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Chapter 1

Introduction

Scilab code Exa 1.1 heat flux and heat transfer rate

1

2 clear;

3 clc;

4

5 printf(”\ t Example 1 . 1\ n”);
6

7 k=35; // Thermal Conduct iv i ty , W/m∗K
8 T1=110; // Temperature o f f r o n t
9 T2=50; // Temperature o f back ,C
10 A=0.4; // a r ea o f s l ab ,mˆ2
11 x=0.03; // Th i ckne s s o f s l ab ,m
12

13 q=-k*(T2-T1)/(1000*x); // fo rmu la f o r heat f l u x
14 printf(”\ t heat f l u x i s : %. 0 f KW/mˆ2\n”,q);
15

16 Q=q*A; // fo rmu la f o r heat t r a n s f e r r a t e
17 printf(”\ t heat t r a n s f e r r a t e i s : %. 0 f KW\n”,Q);
18

19 //End
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Scilab code Exa 1.2 Temperature Distribution

1

2 clear;

3 clc;

4 printf(”\ tExample 1 . 2\ n”);
5 x=poly ([0], ’ x ’ );
6 k1=372; // Thermal C o n d u c t i v i t y o f s l ab ,W/m∗K
7 x1 =0.003; // Th i ckne s s o f s l ab ,m
8 x2 =0.002; // Th i ckne s s o f s t e e l ,m
9 k2=17; // Thermal C o n d u c t i v i t y o f s t e e l ,W/m∗K

10 T1=400; // Temperature on one s i d e ,C
11 T2=100; // Temperature on o t h e r s i d e ,C
12

13 Tcu=roots(x+2*x*(k1/x1)*(x2/k2) -(400 -100));

14

15 //q=k1 ∗ ( Tcu/ x1 )=k2 ∗ ( Tss / x2 ) ;
16

17 Tss = Tcu*(k1/x1)*(x2/k2); // fo rmu la f o r
t empera tu re g r a d i e n t i n s t e e l s i d e

18

19 Tcul=T1-Tss;

20 Tcur=T2+Tss;

21 printf(”\ t t empera tu r e on l e f t copper s i d e i s : %. 0 f
C\n”,Tcul);

22 printf(”\ t Temperature on r i g h t copper s i d e i s : %
. 0 f C\n”,Tcur);

23 q=k2*Tss /(1000* x2); // fo rmu la f o r heat conducted
24 printf(”\ t heat conducted through the w a l l i s : %. 0 f

W\n”,q);
25 printf(”\ t our i n i t i a l approx imat i on was a c c u r a t e

w i t h i n a few p e r c e n t . ”);
26 //End
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Scilab code Exa 1.3 heat transfer coefficient calculation

1

2 clear;

3 clc;

4 printf(”\ t example 1 . 3\ n”);
5 q1 =6000; // Heat f l u x , W∗mˆ−2
6 T1=120; // Heater Temperature , C
7 T2=70; // f i n a l Temperature o f Heater
8 q2 =2000; // f i n a l heat f l u x
9 h=q1/(T1-T2);// fo rmu la f o r ave rage heat t r a n s f e r

c o f f i c i e n t
10 printf(”\ t Average Heat t r a n s f e r c o e f f i c i e n t i s :%. 0 f

W/(mˆ2∗K) \n”,h);
11

12 Tnew=T2 + q2/h; // fo rmu la f o r new Heater t empera tu r e
13 printf(”\ t new Heater Temperature i s :%. 2 f C\n”,Tnew)

;

14 //End

Scilab code Exa 1.4 response of thermocouple

1

2 clear;

3 clc;

4 printf(”\ t Example 1 . 4\ n”);
5 h=250; // Heat T r a n s f e r C o e f f i c i e n t , W/(mˆ2∗K)
6 k=45; // Thermal Conduct iv i ty , W/(m∗K)
7 c=0.18; // Heat Capacity , kJ /( kg∗K)
8 a=9300; // d e n s i t y , kg /mˆ3
9 T1=200; // temperature , C

10 D=0.001; // d iamete r o f bead ,
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11 t1 =0:0.1:5;

12 T=200 -180* exp(-t1/((a*c*D*1e3)/(6*h)));

13 plot(t1,T);

14 xtitle(” Thermocouple r e s p o n s e to a hot gas f l o w ”,”
time , t1 s e c ”,” temperature ,T C”);

15 Bi = h*(0.001/2) /45; // b i o t no .
16 printf(”The v a l u e o f B io t no f o r t h i s the rmocoup l e

i s %f”,Bi);
17 printf(”\n Bi i s <0.1 and hence the the rmocoup l e

cou ld be c o n s i d e r e d as a lumped heat c a p a c i t y
system and the assumpt ion taken i s v a l i d . \ n”);

18 //End

Scilab code Exa 1.5 Temperature of thermocouple

1

2 clear;

3 clc;

4

5 printf(”\ t Example 1 . 5\ n”);
6 x=poly ([0], ’ x ’ );
7 T1=293; // Temperature o f a i r around thermocouple , K
8 T2=373; // Wall t emperature , K
9 h=75; // Average Heat T r a n s f e r C o e f f i c i e n t , W/(mˆ2∗K

)
10 s=5.67*10^ -8; // s t e f a n Boltzman cons tant , W/(mˆ2∗K

ˆ4)
11 x=roots(h*(x-T1)+s*(x^4-T2^4));

12 y=x(4) -273;

13 printf(”\ t the rmocoup l e Temperature i s : %. 1 f C\n”,y
);

14 // end
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Scilab code Exa 1.6 Temperature of thermocouple

1

2 clear;

3 clc;

4

5 printf(”\ t example 1 . 6\ n”);
6 x=poly ([0], ’ x ’ );
7 e=0.4; // e m i s s i v i t y
8 T1=293; // Temperature o f a i r around Thermocouple , K
9 T2=373; // w a l l Temperature , K
10 h=75; // Average Heat T r a n s f e r C o e f f i c i e n t , W/(mˆ2∗K

)
11 s=5.67*10^ -8; // s t e f a n Boltzman cons tant , W/(mˆ2∗K

ˆ4)
12 x=roots((x-T1)*h+e*s*(x^4-T2^4));

13 y=x(4) -273;

14 printf(”\ t Thermocouple Temperature i s : %. 1 f C\n”,y
);

15 //End

11



Chapter 2

Heat conduction concepts and
heat transfer coefficient

Scilab code Exa 2.3 steady flux

1

2 clear;

3 clc;

4

5 printf(”\ t Example 2 . 3\ n”);
6

7 l=1; // tube l eng th , m
8 m=0.01; // mass f r a c t i o n
9 D12 =2.84*10^ -5; // d i f f u s i v i t y , mˆ2/ s
10 a=1.18; // d e n s i t y , kg /mˆ3
11

12 J=a*D12*m/l;

13 // s t eady s t a t e f l u x o f water from one s i d e to the
other , kg /(mˆ2∗ s )

14 printf(”\ t s t e ady f l u x o f water i s %. 2 e kg /(mˆ2∗ s ) ”,
J);

15 // end
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Scilab code Exa 2.4 thickness calculation

1

2 clear;

3 clc;

4

5 printf(”\ t Example 2 . 4\ n”);
6

7 k=18; // therma l c o n d u c t i v i t y o f r e s s i s t o r , W/(m∗K)
8 A=1; // a r ea o f s l a b s u r f a c e , mˆ2
9 hc =3000; // c o n v e c t i v e heat t r a n s f e r c o e f f i c i e n t ,W

/(mˆ2∗K)
10 //Req=1/A∗ (2L/k+1/hc ) , f o r c o n t a c t r e s s i s t a n c e s to

be n e g l e c t e d 2L/18 must be very g r e a t e r than the
1/3000

11 printf(” t h i c k n e s s o f s l a b s f o r c o n t a c t r e s s i s t a n c e s
to be n e l e c t e d i s ve ry g r e a t e r than 0 . 0 0 3 m. i f
l e n g t h i s 3 cm , the e r r o r i s about 10 p e r c e n t . ”);

12 // end

Scilab code Exa 2.7 Critical radius of insulation

1

2 clear;

3 clc;

4

5 printf(”\ t example 2 . 7\ n”);
6

7 h=20; // c o n v e c t i v e heat t r a n s f e r c o e f f i c i e n t , W/(m
ˆ2∗K)

8 k=0.074; // therma l c o n d u c t i v i t y , J /(m∗K)

13



9 Ro=k/h; // fo rmu la f o r c r i t i c a l t h i c k n e s s o f
i n s u l a t i o n

10 printf(”\ t c r i t i c a l t h i c k n e s s o f i n s u l a t i o n i s : %. 4
f m\n”,Ro);

11 printf(”\ t i n s u l a t i o n w i l l not even s t a r t to do any
good u n t i l r a t i o o f o u t e r r a d i u s and i n n e r r a d i u s

i s 2 . 3 2 or o u t e r r a d i u s i s 0 . 0 0 5 8 m. ”)
12 //End

Scilab code Exa 2.8 Ressistor temperature calculation

1

2 clear;

3 clc;

4

5 printf(”\ t Example 2 . 8\ n”);
6

7 P=0.1; // d i s s i p a t i n g power ,W
8 D=0.0036; // o u t e r d i amete r o f c y l i n d e r , m
9 l=0.01; // l e n g t h o f c y l i n d e r , m

10 T=308; // t empera tu re o f a i r i n the cab in e t ,K
11 h=13; // c o n v e c t i o n c o e f f i c i e n t , W/(mˆ2∗K)
12 e=0.9;

13 A=1.33*10^ -4; // a r ea o f r e s s i s t o r ’ s s u r f a c e , mˆ2
14

15 Tm=(T+323) /2; // r e s s i s t o r ’ s t empera tu re at 50 K
16 Hr =4*5.67*10^ -8* Tm^3*e; // r a d i a t i v e heat t r a n s f e r

c o e f f i c i e n t ,W/(mˆ2∗K)
17

18

19 Rteq =1/(A*(Hr+h));

20 Tres=T+P*Rteq;

21 //we g u e s s e d a r e s s i s t o r ’ s t empera tu r e o f 323K i n
f i n d i n g Hr , recomput ing with t h i s h i g h e r
temperature , we have Tm=327K and Hr =7.17W/(mˆ2∗K) .
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i f we r e p e a t the r e s t o f c a l c u l a t i o n s , we g e t a
new v a l u e Tres =345.3K, s i n c e the use o f hr i s an
approx imat ion , we shou ld check i t s a p p l i c a b i l i t y :

1/4∗ ( (345 .3 −308) /327) ˆ2=0.00325<<1 , i n t h i s case
, the approx imat ion i s a very good one

22 Tr=Tres -273.06;

23 printf(”\ t t empera tu r e o f r e s s i s t o r i s : %. 2 f K\n”,
Tr);

24 printf(”\ t s i n c e 1/4∗ ( t empera tu r e d i f f f e r e n c e /mean
tempera tu re )= 1/4∗ ( (72 .3 −35) /327) ˆ2=0.00325<<1 ,
i n t h i s case , the approx imat i on i s a very good
one . ”);

25 //End

Scilab code Exa 2.9 time of cooling of ressistor

1

2 clear;

3 clc;

4

5 printf(”\ t Example 2 . 9\ n”);
6

7 k=10; // therma l c o n d u c t i v i t y o f r e s s i s t o r , W/(m∗K)
8 a=2000; // d e n s i t y o f r e s s i s t o r , kg /mˆ3
9 l=0.01; // l e n g t h o f c y l i n d e r , m
10 A=1.33*10^ -4; // a r ea o f r e s s i s t o r ’ s s u r f a c e , mˆ2
11 T1=308; // t empera tu r e o f a i r i n the cab in e t ,K
12 Cp=700; // heat c a p a c i t y o f r e s s i s t o r , J/ kg /K
13 Heff =18.44; // the e f f e c t i v e heat t r a n s f e r

c o e f f i c i e n t o f p a r a l l e l c o n v e c t i o n and r a d i a t i o n
p r o c e s s , W/(mˆ2∗K)

14 Bi=Heff *(0.0036/2)/k;

15 T=a*Cp *3.14*l*(0.0036) ^2/(4* Heff*A); // s i n c e from
p r e v i o u s example , To=72.3C, we have Tres=T1+(To−T)
∗ exp(− t /T) , Tres =308+(37.3) ∗ exp(− t /T) . 95% o f the
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t empera tu re drop has occu r ed when t=T∗3=174 s .
16 t=3*T;

17 printf(”\ t t ime f o r 95 p e r c e n t c o o l i n g o f r e s s i s t o r
i s : %. 0 f s \n”,t);

18 //End

Scilab code Exa 2.10 heat transfer coefficient calculation

1

2 clear;

3 clc;

4

5 printf(”\ t Example 2 . 1 0\ n”);
6

7 h1=200; // c o n v e c t i v e heat t r a n s f e r c o e f f i c i e n t , W/(
mˆ2∗K)

8 a=1/60000; // 1/ a=l /Kal , l =0.001m, Kal=160 W/(m∗K)
9 h2 =5000; // c o n v e c t i v e heat t r a n s f e r c o e f f i c i e n t

dur ing b o i l i n g ,W/(mˆ2∗K)
10

11 U=1/(1/ h1+a+1/h2)+0.40;

12 printf(”\ t o v e r a l l heat t r a n s f e r c o e f f i c i e n t i s : %
. 1 f W/(mˆ2∗K) \n”,U);

13 // end

Scilab code Exa 2.12 redesign of siding

1 clear;

2 clc;

3

4 printf(”\ t Example 2 . 1 2\ n”);
5 Rf =0.0005; // f o u l i n g r e s s i s t a n c e ,mˆ2∗K/W
6 U=5; // heat t r a n s f e r c o e f f i c i e n t ,W/(mˆ2∗K)
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7 Ucor=(U*Rf+1)/(U);

8 printf(”\ t c o r r e c t e d heat t r a n s f e r c o e f f i c i e n t i s :
%. 2 f W/(mˆ2∗K) \n t h e r e f o r e the f o u l i n g i s
e n t i r e l y i r r e l e v a n t to domes t i c heat h o l d s . ”,
Ucor);

9 // end

Scilab code Exa 2.13 fouling calculation

1

2 clear;

3 clc;

4

5 printf(”\ t Example 2 . 1 3\ n”);
6 U1 =4000; // o v e r a l l heat t r a n s f e r c o e f f i c i e n t o f

water c o o l e d steam condense r , W/(mˆ2∗K)
7 Rf1 =0.0006; // l owe r l i m i t o f f o u l i n g r e s s i s t a n c e o f

water s i d e , mˆ2∗K/W
8 Rf2 =0.0020; // upper l i m i t o f f o u l i n g r e s s i s t a n c e o f

water s i d e , mˆ2∗K/W
9 U2=U1/(U1*Rf1+1);

10 U3=U1/(U1*Rf2+1);

11 printf(”\ t upper l i m i t o f the c o r r e c t e d o v e r a l l
heat t r a n s f e r c o e f f i c i e n t i s : %. 0 f W/(mˆ2∗K) \n”,
U2);

12 printf(”\ t l owe r l i m i t o f c o r r e c t e d o v e r a l l
h e a t t r a n s f e r c o e f f i c i e n t i s : %. 0 f W/mˆ2/K, U i s
r educed from 4000 to between 444 and 1176 W/(mˆ2∗
K) , f o u l i n g i s c r u c i a l i n t h i s c a s e and
e n g i n e e r i n g was i n s e r i o u s e r r o r . \ n”,U3);

13 // end
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Chapter 3

Heat Exchanger Design

Scilab code Exa 3.3 heat transfer coefficient calculation

1

2 clear;

3 clc;

4

5 printf(”\ t Example 3 . 3\ n”);
6

7 T1=293; // E nt e r i ng Temperature o f Water , K
8 T2=313; // Ex i t Temperature o f water , K
9 m=25/60; // Condensat ion r a t e o f steam , kg / s
10 T3=333; // Condensat ion Temperature ,K
11 A=12; // a r ea o f exchanger , mˆ2
12 h=2358.7*10^3; // l a t e n t heat , J/ kg
13

14 U=(m*h)/(A*((T2 -T1)/log((T3-T1)/(T3 -T2))))+0.6;

15 printf(”\ t O v e r a l l heat t r a n s f e r c o e f f i c i e n t i s : %
. 0 f W/(mˆ2∗K) \n”,U);

16

17 Mh=(m*h)/(4174*(T2-T1));

18 printf(”\ t r e q u i r e d f l o w o f water i s : %. 2 f kg / s \n”,
Mh);

19 //End
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Scilab code Exa 3.4 heat exchanger area

1

2 clear;

3 clc;

4

5 printf(”\ t Example 3 . 4\ n”);
6

7 m=5.795; // f l o w r a t e o f o i l , kg / s
8 T1=454; // En t e r i n g Temperature o f o i l , K
9 T2=311; // Ex i t Temperature o f o i l , K
10 T3=305; // E nt e r i ng Temperature o f water , K
11 T4=322; // Ex i t Temperature o f water , K
12 c=2282; // heat c a p a c i t y , J /( kg∗K)
13 U=416; // o v e r a l l heat t r a n s f e r c o e f f i c i e n t , J /(mˆ2∗

K∗ s )
14 F=0.92; // C o r r e c t i o n f a c t o r f o r 2 s h e l l and 4 tube−

pas s exchanger , s i n c e R=(T1−T2) /(T4−T3)
=8.412 >1, P=(T4−T3) /(T1−T2) =0.114 , we can ge t
t h i s v a l u e o f F by u s i n g v a l u e o f P =R∗0 . 1 1 4

15

16 A=(m*c*(T1-T2))/(U*F*((T1 -T4-T2+T3)/log((T1-T4)/(T2-

T3))));

17 printf(”\ t a r ea f o r heat exchange r i s : %. 1 f mˆ2\n”,
A);

18 //End

Scilab code Exa 3.5 heat transfer temperature

1

2 clear;

19



3 clc;

4

5 printf(”\ t Example 3 . 5\ n”);
6

7 T1=313; // e n t e r i n g t empera tu r e o f c o l d water , K
8 T2=423; // En t e r i n g t empera tu r e o f hot water , K
9 Cc =20000; // heat c a p a c i t y o f c o l d water , W/K
10 Ch =10000; // heat c a p a c i t y o f hot water , W/K
11 A=30; // area , mˆ2
12 U=500; // o v e r a l l heat t r a n s f e r c o e f f i c i e n t , w/(mˆ2∗K

)
13 e=0.596; // no . o f t r a n s f e r u n i t s (NTU) =(U∗A) /Ch=1.5 ,

the e f f e c t i v e n e s s o f heat exchange r e can be
found by u s i n g t h i s v a l u e o f NTU

14

15 Q=e*Ch*(T2-T1);

16 Q1=Q/1000

17 printf(”\ t heat t r a n s f e r i s :%. 1 f KW\n”,Q1);
18

19 Texh=T2-Q/Ch;

20 Tn1=Texh -273;

21 printf(”\ t the e x i t hot water t empera tu r e i s :%. 2 f C\
n”,Tn1);

22

23 Texc=T1+Q/Cc

24 Tn2=Texc -273;

25 printf(”\ t the e x i t c o l d water t empera tu r e i s : %. 2 f
C\n”,Tn2);

26

27 //End

Scilab code Exa 3.6 area calculation

1

2 clear;
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3 clc;

4

5 printf(”\ t Example 3 . 6\ n”);
6

7 T1=313; // e n t e r i n g t empera tu r e o f c o l d water , K
8 T2=423; // En t e r i n g t empera tu r e o f hot water , K
9 T3=363; // Ex i t t empera tu r e o f hot water , K
10 Cc =20000; // heat c a p a c i t y o f c o l d water , W/K
11 Ch =10000; // heat c a p a c i t y o f hot water , W/K
12 U=500; // o v e r a l l heat t r a n s f e r c o e f f i c i e n t , w/(mˆ2∗K

)
13 T4=T1+(Ch/Cc)*(T2-T3);

14 e=(T2-T3)/(T2 -T1);

15

16 NTU =1.15;

17 A1=Ch*(NTU)/U; // s i n c e NTU=1.15=U∗A/Ch , A can be
found by u s i n g t h i s f o rmu la

18 printf(”\ t a r ea i s : %. 2 f mˆ2\n”,A1);
19

20 // ano the r way to c a l c u l a t e the a r ea i s by u s i n g l o g
mean d iamete r method

21 LMD=(T2 -T1-T3+T4)/log (110/20);

22 A2=Ch*(T2-T3)/(U*LMD);

23 printf(”\ t a r ea i s : %. 2 f mˆ2\n”,A2);
24 printf(”\ t t h e r e i s d i f f e r e n c e o f 1 p e r c e n t i n

answers which r e f l e c t s graph r e a d i n g i n a c c u r a c y . ”
);

25 // we can s e e tha t a r ea c a l u l a t e d i s same i n above 2
methods .

26 //End
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Chapter 4

Analysis of Heat Conduction

Scilab code Exa 4.8 Comparison of tip temperatures

1

2 clear;

3 clc;

4

5 printf(”\ t Example 4 . 8\ n”);
6

7 d=0.02; // d iamete r o f a l lumin ium rod ,m
8 k=205; // therma l c o n d u c t i v i t y o f rod ,W/(m.K)
9 l=0.08; // l e n g t h o f rod , m

10 T1=423; // w a l l t emperature , K
11 T2=299; // a i r t empera tut r e , K
12 h=120; // c o n v e c t i v e c o e f f i c i e n t , W/(mˆ2∗K)
13

14 mL=(h*(l^2)/(k*d/4))^0.5; // fo rmu la f o r mL=((h∗
Per ime t e r ∗ l ˆ2 ) /( k∗Area ) ) ˆ 0 . 5

15 Bi=h*l/k

16 a1=(cosh (0)+(Bi/mL)*sinh (0))/(cosh(mL)+(Bi/mL)*sinh(

mL)); // fo rmu la f o r t empera tu r e d i f f e r e n c e T−
Ttip

17

18 Ttip1=T2+a1*(T1-T2); // e x a c t t i p t empera tu r e
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19 Tt1=Ttip1 -273;

20 printf(”\ t the e x a c t t i p t empera tu r e i s : %. 2 f C\n”,
Tt1);

21

22 a2=(cosh (0)+(Bi/mL)*sinh (0))/(cosh(mL)); // i f heat
t r a n s f e r from the t i p i s not c o n s i d e r e d

23 Ttip2=T2+a2*(T1-T2);

24 Tt2=Ttip2 -273;

25 printf(”\ t approx imate t i p t empera tu r e i s : %. 2 f C\n
”,Tt2);

26 printf(”\ t thus the i n s u l a t e d t i p approx imat i on i s
adequate f o r the computat ion i n t h i s c a s e . ”);

27 //End

Scilab code Exa 4.9 error calculation in heat flux

1

2 clear;

3 clc;

4

5 printf(”\ t Example 4 . 9\ n”);
6

7 T1=423; // w a l l t emperature , K
8 d=0.02; // d iamete r o f a l lumin ium rod ,m
9 k=205; // therma l c o n d u c t i v i t y o f rod ,W/(m.K)
10 l=0.08; // l e n g t h o f rod , m
11 T2=299; // a i r t empera tut r e , K
12 h=120; // c o n v e c t i v e c o e f f i c i e n t , W/(mˆ2∗K)
13 mL =0.8656;

14 a=h*d/(2*k);

15 mr=mL*(d/(2*l)); // by l o o k i n g at graph o f 1−Qact /Q(
no temp . d e p r e s s i o n ) vs . mr∗ tanh (mL) , we can f i n d
out the v a l u e o f Troot . 1−Qact . /Q( no temp .
d e p r e s s i o n ) = 0 . 0 5 so heat f l o w i s r educed by 5
p e r c e n t
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16

17 Troot=T1 -(T1 -T2)*0.05;

18 Tr=Troot -273;

19 printf(”\ t a c t u a l t empera tu re o f r o o t i s : %. 1 f C ,
the c o r r e c t i o n i s modest i n t h i s \n”,Tr);

20 // end

Scilab code Exa 4.10 Ressistor temperature calculation

1

2

3 clear;

4 clc;

5

6 printf(”\ t Example 4 . 1 0\ n”);
7

8 T1=308; // a i r temperature , K
9 Q=0.1; // heat t r a n s f e r r e d ,W
10 k=16; // therma l c o n d u c t i v i t y o f w i r e s , W/(m∗K)
11 d=0.00062; // d iamete r o f wire ,m
12 Heff =23; // c o n v e c t i o n c o e f f i c i e n t , W/(mˆ2∗K)
13 // the w i r e s a c t ac tn as very l ong f i n s connec t ed to

r e s s i s t o r hence tanh (mL)=1
14

15 R1=1/(k*Heff *3.14^2*d^(3) /4) ^0.5;

16

17 Req =(1/R1+1/R1 +7.17*(1.33*10^ -4) +13*(1.33*10^ -4))

^-1; // the 2 therma l r e s s i s t a n c e s a r e i n
p a r a l l e l to the therma l r e s s i s t a n c e f o r n a t u r a l
c o n v e c t i o n and therma l r a d i a t i o n from the
r e s s i s t o r ’ s s u r f a c e found i n p r e v i o u s eg .

18

19 Tres=T1+Q*Req;

20 Trs=Tres -273;

21 printf(”\ t r e s s i s t o r t empera tu re i s : %. 2 f C or
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about 10 C lower than b e f o r e . \ n”,Trs);
22 // end

Scilab code Exa 4.11 Heat Loss Calulation

1

2 clear;

3 clc;

4

5 printf(”\ t Example 4 . 1 1\ n”);
6

7 D1 =0.03; // o u t e r d iameter , m
8 T1=358; // hot water temperature , K
9 t1 =0.0008; // t h i c k n e s s o f f i n s , m
10 D2 =0.08; // d iamete r o f f i n s , m
11 t2 =0.02; // s p a c i n g between f i n s , m
12 h1=20; // c o n v e c t i o n c o e f f i c i e n t , W/(mˆ2∗K)
13 h2=15; // c o n v e c t i o n c o e f f i c i e n t with f i n s , W/(mˆ2∗K)
14

15 To=295; // s u r r o u n d i n g temperature , K
16

17 Q=3.14* D1*h1*(T1-To); // i f f i n s a r e not added .
18 Q1=199 // heat l o s s w i thout f i n s ,W/m
19 printf(”\ t heat t r n s f e r r e d wi thout f i n s i s : %. 0 f W/

m\n”,Q1);
20

21 // we s e t w a l l temp.= water temp . . s i n c e the w a l l i s
c o n s t a n t l y heated by water , we shou ld not have a
r o o t temp . d e p r e s s i o n problem a f t e r the f i n s a r e
added . hence by l o o k i n g at the graph , ml ( l /
Pe r ime t e r ) ˆ0 .5=( h ∗ (D2/2−D1/2) / ( 1 2 5∗0 . 0 2 5∗ t1 ) ) =
0 . 3 0 6 , we o b t a i n n ( e f f i c i e n c y ) =89 p e r c e n t

22

23 Qfin=Q*(t2-t1)/t2 + 0.89*(2*3.14*( D2^(2)/4-D1^(2) /4)

)*50*h2*(T1-To)+1.14

25



24 printf(”\ t heat t r a n s f e r r e d with f i n s i s : %. 0 f W/m
or 4 . 0 2 t imes heat l o s s w i thout f i n s . \ n”, Qfin);

25 // end
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Chapter 5

Transient and Multidimensional
Heat Conduction

Scilab code Exa 5.2 temperature and heat calculation

1

2 clear;

3 clc;

4

5 printf(”\ t Example 5 . 2\ n”);
6

7 d1=0.1; // d iamete r o f sphere , m
8 T1=303; // env i ronment temp . ,K
9 T2=278; // f r i d g e temp . , K
10 h=6; // c o n v e c t i o n c o e f f i c i e n t , W/(mˆ2∗K)
11 k=0.603; // therma l c o n d u c t i v i t y ,W/(m∗K)
12 a=997.6; // d e n s i t y o f water , kg /mˆ3
13 c=4180; // heat c a p a c i t y , J /( kg∗K)
14

15 F=(k/(a*c))*3600/( d1^2) /4;

16 a1=0.85 // Biot no .=1/2 . 01 t h e r e f o r e we read from
f i g . i n upper l e f t hand c o r n e r

17 Tcen=a1*(T1-T2)+T2; // t empera tu r e o f the c e n t e r o f
app l e a f t e r 1 hour
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18 Tc=Tcen -273;

19 printf(”\ t t empera tu r e a f t e r an hour i s : %. 1 f C\n”,
Tc);

20

21 a2=(283-T2)/(T1-T2);

22 F1=1.29 // Bi i s s t i l l 1 / 2 . 0 1 , by l o o k i n g at the
graph we can f i n d t ime .

23

24 t=F1*a*c*0.0025/0.603 -2;

25 printf(”\ t t ime to b r i n g the temp e q u a l to 283 k i s :
%. 0 f s or 6 hr 12 min\n”,t);

26 // f i n a l l y we l o o k up at Bi =1/2.01 and f o u l i n g f a c t o r
i s 1 . 2 9 , f o r s p h e r e s heta removal i s 4 3 . 6 7 kJ

per app l e .
27 x=43.67; // heat removal f o r an app l e
28 X=12*x; // t o t a l heat removal , kJ
29

30 printf(”\ t t o t a l ene rgy removal i s :%. 0 f kJ\n”,X);
31 // end

Scilab code Exa 5.3 temperature fluctuation

1

2 clear;

3 clc;

4

5 printf(”\ t Example 5 . 3\ n”);
6

7 d1 =0.001;; // d iamete r o f nichrome , m
8 h=30000; // c o n v e c t i o n c o e f f i c i e n t , W/(mˆ2∗K)
9 T1=373; // w i r e temperature , K

10

11 // heat i s be ing g e n e r a t e d i n p r o p o r t i o n to product
o f v o l t a g e and cu r r en t , i f the b o i l i n g a c t i o n
removes heat r a p i d l y enough i n compar i son with
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the heat c a p a c i t y o f the wire , the s u r f a c e
t empera tu re may w e l l vary .

12

13 Bi=h*d1 /2/13.8; // b i o t number comes ot to be 1 . 0 9
and v a l u e o f a= w∗d1 ˆ ( 2 ) /4/ a1 comes out to be
2 7 . 5 . by l o o k i n g at the c h a r t o f c y l i n d e r s , we
f i n d that , (Tmax−Tav ) /( Tav−To) =0.04

14 TF =0.04; // t empera tu r e f l u c t u a t i o n o f 4 p e r c e n t i s
not s e r i o u s and expe r iment i s v a l i d .

15

16 printf(”\ t the t empera tu r e f l u c t u a t i o n i s : %. 2 f
t h i s f l u c t u a t i o n i s p robab ly not s e r i o u s . i t
t h e r e f o r e appea r s tha t the expe r iment i s v a l i d . \
n”, TF);

17 // end

Scilab code Exa 5.4 Maximum Time Calculation

1

2 clear;

3 clc;

4

5 printf(”\ t Example 5 . 4\ n”);
6

7 t=0.003; // h a l f t h i c k n e s s o f sword , m
8 a=1.5*10^ -5;

9

10 Tmax=t^2/(3.64^2*a); // c o n d i t i o n f o r sword to be i n
semi i n f i n i t e r e g i o n

11 printf(”\ t maximum time f o r sword to be i n semi
i n f i n i t e r e g i o n i s : %. 3 f s \n”,Tmax);

12 printf(”\ t thus the quench would be f e l t a t the
c e n t e r l i n e o f the sword w i t h i n on ly 1/20 s . the
the rma l d i f f u s i v i t y o f c l a y i s s m a l l e r than tha t
o f s t e e l by a f a c t o r o f about 30 , so the quench
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t ime o f coa t ed s t e e l must c o n t i n u e f o r ove r 1 s
b e f o r e the t empera tu r e o f the s t e e l i s a f f e c t e d
at a l l , i f the c l a y and sword t h i c k n e s s a r e
comparable . ”)

13 // end

Scilab code Exa 5.5 Time Calculation

1

2 clear;

3 clc;

4

5 printf(”\ t Example 5 . 5\ n”);
6 h=100; // c o n v e c t i v e heat t r a n s f e r c o e f f i c i e n t , W/(m

ˆ2∗K)
7 k=0.63; // therma l c o n d u c t i v i t y ,W/(m∗K)
8 // the s h o r t expo su r e to the f l ame c a u s e s on ly a very

s u p e r f i c i a l hea t ing , so we c o n s i d e r the f i n g e r to
be semi− i n f i n i t e r e g i o n . i t t u r n s out tha t the

burn t h r e s h o l d o f human sk in , Tburn i s about 65 C.
h=100 W/(mˆ2∗K) , we s h a l l assume tha t the

the rma l c o n d u c t i v i t y o f human f l e s h e q u a l s tha t
o f i t s major component − water and tha t the
the rma l d i f f u s i v i t y i s e q u a l to the known v a l u e
f o r b e e f .

9

10 // a =0.963 , BE=h∗x/k=0( s i n c e x=0 at the s u r f a c e )
11

12 // bˆ2=(h ˆ2) ∗ (0 .135∗10ˆ −6) ∗ t /( k ˆ2) =0.0034∗ t . On
s o l v i n g e r r o r f u n c t i o n by t r i a l and e r r o r method ,
we g e t the v a l u e o f t =0.33 s e c .

13

14 w=(1 -0.963)*(%pi)^(0.5) /2;

15

16 // thus i t would r e q u i r e about 1/3 s e to b r i n g the
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s k i n to burn p o i n t .
17

18 printf(” i t would r e q u i r e about 1/3 s e c to b r i n g the
s k i n to burn p o i n t ”);

19

20 // end

Scilab code Exa 5.7 depth calculation

1

2 clear;

3 clc;

4

5 printf(”\ t Example 5 . 7\ n”);
6

7 //w=2∗3.14 rad / yr , a=w∗ t=0 at p r e s e n t . f i r s t we f i n d
the depths at which a=0 curve r e a c h e s i t s l o c a l

extrema . ( we p i c k the a=0 curve because i t ) g i v e s
the h i g h e s t t empera tu re at t=o . ) . tan ( o−e )=1 so e
=3%pi /4 , 7%pi / 4 . . . . and the f i r s t minima o c c u r s
where e=3%pi /4=2 .356 .

8

9 b=0.139*10^ -6; // therma l d i f f u s i v i t y , mˆ2/ s
10

11 x=2.356/(2*3.14/(2*b*365*24*3600))^0.5; // depth o f
d i g g i n g o f e a r t h to f i n d the t empera tu r e wave

12

13 printf(”\ t depth o f d i g g i n g o f e a r t h i s :%. 3 f m, i f
we dug i n the ear th , we would f i n d i t growing
o l d e r u n t i l i t r ea ched a maximum c o l d n e s s at a
depth o f about 2 . 8 m. Far the r down , i t would beg in

to warm up again , but nt much . i n midwinter , the
r e v e r s e would be t r u e \n”,x);

14

15 // end
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Scilab code Exa 5.8 temperature calculation

1

2 clear;

3 clc;

4

5 printf(” Example 5 . 8\ n”);
6

7 l=0.08; // d i s t a n c e between meta l w a l l s ,m
8 k=0.12; // therma l c o n d u c t i v i t y o f i n s u l a t i n g

m a t e r i a l , w/(m∗K)
9 l1 =0.04; // l e n g t h o f r i b s ,m

10 l2 =0.14; // p r o j e c t e d l e g t h o f wa l l ,m
11 T1=40; // t emoe ra tu r e o f 1 s t wa l l ,C
12 T2=0; // t empera tu r e o f wa l l , C
13

14 // by l o o k i n g at the c o n f i g u r a t i o n p lo t , t h e r e a r e
approx imate l y 5 . 6 i s o t h e r m a l i n c r e m e n t s and 6 . 1 5
f l o w c h a n n e l s .

15

16 Q=2*(6.15/5.6)*k*(T1-T2); // f a c t o r o f 2 a c c o u n t s f o r
the f a c t tha t t h e r e a r e two h a l v e s i n the

s e c t i o n .
17

18 T=2.1/5.6*(T1 -T2); // by s i m p l e p r o p o t i o n a l i t y
19

20 printf(”\ t t empera tu r e i n the middle o f o f wa l l , 2
cm from a r i b i s : %. 0 f C\n”,T);

21

22 // end

Scilab code Exa 5.9 Shape Factor Calculation
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1

2 clear;

3 clc;

4

5 printf(”\ t Example 5 . 9\ n”);
6

7 r=3; // r a d i u s r a t i o o f one−q u a r t e r s e c t i o n o f
c y l i n d e r

8

9 S=%pi /(2* log(r)); // shape f a c t o r
10

11 printf(”\ t shape f a c t o r i s : %. 2 f \n the q u a r t e r
c y l i n d e r w i l l be p i c t u r e d f o r the r a d i u s r a t i o o f

3 , but f o r the d i f f e r e n t s i z e s . i n both the c a s e s
i t w i l l be 1 . 4 3 ”,S);

12 // end

Scilab code Exa 5.11 Thermal Conductivity

1

2 clear;

3 clc;

4

5 printf(”\ t Example 5 . 1 1\ n”);
6

7 Q=14; // s t eady heat t r a n s f e r ,W
8 D=0.06; // d iamete r o f heat source ,m
9 l=0.3;; // l e n g t h o f s o u r c e below s u r f a c e ,m

10 T=308; // t empera tu r e o f heat source ,K
11 T1=294; // t empera tu r e o f s u r f a c e ,K
12

13 k=(Q/(T-T1))*(1-(D/2)/(D*10))/(4*3.14*D/2) +0.025; //
therma l c o n d u c t i v i t y o f s o i l

14

15 printf(”\ t the rma l c o n d u c t i v i t y i s : %. 3 f W/(m∗K) \n”
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,k);

16

17 // end

Scilab code Exa 5.12 temperature calculation

1

2 clear;

3 clc;

4

5 printf(”\ t Example 5 . 1 2\ n”);
6

7 l=0.04; // l e n g t h o f squa r e rod , m
8 T1=373; // t emera tu r e o f rod , K
9 T2=293; // t empera tu r e o f c oo l an t ,K
10 h=800; // c o n v e c t i v e heat t r a n s f e r c o e f f i c i e n t , W/(m

ˆ2∗K)
11

12 a1 =0.93; // r a t i o o f t empera tu r e d i f f e r e n c e f o r Fo1
=0.565 , Bi1 =0.2105 , ( x/ l ) 1=0

13 a2 =0.91; // r a t i o o f t empera tu r e d i f f e r e n c e f o r Fo2
=0.565 , Bi2 =0.2105 , ( x/ l ) 2=0.5

14 a=a1*a2; // r a t i o o f t empera tu r e d i f f e r e n c e at the
a x i a l l i n e o f i n t e r e s t

15

16 T=(T1-T2)*a+T2; // t empera tu r e on a l i n e 1 cm . from
one s i d e and 2 cm . from the a d j o i n i n g s i d e a f t e r
10 s e c .

17 Ta=T -273;

18

19 printf(”\ t t empera tu r e i s : %. 2 f C\n”,Ta);
20 // end
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Scilab code Exa 5.13 Mean Temperature calculation

1

2 clear;

3 clc;

4

5 printf(”\ t Example 5 . 1 3\ n”);
6

7 T1=373; // t empera tu r e o f i r o n rod ,K
8 T2=293; // t empera tu r e o f c oo l an t ,K
9

10 // Bio t no . , Bi1=Bi2 =0.2105 , Fo1=Fo2 =0.565
11 a1 =0.10;

12 a2 =0.10;

13

14 a=a1+a2*(1-a1);

15

16 T=(T1-T2)*(1-a)+T2; //mean temperature ,K
17 Ta=T -273;

18 printf(”\ t mean tempera tu r e i s : %. 1 f C\n”,Ta);
19 // end
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Chapter 6

Laminar and Turbulent
Boundary Layers

Scilab code Exa 6.2 boundary layer thickness calculation

1

2 clear;

3 clc;

4

5 printf(”\ t example 6 . 2\ n”);
6

7 T1=300; // a i r temperature ,K
8 v=1.5; // a i r v e l o c i t y , m/ s
9 t=0.5; // t h i c k n e s s , m
10 u=1.853*10^ -5; // dynamic v i s c o s i t y , kg /(m∗ s )
11 v1 =1.566*10^ -5; // k i n e m a t i c v i s c o s i t y , mˆ2/ s
12

13 Rex=v*t/v1; // r e y n o l d s no . i s low enough to permi t
the use o f l amina r f l o w a n a l y s i s .

14

15 b=4.92*t/(Rex ^0.5) *100; // b l t h i c k n e s s , cm
16

17 // i n t h i s c a s e b/x =1.124/50=0.0225 so l amina r f l o w
i s v a l i d .
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18

19 v2 =0.8604*( v1*v/t)^(0.5);

20 // s i n c e v2 grows l a r g e r as x grows s m a l l e r , the
c o n d i t i o n v2<u i s not s a t i s f i e d very near the
l e a d i n g edge .

21

22 printf(”\ t boundary l a y e r t h i c k n e s s i s : %. 3 f cm\n”,
b);

23 // i n t h i s c a s e d e l / t h i c k n e s s i s 0 . 0 2 2 5 .
24 x=0.8604*( v1*v/t)^0.5; // v e l o c i t y ,m/ s
25 y=x/t;

26 printf(”\ t s i n c e v e l o c i t y grows l a r g e r as t h i c k n e s s
grows s m a l l e r , the c o n d i t i o n x<<u i s not
s a t i s f i e d very near the l e a d i n g edge . t h e r e f o r e
the BI approx imat i on t h e m s e l v e s breakdown . ”)

27 // end

Scilab code Exa 6.3 shear Stress and friction coefficient

1

2 clear;

3 clc;

4

5 printf(”\ t Example 6 . 3\ n”);
6

7 l=0.5; // t o t a l l e n g t h o f s u r f a c e ,m
8 Cf =0.00607; // o v e r a l l f r i c t i o n c o e f f i c i e n t
9 tw =1.183*(2.25)*Cf/2; // w a l l shear , kg /(m∗ s ˆ2)

10

11 a=0.5; // r a t i o o f w a l l s h e a r at x=l and ave rage
w a l l s h e a r

12

13 // tw ( x )=twavg where 0 . 6 6 4 / ( x ˆ 0 . 5 ) = 1 . 3 2 8/ ( 4 7 , ) 893 , x
=1/8 m thus the w a l l s h e a r s t r e s s plummets to
twavg one f o u r t h o f the way from the l e a d i n g edge
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and drops on ly to one h a l f o f twavg i n the
r ema in ing 75 p e r c e n t p l a t e . x<600∗1.566∗10ˆ(−5)
/1 . 5=0 .0063 m.

14

15 // p r e c e d i n g a n a l y s i s shou ld be good ove r a lmost 99
p e r c e n t o f the 0 . 5 m l e n g t h o f the s u r f a c e .

16

17 printf(”\ t o v e r a l l f r i c t i o n c o e f f i c i e n t i s : %f\n”,
Cf);

18 printf(”\ t w a l l s h e a r i s : %f kg /(m∗ s ˆ2) \n”,tw);
19 printf(”\ t the p r e c e d i n g a n a l y s i s shou ld be good

ove r a lmost 99 p e r c e n t o f the 0 . 5m l e n g t h o f the
s u r f a c e . ”)

20 // end

Scilab code Exa 6.4 Average Heat Flux

1

2 clear;

3 clc;

4

5 printf(”\ t Example 6 . 4\ n”);
6

7 l=0.06; // l e n g t h o f hea t e r , m
8 p=15; // p r e s s u r e o f hea t e r , atm
9 T1=440; // t empera tu r e o f hea t e r , K
10 v=2; // f r e e st ream v e l o c i t y ,m/ s
11 T2=460; // c o n s t a n t t empera tu r e o f hea t e r , K
12

13 T3=450; //mean tempera tu r e o f hea t e r , K
14

15 q=2*(0.332) *(0.674/l)*(v*l/(1.72*10^ -7))^(0.5) *(T2-

T1)/1000; // fo rmu la f o r heat f l u x i s q =2∗ (0 . 664 )
∗k/ l ∗ ( Rel ˆ 0 . 5 ) ∗ (T2−T1)

16
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17 printf(”\ t heat f l u x i s : %. 0 f kW/mˆ2\n”,q);
18 // end

Scilab code Exa 6.5 Average Heat Transfer coefficient

1

2 clear;

3 clc;

4

5 printf(”\ t Example 6 . 5\ n”);
6

7 T1=293; // a i r temperature ,K
8 v=15; // a i r v e l o c i t y ,m/ s
9 T2=383; // t empera tu r e o f p l a t e ,K
10 l=0.5; // l e n g t h o f p l a t e ,m
11 w=0.5; // width o f p l a t e ,m
12

13 Pr =0.707; // p r a n d t l no .
14 Rel=v*l/(0.0000194); // r e y n p l d s no .
15 Nul =0.664*( Rel)^0.5* Pr ^(1/3); // n u s s e t no .
16

17 h1 =367.8*(0.02885)/l; // ave rage c o n v e c t i o n
c o e f f i c i e n t , W/(mˆ2∗K)

18 Q=h1*l^(2)*(T2 -T1); // heat t r a n s f e r r e d ,W
19

20 h2=h1/2 // c o n v e c t i o n c o e f f i c i e n t at t r a i l i n g , W/(m
ˆ2∗K)

21 a1 =4.92*l/(Rel)^0.5*1000 // hydrodynamic boundary
l a y e r ,m

22

23 a2=a1/(Pr)^(1/3); // therma l boundary l a y e r ,mm
24

25 printf(”\ t ave rage heat t r e n s f e r c o e f f i c i e n t i s : %
. 1 f W/mˆ2/K\n”,h1);

26 printf(”\ t t o t a l heat t r a n s f e r r e d i s %. 0 f W\n”,Q);
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27 printf(”\ t c o n v e c t i o n c o e f f i c i e n t at t r a i l i n g i s : %
. 1 fW/(mˆ2∗K) \n”,h2);

28 printf(”\ t hydrodynamic boundary l a y e r i s : %. 2 f m\n
”,a1);

29 printf(”\ t the rma l boundary l a y e r i s : %. 2 f mm\n”,a2
);

30

31 // end

Scilab code Exa 6.6 Average temperature calculation

1

2 clear;

3 clc;

4

5 printf(”\ t Example 6 . 6\ n”);
6

7 T1=288; // a i r temperature ,K
8 v=1.8; // a i r v e l o c i t y ,m/ s
9 l=0.6; // l e n g t h o f pane l , m
10 Q=420; // power per u n i t area , mˆ2
11 T2=378; // maximum tempera tu r e o f s u r f a c e , K
12

13 T3=Q*l/(0.0278) /(0.453*(l*v/(1.794*10^ -5))^(0.50)

*(0.709) ^(1/3)); //maximum tempera tu re d i f f e r e n c e
14

15 Twmax=T1+T3; //Twmax comes out to be 1 0 6 . 5 C, t h i s
i s ve ry c l o s e to 105 C, i f 105 i s at a l l
c o n s e r v a t i v e , Q = 420 shou ld be s a f e .

16

17 T4 =0.453/0.6795* T3; // ave rage t empera tu r e d i f f e r e n c e
,K

18

19 Twavg=T1+T4; // ave rage w a l l t emperature ,K
20 Twa=Twavg -273;
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21

22 printf(”\ t ave rage w a l l t empera tu r e i s : %. 0 f C\n”,
Twa);

23 // end

Scilab code Exa 6.8 Drag Force calculation

1

2 clear;

3 clc;

4

5 printf(”\ t Example 6 . 3\ n”);
6

7 v=15; // a i r v e l o c i t y ,m/ s
8 T2=383; // t empera tu r e o f p l a t e ,K
9 l=0.5; // l e n g t h o f p l a t e ,m
10 w=0.5; // width o f p l a t e ,m
11

12 Pr =0.707; // p r a n d t l no .
13 Rel=v*l/(0.0000194); // r e y n p l d s no .
14 Nul =0.664*( Rel)^0.5* Pr ^(1/3); // n u s s e t no .
15

16 Cf=2*Nul/(Rel*Pr ^(1/3)); // f r i c t i o n c o e f f i c i e n t
17

18 s=Cf *0.5*1.05*225; // drag shear , kg /(m∗ s ˆ2)
19 f=s*0.5^2 -0.000024; // drag f o r c e , kg /(m∗ s ˆ2)
20

21 printf(”\ t drag f o r c e on heat t r a n s f e r s u r f a c e i s :
%f N or 0 . 2 3 oz . \ n”,f);

22

23 // end

Scilab code Exa 6.9 heat transfer coefficient calculation
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1

2 clear;

3 clc;

4

5 printf(”\ t Example 6 . 3\ n”);
6

7 T1=297; // r i v e r water temp . ,K
8 T2=283; // ocean water temp . , K
9 n=5; // no . o f knot s
10 k=0.5927; // therma l c o n d u c t i v i t y ,W/(m∗K)
11 a=998.8; // d e n s i t y o f water , kg /mˆ3
12 Cp =4187; // heat c a p a c i t y , J/ kg /K
13 Pr =7.66;

14 x=1; // d i s t a n c e from fo rward edge ,m
15

16 T3=(T1+T2)/2; // avg . temp . ,K
17 v=1.085*10^ -6; // k i n e m a t i c v i s c o s i t y , mˆ2/ s
18

19 u=2.572; // v e l o c i t y o f knot ,m/ s
20

21 Rex=u/v // r e y n o l d s no .
22 Cf(x)=0.455/( log (0.06* Rex))^2 // f r i c t i o n

c o e f f i c i e n t
23

24 h=k/x*0.032*( Rex)^(0.8)*Pr ^(0.43); // heat t r a n s f e r
c o e f f i c i e n t ,W/(mˆ2∗K)

25 printf(”\ t f r i c t i o n c o e f f i c i e n t i s : %f\n”,Cf);
26 printf(”\ t c o n v e c t i v e heat t r a n s f e r c o e f f i c i e n t at a

d i s t a n c e o f 1 m fom the fo rward edge i s :%. 0 f W
/(mˆ2∗K) \n”,h);

27 h1=a*Cp*u*Cf /2/(1+12.8*(7.66^0.68 -1) *(Cf/2) ^0.5);

// heat t r a n s f e r c o e f f i c i e n t ,W/(mˆ2∗K)
28 printf(”\ t heat t r a n s f e r c o e f f i c i e n t by anothe r

method i s :%. 0 f W/(mˆ2∗K) \n”,h1);
29 printf(”\ t the two v a l u e s o f h d i f f e r by about 18

pe r c ent , which i s w i t h i n the u n c e r t a i n i t y . ”);
30

31 // end
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Scilab code Exa 6.10 Average temperature calculation

1

2 clear;

3 clc;

4

5 printf(”\ t Example 6 . 3\ n”);
6

7 l=2; // l e n g t h o f p l a t e ,m
8 p=1000; // power d e n s i t y ,W/mˆ2
9 u=10; // a i r v e l o c i t y ,m/ s

10 T1=290; // wind t u n n e l temp . ,K
11 p2=1; // p r e s s u r e , atm
12 Re = 400000; // r e y n o l d s no .
13

14 v=1.578*10^ -5; // k i n e m a t i c v i s c o s i t y , mˆ2/ s
15 k=0.02623; // therma l c o n d u c t i v i t y ,W/(m∗K)
16 Pr =0.713; // p r a n d t l no .
17 Rel=u*l/v; // r e y n o l d s no . at 10 m/ s
18

19 Nul =1845; // n u s s e l t no .
20

21 h=Nul*k/l; // c o n v e c t i o n c o e f f i c i e n t ,W/(mˆ2∗K)
22

23 Tavg=T1+p/h;

24

25 printf(”\ t ave rage t empera tu re o f p l a t e i s : %. 0 f K\
n”,Tavg);

26 // to take b e t t e r account o f the t r a n s i t i o n r e g i o n ,
we can use c h u r c h i l l eqn .

27 x=Rel*Pr ^(2/3) /(1+(0.0468/ Pr)^2/3) ^0.5;

28 x1 =1.875*x*Re;

29 Nul1 =0.45+0.6774*x^(0.5) *(1+((x/12500) ^3/5/(1+( x1/x)

^3.5) ^0.4) ^0.5);
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30

31 H=Nul1*k/l; // c o n v e c t i o n c o e f f i c i e n t ,W/(mˆ2∗K)
32 Tw =290+1000/H -77.14; // ave rage t empera tu r e o f

p l a t e ,K
33 printf(”\ t ave rage t empera tu re o f p l a t e i s :%. 0 f K ,

thus i n t h i s case , the ave rage heat t r a n s f e r
c o e f f i c i e n t i s 33 p e r c e n t h i g h e r when the
t r a n s i t i o n reg ime i s i n c l u d e d . \ n”,Tw);

34 // end
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Chapter 7

Forced Convection in
Configuration Systems

Scilab code Exa 7.1 depth calculation

1

2 clear ;

3 clc;

4

5 printf(”\ t Example 7 . 1\ n”);
6 D=0.001; // d iamete r o f tube ,m
7 T1=293; // t empera tu r e o f c o l d water , K
8 T2=347; // t empera tu re o f hot water , K
9 T3=320; // o p e r a t i n g t empera tu r e o f hot water , K

10 Q=6000; // heat f l u x ,W/mˆ2
11 v=0.2 ; // speed o f water ,m/ s
12 k=0.6367; // therma l c o n d u c t i v i t y ,W/(m∗K)
13 v1 =1.541*10^ -7; // m o l e c u l a r d i f f u s i v i t y , mˆ2/ s
14 v2 =0.556*10^ -6; // m o l e c u l a r d i f f u s i v i t y , mˆ2/ s
15

16 Re=D*v/v2; // r e y n o l d s no .
17

18 L=D*(54 -11/48*Q*D/k)*v*k/(4*Q*v1); // l e n g t h tha t
i s down the tube f o r water r each to 74 C at i t s
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h o t t e s t po int ,m
19 printf(” l e n g t h tha t i s down the tube f o r water r ea ch

to 74 C at i t s h o t t e s t p o i n t i s : %. 3 f m , w h i l e
we d id not e v a l u a t e the therma l e n t r y l e n g t h here
, i t may be shown to be much , much l e s s than 1785

d i a m e t r e s . \ n”,L);
20 // end

Scilab code Exa 7.2 power input and wall temperature

1

2 clear;

3 clc;

4

5 printf(”\ t Example 7 . 2\ n”);
6

7 T1 = 300; // a i r temp . ,K
8 T2=313; // f i n a l a i r temp . ,K
9 v=2; // a i r v e l o c i t y ,m/ s
10 D=0.01; // i n n e r d i amete r o f p ipe ,m
11 l=0.2; // l e n g t h sur rounded by h e a t e r
12 Red=v*D/(16.4*10^ -6); // r e y n o l d s no .
13 Pr =0.711; // p r a n d t l no .
14 G=Red*Pr*D/l; // g r a e t z no .
15

16 Q=1.159*1004*v*(T2-T1)*(1/80); // power input , W/mˆ2
17 printf(”\ t power input i s : %. 0 f W/mˆ2\n”,Q);
18

19 Tex=T2+Q*D/(5.05*0.0266) // w a l l temp . at the e x i t ,K
20 Tex1=Tex -273.1;

21

22 printf(”\ t w a l l temp . at the e x i t i s : %. 1 f C\n”,Tex1
);

23

24 // end
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Scilab code Exa 7.3 friction factor calculation

1

2 clear;

3 clc;

4

5 printf(”\ t Example 7 . 3\ n”);
6

7 m=21.5; // mass f l o w ra t e , kg / s
8

9 D=0.12; // d iamete r o f p ipe , m
10 T1=363; // p ipe temperature ,K
11 T2=323; // bulk temp . o f f l u i d ,K
12 a=977; // d e n s i t y , kg /mˆ3
13 u=m/(a*3.14*(D/2)^2);; // ave rage v e l o c i t y ,m/ s
14 Re=u*D/(4.07*10^ -7); // r e y n o l d s no .
15 Uw =3.1*10^ -4; // w a l l s i d e v i s c o s i t y ,N∗ s /mˆ2
16 Ub =5.38*10^ -4; // bulk v i s c o s i t y , N∗ s /mˆ2
17

18 Pr =2.47; // p r a n d t l no .
19 f=1/(1.82/2.303* log(Re) -1.64)^2; // fo rmu la f o r

f r i c t i o n f a c t o r f o r smooth p i p e s
20

21 Nu=(f/8*Re*Pr)/(1.07+12.7*(f/8) ^(0.5) *(Pr ^(2/3) -1));

// fo rmu la f o r n u s s e l t no . i n f u l l y deve l oped
f l o w i n smooth p i p e s

22

23 h=Nu *0.661/D // c o n v e c t i v e heat t r a n s f e r
c o e f f i c i e n t ,W/(mˆ2) /K

24 h1 =8907; // c o n v e c t i v e heat t r a n s f e r c o e f f i c i e n t ,W
/(mˆ2) /K

25

26 // c o r r e c t e d f r i c t i o n f a c t o r = f r i c t i o n f a c t o r at
bu lk temp . ∗K where K=(7−u1/u2 ) /6 f o r w a l l temp.>
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bulk temp .
27

28 f1=f*((7-Ub/Uw)/6); // c o r r e c t e d f r i c t i o n f a c t o r
29 F=0.0122; // c o r r e c t e d f r i c t i o n f a c t o r
30

31 printf(”\ t c o r r e l a t i o n f r i c t i o n f a c t o r . i s : %. 4 f \n”
,F);

32 printf(”\ t c o n v e c t i o n heat t r a n s f e r c o e f f i c i e n t i s :
%. 0 f W/(mˆ2) /K \n”,h1);

33

34 // end

Scilab code Exa 7.4 friction factor calculation

1

2 clear;

3 clc;

4

5 printf(”\ t Example 7 . 3\ n”);
6

7 m=21.5; // mass f l o w ra t e , kg / s
8 e=260*10^ -6; // w a l l roughness ,m
9

10 D=0.12; // d iamete r o f p ipe , m
11 T1=363; // p ipe temperature ,K
12 T2=323; // bulk temp . o f f l u i d ,K
13 a=977; // d e n s i t y , kg /mˆ3
14 u=m/(a*3.14*(D/2)^2); // ave rage v e l o c i t y ,m/ s
15 Re=u*D/(4.07*10^ -7); // r e y n o l d s no .
16 Uw =3.1*10^ -4; // w a l l s i d e v i s c o s i t y ,N∗ s /mˆ2
17 Ub =5.38*10^ -4; // bulk v i s c o s i t y , N∗ s /mˆ2
18

19 Pr =2.47; // p r a n d t l no .
20

21 f=1/(1.8/2.303* log (6.9/Re+(e/D/3.7) ^1.11))^2; //
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f r i c t i o n f a c t o r from haa land e q u a t i o n .
22 Re1=Re*e/D*(f/8) ^0.5; // roughne s s r e y n o l s no .
23

24 Nu=(f/8)*Re*Pr /(1+(f/8) ^0.5*(4.5* Re1 ^(0.2)*Pr ^(0.5)

-8.48)); // c o r r e l a t i o n f o r l o c a l n u s s e l t no .
25

26 h=Nu *0.661/D/1000; // c o n v e c t i o n heat t r a n s f e r
c o e f f i c i e n t , kW/(mˆ2∗K)

27 printf(”\ t c o r r e l a t i o n f r i c t i o n f a c t o r i s :%. 5 f \n”,f
);

28 printf(”\ t c o n v e c t i o n heat t r a n s f e r c o e f f i c i e n t i s :
%. 1 f kw/(mˆ2∗K) \n”,h);

29

30 printf(”\ t i n t h i s c a s e w a l l r oughne s s c a u s e s a
f a c t o r o f 1 . 8 i n c r e a s e i n h and a f a c t o r o f 2
i n c r e a s e i n f and the pumping power . we have
omit t ed the v a r i a b l e p r o p e r t i e s hre as they were
deve l oped f o r smooth w a l l e d p i p e s . ”)

31 // end

Scilab code Exa 7.5 temperature calculation

1

2 clear;

3 clc;

4

5 printf(”\ t Example 7 . 5\ n”);
6

7 T1 = 293; // a i r temp . ,K
8 D=0.01; // i n n e r d i amete r o f p ipe ,m
9 v=0.7; // a i r v e l o c i t y ,m/ s

10 T2=333; // p ipe w a l l temp . ,K
11 t=0.25; // d i s t a n c e down the stream
12 Re=v*D/(1.66*10^ -5); // r e y n o l d s no .
13
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14 // the f l o w i s t h e r e f o r e laminar , to account f o r the
the rma l e n t r y r e g i o n , we compute the g r a e t z no .

15

16 Gz=Re *(0.709)*D/t; // g r a e t z no .
17 Nu=4.32 // n u s s e l t no . , Nu=3.657+(0 .0668∗Gz ˆ ( 1 / 3 )

/(0 .04+Gzˆ(−2/3) ) )
18

19 h=3.657*(0.0268)/D; // ave rage c o n v e c t i v e heat
t r a n s f e r c o e f f i c i e n t . W/(mˆ2∗K)

20

21 a=1-exp((-h/(1.14*1007*v))*(4*t)/D); // (Tb−T1) /(
T2−T1)=a ( suppose )

22

23 Tb=a*(T2-T1)+T1; // t empera tu r e 0 . 2 5 m f a r t h e r
down stream .

24 Tb1=Tb -270.6;

25

26 printf(”\ t t empera tu r e 0 . 2 5 m f a r t h e r down stream i s
:%. 1 f C\n”,Tb1)

27 // end

Scilab code Exa 7.6 change in bulk temperature

1

2 clear;

3 clc;

4

5 printf(”\ t Example 7 . 6\ n”);
6

7 Tbin =290; // i n l e t bu lk temp . ,K
8 v=1; // speed o f a i r , m/ s
9 a=0.09; // a r ea o f s t e e l ,mˆ2

10 l=15; // l e n g t h o f duct runn ing o u t d o o r s
through awarm a i r ,m

11 To=310; // temp . o f warm a i r ,K
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12 h=5; // heat t r a n s f e r c o e f f i c i e n t due to
n a t u r a l c o n v e c t i o n and therma l r a d i a t i o n .

13 Dh=0.3; // h y d r a u l i c d iameter ,m
14 Re=v*Dh /(1.578*10^ -5); // r e y n o l d s no . at Tbin
15 Pr =0.713; // p r a n d t l no .
16

17 f=1/(1.82/2.303* log(Re) -1.64)^2; // fo rmu la f o r
f r i c t i o n f a c t o r f o r smooth p i p e s

18

19 Nu=(f/8*Re*Pr)/(1.07+12.7*(f/8) ^(0.5) *(Pr ^(2/3) -1));

// fo rmu la f o r n u s s e l t no . i n f u l l y deve l oped
f l o w i n smooth p i p e s

20

21

22 h=Nu *0.02623/ Dh; // c o n v e c t i v e heat t r a n s f e r
c o e f f i c i e n t ,W/(mˆ2) /K

23 // the r ema in ing problem i s to f i n d the bulk
t empera tu re change . the t h i n meta l duct w a l l
o f f e r s l i t t l e the rma l r e s s i s t a n c e , but c o n v e c t i o n

r e s s i s t a n c e o u t s i d e the duct must be c o n s i d e r e d .
24

25 U=(1/4.371+1/5) ^-1; //U=1/Ain ∗ ( 1 / ( h∗A) i n +1/(h∗A)
out ) ˆ−1

26

27

28 Tbout=(To -Tbin)*(1-exp(-U*4*l/(1.217*v*1007* Dh)))+

Tbin; // o u t l e t bu lk temp . , K
29 Tbt1=Tbout -273;

30

31 printf(”\ t o u t s i d e bu lk temp . change i s : %. 1 f C\n”,
Tbt1);

32 // end

Scilab code Exa 7.7 Air speed calculation
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1

2 clear;

3 clc;

4

5 printf(”\ t Example 7 . 7\ n”);
6

7 D=0.0001; // d iamete r o f hea t e r , m
8 T1 = 293; // a i r temp . ,K
9 T2=313; // h e a t e r temp . ,K
10 p=17.8; // d i s s i p a t i n g heat , W/m
11

12 h=p/(3.14*D*(T2 -T1)); // ave rage c o n v e c t i v e heat
t r a n s f e r c o e f f i c i e n t . W/(mˆ2∗K)

13 Nu=h*D/0.0264; // n u s s e l t no . , Nu=h∗D/ therma l
c o n d u c t i v i t y

14

15 Pr =0.71; // p r a n d t l no .
16

17 Re=((Nu -0.3) *(1+(0.4/ Pr)^(2/3))^0.25/(0.62* Pr ^(1/3))

)^2; // r e y n o l d s no .
18

19 u=1.596*10^( -5) /(D)*Re+0.2; // a i r v e l o c i t y , m/ s
20

21 printf(”\ t a i r v e l o c i t y i s : %. 1 f m/ s \n”,u);
22 printf(”\ t the data s c a t t e r i n Red i s q u i t e s m a l l

l e s s than 10 pe r cent , i t would appear . t h e r e f o r e ,
t h i s method can be used to measure l o c a l

v e l o c i t i e s with good accu racy . i f the d e v i c e i s
c a l l i b e r a t e d , i t s a c cu ra cy i s improved f u r t h e r ,
such an a i r speed i n d i c a t o r i s c a l l e d a hot w i r e
anemometer . ”)

23

24 // end
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Chapter 8

natural Convection in single
phase fluids and during film
codensation

Scilab code Exa 8.1 heat transfer coefficient and heat flux calculation

1

2 clear;

3 clc;

4

5 printf(”\ t Example 8 . 1\ n”);
6

7 T1=313; // f l u i d temp . ,K
8 T2=287; // a i r temp . ,K
9 H=0.4; // h e i g h t o f s i d e s ,m

10 Pr =0.711; // p r a n d t l no .
11

12

13 b=1/T2; // b=1/v∗d (R∗T/p ) / dt=1/To
c h a r a c t e r i s a t i o n c o n s t a n t o f the rma l expans i on
o f s o l i d , Kˆ−1

14 RaL =9.8*b*(T1-T2)*H^3/((1.566*10^ -5) *(2.203*10^ -5))

; // Ray l e i gh no .
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15

16 Nu =0.678* RaL ^(0.25) *(Pr /(0.952+ Pr))^(1/4);

// n u s s e l t no .
17 h=Nu *0.02614/H // ave rage heat t r a n s f e r

c o e f f i c i e n t , W/mˆ2/K
18

19 q=h*(T1-T2) // ave rage heat t r a n s f e r ,W/mˆ2
20 c=3.936*((0.952+ Pr)/Pr^2) ^(1/4) *(1/( RaL/Pr)^0.25);

// boundary l a y e r t h i c k n e s s . ,m
21 printf(”\ t ave rage heat t r a n s f e r c o e f f i c i e n t i s :

%. 2 f W/mˆ2/K\n”,h);
22 printf(”\ t ave rage heat t r a n s f e r i s : %. 1 f W/mˆ2\n”

,q);

23 printf(”\ t boundary l a y e r t h i c k n e s s i s : %. 3 f m\n”,
c);

24

25 printf(”\ t thus the BL t h i c k n e s s at the end o f the
p l a t e i s on ly 4 p e r c e n t o f the he i ght , o r 1 . 7 2
cm t h i c k . t h i s i s t h i c k e r thsan t y p i c a l f o r c e d
c o n v e c t i o n BL but i t i s s t i l l r e a s o n a b l y t h i n . ”)

26

27 // end

Scilab code Exa 8.3 heat transfer coefficient varification

1

2 clear;

3 clc;

4

5 printf(”\ t Example 8 . 3\ n”);
6

7 T1=323; // w a l l temp . ,K
8 T2=293; // a i r temp . ,K
9 H=0.3; // h e i g h t o f wa l l , m

10 v1 =16.45*10^ -6; // m o l e c u l a r d i f f u s i v i t y , mˆ2/ s
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11 b=1/T2; // b=1/v∗d (R∗T/p ) / dt=1/To
c h a r a c t e r i s a t i o n c o n s t a n t o f the rma l expans i on o f

s o l i d , Kˆ−1
12 v2 =2.318*10^ -5; // m o l e c u l a r d i f f u s i v i t y , mˆ2/ s
13 Pr =0.71; // p r a n d t l no .
14

15 Ral =9.8*b*(T1-T2)*H^3/((1.566*10^ -5) *(2.203*10^ -5))

; // Ray l e i gh no .
16 Nu =0.678* Ral ^(0.25) *(Pr /(0.952+ Pr))^(1/4);

// n u s s e l t no .
17 h=Nu *0.0267/H // ave rage heat t r a n s f e r

c o e f f i c i e n t , W/mˆ2/K
18

19 Nu1 =0.68+0.67*(( Ral)^(1/4) /(1+(0.492/ Pr)^(9/16))

^(4/9)); // c h u r c h i l l c o r r e l a t i o n
20

21 h1=Nu1 *(0.0267/0.3) -.11; // ave rage heat
t r a n s f e r c o e f f i c i e n t , W/mˆ2/K

22

23

24 printf(”\ t c o r r e l a t i o n ave rage heat t r a n s f e r
c o e f f i c i e n t i s :%. 2 f W/mˆ2/K\n”,h1)

25 printf(”\ t the p r e d i c t i o n i s t h e r e f o r e w i t h i n 5
p e r c e n t o f c o r e l a t i o n . we shou ld use the l a t t e r
r e s u l t i n p r e f e r e n c e to the t h e o r i t i c a l one ,
a l though the d i f f e r e n c e i s s l i g h t . ”)

26 // end

Scilab code Exa 8.4 Heat flux variation

1

2 clear;

3 clc;

4

5 printf(”\ t Example 8 . 4\ n”);
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6

7 T1=400; // hot o i l temp . ,K
8 D=0.005; // d iamete r o f l i n e c a r r y i n g o i l , m
9 T2=300; // temp . o f a i r around the tube ,K
10 Tav =350; // ave rage BI temp . ,K
11

12 //we e v a l u a t e p r o p e r t i e s at t h i s temp . and w r i t e g
as ge ∗ ( g− l e v e l ) , where ge i s g at the e a r t h
s u r f a c e and the g− l e v e l i s the f r a c t i o n o f ge i n
the space v e h i c l e .

13 b=1/T2; // b=1/v∗d (R∗T/p ) / dt=1/To
c h a r a c t e r i s a t i o n c o n s t a n t o f the rma l expans i on o f

s o l i d , Kˆ−1
14

15 v1 =2.062*10^ -5; // m o l e c u l a r d i f f u s i v i t y , mˆ2/ s
16 v2 =2.92*10^ -5; // m o l e c u l a r d i f f u s i v i t y , mˆ2/ s
17 Pr =0.706; // p r a n d t l no .
18

19 g=[10^ -6 10^-5 10^-4 10^ -2];

20 i=1;

21 while(i<5)

22 Ral =(9.8*b*((T1 -T2))*(D^(3))/(v1*v2))*g(i); //
Ray l e i gh no .

23 Nu(i)=(0.6+0.387*( Ral /(1+(0.559/ Pr)^(9/16))^(16/9))

^(1/6))^2;

24 //Nu( i ) =(0 . 6+0 .387∗ ( ( Ral ) / (1+(0 . 559/ Pr ) ˆ ( 9 / 1 6 ) )
ˆ ( 1 6 / 9 ) ) ˆ1/6) ˆ 2 ; // c h u r c h i l l c o r r e l a t i o n .

25 printf(”\ t N u s s e l t no . a r e : %. 3 f \n”,Nu(i));
26 h(i)=Nu(i)*0.0297/D; // c o n v e c t i v e heat t r a n s f e r

c o e f f i c i e n t ,W/(mˆ2∗K)
27 printf(”\ t c o n v e c t i v e heat t r a n s f e r c o e f f i c i e n t a r e

: %. 2 fW/(mˆ2∗K) \n”,h(i));
28 Q(i)=%pi*D*h(i)*(T1-T2); // heat t r a n s f e r ,W/m
29 printf(”\ t heat t r a n s f e r i s :%. 2 fW/m o f tube \n”,Q(i)

);

30 i=i+1;

31 end

32
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33 // end

Scilab code Exa 8.5 Average surface temperature calculation

1

2 clear ;

3 clc;

4

5 printf(”\ t Example 8 . 5\ n”);
6

7 T2=300; // a i r temp . ,K
8 P=15; // d e l i v e r e d power ,W
9 D=0.17; // d iamete r o f hea t e r ,m

10 v1 =1.566*10^ -5; // m o l e c u l a r d i f f u s i v i t y , mˆ2/ s
11 b=1/T2; // b=1/v∗d (R∗T/p ) / dt=1/To

c h a r a c t e r i s a t i o n c o n s t a n t o f the rma l expans i on o f
s o l i d , Kˆ−1

12 Pr =0.71; // p r a n d t l no .
13 v2 =2.203*10^ -5; // m o l e c u l a r d i f f u s i v i t y , mˆ2/ s
14 v3 =3.231*10^ -5; // m o l e c u l a r d i f f u s i v i t y at a b

e x c e p t at 365 K. , mˆ2/ s
15 v4 =2.277*10^ -5; // m o l e c u l a r d i f f u s i v i t y at a b

e x c e p t at 365 K. , mˆ2/ s
16 k1 =0.02614; // therma l c o n d u c t i v i t y
17 k2 =0.0314; // therma l c o n d u c t i v i t y
18

19 //we have no fo rmu la f o r t h i s s i t u a t i o n , so the
problem c a l l s f o r some guesswork . f o l l o w i n g the
l e a d o f c h u r c h i l l and chau , we r e p l a c e RaD with
RaD1/NuD i n eq .

20 // (NuD) ˆ ( 6 / 5 ) =0.82∗ (RaD1) ˆ ( 1 / 5 ) ∗Pr ˆ 0 . 0 3 4
21

22 delT =1.18*P/(3.14*D^(2) /4)*(D/k1)/((9.8*b*661*D^(4)

/(0.02164* v1*v2))^(1/6)*Pr ^(0.028));

23
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24 // i n the p r e c e d i n g computat ion , a l l the p r o p e r t i e s
were e v a l u a t e d at T2 .mow we must r e t u r n the
c a l c u l a t i o n , r e e v a l u a t i n g a l l p r o p e r t i e s e x c e p t b
at 365 K.

25

26 delTc =1.18*661*(D/k2)/((9.8*b*661*D^(4)/(k2*v3*v4))

^(1/6) *(0.99));

27

28 TS=T2+delTc;

29 TS1=TS -271.54

30

31 printf(”\ t ave rage s u r f a c e temp . i s :%. 0 f K\n”,TS1);
32

33 printf(”\ t tha t i s r a t h e r hot . o b v i o u s l y , the c o o l i n g
p r o c e s s i s q u i t e i n e f f e c t i v e i n t h i s c a s e . ”)

34 // end

Scilab code Exa 8.6 heat transfer calculation

1

2 clear;

3 clc;

4

5 printf(”\ t Example 8 . 6\ n”);
6

7 T2=363; // temp . o f s t r i p ,K
8 T1=373; // s a t u r a t e d temp . ,K
9 H=0.3; // h e i g h t o f s t r i p ,m
10 Pr =1.86; // p r a n d t l no .
11 Hfg =2257; // l a t e n t heat . k j / kg
12 ja =4.211*10/ Hfg; // jakob no .
13 a1 =961.9; // d e n s i t y o f water , kg /mˆ3
14 a2=0.6; // d e n s i t y o f a i r , kg /mˆ3
15 k=0.677; // therma l c o n d u c t i v i t y ,W/(m∗K)
16
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17 Hfg1=Hfg *(1+(0.683 -0.228/ Pr)*ja); // c o r r e c t e d
l a t e n t heat , k j / kg

18

19 delta =(4*k*(T1-T2)*(2.99*10^( -4))*0.3/( a1*(a1-a2)

*9.806* Hfg1 *1000))^(0.25) *1000;

20

21 Nul =4/3*H/delta; // ave rage n u s s e l t no .
22 q=Nul*k*(T1-T2)/H; // heat f l o w on an a r ea about

h a l f the s i z e o f a desktop ,W/mˆ2
23 Q=q*H; // o v e r a l l heat t r a n s f e r per meter ,kW/m
24

25 m=Q/(Hfg1); // mass r a t e o f c o n d e n s a t i o n per
meter , kg /(m∗ s )

26

27 printf(”\ t o v e r a l l heat t r a n s f e r per meter i s :%. 1 f
kW/mˆ2\n”,Q);

28 printf(”\ t f i l m t h i c k n e s s at the bottom i s :%. 3 f mm
\n”,delta);

29 printf(”\ t mass r a t e o f c o n d e n s a t i o n per meter . i s :
%. 4 f kg /(m∗ s ) \n”,m);

30

31 // end
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Chapter 9

Heat transfer in boiling and
other phase configurations

Scilab code Exa 9.1 Size estimation

1

2 clear;

3 clc;

4

5 printf(”\ t Example 9 . 1\ n”);
6

7 T2=363; // temp . o f s t r i p ,K
8 T1=373; // s a t u r a t e d temp . ,K
9 p=1.013*10^5; // p r e s s u r e o f water ,N/mˆ2
10 psat =1.203*10^5; // s a t u r a t e d p r e s s u r e at 108 C,N/m

ˆ2
11 psat1 =1.769*10^5; // s a t u r a t e d p r e s s u r e at 116 C,N/

mˆ2
12 a=57.36*10^ -3; // s u r f a c e t e n s i o n , N/mat Tsat

=108 C
13 a1 =55.78*10^ -3; // s u r f a c e t e n s i o n , N/mat Tsat

=116 C
14 Rb=2*a/(psat -p)*1000; // bulk r a d i u s at 108 C,

mm
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15 Rb1 =2*a1/(psat1 -p)*1000; // bulk r a d i u s at 116
C, mm

16

17 printf(”\ t bu lk r a d i u s at 108 C i s :%. 3 f mm\n”,Rb);
18 printf(”\ t bu lk r a d i u s at 116 C i s :%. 4 f mm\n”,Rb1);
19

20 printf(”\ t t h i s means tha t the a c t i v e n u c l e a t i o n
s i t e s would be h o l e s with d i a m e t e r s very rough ly
on the o r d e r magnitude o f 0 . 0 0 5 mm a t l e a s t on the

h e a t e r . tha t i s w i t h i n the r a n s g e o f r oughne s s
o f c o m me r c i a l l y f i n i s h e d s u r f a c e s . ”)

21 // end

Scilab code Exa 9.2 surface factor calculation

1

2 clear ;

3 clc;

4

5 printf(”\ t Example 9 . 2\ n”);
6

7 q=800; // power d e l i v e r e d per u n i t area ,KW/mˆ2
8 T1=373; // s a t u r a t e d temp . o f water , K
9 delT =22; // temp . d i f f e r e n c e ,K
10 Cp =4.22; // heat c a p a c i t y o f water , k j / ( kg∗K)
11 Pr =1.75; // p r a n d t l no .
12 a=958; // d e s i t y d i f f e r e n c e , kg /mˆ3
13 s=0.0589; // s u r f a c e t e n s i o n , kg / s ˆ2
14 Hfg =2257; // l a t e n t heat , k j / kg
15

16 // by u s i n g rohensow c o r r e l a t i o n a p p l i e d data f o r
water b o i l i n g on 0 . 6 1 mm diamete r p lat inum wi r e

17

18 Csf =(3.1*10^ -7*( delT)^3/(q))^(1/3); // s u r f a c e
c o r r e c t i o n f a c t o r o f the h e a t e r s u r f a c e
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19

20 printf(”\ t s u r f a c e c o r r e c t i o n f a c t o r o f the h e a t e r
s u r f a c e i s : %. 3 f , t h i s v a l u e compares f a v o r a b l y
with Csf f o r a p lat inum or copper s u r f a c e under
water . \ n”,Csf);

21 // end

Scilab code Exa 9.3 steam velocity estimation

1

2 clear;

3 clc;

4

5 printf(”\ t Example 9 . 3\ n”);
6

7 p=1.013*10^5; // p r e s s u r e o f water ,N/mˆ2
8 D=0.1; // i n s i d e d iameter ,m
9 l=0.04; // wavelength ,m

10 a=0.0589; // s u r f a c e t e n s i o n ,N/m
11 b=0.577; // d e n s i t y o f gas , kg /mˆ3
12

13 u=(2* %pi*a/(b*l))^(0.5); // the f l o w w i l l be
h e l mh o l t z s t a b l e u n t i l the steam v e l o c i t y r e a c h e s

t h i s v a l u e .
14

15 printf(”\ t steam v e l o c i t y r e q u i r e d to d e s t a b l i z e the
l i q u i d f l o w i s : %. 1 f m/ s , beyond that , the

l i q u i d w i l l form wh i t e c ap s and be blown back
upward . \ n”,u);

16

17 // end

Scilab code Exa 9.4 maximum spacing calculation
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1

2 clear;

3 clc;

4

5 printf(”\ t Example 9 . 4\ n”);
6

7 a=13600; // d e s i t y d i f f e r e n c e , kg /mˆ3
8 s=0.487; // s u r f a c e t e n s i o n , kg / s ˆ2
9

10 L=2*%pi *(3^0.5) *(s/(9.8*a))^0.5*100; // s p a c i n g
wave length , cm

11

12 printf(”\ t maximum s p a c i n g i s : %. 1 f cm\n”,L);
13 printf(”\ t a c t u a l l y t h i s s p a c i n g would g i v e the

maximum r a t e o f c o l l a p s e . i t can be shown tha t
c o l l a p s e would beg in at 1 / 3 ˆ 0 . 5 t imes t h i s v a l u e
or at 1 . 2 cm . ”)

14 // end

Scilab code Exa 9.5 peak heat flux calculation

1

2 clear;

3 clc;

4

5 printf(”\ t Example 9 . 5\ n”);
6

7 T1=373; // s a t u r a t e d temp . o f water , K
8 a=957.6; // d e s i t y d i f f e r e n c e , kg /mˆ3
9 s=0.0589; // s u r f a c e t e n s i o n , kg / s ˆ2
10 Hfg =2257*1000; // l a t e n t heat , J/ kg
11 a2 =0.597; // d e n s i t y o f gas , kg /mˆ3
12

13 Qmax =0.149* a2^0.5* Hfg *(9.8*a*s)^0.25/1000000;

14
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15 printf(”\ t peak heat f l u x i s : %. 2 f MW/mˆ2 , from
f i g u r e i t can be shown tha t qmax =1.16 MW/mˆ2 ,
which i s l e s s by on ly about 8 p e r c e n t . \ n”,Qmax);

16

17 // end

Scilab code Exa 9.6 maximum heat flux

1

2 clear ;

3 clc;

4

5 printf(”\ t Example 9 . 6\ n”);
6

7 T1=628; // s a t u r a t e d temp . o f water , K
8 a=13996; // d e s i t y d i f f e r e n c e , kg /mˆ3
9 s=0.418; // s u r f a c e t e n s i o n , kg / s ˆ2
10 Hfg =2925*1000; // l a t e n t heat , J/ kg
11 a2=4; // d e n s i t y o f mercury , kg /mˆ3
12

13 Qmax =0.149* a2^0.5* Hfg *(9.8*a*s)^0.25/10^7 -.015;

14

15 printf(”\ t peak heat f l u x i s : %. 3 f MW/mˆ2\n”,Qmax);
16 printf(”\ t the r e s u l t i s ve ry c l o s e to tha t f o r

water , the i n c r e a s e i n d e n s i t y and s u r f a c e t e n s i o n
have not been compensated by amuch lowe r l a t e n t

heat . ”)
17

18 // end

Scilab code Exa 9.7 heat removal rate calculation

1
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2 clear ;

3 clc;

4

5 printf(”\ t Example 9 . 7\ n”);
6

7 T1=373; // s a t u r a t e d temp . o f water , K
8 a=958 ; // d e s i t y d i f f e r e n c e , kg /mˆ3
9 s=0.0589; // s u r f a c e t e n s i o n , kg / s ˆ2
10 Hfg =2257*1000; // l a t e n t heat , J/ kg
11 a2 =0.597; // d e n s i t y o f gas , kg /mˆ3
12 A=400*10^ -4; // a r ea o f m e t t a l i c body ,mˆ2
13 V=0.0006; // volume o f body , mˆ3
14

15 Qmax =(0.131* a2^0.5* Hfg *(9.8*a*s)^0.25) *0.9*A/1000 ;

// l a r g e r a t e o f ene rgy removal , KW as
the c o o l i n g p r o c e s s p r o g r e s s e s , i t go e s through
the b o i l i n g curve from f i l m b o i l i n g , through qmin ,
up the t r a n s i t i o n a l b o i l i n g reg ime , through qmax

and down the3 n u c l e a t e b o i l i n g curve .
16

17 //R=V/A∗ ( 9 . 8 ∗ a/ s ) ˆ 0 . 5 s i n c e t h i s v a l u e comes
out to be 6 . 0 , which i s l a r g e r than the s p e c i f i e d

l owe r bound o f about 4 .
18

19 printf(”\ t the heat f l o w i s : %. 1 f KW\n”,Qmax);
20 // to comple te the c a l c u l a t i o n , i t i s n e c e s s a r y to

check whether or not r a t e i s l a r g e enough to
j u s t i f y the use .

21

22 R=V/A*(9.8*958/0.0589) ^0.5; // the most r a p i d r a t e
o f heat removal dur ing the quench

23 printf(”\ t the most r a p i d r a t e o f heat removal
dur ing the quench i s : %. 0 f , t h i s i s l a r g e r than

the s p e c i f i e d l owe r bound o f about 4 .\ n”,R);
24 // end
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Scilab code Exa 9.8 minimum heat flux

1

2 clear ;

3 clc;

4

5 printf(”\ t Example 9 . 8\ n”);
6

7 T1=373; // s a t u r a t e d temp . o f water , K
8 a=957.6; // d e s i t y d i f f e r e n c e , kg /mˆ3
9 s=0.0589; // s u r f a c e t e n s i o n , kg / s ˆ2
10 Hfg =2257*1000; // l a t e n t heat , J/ kg
11 a2 =0.597; // d e n s i t y o f gas , kg /mˆ3
12

13 Qmin =0.09* a2*Hfg *(9.8*a*s/(959^2))^0.25+2;

14

15 printf(”\ t peak heat f l u x i s : %. 0 f W/mˆ2 , from the
f i g u r e , we read 20000 W/mˆ2 , which i s the same ,

w i t h i n the ac cu ra cy o f graph . \ n”,Qmin);
16

17 // end

Scilab code Exa 9.9 wall temperature calculation

1

2 clear;

3 clc;

4

5 printf(”\ t Example 9 . 9\ n”);
6

7 T1=480; // bulk temp . o f water , K
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8 m=0.6; // mass f l o w r a t e o f s a t u r a t e d water ,
kg / s

9 D=0.05; // d iamete r o f v e r t i c a l tube ,m
10 p=184000; // h e a t i n g r a t e f tube , W/mˆ2
11 A=0.001964; // a r ea o f the pipe ,mˆ2
12 Pr =0.892; // p r a n d t l no .
13 x=0.2; // q u a l i t y
14 a1 =9.014; // d e n s i t y o f gas , kg /mˆ3
15 a2 =856.5 // d e n s i t y o f water , kg /mˆ3
16 Hfg =1913*1000; // l a t e n t heat , J/ kg
17

18 G=m/A; // s u p e r f i c i a l mass f l u x
19 Relo=G*D/(1.297*10^ -4); // r e y n o l d s no . f o r l i q u i d

on ly .
20 f=1/(1.82/2.303* log(Relo) -1.64) ^2; // fo rmu la

f o r f r i c t i o n f a c t o r f o r smooth p i p e s
21

22 Nu=(f/8* Relo*Pr)/(1.07+12.7*(f/8) ^(0.5) *(Pr ^(2/3) -1)

); // fo rmu la f o r n u s s e l t no . i n f u l l y deve l oped
f l o w i n smooth p i p e s

23

24 hlo =0.659* Nu/D; // heat t r a n s f e r c o e f f i c i e n t ,w
/(mˆ2∗K)

25

26 Co=((1-x)/x)^0.8*( a1/a2)^0.5; // Convect ion
no .

27 Bo=p/(G*Hfg); // b o i l i n g no .
28

29 Hfg1=(1-x)^0.8*(0.6683* Co^( -0.2) +1058* Bo ^0.7)*hlo;

// heat t r a n s f e r c o e f f i c i e n t f o r n u c l e a t e
b o i l i n g dominant , w/(mˆ2∗K)

30 Hfg2=(1-x)^0.8*(1.136* Co^( -0.9) +667.2* Bo ^0.7)*hlo;

// heat t r a n s f e r c o e f f i c i e n t f o r
c o n n e c t i v e b o i l i n g dominant , w/(mˆ2∗K)

31

32 // s i n c e the second v a l u e i s l a r g e r , we w i l l use i t .
33

34 Tw=T1+p/Hfg2; // w a l l t empera tu r e ,K
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35 Tw1=Tw -273;

36 printf(”\ t w a l l t empera tu r e i s : %. 0 f C\n”,Tw1);
37 // end
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Chapter 10

thermal radiation heat transfer

Scilab code Exa 10.1 net heat transfer calculation

1

2

3 clear;

4 clc;

5

6 printf(”\ t Example 1 0 . 1\ n”);
7

8 T1 =2273; // temp . o f l i q u i d a i r ,K
9 T2=303; // temp . o f room ,K
10 T3=973; // temp . o f s h i e l d ,K
11 D1 =0.003; // d iamete r o f c r u c i b l e ,m
12 D2 =0.05; // d iamete r o f s h i e l d ,m
13 theta1 =330; // s u r r o u n d i n g a n g l e o f j e t , d e g r e e
14 theta2 =30 // a n g l e o f s l i t , d e g r e e
15 Fjr=theta2 /360; // f r a c t i o n o f ene rgy o f view

o f j e t o c c u p i e d by room
16 Fjs=theta1 /360 ; // f r a c t i o n o f ene rgy o f view

o f j e t o c c u p i e d by s h i e l d
17

18 Qnjr=%pi*D1*Fjr *5.67*10^ -8*( T1^4-T2^4); // net
heat t r a n s f e r from j e t to room ,W/m
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19

20 Qnjs=%pi*D1*Fjs *5.67*10^ -8*( T1^4-T3^4); // net
heat t r a n s f e r from j e t to s h i e l d ,W/m

21

22 // to f i n d the r a d i a t i o n from the i n s i d e o f the
s h i e l d to the room , we need F s h i e l d−room . s i n c e
any r a d i a t i o n p a s s i n g out o f the s l i t go e s to the

room , we can f i n d t h i s view f a c t o r e q u a t i n g view
f a c t o r s to the room with view f a c t o r s to the s l i t
.

23

24 Fsj=%pi*D1 /0.01309* Fjr; // f r a c t i o n o f ene rgy o f
view o f s l i t o c c u p i e d by j e t

25 Fss=1-Fsj; // f r a c t i o n o f ene rgy o f view o f
s l i t o c c u p i e d by s h i e l d .

26 Fsr =0.01309* Fss/(%pi*D2*Fjs); // f r a c t i o n o f
ene rgy o f view o f s h i e l d o c c u p i e d by room

27

28 Qnsr=%pi*D2*Fjs *5.67*10^ -8* Fsr*(T3^4-T2^4); // net
heat t r a n s f e r from s h i e l d to room , W/m

29

30 printf(”\ t heat t r a n s f e r from j e t to room through
the s l i t i s :%. 0 f W/m\n”,Qnjr);

31

32 printf(”\ t heat t r a n s f e r from the j e t to s h i e l d i s
:%. 0 f W/m\n”,Qnjs);

33

34 printf(”\ t heat t r a n s f e r from i n s i d e o f s h i e l d to
the room i s :%. 0 f W/m\n”,Qnsr);

35

36 printf(”\ t both the j e t and the i n s i d e o f the s h i e l d
have r e l a t i v e l y s m a l l v iew f a c t o r s to the room ,

so tha t c o m p a r a t i v e l y l i t t l e heat i s l o s t through
the s i l t . ”);

37 // end
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Scilab code Exa 10.2 net heat transfer calculation

1

2 clear ;

3 clc;

4

5 printf(”\ t Example 1 0 . 2\ n”);
6 T1=373; // temp . o f s h i e l d ,K
7 T2 =1473; // temp o f hea t e r ,K
8 h=0.2 ; // h e i g h t o f d i s c hea t e r ,m
9 r1 =0.05; // s m a l l e r r a d i u s o f hea t e r ,m
10 r2=0.1; // l a r g e r r a d i u s o f hea t e r ,m
11 R1=r1/h ; // f a c t o r s n e c e s s a r y f o r f i n d i n g view

f a c t o r
12 R2=r2/h ; // f a c t o r s n e c e s s a r y f o r f i n d i n g view

f a c t o r
13 X=1+(1+ R2^2)/R1^2; // f a c t o r s n e c e s s a r y f o r

f i n d i n g view f a c t o r
14

15 Fht =0.5*(X-(X^2-4*(R2^2/R1^2))^0.5); // view
f a c t o r

16 Fhs=1-Fht; // view f a c t o r o f h e a t e r o c c u p i e d by
s h i e l d

17 Qnhs=%pi*r2^2*Fhs *5.67*10^ -8*( T2^4-T1^4) /4+1;

18

19 printf(”\ t net heat t r a n s f e r from the h e a t e r to
s h i e l d i s : %. 0 f W\n”,Qnhs);

20 // end

Scilab code Exa 10.3 view factor calculation

1
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2 clear;

3 clc;

4

5 printf(”\ t Example 1 0 . 3\ n”);
6 h=0.2 ; // h e i g h t o f d i s c hea t e r ,m
7 r1 =0.05; // s m a l l e r r a d i u s o f hea t e r ,m
8 r2=0.1; // l a r g e r r a d i u s o f hea t e r ,m
9 Fhs =0.808; // view f a c t o r o f h e a t e r o c c u p i e d

by s h i e l d
10

11 As=%pi*(r1+r2)*(h^2+(r2 -r1)^2) ^0.5; // a r ea o f
f ru s t rum shaped s h i e l d ,mˆ2

12 Ah=%pi/4*r2^2; // h e a t e r area ,mˆ2
13

14 Fsh=Ah/As*Fhs; // view f a c t o r o f s h i e l d
o c c u p i e d by h e a t e r

15

16 printf(” view f a c t o r o f s h i e l d o c c u p i e d by h e a t e r i s
:%. 4 f \n”,Fsh);

17 // end

Scilab code Exa 10.4 view factor calculation

1

2 clear;

3 clc;

4

5 printf(”\ t Example 1 0 . 4\ n”);
6

7 F1342 =0.245; // view f a c t o r o f 1and 3 o c c u p i e d
by 2 and 4

8 F14 =0.2; // view f a c t o r o f 1 o c c u p i e d by 4
9

10 F12=F1342 -F14; // view f a c t o r o f 1 o c c u p i e d by
2
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11 printf(”\ t view f a c t o r o f 1 o c c u p i e d by 2 i s :%. 3 f \
n”,F12);

12 // end

Scilab code Exa 10.8 heat gain rate and temperature of the shield

1

2 clear;

3 clc;

4

5 printf(”\ t Example 1 0 . 8\ n”);
6 T1=80; // temp . o f l i q u i d n i t r g e n ,K
7 T2=230; // temp o f chamber w a l l s ,K
8 D1 =0.00635; // o u t e r d i amete r o f s t e e l , m
9 D2 =0.0127; // d iamete r o f 2nd s t e e l tube , m
10 e1=0.2 ; // e m i s s i v i t y 0 f s t e e l
11 x=poly ([0], ’ x ’ );
12

13 // the n i t r o g e n c o o l a n t w i l l ho ld the s u r f a c e o f the
l i n e at e s s e n t i a l l y 80 K, s i n c e the therma l
r e s s i s t a n c e o f tube w a l l and i n t . c o n v e c t i o n or
b o i l i n g p r o c e s s a r e s m a l l .

14

15 Qgain=%pi*D1*e1 *5.67*10^ -8*( T2^4-T1^4); // net
heat ga in o f l i n e per u n i t l eng th ,W/m

16 // with the s h i e l d , assuming tha t the chamber a r ea
i s l a r g e compared to the s h i e l d e d l i n e .

17

18 Qgain1=%pi*D1 *5.67*10^ -8*( T2^4-T1^4) /(((1 -e1)/e1+1)

+D1/D2*(2*(1 -e1)/e1+1)); // net heat ga in
with s h i e l d ,W/m

19

20 s=(Qgain -Qgain1)/Qgain *100; // r a t e o f heat ga in
r educ ton i n p e r c e n t a g e

21
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22 x=roots(%pi*D2*e1 *5.67*10^ -8*( T2^4-x^4)-Qgain1);

23

24

25 printf(”\ t net heat ga in o f l i n e per u n i t l e n g t h i s
:%. 3 f W/m\n”,Qgain);

26 printf(”\ t r a t e o f heat ga in r educ ton i s :%. 0 f
p e r c e n t \n”,s);

27 printf(”\ t temp . o f the s h i e l d i s : %. 0 f C\n”,x(4))
;

28

29 // end

Scilab code Exa 10.9 net heat transfer calculation

1

2 clear;

3 clc;

4

5 printf(”\ t Example 1 0 . 9\ n”);
6 T1=250 ; // temp . o f su r round ing ,K
7 l1=1; // width o f s t r i p s , m
8 l2=2.4; // d i s t a n c e between s t r i p s ,m
9 F12 =0.2; // view f a c t o r o f 1 o c c u p i e d by 2 .
10

11 A=[1 -0.14;-1 10] ; // matr ix r e p r e s e n t a t i o n f o r
s o l v i n g the l i n e a r eq ua t i on s , f o r b l a c k
s u r r o u n d i n g s

12 B=[559.6;3182.5]; // matr ix r e p r e s e n t a t i o n f o r
s o l v i n g the l i n e a r e q u a t i o n s .

13

14 X=inv(A)*B;

15 A=[1 -0.14;-1 10]; // matr ix r e p r e s e n t a t i o n f o r
s o l v i n g the l i n e a r eq ua t i on s , f o r b l a c k
s u r r o u n d i n g s

16 B=[559.6;3182.5]; // matr ix r e p r e s e n t a t i o n f o r
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s o l v i n g the l i n e a r e q u a t i o n s .
17

18 X=inv(A)*B;

19

20 Qn12=(X(1)-X(2))/(1/(0.9975* F12)); // net heat
f l o w from 1 to 2 f o r b l a c k s u r r o u n d i n g s .

21 // s i n c e each s t r i p l o s e s heat to the sur round ing ,
Qnet1 , Qnet2 and Qnet1−2 a r e d i f f e r e n t .

22 // t h r e e e q u a t i o n s w i l l be
23 // (1451−B1) / 2 . 3 3 = (B1−B2) / ( 1 / 0 . 2 ) +(B1−B3) / ( 1 / 0 . 8 )

. . . . . . ( 1 )
24 // ( 4 5 9 . B2 ) = (B2−B1) / ( 1 / 0 . 2 ) +(B2−B3) / ( 1 / 0 . 8 )

. . . . . . . . . . . . ( 2 )
25 // 0=(B3−B1) / ( 1 / 0 . 8 ) +(B3−B2) / ( 1 / 0 . 8 )

. . . . . . . . . . . . . . . . . . . . . ( 3 )
26 // s o l v i n g t h e s e e qua t i on s , we g e t the v a l u e s o f B1 ,

B2 and B3 .
27 B1 =987.7 // heat f l u x by s u r f a c e 1 .
28 B2 =657.4 // heat f l u x by s u r f a c e 2 .
29 B3 =822.6 // heat f l u x by s u r f a c e 3 .
30 qn12=(B1-B2)/(1/ F12)+(B1 -B3)/(1/(1 - F12)); //

net heat t r a n s f e r between 1 and 2 i f they a r e
connec t ed by an i n s u l a t e d d i f f u s e r e f l e c t o r
between the edge s on both s i d e s .

31

32 printf(” net heat t r a n s f e r between 1 and 2 i f the
s u r r o u n d i n g s a r e b l a c k i s :%. 2 f W/mˆ2\n”,Qn12);

33

34 printf(” net heat t r a n s f e r between 1 and 2 i f they
a r e connec t ed by an i n s u l a t e d d i f f u s e r e f l e c t o r
between the edge s on both s i d e s i s : %. 0 f W/mˆ2\n
”,qn12);

35

36 x=poly ([0], ’ x ’ );
37 x=roots (5.67*10^ -8*(x^4) -822.6);

38 printf(”\ t t empera tu r e o f the r e f l e c t o r i s : %. 0 f K
\n”,x(4));

39 // end
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Scilab code Exa 10.10 heat transfer rate calculation

1

2 clear ;

3 clc;

4

5 printf(”\ t Example 1 0 . 1 0\ n”);
6 T1=773; // temp . o f two s i d e s o f duct ,K
7 T2=373; // t empera tu r e o f the t h i r d s i d e ,K
8 e1=0.5; // e m i s s i v i t y o f s t a i n l e s s s t e e l
9 e2 =0.15; // e m i s s i v i t y o f copper

10 a=5.67*10^ -8; // s t e f a n c o n s t a n t
11 f12 =0.4; // view f a c t o r o f 1 o c c u p i e d by 2 .
12 f21 =0.67; // view f a c t o r o f 2 o c c u p i e d by 1
13 f13 =0.6; // view f a c t o r o f 1 o c c u p i e d by 3
14 f31 =0.75; // view f a c t o r o f 3 o c c u p i e d by 1
15 f23 =0.33; // view f a c t o r o f 2 o c c u p i e d by 3
16 f32 =0.25; // view f a c t o r o f 2 o c c u p i e d by 3
17

18 A=[1 (-1+e2)*f12 (e2 -1)*f13;(-1*e1*f21) 1 (e1*-1*f23

);(e1*-1*f31) (e1*-1*f32) 1]; // matr ix method
to s o l v e t h r e e e q u a t i o n s to f i n d r a d i o s i t y

19

20 B=[e2*a*T2^4;e1*a*T1^4;e1*a*T1^4]; // matr ix
method to s o l v e t h r e e e q u a t i o n s to f i n d r a d i o s i t y

21

22 X=inv(A)*B; // s o l u t i o n o f above matr ix method
23

24 Qn1 =0.5* e2/(1-e2)*(a*T2^4-X(1)); // net heat
t r a n s f e r to the copper base per meter o f the
l e n g t h o f the duct ,W/m

25 Qn2=Qn1 +2.6;

26 printf(” net heat t r a n s f e r to the copper base per
meter o f l e n g t h o f the duct i s : %. 1 f W/m , the −
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ve s i g n i n d i c a t e s tha t the copper base i s g a i n i n g
heat . \ n”,Qn2);

27 // end )

Scilab code Exa 10.11 net heat radiation

1

2

3 clear;

4 clc;

5

6 printf(”\ t Example 1 0 . 1 1\ n”);
7 T1=1473 ; // temp . o f gas ,K
8 T2=573 ; // temp o f w a l l s ,K
9 D1=0.4; // d iamete r o f combustor , m
10 a=5.67*10^ -8; // s t e f a n boltzman c o e f f i c i e n t ,W/(m

ˆ2∗Kˆ4)
11 //we have Lo=D1=0.4m, a t o t a l p r e s s u r e o f 1 atm . ,

pco2 =0.2 atm . , u s i n g f i g u r e , we g e t eg =0 .098 .
12 eg =0.098; // t o t a l e m i t t a n c e
13

14 ag=(T1/T2)^0.5*(0.074); // t o t a l a b s o r p t a n c e
15 //now we can c a l c u l a t e Qnetgas to w a l l . f o r t h e s e

prob lems with one w a l l s u r r o u n d i n g one gas , the
use o f the mean beam l e n g t h i n f i n d i n g eg and ag
a c c o u n t s f o r a l l g e o m e t r i c e f f e c t s and no view
f a c t o r i s r e q u i r e d .

16

17 Qngw=%pi*D1*a*(eg*T1^4-ag*T2^4) /1000; // net heat
r a d i a t e d to the w a l l s ,kW/m

18 printf(”\ t net heat r a d i a t e d to the w a l l s i s : %. 1 f
KW/m\n”,Qngw);

19 // end
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Scilab code Exa 10.12 root temperature calculculation

1

2 clear ;

3 clc;

4

5 printf(”\ t Example 1 0 . 1 2\ n”);
6 T1=291; // temp . o f sky ,K
7 T2=308; // temp o f a i r ,K
8 e1=0.9; // e m i s s i v i t y 0 f b l a c k p a i n t
9 h=8; // heat t r a n s f e r c o e f f i c i e n t ,W/(mˆ2∗K

)
10 P=600 ; // heat f l u x ,W/mˆ2
11

12 // heat l o s s from the r o o f to the i n s i d e o f the barn
w i l l l owe r the r o o f temp . , s i n c e we dont have
enough i n f o r m a t i o n to e v a l u a t e the l o s s , we can
make an upper bound on r o o f temp . by assuming
tha t no heat i s t r a n s f e r r e d to the i n t e r i o r .

13

14 x=poly ([0], ’ x ’ );
15 x=roots (8*(e1 *5.67*10^ -8*(x^4-T1^4)+(x-T2)-e1*P));

16

17 // f o r wh i t e a c r y l i c pa int , by u s i n g t a b l e , e =0.9 and
a b s o r p t i v i t y i s 0 . 2 6 , Troo f

18

19

20 T=poly ([0], ’T ’ );
21 T=roots (8*(e1 *5.67*10^ -8*(T^4-T1^4)+(T-T2) -0.26*P));

22 Tn=T(2) +0.6

23

24 printf(”\ t temp . o f the r o o t i s :%. 1 f C or 312 K ,
the whi te p a i n t e d r o o f i s on ly a few d e g r e e s
warmer than the a i r . \ n”,Tn);
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25 // end
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Chapter 11

An Introduction to mass
Transfer

Scilab code Exa 11.1 mol fraction and pressure density calculation

1

2 clear;

3 clc;

4

5 printf(”\ t Example 1 1 . 1\ n”);
6

7 Mn2 =0.7556; // mass f r a c t i o n o f n i t r o g e n
8 Mo2 =0.2315; // mass f r a c t i o n o f oxygen
9 Mar =0.01289; // mass f r a c t i o n o f argon gas
10 M1 =28.02; // molar mass o f N2 , kg / kmol
11 M2=32; // molar mass o f O2 , kg / kmol
12 M3 =39.95 ; // molar mass o f Ar , kg / kmol
13 Mair=(Mn2/M1+Mo2/M2+Mar/M3)^-1; // molar mass o f

a i r , kg / kmol
14

15 Xo2=Mo2*Mair/M2; // mole f r a c t i o n o f O2
16 PO2=Xo2 *101325; // p a r t i a l p r e s s u r e o f O2 , Pa
17 Co2=PO2 /(8314.5*300); // molar volume o f O2 , kmol /m

ˆ3
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18 ao2=Co2*M2; // d e n s i t y o f O2 , kg /mˆ3
19

20 printf(” mole f r a c t i o n o f O2 i s :%. 4 f \n”,Xo2);
21 printf(” p a r t i a l p r e s s u r e o f O2 i s : %4e\n”,PO2);
22 printf(” molar volume o f O2 i s :%. 5 f kmol /mˆ3\n”,Co2)

;

23 printf(” d e n s i t y o f O2 i s :%. 4 f kg /mˆ3\n”,ao2);
24 // end

Scilab code Exa 11.2 mass and mole flux calculation

1

2 clear;

3 clc;

4

5 printf(”\ t Example 1 1 . 2\ n”);
6

7 r=0.00241; // r a t e o f consumption o f carbon , kg
/(mˆ2∗ s )

8 Mo2 =0.2; // c o n c e n t r a t i o n o f oxygen at s u r f a c e s
9 Mco2 =0.052; // c o n c e n t r a t i o n o f CO2 at s u r f a c e s

10 as =0.29; // d e n s i t y o f s u r f a c e s , kg /mˆ3
11

12 // s i n c e carbon f l o w s through a second imag inary
s u r f a c e u , the mass f l u x e s a r e r e l a t e d d by Ncu
=−12/32∗No2s =12/44∗Nco2s

13 // the minus s i g n a r i s e s because the O2 f l o w i s
o p p o s i t e the C and CO2 f l o w s . i n s t e ady s t a t e i f
we apply mass c o n s e r v a t i o n to the c o n t r o l volume
between the u and s s u r f a c e , wee f i n d tha t the
t o t a l mass f l u x e n t e r i n g the u s u r f a c e e q u a l s
tha t l e a v i n g the s s u r f a c e

14

15 Ncu=r; // mass f l u x e s o f carbon i n u s u r f a c e , kg /m
ˆ2/ s
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16

17 No2s = -32/12* Ncu; // mass f l u x o f O2 i n s u r f a c e s ,
kg /(mˆ2∗ s )

18 Nco2s =44/12* Ncu; // mass f l u x o f CO2 i n s u r f a c e s ,
kg /(mˆ2∗ s )

19 Vo2s=No2s/(Mo2*as); // mass ave rage speed ,m/ s
20 Vco2s=Nco2s /(as); // mass ave rage speed ,m/ s
21

22 Vs=( Nco2s+No2s)/as; // e f f e c t i v e mass ave rage
speed ,m/ s

23 j1 =0.0584*( Vo2s -Vs)+0.000526; // d i f f u s i o n a l mass
f l u x , kg /(mˆ2∗ s )

24 j2 =0.0087+0.00014; // d i f f u s i o n a l mass f l u x , kg /(m
ˆ2∗ s )

25 // the d i f f u s i o n a l mass f l u x e s a r e very n e a r l y e q u a l
to the s p e c i e s m s s f l u x e s . tha i s because the
mass ave rage speed i s much l e s s than s p e c i e s
s p e e d s .

26

27 N1=Ncu /12; // mole f l u x o f carbon through the
s u r f a c e s , kmol /(mˆ2∗ s )

28 N2=-N1; // mole f l u x o f oxygen through the
s u r f a c e s , kmol /(mˆ2∗ s )

29 printf(”\ t mass f l u x o f O2 through an imag inary
s u r f a c e i s :%. 5 f kg /(mˆ2∗ s ) \n”,j1);

30 printf(”\ t mass f l u x o f CO2 through an imag inary
s u r f a c e i s :%. 5 f kg /(mˆ2∗ s ) \n”,j2);

31

32 printf(”\ t mole f l u x o f Co2 through an imag inary
s u r f a c e i s : %f kmol /(mˆ2∗ s ) \n”,N1);

33 printf(”\ t mole f l u x o f O2through an imag inary
s u r f a c e i s : %f kmol /(mˆ2∗ s ) \n”,N2);

34 printf(”\ t the two d i f f u s i o n a l mole f l u x e s sum to
z e r o t h e m s e l v e s because t h e r i s no c o n v e c t i v e
mole f l u x f o r o t h e r s p e c i e s to d i f f u s e a g a i n s t .
the r e a d e r may ind the v e l o c i t y o f the i n t e r f a c e .
tha t c a l c u l a t i o n shows the i n t e r f a c e to be
r e c e d i n g so s l o w l y tha t the v e l o c i t i e s a r e e q u a l
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to t h o s e tha t would be s e en by a s t a t i o n a r y
o b s e r v e r . ”)

35 // end

Scilab code Exa 11.3 diffusivity calculation

1

2

3 clear ;

4 clc;

5

6 printf(”\ t Example 1 1 . 3\ n”);
7 T1=276; // temp . o f a i r ,K
8 aa =3.711; // l e n n a r d j o n e s c o n s t a n t or c o l l i s i o n

d iameter ,A
9 ab =2.827; // l e n n a r d j o n e s c o n s t a n t or c o l l i s i o n

d iameter ,A
10 b1 =78.6; // l e n n a r d j o n e s cons tant ,K
11 b2 =59.7; // l e n n a r d j o n e s cons tant ,K
12 a=(aa+ab)/2; // e f f e c t i v e m o l e c u l a r d i amete r f o r

c o l l i s i o n s o f hydrogen and a i r ,m
13 b=(b1*b2)^0.5; // e f f e c t i v e p o t e n t i a l w e l l depth ,K
14 c=T1/b;

15

16 d=0.8822; // p o t e n t i a l w e l l f u n c t i o n
17 Dab =1.8583*10^ -7* T1 ^1.5/(a^2*d)*(1/2.016+1/28.97)

^0.5; // d i f f u s i o n c o e f f i c i e n t o f hydrogen i n
a i r ,mˆ2/ s

18

19 printf(”\ t d i f f u s i o n c o e f f i c i e n t o f hydrogen i n a i r
i s :% −5e mˆ2/ s an e x p e r i m e n t a l v a l u e from t a b l e
i s 6.34∗10ˆ−5 mˆ2/ s , so the p r e d i c t i o n i s h igh by
5 p e r c e n t . \ n”,Dab);

20 // end
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Scilab code Exa 11.4 transport properties calculation

1

2 clear;

3 clc;

4

5 printf(”\ t Example 1 1 . 4\ n”);
6 T1 =373.15; // temp . o f tea ,K
7 XN2 =0.7808; // mole f r a c t i o n o f n i t r o g e n
8 XO2 =0.2095; // mole f r a c t i o n o f oxygen
9 Xar =0.0093; // mole f r a c t i o n o f
10 a=[3.798 3.467 3.542]; // c o l l i s i n d iameter ,m
11 b=[71.4 106.7 93.3]; // l e n n a r d j o n e s cons tant ,K
12 M=[28.02 32 39.95]; // molar masses , kg / kmol
13 c=[0.9599 1.057 1.021]; // p o t e n t i a l w e l l f u n c t i o n
14 d=[1.8*10^ -5 2.059*10^ -5 2.281*10^ -5]; //

c a l c u l a t e d v i s c o s i t y , kg /(m∗ s )
15 e=[1.8*10^ -5 2.07*10^ -5 2.29*10^ -5 ]; //

t h e o r i t i c a l v i s c o s i t y , kg /(m∗ s )
16 f=[0.0260 0.02615 0.01787]; // t h e o r i t i c a l the rma l

c o n d u c i t v i t y ,W/(m∗K)
17 i=1;

18 while(i<4)

19 u(i)=2.6693*10^ -6*(M(i)*T1)^0.5/((a(i)^2*c(i)));

// v i s c o s i t y , kg /(m∗ s )
20 k(i)=0.083228/((a(i))^2*c(i))*(T1/M(i))^0.5 //

therma l c o n d u c t i v i t y ,W/(m∗ s )
21

22 i=i+1;

23 end

24 umc=XN2*u(1) /0.9978+ XO2*u(2) /1.008+ Xar*u(3) /0.9435 ;

// c a l c u l a t e d mixture v i s c o s i t y , kg /(m∗ s )
25 umc1 =1.857*10^ -5;

26 printf(”\ t t h e o r i t i c a l mixture v i s c o s i t y i s : % −5e
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kg /(m∗ s ) \n”,umc1);
27 umd=XN2*e(1) /0.9978+ XO2*e(2) /1.008+e(3)*Xar /0.9435;

// t h e o r i t i c a l mixture v i s c o s i t y , kg /(m∗ s )
28 printf(”\ t c a l c u l a t e d mixture v i s c o s i t y i s : % −5e

kg /(m∗ s ) \n”,umd);
29

30 kmc=XN2*k(1) /0.9978+ XO2*k(2) /1.008+ Xar*k(3) /0.9435;

// c a l c u l a t e d therma l c o n d u c i t v i t y ,W/(m∗K)
31 kmc1 =0.02623;

32 printf(”\ t t h e o r i t i c a l the rma l c o n d u c i t v i t y i s : %f
W/(m∗K) \n”,kmc1);

33 kmd=XN2*f(1) /0.9978+ XO2*f(2) /1.008+ Xar*f(3) /0.9435;

// t h e o r i t i c a l the rma l c o n d u c t i v i t y , W/(m∗K)
34 printf(”\ t c a l c u l a t e d therma l c o n d u c i t v i t y i s : %. 5 f

W/(m∗K) \n”,kmd);
35 Cp=1006 // mixture d i f f u s i v i t y , j / ( kg∗K)
36 pr=umd*Cp/kmd; // p r a n d t l no .
37 printf(”\ t p r a n d t l no . i s : %. 3 f \n”,pr);
38 // end

Scilab code Exa 11.5 mass fraction calculation

1

2 clear;

3 clc;

4

5 printf(”\ t Example 1 1 . 5\ n”);
6 Psat = [0.6113 1.2276 2.3385 4.2461 7.3837 12.35

19.941 31.188 47.39 70.139 101.325];

7 T = [0.01 10 20 30 40 50 60 70 80 90 100];

8 i=1;

9 while i<12

10 xw(i)=Psat(i)/101.325; //
mole f r a c t i o n o f water

11 printf(”\n %. 4 f ”,xw(i));
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12 mw(i)=(xw(i)*18.02) /(xw(i)*18.02+(1 - xw(i))

*28.96);// mass f r a c t i o n o f water
13 i = i+1;

14 end

15 plot(T,mw);

16 xtitle(”Mass f r a c t i o n o f water vapour i n a i r above
l i q u i d water s u r f a c e as a f u n c t i o n o f s u r f a c e
t empera tu re (1 atm t o t a l p r e s s u r e ) ”,” Temperature (
d e g r e e c e l s i u s ) ”,”Mass f r a c t i o n o f water vapor ”);

Scilab code Exa 11.6 mass fraction calculation

1

2

3 clear ;

4 clc;

5

6 printf(”\ t Example 1 1 . 6\ n”);
7 T1 =263.15; // temp . o f i c e ,K
8

9 Pv=exp (21.99 -6141/( T1)); // vapor p r e s s u r e , KPa
10 xw=Pv /101.325; // mole f r a c t i o n o f water
11 mw=xw *18.02/( xw *18.02+(1 - xw)*28.96); // mass

f r a c t i o n
12 printf(”\ t mass f r a c t i o n o f wate rvapor above the

s u r f a c e o f i c e i s :%. 5 f \n”,mw);
13 // end

Scilab code Exa 11.10 average rate of naphthalene loss

1

2

3 clear;
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4 clc;

5

6 printf(”\ t Example 1 1 . 1 0\ n”);
7 T1=303; // i s o t h e r m a l temp . ,K
8 v=5; // a i r speed ,m/ s
9 l=0.05; // l e n g t h o f naphtha l ene model tha t i s

f l a t , m
10 Mnap =128.2; // molar mass o f naphtha lene , kg /

kmol
11 D=0.86*10^ -5; // d i f f u s i o n c o e f f i c i e n t o f

naphtha l ene i n a i r ,m/ s
12

13 Pv =10^(11.45 -3729.3/ T1)*133.31; // vapor p r e s s u r e ,
Pa

14 xn=Pv /101325; // mole f r a c t i o n o f naphtha l ene
15 mn=xn*Mnap/(xn*Mnap+(1-xn)*28.96); // mass

f r a c t i o n o f naphtha l ene
16 mnp =0; // mass f r a c t i o n o f naphtha l ene i n f r e e

st ream i s 0
17

18 Rel=v*l/(1.867*10^ -5); // r e y n o l d s no .
19 Sc =1.867*10^ -5/D; // s c h i m i d t no .
20 Nul =0.664* Rel ^0.5* Sc ^1/3; // mass t r a n s f e r n u s s e l t

no .
21 Gmn=D*Nul *1.166/l; // gas phase mass t r a n s f e r

c o e f f i c i e n t , kg /(mˆ2∗ s )
22 n=Gmn*(mn-mnp)+0.0000071; // ave rage mass f l u x , kg

/(mˆ2∗ s )
23

24 printf(”\ t ave rage r a t e o f l o s s o f naphtha l ene from
a par t o f model i s :%−4e kg /(mˆ2∗ s ) or 58 g /(mˆ2∗
h ) \n”,n);

25 printf(”\ t naphtha l ene s u b l i m a t i n can be used to
i n f e r heat t r a n s f e r c o e f f i c i e n t by measur ing the
l o s s o f naphtha l ene from a model ove r some l e n g t h

o f t ime . s i n c e the s c h i m i d t no . o f naphtha l ene i s
not g e n e r a l l y e q u a l to p r a n d t l no . under the

c o n d i t i o n s o f i n t e r e s t , some assumpt ion about the
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dependence o f n u s s e l t no . on the p r a n d t l no must
u s u a l l y be i n t r o d u c e d . ”)

26 // end

Scilab code Exa 11.11 average concentration of helium

1

2 clear;

3 clc;

4

5 printf(”\ t Example 1 1 . 1 1\ n”);
6 T1=300; // temp . o f hel ium−water tube ,K
7 h=0.4; // h e i g h t o f v e r t i c a l wa l l ,m
8 m=0.087*10^ -3; // f l o w r a t e o f hel ium , kg /(mˆ2∗ s )
9 // t h i s i s a un i fo rm f l u x n a t u r a l c o n v e c t i o n problem .

10

11 Mhes =0.01; // assuming the v a l u e o f mass f r a c t i o n
o f he l ium at the w a l l to be 0 . 0 1

12 Mhef=Mhes /2; // f i l m c o m p o s i t i o n
13

14 af =1.141; // f i l m d e n s i t y , kg /mˆ3
15 as =1.107; // w a l l d e n s i t y , kg /mˆ3
16 Dha =7.119*10^ -5; // d i f f u s i o n c o e f f i c i e n t ,mˆ2/ s
17 u=1.857*10^5; // f i l ,m v i s c o s i t y at 300K, kg /(m∗ s )
18 Sc=(u/af)/Dha; // s c h i m i d t no .
19 aa =1.177; // a i r d e n s i t y , kg /mˆ3
20 Ra1 =9.8*(aa-as)*m*h^4/(u*af*Dha^2* Mhes); //

Ray l e i gh no .
21

22 Nu =6/5*( Ra1*Sc /(4+9* Sc ^0.5+10* Sc))^(1/5); //
approx imate n u s s e l t no .

23 s=m*h/(af*Dha*Nu); // ave rage c o n c e n t r a t i o n o f
he l ium at hte w a l l

24

25 // thus we have o b t a i n e d an ave rage w a l l
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c o n c e n t r a t i o n 14 o e r c e n t h i g h e r than our i n i t i a l
g u e s s o f Mhes . we r e p e a t t h i s c a l c l a t i o n s with
r e v i s e d v a l u e s o f d e n s i t i e s to o b t a i n Mhes =
0 . 0 1 1 4 2

26

27 printf(” ave rage c o n e n t r a t i o n o f he l ium at the w a l l
i s 0 . 0 1 1 4 2 , s i n c e the r e s u l t i s w i t h i n 0 . 5
p e r c e n t o f our second guess , a t h i r d i t e r a t i o n i s

not needed . ”);
28 // end

Scilab code Exa 11.14 concentration distribution

1

2 clear ;

3 clc;

4

5 printf(”\ t Example 1 1 . 1 4\ n”);
6 T1=325; // temp . o f hel ium−water tube ,K
7 l=0.2; // l e n g t h o f tube ,m
8 x=0.01; // mole f r a c t i o n o f water
9 // the vapor p r e s s u r e o f the l i q u i d water i s

approx imate l y the s a t u r a t i o n p r e s s u r e at the
water temp .

10 p=1.341*10000 ; // vapor p r e s s u r e u s i n g steam
t a b l e , Pa

11 x1=p/101325; // mole f r a c t i o n o f s a t u r a t e d water
12 R=8314.472; // gas cons tant , J /( kmol∗K)
13 c= 101325/(R*T1); // mole c o n c e n t r a t i o n i n tube ,

kmol /mˆ3
14 D12 =1.067*10^ -4; // d i f f u s i v i t y o f w a t e r with

r e s p e c t to hel ium ,mˆ2/ s
15 Nw=c*D12*log (1+(x-x1)/(x1 -1))/l ; // molar

e v a p o r a t i o n ra t e , kmol /(mˆ2∗ s )
16
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17 nw=Nw *18.02; // mass e v a p o r a t i o n ra t e , kg /(m
ˆ2∗ s )

18

19 //S=1+(x1−1)∗ exp (Nw∗y /( c ∗D12 ) ) // c o n e n t r a t i o n
d i s t r i b u t i o n o f water−vapor

20 printf(”\ t c o n e n t r a t i o n d i s t r i b u t i o n o f water−vapor
i s : x1 ( y ) =1−0.8677∗ exp ( 0 . 6 5 9 3∗ y ) where y i s
e x p r e s s e d i n mete r s . \ n”)

21 // end

Scilab code Exa 11.15 rate of evaporation

1

2 clear ;

3 clc;

4

5 printf(”\ t Example 1 1 . 1 5\ n”);
6 T1 =1473; // s u r a f a c e temp . o f hot water ,K
7 x=0.05; // mass f r a c t i o n o f water
8 Gm =0.017; // ave rage mass t r a n s f e r c o e f f i c i e n t

, kg /(mˆ2∗ s )
9 A=0.04; // s u r a f a c e a r ea o f pan ,mˆ2

10

11 // on ly water vapour p a s s e s through the l i q u i d
s u r f a c e , s i n c e a i r i s not s t r o n g l y absorbed i n t o
water under normal c o n d i t i o n s .

12

13 p=38.58*1000; // s a t u r a t i o n p r e s s u r e o f water ,
kPa

14 Xwater=p/101325; // mole f r a c t i o n o f s a t u r a t e d
water

15 Mwater=Xwater *18.02/( Xwater *18.02+(1 - Xwater)*28.96);

// mass f r a c t i o n o f s a t u r a t e d water
16

17 B=(x-Mwater)/(Mwater -1); // mass t r a n s f e r d r i v i n g

90



f o r c e
18 m=Gm*B*A; // e v a p o r a t i o n ra t e , kg / s
19 printf(”\ t e v a p o r a t i o n r a t e i s : %f kg / s or 769 g/ hr . ”

,m);

20 // end

Scilab code Exa 11.16 mass transfer coefficient calculation

1

2 clear;

3 clc;

4

5 printf(”\ t Example 1 1 . 1 6\ n”);
6 T1=298; // temp . o f a i r ,K
7 T2 =323.15; // f i l m temp . ,K
8 x=0.05; // mass f r a c t i o n o f water at 75 C
9 Gm =0.017; // ave rage mass t r a n s f e r c o e f f i c i e n t

, kg /(mˆ2∗ s )
10 A=0.04; // s u r a f a c e a r ea o f pan ,mˆ2
11 l=0.2; // l e n g t h o f pan i n f l o w d i r e c t i o n ,m
12 v=5; // a i r speed ,m/ s
13 m=(x+0.277) /2; // f i l m c o m p o s i t i o n o f water at 50

C
14 Mf =26.34; // mixture m o l e c u l a r weight , kg / kmol
15 af =101325* Mf /(8314.5* T2); // f i l m d e n s i t y from

i d e a l gas law , kg /mˆ3
16 Uf =1.75*10^ -5; // f i l m v i s c o s i t y , kg /(m∗ s )
17 Vf=Uf/af; // k i n e m a t i c v i s c o s i t y ,mˆ2/ s
18 Rel=v*l/Vf; // r e y n o l d s no . comes out to be 56 ,800

so the f l o w i s l amina r .
19 B=0.314; // mass t r a n s f e r d r i v i n g f o r c e
20

21 D=2.96*10^ -5; // d i f f u s i v i t y o f water i n a i r ,mˆ2/ s
22 Sc=Vf/D; // s c i m i d t no .
23
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24 Nu =0.664* Rel ^0.5*Sc^1/3; // n u s s s e l t no .
25 Gmw1=Nu*(D*A/l); // a p p r o p r i a t e v a l u e o f mass

t r a n s f e r gas phase c o e f f f i c i e n t o f water i n a i r ,
kg /(mˆ2∗ s )

26 Gmw=Gmw1*(log (1+B)/B)+0.0168; // mass t r a n s f e r gas
phase c o e f f f i c i e n t o f water i n a i r , kg /(mˆ2∗ s )

27

28 printf(” mass t r a n s f e r gas phase c o e f f f i c i e n t o f
water i n a i r i s : %. 4 f kg /(mˆ2∗ s ) \n In t h i s caes
, the b lowing f a c t o r i s 0 . 8 7 0 . thus the mi ld
b lowing has reduced the mass t r a n s f e r c o e f f i c i e n t

by about 13 p e r c e n t . ”,Gmw);
29

30 // end
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