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are used throughout, and Table A shows the basic and.
‘common equalities.

Table C_Physical constants
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Symbol Eguality

kg
t 10t = 1000kg
exponentia
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101 = 10Im/m*
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emperature
de air temperature

ultant temperature at centre of room
environmental temperature
inside environmental temperature
swing in environmental temperature
flow temperature
glass temperature
mean temperature °g

‘mean radiant temperature 6
return temperature e
room temperature °C
supply air temperature 26,
surface temperature 3G
sling wet bulb air temperature e
thermal transmittance WK
volume m®or 1
electrical potential v
vertical surface

velocity m/s
specific volume m/kg
wet bulb temperature. He
admittance WmK

10 raised to the power of 7, 107



‘How often do you use a spreadsheet program? The answer to this question is
probably: not very oﬁen You may not even be very familiar with the use of 4.
Enginee: whata is for, and realize that it is a
powerful software tocl but they rarely used it, if at all. Paper, pen and a scientific
caleulator have always been good enough for engineering problems anyway.
When a large task is to be performed, such as calculating the heat gains to a
100-room commercial building, dedicated software costing thousands of pounds
or dollars is used.
‘Who needs a spreadsheet? Only accountants use them! Why is this the view of
engineers and engineering students?
‘What use are spreadsheets to engineers? Who would use them? What can be
learned from their use? They look complicated. It must take a long time to learn
how to use them. An alternative view may be that spreadsheets are too simple, and
that they can only do addition problems like bank statements and company.
accounts. They are no good at real engineering mathematics, are they? Can you
think of any more reasons why spreadsheets are not as common as calculators?
The reasons for such doubts include the fact that there are few or no application
spreadsheets for building services engincering design calculation problems. If
someone produced useful spreadsheet applications and made them available at a
reasonable price, would you use them? The answer to this question must be a
resounding yes. Spreadsheets are very powerful software programs that cost
megabucks to develop and bring to the marketplace. Almost every personal
computer either has a spreadsheet loaded on its hard disk, or could take one.
Spreadsheets can cost from a few pounds for public domain programs or share-
ware disks up to £500 for the market leaders. They all perform the same tasks —
some more colourfully than others. Very involved mathematical problems includ-
and are easily handled. Data that the
e canibe automatically copied to other parts of the sheet and processed.
‘The spreadsheet handles text and numbers with equal equanimity. Discrete parts
of the sheet can be printed to create graphical output and reports. Laptop and
computers have spreadsheets in read-only memory and on disk. Placing
small computer onto architects’ drawings or any workspace allows
f data directly through the keyboard. This avoids the need for the
f data onto forms for processing on a later occasion. There is no
1o be held on paper before or after processing, other than rm
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1 four external walls;
2. two internal walls;

3. o internal floors;

4. two celings;

5. two fat roofs;
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The thermal resistance of each layer of material is
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“The wight of a layer of plaster s

“The overall weight of the internal wall, SI = 78 ke/m?
Internal floors

An internal floor separates two rooms within a building.
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‘The solution data is shown in Table 23.

Table 23 Solution data for Example:
Layer material

Ry internal surface
Thermoplasti e
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Single-, double-and triple-glazed framed window or door
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DATA REQUIREMENT

The user will enter new data for:

1. Your name in cell B4

2. Name of the job o assignment in cell BS
3. Reference number or job detals in cell BS.
4. Name of the fle in cell BY.

Flat surfaces




e i e hemteril name
e cu]\mm )

it of LOWm K in columan D, e
R ER. This Would b o

it does not exi,
foyers 3. e
)

or extermal wlls 2,  and 4, inerng
“"p‘ m,,.,xmxmnmw,mm il
o S
ol are o the worksh s
e e G rapen) i
onit foor s ne tht has the underside exposed 10 the outdo
wwmmu,..mum Toor, becuse this has  Yentilated ai spaet
e sl i An el ot iy

Bihe oot wih  pdii concoue, ighvay o car park bencath

o

;,m...g= fom i ol s n 1 D9
b oo il 575
«ﬂk fml menor layer of sloping material in cell B374.
cell €374,

entry for horizontal materials 5,
 resisance of the internal suface n cel
data entry for pitched roof 2 in the. mn m\gx A404 1o F424,

e
%mmm i cell D450,
a8 surrounds the sobd foor i cel D453,

e

Dty of materl 1 in
et ma\e:‘xa\\tyem 25 neumw&
s e ncanal fce i,
al resistance of the internal surface in cell E496,

ingle-glazed window or door.

T pnag o o cuning i the a1 o e
o digr 1 ol D335, A e s i e of 4»

Thickness of the exterior material of the
Thermal sondicte ot patelleyee L EEEER

et oF oy some bt e ol tayer 2, bet
interior and exterior parts of the frame in cell BS31.
Thickness of layer 2 in cell €531
50, Thermal conductivity of layer 2 in cell DS31.
Density of lager 2 in cell F531
2. Repetition of the data for the interior materials o the frame n cells B
FS32
Internal surface thermal resistance for the frame in cell ES33,
il e el s GEE el ESY.
5 tion of the glass in cell BS40.
sk of the s i a1 CS40,
Therml condactiviy of the gas n el D540
Density of the glass in cell F340.
Internal surface thermal resistance in cell ES4
Repetition of the data for double- and triple- glnmmmundv
cell range AS62 10 F630.

OUTPUT DATA

The output data is as follows.
1. The current date s giver




‘DAQNWNK strueture is given in cel ng
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o fhch i e
Wi goen il i

e e therma transatance with the highest e
i ot vl i3 3104
Vi o e €130, Al the forther output data i areanad)
.ﬂ”ﬁi’;,?? el e 0L G wher the ity

Tnternalwall types | and 2
< E138 10 CIE2

The ouput data s ivn i th el ane

Internalfloor types 1 and 2
The output dats i iven in the el range E190 0 C?

Internalceiling typesland 2
“The output data is given i th el ange

to.C286,

Externalflat roof typesland 2
The output data gven i the cll range E294 1o C:

External floor
AThe output data s iven i the el range E346 0 C364,

Piched ooftype |

10 The resistance of the slo
E377.
ol el resisane of e

PINg mlerials is given in the cell range E374 to

lopiag lasers of materia and cxternal
b e th o s PorEonal lyers of materi and.the

> VEight and validity check are

D35 10 Cil Toe
The cllation o the veigh ot e

0 2 v el range E411 to

thdqmvmdﬂoﬁv
shape actor s shown f el D452,
15 The remalivitane of e oo gn f ll AS 5
. The lower and upper valiity checks o the thermaltransmitanes e shown
el 45 and a0

Suspended floor

19, The shape factor i given in cell D473

30 T themal ramitanes o the uth g s g in D475,

21, The thormal resistance of the carth path s iven in DATG.

JA The termal ressance o the Nooring maietls s st S AR
B

o af e hae Hoon e
S T o s o e ol o o A

D305

floor surface area i given in cell D307

35, The lovier and upper validity checks on the thesinal transmitianes ase shown
incells €509 and C510.

Single-glazed windows

- Thetheml ce o

o dadng s dhown i el B0
hown i cell DS46.

hermal resistance of 4

31, The thermal transmiltance of U
ot the s Shown sl Dt
rage vlue o the thermal transmittance for the whole window opening
setural wall i show i cell DSS
nce of the glazing s shown in cell D52
3 of the frame s shown in csll DS34.
36 The simciiral weghi s in s of window suacs A EEER
e sty

o el €228 3 Co8,

Double- and triple-glazed windows and doors!
“The output data is shown in the cll range ES79 10 GGG,

FORMULAE

‘The worksheet is formatted 1o display three decimal plaees for
the e
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TODAY date and i fun
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and time. This el has
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e st aerof material i caleulted, The cell nge
T e
el pacs

matted o thres deciny

wall ﬂ:md by summation of the cells that
l,the surface and air space

Cell D45
#1/D3
The

Cell D4T
(F3) |(D43-EA1—E33)

The
in th ntml and extermal surface Fesstnces from the overal reianc The
conductance is now a constant for the structure whesever it m

s
G
Daj— s
~ D ER-EA K
Cell D49
(FI) (CB4#F34+C35+P 35+ CIBAF36+C3HFI9+ CAO A0} 1000
“The weight o the complete structure per unit surfuce area is caleuted

e oed by the structural nginer o i th forees upon the soparig
beanss, colums and foundations for their design. The cell s d

auly one decimal place. For a single material:

= ..+L‘ﬁﬁ)xw§ L

Di9 =

CellC51
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T e e o
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..a ,,.,, he lower limit

g ol 0 5 S o
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st e
wfvands 0 e e <OV

o ohe i e e s s 5 20,8 n i
z'm O el i correct, pres the enter key and the edited e v

e o fthe ot e s e e
E (el ansnitane aanst o i withun

e i o st 03155 0001 K
o o e b hermal i
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d. <01 W/mK. 8 Yes. true’ outcom
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fome will s the net stement ‘above 01 Vijn? K, OK" 1o
Gl

 limit for an exl:mn il has been st to 2W/m? K. The user
depending i design crieria, IF the Building Regula:
e e ppeci S0 K o e e
then it s £ would wish (o utilizes

K. ‘nns mm L ot the upper vl
i steps as for I
ﬁb% lnd save \I:: new. rle that has been

ns mﬂfxme With a bigh limit with an @IF

Gy

ﬂ

Walls, foors and cellings
Cell range 60 10 C364

The s ol e e o e
i, flors and ceiling

Pitched roof
Cell E374
(F3) +CET41000/D3T4

The thermal resistance of the firs external layer of material on & pitched
caleulated:

B3 =

cm
10" x D374
Cell E379
(E3) @SUM(EST3. ESTT)
The resistances of the sloping layers of material are summed:
Re= Ro+ Ry + Rt Ryt Remt K/W
E379 = E373 + E374 & E37S + E376 + E3T7me K/W.

Cell 383
(F3) +C383/1000/ D383 4

The thermal resistance of the frst uppermost layer of material on 4
calculated (this may be floorboard):

Cell E388
(FS) @SUM(ES83. E387)



romporion. 1 i 23
o et
angle of the trigp
s s s e oy
1 of the slope thermal resistance can g
o i o s
s
< = fpatenuse
adacent ~ hypotenuse x cos ¥
lngs oFthe sdes ofthe riangle ae ot esded,Besause the same el
by using the hermal resistance ofthe 0 Sufics:
modified R = R ¥ c0s X w*K/W
hinge, st o DD Tooworsher vl el
fans There are 3 radian n 360", 50 there ae = radians in 180",

g L mK
R Recos(X x o) 4 Rt o

D392 E379 x cos(D36Y x =/180) + E3S1 + E389m*K/W

where B breadth o floor (m); V-
(m)
raz=

The shape fuctor is dismensionless, and ft wil vumnlhmk
0997 sce Example 215

connss
9 @1 1(@EXP 091DUSIDHEN 05 DU GR OB @
(\‘D45?>))"(\00 -D450)/1
Dot (O (O
= atron () memen (e
= st Tosss Gimesion, of e for () I = el s
S e T e ST
i

o ity of o 1 ot i e N

058
arctanh (o0 ) = —4xIn
: "(»snxosu) ‘(v+§)

The explanation and use of this formula was given i the carler section on soid:
floors, The thermal transmittance i evaluated from
2x14
S05xBx

Cells C458 and C459

The lower and upper limits of the thermal transmittane for
as are those for a vall.

Suspended floor

Cell D4T3

(ra)(as*mml(as*mnmam sk
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e o tetotl e o the ol o

Cell E49]

F8) *Ci8I/000/De1

The theemal rsistance of the layer of materal that is nearest {0 the ground is
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e th thermal resistance of subsequentlyers in
i vith e i oo s s,

mal ranmitance component o the veraiy ,,,nm‘
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Dot im0
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S
oo s+ 0+ 55 ¢ (gl
Callpsns
101
el s e

Call DSOS
(3) 1/(D501-E4

“The conductance of the whole floor is found by sublracting the nternal surfuce
resistance from the overall thermal resistance and then taking the resiprocal. The
internal surfuce resistance is assumed to be high emissivity, because & loar s not
likely t0 be a polished refletor.

11DSO7
(FI) (CHS1"F491 +C4924P 402+ CAOBAF A0+ csgvragb»cosﬁ'nssﬂ 1000
The weight of th of the floor is calculated for | m? of §
e any i gxm\‘el mmxym,a..wnym@z
is notincluded.

W= (Lipi +e L) % g5 b

Cells C509 and C510

“The lower and upper checks on the validity of the thermal
suspended floor are made as for the other structures.
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lazing (Wim? )

Cell D552

(F3) 1/(/D346-ES30-ES4)
“The conductance of the plazing s

he [EE———
Cell D854

tance ofthe frame s found from
transmi of the fr found (F3)1/(1/D546-E529~ES33)
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TRet R+ R Rt R K ‘The conductance of the frame is
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"l+1|+ﬁum‘l(
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(FIYDS25(C530*FG30+ C5aI FS31 4 CaRAHRER2)+(100
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Caleulte the thermal transmitance, conductance and strucural woight or & e |

08
05B+031 ung wal from the data in Table 25.
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=091 Table29 Dat for Example 217
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il hangi
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R airspce

Medium concrste 200
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Mincral fbresab 100 0035
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W= 269ke/m’
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S6kg/m?

EXAMPLE?20
Caleute the thermal wansmiance, conductanee and
e it :nm:lc\r, oo Fom

- floar hoardroom downwards nto un off

Table 242 Data for Example 220
Layer material
R imernal e
10
10
E
150
lreboard celing panel 10
Rt st
1.326)" W/m? K
~0.758W/miK.
2 1 w
1326018014 e
0956 W/m*K.
367 ke/m®
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Calelte the thermal sransmiance, conductans and o
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A
Sim= m numw

D SRR
0424 =007 014 me K.
—4613W/miK
W= 41ke/m
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EXAMPLE224

Calculte the therma transmittance, conductance 4nd structural weight of  well

storey house. Use only the data in Table 216

» %
) (keim)

Table 216 Daia for Example 224

Layer materil

P i > i
(mm) (WimK) (m*KW) (keim) (kgm)

R external surfuce 004
e » oow e

Roofing elt s

Glasefbre siah o ois S

931

=2
Roofpch = 50" (Rox o) 2039

Timer
Gl flre it
Plasterboard

Light plaster
Ry inside surface
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Table 218 Data for Example 226

W
[S) Layer materal T R o S
== (mm) (WimK) (' KW) (kgm’) (ki)
Window

fra
R external suri 006
Ot becch fme. 25 0165 012 700 41
Ry aie space
Middic beech frame 25 065 01 100 138
Ry ai space. o1
Tnner beeeh frame 2 o1 ol 0 s
R inide surfuce o1
Frame R = 099 W25

Glass
i exmmxlmrfwe 006
Plane glus 6 105 00sT 20 15
o i apace ol
Plane glass 6 10 20 15

o

(06647 Wjn*K
506W/m’ K

me C =,

1
0,664 —0.06—0.12 M K.
006W/m?K

U =(0371)" W/mi K.
= 205W/miK
1
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INTRODUCTION

This worksheet allows the ir conditioning cool
single room at one fime of day on one date, Re

il wmtm.me ghqur'

Ioaton and time. The 00m coolingloadfom uidooruad o et e
" a

o e
i e e o e e

e i s e o e it of g s o et
Tooms ot o e apeis o

m glase, £~ 10
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LEARNING OBJECTIVES

Study and use of this chapter will enable {he user fo

L. know the sources of the room cooling load for air conditionisg:
identify the design cooling load;

he sources of heat gain;
understand the thermal storage effects of the bulding structurar
solar heat gain .

Ko

6. identify how solar heat gains oceur through gldzing:
7. become familiar with typical heat gain data;

& be able o etinate the hes g o S c R

use air, envitonmental and sol-aif tomperature;.
know how 1o caleulate the room ooling loa thro

use thermaltransmitiance and admittance;
. use time lag, decrement mraan&-niﬁaa
calculate venilation and &



bl tentanc ol hoat gains:
i o outside i ventiaton e required 0 the occupanyy, |
iy |

8, ke i sl t e b roo coln o 1 o o ey
0 ductwork and i leakage from the et sys1o
e
18 e Samere fh suppy 1 SciEwltion st s or e gy
18 Kinowho 10 use solar gain correciion factors or glazing:
b mean and cyclic hea fows:
2L catculae the oom air change rate
2. i he cooling plantload or2 group of oorms.

76 lighting [ ‘
&

5
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& sonpancybenigain u
8 opag:

0 o ﬂuam air xmw,m e
1 penk osing o

b resulvam tomporaus

& anainenvironenalemperaiure 10
88 thermal admittance o
B8 thorma, \».,.nxx 6
57 thormal 0
7 mmma\lmmmuhnce 10
68 timea o1
5 tofal heat

B8 ventilation

to0m s et
Oudoor i, pi

from the simultancous solar radiation
15 the sources of heat occurring within
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fone mmawmmwm ho rs vacing he e The deigner

practic e e e spnton e deign
The design cooing load s found

J e et g drough e

et flows into the room through th opague s
ceeriat pove o i xyﬂc.m

the clectrical power input to

. ventlution at tha enters rom aacent warmer oo,
Some of these heat

the room immediately, and some of o them varm e buing
siructure by radaton, Those Sretusl Heut i
the room s empertue.§
e building warms the brick

occurred 9h previously. Thermal admittance, ¥ W/m?K. is used
ofthese heat lows into and out from thermal storige.

o i adiation, convection heat transfers from the warmed
thermal transitance gans. The desene takes nto sccoun

i
2. exposure o solar adions
3. altitude. Lhexg}u uhnve sea level);
4 transm e g

5. reflectance. nhhn glmmrfms
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Q0= 2m ok 2m ¢ 0,55 % 26 md
204W.
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s 7 g Heat gain a 10 am,on
s Tabe 3. Cooling s ough vt cse gaing

) it e e of ot B

Sune hrough the south windovw s
o

2m 055 % 179W
938w

e O Sn e (s

The toal heat gain at 10 .. on 21 June through both windows

X 0=64 4 3938w
i 10142
s The resuling hat gains fo the remaining combinations of dates and times are

I s shown in Table 3.3

; v Table 33 Solution to Example 3.1 room cooling osd (W)

e N Time )

g wﬂu‘i ke : Dae o

F N 21 June 10142
2 Sw 24

22 sepenter

e The peak room cooling load s 1309 at noon on 22 September in Londony
o Jatiude SL.7°N:

ecton fcors o glzing coling

157 v g ol e e

SOL-AIR TEMPE
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% o o he wll o o as s e Al HR R AOAUAES
i s (CIDSE, 1980 Sl et e . i B B
i int the opaque strctue. This s dore for the tme of the soli g

urrence.
U spper i h roomat e i of e ek sl gl m ol e
i slazing. A musonry wall having a time lag of 9 h and & peak solar g 4 noon
‘would have  net low o the Gpaqu sttt at 3.0, Th e 24 R Solale

temperature is used to find the mean heat flow inta the opage stnieture

whi
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ol o oy 02 e m.,,

se to outdoors and indoo
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e e e g T s s

| coneponts 0 st o dution i e enrty o
&pmmu.m(w,,nm)mh,men,he.\.\uw,,m.m e

 tickumes e G value o i b e e v o i

s theratio wsed for inernal el foorsand g
variation in heat flows between o

h the stueture i the sum of the 24 h mean heat flow and.

'hu 2ero, The room heat
omis iven by

“The other heat gins o the mmmn,,,,% o
e cqpmentand the fow of amer st o
BaNER
A southfcngtopor o n Foromouts
Sttt e ST
o ed
2

e
mm...m,.m”mu"‘ s
ftindiete nmnm.;,..ww‘um..w.m,u..,. el
(6 doulegszad vindow ofcar st gass n an i e e
S i i e b bl
(© il wall of 105wy kv i
i b St Bk 40 o

(@) intemal wlls of 100 mim ightweight concrte black, 13mm lightweight plsir
i ides
@) 150mm castconcret flor, 25 am waod block su
(6 19mm bl oot covvg o oo, 2 o i,
plasterboard and dark exterior
The ratc o inflsuion of ousie i s 025 st hanges e Mo, The i
0 provide 101z
S s teopmeee b (310
e S0 sensil st nd S0 Lt
erslsion i dus e espetd 0 contbe

etiond o ity s peced oo gl

10 5% of the desgn T miin dct s oy s S s e hemal

daa provied i ne workshes. Calcite.th room coolng load and fiad
ameter oFthe supply and reciculion ar ducs

The thermal data for each surface s shown in Table 3.

“Table 3.4 Heat ransfee data for Example 32

Sunfuce 4

A
() (W)

i
2

N
rooms, 50 A
ment factors fol time:




i,

635(4)
(4] + 033N7

offce volume /' = 5 5 x 3m’

" =75m’

 ceoing oud e 1 the south-ueing doubl clear foat g for  lgh.

it building at SL7°N latitude with the intermitient use of internal slatted
000D sun time on. 12 Scplrmba i5 333 W/m?. A correction factor of 0.74

When th g re

solar gain u.mug.u the windoy

6x110
GX 1107033 x 025 %75
91

33w/m’ %074 x 6m

e allat
before o O30 heury oo C. The 24 mean
ﬁ(:pgw-llu 25°C. The swing in 1, bclwe(n 1he 0300 hours value

‘The external wall:




hesenile et g O o s offic st oon
00 = 099240 (o~ .

W
0992633 % (155-2) W solar gain through the glazing, 14T9 W,

L
o
3. net swing i the condu
4 ventilation e infitation, 58 W;
5. occupncy gain, 300W;
6. clectical equipment emission, 400W.
0p = 1479 — 102 5 193 4 58 + 360+ 400W
i variaton from the mean heat low 0, s

0= Al W

e heat gain 10 the duet system,

0 = 115 x 2388 W
085 2746W.
e 9045 042 (145) W
a1 (f . —2746kW
09029 0.45 % 042 (145) W ,
nw room floor area 4 = 257
xoom volume, ¥ = 75m’
0,=0902 25 0.4 099 x IS W
= 161w

0902 x 4 U cf iy W
902 6% 33 1%3 W
w

oW
latent heat gain, O = 4 people
tatent heat g, Q=4 people X S

5 ~200W
Oi=—22+ 1614 54w : T
cat gain, 200w
=~ 1w otal heat gain, 0

518.5°Cat noon infirates he coni

BBV X (1~ 1) W
ré?@vwssxzsx@n,z,,w

ned office, causing

To find the volume flow mm&.
heat gain and room ir.
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~023m'ss
o he tvork e s X0 0 s o s
e 3 mﬂ\t@(mﬂmumufwﬁ e it nto th aiecondiion
sppl s o 0 el T ieon e et b el et e
L0s % 0223ms surized i feakage will be uto
—0255m. 10 the neaest S lites 5 5. The supply of autsi

 The room air changs rate is

N=¢

o0, 200 i hage

e o e of su square metre of floor area in cell m
e S T s used when the mamber o oucupatsfo the oo b ko

3 cell €226,
S

To o the supply i duct diameter:

i
“The power of allthe elctrical equipment that s in s during the cooling load
time within the room in cell €232,
The operation hours for the air conditioning system per day in esll G233,
Th dte for clclation of the oom coolng oad el Gz,
of floor In e room n ol C24,
11 247,

e mm s gt fasa 2o e o sl S S

s will b the

T ) ot windows, door and roof ights i the s
8

“The orientation of external wall 1 in cell D286,
Themal transmittanee of the wall in cell D287
2. Thermal admittance of the wall incell D288,
Coolng o though he vericalgasig n ol C29,
4 o g tranmision o n ol D28,
Tineof it oo ek
. Tocomaltime i o i i i fr—
Decrenent it fot e sl n
in 24k sol-i temperature Ior the wall in ell D295,
e o for




e indows 400 9007 L i e o

i,
e e e e, b, L0 At
gzs,,gw.,.y oling s o corricio s ,m.«

e condioncd room. nomally

e e oorin 005
the vlln« for the. hmldmg ‘orientations. Vg
63, Mean 24h outside air temperatur¢ in ccl cell P445,
%3 Tine o ocuene ofthe ol et gain (0 the foor n cel Qags.
i e o a,
£

66 Th da for Toor are 2, th o mhng rearond the oo s
el unge B446 to RAS0 s for floor area 2. Enter the resul
tenpecatres of the ajcent room in 3 o of (e outtage i -

enter the corret solai temperatures for 4 roo. &

61 The aameo the curent il el AS29 and BS20, The workset b

 for 12 s ofrooms. The mumbxer of fles can be extended by copyng
downwards,

mm ¢

seasibe heat cooling oad in kilowatls in cell €529,
The oo ltent eat cooling Toad i Kilowatts in cell D32 2
o e room cooling 104d for the plant magins

capeity to b included in cell E547,
Bea plntcaaciy (o be icluded in el

om the distribution duct system in cll Gl
i the air duct system in cell C574,

sl 293,
L temperature between the mean 24h temperaty
the tme of heat gain i gven i el F297, e
Suingin

 the time of the room coolng load i iven n el F300

Data or wails 2, 3. and the oo i gven inthe el range F305 1o F3§0 s

all |
Orentation ofval s g n ol 340
1 is pven in cell GAO3
i s S s B
Cooling load through window | is given in cell G404,
Glring cooling load sotecion faos foe wsdow ) 4 ghen S IR
Atea of window 1 is given in cell G404,
ol temperature for window | is given in cell H404.
“Thermal transmittance of window 1 15 given in cel 1404,
Product of area and thermal transmittance for window 1 i given n cell 1404
Thermal admittance of window 1 is given i cell K404
ance for window 1 s given in cell L404.
Decrement factor for window 1 is given i cell M43,
Time lag for window | s given in cell N404,
Mean 24 sol-air temperatue is given in cell 0404
Mean 24 outside air lemperature i given in cell PA04
‘Time of oceurrence of the heat gain through window 1 is given in eel
Sol-air temperature at the time of heat gin through window 11 ives
RA0A,

Swing in sol-air temperature for window 18 given in cell S404
Miean 241 heat gain 10 the room throvgh

Cooling load through window I due to solar radiation is sive
e it il o aidngB R i range BAOS

N et given in cell G407,
. Sol-air temperature for the wall mgvm!na#
v

. Th
s
ami w-ﬁlw

ermal g
45. Product ofmmm




at gain in colf
e ne

i cmpeatun o he vl s iven i 1 407
u.mm the room through the wall s given in cll T4, o
ean a the time of the room cooling Ioad from the 24
wallis given in cel
and 4 i i the cell ange BATI 10 Wa37 g,
2 3and 4isgh il

given i ol GA45
o heivofaes g hermal ramsmitanc o h Toor s iven'n s
e e, ol it oo s g T
elligg
oot i ivn i ol 449
en i cel T

the roof s given in cell W449,
range G40 to WAS0 as for roof |
24h mean heat gain (0 (he room is iven in cell T452,
betveen he mean 24h heat gain and hat at the i o

areais given

Joutdoor it into the conditioned room s given in cell Ddgs,

55 &mhhhﬂlwﬂw\hﬁwk
in from the occupant

95 Latent heat gain (kW) is given
in 0 the room is eiven in cel BSI!

cellrange ES29 to ES40,

55 Sonile, et and ot bt gain, ol aiari A RS
the cell ranee €552 to £S5

100, Name ofthe oomis given i ol E365

101, Air temperature in the room is given in cel ES66.

102, Room volume i given in cell ES67.

103, Room sensible heat gain is given in el 569

104 Conditioned supply air quantity (m’ /) is given in cel EST.

0SS svsplys im0 U T

106. Room air change rate (air chianges(h) is given in cell EST3

107, The i Supply i et e o S

FORMULAE

Represcntative samples of the Formulac are given here. Each formula can be read
by moving the cursor o the eel, The equation i presented in the form in Whieh it
would normally be written, and in the format that s used by the spreadshect.

CellB7
@TODAY
“This function produces the serial number of the current day and time. The
formatted to display the date.

Cell B8

@TODAY

“This function produces the scrial number of the current day and §
formatted to display the time.

Cell E237

+C2284CI5



A
tPanyy
o
e e

0= Api x Oultres /s’
238 = E258 x C2I6ltres/s

e o outside i reguicment s selced o s, and it
the outside air
i e o e T
2591 the ccupancy air flow i ey
flan e o e e, the contents of cell E238 are put ingy
the loor ares outside ae low is selected.

w0 spaces. This allows an L-shaped room 1o e
“The volume s entered for area

Vi=Lmx Wmx Hm
E249 = €246 x C247 x C248m"

Coll E255
+casirCzse

“The floor area s found:

e
£255— 251« oo
Cell E257
R
Total room volume
V= vie v
E257 = E249 + E254m®

Cell E258
+E280+EZ8S
Total room floor area is
A= dy+ Aam?
E258 = 250 4 E255m’

Cell F293.
+D291-D2%2

The time of day, or night, when the solar heat gain oceurs at the outsid
foof sutice, is found from the time of the room coolng o e

“Time of heat gain in the room =
‘Wall time log =9 b

Solar gain, or loss, at the outside wall surface oceurs at
12 n00n — L
F293= mn - D292k

1200 noon

Cell F297
+D296-D2%5



lag, sol-

1 vl

< from the 24h mean valie
e
B e o
Pt Pio (o heat g occuring i oom (°C), g
i D29 DS °C

temperatures are evaloated for the other g

hair and o
and the roof as for wal |

Hm
- GH03 = E403m x Fib3m

Cell G404
VEAO4FA0S
“The area of window 1 is

Cell G405
+EAO47F405
“The area of window 2 i
A=LmxHm
GA0S = EADS  F403

Cell G406,
+EADBAFA08.
The area of the external door is
A=LmxHm
G406 = EA406 x F406 .

Cell G407
+G403-G404 - G405~ G408
“The net area of external wall 1 is
A== Wi Wa= Dy

et wall area (i window 1 area (m?); 4 = window 2
door area (m’) 3

GAOT = G403 ~ G404 - G405 — GG .

Cells H404 to HAO7
+3D8298

“The sol-air temperature for wall 1 at the time of h
from cell D295, ”

Cells 404 to HO7
4305266




el rsane 3 10und ot e of gy
A U= A X UW/m' K
1404~ G4 x 1404 W/K

Cells 1404 o 1407
+Glourkas
“The product of ares nd thermal aditance i found for the external windows,
and wll
A ¥ = A Y WK

L404 = G404 x KA04W/K.

decenent facor forguing i alvays 1.0, becsuse it s mogligble thermat
- The cooling load data has taken the propertics of the different types of

Celis 0404 to 0406

“The mesn 24 1 sol-ur ermperatur s ot wed or »
storage caloulations. ‘used for glazing as there

Call 0107
+D295

e mean 24 h sol-air temperature or the outside wall i capied from eel D2
oo el 0401 i copied from el

Cells P404 to PA0T
13D3208.

“The mean 24 h outside air temperature for the location is copled from cell D38
Cells Q404 10 P406

+5D5281

dme at whih the hat g akesplce ot the vt s o e gazinge
oepxcd from cell D291. &

Cell Q407
+5FS:

The tine at which the hest gin ko place the uisiesua of o el
wall is copied from cll F293 into cell Q40

Cells R404 to R408
1303289
The outside air

hea "
{rom el D335, Tt solas Iperansalf BoE AR R

Cell R407
+D2%6

The sol
from cell D296 nto cell R407.

Cells 5404 to 5407

+R404-PAOA

The swingn outsidstemperature from heean 24 tmpers
the cooling load time i found. The aif temperatues are used

sol-air temperature for the




e) i
oo st i g e o, dor e, o

o= (R R)ZAD) % (0~ )W
o4 = D473 % 204 (P404 — C212) W

- cen
SSDSHTAIINA0S 5104
T swing i et g beoveen the mean 24  nd ctual et 0w st the g o
oo conlng osd 5

Q= (R/RIE(AY) x [T W

U104 = D74 x JA04 % M43 x 5404 W

Cells 404 o W05
OO DIOH G404
“The room cooling load due to solar radiation heat gain through the glazing s

W/ ke A

(Cels B4l toW437

et it r kol i, .00 i i
 doors are conducied s forwall | =

toGas0.

of the floors, ceilings and roof surfaces are calculated from
A=LmxWm
G5 = E445 x Fidsm®

Cells 1445 t0 1450
G458

product of surfuce area and therml adiit
and roof surfaces from.

Ax Y= A Y WimiK
L4t5 = Go43  KaSW/K
Cells 5445 105450
+RA5-045
The swing in sol-ir temperature for the flor,esling and roof s

Cells T445 (0450
+SDSATSH]445%(05
“The mean 24 h condcion et g thcough the floor, i and soof
= (B F)AU) eom = 1 W,
s ks oucE
CcellTsz
@SUM(T404. T450)
“The sum of the mean 24 h conduction heat ains 10 the roomis
R 50y 0a e Al
T4044T0S £+ THSOW
Cells U445 to U450
+SDSATA 445 M5584S
‘The swing in heat gain through the floor, ceiling and roofis
0u= (B/R)AUY I W
UddS = DAT4 x J445 x Méd5 x SHS ¥
Cell U452,
@SUM (U404.U450)




Coll D467

@SUM(L104.1480)

“The sum of the surface areas and. nmmm
(A7)

Cell D468
+C2AERST|3800
The rate of infiltration of outdoor air into the conditioned raom is

in
36005

0 i change

D468 = C214 x E257 mfs

%V

¥ Cell D469
| surfuce area of the room is
b : 6¥D463/(64DAB3+033*CAI4*E2ST)
A=At Aot Ay 1
D463 = G404 £ G411+ + GasOm® Dimensionless ventilation factor:

4051 AT G2+ AL il GAIS G426+ G427 Gz
A5+ GAGB1 AT +Gad5+ G+ GH4T+ G101 G0+ o1k
oo st areas i checked by ading the ndividust s

At ikt
18¥D483/(8+ D463+ D46B)
G4+ G405 ¢+ Gasom? .
Dimensicales thermal transaitianse fctor

Cell D470

Cell D471
18+D463/(18+D483+DAST)




Call D485
+C228+C220
The oceupaney sensible heat gain s

0, = occupants  sensible W/persan.
DAt — C228 % C229 W

Cell D483
2884281
“The raom caoling load from the arificallighting s

rarea A < lging W

+Da0/DIES.
0, = flo
D488 — E25% x C231

“The rato ofthe dimensionles fctors,

cellDaz

+DeTDiss The heat emission from the electrical equipment within the room, Q-4 s copied

The rato of the dimensionless ictors,
5

from call C232 into cell DA%

Cell D42,

@SUM(TA04.7250)
Cell D475 iy
“DiEE/DIE net sum of the gains through the building surfuces

o meenthemal ansmicaneefor e room i+ 0t 02 W
By 4044403 .t THOW
B W
D6
Dl
D Vi
@SUMUA04.U460)
The suing th condusion hea gain between the megn 2 hand bt
i of he room cooling Toad 1 found rom the net sum of e s
0 W
s
o U404+ VA0S £+ U
S0 i o/
Cell Dis6
036+DT2+Cald RS (C23~CAlZ)
he oo sooling o fom the flzaionof ot




from the room occupants s
00 = oscupans x atent W/person
D302 - 28X C2OW.

0= 0a W
s

room volume is

ol B509.
D30z
“The room latent Heat gain, O W, i

Ceil 50
~30971000
o toom laten bt gain s
B
o= iy

B510= 550

Cell BSIl
+BS0B+BSI0

“The room total heat gain is

9,
BS11 = BSOS 4 BSI0 kW,

Cell B5i2
+BSI1*1000/E258

“The room total heat gain per square metre of loor area is

Bl 3
L 1000 W/
Cells E259 to E540.
+0529+D528
The room total heat gain is
= Op + Op kW

ES29 = €529 + D320 kW
Cell C552
@SUM(C52. C540)




the cooling loads for up 1o g,
T G

O+ 0 W

i etuom i oo e o s e
e

L T
e
=g x BB iy

Css3=Csx

ASSJ

the room total heat. gainis
Q5= 0t O kW
| ES53= €534 DS53 k.
for the additonsl latent room load in cell DS?
valu neods 0 be enered or some scionl

@554 = Assa x S35
Assax S22

Cell 554

~castiest

The lant margin o b hdded 1o i scumt A T ST
0= 0+ OuicW

st Dsst 2

Normaly the usr willnte s forthe aditonaatent room oadin el DSSA.

Cell G555
+ESAT
“The surplus plant capacity, Gy, KW, i copied from cell ES41 into cell G555,

Cell D555

+EB48/1000
The surplus plant latent heat capacity, Oy kW, is

L LW
Gu=GaWx T
Esig
Dsss =58 oy

Cell E585
+0555+D355
“The surplus total heat plant capaciy is
0y =05+ 03 kW,
555 — €555+ DSSS kW

Cell C857
(@SUM (C852..C555)
“The plant sensible cooling capacit, Qs KW, i ok

(28 _:+a..z+rz.a+9~ﬂ'?

where Op = design room sensible heat gain (kW
e T e (W) Ona = sensible heatad
d Ot capacit

Jant surplus sensible heat.



- = G+ Qe+ O+ Oy kW
et gun (V) 0 ot et aion o
i i ot i 405 0
dent hea capaciy (1) 40
b

0= 0n+ 05 kW
plnt sensibie cooling capacity (W), and G = plnt atent ool
W)

ESS7 = C357+ D5ST

supply air (m'/s); L = duct kahw 0
Toom st temperatare (C 48 m‘;‘;‘!,‘
oo ot (a3,

o - 002G, e
=006 * - oo

The ot may ener o for (e g entge el

cvalate the supply it flow. Addiions can then be mad
theration plan sepaics o s th el ol
catalogucs.

Cell ES72.
AESTL#1000
“The supply air flow rate O litress is

g i i

Es =g T [OHIS

Cell ES73.
+ESTLA3800/ESST

The room

change rate is

where N = air changes per hour (h-!);
¥ = room volume (m)

Cell ES75.
(1000*@SQRT((*EST/ @PI/CST4)
‘The internal diameter of the supply’

whend dumnum\ ef.
air velocity in mdm@m
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1L, kiow the lue prodisets from s
12 calculate the gross and net caiorific value of fuek

13, know the molecular mass of slements and compoundsl
14, understand stoichiometric, actua) and excess i

15, s mmass analysia of sl

INTRODUCTION

iy ofthe cmbusion o s s Kol o s e

Stuts amd e exces i hat i 10 be supplic. SulTint iforpgi®
e 2o 1ty of fues without recou &

et sl of  wide vt e
L e S T
i i are given for o e

equations of combustion in caical et ang
o are ot ntended to be exhaustiv o covera very
LD e e el Shem

e
urements du composies
‘ o st messreats i be e, The pogeam s o amouat

of excesair tiat was suppie. The geossand net calorifc values of the gy

asessed,
e quantit of data hat i to be entered i smal, and al calulations gng
T

kg, The spreadshect b o lrge amoust o data and some b o

LEARNING OBJECTIVES

Study andiseof this program wil enable the user to
L caleulate ue gas composition.
calouate

_—

Key.

scrualaitsupply.
value

texms and concepts

Hesicomien
arbon
e nalyaa
mass percentage
ol i

volume percentage

COMBUSTION OF A FUEL

The sautons deoribingth combusion ofydeoatbon ume
here and in the spreadsheet. These are for liquid, solid and gaseous fuek, Tn the
lkely cvent that th pariul e 0 b sl ok et oot
equation may be evaluated from basic principles. Further information on the:
ehemical equations can be gained from the references.

gna peisted documer cron aword i 50 B
i8 written as Oy, but as the number two cannot be

DATA REQUIREMENT

“The user vill enter new data for:
1. Your own name in cells B6 and B1S0.

2. The name of the ob or the collsge assignment
along the row can be used. Repeat this infors



Save this file o the hard disk i drive C

for the use 10 enter more
where new ofl, new solid

Ve Tomed by movins Hicks of ol dowaasdes e st
Compontons of he wew (ol o (e ot ool e
100

OUTPUT DATA

en O for

o F6l
2. Stoichiometric oxygen O for the fuel i given in cell D6,
3. Stoichiometrie air for the fuel i given in csll DGS.
4 Actual air for the fuelis given i cel D66,
5. Flue gases produced are listed in the cell range A76 1o ARD.
Progune g 6. The percentage of the dry
Propleae < 176 10 J80.

7. The combustion equation for each consttuent of the fuel commences fn el

S g
Siphur e
Wi versponr 50520 because al the equations have been programmed fnto the el

8. Mass and percentage of excess air are gi
9. The gross calorific value of the ful is displayed in cell D67, und the ek

o calorifc value i in cel 67,
s 10. Input and output data are tepeated in 1 range of el from A1S0 to G328
liyp el D35, £29 and F20. Thes nesd 10 be s o sl “This block of cels has been identiied in the print menu 50 that an Gutput
s veport can be printed
i percentage to b supplicd in cell C31
wwgam:eék 10310 Q44 Read he percniageconsitunisof e
lumns S 10 AC. For light fue oil, £ to ol S12 for the percentage S

he
on the spreadsheet by moving the cursar o the cel. The equation
the form i which it would normally be written and in the format
the spreadsheet

Cell E38
(3) +3F594

e of the dry flue gas will be nitrogen

e otal o the lue gas consituents mst mavien e e of cell E38are o be:
4. FY:




o ESd comtiiay g L115. The appropriate products are i
Fre nen s 5415 Tt e s it
Sy
g Cell F62. ¥
(@SUM (F38.F59)

cso:
el mass e 12 rawbvnandﬂfamxygm T s cqong
" the complte combustion of carbon is ¢

1432

each constituent ofthe fucl

Divide trouh by 12 find the oxygen reguired {0 burn 1 kg of fuc cellDss
55862
| The stoichiometric oxygen required fo the fuel i copled o
| output data.
The complte combustion equation becomes
o Cell DES
produce 367k carbon dioxide. 100+DB4/sB8 14
1k3C+267kg 0: = 3.67k8.COy “This caleulatesthe soichiometricai for the fuel The percentage of oxygen i aix
ool fom 3 0B conis ¢ i formul, i o s in cell B14. This is normally 23.3% by mass:
fometrc oxygen for 1k of fuel from cals F94 to FLIS. The reader o 08
L e x5
E 3 oo
e bustibl o
= 13.992kg soichiometric ar/kg fuel

Cell DG
(100+5CS31)*SD3E5/100
i inds the acual i supply fomthe oo i at e

caleulated and the percentage excess air that has been specifed in Gell €
555 s st i et 123 tine th (G i up

D66 kg air _ D65 kg stoichiometric air (100 + excess :
b o Tha =T L e

=5

,l,mmwkg fuel
P38 10 FS8 contains similar formulae for the othr

Cell K60
+3D314#SDSES/100.
The air supplied for comt




o,
rosen assocned i the

D65 ke staichiomeric air
e fuel

732 kg N/ fuel
i calculted from the soichiometric air.

B s e e
 sppeare i the e
ke w, DIg% D66 kg air K60 ke N from stoich,
00 gl kgfel
o

— 10732
~zesmm/kg fuel from the excess air

CceliD76
o8z
“The ot carbon dioxide content

Volumetric data
CellF76
+DIG/ETS
Divide the mass of carbon dioxide by is relative molecular mass:

A similar caleulation is made for each of the other flue gas consituents:
sapour, xygen, suphur ioside and iogen. The rsls e put ol

range F76 to F80.

Cell F81

@SUM(FT6. F80)

“This is the total of the range of cells from E76 to F30.

Cell F82

—F11

Subtract the water vapour content of the flue gas.

Cell F83

AFB4FE2

Caleulate the total for the dry flue gas by removal of the

Cell H76

(FT6/SF$81)*100.

Divide the CO; relat

form the percentage carbon dioxide
leulation for he range of

CellH8l




e
are the ! with site meagupecniot

vapour bt o i oy ot

ol e M o constvents il e aken lace at near 5512

e gas constituents are o be converted from a volume to

e e

olecy,
ogen;

1130 = D130 €O; 5 volume x G130 molecular mass
—9xa
=396

in the cel range [130 to 1134 are similar

Feell 1130 by the total forthe range tht s hld i 1135 ang
/100 0 calculate the ss of carbon dioxide in the dry flue
beother ue gas constunts

Coli D0,
(319011100 +3*L1317100)

“The carbon content i 1 X
35,0737, Exch kg o carbon menonde ey i xk' 0

3, LI30ACO, 3 LIwCo
T 70

3, 1336%C0, 3 094%C0
w7
= 0.0405ke C/kg DEG.
Cell Did]
+FI7/100

F137 ontins the perentage cabon i e el Dkt OO
mass of carbon per kg fuel

DidlkgC_FIT%UC
g el
5C.

100
= 0:863kg C/kg fuel

Cell DI42
+DI41/D140

“This uses the fat tha al the carbon i he dry o s an

passageways during the test, this must be true.
is the same as that in the fuel, a direst
twor



Cell M38.
+D38AN94/100/1000

leulates the higher i

the irst case,this i the carbon content

M3 M1
e

L e g o g
XVEen per kg o
m.v.m Malily escslsto e thexe o caces oy e

63 % 12793
100 < 1000
462MIfky

Cell N38
54094/100/1000

T
— 1507k excess Os/ke fucl

D3

e Calolats thelower beat content (ulorevlu) of e constuentof el
(SDS164/SB31)100 the first case, thisis the carbon conten

The excess oxygen was contained n the excess air supply of D38 carbor i
Dids kg excessair_ DI4kgexcess 0y ke air 100 1000k
kg fucl kg fuel B 0; < 10 1 853
100 1000
— 462MI/kg
9385 ks excess e/ kg fuel The higher and lower heat contents of carbon are the same because of the absence!

of hydrogen. Water vapour is not formed during the combustion of carbon alone.
Cell M52,
| @sumMe

“This i the sum of ofth
range of cells M8 (0 MS7.

M62

oss calori

ir | DI4S ke cxcess i
e fuel |

UM(283 -+ 178+ 0.1)
462 Mi/ke
Cell N62
(@SUM(N3E NST)
This is the sum of the components of the net calorific value of
fange of eells N38 to NST:
N62 = SUM(28.3 + 1504 0.1)

% kg fuel

ﬁm Al Cell D67
+ME2

calorificvalueof the fue mﬁdi&

T




o valu o the el copied from Gll N62 o el 167 oy ""ﬂ-a

15 contai e Bihe beat vl s v
"" " o of that comstiven o

f e
the sengiy,

o o v i e
A S

gt oduc
e el o
3 acr"":, 5 e i e Tonaxide
ydroger 2 o and 5% mittegen The
T e,

S rnt it 30% excsss i
it

U
ST
5 consniaa, s
g

o
e Tl
Erve S S m,mn:{

i i scnual el

ha i e st S

el

" il 094 to 0115 contain the fower heat value of the fucl mnmln:m

e e

waee vapour i the lu gas. AU2S C his i caleuled fro

NV = GOV — g x 9 x mH: MJ/’kg

e et g 25°C 4210 g = s of i g o
mass o B0 vapour prodced [mm!kga{h)dmpn The m

ullrmu\‘mﬂMM[CHnuCl“plnsH & in 1k

ey,
ondensation of

oty
Dl snasoninas
e

e roon diovide 11515%, catbon mon
8% cygen 832% and mitrogen 64

o eaton o e
s, by valusting the

10 Rpetcltac
and 14% hyqueﬂ 1 Bt i S,

s in. oucatioks engie ind the sl potdl
o peccentage

i of e et
that wu bu-m in a steam bailer oo
%

rogen, s
ey
@eerbonmencide, CO,
@ methane Cr,

m mc.)i

ot
oo ioms (), 05K/ i The grosand - m.,nc e Yy oo o, st st
SR, oms S 2t ot ot docans g oo o e cor
NGV = GCV g % 9% i3 HI kg rorore i
= 55643~ 2442 x 9 x 0.25 k) /kg ] iths
= 501491 /kg Ql‘il ik i ase ool logtamolooel o
i Eunee pers e prceniagevlametriry g mm
e o col D e
‘20t specifically requested. However, the spreadsheet will automatically caleulate. :
S, he e ol o v s g orkahaer

S mw.mmmﬁ.yi
B a0 s S

= comprises "S55 yogen
2 5% et

" pioduces a gas

fumace and the e
| g eyl ot

pected

esv...a,..,m\m 7 5 e
e e
oo mass of o
ey B 1 of bemsens

tichicmetro aie and (8

e s

lhn

o ol Hak matiane Sk
05% oxye

S ehiogen by
Tl s o ancds oy v A I00% ks

@ Minux.::fe et he porceniage maseanal-
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o e e
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e vt o
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5 Building heat loss

ION

(TRODUCT

£ooms and bulldings s described. The Chartered Innitution

e syt method s Dlowed. Al he “cevint dimen s rtion
‘and overall values are caculated for he user 0 validate sgsint ther bt
s orexpcted s The workshetsecommolitl ks e

The o of e cpicityof he Hein plant 0 e oo f ey
ilding Serviees

of these extra files s typed into the accumulation e st he e ofthe workshet
“This provides for ten worksheets OF ten rooms each, & total f 100 rooms. Thi
should b siflcin o most splictions

er enters data for the room dimensions, indoor comfort temperafiey
Mibtgiadat ramsmitanes and ontdo i fiton
rate, dircctly from the plans and elevations, exacly s s done for manual el

ATLOSSWKL 3
wectedto
b it vl i o o e TSl s 0 it
Hikely spice”temperature refisially i preference 0

uheaed oom tempericus e s AUNHEATIVK]

LEARNING OBJECTIVES

Study and use of this chapter will enable the user to.
o the diference botween sieady-ite
St
2 understand the terms used!in the calculati

wer;



mechanical ventlation with cutdoor aie. The et

oy s i i 2
“ i iy output power of

arm pace,
dﬂdllim&dlmamﬂwais Ttors £ £y Fi

and s,
o fomperature o Sticture oan b oxjg
7. sndorsand v e B0 calouzgg

ot vary it Ui, 20 that et ot o 3
coninions n:nm SO
d

B e i sremveghed e tice sempersure o oy
& akalta i nvironmentl, it and mean r et

varying rates of heat loss e

ze gencrate the need for
i the comiortcondiion, output power is use ot

i | i e calettion s vsed e Mwmn,p\ym

mis] Cclitions wios o€ vt s th buidn

sonndany | always eyelic variations

0
caleuition of heatoss

1 validate the caleulated valuos o fc

12 g exgariceof ypsat s or o et o o i o

s P and Fo it

aeany

1 o

). The heater

e o o il

the calcal in Chapter 3 (p.
povwer output that i reqired a ot the Siad stte oat Lo
| given by

e e

| 0= [FB(AU) =033

1% (te )

4 e, Qo = lantcnrgy ouput (W) 4 = a8 f et teanfe st
X and conce, crml : i changes per
s houv o e sy v
2 oo emperaiure )t = et mperare e e of oom (Ot
123 plant heatoup Gt = m\mgmxhemp(r»mm rato;

door
temperature ratio. ; and F e read from Tables AO-1.AS7 inthe ¢ clBssamde
4 (CTBSE, 19563), o et romtn qons it re demOnBE At s
this chapte

‘The ventilation coeficient 0:33 s the olumsirc speiicheatcapaciy of e
When expresed i W/ K. It soms B

128 radiant fraction, £
124 sesultanttemperature
12l specifichaat capacity

steadystate heat Do
B e e
it

b

sicchange 1h_1Ws
thermal transmittas cocfficient = 1012. —x 1 \wﬁ— ity L
21 emocoupi emperatro roconcer | &K BTt 1
1l et 1012 11906 W

1 Dy

W
124 unheated mum miepersre =03 W/m'K

The spsife bt capciy of i, 102K, and st
standard val

outdoor air temperatures, to find. the vent
wer 0y, 0 is included in the rmmmn for Qp, and it is not normally cs

g ihn e ookt s of e e outdoar ait,
e of o bl shore o e oo s resutont temperatir, . Th hemal ranymiangs u»mmn, c
s @ S ettt n o ormai e 1o m y

Tl temprsturs i 50 hot 6 st of A X0
e mmq,\mm




el e fcloded. The U value o g
P

G 2 Wi

m""“ e o
e s S L

ot vle 5

nmmnm.\wwgm coneete lockowork ang 13
o

K/W

The modified U value is

u,fu,uw,,,, =

LW
il mimnmunmm;rmmd 50(033 % N x ¥ x Bl
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Hemperature difference (11 ~ 4] |

FS(AU) % (6~ ta)W
98 B ¢ 1.263W i K) ¢ (20— 12C
192W

s the same o

docimal places written. The nearest watt may be considered of sufficent ae
and s s oo o config e e S

re caleal
i e o st o o .mm.. vmnhuonm: and the
Hidieniie hcz«mvnyx\m cterized by the prop-
{loms f rdintod and Convecied hea It sl o et lueA O
¥ mn
“ = S0 + %)
= )

1012 % 119060 7 65()
This allows £ 10 be found from
Exie, <1000} 560 S E

. TEANKE +ER) "
and F: to be found from
_ K[ X 1012 % LINGO + Fy < BAUN
1012 119060 + 6 x B(A) (KFy £ EFy)
In Fiand T :
the ratios 3
k

nuvw

Pia
wt
e £y 80 P r:nd from tables, or calculated, they are used
vironmental and air temperatures that will be gencrated within the!
bstaiienren s

%
B ool
arrange the ratio equat
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eulted. Theseare th temperaturs that will b created ik
heaing system under th stated operating

 that stable temperatures are unlikely to h: rmma on a diy
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e hingor i i accordance with the werdhe Vi
viching e heating plan. Figure 5.1 shows b
ture 1, of a structure,

~240V pon sty
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The thermal resistance from node 2 to node 3is R — Re. Thelinear

0y = FUAl = 1)
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T xAx (=)
— Ry ¥

7
F does not apply to the third equation
flow through the structure and: nww;hl

the first and third of these equations, S0
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Fig. 52 Data for Example 5.4 (mean surfuce tmperature) and Example 5. (b

AMPLES4

e

‘The data are presented in Table 52.
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d an s of 105 when the resulant tempsratur
4 e
cedin e

ount of convective heat output. 1 s likely tha the
ﬂqml o column radiator.

.mml 0.6 Wim’) Kmmcmmnwﬂluv!} i

1 rerir i - oo CA

T o e L B
1A e R G W ol

T are i por 1 of vl for v P

“The soluton i shown 4 room 1 o the dats ik i the il A
0y = [FSAU) + O3NVE] (= )W
“The modified U value forthe internal wal s

— 024W/miK.
Find 5(4) and S{40) from Table 53.

Table 53 Area and thermal teansmitance data for Example 36
Suface aread U
' WKy

Fvo no bt o)
Flat roof

F=




55 r_,(gx_m_u.xwm

A= a0+ 5500 % (KR + EF)
009705 012 L1306 0.
ST G (1%

Fox (1~ URe
The R values ar taken from refrences as
ion i 2o, the ey
et he i tion 1550, mimertr walland windowe 1
e o this caleularion, i the temperture o the othe ide of the
1 The 0 vl e T et o e
S {5ind rom:
o506 X001 $05697 % 7.14) (22-2) < 09697 (1~ 7% 0.12)"C
G016 % 66 x (1 x 0.9705 +0 x 0.9697) *+ 09705 =BiC
208
6367

The other surfce tsmperstures ar found i th same way, and the data e
represented in Table

I onde o e4d s fox 7y a7 fom the CUBSE Gutde A (CISE, gy Tab
Table A9, it s necessary 0 caleulte ihe atios e
S40) 3114 afuce
) %
~ 057
Room volume 1'= 43 x 3’

Area and surfue temperature data for Exampl 36,

=36m’

M 1x36

35() 366

~o1sis

CIBSE Table A9.1 F; =097 alcnlmd!. = 0.96¢ 7. CIBSE Table A%l

£ 511 R ey agree with this:
o

= IEE(AU) £ 03NV x (1, 1) W
(03ﬂ7x3714+01)xlx36x]nm)x(zz W
491 W, 980 W to nearest significant watt

~2rc
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S7655+ 18 x 1351

3 65(4)
012X 19060 7 6504)
olume of the actory, 1
= 205m*
0= NV /3600m/s
=0.75 % 2025/3600m' /5
=~ 02
e
012X 11906 % 0422 1.6 x 1251
093

heating system, & i 70%, s0 K

X 0422 4 0968 x 765.5)
0938 0.3 x 0.968)

0% 15 x 4.5m°

0.7 and £ is 30% 50

= K IE X 1012 X 119060 4 B
OTE <TI0 oA (R B e
075 (0358 x 1012 % 11900041 § 0588
70T L1002 6 Tk « 07093
26 voos
L0475

1o e valusfor Fy and 5 rom the CIBSE Gutde A (GBS,
Table AY.4, it is necessary to calculate the ratios, 5

(40)
B

N

075 %2005
I5A) T Ax I

3081

CIBSE Table s
The e values v it b 17 and i wih s ot ol
q, [E(AU) +033NVE] % (te= )W

(0.984 x 765.5+ 0.33 x 0.75 x 2025 x 1.0475) x (16 — —5) W'
6343W
o+ Fi X (1= 100)°C
540984 (16~ ~5)
157°C
o+ Fa X (1= ) °C
5+ 1.0475 x (16 - —5)°C
17°c
21~
—2x16-17°C
=15°C

Now caleulate the room surface temperatures from |

el
oor &y




) 0984 x (1~ 6 %0,

are found in the same way,

= W
= o volurs 7
B30
2025m*
= 133Wjmt

12)°

and the dagy
sy

s e wall 253
3

Dm:n
u 2x3)
w
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oor (15
cetllsxs)
0a) = siom?

%270
3067+ 18 % 270

)
1012 119060+ 65(4)
V=15%5%3m'

[

225/3600m? /s
— 0.0625m/s

6270
= 1012 11906 x 0.0625 + 6 x 270
= 0956

1556 o

16245
076,

B4y _2167
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Vil R e
o o V4 Yt T

It s the componiatscan b e P e el
The sursce temperaturs areshown i Tabe 5. entered under any of these suface categories provided tha

Table 58 Surfes temperatues for the offce in Example 5.7

K1 bythe:
intermediate \em]»r«mn Pl the cel formule. Make
sue that zero is pr

o st be il for T s o s syt
bave sl i copy of T e overwriten. 1l omam o i
i corrctfor he new applcation, (hre o 84 0 eruTlg

Oat
smmnm roprimado sateale M
‘You may think that a cell contains numbers because they up

the screen for each room to double chick that
Look at the dimensions, temperatires 4nd mem}{
W"‘*"ﬁ-nll n\lmhm in fixed format o two decimil e wo,k,hm sxsertp forl U oggig P

Some eclls. Zero, one or three: the formulac gencrating an error, ERR,
mdnqkd 85 F(D), F(1) or F(@) format. have been d

exdail v
contains these non-existent rooms

data that i




loss ot oom. This - Vil compane e s s il DI
et for s oo wm;r e
P e e
o B
iovher 50, Repe e prosedies or o o aims"
3 o e i
R

E o
L e
B9 o e ALOSS1 uam‘uomnn SiLos! Wi 36, nmmvmpwu,mmkwrmmmm.w.um\pnmam»mmm
-
e
msos s el D51 Dt and D3 room dimensions iy OUTPUT DATA
o
C72.

“This concludes the entry of the room data.

I Volume of e room o i 1 gl D34

2, Floor acea for ra 1 s given in cell D

< Volime ol b room forrasls gwcn in cell DS,

4 Floor e for arca 2 s given in e

5. Volume of the whole room, /m s given i coll D61

6. Floor area  m? of the whale room s given in ell D62,

7. Area of each suface for wall i iven i thecell range D69 19 D2

. Net vl s ales b opnings hve b sutstd o he s
area, s iven in ol

5. Repeiion o te informaon for the iber s i bR SIRAS
D75 10 D100

10. AL WIK for exch surface isgiven in he cllringe G0 o G100,

11 Caled emperns f o e . gl

the windows and doors in wall 1 into the cell range B0 o

01w e 5 vl i ot o
16 The emperaar on the other s fthe wland W.L'g int the el
 ElwET.
| ehmal chvmitance (U vl of he wll an opeings i h sl
h!zwmem Shihe ol aput das s rom 69 0 72 Moo
ed. The gross and net arss
12 m mi<C for cach surface i given in the cell range mxnm
13. (4, 2 °C forthe whole roor from thecellrange J70 to J100is g
1101

14. Calculated mean surface ‘cmperllw!xh “Cof the room is
ﬂm

o oot s £55and 36
the lor n cels K95 and 1
e el ange BT to C
0 e cin s £37and B3
d E95.

il e o
18, 2(4 Tor
19. h\ﬂluﬂ ion. .wnawmfzﬁ




et D106
e
e temperat (mu’ry is gMn in cell Elux
e . given in cell B109.
o

jamn e
i nccin

Ouiside st temperature o °C i given
o e ouio pover 0, W it .»::M {0 mainain the g
hineg

33, Plant encrgy output power 0y kW i given in cell BI2|
34, Pl energy output power in Wi’ of room volume is e cell Bioy
35. Pl enery autput pover in Wn® of room floor arsa s given in el pryy
36 Data s epeated for the other rooms.

3. The aumber of eiious rooms on the current worksheet i given in ol By
38 T o e plnt oy ovpus ol e rooms o s wor

B e o jobisince

40, The additional heating plant povrtobuance et 0ss o e s

tion pipes or ducts i given in ell C
% o e eiven in cel 91D
area of the building on the current workshest is given in cd

fthmrm /ﬂle\rmhlngon\h::urum worksheet e
cet s iven in cell DOI,

e eatossper i ofthe bulding floor ara i given in cel D

The heat o per v’ of the hnl!dmg L e

Outpul dat includes al the temperatures that have been used as inpit

om. The performance of a heating syt
: bymwum.g the dry-bulb air and slobe temperatures in
- ing them with the expected valus from this work-

Cell DS
(F2) +D51#D82
The el Formatd for o il s 1 ot th vl ofhe o
volume = length  width  heightm?

Volume DS4 = DS1 % DS2 x DS3m*
Cell D55
(F2) +D51*DS2,
The floor area of the room for area | i found:

area = length  widthm?®
area D35 = Ds1 x D2m?

Cell D59
(F2) +D8BDS1+D58
It calculates the volume of the room for area 2
volume = length  width x heightm’
volume D39 = D36 x D57 x DSm'*

Cell D60,
(F2) +DS6*DST

“The floor area of the room for area 2.is
area = length x vidthm®
area D6) = D36 x DSTm?

Cell D61
(F2) +D34+D58
“The total volume of the room is




all e the OPnings o Windovs and o

arca A = length x heightm?
ares D69 = B69 x COOm?

ea of window 1 is
area A = length x heigh.
area D70 = B0 x CT0m’

the space on the other side of the window is taken from cell El
8 variable for each surface. The whole equation is

e

e cortct el for the s thormat

formula. Walls, windows and do o have

n\vfuhl\u cell reference SC$31 has been used. -m=mmeu ng
misivity i needed, The environmentaltem

rerieved from el SBS108

CelljTo

@) +D10:1T0

“The product of area and it surface temperature is
Aty = Am 1€
0= D70 % 110 ¢

Cell D71 to]72.

window 2 and door

Cell D73
(F2) +D69-DII

D7L-DT2
The net area of wall 1is
net wall area.d = gross wall area — arca of openings m’
D73 = D69 — D70 - D71 ~ DR2m

Cell GT3 1073,
These repeat the calculations for AU, 1, and Al

Cell D75 10]100

‘These repeat the previous calculations for the remaining:
Clljiol

(F) @SUMTO.J100)
The @SUMHis 4 mathematcal
g;im rather than & plus




e nuitical ontents o he
ikl et o :ﬂ"l‘\b:'l‘l:‘;?‘

Ayt Ayt g m?
DI02= D69 DTS ¢ ... + DI0Om*

Kthat e ot daa Jas s entredfor he aras of he s
ch window, door,net

openings have been entered with suffcient accuraey;

CellCiod

“The summation of AU for the 22 possible surfuces i the room s
E(AU) = (40), 5 (40); + ...+ (AU WK
G0+ GT1+ ..+ GIOW/K.
Cell €105
(F4)+CA9+DB1/3800

“The rate at which outdaor air infilrats the room s caleulated from the v
volume, ¥ m?, and the room air change rate, A air changes per hour,
dirchange  Vm' _ 1h
b Tair changs " 36005

cI05 = 49

3600 5
sirchange | D6Im 1k
=

1 air change 36005

49 D61 m'
EC T

i 4m Jong x 4m wide and 3m high. I s expected t0 have a
{niration et of ntdoor i of o3¢ i hange p hour.Calelte

the gross wall area is unumsd There are 22 possible surface areas.
S(d) = A1+ .t A
BIO3=D70+D71 4.+ DI00m?

the (w0 total arcas would show that there 5

The smallst sgifcant ol e
o S third d
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Tind e covransenl s s SRS
R s Do 0 Sh
K, 5(4) = 80m?, e
i 30X (09676 ¢ 1012 11906 X 001534 09616
st 0 o =22 P00 5699 e

\[ oo 0 (78 o )|
ox80
F'ﬁml:xl.lvnﬁxﬂlll +6 %80
i

o o
Taa77as ' 0%

~ 001463 1 0.962
e, s e ot sy our dsimal s, nd i, 09766
“For comparisan with the tabulated values it will be rounded t0 0.7,

DIO:/(CI04+18DI02)

Sonless thermal transmittance factor £, is

5 ( 119067
102 (B106 *(D6S/100)+ BIOT*(DE4/100)))) BI0B

“The room air emperature dimeasionless raiois found from:

185(4)
SCIUTF IRE _ KxIR 1012 % 11060 + SAU)

o7 18xDI02 1012 x 119060 + 650  (KEs + EF)
CI0 ¥ 18X D102 This corresponds to

D65 x (BI06 x 1012 x 1.1906 x C105'+Bll)7$
8109 - it
s o o o s o 80 a3 L) of SOV me[l(lllx 1906 x C105 +.6x D102 s x Bi0o
it h thrpa Cammiane o
- + BI06.

695+ 18  §0
= 0961910 be rounded to 0.96

EXAMPLESIZ

mpetue o 4o o
s, 0w COrSamilh

70 x (09676 X 1012 % L
100 x 1012 x 11906 % 001

=




ittance ratio i
S40)
i)
ermal transmitance of the siructure of the ro
e e el o thermal insulton. O g

(F2)+CaavDe1DI02
The venttion ato is

e environ peraure factors F; and £ from the )
(G ) Tk A3 o e by vt e folowig o
S695W/K, 5() = 80m’, ¥'= 1 airchangeh, oom volume 1 - 49

ean thermal transmittance fo the office is
B4U) W
T(A) mK

W

0wk
0T2W/m K

celicu
(F1) +CA81BI0BH(CAT-Ca)
“The environmental temperature that i produced inthe o
o0 Fi % (1~ 1) °C
“This corresponds to
113 = €46 + D108 (C47 - Ca8)
CellCl4
(F1) +CABHBIOBH(CA1-ChE)
“The s temperature that i produced i the room i found from
1= taa o X (1) €
“This corresponds (o
Cl14 = C48 5 BI09  (C47 - Ca)°C
CellCllS
) +10%
“The mean surfce tmperatur, 1, copie from el 102 o ol CHS to1
bring all the elevant data together,
cellCll
() 2*Cl2-Clle
“The mean radiant temperature is found from
h=2—ti
“This corresponds o
Cli6=2x Cli2—Clis’e
canciy
@ +cas

all the relevant data together
EXAMPLESH

Calelte the environmental
from the following dta: o = 0




G104+ BI09*C48* DB1/3)*(C7-C48)
sney ot s e 0 e the seady e et s

0y [Fy x S(AT) +OBENV] x 1~ 1) W

sponds 10
“B120— (B10S  CI04-+ BI09 x C49 x D61 % 0.33) x (C47 — Cagyy

‘&llﬁlﬂ

(F3)+B120/1000

m;;n.m energy output s converted (0 k
kW= v»WX,mW

oW

‘oo <V

B120
B2l = T kw

s el oy ottt st ug.,
fiom' an o Trom e fofoning Gt o OrC, e
03 AT = 5695 WK A~ o
00 = [FS(AU) + 033FNV] % (1 = 1) W,
(09765 x 56.95-+0.33 % 10702 1 x 48) x (20 ~0)

= 909W/m®

Cell B30,
(F0) +D8ST

This copies the number of fictitious rooms from ecll
whether the correct number has been entered. l?

back to cll DS

CellC894

(F9) Bt 5208




0= O+ Q-+ Gk
o0 B CE9S . TR

the ot for the
e dssbuion e ork o b it =
mu,h-uuty Joms does ot resultin useful heat being suppled o

he may

m; oy by editing the cell. Press the F2 key, move the cursor 1enm..{

g: bt e et
o

heatloss
disrbution foss = 10 x ~0= kW

905
€906 =10 o0 kW

pl hnnnsp jower is the sum of the 10 workshes total, the disiibi
sion, the hot-water service Ioad, and the surplus capacity:

Q5= 05t + Ot Qe kW

910 = C905 + C906 4 C907 + CTKW.

Cell DSl

i subtracted rom the total of the volumes of the 10 xooms
volume of the building:

V= Vit Vot Vig = Vil
D914 = D61+ D145 ¢ ... + DRI~ DT

Cell DII5
(7 <G08 10000815

Q':
r

T
D915 = S0 < 1000 W

Cell DSI6

(F1) +C805*1000/D914

The heat lossper m of volume fo the 10 rooms on the current workshest s

0 heatloss W
v hundmgvnlumem‘

D916= 0% 1opo w/m

THE UNHEATED ROOM

Mo e s ko
oot spaces we ol bl . The designer needs to know
ht the heat low into it rmmm:sm
that
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; e,,..,...u..m.,sx L cva ooty e

oom i temperatore s that which balances the gains and loses, Opy

B o
ot gt v of i s o nd 1, s e con

empersure of th unheated oom from column A of the same ro

nge D35 to D37,
the wall and its openings, :omﬂ»

Dimensions, emperatures and ther
the cell ange BST to 70,
Dimensions, temper

colingyn thecl rangs

heat s surface

OUTPUT DATA

48T ol e s it e s o el
47. The total volume of the us m‘

“The orodt o e A L
in the cell range G46 to G118, 1t s not normall
logk st s enes e st Vi

T
temperature s listed in the cell range C130 to C1

temperature i listed i the cel range D130 to DISS
2. The diffrence between the heat gain 1 and the heat lossfrom the
£o0m for each value of possible oom it emperature s isted in the ell inge.
E130 o E1S5

FORMULAE

“The worksheet is formatted t0 display o decimal pi
i oot e s, el memoet 190 whero Bl m
desired. One example of each type of caeulation is explained.

Cell D35,

+D327D33+DIEDI

“The total floor area of the nheated room s cal
arcas of floor.




total volime — volume, + volumem*
— L) + LWt
D39 D32 x D33 x D34+ D35 x D36 x D37

celps
+B45*C4S.
Thegross sufce sre of val 1 is

area = length x height
Dd5 = B4 x Clom’

 Thisva
B s o e bl

net vl arca = grossares — area of openings m*
© ~ wros wall - windows — window - doorm?
D49 = D45 D46 D47 - Dis

Cell G50 =
@SUMGH6.G48)

Do i
B(AU) = AU+ -+ LUK
G50 — Gt + GA1 4 G+ WK,

Cell DT3.
+BI3CT8
“The gross area of floor area 1 s caleulated. Floors and ceifings do ot no
have openings in them.

area = length x widthm’

D73 = B3  CT3m?

CellGlI8
@SUM (G5 Gli6)
Allthe
temperature 1o the outdoor air temperature. Ouly one summation of
thermal transmittance is needed for all the loss surfaces. There are 22 p
surfuces.

4 (AU WK
L+ GUHEW/K

CellCI30
(£0) 6-B130)+ Es50-

(SES75-BI30)+SGHT6+(SEST6-BIS0)

The st gained by e anetl room sl o e

ture of 3°C. The limis of possible room air temperature f

by b ey il e cnoughforall il
face area and thermal transmit mségf

eyt e e e i

the surface and the possible umxr-unmrmmhud

[5(A0) % (11— :.)h ok [2(A0) X
+GT6>

G50 % (E46 ~ BI30)
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INTRODUCTION
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used by the desin engineer,
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fan curves allows the aww o make sy krance 4 e it
Fan speed changes can be casily made and the resuts displayed
e
Sevenindependentpradsests s e, The v provided e e
fe an pes - vt s, bk
peller and mixed i b andlmrmplmennl'
T e daine o aproAbes e gt o o and o

10 plot the fan curves and alelat the performanceat other specds.
L old worksheet s to demonstrate the common curves for five diferent

LEARNING OBJECTIVES
Study and use of this chapter will enable the user

1 recognize the shapes ofthe performarnics curves of ansi
2 know the types of fan ntise
3 know representatve formulee for an
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5 CENTRACK. D carnga
ks i o fan:
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B EmoEN

R AR a oy o v o v

 Worksheets nimed ANYFAN, CENTFOR, CENTBACK, AXIAL gy

MU s BROPFAN cach hase Four graphs. The frst sraph in the (i

TROR workshet shows e unand ductvork syem Siraceric cucs
e highestfan speed. A typica chart i shown n Fig. 62. A clos

it A typical chart s shown in Fig. 6.3, The general arrangément of & forward:
curved centifugal fan s shown in Fig. .

ANVEAN
fow and

tredfor sl fow gl popeleror i Do s Pour s e
besn prepared usin the sample fan data. on the workshest. The graphs are n
U e
|t s s, T s cpetd 10 b o mors than 230/, s e
pracical motorrotationl speec on 50 . eletrieal power supply. 50 Hz cores
ponds (0. 00 i, G313 Sy Corrsponch 1o, 3600 i Tht 8

+
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A LIl

e o e YA 10

o e
At 01y

3 Intersecion of fan and sysem curves for 4 orvard-cunved e
mm et @, ol M. vlohs 1 o e ) i

order to mmime e mmm s
s for fan speeds up s
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it W"E‘,,;mnmunu:cun:lnnllo\» improved accuracy of ey

L e e oo ;»
P e s s been acquied, i can replae g o
- L e i
e
Jues o © that relrcdy in ulls:\-’tS m /m o enter new v
b s
R i o
e R
L ik wnd o cocina pace il e
e
T et o e o
T e e
R e e i e o

onveti

o pascals. That i
pressure, p = gH

sherep = prsare (P
&= gravitational acceleration, 9.907ms’; and
= manomerer head (mm H.0).

PPa

907 x Himm H:0.

Fig. 65
of Colchester L)

AXIAL
“The polsnomial equation that was produced from a typical axial flow fin s
FIP=3136 - 3.065Q + 3791 x 100" - 01144 % 10°*QPa

“This cquation islocated in therange of celsfrom D36 to D76, The relevant
of Qi read from cells A36 to AT6. An axial flow fun's shown in Fig. 66-

MIXED
The polynomial equt
FIP=2075

This quation s losted i the range f s rom D3
of Qs read from cells A36 to A76. A mixed flow fan

that was produced

PROPFAN
The polynomial equation that was produced |

FTP=102+ mz % mm» 02351
?f




Fig 66 Axial flow fan (reproduced by permisson of Woods of Colchester L),

propele fans The fle s not meant to be used for caleulatiors. It provides olya
visual comparison of the curves for the differnt types. The fans are not ofequl
Size o performance capucity. They are plotted on the same axes to the same sale
gainstthe same system resistance curve. The reader can gain an understandingo
how these funs would perform upon the same system.

'DATA REQUIREMENT

he general data entry procedure s the same for each of the i Wher
. there are diffrences,spesifc nstructions are given with the fun t
- The userwill entr new data for:
own name in cel
e f o o o h oz assignment in cells B9 and C9; further e

Fig. 67 Mixed flow fan (rproduced by permission of Woods o Calehester Lid)




is aken a5 11906 K/’ at 20° oy
et .sm, atmospheric pressure,
|ndlh1mm) incall D22

own subdirectory, FANS is

Sour subdiect
AXIALO.WKI is the ry

e e name of the worksheet

o all work.

Y bul, g,

‘ e OUTPUT DATA
: e G
e “’hm’?.ww.,mmnamm«am”mm.a,xmhm..‘];z

Fan oule area s ghven incll 23

i
ik st s 2! Air vlocity in the fan outlet area 1 given n cel 36, b
s i less han 10 a3
15 Fan gt pte s i 1 D2 T nd b iy 5. Far toal prssre s that s 0 hop e ol B
0 P o s e St e ieme n type it i ell D36, polynomial equaton fo the.
it e o nd e s i 4. Fan velocity presur s clelted from the fan i g ety and
i
5 Fon st s e n ol 5
§ e P
Bt e s b e s Ductvo
15, Fa motor vl ety (00 ol D27 This houd i g g 7 Bt poce inpt 1 th o i e o is e
sechanical and aerodynamic losses plus those in the drive system, A typicsl flow and fan total pressure rise in cell H36. oy
S TSt o s v s 1 ot 0
U e The el dta for esch i Tow s reeated down 0 ne 76
ain L el

(0 provide an excess air flow. T! i e
L A ey produe s AgEie
issoni of the shape of the

Reprsntiv e of e fomla e ghen. Exch il SRR

moving the cursor Lo the cell. The equation i presented in the
o i normally be written and in the format that s used by the
spreadsheet,

4 7. P, of
ell €32, This includes the pressure drop through the ductwork aiong e
indes route, duet fittngs, dampers, fltrs, louvres, hating and cooling syl
and the terminal unit. The index route i that seris of air flow paths that e
routes e in parallel 0 the index and they sy
lable 1o overcome ther resistarces,
e ofhe i o, Q1 it e delterediy o i s ]
A36 (0 AT6. Commence with 0Us and end vith the air flow tat
e L e U
45 S0Us or 100Ls. The yalues of air flow that arc already on the
i b R ey e spprorit
mamwuue e ottional speed, N evfmin, whn compits
ull speed, into cell B92.
w, O, !cr I i fn pe s nerd el I

Cell D23
(F) +D22*F22)10%
T
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e 8 o
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The fan velocity oy presue s et from the fan i velocity and e deyal
. e Nowing hrough the discharge duct. The density of the air at this loaon
R pressure of theair Wil
et Th i s sbject 1 Tcional hating by th F s oy bt o
led elciri driving motor. Beli-driven motors are remote frns
within the duet. The duct air sttic D
it pressure in order ascertain theair dens

PE6 = FTED3 £V E3iPa

s 3 e o s O
e o o SZ‘Q

e prsins Shop . i ol it
o

o=ttty
(@
o
system pressure = can (367,
e s diop 63 = G A8,

=2

“This will caalate the e system resistance fo the flow ate found &
Cell Hg6

+A397D36[$DS25/SDS2E/SDS2100
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7 Air duct design
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LEARNING OBJECTIVES
Stucy andt use of this chspter wilenable the serto:
undestand heterms 0L o

calculate the densityof
calculate ol siaticand




sndtstand he usectvlociy pressue losa actors:
hanges in ale pregsre when air flows (hrolgh dy
5 kit e o P iy
& i he carying capscies ot i ccts
& caiulato s flow and pressure da 0 ol iorent (emperatire

ofair dcts for valies o pressure
dp

sressures:
10. caleulse the carrying Capacity
et and ductcameter,

12 drawair pressure gradient graphs
13, understand and se the changes in it i
4 understand and use the terms fan toal static and velocity pressires

e that oceur ata fan

15 calculatetho equivale
16 caleulate the staticair pressure i a mechan

20, use limiling ai velocity and pressure drop rate data

21 know the imiting ai velocities or low-velocity

2. analyse supply and exracta dictyrork s

25 ko the equations for ar duct ssing and theis method of use

24, find the index: zoute that offers the highes! frctional resistance © e
fan;
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U,amgvmsw
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plantduciwork
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et rile
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estvalue

28 Knowow 1o specify the performance criteria forafan

. Ko how fo caleulte the balancing pressure in branch ducs rom 4
ndox rote

ait teceulation 1
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air veloaty ]
aif velosiy applcations ol
i velocity pressure ﬁ
stmoephericair pressute:
sl flow fan 5 |
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fmsatepressure
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Goerror
ition
Hetional resistance.
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=05 Pa

) and v = i velocity (mis)
the

o o s e nloing ut This St prsu

ST 11-1
Pt i e
P The sum of these two ,u-ms i the total pressure pi

s velocity pressure
e
Losss of pressure due (o the. 0 ool Tsanes of 6 Saie it

e, chanes in rossseton, dampr, s, i e or coing o

total pressure =

pressure
‘Bernoulls theorem means that, for & lid lowing from position | o posion
e ol s eyt pot | s e (ol prssurs vyt ot

B o Ve Do g
ementin s ductis shownin Fig 7.1, The data in Fig. 7.1 elates 0 Examle

1. It e b seen thl the ai sati pressure ncreases through the enlargemen
ecuuse the drop oF elociy pressue i eater than th 1os of pressure due o

e of it pressres betveen | and 21
pactdns
ol presure a2 nd .

Presra 3

H
g
2

sther applications.
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pheric it pressre
re 0, i

Paim in e
ST e and 035 Puim n the 1000 diameter duts. The soluon s
Shown o the rigna e amed DUCTFIT. WKL

=05 11906 K x 7962 %

IN=1kgx1

T

Figures 71716 shw e velosy prene
(CIBSE, 1986c). . b B GR
For n abruptclagement of a sl et




s o st owing a1 0.78mYs i & 400 o ntrnal ity
B 18°C e e s e
o 101 S0P, Alko
5 during winte and summet o
et o 1 o s cxample

The atmospheric mm vmmn the duct
101560+, Pa

w0230
101560+ 923
~in9s23r

i esonsbl 0 fnor dcimal prts fpasal pressies, 7, = 2P o

pu=101952Pa,
420 ke
= wnsxmm ke
1952

i x \0\ s

o= 0.5 % 1.2062 x S9T Pa
—215P
-2m

ot pressure 7, = ps + 1

s 2 2n

ot pressure py = p, +
p= 392423
157

When the i a1 30°C bt @ remains 075
o= Listkgm

AIR FLOW IN DUCTS

The flow of e 4t 20°C b, 43% percentage saturation and  barometi
of 101325 through clean galvanized sheet
cordance with good practice s given by

0= -2 g2 TR
CIBSE 1966, sdaped for i propesies st Chadder ton, 1997)

Where © = 4 i e (1) o prseirs o mic (el AC
infernal diameter (m)

‘metal ducts having joints made

EXAMPLETS

ind has & design pressure los ate of 0.8 Pam. Caleulte the

A T el dames e st st d s g 20 €0
masimum
o e i S o s and e i vl A oot

2om
SPa/m

s nae L

932m'/s




e el previded th the Fiction

e
- Loy oy

m into

e 405 10
i 5_2.n27x><06“xﬂl“xlog<7

0s72m/s
e than reuied, o the tetual pressure los
6P Seound 047

rate will be less gy

* VARIATIONS OF PRESSURE ALONG A DUCT

B gt e o slong e n o 3t shows i )

n be caleulated as total o statie presu
: be treated os reductions in the available total prssure
fitings cause loss of pressure through surfuce friction and
bez\m e n
B e B i o et e
pn:un e

e NG
dlmllyabavu glaph lssh . Clearly mark cach'point whered
each with a number. These points are

vgumx fm\b,eworkshm pressure. am\lyns and for finding e
ducts, ‘This method is common to all ductsizing programs. TH

P, 4nd plot t 10 an appropriate scale abote,
72 Pa,

1 1 dnd 2 the straight duct,dpi2
 due to friction between nodes 1 and 2.

.
9. Plot py and connet the total
Caletihe the prese o hoppas tin t
1. Sublract dpy-o from pi to i the total pressure o
Driw the total pressure steaight lne rom pg or
Caleue the velcity prssure ot 1, o Not
Josly reminsconsint aiogg s ey
St o P and . The diferen ey
and 2, oy and po o The e e
Plot s and pas, and conneet them it
Subtrct pys from s and find -
Draw & straight lne from pe t
Subtractpo from i and find.p, N "ot that s cqns
Draw a straight lne from p t A
ok e uppe gradient s e ol e Y
Mark the lower line as the gradient of static pressure
Mask thediffcrenees betweenshe s ekl o velocity pressures.
Identify each of the corresponding s of the duc g and e
Mark on the graph allthe calculated p 5

h a straight line.
pressure a1 3, p.

This procedur applcs (0 otherair duct ciss ad o he chanes of

Notes o o (s forase i et of he duct the sl s
This s because The a
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. Plot total pressure fine 2 10 3,
Pressute drop through 500 mm duct:
dpy-y =22m % 32Pa)
0Pa.

s

D

[
changes through the conracion in Example 7.5-

abers from Fig. 7.2 and the sequence numbers listed:




ity pressure, VP is dfined 5 the Sloc PRESuce n the dshr,

Rom o un o
o B =pats
s
. e etesarly th same s (e hADGe st ey
o thefam comnections:
FSp=FTP—FVPPa

0 i, plant shown in Fi. 7.3 supplies 3. .‘]
e il Tlow fan has  diameter of S50 mm. Outdoor ai ‘

e o throuh
dropsare: i

i 257, an
o b . el

e pressurs at ach node, Enter he data nlo 2 < DUCTIVK nd

e e e VK. The o mumbers o e i i o b

From Fig 714116 the wloty presurs o factors are as follows.
ke louvre for ntry,
k=05445+17
—61

k=004

r
A _ax0558m
R

2mx12m

k= 07 estimated
k=08
k=07x%08
Duct exit
“The fan air volume flow at §'C is
=2153m s
After the heater coil

The

W=Dl

(1200 x 12007] "
= 1285 el
5 [(E]

1265 [[WD\‘] o

322mm
m 4
=212
2= T T
—2mfs
4
= 2T
= 1159m/s




oz o= duct + heter coil + grille + discharge k
X01+125+45 + kpo P
— 154 1x25P
73Pa
drop of totl presure, doiso = 17+ 450+ 04+ 3.4-+ 472+ 173Pa
91Pa

fan total pressure rise, FTP = dpy 10+ pran — po1 P2

Pw=pa=25P
pu=pa=25Pa

 fan total pressure rise, FTP = 691 +2.5 - 2.5Pa.
—e1p
1 velocity pressure, FVP = pu;
b 847



it the workshet s the el g DUCTWORK SYSTEM DESIGN.

“The worksheet can be wsed for various

example and quetion requires tha the
numbers, kniown air flow rates, g i
‘Typical velocity Vimits are given in Tuble 7.

“Table 71 Limitng i velocites in ducts for lowaelociy s
o,
s “The procedure for en pplcaton T
file DUCT’ = . O (mis)
ospital,concert bl brary,sound studio
i, 7. lisve been arransed 10 Ui the verkipe sl ol s sund s
I General offic, dance al, shop, extibiion al
,,g,.b, ch dct ection 1 4 . Factory, workshop, canteen
3 I O, G and G47. The ather temperature el are oy
....p!e. nd i s el ct b The user s required {o enter a duct pressurc drop rate that produces thel
fike s thateco error between the maximun flow capaity of the ductand the desgn e fow
ey i done ertcl, o can prodes o sifctory et ik e
6 The air flow quantity at 5°C is found from the Known value at 30°C'y
multplying by the rato of the absolute temperaturcs:

in increments of S0mm.

EXAMPLETT

s"m
design air low 3 Lims with the air at 20°C db. and 101325 Pa; mm i
—2753m/s

Enter 2753 mls (only the mumber and not the units) into cells F50, FS1, FSL,
E59, F60, F68 and F69.

i d contractions or enlirge
mnmmm pressure drop in that duet sectior other fems in the system. Investigate the effcts of realistic
i elocy e secons of piant ductand operating conditions on the Fan ttal pressu
the maxi locity perating
may be tried after the

WG shows the di and sl
 pressure drop rat “The original fle DUCTLWKL s ltion
duct diar m mcoluanandve!mh “The air temperature remains at 20 cmuug:m .
L & ir intake m...mu i range from —5 C 0
‘dwm of the. plamdummwlnmns ¢

S { the fan duct com rigina i Thise avisa gip be
R e et ot goxnmm:w




~25m)s
e s elocity presare
pa=0spira
5% 1.1906 % 2.5 Pa
7P

05+45417

‘The pressure drop through the outside air intake louvre is

A pressure drop rate of 0.1 Paim of straight duct is approps
produces an air flow rate of

PR

405 x 105
( 071

= —2.0278 x 0.1%% x 0.716% x log|
= 1023mY/s

The duct pressure drop s




14036
=136
Pressure drop through the discharge diffusee at the design ai flow

A drop rateof 048 P n the duct betieen nodes 12.40d 38 prodiey
an sie flow rate o
X105 293310
5 0505 xlo
0= 2027 5 0485 X 0505 Va( s X 0508 ,) dpi- = Vdpi_sPa
= 246+ 1840342504 100+ 100+ 178+ 4884 5.
= 573Pa

—0943m'/s
A S00mm 450 mm rectangular duct has an equivalent diameter of
,] ‘The fan total pressure rise is

FTP = dp1_io + pots — pri
73437 37Pa
A —sT3Pa
M=l X “The fan velocity pressure FVP s, as far as we know in tis
=47m/s FVP=13Pa
i =05 11906 x 4.7 Pa FSP = FTP—FVPPa.
=132p Pa

duct pressure drop i = 560Pa.
Check the data on a working copy of file DUCTLWK]
DUCTT%7.WKI to represent Example 77 umm
s kol given. There:

be reduce the m mmywmbw i
wm happens when the .

ons s the plant, 650mm x 650 ©
connecton to e diffser.




presse for the exractsystem will b the oo
o the supply systm. The resuls for (he ppelt

s depth, Mottt the oqu
produces & LA ey

o

:—Itil:mdmp\mul ey ully ey

DATA REQUIREMENT

The user will enter new data for

1. Your name in cell B4,

lﬂmo{unph or assignment in cell BS.
e mumber or job detals in cell BS

& Nameor e e n el B9

. Ductaic emperaur n o C14

6. Duct air pressure in cell C15.
o k

of the duct e

numbers that are on the works!
. Ensure that the setion node e et
i e drvin o e ductwork There will be o
e 10 adapt the workshestnode numbers (0 uit the e
w&w air temperature £ °C d.b. in cell €50, duct length L m in cell ESO, air
flow Om¥s in cel 5D, maximum air velocity v s in cell GS0, and he
s llowabe s s e p P < H50 and subsequet

" the maximum carrying capci
e i eprsd .2 o o, e K.
‘#ﬂuﬂa for maximum dp Pa/m in cell HSU \mul close

uwmiymmm two decimal places for p.mnunm

im\hﬁmﬂy

T

s s st ot s
;:::mm!\y be nunuphum: m m

c bt 20 1 preent  he s for
and fittings velocity pressure loss factar k, e hﬂ\r&L jct

o, Chick (i v s op § spaaon .m.

Sav s st (o8 nie "m..,ﬂ“!u”;‘.' L
il e o

Make the supply air outlet for the main duct route at node u\l'nbeﬂwl\
110

Enter the data for branches A to E s for the main route.

screen (0 m Edit the new rows to ensure that the coreet
e and Tl ar it e be careful
making such ehanges (1o & copy of the original file).

OUTPUT DATA

1

‘The current date is given in cell BY.
The current time s given in cell BS

emsity given n cell DSO s tha o be used n ine mumbee S0
el SUNARRES siven n cell 150.

iy

The the design it flow and
ity ofthe duct s expressed s a percentege ofthedesignfo
percentage is to be minimized by changing the maximum pr
cell 150 wnl cither zero eror has been achieved, o
possible is obtained while using only (o decimal paces
An crmr of less than 1% is nommﬂyuhwvﬁﬂ‘

is shown i cel P ;
The air. v(lnmy a\‘ﬂm duet selected
iy o s o
i




e duct s given in cell ABS0,
i ell ACSD rom el R0 for oy,

ad he deseription of the ductsetion e repeated
nformation.

e
i ol v o el
o W12, It s not necessary 10 read this coll

i

238
@’ o Hrap through the duet route rom nodes 1 10,40 is displaye

e node at the end of each branch duc
Wmdmpﬁumnodclmm de at i
e "ﬁ?mgn S it
e e branch, h
incells E233 0 E38. Thisis e ot diog s nctadsres he vl
onder o remove he exess it pres
s he b h ¢
dex ot T wod e i iy
 drop through the index duct route s given in cell D240,
ndes route of duct nodes s e cll 240,
fimtoal pressur s given n <l E245
pressure i gven incell E246
sivenin

cell E247.
i ol fow e ot e v el s
wure at the fan i given in cel
iy the an s given in ool E250.

densty, = 11906 K8 T3

where b = barometric i pressure tm. m =

sty
e X

€17 = 11906

Cell DO
11906+293+CH15/101325/(213+C50) .
The i density (0 be usd inthat setonof dt s el oy e o

ot rormaly b common e i Actsynmy
. 293 SCSIS kg
D50 = 11906
5 275+ C30 101325 m?
Cell 150
1000+ @SQRT(FS0%4/GE0| @PY)
Finds the duct diameter to carry the design air flow.

o[

O

EXAMPLETA

docs not exceed Sms.

Celljso




a4 o baremeric prears of 102

Sty
al ducts having joints made in “;

sagiy

102, 203,
(H50)" x (150)

s i sty e ot 08 50
e 29°C L. b T e o 3 ORS

a0t 20510
L e

20078 x 085 035" o
0135 xog24355 x 10)

S
o8t 03

i s carmng i 20 C4L
e the sir volume flow

Cell K50

(F50~J50)* 100/F50

i b s s e O
mnxnmum carrym; capacity of the. d\m Q. m’ll at the o

the user issatisied with the error, th cu
i pressure dop e i i to clclte e s drop o
o .

Cell M50,
+FS0*4[@P}/(LS0/1000)2.

L50.

i velocity s = 0.7 x

Cell P50
1265%((NG0*050)*3/(NS0+050))°02

Caloulates the equivalent circular diameter of the rectangulare
NS0 and O30 for equal volume, pressure drop ate nd suface

,,mx[( 1]

duct width (mm); b = duct M
b (mm)-




DS P Cell R50
0,
03D50+050+050)
“Theai vlosity pressure p Pa s gven by
et —0spipe
L L Nodmeute

B il dipee of 1he i, 1 it ooy, sesng
i i Tlow and th maximum Si-carying capacity of e s D30 density kg/m?
QS0 velosity m/s.

design ai flow 0 = 22m/s
* The equivalent diameter ofa 700mm x 600mm duct is

Cell TS0

. (700 % 600y] "
,,m[i,w] =

T30 = H50 2 x Esm
w
velosity in the duct s
Cell USO
+550%R50
Air pressure drop through the duct itings dps Pa s

dp
RS9 550 x RS0Pa.

Cell W80

05105 2933 ¢ 10

7. “%" /’”xlu( %,‘J +T804U504VE0
405xm‘+ 29931078 The sum ofthe duct pressue drop

T 07 7 pressre drop dps (o that setion of e




. fon ofduct sl 0 the ttal

<t he e of s section of duct s cqua s

dmrﬂwlmw\nmumef e sction: el ey
w‘db\ 2Pa

Cell YHO.
+XU0-WIIO+RIO

‘The total pressure of the air that is discharged from the ai oulle

*The sttic s pressure at the start ofthe duct secion, p P i cther: at the end of the duct route into theair condi

L oo if thi i the first mode in the duct system and i At atmospherc iy and minus one veloity pressur. There is one yeloety pessre
e or ° discharge of air from a duct. This produces & inal

2

L
o R

out by the veloeity pressure loss factor.

P =pu = dy2+paPa
o i

EXAMPLETIZ




Total pressue at node 2

of the ductis
=30+ kpaPa
3041 %5k
~3spa
The final air velocity on the discharge side, ignoring the diffusing air
veloety within the room, i that through the diffuser

pressure. The total pressure of the discharge air s

o  ventlation dut syste s three odes, Node | i within the duct systn,
b o5 A o i diffwser The istiotz, 60




e drofrom the beginning f the st branch ductat node 23 g
of it into the venulated space at node 541 found by the i
neach scton:
dpsvs=dpa st s Pa
CIU = WIB 4. WISTP
i ktion gt r et ot s s 263, 2

mmu s e o o il sl e i ugh ot
from node 1 to

s ¢..J+,. +dps-iaPs

the i it .
ch duct, 10 the pressure dlvp through the first branch duct
-2+ dpayss Pa
Das4 D28+ Covrn

Cell D237
+C228 4 C229 + G230 + G234 G ¥
I ks the i presursdrop fom node e’
h branch duct, 10 the pressure drop WW
dpi-ss = dpicas 4 dpn et dpag a4+ m; -
D237 = C208+ €229 + C230 -+ C31 + CoTpy.

Cell D238
+Ca28 + G220+ C230 + C23] + G2 + G238
“This adds the air pressure drop from node 1 to node 35, m.mm-m o the
fifth branch duct, 0 the pressure drop through the fifth branch duct: =3
dp1-su = dpi-2s + dprs-2+ dp2 + s+ s+ oo
D238 = €228 + €229 + €230+ C231 + C232 4 C38Pa

Cells G221 t0]239

o mesd o the e 0 1 hese ol one thei Funedions unden
mparisons are made in order o discover which of the con
sl b m....m s o 0 g el R

ety Snop o e e e cllpt
drop of pressure through the index route.

Cell H233

(@IF($D$233,$D$234 D233 D234)

“This formula is & conditional ‘[F* u.«mx,mhml
the




Ds246H235D2%6)
ofcell 235 recompared vith the contents of cll D236, The g
H36.

236/SD5237 H236 D23T)
cell H236 are compared with the contents of cll D237, The higher
237,

140 ranch )
Pt cels D233 and D234 are compared. I D213 contains 3
ithi th st

Cell 1236

@IF (SHS235/8D8236 1235 "Draneh Cv)

{The i pressure drops in colls H235 and D236 a

holds the description of the duct route that hyy

The choce s betcn theduct out from node oy

Cell 1237
@IF ($HS236/3D323T1235, branch D)

i air pressure drops in cells H236 and D237 are. compured. Gl 2
St description of the duct route tha has the grea

“The choice is btoseen the dut route from node 1 o node 40, und hat
0 branch D.

Cell 1238
($HS25T,8D$238,1281 branch EY)

The air pressure drops in cells H237 and D238 are compared: Cell
Holds the description of the duct route that has the greatr aif pr
The choice is etween the duct route from node  to node 40, and

10 branch E.

Coll D240
+H238-X50

Cell H238 contains the index circuit air mcsmu dmp

i pressure at node I this will normally be 7ero, because i
pressure. Cell D240 now contains the index iruit ai
from cell H238.

Cell F240
+1233




Cell E234
+D240-D%
“The excess aif pressure ..msommmx «
e i dictarsin Tom e fn o om e g damper dp = index dp — dpy s
s o it ot e
Cell E25
+D240-D235

o pressure s s th fan total presure is i el E245 minus thefy
il

The excess air pressure at node 60 for branch B s caleulteds
FSP=FTP~ FVPPa damper dp = index dp — dpi g4 Pa
E247 = E245 — EX6Pa [E235 = D240 - D235Pa.

Cell E236

+D240-D236

“The excess ai pressue at node 70 for branch C s caleulted:

Cell E287.
+D240-D231
The excess air pressure at node 80 for branch D s caleulated:

perature al the fan s copied from cell C60 into the fan performance
st

Cell E238
+D240-D238
The excess air pressure at node 90 for br




& Calealto hatamperatyre o it correey
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— pre 1014505 e
\glh\'a"wl iy, e duc

ciyisoe
to Rifomag s T dar L it s z‘c
ey when the amospheri pres

anmph
o e o 0mm damtes © ¥ S5, ol i
S ol e st vy Brcssir and fos, resnm

e enn
e Kanowor ol tasempern
e Smiionms o passestuougha g5 e
B ped e
2

o c: i donaty vty
Pt aomiasos

(o atipe e cavg sy o s 0 s
e that then toduces fo 150
st =

SPafn
e om Samaes s s bssPam m L
TS0 dameter Dchae.

TR Supply ai ductwork for question 19-

8 Galt tre bressures that ocour when Bms
o trongh a5 g 1000 laeter it
roduces o 00mm diameter and 15 AS0mm
mmmnmmm Yo fm Theair ouipressre
s e st DG
e

m"““‘"ﬂ‘ipt Themrdmu is12l] [m"ﬂla

e L
e e e

SSmmdamete duc m«.m i




i lﬁ'c 1
G @l

5 RT3 Muliroom suppy air dct sysem for quesion 21,
et branch from the fllowing data, and VEOST sy

Elde e s o

e
frei

mé&wmmnuu R
00 men 500 et 5-6 s 61 long and TS




pesse s v

nng71 8

ome shown i Fig 78 The preseure dx
Intongh i plast tems are Ger 100 heapie
coll 13Pa, Coalng coll 6570 and ilfser zm
T i s selerrsravea o

0% iy o ok i s

S velocnd aré louvros i ciusere 35
om the
5

pixtreras saverigo mm Can b

ol year The difuser s
Somizbes

o the dtcrork and the i

ity fo the i-panaling plnt shown n P 18

==

o1 Single-duct 100% outside ie onditioningsystem i queston 24

o5 outdr

temperature

a0

<l amper b oo Hades
’mghmmnuvekvc\lei are louvras and dift

v bt o \hcl{cshnnmake

o discarte 25 ms, fn . and e

it s ductair

mmvcumed =
i Wit b
drop

aes st
08 ifuser zequres an el pressure of 5P




s dhcvon om e n
cm.\'.v;vi\mh“

E huﬁndu\y&r\rwuxhﬂm

et 100% outside air

i&ﬂm R 1 s a e

e
e on

%

b A

I Velosity
s i the smaller area: dp — kikap

temainiined 2124 °C b by 12misofair hatis
gl a



s, oo il

oma

O 02 et

5 b s oo s e s

: —=

o6 Velsity pressure Jossftors or i duc tings (CIBSE, 19865

o 500

2 |
 pressire os Fctors o i duc g (CIBSE, 1956¢)

8 Rgntange e e provdn s it e ooms e ot amoslee
m m Vl ike and the exhaust




10 velocily pressie los factors i the caeulation ol

pipe sizing

10, know whit s meart by the squivlentle

wwanwm-bm‘g “

1L ko bow o i corveen e of s A en Bl
12 Know how o calults e syaets iy et
. raaiid o

14, fncl the tota installed cost o o

b system
INTRODUGTION 15. use the totalinstalled cost of the pips syetem as parte
e o PIPS sysiem as pact ofthe dasgn deck
s chapte uss the worksheet Fle PIPEWKCS 10 in the ies of pipesand e
ump slatonfor s esing o vt and il ate iulaiog e
Sysems it M e s i By o s et a "
e e e Fey toms and concepts
i oo e et for et f the . ot and e o .
branches A il 22 mosin g sty 250
sl dsin, ol sale v damts o e s panch 35 pipe heatemi b
Dt for  range of iffrent pipe mateils s provided on the worksheet The | | chld water 2 pipe saction bl
o e i o saing e on e orsher, Ao e e 245 pipelineitings P
h gensty 27 pressuredrop ot
diameter 238 prossure drop rate 0
L R el | 27 pressursloss ul
instlled costof the pipe system. The desgner can then change the ioput dat o amiter 2 pressurerise 28
ey iffrent optons o minimize the costof the pipewrk. sl gt 240 pump 24
often beavoided during manual desgn because of the time nvolved n recleus: | 260 pump specifcation 2
tion mxemngc« 2% singlepipesystem =
uty with theminimm ofdata ey, and ko generates 3 it of pipe engthssnd 237 specificheatcapacity 5
cost o thecstimator. 27 surtace rughness s
i 236 totalinsialled cost 2
index 240 two-pipasysiem -
o nstlled cost 283 velosity 20
EARNG OBECTIVES = L .

Stuly and use ofthis chapter will enable the user 1o

1 iclertnd o 0 e sies o a o pipe vt heting or ol

TWO-PIPE CIRCULATION SYSTEM.

S water and chilled waler circulation St h
low and return design. This worksheet is ot u—i

2 kndw how 1o caleulate the pump performance specification for @ tWe-
pipe sysem;

=
schematic drawing.

The orkhee s s ot o 2




e
waics ow sl uipd

estincsofl he pant and i 16
i\ manual calculation methods.
e e ond o e

“ SHCTr -
= B4 L) 10 1
SHCTT ~TIX 7%

a0\ o

i)

where # = heat emitter oad (kW) 0, uﬂuwnumm )i
¢ st capasily ofwater, 186K K 1 = vl

spes
emitter () 7, = watr retu tempratir eaving st i (0 L=
mated pipe heat emision (), p = density of water (g/m?); and
()

“The turbulent flow of wate i & pip i iven by (CIBSE, 1986e)

L "F(dmxd) X‘u!w[‘_;,;_d ”:3“"(@.%)“1'

ater flow rate (kgfs); dps = water pressuredrop rate (Pam)
intornal diameter (m); 1 = dynarmic Vicosity of water (Pas); ud;
surface roughness of pipe ()
“hisquation s he uis of he publed duta i, It
2 spreadshest.

onl
mwmy data used on the workshest
ipes i gven in Tbl 8.2 Tabl 83 shove
imeter and setoal nerml
Table 8.1 Density and visc
Temperanure
€0




black mild stect pies 10 15 13g7,
pressur 0SS FCtor or pipe iings

foms2mm 0 0 Further data may be added o 1y
et reerence data is repeated in the data ban

s
25
°

e

e = :
B o im 0pen gate v s

= r Erovmeonts (S

: Aot Ko s L
ExS et

dpy x d*
2 ()" g [

uskg/m!,,ﬂmmmvm‘

From Table 81, 75°C,
32.63mm. From Table 83, for

35mm Tuble X copret i
k, = 0.0015m
= 97485 kg/m’
0378mPas,
078 x 10 Pas

BS 1397

Internal
daneter, d
()




un(“

g
zmxnuszs!) o

P

—uenkels

s i iy f he s e ed e oy
rate of 200Pa a1 War flow rat is COmpAred With the masim,
e capacity, 01/ o establish the diffrenc, o eror:

o ertor £

T usrenters sucsessyevaloe for the wate pressure drop e unl he crrr i
s i 1% The finl v of the water pressure drop rate, dy Pa/m. s trat
et s h e pres o a0 ¢ punp e e e
rror percentage should be assmall as mmmm Increments of $ P for
e prs dop e o e

e it b e e e el v o iy

the design eriteria, This can be done by manual calculation and inspecton of
published pipe sizing tables. The water volume flow rate is
el

and the water oty s

other kv plnt o v The s
gers,Mow comtrolvaes, blancing
o o ikl .#

total dp

EXAMPLES2

e eator ol provies S5 ofhesting 0 e
length of flow plus ret e Mm‘d

ipe is 0 be used, The.

En it h st cision o e e

i et o, A it o sl s R
oo e e P

late the ru}mnd r flow rate in kgs and Us, the estimated pipe: o

‘masimum cerrying u,. sty of u seleccd e dancten e i v,
e il o e

The required waterlow i
H01E) ke
0= S T X0 s
sy ks
A6 x (82- T X100 5

= 1.0555ke/s

45X (008 x10_liwe
' = TR (2 ) XA 5
:mxznnn/c

The estimated pipe diameter is

= ()
i




total dp
1255w, (2 )"

) e okt 1l
5 ) o
[muxm’ 12550378 X107 2xomams |\ TSk

=k lsooome 9B\ x 00969
37009 () PIPE HEAT EMISSION

The heat lost from heating hot water pipes,in wa
degee Kelvin difference between the mean water nd ambiat
‘having 25 mm thick fibreglass rigid insulation, is given in Table 8.6

17 @06\ e (CIBSE, 19860).
zmmm(w e

Nomial dameter

s 10515 o
10555~
L0599 L9505 oo
Mx 10 e
1015 X 100 litre
97455

= 10786litre/s




: mxm«nﬂpxwumsmmmm
i

“The solution is presented in Table 8.5,

“Table 88 Solution to Example 43

e i
e e for o L e
.

P e, Heat el =
L ) o e
Service areas costs £4.73 per metre length, 0° t, = _(VimK) 0wy tehmy

M,,m T el e o o+ S legth of Yo s e

meter sopper Table X pipe s Given by 5 o o

T o

4 18.39%) 0 b

(5 8073, -0%, +18.39%) i

s e
ipe enision =4
129.96 R 53 kW
55 camter ipeis et
{ota cost o the pipe sstem = 3845

“sm
— £26,00per metre

DATA REQUIREMENT
o s Pipss f -
153 e ekl Joit. Tyl cont ar st n Tabe 5. .
Il st ofcopsr Tabl X gk 1 v

PR
6 Water return temperature i coll G45.
7. Watcr densiy n cell C47.
8. Ve damic iscostyn ol
5, Specic heat capoityof te terneall O,
10 Tempesure of e anbent 5 S 8




i s i 1
S Tt o e e ot e
6. A desciption of the first i ofpine = b entered into cell B e

0. The insalled casts of onper. pipe, o
ulation are entered into the
o (e b Your own comg

e the seton of e on any f the e rom 1t

stimited to 12 charactr

gt o ipe n the frst section fthe sstem i cll 91, A two-pie
e Tow e lus th rcur pip . g

i fr‘ifm e s 0 et w5 e o
i3, sysiem disw i ayouts. Thi s the sum o te
ity o e s o th i
e i tr 1 ol D1, The s sxion o ppe il ot o oty
Sk a1 provie s o e e o Do
e b s from
s e i o ol
fer veociy in coll F91. The velocity limit of 10

oteing his b

Velocity Jimits of 3l or Gm/s
dlmuvev U it of e et e
e by experimentation.
A At et fo the rateof ater pressue drop through the pie n s
becanged i poie o e ot o e o1
m 20 aim to 1000 Pa/m can normally b
Some designers choose 10 it th pressur drop rae o 400 Plm, 0.4 kPam.
ere is o limit upon the user by the worksheet.
21, Nominal diameter of the pipe that i selected for the section of pipe in el
11
& = e
b s e i the first section of pipe
. e Titing presute os Facton i the o
ot include factors for plant items that are (o b

rop through items of plant i the secion of e 5
¢ exchangers, ales

(© 139 contains
el ranges 101 4
mm,mm,.\.mm,,m,m L"““ ’:2‘“""wm
o calbulate pped When theling

el

i hea cmition s showm sontht e
S e e o i

e oo Al R e

vised value of the flow error in cell L91. ‘l is now nmry amﬂt

i s
ates o obtain a sat T
enty teration.
the instalied cost, new data wil have 0 b enere o minimize the Mo s
s eson o g G vt 0 Gt S
i combimtond b

should use this powerful tool to Db\am m least-cost. pipe system
it cntiot (g G

T o o A ot nmmlmmnmg -
hat the desgner can crat. This means it ihe vaes o cpuity f
ssected ot g h e o equred ) the heat emitter. A
is less than —1.0% should be. th increments of presure
5 Pa/m without difficulty:

OUTPUT DATA

1. The current date is given
2 The ciren ime s gven ncll B8
3




e o 0 S S
of pipe s i L
ow carying mmny. Mk, of the selected py
resure drop e s ivn o sl K91 i
e v i e s o bt the s o and
" ity s given
e AT e

o ater, v, i the selcted pipe diameter is given n call No,
T uqnmk.. fength, /sm, s given in cell 091
ol cquaent g o e traight pipe and the pipe fittings, £Lm, s
giten n cll Q91
15 m:p.smmdmpu\muunhcrm Sestion ofpive; dp o, s given i cell Ro1,
16 he ol s drop v st esion o i, nchin e
by s gvenn
17, The pipe section e s copld rom e A in
& Ths o of the frs seton of pipe i e

19. mww i forhe ot ections o pip e ndex it v
e E92 10 W]
Thzwu.llznnho e sion
1. Thetotal quialnt leng o he index irui i givn i el Q120

e index circuit
s e e
it sven n cll T120.
fsiebranh s o thendx i e e e

it el D148 This s
%;‘....m G oy
it el D1,

1
e h ke s iven n 6l D145, Thisspartof

ng.;dm«mymmsgmmmndl
hpipe size tat s b

o been selected.
170 10 QIS0.
ncin s s en

The total \cng\h of | i u
e e AA g

e tal oot ¢ pipework system is given in cell AD1S2.
FORMULAE

Represetative smple o he ol
ulae are given here.
e
i Gt Vhioh 1 ol nomal bR WU o i
the spreadsheet. e waten snd e
CellB7
@TODAY
This function produces the serial numberof the currentda
formatied to display the date. i
Cell B
@TODAY
This foncton produes the sl s fhe it oy e
formatied to display the tim
Cell 45
@ABS(C44-C15)
The aholte i ol e s Se A Tow

tures is calu
temperature difference.

“The absolute value of temperature diffrence i aken:
thecaleuted water o rate i produced for hsting
Cell E46

Caarcas

The mean water temperature of the




vate o e, 0115, it equired by he et e i sl Ty
Sl e e o e s
e after the it compleic m.m i
e erte e et g s
1o cnsure tha i
‘the heat emission from the pipe system.
HEW x1000 kgK 1004 P% m' 1
(=K *SHCK 100 /.Ags
g1 DI 000 (100 - SCS50) ks
~ SES45 % 100 x SCS49 x SCS47 |

e for

o=

E

stimate of the pipe diameter tht s needed is made from
= 40\
~ 1000 (ﬂx Im) mm

4xE9l O
mvlmu)x(”mx\m) i

i s 5 S4B O e Ll oo g

B

SCAY G91 % (J91; his
ko1 WW( szf) E

Note that the worksheet formula evaluates

5 C4 1assvca
= ok,
i [ % [T

the whole equation:

two parts that are shown her; this was done to aid the

Cell 1]
(ES1-K01)*100/E8]

he flow error is calculated. This s the crror betyieen the water flow
required o satisfy the heat load with the allowance for pipe heat

the maximum water flow capacity of the selccted pipe diameter at the
drop rate chosen. The user enters successve vales or pressuredrop|
error s less thin £15%

where 0) =
(s).

EXAVPLEBS

‘Caleulatethe fowerror or pipe thit
i g apichy o 8015




o=mle, m

3 s ok
“The masimum watr v rate s comerted into i
ot e 1000 ltres litres A3
0= M e = 2802litres/s

o916
_ 4%2802x 10°
G e
~Siamp
e “This ean be verifed from the reference (CIBSE, 1986e)
¢><M91 xlﬂ‘ m +C81+091*PgL
Trx X0 s ‘The total equivalent length of the pipe section is
EL=L+Lkm
meﬁm o o
.  sum of the veloci
length valte for the pipe is gl iy pressire

less).
cquivalent length of a sction o pipesork
0812 x (10! lengs o st pipe and el el
Do

in diameter, boiler, radiator and
straight pipe.
ity of e
081 x | (m)’ x (10*
o1 a7 e (1) ™




o ommm urnn.mp.p, T
. 0 fin the
Dl

oy have addi
known presure drop.

< drop through the pipe i
o P LR

o= ELmx dpie X v,

Pa 1kPu

—Qoimx G91 i

— Q91 691 kP

| e
X

of st
resistance of th pipe scton.

1kPa
10°Pa

Pa_ 1kPa
= 3697mx 825 % e
= 305kPa

A

section of pipe includes the straight pi
dex

 pipe
heat emitter.

Cell Vol
+Ag1

“The pipe number i copied from cell AS1 o cel V91 for nfonmation
Cell Wl

+B91
“The section descripion i copied from cell B9 into eel W91 forn

Cells E92 o W19

The formulae in line 91 are repeated forall the oher s
Cell CI20

@SUM (C81. CI00)+@SUM(C109.CIl8)

The total length of the indes circuit i found by

Cell Q120




pressure drops on the index cieti is found from
plantdp = dpi- 10+ dou- kP

. TI00)+ @SUM(TIOSTIE)
pressire deop hrough th ndex irui i the sum of the pressur drogs
mplmmk fitings and plant
Totaldp = dpi-a + dpir o kPa

e total water flow rate through the pump is that passing through the firt
section of pipe. 1t i copied from cell E91 into cell D144,

i on the pipework system is copied from cell C54 into el ‘
el

Cell AD8B
“R69

The i diamete il A cop fom
contins the sl damer o g

Thcs e ot i s
below: hnc xl The cell gt

Note that the user must copy the corret ange i

el These ol are s by the i otallength
o et 0 find thetotl e

Cells AESS to ANGE

‘The selected pipe diameters are copied into these cels s for nawu
Cell Y9l

+A1

‘The number of the fist section of pipe i copied from cell A into

Cell range Y92 Y100
The number of each subsequent section of pipe s copied nto they
Y1

Cell 291
191

“The pipe diameter in the st setion o the pipework s
191 into cell 291

Cells 292 t0 2100

“The pipe diameters in the olloving mme&

for cel Z91.

Cell AA9!

~ca

‘The length of the pipe’
Ol imo cell AASL.




291-$5C51 SAASIO)
s formula checks whether the pipe diamete i the s setion of pipe s cqug
e e o el s o D . 1 s o e
‘f that pipe s copied nto cll AD9I from where it was entecd ontthe
- mem‘m il COL st iy e i 2 ot it et oy

e
Gells AD92 to ADIO!

he e st s made for o e o L i e Kt of e
et i the 1510 ekions of th idex ppe system, s forcll ADy

Cell ADI02

e
e

el e n s branch e T s
bt do ot conte
b b A s e

CellsYiS] to Y160

“The pipe diameters are copied from th;
Cell AAIS0.
+ADSIOZ+ADSIZ0+AD$1a1

“The total ength ofthe smallest ipe i
of the blocks o pipsseeians et 44ded fom hesuly

Ls=Li+LisLin
Cells AAISI to AAIEO.
The total length of cach pipe diamete i found a for cll AAS0.
Cell ADI50.

+RAIS0*ACIS0*@ ABS(SES46-5CSS0)1000
&
‘The heat emission 1o or from the smallest diameter pipework is found from

H:meElXIWWT~.NKxT:ﬂtW

e £ = beat colstn bom e QS e
(°C); an e

e

systems.

Cells ADI] to ADISO.

The heat emission to or from the subsequent pipe
smallest size

Cell ADI62
@SUM(AAIS.AAIS0)




“The installed cost of the smallest diameter pipework is found from

£
CeLmxGit

‘where G} = total insalled cost per metre of pipework (€/m)

Cells ADI7I to ADIBO.

systn is copied from cell ADIS2. Thi
it Combintions of pipe s and o ©

Cell QIT0

(SMSIS6LIT0%0 315100 a1

100704555800 sy Ao

O]TO"(SPMSEI!OO)*(I*&SX!SS(!AJV)JM;LM
100))/$M

The mm mihllnd cost of & \m length of it
engh of pipe wﬁmm
< typical insallaton n h
nsth o intaledpip e o e
bick Treas thermal
lenpth, number of pipe fiingn ,.mm o

can be cntered as indiated I e
installed pipe is found from

cost = SmECpive + clbows ¢ eo ke il
T

pipele

put data deseripion. Tbi

e cobofsac et et
cost = umbee (1 ) (10
‘where WOHP = material waste, overhead charge and. mmm.

Cells Y170 to Y180
+A69
“The pipe diameters are copied into the cels range Y170 to Y10,

Cells AAIT0 to A0,
+ADS102+ AD$120+ ADSHI
“The totallength of ach pipe size is found in the cllunge.

Cells ACI70 to ACIG0.
+0170. o
‘The cost of 1m of installed pipe i copied info!

Cells ADI70to ADIE0.
+AAITORACITO
“The total installed cos o
ADIS0. £28



Cell ADIs2

@SUMADIT0. ADISO)

The total cost of the installed
individusl size costs.

P S s e o g
o

& Ao

o aion

* Sonifcan

e i oot P

e e ot B0

e pn st g,

.Mmm"“ -
o i waes o
o e

“peheaing syt servssn st

v panel i chown 5543 Tk B

tem. Include tho deeign factors hal

b o e s b o e e st

inthe b,

e e T
ol e e
P
ST o e

andicil ysiem peat s



! At sz s s o a v
three buildings is shown in The. )

itetand o thebring
schemat x te diag P

1 oy
ton
il Tow T !

temestoad oy e

e

Pipe dut for
' 10 e
fon gy,

mm L)

amch i o heasrrerin oo

i
‘sch Duilding has 4

(mhm\m i D
‘oila i ducted haing mmev i o

<lmm\nrnjnaTlmbnuuﬂmmmuéy’:h

femperatures aro 80°C an sy

«mr,mum.m.m oin
el

ot ct 2007 o ipeorc. our gito valves ant o 127G
SEI0Kea oo e o v Fos o hydrale 1ot

resisiance of 15kPa. mgrade mils i
{5 e usec Fna e pipe ciametars or he wox o1 ca

i85 Al heatin coi pipework sytem i question 8

ssisance of 10kFa. Heator coll HG- has

kPa Black medium-

e 12 Pipe dta or the beating el system i

n
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9 Lighting

INTRODUCTION,

e et il {hiing o inteiors i sl o provie

on with Muorescent lamps. Dest o vl e

plane, s worke pmwdes ihe lumen Gesn metion
single rectangular spa

ill enter the
currnt photometic 4t o prokesn appliat

LEARNING OBJECTIVES

Study anct use ofthis chapter wil enable the user 5
know the principle of the ariicaligting o nterios
el method;
Srecrrenre swer oF Fapse. 2 know tho photometri data o be used or design:
3. use the utilization factor for installed lamp, Inminaire
QuesZia's How e 75 7P ke e
(s 4. know the use of light loss factor;
§ calculate the number of iminaires and
& know hot fo use luminaie space-(o:
1 desniic ot s




20 maintenanc
el o et
xoom in

sance factor

! i .,,ac,,,g :
maiessncaacer G g .
S 268 uuhzx\mn factor %0

%9 working plane

LUMEN DESIGN METHOD

The lumen design method for the astifcial lighii

o e o of e
e St o e v g
i ety h e e s Moo, bt 13 e g

deskJevel. The intention of the method is o locate | hm\umucnl  spacing btues
e rows and height above the working planc that will not crete shadoys
oy llminsed e (Cadcerton, 195, Ch e i,
(v i

o ceohors) reied (GIBSE, 1956 Potcaaed, 1035, Gy T8
The dvlgingof ineiors 5 scomparcd by e bt o g
zing nd the admission of solar heat gains during the warmer el

Taken mgc\h(r with the consumption of elctrical e

clear that

ey o provits e S
Thee

heating,
povier components of the overall scheme in order (o minimize the use oenegy
the provision of an acceptable standard of servie.

B in ko e orkatest The el i

in the same e «,Ld in the clclaion ares e e
J from the

a1 vith oné COPY RANGE s o o i et

1. dlluminance fevels in lux;

ance factors for m room surfaces;
"; facors 1 combination of fuminaire and room confa

cont amp data (GE, 1952). -
configuration ofthe room i represented by the oom H4ek

L
b )

e 1 = room e nmr- Het
®

8001972 Typial s 707 o,
i v

fora
for fooring. The user can eater .

S hmin e 1O of

b oo

surface 0 the installed M. This i il

cficient hing. T s combia
e lui

“The sumber of uminaires that are nceded

<
e
found from .

il  working e e

" lomimaie Tumeas ¢ OF S L0
where Ay = are ofthe workin plane () U »uummm(mm‘
Set LLF = ovral s ok o o foeraei]
factor (dmensinles). i i

10, of luminaires

iy

-

5t uminaire ME%,  room surface MES
mp umen A1, <R MR oo s SR
i % 0

Ly e s st
o e w’?’s‘}"m
it
e e e e o

i luminaire

odot s spedag ol i Tt L
b ofluminires 1 prosidea hadowi
{eibution of lght on the workin plne:

Where SHR = maximum spicing-to-he
between rows of luminaires (m); and 3
e 0

1 the number of uminaies his been coleulied.



mption of the lighting system is
= i o e i (4
1 power (W) and 1 = lamp controlgear power
st eectrical pover consumpion per s etz of
on,

e e
e = o ke e a1

e i

et a0 vl
ﬁ..’,.‘,’.m..,mnw i s 4 i of 112 1

tenance fc ioom s 5y
iminaires. n..,mm.np.,m,...mM,mwmuwm. be e Ty
et mantenanc fctor s 54 onsumes S0 s
20W by th conlrl gea, i 1200rmm ong M(mvmnmhmunbmﬂuxul\isﬂhnn
colour enderng index Of 80 and & cocted Colour emperyone o SO0
o 00 o

ol b
Jamp, luminaie and room dat s 6274

Conor

Fig 90 Office in Example 9.1

L
Hi(L+ W)

10 10 LLF = lamp lumen MFS
22 (104 10) Y




51 maimum spice b 10 o Huminaes ()
Space et cen IS PRFILE o ]y
0ssim

sHr=S1

= SHRx Hym

~33m

$=05%33m
~Lesm

Tuminaire length = 1300m

required rows of aminives 12 uminaies x - LIV
=2rows
possible mumber of Tuminaires = 2 rows x Lminires

= 14 luminaires.

mgis grate than th maximun tlowsbledisns e 1

mol‘l.uht Try three rows of four lum

“The illuminance provided exceeds he deig vl by ;

st S0y

This s cortainly accptabl. The desgner
iluminance, 001 in thscase. e ighting el

where Wy =

DATA REQUIREMENT

“The user will enter new data for:




i o e ok P i e, ol

width i cell D49.
oo height n cll D30
o the working pline sbove the floor i il D32, 7

(23, Lenath ofthe working plane in ell DSG. This may na be g
o ‘m;“,m
= Wkt of the \\urlmg plane in call DS7.
i e
" copicd from e mmw eI e uorescent, gy
P i
0 D6 B e
|Ynm after 2000k use (Pritct h os 5). haoneg:
A
B i
o
2. mdemm: of the lamp in cell D69.
e R
s’ll Lamp length in cell
} s o ey 72
e o o 7 i i s

» the lamp in cell D74,

A e
Type o fuminic in el DS3. Thi f for inforaton ol Ener s it
a5 OBR.for open-botiom reflector or PD for primic

as required.
x-ymrarhmp‘ in the Juminaire in cell DSS.
i o fr e lominaie 1 DS Thisisusd 0
spacing of the rows of luminaircs to provide 1 8t
erking plne, I the rows e too o apurt 55 it
ced betwicen the rows. These lower-illuminance SUips iy B
 or on filing cabinets. i
h’»dlw “Fhis may be taken as the Jamp. Iznx\hF‘“‘/

42, Enter he mb:ra(llunlnlim'dh
5. Enter the

S ot fiore ypeand

OUTPUT DATA

The current date is given in cell B,

m umbe s gven ncll P

The room location s gven i e

The height o th luminsze fom the workin plase s ghen
The room index is given in cell FS5. Epncirc
The area of th working plane i givn n sell 5,

The arca ofthe oo s gven i 6l FS5,

‘The room index is given in cell F94.
“The overall light lossfactorfor the aminare i give i cell £06.
cll B

aleuated imber s dipliyciniuen = R
ﬂ\: -Hummanoe ‘provided by the selected n\lm’hz(n"l i

The )\:\g!\l ot e stinaitedhais \h: uka;
The maximum allovable spacing

el F09

‘The number of luminaires in a fOW s given in|




s shown i il FIIS The e
has not chosen to use: : mingi Dbl b
e Bewaes it sy s """';;;-e«.

the

e
: =

b e,
e

g
5 shoun

FORMULAE
e e s o
by moving thecursort th el Theequation i presed e 0 1
Vo ol e weien i e ot s oy i i
el
@mmy

function produces the serial number of the current dy and e, Toe,
L Theatiy
CcellBs
@mm‘f

tion producs the serial number of the current day and fime, Thecel
e display the ime.

CellFis.
425 =
The room name i copiedfromeel pas,

Cell F46
D25
Th soom number s coied from el D26 ol

Cell Fa7.
D21
“The room location is copied from eell D27 ino cll 7

Cell F54
+D50-]

e height from the working plane o the nstallion heig

me momhc»ynﬂ. working planc
F54 = D30~ D32

Cell FS5
+DABADAIFSH(DIBHDAS)

“The dimensionless room index is & measure of the

CellF58.
+DSGDST
“The surface area of




area of the room s
Az = Limx Wim

F59 = D48 x DAOm*

D2

e il laminous x from the specified amp i coped from et ra
6. it o

Cell F§7

+P88*DE5

“The iniial luminous flux emitted from the luminaire s
luminaire Im = lamp I  n0. of lamps in luminise
FS7 = FS6 % DSSIm

Cell P9l

4034

“The ceiling luminance is copied from cell D34 into cell F91

CellFg2.

-
“The wall luminance is copied from cell D35 into cell F92.

“The floor uminance s copied from cell D36 into cel F93.

Cell F97.
+F58.
“The working plane nre i copid fom celf
Cell F98
+D38
The desin lluminanc s copi rom el D3 o oy
Cell FI04
+F9BHFITA 10 [FAT/DOSIFIE
“The number of luminaires that are needed to provide the

n0. of luminsires = w
iminaire Ix » UF % LLF

Fros 2 FEx BT ot
7 D95 798

Cell FIO8

+DIOSFETYDISHFOS/0NFST

illuminanc
|
DI0S x Fi7im D95 96

Fiog = D103 XRTm, 020, B

CellFlo7

+De8

The munimun spcing o-ight o for the o

ll DES int el F107

Cell Flog

st

o fom i

cell FIO

CellFiog

+FIO7AFI08

The maximu




o fminaiss (it b ntalled 4o ha i i
o

_Lim_1000m
o, of luminaires = 7170 100
1000
D89

e e fth resull s tken, beuse ony the Whole mumber i g

Fl12= D48 x

CellFll3.
+DIOSJFIIZ
“The number of rows of luminaires that are required is

Lo
0. o rows = total no.luminaires x LY

 The number offuminire that are requird is
B 1m0, of luminaires = no. lumiaies i ros  no. rows seeted
Fll4=F112 % D113

, because only

D49
pis™

Cell FlIT
@IFCPISFI09 Too wide Correaty

“The row spacin that has been

spacing. IFS; s greatr than . Tor o
oress than. 5, ‘Corect s show et
Cell FIig

@IF(FI06)=125D3 oo hight Accepiabiet)

“The illuminance that will be generated by the.
‘pared with the design lluming o

nance. This cell provides a guide to that deciion. Wi (g3
Cell F119

power = no lamps per luminaire x no. luminaires x|
++ 0. lamps per luminaire x no. lminaies
 control gear power W. =
F119 = D85 x Fl14 x D70+ D75 x DY5 x FI14\

Cell FI20

+FIIG/F59

The electrical power loading from the I
area is
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fis ternal cleaning every
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three phagg
voltage
voltage diop.

CABLE DESIGN METHOD
BTy “The current n a cable i found from the eletrca
L
e e
the power load, power e measured length of the condugrer
The Wit el he phse curten, o masimun vl gy o
condustor, thevolage drop, and whether ach cable iz il o e
Gl sed

design cases. T
applications.

spplatons. i snnc s Gk 159 he
15d,withth nclyionof g p eton, 195,Ch. 1)
e PV i the s o m OB B MR

Study and use of this chapter will enable the user to: | b
L know the data needed to calculate the size of an electrical cable; {
3 Kanow the voliage drop limitsfor sizing cable: |
3 know the current limits for cables; ‘
4, know the cable sizes used; I
s single-and |
& caloulate the maximun allowable length of cable fo meet the Ve |
drop limitation; ¥
1 caloulate the voliage drop in a cable;
8 calctlate the percentage voltage drop i a cable

extralow voliage.




ouput IS POV (W) 400 P o
inens
o
et 1Vl it 5
STISE, 191 Te ot drope A9 e gy,
L 15V three phase, = 10 x 415V
~156v
2 240V single phase, = 135 240V
—o6v
3 12V sngle phase, = 1 x 12V
e

e maimum length of cable tha can be sed 50 that the voltage drop i
e ot

1, — maximum voliage drop allowed V x 10'm
! irent A x voltage drop mV/Am
When the engih o the condactor s known, from measurement on te buiig
drawings or along the cable rout, the voltage drop produced in that ety
w1
voltage drop = £y m x Jy A x voltage drop 1
ik P > o

where J, = design phase current (A).

EXAMPLEIO)
A threephase 415V fun motor has an electrical power ating of 7.5 KW, The molar

g of (0, The cale i mialled n bl vy wih ofer s U b
datain Table 10,1 t0 find  suiable cable 5

The solution to_this example is shown in the original copy of the fle
CABLEWKS. The cable i o o ot e o

4

ree phase, 1 = = x 415V
415V three phase, ¥ = 1o x 4
=166V

Trya i cable,
llowsble volzedro e

maximum current rating < {3 4
mnxnmumublzl:ngﬂnx 1

£y =T e gt Vo 0
o el
166
e
~om
The s of s e 00 bigh, ecaue he alowable volag

allow only 27m of cable, whereas §0rm &
slew s 70 (i 0m is required. IF this cable was

Vol d1op = L m x Jy A x voltage drop Y-
lage drop T
g : v 1
= 60mx 1394 x4smV L
“am 1wV
=367V :
s wouldoxceed the lovablerop of 16 V. Try 2 Srom? bl allowabl:
rop s 18 m}
maximum voage drop aloved V107
TAX vulmgt Grop my/Am:
__ l66Vx
“TI0Ax IKmV/Amm
—663m

L=

i Eish i

5V
The 2.5m cable has.
Vg A ha s Wit e lowed, T
15

olagediop = ¢ I
ﬂ




b installed in cell €31,
3.

e
i ered. ers e in
0. Ammnmhe cable installation in cells C35, D35, 135, F3s
ey o . s i, e et
D el
e e T
cell BS3. New s f abl siacs s be i m« as required, e
el i
R L e o o
5 ol ro i s A e et o Ml
e

OUTPUT DATA

. The current date i given i cel B7.
2! The current time s given i cel BS.
5 The voltage ina three-phse supply isgiven in cell D43
4 The maximum allowable percentage voltage drop in & circuit is ghven in el

5 o i alovatl osge dop n it in 1 D45
Ym’nzpum load carried by the cable is given in cell ES3.
The pover factor of the connected Yoad i given n ell FS3
The phase curret s given n ccl G
The maximum lensth of the conductor s given in eell HS3.
 measored fength of the conductor is given in ccll 53
ge drop in the conductor is given in cell 1S3, 3

e voltage drop (cither ‘Allowed or ‘Too high)

mit acceptability criteria for the current carried by the cable ar

5 Eiher ‘Allowed or “Too high' s shov 5
W??mmlmxm:qmvllmluulp i data to thatin Iut

the equivalent output data o the

it dua o 00

he cquivalent ot
-phase circuits.

Cell B7

@roDAY

This function produesthe s e
o 1o iy he e
Cell B8

@roDAY

This anctonproduces the sl
formatted to display the time. it ot e S S

Cell D45
+D43DA4/100
“The maximum voltage drop that s allowable n a cable s fount
able percentage drop from e
olage = 415V x5
~ 166V
D
D45 = D3 oV

Cellrange C46 (o G46

+30835

“The descrption of the cable nstalltion is copied from
repeated along the range.

Cell ES3




Vs x PFx
s

DBV xR vE

um aflowable length of the conductor n 3 15V hree phase ey

‘maximum voltage drop allowed V' x 10°

Y voltage drop mV/Am ™

= Iy A x voltage drop mV/:
DasVxI
GS3A x DS3mV/Am

DB3/1000
woltage drop in the cable is

voltage drop = Lym x A X 5o Y iV
Dty 1
~15m % G53A X T35

e
volags drop cceeds the s next
Cell M53
@IF (G58=C83,Allowed: Too hight)

This tests whether the current in the eable excceds {
curtent. If the circuit current in cell GS3 s les thay

€53, the cable current s “Allowed'. I he current exteats (s
message, “Too high',is shown in cell M55,

Cell range E54 to Mil7

“The formle from line 53 arerepeate i s cell range for the i
and single phase ireuts, :

KAMPLEIZ
A sinlephese 240V exhast i mtor s an kel poer

o pover i 507, ):(mndu(lalhmnmelmmdumlﬂmn
s ot 2. Ty e e vihother
et n Tl 101 1 bl o

Allowable voltage drop is

240V phase,

Phase currentis




Jo-phase 12V 1amp has an it
,,ﬁ..,; o S T e o Sl
eonductor f10m. 1he i Mo

EXAMPLEIOS.
sl 12l b an sl pover i o S0,
factor e 10 The conducor Fom the main distibuton o has s sy

oo bt s e oo he v s ong i
diain T L s,

bl 10.1 10 find a sutablecable sz 10 e, Ukt

Allowable voltage drop is
12V single phse, ¥ = 13 x 12V
— 048V
Phase current is
s0W.

The 2.5’ cable has an allowable drop of 18mV/A m:
048V 10°
T2A X SmV/Am
35m

voltage drop = Sm x 424 x 15
— 038V,

The 25m? cable has a maximum current capacity of 27A, and it produees &
voltage drop that is within the 4% .uuw The percentage voltage dropis.

Am \l)‘y

voltage drop = %2 100%
Sise
 design complies with the allowable voltage drop and the curtnt

e
o oo o o e 280

bz
v e % me
1” wited
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B (1572 BS 400 um Buint colours for building puposes,
Insttr
cm..aam DV (1959 Bl Services Evghecring, 0 i, E&FN Spon,

Britsh Standards

Londo
Omidmon .. (1997 i Conditinin, A Pratcl niduction 2o i, i,

N Spon, London.
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e e i, o o, T
trical Engineers, Lo
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Ry = 0720 mE K/W, U = 045 Wi
Ry~ 40K W, U= 0145

IV, U= 0,089 W/mi K
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