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Chapter 1

fundmentals

Scilab code Exa 1.1 Carnot COP

1 clear

2 // V a r i a b l e D e c l a r a t i o n
3 T_0 = -5+273 // K
4 T_1 =35+273 // K
5

6 // C a l c u l a t i o n
7 COP=(T_0)/(T_1 -T_0)// C o e f f i c i e n t o f pe r f o rmance
8 printf(”\n Carnot COP= %0. 2 f e r r o r ”,COP)

Scilab code Exa 1.2 The average specific heat capacity

1 clear

2 // V a r i a b l e D e c l a r a t i o n
3 T_f =80 // F i n a l Temperature i n C
4 T_i=0 // I n i t i a l Temperature i n C
5 h_f =334.91 // The s p e c i f i c en tha lpy o f water i n kJ/ kg
6

7 // C a l c u l a t i o n
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8 C=h_f/(T_f -T_i)// The ave rage s p e c i f i c heat c a p a c i t y
i n kJ /( kg K)

9 printf(”\n The ave rage s p e c i f i c heat c a p a c i t y i s %0
. 3 f kJ /( kg K) ”, C)

Scilab code Exa 1.3 The quantity of heat added

1 clear

2 // V a r i a b l e D e c l a r a t i o n
3 P=1.013 // P r e s s u r e i n bar
4 h_fg =2257 // The l a t e n t heat o f b o i l i n g water i n kJ/

kg
5 T_b =100 // The b o i l i n g p o i n t t empera tu re o f water i n

C
6 m=1 // The mass o f water i n kg
7 T_i =30 // The i n i t i a l t empera tu r e o f water i n C
8 C_p =4.19 // The s p e c i f i c heat o f water i n kJ/ k g C
9

10 // C a l c u l a t i o n
11 Q=m*((C_p*(T_b -T_i))+h_fg)// The q u a n t i t y o f heat

added i n kJ
12 printf(”\n The q u a n t i t y o f heat added i s %0 . 1 f kJ”,

Q)

Scilab code Exa 1.4 The new pressurep2

1 clear

2 // V a r i a b l e D e c l a r a t i o n
3 V_1byV_2 =2 // Vo lumet r i c r a t i o ( g i v e n )
4 p_1 =1.01325 // The a tmosphe r i c p r e s s u r e i n bar (101325

kPa )
5

6 // C a l c u l a t i o n
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7 p_2=V_1byV_2*p_1 // The new p r e s s u r e i n bar
8 printf(”\n The new p r e s s u r e , p 2= %0 . 4 f bar ( abs . ) ”,

p_2)

Scilab code Exa 1.5 The final volumeV2

1 clear

2 // V a r i a b l e D e c l a r a t i o n
3 V_1 =0.75 // The i n i t i a l volume i n m∗∗3
4 T_1 =273+20 // The i n i t i a l t empera tu r e o f water i n K
5 T_2 =273+90 // The f i n a l t empera tu r e o f water i n K
6

7 // C a l c u l a t i o n
8 V_2=V_1*(T_2/T_1)// The f i n a l volume i n m∗∗3
9 printf(”\n The f i n a l volume , V 2= %0 . 2 f m∗∗3 ”,V_2)

Scilab code Exa 1.6 The volume of an ideal gas

1 clear

2 // V a r i a b l e D e c l a r a t i o n
3 R=287 // The s p e c i f i c gas c o n s t a n t i n J /( kg K)
4 m=5 // The mass o f i d e a l gas i n kg
5 p=101.325 // The a tmosphe r i c p r e s s u r e i n kPa
6 T=273+25 // The tempera tu r e o f an i d e a l gas i n K
7

8 // C a l c u l a t i o n
9 V=(m*R*T)/(p*1000) // The volume o f an i d e a l gas i n m

∗∗3
10 printf(”\n The volume o f an i d e a l gas i s %0 . 2 f m∗∗3

”,V)
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Scilab code Exa 1.7 The total pressure

1 clear

2 // V a r i a b l e D e c l a r a t i o n
3 m_N =0.906 // The mass o f n i t r o g e n i n a c u b i c metre o f

a i r i n kg
4 R_N =297 // The s p e c i f i c gas c o n s t a n t o f n i t r o g e n i n J

/ kg K
5 m_O =0.278 // The mass o f oxygen i n a c u b i c metre o f

a i r i n kg
6 R_O =260 // The s p e c i f i c gas c o n s t a n t o f oxygen i n J/

kg K
7 m_A =0.015 // The mass o f argon i n a c u b i c metre o f

a i r i n kg
8 R_A =208 // The s p e c i f i c gas c o n s t a n t o f argon i n J/ kg

K
9 T=273.15+20 // The tempera tu r e o f a i r i n K

10

11 // C a l c u l a t i o n
12 p_N=m_N*R_N*T// The p r e s s u r e o f n i t r o g e n i n Pa
13 p_O=m_O*R_O*T// The p r e s s u r e o f oxygen i n Pa
14 p_A=m_A*R_A*T// The p r e s s u r e o f argon i n Pa
15 p_t=p_N+p_O+p_A // The t o t a l p r e s s u r e i n Pa
16 printf(”\n The t o t a l p r e s s u r e i s %0 . 0 f Pa %0 . 5 f bar ”

,p_t ,p_t /10**5)

Scilab code Exa 1.8 The rate of heat conductionQt

1 clear

2 // V a r i a b l e d e c l a r a t i o n
3 t=225 // The w a l l t h i c k n e s s i n mm
4 k=0.60 // Thermal c o n d u c t i v i t y i n W/(m K)
5 L=10 // Length i n m
6 h=3 // He ight i n m
7 delT =25 // The tempera tu r e d i f f e r e n c e between the
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i n s i d e and o u t s i d e f a c e s i n K
8

9 // C a l c u l a t i o n
10 Q_t=(L*h*k*delT *1000) /(t)// The r a t e o f heat

conduc t i o n i n W
11 printf(”\n The r a t e o f heat conduct ion , Q t= %0 . 0 f ”,

Q_t)

Scilab code Exa 1.9 Mass water flow

1 clear

2 // V a r i a b l e d e c l a r a t i o n
3 R_i =0.3 // The i n s i d e s u r f a c e r e s i s t a n c e i n (m∗∗2 K) /

W
4 R_c =1/2.8 // The therma l conductance o f p l a s t e r e d

s u r f a c e i n (m∗∗2 K) /W
5 R_o =0.05 // The o u t s i d e s u r f a c e r e s i s t a n c e i n (m∗∗2 K

) /W
6

7 // C a l c u l a t i o n
8 R_t=R_i+R_c+R_o // The t o t a l the rma l r e s i s t a n c e i n (m

∗∗2 K) /W
9 U=1/R_t // The o v e r a l l t r a n s m i t t a n c e i n W/(m∗∗2 K)
10 printf(”\n The o v e r a l l t r a n s m i t t a n c e ,U= %0 . 3 f W/(m

∗∗2 K) ”,U)

Scilab code Exa 1.10 The density of dry airrho

1 clear

2 //
3 // V a r i a b l e d e c l a r a t i o n
4 T_f=3 // The tempera tu r e o f f l u i d i n C
5 T_wi =11.5 // The tempera tu r e o f water at i n l e t i n C
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6 T_wo =6.4 // The tempera tu r e o f water at o u t l e t i n C
7 A=420 // The s u r f a c e a r ea i n m∗∗2
8 U=110 // The therma l t r a n s m i t t a n c e i n W/(m∗∗2 K)
9

10 // C a l c u l a t i o n
11 delT_max=T_wi -T_f // The maximum tempera tu r e

d i f f e r e n c e i n K
12 delT_min=T_wo -T_f // The minimum tempera tu r e

d i f f e r e n c e i n K
13 LMTD=(delT_max -delT_min)/log(delT_max/delT_min)

14 Q_f=U*A*LMTD // The amount o f heat t r a n s f e r i n W
15 printf(”\n The l o g a r i t h m i c mean tempera tu re

d i f f e r e n c e i s %0 . 3 f K”,LMTD)
16 printf(”\n The amount o f heat t r a n s f e r i s %0 . 0 f W (

round o f f e r r o r ) or %0 . 0 f ”,Q_f ,Q_f /1000)
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Chapter 2

the refrigeration cycle

Scilab code Exa 2.1 The Carnot COP for the ideal vapour compression cycle

1 clear

2 // V a r i a b l e D e c l a r a t i o n
3 T_l =0+273 // The r e q u i r e d c o o l i n g t empera tu r e o f room

i n C
4 T_h =30+273 // The tempera tu r e o f o u t s i d e a i r i n C
5 T_e = -5+273 // The e v a p o r a t i n g t empera tu r e o f

R e f r i g e r a t i o n c y c l e i n C
6 T_c =35+273 // The Condens ing t empera tu r e o f

R e f r i g e r a t i o n c y c l e i n C
7 deltaT =5 // The tempera tu r e d i f f e r e n c e at the

e v a p o r a t o r and the co nde n s e r i n K
8 h_i =249.7 // Enthalpy o f f l u id e n t e r i n g e v a p o r a t o r

i n kJ/ kg
9 h_e =395.6 // Enthalpy o f s a t u r a t e d vapour l e a v i n g

e v a p o r a t o r i n kJ/ kg
10 h_sup =422.5 // Enthalpy o f s u p e r h e a t e d vapour l e a v i n g

compre s so r i n kJ/ kg
11

12 // C a l c u l a t i o n
13 CarnotCOP=T_l/(T_h -T_l)

14 printf(”\n The Carnot COP f o r the p r o c e s s i s %0 . 1 f
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”,CarnotCOP)
15 // For R e f r i g e r a t i o n c y c l e ,
16 CarnotCOP=T_e/(T_c -T_e)

17 printf(”\n The Carnot COP f o r the r e f r i g e r a t i o n
c y c l e i s %0 . 1 f ”,CarnotCOP)

18 // For R134a ,
19 Q=h_e -h_i // Coo l i ng e f f e c t i n kJ/ kg
20 W_in=h_sup -h_e // Compressor ene rgy input i n kJ/ kg
21 COP=Q/W_in // I d e a l R134a vapour compre s s i on c y c l e

COP
22 printf(”\n The Carnot COP f o r the i d e a l vapour

compre s s i on c y c l e i s %0 . 1 f ”,COP)
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Chapter 6

condensers and cooling towers

Scilab code Exa 6.1 The Condensing temperature at 15C

1 clear

2 // V a r i a b l e d e c l a r a t i o n
3 Q_1 =12 // Heat l oad i n kW
4 T_c1 =50 // The conden s i ng t empera tu r e i n C
5 T_o1 =35 // The maximum outdoor t empera tu r e i n C
6 T_o2 =15 // The reduced outdoor t empera tu r e i n C
7 Q_2=8 // The reduced heat l oad i n kW
8

9 // C a l c u l a t i o n
10 deltaT=T_c1 -T_o1 // Temperature D i f f e r e n c e i n K
11 CR=Q_1 *10**3/ deltaT // Condenser Rat ing i n W/K
12 CR=CR*10** -3 // Condenser Rat ing i n kW/K
13 deltaT_15=Q_2/CR // Temperature D i f f e r e n c e at 15 C
14 T_c2=T_o2+deltaT_15 //The Condens ing t empera tu r e at

15 C
15 printf(”\n Coo l i ng Rat ing= %0 . 1 f kW/K”,CR)
16 printf(”\n Temperature D i f f e r e n c e at 15 C =%2 . 0 f C ”

,deltaT_15)

17

18 printf(”\n The Condens ing t empera tu r e at 15 C =%2 . 0
f C ”,T_c2)
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Scilab code Exa 6.2 LMTD

1 clear

2 // V a r i a b l e d e c l a r a t i o n
3 deltaT =5.2 // The tempera tu r e r i s e i n K
4 E=930 // Tota l duty at the c ond en s e r i n kW
5 C_pw =4.187 // The s p e c i f i c heat o f water i n kJ/ kg K
6

7 // C a l c u l a t i o n
8 mdot=E/( deltaT*C_pw)// The amount o f water r e q u i r e d

i n kg / s
9 printf(”\n %0 . 3 f kg / s water f l o w i s r e q u i r e d . ”,mdot)

Scilab code Exa 6.3 Evaporation rate

1 clear

2 // V a r i a b l e d e c l a r a t i o n
3 E_t =880 // Tota l duty at the c ond en s e r i n kW
4 E_wcp =15 // Tota l duty at water−c i r c u l a t i n g pump i n

kw
5

6 // C a l c u l a t i o n
7 E=E_t+E_wcp // Tota l tower duty i n kW
8 w_er=E*0.41*10** -3 // Evapora t i on r a t e i n kg / s
9 Cr_80 =30 // C i r c u l a t i o n r a t e i n kg / s
10 Cr_160 =60 // C i r c u l a t i o n r a t e i n kg / s
11 w_air=E*0.06 // Air f l o w r a t e i n kg / s
12 printf(”\n \ nEvaporat ion r a t e=%0 . 2 f kg / s \

n C i r c u l a t i o n ra t e , 8 0 t imes=%2 . 0 f kg / s \
n C i r c u l a t i o n ra t e , 1 6 0 t imes=%2 . 0 f kg / s \ nAir f l o w
r a t e=%2 . 0 f kg / s ”,w_er ,Cr_80 ,Cr_160 ,w_air)
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Scilab code Exa 6.4 The drop in dry bulb temperature

1 clear

2 // V a r i a b l e d e c l a r a t i o n
3 Cc=700 // The c o o l i n g c a p a c i t y i n kW
4 P_c =170 // The compre s so r power i n kW
5 c_b =0.0012 // C o n c e n t r a t i o n o f s o l i d s i n b leed−o f f (

kg / kg )
6 c_m =0.00056 // C o n c e n t r a t i o n o f s o l i d s i n make−up

water i n kg / kg
7

8 // C a l c u l a t i o n
9 E_tc=Cc+P_c // Coo l i ng tower c a p a c i t y i n kW
10 h_fg =2420 // Latent heat o f water vapour i n kJ/ kg
11 w_e=E_tc *10**3/ h_fg // Rate o f e v a p o r a t i o n i n g/ s
12 w_m=(w_e*(c_b))/(c_b -c_m)// Rate o f make up i n kg / s
13 w_bo=w_m -w_e // Rate o f b l e e d o f f i n kg / s
14 printf(”\n \nRate o f make up=%0 . 2 f kg / s \nRate o f

b l e e d o f f=%0 . 2 f kg / s ”,w_m/1000, w_bo /1000)
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Chapter 10

component selection and
balancing

Scilab code Exa 10.1 LMTD

1 clear

2 //
3 // V a r i a b l e d e c l a r a t i o n
4 w_a =8.4 // The mass f l o w r a t e o f a i r i n kg / s
5 R=3.8 // Rat ing o f an a i r−c o o l i n g e v a p o r a t o r i n kW/k
6 T_a=-15 // E nt e r i ng a i r t empera tu r e i n C
7 T_r=-21 // R e f r i g e r a n t t empera tu r e i n C
8

9 // C a l c u l a t i o n
10 deltaT =(T_a +273) -(T_r +273) // Rat ing LMTD i n K
11 E=R*deltaT // Rated duty i n kW
12 C_pair =1.006 // kJ/ kg .K
13 T_ar=E/( C_pair*w_a)// Reduct ion i n a i r t empera tu r e

i n C
14 T_al=T_a -T_ar // Air l e a v i n g t empera tu re i n C
15 deltaT_min =(T_al +273) -(T_r +273) // K
16 deltaT_max=deltaT // K
17 LMTD=( deltaT_max -deltaT_min)/(log(deltaT_max/

deltaT_min))

18



18 printf(”\n \nLMTD=%1. 1 f K”,LMTD)

Scilab code Exa 10.3 Actual evaporator capacity

1 clear

2 // V a r i a b l e d e c l a r a t i o n
3 P_c =10 // kW
4 T_e=-35 // Evapora t ing t empera tu r e i n C
5 T_c =40 // Condens ing t empera tu r e i n C
6 T_s=5 // S u b c o o l i n g t empera tu r e i n K
7 T_cin =20 // Compressor i n l e t t empera tu r e i n C
8 T_cout =0 // Zero s u b c o o l i n g t empera tu r e i n C
9

10 // C a l c u l a t i o n
11 // ( a )
12 v_s1 =146.46 // m∗∗3/ kg
13 v_s2 =135.25 // m∗∗3/ kg
14 v_sr=v_s1/v_s2 // The r a t i o o f s p e c i f i c volume
15 // Assuming the compre s so r pumps the same volume

f l o w r a t e :
16 m_1bym_2=v_sr // Flow r a t e r a t i o
17 printf(”\n \nFlow r a t e r a t i o , m 2/m 1=%1 . 3 f ”,m_1bym_2

)

18

19 // ( b )
20 h_1 =392.51 // S u c t i o n gas en tha lpy at 20 C i n kJ/ kg
21 h_2 =375.19 // S u c t i o n gas en tha lpy at 0 C i n kJ/ kg
22 h_f =257.77 // L iqu id en tha lpy at the expans i on v a l v e

i n l e t at 40 C i n kJ/ kg
23 dh_1=h_1 -h_f // Evaporator en tha lpy d i f f e r e n c e at

r a t i n g c o n d i t i o n i n kJ/ kg
24 dh_2=h_2 -h_f // Evaporator en tha lpy d i f f e r e n c e with 0

C s u c t i o n i n kJ/ kg
25 dh_r=dh_2/dh_1 // Enthalpy d i f f e r e n c e r a t i o
26 C_c=P_c*m_1bym_2*dh_r // Compressor c a p a c i t y
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c o r r e c t e d f o r s u c t i o n t empera tu r e change i n kW
27 printf(”\n \nCompressor c a p a c i t y c o r r e c t e d f o r

s u c t i o n t empera tu r e change=%1 . 2 f kW”,C_c)
28

29 // ( c )
30 h_f =249.67 // L iqu id en tha lpy at the expans i on v a l v e

i n l e t at 35 C i n kJ/ kg
31 dh=h_2 -h_f // Evaporator en tha lpy d i f f e r e n c e at

a p p l i c a t i o n c o n d i t i o n i n kJ/ kg
32 dh_r=dh/dh_1 // Enthalpy d i f f e r e n c e r a t i o
33 C_cact=P_c*m_1bym_2*dh_r // Actua l compre s so r

c a p a c i t y i n kW
34 printf(”\n \ nActual compre s so r c a p a c i t y=%2 . 2 f kW”,

C_cact)

35

36 // ( d )
37 h_g =350.13 // S u c t i o n gas en tha lpy at e v a p o r a t o r

o u t l e t , −30 C (5 K s u p e r h e a t ) i n kJ/ kg
38 dh_e=h_g -h_f // U s e f u l e v a p o r a t o r en tha lpy d i f f e r e n c e

i n kJ/ kg
39 dh_r=dh_e/dh_1 // Enthalpy d i f f e r e n c e r a t i o
40 C_eact=P_c*m_1bym_2*dh_r // Actua l e v a p o r a t o r

c a p a c i t y i n kW
41 printf(”\n \ nActual e v a p o r a t o r c a p a c i t y=%1 . 2 f kW”,

C_eact)

Scilab code Exa 10.4 Break even time

1 clear

2 // V a r i a b l e d e c l a r a t i o n
3 T_c1 =30 // Condens ing t empera tu r e f o r l a r g e r

co nde n s e r i n C
4 T_c2 =35 // Condens ing t empera tu r e f o r s m a l l e r

c o nde n s e r i n C
5 Rc_1 =242 // Rated c a p a c i t y o f p l a n t f o r l a r g e r
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co nde n s e r i n kW
6 Rc_2 =218 // Rated c a p a c i t y o f p l a n t f o r s m a l l e r

c o nde n s e r i n kW
7 Rt_1 =1802 // Running t ime (kW−h )
8 Rt_2 =2000 // Running t ime (kW−h )
9 Ci_1 =60 // Compressor e l e c t r i c a l i nput power i n kW
10 Ci_2 =70 // Compressor e l e c t r i c a l i nput power i n kW
11 Ec_1 =11533 // E l e c t r i c i t y c o s t per yea r ( )
12 Ec_2 =14933 // E l e c t r i c i t y c o s t per yea r ( )
13 C_1 =14000 // Cost o f the l a r g e r c ond en s e r i n
14 C_2 =8500 // Cost o f the s m a l l e r c o nde n s e r i n
15

16 // C a l c u l a t i o n
17 Es=Ec_2 -Ec_1 // Cost o f the l a r g e r c ond en s e r i n
18 Bet=(C_1 -C_2)*Es**-1 // Break−even t ime i n y e a r s
19 printf(”\n Break−even t ime=%1 . 1 f y e a r s ”,Bet)
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Chapter 11

installation and construction

Scilab code Exa 11.1 Net room load

1 clear

2 // V a r i a b l e d e c l a r a t i o n
3 T_c =34 // The conden s i ng t empera tu r e i n C
4 T_s =30 // The s u b c o o l e d t empera tu r e i n C
5 g=9.81 // m/ s ∗∗2
6

7 // C a l c u l a t i o n
8 P_c =15.69 // S a t u r a t i o n p r e s s u r e at 34 C i n bar
9 P_s =14.18 // S a t u r a t i o n p r e s s u r e at 30 C i n bar

10 dp=P_c -P_s // P e r m i s s i b l e p r e s s u r e drop i n bar
11 rho =1022 // S p e c i f i c mass o f l i q u i d i n kg /m∗∗3
12 H=(dp *10**5) /(rho*g)// P o s s i b l e l o s s i n s t a t i c head

i n m
13 printf(”\n P o s s i b l e l o s s i n s t a t i c head=%2 . 1 f m”,H)

Scilab code Exa 11.2 Partial pressure of non condensible gas

1 clear
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2 // V a r i a b l e d e c l a r a t i o n
3 T_a =20 // The ambient t empera tu re i n C
4 m_p =10 // g
5

6 // C a l c u l a t i o n
7 P_v =10.34 // Vapour p r e s s u r e o f R407C at 20 C i n bar

abs
8 P_o =11.70 // Observed p r e s s u r e i n bar abs
9 P_p=P_o -P_v // P a r t i a l p r e s s u r e o f non−c o n d e n s i b l e

gas i n bar abs
10 M_m =(0.23*52) +(0.25*120) +(0.52*102) // Mo l e cu l a r mass
11 printf(”\n \ n P a r t i a l p r e s s u r e o f non−c o n d e n s i b l e gas

=%1 . 2 f bar abs \n Mo l e cu l a r mass=%2 . 0 f ”,P_p ,M_m)
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Chapter 15

cold storage

Scilab code Exa 15.1 The store volume

1 clear

2 // V a r i a b l e d e c l a r a t i o n
3 n=2 // The number o f two p e l l e t t r u c k doo r s
4 m_n =300 //The number o f t r a f f i c movements per day
5 t=30 // s e c o n d s
6

7 // C a l c u l a t i o n
8 T=n*m_n*t// The t ime f o r the door o p e n i n g s s e c o n d s

per day
9 A=2.2*3.2 // The c r o s s s e c t i o n a l a r ea i n m∗∗2

10 v=1 // m/ s
11 I=A*T*v// The a i r i n f i l t r a t i o n i n m∗∗3/d
12 V=50*70*10 // The s t o r e volume i n m∗∗3
13 R=I/V// The r a t e o f a i r change per day
14 printf(”\n \nThe s t o r e volume i s %5 . 0 f m∗∗3 . \nThe

r a t e o f a i r change i s %1 . 1 f per day . ”,V,R)

Scilab code Exa 15.2 The rate of air change with dehumidification
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1 clear

2 // V a r i a b l e d e c l a r a t i o n
3 T=5 // The dry bulb t empera tu re i n
4 R=3.6 // The r a t e o f a i r change per day
5 V=35000 // The s t o r e volume i n m∗∗3
6 v_spa =0.8 // The s p e c i f i c volume i n m∗∗3/ kg
7 q=600 // m∗∗3/h
8 n=2 // The number o f two p e l l e t t r u c k doo r s
9 h_1 =15.9 // kJ/ kg
10 h_2 =-24.3 // kJ/ kg
11 T_1 =20 // C
12 T_2=-25 // C
13 t=24 // Time d u r a t i o n f o r one day i n hours
14 t_s =24*60*60 // Time d u r a t i o n f o r one day i n s e c o n d s
15

16 // C a l c u l a t i o n
17 R_woh=V*R/v_spa // The r a t e o f a i r change wi thout

d e h u m i d i f i c a t i o n i n kg / day
18 Q_woh=R_woh *(h_1 -h_2)/t_s // The c o o l i n g l oad wi thout

d e h u m i d i f i c a t i o n i n kW
19 R_wh=q*n*t/v_spa // The r a t e o f a i r change with

d e h u m i d i f i c a t i o n i n kg / day
20 Q_wh=R_wh*(T_1 -T_2)/t_s // The c o o l i n g l oad with

d e h u m i d i f i c a t i o n i n kW
21 printf(”\n \nThe r a t e o f a i r change wi thout

d e h u m i d i f i c a t i o n i s %5 . 0 f kg / day . \nThe c o o l i n g
l oad wi thout d e h u m i d i f i c a t i o n %2 . 1 f kW(
c a l c u l a t i o n e r r o r ) . ”,R_woh ,Q_woh)

22

23 printf(”\n \nThe r a t e o f a i r change with
d e h u m i d i f i c a t i o n i s %5 . 0 f kg / day . \nThe c o o l i n g
l oad with d e h u m i d i f i c a t i o n %2 . 2 f kW. ”,R_wh ,Q_wh)
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Chapter 18

refrigeration load estimation

Scilab code Exa 18.1 The cooling loadQ

1 clear

2 // V a r i a b l e d e c l a r a t i o n
3 T_1 =15 // C
4 T_2=0 // C
5 C_pw =4.187 // The s p e c i f i c heat c a p a c i t y o f water i n

kJ/ kg . k
6 m=20*10**3 // The mass f l o w r a t e o f water i n kg / day
7 h_l =334 // kJ/ kg
8 t=24*3600 // The t ime a v a i l a b l e f o r c o o l i n g i n s
9

10 // C a l c u l a t i o n
11 Q=(m*(( C_pw*T_1)+334))/t// The c o o l i n g l oad i n kW
12 printf(”\n The c o o l i n g load ,Q=%2 . 0 f kW. ”,Q)

Scilab code Exa 18.2 The cooling loadQ

1 clear

2 // V a r i a b l e d e c l a r a t i o n
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3 T_1 =22 // C
4 T_2=1 // C
5 C_p =3.1 // The s p e c i f i c heat c a p a c i t y o f meat i n kJ/

kg .K
6 m=8*10**3 // The mass o f meat i n kg
7 t=14*3600 // The t ime a v a i l a b l e f o r c o o l i n g i n s
8

9 // C a l c u l a t i o n
10 Q=(m*((C_p*(T_1 -T_2))))/t// The c o o l i n g l oad i n kW
11 printf(”\n The c o o l i n g load ,Q=%2 . 1 f kW. ”,Q)

Scilab code Exa 18.6 Case3Cooling loadQf

1 clear

2 // V a r i a b l e d e c l a r a t i o n
3 m=1000 // The c a p a c i t y o f meat s t o r e i n tonne s
4 m_l =50 // The amount o f meat l e a v i n g the s t o r e i n t /

day
5 m_s =300 // The amount o f meat a r r i v e s from the s h i p s

i n t / day
6 t=24*3600 // Time i n s
7

8 // C a l c u l a t i o n
9 // Case ( 1 )

10 m=90 // t / day
11 T_1=2 // C
12 T_2=-12 // C
13 C=3.2 // S p e c i f i c heat c a p a c i t y i n kJ /( kg .K)
14 T_fp=-1 // F r e e z i n g p o i n t o f meat i n C
15 h_fg =225 // Latent heat o f f r e e z i n g i n kJ/ kg
16 C_fm =1.63 // S p e c i f i c heat o f f r o z e n meat i n kJ /( kg .K

)
17 Q_f=(m*1000*((C*3)+h_fg+(C_fm *11)))/(t)// Coo l i ng

l oad i n kW
18 printf(”\n \nCase ( 1 ) : Coo l i ng load , Q f=%3 . 0 f kW”,Q_f)
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19

20 // Case ( 2 )
21 Q_f=(m_s *10**3*( C_fm*T_1))/t// Coo l i ng l oad i n kW
22 printf(”\n \nCase ( 2 ) : Coo l i ng load , Q f=%2 . 0 f kW”,Q_f)
23

24 // Case ( 3 )
25 Q_f=(m_l *10**3*((C*3)+h_fg+(C_fm *11)))/t// Coo l i ng

l oad i n kW
26 printf(”\n \nCase ( 3 ) : Coo l i ng load , Q f=%3 . 0 f kW”,Q_f)
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Chapter 21

air treatment fundamentals

Scilab code Exa 21.1 Heat inputQ

1 clear

2 // V a r i a b l e d e c l a r a t i o n
3 m_a =68 // The mass f l o w r a t e o f a i r i n kg / s
4 T_1 =16 // The tempera tu r e o f a i r a t i n l e t i n C
5 T_2 =34 // The tempera tu r e o f a i r a t o u t l e t i n C
6 T_win =85 // The tempera tu r e o f hot water at i n l e t i n

C
7 T_wout =74 // The tempera tu r e o f hot water at o u t l e t

i n C
8 C_pa =1.02 // The s p e c i f i c heat c a p a c i t y o f a i r i n kJ/

kg .K
9 C_pw =4.187 // The s p e c i f i c heat c a p a c i t y o f water i n

kJ/ kg .K
10

11 // C a l c u l a t i o n
12 Q=m_a*C_pa*(T_2 -T_1)// Heat input i n kW
13 m_w=Q/(C_pw*(T_win -T_wout))// The mass f l o w r a t e o f

water i n kg / s
14 printf(”\n \nHeat input ,Q=%4 . 0 f kW \nThe mass f l o w

r a t e o f water ,Q=%2 . 0 f kg / s ”,Q,m_w)
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Scilab code Exa 21.2 The air supply temperaturet

1 clear

2 // V a r i a b l e d e c l a r a t i o n
3 Q=500 // The amount o f heat r e q u i r e d f o r the b u i l d i n g

i n kW
4 T=19 // The tempera tu r e at which a i r e n t e r s the

h e a t e r c o i l i n C
5 m_a =68 // // The mass f l o w r a t e o f a i r i n kg / s
6 C_pa =1.02 // The s p e c i f i c heat c a p a c i t y o f a i r i n kJ/

kg .K
7

8 // C a l c u l a t i o n
9 t=T+(Q/(m_a*C_pa))// The a i r supp ly t empera tu r e i n

C
10 printf(”\n The a i r−supp ly temperature , t=%2 . 1 f C ”,t)

Scilab code Exa 21.3 hc

1 clear

2 // V a r i a b l e d e c l a r a t i o n
3 T_ra =21 // The tempera tu r e o f the r e t u r n i n g a i r
4 H=50 // % s a t u r a t i o n
5 T_d =28 // The dry bulb t empera tu r e i n C
6 T_w =20 // The wet bulb t empera tu r e i n C
7 m_a =20 // The mass f l o w r a t e o f r e t u r n i n g a i r i n kg / s
8 m_b=3 // The mass f l o w r a t e o f o u t s i d e a i r i n kg / s
9 x_ra =0.0079 // The m o i s t u r e c o n t e n t i n kg / kg

10 x_oa =0.0111 // The m o i s t u r e c o n t e n t i n kg / kg
11 h_a =41.8 // The en tha lpy i n kJ/ kg
12 h_b =56.6 // The en tha lpy i n kJ/ kg
13
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14 // C a l c u l a t i o n
15 // Method ( b )
16 t_c =(( T_ra*m_a)+(T_d*m_b))/(m_a+m_b)// C
17 g_c =(( x_ra*m_a)+(x_oa*m_b))/(m_a+m_b)// kg / kg
18 h_c =((h_a*m_a)+(h_a*m_b))/(m_a+m_b)// kJ/ kg dry a i r
19 printf(”\n \nThe c o n d i t i o n o f the mixture , t c=%2 . 1

f C ”,t_c)
20

21 printf(”\n \n g c=%0 . 4 f kg / kg ”,g_c)
22

23 printf(”\n \n h c=%2 . 1 f kJ/ kg dry a i r ”,h_c)

Scilab code Exa 21.5 The Carnot COP for the ideal vapour compression cycle

1 clear

2 // V a r i a b l e d e c l a r a t i o n
3 T_s =100 // The tempera tu r e o f steam i n C
4 T_d =21 // The dry bulb t empera tu r e i n C
5 H=50 // % s a t u r a t i o n
6 x_ab =0.0079 // Moi s tu re c o n t e n t o f a i r b e f o r e i n kg /

kg
7 x_a =0.0067 // Moi s tu re added i n kg / kg
8 C_ps =1.972 // The s p e c i f i c heat c a p a c i t y o f the steam

i n kJ/ k g C
9 C_pa =1.006 // The s p e c i f i c heat c a p a c i t y o f a i r i n kJ

/ kg .K
10

11 // C a l c u l a t i o n
12 x=x_ab+x_a // F i n a l m o i s t u r e c o n t e n t i n kg / kg
13 t=((x_a*C_ps*T_s)+(C_pa*T_d))/((( x_a*C_ps)+(C_pa)))

// The f i n a l dry bulb t empera tu r e i n C
14 printf(”\n \ nF ina l m o i s t u r e c o n t e n t=%0 . 4 f kg / kg \

nThe f i n a l dry bulb temperature , t=%2 . 2 f C ”,x,t)
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Scilab code Exa 21.6 The final condition

1 clear

2 // V a r i a b l e d e c l a r a t i o n
3 T_d1 =23 // The dry bulb t empera tu r e i n C
4 T_w=5 // The tempera tu r e o f water i n C
5 H=50 // % s a t u r a t i o n
6 n_s =0.7 // S a t u r a t i o n e f f i c i e n c y i n %
7 x_a =0.0089 // Moi s tu re c o n t e n t i n kg / kg
8 x_b =0.0054 // Moi s tu re c o n t e n t i n kg / kg
9

10 // C a l c u l a t i o n
11 // ( a )
12 printf(”\n ( a ) By c o n s t r u c t i o n on the c h a r t ( F i gu r e

2 1 . 7 ) , the f i n a l c o n d i t i o n i s 1 0 . 4 C dry bulb
, 8 2 p e r c e n t s s a t u r a t i o n ”)

13

14 // ( b )
15 T_d2=T_d1 -(n_s*(T_d1 -T_w))// The f i n a l dry bulb

t empera tu re i n C
16 x_f=x_a -(n_s*(x_a -x_b))// kg / kg
17 printf(”\n \n ( b ) The f i n a l c o n d i t i o n , \ n The f i n a l

dry bulb t empera tu re=%2 . 1 f C \n The m o i s t u r e
c o n t e n t=%0 . 5 f kg / kg ”,T_d2 ,x_f)

Scilab code Exa 21.7 Actual evaporator capacity

1 clear

2 // V a r i a b l e d e c l a r a t i o n
3 m_w=4 // The mass o f water i n kg
4 m_a=1 // The mass o f a i r i n kg
5 h_ab =45.79 // Enthalpy o f a i r b e f o r e i n kJ/ kg
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6 h_aa =26.7 // Enthalpy o f a i r a f t e r i n kJ/ kg
7 C_pw =4.187 // The s p e c i f i c heat c a p a c i t y o f water i n

kJ/ kg .K
8

9 // C a l c u l a t i o n
10 Q_l=h_ab -h_aa // Heat l o s t per k i l o g ram a i r i n kJ
11 Q_g=Q_l/m_w // Heat ga in per k i l o g ram water i n kJ
12 dT=Q_g/C_pw // Temperature r i s e o f water i n K
13 printf(”\n Temperature r i s e o f water=%1 . 0 f K”,dT)

Scilab code Exa 21.8 The drop in dry bulb temperature

1 clear

2 // V a r i a b l e d e c l a r a t i o n
3 T_d1 =24 // The dry bulb t empera tu r e i n C
4 T_d2=7 // The dry bulb t empera tu r e i n C
5 H=45 // % s a t u r a t i o n
6 cf=0.78 // Contact f a c t o r
7 h_1 =45.85 // The en tha lpy i n kJ/ kg
8 h_2 =22.72 // The en tha lpy i n kJ/ kg
9

10 // C a l c u l a t i o n
11 // ( a ) By c o n s t r u c t i o n on the c h a r t ( F i gu r e 2 1 . 9 ) ,

1 0 . 7 C dry bulb , 85% s a t u r a t i o n .
12 // ( b ) By c a l c u l a t i o n , the dry bulb w i l l drop 78% o f

24 to 7 C :
13 dT=T_d1 -(cf*(T_d1 -T_d2))// The drop i n dry bulb

t empera tu re i n C
14 dh=h_1 -(cf*(h_1 -h_2))// The drop i n en tha lpy i n kJ/

kg
15 printf(”\n \nThe drop i n dry bulb t empera tu r e=%2 . 1

f C \nThe drop i n en th lpy=%2 . 2 f kJ/ kg ”,dT ,dh)
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Scilab code Exa 21.10 Taking the condition at 5C

1 clear

2 // V a r i a b l e d e c l a r a t i o n
3 T_d =23 // The dry bulb t empera tu r e i n C
4 H=40 // % s a t u r a t i o n
5 SH=36 // The s e n s i b l e heat to be removed i n kW
6 LH=14 // The l a t e n t heat i n kW
7

8 // C a l c u l a t i o n
9 // P l o t t i n g on the c h a r t ( F i gu r e 2 1 . 1 0 ) from 23 C

/40% and u s i n g the r a t i o
10 R=SH/(SH+LH)

11 printf(”\n The p r o c e s s l i n e meets the s a t u r a t i o n
curve at − 1 C , g i v i n g the ADP ( which meansthat
conden sa t e w i l l c o l l e c t on the f i n s as f r o s t ) . ”)

12

13 printf(”\n Taking the c o n d i t i o n at 5 C dry bulb and
measur ing the p r o p o r t i o n a l ong t h e p r o c e s s l i n e

g i v e s a c o i l c o n t a c t f a c t o r o f 75 ”)
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Chapter 22

practical air treatment cycles

Scilab code Exa 22.1 The amount of water to be evaporated

1 clear

2 // V a r i a b l e d e c l a r a t i o n
3 T_d =37 // The dry bulb t empera tu r e o f a i r i n C
4 H=24 // % s a t u r a t i o n
5 n_s =75 // S a t u r a t i o n e f f i c i e n c y i n %
6 h=62.67 // The e n t e r i n g en tha lpy i n kJ/ kg
7

8 // C a l c u l a t i o n
9 // By c o n s t r u c t i o n on the char t , o r from t a b l e s , the

u l t i m a t e s a t u r a t i o n c o n d i t i o n would be 2 1 . 5 C ,
and 75% o f the drop from 37 C to 2 1 . 5 C g i v e s a

f i n a l dry bulb o f 2 5 . 4 C .
10 h_fg =2425 // The ave rage l a t e n t heat o f water ove r

the work ing range i n kJ/ kg
11 q=(h_fg)**-1 // The amount o f water to be evapo ra t ed

i n kg /( s kW)
12 printf(”\n The amount o f water to be evapo ra t ed i s

%0 . 3 f kg /( s kW) ”,q)
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Scilab code Exa 22.2 The total pressure

1 clear

2 // V a r i a b l e d e c l a r a t i o n
3 T_d =37 // The dry bulb t empera tu r e o f a i r i n C
4 T_w =25.4 // The c o o l i n g t empera tu r e o f water i n C
5 cf=0.80 // Contact f a c t o r
6

7 // C a l c u l a t i o n
8 T_df=T_d -(cf*(T_d -T_w))// The dry bulb t empera tu r e (

f i n a l ) i n C
9 printf(”\n The dry bulb t empera tu r e ( f i n a l )=%2 . 1 f

C p o i n t D ”,T_df)
10 printf(”\n \nThe wet bulb i s now 1 8 . 9 C and the

en tha lpy i s 53 kJ/ kg . ”)

Scilab code Exa 22.3 The final volumeV2

1 clear

2 // V a r i a b l e d e c l a r a t i o n
3 T_d =26 // The dry bulb t empera tu r e o f a i r i n C
4 T_w =20 // The wet bulb t empera tu r e o f water i n C
5 T_win =29 // The tempera tu r e o f water at i n l e t i n C
6 T_wout =24 // The tempera tu r e o f water at o u t l e t i n

C
7 C_pw =4.187 // The s p e c i f i c heat c a p a c i t y o f water i n

kJ/ kg .K
8

9 // C a l c u l a t i o n
10 Q=C_pw*(T_win -T_wout)// Heat from water i n kJ/ kg
11 h_ain =57.1 // Enthalpy o f e n t e r i n g a i r i n kJ/ kg
12 h_aout =78.1 // Enthalpy o f l e a v i n g a i r i n kJ/ kg
13 printf(”\n \nHeat from water=%2 . 0 f kJ/ kg \ nEnthalpy

o f e n t e r i n g a i r =57.1 kJ/ kg \ nEnthalpy o f l e a v i n g
a i r =78.1 kJ/ kg ”,Q)
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14

15 printf(”\n From the char t , the a i r l e a v e s at
approx imate l y 2 5 . 7 C dry bulb ”)
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Chapter 23

air conditioning load estimation

Scilab code Exa 23.1 U factor

1 clear

2 // V a r i a b l e d e c l a r a t i o n
3 R_si =0.3 // The i n s i d e r e s i s t a n c e i n (m∗∗2 K) /W
4 R_1 =0.040/0.09 // The therma l r e s i s t a n c e o f c o n c r e t e

p a n e l s i n (m∗∗2 K) /W
5 R_2 =0.050/0.037 // The therma l r e s i s t a n c e o f

i n s u l a t i o n i n (m∗∗2 K) /W
6 R_3 =0.012/0.16 // The therma l r e s i s t a n c e o f p l a s t e r

board i n (m∗∗2 K) /W
7 R_so =0.07 // The o u t s i d e r e s i s t a n c e i n (m∗∗2 K) /W
8

9 // C a l c u l a t i o n
10 U=1/( R_si+R_1+R_2+R_3+R_so)// U f a c t o r i n W/(m∗∗2 K)
11 printf(”\n U f a c t o r=%0 . 2 f W/(m∗∗2 K) ”,U)

Scilab code Exa 23.2 Sensible heatQs

1 clear
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2 // V a r i a b l e d e c l a r a t i o n
3 T_d1 =21 // The dry bulb t empera tu r e o f a i r i n C
4 H=45 // % s a t u r a t i o n
5 T_d2 =27 // The dry bulb t empera tu r e o f a i r i n C
6 T_wb1 =20 // The wet bulb t empera tu r e o f a i r i n C
7 m=1.35 // The mass f l o w r a t e o f a i r i n kg / s
8 C_pa =1.006 // The s p e c i f i c heat c a p a c i t y o f a i r i n kJ

/ kg .K
9 C_pw =4.187 // The s p e c i f i c heat c a p a c i t y o f water i n

kJ/ kg .K
10

11 // C a l c u l a t i o n
12 // 1 . Tota l heat :
13 h_2 =57.00 // Enthalpy at 27 C DB, 20 C WB i n kJ/ kg
14 h_1 =39.08 // Enthalpy at 21 C DB, 45% s a t i n kJ/ kg
15 dh =17.92 // Heat to be removed i n kJ/ kg
16 Q_t=dh*m// Tota l heat i n kW
17 printf(”\n Tota l heat , Q t=%2 . 1 f kW”, Q_t)

18

19

20 // 2 . Latent heat :
21 x_2 =0.0117 // Moi s tu re at 27 C DB, 20 C WB i n kg / kg
22 x_1 =0.0070 // Moi s tu re at 21 C DB, 45% s a t i n kg / kg
23 dx=x_2 -x_1 // Moi s tu re to be removed i n kg / kg
24 Q_l=dx*m*2440 // Latent heat i n kW
25 printf(”\n Latent heat , Q l=%2 . 1 f kW”, Q_l)

26

27

28 // 3 . S e n s i b l e heat :
29 Q_s=(C_pa +(( C_pw*x_2)))*(T_d2 -T_d1)*m// S e n s i b l e

heat i n kW
30 printf(”\n S e n s i b l e heat , Q s=%1 . 1 f kW”, Q_s)

Scilab code Exa 23.3 Net room load
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1 clear

2 // V a r i a b l e d e c l a r a t i o n
3 Q_tl =15 // Tota l l i g h t i n g l oad
4 P_ra =90 // % o f l oad taken from r e t u r n a i r
5 P_a =25 // % o f l oad r e j e c t e d to ambient
6

7 // C a l c u l a t i o n
8 Q_ra=Q_tl*(P_ra *10** -2) // Picked up by r e t u r n a i r i n

kW
9 Q_a=Q_ra*(P_a *10** -2) // R e j e c t e d to ambient i n kW
10 Q_net=Q_tl -Q_a // Net room load i n kW
11 printf(”\n \nNet room load=%2 . 3 f kW”,Q_net)
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Chapter 24

air movement

Scilab code Exa 24.1 The density of dry air

1 clear

2 // V a r i a b l e d e c l a r a t i o n
3 Z=4500 // A l t i t u d e i n m
4 p=575 // mbar b a r o m e t r i c p r e s s u r e
5 t=-10 // Temperature i n C
6

7 // C a l c u l a t i o n
8 rho =1.2*(p/1013.25) *((273.15+20) /(273.15+t))// The

d e n s i t y o f dry a i r i n kg /m∗∗3
9 printf(”\n The d e n s i t y o f dry a i r , rho=%0 . 2 f kg /m∗∗3 ”

,rho)

Scilab code Exa 24.2 Kinetic energy

1 clear

2 // V a r i a b l e d e c l a r a t i o n
3 V=1 // The volume o f a i r i n m∗∗3
4 t=20 // The dry bulb t empera tu r e i n C
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5 H=60 // % s a t u r a t i o n
6 p=101.325 // The p r e s s u r e i n kPa
7 v=7 // The v e l o c i t y i n m/ s
8 v_s =0.8419 // The s p e c i f i c volume i n m∗∗3/ kg
9

10 // C a l c u l a t i o n
11 m=V/v_s // Mass i n kg
12 Ke=(m*v**2)/2 // K i n e t i c ene rgy i n kg /(m s ∗∗2)
13 printf(”\n K i n e t i c ene rgy=%2 . 1 f kg /(m s ∗∗2) ”,Ke)

Scilab code Exa 24.3 The amount of Static regain

1 clear

2 // V a r i a b l e d e c l a r a t i o n
3 v_e=8 // The e n t e r i n g v e l o c i t y o f a i r i n m/ s
4 v_l =5.5 // The l e a v i n g v e l o c i t y o f a i r i n m/ s
5 fl=20 // F r i c t i o n l o s s e s i n %
6 m=1.2 // Masss i n kg
7

8 // C a l c u l a t i o n
9 P_e=(m*v_e **2)/2 // V e l o c i t y p r e s s u r e e n t e r i n g

expans i on i n Pa
10 P_l=(m*v_l **2)/2 // V e l o c i t y p r e s s u r e l e a v i n g

expans i on i n Pa
11 FL=fl*10** -2*(P_e -P_l)// F r i c t i o n l o s s e s i n Pa
12 Sr=(1-(fl*10** -2))*(P_e -P_l)// S t a t i c r e g a i n i n Pa
13 printf(”\n The amount o f S t a t i c r e g a i n=%2 . 1 f Pa”,Sr)
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Chapter 25

air conditioning methods

Scilab code Exa 25.1 Air flow for sensible heat

1 clear

2 //
3 // V a r i a b l e D e c l a r a t i o n
4 T_d =21 // The dry bulb t empera tu r e i n C
5 Q=14 // I n t e r n a l l o ad i n kW
6 H=50 // % s a t u r a t i o n
7 Q_l =1.5 // Latent heat ga in i n kW
8 T_ain =12 // The i n l e t a i r t empera tu r e i n C
9 C_p =1.02 // The s p e c i f i c heat c a p a c i t y o f a i r i n kJ/

kg .K
10

11 // C a l c u l a t i o n
12 deltaT=T_d -T_ain // Air t empera tu r e r i s e through room

i n K
13 m=Q/( deltaT*C_p)// Air f l o w f o r s e n s i b l e heat i n kg /

s
14 x=0.007857 // Moi s tu re c o n t e n t o f room a i r , 21 , 50%
15 x_p=Q_l /(2440*m)// Moi s tu re to p i c k up
16 x_ain=x-x_p // Moi s tu re c o n t e n t o f e n t e r i n g a i r
17 printf(”\n \n Air f l o w f o r s e n s i b l e heat=%1 . 3 f kg / s

\ nMois ture c o n t e n t o f e n t e r i n g a i r=%0 . 5 f ”,m,x_ain
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)

Scilab code Exa 25.2 Mass water flow

1 clear

2 //
3 // V a r i a b l e d e c l a r a t i o n
4 // From example 2 5 . 1
5 Q_i =14 // I n t e r n a l l o ad i n kW
6 Q_l =1.5 // Latent heat ga in i n kW
7 Q_f =0.9 // The fan motor power i n kW
8 T_win=5 // The tempera tu r e o f water at i n l e t i n C
9 T_wout =10.5 // The tempera tu r e o f water at o u t l e t i n

C
10 C_pw =4.19 // The s p e c i f i c heat c a p a c i t y i n kJ/ kg .K
11

12 // C a l c u l a t i o n
13 Q=Q_i+Q_l+Q_f // Tota l c o o l i n g l oad i n kW
14 m_w=Q/(C_pw*(T_wout -T_win))// Mass water f l o w i n kg /

s
15 printf(”\n \nMass water f l o w=%0 . 2 f kg / s ”,m_w)

Scilab code Exa 25.3 Required refrigerant mass flow

1 clear

2 //
3 // V a r i a b l e d e c l a r a t i o n
4 // From example 2 5 . 2
5 Q=16.4 // Tota l l o ad i n kW
6 T_in =33 // The tempera tu r e at l i q u i d R134a e n t e r s the

expans i on v a l v e i n C
7 T_out=9 // The tempera tu r e at l i q u i d R134a l e a v e s

the c o o l e r i n C
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8 T_e=5 // The tempera tu re at which l i q u i d R134a
e v a p o r a t e s i n C

9

10 // C a l c u l a t i o n
11 h_v =405.23 // Enthalpy o f R134a , s u p e r h e a t e d to 9 C i n

kJ/ kg
12 h_f =246.71 // Enthalpy o f l i q u i d R134a at 33 C i n kJ/

kg
13 Re=h_v -h_f // R e f r i g e r a t i n g e f f e c t i n kJ/ kg
14 m_r=Q/Re // Requ i red r e f r i g e r a n t mass f l o w i n kg / s
15 printf(”\n Requ i red r e f r i g e r a n t mass f l o w=%0 . 3 f kg / s

”,m_r)

Scilab code Exa 25.4 Mass water flow

1 clear

2 //
3 // V a r i a b l e d e c l a r a t i o n
4 T_d1 =13 // The dry bulb t empera tu r e i n C
5 m_a =0.4 // The f l o w r a t e o f pr imary a i r i n kg / s
6 T_win =12 // The tempera tu r e o f water at i n l e t i n C
7 T_wout =16 // The tempera tu r e o f water at o u t l e t i n

C
8 H=72 // % s a t u r a t i o n
9 T_d2 =21 // The dry bulb t empera tu r e i n C

10 // From example 2 5 . 1
11 Q_i =14 // I n t e r n a l l o ad i n kW
12 Q_l =1.5 // Latent heat ga in i n kW
13 C_pw =4.19 // The s p e c i f i c heat c a p a c i t y i n kJ/ kg .K
14 C_pa =1.02 // The s p e c i f i c heat c a p a c i t y o f a i r i n kJ/

kg .K
15

16 // C a l c u l a t i o n
17 x_a =0.006744 // Moi s tu re i n pr imary a i r , 13 C DB, 72%

s a t

45



18 x_r=Q_l /(2440* m_a)// Moi s tu re removed i n kg / kg
19 x_rise=x_a+x_r // Moi s tu re i n room a i r w i l l r i s e to

i n kg / kg
20 // which c o r r e s p o n d s to a room c o n d i t i o n o f 21 C

dry bulb , 53% s a t u r a t i o n
21 Q_a=m_a*C_pa*(T_d2 -T_d1)// S e n s i b l e heat removed by

pr imary a i r i n kW
22 Q_w=Q_i -Q_a // Heat to be removed by water i n kW
23 m_w=Q_w/(C_pw*(T_wout -T_win))// Mass water f l o w i n

kg / s
24 printf(”\n \nMass water f l o w=%0 . 2 f kg / s ”,m_w)
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Chapter 29

commissioning and
maintenance

Scilab code Exa 29.1 LMTD at 85 percentage air flow

1 clear

2 //
3 // V a r i a b l e d e c l a r a t i o n
4 T_e=3 // The e v a p o r a t i n g t empera tu r e i n C
5 T_in =20 // The tempera tu r e o f a i r e n t e r i n g c o i l i n

C
6 T_out =11 // The tempera tu r e o f a i r o f f c o i l a t f u l l

a i r f l o w i n C
7 T_c =35 // The conden s i ng t empera tu r e i n C
8 af=(1 -0.15) // The reduced a i r f l o w
9

10 // C a l c u l a t i o n
11 LMTD =((T_in -T_e)-(T_out -T_e))/log((T_in -T_e)/(T_out -

T_e))// K
12 T_aoff=T_in -(T_in -T_out)/af // Air o f f c o i l a t 85%

a i r f l o w ( C )
13 Cp=(af)**0.8 // C o i l pe r f o rmance at 85% a i r f l o w ( C

)
14 LMTD_85=LMTD/Cp // LMTD at 85% a i r f l o w i n K
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15 printf(”\n \n LMTD at 85 p e r c e n t a g e a i r f l o w=%2 . 1 f K
( e r r o r ) ”,LMTD_85)
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Chapter 30

efficiency running cost and
carbon footprint

Scilab code Exa 30.1 HP Running cost

1 clear

2 // V a r i a b l e d e c l a r a t i o n
3 P=15 // kW
4 n_b =85 // The e f f i e n c y o f the gas b o i l e r i n %
5 SCOP=3 // An ave rage or s e a s o n a l COP (SCOP) o f heat

pump
6

7 // C a l c u a l t i o n
8 // For the gas b o i l e r
9 R_pf =17.65 // Rate o f pr imary f u e l use i n kW

10 m_co2 =0.19 // The mass o f carbon i n kg
11 R_co2=R_pf*m_co2 // Rate o f CO 2 e m i s s i o n i n kg /h
12 // For example
13 Gp=3 // p/kWh
14 Rc=R_pf*Gp // B o i l e r Running c o s t i n p per hour o f

h e a t i n g
15 printf(”\n B o i l e r Running c o s t=%2 . 0 fp per hour o f

h e a t i n g . ”,Rc)
16
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17 // For heat pump
18 T_R_pf =10 // Rate o f pr imary f u e l use i n kW ( t o t a l )
19 R_pf=5 // Rate o f pr imary f u e l use i n kW
20 m_co2 =0.43 // The mass o f carbon i n kg
21 R_co2=R_pf*m_co2 ,// Rate o f CO 2 e m i s s i o n i n kg /h
22

23 // For example
24 Ep=9 // p/kWh
25 Rc=R_pf*Ep // HP Running c o s t i n p per hour o f

h e a t i n g
26 printf(”\n HP Running c o s t=%2 . 0 fp per hour o f

h e a t i n g . ”,Rc)
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