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The lkeakage of air from the Juctwork system i C{ d to 08

Now rate. so the supply air fan 1§ 1o aet IR

. |

O = 105 x0223m /3

' /5. to the nearest S hitres /s

300s | air change
- ' N e ——
| h 'm°
RLLUS ..m‘ ¢ hd nge
| h ‘\ n'l

2 air changes/ h

pdv air duct diameter:

20. Thelatentheatemsam

"' 21. The hightir { eMmIssI .b
21 The powet uf all the trical equipm

-‘ ~ time within | erom...
- 23. The operatior r the air ¢
24, The date for cﬂcummn Qﬁ

)

N ff 25. The length of floor area 1 it |
= 0.06m® 26 Thewidthof foorarea lin cell €2
1=0245m 3 ~ 27. The height ofﬂoorm! 248

24 | = 28. The length, wadth mﬂh
alr velocity belo ' 0253
s, 250 mm diameter.

Tk - - b *
L O Sandanrd air

: duct size that wijl maintain the
DXt W mm diameter larger: that

i rpg-

- -4 _._ h‘g ‘{:’1" -

-"-'—"'“ 1

C" olihg load
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Lhe equations describing the combustion of hydrocarbon fuels in air are listed
nere anc in the spreadsheet. These are for liquid, solid and gaseous fuels. In the
unliikely event that the particular fuel to be analysed is not listed. the combustion
eéqualion may o€ evaluated from basic principles. Further information on the
cnemical equations can be gained from the references.

It1s important to note that the chemical symbols displayed on the spreadsheet are
notin the correct form. It is not possible to show subscripts on the spreadsheet asitis
On a printed document or on a word processor screen. For example, carbon dioxide
1s written as CO,, but as the number two cannot be shown as a subscnipt, 1t is
displayed as CO2 on the spreadsheet screen and printed output. A complete list of
Lhe correct symbols and their counterparts on the spreadsheet is shown in Tabled.1.
Cells Q30 to T76 on the spreadsheet contain the same information asin Table 4.1

DATA REQUIREMENT

The user will enter new data for:

. Your own name in cells B6 and B150

along the row can be used. Repeat this information in celis Bi51 and CIST.

=L

lis B7 and C7; further cells
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Table 4.1 Chemucal sy mbols and relative molecular mass of commg,
elements and wmp‘»‘uﬂd‘ |
' hrmu al 5 mbol 5[):’(-({{1}“ P Relative mmﬂ
_ - CON2 26 N
Acetyiene CoH: ~EHE 7R |
Benzenc CeHs g SR
Butane (j Hjo ;’4‘* b 17
Carbon (_. ~O2 44
Carbon dioxade CO: ’:C -8
Carbon monoxide EOH EZHE' 30
ary ‘H.0  C2H60 46
Ethyl alcohol CoHe o 8
Ethylene l(;PL ;; %5 5
Hydrogen 2 < 24
Hydrogen sulphide H>5 Hu:—' ;
' CH CH4 16
Methane ,\1 4 N >g
e ~H.  CB8HIS 114
Octane (C)a 8 E‘E 0
Oxygen 2 gl =
Pentane CsHo CSHlz 72
' H C3H8 44
Propane Ci;Hg 3Hc
. : C:H C3H6 42
Propylene 1Hs Cank i
Sulphur S S 32
Sulphur dioxide SO, SOf 64
Sulphur tnoxide 50O SQJ ; 80
Toluene C-Hjg CTHS 92
HzO 18

Water, water vapour H,O

The current date in cells B8 and B152.
The file name in cells B10 and B154.
The fuel type in cells D29, E29 and F29. These need to be repeated mtod
C159, D159 and E159.

The excess air percentage to be supplied in cell C31.

7. Select the fuel type from cells Q3 to Q44. Read the percentage constituents il
fuel from columns S to AC. For light fuel oil, go to cell S12 for the percﬂﬂﬂ!
carbon. Either write this percentage onto paper and then type it infol
constituent cell, D38, or COPY the contents of cell S12 into D38. Reped
operation for the other percentage constituents of the fuel. Make sure that (¥
s zero in all the percentage constituent cells for chemicals that are not pre®
the fuel. The total of the constituent cells D38 to D61 must be 100%10 cell

8. Move to cell A120. If 2 combustion test has been made on site for the f"e"’:
has been entered, the actual amount of excess air that was supplled“"

calculated. Enter the percentages of carbon dioxide, % CO, from the 11153:

ments mnto cell D130, carbon monoxide CO in D131, oxygen Oz In Dlﬂ

sulphur dioxide SO, in D133, The remainder of the dry flue gas wﬂl b”‘

N2. and this is typed into cell D134, stituen’™”
be 100% in cell D135 The total of the flue gas con

P. gw; n‘;luwd its chemical composition must be known. FM
~m combusted, it can be entered into the spreadshee 'ﬂ’”.
10 do this, calculate the molecular mass from

W & W

o

f'

g "C‘"‘mmx (4212)/(4 x 12+ 8 X I)

3 . by ,J d
[l i,

SRR L .‘-.f
e (ia w SRR
: - . }

Save this file on the hard disk in drive C and on your own floppy disk indrive A
now This terminates the data entry for the fuel type chosen. Space has been left
for the user to enter more types of fuel to the hst by typing them onto the lines
where new oil. new solid and new gas fuel types are located. Additional space can
be formed by moving blocks of cells downwards. Enter the name and chemical
compositions of the new fuels into the correct columns. Ensure that they total

100%.

OUTPUT DATA

1. Stoichiometric oxygen O, for each constituent of the fuel is listed in celis F38

to F61.

Stoichiometric oxygen O, for the fuel is given in cell D64.

Stoichiometric air for the fuel is given in cell D65.

Actual air for the fuel is given in cell D66.

Flue gases produced are listed in the cell range A76 to ASQ.

The percentage of each constituent of the dry flue gas 1s given in theo:lm

J76 to J80.

7. The combustion equation for each constituent of the fuel commences n cell
C94. This list extends to cell C117. The products of combustion are ME
cells H94 to L115. This information is provided for reference and learning
because all the equations have been programmed into the calculation celis:

8. Mass and percentage of excess air are given in cells D145 and DSy

9. The gross calorific value of the fuel is displayed in cell D67, and the net
calorific value 1s in cell J67.

10. Input and output data are repeated in a range of cells from AlS0 to G225
This block of cells has been identified in the print menu so that an output
report can be printed.

LA W

FORMULAE

Representative samples of the formulae are given here. Each formula can be read
on the spreadsheet by moving the cursor to the cell. The equation is prmm n
the form in which it would normally be written and in the format that is used by

the spreadsheet.

@ell'ESS
(F3) +$F$94

This states that the contents of cell E38 are to be replaced m tom cell |
or E38 = F94. F94 is specified as an absolute cell re u ence by the use of
symbols. The $ before the column reference ﬁxeaﬁ 1 and that in fron
of the row fixes the row. The absolute cell referenc
additional rows or columns are inserted. L@ S 1-2 “
formula. +$F$94 in E38 means E38 = SF$94. The (F9) &

the format of the number that is displayed. (F3) is fo
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n be seen Ol the screen. K94 copgas
ly burn | K8 of the fuel. The fue

his is found from Conslderatlét’f‘

lo[’!lldl‘v L<

»d to complLlL
267. T

The other display

metric oxygen require

| kg of carbon Fo4 muumls 2
he fue
analysis equation of 1

for carbon dild 32 for oxygen. The masS

I LdlbDl’l 15
124+ 32 =44

The molecular masses are 12
the complete combustion O

o find the oxygen required to burn 1kg of fue)
g L i

32 44 :

| + ﬁ = T‘;

Divide through by 12

bt 268 = 16/

The complete combustion gquation becomes
| kg carbon reacted with 2.67 kg oxygen during complete Combusﬁonm

produce 3.67 kg carbon dioxide.
1 kg C + 2.67kg O, = 3.67kg CO;

The range of cells from E38 to E61 contains a similar formula, whichg

stoichiometric oxygen for 1kg of fuel from cells F94 to F115. The re:::"
4

check the numbers stored in these cells from the combustion equationg lste}
consult the references. Notice that oxygen in the fuel does not have to begy

by the combustion air, and 1S a negative quantity. Incombustible e‘:lelrnf:ntsm
fuel, such as ash, sediment and water, do not require oxygen. lﬂl

Thus calcul
ates the stoichiometric oxygen that is needed for the amountil

constituent in the fuel. If the fue] has 86_3°
vAYgen requirement for 1 kg carbon: RERRARRRR them if noeds S 3%0[‘

£g stoichiometric O, - D38%C . E38 kg stoichiometric O
kg fuel 100 kg C
~ 86.3 ¥ 2.67 kg stoichiometric O2
100 kg C ]
= 2304 kg O, /kg fuel

t0 F38 contains similar formulae fort o

The, range of cells fr
ORRNEDLS of the hf‘zm F38

L115. The appropriate products are
of the fuel, and these appear in ths nnp d’ m

Cell F62

@SUM (F38..F59)
This is the total of the cells that contain the stoichiometri : 0 |
each constituent of the fuel. T

Cell D64

+$F$62
The stoichiometric oxygen required for the fuel is m

output data.

Cell D65
100*D64/$B$ 14

This calculates the stoichiometric air for the fuel. The percentage of oxys

is in cell B14. This is normally 23.3% by mass:
D65 stoich. air D64 kg stmchlomeu'm 0; A

kg fuel kg fuel

100

4 2 e
= 3 6Ox?33

— 13.992 kg stoichiometric air/kg fuel

Cell D66
(100+$C$31)*$D$65/100

This finds the actual air supply from the stoichiome
calculated and the percentage excess air that has»bm

25% excess air, the air required is 1.25 times the s
D66 kg air D65 kg stoichiometric air (

— S ————————————

kg fuel kg fuel
(100425
T
= 17.490 kg air/kg fuel

Cell K60
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5 Building heat loss

ma%

INTRODUCTION

The calculation of the capacity of the heating plant to offset the loss of heat from
rooms and buildings is described. The Chartered Institution ofmm
Engineers steady-state method 1s followed. All the relevant dimensioniess ratios

\..-

and overall values are calculated for the user to validate asamnst mm
data or expected answers. The worksheet accommodates ten rooms. The uSer e

duphcate the file where the building has more rooms. The total heat loss from each
of these extra files is typed 1nto the accumulation area at the end of the workshest
This provides for ten worksheets of ten rooms each, a total of 10 rooms s
should be sullicient for most ?ilppl_i.CLillOIlS,
[he user enters data for the room dimensions, Imdoor COmMIOR ISMmMpERatNNE
sutdoor air temperature, thermal transmittances and outdoor air mblIEERON
rate. direct! i rom the 1“m.1 ns and elevations, exdctlv as 15 done for “ﬂb
culations. A laptop or palmtop computer can be placed Onfo RS SECIEEEES
drawings while data 1s typed. There is no nced for dalh DrEDREARE SRR
s with some dedicated software. The U values may have Besn Saltninissie
from the UVAL spreadsheet or read from tables in the references: AR R
s clearly visible, and any numbers can easily be changed: Thtﬂmim
some thermal insulatton or changng from a convective (o a radiat |
system can be mvestigated in seconds. All the formulae arcopen thuﬁ
nspect. Each yrmula is fully explained in the text. The heat loss e i*t
A:HLOSS. WK " Xofs
A section 1s devoted to the calculation of the air temperanMME X[
be created within unheated rooms oOr SP4CCSs. This allows iesigners :
ikely space temperature realistically in preference 0 Imaking m
unheated room temperature file is A:UNHEAT WIKE

b
k |. 1
-
A

LEARNING OBJECTIVES

Study and use of this chapter will enable tHESEEIe:
L. be aware of the difference betWeen SISSEESS
loss calculation methods;
understand the terms ‘ )
power: Rt
3. calculate heater plant ene
know how the val |

0




structure can pe cal

o temperature of a room:

ean 1 h‘{ldﬂ[ G‘H’lperatures that
]@CUON Dt a resultan temperature

| all and [TIC

R ~
 of the S€

oating system arc InCOrpoOrates nto the

an unheated room OI Space

Jr'\f'}?rq‘ ﬁr
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CUlated

r temperature
eat output
wer par umt area and volume
raction, L
rtemperature
spe cific heat capacity
steady-state heat flow
surface temperature
139 thermal transmittance

121 Ll* eIrmocouple temperature recorder
21 Uval
L4l U ue

=

5

12l  Uvaluefactor F -

unheated room lemperature

1 e“ulwon coetficient

nfilation factor F
volumetric specific heat

.1.. a‘q =

'_-ﬂL

W —

(53 I™\WV)
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955 of heat from the enclosed space
' 'emoved as the result of natural 4%
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mechanical ventilation with outdoor air. The heating system provides a heater
output power of O, W to balance the rate of heat loss from the building This is
the plant heat output. It 1s usual to calculate thermal transmittance U, and heat
loss for steady-state heat flow from the building. ‘Steady state’ means a rate of
heat flow that does not vary with time, so that a heat loss rate of 3 kW requires a
continuous heater output of 3 kW. When varying rates of heat loss are being
considered, such as for the highly intermittent heating of a building used only one
day per week, then admittance (Y values) are used. These generate the need for
heater output powers of up to double the steady-state figure, because a large part
of the heater output power is used to raise the temperature of the structure. Only
the steady-state calculation is used here, as it will apply to most cases. Steady-state
calculations assume that the building structure is warm, even though there are
always cyclic variations in the temperature of the bricks and concrete. Such
variations result from the daily cycle of use of the building from its heating
lighting and occupancy and that of the weather. Admittance values are used
in the calculation of heat gains to buildings in Chapter 3 (p. 65). The heater

power output that is required to offset the steady state heat loss from a room, 1S
given by

Qp = [F12(4 U) + 0.331‘_‘21\”"} X (tc -~ rao)

where, O, = plant energy output (W); A = area of heat transfer surface, (m*); U'=
thermal transmittance of the structure (W/m? K); N = number of air changes per
hour from the infiltration of unheated outdoor air (h™'); ¥ = volume of the room
(m?); t. = dry resultant temperature at the centre of the room (*C); #;5 = outdoor
air temperature (°C); F; = environmental temperature ratio; and F; = indoor air
temperature ratio. F, and F, are read from Tables A9.1-A9.7 in the CIBSE Guide
A (CIBSE, 1986a), or calculated from the equations that are demonstrated later in
this chapter.

The ventilation coefficient 0.33 is the volumetric specific heat capacity of air
when expressed in W/m?® K. It comes from

: k h lh 1W
coefficient = 1012 > & 1906 g axrc g0 S

kg K R 3600s T 19
1012 x 1.1906 W

3600 m3 K
—0.33W/m’ K

The specific heat capacity of air, 1012J/kgK, and density, L. 1906 kg/m’, are
standard values that remain essentially constant for this application. The m
tion coefficient is multiplied by the hourly rate of air infiltration N, the room
volume V. the indoor air temperature ratio F, and the difference betwee |
room resultant and outdoor air temperatures, to find the .
power Q. O, is included in the equation for Qp, and it is not namﬂy
alone.

When the cooler side of a structure is not at the w
resultant temperature, .. The thermal transmittance U. ftl
is calculated in the normal manner. It1s recommenc ed that
by a temperature ratio so that the summatior
the whole temperature difference (tc - t..,)x 3




ntermediate tempel

(on 18 |m'ui|iu:<,l thus:

: (\V;’ll‘n: K), U =1{}E
here U; = the original value —__ure at the centre of the rq
WIICLC w ~ - .

' n (°C .

the other room (L) )

| when the adjacent room, or space, i g
!

Tl .. that of the subject room.
ltant temperature fc2 that 1S higher than [%:t heat lost from the w:? heal Ry
Sy :_],I] e _.' | e s ] . A e i ! . | | . - .
rw:lhl -ubject room 1 calculated 1D this case. 1 by the cooler room “SHLSh [Oop
10 C C | > i Ny y :
1:110 the cooler space wil equal the heat gaints. =

EXAMPLE 51

Calculate the thermal transmuttanc
through a partition wall of §m’,

value (W/m*K); fa = 2 ture 1N
— dry resultant tempera
d as wel

and [ . Sah
This modification app 1es Ju

e U,. the modified value U and the heat flow 0
which separates two TrOOMS. The rooms are ali
resultant temperatures of 20°C and 12 'C when ﬁIhe otltdglor k::11jr tEmperature is
_3°C_ The wall consists of 100 mm hghl‘w_elghtq wncr? e ]oc \J} OrK and 13 m,
plaster on both sides. The thermal conductivity ol coqcrele. b ock»;c)rl; 1S 0.2 W/mK
and that of plaster is 0.5 W/mK. The surface film resistance 15 0.12m* K/W op each

side. F, was found to be 0.98.

Thermal resistance of the wall = Rm” K/W.

0013 01 0013 ,,
R=1(.12 A LON2mE K /Y
g g e /W
=0.792m" K/W

| W

R m2K

Sl W

- 0.792 m2K
=1.263W/m?K
The modified U valye 1S

U

O =[A%4x
Yp = |F1E(4 x U) +0.33NVF;] Xl =Y
. the Ventilation h : 5 el
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Qp = [FLE(»I LTH X “cl = l[c,?,:)v\'!
— (0.98 x 8m? x 1.263W/m” K) x (20 — 12)°C
=792W

Notice that the first decimal place in the solution for O, remains the same for both
calculations. but that subsequent numbers vary because of the choice of significant
decimal places written. The nearest watt may be considered of sufficient accuracy,
and this is found from rounding the first decimal place to 79 W.

The dimensionless factors F; and F> are calculated from data from the room. a
U value factor F,. a ventilation factor F,, the infiltration ventilation rate, and the
type of heating system. The type of heating system 1s characterized by the propor-
tions of radiated and convected heat input. F, and F, are calculated from

18 (A)

=

TS S(AU) + 18Z(A)
i 62(A)
~ 1012 x 1.19060Q + 63(A)

2

This allows F; to be found from

 E x [F, x 1012 x 1.1906Q + Fy X B(AU)|
o, S(AU) + 182(A)(KFy + EF,)

F + F,

and F> to be found from
-t D [Fy x 1012 x 1.19060 + F, X Y(AU)|

2771012 x 1.19060 + 6 x B(A)(KF, + EF,)
In order to read values for F; and F> from the reference, it 1s necessary to calculate

the ratios

+ ¥y

Y(AU) NV
and
3$(A) 33(A)
When F, and F> have been read from tables, or calculated, they are used to find
the environmental and air temperatures that will be generated within the heated
space. F| and F, are the temperature ratios:.

Fl lei — !ao

Ic- e raa:)

F, i

1 [c — lao

fao

These equations are used to find the environmental and air temperatures. Re-
arrange the ratio equation:

Fl s IEI - IHO

tc - ¥ fac)

le(fc‘“rao):tei“‘

and similarly:
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Fig. 5.1 Surface temperature of a wall

The thermal resistance from node 2 to node 3 is R — Rg. The linear simultane
c€quations that describe the heat flow through the wall are (Chadderton, 1995, ch.
Op = FiUA(t: — t5,)
] i o
:Fl X-R:iXAX(fC‘—IS)

z'r"' Rsi

+1 does not apply to the third equation, because this is concerned only wi

flow through the structure and not what caused it in the room. @, is equal to T

the first and third of these equations, so

F\UA(t. — k) = :

ous

10)




