In Chapters 3 and 4, we learned how to desigr
and draw hydronic and electrical heating systems.
Both these systems are excellent for their purpose
Not so many years ago, particularly in cold cli-
mates, heating was all that was required for a
building HVAC system. Adequate ventilation was
usually provided by natural infiltration in con-
struction that was deliberately not airtight. In
warmer climates, summer heat was relieved, some-
what, by the use of fans. With the advent of eco-
nomically and mechanically practical refrigeration
machines, the demand for interior space cooling,
in addition to the usual heating, grew quickly.
This led rapidly to the development of ducted air
systems, which could provide cool dry air for sum-
mer comfort and humidified warm air for winter
comfort. In this chapter, we will learn the princi-
ples of ducted air systems and their application to
the design of warm air heating. In Chapter 6, the
use of refrigeration machines to provide cooling
(and heating) will be studied, using the informa-
tion on ducted air distribution that we will learn
in this chapter. Study of this chapter will enable
you to:

1. Recognize and understand all the components
of low pressure, low velocity, all-air heating
systems.

2. Calculate the heat-carrying capacity of ducted
airflow.

3. Be familiar with the characteristics of air pres-
sure in ducted air flow, including measure-
ment techniques.

4. Calculate duct air pressures including static
pressure, velocity pressure and total pressure.

5. Be familiar with the major types of warm air
furnaces, including components, accessories,
duct arrangements and operating character-
istics.

6. Understand the components and construction
of duct systems, including ducts and fittings.
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7. Be completely familiar with air distribution
outlets, including registers, diffusers and
grilles. This includes understanding the out-
lets’ operating characteristics and how to se-
lect, locate and properly apply them.

8. Understand the various types of all-air systems
in use today. This includes understanding the
duct arrangements of single-zone systems.

9. Calculate air friction in duct systems using
charts, tables and duct slide rule-type calcula-
tors. This includes round, rectangular and oval
ducts of all materials.

10. Understand all stages of the design procedure
for warm air duct systems. This includes duct
size calculation by four different methods, as
applicable to the duct system.

All-Air Systems

Our discussion in this chapter will be restricted to
arrangements that are known as all-air systems:
specifically, low pressure, low velocity, all-air sys-
tems. These systems use ducts to carry warm or
cool air from the central point where it is “made”
to the various spaces in a building. At these termi-
nations, the air is distributed within the space by
specially designed air outlets. This type of system
is completely different from water/air systems,
such as those shown schematically in Figure 3.1(b)
and (c). There, the heat-carrying medium is water,
which transfers its heat (or coolness) to air at the
terminal point. Such a system is really hydronic. It
uses a heat exchange device such as a fan coil unit
to deliver the heating or cooling in the form of
warm or cool air at the terminals. Water/air sys-
tems are commonly used in large buildings where
the distances involved make piping more practical
and economical than ductwork. There are many
other considerations involved in the selection of a
system type for a building. They are, however,
not the responsibility of the technologist and will,
therefore, not be discussed here.

5.1 Air System
Characteristics

The great advantage of all-air systems is their abil-
ity to provide year-round comfort air conditioning
with a single system. Originally, the term air condi-
tioning referred only to cooling, and even today it
is used in this sense. However, the HVAC profession
tends to use the term in its broadest sense, that

is, conditioning of room air to provide year
comfort. This means control of air temp
and humidity. It also means controlled ventils
and air purification.

It might be helpful at this point to reviey
human comfort material in Chapter 1. Bn
most people are comfortable with the folloy
indoor conditions:

Winter: 68-74°F DB, 35-50% RH, maximu
velocity 40 fpm

velocity 50 fpm
All year: mean radiant temperature (MRT)ap
imately the same as the air temperature

These are ideal conditions, which, as we I
are almost impossible to maintain unif
throughout a space. Even in well-designed s
the temperature may vary vertically as mu
5°F, and from the center of the room to the w
varies even more. The extent of these vara
depends on the design and placement of thex
air outlets. This subject will be discussed in ¢
in the section dealing with air registers and
fusers. 1
The principal disadvantage of air as a hea
rying medium is its required volume. Air
approximately 0.075 Ib/ft® (slight variation
temperature). This means that 1 b of air
13.3 ft3. Since the specific heat of air is o
Btuw/ft’/°F, it takes 13.3/0.24 or 55 ft3°F to
Btu of heat! This accounts for the larg
sectional area of duct required to supply @
relatively small heating or cooling load, such
a residential installation. (By way of compat
55 ft* of water carries 3458 Btu/°F). On
hand, air is easily humidified (for winter
ments) and almost as easily dehumidified. Iti
easily filtered, cleaned and exchanged with}
air when required. In the United States, the(
whelming majority of residential heating an
ing installations are all-air systems, as are g
portion of commercial installations. It is, th
obvious that their advantages outweigh
advantages, from both engineering and econt
points of view.

5.2 Components of All-Ai
Systems

Although the details of air systems vary from
installation to another, the essential comnos
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High return grilles
at interior locations

Return risers
in interior wall

ical warm air furnace installation showing components and accessor-
ooling is required, a larger bonnet, capable of containing an (A-frame)

vil, is constructed. The arrangement shown has the furnace in the base-
ne-story building. Warm air ducts are arranged in a perimeter system
registers in the floor under windows and return grilles high on inside

ed-air systems are shown in Figure 5.1.
description of the parts with the labels
tration. Air from the building spaces is
the furnace via a system of return air
This return air may enter at the top of the

hown or at the bottom ®. The return
through a filter located either at the duct
) or within the furnace enclosure @. The
e either mechanical or electrostatic. The

arrangement is suitable for year-round heating and cooling.

air then passes through the blower ®, which adds
static pressure and velocity to the air stream. It
proceeds to the burner heat exchange mechanism
®, where it is heated and its temperature raised
between 45 and 80°F. The air is then humidified
by a humidifier @ located at the bonnet or imme-
diately thereafter, in the first supply duct sec-
tion ®. Notice that the supply and return ducts
are connected to the furnace with flexible connec-
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tions (usually treated canvas). This is done to pre-
vent the vibration noise of the furnace enclosure,
which is caused by the blower, from being trans-
mitted to the ductwork, and thence throughout
the building.

If the system is to provide cooling as well, an
evaporator coil @ is placed in an enlarged bonnet
(plenum). The air passing over this evaporator coil
is cooled and then circulated throughout the build-
ing. Obviously, when the cooling system is op-
erating, the heater is shut down, and the humidifier
is disconnected. The refrigerant lines that connect
the evaporator coil to the remote condensing unit
are not shown, for clarity. The treated air—that is,
humidified filtered heated air in winter and cool
dry air in summer—enters the system of supply
ducts @ and is distributed throughout the build-
ing. The branch supply ducts @ terminate in regis-
ters @ or diffusers in the conditioned space. Air
is returned through return air grilles and branch
return air ducts @. In this illustration, the supply
registers are placed in the floor, and the return
grilles high on inside walls. This is one of many
possible arrangements that will be discussed in
detail in the section on air outlets later in this
chapter.

Notice also in Figure 5.1 that there is a controlled
fresh air supply that connects into the return air
system. This provides make-up air to compensate
for air that is exhausted from kitchens and bath-
rooms. It is customary not to return air from these
spaces because of odors and high humidity. The
amount of make-up air is easily controlled by a
damper in the intake air duct. Combustion air can
be taken from the basement or from a separate
combustion air intake (not shown). The latter is the
preferred method, particularly in cold climates,
because it avoids infiltration of cold outside air
into the basement, which can appreciably increase
the building heating load.

Additional components of air systems that are
not shown in Figure 5.1 include air flow (volume)
dampers in branch ducts and special duct fittings.
In commercial systems, there are many sophisti-
cated air temperature and air volume controls de-
vices such as mixing boxes, variable air volume
(VAV) boxes and terminals and the like. These,
however, are not normally the responsibility of
HVAC technologists except for showing them on
the working drawings. All the components of air
systems will be discussed in detail later in this
chapter. First, however, an understanding of the
properties of moving air is required. This, there-
fore, will be the subject we turn to next.

5.3 Heat-Carrying Capacity
of Ducted Air Flow

As was calculated in Section 5.1, it takes about3
ft/°F to carry 1 Btu of heat. Since we must bea
to calculate the amount of air required to p
a given heating (or cooling) load, we will o
derive the equation that relates air quantity
heating (cooling) load, in Btuh. Refer to Figure
We need to know the amount of heat carried by
specific quantity flow of air in a duct. If we call th
flow of air Q as measured in cubic feet per mint
(cfm), we can calculate the heat it carries e
simply as follows:

* Calculate the weight of air flowing (in Ib/mi
corresponding to this flow (in cfm), by mulf
plying Q by air density. This gives us flow/i
Ib/min). (Note: We have deliberately used ff
letter Q to represent air flow. Many texts
the letter V. However, we have found this tol
very confusing to students, since V is al a
used for volume and velocity. The letter Q no
mally represents volume flow such as cfm,)

* Multiply the flow (Ib/min) by the specific hea
to obtain the Btu/min/°F heat flow.

* Convert the heat flow to Btuh/°F.

*  Using the design temperature change in theai
calculate the heat flow in Btuh, correspondif
to a flow of Q cfm.

The calculation is, therefore, as follows:

(a) We begin with an air flow in a duct of Q cfm;
(b) Multiplying by density, we have

Figure 5.2 The quantity of air flowing in a duct is mea
sured in cubic feet per minute (cfm), as it flows pasta
cross-sectional plane P.
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cight of air flowing in the duct.
ying by specific heat, we have

=0.075 Q Ib/min

X‘W:{).OIS Q Btu/min/°F

eat carried by Q cfm/°F.
ying by 60 min/h, we have
Q Btu_ 60 i
3 b

=1.08 Q Btu/h/°F

=1.08 Q Btuh/°F

eat carried per hour by Q cfm, per °F.
emember that the abbreviation Btuh means
‘hour, and is written more accurately,
matically, as Btu/h. We are following in-
convention in the use of Btuh.)

a drop in temperature At, the
of heat H in Btuh, lost by Q cfm is

7§hux At (=108 Q At (5.1)

ieat delivered in Btuh

ow in cubic feet per minute and

the change (drop) in temperature of the

from supply to return.

sely, if we know the amount of heat flow

d and want to know how much air is

to supply the heat, we can use the same

ion. Since H=1.08 Q At

H

Q=108 ar

e terms are the same.

(5.2)

mple should make the use of this im-
quation clear.

1 A heat loss calculation for a new
icates a heat loss of 84,000 Btuh for
tire house. What is the required air output of
ce, assuming a return air temperature of
furnace air supply temperature of 140°F.

' The temperature difference between in-
nd outgoing air is 140°F — 68°F = 72°F. Us-
n (5.2), we have
_ 84,000 Btuh
~ 1.08 (72°F)
uation, with one small change, can be
or cooling. Due to the higher density of cold

1050 cfm
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air, the equivalent equation to Equation (5.1),
which is used for cooling, is
H=1.10Q At (5.3)
or in its alternate form:
H
SR &9

where all the terms are as defined previously.

Example 5.2 The house in Example 5.1 has a cal-
culated sensible cooling load of 46,000 Btuh. Re-
turn air temperature is 79°F, and supply air tem-
perature is 57°F. What is the blower air output
requirement?

Solution: Using Equation (5.4), we have
46,000 Btuh
1.1 (79-57)°F

Notice that this is larger than the heating air re-

quirement, because At for heating is larger than At
for cooling.

Q= =1900 cfm

5.4 Air Pressure in Ducts

Refer to Figure 5.1. The furnace blower (also called
the system fan) delivers energy to the air in the
system. This energy takes the form of air pressure,
which causes the air to circulate through the sup-
ply and return ducts. This pressure can be ex-
pressed as the sum of two quantities: static pres-
sure and velocity pressure (energy). Expressed in
an equation, this is written

Total pressure = Static pressure +
Velocity pressure
or

PT=PS+PV (5.5)

Static pressure, also called static head, is the
pressure that the air has at rest. It is sometimes
called spring pressure because it can be thought of
as the pressure that pushes on the sides of the duct.
See Figures 5.3 and 5.4. It can also be thought of as
the potential energy of the system that is gradually
converted to kinetic energy in order to keep the air
moving against the system friction. Indeed, it is
sometimes defined as the pressure, or static head,
required to overcome the system friction. Since
that is so, static pressure drops gradually and con-
tinuously as we move away from the blower along
the supply duct, provided that the duct dimension
does not change.
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Duct wall

i
S i e
r"/mh } _PTZ_%IQ +i,

Air flow

Static pressure

Figure 5.3 The total pressure (Pyy) of air flowing in a
duct is the sum of the static pressure Ps and the velocity
pressure Py. The static pressure acts like a spring and
pushes against the duct walls. The energy of velocity
pressure is felt only in the direction of flow and remains
constant as long as the duct size does not change. How-
ever, the static pressure drops as we proceed in the di-
rection of flow. It is “used up” by friction.

ifs
x L
By B
Pressure Suction
Supply Return
duct duct

A + B = Static head, inches of water

Furnace and blower

Figure 5.4 The static pressure in the supply duct is posi-
tive and can be measured by a manometer as A inches
of water column. The pressure in the return duct is nega-
tive (suction) and is measured as B inches of suction.

Velocity pressure is not pressure at all; it is the
kinetic energy of the moving air stream. It is con-
verted to pressure by a process called static regain
when the velocity of the moving air is changed.
When you extend your hand through the window
of a moving automobile, you feel this air pressure.
The same is true when a stream of water from a
hose strikes the hand. The fluid velocity in both
instances drops sharply, and its kinetic energy is
converted to pressure. To give you an impression

of the magnitude of this pressure, a simp
tion will help. A maximum air velocity of
is common in residential main supply d
corresponds to a speed of 11.4 mph. Th
pressure is, therefore, quite small. It is,
important in calculating losses in duct f
we will learn later on. It is also very imj
commercial installations where an air v
2000 fpm (22.7 mph) and even higher is
In residential duct work, velocity presst
quently ignored because it is so small,
pressure (or head) can be accurately ¢
from Equation (5.6)

Py =(V/4005)>
where

Py is the velocity pressure in inches wa
and

V is the air velocity in feet per minute (f

A few accurate calculations will help you
feel for the pressures involved.

Example 5.3 A residential duct system is.
with air velocities of 900 fpm in the m
600 fpm in the branches. What are the
pressures in both?

Solution: Using Equation (5.6), we have

(a) in the main duct

P, =(900/4005)2=0.05 in. w.g.
(b) in the branch duct |

Py,=(600/4005)>=0.022 in. w.g,
Since the entire pressure available for
work in a residential system rarely exceed:
w.g., the velocity pressure in the mains
important in marginal designs, whereas g
it can be ignored in the branch ducts. Exac
lations, as we will learn, should consider
pressure. However, residential duct syste
almost always oversized to reduce noise,
flow is regulated and balanced by dam
the loss in fittings is usually overestimat
these reasons, most designers do not caleul
locity pressures in small or medium-size &
tial design.

The diagrams in Figure 5.5 should help;
derstand the pressure relationships of air
in a duct. Because the pressures involved
small, an inclined tube manometer is
tual field work. By inclining the tube, a
pressure can cause a large movement of the
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(a) Static pressure in a duct can be readily
ising an inclined tube manometer, which is
asa draft gauge. (b) Placing a static tip into
f the duct will measure total pressure. (c) Ve-
e is the difference between total pressure
ressure. It can be measured by developing a
Pg acting against a total pressure Py.

be. The tube is marked (graduated) in
n inch of water. Commercial manome-
read to an accuracy of 0.03 in. w.g.
uge). Some units are marked as inches
umn (WC), which is identical to water
. The two terms are used interchange-
v.g. being more common.
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In Figure 5.5(a) a hole in the duct is connected
by a piece of flexible hose to the inclined tube
manometer, which is also known as a draft gauge.
Since the other end of the inclined tube is open
to the atmosphere, the gauge will read the static
(spring) pressure that is pushing on the duct walls.
In Figure 5.5(b), a simple tube called a static tip is
inserted in the hole, facing the air stream. It now
measures the static pressure plus the velocity pres-
sure, that is, the total pressure Py. Imagine the
face of the tube as another duct wall. As such, it
measures static pressure. To this pressure Pg is
added the velocity pressure Py, caused by the drop
in air velocity inside the tube to zero, giving a
reading of total pressure P;.

If we now connect the other end of the gauge to
another hole slightly downstream, we will develop
a back-pressure of Pg pushing against a forward
pressure of Py in the gauge. The result is velocity
pressure because

PT= Pv"i“Ps (5-5)
and, therefore,
Pr—Pg=Py

We will have a great deal more to say about duct
pressures when we study friction losses in ducts
and fittings. At this point, you should remember
two facts:

1. Static pressure is required to overcome duct
friction.

2. Velocity pressure is usually small and remains
constant as long as the cfm and duct area do
not change.

Warm Air Furnaces

The heart of a warm air heating system is either a
warm air furnace or a heat pump. In this chapter,
we will study furnaces; in Chapter 6 heat pumps,
which supply both heating and cooling, will be
studied. Warm air furnaces are used primarily in
residences and small commercial and institutional
buildings.

5.5 Furnace Components
and Arrangements

The components of a warm air furnace, as we can
see in Figure 5.1 are standard. They consist of the
heating unit itself (which can be either gas, oil or
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electric fueled), the blower, humidifier, air filter,
supply duct plenum and controls. The supply duct
plenum may contain an evaporator coil if cooling
is being supplied in addition to heating. In such
installations, the refrigeration compressor and
condenser are remotely located—usually outside
the building. The arrangement of the components
and the overall size and shape of the furnace de-
pend on where the furnace is to be installed and,
more particularly, where the supply and return
ducts are to go. The four basic physical designs of
furnaces follow.

(a) Upflow (high-boy) units. See Figures 5.6 and 5.7.
These units are full-height. The supply ducts
exit the top plenum, which has space for an
evaporator cooling coil. The return duct runs
overhead but drops to enter the furnace hous-
ing at the bottom, through a side panel. The
blower is normally installed at the bottom of
the enclosure, adjacent to the entry point of the
return duct. Units of this design can be in-
stalled in a full-height basement or in a closet/
utility room that can accommodate overhead
supply ducts and overhead and bottom return
ducts.

(b) Downflow (counterflow) units. See Figures 5.8
and 5.9. These units were originally designed
specifically for use with perimeter heating-only
systems in slab-on-grade or low crawl space
houses. A typical unit is installed in a closet or
utility room, directly over a small sheet metal
plenum. (An enclosed crawl space should not
be used as a plenum because of problems with
pesticides and insects.) Ducts emerge from the
sheet metal plenum to feed perimeter floor out-
lets or a perimeter loop. (See Figure 5.46, page
271.) The almost universal requirement for
summer cooling in new construction has led to
the addition of cooling coils in these downflow
units. The blower, which is located above the
heat exchanger, supplies conditioned air di-
rectly into the underfloor plenum. Return air
enters the furnace enclosure at the top.

(c) Low-boy units. See Figure 5.10. These units
are similar to the upflow (high-boy) units. The
return duct enters at the top of the furnace
enclosure. The blower is located at floor level
as in the high-boy unit. The heat exchanger,
however, is also at this level, to the side or in
front of the blower. This requires a wider cas-
ing as shown. A typical application for this
design is a low ceiling basement where a full-
height unit with plenum cooling coil would
exceed the available ceiling height.

(d) Horizontal units (also called lateral units)
Figure 5.11. Horizontal units are insta
line between the supply and return air.
The blower is mounted directly behind th
exchanger. Their low overall height pe
installation in a crawl space, attic or gar
at the ceiling level. Cooling coils (if reg
are normally installed in a small plenum
structed in the trunk supply duct as
The entire unit is designed horizontal
than vertically to achieve the low profi
sary for cramped-space or overhead i
tion, as shown. The two principal pro
with this type of installation are servid
space and vibration isolation for units attag
to wood framing.

5.6 Furnace Energy and
Efficiency Considerations

There is a bewildering array of alphabet soupj
formance and efficiency ratings for furnaces,|
pumps and refrigeration units. These inclu
(coefficient of performance), EER (energy effi
ratio), SEER (seasonal energy efficiency
HSPF (heating season performance facto
AFUE (annual fuel utilization efficiency). Al
these ratings are not of major concern to te
gists, they should be understood because
requirements of The National Appliance En
Conservation Act of 1987. This federal law set
minimum efficiency requirements for all
HVAC equipment, including furnaces, heat pu
and refrigeration units. COP and EER are s
state efficiency ratings normally applied to
source heat pumps. HSPF and SEER are s
efficiency ratings that are usually used for
source heat pumps.

Of all the ratings, the only one applicabl
warm air furnaces is AFUE. It is applied
and oil-fired heating equipment and is listed i
Directory of Certified Furnace and Boiler E
Ratings published by GAMA (Gas Appliance ¥
facturer's Association). The AFUE furnace
was developed to take into account ac
erating conditions rather than only labor
style tests. These conditions include flue lo
other variable factors such as on-off cyclin
cling is related to weather patterns, design
tions selected and deliberate oversizing. T
eral law, effective January 1992, manda
minimum AFUE of 78% for warm air furn
larger than 45 MBH and smaller than 225 M
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(a)
EXTERNAL STATIC PRESSURE—INCHES WATER COLUMN
0.1 0.2 0.3 0.4 0.5 0.6 0.7

BLOWER TEMP. TEMP. TEMP. TEMP. TEMP. TEMP. TEMP.

SPEED |CFM| RISE [CFM| RISE |CFM| RISE |CFM| RISE |CFM| RISE |CFM| RISE |[CFM| RISE
HIGH 1609| 32.4 |1550| 33.6 [1491| 35.0 [1431| 36.4 |1365| 38.2 |1280| 40.7 |1202| 43.4
MED. 1294| 40.3 |1268| 41.1 |1231| 42.4 |1188| 43.9 |1131| 46.1 |1070| 48.9 992| 52.6
LOW 1045 49.9 |1021| 51.1 | 995| 52.4 | 960| 54.3 | 924| 56.5 | 875| 59.6 | 820| 63.6
HIGH 1609| 40.1 |1550| 41.6 |1491| 43.3 |1431| 45.1 |1365| 47.3 |1280| 50.4 |1202| 53.7
MED. 1294 | 49.9 |1268| 50.9 |1231| 52.4 |1188| 54.3 |1131| 57.1 |1070| 60.3 | 992| 65.1
LOW 1045| 61.8 |1021| 63.2 995| 64.9 960| 67.2 924| 69.8 875| 73.8 820| 78.7
HIGH 1642| 52.4 |156B| 54.9 |1505| 57.2 |1441| 59.7 |1359| 63.3 |[1270| 67.8 [1170| 78.5
MED. HI 1621| 53.1 |1557| 55.3 |1487| 57.9 |1415| 60.8 |1357| 63.4 |1252| 68.7 [1152| 74.7
MED. LOW|1465| 58.7 [1399| 61.5 |1343| 64.1 |1285| 67.0 [1197| 71.9 |1122| 76.7 |1030| 83.6
LOW 1335| 64.5 |1295| 66.4 (1249| 68.9 |1207| 71.3 |1152| 74.7 |1084| 79.4 [1010| 85.2

(6)

5 (a) Typical upflow warm air furnace. Units of this design force heated air
enum to which the main supply duct is connected. The return duct, also
erhead, drops down at the furnace and connects at the bottom of one side
nace enclosure. Flexible canvas connectors at the supply duct exit and the
entry reduce transmitted noise and vibration from the furnace. Upflow
be installed in full-height basements, closets and utility rooms. Refriger-
which connects the cooling coil (evaporator) to a remote refrigeration

or and condenser, is shown for information. (Drawing reproduced with per-
ACCA Manual C, p. 17.) (b) Typical external static pressure data for a
upflow furnace.
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"A" frame evap. coil

Air cleaner —————= ]

Return duct \.1

Basement installation

With cooling coil, electronic air
cleaner and power humidifier.
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e

T

Figure 5.7 Typical upflow furnace installations. (a)
Standard high-ceiling basement installation, with elec-
tronic air cleaner in lieu of a mechanical filter. Cooling
coil piping is not shown for clarity. Humidifier is usu- >3
ally mounted on the supply duct. (b) Closet installation,
with return air entering from below. The air cleaner is , . .
: X . With cooling coil and
mounted at the junction of the return air duct and the elecironicail dloarier:
base of the furnace. This type of installation is appro-
priate for a slab-on-grade or a low crawl space house. (h)

Closet installation
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DOWNFLOW (COUNTERFLOW)
WARM AIR FURNACE

Typical installations

Figure 5.8 Typical downflow warm air furnace. These
units are designed to serve floor-level perimeter heating
(and cooling) outlets. These outlets are supplied by
ducts connected to a subfloor plenum under the furnace.
The furnace is also called counterflow because it sup-
plies warm air downward into the plenum. This flow is
opposite (counter) to the more common upflow design.
(From Ramsey and Sleeper, Architectural Graphic Stan-
dards, 8th ed., 1988, © John Wiley & Sons, reprinted by
permission of John Wiley & Sons.)

0OM INSTALLATION WITH ELECTRONIC
ER, COOLING COIL AND HUMIDIFIER.

y air path.)

CLOSET INSTALLATION
WITH COOLING COIL

€59 Typical installations of downflow units. These furnaces are specifically

for slab-on-grade or low crawl space houses using perimeter heating (and
The blower forces air down into an underfloor plenum from where it is dis-
perimeter outlets. An optional cooling coil can be installed in a base ple-
urn air enters overhead. Filters, air cleaners and humidifiers are mounted

as shown. (Built-in humidifiers are mounted inside the furnace enclosure,

207
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Supply duct

Cooling coil ——

Flue connection,

Auto vent damper

Warm air furnace'-———___ b‘“

Service space

BASEMENT (LOW-BOY) WARM AIR FURNACE

Figure 5.10 Typical low-boy warm air furnace. These units are upflow designs that
are wider and shorter than standard high-boy furnaces. They are intended for use
where ceiling height is limited such as in a low basement or low ceiling utility room.
The return air enters the top of the unit and makes a loop through the blower,
heater and filter before exiting through the main supply duct. The humidifier and op-
tional cooling coil are installed in the supply trunk duct. (From Ramsey and
Sleeper, Architectural Graphic Standards, 8th ed., 1988, © John Wiley & Sons, re-

printed by permission of John Wiley & Sons.)

(residential and small commercial usage). All mod-
ern warm air furnaces meet and exceed this effi-
ciency requirement provided that the load is at
least 25% of the unit's rating. This is because their
cycling efficiency is only marginally lower than
steady-state efficiency. Therefore, even with a great
deal of on-off cycling, AFUE will still exceed the
minimum AFUE requirement. For technical data
on residential furnace cycling efficiency, refer to
Manual S published by Air Conditioning Contrac-
tors of America (ACCA).

5.7 Furnace Types

There are three principal types of warm air fur-
naces being produced today: conventional, con-
densing and pulse.

a. Conventional Gas or Qil Furnaces

Older furnaces use an atmospheric heat exchanger
that takes combustion air from the surrounding

space. This produces a slight negative presst
the space, which increases infiltration in sta
construction to make up for the air lost.
weather (which is exactly when the
use), this can add appreciably to a buil
load. If the furnace is installed in a base
may well necessitate a heating outlet
very tightly constructed basements, or w
furnace is installed in a closet or utili
infiltration would be insufficient to supply
tion. In these installations, a combustion
from the furnace enclosure to the outsi
quired. The outside louver should be size
in.2 of free area for every 1000 Btuh of
input rating. The input rating is 10-2
than the output rating.

Older furnaces do not meet the 78% AFUE
quirement; they run somewhere between 5
65% efficiency. Modern conventional g
furnaces have a sealed heat exchanger, whi
combustion air from outside, usually usingal
draft or induced draft fan to do so. Many unij
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Multispeed blower

Heat exchanger

Location of
plenum with
cooling coil

~ Controls i
.
] e,-@

Power vent ’

(a)

3

(a) Typical modern horizontal flow warm air furnace. This unit can also
pflow furnace. Furnace characteristics for various models (b) and di-
ta (c). These units are designed to be installed in attics or low pitched
head in areas where floor space is at a premium. The furnace is placed

en the incoming return air duct and the outgoing supply air duct. Like
esign, the humidifier and the cooling coil (optional) are installed out-
ce in the supply air duct. (Courtesy of Armstrong Air Conditioning, a
tional company.)
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Blower Performance

CFM @ Ext. Static Pressure—in. W.C. with Filter(s)
Motor  Blower Temp. Blower 3
Model Size (hp)  Size Rise  Speed .20 .30 40 .50 .60 .70 .80

Hi 11704 1130% 1110% 1060% 1020%  990% 910.
GHJ050D10 1/4 10x6 40-70 Med 900 900 870 850 830 790 740

Low 720 710 690 670 650 610 550

Hi 1580 1540 1490 1420 1340 1250 1160

GHJ050D14 1/3 10x8 20-50 Med 1430 1420 1350 1310 1250 1780 1090
Low 1210 1220 1220 1190 1160 1100 1020

Hi 1050 1000 960 930 870 810 740 @

GHJI075D09 1/4 10x6 50-80 Med 850 830 810 760 720 6801  600%f 3
Low 670F 6601 650%  620f 580%f  550% 490% 4l

Hi 14801 1430% 1390 1350 1280 1200 1110 |

GHJ075D14 1/3 10x8 40-70 Med 1270 1270 1250 1210 1160 1090 920
Low 1070 1090 1080 1060 1030 980 920%

36-65 Hi 1870 1790 1710 1630 1540 1440  1350% 12

GHJ075D16 1/2 10x 8 Med 1500 1450 1410 1370 1300 1240 1160% 10
Low 1170 1170 1160 1150 1090 1050 990% i

45-75 Hi 1450 1430 1370 1350 1290 1230 1160

GHJ100D14 1/3 10x8 Med 1200 1180 1180 1170 1150 1100 1030
Low 980 980 1000 990 970 940 900
Hi 2290+ 2210f 2130 2060 1980 1900 1820

GHJ100D20 3/4 12x9 35-65 Med 1820 1760 1710 1670 1630 1600 1500 Il
Low 1300 1280 1250 1220 1210 1160  1120% 100
Hi 2260% 2180% 2100 2020% 1950% - 1870 1780 |
GHJ125D20 3/4 12x9 50-80 Med 1900 1850 1810 1730 1700 1610 1550 I
Low 1440 1420 1390 1360 1320 1270 12100 1

Notes: 7.50 in. w.c. max. approved ext. static pressure. Airflow rated with AFILT524-1 filter kit.
4 Not recommended for heating; Temperature rise may be outside acceptable range.

Physical and Electrical

Min. Time
Nom.  Gas Flue Delay

Input  Output AFUE Cooling Inlet Size Breaker or  Nominal Trans. W

Model (Btuh) (Btuh)  (ICS) Cap. (in.) (in.) Volts/Phlhz Fuse F.L.A. (V.A)
GHJ050D10 50,000 40,000 80.7 15-25 1/2 4 115/1/60 15 5.7 40
GHJ050D14 50,000 40,000 81.7 25-35 172 4 115/1/60 15 8.2 40
GHJ075D09 75,000 60,000 804 1.5-25 172 4 115/1/60 15 Sl 40
GHJ075D14 75,000 60,000 804 25-35 1/2 4 115/1/60 15 8.3 40
GHJ075D16 75,000 60,000 80.5 3.0-40 172 4 115/1/60 15 8.3 40
GHJ100D14 100,000 80,000 80.2 25-35 172 4 115/1/60 15 9.1 40
GHJ100D20 100,000 80,000 806 35-50 1/2 4 115/1/60 15 12.2 40
GHJI125D20 125,000 100,000 806 3.5-50 1/2 5% 115/1/60 15 122 40

*Connection to the combustion blower is 4 inch. Vent must be 5 in. for Cat. 1 installation

(b)

Figure 5.11 (Continued)
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TYPICAL INSTALLATIONS

(a) Elcctronicair cleaner
(b) Automatic humidificr
(c) Gas-hred air [urnace
(d) Cooling coil

(¢) Flue

1. Tap water in to humidificr.

2. Gasin to [urnace.

3. Drain. Condensateout.

4. Liquid relrigerant in to evaporator.
)

. Expanded (gas) refrigerant out to condenser.

Craw! Space Horizontal Installation

(f)

Figure 5.11 (d—g) Typical installations of horizontal-
type warm air furnaces in an attic (d), suspended in a
basement (e, g), and in a shallow crawl space (f). Units
(d) and (e) contain cooling coils mounted in the supply
trunk duct. Units attached to, or resting on, wood fram-

Attic installation
with cooling coil, electronic air
cleaner and automatic humidifier

Basement installation
with cooling coil
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Suspended Horizontal Installation

(g)

ing as in (d), (e) and (g), must be mounted on vibra
isolators. Crawl space units (f) are installed
pads below the house and, therefore, require less
tion isolation.



omatic vent dampers or power venting
ses. These modern units have AFUE
80-84%. They are referred to as mid-
units, One such unit and its characteris-
wn in Figure 5.11(a—c).

lensing Furnaces

furnaces achieve AFUE efficiencies
by recovering heat that normally goes
ey as hot flue gas at 400—500°F. Most
is carried in superheated water vapor
hanneling the flue gas through a sec-
pat exchanger inside the furnace, it is
reduce its temperature to about 150°F.
the superheated water vapor (steam)
nto water and gives up 1000 Btu/lb of
arm water condensate is then drained
1e sewer system, while the heat recov-
ded to the furnace output. Another advan-
design is that it eliminates the need for
masonry chimney. All that is required
diameter (2—3 in.) plastic pipe to exhaust
maining flue gases. A typical unit of this
its characteristics are shown in Figure

&
Multispeed blower
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5.12. Compare the characteristics of this unit to
those of the conventional unit in Figure 5.11, for an
appreciation of the high efficiency of condensing
furnace.

c. Pulse Combustion Furnace

The pulse combustion furnace burns fuel in a man-
ner very similar to combustion in an automobile
engine. A spark plug ignites a mixture of fuel and
air in the combustion chamber. The resulting hot
gases are forced through the furnace heat ex-
changer where they give up their heat to the mov-
ing air stream. Once the process is started, it is
self-igniting. The spark plug is required only to
begin the process. The miniexplosions occur 60 to
80 times a minute, creating a fairly loud humming
sound, similar to an idling engine. For this reason,
pulse furnaces should be carefully isolated acousti-
cally. Efficiencies as high as 96% are attained with
pulse furnaces operating under ideal conditions. In
the field, AFUE efficiencies of over 90% are com-
mon. A warm air furnace that operates on the
principle of pulse combustion and also condenses
flue water vapor is shown in Figure 5.13.

Figure 5.12 (a) Modern condensing-type downflow
(counterflow) warm air furnace. (See Figures 5.8 and
5.9.) Note the use of a secondary heat exchanger that
functions to remove most of the heat from the furnace
flue gas. The vent connection is a plastic pipe that vents
to outside air. (Courtesy of Armstrong Air Conditioning,
a Lennox International company.)
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Blower Specifications

CFM @ Ext. Static Pressure—in. W.C. with Filter(s)*
Motor  Blower Temp. Blower

Model Size (hp) Size Rise  Speed .20 .30 40 .50 .60 .70 .80

Hi 10802 1030 1010 960 900 840 710
GCKO050D10 1/4 10x6 40-70 Med 870 840 820 790 740 700 640
Low 680 670 650 620 590° 5602  490%

GCKO050D12 Hi 1350 1310 1230 1180 1100 1030 940 1§
1/3 10x8 30-60 Med 1260 1230 1170 1120 1050 980 910 &
Low 1150 1110 1080 1040 990 920 850

GCKO075D14 1/2 10x9 40-70 Hi 17002 1640% 1560 1490 1410 1330 12403
Med 1550 1470 1410 1340 1280 1200 1130 €
Low 1330 1280 1240 1190 1120 1070 1010
GCKO075D20 3/4 12x9 40-70 Hi? 22402 21602 20702 19802 18902 18002 1700% |
Med 19102 18302 17802 1700% 1630% 1550 1470 |
Low 1420 1380 1360 1310 1270 1220 1160
GCK100D14 1/2 10x9 55-85 Hi 16702 15802 1500 1420 1340 1230 1110
Med 1540 1450 1380 1310 1220 1130 1020
Low 1360 1300 1240 1180 1100 1010 910?

GCK100D20 3/4 12x9 45-75 Hi 22602 21602 20902 19902 1910% 1810 1700
Med 1740 1670 1640 1580 1550 1460 1390
Low 1400 1380 1350 1310 1270 1230 1180

GCK125D20 3/4 12x9 45-75 Hi 2190 2130 2030 1960 1850 1790 1690

Med 1910 1850 1770 1730 1640 1590 1520 =
Low 1500 1460 1420 1400 13602 13102 1250% |

1 50 in. w.c. max. approved ext. static pressure. Airflow rated with AFILT525-1 filter kit.
2 Not recommended for heating; Temperature rise may be outside acceptable range.

Physical and Electrical

Nom. Gas Min. Time !
Input Output AFUE Cooling Inlet Delay Breaker ~Nominal Trans. W
Model (Btuh) (Btuh) (ICS) Cap. (in.) Volts/Phlhz or Fuse F.L.A. (V.A)
GCKO050D10 50,000 45,000 90.0 1.5-2.5 1/2 115/1/60 15 5.5 40
GCKO050D12 50,000 45,000 90.0 2.5-3.0 1/2 115/1/60 15 75 40
GCKO075D14 75,000 67,500 90.0 2.5-3.5 1/2 115/1/60 15 9.4 40
GCKO075D20 75,000 67,500 90.0 3.5-5.0 1/2 115/1/60 15 12.1 40
GCK100D14 75,000 90,000 90.0 2.5-35 1/2 115/1/60 15 9.2 40
GCK100D20 100,000 90,000 90.0 3.5-5.0 1/2 115/1/60 15 12.0 40
GCK125D20 125,000 112,500 90.0 35-5.0 172 115/1/60 15 12.0 40
(b)

Figure 5.12 (b) Blower specifications and physical and electrical data.
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h Specifications—Maximum

Pipe Size (in.)

2 213 £
50 ft. 50 ft. 50 ft.
50 ft. 50 ft. 50 ft.
50 ft. 50 ft. 50 ft.
N/A 50 ft. 50 ft.

Dwance for vent terminal included in lengths

90°elbow equals 5 ft. of pipe.

h'5 ft. and 1 elbow not including the vent terminal,

' (c) Dimension data and venting information.
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Run pitch = %‘
per foot minimum 1

Height to provide
or vent material see 127 inches clearance
materials section of these to maximum snow level
instructions. |

/ i

Neoprene connecting clamp
//

2 feet N Storm collar
h =~ _ F
Condensate drain y

min. 'av lashing
F @gﬁop

I x v m

/ 5
Drain connection —H } _‘

00000

T I

GCK horizontal venting installation.

H I
= =" ==
Run pitch

per foot minimum

Condensate

Neoprene drain

connecting clamp

Caution: The vent systel
furnace must be self-suj
and not apply any weight

the combustion blo!

™ Drain connection

GCK vertical venting installation.

(d)

Figure 5.12 (d) Venting and condensate drain arrangements.



~
—

N\

Utility room installation

With cooling coil
and humidifier
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Figure 5.13 (a) The illustrated gas-fired warm air fur-
nace operates on the principle of pulse combustion and
also condenses the water in the flue gas. As a result, no
flue or chimney is required. Combustion air to the
sealed combustion unit is drawn in through the same
PVC pipe that exhausts the remaining cool flue gases.
Burner control is automatic, producing heat output in
proportion to the air delivered by the blower. The
blower is electronically speed controlled to maintain a
specified air flow (cfm) throughout the entire static pres-
sure range. These units are rated 60,000—100,000 Btuh
input, with a maximum external static pressure of 0.80
in. w.g., including filter resistance. (b) Typical installa-
tions. (Photo and data courtesy of Lennox Industries.)
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Specifications

Maodel No. G21V3-60 G21V3-80 G21V5-80
Input—Btuh (kW) 60,000 (17.6) 80,000 (23.4) 80,000 (23.4)
Output—Btuh (kW) 57,000 (16.7) 76,000 (22.3) 75,000 (22.0) 9
*AF.UE. 94.3% 94.5% 93.4%
California Seasonal Efficiency 92.5% 92.4% 90.9%

Temperature rise range—°F(°C)
High static certified by A.G.A/C.G.A.—in

40-70 (22-39)

45-75 (25-41)

35-65 (19-36)

wg. (Pa) .80 (200) .80 (200) .80 (200)
Gas Piping Size Natural 1/2 (13) 1/2 (13) 1/2 (13)
I.P.S—in. (mm) ** LPG/Propane 1/2 (13) 1/2 (13) 1/2 (13)

Vent/Intake air pipe size connection

—in. (mm) 2 (51) 2 (51) 2 (51)
Condensate drain connection—in. (mm)

SDRI11 1/2 (13) 1/2 (13) 1/2 (13)

Blower wheel nom. diameter x width

—in. (mm)
Blower motor hp (W)

Blower motor minimum circuit ampacity

Maximum fuse or circuit breaker size

(amps)

Electrical characteristics

Number and size of filters—in. (mm)

10 x 8 (254 x 203)

1/2 (373)

10 x 8 (254 x 203)

1/2 (373)

12.0

(1) 16 x 25 x 1 (406 x 635 x 25)

11' x 9 (279 x 229)

1 (746)

120 volts—60 hertz—1 phase (All models)
(1) 20 x 25 x 1 (508 x 6353

11'-x9

Nominal cooling that Tons 112, 2, 2\ or 3 2,2'hor 3 31k, 4 or 5 3
can be added kW 5.3,7.0, 8.8 or 10.6 7.0, 8.8 or 10.6 123,141 0r 17.6 1238
Shipping weight—Ibs. (kg) 1 package 250 (113) 250 (113) 297 (135)

External Filter Cabinet (furnished) "Filter

size—in. (mm)
** LPG/Propane kit

(1) 16 x 25 x 1 (406 x 635 x 25)

(1) 20 x 25 x 1 (508 x 633
LB-65810B (46J46) LB-65810B (46J46) LB-65810B (46J46)

LB-6581

“Filter is not furnished with cabinet. Filter cabinet utilizes existing filter supplied with G21V unit.
* Annual Fuel Utilization Efficiency. Isolated combustion system rating for non-weatherized furnaces.
** LPG/Propane kit must be ordered extra for field changeover.

(c)

Figure 5.13 (¢) Specification and blower data.
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G21V3-60-80 BLOWER PERFORMANCE
0 through 0.80 in. w.g. (0 Through 200 Pa) External Static Pressure Range
VSP2-1 Blower Control—Factory Settings

G21V3-60 G21V3-80
Low Speed—1 Low Speed—1
High Speed—4 High Speed—4
Heat Speed—1 Heat Speed—2

BDC2 Jumper Speed Positions

Speed (Cool Or Continuous Fan) “HIGH" Speed (Cool) “HEAT" Speed

2 3 4 1 2 3 - 1 2 3

4

Ls ¢fm Lis ¢fm Lis c¢fm Lis cfm Lis cfm Lis cfm Lis cfm Lis ¢fm Lis cfim Lls cfm Lls cfm Lls

. 700 330 830 390 1000 470 1150 545 1260 595 1400 660 1410 665 1150 545 1250 590 1350 635 1420 670
630 295 740 350 880 415 1040 490 1140 540 1240 585 1265 595 1030 485 1140 540 1220 575 1300 615
0 210 560 265 670 315 800 380 940 445 1030 485 1140 540 1160 545 920 435 1020 480 1100 520 1190 560

f static pressure and filter resistance is included in the air volumes listed.

G21V5-80-100 BLOWER PERFORMANCE
0 through 0.80 in. w.g. (0 Through 200 Pa) External Static Pressure Range
VSP2-1 Blower Control—Factory Settings

G21V5-80 G21V5-100
Low Speed—1 Low Speed—1
High Speed—4 High Speed—4
Heat Speed—1 Heat Speed—2

BDC2 Jumper Speed Positions

Speed (Cool Or Continuous Fan) “HIGH" Speed (Cool) “HEAT" Speed

2 3 4 1 2 3 4 1 2 3

4

Us ¢fm Lis c¢fm Lis cfm Lis cfm Lis cfm Lis cfm Lis cfm Ls ¢fm Lis c¢fm Lis cfm Ls cfm £E

950 450 1280 605 1500 710 1570 740 1850 875 2100 990 2220 1050 1700 800 1940 915 2080
850 400 1120 530 1310 620 1420 670 1650 780 1860 880 1990 940 1520 715 1730 815 1860

380 1050 495 1410 665 1620 765 1710 805 2030 960 #2270 *1070 *2270 *1070 1900 895 2140 1010 *2270 *1070 *2270 *®

980 2200 @
880 1940 9

't of static pressure and filter resistance is included in the air volumes listed.
Lis)at 0.2 in. w.g. (50 Pa).

) at 0.5 in. w.g. (125 Pa).

t 0.8 in. w.g. (200 Pa).

(c)



DIMIENSIONS — inches (mm)
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ELECTRONICALLY VARIABLE SPEED 7-3/4
(VSM) MOTOR (451)
; /
Detail Of VSM Motor COMBUSTION 1 SUPPLY (C
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INTAKE OPENING l

1-1/4 T
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GAS PIPING
INLETS
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EXTERNAL T .
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(Either Side) | (Either side |
(Furnished) or bottom)
at ; Y Y u ______ _.I
+ 1-1/2 (38)
S E— - G 23-1/2 (597) —>|
RETURN AIR

RETURN AIR
*Unit or External Side Return Air Filter Cabinet

Model No. A | B c D E F | G H J K | L [ Miks
G21V3-60 |in- || 49 |21-1/a [19-1/8 | 14172 | 18-1/2 | 14-172 | 3.3/8 | 4172 | 692 | 201/4 | 7-4/4 (678

G2IV3-80  I'nm |[7245 | 540 | 486 | 368 | 470 | 368 | 86 | 114 | zie | 512 ez 133 | ics
G21v5:80 |in. || 53 |26-1/4 | 24-1/8 | 18-1/2 | 23-1/2 | 18-1/2 |37/8 | 21/2 | 11 | 2a-1/a | 458 458 | 20
G2IVS-100 [1om || 1346 [ 667 | 613 | 470 | 597 | 70 | 98 | &¢ [ 2o | o6 | 7117 777 [ 568

INSTALLATION CLEARANCES — ALL MODELS

Sides 0 inch (0 mm)
Rear 0inch (0 mm)
Top 1 inch (25 mm)
Front 0 inch (0 mm)
Front (service) 36 inches (914 mm)
Floor Combustible
Exhaust Pipe 0 inches (0 mm)
Exhaust Pipe Side 6 inches (152mm) (service only)
(d)

Figure 5.13 (d) Physical dimensions and clearances.
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- CONCENTRIC WALL
TERMINATION APPLICATIONS

12 (305)
INTAKE | Minimum

CONCENTRIC ROOF
TERMINATION APPLICATIONS

FLASHING
(Furnished)

(Not Furnished)
(Clamp and sheet metal strap
must be field installed to support
the weight of the termination kit.)

qure 5.13 () Flue termination details.
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5.8 Warm Air Furnace
Characteristics

The data required by a system designer are avail-
able in manufacturers’ published material. Typical
dimensional and technical data are given in Fig-
ures 5.11-5.13. Of particular importance to the
engineering technologist are the furnace output
rating in Btuh and air delivery information. The
latter gives the cfm of air delivered and the corres-
ponding air temperature rise as a function of static
pressure, for the various blower speeds.

a. Dimensional Data

The data required here are the furnace length and
width (“footprint”), overall height including air
plenum if any, service accessibility clearance, re-
quired clearances to combustible materials, clear-
ance for filter replacement and venting data. Each
of these items must be considered individually
after a preliminary duct layout has been made, as
we will explain.

(1)

(2)

3)

Overall dimensions of the furnace and the re-
quired clearances control its placement in the
building. Basements in residences usually have
low ceilings that may not permit the use of a
full-size high-boy unit with a cooling coil in the
plenum. Remember also to include the re-
quired overhead clearance to combustible ma-
terials. Removable filters are often placed in
the return air duct connection. This not only
requires a full filter length of clearance, for
filter removal, but also sets off the return duct,
making the assembly of return duct, filter as-
sembly and furnace very wide.

The minimum dimensions of the stripped fur-
nace unit must be obtained from the manufac-
turer to ensure accessibility to the proposed
location. This is particularly important with
replacement units and with furnaces intended
for installation in attics, closets, utility rooms
and other tight, confined spaces with limited
access.

A vent connection to the furnace flue collar is
required for every furnace, to exhaust flue
gases. The vent pipe size, maximum length
and required clearances depend on the type of
furnace used. Venting tables are published by
GAMA. Specific venting information for each
furnace is provided by the manufacturer. Re-
member that flue gases can be as hot as 600°F

with conventional furnaces. This req
only sufficient clearances to combustib
rials but also fire stops where passing
floors, walls and ceilings, as required b
cable fire codes. Insulation may also
quired. On the other hand, modern
tional high efficiency furnaces pro
gases in the 250°F range (near-condensil
cessively long vent connections can
ter condensation in the flue and/or
with resulting damage to the chimni
the furnace. As noted previously, a cond
furnace requires only a plastic pipe 10
cool flue gas and a drain connection to e
condensate. See Figure 5.12(d).

b. Output Rating

See Figure 5.12. Residential-type furnace
rated up to 250,000 Btuh input and 200,000
output. Larger units are classified as commg
furnaces. The rating of residential units are ust
written out in full, such as 250,000 Btu/h or 230
Btuh. Commercial units usually abbreviafg
number of thousand Btu with the letter M1
300,000 Btuh is written 300 MBH. Furnaces
boilers and unlike air conditioners, are nori
oversized by 10-25%. The building heat lo
used as the required Btuh base figure. The ot
of the furnace selected should be at least asla
it is mstalled 11'1 a condltloned area, and

sate for uninsulated plenum and ducts.

Oversizing is said to be helpful in deliv
very rapid space heating after a period of i
temperature setback. However, warm air hg
is by nature rapid, so that oversizing shoul
held to a minimum. Furthermore, overs
causes frequent heating system cycling. Th
sults in unpleasant temperature swings be
air has almost negligible heat retention prop
(specific heat). Therefore, as soon as the bl
stops, the air temperature in rooms and dufs
gins to drop rapidly. This effect can be over
to an extent by continuous blower operation,t
bined with burner cycling.

c. Air Delivery Data

Refer to the table of air delivery informatiof
Figure 5.6. Refer also to Figure 5.14, which s
the location of static pressure losses in a typic
system. Figure 5.14 is a schematic drawing
ing essentially the same elements as Figure i
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C—Supply register
N\ \
L

—- s

Conditioned
space

AN | |=—— 2
) B
Return grille

Typical Static Pressure
Loss of System Components

Item
Evap. cooling coil
Supply plenum
Humidifier
Supply duct
Return duct
Filter

Supply register
Return grille

losses of system components.

he air delivery table in Figure 5.6, you
that the air delivery columns are listed
values of external static pressure.
fer to the static pressure available
basic furnace. Since different manu-
y different items as part of the fur-
ntial for the designing technologist
ance, which items are included and

the most common items that may
included are the filter and the hu-
efer now to Figure 5.14. Mechanical fil-

Blower static pressure

Loss, in. W.G.
0.2, =0.3
0.0 -0.05
0.0 -0.02
0.1 -0.2
0.05-0.15
0.1 -0.2
0.01 -0.07
0.01 -0.07
0.1 -0.8

iflj Schematic drawing of a warm air heating system with (optional)
ductwork. Sources of static friction are indicated. (b) List of typical

ters installed in the return duct line are not in-
cluded as part of the furnace, whereas electrostatic
filters usually are. Similarly, plate-type humidifi-
ers installed in the supply duct are not included in
the basic furnace, whereas atomizing types fre-
quently are. This means that in an installation
such as shown in Figure 5.14, the designer must
subtract the static pressure loss of the filter (which
is considerable) and the static pressure loss in the
humidifier, from the external static pressure given
in the table, to obtain the pressure available at the
plenum. On the other hand, if the manufacturer’s
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literature indicates that the filter and humidifier
are included as part of the furnace, then the pres-
sure figures can be used directly.

The static pressure loss in a cooling coil is large,
usually exceeding the static pressure loss in the
entire duct system. Some manufacturers publish
separate tables of external static pressure with and
without a cooling coil. If it is not specifically stated
as included, the coil’s static loss must be sub-
tracted from the published external static pressure
to obtain the net static pressure available when
cooling is included in the system. Because of the
large pressure drop in the coil, it is important to
know at the outset whether cooling will be part of
the system, even at some future date. Otherwise,
the blower will not be adequate nor will the ducts
be adequately sized, as we will learn.

The procedure for handling other system static
pressure losses shown on the diagram of Figure
5.14 will be discussed in the following sections
that cover friction losses in ducts and fittings. The
significance of external static pressure and how it
is used will become clear later on. For the moment,
however, the technologist must keep in mind the
clarifications necessary with regard to the humidi-
fier and filter.

Note further from the table in Figure 5.6 that, as
the cfm rises, the temperature rise drops. This is
entirely logical. The air is heated as it passes
through the heat exchanger. Since the combustion
rate is fixed, the more air that passes per minute,
the less it is heated, and vice versa. The use of
these figures will also become clear later on, in our
system design discussion.

5.9 Noise Considerations

All mechanical equipment generates noise. Ducts
are excellent carriers of sound. Since they intercon-
nect all the rooms in a building, they comprise
a very effective but generally undesirable noise-
conducting system. Not only will combustion and
blower noise be heard in every room, but sound
will also carry from room to room. Treatment
of these acoustical problems is not usually the
responsibility of the engineering technologist. We
will, therefore, mention only a few of the considera-
tions that are of interest and importance to tech-
nologists.

The best way to avoid noise problems is not to
generate the noise in the first place. As applied to
warm air furnaces this means that designers

should

e Place the furnace as far as possible fron
ing quarters and other quiet living space

* Make sure that vibration mounts are
the furnace is not installed on a concret
such as in a basement, garage or utility
This is particularly important if a furna
be attached to wood frame constructi
instance in an attic or overhead inab

* Determine that the blower and any for
induced draft fan are installed on vibratiog
lators.

* Ensure that trunk connections to the fum
plenum are flexible, sound-isolating cof
tions. 1

° Make sure that duct friction and duct
calculations take into account acoustical
lation if it is to be installed on the
ducts.

* Consider the high static pressure loss
tical attenuators in ducts, in pressure
tions. Such attenuators are very effective,

* Use thermal insulation on ducts
through nonconditioned spaces becau
be very effective in reducing vibratio
ducts, particularly those with large
sions. This reduction is most effec
the thermal insulation is glued to th
duct surface.

5.10 Warm Air Furnace
Blowers

The terms fan and blower are used interchange
when referring to the furnace fan. In most U
the unit is actually a centrifugal blower of the
shown in Figure 5.15a. The function of t
is to circulate the air in the duct syst
blowers are belt driven from a multishea
This permits changing the belt positio
drives, and thereby the blower speed. In §
furnaces, the blower is directly coupled to

tor. There, a speed-controlled motor i
permit changing the blower speed. As
strated previously, speed control of the b
necessary when changing over from heatit
cooling because of the different air quantiti
quired for the two services. A speed chang
also be required in the initial system ba
after installation. Typical furnace blower ai
are shown in Figure 5.15b. The system |
curve is simply a graph of the ductwork
friction at different values of air flow in the sy
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Figure 5.15 (a-/) Direct-drive blowers use an electric
motor inside the housing, direct coupled to the blower.
These units are normally operated through a variable-
speed motor controller to achieve the required speed
control. (a-2) Speed control of belt-driven blowers is usu-
ally accomplished by use of multiple sheaves on the mo-
tor and blower. A speed change requires physically mov-
ing the drive belt from one sheave to another.
(Reproduced with permission from ACCA Manual C,
p-24)

Figure 5.15 (b) Typical static pressure/airflow character-
istics of a multispeed centrifugal blower. This is the
type normally used in residential-type warm air fur-
naces. The operating points of the duct system are noted
at the intersection of the blower curves and the system
friction curve.
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The intersection of the system curve with the
blower curves shows the operating points possible
at different blower speeds.

Residential-type furnaces are usually supplied as
package units with a blower design that the fur-
nace manufacturer has found to be satisfactory for
most applications. The only leeway the designer
has with respect to the blower is speed control. In
contrast, commercial furnaces can be equipped
with blowers that meet the specifications of the
system designer. For our purposes—residential and
small commercial installations—the package-type
furnace and blower will be used. The manufacturer
usually presents blower data in tabular form as
shown in Figure 5.13. Some manufacturers prefer
to present the data in graphic form, similar to that
shown in Figure 5.15(b) (without the system curve,
of course).

5.11 Furnace Accessories

The two essential warm air furnace accessories are
a humidifier and an air filter/cleaner.

a. Humidification

Humidification is almost always required in win-
ter. This is particularly true in residences because
the humid air created in the house in areas such as
bathrooms, kitchens and laundries is exhausted to
the outside. Make-up air from the outside is dry,
because cold air carries very little moisture. In
small commercial buildings, ventilation achieves
the same result by bringing in dry air to replace
stale but more humid exhausted air. In both cases,
humidification is, therefore, required.

As an example of the dryness of heated make-up
air, consider a typical condition. If exterior air at
30°F and 50% RH (typical winter air conditions) is
heated in a warm air furnace to 140°F, it will have
a relative humidity approaching zero. (See the psy-
chrometric chart in Figure 2.18.) Even after it
mixes with room air and its temperature drops to
74°F, this air will have only a 10% RH. This dry air
will act to reduce the humidity of all the air in the
room. The exact effect will depend on the ventila-
tion rate, occupancy and so on. However, it is clear
that humidification is required to compensate for
the introduction of very dry air into the building.

Excess humidity is also undesirable. From a
purely comfort point of view, an RH of up to 50%
is acceptable. High humidity can cause condensa-
tion on windows and metal sash. As a rule of
thumb, indoor relative humidity should not exceed

* 15 + outdoor temperature (in °F) for si
glazing or

Thus for an outdoor temperature of 15F, i
RH should not exceed 30% for single-glazed
and 40% for double-glazed spaces.

This rule of thumb, like all such rules, i§
approximate. For an actual installation, a
tion based on the actual R/U factors for the
being used should be performed. In the a
manufacturers’ data, the data given in
can be used. Two important facts with

*  The upper limit of humidity drops as o
temperature drops, if we wish to avoid o
sation on windows.

*  Comfort humidity also drops with coldd
side temperature. For this reason, winter
fort humidity is usually given as 35-50%
lower figure applies at low outside |
tures, and the upper figure applies at I
temperatures.

Refer to the results of Problem 2.11 for moref
on this important subject. ‘

There are many types of humidifiers avail
The simplest types use pans or multiple
plates from which water is evaporated. E
tion can be natural or aided by heat an
air. More complex types use atomizers that§
water droplets into the duct air stream. Th
lets evaporate into water vapor within a fes
travel in the duct. Most units are connec
piped source of water, which is controll
water-level device, such as a float switch
of the appropriate type of humidifier requ
culation (or estimation) of the building h
tion requirements. This is turn depends o
ing volume, occupancy, activity and constty
quality plus data on outdoor conditions. 0
humidification requirements are esta |
particular unit can be selected. Most furnac

must be considered in sizing a humidifier
humidification calculations can only ap
actual field conditions, a humidistat an )
control device is recommended to control hu
fication.



eaning

nical filter is the simplest type of air-
vice. It can be of the renewable (wash-
lhrow-away type. It is usually placed in
air duct, adjacent to the connection to
ee Figure 5.6(a). These units consist
containing treated coarse fibrous mate-
glass wool, plastic thread or a combi-
aterials. Throw-away units called vis-
ingement filters remove dust and dirt
ir, not only by filtering but also by

-

ecause they operate only as mechanical
ey are seldom used in modern installa-

ays. Some add an electrical charge to
rt particles passing through an ionizing
then trap the charged particles at col-
trodes. Other types attract dirt particles
tatically charged plates. Still others trap
dirt particles by using the particle’s own
charge. All these units become “loaded”
nd must be cleaned periodically.

in our discussion on external static
1 Section 5.8.c, the static pressure loss in
humidifiers must be considered. Most
: tested and rated with a clean filter
This is true for most, but not all. The
sure loss in a clean filter varies from 0.1
.g.and is 50% higher in a dirty filter. If
ber that the maximum static pressure
by a residential-type warm air furnace
ely exceeds 0.8 in. w.g., we can readily
mportant it is to clarify whether the
static pressure data includes the filter.
in humidifiers is much smaller, de-
type. It varies between negligible for
g types to about .025 in. w.g. maxi-
the multiple wetted plate type. Exact
re drop figures should be obtained
i the manufacturer, using the system'’s design

scussed the warm air furnace and its
, which is the heart of any warm air
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heating system, we will now proceed to the air
distribution system. This system carries the warm
air from the furnace to the various rooms in the
building, via a network of supply ducts and fittings.
At the duct terminations in the various rooms,
the supply air is dispersed by registers specifically
designed to distribute the air in optimal fashion.
The “used” air is then collected at return air grilles
and brought back to the furnace in return duct-
work for filtering, reheating, humidification and
recirculation. If the building HVAC system is to
supply summer cooling as well as winter heating,
the duct system may have to be larger than for
heating alone. Also, the room air outlets may be
different, both in design and placement. These
items will become clear as our study progresses.

If we refer again to Figure 5.1, we can see all the
essential elements of an air distribution system:
ducts, duct fittings, air outlets and air control de-
vices. An understanding of the construction and
functioning of each of these system components is
essential to an understanding of the system func-
tioning, as a whole.

5.12 Ducts
a. Rectangular Ducts

The most commonly used materials for construc-
tion of rectangular ducts in low pressure, low ve-
locity forced-air systems are galvanized steel, alu-
minum and rigid fibrous glass.

(1) Galvanized steel is probably the most widely
used material for supply and return ducts.
When used outdoors, painting is recommended
even though the zinc galvanizing acts as an
effective weatherproofing for at least 5 years.
Galvanized sheet steel has high strength and is
rust-resistant; nonporous; highly durable;
readily cut, drilled and welded; and easily
painted. It is also widely available in the
United States in a variety of qualities. The
most commonly used type is called lock-form
quality, which describes the usual method of
joint closure.

Minimum metal gauges for steel and alumi-
num duct are given in SMACNA standards.
The principal disadvantages of galvanized steel
duct are its weight and its acoustical character-
istics. In addition to being an excellent channel
for noise transmission, it is also a source of
noise from vibration, particularly in large
ducts. Addition of thermal insulation on the
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()

(3)

(4)

outside, especially if glued, will dampen the
metal vibration but will not attenuate the
duct’s noise transmission ability. For that pur-
pose, acoustical damping inside the duct is re-
quired.

Aluminum is often substituted for galvanized
steel because it is lighter and much more corro-
sion- and weather-resistant. It also has a more
attractive appearance, which is a consideration
in installations using exposed ductwork.
Among the disadvantages of aluminum duct
are high cost, low physical strength in the
thicknesses used for ducts and a thermal
expansion coefficient more than double that of
steel. Aluminum is also difficult to weld. The
large thermal expansion is not normally a
problem in residential work but can be a duct
length limiting factor in commercial work. Alu-
minum is smoother than galvanized steel and,
therefore, has a lower static friction drop. Com-
parative figures for this characteristic are
found in Figure 5.54.

Rigid fibrous glass board, normally 1-in. thick,
is used frequently to fabricate rectangular
duct. The material is a composite of fibrous
glass board with a factory-applied facing of
plain or reinforced aluminum. This facing acts
as a finish and as a vapor barrier. Rigid fibrous
glass board has distinct advantages over metal
duct including (light) weight, good thermal in-
sulation and acoustical qualities and simplicity
of fabrication and installation. The principal
disadvantages of this material are relatively
high cost, low physical strength, sensitivity to
moisture and pressure limitations (2 in. w.g.).
In addition, in some areas of the country, it is
not acceptable according to local codes. An-
other disadvantage is its higher static friction
loss as compared to metal duct. Although this
last item is rarely a deciding factor, it may
cause the designer to use larger and, hence,
more expensive ducts. Use of fibrous glass duct
is limited to locations where the duct is not
subject to physical damage. Also, because of its
lack of physical strength, risers are limited to
about 20 ft.

Other materials including black carbon steel,
stainless steel, fiberglass-reinforced plastic
(FRP), gypsum board and polyvinyl chloride
(PVC) are all used for special-purpose rectangu-
lar duct. They are not considered to be general-
purpose duct materials and will, therefore, not
be discussed here. You can consult publications
of the Sheet Metal and Air Conditioning Con-

tractors National Association, Inc. (SMA
for further information on these duct
as well as construction and installatios
dards for all ductwork.

b. Round Ducts

Round metal ducts are very common in
systems because they are strong, rigid, effi
economical. Round ducts have the lo
friction loss of any shape, and the high
cross-sectional area to perimeter of
That means that for a given cross-sectio
round duct will use less material than
shape. It is, therefore, cheaper than
shape. The considerations involved in d
are discussed at length in Section 5.22 whes
friction is analyzed.
Round ducts also have the advantage o
rigidity as a result of shape. This makes
for installation in locations where the
subject to physical abuse. This rigidity
mizes noise and vibration transmissi
advantage of round ducts is economy
due to the minimal perimeter of the ro
The only major disadvantage of round du
they often will not fit into tight locati
hung ceilings or between joists, becaus
shape. Such locations require rectan
Round ducts are generally metallic, alth
fabricated round rigid fibrous glass @
available.

c. Oval Ducts

Oval ducts were developed to solve the bulky
problem of round ducts without losing thei
tage. They are almost as efficient and
round ducts, and their flatter profile
use in tight locations such as between
and between joists in framed houses.
disadvantage is, at this writing, thei
mium. Table 5.5 (page 287) lists oval duct siz
their round duct equivalents.

d. Flexible Ducts

Flexible ducts are available in two basicd
metallic, both insulated and bare, and
ered, insulated, metallic helix (see F
All flexible ducts have considerably hig
than their nonflexible equivalent. This, hoy
not usually an important factor since fle

are most often used in short runs.



| runs and sharp turns.

y are considerably cheaper than the
joints and fittings used with rigid

Duct Fittings and Air
tol Devices

ed duct system has low static friction
ange in duct size or direction can cause
the air stream. This is turn increases
ead loss in the duct system. (This sub-
treated more full in Section 5.21.) As a
od duct system uses duct fittings that
pecifically designed to minimize air turbu-
means that transitions are smooth [Fig-
branch takeoffs are gradual [Figure
ws are long and rounded, [Figure
d s0 on. Figure 5.18 shows a few of the
s of duct fittings and a typical duct
tail.

shows some of the more commonly
air control devices including turning
plitters and volume dampers. Volume
constructed in single-leaf (e) or
osing blade) design (c). The purpose
ie dampers is simply to control the quan-

il FIBER GLASS
MESH FABRIC
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MECHANICALLY

l i’_‘ FIBER GLASS INTERLOCKED
INSULATION FLAT STEEL
] SPIRAL

sulated flexible duct, usable in low velocity systems. It consists of a
piral) covered with a fiberglass fabric and thermal insulation. These
iced, clamped and formed into oval ends. Their principal use is for

tity of air in a duct. Every branch duct is equipped
with a volume damper, which is capable of being
locked in position. Turning vanes (f) are used where
there is insufficient space for a long sweep elbow
and a sharp turn right angle elbow must be used.
Figure 5.20 shows the drawing symbols and abbre-
viations commonly used on HVAC working
drawings.

5.14 Duct Insulation

Duct insulation is generally provided on ducts in
accordance with energy codes and ASHRAE stan-
dards. In their absence, use the following guide-
lines:

(a) Do not insulate ducts passing through a condi-
tioned space, or through furred interior spaces.

(b) Do not insulate ducts of “heat-only” systems
that pass through unheated basements.

(¢) Do insulate ducts of heating/cooling systems
passing through unheated basements. This will
probably result in a requirement for a heating
register in the duct to compensate for the lack
of basement heating from duct heat loss, in
winter.
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Turbulence — >
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Figure 5.17 Transitions can be either single (a-/) or double (a-2). Angle a should be
as small as possible, to reduce turbulence, and should not exceed 20°. If space is
tight, requiring a larger angle, a double transition (a-2) can be used. Takeoff connec-
tions should not be at right angles (b-1) but should use a long elbow (b-2) connected
in the direction of airflow. Sharp turns (c-/) cause severe turbulence and result in

high static friction loss. Long gradual elbows (¢-2) have minimal turbulence and low
losses.

(c-2)




(a) Air boot fittings are termina-

ch ducts, onto which registers, dif-
nd grills are mounted. Of the boot fit-
types H, I and J connect to round
ts; types A, C and O connect to

ches, and types M and N connect to
ranches. Note that transitions are
that right angles are avoided wher-
For an explanation of “equivalent
tion 5.23. (From Ramsey and
itectural Graphic Standards, 8th
ohn Wiley & Sons, reprinted by
John Wiley & Sons.)

(b) Angles, elbows and offsets can

d design (B, G, I, E) or fabricated
for job conditions (K, L. M). Offsets
ted from two elbows and a straight
al offsets (L, M) have much lower
harp offsets like type K.

The application of elbows and
to trunk ducts is shown. Right
D uses internal turning vanes to re-

.18 (d) Two typical trunk ducts with
shown. At the left, the trunk re-

n fitting. Compare this to Figure
right, the duct size reduction is
all takeoffs are with round duct.
is common in residential work.

k designs are known as reducing

ing plenum designs.

) Typical hanger detail for rectan-
m Ramsey and Sleeper, Architec-
andards, 8th ed., p. 628, 1988, ©

RUCTURAL STEEL ANGLE
CHAMMEL AS REQUIRED

wide hangers shall turn under and
‘duct, When cross-sectional area ex-
be braced by angles on all four

DETAIL

Architect, Washington, D.C.
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Figure 5.19 Air control devices. (a) A double elbow will split the air flow in propor-
tion (inversely) to the friction in each branch. (b) A vertical splitter vane is used to
control the division of air at a juncture. (¢) In higher pressure systems (above 0.5 in.
w.g.), opposed-leaf volume dampers are used to control the airflow into each branch
of a junction. (d) At tee joints, turning vanes are used to reduce turbulence and fric-
tion. (e) Single-blade volume dampers are used in all branch ducts and in some
trunk ducts. All volume dampers should be provided with a locking mechanism. (f)
Details of turning vanes for large ducts in a commercial installation. [Drawing de-

tails (e) and (f) courtesy of Seelye, Stevenson, Value and Knecht, Consulting Engi-

r’r,

neers.)
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Isometric

Plan

Damper red clip

20 ga. quadrant
mounting bracket gn

Damper regulator
(lockable)

Note:
For ducts up to 29* wide
andfor up to 12 high

(e)

Square elbows are to be used only
when specilically called for on
design drawings

2-1'r

i f i
Preference for securing ! |

edge 1st weld or 2nd rivet
Type “A"
Double thickness vanes

For use in ducts grealer than
24" 1><2‘i1" in size. Us; SAME gauge Double
galvanized iron as duct, not to -
exceed 20 gauge For use in ducls 247

> |

Plale same gauge

e — / thickness as duct
vanes far Yanes [=
palvanized or 7 preassembled (%,
aluminum ducts f??' T on runner
o plates
7 il 2 A
: 5N f
Duct size -4 Square elbow with fype
over :
24..”4.\ : - thickness vanes
Y ¥
Square elbow with type “A" double Notes:
thickness vanes Use galvanized steel for vanes

in either steel or aluminum

ductwork. Provide | stay for
ducts 72" to 120" wide & 2 sy
al 5 points for 120% & abowe

(f)



L MEANING SYMBOL SYMBOL MEANING SYMBOL
NGE IN DUCT SUPPLY GRILLE {SG} 20 - 12 G
L:’ (BY STATIC {U.S. UNITS) 700 CFM
SS) ;
b FIGUII?E SIDE 20 - 12 (EG) GRILLE (NOTE AT FLR
i : ¥ OR GL.G) (METRIC UNITS) 350¢s
— SUPPLY REGISTER (SR) 2012 SR
J‘r LLINING | fF———— (A GRILLE + INTEGRAL VOL |
! LENS‘ONS FOR NET t Tl & CONTROL] 700 CFM
HEA EXHAUST OR RETURN AIR 20 %12 GR
INLET CEILING (INDICATE T

TYPE)

SUPPLY OUTLET, CEILING,
ROUND (TYPE AS SPECIFIED)
INDICATE FLOW DIRECTION

— 500 mm

L)
350¢s

SUPPLY OUTLET, CEILING,
SQUARE (TYPE AS SPECIFIED)
INDICATE FLOW DIRECTION

12x12
—_—
| 700 CFM

TERMINAL UNIT. (GIVE
TYPE AND,OR SCHEDULE)

Ly
o H
s

COMBINATION DIFFUSER
AND LIGHT FIXTURE

FLAT ON TOP
AT ON BOTTOM —1

TEC ]\, DOOR GRILLE
& RETURN SOUND TRAP

FAN & MOTOR WITH BELT
GUARD & FLEXIBLE
CONNECTIONS

VENTILATING UNIT
(TYPE AS SPECIFIED)

UNIT HEATER (DOWNBLAST)

UNIT HEATER (HORIZONTAL)

150
KE (F/SD)— A&,

TOP FOR FIRE

UNIT HEATER
(CENTRIFUGAL FAN) PLAN

THERMOSTAT

POWER OR GRAVITY ROOF
VENTILATOR-EXHAUST
(ERV)

POWER OR GRAVITY ROOF
VENTILATOR-INTAKE (SRV)

POWER OR GRAVITY ROOF
VENTILATOR-LOUVERED

(R
i

LOUVERS & SCREEN

) (a) Symbols commonly used in HVAC work. (Reproduced with permis-

1 SMACNA HVAC Systems Duct Design Manual, 1990.)
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AHU Air-handling Unit

8 Condensate (Steam)

CD Cold Duct

CDR Condensing Water Return
CDS Condensing Water Supply
CFM Cubic Feet/Minute of Air

CHWR Chilled and Heating Water Return
CHWS  Chilled and Heating Water Supply
CWR Chilled Water Return

CWS Chilled Water Supply

EF Exhaust Fan

FA Fresh Air

FAD Fresh Air Damper
FCU Fan Coil Unit
FD Fire Damper

Figure 5.20 (b) List of abbreviations commonly used in HVAC work.

(d) Do not insulate perimeter heating ducts run in
the concrete floor slab. These ducts help to heat
the slab and contribute materially to comfort
in the space.

(e) Do insulate ducts run outside and in attics,
garages, crawl spaces and any other space
where the heat loss (or gain) is clearly wasted.

(F) If at all possible, avoid installation of ducts
in exterior walls and attics. If unavoidable,
insulate the ducts according to the formula in
the next paragraph.

As arule, the R value of duct insulation should be
At (°F)
15

where Az is the temperature difference between
the air in the duct and surrounding ambient air
temperature,

R=

Thus, for a duct passing through an uninsulated
attic and carrying cooling air at 55°F, we would
first estimate the summer attic temperature to be
140°F. Then

R IAOETUEE o e
2 S oI5 , use R-6 insulation.

For the same duct carrying warm air at 140°F, with
a winter attic temperature of 20°F;

140—-20 120
R=————

I5 =F=8' use R-8 insulation

We would, therefore, probably insulate the duct for
the larger of the two requirements, that is, R-8. We

FTR Fin-tube Radiation
GC General Contractor
HP Heat Pump

HPS High Pressure Steam

HWR  Heating Water Return
HWS  Heating Water Supply
LPS Low Pressure Steam
MB Mixing Box

RA Return Air

RAD Return Air Damper
SA Supply Air

UH Unit Heater

uv Unit Ventilator

VD Volume Damper

say probably because it is essentially an econ
decision. As an absolute minimum, use R-
tion on ducts in insulated enclosed cra
and in uninsulated basements and R-4 ever
else. '

Since blanket insulation is necessaril
pressed when installed around a duct,
glued, most authorities recommend doub
normal thickness required. That assumes a8
compression. Using this assumption, typical ¢
insulation would be: :

A
ALl

'/2 in. of rigid glass fiber board or liner
*  R-4:2in. of (compressed) glass fiber blank
1 in. of rigid glass fiber board or liner
* R-6: 3 in. of (compressed) glass fiber blanke
1'% in. of rigid glass fiber board or liner

In all cases, a vapor barrier on the outside of
insulation should be provided if the duct is¢
rying cool conditioned air. :

As an indication of the importance of duct ins
tion, we can calculate temperature gain and |
air carried by an uninsulated duct. An unin
duct 50 ft long, carrying 2000 cfm of §
through a 140°F attic at 700 fpm (common
tions for a trunk feeder duct) will gain about|
That means that the cool air supplied at theg
will be at 66°F instead of 55°F. Obviously, {



cooling will not be achieved. Similarly, in
1e same duct carrying 1500 cfm of warm
)°F through the same attic at 20°F will lose
0°F. That means that the warm air will be
d at 120°F instead of 140°F. Since the total
ure rise is about 70°F (from 70°F room
ture to 140°F supply temperature), this
represents a loss of almost 30% of the
capacity of the duct! Obviously then, duct
lion can be critical for ducts passing through
ioned, uninsulated interior spaces or
exterior areas.

Air Distribution Outlets

tioned air originates at the warm air furnace
pump/refrigeration unit) is distributed by
luct system and terminates at the room out-
/ mixing with room air, the “decondi-
air is picked up at a return air outlet. It is
ied back to the furnace for reprocessing
culation. Supply air outlets are normally
s or diffusers, and occasionally grilles. Re-
outlets are almost always grilles, and occa-
registers.
¢ is any slotted, louvered or perforated
fits onto a duct termination. See Figure
uvered grilles have horizontal and/or verti-
These vanes may be fixed or movable.
pose of the grille is to permit free passage
hile generally obscuring direct vision or
the duct. Fixed-opening grilles are nor-
¢y mounted on return ducts and are wall-, ceil-
g or floor-mounted. Adjustable vane units are
nally used on supply ducts and are wall- or

a grille that is equipped with some type
damper for the control of air flow. See
2. It normally has movable vanes for

the air stream. Registers are almost al-
ed on supply ducts. In very special cases
g volume damping, registers may also be
return ducts.

ttern roughly parallel to the surface in

s mounted. Most diffusers are intended
ing mounting, although wall diffusers are
ell. The majority of diffusers are equipped
vices that permit changing their air distri-
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bution patterns. They may or may not be equipped
with volume dampers, as needed. Diffusers can be
round, square, rectangular or linear as required.
See Figure 5.23.

b. Comfort Zone

The purpose of a supply register or diffuser is to
introduce conditioned air into a space in such a
fashion that comfort is maintained. After all, the
whole purpose of supplying conditioned air is to
establish comfortable conditions in the room. Let
us review very briefly what these comfort condi-
tions are, as regards air temperature and air speed
(see Section 5.1).

Winter: 68—74°F DB, 40 fpm maximum
Summer: 73-79°F DB, 50 fpm maximum

It has also been found that the difference in tem-
perature between head and feet should not exceed
4-5°F to maintain comfort. It is important to note
that the moving air in the previously stated com-
fort criteria is assumed to be at the same tempera-
ture as the room air. If the air is colder, these
acceptable velocities drop because of the feeling
that there is an unpleasant “draft” in the room.
This condition is most critical with air movement
around the head and neck and least critical at
ankle level. It has also been found that elderly
people are much more “draft” sensitive than
young people.

Now consider that the air in the branch ducts
strikes the supply register or diffuser at 500-600
fpm, at a winter temperature of 130—150°F or a
summer temperature of 53—-57°F. It should be obvi-
ous that no register or diffuser, however well de-
signed, can instantaneously convert this air to the
previously listed comfort conditions. This is one of
the reasons that the American Society of Heating,
Refrigeration and Air Conditioning Engineers
(ASHRAE), in its standard 55, which defines com-
fort conditions, specifies an “occupied zone” in a
room, inside which comfort conditions must be
maintained. Another reason is that, in rooms with
cold walls or ceilings, there is always a tempera-
ture gradient between the comfort conditions in
the occupied zone and the area near cold walls.
This occupied zone is shown in Figure 5.24. It is
simply the area from the floor to a height of 6 ft
and the room volume that is 2 ft from any wall.
Establishing this occupied zone means that air
from a wall, floor or ceiling supply outlet has about
2 ft within which to alter its temperature and
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Single deflection
supply grille

fa-1)

T
| J‘ =N
o @
L m—— AN =] a
v 02 =
) ————— zg 6= &
—Lag | J
— =
il 1
1
LISTED SIZE +2"—————— *-[ 5/32"
Fe——— LISTED SIZE -1/2"——— = 1%" |
I
AR
1
34" o letts V
N LISTED SIZE ~
Vertical Bars Horizontal Bars
fa-2)

Figure 5.21 (a-1) A single deflection supply grille controls the air stream flow in two
directions. Units are available with horizontal or vertical bars. (a-2) Section through
the grille showing construction of both designs. (a-3) Performance data of the grille.
(Courtesy of Carnes Company.)
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Fixed blade return air grille
(b-1)

AN

-

-
.
-

LISTED SIZE

[*———LISTED SIZE +2" ————

b+ ot ISTED SIZE -1 f2""-l

f— UISTEDSIZE+ — :1 5/32"
F—————LISTED SIZE -1/2"— ot 11" |

(b-2)

Figure 5.21 (b-1) Return air grille with stationary

curved blades. The blades are available in vertical or ho-
rizontal position. Performance is unaffected by blade ori-

entation. (b-2) Section through the grille showing con-
struction of both designs. (b-3) Performance data.
(Courtesy of Carnes Company.)

Return Air Performance Data

SYMBOLS:
45° Blade Settings V=Duct veloci
5 CFM = Quantity of
cubic ft./min.
Various values for NC=Noise criteria
damper openings. room attenuatiof

P,=Total pressure
inches H,0.

v 200 400

Size P, 03 .09

4x4 CFM 22 44

NC L L

6x6 CFM 50 100

8x4 NC L L

8x6 12x4 CFM 65 130

10x5 NC L I

10x6 16x4 CFM 80 160

12x5 18x4 NC L 15
8x8 14x5 CFM 90 180 260
12x6 NC L I, 22
10x8 16x5 CFM 110 220 330
14x6 20x4 NC L L 23
10x10 20x5 12x8 CFM 140 280 400
28x4 18x6 NC L L 25
12x10 24x5 14x8 CFM 160 320 480
30x4 20x6 NC L L 25
14x10 28x5 16x8 CFM 190 380 570
36x4 22x6 NC L L 27
12x12 26x6 16x10 CFM 200 400 600
30x5 18x8 40x4 NC L L 28
14x14 24x8 16x12 CFM 270 540 820
34x6  20x10 NEGEIL L 30
16x14 48x5 CFM 310 620 930
18x12 36x6 NEw L 20 31

16x16 24x10 30x8 ~ CFM 360 710 1070 144
18x14 22x12 NC L 21 3388

18x16 30x10 36x8 ~ CFM 400 800 1200 16
20x14 24x12 48x6 NC L 22 34 4

18x18 30x12 36x10 CFM 450 900 1350
20x16 24x14 40x8 NC L 23 35 @

22x20 30x14 36x12  CFM 600 1200 1800 240

24x18 26x16 NeE %13 26 37

24x24 48x12 CFM 800 1600 2400 3208
30x18 36x16 NC L 28 40 4
28x24 48x14 CFM 900 1800 2700 36
32x20 36x18 NC L 29 41 5
30x24 36x20 CFM 1000 2000 3000 40
48x16 NC L 30 42
36x24 CFM 1200 2400 3600 430
48x18 NC 20 31 43 35

(6-3)
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Linear grille/register
fe-1)

FLOOR APPLICATION MODELS CCGB and CCHB DIMENSIONAL DATA

314 }-— CCGB
3y \==_< S
i e
= ‘ e W
S
i _TI e 5
L =W
&1 |J S f e I 3
—— 1 s § —p ‘%
ccaBs 3 g i
CCHBS L a
_| Friction Spring l
=y i
Available Sizes” — CCHBG
Listed Listed |
Size Size 11—
Straightening | Height Width 2
Vanes Min. |Max. | Min. [Max. |
NO 2 12 6 e
NO 2 12 6 72
NO 2 12 6 72
NO 2 12 6 72
YES 2 12 5] 72
YES 2 12 6 72
YES 2 |12 |86 |72
YES 2 12 6 72
laximum single unit sizes. Larger list widths furnished as separate pieces
(e-3)

(¢-1) Linear grille, usable as a supply or return air grille or, when
th a damper (c-2), as a supply register. This design is commonly used for
dewall and ceiling applications. The damper actuator is operated by a
inserted through the grille face. (c-3) Section through a typical unit in a
ipplication. (Courtesy of Carnes Company.)
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Sound ratings are based on a 4 foot unit with the damper
full open, and 10 db room attenuation. For lengths other
than 4 feet, use the table below to determing the increase

NC values shown in the performance tables are for the
damper in the full open position. Partially closed dampers
will increase the NC level as shown in the table below.

in noise level.

Effective Damper
Opening % db to be added
100 0
B2 8
71 13
i 50 21

No. of 4 foot lengths db to be added
1 0
= 2 3
3 5
4 5]
== 6 8
Bz 10 10

Tests shiow that drastic dampering at the grille will result
in considerable db increase. Dampering at the grille
should be reserved for fine balancing. Gross balancing
should be provided for by dampers upstream in the
supply ductwork.

“L" indicates an NC value less than 20,

The total and static pressure is with damper in the full
open position and is given in inches water gage (W.G.)

THROW

. P Th > = T
| e

Ty

l_tW

SILL & FLOOR APPLICATION

Throw values are based on a 4 footlength of grille having
0° or 15° blade deflection and supply air temperature
equaltoroom airtemperature. The maximum throw value
shown is based on a Vit of 50 FPM and the minimum throw
value on 150 FPM. Throw values for sidewall application
are based on an 8 to 10 foot mounting height (See
sketches above).

Cooler supply air will result in shorter throw vaules.

(c-4)

SIDEWALL APPLICATION

Warmer supply air will result in longer throw values. Use
the multiplication factors in the table below to determine
throw values depending on supply air temperature.

Vi FPM Isothermal | Ay=-20°F Ay=+20°F
150 1.00 1.00 1.00
50 1.00 .90 1.10




AIR DISTRIBUTION OUTLETS / 241

PERFORMANCE DATA - 0° BLADE DEFLECTION

Duct Velocity - FPM 200 300 400 500 600 700
Tolal Pressure Py .010 .025 .046 .073 107 147
Static Pressure Py .008 .020 .037 .058 .085 A17
CFM/FT. 33 50 67 84 100 117
NC 4 22 31 38 44 48
Throw Sidewall 8-4 9-6 11-6 11-8 12-8 15-9
in Ft. Sill-Floor 12-8 13-10 14 - 11 15-12 16 - 12 18-13
CFM/FT. 42 62 83 104 125 146
NC I L 22 29 35 39
Throw Sidewall 8-4 10-6 12-7 12-8 13-8 15-9
in_FL_ Sill-Floor 13-9 14 - 11 15-12 16-12 17-12 18- 14
CFM/FT. 50 75 100 125 150 175
NC L L I 22 29 33
Throw Sidewall 8-4 10-6 12-7 13-8 14-8 15-9
in Ft. Sill-Floor 13-9 15-11 16 - 12 17-12 18-13 19-14
CFM/FT. 58 88 17 146 175 204
NC L L L L 23 28
Throw Sidewall 8-4 1-7 13-8 14-9 15-9 16-10
in Ft. Sill-Floor 14-9 15 - 11 17-12 18-13 19-13 20-15
CFM/FT. 67 100 133 176 200 233
NC L L L L 22 26
Throw Sidewall 10-4 12-7 14-8 15-9 16-10 17 -1
inFt. Sill-Floor | 14-9 16 - 11 18-12 19-13 20-14 21-15
CFM/FT. 75 113 150 188 225 263
NC 5 L L I8 22 27
Throw Sidewall 11-4 13-7 15-9 16-10 17-10 18-12
in Ft. Sill-Floor 15-9 16-12 19-13 20 - 14 21-14 22 - 16
CFM/FT. 83 125 167 209 250 292
NC L L L L 22 27
Throw Sidewall 12-4 14 -8 16-9 17-10 18- 11 20-13
in Ft. Sill-Floor 15-9 17-12 20-13 21-14 22 -15 23-16
CFM/FT. 100 150 200 250 300 350
NC L L L L 23 39
Throw Sidewall 12-4 15-8 17-10 19- 11 20-12 22-13
in Ft. Sill-Floor 16-9 18- 12 20-13 22-15 23-16 25-17
CFM/FT. 133 200 267 334 400 467
NC L L [t L 24 28
Throw Sidewall 13-4 16-9 18 - 11 21-12 23-13 25-14
in Ft. Sill-Floor | 17 -10 19-13 21-14 23-16 25-17 27-18

e effective free area, in square feet
(c-5)

1 (¢-5) Typical performance data for 0° blade deflection. A similar table is
r 15° deflection.
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Double-deflection register
fa-1)

T

-

[ US TEL SIZE+2)
pe————LISTED SIZE -1/2" ——4 {y1"

34" = .556’1 F"'

J X '
&= ‘ &
oy w
= s e mll =
=i -t e
35 7
3
J:w"
1
--[ 5/32"
-

SSLLR)

-

NVUOX:

Vertical Bars

LISTED SIzE

(a-2)

\\

Figure 5.22 (a-1) Double-deflection supply
bines a double deflection grille with an opp
damper. This combination provides air defl

111

one, two, three or four directions, together

L volume control. Units are available with ve

LLLEE

1
r I
111
1e i1
I 1
re

'

bars and horizontal rear bars, or the reverse

Horizontal Bars

tion through the register showing construct
designs. (Courtesy of Carnes Company.)




Performance Data

V=Duct Vel. 300 400 500 600 700
Blade Set® 0 221z 45 0 221 45 0 22> 45 0 221k 45 0 220 45
Size P, 011 015 .032 .020 .026 .055 .030 .040 .085 .043 .058 .120 .058 .079 .165

6x8 CFM 75 100 125 150 175

8x4 Throw 8 1 14 16 19

NC L il L L L

8x5 CFM 85 110 140 165 195

10x4 Throw 8 1 15 17 21

e 1o NC L L L L L

rear blade 8x6 CFM 100 135 170 200 235

d damper 10x5 Throw 9 12 16 19 23

12x4 NC L L L L 20

14x4 CFM 115 155 195 235 270

Throw 9 13 17 20 24

NC L L L L 21

8x8 16x4 CFM 130 180 220 260 310

10x6 Throw 10 14 18 21 26

e 12x5 NC L L L L 22

12x6 CFM 150 200 250 300 350

14x5 Throw 1 15 19 22 27

18x4 NC L L T L 23

10x8 20x4 CFM 170 230 280 340 390

14x6 Throw 12 16 20 24 29

16x5 NC L L L L 24

10x10 20x5 CFM 210 280 350 400 480

i 12x8 24x4 Throw 14 18 22 26 31

tyin fpm 16x6 NC L L L 20 25
of air in cubic

' 18x6 CFM 230 310 380 460 530

a(Bdbroom  28x4 Throw 15 19 24 28 33

n) e 10712 watts. NC L L L 21 26

ure inches Hy0.  15x10 24x5 CFM 250 330 420 500 580

feet. 14x8 30x4 Throw 15 20 25 29 34

an 20 20x6 NC L L L 22 27

12x12 18x8 36x4 CFM 300 400 500 600 700

14x10 24x6 Throw 16 21 27 31 36

16x8 28x5 NC L L L 23 28

16x10 40x4 CFM 330 430 540 650 760

26x6 Throw 17 22 28 32 38

30x5 NC L ¥ L 24 28

14x14 24x8 40x5 CFM 410 540 680 820 950

16x12 32x6 48x4  Throw 18 24 31 36 43

20x10 34x6 NC L L L 25 29

16x14 48x5 CFM 470 620 780 930 1090

18x12 Throw 19 26 33 49 46

36x6 NC L L 20 26 30

16x16 26x10 CFM 530 710 890 1070 1250

18x14 32x8 Throw 21 28 35 43 49

22x12 42x6 NC L fi 21 27 32

18x16 30x10 CFM 600 800 1000 1200 1400

20x14 36x8 Throw 22 29 37 45 52

24x12 48x6 NC L L 22 27 32

Model RTDA—Register (Front Blade 0°)
NC—Add the following db to the NC obtained from Table for various rear blade settings.

Notes: (1) Additions and factors (listed below) have to be applied for varying blade settings and damper openings.
(2) For sizes, CFM, blade settings or damper openings, etc., not listed below, interpolate as necessary.

tiply the P, listed in Table by the following F;, factor
‘wide open damper.

etting 0° 221° 45°
1.70 1.50 1.10
(a-3)

Dual Velocity 300 400 500 600 700 800 900 1,000 1,200
Rear Blade 0° 2 2 2 1 1 1 1 1 1
Rear Blade 45° . 12 12 12 11 11 10 10 10 10
dd the following db to the NC obtained above for T—Multiply the T listed in Table by the following F, factor for
amper openings. various blade settings.
Opening 100% 75% 50% Rear Blade Setting 0° 221 45°
0 10 22 Factor 1 89 0.60

3) Performance data of the double-deflection register with front blade



Performance Data

V=Duct Vel. 300 400 500 600
Blade Set® 0 2242 45 0 2242 45 0 2242 45 0 221 45
Size B 016 .019 .034 028 .033 .059 .043 .051 .091 .062 .074 .130
FRONT BLADES 22%°
6x6 CFM 75 100 125 150
8x4 Throw 7 10 12 14
NC L L L 20
X 8x5 CFM 85 110 140 165
~ 10x4 Throw 7 10 13 15
~| || — Various values for NC L L L 21
A1 various rear blade Bx6 CFM 100 135 170 200
- settings and damper 10x5 Throw 8 1 14 17
- openings. 12x4 NC L L L 22
14x4 CFM 115 155 195 235
Throw 9 12 15 18
NC L L L 22
8x8 16x4 CFM 130 180 220 260
10x6 Throw 9 12 16 19
DOUBLE DEFLECTION h20eg NG & L & 2
12x6 CFM 150 200 250 300
14x5 Throw 10 13 17 20
18x4 NC L L L 24
10x8 20x4 CFM 170 230 280 340
14x6 Throw 11 14 18 21
16x5 NC L L 20 24
10x10 20x5 CFM 210 280 350 400
SYMBOLS: -, 12x8 24x4 Throw 12 16 20 23
V=Duct velocity in fpm 16x6 NC L T 20 25
CFM = Quantity of air in cubic
ft /min. 18x6 CFM 230 310 380 460
NC=Noise criteria (8 db room  28x4 Throw 13 17 21 24
attenuation) re 10712 watts. NC L L 21 26
P,=Total pressure inches H;0. 12,10 24x5 CFM 250 330 420 500
T=Throw in feet. 14x8 30x4 Throw 13 17 22 25
L=NC less than 20 20x6 NC L L 21 28
12x12 18x8 36x4 CFM 300 400 500 600
14x10 24x6 Throw 14 19 24 28
16x8 28x5 NC L L 22 27
16x10 40x4 CFM 330 430 540 650
26x6 Throw 15 20 25 29
30x5 NC L L 22 27
14x14 24x8 40x5 CFM 410 540 680 820
16x12 32x6 48x4 Throw 16 21 28 32
20x10 34x6 NC L L 23 28
16x14 48x5 CFM 470 620 780 930
18x12 Throw 17 23 29 3
36x6 NC L L 23 28
16x16 26x10 CFM 530 710 890 1070
18x14 32x8 Throw 19 25 31 38
22x12 42x6 NC L L 24 29
18x16 30x10 CFM 600 800 1000 1200
20x14 36x8 Throw 20 26 33 40
24x12 48x6 NC L L 24 30
Notes: (1) Additions and factors (listed below) have to be applied for varying blade settings and damp
(2) For sizes, CFM, blade settings or damper openings, ete., not listed below, interpolate as necessary.
Model RTDA—Register (Front Blade 221/
NC—Add the following db to the NC obtained from Table for various rear blade settings.
Duct Velocity 300 400 500 600 700 800 900
Rear Blade 0° 2 2 2 1 1 1 1
Rear Blade 45° 7 7 6 6 6 6 6
NC—Add the following db to the NC obtained above for T—Multiply the T listed in Table by the followis
various damper openings. various blade settings.
Damper Opening 100% 75% 50% Rear Blade Setting 0’
db Add 0 10 22 Factor 1

P—Multiply the P, listed in Table by the following F, factor
for the wide open damper.

Blade Setting o 22y 45°
Factor 1.50 1.25 1.08

(a-4)
Figure 5.22 (a-4) Performance data of the register with front blade set at 2214°.
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Four-way air supply register
(b-1)

ER DIMENSIONS

s "’Y 7 il
* f = ViR -
!{ e G a
g0
gy ——— 1152 o Ll Ig
+ por 3
¢ 2] |
t
1+ VA
1 Z
LISTED SIZE +17" ——————= - [+7/32"
LISTED SIZE -5/8"—=t= 11" =

; = Figure 5.22 (b-1) Register with four sets of adjustable
: 3 . 3 deflectors. This unit establishes a four-way air pattern
s ‘%‘Q‘Q‘ | and apportions equal quantities of primary air in four

g' directions. (b-2) Section through the register showing
Ik construction of blades and volume dampers. (Courtesy
(6-2) of Carnes Co.)

na
&

T
na
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PERFORMANCE DATA

SIZE
WXH
(WIDE X HIGH)

10x4
Bx5
6x6

CFM

DIRECTIONAL
THROW

1 2 3 4

S0

Duct Velocity

200

Total Pressure

.02

Throw

4-6 [ 35 [ 2-4 [ 2-4
8

Min. Ceiling Height

B B

75

Duct Velocity

300

Total Pressure

.03

Throw

5-8 | 5-8 [ 4-7 | 4-7

Min. Ceiling Height

-3 - Y e

100

Duct Velocity

400

200

Total Pressure

.05

.02

Throw

Min. Ceiling Height

7-11 | 6-10 | 5-8 | 5-8
0 e i

125

Duct Velocity

500

250

Total Pressure

.08

02

Throw

[4-6 | 46 | 3-5

Min. Ceiling Height

9-14 | 8-12 [ 7-16 [ 6-10
8 8 [ 8 [ 8

5-7
T ) T )

150

Duct Velocity

600

300

Tolal Pressure

12

03

Throw

7-11 | 5-7 [57 [ 46

Min. Ceiling Height

12-18 [10-16 [ 8-12 [ 7-11
) T [

1T T |

200

Duct Velocity

800

400

Total Pressure

18

16

.05

Throw

11-16]9-14 [ 872 [ 8-12

9:14 [ 711 [J7-11 [ 6-9

Min. Ceiling Height

14-20 [12-18 [10-16 [ 9-14
9 8 | B [ 8

L T O T [ T

T T

300

Duct Velocity

Total Pressure

Throw

Min. Ceiling Height

600

12

13-19[12-1810-16 ] 9-14

(PO [T T - e B

400

Duct Velocity

Total Pressure

Throw

Min. Ceiling Height

800

.23

18-27 [14-21 [13-16 | 12-18

i0_| 8 8 | 8

500

Duct Velocity

Total Pressure

Throw

Min. Ceiling Height

1000

37

20-30 [ 18-27 | 16-24 [14-21

N P O O

600

Duct Velocity

Tolal Pressure
Throw

Min. Ceiling Height

800

Duct Velocity

Total Pressure

Throw

Min. Ceiling Height

1000

Figure 5.22

Duct Velocity

Total Pressure

Throw

Min. Ceiling Height

(h-3)

(b-3) Performance data of the four-way register.
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Y
Z
FOUR-WAY BLOW
:‘E:czg VELOCITY 300 | 400 | 500 | s00 | 700 | BOO
Yand Z PRESSURE DROP 028 049 080 A1 <145 185
Total CFM 113 | 150 | 180 | 225| 280| 300
Bx9 NC L 14 20 25 29 34
Aroa CFM Each Side Y 38 50 65 75 85 100
375Sq.FL CFM Each Side Z 19 25 30 a8 45 50
Throw Each Side Y 2-3 3-4 58 B6-7 7-8 9-10
Throw Each Side Z 1-2 2-3 3-4 4-5 5-8 6-7
Tolal CFM 150 200 250 300 350 400
| [T ) t|] 1| 20| 25| 20| =
fR CFM Each Side Y 56 75 a3 112 131 150
505q Fi | CFMEach Side2 1| 25| 32| 38| 44| so
N 3 Throw Each Side Y 4-5 5-6 67 7-9 9-11 | 10-12
Throw Each Side Z 1-2 2-3 3-4 4-5 5-8 6-7
Total CFM 188 250 2 s 438 500
Bx15 NC L 15 21 27 n a5
Hren CFM Each Side ¥ 75 100 124 150 175 200
625 Sq. FL CFM Each Side Z 19 25 32 k] 44 50
' ) : ik Throw Each Side ¥ 5-7 6-8 8-10 9-11 | 11-13 | 1214
angular four-way blow ceiling diffuser Throw EnchSidez | 1-2| 23| 3-4| 45| s8] 67
(a-1 ) Total CFM 225 300 ars 450 525 €00
6x18 NC L 15 2 27 n as
Aroa CFM Each Side Y a4 125 156 188 218 250
75 Sq. FL CFM Each Side 2 19 25 32 38 44 50
B g Throw Each Side Y 6-8 7-9 9-11 | 10-12 | 11-13 | 12-15
Throw Each Side 2 1-2 2-3 3-4 4-5 5-6 6-7
Total CFM 263 350 438 525 612 700
6x21 NC L 16 23 28 33 ar
e CFM Each Side Y 1n2 150 187 224 262 300
e S NS 875 S F1 | CFM Each Side Z 1) 28| 32| 38| a4 s0
i AR FLOW Throw Each Side ¥ |  7-9 | 8-10 | 10-12 | 11-13 | 12-15 | 1316
’ - == Throw Each Side 2 1-2 2-3 3-4 4-5 5-6 6-7
I ‘/ / ~ DUCT AND SCREWS BY OTHERS T e e Y R B
i : [} A P | 7| 23| | 83| ar
" A’_f“‘ CFMEnchSideY | 31| 75| 218| 262 308| a%0
1 1,00 Sq. Ft. CFM Each Side 2 19 25 32 a8 44 50
: g Throw Each Side ¥ 8-10 9-11 | 1113 | 12-15 | 13-16 | 14-18
Throw Each Side Z 1-2 2-3 3-4 4-5 5-6 6-T
Toltal CFM_ 225 | 300| 375| 450 525 600
9x12 NG L 15 21 27 N a5
Arag CFM Each Side Y 70 94 118 141 165 188
75Sq. FL CFM Each Side 2 42 56 70 B4 98 112
& z Throw Each Side Y 4-6 5-7 7-9 8-10 | 10-12 | 11-14
Throw Each Side Z 2-3 3-4 57 6-8 7-9 B-10
Tolal CFM 282 3715 470 583 655 750
9x15 NC L 18 23 28 33 37
Area CFM Each Side Y o3 132 165 188 230 263
938 Sq.FL CFM Each Side Z 42 56 70 B4 98 112
h CEILING : Throw Each Side Y 5-7 6-8 | 8-10 | 10-13 | 12-15 | 13-18
Throw Each Side Z 2-3 3-4 5-7 6-8 7-9 B-10
9 F FRAME Total CFM 338 450 562 675 788 200
NC L 16 24 29 3 ar
\ OPERATING LEVER 9;:;: CFM Each Side Y 127 169 2n 254 296 338
1.125Sq. FL CFM Each Side Z 42 56 70 B4 ] 112
2 Throw Each Side Y 6-9 7-10 9-12 | 1114 | 12-15 | 14-18
Throw Each Side Z 2-3 3-4 5-7 6-8 7-8 8-10
Tolal CFM 393 524 655 788 97 1050
9x21 NC L v 24 29 34 38
ea | CFM Each side ¥ 155 206| 2s8| 309 aso| 413
131 Sq. Ft | GFM Each Side 2 42| ss| 70| sa| e8| m2
: ‘ Throw Each Side Y 6-8 7-9 | 10-13 | 12-15 | 13-17 | 15-19
Throw Each Side Z 2-3 3-4 5-7 6-8 7-9 B8-10
Total CFM 450 800 750 900 1050 | 1200
| w| 18| 25| 30| 35| 39
e CFM Each Side Y 183 244 305 366 427 488
1505 1 | GFM Each Side 2 42| 55| 70| ea| 98| 12
1 i Throw Each Side Y | 9-12 | 10-13 | 12-15 | 13-16 | 14-18 | 16-20
Throw EachSidez | 2-3| 34| 57| 68| 78| 810
Total CFM 375| 500| 625| 750| 875 1000
12x1s |NC | 18| 25| 30| 35| 3
Ares CFM Each Side Y 113 150 188 225 263 300
1.25 5q. Ft CFM Each Side Z 75 100 125 150 175 200
Throw Each Side Y 5-7 6-8 B8-10 | 10-13 | 12-15 | 13-18
Throw Each Side Z 4-6 57 7-9 9-11 | 10-13 11:14_
(a-1) Typical rectangular four-way blow e Neakit] oo IRl W= 3 ]
diffuser. (a-2) Mounting detail with an F- Aca |CFMEachSidey [ 150| 200 250| 300 3s0| 400
5 afa CFM Each Side Z 75 100 125 150 175 200
 hung ceiling. Deflector and damper are also 15080-FL | rncowEachSiday | 57| 68| 841 1215 | 1317 | 15-10
iffuser performance data as a function of Throw EachSidez | 46| 57| 7-9| 9-11) 10413 1114

locity. (Courtesy of Carnes Company.) (a-3)
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SOUND RATINGS

Figure 1: Noise rating chart for Mode! SK Diftusers without Damper

&0
<
= 50
2 ’
z W a? SV
5 w0 K
o I o
3 >
g 30 o":‘
|
§ 20
10
100 150 200 300 400 500 GOO rw§§1m 1500 2000 3000 4000

Capacity in CFM

Figure 2: Effect of Damper on NC Index
To use Noise Raling Chart, Fl.guro 1,
datermine the square footage of the
diffuser neck area from the chart in
Figure 5.23 (a-1). Follow the vertical
CFM line on the chart until it inter-
sects the diagonal square footage line.
Read the NC Level on the left hand
side of the chart,
For the effect of dampering, use
chart Figure 2.

Decibels to be added lo rated NC Index

100 75 50 25

Damper Position — Percenlage of Wide Open
(a-4)

Figure 5.23 (a-4) Noise ratings of the four-way ceiling diffuser as a function of neck
area.

Round steel fixed pattern ceiling diffuser
(b-1)

Figure 5.23 (b-1) Fixed-pattern round steel ceiling diffuser, with four cones. Similar
units are available with adjustable patterns. (Courtesy of Carnes Company.)
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TYPICAL
INSTALLATION
e L — ON STUB DUCT
OPENING
 DIA. CEILING DUCT INSIDE
ALLATION OPENING DIFFUSER NECK
ON EXPOSED DUCT = Al.D. /_ BY OTHERS
UCT BY
¢ gTHERS _:’
o
D
f | +
<3 B DIA B
FORM 4 CEILING PLATE POSITIVE SPRING LATCH
“Form 4
Size A B C D E F G
04 416 14V 136 115/16 74 4 3/4
05 5'1s 14, 1316 1'% 7Ya 6% 1%

06 6'/16 14 13/16 1'%/ 7V 6 1

08 8'/1s 17%6 1% 2% 9V 8% 1

10 1018 19316 1%16 1% 11 10 1

12 1216 22/ 1% 25/16 13V 12 1

14 1416 2416 1% 2516 15V 14V 1

16 166 286 2V 2% 17Va 163 il

18 1816 3216 2V 3% 194 18 1

20 2016 33%6 2Va 3% 214 20% 1

24 24/ 39%6 2% 316 25V 24 1

28 2816 48% 21/ 4 29V 28" 1

32 3216 60'%16 2% 41516 334 32 1

36 36'/16 60'%/1s 2% 415/ 37V 36 1

Dimensions are given in inches.
(b-2)

23 (b-2) Installation detail for diffuser mounting directly on a stub duct.
Iso be mounted on a damper, a splitter/damper, a radial deflector, an
ing damper or a direction changer as required by the particular installation,
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Performance Data—Model SSEA

Neck Size Duct Yelocity - FPM |
(Inches) 200 400 600 800 1000
CFM 17 35 52 70 87
PT .005 .02 .05 .09 14
4 Minimum Throw 3 3 4 4 4
Maximum Throw 5 5 5 6 6
NC L L L 24 30
CFM 27 55 82 109 136
PT .01 .03 .07 11 a7
5 Minimum Throw 3 3 4 4 4
Maximum Throw 5 5 6 6 7
NC B & 20 28 34
CFM 39 78 115 155 195
PT .01 .04 .08 i3 .20
6 Minimum Throw 3 3 4 4 5
Maximum Throw 5 6 6 6 7
NC & L 22 30 36
CFM 70 140 210 280 350
PT .01 .03 .07 12 .18
8 Minimum Throw 4 4 5 5 6
Maximum Throw 6 6 8 8 10
NC L L 27 34 40
CFM 109 218 325 435 545
PT 01 .06 a2 24 .36
10 Minimum Throw 4 5 6 7 7
Maximum Throw 7 9 il 13 14
NC E L 29 37 42
CFM 158 315 475 630 785
PT .01 04 10 .20 .31
12 Minimum Throw 5 6 6 7 10
Maximum Throw 8 10 12 14 18
NC I 21 Rl 39 45
CFM 215 430 645 855 1070
PT .02 .05 11 .20 31
14 Minimum Throw 6 8 11 13 18
Maximum Throw 9 13 15 19 23
NC L 22 32 40 46
CFM 280 660 840 1120 1400
PT .01 .07 14 .26 41
16 Minimum Throw 7 10 13 17 19
Maximum Throw 10 14 17 22 25
NC L 22 33 41 47
(b-3)

Figure 5.23 (b-3) Typical performance data for the illustrated diffuser.



LOUVERED FACE DIF-
lein 1, 2, 3, or 4-way pattern,
Flanged overlap frame or in-
r 2 X 4 ft baked enamel steel
modules of lay-in ceilings. Supply

PERFORATED FACE DIF-
able in 1, 2, 3, or 4.way pattern,
linum. Flanged owverlap frame or
X4 ft for replacing tile of lay-in
d for supply or return air,

AR DISTRIBUTION QUTLETS / 251

ROUND LOUVERED FACE DIFFUSER: Nor-
mal 360° air pattern with blank-off plate for
other air patterns. Surface mounting for all type
ceilings. Normally of steel with baked enamel
finish. Supply or return.

ROUND PERFORATED FACE DIFFUSER:
Normal 360° air pattern with blank-off plate for
other air patterns. Steel or aluminum. Flanged
overlap frame for all type ceilings. Can be used
for supply or return air.

| Add

E g

LATTICE TYPE RETURN: All aluminum square
grid type return grille for ceiling installation with
flanged overlap frame or of carrect size to replace
tile.

(c)

(¢) Common air distribution outlets and their principal characteristics.
nsey and Sleeper, Architectural Graphic Standards, 8th ed., p. 628, 1988, ©
Sons, reprinted by permission of John Wiley & Sons.)
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SADDLE TYPE LUMINAIRE AIR BOOT: Pro-
vides air supply from both sides of standard size
luminaires. Maximum air delivery (total both
sides) approximately 150 to 170 cfm for 4 ft long

luminaire,

LINEAR DIFFUSER: Extruded aluminum, an-
odized, duranodic, or special finishes, one way or
opposite direction or vertical down air pattern.
Any length with one to eight slots. Can be used
for supply or return and for ceiling, sidewall, or

cabinet top application.

Figure 5.23 (c) (Continued)

SIDEWALL OR DUCT MOUNTED REGISTER:
Steel or aluminum for supply or return, Adjust-
able horizontal and vertical deflection. Plaster
frame available. Suitable for long throw and high
air volume,

()

SINGLE SIDE TYPE LUMINAIRE
Provides air supply from one side
luminaires. Maximum air delivery
75 cfm for 4 ft long luminaire,

E! écEILINO

PLENUM

i

SIDE 'rt-:l-:s/
FURNISHED
WITH QUT-
LET

INTEGRATED PLENUM TYPE !
“T" BAR CEILIMNGS: Slot type
or two way opposite direction a
able in 24, 36, 48, and 60 in. lengl
integrates with "T" bar. App
175 cfm for 4 ft long, two-slot unif



Comfort Conditions in the Occupied Zone:
Winter: 68-74°F, 40 Fpm max.
Summer: 73-79°F DB, 50 Fpm max.
Maximum vertical AT is 5°F

QUILET CHARACTERISTICS / 253

e -
e
I )
( /

4 6 ft.

! ["Occupied zone |

| { Occupied zone |

=

- The occupied zone of a room is defined as the volume 2 ft from each
 ft high off the floor. In this space, design comfort conditions must be

. A maximum vertical temperature differential of 5 F° between ankle
E.in above finished floor (AFF) and neck height of 67 in. AFF should be

d year round.

p acceptable limits. Further, within this

st at least begin to mix with room air, in
fer its heat (or coolness) without
nt spaces.

QOutlet Characteristics

'ﬁ'ng characteristics of a register or dif-
ribe the flow of air from the unit and
pply air mixes with the room air. The
ossary defines the terms that describe
ons in two categories: outlet performance

Xing.

3t Performance

en the supply air is colder than the
air, it drops as it travels across the
, The performance criterion known as
s the vertical distance that the lower
of the air pattern falls, between the out-

()

(3)

4)

(5
(6)

let and the end of its throw. See Figure 5.25a.
See also the term Rise.

Face velocity (outlet velocity). The average air
velocity coming out of the outlet, measured in
the plane of the opening. Since the velocity
will vary over the face of the outlet, multiple
measurements must be taken and averaged.
Free area. The open area of a register or grille
through which air can pass, unobstructed.
The free area, which varies between 60 and
90% of the gross area, determines the face
velocity and pressure drop of the outlet. See
Figure 5.26.

Gross area. The area of the inside dimensions
of the frame, that is, the grille area, not in-
cluding the device frame. See Figure 5.26.
Isothermal jet. An air jet at the same tempera-
ture as the room air.

Noise Criterion (NC). An indication of the back-
ground noise level acceptable in a specific
space. The NC rating of an outlet is deter-
mined by plotting the decibel values of the
noise it creates on a special graph. The outlet
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Ceiling
Envelope of total
T, air stream

________ S
/ \ \
High sidewall |/ Drop \ j

Primary air jet

register |

Throw

Floor

Figure 5.25 (a) The drop of a cold air stream is measured between the bottom of the
primary air jet and the bottom of the total air stream envelope, at the end of its
throw. Drop increases (and throw decreases) as the temperature difference between
room air and incoming air increases, simply because the entering colder air is heav-
ier. See also Figure 5.37.

Ceiling

Throw |

Low sidewall / r\
register \ Rise
¥ /
— T
/ Total

S air pattern

Primary air jet

Figure 5.25 (b) The rise of a warm air stream is measured between the top of the
primary air jet and the top of the total air pattern, at the end of its throw. Rise in-
creases (and throw decreases) as the temperature difference between incoming air

and room air increases, because the incoming warmer air is lighter. See also Figure
5.39.



Length

(o]
Width

e gross area of a supply outlet is the en-
de the frame. For the rectangular diffuser
product of length and width. The free
area between vanes, that is, the gross
of vanes. The illustrated unit shows
tal vanes. For units equipped with vertical
their area must also be subtracted from
obtain net, or free, area.

ling is then compared to the maximum
ble NC of that space, to determine
the outlet is usable in that space.

of diffusion. The horizontal distance
n air stream travels after leaving a ceil-
let before the maximum velocity drops
ified level, usually between 50 and
his is the term used for the throw
g diffuser that discharges radially.
gure 5.27.

NVhen the entering supply air is warmer
room air, it tends to rise because it is
ter than the room air. Rise is the
distance that the upper edge of the
pattern rises, between the outlet and
of its throw. See Figure 5.25(b). See
A measure of the dispersion of an air
rom a wall or floor outlet caused by
| vanes in the face of the outlet.
ad increases, the throw decreases.
‘the vanes are set for zero deflection,
¢ pattern has approximately the same
and throw as a free discharge. See

ect. See Figure 5.29. When an outlet
d within about 1 ft of a room surface,
on of the air stream creates a low
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/Round ceiling diffuser

PLAN VIEW

Figure 5.27 The radius of diffusion of a round ceiling
diffuser is its throw, to a specified terminal velocity. In
the diagram, R, s, is the throw of the air stream to a ter-
minal velocity of 150 fpm. Ry, and R, are the (radial)
throws to terminal velocities of 100 and 50 fpm, respec-
tively.

(11)

(12)

(13)

(14)

pressure area between the air stream and the
room surface (floor, wall or ceiling). This
forces the air stream against the surface, re-
ducing air entrainment, increasing throw, and
decreasing drop. This effect is useful in perim-
eter heating and cooling systems, to blanket
walls with conditioned air without causing
drafts.

Temperature differential. The difference in tem-
perature between supply air and average
room DB temperature.

Terminal velocity. The maximum air stream
velocity at the end of the throw. See Figure
5.30.

Throw. See Figure 5.30. The horizontal (or
vertical) axial distance an air stream travels
from the outlet until the maximum stream
velocity drops to a specified minimum, usu-
ally between 50 and 200 fpm. Throw data
listed for outlets in manufacturers’ catalogs
are for isothermal air streams discharging
into an open, clear, unobstructed space. It,
therefore, does not take into account surface
effect for high sidewall outlets or floor perime-
ter outlets, or drop for cold air, or rise for
warm air.

Vane. A portion of the register face designed
to direct the air stream. See Figure 5.26.
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Throw

I \

—}’ Spread ‘-c——

Figure 5.28 Vertical vanes in the register face can be adjusted to vary the width or

spread of the air stream pattern. As the stream widens, its length, or throw,

AT

A/

Registeror

Adjustable vertical vanes in register/diffuser

shortens.

(15)

(16)

Velocity. Generally refers to the maximum
axial velocity of an air stream. Peripheral ve-
locity is considerably lower.

Vertical temperature gradient. See Figure 5.24.
Unless otherwise specified, the temperature
differential between air at 4 in. above the floor
(ankle height) and air at 67 in. above the
floor (neck height). In spaces where people are
normally seated, such as an auditorium, neck
height is taken to be 42 in. AFF (above finished
floor). These gradients occur when there is
incomplete mixing of primary and secondary
air and leads to areas of stagnant air.

b. Characteristics of the Air Stream

(1)

(2)

(3)

4)

Diffusion. The distribution in a space, of sup-
ply air from an outlet, and its mixing with
room air.

Entrainment; entrained air. The action by
which room air moves into, and mixes with,
the stream of primary air from the supply
outlet; the air so entrained. See also I'nduc-
tion. See Figure 5.30.

Induction. The process by which room air is
drawn to an outlet by aspiration of the pri-
mary air stream. The combined air then con-
stitutes the air stream. See Figure 5.30.
Envelope. The outer boundary of the moving

air stream, where motion is ca
primary air jet. It does not include ai
from convective air currents.
(5) Primary air. The air delivered by thes
duct to the outlet. See Figure 530,
(6) Primary air pattern. The shape of
stream from the supply outlet, wh
velocity at the outer edges of the
envelope is not less than 150 fpm
the envelope consists of primary a
room air and entrained room air, Se
5.30.
(7) Secondary air; room air. The amountl
ondary (room) air in the total air
usually 10-20 times the amount
air. Also refers to the room air drawn s
primary air stream.
(8) Stagnant air; stagnant zone. Still r oo i
is substantially unaffected by the pr
stream. The zone or area of a space.
stagnant air. See Figure 5.31. A
caused by insufficient mixing of pri
secondary air. Air motion in the sta
is caused by convective currents onl
(9) Stratification. The formation of are
nant air that are unaffected by th
air stream. The air in the room is,
stratified, with a moving strata (la
stagnant (still) layer. Air motion in
nant layer is caused only by na
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(b)

— -"'Cemng ===
7 . o R
/ T
T
T
T

I
:;_f‘
?

T

Floor register

Floor

(c)

) (a) When an isothermal air jet discharges into an open unobstructed

ds in a 22° cone. (b) If the air stream is within about 1 ft of a wall or
ressure area is formed between the jet and the boundary. (This area
led.) This forces the air stream against the boundary (wall, ceiling) and
stream'’s throw. This action is called the surface effect. The surface
duced in air streams from sidewall outlets somewhat farther from
tting the register’s horizontal vanes so that the air stream strikes the
cing angle. This will produce the effect illustrated and will lengthen
0 sharp an angle of incidence will cause turbulence that will shorten

y placing a floor heating register within 1 ft of a window wall, the
forced against the window by the surface effect. There it mixes with
ing down from the window. The warm mixture rises as shown.
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Primary air Throw |
pattern — T J
/ / -
__lw( L= Total ai
Primary air —s Wﬂm; c; ok
N 4 stream
— A
N T T
) Terminal
Face velocity 1 :Qg#]csﬁ velocity

Figure 5.30 Throw length of an unobstructed air
stream is measured from the register to the point at
which maximum air stream velocity has dropped to a
specified level—usually between 75 and 200 fpm. Pri-
mary air mixes with room air by a process of induction
to form the total air stream. Room air induced into the
stream is called entrained air.

tion currents and is typically less than 20 fpm.
See Figure 5.31.

(10) Supply air. See Primary air.

(11) Total air pattern. The envelope of all the air
moving in a space as a result of the supply
air stream. It does not include air moving in
convective currents.

5.17 Outlet Selection,
Location and Application

Outlets are selected and located according to appli-
cation (heating, cooling or both), duct location
(overhead, floor level), type of heating/cooling Sys-
tem (perimeter, radial, extended plenum, etc.) and
the characteristics of the supply system including
supply air velocity and temperature differentials.
The simplest selection is for an all-heating or all-
cooling system. Heated air, being lighter than the
room air, tends to rise. Therefore, for an all-heating
system, warm air should be supplied at or near the
floor level to allow it to rise; return air, which has
cooled and dropped, can be picked up near the
floor level across the room. Conversely, cooled air
is heavier than the room air. Therefore, in an all-

Stagnant

air

C

-1-—-{—-—4—-1——J

Figure 5.31 Stratification occurs when the moving aif
currents set up by the primary air jet remain at oneek
vation, or strata, and do not mix with all, or most o
room air. In the illustration, a high sidewall register
troduces warm air, which remains close to the ce
because it is lighter than the cooler room air. Jus
this level is a layer of stagnant, or dead air. At the float
level, low velocity (below 15 fpm) convective air cur-
rents move, powered by the heat transfer into and out;
the room.

cooling system, cool air should be introduce
near the ceiling to allow it to drop and ci
After warming, the air will rise, and it cank
picked up near the ceiling, at a remote locati
Supply and return outlets at the same elevafi
must be widely separated to avoid “short-cira
ing” the air flow before it has a chance to m

returns are sometimes mounted high, and cooli
returns, low.

Location of outlets for a combined heating/e
ing system is much more difficult. Here the spedi
characteristic of the supply outlet (spread, thr
adjustability) must be examined in order to i
a proper selection. The return outlet should!

air pattern. See Figure 5.32.) When using lowj
rimeter supply outlets, stagnant air will cone
trate near the ceiling during cooling [Fig
5.33(b)] and near the floor during heating [
5.33(a)]. Since it is impossible to satisfy both
tions with a single return outlet, two choi
main. Either use a high wall return grille be
the stagnant air problem is more severe dus
cooling or use a high and a low return register
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UU\ 50 fpm Unaffected
area

|

The location of a return grille does not af-
attern in a space. Within 12—24 in. of the re-
2, air velocity is approximately 50 fpm
essure is zero. At the grille, face, velocities
00-600 fpm and a slight negative static

Warm air Cool air
pattern pattern
- )
__~_. 7 7 \
- I--—-a. Stagnant air
; : )
J e
NN AVAVATA
Stagnant air S PR
|
\Primary air
(a) (b)

arm primary air from the spread floor register combines with cold
window and induced room air, to form a strong circular current.
of drafts and uniformly heated. Linear diffusers and low sidewall
duce the same result. See Figure 5.35. (b) The cooling air pattern
itself near the window, resulting in inadequate mixing of primary air
.The higher the throw, the better the room cooling. The throw should
the ceiling to achieve satisfactory room cooling.
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single duct, with volume dampers. During cooling,
the upper register is opened; during the heating
season, the lower register is opened and the upper
is closed. Since two registers are considerably
more expensive than a single grille, this solution is
seldom used. Furthermore, the occupant must be
sufficiently knowledgeable to perform this func-
tion. In practice, most designers would use a single
high outlet. See Figure 5.1.

In combined heating/cooling systems using high
sidewall outlets (Figure 5.34), the largest stagnant
air pool during heating occurs at floor level. This
then would be the location of the return outlet,
which is also effective for cooling.

a. Principles of Outlet Selection

The general rules governing the selection of outlets
are these:

(1) The supply air stream shape should be selected
to mix with room air so that no stratification
and stagnant air remains in the occupied zone.

(2) The location of the supply outlet(s) and the
air stream shape must be such that drafts are

Warm air
pattern \
|

J

!
Stratified air

7 INLNINTNINIOA

(a)

(3)

@

(5)

(6)

avoided (i.e., air velocity in the occupie
should not exceed 50 fpm). _
During the heating season, perimeter
should be provided to counteract cold ai
ping from windows, outside doors an
walls.

The position of the return grille(s) she
such that supply air is not “short-cix
before it can condition the room air.
The throw of supply outlets should be s
high velocity air does not reach room |
aries (walls or ceiling). Such a situation
indicate excessive velocity and insy
mixing of primary and secondary air, Te
velocity should occur at the bo
Therefore,

(a) The total air pattern of vertical thr
lets should reach the ceiling (Fi

(b) The total air pattern of high sidew
lets should reach the opposite wall
5.34).

(c) The total air pattern of ceiling ¢
should reach the room walls.

Large rooms require multiple supply
These must have air streams whose f¢

Cool air
pattern \
!

/'
i
o v \

(b)

Figure 5.34 (a) The warm air will remain along the ceiling leaving a cool stagnant
layer below. With a long enough throw, the warm air will reach the cool window
and establish proper circulation. Excessive throw will result in undesirable drafts.
(b) Cool air will readily entrain rising warm room air, and a good circulation will be
established. The HSW inside wall register location is recommended for cooling and

ventilation using outside air.



lopes overlap to provide adequate cover-
without collision of high velocity air

C rating of outlets must be no higher
the NC rating of the room in which they
talled.

Analysis
ion of these principles requires an analysis
groups of data:

architectural details of the space, with
ar reference to the location of heat loss
in such as windows, doors, ceiling under a
of and outside walls.

lhe amount (cfm) of air required and its tem-
¢, as calculated from the heat loss or
in required.

characteristics of supply registers and dif-
5, as given in the technical data section of
urers' catalogs, with particular refer-
wvelocity, throw, diffusion and NC.

ese general rules, or principles, and the
oups of data, the selection procedure for
follows:

on the outlet types and locations based
t locations, window and door positions
of HVAC system being designed.
‘manufacturer’s catalog that gives com-
utlet data including cfm, throw for spe-
mperature(s), spread and noise. Select
s) that will deliver the maximum cfm
(usually the cool air cfm).
e throw for a specific terminal veloc-
ws terminating in the occupied zone
1ld not exceed 50 fpm. If the throw ends at
1 boundary (wall or ceiling), it can have
al velocity up to 150 fpm, but prefera-
-100 fpm.
the outlet pressure drop against the sys-
¢ pressure drop calculations.
the outlet noise level (NC value) at the
locity being used. Table 5.1 is a short list
mmended NC values for a few common
cies, plus maximum face velocity for
lets that correspond to this NC crite-
tual practice, always check face veloc-
for a specific outlet. The velocities in

OUTLET SELECTION, LOCATION AND APPLICATION / 261

Table 5.1 Recommended NC Criteria for Various
Occupancies and Maximum Supply Outlet Face
Velocity

Maximum Face

Occupancy NC Criteria Velocity

Large auditoriums 20-25 500
Small auditoriums,

theaters, houses of

worship, conference

rooms, executive office 25-30 600
Sleeping room 25-35 700
Private office, libraries,

small conference

rooms 30-35 700
Living rooms, recre-

ation rooms 35-40 800
Lobbies, drafting

rooms, computer

areas 40-45 800
Merchandising areas 40-50 900
Light industry, kitchen,

equipment rooms 50-60 1000

Table 5.1 are provided only as a preliminary
guideline.

You should be aware that the location of the
return grille does not affect the air distribution in
a room, except in the extremely unusual case that
it is so close to the supply duct that the air flow is
“short-circuited.” (See Figure 5.32.)

As a rule of thumb, plain return outlets should
be designed for a face velocity of 300-400 fpm and
a maximum of 500 fpm. Return outlets above the
occupied zone such as ceiling or high sidewall
units may have face velocities up to 600 fpm. Door
louvers, wall louvers and undercut doors should be
limited to 300 fpm. Filter grilles should not have a
face velocity above 300 fpm.

Using these figures, calculation of return grille
size is straightforward.

Example 5.4 What size low sidewall plain return
grille is required for a room supplied with 120
cfm of air for summer cooling and 85 cfm for
winter heating?

Solution: We would size the return grille for the
larger of the two airflow requirements. Using
Equation (5.7), which is derived in Section 5.23.a
(page 288)
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Q=AV (5.7)

where

Q is the airflow in cubic feet per minute,

A is the open area of the grille in square feet and

V is the air velocity in feet per minute
and trying a solution with a face velocity of 400
fpm (see rule in preceding paragraph), we have

120 cfm=A X400 fpm

120 ft*/min
- = 2
A= 400 ft/min 031t

144 in?
A=0.23 ft*x &;n

Assuming a free area of 80% of gross area, we
would calculate

=432 in.?

43.2
a Lt
gross = 8 54 in.
Therefore, a 6x9-in. grille (or larger would be
satisfactory.

5.18 Outlet Air Patterns

There are four basic air flow patterns in a space:

* Vertical, spreading

* Vertical, nonspreading

* Horizontal, at, or close to, ceiling level
* Horizontal, at, or close to, floor level

These characteristics of each pattern and its appli-
cation are explained next.

a. Vertical Flow, Spreading Air Pattern

The vertical flow, spreading air pattern is produced
by low sidewall diffusers, floor-mounted diffusers,
and low wall linear diffusers such as the baseboard
type. See Figure 5.35. Units are normally placed
under windows and on cold walls to prevent cold
air drafts from forming during the heating season.
For heating, floor outlets below windows are pref-
erable, particularly as part of a perimeter heating
system. The total air pattern for heating appears
approximately as in Figure 5.33(a). Throw should
reach the ceiling in order to establish a good circu-
lar air motion pattern in the room. The return
outlet is placed low on the opposite (inside) wall.
This type of air pattern is not highly recommended
for a combined heating and cooling system because
the cooling air pattern will fall back on itself and a
thorough mixing of primary and secondary air will

not occur. [See Figure 5.33(b).] Careful selectit
the outlet characteristic, however, can esult i
acceptable cooling system.

b. Vertical Flow, Nonspreading
Pattern

The vertical flow, nonspreading distribution:
ilar to the spreading type except that
much longer due to the smaller spread.
types are the same as for the spread di
This distribution is usable for combin
and cooling because the longer throw wil

tially eliminate the stagnant air shown in
5.33(b).

¢. Horizontal Flow

High Side Wall Outlets. The best positior
high sidewall (HSW) register with respec
ing is on an inside wall opposite the room
as shown on Figure 5.36. The total air he:
cooling patterns produced are shown i
5.34. As can be seen, the high sidewall
location is ideal for cooling (and venti
much less effective for heating due to the.
of hot air to rise. It is, therefore, importan
primary air throw be long enough to
outside wall and window. There, cool
ment will lower the total air temperature, ¢
the air to drop and establish the desire
tion. Insufficient throw will leave a blz
air on the ceiling and stagnant cold air be
If a sufficiently long throw is not possib
the architecture of the space, an alter
expensive) solution is to use separate outls
heating and cooling. A single return is us
possible. Register throw is normally adjus
using the vertical vanes on the register fa
cal throw patterns are shown in Figur
register’s horizontal vanes can also be

air strikes the ceiling at a glancing an
3—4 ft of the wall. This will induce
effect and will markedly increase the
throw. See Figure 5.29(b). Too great a ho
vane angle will cause the primary air
collide with the ceiling. This will cause
that will shorten the air stream throw.

Ceiling Diffuser. This type of outlet is s
marily for cooling. If heating is required
with a vertical discharge characteristic is;
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Ry

! ’ 9

LRI

Floor register

[ypical vertical air stream spread-type outlets. These outlets are best lo-
ndows. For heating duty, the spread patterns of warm air should blan-
ws. This prevents cold air drafts and increases the mixing of primary

| air. Throw should reach the ceiling.

High sidewall register
on inside wall

)

N\

e —

~

ypical horizontal flow HSW register. The
is ideal for cooling and ventilation and
eptable for heating if throw is adequate
is on an inside wall. See also the total air
ns in Figure 5.34.

Horizontal discharge diffusers are available with
radial patterns and directional patterns. The for-
mer are usually round; the latter are square or
rectangular. Horizontal flow ceiling diffusers have
the ability to entrain a large amount of room air.
As a result, and because the horizontal flow covers
a large area, horizontal flow ceiling diffusers can
handle large flow rates (high cfm) without produc-
ing unpleasant drafts. In cooling use, the diffuser’s
throw depends heavily on the temperature differ-
ence between the incoming air and the room air.
See Figure 5.37. As a result, it is important for the
design technologist to check the catalog throw data
for a particular temperature difference. Typical
cooling and heating air flow patterns are shown in
Figure 5.38. The throw selected should reach the
room walls, or, in large rooms, it should reach the
air pattern of the adjacent diffusers. See Figure
.27,
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Radius of diffusion |

(throw)

|
——
—
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t—15°

t-20°
t, = room temperature

Figure 5.37 The radius of diffusion (radial throw) of a symmetrical ceiling diffuser
depends on the temperature of the primary air. As the temperature of the primary
air is lowered, the air becomes heavier, throw decreases and drop increases.

Total warm air pattern
|

\

N —

_—-—-,/

IN NI

Stagnant air /

(a) Heating

Total cool air pattern
|

\

N —

(b) cooling

Figure 5.38 (a) A horizontal throw ceiling diffuser produces a layer of warm air that
clings to the ceiling and does not mix with room air. This produces stratification,
with warm air above and cool air below. The blanket is lower near the window
where it mixes with cool air and, as a result, drops. (b) Cooling is effective with this
distribution. The cool air drops on the inside wall and rises convectively from heat

picked up at the window.




ontal Flow, Low Sidewall

of outlets includes sidewall registers
diffusers designed to direct the primary
ntially parallel to the floor (or at a
he outlets are mounted on an inside
y opposite a window. The shape of
air stream is a widening beam as it
the floor. The exact shape depends, of
specific diffuser. The total air stream
both heating and cooling are shown

ment for heating will substantially
tratification and stagnation. However,
rimary air is projected directly into
d zone, some discomfort from excessive
and drafts may be felt. To eliminate
recommended that supply outlets of this
ed on inside walls, that face velocity
00 fpm and that supply air tempera-
xceed 115-120°F. The problem will be
acute in the cooling mode because cold
uch more annoying than warm ones.

rimary warm air
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Also, since the cold supply air does not rise but
lays on the floor, entrainment is minimal, and air
velocity remains high over the entire room floor.
For this reason, low sidewall (LSW) outlets with
horizontal throw are not recommended for cooling
service. Table 5.2 summarizes the application of
the four types of airflow distribution discussed pre-
viously.

All-Air Systems

The number of different types of all-air comfort
conditioning systems that have been devised runs
into the dozens. These systems attempt, often un-
successfully, to condition the separate spaces in
large buildings on an individual basis. The reason
that so many systems have been invented is that
in large buildings there is often a simultaneous
demand for heating, cooling and ventilation.
Rooms on the sunny side of a building need cool-
ing, rooms on the shaded side need heating, and

/ / Stratification
/| AAANANANANANNL
Total |
|t ki g
/ A’/ -‘/ Low
ﬁ sidewall
= outlet

Primary cool air

{a) Heating

ot recommended for cooling.

/
{.Total cool
air pattern

(b) Cooling

) The total air pattern from a horizontal discharge low sidewall dif-
somewhere in the center of the room as shown. Higher air velocity
ded to prevent undesirable drafts. Induction and entraining occur on
e total air pattern, with very little stagnant air remaining. This sys-
roper balancing, is adequate for heating. (b) Cool air will simply lie at
¢l with this distribution. Very little mixing with room air occurs, caus-
on of the entire upper section of the occupied area. A large tempera-

al develops between the cold floor and the warm upper level. This ar-
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Table 5.2 Application of Air Supply Outlets

Flow Pattern Type of Outlet

Preferred Location

Recommended Application

Vertical, spread LSW diffuser,
linear baseboard,
spread floor
register

LSW diffuser,
linear baseboard,
nonspread floor
register

Vertical, nonspread

Horizontal, high HSW register
sidewall

Horizontal, ceiling Ceiling diffuser
diffuser

Horizontal, low LSW register,
sidewall linear diffusers

Exterior walls,
below windows

Exterior walls,
below windows

Inside wall

Ceiling

Interior walls,
opposite windows

Preferably heating,
also cooling

Heating and cooling

Cooling; also heating if
carefully designed
and adjusted

Cooling

Heating

rooms in the building core need primarily ventila-
tion. These large building systems are beyond the
scope of the book as far as design is concerned.
However, the engineering technologist will defi-
nitely be called upon to work on such systems
under the direction of an HVAC engineer. That
being so, he or she must have an overall concept of
what these systems are and how they operate.

5.19 System Types

Of the many year-round comfort conditioning all-
air systems in use, the most common are

*  Single zone.

*  Multiple zones.

= Single-duct reheat.

*  Single-duct variable air volume (VAV).
*  Dual duct.

a. Single-Zone System

See Figure 5.40. This is the system most often used
for small single-use buildings that operate as a
single zone. It is also the system that will be stud-
ied most intensively in this book. These systems
are always low pressure and low velocity. A single
air-handling unit, which supplies fixed quantities
of air to the building spaces, is used. If a change in
air volume is required for seasonal changeover
(heating to cooling and vice versa), the duct volume

dampers must be reset. The total air qua
be changed at the air handler, generally byn
speed control. In modern systems, air quant
can be regulated automatically. :

Multiple subzones can be established b
static control of volume dampers in bran
feeding different areas, as shown in Fig
All these zones, however, are in the sam
heating or cooling. Where this zoning arra
is not satisfactory because of air temperatu
volume requirements, several whole sys
operate in parallel; each supplies a sepa
with its own specific requirements. Thi
has low first cost, simple maintenance
life. However, because it is designed to
structure as a single zone, this system is
sufficiently flexible to maintain comfort o
in all rooms, particularly during period
variation. As a result, larger buildings, i
large residences, sometimes use a multi

system.

b. Multizone System

See Figure 5.42. There are several variationsol

design. Essentially, a multizone system o
of a single air handler plus individual zo

systems. Each duct system has a heating and
ing source supplied by a central heating de

a central refrigeration device. In some
each zone has heating and cooling coils; ing
systems, hot and cold air are supplied, to b




SYSTEM TYPES / 267

1 ,~ FLOOR OR ROOF SLAB

B AT AL ATI ISR RS
1
-

— 'I
-
5 : \ CEILING / \
I_— i SUPPLY L \
AlR SUPPLY AIR
) _@ RETURN AIR

}
1Y

QHETURN AR CONDITIONED SPACE
b FLOOR

a
N
| \ ¥
{OPTIONAL ) S e N N e S S S Ty ORI

SINGLE ZONE SYSTEM

._h\,._

Single-zone systems are low pressure, low velocity installations, best ap-
residential and commercial buildings. The entire building is treated
ontrol zone, controlled by a single thermostat. See text. (From Ramsey

', Architectural Graphic Standards, 8th ed., 1988, John Wiley & Sons, re-

d by permission of John Wiley & Sons.)
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System zoned by thermostatically controlled dampers.

Zone Duct

LIQ‘S}rstem zoned by thermostatically controlled motorized dampers. This
sentially a single-zone extended-plenum duct system with automatic

rol. The single heating/cooling unit supplies only warm or only cool air,
ture suitable to supply the heaviest zone load. The other zones then

‘supply to satisfy their load requirements. (Reproduced with permis-
A Manual C, p. 21).
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Figure 5.42 Multizone systems are used for medium-size buildings where different
zones have different conditioned air requirements, Hot and cold air are produced
centrally and provided to each zone. Therefore, heating and cooling can be provided
simultaneously to different zones. Limiting factors are the number of zones and en-
ergy costs. See text. (From Ramsey and Sleeper, Architectural Graphic Standards, 8th
ed., 1988, © John Wiley & Sons, reprinted by permission of John Wiley & Sons.)

at the entry to each zone's ductwork. Thus, one
zone can use heating, another cooling and a third
ventilation with outside air. As can be readily
imagined, the ductwork for this multiple zone low
pressure, low velocity system rapidly becomes
enormous. This is the system'’s principal disadvan-
tage. Other disadvantages are high first cost, diffi-
cult control and high energy cost. This latter is due
to the fact that the return air from all the zones is
mixed, since there is only one air handler. As a
result, warm air is mixed with cold air, resulting
in a large waste of energy. For small to medium-
size buildings with no more than four zones, this
system is a reasonable choice.

C. Single Duct with Reheat

See Figure 5.43. This system was developed before
the energy crisis of 1973 made HVAC designers
(and others) take a long hard look at their comfort
conditioning systems. It is not commonly used to-
day because it is notorious for energy waste. How-
ever, careful design can make it useful for some
climates. The system was designed to solve the
problem of massive ductwork in large multiple
zone buildings using the multizone system already
described. This system uses a single duct that pro-
vides air (generally very cold) to the entire build-
ing. At each zone, a small reheat coil heats this
cold air to the temperature required for that zone.
The central system must provide air cold enough to

meet the maximum cooling load of the buil
warmest zone. All other zones must rehe
cold air. These systems use air as cold
which is then reheated as required. The sys
applicable to large, multiple zone building
low, medium or high pressure systems. This:
has high first cost and high energy cost. How
provides excellent control and constant airy
and does not require a changeover to switd
heating to cooling or the reverse. Today, th
tem is used for labs, hospitals and other f:
requiring accurate temperature control ar
stant volume for ventilation requirements.

d. Single-Duct Variable Volume (|
System

See Figure 5.44. This system has become th
popular design for medium-size to large by
because of low first cost, low energy cost an
ductwork. The system, as its name implies
pensates for variable loads by varying the:
of air supplied rather than its temperature,
the “secret” of its energy economy. The air
variation is accomplished by a thermos

controlled variable air-volume box. This b
main duct air from the single supply du
modulates the air quantity supplied to a s
match its load. The central supply will
either cold air or warm air to the entire b
depending on outdoor conditions and pr
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The single-duct reheat system circulates constant temperature cold air,
hen reheated at each zone as required. This arrangement occupies little
d provides excellent control. However, it is extremely energy wasteful. As a
ldom used in modern design. See text. (From Ramsey and Sleeper,
ural Graphic Standards, 8th ed., 1988, © John Wiley & Sons, reprinted by
of John Wiley & Sons.)
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4 The single-duct variable volume system is economical of building space
nly a single duct and excels at energy conservation. It operates by sup-
mperature air via a single duct throughout the building. At each zone
rmostatically controlled variable air volume box takes only the vol-
equired to meet its load. The system cannot simultaneously provide both
cooling. See text. (From Ramsey and Sleeper, Architectural Graphic Stan-
., 1988, © John Wiley & Sons, reprinted by permission of John Wiley &

5. Obviously then, this system is more e. Dual Duct Systems
0 buildings that always need cooling (large

) than to buildings with perimeters See Figure 5.45. This system comes in two de-
heating and cooling simultaneously. signs—variable volume and constant volume. The
ise the volume of air supplied to a space constant-volume system consists of two complete

load, this system cannot be used in duct distribution systems—one with hot air and
equiring constant air changes, such as one with cold air. A mixing box at each zone loca-

medical facilities. tion provides air at the temperature required for
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Figure 5.45 The dual-duct system supplies hot and cold air in separate ducts, to be
mixed as required by the load of each zone. This system is available in a constant
volume and a variable volume design. The constant volume design has better con-
trol but is less economical than the variable volume design. See text. (From Ramsey
and Sleeper, Architectural Graphic Standards, 8th ed., 1988, © John Wiley & Sons, re-

printed by permission of John Wiley & Sons.)

the load. Control is excellent with this system.
Disadvantages are high first cost, high energy cost
and a large volume of building space occupied by
the two duct systems.

The variable volume arrangement uses one duct
to supply primary air in accordance with the major
demand (heating or cooling). This air has variable
temperature but constant volume. The second air
duct has a fixed temperature but variable volume.
The two air streams are mixed at each zone. This
system uses smaller duct work than the constant
volume system, is cheaper to install and uses less
energy. Control, however, is not as rapid and accu-
rate as with the constant volume system.

5.20 Single-Zone System
Duct Arrangements

As previously noted, single-zone systems are used
in buildings where the entire space can be consid-
ered as a single zone. This generally includes small
to medium-size residences, repair shops, stores,
small industrial buildings and the like. The duct
arrangements most frequently used are:

*  Perimeter loop.

= Radial (perimeter).
+  Radial (overhead).

«  Extended plenum.

*  Reducing plenum.

AR

BB

— v oue | o= ."‘I,\\\l\\“\ sox

G, L]
coLo pucT “FLEXIBLE DUCT

-..\\'\\\\\\\\\{\\.\\\\\\\\\\\\\\\\\\\'\K\\\\\\\’\_:": 5

Construction and application of these a
ments are discussed here. Design of the
and, more specifically, duct design is coverel
detail in Sections 5.25-5.28.

a. Perimeter Loop Duct

Refer to Figure 5.46. Experience has showni
this duct arrangement is ideal for heating
grade and crawl space structures in cold ¢
The perimeter duct, installed directly in
crete floor, heats the slab, thereby providingalag
radiant heat source for the entire struct
perimeter floor outlets, which should be locat
under all windows, will temper the cold air slid
down from the windows and prevent cold drl
See Figures 5.33(a) and 5.35. Additional pe
floor outlets are installed to supply addi
warm air, as indicated by the load calculations
the system is to be used for cooling as well
heating, nonspread floor registers should be us
See Section 5.18b and Table 5.2. The ducts
selves can be metallic (galvanized sheet metd
steel), concrete, asbestos-cement, ceramic u':
ganic fiber. The installation is shown in Fig
5.46. The usual duct size is 6—8 in. depending
the air quantities being carried. A typical resids
tial perimeter loop system is shown in Flgm‘e )
The recommended floor outlet is shown in Figy
5.48.
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(a) Perimeter loop air distribution system. A downflow warm air fur-
into a subfloor plenum. Radial ducts 6-8 in. in diameter connect the
op duct to the air plenum. Floor registers around the structure supply

e various rooms. The concrete floor slab is heated by the radial
loop perimeter ducts. (b) Installation detail of the loop duct. [(a) Bo-

mplified Design of HVAC Systems, 1994, © John Wiley & Sons, re-
ermission of John Wiley & Sons.]

Foundation wall )
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Figure 5.47 Forced, warm air perimeter loop system, adaptable for cooling. No re-
turns from kitchen, baths or garage. (a) Downflow air furnace. (b) Supply plenum.
(c) 8-in. (plus) subslab supply ducts (encased in concrete. (d) 8-in. perimeter duct (en-
cased in concrete). (e) Floor register, adjustable for direction and flow rate (Figure
5.47). (f) Return grille. (g) Return plenum. (From Stein and Reynolds, Mechanical
and Electrical Equipment for Buildings, 8th ed., 1992, © John Wiley & Sons, re-

printed by permission of John Wiley & Sons.)

b. Radial Ducts with Perimeter
Outlets

See Figure 5.49. This duct arrangement is used
where floor slab heating is not of primary impor-
tance. This might be in buildings with a low ceiling
basement or an enclosed crawl space or in a mild
climate area. In buildings with a basement, the
radial ducts are run uninsulated, under the floor
slab. In buildings with a crawl space, the radials
can be run in or under the floor slab, as desired.
When run under the floor slab in an enclosed crawl
space, they are usually uninsulated; in an open
crawl space, they are insulated.

As with the perimeter loop system, a downflow
furnace supplies air to the radial ducts via an
underfloor plenum. A single return is usually ade-

quate as the furnace is centrally located, An ouf
is placed at the termination of each radial,;
mally under each window. Each outlet requi
separate radial. Therefore, an economic bre
point occurs where it becomes more econo

use a perimeter loop with only a few rad
is one of the first decisions that the project med
ical engineer makes.

c. Radial Duct Arrangement
(Overhead)

This system is used where the primary functio
the comfort conditioning system is cooling a
air handler (furnace, heat pump, air condi

centrally located so that branch duct leng
the various building spaces are roughly equal
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Damper
adjustment

f%

s r’:fg?;{:r Figure 5.48 Floor register (a) and its distribution (b).
= The register’s vanes control the spread and, thereby,
. also the throw. See Figure 5.28. The very warm air from
oAl the register mixes with cold air dropping from the win-
= Aspiration dow and warmish room air to set up a total room air cir-

T = culation. See Figure 5.33. (From Stein and Reynolds, Me-
chanical and Electrical Equipment for Buildings, 8th ed.,
1992, © John Wiley & Sons, reprinted by permission of

John Wiley & Sons.)

por Mounted

Feeder Ducts in
Slab or Crawl space

- RADIAL PERIMETER AIR DISTRIBUTION SYSTEM.

Radial duct system with perimeter outlets. This arrangement is used in
ith basements and with open or enclosed crawl space below the first
Ducts are either encased in the slab (open crawl space) or run below the
nent or enclosed crawl space). (Bobenhausen, Simplified Design of HVAC
94, © John Wiley & Sons, reprinted by permission of John Wiley & Sons.)
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length. An upflow air handler is used, feeding ra-
dial ducts that terminate in ceiling diffusers. The
specific design of diffusers depends on whether
their use is cooling only or primarily cooling and
secondarily heating. (See Figure 5.38.) If heating is
important, a diffuser with a downward throw
would be utilized.

d. Extended Plenum Air Distribution
System

An extended plenum system is simply a trunk duct
extending from the supply plenum of the main air-
handling unit (warm air furnace or air condition-
ing unit) with multiple outlets and/or branch ducts
connected to it. See Figures 5.41 and 5.50. Because
the trunk duct does not change in size from its
connection to the supply plenum until the end of
its run, it is, in effect, an extended plenum; hence
its name. The extended plenum may run in a base-
ment or crawl space as in Figure 5.50, in which
case the outlets would be floor or sidewall units.
Alternatively, the extended plenum can run over-
head in a dropped ceiling or attic, in which case
the outlets would be ceiling diffusers or sidewall
registers as required. Extended plenums have a
number of advantages including:

* Low first cost because of the absence of expen-
sive duct size change fittings.

* Low operating cost because of the absence of
energy-using fittings (high static pressure
losses).

* Ease of balancing due to low pressure losses
and few trunk pressure changes.

* Ease of making changes. Branches can be
added, moved and removed without upsetting
the system.

The extended plenum arrangement can be used
efficiently when the overall trunk length is not
more than 50 ft long with the air handler in the
center or not more than 30 ft long with the air

handler at one end. Longer duct lengths not only

become uneconomical but also require the use of a
reducing plenum to maintain air velocity. This will
become clear in our duct design discussion further
on in this chapter.

e. Reducing Plenum Air Distribution
System
This arrangement is also known as a semi-extended

plenum. See Figure 5.18(d) (page 231) and Figure
B.3. When the plenum is more than about 25-30 ft

long with the air handler at one end, it
necessary to reduce the plenum (trunk duc
The number of such reductions depends
total length, the number of takeoff branch di
and the air velocities required. It is neith
sary nor advisable to reduce the plenum
each branch takeoff. As a rule, no size
less than 2 in. in the duct width should
(As a general rule, not restricted to plenum d
duct size should not be changed less than
width or 2 in. in diameter.)

Plenums with a minimum number of size
tions are usually referred to as semi-extende
nums and sometimes as semi-reducing
The two terms mean the same thing.
tended plenums have all the advantag
tended plenums and can be used for duct legg
up to about 50 ft. _

There is some confusion between a reduci
num and a reducing trunk. See Figures
B.3. Essentially, the trunks are identical: th
ences occur at takeoff. Branch takeoffs on
trunks are usually at reducing fittings and |
relatively low total equivalent length (
no velocity factor. See Section 5.27 for a
explanation of this factor and Appendix B, |
B.3 for typical values. Reducing plenum
are right angles fittings on the trunk body.
have generally high TEL to which is added
ity factor. The velocity factor is an additiona
for each takeoff, proportional to the numbs
downstream fittings after the takeoff.

Air Friction in Duct
Systems

We have studied the components of all-ai
and the duct arrangements usually used
zone systems. The next step in our study
how air flows in duct systems, through
duct sections and through fittings. Most im
we must learn how to calculate the frictio
of air movement in ducts. Once we have mast
this skill, we will be in position to approachoy
duct system design for small to medium-siz
dential and commercial buildings.

Refer to Figure 5.14 (page 223), which list
the sources of static pressure loss in a system
that there are two sources of static pressurelt
items of equipment and ductwork. The
equipment item—evaporator coil, humi
ter, supply register and return grille
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Low sidewall

Damper, diffuser

circular duct

Return air intake

Trunk duct

Warm air furnace
linstalled in basement

'C,p.28.)

oking it up in the manufacturer’s cata-
sses in ductwork, which include the
enum, must be calculated. We will study
next.
y have noticed that there is one large part
system that is completely ignored as
pressure loss is concerned. That part is
etween the supply register output and
register input, that is, the building
' rooms. The reason that these are ne-
 that the air velocity in them is so low
tatic and velocity pressure drop in them
ro and, therefore, negligible. The pres-
face of the supply register is usually
zero and that at the face of the return

rectangular duct

Supply air outlets —l

Branch ducts

Floor Linear
register baseboard
diffuser

Extended plenum duct arrangement;
essential elements for a ducted air distribution system.

system. It is understood, of course, that a single system would normally
type of branch duct and one type of outlet. A floor-level single return in-
wn only for the sake of simplicity. In practice, the return could be a high
or an entire return duct system. (Reproduced with permission from

grille is assumed to be very slightly negative
(suction).

5.21 Air Friction in Straight
Duct Sections

At this point, you should review Section 5.4, which
introduced the subject of air pressure in ducts.
Very briefly, we learned there that:

*  The source of all duct pressure is the system air
. handler, usually the furnace blower.
* Total pressure at any point is the sum of static
pressure plus velocity pressure.
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* Velocity pressure in low velocity systems is
very small, so small, indeed, that it is often
neglected in branch duct calculations.

* Static pressure is that required to overcome
system friction. It can be thought of as being
“used up” by air friction in the ducts, as the air
moves around the system.

The total pressure loss in any section of duct is the
sum of the static pressure loss and the dynamic
pressure loss. Dynamic pressure loss is caused by
major air turbulence, which, in turn, is caused by
a change in duct size or direction. See, for instance,
Figure 5.17(c-1) (page 230). Static pressure loss in
straight sections of duct is caused by the friction of
the moving air “rubbing” against the walls of the
duct. This rubbing results in a loss of energy in the
moving air stream, which expresses itself as a drop
in static pressure, or head. This friction is propor-
tional to the roughness of the duct walls, to the
quantity of air moving (cfm) and to its velocity
(fpm). It is also proportional to the ratio of duct
perimeter to cross-sectional area. This means that
the more surface there is per unit of area, the
higher the friction, simply because there is greater
air-to-duct surface contact.

It was pointed out in Section 5.12.b that round
duct has the highest ratio of area to perimeter of
any shape. Conversely, round duct has the lowest
perimeter to cross-sectional area ratio, This means
that round duct has the lowest friction loss of any
shape, for a given air flow and velocity. The reason
is that its minimum perimeter means minimum
contact between duct wall and moving air to cause
friction. Round duct is used as the basis of all
friction calculations. If other shapes are used, they
are calculated as equivalents to round duct, as we
will explain shortly.

Figure 5.51 is the standard duct friction chart for
round galvanized steel duct. It is based on air at
70°F and sea level air pressure, weighing 0.075 1b/
ft*, flowing in galvanized steel duct constructed
with longitudinal seams and beaded slip couplings
on 4-ft centers. This duct has an absolute roughness
€ of 0.0003. (There are several other round galva-
nized steel constructions that have the same
roughness. The chart in Figure 5.51 applies equally
to such a duct.) This duct construction gives a
roughness category of “medium smooth.” No cor-
rection to the chart data is required for air at
temperatures from 40 to 100°F, at elevations up to
1500 ft and at duct pressures +20 in. of water
relative to the ambient pressure. Note that this

chart dates from 1987. Older charts were all bas
on ducts with 40 joints per 100 ft, a roughne
category of “average,” and an absolute roughn
of €=0.005. Use of these older charts will give
somewhat higher friction loss than that of mode
duct construction. _
The duct friction chart relates air flow, air velc
ity, duct diameter and friction loss per 100 ft
duct, measured in inches w.g. Knowing or selectir
any two of these will establish the third and fourt
In practice, we usually know the air quantity a
the maximum friction loss. We then select a comb
nation of air velocity and duct diameter from
chart. The shaded area of the chart indicates
ommended combinations of parameters. A few
amples should make use of the chart clear.

Example 5.5 A branch duct is required to supp
350 cfm. The system is being designed for a sta
friction drop of 0.2 in. w.g./100 ft of duct. Find
required duct size. What would be the air velocit
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Solution: Enter the chart at 350 cfm along the
bottom of the chart. Draw a line vertically until it
intersects the horizontal line representing 0.2 in.
w.g. The intersection shows 8-in. duct (line sloping
up to the right) and 1000 fpm (line sloping down to
the right). The fact that this point is in the shaded
part of the chart means that the combination of air
quantity, velocity, duct diameter and friction is an
acceptable one. (In practical duct design, if this
were a residence, we would probably use a larger
duct in order to reduce the air velocity, so as to
limit duct noise.)

Example 5.6 A trunk duct 14 in. in diameter and
30 ft long carries 1100 cfm. What is its static
friction loss? What is the air velocity?

Solution: Enter the chart at 1100 cfm on the hori-
zontal axis. (You will have to estimate the position
of 1100 cfm, by eye. Remember that the chart is
logarithmic. That means that 1100 is much farther
from 1000 than 1900 is from 2000.) Extend a line
vertically until it hits the 14-in. duct line. Read off
the chart (by approximation) 0.11 in./100 ft friction

S L\ L
N 7\% sti\x é& $
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: YEHHES S Y ST
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Example 5.6 (Reprinted with permission from 1993
ASHRAE Handbook—Fundamentals.)

loss and 1100 fpm. Since we have only 30 ft of du
the total friction loss is
0.11 in.
=Toott
Remember that the chart gives loss per 100 ft.]
for any other length has to be calculated, as

Failure to do this is the most common errol
novice designers.

%30 ft=0.03 in. w.g.

Example 5.7 A branch duct 15 ft long will @
100 c¢fm to a room in a residence. The noise
recommends a maximum velocity of 500 fp
lect an appropriate duct size. Friction is not criti¢
since the length of duct is very short.

Solution: Enter the chart at 100 cfm on the h
zontal scale. Extend a line vertically. Note that
intersects the following combinations: ‘

6-in. duct 500 fpm 0.08 in./100 ft
5-in. duct 730 fpm 0.2 in./100 ft
4-in. duct 1170 fpm 0.6 in/100 ft

o D S
™~ 7\\% ézc ]
S B \’v\ \;\)E
k] < 7 o < I/ ~
E 08/ ax /h\ y S ™
8 = ~ 4
E 0.5 b
5 04
LN
£ 17
téi 0.2 b~
g .", = ‘ 4 = l 3
E‘ D.l\:' y
% 9.0 2 o
K AT AN A N7 ™
0.05 ;7\ / /\/’K VA %7‘»’ ;,( -
0.04|— 4
L e dn
N A |V
ALY %, N |
.ﬂ/ Vi / VN
0015 110 200 500 1,000

100
cfm

Example 5.7 (Reprinted with permission from 1993
ASHRAE Handbook—F undamentals.) '



d probably choose 6-in. duct, although if
‘were serving a noisy room such as a
ath, the 5-in. duct is also a reasonable

have surely concluded, the friction chart
'5.51 is not easy or convenient to use
f its logarithmic air quantity scale and

have produced slide rule-type calculators
‘the same data as the friction chart, plus
uivalent rectangular ducts and other
it data. Two of the best known of these
.are shown in Figures 5.52 and 5.53. The

aight duct sections on one side and duct
es on the other side. This calculator was
in 1989 and is based on the current duct
n data. The unit shown in Figure 5.52
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was produced in 1976 and is based on older data.
Users of these and similar calculators should al-
ways check to determine which duct roughness
data was used to calibrate the calculator.

Table 5.3 gives duct roughness factors for materi-
als other than the galvanized steel used in the
friction chart of Figure 5.51. Figure 5.54 is a chart
of correction factors to be used with other ducts.
Illustrative examples should make their use clear.

Example 5.8 A technologist using a duct calcula-
tor based on the old average smoothness duct ar-
rives at the following data.

Duct Section Q, ¢fm Diameter, in. /100 ft
A 1000 12 0.20
B 600 10 0.195
C 200 6 0.32

e
\ el | Py Y N
\ »-,‘;;::wm‘;lu.,, N.-,..'

" Nevy * g
iy .""‘«'3'...', 'w-‘,w::::n.
> el

(g ot Kgttwams Chivugn

(b} 8 Coenia WY N1 Pha

.52 A popular duct friction calculator has English units on one side (a) and
units on the reverse side (b). Scales on the calculator represent air flow Q, air
y V, friction, round duct size and equivalent rectangular duct size.
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HVAC DUCT DESIGN CALCULATOR

(a) =1

TRUCTIONS FOR USE: . 5

i 5 tangular Duct Sire, of Duct Friction Loss
1ing Alr Volome in CFM, sl Velocity (FPM), or Round Duct Size, of Aec
1 wg-u. par 100 ] and read othors trom scales [Friction Loss above CFM scala. Velocity belaw CFM scale).
stn top dial clockwise to agjust Friction Loss lor Duct Lengths othe? than 100 feet. #nd 1o correct for Altitude ane
¢ Temparature diflitences (with dial “windew” al lower righthand side)
3t Valocity optEinnd above opposie the Altitude (fL] or Air Tomperature [*T) and read troo Velocity oppasita Arrow:
51 Cluct Friction Loss obtained opposite the Altode () of Alr Temperature(*F) and read Fressure Loss
b U ERMADNA, tno TS

VAC DUCT FITTING LOSS CALCULATOR

o i ;jl,l'lp‘lm'llmmﬁﬂ‘\ A h .

(b)
INSTRUCTIONS FOR USE
FON ACUND DUCT — Sat Velocity obtmned iom "HYAC Duct Desn Caloutinse skt soooaie Al Vol (CFM)
ke Prssire (0 w @) ieating Set HED ARRDW to prmvscrn feacng. Fnad the fitting Presses L (0 e g | Under the
Fitting Loss Coothcient (C)
FOR RECTANGULAR DUCT Algr mmension of Scde A otpote Bde i Note pressars (7w 3 ) opeoste As

Wirkarme [CF L of it fet FIED ATTROW 1o pmsine resdhng Fasd tha fimng Pressure Lose (9 w g ) under the Fatng
Loes Cosfcimn (T}

o1 Wit b Ais € TSP T S T e e Dy —p—

Figure 5.53 This modern duct friction calculator gives
friction data for straight duct on one side (a) and fitting
friction loss data on the other side (b). The fitting losses
calculations are based on loss coefficients of common
fittings, tabulated on the calculator.

Table 5.3 Duct Material Roughness Factors
Based on Good Workmanship

Roughness  Roul

Duct Material Category
Thermoplastic duct (PVC) Smooth
Uncoated carbon steel duct,

clean Smooth
Aluminum sheet duct

(12 joints/100 ft) Smooth
Galvanized sheet duct

(continuous rolled—12

joints/100 ft) Smooth
Spiral galvanized duct

(12 joints/100 ft) Medium
Aluminum sheet duct

(40 joints/100 ft) Smooth
Galvanized sheet duct (hot

dipped—40 joints/100 ft) Average
Fibrous glass duct (rigid) Medium

Fibrous glass liners (airside

with facing material

mechanically fastened) Rough
Fibrous glass liners

(airside spray coated,

mechanically fastened) Rough
Flexible duct, metallic

(fully extended) Rough
Flexible duct, all types

of fabric & wire

(fully extended) Rough
Concrete duct Rough

Reproduced with permission from ACCA Manual @, 18
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t of correction factors to be applied to friction data of Figure 5.51
s of roughness other than medium smooth. See Table 5.3. (Repro-
ion from SMACNA HVAC Systems Duct Design Manual, 1990.)



282 | AIR SYSTEMS, HEATING AND COOLING, PART |

Using Figure 5.54, calculate the friction/100 ft
based on current data for galvanized steel duct.
Would the duct sizes need to be changed?

Solution: From Figure 5.54, we note that the cor-
rection curve for “old average” duct is the same for
all duct sizes for each value of Q. From the chart,
we have:

Q, ¢fm Factor

1000 1.045
600 1.03
200 1.015

Since the “old average” was for rougher duct (See
Table 5.3), we must divide the friction values found
with the old calculator by the correction factors
to obtain friction of the new smoother duct. We,
therefore, have:

Duct section A:

friction/100 ft=0.2/1.045=0.191 in. w.g.
Duct section B:

friction/100 ft=0.195/1.03=0.189 in. w.g.
Duct section C:

friction/100 ft=0.32/1.015=0.315 in. w.g.

We can immediately see that these corrections are
minor and, for the sizes indicated, would not affect
the choice of duct size.

Example 5.9 A 100 ft long run of round duct is to
carry 2000 cfm at a friction rate of 0.10 in. w.g.
What size duct is required of the following mate-
rials:

(a) galvanized steel, roughness 0.0003

(b) galvanized steel, roughness 0.0005

(¢) PVC thermoplastic duct, roughness 0.0001
(d) Fibrous glass-lined duct, roughness 0.01

Solution: Using Figure 5.51 and Table 5.3, we find
the following information.

Duct  Friction Duct Correction Chart Duct

Material Desired Size, in. Factor Friction Size, in.
(a) 0.10 18 10 0.095 179
Qo) R\ A D6 0094 A%

(<) 0.10 091 0.1\ by I

(d) 0.10 192 0.052 204

There are, of course, no decimal size ducts
(a), (b) and (c) would all be 18 in. The dec ma
are shown in case the designer wants to con
rectangular sizes. The conclusion, he
clear; only the very rough fibrous glass duet
a change in duct size.

Additional correction factors for altitudes
sea level and temperatures other than 70
given in Figure 5.55. The method of use o
factors is the same as already demonstrated

5.22 Noncircular Ducts

Despite the efficiency of circular ducts in ¢z
air with minimum friction, the round shape
number of disadvantages. The most imports
these is its space requirement. In modern con
tion, space is almost always at a premium, pz
larly in hung ceilings, pipe chases and mech
spaces. Therefore, even though rectangular
are more expensive than circular ones, th
used almost exclusively in commercial wo
design, the required round duct size is found
charts such as Figure 5.51, and then the ree
lar duct that gives the same friction loss per

Figures 5.52 and 5.53, this equivalent rectan
duct can be found directly.

Note from Table 5.4 that, for each circulaj
size, there are a number of equivalent rectang
duct configurations, each with a different . i
ratio. The aspect ratio of a rectangular du
simply the ratio of width to height. Thus, th
pect ratio of a square is 1.0, of a duct 16 in,
by 8 in. high is 2.0 and so on. See Figure 556
higher the aspect ratio is, the more perimete
area the duct has. This means that as aspect
increases, so do cost, friction and vibration noj
is, therefore, good design to use the lowest pos
aspect ratio that fits the construction space
tions.

Note that aspect ratios higher than 4 are
listed in Table 5.4 because such ducts are
recommended for use. They can be built an
special cases, are used. In large sizes, internal
ports must be used to keep the long dime
from sagging and vibrating. This increases
radically. Also, fittings for high aspect ratio ¢
AR expensine and very inelhicient (high p

losses). Simply as a matter of interest,:

installed costs of ducts, taking square d

aspect ratio) as 100%, are:
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Graph of altitude and temperature correction factors to be applied to
obtained from Figure 5.51. (Reproduced with permission from

al Q, 1990.)
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Table 5.4 Equivalent Rectangular Duct Dimension

Aspect Ratio

Duct Rectangular
Diameter, in. Size, in. 100 125 150 175 200 © 225" 250" 975V '30p hig s
6 Width =2 6
Height — 5
7 Width 6 8
Height 6 6
8 Width 7 9 9 11
Height o4 7 6 6
9 Width 8 9 11 11 12 14
Height 8 2 7 6 6 6
10 Width 9 10 12 12 14 14 15 17
Height 9 8 8 7 7 6 6 6
11 Width 10 11 12 14 14 16 18 17 18 21
Height 10 9 8 8 7 7 7 6 6 6
12 Width 11 13 14 14 16 16 18 19 21 21
Height 11 10 9 8 8 7 7 7 7 6
13 Width 12 14 15 16 18 18 20 19 21 25
Height 12 11 10 9 9 8 8 7 7 7
14 Width 13 14 17 18 18 20 20 22 24 25
Height 13 11 11 10 9 9 8 8 8 7
15 Width 14 15 17 18 20 20 23 25 24 28
Height 14 12 11 10 10 9 9 9 8 8
16 Width 15 16 18 19 20 23 23 25 27 28
Height 15 13 12 11 10 10 9 9 9 8
17 Width 16 18 20 21 22 25 25 28 27 32
Height 16 14 13 12 11 11 10 10 9 9
18 Width 16 19 21 23 24 25 28 28 30 32
Height 16 15 14 13 12 11 11 10 10 9
19 Width 17 20 21 23 24 27 28 30 30 35
Height 17 16 14 13 12 12 11 11 10 10
20 Width 18 20 23 25 26 27 30 30 33 35
Height 18 16 15 14 13 12 12 11 11 10
21 Width 19 21 24 26 28 29 30 33 33 39
Height 19 17 16 15 14 13 12 12 11 1
22 Width 20 23 26 26 28 32 33 36 36 39
Height 20 18 17 15 14 14 13 13 12 11
23 Width 21 24 26 28 30 32 35 36 39 42
Height 21 19 17 16 15 14 14 13 13 12
24 Width 22 25 27 30 32 34 35 39 39 42
Height 22 20 18 17 16 15 14 14 13 12
25 Width 23 25 29 30 32 36 38 39 42 46
Height 23 20 19 17 16 16 15 14 14 13
26 Width 24 26 30 32 34 36 38 41 42 46
Height 24 21 20 18 17 16 15 15 14 13
27 Width 25 28 30 33 36 38 40 41 45 49
Height 25 22 20 19 18 17 16 15 15 14
28 Width 26 29 32 35 36 38 43 44 45 49
Height 26 23 21 20 18 17 17 16 15 14
29 Width 27 30 33 35 38 41 43 44 48 53
Height 27 24 22 20 19 18 17 16 16 15
30 Width 27 31 35 37 40 43 45 47 48 53
Height 27 25 23 21 20 19 18 17 16 15
31 Width 28 31 35 39 40 43 45 50 51 56
Height 28 25 23 22 20 19 18 18 17 16
32 Width 29 33 36 39 42 45 48 50 54 56
Height 29 26 24 22 21 20 19 18 18 16
33 Width 30 34 38 40 44 47 50 52 54 60
Height 30 27 25 23 22 21 20 19 18 17 %
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54 (Continued)

Aspect Ratio

Rectangular
Size, in. 1.00 125 150 175 200 225 250, 275 300008350 400
Width 31 35 39 42 44 47 50 52 57 60 64
Height 31 28 26 24 22 21 20 19 19 17 16
Width 32 36 39 42 46 50 53 85 57 63 68
Height 32 29 26 24 23 22 21 20 19 18 17
Width 33 36 41 44 48 50 53 55 60 63 68
Height 33 29 27 25 24 22 21 20 20 18 17
Width 35 39 44 47 50 54 58 61 63 67 72
Height 35 31 29 27 25 24 23 22 21 19 18
Width 37 41 45 49 52 56 60 63 66 70 76
Height 37 33 30 28 26 25 24 23 22 20 19
Width 38 43 48 51 56 59 63 66 69 74 80
Height 38 34 32 29 28 26 25 24 23 21 20
Width 40 45 50 54 58 61 65 69 72 81 84
Height 40 36 33 3l 29 27 26 25 24 23 21
Width 42 48 53 56 60 65 68 72 75 84 88
Height 42 38 35 32 30 29 27 26 25 24 22
Width 41 49 54 60 62 68 70 74 78 88 92
Height 44 39 36 34 31 30 28 27 26 25 23
Width 46 51 57 61 66 70 75 77 81 91 96
Height 46 41 38 35 33 31 30 28 27 26 24
Width 48 54 59 63 68 72 78 83 84 95 100
Height 48 43 39 36 34 32 31 30 28 27 25
Width 49 55 62 67 70 7 80 85 90 98 104
Height 49 e 41 38 35 34 32 ) | 30 28 26
Width 51 58 63 68 74 79 83 88 93 102 108
Height 51 46 42 39 37 35 a3 32 31 29 27
Width 53 60 66 70 76 81 85 91 96 105 112
Height 53 48 44 40 38 36 34 33 32 30 28
| Width 55 61 68 74 78 83 90 94 99 109 116
Height 55 49 45 42 39 37 36 34 33 ail 29
‘ Width 57 64 71 75 82 88 93 96 102 112 120
y Height 57 51 47 43 41 39 37 35 34 32 30
' Width 59 65 72 79 84 90 95 99 105 116 124
! Height 59 52 48 45 42 40 38 36 35 33 31
' Width 60 68 75 81 86 92 98 105 108 119 128
Height 60 54 50 46 43 41 39 38 36 34 32
Width 62 70 77 82 90 95 100 107 111 123 132
Height 62 56 51 47 45 42 40 39 37 35 33
Width 64 71 80 86 92 99 105 110 114 126 136
Height 64 57 53 49 46 4 42 40 38 36 34
Width 66 74 81 88 94 101 108 113 117 130 140
Height 66 59 54 50 47 45 43 41 39 37 35
Width 68 76 84 91 98 104 110 116 123 133 144
Height 68 61 56 52 49 46 44 42 41 38 36
Width 70 78 86 93 100 106 113 118 126 137 148
Height 70 62 57 53 50 47 45 43 42 39 37
Width 71 80 89 95 102 110 115 121 129 140 152
Height 71 64 59 54 51 49 46 4 43 40 38
Width 73 83 90 98 104 113 118 124 132 144 156
Height 73 66 60 56 52 50 47 45 44 41 39

Data extracted and reprinted by permission of the American Society of Heating, Refrigerating and Air
ning Engineers, Atlanta, Georgia, from the 1993 ASHRAE Handbook—Fundamentals.
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16" 24"

Dimension 12° Diam. 11" x 11° 16* x 8* 24" x 6°
Aspect ratio —_ 1.0 2.0 4.0
Perimeter {in.) 37.7 44 48 60
Area (in.?) 113.1 121 128 144
Ratio of
Sl Card 0.333 0.364 0.375 0.417
Air velocity
(constant CFM) 100% 93.4% 88.4% 78.5%

Figure 5.56 Comparative characteristics of equivalent friction ducts. Duct cost is
proportional to the quantity of metal used, that is, the perimeter. Note that if air vol-
ume (cfm) is held constant, the air velocity will drop as cross-sectional duct area in-
creases. See Section 5.23. Duct equivalent sizes are taken from Tables 5.4 and 5.5.

Aspect ratio 1 2 3 4 5 5 7 the clear space in a stud construction
Cost, % 100 115 130 145 165 185 210 3%s in., which will accept only a 3-in.

In addition, since higher aspect ratio means higher into a stud wall with studs 16 in. on cen

friction, it also means more energy use by the is equivalent to a 7-in. round duct. 0 al

blower and, therefore, higher operating costs. lents to circular ducts are given in Table 5,
Oval ducts have recently become fairly popular, 5.57 shows the use of circular, rectangula

particularly in residential work. This is because ducts in a typical installation situation.

Oval duct,
e 2" x 4" stud Plasterboard-sheet rock N 3x8', 9" 10" 12", 15-\
7 \
S ]
P o
1 1
I ]
B g-15°
&) 10 12 y

1—/ . 12'¢  14* e ¢

R Fid
\—- Round duct 3-31/,"

Rectangular duct Stud wall section

31/, x 8", 10*, 12, 14"

Figure 5.57 The restricted width of a stud wall (3% in.) requires use of rectangular
or oval ducts. Rectangular ducts for use as stacks in stud walls are available in the
sizes shown,
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Size of Equivalent® Oval Duct to Circular Duct

Minor Axis, in.

3 4 5 6 7 8 9 10 11 12 14 16
o8
9 7
11 9
12 10 8
15 12 10 8
19 13 — 9 Major Axis
22 15 11 —_
18 13 11 10
20 14 12 — 10
21 18 14 12 —
19 15 13 11
21 17 15 13 12
19 16 14 — 12
20 18 16 14 —
23 20 17 15 13
25 21 — — 15 14
28 23 19 17 16 — 14
30 — 21 18 — 16 —
33 — 22 20 18 17 15
36 — 24 22 19 — 17
27 23 21 19 18
30 —_ 24 22 20 17
35 — 27 24 21 19
39 — 30 — 25 22 19
46 — 34 — 28 23 21
50 — 38 — 31 27 24
43 — 34 28 25
Major Axis 48 — a7 31 29
52 — 42 34 30
45 38 33
50 41 36
56 45 38
49 41
52 46
58 49
61 54
57
60
66
friction.

ata extracted and reprinted by permission of the American Society of Heating, Refrigerating and Air
Engineers, Atlanta, Georgia, from the 1993 ASHRAE Handbook—Fundamentals.
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5.23 Air Friction in Duct
Fittings

A duct system consists of straight sections and
fittings. In Sections 5.21 and 5.22, we learned how
to calculate the friction loss in straight sections of
ducts of various shapes. We will now learn how to
do this calculation for fittings. The term fittings
applies to every part of a duct system except
straight duct sections of unchanging size. Fittings,
therefore, include transitions, inlets, outlets, el-
bows, angles, offsets, wyes, tees, dovetails,
branches, exit connections and so on. Indeed, the
list is so long that ASHRAE has developed a com-
puter duct fitting data base (1993) to assist design-
ers in duct system calculations.

On the average, pressure losses in fittings com-
prise at least one-half of the total pressure loss in
a system and sometimes as much as 75%. It is,
therefore, apparent that these losses must be care-
fully calculated in preparing any but the smallest
and simplest duct system. There are two methods
of determining the pressure loss in a fitting—equiv-
alent length and loss coefficient calculation. Equiv-
alent length should be used only when there is no
difference in air velocity between the entrance and
the exit of the fitting. Loss coefficient calculations
are applicable in all situations. To understand why
this is so, we must first study the effect of duct (or
fitting) cross-sectional area on the velocity of
airflow.

a. Air Velocity in Ducts

Refer to Figure 5.58. In the section of duct illus-
trated there is an air flow of Q cfm at a velocity of

Figure 5.58 Q cfm of air volume traveling through a
duct of A ft* cross-sectional area, will move at V ft/min,
where Q=AV. See text for derivation of this relation.

V fpm. The volume of air flowing past se
I min, when the air velocity is 1 fpm
air 1 ft long of cross-sectional area A. N
the volume of this column is the area A
ft length, or A ft>. Since this volume flows
min, the flow Q is A ft*/min (or cfm).
If the air velocity were 2 fpm, the colus
be 2 ft long and its volume would be 2 4
it too flows by in one minute, the flow
then be 2 A ft*/min (or cfm). Therefor
velocity is V, the volume of the air colu
section P in 1 min would be VA ft3, ant
rate Q would be VA ft3/min or AV cfm.
We have, therefore, developed the fur
flow equation:

Q=AV

where
Q is the volume of air flow in cubie
minute,
A is the cross-sectional area of the dug
feet and
Vis the air velocity in feet per minute.
An example will help you understand
tremely useful equation.

Example 5.10 A design technologist has
of using a 10-in. round duct ora 12 x7
lar duct to carry 350 cfm of conditio
give the same friction (see Table 5.4).
air velocity in each.

Solution: We will use Equation (5.7),

ing to convert duct area into square f¢

round 10-in. duct:
2

T,

AT

ft

A=78.54 in2x 174

Q 350 ft*/min
TA 0545 f2

For a rectangular 12 x 7-in. duct:

=0.7854D%=0.7854(10)% i
2 1
—=0.545 ¢

| % =642 ft/min

A=12in.X7 in.=84 in.2 x

_ 350 ft*/min
"~ 0.583 ft2

=600 ft/min

The numbers in Example 5.10 were ¢
demonstrate a very important point.
the friction chart of Figure 5.51, the i
shown is that of air in a round duct.



ced technologist might be inclined to
round duct because, in residential
recommended that air velocities above
be avoided, due to noise. He or she would

the equivalent (oversized) rectangular
at should be done is first to check air

inal (10-in.) round duct. It is always
that in a round duct. In this case, it is
)0 fpm, which meets the recommenda-
equivalent rectangular duct of higher
would have an even lower air velocity.
ing, of course, that air flow Q is held
at the design value.)

ent Duct Lengths for Fitting

d previously that one of the two methods
tting static pressure loss is by using
t length of straight duct. We also
this method should be used only where
and output velocities are the same. We
lain why this is so. Refer to Figure
h shows graphically the pressure loss
section of duct. Total pressure at any
e learned in Section 5.4, is the sum of

gssure and velocity pressure. This means
e inlet of the duct

i Pinier=Ps, + Py,
e outlet
Poul]el m PS: + PVz

latic pressure at point 1,
pressure at point 2,

ty pressure at point 1 and
ity pressure at point 2.

nce the size of the duct does not change
 the air volume Q that flows, the outlet air
¥, must equal the inlet velocity V|, be-

h Q and A remain unchanged. Since we
at the velocity pressure is

7o~ 2065
v=\ 4005

s that velocity pressure is the same at the
§ at the inlet. Therefore, all the pressure
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change between inlet and outlet must be static
pressure change. This is shown as a continuous
drop in the diagram. We can, therefore, say that a
certain length L of straight duct causes a specific
amount of static pressure loss.

Now refer to Figure 5.59(b), which shows a typi-
cal duct offset fitting of the type used to dip under
some physical obstruction. (See also Figure 5.18.)
Here again, as in Figure 5.59(a), the cross-sectional
area of duct and the air flow Q remains constant.
Therefore, as before, the velocity pressures at the
inlet and outlet are the same (Py,=Py,), and the
drop in total pressure is simply a drop in static
pressure. This is obviously also true of any fitting
with equal inlet and outlet areas because velocity
pressure remains unchanged. However, since a
drop in static pressure can be expressed in terms
of a specific length of straight duct [see Figure
5.59(a)], it follows that the total pressure loss in
any fitting with equal inlet and outlet areas can be
expressed as an equivalent length of straight duct.

Let us now look at an even more complicated
fitting in Figure 5.59(c). This fitting has a restricted
throat portion in which the air velocity does
change because the area changes. However, what
happens inside this throat does not concern us,
because the fitting outlet has the same area as the
inlet. Therefore, even for a fitting of this type, inlet
and outlet velocity pressures are equal. As a result,
we can express the total pressure loss of this fitting
too as an equivalent length of straight duct. (For a
detailed explanation of what happens to pressure
inside this type of fitting, refer to ACCA Manual Q
or ASHRAE Handbook—Fundamentals. Very
briefly, in the restricted throat section, air velocity
and velocity pressure increase, and static pressure
decreases. When the area enlarges, most of the
increased velocity pressure is reconverted to static
pressure in a process known as static regain.)

A numerical example should help to clarify the
principle of equivalent length. Assume that the
three items discussed previously, that is, the
straight section of duct in Figure 5.59(a), the offset
fitting in Figure 5.59(b) and the restricted throat
fitting of Figure 5.59(c) are all part of one duct
system, with the same duct size. Assume also that
pressure measurements indicate the following:

(a) Straight section; static pressure loss = 0.1 in.

w.g/100 ft

(b) Offset section; static pressure loss = 0.035 in.
w.g.

(¢) Throat section: static pressure loss = 0.075
in. w.g.
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offset fitting is the equivalent of L, ft
, then:

0.035 in. 0.1 in.

L ft 100 ft
he throat section is equivalent to L, ft
ght duct:
0075 in. w.g. 0.1in. w.g.
‘ L, ~ 100 ft
il L2=75 ft
Figure 5.18 (page 231). Adjacent to
sketch is a number. It represents the
length of straight duct that will cause
atic friction loss as the fitting. For
with equal inlet and outlet areas, these
It lengths are accurate. For fittings with
as, these equivalent lengths are only
ation and should only be used in small
low velocity, low pressure systems.
ensive listing of equivalent lengths for
fittings is given in Appendix B. Note
e of these fittings have different inlet and
s. This means that for accurate work,
length should not be used. In residential
ducts are sized for noise criteria, which
larger than would be required by
ations. Also, at the low velocities
idential systems, velocity pressures are
gible. Finally, all ducts have volume
hat allow balancing the system after
As a result, the inaccuracies intro-
sing equivalent length for all fittings do
n an unworkable design for a small-to-
low velocity residential type design.

.

s Coefficients

88 coefficient method of figuring pressure
duct fitting is always applicable because

55, See text for a full explanation.
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it considers total pressure loss. This is different
from the equivalent length technique, which con-
siders only static pressure loss (because velocity
pressure remains constant). Consider a common
transition fitting such as shown in Figure 5.60.
Note that the outlet velocity pressure is higher
than the inlet velocity pressure because the air
velocity is higher at the outlet than at the inlet.
This is so because the outlet area is smaller than
the inlet area. Remembering that Q=AV and,
therefore, V=Q/A, it follows that with Q constant,
a drop in area means a corresponding rise in veloc-
ity. And, since Py =(V/4005)?, outlet velocity pres-
sure must be higher than inlet velocity pressure.
The pressure loss in this fitting is, therefore, a
combination of static pressure loss and velocity
pressure gain. For this reason, the equivalent
length method, which considers only static pres-
sure drop, is not accurate.

An abbreviated list of loss coefficients for com-
mon fittings appears in Appendix C. A complete list
of 228 different types is available in electronic
form, in a data base, from ASHRAE. In this form,
the data can be used directly in any of the major
duct design programs. Alternatively, the data can
be used for manual calculation. Somewhat shorter
lists are printed in SMACNA Duct Design Manual,
ACCA Manual Q and the 1993 ASHRAE Hand-
book—Fundamentals. See the bibliography at the
end of Chapter 7 for additional sources.

Pressure loss in a fitting is calculated, using its
loss coefficient, as follows:

Pyoss=PyxC (5.8)
where

P\ oss is the fitting pressure loss in inches w.g.,

Py is the velocity pressure at the fitting in inches

w.g. and

C is the loss coefficient.

When calculating the pressure loss in a fitting with
different inlet and outlet areas, as for instance a

9 Outlet velocity of any fitting or duct section is the same as inlet velocity

s constant, and inlet and outlet areas are equal. (a) In a straight sec-

velocity pressure is constant, and static pressure drops off uniformly

on. Total pressure is always the sum of static and velocity pressure. (b)

the fitting shape—in this case an underpass type—outlet velocity will

ocity if flow is constant and cross-sectional inlet and outlet areas are
sure profile does not show the pressure changes in the underpass.

result is a loss of static pressure. (¢) In the throat section of this fit-

is high and so is velocity pressure. However, because outlet area

let area, there is a partial static pressure regain and overall a net static
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Figure 5.60 Transition fitting between round ducts of different diameters. Because
the outlet diameter is smaller than the inlet diameter its area is also smaller. There-
fore, the outlet velocity pressure is higher (Py,>Py,). As a result, the total fitting pres-
sure loss is not a static pressure loss as in Figure 5.59 but a combination of static
pressure loss and velocity pressure gain,

transition fitting, use the velocity pressure at the Solution: We note in the Appendix C da
smaller opening in Equation 5.8. This will be, of fitting that an additional piece of info
course, the higher of the two pressures. Examples required before we can select the loss ¢
will make the calculation method clear. the R/D ratio. In our case, R=15 in. g
in., so

Example 5.11 A smooth radius 10 in. diameter 90° R _15_ 15
elbow, with a radius of 15 in., carries 500 cfm. D 10
Calculate its pressure loss.

We then select from the table, for a 9 )° el
R/D= 135, a loss coefficient of 0.15. Using
5.8, we have

Py oss=PyxC=0.15P,
We know that
P, =(V/4005)>;
V=Q/A;
and

o
_—.—2
A 4D

We, therefore, calculate

A =%’D2 =%r (10)2=78.54 in2
9_ 500 ft*min 14
A 7854 in2xft?/144 in2

V=

917

Example 5.11
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4005y =(917/4005)* =0.05 in.w.g. coefficient data for the fitting. It is reproduced here
0.15 (.05)=0.008 in. w.g. for ease of reference.

From the illustration we see that the one piece of
avery small loss, as we would expect from data still required is the ratio A;/A where A, and A
th, large radius elbow. are the upstream and downstream fitting areas,
: respectively. (The other required data—cfm and
le5.12 A round conical transition from 8 to cone angle—are given.)
eter duct carries 500 cfm. The cone 47 A (w4)XD,)* 122 144
§45°. Find the fitting pressure loss 7 e =T = =22
e ; A Anitean URRDYE O . DY
i The pressure loss is calculated using Using the three pieces of data:
: (5-8) cfm =500
Pyoss=PyXxC ®=45°
lution procedure is, therefore, A/A;=2.25

find th i ion:
Using tabular data, find loss coefficient C. we fukErou il il by Gistanpalos

Calculate Py,
Calculate fitting pressure loss Py gss- AJ/A Coefficients
. i ; 2 0.33
Will now perform the calculation using this 2.25 C
ep procedure. p ok

' In Appendix C, Section 6, we find the loss

dix C - Section 6
efficients, Transitions (Diverging Flow)

slocity (Vc) in the upstream section to determine the reference velocity pressure (Pv)

Round, Conical (Upstream Pv)

Cone angle ¢ = 45°

Coefiiclent C
o
CFM
AA 16" | 20" | 30" | 45" | 60° | 90" |120° | 180°
2 ]0.14)0.1910.32 0.33]0.32]0.31}0.30

4_|oz3]o30]o4c)oeifoes|oss]063]062
<2400 | 6 |o027|0.33]0.48|0.66]0.77]|0.74|0.73|0.72
10_|029]|0.38[0.50]0.76|0.80 | 0.83]0.84 | 0.83
>16_|o031]|o3sloeo]ossjoesloesoes|oss
2_|0.07]0.12|0.23]| 0.28|0.27| 0.27] 0.27 | 0.26

2400 |4 l0.15|0.18]0.36]0.55]0.59 | 0.59] 0.58 | 0.57
it to [ & [0.19]028]0.44]0.800.70|0.71|0.71 | 0.69

12000 | 10 |o0.20/0.24|043]0.76]0.80 | 0.81]0.81 | 0.81
>16_|0.21]0.28|0.52]0.76]0.67 | 0.67|0.87 | 0.67
2_|0.05/007]0.12)0.27]0.27|0.27|0.270.27_
4_|0.17|0.24|0.38|0.51|0.66]0.58]/0.58]0.57
12000 | 6 |0.16]/0.29/0.46]0.60]/0.69]0.71]0.70} 0.70
10_|0.21]|0.33|0.62]0.60|0.76 | 0.83| 0.84]0.83
 0=180° &3 >16_|0.21]0.34]0.56]|0.72]0.79| 0.85]0.67 | 0.89
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325=2
4-2

C=0.33+

C=0.365
Step 2: Calculate P,
We know from Equation (5.6) that P, =(V/4005)?,
and V=Q/A. As stated previously, the air velocity
is calculated at the smaller opening. Therefore,

x(0.61-0.33)

V= 9 500 cfm
A (w/4)D?

Since Q is stated in cubic feet per minute, and V is
required in feet per minute, we must convert the
fitting diameter from inches to feet.

) 1 ft
8 in.x —=0.667 ft
12 in.

Then

_Q 500 cfm_ 500 cfm

A (w/4)D* 0.785(0.667) ft

V=1432 fpm

Therefore,

P, =(V/4005)* = (1432/4005)*=0.128 in. w.g.
Step 3: Calculate Py gs.

PL055=P‘,XC=0.]28 in. W.g.X0.364
PLOSS=O'047 in. w.g.

This is an appreciable pressure loss.

The preceding calculations serve two purposes.
The first is to demonstrate the loss coefficient
method of pressure loss calculation for fittings. The
second is to give you an appreciation of the value
of a fitting data base and a computer program that
performs all of these laborious arithmetic calcula-
tions in the twinkling of an eye.

5.24 Sources of Duct
System Pressure Loss

There are five principal sources of pressure loss in
a duct system. They are:

* Straight sections of duct.

* Duct fittings.

* Supply outlets and return inlets.

* Blower inlet and outlet structures.
* Air system devices.

We have studied the first three items in some de-
tail, and the you should be able, at this point, to
determine the pressure losses in each category.
The blower (or fan) inlet and outlet structures
are the plenums that are used to connect ductwork
to the air-handling unit. In residential work, where

velocities are low and plenums are simple
are very low, rarely exceeding 0.05 in. §
commercial work, losses can be as high as
w.g. for inlets with sharp changes of directi
inlet and outlet losses are frequently re
the literature as the “system effect.”
cients for various inlet and outlet configu
are given in the previously referenced SM
ACCA and ASHRAE publications. They she
consulted for all commercial work and fo
residential designs. '

The final category of pressure loss soure
known as air side devices. These include:

* Filters of all types, including air washers

*  Humidifiers

* Heat exchangers, including energy re
vices and duct heaters

* Dampers, air-flow controls and smoke @
devices

* Louvers and screens

* Sound traps and acoustic linings

* Heating and cooling coils, including DX
coils, steam and hot water coils and eleg
heating elements

* Air distribution equipment, including &
boxes of all types and valves

* Monitoring devices and measuring eq ip
permanently installed in the airflow

Here, too, most of these items are found onl
commercial equipment. Since it is assumed
an HVAC technologist will work on many pré
including large commercial ones, he or she§
be aware of these pressure loss sources. The
pressure loss in each is usually given in the
facturer’s catalog along with the other teck
data. A useful fact to remember in this conng
is that pressure drop varies as the square ¢
flow (Q). Therefore, if pressure loss is gives
known for one flow Q,, it can be found for ant
air flow Q, by using the relation

Q
P2=P1X(Q_?)2

where P, and P, are in the same units and
Q, and Q, are in the same units.

Duct Sizing Method:

There are two extremely detailed and time
suming procedures in the design of an HVAC



he first is the determination of heat losses
, as we studied in Chapter 2. The second,
gning an all-air system, is the duct-sizing
. Before the advent of computers, forms
es were used (and still are) in an effort
tize and simplify these complex and
calculations. The advantage of using a
form or schedule is that it forces you to
e numbers in the right places, making it
ut far from impossible) to make a mis-
mputer program does exactly the same
with the great additional advantage that
the calculating. The disadvantage of
east for a beginner, is that they make the
edure mechanical, and this can lead to
. Since most of you are novice designers, we
avoid extensive design examples that may
whelm you with numbers in favor of small
designs that clearly demonstrate the
involved.

are four duct-sizing methods in common
design of single-zone, low velocity systems.

al friction method

ed equal friction method

ded plenum method

ni-extended plenum (reducing plenum)

me! hod

arger, complex and/or high velocity systems,
zing methods include static regain, constant
city and the T-method, among others. These
hods require considerable experience, are usu-
idone by computer and are beyond the scope of
t. Refer to the bibliography at the end of
s chapter for more information.

25 Equal Friction Method

he equal friction method is used very frequently
the design of duct systems for small to medium-
e residences and commercial structures. The ba-
idea of this method is to use the same friction

friction per 100 ft) to size all the ducts in the
stem. The friction rate to be used is arrived at by
e of three methods:

Velocity limitation in the first trunk duct
section

Total pressure available divided by the equiva-
lent total length (TEL) of the longest duct run
Rule of thumb, which states that for such sys-
‘tems the friction rate should be between 0.08
‘and 0.12 in. w.g. per 100 ft.
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An example of the use of the equal friction method
should help to make its application clear.

Example 5.13 Use the equal friction method to
size the ducts shown in Figure 5.61(a). Justify all
assumptions.

Solution: The example could represent the supply
duct layout for a medium-size ranch-style resi-
dence or a single-level commercial building. We
will assume that this is a residential installation.
The design steps that precede preparation of the
duct diagram will be detailed later in this chapter,
in the discussion of overall design procedure.

(1) Determine friction rate to be used. Consult Table
5.6, which lists maximum velocities permitted
for ductwork and outlets in residential installa-
tions. (Table 5.7 gives the same data for other
types of buildings.) We will use the maximum
trunk velocity permitted, because the duct is
insulated and is relatively small. Both of these
factors help reduce the noise generated and
transmitted by the ductwork. Using either the
chart in Figure 5.51 or one of the calculators
shown in Figures 5.52 or 5.53 we determine
that a flow of 1050 cfm at 900 fpm gives a
friction rate of 0.08 in. w.g./100 ft. This friction
rate is just at the edge of the shaded recom-
mended design area of Figure 5.51 and com-
plies with the lower value of the rule-of-thumb
range (0.08-0.12) listed previously.

As a further check on this proposed friction
rate, we should work out the third method
listed, that is, divide the pressure available by
the TEL of the longest duct run. Referring to
Figure 5.61(a), this would be duct run AB-
CDEFG. In order to do this accurately, we
would need a detailed duct diagram showing
all fittings. We would also need to calculate
the net external pressure available from the
furnace data such as is given in Figure 5.6(b).
(The furnace data given in Figure 5.12(b) is
not sufficient. The technologist would have to
contact the manufacturer for static pressure
data corresponding to the cfm figures tabu-
lated.) The net supply duct static pressure
available is only a portion of the total external
static pressure. That calculation will be ex-
plained in the following duct system design
procedure.

The TEL is calculated by adding all the
straight duct lengths to the sum of the TEL
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300 cfm 250 cfm
K J
10' 10°
D 1050 cfm 750 cfm 500 cfm 350 cfm 150 cfm
F
A 15' B 10" c 15' D 10' E 10"
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| H
150 cfm 200 cfm
(a)
300 cfm 250 cfm
K J
600 fom 600 fpm 560 fpm
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300 cfm 250 cfm 150 cfm
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F
10' 10 2 10' 10'
10 10'

150 cfm 200 cfm
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ecommended Air Velocities (fpm) for Noise Limitation in Residences

Supply Side Return Side
Recommended Maximum Recommended Maximum
Rigid Flex Rigid Flex Rigid Flex Rigid Flex
700 600 900 600 600 600 700 600
600 600 900 600 400 600 600 600
Size for
Throw 700 — —
ille face
i — — — 500
= = s 300

Reprinted with permission from ACCA Bulletin 116.

‘Maximum Velocities for Low Velocity Systems (fpm)

Controlling Factor—Duct Friction

Controlling Factor— Main Ducts Branch Ducts
Noise Generation,
Application Main Ducts Supply Return Supply Return
See Table 5.6 1000 800 600 600
, hotel
, hospital
1000 1500 1300 1200 1000
ces, director’s
raries 1200 2000 1500 1600 1200
s, auditoriums 800 1300 1100 1000 800
offices, high-class
high-class
S 1500 2000 1500 1600 1200
es, cafeterias 1800 2000 1500 1600 1200
2500 3000 1800 2200 1500

¢e. Reprinted with permission from ACCA Manual Q, 1990.

61 (a) Single-line diagram of a duct arrangement, showing duct lengths
sired air quantities. (b) Duct sizes, air velocities and friction rate for all sec-
system, as calculated by the equal friction rate method. (¢) Placement of
er (furnace) in the center of the duct system makes balancing the sys-

simpler.
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values of all the fittings as obtained from Ap-
pendix B. Since, for our example, we have nei-
ther the fan pressure nor the system TEL, we
will assume that this calculation gives a fric-
tion rate close to the 0.08 in. w.g. we have
already obtained. If an actual calculation were
to show a value much higher, a lower motor
speed would be selected to drop the pressure. If
the friction rate is too low, a higher motor
speed is needed. Too high a friction rate means
excessive velocity and noise; too low a friction
rate means excessively large ducts.

(2) Sizing all sections of trunk duct. Using the fric-
tion rate of 0.08 in. w.g/100 ft, we now proceed
to size all sections of trunk duct, again using
either Figure 551 or a duct calculator. The
round duct sizes obtained for duct sections AB,
BC, CD, DE, and EF are shown on Figure 5.615.
Air velocity and the friction rate are also indi-
cated for each trunk section. Depending on
the architectural layout, the technologist might
choose to use either round ducts or rectangular
ducts. The equivalent rectangular sizes are also
shown on Figure 5.61b. Note that all the ducts
are 8 in. deep. This is the depth commonly used
in residential work, because this size duct will
fit in the space between floor joists. If the duct
is run across the joists, any reasonable depth
is usable. The entire main duct assembly is
constructed as a reducing trunk duct. See Fig-
ure 5.18(d) and Appendix B, Figure B.2.

(3) Branch ducts. Again, using the friction chart
or a duct friction calculation, duct sizes for
branches can be determined using the same
friction rate. Maximum velocity should not ex-
ceed 600 fpm to limit noise levels and friction
rate adjusted accordingly. Round branch ducts
are commonly used in residences, although
rectangular ducts may be preferable to fit the
architecture. Note that section FG is simply an
extension of trunk section EF. For this reason,
the velocity in EF was also held below 600 fpm.
This essentially completes the design of the
duct system.

The equal friction method gives best results
when the TELs of all runs are approximately equal.
This would be the case, for instance, if the furnace
were in the center of the duct run as in Figure
5.61(c) and not at the end, as is Figure 5.61(a).
A glance at Figure 5.61(a) shows why. The total
pressure drop between the furnace and outlet G
(duct run ABCDEFG) is much higher than the pres-

sure drop to outlet K (duct run ABK). That
that the pressure at outlet K is much higher
that at outlet G. The result will be too muchg
K and too little at G, in other words, an unbala
system. (A good rule of thumb to follow is tha
pressures at all outlets in a system should not
one from another, by more than 0.05 in. w.g)

To compensate for this unbalance, it is s an
practice to install volume dampers in all brar
and runouts. Field adjustment of these dam
adds friction to short runs, permitting the sy
to be balanced. The problem with this “fix" s
dampers cause noise, which is exactly wha
want to avoid. A much more satisfactory soly
from an engineering point of view, is to de
required additional friction into the system. |
indeed, is exactly what is done in the m odi
equal friction method.

5.26 Modified Equal Fricti
Method

The modified equal friction method is more g
rately called the equal pressure loss me
cause it attempts to give all runs approxim
the same TEL. This makes the system (aln
self-balancing.

The procedure for this method is:

(1) Prepare a detailed duct layout showing al
tings.

(2) Using the required air quantities in ea h
tion, calculate the pressure drop in all
duct sections. Use the velocity limitations
posed by noise criteria. _

(3) Find the TEL of all fittings using Append
or calculate their pressure drops using Apj
dix C.

(4) Find the pressure drop of the longest run,

(5) Redesign the friction in other branches
fittings so that the total pressure drop from
furnace to each supply outlet is approxima
equal.

This last step is the most difficult. Refer to Fig
5.61a. In order to make the pressure drop to ol
K the same as that to outlet G, a large pres
drop must be introduced into runout BK. One
to do this is to reduce the size of the duct §
9'2 in. to 4-5 in. This, however, will inc
air velocity enormously, causing noise, vibral
and severe drafts in the room being served. A m



ter technique is to use a high resistance takeoff
h as types P or Q in Figure B.2 or types A or F
figure B.3. Even these, however, are not sulffi-
it in short runs, and balancing dampers will
Ibe required in all branches and runouts.

n more complex systems, with several main
nches, the calculation becomes one of trial and
or. We begin with an educated guess at friction
s for the various branches. Then TELs are
id, and pressure drops are calculated and com-
ed. At that point, friction rates, fitting types, air
"-<'- and duct sizes are all juggled in an at-
pt to balance the system. True balance is al-
it always impossible, which is one reason that
ime dampers are almost always used. Another
nt reason is that seasonal changeover be-
 heating and cooling modes always requires
in air flow. These changes are accom-
in part, with dampers.

e advantage of the modified equal friction
lod is that it will give a nearly balanced system
will require only slight field adjustment. The
dvantage of the method is that to design it
ctly, for anything but a small system, is te-
d time-consuming. Actually, to perform
lations accurately, loss coefficients should
ed for fittings rather than TEL. This is because
st all the fittings involve velocity changes be-
ninlet and outlet. As explained in Section
the loss in such fittings cannot be calculated
ately using TEL. And, as we saw in that sec-
anual calculation of fitting pressure loss,
g its loss coefficient, is an involved and time-
iming operation. Fortunately, in modern engi-
g offices, computers have relieved designers
s¢ burdensome calculations.

Extended Plenum

jgures 5.50 and B.3. An extended plenum, as
fed in Section 5.20d, is simply a relatively
straight section of trunk duct that feeds a
r of branch outlets, usually not exceeding
le trunk cross section does not change
t its length. It is called an extended ple-
se, like a plenum, its size is constant,
ixtends over a length of 25-30 ft. In small
it may represent the entire duct system.
stems, such trunk ducts are found at the
of a fan, VAV box, mixing box and the
ey too are known as extended plenums.
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The extended plenum method is not so much a
specific calculation method, as it is the characteris-
tics of air flow in this type of trunk duct. The
air flow in an extended plenum is governed by
principles that we have already learned. This air
flow can be summarized as follows.

(a) As we proceed along the trunk duct, air velocity
and friction rate will decrease after each take-
off. This is necessarily so, since Q=AV, that is,
air volume is the product of duct cross-sec-
tional area and air velocity. (See Section 5.23,
Equation 5.7, page 288.) Since air volume Q
decreases after each takeoff and area A remains
constant, velocity V must also decrease propor-
tionately.

(b) Since trunk velocity decreases after each take-
off, it will frequently occur that runout
(branch) velocity is higher than trunk velocity.
This will cause a small conversion pressure
loss. This loss is not appreciable at trunk veloc-
ities below 600 fpm.

(c) At takeoffs where trunk velocity is much higher
than branch velocity, the pressure loss at the
takeoff will be high. This can result in a
“starved” takeoff, if the takeoff is not properly
designed. This will become clear in the follow-
ing calculations.

The design criteria usually applied to an ex-
tended plenum are:

* The trunk duct is sized for volume and design
velocity. This velocity is usually friction-lim-
ited rather than noise-limited.

* Branch takeoffs are velocity-limited by noise
criteria,

*  Maximum trunk length should not exceed 30 ft.

* Takeoffs are usually round duct, but rectangu-
lar is also acceptable.

* Takeoff connections for round or rectangular
duct should be made with a 45° angle connec-
tion. (A 90° connection can have very high pres-
sure drop if trunk velocity is higher than
branch velocity.)

* Extractors or scoops at takeoff points should
be avoided. They cause turbulence and high
pressure losses.

* Since the system is not self-balancing, balanc-
ing dampers should be installed in each branch.

* Since the friction rate changes after each take-
off, the friction loss in each section of trunk
duct must be calculated individually.
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A numerical example should clarify the preceding
system characteristics and design principles.

Example 5.14 Refer to the extended plenum
shown in Figure 5.62. An extended trunk of con-
stant size feeds five branches with outlets at their
ends. (For the sake of simplicity, we have made all
the branches identical.) Each branch feeds an out-
let with a 400-cfm design air quantity. Design this
extended plenum duct system. Do not exceed an
air velocity of 1000 fpm in any section. Calculate
friction rates and pressure drops throughout the
system.

Is the system balanced or nearly so?
What conclusions can be drawn about the balance
of an extended plenum?

Solution:

(1) The first step is to size the main trunk. Totaling
all the air volumes required, we note them on

the drawing:

Each branch 400 cfm
Duct section AB 2000 cfm
Duct section BC 1600 cfm
Duct section CD 1200 cfm
Duct section DE 800 cfm
Duct section EF 400 cfm

Using the specified maximum velocity of 1000
fpm, we find that duct section AB must be
19 in. in diameter. The equivalent rectangular
section is 20X 16 in., giving a friction rate of
0.075 in. w.g./100 ft for this section. These data
are marked on the drawing.

(2) Since we know the air quantity in each section
of the plenum, we can calculate the air velocity
in each section very simply as follows:

Qap=AXV,p
and
Qpc=AXVpe
Therefore,
Qus_Vio
Qpc Vi
since A remains constant.
or

ey 1600 cfm _
VBC_ VﬁB X—;;— 1000 fpl’l’l Xm—

Similarly,

00 fpm

(3)

4)

(5)

Vep= Vaang;n= lOOOX%g:%g—::=
and

Vpe= 400 fpm
and

Vir=200 fpm

These values are marked on the duct diags
Since we know the Q, and V and size of
section, we can use the chart to find the fri
rate. This too is marked on the diagran
each section. Note that the air velocity if
last section, EF, is so low (200 fpm) thal
friction rate and, therefore, also the actual
tion, are negligible. The friction rates for
tions BC, CD and DE are 0.048, 0.03 and |
in. w.g., respectively.
We select a velocity of 500 fpm for the brar
to avoid noise problems. Knowing Q and|
the branches, we find that a 12 in. roun
10X 12-in. rectangular duct is required.
friction rate is 0.035 in. w.g. These data a
to all branches, and this is marked on thed
drawing. At this point, we can calculate
pressure losses in all the straight duct e

of the system. These are summarized in 1
A.

(Example 5.14) Table A Pressure Loss in
Straight Duct Sections

Length, Friction Rate,
Duct Section ft in. w.g./100 ft

AB 5 0.075
BC 5 0.048
CD 5 0.03
DE 5 0.013
EF 5 0
BG, CH, DI,
EJ, FK 20 0.035

Next we need to find the pressure drop of
takeoff fitting at each branch connection. )
that we used a 45° takeoff to reduce pres
loss. Figure 5.63 shows why the loss in sut
takeoff is less than that in a right angle take
Referring to Appendix B, Figure B.3, we
that a type D fitting has an TEL of 10 ft. To
TEL must be added an additional length
reflect the high takeoff fitting pressure loss
to the difference in air velocities between n
and branch. The greater this difference is,
higher the pressure drop will be. This velo
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62 (a) Extended plenum layout for Example 5.14. (b) Extended plenum of
¢5.14 with all duct sizes, airflows and sectional friction losses indicated.
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(a) (b)
A
= I ‘
Large area of Minor
turbulence causes W turbulence; \
large pressure loss low loss djj)/ /

o vj)j

Figure 5.63 (a) Right angle (butt) connection of branch duct into trunk causes a
large area of turbulence and large pressure loss. (b) An angle connection permits a
smooth turn of the air flow with minimal turbulence, friction and pressure loss.

factor is usually taken as 10 ft of TEL for every
downstream branch after the takeoff. (See the
table at the bottom of Figure B.3.) Therefore,
for branch BG, we would add to the 10 ft TEL
of the fitting another 40 ft representing the four
downstream takeoffs.

The number of downstream takeoffs in an
extended plenum is an indication of trunk ve-
locity at the upstream takeoff. It is, therefore,
convenient to use this number to determine
the velocity factor. Physically, the additional
pressure drop is easy to understand. Air in the
plenum is rushing by the takeoff. The higher its
velocity, the more difficult it is to get a portion
of it to turn off into the branch. The turn causes
turbulence and, therefore, high pressure loss.
The pressure loss in all fittings, as calculated
using ETL and velocity factor, is tabulated in
Table B. Figure 5.64 shows diagramatically the
effect of the velocity factor.

We have repeatedly stated that using a total
equivalent length (TEL) for fittings through
which a velocity change occurs, is not entirely

(6)

accurate. The pressure loss in such §
should be calculated using loss coefficies
demonstrate this, we have calculated the
off fitting losses in our system using loss
cients. The results are tabulated in
The data were taken from Appendix C,
P. Note that the pressure loss calculated
loss coefficients is 1'/2 to 2 times as larges
calculated by using the TEL method. Thi
very significant difference and shows
portance of knowing when to use each me
For purposes of comparison, we have indi
on Figure 5.64 the additional branch |
represented by fitting pressure loss as ¢
lated with loss coefficients.
We have summarized all the pressure los
in Table D, including a comparison of thei
all pressure loss to each outlet as caleu
using TEL and loss coefficient. Using TE
pressure losses from fan to outlets G, H
are almost identical. The losses to outlets;
K are lower. This would indicate that braj
G, H and I are essentially balanced and
J and K need to be throttled sllghtly, 1
dampers. Notice, however, that when us
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4 Example 5.14. Equivalent lengths of takeoff
branches, as calculated using TEL plus veloc-

more accurate loss coefficient calculation it is
outlets I, J and K that are almost balanced, and
not G and H.

However, the most important and most sur-
prising result of this calculation is that total
pressure drop to an outlet decreases as we move
away from the fan. That means that the outlets
nearest the fan get the least air and those far-
thest away get the most air. This is exactly
opposite to what we would logically expect. It
indicates clearly that balancing dampers must
be installed in all branches because the system
is inherently unbalanced.

5.28 Semi-Extended Plenum
(Reducing Plenum) Method

An extended plenum has disadvantages. In addi-
tion to inherent imbalance and, therefore, the need
for balancing dampers in branches, the duct is far
too large beyond approximately its midpoint. This
last disadvantage is offset by simplicity and econ-
omy of fabrication, since no expensive transitions
are involved. However, because the oversized duct
causes such a radical imbalance, with the remotest
outlets getting the most air, many designers prefer
to use one, or at most two, size reductions. This is
also done when the plenum extends more than 25—
30 ft. No criterion exists for the placement of these
transitions. Some designers suggest that a transi-
tion be used wherever the trunk velocity falls be-
low the branch velocity.

e 5.14, Table B Calculation of Fitting Pressure Loss by TEL Method

Velocity Friction
Fitting Loss Factor, Total Rate, in. Total Pressure Loss,
TEL, ft ft TEL, ft w.g./100 ft in, w.g.
10 40 50 0.035 0.0175
10 30 40 0.035 0.014
10 20 30 0.035 0.0105
10 10 20 0.035 0.007
10 0 10 0.035 0.0035
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Example 5.14, Table C Fitting Pressure Loss Calculation Using Loss Coefficients

Location 2
0{ Qbranch vbranch Loss - (vmain} in. w.g. PLOSSJ
Fitting Qnain b A Coefficient V' (4005)*" in. w.g.
B 0.2 0.5 ~0.55 0.0625 0.035
(8 0.25 0.625 0514 0.04 0.021
D 0.33 0.83 0.615 0.0225 0.0138
E 0.5 1.2D 1.19 0.01 0.012
F 1.0 g A ~25 0.0025 0.0063
Example 5.14, Table D Total Pressure Loss from Furnace to Outlets
Fitting Loss® |
Total Pressure
Pressure Loss in By Loss Loss from Fumai
Straight Ducts® By TEL Coefficient to Outlet, in.
Outlet Loss, Pross, Pioss: 31
Location Path in. w.g. TEL, ft in. w.g. in. w.g. By TEL Coeffic
G ABG 0.01075 50 0.0175 0.035 0.0283 0.0 _'
H ABCH 0.01315 40 0.014 0.021 0.0272 0.03
| ABCDI 0.01465 30 0.0105 0.0138 0.025 0.02
J ABCDEJ 0.0153 20 0.007 0.012 0.016 0.02
K ABCDEFK 0.0153 10 0.0035 0.0063 0.016 0.02

“The pressure losses in the trunk duct caused by the takeoff fittings have been ignored to avoid complicating the call

actual practice, they should be included.

To illustrate this semi-extended plenum method,
we have placed a transition in the duct of Example
5.14 (see Figure 5.62) at point D, beyond the third
takeoff. At this point velocity drops to 400 fpm in
the original duct, as compared to a branch velocity
of 500 fpm. We have resized the plenum for 1000
fpm and recalculated all the losses based on these
revised data. See Figure 5.65. Table Al shows the
pressure losses in the straight sections of duct;
Table BI1 lists the fitting losses, including both
takeolff fittings and the duct transition fitting. Note
that the loss for takeoff fittings at B, C and D are
calculated with loss coefficients. The loss coeffi-
cient table does not cover the flow and velocity
conditions at points E and F. As a result, we were
forced to use the TEL method for these fittings.
This is indicated in Tables Bl and C1.

Table D1 summarizes the results. Notice that the
total pressure losses to all outlets are much more
uniform than for the full extended plenum. Balanc-

Table A1 Pressure Loss in Straight Duct
Sections, Semi-extended Plenum

Length, Friction Rate, Pressure 05
Duct Section ft in. w.g./100 ft in. w.g.

AB 5 0.075 0.00375
BC 5 0.048 0.0025
CD 5 0.03 0.0015
DE 5 0.125 0.0063
EF 5 0.03 0.0015
All branches 20 0.035 0.007

ing dampers would still be needed in all run
for minor field adjustment. The disadvantag
this method is the additional cost due to thea
tion of a duct transition(s). This cost is at |
partially offset by the cheaper smaller duct seg
after each transition.



SEMI-EXTENDED PLENUM (REDUCING PLENUM) METHOD / 305

400 cfm G I K
500 fpm
cal 12*¢
1 10" x 12*
0.035" w.g./100'
.~ |~
s LN o7
P ot AN P 5‘(\(/
/
SEMI-EXTENDED PLENUM
/ / W<Transiti{m /
2000 cfm 1600 cfm 1200 cfm 800 cfm 400 cfm
B > C D — o F e ndl
1000 fpm 800 fpm 600 fpm 1000 fpm 500 fpm
4 ¢ 4 /
. 12" ¢
ART / 0.048" w \ . 12*9 12 o
. £ 0.03" w.g. 10" X 12* 10" X 12
20" X 16" L’ 0.125" w.g. 0.03" w.g./100
0.075" w.g.
pes
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/N’/ //N/
/
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Semi-extended plenum layout. This trunk duct arrangement is also
reducing plenum.
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Table B1 Calculation of Fitting Pressure Loss by TEL Method; Semi-extended Plenum

Location Velocity Friction
of Fitting Loss Factor, Total Rate, in. Total Pressure Loss,
Fitting TEL, ft ft TEL, ft w.g./100 ft in. w.g.
B¢ = . = =1 e
Ca - 2 L . s
D@ — =) e s -~
E 10 10 20 0.035 0.007
F 10 0 10 0.035 0.0035

“Calculated by loss coefficient. See Table C1.

Table C1 Fitting Pressure Loss Calculation Using Loss Coefficients; Semi-extended Plenum

Location g
of Quranch Vbranc Loss P =M in. w.g
Fitting Qmain vmnln Coeﬂiciem % (4005)Zl AR
B 0.2 0.5 ~0.55 0.0625
63 0.25 0.625 0.514 0.04
D 0.33 0.83 0.615 0.0225
E“ — — - —
Fe e — — —
Duct transition
fitting? — — — —

“Pressure loss calculated by TEL method. See Table B1.
"Horizontal and vertical transition angles 19° and 15°, respectively. See Appendix C.

Table D1 Total Pressure Loss from Furnace to Outlets; Semi-extended Plenum

Fitting Loss*

Pressure Loss in By Loss
Straight Ducts*® By TEL ;
8 Y Coefficient Total P
Outlet Loss, Pross, Pross: from Furnace
Location Path in. w.g. TEL, ft in. w.g. in. w.g. Outlet, in. wig
G ABG 0.01075 — — 0.035¢
H ABCH 0.01315 — — 0.021¢
I ABCDI 0.01465 — — 0.0138¢
J ABCDEJ 0.021 - 0.007% 0.003134
K ABCDEFK 0.022 - 0.0035% 0.003134

“The pressure losses in the trunk duct caused by the takeoff fittings have been ignored to avoid complicating the cal
In actual practice they should be included.

?From Table B1.

“From Table C1.

4Loss in the duct transition.



stem Design

ing studied air system components and duct
m design, we are now in a position to outline
overall design process. In all probability, a
ogist will not be involved in the prelimi-
es of design. These include codes and
ons, system type choices and economic
. However, since we believe that most
ologists will progress to designer status rap-
it is important to be familiar with the overall
gn process, from the beginning.

steps in a typical design follow. Depending
he specific project, the order in which these
are performed may be different from that

Too, some of the steps may be omitted as
being relevant to the project at hand. For in-
Ice, in residential design, the heating (and cool-
it is purchased as a package, with a
d blower supplied as part of the package.
technologist then works with the blower char-
fistics, designing the duct system to use the
sure and air quantity available. In commercial
s, the designer lays out the desired system,
tes the required air volume and pressure
ects a blower to meet these needs. These
ces will obviously change the order of cer-
N design steps.

Design Procedure

g in mind that each project has its own
ities that may require variations, the typi-
warm air system design procedure is described

Codes and Ordinances

[y construction project is subject to local con-
ttion ordinances and codes. Most of these refer
jational codes. Some of the larger cities have
rown codes in addition to requiring adherence
jational codes. Determining which codes apply
e responsibility of the project engineer. Fulfill-
requirements is the designer’s responsibil-
or more of the following codes will apply
ny duct system:

. BOCA Basic Mechanical Code of Building
fficials and Code Administrators Interna-
onal, Inc., Homewood, Illinois.
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2. The Uniform Mechanical Code of International
Conference of Building Officials (ICBO), Whit-
tier, California.

3. The Standard Mechanical Code of Southern

" Building Code Congress International, Bir-
mingham, Alabama.

4. The National Building Code of American Insur-
ance Association, New York, Chicago and San
Francisco.

5. National Fire Protection Association (NFPA),
Quincy, Massachusetts.

6. National Building Code (by the National Re-
search Council of Canada), Ottawa, Ontario,
Canada.

Some of the most important ordinance require-
ments relate to fire and smoke control. The subject
itself is beyond the scope of this book. Refer to the
following NFPA Codes for more information:

NFPA 90A: Installation of Air Conditioning and
Ventilating Systems

NFPA 90B: Installation of Warm Air Heating and
Air Conditioning Systems

NFPA 92A: Smoke Control Systems

A complete listing of codes and standards appears
in ASHRAE Handbook—Fundamentals, Chapter 38.

A detailed presentation of fire protection in
HVAC systems is given in ASHRAE Handbook—
Applications, Chapter 47.

b. Load Calculation

In this step, the heating (and cooling) loads for
each space in the structure are calculated. They are
then summarized to determine the total building
load for heating, and for cooling if required. A
stripped architectural drawing should be prepared
at this stage. This is simply an architectural plan
showing walls, doors and windows. Dimensional
data (including ceiling heights) should be indi-
cated. On this plan, the calculated loads for each
space are indicated. The next stage of the load
calculation procedure is to calculate air quantities
required for each space, again for heating and
cooling, using the relations developed in Section
S53:

_ Heating load in Btuh

cfm 1.08 AT

and

_ Cooling load in Btuh

cfm 1.1AT
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The temperature difference AT is in the range of
45-75 F° for heating and 17-21 F° for cooling.
The difference figures are based on a winter room
return-heating air temperature of 70°F and heated
air entering the room at 115-145°F. It is recom-
mended that the entering air not exceed 135°F if a
person can stand next to the supply register, since
145°F air is uncomfortably hot.

Similarly, the cool air temperature differential is
based on a return-air temperature of 75°F and cool
room air entering at 54-58°F. Here, also, if entering
air can strike an occupant, 58°F is a better choice.
Air at 54°F is uncomfortably cold, particularly
when blown across the skin at velocities up to 300
fpm. The larger of the two air quantities (heating
or cooling) is obviously the one that will determine
the required duct sizes to all spaces and trunk
duct sizes.

c. System Type

At this point, a study is made of the building
operation in order to decide whether a multizone
system is required. If zoning is required, the type
of zoning arrangement is the next decision. See
Section 5.19. Once the system is decided upon, a
single-line duct diagram can be drawn on the
working drawing(s) showing air quantities in all
sections. At this stage, if the technologist is work-
ing with calculation forms or computer input
forms, all the air quantity (and temperature) data
can be entered. The dimensional data for all spaces
was entered on the load forms at the load calcula-
tion stage.

d. Furnace Selection

On the basis of the calculated building load, a
furnace of sufficient capacity (MBH) is selected.
The furnace rating must include spare capacity as
described in Section 5.8.b. Having determined the
furnace MBH and the total cfm required for the
building, the furnace temperature rise requirement
should be calculated:

Furnace rating in MBH
1.08 (Total cfm)

With these three items of data—the furnace capac-
ity, temperature rise and cfm required—a specific
unit can be chosen from manufacturers’ data ta-
bles, similar to those of Figure 5.6b and Figure 5.12.

From these same tables dimensional information
can be taken. These data are now used to determine
the space requirements for the furnace, its plenum,

Temperature rise =

duct connections and so on. Of course, the d
as to the type of furnace to be used, that is, |
high-boy, upflow low-boy, downflow or hi
has already been made, based on the build
chitecture and the duct plan to be used.
If the furnace is a residential type, the &
static friction available for different motor
and air flow quantities is also available frg
manufacturer’s data. If the unit is a comm
furnace, the blower will be selected at a later

e. Supply and Return Outlets

On the basis of air quantities calculated in§
5.29b, and considering the selection crite
tailed in Sections 5.15-5.18, supply outlet
return outlets can be selected, located and
Use manufacturers’ data such as that she
Figures 5.21, 5.22 and 5.23. Show locatior
sizes on the working drawings. Record the
pressure drops at each outlet, for future use,F
in unusual installations, the total pressured
supply registers or diffusers should not excet
in. w.g. and 0.04 in. w.g. in a return grllle

A convenient rule of thumb for dete

outlet is required for every 8000 Btuh of
load and every 4000 Btuh of cooling load
also convenient to translate these figures int
Using a common heating temperature rise o
(125°F supply) and a cooling temperature
19 °F (56°F supply), we can calculate the cff
outlet. For heating:

8000

Q= TB(%O—F) 135 cfm/outlet
For cooling:
4000
Q—mlgTF)— 190 cfm/outlet

These figures can vary +15% depending of
temperatures, outlet locations and outlet fag
locity. However, as a guide and as a quick che
calculations, the figures given are reliable.

f. Duct Design

The duct design stage begins with establishi
target friction rate as described in Section
Assuming that we are dealing with a package
the external pressure available can be determ
as described in Section 5.8.c. As a rule this pre
will be somewhere between 0.1 and 04 i
Pressures above 0.4 in. w.g. are necessary on
very long duct runs or runs with many fitting



. Pressures below 0.1 are suitable only for
trunk runs 25 ft long or less, with short
The duct design procedures described in

§ 5.21-5.28 can now be applied. A detailed
plan is required showing all fittings, turns,
s and the like to enable accurate calcula-
- pressure losses in the various system

f low velocities, the use of TEL figures for
losses will not introduce large errors. In
, loss coefficients will give more accurate
e loss data. If pressure loss calculations
lin an overall duct system pressure loss below
w.g. or above 0.4 in. w.g., the friction rate
be altered (if possible), so that the pressure
in this range. Pressures above 0.4 in.
¢ available at high blower speeds but are
ably avoided because of high air velocity and
tlendant noise problems.
irn-air ducts are included in the preceding
lation. Some designers prefer to divide the
ble pressure between the supply and return
s on an estimated basis. In our opinion,
§ justified only if the return system is not
d but consists of door undercuts, door and
ouvers and the like.
icular duct design procedure selected
on the duct layout. In most cases, the
equal friction procedure as described in
26 will be adequate. Once the design is
the technologist can decide whether to
d ducts or convert to rectangular ducts. Of
e decision regarding the duct material
de at the beginning of the duct design stage.
all the ducts are sized, the entire system
 be rechecked for velocity and noise prob-
i the designer is satisfied that the system
le, it can be drawn as a two line duct
the plans. At this stage, physical prob-
of installation and coordination with other
arise. Such problems will frequently
nor (and sometimes major) changes in

ct design.

lditional Design Items

echnologist gains experience, he or she will
intuitively know where to place fittings,
g vanes, balancing dampers and the like. A
tful rules in duct design are these:

b the longest possible radii in turn fittings.
ere sharp turns are unavoidable, use elbows
il turning vanes. A sharp turn is one where
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the inside radius of the duct is less than one-
third of the duct width.

(3) When calculating pressure drop, use dampers
in their open position as a fitting pressure loss.

(4) Do not use register dampers for balancing.
They are a source of unacceptable noise. In-
stead, place a balancing damper in the branch,
as far upstream as possible.

(5) In residential work, remember that the small-
est stack readily available is 314 x 10 in. This is
equivalent to a 6 in. round duct, which is often
too large for the air requirement in a heating
system. A damper is, therefore, always re-
quired. See Figure 5.1 for location of stacks.

(6) Most residential air-conditioning contractors
will use joist spaces for return air. Since this
space is 16 in. wide and 8-12 in. deep, it is
equivalent to a 11-15 in. duct, even with the
additional roughness of the wood. As a result,
additional pressure is available in the supply
system.

5.30 Designer’'s Checklist

Most designers use a checklist to ensure that the
design includes all the required items, properly
applied. Such checklists are developed over years
of design experience and vary from one designer
to another. In many offices, such checklists are
standardized for use by all designers. One such
checklist is reprinted here with permission from
ACCA Manual Q—Commercial Low Pressure, Low
Velocity Duct System Design.

* Make sure that all duct velocities are in the
correct range.

* Make sure that the velocity through each air-
side component (such as filters, coils, louvers
and dampers) is in the correct range.

* Branch takeoffs should not be close to the fan.

* A branch runout fitting should not be installed
behind an elbow or upstream runout (leave
six diameters).

* A branch runout fitting should not be installed
behind an upstream extractor.

* The proportions or sizes of “split flow” fittings
should be based on the cfm requirements of
each resulting branch.

* Turning vanes should be installed with leading
and trailing edges that are perpendicular to the
air flow.

* Fan inlet and outlet fittings should minimize
system effect losses.
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Fans should be selected to operate near the
middle of the recommended operating range.
Economizer cycle requires a return fan or an
exhaust fan.

A return fan is recommended if the pressure
drop in the return duct system exceeds 0.10
in. w.g.

Relief air dampers are required if the outdoor
air c¢fm that is introduced into the space ex-
ceeds the cfm that is exhausted from the space
and there is no return or exhaust fan (space
pressurized).

Corrections for surface roughness are required.
Use the appropriate friction chart or use a sheet
metal friction chart and apply the required
correction factor.

Corrections for elevation and temperature are
required.

Allowances (in the load calculations) should be
made for duct losses and duct leakage.

Fan motor should be selected for the largest
power requirement that will be experienced
during start-up or during normal operation.
Fan curve and system curves should be checked
to ensure that the fan operating point will re-
main within the recommended operating range
during all possible operating conditions.
Variable pitch (adjustable) pulleys should be
specified to provide a way to adjust fan perfor-
mances at the job site.

Air distribution outlets and return inlets should
be selected and sized according to the manufac-
turer’s recommendations.

Air outlets should have integral dampers (regis-
ters) that can be used for making minor adjust-
ments.

Splitter dampers should be used as diverters
(only), and they should not be used to control
air volume.

A balancing damper should be installed at each
branch duct takeoff from the main (supply or
return) duct.

A balancing damper should be installed in each
runout or duct drop from a main duct or branch
duct to a supply outlet or return inlet.
Balancing dampers should be installed in each
zone duct of a multizone duct system.

Show all dampers, including fire dampers, in
their proper locations on the plans.

Provide open/closed-type dampers in outside
and return air duct entrances.

Show damper locations at accessible
and, whenever possible, at an acceptal
tance from a duct transition or fitting.
Avoid attaching diffusers, registers or
directly onto the bottom or sides of a du
Provide (SMACNA-approved) boots, nee
extractors at all 90° branch duct conneg
sidewall registers or ceiling diffusers.
Short discharge ducts between mixing
and supply registers may cause exc
charge velocities and air noise at face
ister.

Do not allow return air from one spac
to pass through another space or zone t¢
a return air register.
Door louvers do not provide an accepts
turn air path when the return air system
ates at low pressure (e.g., ceiling
plenum).

A perforated static pressure plate down
from the fan discharge may be required
fan discharges through a “blow through
Screens are required on outdoor air inta
exhaust openings.
Provide access doors of adequate size
working distance of all coils, volume dag
fire dampers, pressure-reducing valves,
coils, mixing boxes, blenders, constant v
regulators and the like.

Provide access for making pressure, tem
ture and tachometer readings at all g
points.
All duct seams, duct connections, casin
plenum connections should be sealed to
mize leakage.
Avoid “line of sight” installation of opp
supply outlets or return inlets (unless
serve the same room). _
Sound attenuation should be provided ¢
stream from air-side devices that genera
cessive noise.
Merging air streams should be thoro
mixed before they enter any type of ai
device or component.
Provide a change of filters just prior (¢
ancing. '
Make sure that there is no “short-circuitis
discharge air from cooling towers, condei
units, relief exhausts, roof exhausters an
like to the inlet of any outside air intake.
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cleaners

method
e loss method

outlets
ace

manometer

oleted the study of this chapter, you should be familiar with the following key terms. If any
imiliar or not entirely clear, you should review the section in which these terms appear. All
listed in the index to assist you in locating the relevant text.

MBH

Make-up air

Mixing boxes
Modified equal friction method
Multileaf damper
Net static pressure
Noise criterion (NC)
Occupied zone
Outlet face velocity
Oval ducts
Perimeter loop

Pitot tube

Primary air
Primary air pattern
Pulse combustion furnace
Radius of diffusion
Reducing plenum
Register

Register free area
Register gross area
Roughness Index
Semi-extended plenum
SMACNA
Secondary air
Single-leaf damper
Single-zone system
Spring pressure
Stagnant air
Stagnant zone
Static

Static head

Static pressure
Static regain
Stratification
Supply air

Supply air rise
Supply plenum
Surface effect
System effect
Takeoff fittings
Total air pattern
Upflow furnace
Variable air volume (VAV)
Vane
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Velocity factor Volume dampers
Velocity pressure Water column
Vertical temperature gradient Water gauge

Viscous impingement filter
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Refrigeration

In Chapter 5, we learned the design principles
of all-air systems and concentrated on warm air
heating. In this chapter, we will learn the princi-
ples of mechanical refrigeration as applied to com-
fort cooling systems. Particular emphasis will be
placed on the operation of the heat pump, which
has found extensive use in providing both cooling
and heating in a wide variety of buildings. Finally,
we will apply the knowledge gained in this chapter
and in Chapter 5 in design exercises for specific
buildings. Study of this chapter will enable you to:

1. Understand the operation of the vapor com-
pression refrigeration cycle and all the compo-
nents in such a system.

2. Understand the operating theory of a heat
pump and distinguish between the various
types of heat pumps.

3. Compare heat pump performance in the heat-
ing mode on the basis of coefficient of perfor-
mance (COP) and heating season performance
factor (HSPF) figures.

4. Evaluate air conditioner and heat pump per-
formance on the basis of energy efficiency ratio
(EER) and seasonal energy efficiency ratio
(SEER) ratings.

5. Calculate the seasonal operating cost of a heat
pump based on its SEER.

6. Find a system'’s heat pump balance point using
a graphical construction method.

7. Determine the proper size DX coil to use based
on sensible and latent cooling loads.

8. Understand the application of centralized sys-
tems with terminal units and decentralized
systems with package, incremental units.

9. Understand the use of packaged terminal air
conditioner (PTAC) and packaged terminal

315
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heat pump (PTHP) equipment and the applica-
tion of split air conditioners and heat pumps.

10. Draw and assist in the design of complete heat-
ing/cooling residential and small commercial
buildings. This includes selection and location
of equipment and ductwork design.

6.1 Unit of Mechanical
Refrigeration

A practical mechanical refrigeration cycle was de-
veloped in 1902 by Dr. Willis Carrier, although
several decades would pass before it began to be
practically applied for comfort cooling. Most mod-
ern air conditioning units use this same compres-
sive cycle, although in a much improved form.
Prior to World War II, comfort cooling was primar-
ily used in theaters and was based not on mechani-
cal refrigeration but rather on ice. Large fans
would blow air across blocks of ice, picking up cool
damp air. This air, when blown into the theater,
cooled the space, although the increased humidity
often led to an uncomfortable feeling of clammi-
ness in humid climates. To this day, the unit of
refrigeration in common use is based on this origi-
nal application of ice for cooling.

As we learned in Chapter 1, the latent heat of
fusion of water is 144 Btu/lb. That is the amount of
heat that must be extracted from a pound of water
to turn it into ice. Conversely, when ice melts, each
pound of ice absorbs from its surroundings 144
Btu (at 32°F). Therefore, when 1 ton of ice melts,
it absorbs

2000 Ib x 144 Btu/lb=288,000 Btu

When a ton of ice melts over a 24-hr period, the
rate of heat absorption from the surroundings (re-
frigeration) is

288,000 Btu

7S e 12,000 Btu/h or 12,000 Btuh

Therefore, cooling at a rate of 12,000 Btuh is called
one ton of cooling.

Example 6.1 What is the cooling capacity in Btuh
of the following air conditioning units:

(a) 3 ton
(b) 2 tons
(¢) 5 horsepower

Solution:

(a) ¥ tonx12,000 Btuh/ton)=% (12,000)
Btuh

(b) 2 tons (12,000 Btuh/ton)= 24,000 Btuh

(c) 5 horsepower: Insufficient data. Many ng
nically trained people equate com|
horsepower to tons, simply because
air conditioning units there is a rough
spondence between horsepower and
This is, however, a mere coincidence, an
it as a rule is incorrect. In large unit
than 1 ton of refrigeration is produced|
horsepower of compressor motor size. Ir
conditioners, the motor size depends
efficiency of the entire assembly, and |
ies with each unit. The only accurate
determining the refrigeration capacity
electrical requirements of an air con
unit is to consult the manufacturer’s py
data.

6.2 Cooling by Evaporat

The compressive refrigeration cycle is based
cooling effect of evaporation. In Chapte
learned that when a liquid vaporizes it
heat. The quantity of heat absorbed per ni
is called the latent heat of vaporization. Fo
this quantity is 970 Btu/lb. Note that thisi
seven times as large as the latent heat of|
water (144 Btu/lb). This heat-absorbing ch
istic is used very effectively by the body fg
by perspiration evaporation, as was pointe
Chapter 2.

Vaporization of a liquid will occur in ty
slowly by evaporation or rapidly by boi n
is essentially forced evaporation. Since v
liquid that is most common in our en
we will use it in our explanation, alth
same principles apply to any liquid. Refer
6.1, which represents a bowl of water ex
the atmosphere. Some of the water mol
the surface will escape into the air nd
water vapor. This process is called evapo
takes place constantly at every exposed
water on earth, including all ponds, rive
and oceans. It is precisely this evaporatig
caused by the heat of the sun, that ¢
earth’s weather systems. |

The rate at which evaporation occurs d



High energy molecules

escape from surface
of liguid and become
vapor molecules

A liquid at any temperature will evaporate
into the atmosphere. The rate of evapora-
with water temperature and surrounding
It also increases as the surrounding am-
drops. (From Dossat, Principles of Refriger-
John Wiley & Sons. Reprinted by permis-
mtice-Hall, Inc., Upper Saddle River, NJ.)

r temperature and air temperature and
he evaporation rate increases with in-
rand air temperature and decreasing
As the water temperature increases, it
y boil. The temperature at which this
alled the liquid’s boiling point, or more
its saturation temperature. At this tem-
the water will change to gas (water
in so doing will absorb 970 Btu/lb from
ooling effect of evaporation is caused by
orption characteristic. Refer to Figure
evaporating from an open container
from the water in the container, thus
temperature slightly. This heat is re-
ough the container walls, from the heat
urrounding air. This process will continue
¢ water in the container evaporates. In
the evaporation of perspiration, the
lies the continuous heat being absorbed,
itself very effectively. Obviously, an
such as that seen in Figures 6.1 and
ommercially practical since the refriger-

case water) is constantly being used
is required for a practical mechanical
pation system is a closed arrangement that
se the refrigerant continuously. That is the
al idea behind the compressive refrigera-
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Water molecules
evaporating
continuously into

Water temperature surrounding air

slightly below that
of ambient air

K Continuous flow of heat into /

container from surrounding air

Figure 6.2 As water evaporates, it takes heat from the
water in the container, thus lowering its temperature.
This heat is replaced by heat flow from the surrounding
space.

6.3 Refrigeration Using a
Closed Vapor Compression
System

Water is not a practical refrigerant because of its
high saturation temperature (boiling point). What
is required in a closed system is a liquid that will
reach its saturation temperature (boil) at a low
temperature. Various fluids have been used as re-
frigerants, including ammonia and a group of flu-
orinated hydrocarbons generally known by the
commercial name Freon. Unfortunately, these ma-
terials have been found to be environmentally un-
suitable and are now replaced with other, environ-
mentally neutral fluids. The exact chemical
composition of modern refrigerants is not im-
portant to us. What is important is to understand
how refrigerants like Freon, with a boiling point of
about —20°F, are used in the refrigeration cycle. A
thorough understanding of this compressive cycle
is very important to the technologist. For this rea-
son, it is developed in detail here.

a. Refrigerant Vaporization

Refer to Figure 6.3. An insulated space such as a
refrigerator box can be rapidly cooled by simply
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Refrigerant vapor
at atmospheric
pressure

Evaporator

Refrigerant
liquid boiling at
about —20°F

T
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Figure 6.3 The refrigerant in the evaporator boils at about —20°F, at atmospheric
pressure. It will, therefore, rapidly cool the inside of the container. Cooling will con-
tinue until all the refrigerant is exhausted into the surrounding air. (From Dossat,
Principles of Refrigeration, 1961, John Wiley & Sons. Reprinted by permission of

Prentice-Hall, Inc., Upper Saddle River, NJ.)

allowing a low boiling point refrigerant liquid to
flash (boil) into vapor at atmospheric pressure.
In so doing, the evaporating vapor absorbs large
amounts of heat from the surroundings, thus cool-
ing the interior of the refrigerator box and its
contents. Of course, we would quickly lose the
refrigerant, and the cooling would be rapid, severe
and of short duration. By placing a throttling de-
vice in the vent, as in Figure 6.4, we can control the
flow of vapor. This, in turn, controls its pressure
and therefore also its boiling point. The valve is,
therefore, effectively a cooling temperature con-
trol. The device containing the boiling refrigerant
is called the system evaporator because it is there
that the refrigerant evaporates.

b. Refrigerant Flow Control

Refer to Figure 6.5. A valve is required at the
input of the evaporator. It must control the flow
of refrigerant into the evaporator from a storage
container, to correspond exactly to the flow out of
the evaporator. The specific design of this device is
not of concern to us; only its operation is im-
portant. It is called the refrigerant flow control de-

Insulated enclosure

vice, and in most modern systems it is a
statically controlled expansion valve.

C. Recycling the Refrigerant

Obviously, the refrigerant should not be ex
to free air, as is schematically shown in Fig
and 6.2. It must somehow be recycled..
evaporated by absorbing heat, all that
to return it to its liquid state is to remove
amount of heat. This will condense the va
into a liquid. The device used to perform {
tion is, therefore, called a condenser. Se
6.6. The problem that immediately a

the condenser will draw off this hea
denser is simply a coil through which th :
vapor passes. It is cooled by blowing amk
over it or by running it through a heat ex
that uses cooling water. Since the temper
the vapor at the evaporator output is son
between 30 and 50°F, ambient air at 80-
cooling water at 60-90°F are useless as
mediums. (Cooling water comes from m
lines, cooling ponds or cooling towers.) B
not flow “uphill,” that is, from the cool ref



Refrigerant

vapor above

atmospheric
pressure

~+~— Refrigerant
iquid boiling at 30°F

‘Heat absorbed
~ from inside the
enclosure

¢ used to vary the evaporator pressure and,

te, its boiling point. Here the valve is almost com-

d. This raises the boiling point from —20°F

ic pressure to 30°F at about 3 atmospheres.
the valve would raise the pressure until the va-

ling point equalled the container temperature. At

I heat transfer stops. (From Dossat, Princi-

eration, 1961, John Wiley & Sons. Re-

by permission of Prentice-Hall, Inc., Upper Sad-

,NJ.)

o the warmer condenser cooling medium
ent air or cooling water). To overcome this
the vapor coming out of the evaporator is
ed, raising its temperature to about 130°F
s pressure to about 8 atmospheres (120 psi).
hot compressed gas then enters the condenser
where it is cooled by air or water to about
ind partially condensed into liquid. Pressure
ns at 7-8 atmospheres. This warm, high pres-
quid and gas refrigerant mixture then travels
he refrigerant tank and on to the thermostati-
controlled valve at the input of the evapora-
) begin the cycle all over again.

Closed Recycling System

figure 6.6, which is a flow diagram of a simple
reompression closed-cycle system. The princi-
arts of the system, shown schematically, are:
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Thermostatically controlled
refrigerant flow controller
(expansion valve)

] Refrigerant
reservoir
Low
pressure

Low pressure
liquid-vapor
mixture

oil-type evaporator

Heat flow

i s

Figure 6.5 The refrigerant flow control valve supplies
refrigerant to the evaporator at exactly the rate at
which it is evaporated. The thermostat bulb senses the
outlet (boiling) temperature. In passing through the
expansion valve, the liquid refrigerant expands, thereby
reducing pressure and creating a liquid-vapor mixture
at relatively low pressure. (From Dossat, Principles of Re-
frigeration, 1961, John Wiley & Sons. Reprinted by per-
mission of Prentice-Hall, Inc., Upper Saddle River, NJ.)

(1) Evaporator. The function of an evaporator is to
provide a heat-absorbing surface. It is usually
a coil of pipe, inside which the refrigerant is
vaporizing and absorbing heat. Air blown over
the surface of this pipe is cooled. This cool air
is the end product of the refrigeration process.
In a common household refrigerator, the cool
air is confined to a closed box containing per-
ishables. In a comfort air conditioning system,
recirculated room air is blown over the evapo-
rator coil. Since the room air is warmer than
the evaporator coil, it will cause a 10-20 °F
temperature rise in the vapor temperature.
This is shown on Figures 6.7 and 6.8.

(2) Suction line. The suction line is the line through
which the slightly warmed refrigerant vapor
passes on its way to the compressor.

(3) Compressor. The function of the compressor is
to change the low temperature, low pressure
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Figure 6.6 Schematic diagram showing the major components of a closed-cycle va-
por compression refrigeration system. Typical temperatures and pressures at vari-

ous points in the system are also shown. (From Dossat, Princ
1961, John Wiley & Sons. Re
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service valve
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'
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some vapor
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dle River, NJ.)

4)

(5)
(6)

vapor coming out of the evaporator to a high
temperature, high pressure gas.

Condenser. The condenser receives hot vapor
from the compressor and condenses it to a gas-
liquid mixture by cooling. It is usually con-
structed as a long folded pipe over which cool-
ing air passes when air is used as the cooling
medium. Alternatively, cool water and a heat
exchanger can be used to perform the required
cooling and vapor condensation.

Receiver tank. The receiver tank is used to store
a quantity of liquid refrigerant.

Flow control device. Located at the input of the
evaporator, the flow control device reduces the
temperature and pressure of the high tempera-
ture liquid refrigerant and supplies a low tem-
perature, low pressure liquid-gas mixture to
the evaporator.

Figure 6.7 shows the basic closed-cycle vapor
compression refrigeration system as applied to
comfort cooling. Two blowers (fans) are added to

Liquid 1 30°F, 30 psi
Lo 2 30-60°F, 30 psi
3 130°F, 120 psi
4 110-120°F, 120 psi
Receiver 5 100-110°F, 120 psi
tank valve
Receiver
tank

iples of Refrigeration,
printed by permission of Prentice-Hall, Inc., Upper Sad-

Approximate temperatures and
pressures at points in the system

the basic equipment described previous
door blower recirculates room air. The &
cools the condenser with outside air. R
that the terms evaporator and conden

actions performed on the refrigerant
sion arises because warm humid air con
the evaporator (see Figure 6.7) and is dr
This condensate has no relation to the sy
denser, which condenses refrigerant ¥
other source of confusion arises becai

rator is frequently called a cooling ¢
cooling action. This is particularly ¢
the evaporator is installed in a warm
and connected to a remote compres T
denser. See for instance Figures 5.8, 59
and 5.13. Finally, the evaporator is z
referred to as a DX (direct expansion) ¢
tems such as that shown in Figure 6
absorbs heat by the direct expansion of
erant liquid to a gas. The desired cooll
occurs when recirculated room air is bl
the coil. When the cold surface of an ev
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motor to
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& motor air C
95°*
Condenser coil,

refrigerant gas is liquified

lictorial representation of the components of a vapor compression re-
ystem as applied to comfort cooling. The indoor and outdoor sections
in a single enclosure, as in the common window unit or through-
ge unit. Alternatively, the two sections can be separated by up to 100
insulated refrigerant pipes connecting the two sections. See for instance

water that will then be circulated
e building as a cooling medium, the
mbly is known as a chiller rather than
itioner.

Pumps
sic Heat Pump Theory

6.3, we explained the basic theory of the
ion cooling cycle. Refer to Figure

t the entire complex system—evapo-

r, condenser, piping and valving—
only one simple task. That task is to

t from one place to another. The system
te heat (except for machinery fric-
ers heat. In the air-to-air system
6.7, the system takes heat from the
space and dumps it outside. Since
ture outdoors far exceeds the indoor

temperature, the heat is being transferred
(pumped) “uphill.” We learned in Section 1.7 that,
according to the basic laws of thermodynamics,
heat naturally flows “downhill,” that is, from a
point of higher temperature to a point of lower
temperature. To reverse this process and pump
heat from a lower to a higher temperature, we
must add energy. That is what the compressor
does—it adds energy to the system, which acts
using the system machinery, to pump the heat
“uphill.” The two air movers shown (condenser fan
and evaporator blower) are simply devices that aid
in the heat transfer. The actual heat transfer is
accomplished by phase changes of the refrigerant
(liquid to gas to liquid). To simplify matters some-
what, we can redraw Figure 6.7 as the block dia-
gram of Figure 6.8(a), showing only energy consid-
erations. There we see that heat is pumped from a
lower temperature to a higher temperature, using
electrical energy input to do so.

Look at Figure 6.8(a), and forget for the moment
that it is a block diagram of an air conditioner



322 / AR SYSTEMS, HEATING AND COOLING, PART i

INDOORS QUTDOORS
Heat Source Heat Sink

Heat from interior """ 2 Package unit 3 o~~~ Heat rejection
75°-80°F é air to air 5 e~ b (D5 T O
AN 8 heat pump b
& S

Cool ai =
55?’26?5I:F Q Ambient temperature 90°-105°F
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Figure 6.8 Heat flow diagrams for the two modes of operation of an air-to-air heat
pump. (a) In the cooling mode, operation is identical to that of an air-to-air through-
the-wall package-type air conditioner. Some of the heat in warm (humid) inside air
is picked up by the indoor evaporator, carried through the unit and rejected out-
doors. The exterior condenser is cooled by ambient outside air. Energy for the heat
pumping is supplied by the compressor plus the evaporator and condenser fans.

(b) In heating mode, heat is extracted from outside air and is pumped into the build-
ing interior. It is rejected inside in the form of warm air for comfort heating. Energy
for the heat-pumping operation is supplied by the compressor. Additional energy is
taken by fans and by electric defrosting heaters for the exterior evaporator.




by permission of John Wiley & Sons.)
Al

Jed for cooling. It should be obvious that the
mpression system can also be used for
by simply turning it around, as is shown
cally in Figure 6.8(b). In actual practice, it
essary to turn the unit around physically.
is needed is a four-way valve that will
e flow of refrigerant. Since the evapora-
condenser are both coils, they can act as
r one or the other, depending on refrigerant
That means that reversing flow into the evap-
nges it into a condenser. Similarly, re-
flow through a condenser changes it into
yaporator. Such a complete assembly, includ-
hie reversing valve, is called a heat pump. It is
ible of heating or cooling, depending on its
valve position. In the cooling mode, it is
al to what is commonly called an air condi-
er. In its heating mode, it is always referred to
heat pump. Figure 6.9 schematically shows the
ant flow and flow valve position in both
des. The position of the valve is controlled by
indoor thermostat. When heating is required, it
the four-way flow valve into heating position;
en cooling is required, it resets the valve into
cooling position.

nother attractive characteristic of the heat
mp is its very efficient operation in the heating
pde. This will be discussed in Section 6.5. The
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ACCESSORIES

A SUCTION LINE ACCUMULATOR

Pictorial drawing of an air-to-air heat pump. The four-way reversing
rolled by a room thermostat that calls for heating or cooling as re-
or the sake of clarity, auxiliary valves and control/safety devices are not
m Ambrose, Heat Pumps and Electric Heating, © John Wiley & Sons, re-

question that arises at this point is something like,
If the heat pump can supply both cooling and
heating, and the latter very efficiently, why would
anyone buy separate heating and cooling systems,
as is so often done? The answer to that excellent
question has to do with both economics and engi-
neering. It will become clear in the following dis-
cussion.

6.5 Heat Pump Performance
(Heating Mode)

a. Heat Extraction

Refer to Figure 6.8(b). The question that usually
arises when referring to heating mode performance
is how usable heat can be extracted from cold
outside air. A moment’s thought, however, will
answer this question. A complete absence of heat
occurs at absolute zero temperature, which corres-
ponds to 0° Rankine or —460°F. At any temperature
above absolute zero, air contains heat. The specific
heat of dry air is 0.24 Btu/Ib-°F or °R. That means
that at 100°F (560°R) air contains 134 Btu/lb. At
a typical winter temperature of 40°F (500°R), air
contains 120 Btw/lb or 90% of the heat content at
100°F! Therefore, despite the fact that we tend to
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think of 40°F air as cold because of our high body
temperature, there is a good deal of heat available
for use in such air. Of course, the lower the temper-
ature of the heat source is (in this case outside air),
the more work that must be done to pump it up to
the heat sink temperatures (in our case 68—75°F
indoor room temperature). In other words, the
lower the outside air temperature, the lower is the
efficiency of a heat pump.

A word about terminology: the point from which
heat is taken is called the heat source. The point to
which heat is delivered is called the heat sink.
Thus, for a heat pump in cooling mode, the heat
source is the room being cooled and the heat sink
is outside air. In heating mode, the heat source is
outside air, and the room is the heat sink.

b. Heat Pump Heating Efficiency

The law of conservation of energy states that en-
ergy cannot be created or destroyed. Refer again to
Figure 6.8b; the energy (heat) extracted from the
outside air plus the energy input to the compressor
appear as heat input into the space. In other words,
the heat produced by the heat pump is greater than
its energy input. The ratio of heat output to energy
input is called its coefficient of performance (COP).
The COP of a well-designed heat pump varies be-
tween 1.5 and 3.0, depending on the outside tem-
perature. It is defined as
Heat delivered in Btuh

P= .1
s Energy supplied in Btuh St

The difficulty with heat pumps is that heat output
and, therefore, also COP drop as outside tempera-
ture drops. That means that as the weather turns
colder and the demand for heat increases, the heat
pump output decreases, simply because the heat
must be pumped over a larger temperature differ-
ence. This is shown graphically in Figure 6.10(a).

To make things just a bit more complicated,
three other heat pump performance factors are in
common use. The informed technologist should
understand their meaning.

(1) Heating Seasonal Performance Factor (HSPF).
This factor is more meaningful than COP be-
cause it considers the heat pump’s performance
over the entire heating season. COP is a mea-
sure of what the heat pump is doing at a partic-
ular instant and, in turn, depends on indoor
and outdoor temperatures. HSPF is an indica-
tor of seasonal efficiency, including supplemen-

Instantaneous performance

. Performance including
defrost cycle
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Figure 6.10 (a) Heat pump heating cycle perform
Note that useful output and coefficient of perfo
both drop sharply as the outdoor temperature
Outside air is used as the heat source for this ai
heat pump characteristic.

Design heating load;
39,800 Btuh @ 0°F

40 r
T
o
= 30+
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2 2y
o |
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Figure 6.10 (b) The intersection of the building he
loss curve (straight line) and the heating charac
of a proposed heat pump (curved line) determi

system balance point (see text). The balance point
perature can be raised by using a smaller unit or I
ered by using a larger unit. '



at and on-off cycling, among other vari-
ufacturers publish the HSPF figure
ch heat pump model, based on tests ac-

to ARI (Air Conditioning and Refrigera-
itute) Standard 240. The tests use a
of somewhat less than 6000 degree

oy Efficiency Ratio (EER). This factor is
as the ratio of cooling capacity to input
in Btuh per watt) for a specific set of
ing conditions. Expressed as a formula,

Cooling capacity in Btuh

Input power in watts i8:2)

..eompare this to Equation (6.1), which
s COP, we see that the two factors are
by the conversion factor of 3.412 Btuh/
13l is

EER=3.412xCOP (6.3)

efore, a COP of 2.0 is the same as an EER of
fand so on. EER factors are most frequently
ied to consumer refrigeration products
room air conditioners and household
ators.

Energy Efficiency Ratio (SEER). This
is an indication of the heat pump’s per-
ce over the entire cooling season. It is
ermined by testing a unit with up to four
arate tests, each at varying indoor and out-
conditions that simulate varying weather
aditions. Therefore, it is to cooling what
s to heating—an attempt to simulate
ciency over an entire season.

\EER and SEER ratings of two heat pumps
be compared directly only if their Btuh
ties are identical. If this is not true, the
electrical energy bill for each unit can

B .l _ Btuh xHours X Rate
getrical cost = ey b r SEER) (1000)

(6.4)

is the unit’s rating,

is the anticipated number of operating
hours per season and

Rate is the local electrical rate in dollars per
~ kilowatt-hour.
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Unit A: 28,000 Btuh, SEER=7.4
Unit B: 32,000 Btuh, SEER=8.6

Assume an average electrical cost of 8.5¢/kwh and
1680 hr of operation (4 months at 14 hr per day).

Solution: Seasonal cost of unit A:
28,000 Btuh x 1680 x0.085 $/kwh

Cost= 74 (1000) =$540.00
Seasonal cost of unit B:
32,000 x 1680 % 0.085 $/kwh
Cost= =$531.00

8.6 (1000)

The units are, therefore, equal in energy expense,
and the choice between them would be made on
some other basis.

Typical performance figures for residential heat
pump performance are:

COP 2.0-35
HPSF 6.0-8.5
EER 6.8-119

SEER* 10-12.5

All air source heat pumps will build up a layer
of frost on the outdoor evaporator as the outside
temperature drops below 45°F. Since this ice layer
will seriously degrade heat pump performance,
heat pumps are provided with automatic defrost
cycles. This requires energy and serves to reduce
overall efficiency further as the outdoor tempera-
ture falls. The heat pump capacity rating, when
considering the defrost heat “penalty,” is referred
to as the unit’s integrated capacity. It too is shown
on the graph of Figure 6.10(a).

Most heat pumps use electricity as fuel. Since
electricity is generally more expensive than fossil
fuels in dollars per Btuh, it is generally not eco-
nomical to operate a heat pump for comfort heat-
ing when the COP falls below about 2.0. This usu-
ally occurs at an outdoor temperature between 20
and 30°F for air-to-air units. The subject of the
economics of heat pump operation is complex and
is not normally the concern of a technologist. It
is touched on here to give the technologist an
appreciation of the considerations involved in
equipment and system selection.

*The National Appliance Energy Conservation Act of 1987
prohibits the manufacture of any air conditioner with a SEER
less than 10.
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6.6 Equipment Sizing
Considerations
a. Heat Pump Balance Point

In order to determine the theoretical ideal size for
a heat pump in heating mode, a graphical solution
method is used. The method consists of plotting
the building heating load characteristic and a heat
pump curve together and finding their intersection.
Refer to Figure 6.10(b). It is assumed that a build-
ing’s heating load varies linearly with tempera-
ture. This simply means that a change in outdoor
temperature will cause a proportional change in
building heat loss (load). This is substantially true
if we consider only the heat loss through the build-
ing envelope and ignore infiltration and deliberate
ventilation losses. For the purpose of heat pump
sizing, when designing residential systems, this
assumption can be made without introducing an
excessive error.

To draw the heat load characteristic, plot two
points: the calculated design heating load at the
design temperature and the no-load (no heat) point
at 65°F. If we take The Basic House plan from
Figure 3.32(c) as an example (page 131) we see
that the calculated heating load at 0°F design tem-
perature is 39,800 Btuh. Plotting the two points on
Figure 6.11 and connecting them with a straight
line gives us the theoretical building heat load at
every outside temperature from 0 to 65°F. If we
now plot on the same sheet the performance curve
of the heat pump being considered, the intersection
point of the two lines is called the system balance
point. (The heat pump performance curve data are
available from the equipment manufacturer’s pub-
lished technical material.) At the balance point, the
heat pump output exactly matches the building’s
heat loss. At outdoor temperatures above the bal-
ance point, the heat pump has excess capacity. At
temperatures below the balance point, the heat
pump output is insufficient, and additional heat is
required. This is indicated on Figure 6.10(b).

For commercial buildings, the concept of a Sys-
tem balance point is still valid. However, the build-
ing load line is not as easily determined as for a
residence. In determining the heat load, the venti-
lation portion of the heat load cannot be ignored.
Furthermore, the no-load condition cannot be set
simply at 65°F outdoor temperature. When the
building is occupied, it has internal heat gain from
occupants, machinery and solar load. These will
reduce the no-load outside temperature to 45°F or

even lower, depending on the building
Since most commercial building cooling
tions are done today by computer, the desig
nologist can easily calculate the building
at 5-10 F° intervals from the outside d
perature up to no-load. These points c
used to plot the building heat loss charac
In commercial buildings with multiple zon
rate calculations have to be made for eag
Design considerations for such buildings
yond the scope of this book.

A balance point at 30°F or lower 1l
excellent heating efficiency from the heatp
all of the building’s needs. A balance point
30 and 35°F will give good heating efficiene
on the few days every year or so when the
temperature actually drops to the design
ture figure. On those few days, the house
cooler than the design indoor condition
and some additional heat may be des
ever, the actual operating balance point i
always lower than the one calculated bec
allowance for internal heat gains and sola
taken in residential heat load calculatio
result, a balance point between 30 and
seldom require the use of supplemental
equipment. A balance point above 35°F i
ther a very cold climate, an undersized e
or both. The solution to that situation wil
one of the following:

1. Separate supplemental heating, either
or fossil fuel.

2. A larger heat pump unit.

3. A modified heat pump system that wil
the required additional heat. This my
hybrid heat pump—fossil fuel system @
a heat pump with auxiliary electric re
heating elements. This latter is the |
alternative. As a result, most heat
tended for residential use are provid
supplementary electric resistance
ments.

An additional consideration in the sizi
pump is its functioning in cooling m
discussed next.

b. Heat Pumps in Cooling Mod
Air Conditioners

As already stated, the heat pump in coolir
is identical to what is commonly known &
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ant
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, 1 fan coil units
} that deliver
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HEATING
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QOutdoor air enters
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AIR-TO-WATER HEAT PUMP
(b)

Air-to-water heat pump energy flow. (a) In the heating mode, heat flows
gerant at the outdoor coil and is rejected to the water in the heat ex-
heated water is then circulated to fan coil units to heat the indoor

the cooling mode, heat is picked up from the indoor space by circulat-
over the (cool) water coils in the fan coil unit. This heat is rejected at
por coil acting as a refrigerant condenser. (From Ambrose, Heat Pumps, ©
ley & Sons, reprinted by permission of John Wiley & Sons.)
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conditioner. When constructed as an air-to-air unit
as shown in Figures 6.8 and 6.9 it operates as a DX
coil air conditioner. One difference between the
two is in the area of equipment sizing. When calcu-
lating the cooling load of a structure, and particu-
larly for residential work, many designers will
calculate only the sensible heat gain. This is
particularly common in residential work. To the
sensible cooling load will then usually be added
an additional one-third of the sensible load, to
represent latent load. This gives a sensible heat
ratio of 0.77 (1/1.3). This rule of thumb may be
very far from accurate for the particular structure
because of climate and occupancy. In such cases,
the total cooling capacity may be adequate, but
the cooling coil selected for an SHR (sensible heat
ratio) of 0.77 can be far off the mark. Depend-
ing on the actual sensible/latent ratio, the result
can be:

* A system that is short sensible capacity, re-
sulting in an excessively warm house.

* A system that is short latent capacity, resulting
in an uncomfortably humid house.

* A system that attempts to adjust these two
problem by changing room air flows. This will
upset air balance and may result in drafts or
air-starved rooms.

To avoid some of these problems, designers will
frequently oversize a unit’s cooling capacity as
much as 25%. With air conditioning equipment,
this will not only unnecessarily increase first cost
but will result in excessive cycling, cold drafts and,
in humid climates, insufficient dehumidification.
As a result, oversizing of air conditioning equip-
ment is discouraged. Indeed, some designers rec-
ommend deliberate undersizing, particularly in
humid climates. This ensures almost continuous
unit operation and adequate dehumidification. The
solution to these problems, of course, is to calculate
both sensible and latent loads as accurately as
possible. A cooling coil matching the calculated
requirements can then be selected from manufac-
turers’ published data.

When sizing a heat pump for cooling capacity,
oversizing the cooling capacity will result in better
heating performance and less need to use supple-
mental electric or fossil fuel heat. The following
suggestions, based on experience, should be helpful
in sizing heat pumps for heating and cooling
service:

* In warm climates, the cooling load wi
bly exceed the heating load. Selecting
the design cooling load should proy
quate heating as well.

* In cool climates, the heating load will
exceed the cooling load. Heat pumps
oversized 10-15% in order to satisfy th
requirement without use of auxi
heat. However, oversizing should be
limited in high humidity climates.

* In cold climates, the heating load
larger than the cooling load. Any afl
satisfy the heating load without s
electric or fossil fuel heating will dr
oversize the cooling capacity and will
result in poor cooling performance. Th
pecially true in humid areas. As a
designers use 6000 degree days as a
limit when deciding whether to us
pump for year-round heating and
geographic areas with a higher deg
(cold climates), use of a heat pum
not practical because of degraded perfe
in both heating and cooling modes.

6.7 Heat Pump
Configurations

In technical literature, heat pumps are |
four configurations. They are

* Air to air

* Air to water

*  Water to air

*  Water to water

The first word refers to the heat source &
second to the heat sink. These names refe
heat pump in its heating mode.

a. Air-to-Air Heat Pump

See Figures 6.8 and 6.9. In the heating mod
arrangement extracts heat from outside
peratures of —5°-65°F and delivers it to
spaces at temperatures of 90—100°F. This |
unit is the most common arrangement for r
tial work, as it requires only an electrical e
tion and no special piping. In cooling mode
6.8 (a)], the unit operates like a common air



heat from inside air at about 75—
umping it to an outside heat sink at
of 100-110°F.

11. This configuration is not common
‘temperature change in the output wa-
That means that, in heating mode,
will be delivered to a hydronic heating
d of the hot water usually used. This
use of large radiation surfaces, which
system first cost. In the cooling mode,
water is cool and not cold, making it
use in fan coil units. As a result, air-to-
gements are used only in mild climates
moderate heating and cooling loads.
ement is useful in zoned systems, multi-
dences and small commercial applica-

ater-to-Air Heat Pump

ire 6.12. These units extract heat from a

ce and deliver it to the indoor supply air
ating in the heating mode. The system is
an adequately large water source such
ell, pond or lake is available. The source
e large enough so that its temperature is not
y affected by seasonal temperature
s, In the cooling mode, heat is extracted
aside air and dumped into the (constant
ature) water sink. When an adequate water
is available, this system is highly efficient.
however, can be high due to piping and
anger costs.

ater-to-Water Heat Pump

jgure 6.13. These units use heat exchangers
th ends of the system. Like the water-to-air
), a large reliable water source/sink is also

As a result, this arrangement is most
od in commercial applications. Efficiency
stem is high because no defrosting cycle

ion to these four standard arrangements,
designs using coils buried in the earth,
id designs using solar collectors and others.
b types are highly specialized and must be
ned for a specific application. Technologists
ested in these special designs will find addi-

PHYSICAL ARRANGEMENT OF EQUIPMENT, SMALL SYSTEMS / 329

tional information in the references listed in the
bibliography at the end of this chapter.

6.8 Physical Arrangement of
Equipment, Small Systems

We will arbitrarily define a small system as being
limited to about 15 tons of cooling (and somewhat
more heating) simply because most manufacturers
do not make larger heat pumps. In addition to
defining the heat source and heat sink of a heat
pump as explained in the previous section, heat
pumps (and air conditioners) are also classified by
the location of the system parts. For small and
medium-size units, there are two arrangements: a
self-contained packaged unit and a split unit.

a. Self-Contained Packaged Unit

A packaged unit contains the entire system in one
enclosure. Window units, through-the-wall units
and rooftop package units are of this type. These
packages are also referred to as unitary heat pumps
or air conditioners because they contain all the
equipment necessary for a complete installation,
including the air-handling equipment. A packaged
unit that supplies air to a number of outlets via
ducts is still a unitary package. Packaged units
typically contain the evaporator and condenser
coils, a compressor, an air mover, plus all the
required auxiliaries, piping and controls. The most
common packaged unit is the window or through-
the-wall air conditioner shown schematically in
Figure 6.14. This type of through-the-wall unit is
referred to as an incremental unit, a PTAC (pack-
aged terminal air conditioner) or a PTHP (pack-
aged terminal heat pump). The same equipment
can be arranged for rooftop mounting with air
discharging at the ceiling level of the space to be
cooled. Since cold air is heavier than warm air, a
rooftop arrangement is ideal for cooling. It is less
effective in the heating mode, because the warm
air output will simply stay at the ceiling level, and
circulation will be poor. See Figure 5.38 (page 000).
For this reason, packaged rooftop units are most
commonly used for cooling only.

Figure 6.15 shows a typical through-the-wall cli-
mate control package consisting of an electric air
conditioner and a gas heater in a single enclosure.
Warm or cool air, as called for by the interior
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Heat is rejected into
the interior space

(heat sink); ambient
temperature 68°-72°F

To heat source:
well, pond, lake,
river

g S=— = Indoor coil acts
water @ 40-70°F N A ! = | as a condenser
HEATING
MODE
Heat is absorbed A
by the refrigerant :
at the heat exchanger \_/
acting as an i
eVanoratos Accessories

A-0Oil separator
B-Suction line accumulator

4-way valve position
Heating: Path 1-3 and 2-4

Heat is absorbed from
recirculated room air
at the indoor coil acting

To heat sink as an evaporator

COOLING
MODE

Heat is rejected
to the heat sink

s \
{-/3 \
\_/ : ”"’- -
at the heat exchanger ' / gas
acting as a condenser § 7
Accessories
4-way valve position \ A-Oil separator
Cooling: Path 1-2 and 3-4 B-

Suction line accumulator

WATER-TO-AIR HEAT PUMP
(b)

Figure 6.12 Water-to-air heat pump. (a) In the heating mode, water pumped from
the water source (heat source) gives up heat at the heat exchanger. This heat is trans-
ferred by the refrigerant to the indoor coil. There, the indoor coil acting as a con-
denser rejects the heat into the indoor space (heat sink). (b) In the cooling mode,
heat is absorbed from the indoor space air by circulation over the indoor coil, which
acts as an evaporator, The heat is transferred to the heat exchanger where it is
picked up by circulating water from the water source heat sink. (From Ambrose,
Heat Pumps, © John Wiley & Sons, reprinted by permission of John Wiley & Sons.)
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OUTDOORS INDOORS

Heat source Warm Heat sink

“,wai 4SS ~~=——__  T0 fan coil units;
= ~ B water at
2 5 = 0 = 90-100°F

| e ot N HEATING
e, VLN
%3 Receire: : MODE

_ Accessories

T"'q‘i A > A-0il separator
: i ; B-Suction line accumulator

&

OUTDOORS INDOORS
Heat sink —~ Heat source

COOLING
MODE |

4-way valve position
ling: Path 1-2 and 3-4

Accessories

A-0Oil separator
B-Suction line accumulator

WATER-TO-WATER HEAT PUMP
(b)

.13 Water-to-water heat pump. These units require a body of water to act
heat source and heat sink. The indoor section of the heat pump supplies

its or similar terminals that will operate on relatively small temperature
in water. (a) In the heating mode, source water flows through the heat
acting as an evaporator. Heat is drawn into the refrigerant source and de-
o the indoor heat exchanger, which acts as a condenser. Heat is rejected
jarming the interior space. (b) In the cooling mode, heat picked up from the
lwater circuit by the indoor coil acting as an evaporator is transferred to the
at exchanger, which acts as a condenser. From the heat exchanger, heat is
d to the water source, which acts as a heat sink. (From Ambrose, Heat

© John Wiley & Sons, reprinted by permission of John Wiley & Sons.)
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OQutdoors I Indoors

cooling by outside air

Condenser coil (hot) needs J

Circulating fan
and motor

Cool dehumidified air, (some
fresh) serves the room

Hot and humid
air is discharged

Evaporator coil (cold) takes
heat from the room air and

?

;

-
- TN condenses excessive humidity
= £
=
E Pan, catches condensed moisture
2 q and delivers it for disposal
{_ Condenser fan and motor - Qq £ by condenser fan ol

Outside air is drawn
in to cool the
condenser coil

N!
,.IJ KK\&__F Warm humid air

= from the room

&

Compressor and motor, ’ L An adjustable amount of fresh air
refrigerant flow indicated for_ventilation joins the process

AN CORBHIORET 6 CONRE Mode heat P

Figure 6.14 Schematic diagram of a package air conditioner (or heat pump op-
erating in cooling mode). This through-the-wall arrangement is very common for
small units up to about 2/ tons. See also Figure 6.7, which shows a similar through-
the-wall (or window) installation of a package unit. Note that the evaporator and
room air blower are always inside and that the compressor, condenser and con-
denser fan are always outside.
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Electrical
connections

Gas
connection

Safety limit

Dual gas

valve

Cabinet

Condenser
coil

Filter

Evaporator
coil

Compressor
with built-in
overload
protection

(a)

(a) Combination through-the-wall gas heating and electric cooling (air
ér) unit. The cool air supply duct is connected to the top of the unit, as
bustion air is drawn in through the exterior exposed surface of the unit
i this photo). A built-in power vent eliminates the need for a chimney.
units are available as all-electric heat pumps and as electric heating, elec-
g (air conditioner) units. (b) Dimensional and technical data for the units
Ma). Btuh capacities vary from 27 to 50 MBH in heating and 1' tons

Biuh) to 2/ tons (29,200 Btuh) in cooling at a seasonal energy efficiency ra-
Courtesy of Armstrong Air Conditioning, a Lennox International company.)
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HWC Series
Higher Efficiency Cooling Unit Dimensions and Specifications

1..Jr13 e =1 1= 3.1 CA-241 WALL SLEEVE
|| omscwanae | I (Shipped K.D. Assembles quickly)

FRONT i SIDE
ST G 3
48%
l 50
2
%
RETURN
2he| 22| = WY _‘-l bu ——
7% —— 20%s — 3 2 7 zn
FRONT SIDE TOP VIEW Flange may be field assembled.
1" or 3%" from front of sleeve.
RATINGS AND SPECIFICATIONS
Rated Input - Btu/hr 36,000 48,000 60,000 66,000 36,000 48,000 60,000 66,000 60,000 66,000
Capacity - Btuhr, @ 27,000 36,000 45,000 50,000 27000 36,000 45,000 50,000 45,000 50,000
Efficiency - AFUE. 708 708 716 72 708 708 716 7.2 76 .2
CFM @ Heating Speed 500 Lo Spd | 500 Lo Spd | 700 Hi Spd | 700 Hi 750 Lo 750 Lo Spd | 750 Lo Spd | 750 Lo Spd 750 Lo Spd | 750 Lo Spd
M Capacity - Btwhr 17600 23800 29,200
Efficiency - SE.ER 8.00 805 805
CFM (Hi-Spd.) 650 800 780
Filter Size 13" x 25" 18" x 25" 18" x 25"
Compressor P.S.C. Hermetic P.S.C. Hermetic P.S.C. Hermetic
R.LA 8.0 12.8 15.5
L.RA 43.3 60.0 70
Min. Circuit Ampacity 13.3 21 236
Max. Circuit Fuse Size 20 Amps 30 Amps 35 Amps
Approx. Ship. Weight 400 Ib. 4151b. 430 Ib.
Provision for condensate drain must be provided inside structure W Certified ratings per A.A.|. Standard 210 and ASHRAE Standard 116, BTUH ratings shown
(D Capacity ratings are based on D.0.E. standard tests apply to 230-volt operation when tested under standard A.R.|. rating conditions of 95°F
outside dry bulb, BO®F inside dry bulb and 67 inside wet bulb temperatures.
® Energy efficiency ratings are based on U.S, Government standard tests.
BLOWER PERFORMANCE DATA
HWC181 HWC241 HWC301
55 55 55
50 s01-\ \ 50[-\ \ ! l
d \ \ [HIGH 5P 2] \ [HIGH SP.] (1} \ [HIGH 5P,
25 Z 45 AT
= \ z z \
5 40 \ g 40 g 40 \ \
-
W 35— 35 \ \ ﬁ 35
§ ol I\ \ e e 0 R
30 30 \ 30
T pER : Y TN\
: [ \ g \ s LN
2 20 m— : 20 - 20
E \ [LOW 5P \ z [LOw 8P \ E [Low s \
15 — E 15 5 15
10 10 \ 0 \
l \ \ \
05
mmawsoommmmnrm 600 650 700 750 B00 B850 900 ossmssom?somumm
CFM @ 70°F. INLET AIR TEMP, (DRY COIL) CFM @ 70°F. INLET AIR TEMP. (DRY COIL) CFM @ TO°F. INLET AIR TEMP. (DRY COIL)

(b)

Figure 6.15 (Continued)



mostat, is supplied via ductwork connected to
' kage This type of unit is frequently in-
in a niche or closet on an outside wall, in
e or multifamily residential buildings. The
grior location is required for both heating (com-
}.-. air and venting) and cooling (condenser
ing with ambient air).

._ of the conditioned space, using side entry
-'_:,.- Thls unit would be used in an all-electric

¢ temperature and is tabulated in Figure
. To compensate for the drop in heat output
outdoor temperatures, resistance heating
S of 5-20 KW are available Other heat

and (d) give electrical data, blower perfor-
e and dimensional data for models of the

¢ 6.17 shows a medium-size, commercial-
packaged unit that also supplies gas heating
glectric cooling. Heating and cooling capaci-
are given in Figure 6.17(b). This unit is de-
ed for rooftop mounting [Figure 6.17(c)] but
i be adapted for side entry of ducts as well
ure 6.17(d)]. Units in this design have ratings
‘range from 77 MBH heating and 35.6 MBH
| cooling capacity (3 tons) up to 150 MBH
ingand 58 MBH total cooling capacity (5 tons).
ratings make the units suitable for large
dences and commercial installations.
or all the illustrated packaged units, technical
ifications and dimensional data are provided
¢ illustration. These should assist you in
ng a “feel” for the relation between HVAC
g and the physical size of equipment. A very
amon application of a small package through-
| heat pump is shown in Figure 6.18. Here
generated by the heat pump can be useful
v traffic noise and noise from adjoining

.= her type of packaged unit is the PTAC men-
ned prevlously Although a through-the-wall
ipump is properly referred to as a PTHP, it is
tly (incorrectly) lumped with packaged air
oners as a PTAC. Most through-the-wall
€ units in speculative construction use a stan-
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dard cooling chassis (air conditioner) plus a re-
sistive electrical section (chassis), as shown sche-
matically in Figure 6.19(a). A typical unit of this
design is shown in Figure 6.19(b). Other designs
combine the air conditioner and the resistive heat-
ing elements into one compact chassis.

b. Split Unit

If we look at Figures 6.7 and 6.15, we immediately
see that the package air conditioner or heat pump
is really two parts connected by a couple of refrig-
erant pipes. The indoor unit has a coil and blower;
the outdoor unit contains the compressor, filter
and another blower or fan. There is no good tech-
nical reason that would prevent separating the
two parts. On the contrary, there are very good
reasons, discussed previously, and listed next, to
do so.

« Noise. As already noted, a package unit is noisy,
even when it is installed outside, and air is
ducted to the interior. Ducts are excellent
noise channels.

(a)

Figure 6.16 (a) Package heat pump, suitable for rooftop
mounting, with vertical supply and return, or mounting
adjacent to the conditioned space, with horizontal duct
connections [see (d)]. (Courtesy of Armstrong Air Condi-
tioning, a Lennox International Company.)
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Performance Data

Cooling Heating
47°F. IT°F.
Model BTUH SEER EER SIT HSPF BTUH CopP BTUH COP-:‘
PHP10A24A 23000 10.00 9.20 T2 6.80 22600 3.10 12600 200
PHP10A30A 29000 10.00 9.10 72 7.00 28600 3.10 15800 2.00
PHP10A36A 34000 10.00 9.00 74 7.20 34000 3.15 21000 220
PHP10A36B 34000 10.00 9.00 74 7.20 34000 3.15 21000 220

PHP10A42A 40000 10.00 9.00 74 7.20 40000 3.20 22600 2.20

Cooling Performance—Extended Ratings

Outdoor Temp.—DB

Indoor 65 Deg. 82 Deg. 95 Deg. 105 Deg. IRy
Temp y

Model DBWB BTUH SIT KW BTUH SIT KW BTUH SIT KW BTUH SIT KW BTUH S

85/72 26,400 .61 2.03 27,600 .65 243 24,000 .66 2.52 22,600 .68 2.72 19,600 J
PHP10A24A 80/67 25,200 .67 2.00 26,000 .70 2.40 23,000 .72 250 21,200 .76 2.68 18,000 8
75/62 23,800 .74 1.98 24,600 .78 2.38 20,000 .81 247 29,200 .85 2.65 15,800

8572 33000 60 2.55 33,600 .64 3.03 30,000 64 320 28,200 .67 3.38 26,000
PHP10A30A 80/67 31,600 .67 254 32,200 .70 3.01 29,000 .72 3.18 27,000 76 3.35 23500 &
75/62 30,200 74 2.52 30,600 .78 2.98 25400 .81 3.06 24,000 .85 330 20200 §

85/72 37,000 .60 3.20 38,800 .65 3.63 36,000 .65 3.99 34,200 .68 4.25 32,000
PHP10A36A 80/67 36,200 .67 3.18 38,000 .71 3.60 34,000 74 3.77 32,600 .77 4.03 28,200
75/62 34,800 .73 3.14 36,200 .78 3.55 31,000 .82 3.75 28,400 .86 3.98 23,800 8

85/72 37,000 .60 3.20 38,800 .65 3.63 36,000 .65 3.99 34200 .68 425 32,000
PHPI0A36B 80/67 36,200 .67 3.18 38,000 .71 360 34000 74 377 32,600 77 403 28200 i
75/62 34,800 73 3.14 36,200 .78 355 31,000 .82 375 28400 86 398 23800

85/72 49,600 .61 3.71 46,400 .65 4.20 44800 .66 4.61 41,000 .70 4.80 36,800
PHP10A42A 80/67 48,200 .67 3.66 45000 .71 4.16 40,000 74 4.44 36,800 .78 4.65 32,000 8
75/62 44,600 .76 3.6 42,800 .78 4.08 38,500 .81 4.25 34,400 .86 4.46 30,000 8

Heating Performance—Extended Ratings

Outdoor Temp DB/WB

010 17115 35/33 47143
Model BTUH Kw BTUH KW BTUH Kw BTUH KW  BTUH
PHP10A24A 9,400 1.75 12,600 1.85 17)600" %215 22,600 2.4 27,000
PHP10A30A 10,600  2.22 15800  2.31 22,200 252 28,600 270 35000

PHP10A36A 12,400 2.60 21,000 2.80 26,600 3.02 34,000 3.16 41,000
PHP10A36B 12,400 2.60 21,000 2.80 26,600 3.02 34,000 3.16 41,000
PHP10A42A 14,000 293 22,600 3.01 27,800 3.36 40,000 3.66 48,000

(b)

Figure 6.16 (b) Performance data, including extended ratings for high and low tem-
peratures. Cooling ratings of models in this configuration vary from 23,000 Btuh (2
tons) to 40,000 Btuh (31/2 tons). Auxiliary electric resistance heaters are available in
ratings of 5 kw to maintain heating capacity at low outside temperatures.
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and Electrical Data

2 Compressor Outside Fan Indoor Blower

ax.

Voltage Normal ~ Min. Fuse/ Rated Locked Rated Rated Wheel Rated Refrig.

Hz Voltage  Circuit HACR Load Rotor Dia. Nom. Load Watts d xw Watts Charge Weight

Phase Range Ampacity Brkr. (amps) (amps) (in.) RPM (amps) HP (in.) HPIAMP (oz.) (lbs)

A 208-230/60/1 197-253 15.8 25 9.8 560 18 1075 .90 1/8 10x6 1/226 75 260
208-230/60/1  197-253 20.6 30 13.7 750 18 1075 .90 1/8 10x8 1226 73 280
208-230/60/1  197-253 21.7 30 13.8 788 18 1075 1.80 1/4 10x8 1/226 93 300
200-230/60/3 187-253 17.3 25 10.3 750 18 1075 1.80 1/4 10x8 1/226 93 300
\ 208-230/60/1 197-253 26.6 35 17.1 1050 18 1075 1.80 1/4 10x9 1234 102 330

CFM @ Ext. Static Pressure—in. W.C. wio Filter(s) *

Blower

Speed 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Hi 1100 1060 1000 940 880 800 720
Med 940 890 870 840 800 720 660
Low 850 800 790 770 750 670 600
Hi 1400 1350 1280 1200 1120 1030 920
Med 1160 1120 1080 1030 980 900 780
Low 1050 1020 1000 950 910 840 750
Hi 1400 1350 1280 1200 1120 1030 920
Med 1160 1120 1080 1030 980 900 780
Low 1050 1020 1000 950 910 840 750
Hi 1400 1350 1280 1200 1120 1030 920
Med 1160 1120 1080 1030 980 900 780
Low 1050 1020 1000 950 910 840 750
Hi 1640 1560 1500 1400 1300 1260 1160
Med 1570 1500 1440 1340 1270 1200 1100
Low 1480 1430 1360 1290 1230 1170 1050

:__f 1o duct static for downflow CFM equivalent.
(c)

(c) Physical, electrical and blower data.



338 / AR SYSTEMS, HEATING AND COOLING, PART i

Dimensions
Model A B &
PHP10A24 25V 17%e 20116
PHP10A30 251s 177%e 201116
PHP10A36 25Ys 1776 20116
PHP10A42 291/s 217he 24116
45, S
1%
s ]-1—17?.—)15%# 17%—»141%*
7 S Il [T o [ 4
T ‘ Return Supply 1%
A B SRR R S il b
{ 1 B,
| Supply Return | 115!.n ‘ 451,
126 gl v
w.»Hq— 17 % — 45%—17%—»1 ;‘;_ ‘
REAR VIEW
oy
TOP VIEW
Coll Access
» o FowerEntry
_ g Te s i ia 1 WY T
e Ilr( | | il iﬁ A l'/ Low Voltage Ent T
Co"d’"““‘:* "lli L ) "% daro || Biover
il III'IE‘I!iP” CT_ [ | Control |
% NPT (L] ] | | 1] Il: B ; Heat Strip [ Access |
"n, | | 5'! | Y&~ Power Entry Fanel f
1 % m L[] Wi ‘
| 2 dia. kKO |
L vl i IR . }
L-—15 %_’_} LEFT SIDE VIEW RIGHT SIDE VIEW
(d)

Figure 6.16 (d) Dimensional data.




Compressor
; : Low and High
3 Speed Direct Drive Pressure Controls
Evaporator Motor for (optional)
High Static Applications
Copper Tube Aluminized Tubular Heat Exchanger Copper Tubing
Evaporator Coil with Condensing Coil

Expansion Valve
Refrigerant Flow Control
and Fillter Drier

7 P Discharge
> Thermostat

Induced Draft
Combustion Blower

Redundant Gas Valve

E J S

Ignition Control

Condenser Fan Control

(a)

17 (a) Package electric cooling, gas heating unit for rooftop mounting. The
r section is available in 3-5 ton rating in this configuration. (Courtesy
ong Air Conditioning, a Lennox International company.)
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Ratings and Specifications

Cooling Specifications Heating Specificati
Unit Sound Heating
Model Supply Cooling Rating Input AFUE
No. Voltage MBTUH SEER BELS MBTUH %
GRTC36A 208/230-1-60 35.6 9.80 8.4 100-150 78
GRTC36B 208/230-3-60 36.0 8.50 8.4 100-150 78
GRTC42A 208/230-1-60 40.0 9.80 8.4 100-150 78
GRTC42B 208/230-3-60 42.0 8.50 8.4 100-150 78
GRTC48A 208/230-1-60 46.6 8.50 8.4 100-150 78
GRTC48B 208/230-3-60 46.6 — 8.4 100-150 78
GRTC60A 208/230-1-60 58.0 8.50 8.4 100-150 78
GRTC60B 208/230-3-60 58.0 - 8.4 100-150 78

Heating efficiency for all models is expressed in AFUE. (Annualized Fuel Utilization Efficiency).
Cooling efficiency for single phase models is expressed in SEER (Seasonal Energy Efficiency Ratio).

Physical Data—Basic Units

GRTC36 GRTC42 GRTC48
Rvataiatan Centrifugal Blower (Dia. x Wd. in.) 11x9 11x9 11x9
= Fan Motor HP 12 3/4 3/4
Max. Ext. SP @ Nom. CFM 85 .85 .85
Rostnaton Rows Deep 3 3 2 i
ot Fins Per Inch 11-14 11-14 11-14
Face Area (Sq. Ft.) 36 36 43
Condenser Propeller Dia. (in.) 24 24 24
Fan Fan Motor HP 1/2 1/2 1/2
Nom. CFM Total 4050 4150 4650
Rows Deep 1 1 1
g Fins Per Inch 12-16 12-16 12-16
Face Area (Sq. Ft.) 10.6 14.0 14.0
Air Quantity Per Unit (14" x 20" x 1”) 1 1 1
Filters Quantity Per Unit (15" x 20" x 1") 1 1 1
(See Note) Quantity Per Unit (14" x 25" x 1") 1 1 1
P Total Face Area (Sq. Ft.) 6.5 6.5 6.5
Charge Refrigerant 22 (oz.) 87 83 90
Note: Filter racks will accept 1" or 2" thick filters.
Cooling Capacity—MBTUH
Nominal
Model No. Total Capacity Sensible Capacity CFM KW
GRTC36A 35.6 25.2 1300 3.95
GRTC36B 36.0 25.6 1300 4.46
GRTC42A 40.0 274 1400 4.37
GRTC42B 42.0 29.0 1400 522
GRTC48A 46.6 31.6 1600 5.81
GRTC48B 46.6 316 1600 —
GRTC60A 58.0 40.2 2000 6.71
GRTC60B 58.0 40.2 2000 —

Note: Blower motor heat has been deducted from all of the above capacity ratings, The KW
ratings include the KW of both the supply air blower motor and the condenser fan motor.

(b)

Figure 6.17 (b) HVAC and electrical data for 3-, 4- and 5-ton units (35.6—58 MBH).
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ng Data

Gas Heating Capacity

Temp. Corresponding
Input Output AFUE Rise CFM

Model MBTUH MBTUH Y% Range Min/Max

60A(1PH)/B(3PH) 150 115 78 45-75F 1450/2400

ICé DA(1PH)/B(3PH) 125 96 78 4575 F 1200/2000

6 A(IPH)JB(ESPH} 100 77 78 35-65F 1100/2050

48 150 115 78 45-75F 1450/2400

125 96 78 45-75 F 1200/2000

100 77 78 35-65F 1100/2050

150 115 78 45-75F 1450/2400

125 96 78 45-75F 1200/2000

100 77 78 35-65F 1100/2050

150 115 78 45-75F 1450/2400

125 96 78 35-65F 1400/2550

100 77 78 35-65F 1100/2050

gas-furnaces can be converted to propane at ratings shown above
Condenser Indoor Blower
Unit Min. Min. Max. Compressor Fan Motor Motor
Supply Operating Circuit Overcurrent

Voltage Voltage Ampacity Device RLA LRA RLA LRA RLA LRA
208/230-1-60 197 29.1 35 17.9 90.5 23 6.5 4.4 9.0
208/230-3-60 187 22.3 30 12.5 66.0 23 6.5 44 9.0
208/230-1-60 197 322 40 19.9 107.0 23 6.5 5.0 9.0
208/230-3-60 187 26.4 35 153 82.0 23 6.5 5.0 9.0
208/230-1-60 197 37.9 50 245 114.0 23 6.5 5.0 9.0
208/230-3-60 187 28.3 35 16.8 84.0 23 6.5 5.0 9.0
208/230-1-60 197 47.0 60 30.5 135.0 23 6.5 6.6 14.8
- 208/230-3-60 187 334 40 19.6 105.0 23 6.5 6.6 148

vs. Available External Static Pressure (in W.G.) Bottom Air in/out—230-Volt Unit Dry Coil
Filter Only

External Static Pressure - IWG

Motor
Speed .20 .30 40 .50 .60 70 .80 .90 1.0
Hi 1680 1630 1560 1480 1410 1320 1240 1110 1000
Med 1440 1400 1360 1300 1220 1160 1060 960 820
Low 1320 1280 1240 1200 1140 1060 980 860 710
Hi 1860 1780 1710 1630 1540 1420 1340 1220 1080
Med 1780 1740 1670 1600 1510 1400 1320 1200 1060
Low 1700 1640 1580 1500 1410 1340 1300 1120 1020
Hi 1940 1890 1820 1740 1680 1560 1460 1360 1240
Med 1840 1760 1700 1640 1560 1460 1360 1240 1100
Low 1610 1580 1520 1460 1360 1280 1160 1040 860
Hi 2460 2380 2300 2230 2160 2070 1960 1840 1680
Med 2440 2340 2280 2200 2140 2050 1950 1800 1640
Low 2340 2260 2180 2100 2000 1890 1760 1640 1500
(b)
1 (b) (Continued)

341
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UNIT DIMENSIONS

ROOF MOUNTING

FRONT VIEW

32°%%"

BOTTOM SUPPLY &
RETURN AIR OPENINGS

B - POWER WIRING
ENTRY, 2

A - CONTROL WIRING ENTRY, s" “

UNIT BASE WITH RAILS
Shown separately to illustrate
bottom duct openings, power and
gas piping connection locations.

Downflow Supply and Return Air Installation with
Rool Mounti g9 Frame, E i D
and Ceiling Diffuser.

TYPICAL INSTALLATION

(c)

Figure 6.17 (c) Dimensional data for roof mounting.
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REAR VIEW

(AND RETURN AIR DUCT

S - Units are shipped with all air

(b)
(side) Supply and Return Air Installation :
with Outdoor Air Dampers. Figure 6.18 Motel rooms are a common application of
through-the-wall heat pumps. The exterior coil is ex-
(d) posed to outside ambient air behind a panel set slightly
forward of the outside wall (a). The interior cabinets re-
(d) Dimensional data for duct side entry. circulate room air through a top grille (b). All such units

have a dampered opening that permits fresh air to be ad-
mitted and stale room air to be exhausted.
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Electrical Heating Outdoor
Chassis . Louver

Supply = \'
Air \ R
Gril

o Wall Box
> Incorporated
in Outside Wall
Cooling ~ Construction
Room Chassis
Cabinet
(a)

Figure 6.19 (a) Through-the-wall nonducted package air conditioner with separate
heating chassis. (b-1) Inside view of a typical unit. (b-2) Outside view of the same
unit. [(a) From Bobenhausen, Simplified Design of HVAC Systems, 1994, © and (b-1, b-
2) from Bradshaw, Building Control Systems, 2nd ed., 1993, © John Wiley & Sons, re-
printed by permission of John Wiley & Sons.)



ause all the equipment is contained in
package, the enclosure is large (and
The size factor is particularly im-
where space is at a premium.
ce. Manufacturers are interested in
g package units as small as possible.
small, densely packed units are often
in small, out-of-the-way niches and
ets. Both of these facts make maintenance
t and often impossible without remov-
and dismantling the unit. This leads to time
nnd high costs.

Wo-piece package unit is called a split air
pner or heat pump. In private residences,
angement for air conditioning has become
ndard. See Figure 5.6(a) (page 205) and
2(b) (page 214). The noisy compressor
tside coil (condenser) can be placed up
from the house. An A-frame evaporator
1 a warm air furnace bonnet is connected
putside (condenser) unit by two small-diam-
This arrangement reduces noise, im-
 air flow on the condenser coil and saves
nside the house. A similar arrangement with
er unit on the roof is very common in
se multifamily dwellings.
thematic drawing showing the two alterna-
gements—a complete roof package and
| unit with roof condenser and indoor air
e shown in Figure 6.20(a) and (b). The
rrangement with a slab-on-grade condenser
wn in Figure 6.20(c).
physical arrangement of a split system de-
‘on whether the equipment is an air condi-
providing cooling only or a heat pump pro-
g both cooling and heating.

Air Conditioner. The outdoor unit, called the
condenser unit [see Figure 6.21(a)], always
of the compressor and the condenser coil
ts fan. It can be installed on a slab at grade
[Figure 6.21(c)] or installed on the roof [Fig-
b21(d)]. The indoor (evaporator) portion of
ystem has two configurations, depending on
her the building heating system is an air sys-
or not. With an air system, we can use the
ing system blower and ducts by simply placing
frame evaporator coil in the warm air furnace
jet. This is the arrangement most frequently
lin residences. It is illustrated in Figures 5.6(a)
€ 205) and 5.7 (page 206). The A-frame evapo-
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rator coil, so called because of its shape, is illus-
trated in Figure 6.22(a).

If the building uses a hydronic heating system or
any other system that does not provide the neces-
sary blower (and ductwork), the indoor portion of
the split air conditioner must contain a blower in
addition to the evaporator coil. Such a unit is
variously called an air handler, a blower evapora-
tor and a DX fan coil unit. Typical units are shown
in Figure 6.22 (b—d). A typical installation is shown
in Figure 6.22(e). The novice HVAC technologist
should be forewarned that these terms do not al-
ways means the same thing. An air handler can be
only a blower, but it can also contain a cooling coil
and electric heaters. A blower evaporator always
has a blower and evaporator coil, but it can also be
equipped with an electric heater, although this is
not common. A fan coil unit is normally a fan unit
with hot/cold water coils, as illustrated in Figure
3.19 (page 110). A DX fan coil unit (more properly
a DX coil fan unit) is an assembly of blower and
DX coil (evaporator). Such units are frequently
also equipped with resistance-type electric heaters.

Cooling performance of the two configurations,
that is, furnace blower with A-frame in the duct-
work and blower evaporator unit is quite similar.
This assumes that the furnace blower was selected
knowing that an A-frame evaporator coil would be
installed. (This knowledge is also necessary to size
the building ductwork properly, as was explained
in detail in Chapter 5.) Performance data for both
arrangements are given in Figure 6.21(b).

Split Heat Pump. In this arrangement the exterior
unit is called an outdoor heat pump. It consists of
the system compressor plus a coil and fan. The coil
acts as a condenser in the cooling mode and as an
evaporator during the heating mode. Units are very
similar in construction to the outdoor condensing
unit seen in Figure 6.21. Since there is obviously
no warm air heating system in the building, the
heat pump indoor unit, called the heat pump air
handler, always consists of a coil and blower, such
as those shown in Figure 6.22. The coil acts as
an evaporator during cooling and as a condenser
during heating.

Split air conditioners and heat pumps up to
about 15 tons of cooling, and somewhat higher
heating ratings are most often used in residential
and small commercial applications, including
stores. Because of noise and space considerations,
better than 90% of residential systems are of the
split design.
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Air with rejected heat

Condenser
Evaporator
AR RN [l — —
I m— )
A '(—'
Ambient air v Dﬂ = — : 'ROOFTOP PACKAGE UNIT
—_— : |- < 17 3 = _J
» o e i
Ceiling ducts. ""\‘.: N = _,, Recirculated room air
~
Ty afaln J
Conditioned air
(a)
Air with rejected heat, 100-110°F
F [(ERETRY
'
b P ROOFTOP CONDENSER UNIT
90°-105°F

Refrigerant piping

AIR HANDLER INDOOR
UNIT

Cool
Warm condigioned
room air air

(b)

Usual distance limitations 50-60't
—_————

Outdoors Z Indoors

Figure 6.20 An air conditioner or a heat pump¢
mounted as a single package on the roof (a), orif
split into two units. The split unit may be a roo
denser and indoor evaporator/air handler (b) or:
- > ) COOLING on-grade outdoor condenser and an indoor e

Compressor Liquid " 22 Refrigerant Evaporator and air handler (c). See the text for a discussio
Air-cooled condenser (Direct expansion) advantages and disadvantages of the three confi
(e) tions.
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Condenser fan

A
& i

-,

Condenser coil

Compressor :
Service valves

(a)

{a) Outdoor condenser unit. Models of this design have a total cooling
'0f 18,000 Btuh (12 tons) to 57,000 Btuh (5 tons). Performance data with
or coils or blower evaporators is shown in (b), along with electrical data. Di-
pal data, plus a schematic of a typical physical arrangement for a slab-on-
stallation, are shown in (c). A typical installation of a roof-mounted condens-
and ceiling-mounted indoor evaporator unit is shown in (d). Also shown are
wiring and some of the control items. [(a)—(c) Courtesy of Armstrong Air
g,a Lennox International company. (d) Courtesy of Carrier Corp., a sub-
f United Technologies.]



Cooling Performance with Evaporator Coils

Refrigerant
Line Size
Basic Cond. ARI Sensible EESSSeERsmeCE
Unit Model Indoor Model SEER Capacity Capacity CFM Air Fric. Suction Liquid
SCU10A12A-1 CAU,CACI8 11.0 13,000 9,100 400 10 34 38
CAU,CAC24 10.1 17,800 12,700 600 22 3/4 38
SCER0AR0-S CSH24 10.0 17,800 13,200 600 15 3/4 38
CAU,CAC24 10.0 23,600 17,300 800 30 3/4 38
SCU10A24A-1 CAU,CAC30 10.1 23,600 17,300 800 26 3/4 38
CSH24 10.0 23,600 17,300 800 18 3/4 38
CAU,CAC30 10.1 30,000 22,500 1,000 27 34 318
SCU10A30A-1 CSH36 10.0 29,600 22,500 1,000 22 34 38
CAU,CAC36 10.1 35,400 24,800 1,200 30 718 38
SCU10A36A-1 CAU.CAC42 10.1 35.400 24,800 1,200 28 78 38
CAU,CAC36 10.1 39,500 28,900 1,300 30 718 38
SCV10A42A-3 CAU.CAC42 10.1 39,500 28,900 1,300 29 78 8
CAU49 10.1 47,500 35,200 1,600 28 78 38
SCU10A40A-1 MC48 10.1 47,500 35.200 1,600 28 78 38
SCU10A60A-1 CSH60 10.0 57,000 42,100 1,800 24 78 38
*Required to achieve ARI rating.
Cooling Performance with Blower Evaporators
Refrigerant Line Si
Basic Cond. ARI Sensible
Unit Model Indoor Model SEER Capacity Capacity CFM Suction Liquid
AH24 10.10 18,000 13,500 600 3/4 38
SCUI0A18A-1 MBO8/MC24 10.10 17,800 12,700 600 34 38
AH24 10.10 23,800 17,600 800 34 38
SCU10A24A-1 MBO8/MC24 10.00 23,600 17,300 800 3/4 38
AH36 10.10 30,000 22,500 1,000 3/4 38
§CU10A304-1 MB12/MC29 10.10 30,000 22,500 1,000 34 38
AH36 10.10 35,200 25,700 1,200 718 318
SCU10A36A-1 MBI12/MC36 10.10 35,400 24,800 1,200 718 38
AH36 10.00 40,500 29,500 1,300 718 38
MB12/MC36 10.00 39,500 28,900 1,300 718 38
SCU10A424-1 MB14/MC42 10.05 40,500 30,000 1,400 718 38
MB16/MC48 10.10 47,500 35,200 1,600 718 38
SCU10A48A-1 MB16/MC42 10.00 47,000 34,300 1,600 78 38
SCU10A60A-1 MB20/MC60 10.00 57,000 42,200 1,800 718 38
Physical and Electrical
Compressor
(amps) Fan Motor
Max.
Nominal Min. Overcurrent Fan Full
Voltage Voltage Circuit Device Rated  Locked Dia. Rated Nominal Load
Model Hz/Phase Range Ampacity (amps) Load Rotor  (in.) HP RPM (amps)
SCUI0A18A-1 208/230-60-1  197-253 1 15 8 45 18 15 1075 0.75
SCU10A24A-1 208/230-60-1 197253 16 25 12 60 18 15 1075 0.75
SCUI0A30A-1 208/230-60-1  197-253 17 25 12.5 761 18 18 1075 09
SCU10A36A-1 208/230-60-1  197-253 21 30 15 788 18 13 1075 1.6
SCU10A42A-1 208/230-60-1  197-253 24 35 175 105 18 13 1075 1.6
SCUI0A48A-1 208/230-60-1  197-253 30 45 25 119 24 1B 1075 1.6
SCU10A60A-1 208/230-60-1  197-253 35 50 268" 14t 24 13 1075 1.6
SCUI0A12A-1 208/230-60-1  197-253 7 15 5 263 18 15 1075 075
(b)

Figure 6.21 (b) Performance data.
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B &
22 1/4 23 1/8
22 1/4 231/8 Fower Wiring .
22 1/4 23 1/8 (k- % KO) ] C
22 1/4 231/8 Control Wiring
22 1/4 251/8 (Bushing)
26 1/4 251/8 .
34 1/4 29 1/8 3 |
34 1/4 29 1/8 Gauge Connection | | — _'__!
Access T | i
. el ,’/' : ._i -
. TO
gt o THERMOSTAT
| el
UNIT
TO
MRS EVAPORATOR

e ke 38
\

WITH PERMAGUM
OR EQUIVALENT

NOTE: ALL OUTDOOR WIRING
MUST BE WEATHERPROOF

(c)

) Installation data.
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Typical piping and wiring

IWIRES WEATHERPROOF
FUSED DISCONNECT t
PER NEC
MOISTURE .
INDICATOR il
SIGHT GLASS t _ . . .. < :
FILTER t heovice Lt
DRIER
1 ]
CONDENSING UNIT |
ROOF MOUNTED o {
/‘D
2
| INSULATED
o i f // SUCTION LINE
! |t
i | CONDENSATE
B mﬁgs :' DRAIN
|
! |
9 lir
U jNDOOR
[0=H—THerMosTaT*
|
|
| (Y
!
FUSED DISCONNECT + I
PER NEC |
|
. TO OPEN SIGHT
i:"_D AIN
I 3
=3 p— H"“—m.\__‘:_n— s
S E __ Sl
I e
/f;#fthmf"

*Accessory item.
NOTES:

tField supplied.

1. All piping must follow standard refrigerant piping techniques. Refer to

Carrier System Design Manual for details.

2. All wiring must comply with the applicable local and national codes.

3. Wiring and piping shown are ?eneml points-of-connection ?uides only and
c

are not intended for or to include all details for a specific

Figure 6.21 (d) Typical roof installation.

nstallation.

ROOF

FAN COIL UNIT
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—— 24-vOLT
—— LINE VOLT
== PIPING

FAN RELAY*
(INSTALLED INSIDE UNIT)

]
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¥
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Air-handling unit
(b)

22 (a) A-frame evaporator coil, which is normally installed in the bonnet

¢of warm air furnaces and connected by refrigerant lines to an external con-
it. (b) Air-handling unit contains an evaporator coil plus a blower. (¢) DX
nit is identical in function to the air-handling unit shown in (b). This DX
udinal design direct expansion evaporator coil. (d) DX fan coil unit,

an A-frame DX evaporator coil, is similar in function to (b) and (c). (e)
lication of a DX fan coil unit (blower evaporator unit). Note the location
m humidifier and electronic air cleaner. [Illustrations (a, c—e) courtesy of
p., a subsidiary of United Technologies. Illustration (b) courtesy of Arm-
ir Conditioning, a Lennox International company.]
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DX fan coil unit DX fan coil unit

fec) fd)

Figure 6.22 (Continued)

DX FAN COIL UNIT
(BLOWER + EVAP. COIL)

HUMIDIFIER

e OUTDOOR
CONDENSER

REFRIGERANT
LINES

\ELECTHONIC

AIR CLEANER

(e)

Figure 6.22 (Continued)



ing a split unit, the choice of whether
on-grade outdoor unit or a rooftop
decided on architectural grounds.
ther considerations are:

rade units can be unsightly and a
annoying noise when placed close to
building.

de outdoor units are very easy to
, can be screened, are cheap to install
¢ placed a considerable distance from
or unit, if required.

) units can be either part of a split unit
plete package ducted to the space be-
Figure 6.20.

units require a massive concrete base
d traps and isolation to prevent ex-
annoying low frequency vibration and
to the space below.

units are completely out of sight and
piping and duct runs that reduce
I COSts.

units must be carefully installed so
s and piping do not cause water leaks
aces below.

access is not convenient, maintenance
equipment is generally poor and is
nsive than that for grade-level

hysical Arrangement
lipment, Large Systems

and heating) systems larger than about 15
sed as large systems. Here also two
are common: the unitary or incre-
ge system and the central system. In
, which is also called a distributed sys-
plete package units are used to provide
heating to individual space units. In
a large system is broken up into many
5. Thus, in a large multistory apart-
with, say, 100 apartments, each apart-
have a closet-mounted package like
n Figure 6.15(a). If the building were a
arden apartments, then roof-mounted
like that of Figure 6.16 could be used.
g motel, each room can be satisfactorily
ith a unit like that shown in Figure 6.18.
allations are all called distributed systems
he climate control equipment is distrib-
pughout the building(s).
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Alternatively, a central system furnishing hot
and/or cold water (or air) to each space can be
designed. With such an arrangement, the individ-
ual spaces have only terminal units such as fan coil
units, induction units and the like. See Figure 3.19
(page 110) and Figures 5.42-5.45 (pages 268—270).

The advantages of using distributed package
units (rooftops, PTACs or PTHPs) follow:

* Mechanical breakdown of a unit affects only
that unit. Other individual package units con-
tinue to operate.

* Maintenance is simplified and affects only one
machine at a time.

* An air or water distribution system is elimi-
nated. This reduces first cost and maintenance.

* Zoning and individual unit control is sim-
plified.

*  Units can be added, subtracted and moved eas-
ily. For this reason, systems using package
units are called incremental systems; each unit
is an increment of the whole installation.

« First cost is lower than that of a ducted central
system.

» Installation is simple and cheap.

* Sizing and selection of equipment is much sim-
pler than for a single package. See the design
example in Section 6.17.

The disadvantages of using incremental (distrib-
uted package) units follow:

* Control of temperature, humidity, fresh air in-
take and air distribution are relatively crude.

* An economizer cycle (use of fresh air for cool-
ing) is generally not provided.

« Each unit requires access to an outside wall.
This restricts use of these units to perimeter
zones, or buildings with open spaces, if ducting
is to be avoided. Incremental units like those in
Figure 6.15 are ducted. Units of the type shown
in Figure 6.19 are not ducted.

* Because the compressor and condenser fan are
included in a package (incremental) unit, it will
be much noisier than a terminal device, such as
a fan coil unit, fed from a remote, central
chiller. In some installations, this disadvantage
can be turned into an advantage by using the
compressor and fan noise to mask or blanket
unwanted noise, such as from traffic or nearby
industry. (This type of application is based on
the well-known fact that the noise created by
your equipment is much less disturbing than
that coming from a neighbor’s equipment.)
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These are only a few of the many considerations
involved. Refer to Section 6.17 for a design exam-
ple using incremental units.

Refrigeration
Equipment

By this point, you should have a firm grasp of
the principal components in a vapor compression
refrigeration cycle and their function. A rapid sur-
vey of the operation of these components plus some
of the other equipment often encountered in larger
systems is in order.

6.10 Condensers

As we have seen, the function of the condenser is to
condense the refrigerant vapor by removing heat
from it. There are three principal types of con-
densers:

* Air-cooled
*  Water-cooled
* Evaporative-cooled

a. Air-Cooled Condensers

Air-cooled condensers reject heat to the atmo-
sphere by blowing ambient (outside) air over the
condenser coil. Obviously then, the higher the out-
door temperature is, the more air will have to be
passed over the coil to reject its heat and condense
the refrigerant vapor. Air-cooled condensers, such
as those illustrated in Figures 6.17 and 6.21, almost
always use a propeller fan because of its high air
quantity, low static pressure characteristic. Fan
motors are about 0.1 to 0.2 hp per ton of cooling.
This type of condenser is low in cost and reliable.
However, the large amount of air that must be
moved to reject heat limits this condenser to sys-
tems up to about 50 tons. Larger systems normally
use water-cooled condensers. (Specially designed
air-cooled condensers are available for loads up to
100 tons.)

b. Water-Cooled Condensers

Water-cooled condensers reject their heat into a
heat exchanger that is cooled by water. The prob-

lem then is how to arrange a continuous Suf
cooling water. In the early days of air cc ndit
city water was used as the cooling agent. Th
was passed through the heat exchanger o
then discarded. Because of the wastefulnes
procedure and the load it places on the mu
water and sewer systems, most local
prohibit this practice today. If no lake, riv
or wells are available to supply the require
ing water, a cooling tower must be used.
A cooling tower is a device that uses air
water, which is then recirculated to the cos
heat exchanger. Although cooling towers
able in many designs, they all operate on th
ciple of evaporative cooling. Water is pu
the top of a structure (tower), where it
inside the tower. As it falls, some of it
In so doing, it absorbs 1000 Btu/Ib of wate
as we have already learned. This heat ¢
come from the falling water. (Actually, th
rating water cools the air around it, whicl
draws heat from the warm falling wa
water collects at the bottom of the tow
which point it is recirculated to the conden
exchanger. See Figure 6.23. Since the w
evaporates is lost to the atmosphere, mal _-
ter must be supplied from the city waterm
There are three principal types of cooli
designs: natural draft, forced draft a d
draft. See Figure 6.24. In the natural dn
(Figure 6.23(a), air circulation through th
by natural convection (stack effect).
water simply falls inside the tower and
evaporated by natural convective air cu _
assist evaporation, most towers contain
that slows the flow of water, allowing
evaporate. In mechanical draft towers
6.23(b) and (c)] (forced draft or induced
large fan or blower greatly increases the
air through the tower. This serves to ing
amount of water evaporation and, the
creases the cooling effect. Total water ten
drop in most towers is about 10-20F,
Cooling towers have a number of d isadh
Because they depend on evaporative
their cooling, their efficiency is affected b
ity in the surrounding air. The higher he.
(wet bulb temperature), the lower is th
efficiency. They require a good deal of
water, which in many areas is expensi
require frequent cleaning and corrosion pi
The noise created by their fans can bea
annoyance to neighbors, even when to
installed on roofs. In winter, air and W
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Refrigerant
lines

— T o

oy V“Bypass"

4

Cool water

Pump

e carefully regulated to prevent freezing.
ally, electric heaters must be installed for
rpose. (Large buildings frequently require
for inside zones, even in winter.) Finally,
ot in use must be drained, cleaned and re-

vaporative Condensers

evaporative condenser uses the cooling effect
evaporating directly on the condenser coil.
e 6.25. Water from a local tank is sprayed
on to the hot condenser coils. An induced
n above or to the side of the condenser coil
the draft and, thereby, the evaporation
cooling rate. Evaporative condensers are more
jent than either air-cooled or water tower-
led condensers. Unlike cooling towers, they
51 be installed close to the compressor. De-
ding on the hardness of spray water, scale accu-
fation on the condenser coils can be a problem.

11 Evaporators

is important to keep in mind that the terms
gporator and condenser refer to processing of the

“Bleed- Cooling

off" line tower
E:
2 ‘Make-up
E t ol e || = water
©
=

ndenser and a cooling tower. Make-up water comes from the municipal wa-
y. The bypass valve permits removing the cooling tower and its accessories
ance. (From Dossat, Principles of Refrigeration, 1961, John Wiley & Sons.
ed by permission of Prentice-Hall, Inc., Upper Saddle River, NJ.)

refrigerant. Otherwise, terms such as evaporative
condenser (Section 6.10.c) will lead to considerable
confusion. The evaporator is the piece of equip-
ment that performs the functional space cooling,
by absorbing heat from the conditioned space. The
principal type of heat-transfer-to-air evaporator in
use today is simply a coil of pipe equipped with
fins to aid in heat transfer. See Figure 6.26(c).

Years ago there were two types of such evapora-
tors in common use: flooded [Figure 6.26(a)] and
dry expansion [Figure 6.26(b)]. The flooded evapo-
rator, which was always filled with liquid refriger-
ant, is no longer in common use. The dry expansion
(DX) evaporator uses a thermostatically controlled
expansion valve that meters the flow of liquid re-
frigerant into the evaporator coil. The flow rate is
controlled such that all the liquid refrigerant is
vaporized by the time it reaches the end of the coil.
The flow rate varies with the variation of heat load
on the evaporator. (Although DX stands for dry
expansion most industry people today refer to DX
as direct expansion.)

The second principal type of evaporator in com-
mon use is the shell-and-tube, water-cooled evapo-
rator. The refrigerant passes through a series of
pipes encased in a shell. Water circulating through
the shell is chilled by the evaporating refrigerant.
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Hot water in Water sprays

Cool water out ! Cool water sump

Make-up water
from city main

NATURAL DRAFT-COOLING TOWER
fa)

Warm water in — Water
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el £ 1= anan “H 7 Airout
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Figure 6.24 (a) Schematic of a natural draft cooling tower. In actual construction,
these towers have hyperbolic curved sides that improve the reliability and the pre-
dictability of their stack effect. (b) Induced draft cooling tower. The purpose of the
fill material is to expose the falling water droplets to as large a surface area as possi-
ble, in order to increase vaporization of the warm water. (c) Forced draft cooling
tower. The “drift” eliminators reduce the quantity of water that is lost as it “drifts”
away. This in turn will reduce the amount of make-up water required. (From Dossat,
Principles of Refrigeration, 1961, John Wiley & Sons. Reprinted by permission of
Prentice-Hall, Inc., Upper Saddle River, NJ.)
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‘Evaporative condenser

The evaporative condenser uses direct wa-
on to provide the required refrigerant cool-
water is sprayed directly onto the hot
. The purpose of the eliminators at the
it is twofold: to prevent water being carried
from entering (and damaging) the
to reduce the amount of water lost by drift.
t, Principles of Refrigeration, 1961, John Wi-
;Reprmted by permission of Prentice-Hall,
Saddle River, NJ.)

«d water is then used in a fan coil or

minal unit to cool the building interior

arge versions, shell-and-tube evaporators
to as chillers.

Compressors

five types of compressors in use for vari-
‘and types of refrigeration equipment.
gciprocating (piston type), rotary, helical
pe), scroll (orbital) and centrifugal. Con-
details are not the concern of the technol-
n general, the HVAC engineer. Most air

g equipment is packaged by the manu-
vho selects the type of compressor best
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suited to the system requirements. The types are
listed simply for information purposes.

6.13 Air-Handling
Equipment

Air-handling equipment includes fans, blowers and
terminal devices. As with compressors, the type of
blower or fan supplied with an evaporator in a
package unit is selected by the manufacturer.
Large systems, using separate air-handling equip-
ment, are beyond the scope of our study. The vari-
ous types of air distribution systems were covered
in Section 5.19 and are shown in Figures 5.40-5.45.
A typical fan coil unit, which is the most common
hydronic cooling terminal device, is shown in Fig-
ure 3.19. Air distribution equipment is covered in
Chapter 5.

Design

6.14 Advanced Design
Considerations

Equipment-sizing considerations are discussed in
some detail in Section 6.6. The material in this
section is more technical. It is intended for technol-
ogists who have acquired the necessary back-
ground knowledge and are engaged in actual de-
sign work.

Remember that, to calculate the air quantities
required in heating and cooling, we used the fol-
lowing formulas. For heating:

(Sensible) heating load
1.08 x At

cim=

For cooling:

Sensible cooling load
1.1 xA¢

(Rereading Sections 5.3 and 5.29 at this point
would be helpful.)

The information that follows should assist you in
determining the loads and the temperature differ-
ences required for these formulas.

cfm=

a. Cooling Load Calculation

When using split unit air conditioners or heat
pumps, the location of the air-cooled condenser or
outdoor heat pump unit is important. When units
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at grade level, either exposed or
the sun, summer design conditions
in ASHRAE or other authoritative
n be used. If the unit is roof-mounted, a
—5F° should be added to the outside
erature to allow for lower efficiency at
nser (outdoor coil).

Design Conditions, Indoor

ly stated, design calculation for resi-
k usually does not include any load for
ventilation. For these buildings, using
temperature of 75°F, the entering air
r the indoor coil would be 75°F DB
f wet bulb, assuming a 50% RH design
r commercial structures with some
ventilation, both dry and wet bulb
res are about 2F° higher. This gives in-
ir conditions of 76-77°F DB and 63—

ating Design Conditions, Heat
Indoor Coil

ating mode, with no ventilation consid-
dential calculation), the return air tem-
tering air, indoor coil) can be taken at
ilation is considered, this temperature
2 to 5F° depending on the outdoor
emperature.
1
oling Temperature Differential

in Section 6.6, the preferred procedure in
gn is to calculate the latent as well as
le heat load. This permits an accurate
n of the sensible heat ratio (SHR). A typi-
structure (residence or other) might have
ble heat load of 40,000 Btuh and a latent
jad of 8000 Btuh. This would give a total
48,000 Btuh and a sensible heat ratio of

40,000 Btuh _
~48,000 Btuh

gdetermined the SHR, we can determine the
ature difference to use in our air quantity
tions. A high SHR means a small latent heat
gss required dehumidification and, therefore,
coil and a smaller Az. Similarly, a low
means a high latent load, more required de-

SHR 83%
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humidification and, therefore, a colder indoor coil
and a high At. As a guide, use the following figures:

Calculated SHR Temperature Difference (A1), F°
less than 0.8 19.6-21

0.8-0.85 18.1-19.5

above 0.85 17-18

6.15 Design Example—The
Basic House

At this point, we have considered all the factors
necessary to perform a year-round, all-air climate
control design for a residence. We select for our
first design example The Basic House. The archi-
tectural plan is found in Figure 3.32 (page 130).
Design heat loads are also found in that illustra-
tion. Cooling loads, both sensible and latent, were
calculated. We do not see any value in reproducing
the calculation sheets here since the forms we used
are proprietary. It is, therefore, very doubtful that
you will use this particular form. Instead, the re-
sults are tabulated in Table 6.1. The total calcu-
lated latent load, assuming no mechanical ventila-
tion, comes to 5522 Btuh.
Therefore,

Total cooling load = Sensible load + Latent load
=24 487 Btuh + 5,522 Btuh
=30,009 Btuh=2": tons

Table 6.1 Design Data for Heating/Cooling Loads,
The Basic House

Sensible
Heat Loss, Heat Gain, Cooling,
Space Btuh? Btuh cfm®
Living room 9300 6726 330
Dining room 4300 3408 167
BR #1 5200 4108 201
BR #2 7500 5020 246
Bath 4800 Negligible —_
Kitchen 4900 5225 256
Subtotal 34,000 24 487 1199
Basement 4900 Negligible —
Total 38,900 24 487 1,200
“From Figure 3.32.
bcfm for heating = % = 655 cfm
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The sensible heat ratio is
SHR = Sensible load 24,487 Btuh
~ Total load 30,009 Btuh

From the tabulation in the previous section we
can find the temperature differential required, by
interpolation:

0.816

SHR At
0.8 18.1 F°
0.816 ?
0.85 195 F°

6
At=18.1F°+ 0.05 x(19.5-18.1)

=181F+0,448
=18.55F°
Therefore, the cooling (cfm) figures in the third

column of Table 6.1 are all calculated by using
the expression

¢ _ Sensible load
i (1555

_ Sensible load in Btuh

» 20.41
The total cfm required for cooling is 1200 (see
Table 6.1).

Calculating the air flow required for heating,
and using a temperature difference of 55F° (125F°
supply air and 70°F return air), we have
38900 Buuh_

1.08 (55F°)
Duct sizes will, therefore, be calculated using the
cooling air requirements as listed in Table 6.1,
since the cooling air requirements are greater than
the heating air requirements.

The procedure that we would use for a building
of this type and size follows:

cfm for heating = 5 cfm

Step 1 Select a system type based on the building
architecture.

Step 2 Locate and size supply registers and re-
turn grilles.

Step 3 Select and locate heating unit, cooling
unit and thermostats.

Step 4 Make a duct layout including all sizing.

Following this procedure, we will develop the de-
sign, explaining each design decision.
Steps 1 and 2. In these steps, we select a system

type and locate and size supply registers and re-
turn grilles.

Although a heat pump can be selecte
this structure, we will go by a more
route, using a gas- or oil-fired furnace a
air conditioner. The partial basement ¢
space are ideally suited to a basement
duct system. The supply air terminals wi
registers below exterior glass (winde
cent to exterior doors. A single central
will be centrally located in this small|
will equip it with high and low return
receive return cooling and heating ai
tively. All doors will be undercut to permi
of return air. j

Since the return duct is large and cle
furnace blower, it will be furnished wi
liner that will serve to reduce vib ati
transmission and heat loss. All ducts in th
vated crawl space will be insulated. Al
basement has a calculated heat loss of ¢
(see Table 6.1), the furnace losses she ¢
a comfortable 65-68°F without addition;
However, as a “safety net” a small
in.) will be provided, tapped from one:
main feeder ducts. Register and grille loc
shown in Figure 6.27.

We have chosen to use heavy-duty flog
that deliver about 100-175 cfm each a
multiple registers in each room rather th
large register. See Figure 5.21 (c).
this is the need for good circulation and
particularly in cooling mode, where flog
are problematic. See Figure 5.33 (). In th
mode, placement of registers below eae
is ideal, since it will prevent annoying ¢g
at the floor level. See Figures 5.29 (c)
(a). The increased cost of multiple re
therefore, justified.

Air velocity in all ducts is kept
below the noise limits given in Tables
The cfm figures shown in Figure 6.27a
are the final flow figures after balancing. A
ducts are equipped with dampers in th
this purpose. It is important to remer
great precision in calculation of air qus
not necessary. A common rule of thumb
450-500 cfm per ton total air for cooling
21/ tons required here (30,000 Btuh totz I
would come to 1125-1250 cfm, whi
closely the 1200 cfm calculated (Table 6
that this is almost double the 655 cfm
for heating. This indicates the requirem
multispeed blower motor in the furnace,

Steps 3 and 4. In these steps, we §
locate the heating and cooling equipmer
sign the duct system.
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3"~_-- t of supply air registers and return air grilles for The Basic House
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As stated at the beginning of the design solution
for The Basic House plan, we have chosen to use
a warm air furnace for heating and a split air
conditioner for cooling. The configuration used for
cooling is a slab-on-grade condenser unit outside
the building connected to an A-frame evaporator
coil in the furnace plenum. See Figures 5.6 (a) and
6.28. The furnace is a gas-fired condensing unit of
the type shown in Figures 5.12 and 5.13. Since
these units have flue vent temperatures as low as
100—-130°F, the vent is a small diameter PVC pipe
extended through the roof or basement wall. The
distance between the furnace and the vent opening
can be as much as 50 ft with up to four 90° bends.
We have taken advantage of this flue-less charac-
teristic by placing the furnace in the middle of the
building. This has a number of advantages:

* Reduced duct sizes

* Equal pressure drops to remote outlets
* Reduced pressure in the system

* Lower blower speed

* Reduced noise from the furnace

These advantages are particularly important in
the cooling mode, which requires higher flow and
static pressure than the heating mode. The small-
est furnace shown in Figure 5.12 has an output
rating of 45,000 Btuh. Since the building load is
40,000 Btuh, this furnace is oversized by 12%. Re-
call that furnaces may be oversized by no more
than 25%. Therefore, this furnace is suitable for
our design.

The outdoor condenser unit should be placed far
enough away from the house so that its noise is
not a nuisance. The unit is similar to the outdoor
condensing unit shown in Figure 6.21(a). The A-
frame evaporator is similar to that shown schemat-
ically in Figure 5.6(a). We see from the data in
Figure 6.21(b) that the SCU10A 36 A-1 condensing
unit with CAU indoor A-frame evaporator coil can
supply the load. The duct system has been designed
for low velocity, with a static head below 0.1 in.
w.g. The duct sizing, pressure and velocity calcula-
tions are left as an exercise. See Problem 6.39.

One duct on the suction (return side) of the air
system pulls in fresh air. A damper in a convenient
place (near an access opening) can partially or
entirely close this duct. It can be fully open for
ventilation or fully closed for the greatest fuel econ-
omy. Balance of air flow between north and south
ends of the house may be adjusted by the splitter
damper where the main duct divides. Balancing
the system is accomplished using dampers in all
the branch ducts. Final adjustments can be made

at the registers, which are equipped with op
blade dampers. Because of the large air flow
ences between heating and cooling, damp
tings for each season should be marked ¢
ducts. That will eliminate the time-cons mij
highly technical job of system rebalancing.

6.16 Design Example—
Mogensen House

We have used this actual structure as
example previously. The architectural
found in Chapter 3 (Figures 3.35-3.39). A
layout for a hydronic heating system is she
Figure 3.40. An electric heating layout for
and lower levels in shown in Figure 4.12.
are going to consider heating and cooling by
a heat pump. First, however, we want
to your attention some of the consideratio
preceded the HVAC design.

The Mogensen house was planned for e
of construction and operation. There is ng
ment, and attic space for HVAC equipmen
verely limited. At the ridge, the height of the
partial attic is only 5 ft. This means that a¢
heating/cooling plant must use compact
ment. To reduce summer heat gain, the he
well insulated and equipped with doubl
glass windows. Recognizing that solar
through windows is frequently the largest
heat gain component in a building, the ar
has provided shading to reduce this load.
3.35 (page 138) is a photograph taken on asu
afternoon. Notice that most of the western
sure glass is in full shade. These glass areasi
the living room, family room, master bedre o1
study. The only glass that receives the
of the afternoon summer sun is the row of
bedroom windows on the lower level. _

It is sometimes a good decision to cool onl
of a house. In the house we are now stu
the actual choice was to cool only the upper
rooms. The lower level has only a very sma
gain. The east wall of that story is below g
against the cool earth. The north and south
have no glass. The west glass (in the family;
is in shade. Finally, the windows and sliding
doors can be opened to the cooling breezes
Long Island Sound. '

Adding strength to the decision for cooling
the upper level rooms, was the planned occu
and use of the house. Most of the family li ing
the upper level. It was decided to place a
pump in the attic since, as mentioned, spag
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mechanical equipment is at a premium. This loca-
tion has the advantage of short duct runs to ceiling
registers. Return air can be picked up at a few
central locations. The heat pump will heat and
cool only the upper level. The lower level will use
electric baseboard heating and, as mentioned, will
not be cooled. Since this design is an actual struc-
ture, we were able to photograph some of the
HVAC system during construction. See Figures
6.29 and 6.30.

Based on the preceding design decisions, a sug-
gested design procedure for the Mogensen house
climate control system would be:

Figure 6.29 Construction photographs, Mogensen
house. (a) View of living room looking south. (b) Close-
up of air distribution system. Three two-way throw,
curved-blade registers will deliver a warm or cool air
blanket in the region of the glass doors. Two double-
deflection wall registers will deliver air horizontally to
effect good circulation in the room. Flexible insulated
ducts will be trimmed flush with wall before installa-
tion of the two wall registers. See Figure 6.32, Section
B.

Figure 6.30 Warm or cool air enters all rooms
ceiling level. Except in the living room, one- al
curved-blade registers deliver a flat layer of aig
room, inducing a secondary flow of room airup
the glass (see Section C of Figure 6.32) As shows
flexible insulated air duct turns down to a n
adapter. A register will be fitted into this sq
ing. An opposed-blade damper above the

can be adjusted to regulate the flow of air into|

* Perform the required calculations to ok
heat gains and heat losses for the uppel
the house,

* Calculate air quantities for all spaces,§
assumed comfort conditions and the
temperature differentials between sug
return air. Remember that, for heatp
heating mode, the temperature diffe
much smaller than for a furnace. T
warm air is supplied at a temperature
90—100°F. This results in a temperatul
ence (A7) of 15-20 F°, assuming a return
ature of 75°F. Modern design frequen
a lower room and return temperatus
interest of economy and energy conse
return temperature of 68°F would
perature rise of 27 F° for 95°F entering
means that air quantities required fof
with heat pumps are much larger th
required by heating furnaces. These lal
ally supply air at 125—140°F, givingal
ture rise (over 68°F return air) of 57 F°)

* Select heat pump equipment.
*  Select air outlet locations and type
* Make a duct layout.

* Size ducts and registers.
* Consider ventilation requirements:



ng design considerations and proce-
e heat pump climate control of this
evaluated.

0 the architecture and exposure of this
, it was decided to use two zones.
ning makes possible short duct runs
er control. The heat losses and gains
oms in each zone follow.

Winter Heat Summer Heat
Loss, Btuh Gain, Btuh
28,600 10,800

9,400 4,900
8,000 9,000
46,000 24,700
15,000 9,400
2,800 1,600
3,900 3,000
1,500 300
- 600
5,100 9,600
28,300 24,500

g), motor-operated splitter/damp-
See Figure 5.19(b). (Winter/sum-
will be determined by air flow
ents during the balancing proce-
installation.) These rooms include
room, dining room, master bed-
kitchen. Air flow in other rooms can
ed by the occupant by using the
lade dampers installed at each reg-
to all rooms are sized for the
heating/cooling air flow require-
Duct dampers cannot be used here
| of the duct work is enclosed in the
vall and ceilings, making it inacces-

he heat pumps to supply the heat load
size the cooling capacity to the
would not dehumidify satisfacto-
a result, a smaller unit was used,
d with a resistance heating element
the additional heat load on very

air handlers and coils are sus-
the attic. See Figures 6.22(c) and
y are connected to the two exterior
mounted outdoor units with in-
sration lines. Access to these in-

(5)

(6)

o)

(8)

9

(10)
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door units, for servicing, is available through
removable ceiling panels. Removal of a unit is
possible through an access door in the wall of
the skylight shaft in the master bedroom.
Registers and return grills are selected and
located as shown on Figure 6.31. As already
stated, all supply registers and two return
grilles are equipped with opposed-blade
dampers for seasonal changes and to suit oc-
cupant comfort. Thermostats for the two
zones are located as shown.
The duct layout is shown on Figure 6.32. All
ducts are insulated to reduce vibration and
heat loss. Return ducts are lined with a layer
of acoustical, sound-absorbing material. This
reduces the blower noise that reaches the
rooms and doubles as thermal insulation. An
overall equipment layout is shown in Figure
6.33.
Thermostats T, and T, control the operation
of the two heat pumps independently. Each
unit will operate in heat or cool mode as
required by the thermostat. All modern ther-
mostats have a continuous run setting for
blower operation. Continuous operation of the
system blower, even after the heat pump is
shut off, makes for temperature uniformity
in the space and very gradual temperature
changes over time. Too, continuous air mo-
tion, particularly in the cooling season, defi-
nitely adds to occupant comfort. The energy
cost of continuous blower operation is not
high and is generally considered to be well
worth the expense.
Figure 6.33 is an overall equipment layout
showing both the indoor and outdoor heat
pump components and the piping and wiring
connections schematically.
Sources of odor include the kitchen range,
laundry dryer, laundry room, garage and
bathrooms. By exhausting air from these
spaces to the outdoors, these odors are re-
duced, and some humidity is eliminated. See
Figure 6.34. The air that is drawn out of the
house during seasons of heating or cooling
must be replaced by outdoor air drawn in and
conditioned by the central equipment. Figure
6.32 shows how this is done. In both zones,
fresh air is admitted to the suction side of
the blower coil unit. Its rate of flow may be
adjusted by volume dampers in the fresh air
duct near each unit.
Figure 6.32 is an engineering layout. Before
installation, the contractor is required to sub-
mit, for approval of the engineer and archi-
365
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bath & garage
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34 Exhaust ventilation. This design avoids
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all exhausted air to inconspicuous down-

grilles. Dryer vent is self-powered by the fan,
of the dryer unit.

, shop drawings of the duct system. Figure
) shows how ductwork is presented in a
-prepared shop drawing.

Design Example—Light
stry Building

evious two (residential) design examples,
furnace/split air conditioner combina-
dasplit heat pump, both with ductwork. In
ample, we will use nonducted through-the-
remental units of the type shown in Figure
§ explained in Section 6.9, there are two
s of supplying the HVAC requirements of a
pace. One method is to use a central proces-
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sor and a distribution system. That was the ap-
proach used in Examples 3.4 (page 142), 3.5 (page
151) and 5.14 (page 300).

The second method is to use individual package
units (PTAC units), with individual local control.
The advantages and disadvantages of this ap-
proach were listed in detail in Section 6.9 (page
353) and should be reviewed at this time. This
design approach is often described as “decentral-
ized” or “incremental.” It is decentralized because
each PTAC is separately controlled. It is incremen-
tal because each PTAC operates as a separate unit,
unconnected to the other units in the building yet
part of the overall building system. In recent years,
designers have used central computer control of
individual incremental units. This type of system
combines the advantages of central control with
the advantages of incremental package units.

Example 6.3 Design a decentralized, incremental
heating-cooling system for the work area of the
light industry building shown in Figures 3.48-3.50
(page 153).

Solution: Heat loss and heat gain calculations give
these results:

Sensible heat gain—66,200 Btuh
Sensible heat loss—52,600 Btuh

Although latent heat gain was calculated, it is not
shown because PTAC units do not give the designer
any control over dehumidification. Units are se-
lected on the basis of cooling capacity for sensible
heat gain. The only control that a designer has
with respect to dehumidification is by size of the
cooling unit. Undersized units operate continu-
ously and, therefore, dehumidify well. They are
therefore chosen for high humidity areas. Over-
sized units cycle on and off. They dehumidify
poorly but pick up load rapidly. They are therefore
more applicable to dry (hot) climates.

The following tabulation shows typical data for
PTAC units that are physically suitable.

Refer to Figure 3.53, which shows the location of
six hydronic heating units for the same space. A
designer could alternatively have elected to use
PTAC units with hydronic heating coils and electric
cooling. However, we have chosen to make this an
all-electric design using package units.

The hydronic units shown in Figure 3.53 give
good coverage. We will, therefore, use a similar
layout for six PTAC units. They are shown in Fig-
ures 6.36 and 6.37. Using six units, the required
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details. (Courtesy of Cool Sheet Metal Co.)

370




DESIGN EXAMPLE—LIGHT INDUSTRY BUILDING / 371

+

Work area, building for light industry

‘Requirements for climate control

‘Cooling, 66,200 Btuh + 6 = 11,033 per unit
- Heating, 52,600 Btuh + 6 = 8,767 per unit
- Ventilation -outdoor air required

=
o

=
=

|

I _r—

Output of selected units

- Cooling, 6 x 11,600 = 69,600 Btuh .

Heating.6 x 11.200 = 67 200 Btuh Totals, units 1 through 6
~ Ventilation, fresh air through units.

A

.

\

& | of Section, (typical)
Horizontal section at level of units \ see Fig6, 55'
o [ S - ] ——

EVATION, PARTIAL

VATION, PARTIAL i

6 Layout of the solution to Example 6.3. The space is heated and cooled
ugh-the-wall all-electrical PTAC units.
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ABC Manufacturing Company

Item Model 1 Model 2 Model 3 Model 4
Cooling capacity, Btuh 6,600 8,700 11,600 14,200
EER 10.0 10.6 10.2 9.7
Heating capacity, Btuh 6,200 7,900 11,200 13,200
CFM—2-speed blower 250/180 300/220 380/275 420/300
CFM—ventilation 100 100 100 100
A B
Discharge grills Compressor tance heaters to compensate for the dre
Evaporator coils Condenser coils : = L
B o 7 i il pump output. This would raise thv:e ini
Controls Outside louver the operating cost. An economic a

Heating elements

Cooled (or heated)
air to the room \\

%
%

Air to condenser
and for ventilation

1

Return air

~— Air from condenser
from the room

Weather
barrier

®
el srr10701227

Figure 6.37 Through-the-wall PTAC unit installed.

heating and cooling capacity for each unit are:

Cooling:
Total load _ 66,200 Btu =11,033 Btuh
6 6
Heating:
tal 52600 Btuh
To zauﬁload= 0(:3 n =8767 Btuh

PTAC units are chosen rather than PTHP (heat
pump) units, because the winter design tempera-
ture of 0°F would require large supplemental resis-

formed by the engineer indicated that P
are more economical in this design. (Thi
analysis, which includes owning and operz
cycle costs, is not normally performed by &
gists. For more information, consult the bj
phy for a more technical book by this auth

The Model 3 PTAC unit is chosen from
ceding table. Its ratings are:

11,600 Btuh cooling
11,200 Btuh heating

This gives us these design margins (oversi

For cooling:
11,600 n
11033 1.05 or 5% oversize
For heating:
Ll B 1.28 or 28% i
8767 — 1-28 or 28% oversize

The cooling size is excellent, as the unif
almost continuously and, therefore, pre
required dehumidification. The heatinge
excessive. However, since the next smal
Model 2—is too small, Model 3 would bet
frequently difficult to meet both the he:
cooling requirements without some ove
undersizing. In this case, since the m
PTAC units with resistance heaters hav
settings in addition to thermostatic e
heating capacity oversize can be reduced
the low heat setting.



SUPPLEMENTARY READING

r unfamiliar or not entirely clear, you
key terms are listed in the index to assist yo

A-frame evaporator

Air-cooled condensers

Air handler

Air-to-air heat pump
Air-to-water heat pump

Blower evaporator

Central system chiller
Compressive refrigeration cycle
Condenser

Cooling temperature differential
Cooling tower

Coefficient of performance (COP)
Distributed system

Direct expansion (DX) coil

DX fan coil unit

Energy efficiency ratio (EER)
Evaporative condensers
Evaporator

Expansion valve

Fluorinated hydrocarbons
Forced draft

Freon

Heat pump air-handling unit
Heat pump balance point

Heat pump indoor unit

Heat sink

Heat source

Heating mode

Supplementary Reading

e
Having completed the study of this chapter, you should be familiar w

ith the following key terms. If any

ghould r.eview the section in which these terms appear. All
u in locating the relevant text.

Heating seasonal performance factor (HSPF)
Hybrid heat pump

Incremental package system
Incremental units

Induced draft

Integrated capacity

Make-up water

Mechanical draft tower

Natural draft tower

Outdoor heat pump

Packaged terminal air conditioner (PTAC)
Packaged terminal heat pump (PTHP)
Refrigerant flow controller

Rooftop units

Saturation temperature

Seasonal energy efficiency ratio (SEER)
Sensible heat ratio (SHR)
Slab-on-grade units

Split air conditioners

Split heat pump

Splitter/dampers

System balance point

Thermostatic expansion valve
Through-the-wall unit

Unitary heat pump

Water-cooled condensers

Water-to-air heat pump
Water-to-water heat pump

B. Stein and J. Reynolds Mechanical and Electrical
Equipment for Buildings, 8th ed., John Wiley &
Sons, New York, 1992. :

ASHRAE» American Society of Heating, Refrigera-
tion and Air Conditioning Engineers

1791 Tullie Circle, N.E.

Atlanta, Ga. 30329 Tel. 404-636-8400

1993 Handbook—Fundamentals

ACCA, Air Conditioning Contractors of America
1513 16th Street, N.W.
Washington, D.C. 20036

Manual CS—Commercial Applications, Systems
and Equipment, 1993
Manual S—Residential Equipment Selection
SMACNA, Sheet Metal and Air Conditioning Con-
tractors National Association, Inc.
8224 0ld Courthouse Road
Tysons Corner, Vienna, Va. 22180

HVAC Systems Applications, 1987




%

A

(=

oo

o

10.

i

—

w many tons of refrigeration are reql.xired
‘cool a space with a sensible heat gain of
65,000 Btuh? o
Will an undersized or oversized refrigeration
unit provide better dehumidification? W_hy?

A gas-fired stowaway furnace in an attic pro-
vides full winter and summer air conditioning.
It is served by an outdoor compressor-con-
denser.

a. Name five connections to the attic unit
other than electricity.

b. Draw a sketch showing the units and their
connections.

a. Is the fresh (outdoor) air supply duct con-
nected to the return duct or to the supply
air duct?

b. Give the reason for your answer.

In a heat pump, the compressor operates

whenever heating or cooling is needed.

a. Where does evaporation of the refrigerant
take place in summer: outdoors or indoors?

b. Where does condensing of the refrigerant
take place in winter: outdoors or indoors?

. Name four locations in a residence from which

it is desirable to have exhaust ventilation.

In a house with an air heating-cooling system,

how is the air that is drawn out of the house

by exhaust fans replaced?

When a heat pump is in use for heating and

the outdoor temperature drops from 50 to

30°, does the heat pump become less efficient
or more efficient? Explain.

Explain briefly why cop applies to heat

pPumps and not to air conditioners.

a. Why is calculation of latent cooling load
more important for nonresidential bujld-
ings than for residential ones?

b. In the same climate, which requires more
cooling per square foot, a residence or a
department store? Why?

¢. Which require more heating? Why?

Define briefly the following terms:

a. Compressive refrigeration
denser, evaporator
b. Air-to-water heat pump
¢. Heat source
d. Heat sink
- Evaporative cooling
cop

cycle—con-

12.
13.
14.
15.

16.

17.

18.

19,

20.

21.

22,

23,
24,

25,

26.

. EER, SEER
. Balance point
DX, dry expansion, direct expansiop
PTAC, PTHP
. Cooling tower
Does outside humidity affect the perfox-.-nance
of a cooling tower? How? Why?
What is the function of a four-way flow SWitch
in a heat pump?
Is a heat pump more efficient in the heating
cycle or the cooling cycle? Explain.
Why is a heat pump called that? What is being
pumped? Explain.
a. What is it that a condenser condenses)
How?
b. What is it that an €vaporator evaporates?
How?
How can a heat pump in its heating cycle
deliver more (heat) energy than is taken from
the electrical input? Doesn’t this contradict
the law of conservation of energy?
How much heat per pound of dry air is con-
tained in air at 0°F? 32°F> 100°F?
In an air-to-air PTHP, what are the heat
sources and heat sinks in the heating mode?
Cooling mode?
What heat sources and sinks can be used with
a water-coupled heat pump?
What is the EER of a heat pump that operates
in heat mode with a COP of 3.2?
What limitations does the National Apph'allc_e
Energy Conservation Act place on air condi-
tioner and heat pump performance?
Why are defrosters necessary on heat pumps?
A store has a O°F design condition winter heat
load of 44,000 Btuh. Using the heating perfor:
mance data of heat pump models 10A givenin
Figure 6.18(), plot the building and heat
PUmp curve and fing the balance point.

. Which model heat pump will supply all the
eating required (if any)?
b. will auxiliary heat be required? When?
Use the same heat pump characteristics #
Plotted in propler 24 What is the b‘”‘wﬁ
Point for a resjdence with a 10°F design con
uo;:ihleating load of 36 MBH. Which heat pui?
model is begt? Explain.
List four types ofp heat pumps, with diw'
heat source and heat sinks. Draw a blo and
8ram of eacp, and label the parts in heating
sl

g 0=




cooling modes. Show the heat flow through the
evaporator and condenser, with approximate
temperatures. Justify all assumptions.

27. List five advantages and five disadvantages of
using unitary, incremental units.

28. How does latent heat load affect the choice of
an evaporator coil? (Hint: Read Section 6.22.)

29. The heat losses and gains for The Basic House
design problem are based on a 15°F winter
design condition, and 89°F DB, 75°F WB sum-
mer conditions.

a. Assuming that heat loss varies linearly
with outside temperature, recalculate the
heat loss for all spaces using an winter
design temperature of 0°F.

b. In the interest of energy conservation, we
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are changing the summer inside design
temperature from 75 to 78°F. Outside de-
sign conditions remain the same. Recalcu-
late the cooling load for each space. Assume
that cooling load, like heating load, is lin-
early proportional to the required tempera-
ture difference. (This is not strictly correct.)

. A conventional gas furnace will be used

instead of a condensing unit. This requires
moving the furnace (and the A-frame evap-
orator) to a location near the chimney. Re-
draw the duct layout of Figure 6.28, and
recalculate all duct sizes. Be specific about
all assumptions. Show pressures and veloc-
ities being used for each duct section.



Key Terms

Anemometers
Balancing

pimetallic element

Bourdon gauge

Bourdon tube

Capillary tubing

Capillary tube thermometer
Deflecting vane anemometer
Dial thermometer

- Differential pressure

Draft gauges

Flow straightener

Hot-wire anemometer

Supplementary Reading
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Having complete_cl this chapter, you should be familiar with the followin
iliar or not entirely clc.ar, you.shou[d review the section in which these
Jisted in the index to assist you in locating the relevant text.

Magnetic pressure gauge
Manometers

Pitot tube

Pyrometers

Resistance temperature device (RTD)
Rotating vane anemometer
TAB

Thermal anemometers
Thermocouple

Traverse measurements
Velocity pressure
Velometer

B.Steinand J. S. Reynolds, Mechanical and Electri-
cal Equipment for Buildings, 8th ed., John Wiley
& Sons, New York, 1992. This book covers the
same areas of study as the present book, but in
greater detail and scope. It is very useful for
further study.

American Society of Heating, Refrigerating and Air
Conditioning Engineers, Inc. (ASHRAE)

1791 Tullie Circle, N E.

Atlanta, GA 30329

Problems

Handbook—HVAC Applications, Chapter 34, 1991
Sheet Metal and Air Conditioning Contractors
National Association, Inc. (SMACNA)
8224 0ld Courthouse Road
Tysons Corner, Vienna, VA 22180
HVAC Systems; Testing, Adjusting and Balancing,
1983

E. G. Pita, Air Conditioning and Systems: An Energy
Approach, Chapter 16, John Wiley & Sons, New
York, 1981.

L Amanometer will be used to test the pressures

Inan ajr system. Maximum blower pressure is
6in. Ww.g. Would you use a water manometer
oLa mercury manometer? Why?
¢ following temperature measurements
MUst be made in a TAB project. What type of
“Imometer would you use? Why?

=

i Motor bearing temperature.
il reservoir temperature.

c. Air stream temperature.
d. Pipe surface temperature.

3. What is a capillary tube? What does it contain
when used to connect a temperature sensing
bulb to a thermometer dial?

4. a. What is a thermocouple? How is it used to

measure temperature?
b. What is a bimetallic element? How is it
used to measure temperature?

5. Is an inclined scale manometer more accurate
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than a vertical unit? Is it more precise? Ex-
plain.

A Pitot tube traverse in a duct gives the follow-
ing velocity pressure readings for 16 equal
areas of duct cross section. The pressure units
are in. w.g. Find the average duct velocity
in cfm.

0.29
0.33
0.34
0.31

0.25
0.27
0.28
0.25

026:50.29
0.27 0.32
UROR0:33)
027 0.29

. A TAB technician wants to make a four-point

Pitot tube traverse of a 4-in. round duct. Show
where the Pitot tube should be positioned on a
diameter to accomplish the traverse accu-
rately.

An 8 X 14-in. register is designed to deliver 400
cfm. What should be the average velocity over
its face? Explain.

9.

10.

The following air velocity readings are obe
tained over the face of a 8 X 14-in. regjster that
has a K factor of 0.7. What is the average
velocity over the face of the register? What js
the flow in cfm?

620 650 660 630
640 680 700 635
625 650 630 620

Three draft gauges are to be used with a Pitot
tube to simultaneously measure total pressure,
static pressure and velocity pressure in a duct,
Show how the gauges are connected for

a. A supply air stream.

b. An exhaust air stream with positive
pressure.

c. An exhaust air stream with negative
pressure.

Explain.
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(TAB)

All HVAC systems, regardless of size, require ad-
justment after installation. This does not mean
that the installation was incorrect. It simply means
that, even in a small simple system, all sorts of
field adjustments must be made to achieve the
design intention. These adjustments include motor
speeds, pressure adjustments, valve settings, fuel
supply control, liquid-level controls, temperature
settings, damper positions and so on. This work
is completely separate from the work of a field
inspector. An inspector’s task is to see to it that the
system is installed according to plans and specifi-
cations. Once the installation is complete and ap-
proved by the inspection team, the work of testing,
adjusting and balancing (abbreviated TAB) begins.
Strictly speaking, the three portions of TAB are
different from each other. Testing is the procedure
that checks that equipment operates as it is sup-
posed to. Motors turn, pumps deliver liquids, man-
ual and automatic controls perform as required
and so on. Adjusting is the work of setting and
regulating variables such as flow, pressure, speed
and temperature. Balancing is closely connected to
adjusting because it is concerned with the flow
quantities of air and water. The individual TAB
processes are so interrelated that the whole proce-
dure is simply referred to as system balancing.

The work is very technical and highly specialized.
It requires a good hands-on working knowledge of
all HVAC systems, an equally thorough familiarity
with a whole range of TAB instruments plus, of
course, an ability to understand HVAC plans. TAB
specialists very often start their careers as HVAC
technologists. It is for this reason that a chapter on
TAB is included here. Study of this chapter will
enable you to:

1. Understand the purpose and function of testing
and balancing of HVAC systems.
2. Be familiar with the functioning and applica-

377
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tion of instruments used in HVAC testing and
balancing work.

3. Perform traverse measurements in ducts using
Pitot probes and manometers.

4. Understand how to use various types of ane-
mometers in air velocity measurements.

5. Calculate average air velocities and air flow
in ducts.

6. Perform the necessary preparations for balanc-
ing an air system.

7. Accomplish the balancing of straightforward
limited-size air systems and assist in the bal-
ancing of large complex air systems.

8. Make the many necessary preparations for bal-
ancing a hydronic system.

9. Balance a residential hydronic heating system
and assist in balancing large hydronic heating/
cooling systems.

10. Prepare the report forms containing all the
balancing data for air and hydronic HVAC
systems.

Instrumention

TAB work is possible only with adequate instru-
mentation. The physical quantities that require
measurement include temperature, humidity, pres-
sure, flow velocity and quantity, rotational speeds
and electrical power and energy. For each of these
physical quantities, instruments are available to
suit the range and the physical accessibility of the
quantity being measured. Before use, the require-
ment for calibration of each instrument should be
checked. Some instruments maintain their accu-
racy for long periods of time or do not require
calibration at all. Others require frequent recali-
bration. The manufacturers’ instructions on this
point should be carefully observed in order to en-
sure accurate measurements. There are so many
instruments on the market today that a compre-
hensive survey would fill an entire volume. In par-
ticular, new electronic instruments appear almost
daily. They offer such desirable and time-saving
features as auto-ranging, digital readout, memo-
ries, and programmability. In the material that
follows, we will review the basics of HVAC instru-
mentation, leaving the details of a specific instru-
ment to the ability and intelligence of the technol-
ogist.

7.1 Temperature
Measurement

a. Glass Tube Thermometer

See Figure 7.1(a). The simplest and mos
type of thermometer is the glass tube ¢
such units operate on the same principlé
voir at the base of the tube contains
The liquid expands and contracts a
temperature of its surroundings—g
water—forcing liquid up through a
tube. The liquid most frequently used
Mercury-filled glass tube thermomete
ful temperature range of —40 to 100
tubes are calibrated accordingly. Glas:
mometers have the advantages of ac
definite life, no need for calibration
of up to 0.5% (or one-third of a
depending on the scale.

Their principal disadvantage is
bulb (liquid reservoir) must be i
fluid whose temperature is being m
fluid is a liquid, full immersion can
fluid is air, the technician must be ca
the bulb from surrounding surfac
tially different temperatures. An ambi
perature reading will be highly i
unshielded reading is taken near a
nace. Since glass tube thermometers
to achieve their final reading, se
should be taken, a few minutes apar
lasting several minutes. When the sa
occurs at least twice in succession it
corded as the correct temperature.

Most TAB technicians use a range ol
thermometers with different scale gi
different physical size. Each type i
limited range of applications. Some
use bulb-type glass tube thermometers
the temperature of a pipe by placin
against the pipe and wrapping the tw
lating tape. This procedure should b
because it is inaccurate. The line conta
the thermometer bulb and the pipe i§
for proper measurement. Furthe
lated wrapping will prevent heat
the pipe causing an artificially high res
surface temperature measurement i§
special type of thermometer, called @
should be used. This instrument is ¢
Section 7.1.d. :



Thermometer with Bimetallic

ermometer uses a bimetallic element
in a simple thermostat to measure
changes. When two metals that have
ients of expansion are joined to-
inge in temperature causes the combi-
ad or twist, depending on how they are
motion is transmitted to a circular
anical linkage. The dial is graduated
temperature. These thermometers are
e variety of temperature ranges and
igns. When used to measure liquid

the bimetallic element is mounted
metal stem attached to the dial. This
immersed in the liquid whose temper-
be measured. Domestic baking/meat
are made in this design. When used
oving air temperature, the bimetallic
talled inside the meter case, and so
t the air to be checked passes over the
type is illustrated in Figure 7.1(b-1).

ng unit of this design is shown in
2). These units have the advan tages of
nlike the glass tube type) and indefi-
ough they should not require recali-
should be checked against a mercury
it periodically because the linkage
d. This would result in an incorrect
units have limited accuracy (+5-
useful for quick checks.

Tube Thermometer

I{c). One design of this type of ther-
a Bourdon tube, which is identical
in a pressure gauge. (See Figure 8.4,
be is connected at one end to a long
filled capillary tube that ends in a
e sensing bulb. The other end is con-
Bourdon gauge that is graduated in
¢ degrees. The capillary tube and bulb
a liquid or gas. Changes in tempera-
fluid to expand or contract. This, is
es the pressure in the Bourdon tube
s of a mechanical linkage, moves the
. This design is highly accurate (+1:%),
d and needs infrequent calibration. Its
tage is the ability to read tempera-
ely. The standard length of capillary
6 ft. Units are available to measure tem-
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perature of —60 to 500°F in individual ranges of
about 100°F.

Another design of capillary tube thermometer
uses the liquid in the tubing to read directly in a
graduated glass tube. This type is essentially the
same as the glass tube thermometer described pre-
viously, except that the liquid reservoir, in the
form of a sensing bulb, is connected to the glass
tube by a long capillary tube. This permits remote
sensing. Remote sensing is very useful when mea-
suring temperatures at locations that are difficult
or hazardous to get at. A recording unit of this type
is illustrated in Figure 7.1(c-2).

d. Pyrometers

These units are normally used to measure surface
temperature of pipes, ducts and equipment. The
unit’s sensing element contains a bimetallic ther-
mocouple. This thermocouple generates a small
voltage, which is proportional to its temperature.
This voltage can be measured by a millivoltmeter
that is calibrated in degrees. The sensing element
is connected to the instrument by wires and can,
therefore, be remote at almost any distance. The
great advantage of this type of instrument is that
a single meter can be used to monitor as many
thermocouples as desired by simply switching be-
tween the wires. Thermocouples are frequently
permanently installed in equipment to permit con-
tinuous or periodic temperature checking (and
alarm functions). A digital electronic pyrometer
that can display temperature in either °F or °C at
selectable precision is illustrated in Figure 7.1(d).
Pyrometers are highly accurate, require calibra-
tion once or twice a year and cover a huge range of
temperatures, according to the type of thermocou-
ple used. When used for surface temperature sens-
ing of a pipe or duct, the manufacturer’s directions
should be carefully followed, because incorrect
readings can result from improper probe use.

€. Thermal Anemometers

These devices, described in Section 7.3(b), are pri-
marily intended to measure air velocity. As a sec-
ondary function, some of these units also measure
temperature. Two such units are illustrated in Fig-
ure 7.5(c) and (d). They are mentioned here because
of their auxilliary temperature measuring capabil-
ity. However, because their principal function is to

measure air velocity, they are discussed in detail
in Section 7.3.
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©

(| sealed glass
outer tube
-r—/
Temperature Inner tube
graduations; ~— for liquid

DF or OC

Liquid column
rises to indicate
temperature

4./

Liquid reservoir;
mercury, alcohol or
other liquid, colored
to improve visibility

e

Standard glass tube thermometer
(a)

Figure 7.1 (a) Typical glass tube thermometer. They are
available in a very wide range of physical sizes and tem-
perature ranges and graduation precision.

(6-2)

Figure 7.1 (b-1) Temperature/humidity indi
perature of air passing through and aroun
measured by a bimetallic coil-type sensing &
within the unit. The dial is calibrated from(
The meter also measures relative humid
brane diaphragm that responds rapidly to
changes. The humidity range is 0-100% RH
recorder that measures temperature and hus
described for (b-1) and records the measuren
6-in. diameter, 24-hr circular chart. (Photos:
Bacharach, Inc.)



JJ"\_ Sensing bulb;

liquid or gas filled
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(c-2)

Figure 7.1 (c-/) Capillary tube-type dial thermometer.
Expansion and contraction of the fluid in the sensing
bulb causes a change in pressure in the Bourdon gauge.
This pressure change causes movement of the dial
pointer on a scale that is graduated in temperature de-
grees. (¢-2) Capillary tube-type recording thermometer.
The temperature-sensing bulb (in the lower foreground
of the photo) senses temperature and transmits the sig-
nal through 6 ft of capillary tubing to the 24-hr or 7-day
chart recorder. Temperature ranges are available in dif-
ferent models from —30 to 120°F and —35 to +50°C. (d)
Modern digital electronic hand-held pyrometer, with a
range of thermocouple probles and sensors (not shown),
Primarily intended for surface temperature measure-
ments, although usable for measuring immersion tem-
peratures of gases as well. The illustrated unit is pro-
grammable, will hold and retain readings and will
measure in a number of ranges over an extremely wide
range with good accuracy. [(¢-2) Courtesy of Bacharach,
Inc. (d) Courtesy of Alnor Instruments Company.]
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7.2 Pressure Measurement

Air and water are both fluids. Pressure and its
measurement in water piping and vessels is dis-
cussed in Sections 8.5-8.7 (pp. 406—410). If you
have already studied those sections, a review at
this point would be useful. Otherwise, after study-
ing this section, we would advise you to read those
sections in order to appreciate both the similarities
and the differences. In either case, you should re-
view Section 5.4, which explains in detail the con-
cept of air pressure in ducts and the use of manom-
eters of various types to measure duct air pressure
and air velocity.

a. Manometers

See Figure 7.2. The action of a manometer in mea-
suring duct air pressure is shown in Figures 5.4
and 5.5 (p. 202). Because these pressures are low,
the liquid used in an air pressure manometer is
either colored water or oil. Mercury manometers
are used to measure the much higher pressures in
water lines. The simplest manometer is a U tube.
See Figure 7.2(a). Its use is shown in Figure 5.4. Air
pressure manometers of all types are frequently
made of a transparent block of plastic with the
manometer tubing cast directly into the block. This
makes the instrument almost indestructible yet
capable of excellent accuracy. See Figure 7.2(b).

The units are calibrated directly in inches of
water. Since manometers have no moving parts,
they maintain their accuracy without recalibration
almost indefinitely. These manometers, also re-
ferred to as draft gauges, are standard in the indus-
try. The inclined scale type shown in Figure 7.2(b)
can be read to an accuracy of 0.03 in. w.g. Most
units have an adjusting piston in the liquid tube
that permits setting the liquid’s meniscus (level) at
the zero pressure line. The unit is set level on a
stable surface and read directly. Connection to
ducts is made with flexible tubing and a probe that
is introduced into the duct being tested through a
test hole.

b. Magnetic (Differential) Pressure
Gauge

This gauge measures the difference in pressure
between two sealed compartments. This difference
causes a diaphragm between the two compart-
ments to move. The motion is transmitted through
a magnetic linkage to a dial pointer. The instru-

ment is highly accurate, can measure air
differences down to 0.01 in w.g. and is
pensive. The usual pressure ranges of th
are 0-0.5 and 0-1.0 in w.g. It is very
reading pressure differences across filters
tween two points in a duct. The unit is
nance-free and requires adjustment onl
pointer zero setting before use. A unit of
is illustrated in Figure 7.2(c) along with
diagrams of typical applications.

7.3 Air Velocity
Measurements

a. Pitot Tube and Manometer

The simplest and most common field techs
measuring air flow is by using a Pitot t
manometer. The theory behind this
is given in Section 5.4 and Figure 5
peated briefly here for convenience.
sure in a duct, P; is the sum of the stal
pressure Pg and the velocity pressure Py

P, = Py + Py
Since we also know that
Py = (V/4005)?
it follows that air velocity
V = 4005 VP,

Therefore, by measuring velocity presst
calculate air velocity very accurate
is shown in Figure 5.5(c) using two pro
wall type that measures static pressures
tip that measures total pressure. Con

as shown there to measure the differenti

using a Pitot tube. See Figure 7.3(a). A P
simply two concentric tubes. The inner#
opening that is placed facing the air
measures total pressure P; as shown
5.5(b) and 7.3(b). The outer tube h
into the circumference of the tube. T
therefore, at right angles to the ai
measure static pressure Pg as shown
5.5(a) and 7.3(b). When the two output
connected to opposite ends of a man
reads the difference between total a
sure, that is, velocity pressure Py. See Fi



y

(a-1)

 (a-1) U-Type manometer made with flexible
‘carrying convenience. The tube can be filled

Water or mercury. Various models in this

Ve a pressure measuring range up to 60 in.

of Dwyer Instruments, Inc.)
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(a-2)

Figure 7.2 (a-2) Standard U-tube manometer calibrated

in centimeters of water for metric calculations. (Cour-
tesy of Bacharach, Inc.)

Figure 7.2 (b) Inclined/vertical manometer. The in-
clined portion is used for pressures up to 2 in. of water
and can be read to an accuracy of *14%. The vertical
section is graduated from 2 to 10 in. w.g. The entire ma
nometer is cast into a thick block of clear acrylic plastic

measuring 16 X 25 in. (Courtesy of Dwyer Instruments,
Inc.)



Figure 7.2 (c-1) Magnetic differential pi
measures the difference in pressure be
nected to its two outlets. When the low p
20 .30 tion is left open as in (c-2), the meter will ¢
10 ‘\uﬂllullmifmd!f;'}o ek pressure, that is, pressure above atmosp
o "y, 50 el The inclined manometer shown in (¢-2) it
4 other means of measuring the same gaug
(c-3) Velocity pressure is measured with
gauge by connecting the center tube of a
the high pressure inlet and the outer tub
pressure inlet. The difference is velocity
same measurement technique using an ing!
nometer is shown for information only.
7.4. (c-4) A differential pressure gauge
measure directly the pressure drop aci
(c-1) set up as shown. Any appreciable changeis
indicates a change in the condition of the f
sure of the duct damper will cause an imm
crease in the upstream pressure and will in
meter. This connection is useful to moni
the operation of fire dampers. (Courtesy of |
ments, Inc.)

N

/_// STATIC PRESSURE SENSOR <R Tiow
| STATI‘E PRESSURE SENSORS

A - e
DucT
2 p—C
A X AIR FLOW

MAGNEHELIC* GAUGE

INCLINED MANOMETER

MAGNEHELIC*® GAUGE :
Dwyer differential pressure gaugesi
Measuring static pressure in an air duct or plenum. to monitor filter condition,

(c-2) {c-4)

MAGNEHELIC® DURABLOCK®
GAUGE INCLINEU

smm PasssunE ,/I AR FLOW >

_/ TAP

AIR FLOW DucT
':.:/
PITOT
TUBE

MAGNEHELIC*
GAUGE

i

DAMF‘EH
PRESSURE SENSOR
Differential pressure gauge Differential pressure gauge us
used to measure velocity pressure. for pressure sensing,
(c-3) (e-5)
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B holes - 0.04"dia

equally spaced
free from burrs
Section A-A
r—- = Air flow
Figure 7.3 (a) Construction details of a standard Pitot
tube. The tube consists of two concentric tubes. The in-
ner tube terminates in a “nose” opening, which is placed
i facing into the air stream. This tube, therefore, mea-
U : sures the total air pressure in a duct. The outer tube has
—-L Bl eight holes spaced around the circumference at right
i e angles to the inner tube and, therefore, at right angles to
_U-—T“"' Shiiioe the airflow direction. This tube, therefore, measures the

flow static pressure. Takeoff points at the opposite end

Dagramenatic connections of the tube provide for connection of manometers.

Duct bove
.‘:'n'f.?é‘“pﬁ‘ai (From Severns and Fellows, Air Conditioning and Re-
Pitot-static tube. frigeration, 1962, © John Wiley & Sons, reprinted by per-
(a) mission of John Wiley & Sons.)

Open
Alr flow
Static pressure

Static pressure 1P5

L@ Velocity pressure
Py = Pt - Pg
NT Open
jm

n

‘—%_[ Total pressure

Standard Manometer Connections
{b)

Total pressure

3 (b) Standard manometer connections to a Pitot tube probe will give

tlocity and total pressure readings as shown. Use of three manometers simul-
its measuring all three pressures without reconnecting. Elimination
iler manometer will still permit measurement of all three pressure quanti-
e Py=P,— Pg. If only velocity pressure is required, a single manometer con-
5 S for the center manometer will provide the desired measurement.
with permission from SMACNA HVAC Systems, Testing, Adjusting and
g, 1983.)
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and 7.4. Although only one ordinary manometer is
required to take all readings, in practice two are
frequently used to save time, since a series of read-
ings must be taken over the cross section of a
duct. The third reading is easily obtained from the
equation P; = Pg + Py. A manometer graduated in
velocity as well as pressure is shown in Figure 7 4.
It is connected as shown for the center manometer

in Figure 7.3(b).

LLL
1

q LA : Ll aed
i

INCHE,
3 .NES .GF r‘gsu

T

G00

VELDCITY - £7 /iy,

1
AR AT T0°f

Figure 7.4 Combination inclined/vertical manometer
and air velocity meter. The unit, which measures
16'2x 11 in., is encased in a block of clear acrylic plas-

tic, making it ideal for field work. When used with a Pi-
tot tube and connected as shown in Figure 7.3(b), it will

measure pressure from 0 to 10 in. w.g. and air velocity

from 400 to 12,000 fpm. (Courtesy of Dwyer Instrument,

Inc.)

The technique for taking the ne
measurements (over the cross sect
in Section 7.4.a.

b. Anemometers

1. Rotating Anemometers. In contras
viously detailed pressure measuremen
from which velocity is calculated, an 8
measures air current velocity directly.#
and a rotating cup-type wind gauge a
ple anemometers. A rotating vane aner
erates on the same principle as a child
Air passing through the unit causes t
blades to turn at a speed proportional
ity. The blades are connected through:
to a dial that is calibrated in feet. It m
length of an imaginary tube of air pa
the blades. The faster the air blows, th
blades spin and the longer this imaging
of air. By timing the flow, for a i
minute, the air velocity is easily calculs

For instance, a dial reading of 600 ff
min means an air velocity of 600 ft/mix
a dial reading of 600 ft in !> min mean
of 1200 fpm, since

’ Distance
Velocity = Timel
Therefore,
600 ft
=————=1200 ft/min or 12(
0.5 min

Mechanically linked anemometers

is 200-2000 fpm. Units are made in 3,
diameters. A modern self-timing unit
velocity directly is shown in Figure 7
used to find the air velocity over a I
such as a coil or filter, the unit mus|
(traversed) over the entire surface, becs
locities vary over these surfaces. Alth
anemometers do not require recalibra
units are frequently used with a calibr
that compensates for gear train drag, p
at low velocities. F

2. Deflecting Vane Anemometer. A def
anemometer is illustrated in Figure §
unit contains a movable vane that i
(pushed) by the air current. The amoul
tion is proportional to the air speed. 1
connected to a pointer that reads air sp
on its scale. This device is not highly ae
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Figure 7.5 (a) A modern rotating vane anemometer
with built-in timer that averages air flow every few sec-
onds. This permits direct reading of average air velocity
without external timer and calculator. It also permits
rapid sweeping of large area grilles and registers. The ro-
tating vane shown transmits its rotational speed electri-
cally. This maintains accuracy over the entire range and
eliminates the need for calibration curves at low air
speeds. The illustrated unit has a useful range of 50—
6000 fpm. It can also be used to measure volumetric
flow rate. (Courtesy of Alnor Instrument Company.)

Figure 7.5 (b) Deflecting vane anemometer. The unit is
held directly in the air stream. Air pressure causes the
pivoted vane in the meter to deflect, moving the pointer
over the meter face. The amount of deflection, which is
proportional to air velocity, is read directly on the me-
ter scale, which is calibrated and marked in air velocity.
(Courtesy of Alnor Instrument Company.)
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Figure 7.5 (c) Modern digital thermal anem on
associated microprinter. The unit is autoranging
total velocity range of 20-3000 fpm. Accura i
better on all scales. Automatic averaging of
mits rapid scanning of grilles, registers and oth
faces with variable air volumes. The unit is
ranged to read air temperature over a range of(
(32-158°F). (Courtesy of Alnor Instrument

Figure 7.5 (d) This thermal anemometer is ar
tion instrument capable of measuring, storing
ing (with the illustrated printer) air velocity, y
flow, temperature and relative humidity, by u§
ent probes. The air velocity probe gives the us
of 20-6000 fpm and 0-50°C (32—122°F) in vz
and accuracies. The RH probe measures relat
ity from 0 to 100% and temperatures from 0 ¢
(32—-140°F). (Courtesy of Alnor Instrument



ickly give an approximate air velocity
en used to measure air velocity over a
,a “profile” or traverse must be made,
dings, averaged. It is most useful for
velocity over a small (3-in. square) spe-
Meters are available in single and multi-
ges from 0 to 3000 fpm.

grmal Anemometers. A third type of ane-
operates on the principle that the electri-
¢ of a hot wire will change with tem-
If air is passed over such a wire, it will be
| proportion to air velocity. This instru-
led, logically, a hot wire anemometer.
resistance is measured in an extremely
e electrical bridge circuit, making the in-
at highly sensitive although not very accu-
p). It is, therefore, particularly useful in
g low velocity air movement such as leaks

m units that operate on the principle of
ment of the cooling effect of moving air
own by the more general name of thermal

— \ :('
Low flow probe C:m‘

Static pressure probes

.1. or Instrument Company.)
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anemometers. These units may use the traditional
“hot wire,” known today as a resistance tempera-
ture device (RTD). Alternatively, they can use a
thermistor sensor or sensitive thermocouple junc-
tion. The principle of operation, however, remains
unchanged. Two modern, electronic, digital read-
out units of this type are shown in Figure 7.5(c)
and (d). In addition to their primary function as
anemometers, they are also usable as thermome-
ters to measure the air current temperature.

4. Velometer. See Figure 7.6. A velometer is an
anemometer that operates on the principle of a
swinging vane. Sampled air passes through a Pitot
tube-type circular tunnel in which the vane is
mounted. The vane motion and the corresponding
pointer motion are proportional to air velocity.
Unlike many of the instruments discussed, and
especially modern digital units, the velometer is a
purely mechanical instrument. Nevertheless, it is
highly accurate and is very widely used for TAB
work. The meter has scales of 0-300, 0-1250, 0—
2500, 0-5000 and 0-10,000 fpm. Three probes are

Diffuser probe

-
Pitot probe

6 Velometer kit includes low flow probe for velocities up to 300 fpm, Pitot
measurmg air velocities in ducts; diffuser probe for measuring air velocity

ers, registers and grilles; and two static pressure probes. These components

t to perform a complete balancing procedure for an all-air system. (Cour-
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provided with the meter: a low velocity probe
useful for measuring in-room terminal velocities, a
Pitot tube-type probe for medium air velocities as
in ducts and a high velocity probe. The instrument
will also measure static pressure when used with a
static pressure probe. The velometer should have
periodic accuracy checks, although it maintains
its calibration for extended periods, depending on
usage. Accuracy of readings depends on the scale
and is normally better than *2%. Table 7.1 sum-
marizes the uses and characteristics of anemome-
ters commonly used in HVAC work.

All the instruments that we have discussed for
measuring air velocity do so over a very limited
area. Pitot tubes and velometers measure velocity
at a point. Vane-type anemometers measure veloc-
ity over an area equal to their face area. This varies
between 3 and 30 in.2. Furthermore, the air velocity
in a duct or at a register is not constant. It varies
over the cross section of a duct and over the face of
a register or grille. Therefore, what is needed is a
measuring technique, using the instruments just
discussed, that will give up an average air velocity
over the entire area of the item being measured.
Whether the averaging is done manually by the
TAB technique or automatically by the instrument
is not important. These measuring procedures are
discussed in Section 7 4.

Table 7.1 Anemometers

Measurements

7.4 Velocity Measu
Techniques

(drag). Therefore, to obtain average a
ity, it is necessary to perform a trave
over the cross section of the duct.
make the air flow as linear as possi
turbulence) and to make the measure
curate as possible, a good T ¢
perform the following before taking an

* Insert an egg-crate type of flow
(or other type) into the duct at
diameters (or duct diagonals f
duct) upstream of the Pitot tube en

* Perform the test in a straight se
far as possible from elbows, fit
size changes and the like. Minin
should be eight diameters upst
diameters downstream from the

Type Use and Characteristics

Calibration

Manometer U,
vertical,
inclined

Rotating vane

Deflecting
vane

Hot-wire

Velometer

Use with probes and Pitot tube to
measure total, static and veloc-
ity pressures in ducts and across
filters, coils, etc. Very rugged.

Supply and exhaust air velocity
and flow measurement. Also use-
ful for terminal device face veloc-
ity. Simple and rugged.

Use for measuring face velocity of
terminal devices, grilles, regis-
ters. Simple to use, rugged.

Use to measure low and very low
air currents such as room circula-
tion and drafts. Very sensitive.
Requires careful use.

All types of air motion measure-
ments; duct (with probe), face ve-
locity, supply and exhaust air ve-
locity. Requires careful use, in
accordance with manufacturer’s
recommendations.

Zero adjustment
only

Periodic accuracy
check

Frequent accuracy
check

Zero adjustment;
periodic accu-
racy check

Periodic accuracy
checks are recom-
mended




ould be at least 30 times the
itot tube.

dimension for a rectangular
at least 30 times the diameter of

Jlar Duct Traverse

duct dimension is not at least 8
a). For larger ducts, use Figure
‘cross section evenly into rectan-
than 16 and not more than 64.
ons of a single test area should
small ducts such as 10x 14 in.,
to use a 2'--in. dimension for
| rectangle in order to have a
6 readings). Position the Pitot tube
e center of each test rectangle and
ssure reading. Number each test
‘the readings on a chart or on a
ition. Do not average the pressure
t all pressure readings to velocity,
the average. This is then the average
e duct.
w straightener cannot be used or
by, considerable turbulence will
¢ air stream. This may result in
in the traverse. Record these
velocity, but use the total number
find the average. An example should
asurement method clear.

rI'tm\ferse: of a 10x 18-in. duct gives

ings shown in Figure 7.8. Find the
ity in the duct.

pressures are tabulated, and the ve-
h test area is calculated using the ex-

V=4005 VP,

tlocity in feet per minute and
ocity pressure in inches of water (in.

a holds true only for dry air at 0.075 1b/
d 29.92 in. of mercury barometric
ection factors for other conditions,
¢ humidity and altitude (atmospheric
an be found in the manufacturer’s liter-
‘accompanies the Pitot tube and the
r. After calculating all velocities, an
rage is taken. This then is the duct
. It is shown on Figure 7.8.
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Pitot tube test position (typical) \

A
- LA )3' 3 1y,| 2
15" x 5" Duct 5 o d o st [ 5
1 2 3 4 5

2l
15"

Vp=V1+V2+V3+V4+V5XO.9
5
(a)

Figure 7.7 (a) For narrow ducts, it is sufficient to make
a linear traverse with a Pitot tube, along the center line.
Each position should represent the same proportion of
total duct area. In this case the area is 3 x5 in. The cal-
culated average velocity must be multiplied by an arbi-
trary factor of about 0.9, to compensate for lower air ve-
locity at the duct walls.

Pitot tube stations indicated by o

l : 5w
[ [ |
o || -] I +] : o
1 2 3
_____ EUSS e Ce
| | |
o | o | o | o
| | |
————— T T
2 Labs S T
————— -t
° ° | | o
i
‘) /rﬂ In - 1f ! ey
Equal rectangular
areas 16 to 64 &/ Ef:::;;
in number
= Vl + vz i e VI‘I

v
g n

(b)

Figure 7.7 (b) Rectangular ducts are divided into 16—64
equal areas for a Pitot tube traverse. The average veloc-
ity is the arithmetic average of the individual area veloc-
ities. Accuracy increases as the size of individual rectan-
gles decreases. Sides of measurement rectangles should
be between 2!/2 and 6 in. Rectangles should be as nearly
square as possible. (See also Appendix D, Form D.7.)
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- 18" .
I I | B 5
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S 4ol 13| 14| 18l o~ a8
Q-___we- _‘ (Pitot tube
location
Typical test rectangle (typical)

2”2.l x 4”2
(a)

Figure 7.8 (a) Solution to Example 7.1. (a) The 18 x 10-
in. duct is divided into 16 equal area sections, each mea-
suring 2'2x 41/ in. A measurement of velocity pressure
is taken with a Pitot tube at the center of each rectangle
and recorded in table (b).

Rectangle Pressure Velocity,
position  [(Pv), in. w.g. fpm
1 0.027 658
2 0.031 705 |
3 0.033 728
4 0.027 658
5 0.032 716
6 0.041 811
7 0.043 830
8 0.032 716
9 0.033 728
10 0.043 830
11 0.041 811
12 0.033 728
13 0.027 658
14 0.031 705
15 0.033 728
16 0.027 658
Total 11,558
AVG V = L =722 fpm
16
(b)

Figure 7.8 (b) The tabulated pressures are converted to
velocity using the relationship given in the text. The 16
velocities are then averaged arithmetically to give the
overall average duct air velocity.

Manufacturers also publish tables and dist
slide rules that will perform the required
tion and make any corrections for air at
conditions. One such curve for dry air
given in Figure 7.9. !

b. Circular Duct Traverse

A traverse in a circular duct is done fol
the same principles. Readings are taken ¢
diameters, at right angles to each other.
want each reading to represent the same (ag
area, the test points get closer together
proceed from the center outward. In ven
ducts, say 3-4 in., a single reading at
center, multiplied by 0.9 to account for

eral velocity, will give a usable velocity
ducts from 6 to 9 in., take six readings acr
ducts 10 and 12 in. in diameter, use eight re
For all larger diameters, use ten reading
positioning of Pitot tube points for these ¢
shown in Figure 7.10.

c. Face Velocity of a Register

Since the velocity of air exiting from a reg
not uniform over the register face area, a|
of some type must be made, and the re
averaged. When using a vane type ane mor
is placed against the face of the register and
a certain area depending on its size. This pro
should be repeated over the entire face of
ter, taking care not to measure the same F
twice. The resultant arithmetic average is
as the device's face velocity. When using
type anemometer such as a velometer, a |
of the type shown in Figure 7.8 should be
less than 12 readings should be taken, Fe
registers, up to 48 point readings can be ta
averaged. Return grill air flow is genera
uniform over its face area, and a smaller.
of measurements is possible.

7.5 Air Flow Measure

Field measurement of air flow can be accor
by two methods: direct measurement an
lation.

a. Direct Measurement

See Figure 7.11. The illustrated device is
placing it over a ceiling or wall register or
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/I
//
| Air velocity chart for varying ]
i duct velocity pressures /’
s
// Air velocity; dry air @ Sea level
@ 70°F
P

002 004 0.06 0.08 0.10 0.12 0.14 0.6 0.18 0.20 0.22 0.24 0.26 0.28 0.30
Velocity pressure inches W.G.

Instead of calculating air velocity using the formula given in the text, the
1 be picked off the chart directly. The values shown are for dry air at sea
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0.913 R 0.612 R
One Point F
6 Points |
8 Points
Equal
concentric

areas

0___-//‘
0______..-
v
Centers of area ] 03I6R .._’.I

of the equal [« 0.548R J .
concentric areas |=—0.707R 1

c— 0.837 R ——1
le——— 0,949 R —>
Locations of a Pitot tube for a 10-point duct traverse

Figure 7.10 Traverse points on round ducts. For 3- and 4-in. ducts, a single measure-
ment in the center will give a satisfactory velocity when multiplied by 0.9. For 5- to
9-in. ducts, two 6-point traverses at right angles (one horizontal and one vertical)
are required. For 10- and 12-in. diameter ducts, use two 8-point traverses; for larger
ducts, use two 10-point traverses on diameters at right angles to each other. The
spacing shown for test points will ensure that each test point represents the same
percentage of the total cross-sectional area. (Ten-point traverse diagram from Sev-
erns and Fellows, Air Conditioning and Refrigeration, 1962, © John Wiley & Sons, re-
printed by permission of John Wiley & Sons.)
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' Flow-measuring hood. This device consists
hat covers the supply or return terminal plus
base that contains a modified anemome-
meter performs an automatic traverse
nnelled through the base and reads di-
The illustrated unit is available with a
‘openings. It measures flow in four ranges,
n, with an accuracy of +3% of full range.

of Alnor Instrument Company.)

ire supply or return terminal is cov-
is channeled through the base that is
d with a modified anemometer. The
samples air velocity at 16 points over
termines average velocity and converts
ir flow quantity, which is then indicated
1S ent’'s meter. In effect, this device
automatically the traverse that is de-
in Section 7.4.c. These flow-measuring
ave several limitations.

¢ accuracy as register velocities in-
d should not be used for velocities over

and its instrumented base must be
manually over the register or grille. Care
be taken that the entire air supply device
d, with no leakage. This is frequently
It when measuring large area devices be-
of the bulk and weight of the instrument.
i particularly true when measuring air
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flow from ceiling diffusers and air-supply light-
ing troffers.

b. Calculated Flow

This technique relies on the well-known rela-
tionship

Q= AV
where
Q is flow in cubic feet per minute,
A is area in square feet and
V is air velocity in feet per minute.

In Section 7.4, we discussed the instruments for
field measurement of air velocity. Once velocity
is known, the preceding equation can be used to
determine flow. As already explained, the air veloc-
ity figure to use in this equation is the average
velocity in the duct or over the face area of a
register. For area A, one uses the cross-sectional
area of a duct or the net face area of a register. Net
area is listed as such in the manufacturer's catalog.
Alternately, register manufacturers will use a con-
stant K to represent the ratio between net and
gross area of a register or grille.

c. Other Methods

A third method of flow measurement for both air
and water involves the use of a sharp edge orifice
plate or a smooth Venturi tube, placed into a duct
or pipe. Pressure measurements made on both
sides of either of these devices can be related to
flow by a series of calculations and graphic plots.
These are complex, advanced techniques that are
beyond our scope here. Refer to the bibliography
at the end of this chapter for more information.

Balancing Procedures

7.6 Preparation for Balancing
an Air System

Before starting a TAB procedure, a number of pre-
liminary steps are advisable. They will help to
make the actual TAB work smooth, rapid, accurate
and efficient. They are:

(a) Obtain a complete set of as-built HVAC draw-
ings. These will be either contractor prepared
field drawings or as-built-corrected contract
drawings. In addition, shop drawings for
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equipment and ductwork must be readily
available. If drawings for any part of the sys-
tem do not show as-built conditions, prepare a
simple single-line drawing showing all equip-
ment and outlets.

(b) Mark on these drawings design air velocities
and flow rates for each duct and outlet.

(c) At each fan or blower, mark design cfm, rpm,
pressure and motor data including running
current. Show speed controls and interlocking.

(d) For each filter, show type, cfm, pressure loss,
area and air flow.

(e) For coils, show pressure drop, cfm, area, tem-
peratures and capacity.

() Show location and type of all dampers.

(g) Record any special equipment information
that will be checked during the TAB procedure.

(h) Prepare TAB report forms for recording test
data. (A few sample forms are given in Appen-
dix D.)

(i) Select the instruments that will be needed for
all tests.

(j) Mark on the drawings where all measurements
will be taken. If special access fittings are re-
quired, such as those for Pitot tubes, make sure
that they are in place.

(k) Check with the field inspector that all systems
are operative including all controls. The field
inspector should also have the required data
on all damper positions. If not, these must be
ascertained before any TAB work can begin.

(I) Coordinate the TAB work with the contractor.
It is necessary to have a contractor’s represen-
tative available during TAB work. A TAB tech-
nologist is authorized to perform testing and
balancing only. Any procedures, work or
changes required to accomplish this TAB work
must be performed by the HVAC contractor.
This includes starting and operating all sys-
tems in all the design modes for which they are
intended. Actual operation of the equipment by
the TAB technologist can create problems of
responsibility for malfunctioning. This is be-
cause TAB work is almost always performed
before the system is turned over to the owner,
that is, while the contractor is still fully respon-
sible.

7.7 Balancing an Air System

The actual balancing procedure can be very com-
plex if the system is large. Before going out into the
field, the TAB technologist must plan the work

precisely. Large systems are always mad
subsystems. Proper TAB procedure would
to balance subsystems that are independen
overall system. This demands a complet
standing of, and familiarity with, the de
anything is unclear, check the design intes
the project engineer. Out on the job site, |
technologist is expected to know exactly s
or she wants to do, how to do it and &
results are supposed to be. A brief listing
TAB procedure in the field follows. In son
several steps can be combined or done i
ent order. Remember that client satisfag
pends on an adequate TAB job.

(a) Check that all the preparatory steps |
the preceding section have been taken.

(b) Turn on all fans. Measure fan speeds ang
to design values. Check motor running-

If running current is above or more tha
below the design value, shut down the fz

the cause is determined. 1

(c) Measure and record initial cfm at suppl
A Pitot tube traverse is the preferred m

If this is not possible for some reas
anemometer readings across coils in
handling units. The cfm must be within

of the design value before proceeding w
next step. Adjustments of fan cfm is no
made by adjustment of the drive speed
tional speeds are most easily checked
simple hand-held tachometer.

An air quantity of more than =104

the design value indicates one of the fol
problems. They should be checked in th
listed:

* Incorrect damper positions—probablyt
« Incorrect filter ]
* Equipment malfunction
* Incorrect installation (This should notk
sible if proper inspection of the instal
has been performed. The job inspectors
be called in, if this seems to be the prob}
* Incorrect design (Consultation with
sign engineer is required.)

(d) Measure the flow (cfm) in major duct brg
and adjust to within =10% of design. A
ment is normally made with splitter das
Dampers should be fixed in position, an
positions marked.

(e) Measure and adjust air flow to all air ¢
to =10% of design requirement. Some
technicians start at the last outlet (fa



fan), and some start at the first outlet
to the fan). Our recommendation is to
latter method; it seems to require less
stment. Use a velometer or vane ane-
to measure outlet air velocity. Take
traverse) readings to arrive at average
ocity. Calculate cfm using average veloc-
d net face areas of outlets. Record all
the appropriate TAB form.

¢ and adjust the cfm in multiple out-
nches before adjusting the flow at
outlet.

e and adjust air flow at all air outlets.

terminal outlets are adjusted, repeat
tire procedure. This is necessary because
djustment affects the pressures and flow
entire system. As a result, the quantities
sly measured in main and branch ducts
‘have changed. Keep repeating the proce-
tuntil flow readings remain the same when
ed. Record the velocity and flow at
outlet for each round of adjustments. The
form should contain space for three sets of
It should not be necessary to repeat the
quence of measurements more than twice. In
Il systems, one repetition is frequently suf-

e and record performance of all equip-
nt. This includes:

Satic pressure at fans, filters and coils
dotor currents
Il motor and fan speeds

ure and record WB and DB temperature
coils along with the load condition. It
not be possible to operate the equipment
gn loads. If this is so, record the op-
g conditions (partial load). This will en-
ble the project engineer to determine, using
¢ manufacturers’ published data, whether
P equipment is operating correctly at part
ad. It should also then be possible to extrapo-
determine if the equipment will operate
ctorily at full load.

rorm air velocity and flow checks on the
urn air system.

preceding description of TAB procedures for
systems is brief but covers all the important
i5 of the work. In practice, an experienced
echnologist will make a quick survey after
stem is up and running during which he or
ill detect any major deviations from the de-
operating conditions. These are usually not
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malfunctions. Instead, simple oversights, such as
an open window, door or duct access panel or a
blocked return grille or duct, can play havoc with
system pressures and cfm quantities. This ability
to locate trouble spots quickly comes with experi-
ence and a sharp eye for detail. For the novice TAB
technologist, a very detailed step-by-step proce-
dure list is the best course to follow.

7.8 Preparation for Balancing
a Hydronic System

Before beginning any TAB work, the following pre-
paratory steps should be taken. Thorough prepara-
tion always results in time savings in the field.

(a) On a set of as-built drawings, mark pressures,
flow rates, temperatures and motor data.
Clearly mark the actual field location of valves
and other controls. Check with the field inspec-
tor on any special conditions that arose during
construction. Familiarize yourself with the
control system. A single-line diagram of the
control schemes will be extremely helpful, par-
ticularly if the system has automatic controls
and interlocks that are not field adjustable.

(b) Prepare appropriate TAB test forms for field
use. (See Appendix D.)

() Mark on the drawings all points of measure-
ments and the items to be measured. This will
prevent anything from being overlooked. Have
orifice plates and/or Venturi tubes installed at
points where flow is to be read.

(d) Coordinate the TAB work with the construction
contractor. A contractor’s representative must

be available to perform all hands-on system op-
eration.

7.9 Balancing a Hydronic
System

Having accomplished the preparatory work just
outlined, proceed with the actual balancing proce-
dure as detailed next.

(a) On a preliminary visit to the site with the field
inspector and a contractor’s representative,
check that all systems, controls and safety de-
vices are functional and that all hydronic sys-
tems have been drained, flushed, refilled and
vented as required.
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(b) Before any testing begins, confirm that manual
valves are open, controls are set in their proper
operating position and any seasonal controls
have been properly set. This may involve over-
riding some automatic controls, in order, for
instance, to test a heating system in the sum-
mer or a cooling system in the winter.

(c) With the pumps off, measure (and record)
static pressure at each pump outlet.

(d) Start all systems. Immediately check the op-
erating currents of all motor-driven equip-
ment. If motors are drawing excessive currents,
shut down the system to determine the cause.

(e) Ateach pump, perform the following test:

(1) With the pump discharge valve wide open,
record the operating characteristics—flow,
discharge and suction head, speed and elec-
tric motor data.

(2) Gradually close the discharge line valve to
shutoff point. At several points during this
closing procedure, take full measurements.
Use one gauge to measure all pressures;
this avoids introducing a metering error.
Do not permit the pump to run with the
discharge line closed for any length of time,
because it may overheat. Using the data
recorded, plot a pump characteristic, and
compare it to the manufacturer’s published
data. If there is any significant difference,
clarify the reason with the pump manufac-
turer.

(3) Gradually open the valve, take head and
flow readings and check that they fall on
the curve just plotted. If not, repeat these
steps until an accurate pump curve is ob-
tained. Record the total head and flow in
full-open valve position. A total head higher
than design means a maximum flow lower
than design and vice versa. If flow is greater
than design, close down the output valve
until flow is about 110% of the design
value. At this point, record pressures, flow
and motor data. All these readings should
be within system tolerances.

() Some hydraulic systems use automatic balanc-

ing valves. For such systems, manual ba
of flow rates in mains and branches is u
sary. Where manual balancing is to bi
adjust manual-balancing valves wi
tems operating. Read flow rates at ori
and/or Venturi tubes that were ins
viously. Water flow rates (as with air
within * 10% of design are considere
target. Using balancing valves, ad
rates to terminal units to =+ 10% of desig

Note: Keep in mind that flow rates in h
heating are not critical. Terminal units wil
about 90% of their rated output with 50
because the heat output of a hydronic &
unit (radiator or baseboard) depends prima
the difference between ambient air temp
and hot water temperature. Chilled water
systems are not so forgiving with inaccurs
liquid flow. There a drop in flow will ¢
serious drop in cooling effect.

(g) Repeat the balancing process for chille
coils and terminal units until the values
unchanged. This may require two or the
titions. 1

(h) Make a final check of pump flow and p
and of pump electrical data. Record th
mation. It represents the balanced syst
and can be used in the future, if any g
the system are repaired or replaced.

(i) Mark and record the position of all val
balancing cocks and the readings of all
and thermometers. This, too, is data fo
reference.

We have not discussed the TAB work n
on condenser water systems, cooling to
chillers, heat exchangers and other parts ¢
systems because they are beyond our scof
Technologists will begin TAB work on smé
ects. After gaining experience with the desig
field aspects of small systems, many will g
similar work on large complex systems.
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tener
anemometer

plementary Reading

g completed this chapter, you should be familiar with
Fnot entirely clear, you should review the sectio
i the index to assist you in locating the relevant text.

the following key terms. If any appear unfa-
n in which these terms appear. All key terms are

Magnetic pressure gauge
Manometers

Pitot tube

Pyrometers

Resistance temperature device (RTD)
Rotating vane anemometer
TAB

Thermal anemometers
Thermocouple

Traverse measurements
Velocity pressure
Velometer

and J. S. Reynolds, Mechanical and Electri-

Wipment for Buildings, 8th ed., John Wiley
New York, 1992. This book covers the

of study as the present book, but in

detail and scope. It is very useful for

study.

i Society of Heating, Refrigerating and Air
oning Engineers, Inc. (ASHRAE)

e Circle, N.E.

3A 30329

Handbook—HVAC Applications, Chapter 34, 1991
Sheet Metal and Air Conditioning Contractors
National Association, Inc. (SMACNA)
8224 Old Courthouse Road
Tysons Corner, Vienna, VA 22180
HVAC Systems; Testing, Adjusting and Balancing,
1983

E. G. Pita, Air Conditioning and Systems: An Energy

Approach, Chapter 16, John Wiley & Sons, New
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