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Scilab numbering policy used in this document and the relation to the
above book.

Exa Example (Solved example)

Eqn Equation (Particular equation of the above book)

AP Appendix to Example(Scilab Code that is an Appednix to a particular
Example of the above book)

For example, Exa 3.51 means solved example 3.51 of this book. Sec 2.3 means
a scilab code whose theory is explained in Section 2.3 of the book.
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Chapter 1

Introduction

Scilab code Exa 1.1 Heat Loss Through Wall

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 . 1 Page 5 ’ )// Example 1 . 1

4 // Find Wall Heat Loss − Problem o f Pure Conduct ion
Un id imens i ona l Heat

5
6 L=.15; // [m] − Thi ckne s s o f c onduc t i ng w a l l
7 delT = 1400 - 1150; // [K] − Temperature D i f f e r e n c e

a c r o s s the Wall
8 A=.5*1.2; // [mˆ 2 ] − Cross s e c t i o n a l Area o f w a l l = H

∗W
9 k=1.7; // [W/m. k ] − Thermal C o n d u c t i v i t y o f Wall

M a t e r i a l
10
11 // Using Four i e r ’ s Law eq 1 . 2
12 Q = k*delT/L; // [W/mˆ 2 ] − Heat Flux
13
14 q = A*Q; // [W] − Rate o f Heat T r a n s f e r
15
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16 printf(”\n \n Heat Loss through the Wall = %. 2 f W”,q
);

17 //END

Scilab code Exa 1.2 Surface Emissive Power and Irradiation

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 . 2 Page 11 \n ’ )// Example 1 . 2

4 // Find a ) Emi s s i v e Power & I r r a d i a t i o n b ) Tota l Heat
Loss per u n i t l e n g t h

5
6 d=.07; // [m] − Outs ide Diameter o f Pipe
7 Ts = 200+273.15; // [K] − S u r f a c e Temperature o f

Steam
8 Tsurr = 25+273.15; // [K] − Temperature o u t s i d e the

p ipe
9 e=.8; // E m i s s i v i t y o f S u r f a c e

10 h=15; // [W/mˆ 2 . k ] − Thermal C o n v e c t i v i t y from
s u r f a c e to a i r

11 stfncnstt =5.67*10^( -8); // [W/mˆ 2 .Kˆ 4 ] − S t e f a n
Boltzmann Constant

12 // Using Eq 1 . 5
13 E = e*stfncnstt*Ts^4; // [W/mˆ 2 ] − Emis s i v e Power
14 G = stfncnstt*Tsurr ^4; // [W/mˆ 2 ] − I r r a d i a t i o n

f a l l i n g on s u r f a c e
15
16 printf(”\n ( a ) S u r f a c e Emi s s i v e Power = %. 2 f W/mˆ2 ”,

E);

17 printf(”\n I r r a d i a t i o n F a l l i n g on S u r f a c e = %. 2 f
W/mˆ2 ”,G);

18
19 // Using Eq 1 . 1 0 Tota l Rate o f Heat T r a n s f e r Q = Q

9



by c o n v e c t i o n + Q by r a d i a t i o n
20 q = h*(%pi*d)*(Ts -Tsurr)+e*(%pi*d)*stfncnstt *(Ts^4-

Tsurr ^4); // [W]
21
22 printf(”\n\n ( b ) Tota l Heat Loss per u n i t Length o f

Pipe= %. 2 f W”,q);
23 //END

Scilab code Exa 1.3 Theoretical Problem

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 . 3 Page 18 \n ’ )// Example 1 . 3

4 // T h e o r e t i c a l Problem
5
6 printf( ’ \n The g i v e n example i s t h e o r e t i c a l and does

not i n v o l v e any n u m e r i c a l computat ion ’ )
7
8 //End

Scilab code Exa 1.4 Coolant Fluid Velocity

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 . 4 Page 20 \n ’ )// Example 1 . 4

4 // Find V e l o c i t y o f Coo lant F lu id
5
6 Ts = 56.4+273.15; // [K] − S u r f a c e Temperature o f

Steam
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7 Tsurr = 25+273.15; // [K] − Temperature o f
Su r round ing s

8 e=.88; // E m i s s i v i t y o f S u r f a c e
9

10 //As h =(10 .9∗Vˆ . 8 ) [W/mˆ 2 . k ] − Thermal C o n v e c t i v i t y
from s u r f a c e to a i r

11 stfncnstt =5.67*10^( -8); // [W/mˆ 2 .Kˆ 4 ] − S t e f a n
Boltzmann Constant

12
13 A=2*.05*.05; // [mˆ 2 ] Area f o r Heat t r a n s f e r i . e .

both s u r f a c e s
14
15 E = 11.25; // [W] Net heat to be removed by

c o o l i n g a i r
16
17 Qrad = e*stfncnstt*A*(Ts^4-Tsurr ^4);

18
19 // Using Eq 1 . 1 0 Tota l Rate o f Heat T r a n s f e r Q = Q

by c o n v e c t i o n + Q by r a d i a t i o n
20 Qconv = E - Qrad;// [W]
21
22 //As Qconv = h∗A∗ ( Ts−Tsurr ) & h=10.9 Wsˆ ( . 8 ) /mˆ(− .8 )

K.Vˆ ( . 8 )
23
24 V = [Qconv /(10.9*A*(Ts-Tsurr))]^(1/0.8);

25
26 printf(”\n\n V e l o c i t y o f Coo l i ng Air f l o w i n g= %. 2 f m

/ s ”,V);
27 //END

Scilab code Exa 1.5 Theoretical Problem

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
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I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 . 5 Page 23 \n ’ )// Example 1 . 5

4 // T h e o r e t i c a l Problem
5
6 printf( ’ \n The g i v e n example i s t h e o r e t i c a l and does

not i n v o l v e any n u m e r i c a l computat ion ’ )
7
8 //End

Scilab code Exa 1.6 Human Body Heat Loss

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 . 6 Page 26 ’ )// Example 1 . 6

4 // Find Skin Temperature & Heat l o s s r a t e
5
6 A=1.8; // [mˆ 2 ] Area f o r Heat t r a n s f e r i . e . both

s u r f a c e s
7 Ti = 35+273; // [K] − I n s i d e S u r f a c e Temperature o f

Body
8 Tsurr = 297; // [K] − Temperature o f s u r r o u n d i n g
9 Tf = 297; // [K] − Temperature o f F lu id Flow

10 e=.95; // E m i s s i v i t y o f S u r f a c e
11 L=.003; // [m] − Thi ckne s s o f Sk in
12 k=.3; // E f f e c t i v e Thermal C o n d u c t i v i t y
13 h=2; // [W/mˆ 2 . k ] − Natura l Thermal C o n v e c t i v i t y

from body to a i r
14 stfncnstt =5.67*10^( -8); // [W/mˆ 2 .Kˆ 4 ] − S t e f a n

Boltzmann Constant
15 // Using Eq 1 . 5
16
17 Tsa =305; // [K] Body Temperature Assumed
18
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19 i=-1;

20 while(i==-1)

21 hr = e*stfncnstt *(Tsa+Tsurr)*(Tsa ^2+ Tsurr ^2);

// [W/mˆ 2 .K] − R a d i a t i v e Heat t r a n s f e r C o e f f on
assumpt ion

22
23 // Using Eq 1 . 8 & Eq 1 . 9 k ( Ti−Ts ) /L = h ( Ts − Tf ) +

hr ( Ts − Tsurr )
24 Ts = (k*Ti/L + (h+hr)*Tf)/(k/L +(h+hr));

25 c=abs(Ts-Tsa);

26 if(c <=0.0001)

27 i=1;

28 break;

29 end

30 Tsa=Ts;

31 end

32
33 q = k*A*(Ti-Ts)/L; // [W]
34
35 printf(”\n\n ( I ) In p r e s e n c e o f Air ”)
36 printf(”\n ( a ) Temperature o f Sk in = %. 2 f K”,Ts);
37 printf(”\n ( b ) Tota l Heat Loss = %. 2 f W”,q);
38
39 //When pe r son i s i n Water
40 h = 200; // [W/mˆ 2 . k ] − Thermal C o n v e c t i v i t y from

body to water
41 hr = 0; // As Water i s Opaque f o r Thermal

Rad i a t i on
42 Ts = (k*Ti/L + (h+hr)*Tf)/(k/L +(h+hr)); // [K]

Body Temperature
43 q = k*A*(Ti-Ts)/L; // [W]
44 printf(”\n\n ( I I ) In p r e s e n c e o f Water”)
45 printf(”\n ( a ) Temperature o f Sk in = %. 2 f K”,Ts);
46 printf(”\n ( b ) Tota l Heat Loss = %. 2 f W”,q);
47
48 //END
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Scilab code Exa 1.7 Cure Temperature

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 . 7 Page 30 \n ’ )// Example 1 . 7

4 // ( a ) Cure Temperature f o r h = 15 W/mˆ2
5 // ( b ) Value o f h f o r cu r e temp = 50 deg C
6
7 Tsurr = 30+273; // [K] − Temperature o f s u r r o u n d i n g
8 Tf = 20+273; // [K] − Temperature o f F l u id Flow
9 e=.5; // E m i s s i v i t y o f S u r f a c e

10 a = .8; // A b s o r p t i v i t y o f S u r f a c e
11 G = 2000; // [W/mˆ 2 ] − I r r a d i a t i o n f a l l i n g on

s u r f a c e
12 h=15; // [W/mˆ 2 . k ] − Thermal C o n v e c t i v i t y from

p l a t e to a i r
13 stfncnstt =5.67*10^( -8); // [W/mˆ 2 .Kˆ 4 ] − S t e f a n

Boltzmann Constant
14 T=375; // [K] Value i n i t i a l l y assumed f o r t r i a l −

e r r o r approach
15 // Using Eq 1 . 3 a & 1 . 7 and t r i a l −and e r r o r approach

o f Newton Raphson
16 while (1>0)

17 f=((a*G) -(h*(T-Tf)+e*stfncnstt *(T^4 - Tsurr ^4)));

18 fd=(-h*T-4*e*stfncnstt*T^3);

19 Tn=T-f/fd;

20 if(((a*G)-(h*(Tn-Tf)+e*stfncnstt *(Tn^4 - Tsurr ^4)))

<=.01)

21 break;

22 end;

23 T=Tn;

24 end
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25
26 printf(”\n ( a ) Cure Temperature o f P l a t e = %i degC\n

”,T-273);
27 // s o l u t i o n ( b )
28 Treq =50+273;

29 function[T]= Tvalue(h)

30 T=240;

31 while (1>0)

32 f=((a*G) -(h*(T-Tf)+e*stfncnstt *(T^4 - Tsurr

^4)));

33 fd=(-h*T-4*e*stfncnstt*T^3);

34 Tn=T-f/fd;

35 if(((a*G)-(h*(Tn-Tf)+e*stfncnstt *(Tn^4 -

Tsurr ^4))) <=.01)

36 break;

37 end;

38 T=Tn;

39 end

40 funcprot (0)

41 endfunction

42
43 h = [2:.5:100];

44 Tm = [1:1:197];

45 for i=1:1:197;

46 Tm(i)=Tvalue(h(i));

47 end

48
49 T=Treq;

50 hnew =((a*G) -(e*stfncnstt *(T^4 - Tsurr ^4)))/(T-Tf);

51 clf()

52 xtitle(”Graph Temp vs Convect ion C o e f f ”, ”h (W/mˆ2/K
) ”, ”T ( degC ) ”);

53 x=[0 hnew hnew];

54 y=[Treq -273 Treq -273 0];

55 plot(h,Tm -273,x,y);

56 legend(” P lo t ”,”h at T = 50 degC”);
57 printf(”\n ( b ) Air f l o w must p r o v i d e a c o n v e c t i o n o f

= %i W/mˆ 2 .K”, hnew);
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58 //END

Scilab code Exa 1.8 Theoretical Problem

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 . 8 Page 40 \n ’ )// Example 1 . 8

4 // T h e o r e t i c a l Problem
5
6 printf( ’ \n The g i v e n example i s t h e o r e t i c a l and does

not i n v o l v e any n u m e r i c a l computat ion ’ )
7
8 //End
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Chapter 2

Introduction to Conduction

Scilab code Exa 2.1 Thermal Diffusivity

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
2 . 1 Page 68 \n ’ )// Example 2 . 1

4 // Find Value f o r Thermal D i f f u s i v i t y
5
6 function a=alpha(p, Cp, k)

7 a=k/(p*Cp); // [mˆ2/ s ]
8 funcprot (0);

9 endfunction

10
11 // ( a ) Pure Aluminium at 300K
12 // From Appendix A, Table A. 1
13
14 p = 2702; // [ Kg/mˆ 3 ] − Dens i ty Of M a t e r i a l
15 Cp = 903; // [ J/ kg .K] − S p e c i f i c heat o f M a t e r i a l
16 k = 237; // [W/m. k ] − Thermal C o n d u c t i v i t y o f

M a t e r i a l
17
18 printf(”\n ( a ) Thermal D i f f u i s i v i t y o f Pure
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Aluminium at 300K = %. 2 e mˆ2/ s \n”,alpha(p, Cp, k)

);

19
20 // ( b ) Pure Aluminium at 700K
21 // From Appendix A, Table A. 1
22
23 p = 2702; // [ Kg/mˆ 3 ] − Dens i ty Of M a t e r i a l
24 Cp = 1090; // [ J/ kg .K] − S p e c i f i c heat o f M a t e r i a l
25 k = 225; // [W/m. k ] − Thermal C o n d u c t i v i t y o f

M a t e r i a l
26
27 printf(”\n ( b ) Thermal D i f f u i s i v i t y o f Pure

Aluminium at 700K = %. 2 e mˆ2/ s \n”,alpha(p, Cp, k)

);

28
29 // ( c ) S i l i c o n Carb ide at 1000K
30 // From Appendix A, Table A. 2
31
32 p = 3160; // [ Kg/mˆ 3 ] − Dens i ty Of M a t e r i a l
33 Cp = 1195; // [ J/ kg .K] − S p e c i f i c heat o f M a t e r i a l
34 k = 87; // [W/m. k ] − Thermal C o n d u c t i v i t y o f

M a t e r i a l
35
36 printf(”\n ( c ) Thermal D i f f u i s i v i t y o f S i l i c o n

Carb ide at 1000K = %. 2 e mˆ2/ s \n”,alpha(p, Cp, k))

;

37
38 // ( d ) P a r a f f i n at 300K
39 // From Appendix A, Table A. 3
40
41 p = 900; // [ Kg/mˆ 3 ] − Dens i ty Of M a t e r i a l
42 Cp = 2890; // [ J/ kg .K] − S p e c i f i c heat o f M a t e r i a l
43 k = .24; // [W/m. k ] − Thermal C o n d u c t i v i t y o f

M a t e r i a l
44
45 printf(”\n ( d ) Thermal D i f f u i s i v i t y o f P a r a f f i n at

300K = %. 2 e mˆ2/ s ”,alpha(p, Cp, k));

46 //END
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Scilab code Exa 2.2 Non Uniform Temperature Distribution

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
2 . 2 Page 75 \n ’ )// Example 2 . 2

4 // Analyze a S i t u a t i o n o f Non−Uniform Temperature
D i s t r i b u t i o n

5 //T( x ) = a + bx +cx ˆ2 T−degC & x−meter
6
7 a = 900; // [ degC ]
8 b = -300; // [ degC/m]
9 c = -50; // [ degC/mˆ 2 ]

10
11 q = 1000; // [W/mˆ 2 .K] − Unifrom heat Gene ra t i on
12 A = 10 ; // [mˆ 2 ] − Wall Area
13 // P r o p e r t i e s o f Wall
14 p = 1600; // [ kg /mˆ 3 ] − Dens i ty
15 k = 40; // [W/m] − Thermal C o n d u c t i v i t y
16 Cp = 4000; // [ J/ kg .K] − S p e c i f i c Heat
17 L = 1; // [m] − Length o f w a l l
18
19 // ( i ) Rate o f Heat T r a n s f e r e n t e r i n g the w a l l and

l e a v i n g the w a l l
20 // From Eqn 2 . 1
21 // q in = −kA(dT/dx ) | x=0 = −kA( b )
22
23 qin= - b*k*A;

24
25 // S i m i l a r l y
26 // qout = −kA(dT/dx ) | x=L = −kA( b+2cx ) | x=L
27
28 qout= - k*A*(b+2*c*L);

19



29
30 printf(”\n ( i ) Rate o f Heat T r a n s f e r e n t e r i n g the

w a l l = %i W \n And l e a v i n g the w a l l = %i W \n
”, qin , qout);

31
32 // ( i i ) Rate o f change Of Energy S t o r a g e i n Wall E ‘ s t
33 // Apply ing O v e r a l l Energy Balance a c r o s s the Wall
34 //E ‘ s t = E ‘ i n + E ‘ g + E ‘ out = q in + q ‘AL − qout
35 Est = qin + q*A*L - qout;

36
37 printf(”\n ( i i ) Rate o f change Of Energy S t o r a g e i n

Wall = %i W\n”,Est);
38
39 // ( i i i ) Time r a t e o f Temperature change at x= 0 ,

0 . 2 5 and . 5m
40 // Using Eqn 2 . 1 9
41 // T‘= dT/ dt = ( k/p∗Cp) ∗d (dT/dx ) /dx + q ‘ / p∗Cp
42 //As d (dT/dx ) /dx = d ( b + 2 cx ) /dx = 2 c − Independent

o f x
43 T = (k/(p*Cp))*(2*c)+ q/(p*Cp);

44 printf(”\n ( i i i ) Time r a t e o f Temperature change
independent o f x = %f degC/ s \n”,T);

45
46 //END

Scilab code Exa 2.3 Theoretical Problem

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
2 . 3 Page 79 \n ’ )// Example 2 . 3

4 // T h e o r e t i c a l Problem
5
6 printf( ’ \n The g i v e n example i s t h e o r e t i c a l and does

20



not i n v o l v e any n u m e r i c a l computat ion ’ )
7
8 //End
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Chapter 3

One Dimensional Steady State
Conduction

Scilab code Exa 3.1 Human Heat Loss

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
3 . 1 Page 104 \n ’ ) // Example 3 . 1

4 // Find Skin Temperature & Aeroge l I n s u l a t i o n
Th i ckne s s

5
6 A=1.8; // [mˆ 2 ] Area f o r Heat t r a n s f e r i . e . both

s u r f a c e s
7 Ti = 35+273; // [K] − I n s i d e S u r f a c e Temperature o f

Body
8 Tsurr = 10+273; // [K] − Temperature o f s u r r o u n d i n g
9 Tf = 283; // [K] − Temperature o f F l u id Flow

10 e=.95; // E m i s s i v i t y o f S u r f a c e
11 Lst =.003; // [m] − Thi ckne s s o f Sk in
12 kst =.3; // [W/m.K] E f f e c t i v e Thermal C o n d u c t i v i t y

o f Body
13 kins = .014; // [W/m.K] E f f e c t i v e Thermal
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C o n d u c t i v i t y o f Ae roge l I n s u l a t i o n
14 hr = 5.9; // [W/mˆ 2 . k ] − Natura l Thermal

C o n v e c t i v i t y from body to a i r
15 stfncnstt =5.67*10^( -8); // [W/mˆ 2 .Kˆ 4 ] − S t e f a n

Boltzmann Constant
16 q = 100; // [W] Given Heat r a t e
17
18 // Using Conducion Bas i c Eq 3 . 1 9
19 Rtot = (Ti-Tsurr)/q;

20 // Also
21 // Rtot=Lst /( k s t ∗A) + Lins /( k i n s ∗A) +(h∗A + hr ∗A) ˆ−1
22 // Rtot = 1/A∗ ( Lst / k s t + L ins / k i n s +(1/(h+hr ) ) )
23
24 // Thus
25 // For Air ,
26 h=2; // [W/mˆ 2 . k ] − Natura l Thermal C o n v e c t i v i t y

from body to a i r
27 Lins1 = kins * (A*Rtot - Lst/kst - 1/(h+hr));

28
29 // For Water ,
30 h=200; // [W/mˆ 2 . k ] − Natura l Thermal C o n v e c t i v i t y

from body to a i r
31 Lins2 = kins * (A*Rtot - Lst/kst - 1/(h+hr));

32
33 Tsa =305; // [K] Body Temperature Assumed
34
35 // Temperature o f Sk in i s same i n both c a s e s as Heat

Rate i s same
36 //q=( k s t ∗A∗ ( Ti−Ts ) ) / Lst
37 Ts = Ti - q*Lst/(kst*A);

38
39 // Also from eqn o f e f f e c t i v e r e s i s t a n c e Rtot F
40 printf(”\n\n ( I ) In p r e s e n c e o f Air , I n s u l a t i o n

Th i ckne s s = %. 1 f mm”,Lins1 *1000)
41
42 printf(”\n ( I I ) In p r e s e n c e o f Water , I n s u l a t i o n

Th i ckne s s = %. 1 f mm”,Lins2 *1000);
43 printf(”\n\n Temperature o f Sk in = %. 2 f degC”,Ts
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-273);

44 //END

Scilab code Exa 3.2 Chip Operating Temperature

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
3 . 2 Page 107 \n ’ ); // Example 3 . 2

4 // Chip Operat ing Temperature
5
6 Tf = 25+273; // [K] − Temperature o f F l u id Flow
7
8 L=.008; // [m] − Thi ckne s s o f Aluminium
9 k=239; // [W/m.K] E f f e c t i v e Thermal C o n d u c t i v i t y

o f Aluminium
10 Rc=.9*10^ -4; // [K.mˆ2/W] Maximum p e r m e a s i b l e

R e s i s t a n e o f Epoxy J o i n t
11 q=10^4; // [W/mˆ 2 ] Heat d i s s i p a t e d by Chip
12 h=100; // [W/mˆ 2 . k ] − Thermal C o n v e c t i v i t y from

ch ip to a i r
13
14 // Temperature o f Chip
15 //q=(Tc−Tf ) /(1/ h ) +(Tc−Tf ) /( Rc+(L/k ) +(1/h ) )
16
17 Tc = Tf + q*(h+1/(Rc+(L/k)+(1/h)))^-1;

18
19 printf(”\n\n Temperature o f Chip = %. 2 f degC”,Tc

-273);

20 printf(”\n Chip w i l l Work w e l l below i t s maximum
a l l o w a b l e Temperature i e 85 degC”)

21 //END
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Scilab code Exa 3.3 Carbon Nanotube

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
3 . 3 Page 109 \n ’ ); // Example 3 . 3

4 // Find Thermal c o n d u c t i v i t y o f Carbon Nanotube
5
6 D = 14 * 10^-9; // [m] Dia o f Nanotube
7 s = 5*10^ -6; // [m] D i s t a n c e between the

i s l a n d s
8 Ts = 308.4; // [K] Temp o f s e n s i n g i s l a n d
9 Tsurr = 300; // [K] Temp o f s u r r o u n d i n g

10 q = 11.3*10^ -6; // [W] Tota l Rate o f Heat f l o w
11
12 // Dimension o f p lat inum l i n e
13 wpt = 10^-6; // [m]
14 tpt = 0.2*10^ -6; // [m]
15 Lpt = 250*10^ -6; // [m]
16 // Dimension o f S i l i c o n n i t r i d e l i n e
17 wsn = 3*10^ -6; // [m]
18 tsn = 0.5*10^ -6; // [m]
19 Lsn = 250*10^ -6; // [m]
20 //From Table A. 1 Plat inum Temp Assumed = 325K
21 kpt = 71.6; // [W/m.K]
22 //From Table A. 2 , S i l i c o n N i t r i d e Temp Assumed = 325

K
23 ksn = 15.5; // [W/m.K]
24
25 Apt = wpt*tpt; // Cross s e c t i o n a l a r ea o f

p lat inum suppor t beam
26 Asn = wsn*tsn -Apt; // Cross s e c t i o n a l a r ea o f

S i l i c o n N i t r i d e suppor t beam
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27 Acn = %pi*D^2/4; // Cross s e c t i o n a l Area o f
Carbon nanotube

28
29 Rtsupp = [kpt*Apt/Lpt + ksn*Asn/Lsn]^-1; // [K/W]

Thermal R e s i s t a n c e o f each suppor t
30
31 qs = 2*(Ts-Tsurr)/Rtsupp; // [W] Heat l o s s through

s e n s i n g i s l a n d suppor t
32 qh = q - qs; // [W] Heat l o s s through h e a t i n g

i s l a n d suppor t
33
34 Th = Tsurr + qh*Rtsupp /2; // [K] Temp o f Heat ing

i s l a n d
35
36 // For p o r t i o n Through Carbon Nanotube
37 // qs = (Th−Ts ) /( s /( kcn∗Acn ) ) ;
38
39 kcn = qs*s/(Acn*(Th -Ts));

40
41 printf(”\n\n Thermal C o n d u c t i v i t y o f Carbon nanotube

= %. 2 f W/m.K”,kcn);
42 //END

Scilab code Exa 3.4 Conical Section

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
3 . 4 Page 113 \n ’ ); // Example 3 . 4

4 // Temperature D i s t r i b u t i o n And Heat r a t e
5
6 a = 0.25;

7 x1 = .05; // [m] D i s t a n c e o f s m a l l e r end
8 x2 = .25; // [m] D i s t a n c e o f l a r g e r end
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9 T1 = 400; // [K] Temperature o f s m a l l e r end
10 T2 = 600; // [K] Temperature o f l a r g e r end
11 k = 3.46; // [W/m.K] From Table A. 2 , Pyroceram at

Temp 285K
12
13 x = linspace (0.05 ,.25 ,100);

14 T=(T1 + (T1-T2)*[(x^-1 - x1^-1)/(x1^-1 - x2^-1)]);

15 clf();

16 plot(x,T);

17 xtitle(” Temp vs d i s t a n c e x”, ”x (m) ”, ”T (K) ”);
18
19 qx = %pi*a^2*k*(T1-T2)/(4*[1/ x1 - 1/x2]);

// [W]
20 printf(”\n\n Heat T r a n s f e r r a t e = %. 2 f W”,qx);
21 //END

Scilab code Exa 3.5 Critical Thickness

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
3 . 5 Page 119 \n ’ ); // Example 3 . 5

4 // C r i t i c a l Th i ckne s s
5
6 k = .055; // [W/m.K] From Table A. 3 , C e l l u l a r

g l a s s at Temp 285K
7 h = 5; // [W/mˆ 2 .K]
8 ri = 5*10^ -3; // [m] r a d i u s o f tube
9

10 rct = k/h; // [m] C r i t i c a l Th i ckne s s o f
I n s u l a t i o n f o r maximum Heat l o s s or minimum
r e s i s t a n c e

11
12 x = linspace (0 ,.07 ,100);
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13 ycond =(2.30* log10((x+ri)/ri)/(2* %pi*k));

14 yconv =(2* %pi*(x+ri)*h)^-1;

15 ytot=yconv+ycond;

16 clf();

17 plot(x,ycond ,x,yconv ,x,ytot);

18 xtitle(” R e s i s t a n c e vs Rad i i ”, ” r−r i (m) ”, ”R (m.K/W)
”);

19 legend (”Rcond”, ”Rconv”, ” R t o t a l ”);
20
21 printf(”\n\n C r i t i c a l Radius i s = %. 3 f m \n Heat

t r a n s f e r w i l l i n c r e a s e with the a d d i t i o n o f
i n s u l a t i o n up to a t h i c k n e s s o f %. 3 f m”,rct ,rct -
ri);

22 //END

Scilab code Exa 3.6 Spherical Composite

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
3 . 6 Page 122 \n ’ ); // Example 3 . 6

4 // Heat conduc t i o n through S p h e r i c a l Conta ine r
5
6 k = .0017; // [W/m.K] From Table A. 3 , S i l i c a

Powder at Temp 300K
7 h = 5; // [W/mˆ 2 .K]
8 r1 = 25*10^ -2; // [m] Radius o f s p h e r e
9 r2 = .275; // [m] Radius i n c l u d i n g

I n s u l a t i o n t h i c k n e s s
10
11 // L iqu id N i t r ogen P r o p e r t i e s
12 T = 77; // [K] Temperature
13 rho = 804; // [ kg /mˆ 3 ] Dens i ty
14 hfg = 2*10^5; // [ J/ kg ] l a t e n t heat o f v a p o r i s a t i o n
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15
16 // Air P r o p e r t i e s
17 Tsurr = 300; // [K] Temperature
18 h = 20 ;// [W/mˆ 2 .K] c o n v e c t i o n c o e f f i c i e n t
19
20 Rcond = (1/r1 -1/r2)/(4* %pi*k); // Using Eq 3 . 3 6
21 Rconv = 1/(h*4*%pi*r2^2);

22 q = (Tsurr -T)/(Rcond+Rconv);

23
24 printf(”\n\n ( a ) Rate o f Heat t r a n s f e r to L iqu id

N i t r ogen %. 2 f W”,q);
25
26 // Using Energy Balance q − m∗ h fg = 0
27 m=q/hfg; // [ kg / s ] mass o f n i r t o g e n l o s t per

second
28 mc = m/rho *3600*24*10^3;

29 printf(”\n\n ( b ) Mass r a t e o f n i t r o g e n b o i l o f f %. 2 f
L i t r e s / day ”,mc);

30 //END

Scilab code Exa 3.7 Composite Plane Wall

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
3 . 7 Page 129 \n ’ ); // Example 3 . 7

4 // Composite Plane w a l l
5
6 Tsurr = 30+273; // [K] Temperature o f s u r r o u n d i n g

Water
7 h = 1000; // [W/mˆ 2 .K] Heat Convect ion C o e f f o f

Water
8 kb = 150; // [W/m.K] M a t e r i a l B
9 Lb = .02; // [m] Th i ckne s s M a t e r i a l B
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10 ka = 75; // [W/m.K] M a t e r i a l A
11 La = .05; // [m] Th i ckne s s M a t e r i a l A
12 qa = 1.5*10^6; // [W/mˆ 3 ] Heat g e n e r a t i o n at w a l l A
13 qb = 0; // [W/mˆ 3 ] Heat g e n e r a t i o n at w a l l B
14
15 T2 = Tsurr + qa*La/h;

16
17 Rcondb = Lb/kb;

18 Rconv = 1/h;

19 T1 = Tsurr +( Rcondb + Rconv)*(qa*La);

20 //From Eqn 3 . 4 3
21 T0 = qa*La ^2/(2* ka) + T1;

22
23 printf(”\n\n ( a ) I n n e r Temperature o f Composite To =

%i degC \n ( b ) Outer Temperature o f the
Composite T2 = %i degC”,T0 -273,T2 -273);

24 //END

Scilab code Exa 3.8 Theoretical Problem

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
3 . 8 Page 134 \n ’ )// Example 3 . 8

4 // T h e o r e t i c a l Problem
5
6 printf( ’ \n The g i v e n example i s t h e o r e t i c a l and does

not i n v o l v e any n u m e r i c a l computat ion ’ )
7
8 //End

Scilab code Exa 3.9 Rod Fin Heat Transfer
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1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
3 . 9 Page 145 \n ’ ); // Example 3 . 9

4 // Heat conduc t i o n through Rod
5
6 kc = 398; // [W/m.K] From Table A. 1 , Copper at

Temp 335K
7 kal = 180; // [W/m.K] From Table A. 1 , Aluminium at

Temp 335K
8 kst = 14; // [W/m.K] From Table A. 1 , S t a i n l e s s

S t e e l a t Temp 335K
9 h = 100; // [W/mˆ 2 .K] Heat Convect ion C o e f f o f

Air
10 Tsurr = 25+273; // [K] Temperature o f s u r r o u n d i n g

Air
11 D = 5*10^ -3; // [m] Dia o f rod
12 To = 100+273.15; // [K] Temp o f o p p o s i t e end o f

rod
13
14 // For i n f i n t e l y l ong f i n m = h∗P/( k∗A)
15 mc = (4*h/(kc*D))^.5;

16 mal = (4*h/(kal*D))^.5;

17 mst = (4*h/(kst*D))^.5;

18 x = linspace (0 ,.300 ,100);

19 Tc = Tsurr + (To - Tsurr)*2.73^( -mc*x) - 273;

20 Tal = Tsurr + (To - Tsurr)*2.73^( - mal*x) -273;

21 Tst = Tsurr + (To - Tsurr)*2.73^( - mst*x) -273;

22 clf();

23 plot(x,Tc,x,Tal ,x,Tst);

24 xtitle(”Temp vs D i s t a n c e ”, ”x (m) ”, ”T ( degC ) ”);
25 legend (”Cu”, ” 2024 Al ”, ” 316 SS”);
26
27 // Using eqn 3 . 8 0
28 qfc = (h*%pi*D*kc*%pi/4*D^2) ^.5*(To-Tsurr);

29 qfal = (h*%pi*D*kal*%pi /4*D^2) ^.5*(To -Tsurr);

30 qfst = (h*%pi*D*kst*%pi /4*D^2) ^.5*(To -Tsurr);
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31
32 printf(”\n\n ( a ) Heat r a t e \n For Copper = %

. 2 f W \n For Aluminium = %. 2 f W \n
For S t a i n l e s s s t e e l = %. 2 f W”,qfc ,qfal ,qfst);

33
34 // Using eqn 3 . 7 6 f o r s a t i s f a c t o r y approx
35 Linfc = 2.65/ mc;

36 Linfal = 2.65/ mal;

37 Linfst = 2.65/ mst;

38
39 printf(”\n\n ( a ) Rods may be assumed to be i n f i n i t e

Long i f i t i s g r e a t e r than e q u a l to \n For
Copper = %. 2 f m \n For Aluminium = %. 2 f m
\n For S t a i n l e s s s t e e l = %. 2 f m”,Linfc ,

Linfal ,Linfst);

40 //END

Scilab code Exa 3.10 Finned Cylinder Heat Transfer

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
3 . 1 0 Page 156 \n ’ ); // Example 3 . 1 0

4 // Study o f m o t o r c y c l e f i n n e d c y l i n d e r
5
6 H = .15; // [m] h e i g h t
7 k = 186; // [W/m.K] alumunium at 400K
8 h = 50; // [W/mˆ 2 .K] Heat c o n v e c t i o n c o e f f i c i e n t
9 Tsurr = 300; // [K] Temperature o f s u r r o u n d i n g a i r

10 To = 500; // [K] Temp i n s i d e
11
12 // Dimens ions o f Fin
13 N = 5;

14 t = .006; // [m] Th i ckne s s
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15 L = .020; // [m] Length
16 r2c = .048; // [m]
17 r1 = .025; // [m]
18
19 Af = 2*%pi*(r2c^2-r1^2);

20 At = N*Af + 2*%pi*r1*(H-N*t);

21
22 // Using f i g 3 . 1 9
23 nf = .95;

24
25 qt = h*At*[1-N*Af*(1-nf)/At]*(To-Tsurr);

26 qwo = h*(2* %pi*r1*H)*(To-Tsurr);

27
28 printf(”\n\n Heat T r a n s f e r Rate with the f i n s =%i W

\n Heat T r a n s f e r Rate wi thout the f i n s =%i W \n
Thus I n c r e a s e i n Heat t r a n s f e r r a t e o f %i W i s

ob s e rved with f i n s ”,qt ,qwo ,qt-qwo);
29 //END

Scilab code Exa 3.11 Study of Fuel Cell Fan System

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
3 . 1 1 Page 158 \n ’ ); // Example 3 . 1 1

4 // Study o f Fuel− c e l l f an system
5
6 Wc =.05; // [m] width
7 H = .026; // [m] h e i g h t
8 tc = .006; // [m] t h i c k n e s s o f c e l l
9 V = 9.4; // [m/ s e c ] v e l o f c o o l i n g a i r

10 P = 9; // [W] Power g e n e r a t e d
11 C = 1000; // [W/(mˆ3/ s ) ] Rat io o f f an power

consumption to v o l f l o w r a t e
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12 k = 200; // [W/m.K] alumunium
13 Tsurr = 25+273.15; // [K] Temperature o f

s u r r o u n d i n g a i r
14 Tc = 56.4+273.15; // [K] Temp o f f u e l c e l l
15 Rtcy = 10^-3; // [K/W] Contact the rma l

r e s i s t a n c e
16 tb = .002; // [m] t h i c k n e s s o f base o f heat

s i n k
17 Lc = .05; // [m] l e n g t h o f f u e l c e l l
18 // Dimens ions o f Fin
19 tf = .001; // [m] Th i ckne s s
20 Lf = .008; // [m] Length
21
22 Vf = V*[Wc*(H-tc)]; // [mˆ3/ s e c ] Vo lumet r i c f l o w

r a t e
23 Pnet = P - C*Vf;

24
25
26 P = 2*(Lc+tf);

27 Ac = Lc*tf;

28 N = 22;

29 a=(2*Wc - N*tf)/N;

30 h = 19.1; // / [W/mˆ 2 .K]
31 q = 11.25; // [W]
32 m = (h*P/(k*Ac))^.5;

33 Rtf = (h*P*k*Ac)^(-.5)/ tanh(m*Lf);

34 Rtc = Rtcy /(2*Lc*Wc);

35 Rtbase = tb/(2*k*Lc*Wc);

36 Rtb = 1/[h*(2*Wc-N*tf)*Lc];

37 Rtfn = Rtf/N;

38 Requiv = [Rtb^-1 + Rtfn ^-1]^-1;

39 Rtot = Rtc + Rtbase + Requiv;

40
41 Tc2 = Tsurr +q*(Rtot);

42
43 printf(”\n\n ( a ) Power consumed by fan i s more than

the g e n e r a t e d power o f f u e l c e l l , and hence
system cannot produce net power = %. 2 f W \n\n ( b )
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Actua l f u e l c e l l Temp i s c l o s e enough to %. 1 f
degC f o r r e d u c i n g the fan power consumption by
h a l f i e Pnet = %. 1 f W, we r e q u i r e 22 f i n s , 11 on
top and 11 on bottom . ”,Pnet , Tc2 -273, C*Vf/2);

44
45 //END

Scilab code Exa 3.12 Heat Loss From Body and Temp at Inner Surface

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
3 . 1 2 Page 163 \n ’ ); // Example 3 . 1 2

4 // Heat l o s s from body & temp at i n n e r s u r f a c e
5
6 hair = 2; // [W/mˆ 2 .K] Heat c o n v e c t i o n

c o e f f i c i e n t a i r
7 hwater = 200; // [W/mˆ 2 .K] Heat c o n v e c t i o n

c o e f f i c i e n t water
8 hr = 5.9 ; // [W/mˆ 2 .K] Heat r a d i a t i o n

c o e f f i c i e n t
9 Tsurr = 297; // [K] Temperature o f s u r r o u n d i n g a i r

10 Tc = 37+273; // [K] Temp i n s i d e
11 e = .95;

12 A = 1.8 ; // [mˆ 2 ] a r ea
13 // Prop o f b lood
14 w = .0005 ; // [ s ˆ−1] p e r f u s i o n r a t e
15 pb = 1000; // [ kg /mˆ 3 ] b lood d e n s i t y
16 cb = 3600; // [ J/ kg ] s p e c i f i c heat
17 // Dimens ions & p r o p e r t i e s o f musc le & s k i n / f a t
18 Lm = .03 ; // [m]
19 Lsf = .003 ; // [m]
20 km = .5 ; // [W/m.K]
21 ksf = .3; // [W/m.K]
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22 q = 700; // [W/mˆ 3 ] Metabo l i c heat
g e n e r a t i o n r a t e

23
24 Rtotair = (Lsf/ksf + 1/( hair + hr))/A;

25 Rtotwater = (Lsf/ksf + 1/( hwater))/A;

26
27 m = (w*pb*cb/km)^.5;

28 Theta = -q/(w*pb*cb);

29
30 Tiair = (Tsurr*sinh(m*Lm) + km*A*m*Rtotair *[Theta +

(Tc + q/(w*pb*cb))*cosh(m*Lm)])/(sinh(m*Lm)+km*A*

m*Rtotair*cosh(m*Lm));

31 qair = (Tiair - Tsurr)/Rtotair;

32
33 Tiwater = (Tsurr*sinh(m*Lm) + km*A*m*Rtotwater *[

Theta + (Tc + q/(w*pb*cb))*cosh(m*Lm)])/(sinh(m*

Lm)+km*A*m*Rtotwater*cosh(m*Lm));

34 qwater = (Tiwater - Tsurr)/Rtotwater;

35
36 printf(”\n\n For Air \n Temp e x c e s s Ti = %. 1 f degC

and Heat l o s s r a t e =%. 1 f W \n\n For Water \n Temp
e x c e s s Ti = %. 1 f degC and Heat l o s s r a t e =%. 1 f W
”,Tiair -273,qair ,Tiwater -273, qwater);

37 //END
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Chapter 4

Two Dimensional Steady State
Conduction

Scilab code Exa 4.1 Thermal Resistance of Eccentric Wire

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
4 . 1 Page 211 \n ’ ); // Example 4 . 1

4 // Thermal r e s i s t a n c e o f w i r e c o a t i n g a s s o c i a t e d
with p e r i p h e r a l v a r i a t i o n s i n c o a t i n g t h i c k n e s s

5
6 d = .005; // [m] Diameter o f w i r e
7 k = .35; // [W/m.K] Thermal C o n d u c t i v i t y
8 h = 15; // [W/mˆ 2 .K] Tota l c o e f f with

Convect ion n Rad i a t i on
9

10 rcr = k/h; // [m] c r i t i c a l i n s u l a t i o n r a d i u s
11 tcr = rcr - d/2; // [m] c r i t i c a l i n s u l a t i o n

Th i ckne s s
12
13 Rtcond = 2.302* log10(rcr/(d/2))/(2* %pi*k); // [K

/W] Thermal r e s i s t a n c e
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14
15 // Using Table 4 . 1 Case 7
16 z = .5*tcr;

17 D=2*rcr;

18 Rtcond2D = (acosh ((D^2 + d^2 - 4*z^2) /(2*D*d)))/(2*

%pi*k);

19
20 printf(”\n\n The r e d u c t i o n i n the rma l r e s i s t a n c e o f

the i n s u l a t i o n i s %. 2 f K/W ”, Rtcond -Rtcond2D);

21 //END

Scilab code Exa 4.2 Theoretical Problem

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
4 . 2 Page 218 \n ’ )// Example 4 . 2

4 // T h e o r e t i c a l Problem
5
6 printf( ’ \n The g i v e n example i s t h e o r e t i c a l and does

not i n v o l v e any n u m e r i c a l computat ion ’ )
7
8 //End

Scilab code Exa 4.3 Temperature Distribution in Column and Heat Rate
per Unit Length

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
4 . 3 Page 224 \n ’ ); // Example 4 . 2
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4 // Temperature D i s t r i b u t i o n and Heat r a t e per u n i t
l e n g t h

5
6 Ts = 500; // [K] Temp o f s u r f a c e
7 Tsurr = 300; // [K] Temp o f s u r r o u n d i n g Air
8 h = 10; // [W/mˆ 2 .K] Heat Convect ion

s o e f f i c i e n t
9 // Support Column

10 delx = .25; // [m]
11 dely = .25; // [m]
12 k = 1; // [W/m.K] From Table A. 3 , F i r e c l a y

Br i ck at T = 478K
13
14 // Apply ing Eqn 4 . 4 2 and 4 . 4 8
15 A = [-4 1 1 0 0 0 0 0;

16 2 -4 0 1 0 0 0 0;

17 1 0 -4 1 1 0 0 0;

18 0 1 2 -4 0 1 0 0;

19 0 0 1 0 -4 1 1 0;

20 0 0 0 1 2 -4 0 1;

21 0 0 0 0 2 0 -9 1;

22 0 0 0 0 0 2 2 -9 ];

23
24 C = [ -1000; -500; -500; 0; -500; 0; -2000; -1500 ];

25
26 T = inv(A)*C;

27
28 printf(”\n Temp D i s t r i b u t i o n = ”);
29 printf(”\n %. 2 f K ”, T);

30
31 q = 2*h*[( delx /2)*(Ts-Tsurr)+delx*(T(7)-Tsurr)+delx

*(T(8)-Tsurr)/2];

32 printf(”\n\n Heat r a t e from column to the a i r s t r e a m
%. 1 f W/m ”, q);

33 //END
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Scilab code Exa 4.4 Temperature Field of Channel and Rate of Heat Trans-
fer

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
4 . 4 Page 230 \n ’ ); // Example 4 . 4

4 // Temperature F i e l d and Rate o f Heat T r a n s f e r
5
6 // Operat ing C o n d i t i o n s
7
8 ho = 1000; // [W/mˆ 2 .K] Heat Convect ion

c o e f f i c i e n t
9 hi = 200; // [W/mˆ 2 .K] Heat Convect ion

c o e f f i c i e n t
10 Ti = 400; // [K] Temp o f Air
11 Tg = 1700; // [K] Temp o f Gas
12 h = 10 ; // [W/mˆ 2 .K] Heat Convect ion

c o e f f i c i e n t
13
14 A = 2*6*10^ -6 ; // [mˆ 2 ] Cros s s e c t i o n o f each

Channel
15 x = .004 ; // [m] Spac ing between j o i n t s
16 t = .006; // [m] Th i ckne s s
17 k = 25; // [W/m.K] Thermal C o n d u c t i v i t y o f

Blade
18 delx = .001 ; // [m]
19 dely = .001 ; // [m]
20
21 // Apply ing Eqn 4 . 4 2 and 4 . 4 8
22 A = [-(2+ho*delx/k) 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

0 0 0 0;

23 1 -2*(2+ho*delx/k) 1 0 0 0 0 2 0 0 0 0 0 0 0 0
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0 0 0 0 0;

24 0 1 -2*(2+ho*delx/k) 1 0 0 0 0 2 0 0 0 0 0 0 0

0 0 0 0 0;

25 0 0 1 -2*(2+ho*delx/k) 1 0 0 0 0 2 0 0 0 0 0 0

0 0 0 0 0;

26 0 0 0 1 -2*(2+ho*delx/k) 1 0 0 0 0 2 0 0 0 0 0

0 0 0 0 0;

27 0 0 0 0 1 -(2+ho*delx/k) 0 0 0 0 0 1 0 0 0 0 0

0 0 0 0;

28 1 0 0 0 0 0 -4 2 0 0 0 0 1 0 0 0 0 0 0 0 0;

29 0 1 0 0 0 0 1 -4 1 0 0 0 0 1 0 0 0 0 0 0 0;

30 0 0 1 0 0 0 0 1 -4 1 0 0 0 0 1 0 0 0 0 0 0;

31 0 0 0 1 0 0 0 0 1 -4 1 0 0 0 0 1 0 0 0 0 0;

32 0 0 0 0 1 0 0 0 0 1 -4 1 0 0 0 0 1 0 0 0 0;

33 0 0 0 0 0 1 0 0 0 0 2 -4 0 0 0 0 0 1 0 0 0;

34 0 0 0 0 0 0 1 0 0 0 0 0 -4 2 0 0 0 0 1 0 0;

35 0 0 0 0 0 0 0 1 0 0 0 0 1 -4 1 0 0 0 0 1 0;

36 0 0 0 0 0 0 0 0 2 0 0 0 0 2 -2*(3+hi*delx/k) 1

0 0 0 0 1;

37 0 0 0 0 0 0 0 0 0 2 0 0 0 0 1 -2*(2+hi*delx/k)

1 0 0 0 0;

38 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 1 -2*(2+hi*delx/k

) 1 0 0 0;

39 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 -(2+hi*delx/k

) 0 0 0;

40 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 -2 1 0;

41 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 1 -4 1;

42 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 -(2+hi*

delx/k)];

43
44 C = [-ho*delx*Tg/k;

45 -2*ho*delx*Tg/k;

46 -2*ho*delx*Tg/k;

47 -2*ho*delx*Tg/k;

48 -2*ho*delx*Tg/k;

49 -ho*delx*Tg/k;

50 0;

51 0;
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52 0;

53 0;

54 0;

55 0;

56 0;

57 0;

58 -2*hi*delx*Ti/k;

59 -2*hi*delx*Ti/k;

60 -2*hi*delx*Ti/k;

61 -hi*delx*Ti/k;

62 0;

63 0;

64 -hi*delx*Ti/k];

65
66 T = inv(A)*C;

67
68 printf(”\n Temp D i s t r i b u t i o n = ”);
69 printf(”\n %. 1 f K ”, T);

70
71 q = 4*ho*[( delx /2)*(Tg-T(1))+delx*(Tg -T(2))+delx*(Tg

-T(3))+ delx*(Tg-T(4))+delx*(Tg -T(5))+delx*(Tg-T

(6))/2];

72 printf(”\n\n Heat r a t e T r a n s f e r %. 1 f W/m ”, q);

73 //END
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Chapter 5

Transient Conduction

Scilab code Exa 5.1 Thermo Couple Junction

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
5 . 1 Page 261 \n ’ ); // Example 5 . 1

4 // J un c t i on Diameter and Time C a l c u l a t i o n to a t t a i n
c e r t a i n temp

5
6 // Operat ing C o n d i t i o n s
7
8 h = 400; // [W/mˆ 2 .K] Heat Convect ion

c o e f f i c i e n t
9 k = 20; // [W/m.K] Thermal C o n d u c t i v i t y o f

Blade
10 c = 400; // [ J/ kg .K] S p e c i f i c Heat
11 rho = 8500; // [ kg /mˆ 3 ] Dens i ty
12 Ti = 25+273; // [K] Temp o f Air
13 Tsurr = 200+273; // [K] Temp o f Gas Stream
14 TimeConstt = 1; // [ s e c ]
15
16 //From Eqn 5 . 7
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17 D = 6*h*TimeConstt /(rho*c);

18 Lc = D/6;

19 Bi = h*Lc/k;

20
21 //From eqn 5 . 5 f o r t ime to r each
22 T = 199+273; // [K] Requ i red t empera tu r e
23
24 t = rho*D*c*2.30* log10((Ti -Tsurr)/(T-Tsurr))/(h*6);

25
26 printf(”\n\n Jun c t i on Diameter needed f o r a t ime

c o n s t a n t o f 1 s = %. 2 e m \n\n Time Requ i red to
r each 199 degC i n a gas stream = %. 1 f s e c ”, D, t)

;

27 //END

Scilab code Exa 5.2 Steady State Temperature of Junction

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
5 . 2 Page 265 \n ’ ); // Example 5 . 2

4 // Steady S t a t e Temperature o f j u n c t i o n
5 // Time Requ i red f o r the rmocoup l e to r ea ch a temp

tha t i s w i t h i n 1 degc o f i t s s teady−s t a t e v a l u e
6
7 // Operat ing C o n d i t i o n s
8
9 h = 400; // [W/mˆ 2 .K] Heat Convect ion

c o e f f i c i e n t
10 k = 20; // [W/m.K] Thermal C o n d u c t i v i t y o f

Blade
11 c = 400; // [ J/ kg .K] S p e c i f i c Heat
12 e = .9; // A b s o r p t i v i t y
13 rho = 8500; // [ kg /mˆ 3 ] Dens i ty
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14 Ti = 25+273; // [K] Temp o f Air
15 Tsurr = 400+273; // [K] Temp o f duct w a l l
16 Tg = 200+273; // [K] Temp o f Gas Stream
17 TimeConstt = 1; // [ s e c ]
18 stfncnstt =5.67*10^( -8); // [W/mˆ 2 .Kˆ 4 ] − S t e f a n

Boltzmann Constant
19
20 //From Eqn 5 . 7
21 D = 6*h*TimeConstt /(rho*c);

22 As = %pi*D^2;

23 V = %pi*D^3/6;

24
25 // Ba lanc ing Energy on the rmocoup l e Jun c t i on
26 // Newton Raphson method f o r 4 th o r d e r eqn
27 T=500;

28 while (1>0)

29 f=(e*stfncnstt *( Tsurr^4-T^4) -(h*(T-Tg)));

30 fd=(-3*e*stfncnstt*T^3)-h;

31 Tn=T-f/fd;

32 if((e*stfncnstt *( Tsurr^4-Tn^4) -(h*(Tn-Tg))) <=.01)

33 break;

34 end;

35 T=Tn;

36 end

37 printf(”\n ( a ) Steady S t a t e Temperature o f j u n c t i o n
= %. 2 f degC\n”,T-273);

38
39 // Using Eqn 5 . 1 5 and I n t e g r a t i n g the ODE
40 // I n t e g r a t i o n o f the d i f f e r e n t i a l e q u a t i o n
41 // dT/ dt=−A∗ [ h ∗ (T−Tg)+e ∗ s t e f n c n s t t ∗ (Tˆ4−Tsurr ˆ4) ] / (

rho ∗V∗ c ) , T( 0 ) =25+273 , and f i n d s the minimum
time t such tha t T( t ) =217.7+273.15

42 deff(” [ Tdot ]= f ( t ,T) ”,”Tdot=−As ∗ [ h ∗ (T−Tg)+e ∗ s t f n c n s t t
∗ (Tˆ4−Tsurr ˆ4) ] / ( rho ∗V∗ c ) ”);

43 deff(” [ z ]=g ( t ,T) ”,” z=T−217.7−273 ”);
44
45 T0 =25+273; ng=1;

46 [T,rd]=ode(” r o o t s ”,T0 ,0 ,217.7+273 ,f,ng,g);

45



47 printf(”\n ( b ) Time Requ i red f o r the rmocoup l e to
r each a temp tha t i s w i t h i n 1 degc o f i t s s teady−
s t a t e v a l u e = %. 2 f s \n”,rd(1));

48
49 //END

Scilab code Exa 5.3 Total Time Required for Two Step Process

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
5 . 2 Page 267 \n ’ ); // Example 5 . 3

4 // Tota l Time t r e q u i r e d f o r two s t e p p r o c e s s
5
6 // Operat ing C o n d i t i o n s
7
8 ho = 40; // [W/mˆ 2 .K] Heat Convect ion

c o e f f i c i e n t
9 hc = 10; // [W/mˆ 2 .K] Heat Convect ion

c o e f f i c i e n t
10 k = 177; // [W/m.K] Thermal C o n d u c t i v i t y
11 e = .8; // A b s o r p t i v i t y
12 L = 3*10^ -3/2; // [m] Metre
13 Ti = 25+273; // [K] Temp o f Aluminium
14 Tsurro = 175+273; // [K] Temp o f duct w a l l

h e a t i n g
15 Tsurrc = 25+273; // [K] Temp o f duct w a l l
16 Tit = 37+273; // [K] Temp at c o o l i n g
17 Tc = 150+273; // [K] Temp c r i t i c a l
18
19 stfncnstt =5.67*10^( -8); // [W/mˆ 2 .Kˆ 4 ] − S t e f a n

Boltzmann Constant
20 p = 2770; // [ kg /mˆ 3 ] d e n s i t y o f aluminium
21 c = 875; // [ J/ kg .K] S p e c i f i c Heat
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22
23 //To a s s e s s the v a l i d i t y o f the lumped c a p a c i t a n c e

approx imat ion
24 Bih = ho*L/k;

25 Bic = hc*L/k;

26 printf(”\n Lumped c a p a c i t a n c e approx imat ion i s v a l i d
as Bih = %f and Bic = %f”, Bih , Bic);

27
28 //Eqn 1 . 9
29 hro = e*stfncnstt *(Tc+Tsurro)*(Tc^2+ Tsurro ^2);

30 hrc = e*stfncnstt *(Tc+Tsurrc)*(Tc^2+ Tsurrc ^2);

31 printf(”\n S i n c e The v a l u e s o f hro = %. 1 f and hrc =
%. 1 f a r e comparable to t h o s e o f ho and hc ,
r e s p e c t i v e l y r a d i a t i o n e f f e c t s must be c o n s i d e r e d
”, hro ,hrc);

32
33 // I n t e g r a t i o n o f the d i f f e r e n t i a l e q u a t i o n
34 // dy/ dt=−1/(p∗ c∗L) ∗ [ ho ∗ ( y−Tsurro )+e∗ s t f n c n s t t ∗ ( yˆ4

− Tsurro ˆ4) ] , y ( 0 )=Ti , and f i n d s the minimum
time t such tha t y ( t ) =150 degC

35 deff(” [ ydot ]= f 1 ( t , y ) ”,” ydot=−1/(p∗ c∗L) ∗ [ ho ∗ ( y−Tsurro
)+e ∗ s t f n c n s t t ∗ ( yˆ4 − Tsurro ˆ4) ] ”);

36 deff(” [ z ]= g1 ( t , y ) ”,” z=y−150−273”);
37 y0=Ti;

38 [y,tc]=ode(” r o o t ”,y0 ,0 ,150+273 ,f1 ,1,g1);
39 te = tc(1) + 300;

40
41 //From e q u a t i o n 5 . 1 5 and s o l v i n g the two s t e p

p r o c e s s u s i n g i n t e g r a t i o n
42 function Tydot=f(t,T)

43 Tydot =-1/(p*c*L)*[ho*(T-Tsurro)+e*stfncnstt *(T^4

- Tsurro ^4)];

44 funcprot (0)

45 endfunction

46 Ty0=Ti;

47 t0=0;

48 t=0:10: te;

49 Ty=ode(” rk ”,Ty0 ,t0,t,f);
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50
51 // s o l u t i o n o f i n t e g r a t i o n o f the d i f f e r e n t i a l

e q u a t i o n
52 // dy/ dt=−1/(p∗ c∗L) ∗ [ hc ∗ ( y−Tsurrc )+e ∗ s t f n c n s t t ∗ ( yˆ4

− Tsurrc ˆ4) ] , y ( rd ( 1 ) )=Ty ( 4 3 ) , and f i n d s the
minimum time t such tha t y ( t ) =37 degC=Tit

53 deff(” [ Tdot ]= f 2 ( t ,T) ”,”Tdot=−1/(p∗ c∗L) ∗ [ hc ∗ (T−Tsurrc
)+e ∗ s t f n c n s t t ∗ (Tˆ4 − Tsurrc ˆ4) ] ”);

54 for(tt =0:1:900)

55 tq=ode(Ty(43) ,0,tt,f2);

56 if(tq-Tit <=10^ -2)

57 break;

58 end

59 end

60
61 function Ty2dot=f2(t,T)

62 Ty2dot =-1/(p*c*L)*[hc*(T-Tsurrc)+e*stfncnstt *(T

^4 - Tsurrc ^4)];

63 funcprot (0)

64 endfunction

65 Ty20=Ty(43);

66 t20=te;

67 t2=te :10:1200;

68 Ty2=ode(” rk ”,Ty20 ,t20 ,t2 ,f2);
69 clf();

70 plot(t,Ty -273,t2 ,Ty2 -273,[tc(1) tc(1)],[0 Tc -273] ,[

te te],[0 Ty(43) -273],[tt+te tt+te],[0 tq -273]);

71 xtitle( ’ P l o t o f the Two−Step P r o c e s s ’ , ’ t ( s ) ’ , ’T (
degC ) ’ );

72 legend( ’ Heat ing ’ , ’ Coo l i ng ’ , ’ t c ’ , ’ t e ’ , ’ t t ’ );
73
74 printf( ’ \n\n Tota l t ime f o r the two−s t e p p r o c e s s i s

t = %i s with i n t e r m e d i a t e t imes o f t c = %i s and
t e = %i s . ’ ,tt+te,tc(1),te);

75 //END
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Scilab code Exa 5.4 Radial System with Convection

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
5 . 4 Page 278 \n ’ ); // Example 5 . 4

4 // Rad ia l System with Convect ion
5
6 // Operat ing C o n d i t i o n s
7
8 h = 500; // [W/mˆ 2 .K] Heat Convect ion

c o e f f i c i e n t a t i n n e r s u r f a c e
9 k = 63.9; // [W/m.K] Thermal C o n d u c t i v i t y

10 rho = 7832; // [ kg /mˆ 3 ] Dens i ty
11 c = 434; // [ J/ kg .K] S p e c i f i c Heat
12 alpha = 18.8*10^ -6; // [mˆ2/ s ]
13 L = 40*10^ -3; // [m] Metre
14 Ti = -20+273; // [K] I n i t i a l Temp
15 Tsurr = 60+273; // [K] Temp o f o i l
16 t = 8*60 ; // [ s e c ] t ime
17 D = 1 ; // [m] Diameter o f p ip e
18
19 // Using eqn 5 . 1 0 and 5 . 1 2
20 Bi = h*L/k;

21 Fo = alpha*t/L^2;

22
23 //From Table 5 . 1 at t h i s Bi
24 C1 = 1.047;

25 eta = 0.531;

26 theta0=C1*exp(-eta^2*Fo);

27 T = Tsurr+theta0 *(Ti-Tsurr);

28
29 // Using eqn 5 . 4 0 b
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30 x=1;

31 theta = theta0*cos(eta);

32 Tl = Tsurr + (Ti -Tsurr)*theta;

33 q = h*[Tl - Tsurr];

34
35 // Using Eqn 5 . 4 4 , 5 . 4 6 and Vol per u n i t l e n g t h V =

p i ∗D∗L
36 Q = [1-(sin(eta)/eta)*theta0 ]*rho*c*%pi*D*L*(Ti -

Tsurr);

37
38 printf(”\n ( a ) A f t e r 8 min Bio t number = %. 2 f and

F o u r i e r Numer = %. 2 f \n\n ( b ) Temperature o f
e x t e r i o r p ip e s u r f a c e a f t e r 8 min = %i degC \n\n
( c ) Heat Flux to the w a l l a t 8 min = %i W/mˆ2 \n\
n ( d ) Energy t r a n s f e r r e d to p ipe per u n i t l e n g t h
a f t e r 8 min = %. 2 e J/m”,Bi ,Fo, T-273,q,Q);

39
40 //END

Scilab code Exa 5.5 Two Step Cooling Process Of Sphere

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
5 . 5 Page 280 \n ’ ); // Example 5 . 5

4 // Two s t e p c o o l i n g p r o c e s s o f Sphere
5
6 // Operat ing C o n d i t i o n s
7
8 ha = 10; // [W/mˆ 2 .K] Heat Convect ion

c o e f f i c i e n t a t a i r
9 hw = 6000; // [W/mˆ 2 .K] Heat Convect ion

c o e f f i c i e n t a t water
10 k = 20; // [W/m.K] Thermal C o n d u c t i v i t y
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11 rho = 3000; // [ kg /mˆ 3 ] Dens i ty
12 c = 1000; // [ J/ kg .K] S p e c i f i c Heat
13 alpha = 6.66*10^ -6; // [mˆ2/ s ]
14 Tiw = 335+273; // [K] I n i t i a l Temp
15 Tia = 400+273; // [K] I n i t i a l Temp
16 Tsurr = 20+273; // [K] Temp o f s u r r o u n d i n g
17 T = 50+273; // [K] Temp o f c e n t e r
18 ro = .005; // [m] r a d i u s o f s p h e r e
19
20 // Using eqn 5 . 1 0 and
21 Lc = ro/3;

22 Bi = ha*Lc/k;

23 ta = rho*ro*c*2.30*( log10 ((Tia -Tsurr)/(Tiw -Tsurr)))

/(3*ha);

24
25 //From Table 5 . 1 at t h i s Bi
26 C1 = 1.367;

27 eta = 1.8;

28 Fo = -1*2.30* log10((T-Tsurr)/((Tiw -Tsurr)*C1))/eta

^2;

29
30 tw = Fo*ro^2/ alpha;

31
32 printf(”\n ( a ) Time r e q u i r e d to ac comp l i sh d e s i r e d

c o o l i n g i n a i r ta = %. 1 f s \n\n ( b ) Time r e q u i r e d
to ac comp l i sh d e s i r e d c o o l i n g i n water bath tw =
%. 2 f s ”,ta ,tw);

33
34 //END

Scilab code Exa 5.6 Burial Depth

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
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I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
5 . 6 Page 288 \n ’ ); // Example 5 . 6

4 // B u r i a l Depth
5
6 // Operat ing C o n d i t i o n s
7
8 k = .52; // [W/m.K] Thermal C o n d u c t i v i t y
9 rho = 2050; // [ kg /mˆ 3 ] Dens i ty

10 c = 1840; // [ J/ kg .K] S p e c i f i c Heat
11 Ti = 20+273; // [K] I n i t i a l Temp
12 Ts = -15+273; // [K] Temp o f s u r r o u n d i n g
13 T = 0+273; // [K] Temp at depth xm a f t e r 60

days
14 t = 60*24*3600; // [ s e c ] t ime perod
15
16 alpha = k/(rho*c); // [mˆ2/ s ]
17 // Using eqn 5 . 5 7
18 xm = erfinv ((T-Ts)/(Ti-Ts))*2*( alpha*t)^.5;

19
20 printf(”\n Depth at which a f t e r 60 days s o i l f r e e z e

= %. 2 f m”,xm);
21
22 //END

Scilab code Exa 5.7 Spherical Tumor

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
5 . 7 Page 293 \n ’ ); // Example 5 . 7

4 // S p h e r i c a l Tumor
5
6 // Operat ing C o n d i t i o n s
7
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8 k = .5; // [W/m.K] Thermal C o n d u c t i v i t y
Hea l thy T i s s u e

9 kappa = .02*10^3; // [m] e x t i n c t i o n c o e f f i c i e n t
10 p = .05; // r e f l e c t i v i t y o f s k i n
11 D = .005; // [m] Lase r beam Dia
12 rho = 989.1 ; // [ kg /mˆ 3 ] Dens i ty
13 c = 4180 ; // [ J/ kg .K] S p e c i f i c Heat
14 Tb = 37+273; // [K] Temp o f h e a l t h y t i s s u e
15 Dt = .003 ; // [m] Dia o f t i s s u e
16 d = .02 ; // [m] depth beneath the s k i n
17 Ttss = 55+273 ; // [K] Steady S t a t e Temperature
18 Tb = 37+273 ; // [K] Body Temperature
19 Tt = 52+273 ; // [K] T i s s u e Temperature
20 q = .170 ; // [W]
21
22 // Case 12 o f Table 4 . 1
23 q = 2*%pi*k*Dt*(Ttss -Tb);

24
25 // Energy Ba lanc ing
26 P = q*(D^2)*exp(kappa*d)/((1-p)*Dt^2);

27
28 // Using Eqn 5 . 1 4
29 t = rho*(%pi*Dt^3/6)*c*(Tt -Tb)/q;

30
31 alpha=k/(rho*c);

32 Fo = 10.3;

33 // Using Eqn 5 . 6 8
34 t2 = Fo*Dt ^2/(4* alpha);

35
36 printf(”\n ( a ) Heat t r a n s f e r r e d from the tumor to

ma inta in i t s s u r f a c e t empera tu r e at Ttss = 55
degC i s %. 2 f W \n\n ( b ) Lase r power needed to
s u s t a i n the tumor s u r f a c e t emperaut r e at Ttss =
55 degC i s %. 2 f W \n\n ( c ) Time f o r tumor to
r each Tt = 52 degC when heat t r a n s f e r to the
s u r r o u n d i n g t i s s u e i s n e g l e c t e d i s %. 2 f s e c \n\n
( d ) Time f o r tumor to r each Tt = 52 degC when
Heat t r a n s f e r to t h e s u r r o u n d i n g t i s s u e i s
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c o n s i d e r e d and teh therma l mass o f tumor i s
n e g l e c t e d i s %. 2 f s e c ” ,q,P,t,t2);

37
38 //END

Scilab code Exa 5.8 Thermal Conductivity of Nanostructured Material

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
5 . 8 Page 300 \n ’ ); // Example 5 . 8

4 // Thermal C o n d u c t i v i t y o f Nanos t ruc tu r ed m a t e r i a l
5
6 // Operat ing C o n d i t i o n s
7
8 k = 1.11 ; // [W/m.K] Thermal C o n d u c t i v i t y
9 rho = 3100; // [ kg /mˆ 3 ] Dens i ty

10 c = 820 ; // [ J/ kg .K] S p e c i f i c Heat
11 // Dimens ions o f S t r i p
12 w = 100*10^ -6; // [m] Width
13 L = .0035 ; // [m] Long
14 d = 3000*10^ -10; // [m] Th i ckne s s
15 delq = 3.5*10^ -3; // [W] h e a t i n g Rate
16 delT1 =1.37 ; // [K] Temperature 1
17 f1 = 2*%pi ; // [ rad / s ] Frequency 1
18 delT2 =.71 ; // [K] Temperature 2
19 f2 = 200* %pi; // [ rad / s ] Frequency 2
20
21 A = [delT1 -delq/(L*%pi);

22 delT2 -delq/(L*%pi)] ;

23
24 C= [delq * -2.30* log10(f1/2) /(2*L*%pi);

25 delq * -2.30* log10(f2/2) /(2*L*%pi)] ;

26
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27 B = inv(A)*C;

28
29 alpha = k/(rho*c);

30 delp = [( alpha/f1)^.5 (alpha/f2)^.5];

31 printf(”\n C2 = %. 2 f k = %. 2 f W/m.K \n\n Thermal
P e n e t r a t i o n depths a r e %. 2 e m and %. 2 e m at
f r e q u e n c y 2∗ p i rad / s and 200∗ p i rad / s ” ,B(2),B(1)

, delp);

32
33 //END

Scilab code Exa 5.9 Temperature Distribution Using Finite Difference Method

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
5 . 9 Page 305 \n ’ ); // Example 5 . 9

4 // Temperature d i s t r i b u t i o n 1 . 5 s a f t e r a change i n
o p e r a t i n g power

5
6 // Operat ing C o n d i t i o n s
7
8 L = .01; // [m] Metre
9 Tsurr = 250+273; // [K] Temperature

10 h = 1100; // [W/mˆ 2 .K] Heat Convec t i v e
C o e f f i c i e n t

11 q1 = 10^7; // [W/mˆ 3 ] Vo lumet r i c Rate
12 q2 = 2*10^7; // [W/mˆ 3 ] Vo lumet r i c Rate
13 k = 30; // [W/m.K] C o n d u c t i v i t y
14 a = 5*10^ -6; // [mˆ2/ s ]
15
16 delx = L/5; // Space inc r ement f o r n um e r i c a l

s o l u t i o n
17 Bi = h*delx/k; // Bio t Number
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18 //By u s i n g s t a b i l i t y c r i t e r i o n f o r F o u r i e r Number
19 Fo = (2*(1+ Bi))^-1;

20 //By d e f i n i t i o n
21 t = Fo*delx ^2/a;

22 printf( ’ \n As per s t a b i l i t y c r i t e r i o n d e l t = %. 3 f s ,
hence s e t t i n g s t a b i l i t y l i m i t as . 3 s . ’ ,t)

23 // Using F i n i t e t ime inc r ement o f . 3 s
24 delt = 1*.3;

25 Fo1 = a*delt/delx ^2;

26 x = [0 delx delx*2 delx*3 delx*4 delx *5];

27
28 //At p=0 Using e q u a t i o n 3 . 4 6
29 for i = 1: length(x)

30 T(1,i) = q1*L^2/(2*k)*(1-x(i)^2/L^2)+Tsurr + q1*L/h

-273 ;

31 end

32 // System o f Equat ion i n F i n i t e D i f f e r e n c e method
33 for j = 2:6

34 T(j,1)=Fo1 *(2*T(j-1,2)+q2*delx ^2/k) + (1 -2*Fo1)

*T(j-1,1);

35 T(j,2)=Fo1*(T(j-1,1)+T(j-1,3)+q2*delx ^2/k) + (1

-2*Fo1)*T(j-1,2);

36 T(j,3)=Fo1*(T(j-1,2)+T(j-1,4)+q2*delx ^2/k) + (1

-2*Fo1)*T(j-1,3);

37 T(j,4)=Fo1*(T(j-1,3)+T(j-1,5)+q2*delx ^2/k) + (1

-2*Fo1)*T(j-1,4);

38 T(j,5)=Fo1*(T(j-1,4)+T(j-1,6)+q2*delx ^2/k) + (1

-2*Fo1)*T(j-1,5);

39 T(j,6)=2*Fo1*(T(j-1,5)+Bi*(Tsurr -273)+q2*delx

^2/(2*k)) + (1 -2*Fo1 -2*Bi*Fo1)*T(j-1,6);

40 end

41 //At p=i n f i n i t y Using e q u a t i o n 3 . 4 6
42 x = [0 delx delx*2 delx*3 delx*4 delx *5];

43 for i = 1: length(x)

44 T(7,i) = q2*L^2/(2*k)*(1-x(i)^2/L^2)+Tsurr+q2*L/h

-273;

45 end

46
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47 for j= 1:6

48 Tans(j,:) = [j-1 delt*(j-1) T(j,:)];

49 end

50
51 printf(”\n\n Tabulated Nodal Temperatures \n\n p

t ( s ) T0 T1 T2 T3
T4 T5\n”);

52 format( ’ v ’ ,6);
53 disp(Tans);

54 printf(” i n f i n f %. 1 f %. 1 f %. 1 f %. 1
f %. 1 f %. 1 f ”,T(7,1),T(7,2),T(7,3),T(7,4),T
(7,5),T(7,6));

55
56 //END

Scilab code Exa 5.10 Temperature Distribution Analytical and Explicit
and Implicit Finite Difference

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
5 . 1 0 Page 311 \n ’ ); // Example 5 . 1 0

4 // Using E x p l i c i t F i n i t e D i f f e r e n c e method ,
de t e rmine t e m p e r a t u r e s at the s u r f a c e and 150 mm
from the s u r f a c e a f t e r an e l a p s e d t ime o f 2 min

5 // Repeat the c a l c u l a t i o n s u s i n g the I m p l i c i t F i n i t e
D i f f e r e n c e Method

6 // Determine the same t e m p e r a t u r e s a n a l y t i c a l l y
7
8 // Operat ing C o n d i t i o n s
9

10 delx = .075; // [m] Metre
11 T = 20+273; // [K] Temperature
12 q = 3*10^5; // [W/mˆ 3 ] Vo lumet r i c Rate
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13
14 //From Table A. 1 copper 300 K
15 k = 401; // [W/m.K] C o n d u c t i v i t y
16 a = 117*10^ -6; // [mˆ2/ s ]
17
18 //By u s i n g s t a b i l i t y c r i t e r i o n r e d u c i n g f u r t h e r

F o u r i e r Number
19 Fo = (2)^-1;

20 //By d e f i n i t i o n
21 delt = Fo*delx ^2/a;

22 format( ’ v ’ ,5);
23
24 // System o f Equat ion f o r E x p l i c i t F i n i t e d i f f e r e n c e

Fo = 1/2
25 Tv1(1,:) = [20 20 20 20 20]; //At p=0

I n i t i a l Temperature t − 20 degC
26 for i = 2:6

27 Tv1(i,1) = 56.1 + Tv1(i-1,2);

28 Tv1(i,2) = (Tv1(i-1,3) + Tv1(i-1,1))/2;

29 Tv1(i,3) = (Tv1(i-1,4) + Tv1(i-1,2))/2;

30 Tv1(i,4) = (Tv1(i-1,5) + Tv1(i-1,3))/2;

31 Tv1(i,5) = Tv1(i-1,5);

32 end

33 for j=1:6

34 T1(j,:)=[j-1 delt*(j-1) Tv1(j,:)];

35 end

36 printf(”\n\n EXPLICIT FINITE−DIFFERENCE SOLUTION
FOR Fo = 1/2\n p t ( s ) T0 T1
T2 T3 T4\n”);

37 disp(T1);

38 printf( ’ \n Hence a f t e r 2 min , the s u r f a c e and the
d e s i r d e i n t e r i o r t empera tu r e T0 = %. 2 f degC and
T2 = %. 1 f degC ’ ,T1(6,3),T1(6,5));

39
40 //By u s i n g s t a b i l i t y c r i t e r i o n r e d u c i n g f u r t h e r

F o u r i e r Number
41 Fo = (4)^-1;

42 //By d e f i n i t i o n
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43 delt = Fo*delx ^2/a;

44 // System o f Equat ion f o r E x p l i c i t F i n i t e d i f f e r e n c e
f o r Fo = 1/4

45 Tv2(1,:) = [20 20 20 20 20 20 20

20 20]; //At p=0 I n i t i a l
Temperature t − 20 degC

46 for i=2:11

47 Tv2(i,1) =1/2*(q*delx/k + Tv2(i-1,2)) +Tv2(i

-1,1)/2;

48 Tv2(i,2)=(Tv2(i-1,1)+Tv2(i-1,3))/4 + Tv2(i-1,2)

/2;

49 Tv2(i,3)=(Tv2(i-1,2)+Tv2(i-1,4))/4 + Tv2(i-1,3)

/2;

50 Tv2(i,4)=(Tv2(i-1,3)+Tv2(i-1,5))/4 + Tv2(i-1,4)

/2;

51 Tv2(i,5)=(Tv2(i-1,4)+Tv2(i-1,6))/4 + Tv2(i-1,5)

/2;

52 Tv2(i,6)=(Tv2(i-1,5)+Tv2(i-1,7))/4 + Tv2(i-1,6)

/2;

53 Tv2(i,7)=(Tv2(i-1,6)+Tv2(i-1,8))/4 + Tv2(i-1,7)

/2;

54 Tv2(i,8)=(Tv2(i-1,7)+Tv2(i-1,9))/4 + Tv2(i-1,8)

/2;

55 Tv2(i,9)= Tv2(i-1,9);

56 end

57 for j=1:11

58 T2(j,:)=[j-1 delt*(j-1) Tv2(j,:)];

59 end

60 printf(”\n\n EXPLICIT FINITE−DIFFERENCE SOLUTION
FOR Fo = 1/4\n p t ( s ) T0 T1
T2 T3 T4 T5 T6 T7 T8
\n”)

61 disp(T2)

62 printf( ’ \n Hence a f t e r 2 min , the s u r f a c e and the
d e s i r d e i n t e r i o r t empera tu r e T0 = %. 2 f degC and
T2 = %. 1 f degC ’ ,T2(11,3),T2(11,5))

63
64
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65 // ( b ) I m p l i c i t F i n i t e D i f f e r e n c e s o l u t i o n
66 Fo = (4)^-1;

67 //By d e f i n i t i o n
68 delt = Fo*delx ^2/a;

69
70 T3 = rand (6,11); //Random I n i t i t a l

D i s t r i b u t i o n
71 function[Tm]= Tvalue(i)

72 function[f]=F(x)

73 f(1)= 2*x(1) - x(2) - q*delx/k - T3(i,3);

74 f(2)= -x(1)+4*x(2)-x(3) -2*T3(i,4);

75 f(3)= -x(2)+4*x(3)-x(4) -2*T3(i,5);

76 f(4)= -x(3)+4*x(4)-x(5) -2*T3(i,6);

77 f(5)= -x(4)+4*x(5)-x(6) -2*T3(i,7);

78 f(6)= -x(5)+4*x(6)-x(7) -2*T3(i,8);

79 f(7)= -x(6)+4*x(7)-x(8) -2*T3(i,9);

80 f(8)= -x(7)+4*x(8)-x(9) -2*T3(i,10);

81 f(9)= -x(9)+T3(i,11);

82 funcprot (0);

83 endfunction

84 x = [30 30 30 30 30 30 30 30 30];

85 Tm = fsolve(x,F);

86 funcprot (0)

87 endfunction

88
89 //At p=0 I n i t i a l Temperature t − 20 degC
90 T3(1,:) = [0 delt*0 20 20 20 20 20 20

20 20 20];

91 for j=1:5

92 T3(j+1,:)=[j delt*j Tvalue(j)];

93 end

94 printf(”\n\n IMPLICIT FINITE−DIFFERENCE SOLUTION
FOR Fo = 1/4\n p t ( s ) T0 T1
T2 T3 T4 T5 T6 T7 T8
\n”);

95 disp(T3);

96 printf( ’ \n Hence a f t e r 2 min , the s u r f a c e and the
d e s i r d e i n t e r i o r t empera tu r e T0 = %. 2 f degC and
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T2 = %. 1 f degC ’ ,T3(6,3),T3(6,5));
97
98 t = 120; // [ s e c o n d s ]
99 // ( c ) Approximat ing s l a b as semi− i n f i n t e medium

100 Tc = T -273 + 2*q*(a*t/%pi)^.5/k;

101
102 //At i n t e r i o r p o i n t x =0.15 m
103 x =.15; // [ metre ]
104 // A n a l y t i c a l E x p r e s s i o n
105 Tc2 = T -273 + 2*q*(a*t/%pi)^.5/k*exp(-x^2/(4*a*t))-

q*x/k*[1-erf (.15/(2* sqrt(a*t)))];

106
107 printf( ’ \n\n ( c ) Approximat ing s l a b as a semi

i n f i n t e medium , A n a l y t i c a l e p r e s s i o n y i e l d s \n At
s u r f a c e a f t e r 120 s e c o n d s = %. 1 f degC \n At x

=.15 m a f t e r 120 s e c o n d s = %. 1 f degC ’ ,Tc ,Tc2);
108 //END
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Chapter 6

Introduction to Convection

Scilab code Exa 6.1 Theroetical Problem

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
6 . 1 Page 355 \n ’ )// Example 6 . 1

4 // T h e o r e t i c a l Problem
5
6 printf( ’ \n The g i v e n example i s t h e o r e t i c a l and does

not i n v o l v e any n u m e r i c a l computat ion ’ )
7
8 //End

Scilab code Exa 6.2 Napthalene Sublimation

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
6 . 2 Page 356 \n ’ ); // Example 6 . 2
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4 // Naptha lene Sub l imat i on r a t e per u n i t l e n g t h
5
6 // Operat ing C o n d i t i o n s
7
8 h = .05; // [W/mˆ 2 .K] Heat Convect ion

c o e f f i c i e n t
9 D = .02; // [m] Diameter o f c y l i n d e r

10 Cas = 5*10^ -6; // [ kmol /mˆ 3 ] S u r f a c e molar Conc
11 Casurr = 0; // [ kmol /mˆ 3 ] Sur round ing molar

Conc
12 Ma = 128; // [ Kg/ kmol ] Mo l e cu l a r we ight
13
14 //From Eqn 6 . 1 5
15 Na = h*(%pi*D)*(Cas -Casurr);

16 na = Ma*Na;

17
18 printf(”\n\n Mass s u b l i m a t i o n Rate i s = %. 2 e kg / s .m

”, na);

19 //END

Scilab code Exa 6.3 Convection Mass Transfer Coefficient

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
6 . 3 Page 357 \n ’ ); // Example 6 . 3

4 // Convect ion Mass T r a n s f e r c o e f f i c i e n t
5
6 // Operat ing C o n d i t i o n s
7
8 Dab = .288*10^ -4; // [mˆ2/ s ] Table A. 8 water

vapor−a i r (319K)
9 pas = .1; // [ atm ] P a r t i a l p r e s s u r e at

s u r f a c e
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10 pasurr = .02; // [ atm ] P a r t i a l p r e s s u r e at
i n f i n i t y

11 y0 = .003; // [m] Tangent at y = 0
i n t e r c e p t s y a x i s at 3 mm

12
13 //From Measured Vapor P r e s s u r e D i s t r i b u t i o n
14 delp = (0 - pas)/(y0 - 0); // [ atm/m]
15 hmx = -Dab*delp/(pas - pasurr); // [m/ s ]
16
17 printf(”\n\n Convect ion Mass T r a n s f e r c o e f f i c i e n t at

p r e s c r i b e d l o c a t i o n = %. 4 f m/ s ”, hmx);

18 //END

Scilab code Exa 6.4 Convection Mass Transfer coefficient of Plate

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
6 . 4 Page 362 \n ’ ); // Example 6 . 4

4 // Convect ion Mass T r a n s f e r c o e f f i c i e n t
5
6 // Operat ing C o n d i t i o n s
7 v = 1; // [m/ s ] V e l o c i t y o f water
8 L = 0.6; // [m] P l a t e l e n g t h
9 Tw1 = 300; // [K]

10 Tw2 = 350; // [K]
11 // C o e f f i c i e n t s [W/mˆ 1 . 5 . K]
12 Clam1 = 395;

13 Cturb1 = 2330;

14 Clam2 = 477;

15 Cturb2 = 3600;

16
17 // Water P r o p e r t i e s at T = 300K
18 p1 = 997; // [ kg /mˆ 3 ] Dens i ty
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19 u1 = 855*10^ -6; // [N. s /mˆ 2 ] V i s c o s i t y
20 // Water P r o p e r t i e s at T = 350K
21 p2 = 974; // [ kg /mˆ 3 ] Dens i ty
22 u2 = 365*10^ -6; // [N. s /mˆ 2 ] V i s c o s i t y
23
24
25 Rec = 5*10^5; // T r a n s i t i t o n Reynolds Number
26 xc1 = Rec*u1/(p1*v); // [m] T r a n s i t i o n l e n g t h at 300K
27 xc2 = Rec*u2/(p2*v); // [m] T r a n s i t i o n l e n g t h at 350K
28
29 // I n t e g r a t i n g eqn 6 . 1 4
30 //At 300 K
31 h1 = [Clam1*xc1 ^.5/.5 + Cturb1 *(L^.8-xc1 ^.8) /.8]/L;

32
33 //At 350 K
34 h2 = [Clam2*xc2 ^.5/.5 + Cturb2 *(L^.8-xc2 ^.8) /.8]/L;

35
36 printf(”\n\n Average Convect ion C o e f f i c i e n t ove r the

e n t i r e p l a t e f o r the two t e m p e r a t u r e s at 300K =
%. 2 f W/mˆ 2 .K and at 350K = %. 2 f W/mˆ 2 .K”, h1,h2);

37 //END

Scilab code Exa 6.5 Heat Flux of Plate

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
6 . 5 Page 372 \n ’ ); // Example 6 . 5

4 // Heat Flux to b l ade when s u r f a c e temp i s r educed
5 // Heat f l u x to a l a r g e r t u r b i n e b l ade
6
7 // Operat ing C o n d i t i o n s
8 v = 160; // [m/ s ] V e l o c i t y o f a i r
9 L = 0.04; // [m] Blade l e n g t h
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10 Tsurr = 1150+273; // [K]
11 Ts = 800+273; // [K] S u r f a c e Temp
12 q = 95000; // [W/mˆ 2 ] O r i g i n a l heat f l u x
13
14 // Case 1
15 Ts1 = 700+273; // [K] S u r f a c e Temp
16 q1 = q*(Tsurr -Ts1)/(Tsurr -Ts);

17
18 // Case 2
19 L2 = .08; // [m] Length
20 q2 = q*L/L2; // [W/mˆ 2 ] Heat f l u x
21
22
23 printf(”\n\n ( a ) Heat Flux to b l ade when s u r f a c e

temp i s r educed = %i KW/mˆ2 \n ( b ) Heat f l u x to a
l a r g e r t u r b i n e b l ade = %. 2 f KW/mˆ2 ”, q1/1000 ,q2

/1000);

24 //END

Scilab code Exa 6.6 Molar Flux over Plate

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
6 . 6 Page 379 \n ’ ); // Example 6 . 6

4 // Water vapor conc and f l u x a s s o c i a t e d with the
same l o c a t i o n on l a r g e r s u r f a c e o f the same shape

5
6 // Operat ing C o n d i t i o n s
7 v = 100; // [m/ s ] V e l o c i t y o f a i r
8 Tsurr = 20+273; // [K] Sur round ing Air Temperature
9 L1 = 1; // [m] s o l i d l e n g t h

10 Ts = 80+273; // [K] S u r f a c e Temp
11 qx = 10000; // [W/mˆ 2 ] heat f l u x at a p o i n t x
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12 Txy = 60+273; // [K] Temp i n boundary l a y e r
above the p o i n t

13
14 // Table A. 4 Air P r o p e r t i e s at T = 323K
15 v = 18.2*10^ -6; // [mˆ2/ s ] V i s c o s i t y
16 k = 28*10^ -3; // [W/m.K] C o n d u c t i v i t y
17 Pr = 0.7; // P r a n d t t l Number
18 // Table A. 6 S a tu r a t e d Water Vapor at T = 323K
19 pasat = 0.082; // [ kg /mˆ 3 ]
20 Ma = 18; // [ kg / kmol ] Mo l e cu l a r mass o f

water vapor
21 // Table A. 8 Water Vapor−a i r at T = 323K
22 Dab = .26*10^ -4; // [mˆ2/ s ]
23
24 // Case 1
25 Casurr = 0;

26 Cas = pasat/Ma; // [ kmol /mˆ 3 ] Molar conc o f
s a t u r a t e d water vapor at s u r f a c e

27 Caxy = Cas + (Casurr - Cas)*(Txy - Ts)/(Tsurr - Ts);

28
29 // Case 2
30 L2 = 2;

31 hm = L1/L2*Dab/k*qx/(Ts -Tsurr);

32 Na = hm * (Cas - Casurr);

33
34
35 printf(”\n ( a ) Water vapor C o n c e n t r a t i o n above the

p o i n t = %. 4 f Kmol/mˆ3 \n ( b ) Molar f l u x to a
l a r g e r s u r f a c e = %. 2 e Kmol/ s .mˆ2 ”, Caxy ,Na);

36 //END

Scilab code Exa 6.7 Evaporative Cooling

1 clear;

2 clc;
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3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
6 . 7 Page 383 \n ’ ); // Example 6 . 7

4 // Steady S t a t e Temperature o f Beverage
5
6 // Operat ing C o n d i t i o n s
7 Tsurr = 40+273; // [K] Sur round ing Air Temperature
8 // V o l a t i l e Wetting Agent A
9 hfg = 100; // [ kJ/ kg ]

10 Ma = 200; // [ kg / kmol ] Mo l e cu l a r mass
11 pasat = 5000; // [N/mˆ 2 ] S a t u r a t e p r e s s u r e
12 Dab = .2*10^ -4; // [mˆ2/ s ] D i f f u s i o n c o e f f i c i e n t
13
14 // Table A. 4 Air P r o p e r t i e s at T = 300K
15 p = 1.16; // [ kg /mˆ 3 ] Dens i ty
16 cp = 1.007; // [ kJ/ kg .K] S p e c i f i c Heat
17 alpha = 22.5*10^ -6; // [mˆ2/ s ]
18 R = 8.314; // [ kJ/ kmol ] U n i v e r s a l Gas

Constt
19
20 // Apply ing Eqn 6 . 6 5 and s e t t i n g p a s u r r = 0
21 // Tsˆ2 − Tsurr ∗Ts + B = 0 , where the

c o e f f i c i e n t B i s
22 B = Ma*hfg*pasat *10^ -3/[R*p*cp*(alpha/Dab)^(2/3) ];

23 Ts = [Tsurr + sqrt(Tsurr^2 - 4*B)]/2;

24
25 printf(”\n Steady S t a t e S u r f a c e Temperature o f

Beverage = %. 1 f degC”, Ts -273);

26 //END
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Chapter 7

External Flow

Scilab code Exa 7.1 Cooling Rate per Unit Width of the Plate

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
7 . 1 Page 415 \n ’ ); // Example 7 . 1

4 // Coo l i ng r a t e per Unit Width o f the P l a t e
5
6 // Operat ing C o n d i t i o n s
7 v = 10; // [m/ s ] Air v e l o c i t y
8 p = 6000; // [N/mˆ 2 ] Air p r e s s u r e
9 Tsurr = 300+273; // [K] Sur round ing Air

Temperature
10 L = .5; // [m] Length o f p l a t e
11 Ts = 27+273; // [K] S u r f a c e Temp
12
13 // Table A. 4 Air P r o p e r t i e s at T = 437K
14 uv = 30.84*10^ -6*(101325/6000); // [mˆ2/ s ]

Kinemat ic V i s c o s i t y at P = 6000 N/mˆ2
15 k = 36.4*10^ -3; // [W/m.K] Thermal

COnduct iv i ty
16 Pr = .687; // Prandt l number
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17
18 Re = v*L/uv; // Reynolds number
19 printf(”\n S i n c e Reynolds Number i s %i , The f l o w i s

l amina r ove r the e n t i r e p l a t e ”,Re);
20
21 // C o r r e l a t i o n 7 . 3 0
22 NuL = .664* Re^.5*Pr ^.3334; // N u s s e l t Number ove r

e n t i r e p l a t e l e n g t h
23 hL = NuL*k/L; // Average Convect ion

C o e f f i c i e n t
24 // Requ i red c o o l i n g r a t e per u n i t width o f p l a t e
25 q = hL*L*(Tsurr -Ts);

26
27 printf(”\n\n Requ i red c o o l i n g r a t e per u n i t width o f

p l a t e = %i W/m”, q);

28 //END

Scilab code Exa 7.2 Maximum Heater Power Requirement

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
7 . 2 Page 417 \n ’ ); // Example 7 . 2

4 // Maximum Heater Power Requirement
5
6 // Operat ing C o n d i t i o n s
7 v = 60; // [m/ s ] Air v e l o c i t y
8 Tsurr = 25+273; // [K] Sur round ing Air Temperature
9 w = 1; // [m] Width o f p l a t e

10 L = .05; // [m] Length o f s t r i p p e r
11 Ts = 230+273; // [K] S u r f a c e Temp
12
13 // Table A. 4 Air P r o p e r t i e s at T = 400K
14 uv = 26.41*10^ -6; // [mˆ2/ s ] Kinemat ic
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V i s c o s i t y
15 k = .0338; // [W/m.K] Thermal

COnduct iv i ty
16 Pr = .690; // Prandt l number
17
18 Re = v*L/uv; // Reynolds number
19
20 Rexc = 5*10^5; // T r a n s i t i o n Reynolds Number
21 xc = uv*Rexc/v; // T r a n s i t i o n Length
22 printf(”\n Reynolds Number based on l e n g t h L = . 0 5m

i s %i . \n And the t r a n s i t i o n occu r at xc = %. 2 f m
i e f i f t h p l a t e ”,Re ,xc);

23
24 // For f i r s t h e a t e r
25 // C o r r e l a t i o n 7 . 3 0
26 Nu1 = .664* Re^.5*Pr ^.3334; // N u s s e l t Number
27 h1 = Nu1*k/L; // Average Convect ion

C o e f f i c i e n t
28 q1 = h1*(L*w)*(Ts-Tsurr); // Convec t i v e Heat

exchange
29
30 // For f i r s t f o u r h e a t e r s
31 Re4 = 4*Re;

32 L4 = 4*L;

33 Nu4 = .664* Re4 ^.5*Pr ^.3334; // N u s s e l t Number
34 h4 = Nu4*k/L4; // Average Convect ion

C o e f f i c i e n t
35
36 // For F i f t h h e a t e r from Eqn 7 . 3 8
37 Re5 = 5*Re;

38 A = 871;

39 L5 = 5*L;

40 Nu5 = (.037* Re5^.8-A)*Pr ^.3334; // N u s s e l t Number
41 h5 = Nu5*k/L5; // Average Convect ion

C o e f f i c i e n t
42 q5 = (h5*L5-h4*L4)*w*(Ts -Tsurr);

43
44 // For S i x t h h e a t e r from Eqn 7 . 3 8
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45 Re6 = 6*Re;

46 L6 = 6*L;

47 Nu6 = (.037* Re6^.8-A)*Pr ^.3334 ; // N u s s e l t Number
48 h6 = Nu6*k/L6 ; // Average Convect ion

C o e f f i c i e n t
49 q6 = (h6*L6-h5*L5)*w*(Ts -Tsurr);

50
51 printf(”\n\n Power r e q u i r e m e n t a r e \n qconv1 = %i W

qconv5 = %i W qconv6 = %i W”, q1,q5 ,q6);

52 printf(”\n Hence %i > %i > %i and the s i x t h p l a t e
has l a r g e s t power r e q u i r e m e n t ”, q6,q1 ,q5);

53 //END

Scilab code Exa 7.3 Daily Water Loss

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
7 . 3 Page 417 \n ’ ); // Example 7 . 2

4 // Da i l y Water Loss
5
6 // Operat ing C o n d i t i o n s
7 v = 2; // [m/ s ] Air v e l o c i t y
8 Tsurr = 25+273; // [K] Sur round ing Air Temperature
9 H = .5; // Humidity

10 w = 6; // [m] Width o f poo l
11 L1 = 12; // [m] Length o f poo l
12 e = 1.5; // [m] Deck Wide
13 Ts = 25+273; // [K] S u r f a c e Temp o f water
14
15 // Table A. 4 Air P r o p e r t i e s at T = 298K
16 uv = 15.7*10^ -6; // [mˆ2/ s ] Kinemat ic

V i s c o s i t y
17 // Table A. 8 Water vapor−Air P r o p e r t i e s at T = 298K

72



18 Dab = .26*10^ -4; // [mˆ2/ s ] D i f f u s i o n
C o e f f i c i e n t

19 Sc = uv/Dab;

20 // Table A. 6 Air P r o p e r t i e s at T = 298K
21 rho = .0226; // [ kg /mˆ 3 ]
22
23 L = L1+e;

24 Re = v*L/uv; // Reynolds number
25
26 // Equat ion 7 . 4 1 y i e l d s
27 ShLe = .037*Re^.8*Sc ^.3334;

28 // Equat ion 7 . 4 4
29 p = 8; // Turbu lent Flow
30 ShL = (L/(L-e))*ShLe *[1-(e/L)^((p+1)/(p+2))]^(p/(p

+1));

31
32 hmL = ShL*(Dab/L);

33 n = hmL*(L1*w)*rho*(1-H);

34
35 printf(”\n Reynolds Number i s %. 2 e . Hence f o r

t u r b u l e n t Flow p = 8 i n Equat ion 7 . 4 4 . \ n Da i l y
Water Loss due to e v a p o r a t i o n i s %i kg / day ”,Re ,n
*86400);

36
37 //END

Scilab code Exa 7.4 Convection Coefficient Using Zukauskas Relation

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
7 . 4 Page 428 \n ’ ); // Example 7 . 4

4 // Convect ion C o e f f i c i e n t a s s o c i a t e d with o p e r a t i n g
c o n d i t i o n s
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5 // Convect ion C o e f f i c i e n t from an a p p r o p r i a t e
c o r r e l a t i o n

6
7 // Operat ing C o n d i t i o n s
8 v = 10; // [m/ s ] Air v e l o c i t y
9 Tsurr = 26.2+273; // [K] Sur round ing Air

Temperature
10 P = 46; // [W] Power d i s s i p a t i o n
11 L = .094; // [m] Length o f c y l i n d e r
12 D = .0127; // [m] Diameter o f c y l i n d e r
13 Ts = 128.4+273; // [K] S u r f a c e Temp o f water
14 q = 46 -.15*46; // [W] Actua l power d i s s i p a t i o n

wi thout the 15% l o s s
15
16 // Table A. 4 Air P r o p e r t i e s at T = 300K
17 uv = 15.89*10^ -6; // [mˆ2/ s ] Kinemat ic

V i s c o s i t y
18 k = 26.3*10^ -3; // [W/m.K] Thermal

c o n d u c t i v i t y
19 Pr = .707; // Prandt l Number
20 // Table A. 4 Air P r o p e r t i e s at T = 401K
21 Prs = .690; // Prandt l Number
22
23 A = %pi*D*L;

24 h = q/(A*(Ts-Tsurr));

25
26 Re = v*D/uv; // Reynolds number
27 // Using Zukauskas Re l a t i on , Equat ion 7 . 5 3
28 C = .26;

29 m = .6;

30 n = .37;

31 Nu = C*Re^m*Pr^n*(Pr/Prs)^.25;

32 havg = Nu*k/D;

33
34 printf(”\n Convect ion C o e f f i c i e n t a s s o c i a t e d with

o p e r a t i n g c o n d i t i o n s %i W/mˆ 2 .K. \n Reynolds
Number i s %i . Hence t a k i n g s u i t a b l e c o r r e s p o n d i n g

data from Table 7 . 4 . \ n Convect ion C o e f f i c i e n t
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from an a p p r o p r i a t e Zukauskas c o r r e l a t i o n %i W/m
ˆ 2 .K”,h,Re,havg);

35
36 //END

Scilab code Exa 7.5 Convective Heat transfer to the Canister

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
7 . 5 Page 431 \n ’ ); // Example 7 . 5

4 // Convec t i v e Heat t r a n s f e r to the c a n i s t e r and the
a d d i t i o n a l h e a t i n g needed

5
6 // Operat ing C o n d i t i o n s
7 v = 23; // [m/ s ] Air v e l o c i t y
8 Tsurr = 296; // [K] Sur round ing Air Temperature
9 L = .8; // [m] Length o f c y l i n d e r

10 Di = .1; // [m] Diameter o f c y l i n d e r
11 t = .005; // [m] Th i ckne s s o f c y l i n d e r
12
13 // Table A. 4 Air P r o p e r t i e s at T = 285K
14 uv = 14.56*10^ -6; // [mˆ2/ s ] Kinemat ic

V i s c o s i t y
15 k = 25.2*10^ -3; // [W/m.K] Thermal

c o n d u c t i v i t y
16 Pr = .712; // Prandt l Number
17 // Table A. 1 AISI 316 S t a i n l e s s s t e e l P r o p e r t i e s at T

= 300K
18 kss = 13.4; // [W/m.K] C o n d u c t i v i t y
19
20 pH2 = 1.01; // [N]
21 Ti = -3550/(2.30* log10(pH2) - 12.9);

22 Eg = -(1.35*10^ -4) *(29.5*10^6);
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23
24 Re = v*(Di+2*t)/uv; // Reynolds number
25 // Equat ion 7 . 5 4
26 Nu = .3+.62* Re^.5*Pr ^.3334/[1+(.4/ Pr)

^.6668]^.25*[1+( Re /282000) ^(5/8) ]^.8;

27 h = Nu*k/(Di+2*t);

28
29 qconv = (Tsurr -Ti)/[(1/( %pi*L*(Di+2*t)*h))+(2.30*

log10((Di+2*t)/Di)/(2* %pi*kss*L))];

30 printf(”\n A d d i t i o n a l Thermal Energy must be
s u p p l i e d to c a n i s t e r to ma inat in steady−s t a t e
o p e r a t i n g temperatue %i W”,-qconv -Eg);

31
32 //END

Scilab code Exa 7.6 Time required to Cool on Plastic Film

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
7 . 6 Page 434 \n ’ ); // Example 7 . 6

4 // Time r e q u i r e d to c o o l from Ti = 75 degC to 35
degC

5
6 // Operat ing C o n d i t i o n s
7 v = 10; // [m/ s ] Air v e l o c i t y
8 Tsurr = 23+273; // [K] Sur round ing Air Temperature
9 D = .01; // [m] Diameter o f s p h e r e

10 Ti = 75+273; // [K] I n i t i a l temp
11 Tt = 35+273; // [K] Temperature a f t e r t ime t
12 p = 1; // [ atm ]
13
14 // Table A. 1 Copper at T = 328K
15 rho = 8933; // [ kg /mˆ 3 ] Dens i ty
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16 k = 399; // [W/m.K] C o n d u c t i v i t y
17 cp = 388; // [ J/ kg .K] s p e c i f i c
18 // Table A. 4 Air P r o p e r t i e s T = 296 K
19 u = 182.6*10^ -7; // [N. s /mˆ 2 ] V i s c o s i t y
20 uv = 15.53*10^ -6; // [mˆ2/ s ] Kinemat ic

V i s c o s i t y
21 k = 25.1*10^ -3; // [W/m.K] Thermal

c o n d u c t i v i t y
22 Pr = .708; // Prandt l Number
23 // Table A. 4 Air P r o p e r t i e s T = 328 K
24 u2 = 197.8*10^ -7; // [N. s /mˆ 2 ] V i s c o s i t y
25
26 Re = v*D/uv; // Reynolds number
27 // Using Equat ion 7 . 5 6
28 Nu = 2+(0.4* Re^.5 + 0.06*Re ^.668)*Pr^.4*(u/u2)^.25;

29 h = Nu*k/D;

30 //From e q u a t i o n 5 . 4 and 5 . 5
31 t = rho*cp*D*2.30* log10((Ti -Tsurr)/(Tt -Tsurr))/(6*h)

;

32
33 printf(”\nTime r e q u i r e d f o r c o o l i n g i s %. 1 f s e c ”,t);
34
35 //END

Scilab code Exa 7.7 Air side Convection coefficient and Heat Rate for
Staggered Arrangement

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
7 . 7 Page 443 \n ’ ); // Example 7 . 7

4 // Air s i d e Convect ion c o e f f i c i e n t and Heat r a t e
5 // p r e s s u r e Drop
6
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7 // Operat ing C o n d i t i o n s
8 v = 6; // [m/ s ] Air v e l o c i t y
9 Tsurr = 15+273; // [K] Sur round ing Air Temperature

10 D = .0164; // [m] Diameter o f tube
11 Ts = 70+273; // [K] Temp o f tube
12 // S t a g g e r ed arrangement d imens i on s
13 St = .0313; // [m]
14 Sl = .0343; // [m]
15
16 // Table A. 4 Air P r o p e r t i e s T = 288 K
17 rho = 1.217; // [ kg /mˆ 3 ] Dens i ty
18 cp = 1007; // [ J/ kg .K] s p e c i f i c heat
19 uv = 14.82*10^ -6; // [mˆ2/ s ] Kinemat ic

V i s c o s i t y
20 k = 25.3*10^ -3; // [W/m.K] Thermal

c o n d u c t i v i t y
21 Pr = .71; // Prandt l Number
22 // Table A. 4 Air P r o p e r t i e s T = 343 K
23 Pr2 = .701; // Prandt l Number
24 // Table A. 4 Air P r o p e r t i e s T = 316 K
25 uv3 = 17.4*10^ -6; // [mˆ2/ s ] Kinemat ic

V i s c o s i t y
26 k3 = 27.4*10^ -3; // [W/m.K] Thermal

c o n d u c t i v i t y
27 Pr3 = .705; // Prandt l Number
28
29 Sd = [Sl^2 + (St/2) ^2]^.5;

30 Vmax = St*v/(St-D);

31
32 Re = Vmax*D/uv; // Reynolds number
33
34 C = .35*(St/Sl)^.2;

35 m = .6;

36 C2 = .95;

37 N = 56;

38 Nt = 8;

39 // Using Equat ion 7 . 6 4 & 7 . 6 5
40 Nu = C2*C*Re^m*Pr ^.36*( Pr/Pr2)^.25;
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41 h = Nu*k/D;

42
43 //From Eqnn 7 . 6 7
44 Tso = (Ts -Tsurr)*exp(-(%pi*D*N*h)/(rho*v*Nt*St*cp));

45 Tlm = ((Ts -Tsurr) - Tso)/(2.30* log10((Ts-Tsurr)/Tso)

);

46 q = N*(h*%pi*D*Tlm);

47
48 Pt = St/D;

49 //From Fig 7 . 1 4
50 X = 1.04;

51 f = .35;

52 NL = 7;

53 press = NL*X*(rho*Vmax ^2/2)*f;

54
55 printf(”\n Air s i d e Convect ion c o e f f i c i e n t h = %. 1 f

W/mˆ 2 . k and Heat r a t e q = %. 1 f kW/m \n P r e s s u r e
Drop = %. 2 e ba r s ”,h,q/1000, press /100000);

56
57 //END

79



Chapter 8

Internal Flow

Scilab code Exa 8.1 Theoretical Problem

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
8 . 1 Page 494 \n ’ )// Example 8 . 1

4 // T h e o r e t i c a l Problem
5
6 printf( ’ \n The g i v e n example i s t h e o r e t i c a l and does

not i n v o l v e any n u m e r i c a l computat ion ’ )
7
8 //End

Scilab code Exa 8.2 Length of Tube and Local Convection Coefficient at
the Outlet

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
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I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
8 . 2 Page 499 \n ’ ); // Example 8 . 2

4 // Length o f tube needed to a c h i e v e the d e s i r e d
o u t l e t t empera tu r e

5 // Loca l c o n v e c t i o n c o e f f i c i e n t at the o u t l e t
6
7 // Operat ing C o n d i t i o n s
8 m = .1; // [ kg / s ] mass f l o w r a t e o f water
9 Ti = 20+273; // [K] I n l e t temp

10 To = 60+273; // [K] Out l e t t empera tu r e
11 Di = .02; // [m] I n n e r Diameter
12 Do = .04; // [m] Outer Diameter
13 q = 10^6; // [w/mˆ 3 ] Heat g e n e r a t i o n Rate
14 Tsi = 70+273; // [K] I n n e r S u r f a c e Temp
15 // Table A. 4 Air P r o p e r t i e s T = 313 K
16 cp = 4179; // [ J/ kg .K] s p e c i f i c heat
17
18 L = 4*m*cp*(To -Ti)/(%pi*(Do^2-Di^2)*q);

19
20 //From Newtons Law o f c o o l i n g , Equat ion 8 . 2 7 , l o c a l

heat c o n v e c t i o n c o e f f i c i e n t i s
21 h = q*(Do^2-Di^2)/(Di*4*(Tsi -To));

22
23 printf(”\n Length o f tube needed to a c h i e v e the

d e s i r e d o u t l e t t empera tu re = %. 1 f m \n Loca l
c o n v e c t i o n c o e f f i c i e n t at the o u t l e t = %i W/mˆ 2 .K
”,L,h);

24
25 //END

Scilab code Exa 8.3 Average Convection Coefficient of Stream

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
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I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
8 . 3 Page 503 \n ’ ); // Example 8 . 3

4 // ave rage c o n v e c t i o n c o e f f i c i e n t
5
6 // Operat ing C o n d i t i o n s
7 m = .25; // [ kg / s ] mass f l o w r a t e o f water
8 Ti = 15+273; // [K] I n l e t temp
9 To = 57+273; // [K] Out l e t t empera tu r e

10 D = .05; // [m] Diameter
11 L = 6; // [m] Length o f tube
12 Ts = 100+273; // [K] o u t e r S u r f a c e Temp
13
14 // Table A. 4 Air P r o p e r t i e s T = 309 K
15 cp = 4178; // [ J/ kg .K] s p e c i f i c heat
16
17 Tlm = ((Ts -To) -(Ts -Ti))/(2.30* log10 ((100 -57)

/(100 -15)));

18
19 h = m*cp*(To-Ti)/(%pi*D*L*Tlm);

20
21 printf(”\n Average Heat t r a n s f e r Convect ion

C o e f f i c i e n t = %i W/mˆ 2 .K”,h);
22
23 //END

Scilab code Exa 8.4 Solar Energy

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
8 . 4 Page 506 \n ’ ); // Example 8 . 4

4 // Length o f tube f o r r e q u i r e d h e a t i n g
5 // S u r f a c e t empera tu re Ts at o u t l e t s e c t i o n
6
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7 // Operat ing C o n d i t i o n s
8 m = .01; // [ kg / s ] mass f l o w r a t e o f water
9 Ti = 20+273; // [K] I n l e t temp

10 To = 80+273; // [K] Out l e t t empera tu r e
11 D = .06; // [m] Diameter
12 q = 2000; // [W/mˆ 2 ] Heat f l u x to f l u i d
13
14 // Table A. 4 Air P r o p e r t i e s T = 323 K
15 cp = 4178; // [ J/ kg .K] s p e c i f i c heat
16 // Table A. 4 Air P r o p e r t i e s T = 353 K
17 k = .670; // [W/m] Thermal C o n d u c t i v i t y
18 u = 352*10^ -6; // [N. s /mˆ 2 ] V i s c o s i t y
19 Pr = 2.2; // Prandt l Number
20 cp = 4178; // [ J/ kg .K] s p e c i f i c heat
21
22 L = m*cp*(To-Ti)/(%pi*D*q);

23
24 // Using e q u a t i o n 8 . 6
25 Re = m*4/( %pi*D*u);

26 printf(”\n ( a ) Length o f tube f o r r e q u i r e d h e a t i n g =
%. 2 f m\n\n ( b ) As Reynolds Number i s %i . The f l o w
i s l amina r . ”,L,Re);

27
28 Nu = 4.364; // N u s s e l t Number
29 h = Nu*k/D; // [W/mˆ 2 .K] Heat c o n v e c t i o n

C o e f f i c i e n t
30
31 Ts = q/h+To; // [K]
32
33 printf(”\n S u r f a c e Temperature at tube o u t l e t = %i

degC”,Ts -273);
34
35 //END

Scilab code Exa 8.5 Length of Blood Vessel Artery
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1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
8 . 5 Page 509 \n ’ ); // Example 8 . 5

4 // Length o f Blood V e s s e l
5
6 // Operat ing C o n d i t i o n s
7 um1 = .13; // [m/ s ] Blood stream
8 um2 = 3*10^ -3; // [m/ s ] Blood stream
9 um3 = .7*10^ -3; // [m/ s ] Blood stream

10 D1 = .003; // [m] Diameter
11 D2 = .02*10^ -3; // [m] Diameter
12 D3 = .008*10^ -3; // [m] Diameter
13 Tlm = .05;

14 kf = .5; // [W/m.K] C o n d u c t i v i t y
15 // Table A. Water P r o p e r t i e s T = 310 K
16 rho = 993; // [ kg /mˆ 3 ] d e n s i t y
17 cp = 4178; // [ J/ kg .K] s p e c i f i c heat
18 u = 695*10^ -6; // [N. s /mˆ 2 ] V i s c o s i t y
19 kb = .628; // [W/m.K] C o n d u c t i v i t y
20 Pr = 4.62; // Prandt l Number
21 i=1;

22 // Using e q u a t i o n 8 . 6
23 Re1 = rho*um1*D1/u;

24 Nu = 4;

25 hb = Nu*kb/D1;

26 hf = kf/D1;

27 U1 = (1/hb + 1/hf)^-1;

28 L1 = -rho*um1*D1/U1*cp *2.303* log10(Tlm)/4;

29 xfdh1 = .05* Re1*D1;

30 xfdr1 = xfdh1*Pr;

31
32 Re2 = rho*um2*D2/u;

33 Nu = 4;

34 hb = Nu*kb/D2;

35 hf = kf/D2;

36 U2 = (1/hb + 1/hf)^-1;
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37 L2 = -rho*um2*D2/U2*cp *2.303* log10(Tlm)/4;

38 xfdh2 = .05* Re2*D2;

39 xfdr2 = xfdh2*Pr;

40
41 Re3 = rho*um3*D3/u;

42 Nu = 4;

43 hb = Nu*kb/D3;

44 hf = kf/D3;

45 U3 = (1/hb + 1/hf)^-1;

46 L3 = -rho*um3*D3/U3*cp *2.303* log10(Tlm)/4;

47 xfdh3 = .05* Re3*D3;

48 xfdr3 = xfdh3*Pr;

49
50 printf(”\n V e s s e l Re U(W/mˆ 2 .K) L(

m) xfdh (m) x f d r (m) \n Arte ry %i
%i %. 1 f %. 2 f %. 1 f \n

A n t e r i o l e %. 3 f %i %. 1 e %. 1 e %. 1
e \n C a p i l l a r y %. 3 f %i %. 1 e %. 1 e

%. 1 e ”,Re1 ,U1,L1,xfdh1 ,xfdr1 ,Re2 ,U2,L2 ,xfdh2 ,
xfdr2 ,Re3 ,U3 ,L3 ,xfdh3 ,xfdr3);

51
52 //END

Scilab code Exa 8.6 Heat Loss from the Metal Duct over the Length

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
8 . 6 Page 516 \n ’ ); // Example 8 . 6

4 // Heat Loss from the Duct ove r the Length L , q
5 // Heat f l u x and s u f a c e t empera tu r e at x=L
6
7 // Operat ing C o n d i t i o n s
8 m = .05; // [ kg / s ] mass f l o w r a t e o f water
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9 Ti = 103+273; // [K] I n l e t temp
10 To = 77+273; // [K] Out l e t t empera tu r e
11 D = .15; // [m] Diameter
12 L = 5; // [m] l e n g t h
13 ho = 6; // [W/mˆ 2 .K] Heat t r a n s f e r

c o n v e c t i v e c o e f f i c i e n t
14 Tsurr = 0+273; // [K] Temperature o f s u r r o u n d i n g
15
16 // Table A. 4 Air P r o p e r t i e s T = 363 K
17 cp = 1010; // [ J/ kg .K] s p e c i f i c heat
18 // Table A. 4 Air P r o p e r t i e s T = 350 K
19 k = .030; // [W/m] Thermal C o n d u c t i v i t y
20 u = 20.82*10^ -6; // [N. s /mˆ 2 ] V i s c o s i t y
21 Pr = .7; // Prandt l Number
22
23 q = m*cp*(To-Ti);

24
25 Re = m*4/( %pi*D*u);

26 printf(”\n As Reynolds Number i s %i . The f l o w i s
Turbu lent . ”,Re);

27
28 // Equat ion 8 . 6
29 n = 0.3;

30 Nu = .023*Re^.8*Pr^.3;

31 h = Nu*k/D;

32 q2 = (To-Tsurr)/[1/h + 1/ho];

33 Ts = -q2/h+To;

34
35 printf(”\n\n Heat Loss from the Duct ove r the Length

L , q = %i W \n Heat f l u x and s u f a c e t empera tu r e
at x=L i s %. 1 f W/mˆ2 & %. 1 f degC r e s p e c t i v e l y ”,q,
q2 ,Ts -273);

36
37 //END
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Scilab code Exa 8.7 Micro Channel

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
8 . 7 Page 525 \n ’ ); // Example 8 . 5

4 // Time needed to b r i n g the r e a c t a n t s to w i t h i n 1
degC o f p r o c e s s i n g t empera tu re

5
6 // Operat ing C o n d i t i o n s
7 T1 = 125+273; // [K] Chip Temperature 1
8 T2 = 25+273; // [K] Chip Temperature 2
9 Ti = 5+273; // [K] I n l e t Temperature

10 D = .01; // [m] Diameter
11 L = .02; // [m] l e n g t h
12 delP = 500*10^3; // [N/mˆ 2 ] P r e s s u r e drop
13 // Dimens ions
14 a = 40*10^ -6;

15 b = 160*10^ -6;

16 s = 40*10^ -6;

17
18 // Table A. 5 Ethy l ene G lyco l P r o p e r t i e s T = 288 K
19 rho = 1120.2; // [ kg /mˆ 3 ] Dens i ty
20 cp = 2359; // [ J/ kg .K] S p e c i f i c Heat
21 u = 2.82*10^ -2; // [N. s /mˆ 2 ] V i s c o s i t y
22 k = 247*10^ -3; // [W/m.K] Thermal

C o n d u c t i v i t y
23 Pr = 269; // Prandt l number
24 // Table A. 5 Ethy l ene G lyco l P r o p e r t i e s T = 338 K
25 rho2 = 1085; // [ kg /mˆ 3 ] Dens i ty
26 cp2 = 2583; // [ J/ kg .K] S p e c i f i c

Heat
27 u2 = .427*10^ -2; // [N. s /mˆ 2 ] V i s c o s i t y
28 k2 = 261*10^ -3; // [W/m.K] Thermal

C o n d u c t i v i t y
29 Pr2 = 45.2; // Prandt l number
30
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31 P = 2*a+2*b; // Pe r ime t e r o f
m i c r o channe l

32 Dh = 4*a*b/P; // H y d r a u l i c Diameter
33
34 um2 = 2/73* Dh^2/u2*delP/L; // [ [m/ s ] Equat ion

8 . 2 2 a
35 Re2 = um2*Dh*rho2/u2; // Reynolds Number
36 xfdh2 = .05*Dh*Re2; // [m] From Equat ion 8 . 3
37 xfdr2 = xfdh2*Pr2; // [m] From Equat ion 8 . 2 3
38 m2 = rho2*a*b*um2; // [ kg / s ]
39 Nu2 = 4.44; // N u s s e l t Number from Table

8 . 1
40 h2 = Nu2*k2/Dh; // [W/mˆ 2 .K] Convect ion C o e f f
41 Tc2 = 124+273; // [K]
42 xc2 = m2/P*cp2/h2 *2.303* log10((T1-Ti)/(T1 -Tc2));

43 tc2 = xc2/um2;

44
45 um = 2/73*Dh^2/u*delP/L; // [ [m/ s ] Equat ion

8 . 2 2 a
46 Re = um*Dh*rho/u; // Reynolds Number
47 xfdh = .05*Dh*Re; // [m] From Equat ion 8 . 3
48 xfdr = xfdh*Pr; // [m] From Equat ion 8 . 2 3
49 m = rho2*a*b*um; // [ kg / s ]
50 Nu = 4.44; // N u s s e l t Number from Table

8 . 1
51 h = Nu*k/Dh; // [W/mˆ 2 .K] Convect ion C o e f f
52 Tc = 24+273; // [K]
53 xc = m/P*cp/h*2.303* log10 ((T2-Ti)/(T2 -Tc));

54 tc = xc/um;

55
56 printf(”\n Temp [ degC ] %i

%i\n\n Flow r a t e [m/ s ]
%. 3 f %. 3 f \n

Reynolds Number %. 1 f
%. 1 f \n Hydrodynamic e n t r a n c e Length

[m] %. 1 e %. 1 e\n Thermal e n t r a n c e
Length [m] %. 1 e %. 1 e\n Mass Flow
r a t e [ kg / s ] %. 2 e %. 2 e\n
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Convec t i v e C o e f f [W/mˆ 2 .K] %. 2 e %
. 2 e\n T r a n s i t i o n Length [m] %. 2 e

%. 2 e \n Requ i red Time [ s ]
%. 3 f %. 3 f ”,T2 -273,T1

-273,um,um2 ,Re ,Re2 ,xfdh ,xfdh2 ,xfdr ,xfdr2 ,m,m2 ,h,

h2 ,xc ,xc2 ,tc ,tc2);

57 //END

Scilab code Exa 8.8 Average mass trasnfer Convection Coefficient for the
Tube

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
8 . 8 Page 529 \n ’ ); // Example 8 . 8

4 // Average mass t r a s n f e r c o n v e c t i o n c o e f f i c i e n t f o r
the tube

5
6 // Operat ing C o n d i t i o n s
7 m = .0003; // [ kg / s ] mass f l o w r a t e o f

water
8 T = 25+273; // [K] Temperature o f s u r r o u n d i n g and

tube
9 D = .01; // [m] Diameter

10 L = 1; // [m] l e n g t h
11
12 // Table A. 4 Air P r o p e r t i e s T = 298 K
13 uv = 15.7*10^ -6; // [mˆ2/ s ] Kinemat ic

V i s c o s i t y
14 u = 18.36*10^ -6; // [N. s /mˆ 2 ] V i s c o s i t y
15 // Table A. 8 Ammonia−Air P r o p e r t i e s T = 298 K
16 Dab = .28*10^ -4; // [mˆ2/ s ] D i f f u s i o n c o e f f
17 Sc = .56;

18
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19 Re = m*4/( %pi*D*u);

20 printf(”\n As Reynolds Number i s %i . The f l o w i s
Laminar . ”,Re);

21
22 // Using Equat ion 8 . 5 7
23 Sh = 1.86*( Re*Sc*D/L)^.3334;

24 h = Sh*Dab/D;

25 printf(”\n Average mass t r a s n f e r c o n v e c t i o n
c o e f f i c i e n t f o r the tube %. 3 f m/ s ”,h);

26
27 //END
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Chapter 9

Free Convection

Scilab code Exa 9.1 Vertical Plate

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
9 . 1 Page 569 \n ’ ); // Example 9 . 1

4 // Boundary Layer t h i c k n e s s at t r a i l i n g edge .
5
6 // Operat ing C o n d i t i o n s
7 Ts = 70+273; // [K] S u r f a c e Temperature
8 Tsurr = 25+273; // [K] Sur round ing Temperature
9 v1 = 0; // [m/ s ] V e l o c i t y o f f r e e a i r

10 v2 = 5; // [m/ s ] V e l o c i t y o f f r e e a i r
11 L = .25; // [m] l e n g t h
12
13 // Table A. 4 Air P r o p e r t i e s T = 320 K
14 uv = 17.95*10^ -6; // [mˆ2/ s ] Kinemat ic

V i s c o s i t y
15 be = 3.12*10^ -3; // [Kˆ−1] Tfˆ−1
16 Pr = 269; // Prandt l number
17 g = 9.81; // [mˆ2/ s ] g r a v i t a t i o n a l c o n s t t
18
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19 Gr = g*be*(Ts -Tsurr)*L^3/uv^2;

20 del = 6*L/(Gr/4) ^.25;

21 printf(”\n Boundary Layer t h i c k n e s s at t r a i l i n g edge
f o r no a i r s t ream %. 3 f m”,del);

22
23 Re = v2*L/uv;

24 printf(”\n\n For a i r s t ream at 5 m/ s As the Reynolds
Number i s %. 2 e the f r e e c o n v e c t i o n boundary

l a y e r i s Laminar ”,Re);
25 del2 = 5*L/(Re)^.5;

26 printf(”\n Boundary Layer t h i c k n e s s at t r a i l i n g edge
f o r a i r s t ream at 5 m/ s i s %. 4 f m”,del2);

27 //END

Scilab code Exa 9.2 Heat Transfer by Convection Between Screen and
Room air

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
9 . 2 Page 572 \n ’ ); // Example 9 . 2

4 // Heat t r a n s f e r by c o n v e c t i o n between s c r e e n and
room a i r .

5
6 // Operat ing C o n d i t i o n s
7 Ts = 232+273; // [K] S u r f a c e Temperature
8 Tsurr = 23+273; // [K] Sur round ing Temperature
9 L = .71; // [m] l e n g t h

10 w = 1.02; // [m] Width
11
12 // Table A. 4 Air P r o p e r t i e s T = 400 K
13 k = 33.8*10^ -3 ;// [W/m.K]
14 uv = 26.4*10^ -6 ;// [mˆ2/ s ] Kinemat ic

V i s c o s i t y

92



15 al = 38.3*10^ -6 ;// [mˆ2/ s ]
16 be = 2.5*10^ -3 ;// [Kˆ−1] Tfˆ−1
17 Pr = .69 ;// Prandt l number
18 g = 9.81 ;// [mˆ2/ s ] g r a v i t a t i o n a l

c o n s t t
19
20 Ra = g*be*(Ts -Tsurr)/al*L^3/uv;

21 printf(”\n\n As the Ray l e i gh Number i s %. 2 e the f r e e
c o n v e c t i o n boundary l a y e r i s t u r b u l e n t ”,Ra);

22 //From equat iom 9 . 2 3
23 Nu = [.825 + .387* Ra ^.16667/[1+(.492/ Pr)^(9/16)

]^(8/27) ]^2;

24 h = Nu*k/L;

25 q = h*L*w*(Ts-Tsurr);

26
27 printf(”\n Heat t r a n s f e r by c o n v e c t i o n between

s c r e e n and room a i r i s %i W”,q);
28 //END

Scilab code Exa 9.3 Heat Loss from Duct per Meter of Length

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
9 . 3 Page 577 \n ’ ); // Example 9 . 3

4 // Heat Loss from duct per meter o f l e n g t h
5
6 // Operat ing C o n d i t i o n s
7 Ts = 45+273; // [K] S u r f a c e Temperature
8 Tsurr = 15+273 ;// [K] Sur round ing Temperature
9 H = .3 ;// [m] He ight

10 w = .75 ;// [m] Width
11
12 // Table A. 4 Air P r o p e r t i e s T = 303 K
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13 k = 26.5*10^ -3 ;// [W/m.K]
14 uv = 16.2*10^ -6 ;// [mˆ2/ s ] Kinemat ic

V i s c o s i t y
15 al = 22.9*10^ -6 ;// [mˆ2/ s ] a lpha
16 be = 3.3*10^ -3 ;// [Kˆ−1] Tfˆ−1
17 Pr = .71 ;// Prandt l number
18 g = 9.81 ;// [mˆ2/ s ] g r a v i t a t i o n a l

c o n s t t
19
20 Ra = g*be*(Ts -Tsurr)/al*H^3/uv; // Length = Height
21 //From equat iom 9 . 2 7
22 Nu = [.68 + .67*Ra ^.25/[1+(.492/ Pr)^(9/16) ]^(4/9) ];

23 // f o r S i d e s
24 hs = Nu*k/H;

25
26 Ra2 = g*be*(Ts-Tsurr)/al*(w/2)^3/uv; // Length

= w/2
27 // For top eq 9 . 3 1
28 ht = [k/(w/2) ]*.15* Ra2 ^.3334;

29 // For bottom Eq 9 . 3 2
30 hb = [k/(w/2) ]*.27* Ra2 ^.25;

31
32 q = (2*hs*H+ht*w+hb*w)*(Ts -Tsurr);

33
34 printf(”\n Rate o f heat l o s s per u n i t l e n g t h o f duct

i s %i W/m”,q);
35 //END

Scilab code Exa 9.4 Heat Loss from Pipe per Meter of Length

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
9 . 4 Page 580 \n ’ ); // Example 9 . 4
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4 // Heat Loss from p ipe per meter o f l e n g t h
5
6 // Operat ing C o n d i t i o n s
7 Ts = 165+273; // [K] S u r f a c e Temperature
8 Tsurr = 23+273; // [K] Sur round ing Temperature
9 D = .1 ;// [m] Diameter

10 e = .85 ;// e m i s s i v i t y
11 stfncnstt =5.67*10^( -8) ;// [W/mˆ 2 .Kˆ 4 ] − S t e f a n

Boltzmann Constant
12
13 // Table A. 4 Air P r o p e r t i e s T = 303 K
14 k = 31.3*10^ -3 ;// [W/m.K] C o n d u c t i v i t y
15 uv = 22.8*10^ -6 ;// [mˆ2/ s ] Kinemat ic

V i s c o s i t y
16 al = 32.8*10^ -6 ;// [mˆ2/ s ] a lpha
17 be = 2.725*10^ -3 ;// [Kˆ−1] Tfˆ−1
18 Pr = .697 ;// Prandt l number
19 g = 9.81 ;// [mˆ2/ s ] g r a v i t a t i o n a l

c o n s t t
20
21 Ra = g*be*(Ts -Tsurr)/al*D^3/uv;

22 //From equat iom 9 . 3 4
23 Nu = [.60 + .387* Ra ^(1/6) /[1+(.559/ Pr)^(9/16)

]^(8/27) ]^2;

24 h = Nu*k/D;

25
26 qconv = h*%pi*D*(Ts-Tsurr);

27 qrad = e*%pi*D*stfncnstt *(Ts^4-Tsurr ^4);

28
29 printf(”\n Rate o f heat l o s s per u n i t l e n g t h o f p ip e

i s %i W/m”,qconv+qrad);
30 //END

Scilab code Exa 9.5 Radiation Shield
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1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
9 . 5 Page 592 \n ’ ); // Example 9 . 5

4 // Heat Loss from p ipe per u n i t o f l e n g t h
5 // Heat Loss i f a i r i s f i l l e d with g l a s s− f i b e r

b l a n k e t i n s u l a t i o n
6
7 // Operat ing C o n d i t i o n s
8 To = 35+273 ;// [K] S h i e l d Temperature
9 Ti = 120+273 ;// [K] Tube Temperature

10 Di = .1 ;// [m] Diameter i n n e r
11 Do = .12 ;// [m] Diameter o u t e r
12 L = .01 ;// [m] a i r gap i n s u l a t i o n
13
14 // Table A. 4 Air P r o p e r t i e s T = 350 K
15 k = 30*10^ -3 ;// [W/m.K] C o n d u c t i v i t y
16 uv = 20.92*10^ -6 ;// [mˆ2/ s ] Kinemat ic

V i s c o s i t y
17 al = 29.9*10^ -6 ;// [mˆ2/ s ] a lpha
18 be = 2.85*10^ -3 ;// [Kˆ−1] Tfˆ−1
19 Pr = .7 ;// Prandt l number
20 g = 9.81 ;// [mˆ2/ s ] g r a v i t a t i o n a l

c o n s t t
21 // Table A. 3 I n s u l a t i o n g l a s s f i b e r T=300K
22 kins = .038 ;// [W/m.K] C o n d u c t i v i t y
23
24 Lc = 2*[2.303* log10(Do/Di)]^(4/3) /((Di/2) ^ -(3/5)+(Do

/2) ^ -(3/5))^(5/3);

25 Ra = g*be*(Ti -To)/al*Lc^3/uv;

26 keff = .386*k*(Pr /(.861+ Pr))^.25*Ra^.25;

27 q = 2*%pi*keff*(Ti-To)/(2.303* log10(Do/Di));

28
29 //From equat iom 9 . 5 8 and 3 . 2 7
30 qin = q*kins/keff;

31
32 printf(”\n Heat Loss from p ipe per u n i t o f l e n g t h i s
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%i W/m \n Heat Loss i f a i r i s f i l l e d with g l a s s−
f i b e r b l a n k e t i n s u l a t i o n %i W/m”,q,qin);

33 //END
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Chapter 10

Boiling and Condensation

Scilab code Exa 10.1 Boiling Water Pan

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 0 . 1 Page 632 \n ’ ); // Example 1 0 . 1

4 // Power Requ i red by e l e c t r u c h e a t e r to caus e
b o i l i n g

5 // Rate o f water e v a p o r a t i o n due to b o i l i n g
6 // C r i t i c a l Heat f l u x c o r r e s p o n d i n g to the burnout

p o i n t
7
8 // Operat ing C o n d i t i o n s
9 Ts = 118+273 ;// [K] S u r f a c e Temperature

10 Tsat = 100+273 ;// [K] S a t u r a t e d Temperature
11 D = .3 ;// [m] Diameter o f pan
12 g = 9.81 ;// [mˆ2/ s ] g r a v i t a i o n a l c o n s t a n t
13 // Table A. 6 S a tu r a t e d water L iqu id P r o p e r t i e s T =

373 K
14 rhol = 957.9 ;// [ kg /mˆ 3 ] Dens i ty
15 cp = 4.217*10^3 ;// [ J/ kg ] S p e c i f i c Heat
16 u = 279*10^ -6 ;// [N. s /mˆ 2 ] V i s c o s i t y
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17 Pr = 1.76 ;// Prandt l Number
18 hfg = 2257*10^3 ;// [ J/ kg ] S p e c i f i c Heat
19 si = 58.9*10^ -3 ;// [N/m]
20 // Table A. 6 S a tu r a t e d water Vapor P r o p e r t i e s T = 373

K
21 rhov = .5956 ;// [ kg /mˆ 3 ] Dens i ty
22
23 Te = Ts-Tsat;

24 //From Table 1 0 . 1
25 C = .0128;

26 n = 1;

27 q = u*hfg*[g*(rhol -rhov)/si ]^.5*( cp*Te/(C*hfg*Pr^n))

^3;

28 qs = q*%pi*D^2/4;

29
30 m = qs/hfg;

31
32 qmax = .149* hfg*rhov*[si*g*(rhol -rhov)/rhov ^2]^.25;

33
34 printf(”\n B o i l i n g Heat t r a n s f e r r a t e = %. 1 f kW \n

Rate o f water e v a p o r a t i o n due to b o i l i n g = %i kg /
h \n C r i t i c a l Heat f l u x c o r r e s p o n d i n g to the
burnout p o i n t = %. 2 f MW/mˆ2 ”,qs/1000,m*3600 , qmax
/10^6);

35 //END

Scilab code Exa 10.2 Power Dissipation per unith Length for the Hori-
zontal Cylinder

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 0 . 2 Page 635 \n ’ ); // Example 1 0 . 2

4 // Power D i s s i p a t i o n per un i th l e n g t h f o r the
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c y l i n d e r , qs
5
6 // Operat ing C o n d i t i o n s
7 Ts = 255+273 ;// [K] S u r f a c e Temperature
8 Tsat = 100+273 ;// [K] S a t u r a t e d Temperature
9 D = 6*10^ -3 ;// [m] Diameter o f pan

10 e = 1 ;// e i m s s i v i t y
11 stfncnstt =5.67*10^( -8) ;// [W/mˆ 2 .Kˆ 4 ] − S t e f a n

Boltzmann Constant
12 g = 9.81 ;// [mˆ2/ s ] g r a v i t a i o n a l c o n s t a n t
13 // Table A. 6 S a tu r a t e d water L iqu id P r o p e r t i e s T =

373 K
14 rhol = 957.9 ;// [ kg /mˆ 3 ] Dens i ty
15 hfg = 2257*10^3 ;// [ J/ kg ] S p e c i f i c Heat
16 // Table A. 4 Water Vapor P r o p e r t i e s T = 450 K
17 rhov = .4902 ;// [ kg /mˆ 3 ] Dens i ty
18 cpv = 1.98*10^3 ;// [ J/ kg .K] S p e c i f i c

Heat
19 kv = 0.0299 ;// [W/m.K] C o n d u c t i v i t y
20 uv = 15.25*10^ -6 ;// [N. s /mˆ 2 ] V i s c o s i t y
21
22 Te = Ts-Tsat;

23
24 hconv = .62*[ kv^3* rhov*(rhol -rhov)*g*(hfg +.8* cpv*Te)

/(uv*D*Te)]^.25;

25 hrad = e*stfncnstt *(Ts^4-Tsat ^4)/(Ts-Tsat);

26
27 //From eqn 1 0 . 9 h ˆ ( 4 / 3 ) = hconv ˆ ( 4 / 3 ) + hrad ∗h ˆ ( 1 / 3 )
28 // Newton Raphson
29 h=250; // I n i t i a l Assumption
30 while (1>0)

31 f = h^(4/3) - [hconv ^(4/3) + hrad*h^(1/3) ];

32 fd = (4/3)*h^(1/3) - [(1/3)*hrad*h^( -2/3)];

33 hn=h-f/fd;

34 if((hn ^(4/3) - [hconv ^(4/3) + hrad*hn ^(1/3) ]) <=.01)

35 break;

36 end;

37 h=hn;
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38 end

39
40 q = h*%pi*D*Te;

41
42 printf(”\n Power D i s s i p a t i o n per un i th l e n g t h f o r

the c y l i n d e r , qs= %i W/m”,q);
43 //END

Scilab code Exa 10.3 Heat Transfer and Condensation Rates

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 0 . 3 Page 648 \n ’ ); // Example 1 0 . 3

4 // Heat T r a n s f e r and Condensat ion Rates
5
6 // Operat ing C o n d i t i o n s
7 Ts = 50+273 ;// [K] S u r f a c e Temperature
8 Tsat = 100+273 ;// [K] S a t u r a t e d Temperature
9 D = .08 ;// [m] Diameter o f pan

10 g = 9.81 ;// [mˆ2/ s ] g r a v i t a i o n a l c o n s t a n t
11 L = 1 // [m] Length
12 // Table A. 6 S a tu r a t e d Vapor P r o p e r t i e s p = 1 . 0 1 3 3

ba r s
13 rhov = .596 ;// [ kg /mˆ 3 ] Dens i ty
14 hfg = 2257*10^3 ;// [ J/ kg ] S p e c i f i c Heat
15 // Table A. 6 S a tu r a t e d water L iqu id P r o p e r t i e s T =

348 K
16 rhol = 975 ;// [ kg /mˆ 3 ] Dens i ty
17 cpl = 4193 ; // [ J/ kg .K] S p e c i f i c Heat
18 kl = 0.668 ;// [W/m.K] C o n d u c t i v i t y
19 ul = 375*10^ -6 ;// [N. s /mˆ 2 ] V i s c o s i t y
20 uvl = ul/rhol; ;// [N. s .m/Kg ] Kinemat ic

v i s c o s i t y
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21 Ja = cpl*(Tsat -Ts)/hfg;

22 hfg2 = hfg *(1+.68* Ja);

23 // Equat ion 1 0 . 4 3
24 Re = [3.70* kl*L*(Tsat -Ts)/(ul*hfg2*(uvl^2/g)^.33334)

+4.8]^.82;

25
26 //From e q u a t i o n 1 0 . 4 1
27 hL = Re*ul*hfg2 /(4*L*(Tsat -Ts));

28 q = hL*(%pi*D*L)*(Tsat -Ts);

29
30 m = q/hfg;

31 // Using Equat ion 1 0 . 2 6
32 del = [4*kl*ul*(Tsat -Ts)*L/(g*rhol*(rhol -rhov)*hfg2)

]^.25;

33
34
35 printf(”\n Heat T r a n s f e r Rate = %. 1 f kW and

Condensat ion Rates= %. 4 f kg / s \n And as d e l (L) %
. 3 f mm << (D/2) %. 2 f m use o f v e r t i c a l c y l i n d e r
c o r r e l a t i o n i s j u s t i f i e d ”,q/1000,m,del*1000,D/2);

36 //END

Scilab code Exa 10.4 Condensation Rate per unit Length of Tubes

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 0 . 4 Page 652 \n ’ ); // Example 1 0 . 4

4 // Condensat ion r a t e per u n i t l e n g t h o f tube s
5
6 // Operat ing C o n d i t i o n s
7 Ts = 25+273 ;// [K] S u r f a c e Temperature
8 Tsat = 54+273 ;// [K] S a t u r a t e d Temperature
9 D = .006 ; // [m] Diameter o f pan
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10 g = 9.81 ;// [mˆ2/ s ] g r a v i t a i o n a l c o n s t a n t
11 N = 20 // No o f tube s
12
13 // Table A. 6 S a tu r a t e d Vapor P r o p e r t i e s p = 1 . 0 1 5 bar
14 rhov = .098 ;// [ kg /mˆ 3 ] Dens i ty
15 hfg = 2373*10^3 ;// [ J/ kg ] S p e c i f i c Heat
16 // Table A. 6 S a tu r a t e d water L iqu id P r o p e r t i e s Tf =

3 1 2 . 5 K
17 rhol = 992 ;// [ kg /mˆ 3 ] Dens i ty
18 cpl = 4178 ;// [ J/ kg .K] S p e c i f i c Heat
19 kl = 0.631 ; // [W/m.K] C o n d u c t i v i t y
20 ul = 663*10^ -6 ; // [N. s /mˆ 2 ] V i s c o s i t y
21
22 Ja = cpl*(Tsat -Ts)/hfg;

23 hfg2 = hfg *(1+.68* Ja);

24 // Equat ion 1 0 . 4 6
25 h = .729*[g*rhol*(rhol -rhov)*kl^3* hfg2/(N*ul*(Tsat -

Ts)*D)]^.25;

26 // Equat ion 1 0 . 3 4
27 m1 = h*(%pi*D)*(Tsat -Ts)/hfg2;

28
29 m = N^2*m1;

30
31 printf(”\n For the comple te a r r a y o f tubes , the

c o n d e n s a t i o n per u n i t l e n g t h i s %. 3 f kg / s .m”,m);
32 //END
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Chapter 11

Heat Exchangers

Scilab code Exa 11.1 Tube Length to Achieve a Desired Hot Fluid Tem-
perature in a Counter Flow Tube Heat Exchanger

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 1 . 1 Page 680 \n ’ ); // Example 1 1 . 1

4 // Tube Length to a c h i e v e a d e s i r e d hot f l u i d
t empera tu re

5
6 // Operat ing C o n d i t i o n s
7 Tho = 60+273 ;// [K] Hot F lu id o u t l e t Temperature
8 Thi = 100+273 ; // [K] Hot F lu id i n t l e t Temperature
9 Tci = 30+273 ;// [K] Cold F lu i d i n t l e t Temperature

10 mh = .1 ;// [ kg / s ] Hot F lu id f l o w r a t e
11 mc = .2 ;// [ kg / s ] Cold F lu id f l o w r a t e
12 Do = .045 ;// [m] Outer annu lus
13 Di = .025 ;// [m] I n n e r tube
14
15 // Table A. 5 Engine O i l P r o p e r t i e s T = 353 K
16 cph = 2131 ;// [ J/ kg .K] S p e c i f i c Heat
17 kh = .138 ; // [W/m.K] C o n d u c t i v i t y

104



18 uh = 3.25*10^ -2 ; // [N. s /mˆ 2 ] V i s c o s i t y
19 // Table A. 6 S a tu r a t e d water L iqu id P r o p e r t i e s Tc =

308 K
20 cpc = 4178 ;// [ J/ kg .K] S p e c i f i c Heat
21 kc = 0.625 ; // [W/m.K] C o n d u c t i v i t y
22 uc = 725*10^ -6 ; // [N. s /mˆ 2 ] V i s c o s i t y
23 Pr = 4.85 ;// Prandt l Number
24
25 q = mh*cph*(Thi -Tho);

26
27 Tco = q/(mc*cpc)+Tci;

28
29 T1 = Thi -Tco;

30 T2 = Tho -Tci;

31 Tlm = (T1 -T2)/(2.30* log10(T1/T2));

32
33 // Through Tube
34 Ret = 4*mc/(%pi*Di*uc);

35 printf(”\n Flow through Tube has Reynolds Number as
%i . Thus the f l o w i s Turbu lent ”, Ret);

36 // Equat ion 8 . 6 0
37 Nut = .023* Ret ^.8*Pr^.4;

38 hi = Nut*kc/Di;

39
40 // Through S h e l l
41 Reo = 4*mh*(Do-Di)/(%pi*uh*(Do^2-Di^2));

42 printf(”\n Flow through Tube has Reynolds Number as
%i . Thus the f l o w i s Laminar ”, Reo);

43 // Table 8 . 2
44 Nuo = 5.63;

45 ho = Nuo*kh/(Do -Di);

46
47 U = 1/[1/hi+1/ho];

48 L = q/(U*%pi*Di*Tlm);

49
50 printf(”\n Tube Length to a c h i e v e a d e s i r e d hot

f l u i d t empera tu re i s %. 1 f m”,L);
51 //END
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Scilab code Exa 11.2 Exterior Dimensions of Counter Flow Plate Heat
Exchanger

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 1 . 2 Page 683 \n ’ ); // Example 1 1 . 2

4 // E x t e r i o r Dimens ions o f heat Exchanger
5 // P r e s s u r e drops w i t h i n the p l a t e−type Heat

exchange r with N=60 gaps
6
7 // Operat ing C o n d i t i o n s
8 Tho = 60+273 ;// [K] Hot F lu id o u t l e t Temperature
9 Thi = 100+273 ;// [K] Hot F lu id i n t l e t Temperature

10 Tci = 30+273 ;// [K] Cold F lu i d i n t l e t Temperature
11 mh = .1 ;// [ kg / s ] Hot F lu id f l o w r a t e
12 mc = .2 ;// [ kg / s ] Cold F lu id f l o w r a t e
13 Do = .045 ;// [m] Outer annu lus
14 Di = .025 ;// [m] I n n e r tube
15
16 // Table A. 5 Engine O i l P r o p e r t i e s T = 353 K
17 cph = 2131 ;// [ J/ kg .K] S p e c i f i c Heat
18 kh = .138 ;// [W/m.K] C o n d u c t i v i t y
19 uh = 3.25*10^ -2 ; // [N. s /mˆ 2 ] V i s c o s i t y
20 rhoh = 852.1 ;// [ kg /mˆ 3 ] Dens i ty
21 // Table A. 6 S a tu r a t e d water L iqu id P r o p e r t i e s Tc =

308 K
22 cpc = 4178 ;// [ J/ kg .K] S p e c i f i c Heat
23 kc = 0.625 ;// [W/m.K] C o n d u c t i v i t y
24 uc = 725*10^ -6 ;// [N. s /mˆ 2 ] V i s c o s i t y
25 Pr = 4.85 ;// Prandt l Number
26 rhoc = 994 ;// [ kg /mˆ 3 ] Dens i ty
27
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28 q = mh*cph*(Thi -Tho);

29
30 Tco = q/(mc*cpc)+Tci;

31
32 T1 = Thi -Tco;

33 T2 = Tho -Tci;

34 Tlm = (T1 -T2)/(2.30* log10(T1/T2));

35
36 N = linspace (20 ,80 ,100);

37 L = q/Tlm *[1/(7.54* kc/2) +1/(7.54* kh/2)]*(N^2-N)^-1;

38 clf();

39 plot(N,L);

40 xtitle(” S i z e o f Heat Xchanger vs Number o f gaps ”, ”
Number o f Gaps (N) ”, ”L (m) ”);

41
42 N2 = 60;

43 L = q/((N2 -1)*N2*Tlm)*[1/(7.54* kc/2) +1/(7.54* kh/2)];

44 a = L/N2;

45 Dh = 2*a ;// H y d r a u l i c Diameter [m]
46 // For water f i l l e d gaps
47 umc = mc/(rhoc*L^2/2);

48 Rec = rhoc*umc*Dh/uc;

49 // For o i l f i l l e d gaps
50 umh = mh/(rhoh*L^2/2);

51 Reh = rhoh*umh*Dh/uh;

52 printf(”\n Flow o f the f l u i d s has Reynolds Number as
%. 2 f & %i . Thus the f l o w i s Laminar f o r both ”,
Reh ,Rec);

53
54 // Equat ions 8 . 1 9 and 8 . 2 2 a
55 delpc = 64/ Rec*rhoc /2* umc^2/Dh*L ;// For water
56 delph = 64/ Reh*rhoh /2* umh^2/Dh*L ;// For o i l
57
58 // For example 1 1 . 1
59 L1 = 65.9;

60 Dh1c = .025;

61 Dh1h = .02;

62 Ret = 4*mc/(%pi*Di*uc);
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63 f = (.790*2.30* log10(Ret) -1.64)^-2 ;//
f r i c t i o n f a c t o r through tube Eqn 8 . 2 1

64 umc1 = 4*mc/(rhoc*%pi*Di^2);

65 delpc1 = f*rhoc /2* umc1 ^2/ Dh1c*L1;

66 Reo = 4*mh*(Do-Di)/(%pi*uh*(Do^2-Di^2));

67 umh1 = 4*mh/(rhoh*%pi*(Do^2-Di^2));

68 delph1 = 64/Reo*rhoh /2* umh1 ^2/ Dh1h*L1;

69
70 printf(”\n E x t e r i o r Dimens ions o f heat Exchanger L =

%. 3 f m \n P r e s s u r e drops w i t h i n the p l a t e−type
Heat exchange r with N=60 gaps \n For water = %. 2 f
N/mˆ2 For o i l = %. 2 f N/mˆ2\n P r e s s u r e drops
tube Heat exchange r o f example 1 1 . 1\ n For water =
%. 1 f kN/mˆ2 For o i l = %. 1 f kN/mˆ2 ”,L,delpc ,
delph ,delpc1 /1000 , delph1 /1000);

71 //END

Scilab code Exa 11.3 Required Gas Side Surface Area in CrossFlow Finned
Heat Exchanger

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 1 . 3 Page 692 \n ’ ); // Example 1 1 . 3

4 // Requ i red gas s i d e s u r f a c e a r ea
5
6 // Operat ing C o n d i t i o n s
7 Tho = 100+273 ;// [K] Hot F lu id o u t l e t Temperature
8 Thi = 300+273 ;// [K] Hot F lu id i n t l e t Temperature
9 Tci = 35+273 ;// [K] Cold F lu i d i n t l e t Temperature

10 Tco = 125+273 ; // [K] Cold F lu id o u t l e t
Temperature

11 mc = 1 ;// [ kg / s ] Cold F lu id f l o w r a t e
12 Uh = 100 ;// [W/mˆ 2 .K] C o e f f i c i e n t o f heat
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t r a n s f e r
13 // Table A. 5 Water P r o p e r t i e s T = 353 K
14 cph = 1000 ; // [ J/ kg .K] S p e c i f i c Heat
15 // Table A. 6 S a tu r a t e d water L iqu id P r o p e r t i e s Tc =

308 K
16 cpc = 4197 ; // [ J/ kg .K] S p e c i f i c Heat
17
18 Cc = mc*cpc;

19 // Equat ion 1 1 . 6 b and 1 1 . 7 b
20 Ch = Cc*(Tco -Tci)/(Thi -Tho);

21 // Equat ion 1 1 . 1 8
22 qmax = Ch*(Thi -Tci);

23 // Equat ion 1 1 . 7 b
24 q = mc*cpc*(Tco -Tci);

25
26 e = q/qmax;

27 ratio = Ch/Cc;

28
29 printf(”\n As e f f e c t i v e n e s s i s %. 2 f with Rat io Cmin/

Cmax = %. 2 f , I t f o l l o w s from f i g u r e 1 1 . 1 4 tha t
NTU = 2 . 1 ”,e,ratio);

30 NTU = 2.1;

31 A = 2.1*Ch/Uh;

32
33 printf(”\n Requ i red gas s i d e s u r f a c e a r ea = %. 1 f mˆ2

”,A);
34 //END

Scilab code Exa 11.4 Heat Transfer Rate and Fluid Outlet Temperatures
of Cross Flow Finned Heat Exchanger

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
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1 1 . 4 Page 695 \n ’ ); // Example 1 1 . 4
4 // Heat T r a n s f e r Rate and F lu id Out l e t Temperatures
5
6 // Operat ing C o n d i t i o n s
7 Thi = 250+273 ;// [K] Hot F lu id i n t l e t Temperature
8 Tci = 35+273 ;// [K] Cold F lu i d i n t l e t Temperature
9 mc = 1 ;// [ kg / s ] Cold F lu id f l o w r a t e

10 mh = 1.5 ; // [ kg / s ] Hot F lu id f l o w r a t e
11 Uh = 100 ;// [W/mˆ 2 .K] C o e f f i c i e n t o f heat

t r a n s f e r
12 Ah = 40 ; // [mˆ 2 ] Area
13 // Table A. 5 Water P r o p e r t i e s T = 353 K
14 cph = 1000 ; // [ J/ kg .K] S p e c i f i c Heat
15 // Table A. 6 S a tu r a t e d water L iqu id P r o p e r t i e s Tc =

308 K
16 cpc = 4197 ; // [ J/ kg .K] S p e c i f i c Heat
17
18 Cc = mc*cpc;

19 Ch = mh*cph;

20 Cmin = Ch;

21 Cmax = Cc;

22
23 NTU = Uh*Ah/Cmin;

24 ratio = Cmin/Cmax;

25
26 printf(”\n As Rat io Cmin/Cmax = %. 2 f and Number o f

t r a n s f e r u n i t s NTU = %. 2 f , I t f o l l o w s from f i g u r e
1 1 . 1 4 tha t e = . 8 2 ”,ratio ,NTU);

27 e = 0.82;

28 qmax = Cmin*(Thi -Tci);

29 q = e*qmax;

30
31 // Equat ion 1 1 . 6 b
32 Tco = q/(mc*cpc) + Tci;

33 // Equat ion 1 1 . 7 b
34 Tho = -q/(mh*cph) + Thi;

35 printf(”\n Heat T r a n s f e r Rate = %. 2 e W \n F l u id
Out l e t Temperatures Hot F lu id ( Tho ) = %. 1 f degC
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Cold F l u id ( Tco ) = %. 1 f degC”,q,Tho -273,Tco
-273);

36 //END

Scilab code Exa 11.5 Study of Shell n Tube Heat Exchanger

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 1 . 5 Page 696 \n ’ ); // Example 1 1 . 5

4 // Out l e t Temperature o f c o o l i n g Water
5 // Tube l e n g t h per pa s s to a c h i e v e r e q u i r e d heat

t r a n s f e r
6
7 // Operat ing C o n d i t i o n s
8 q = 2*10^9 ;// [W] Heat t r a n s f e r Rate
9 ho = 11000 ;// [W/mˆ 2 .K] C o e f f i c i e n t o f heat

t r a n s f e r f o r o u t e r s u r f a c e
10 Thi = 50+273 ;// [K] Hot F lu id Condens ing

Temperature
11 Tho = Thi ;// [K] Hot F lu id Condens ing Temperature
12 Tci = 20+273 ;// [K] Cold F lu i d i n t l e t Temperature
13 mc = 3*10^4 ; // [ kg / s ] Cold F lu id f l o w r a t e
14 m = 1 ;// [ kg / s ] Cold F lu id f l o w r a t e per

tube
15 D = .025 ;// [m] d i amete r o f tube
16 // Table A. 6 S a tu r a t e d water L iqu id P r o p e r t i e s Tf =

300 K
17 rho = 997 ; // [ kg /mˆ 3 ] Dens i ty
18 cp = 4179 ; // [ J/ kg .K] S p e c i f i c Heat
19 k = 0.613 ; // [W/m.K] C o n d u c t i v i t y
20 u = 855*10^ -6 ; // [N. s /mˆ 2 ] V i s c o s i t y
21 Pr = 5.83 ; // Prandt l number
22
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23 // Equat ion 1 1 . 6 b
24 Tco = q/(mc*cp) + Tci;

25
26 Re = 4*m/(%pi*D*u);

27 printf(”\n As the Reynolds number o f tube f l u i d i s
%i . Hence the f l o w i s t u r b u l e n t . Hence u s i n g
Die t tu s−B o e t l l o r Equat ion 8 . 6 0 ”, Re);

28 Nu = .023*Re^.8*Pr^.4;

29 hi = Nu*k/D;

30 U = 1/[1/ho + 1/hi];

31 N = 30000 ;//No o f tube s
32 T1 = Thi -Tco;

33 T2 = Tho -Tci;

34 Tlm = (T1 -T2)/(2.30* log10(T1/T2));

35 L2 = q/(U*N*2*%pi*D*Tlm);

36
37
38 printf(”\n Out l e t Temperature o f c o o l i n g Water = %. 1

f degC\n Tube l e n g t h per pa s s to a c h i e v e r e q u i r e d
heat t r a n s f e r = %. 2 f m”,Tco -273,L2);

39 //END

Scilab code Exa 11.6 Finned Compact Heat Exchanger

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 1 . 6 Page 702 \n ’ ); // Example 1 1 . 6

4 // Gas−s i d e 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 . Heat
exchange r Volume

5
6 // Operat ing C o n d i t i o n s
7 hc = 1500 ;// [W/mˆ 2 .K] C o e f f i c i e n t o f heat

t r a n s f e r f o r o u t e r s u r f a c e
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8 hi = hc;

9 Th = 825 ;// [K] Hot F lu id Temperature
10 Tci = 290 ;// [K] Cold F lu i d i n t l e t Temperature
11 Tco = 370 ;// [K] Cold F lu i d o u t l e t Temperature
12 mc = 1 ;// [ kg / s ] Cold F lu id f l o w r a t e
13 mh = 1.25 ;// [ kg / s ] Hot F lu id f l o w r a t e
14 Ah = .20 ;// [mˆ 2 ] Area o f tube s
15 Di = .0138 ;// [m] d i amete r o f tube
16 Do = .0164 ;// [m] Diameter
17 // Table A. 6 S a tu r a t e d water L iqu id P r o p e r t i e s Tf =

330 K
18 cpw = 4184 ; // [ J/ kg .K] S p e c i f i c Heat
19 // Table A. 1 Aluminium P r o p e r t i e s T = 300 K
20 k = 237 ; // [W/m.K] C o n d u c t i v i t y
21 // Table A. 4 Air P r o p e r t i e s Tf = 700 K
22 cpa = 1075 ; // [ J/ kg .K] S p e c i f i c Heat
23 u = 33.88*10^ -6 ; // [N. s /mˆ 2 ] V i s c o s i t y
24 Pr = .695 ; // Prandt l number
25
26 // Geometr ic C o n s i d e r a t i o n s
27 si = .449;

28 Dh = 6.68*10^ -3 ;// [m] h y d r a u l i c d i amete r
29 G = mh/si/Ah;

30 Re = G*Dh/u;

31 //From Figu r e 1 1 . 1 6
32 jh = .01;

33 hh = jh*G*cpa/Pr ^.66667;

34
35 AR = Di *2.303* log10(Do/Di)/(2*k*(.143));

36 // F igu r e 1 1 . 1 6
37 AcAh = Di/Do*(1 -.830);

38 //From f i g u r e 3 . 1 9
39 nf = .89;

40 noh = 1-(1 -.89) *.83;

41
42 U = [1/(hc*AcAh) + AR + 1/( noh*hh)]^-1;

43
44 Cc = mc*cpw;
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45 q = Cc*(Tco -Tci);

46 Ch = mh*cpa;

47 qmax = Ch*(Th-Tci);

48 e = q/qmax;

49 ratio = Ch/Cc;

50
51 printf(”\n As e f f e c t i v e n e s s i s %. 2 f with Rat io Cmin/

Cmax = %. 2 f , I t f o l l o w s from f i g u r e 1 1 . 1 4 tha t
NTU = . 6 5 ”,e,ratio);

52 NTU = .65;

53 A = NTU*Ch/U;

54 //From Fig 1 1 . 1 6
55 al = 269; // [mˆ−1] gas s i d e a r ea per u n i t

heat wxchanger volume
56 V = A/al;

57
58 printf(”\n Gas−s i d e 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 . r = %i W/mˆ 2 .K\n Heat exchange r
Volume = %. 3 f mˆ3 ”,U,V);

59 //END;
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Chapter 12

Radiation Processes and
Properties

Scilab code Exa 12.1 Plate Surface Emission Study

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 2 . 1 Page 731 \n ’ )// Example 1 2 . 1

4
5 // a ) I n t e n s i t y o f e m i s s i o n i n each o f the t h r e e

d i r e c t i o n s
6 // b ) S o l i d a n g l e s subtended by the t h r e e s u r f a c e s
7 // c ) Rate at which r a d i a t i o n i s i n t e r c e p t e d by the

t h r e e s u r f a c e s
8
9 A1 = .001 ;// [mˆ 2 ] Area o f e m i t t e r

10 In = 7000 ;// [W/mˆ 2 . Sr ] I n t e n s i t y o f r a d i a t i o n
i n normal d i r e c t i o n

11 A2 = .001 ;// [mˆ 2 ] Area o f o t h e r i n t e r c e p t i n g
p l a t e s

12 A3 = A2 ;// [mˆ 2 ] Area o f o t h e r i n t e r c e p t i n g
p l a t e s
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13 A4 = A2 ;// [mˆ 2 ] Area o f o t h e r i n t e r c e p t i n g
p l a t e s

14 r = .5 ;// [m] D i s t a n c e o f each p l a t e from
e m i t t e r

15 theta1 = 60 ;// [ deg ] Angle between s u r f a c e 1
normal & d i r e c t i o n o f r a d i a t i o n to s u r f a c e 2

16 theta2 = 30 ;// [ deg ] Angle between s u r f a c e 2
normal & d i r e c t i o n o f r a d i a t i o n to s u r f a c e 1

17 theta3 = 45 ;// [ deg ] Angle between s u r f a c e 1
normal & d i r e c t i o n o f r a d i a t i o n to s u r f a c e 4

18
19 //From e q u a t i o n 1 2 . 2
20 w31 = A3/r^2;

21 w41 = w31;

22 w21 = A2*cos(theta2 *0.0174532925)/r^2;

23
24
25 //From e q u a t i o n 1 2 . 6
26 q12 = In*A1*cos(theta1 *0.0174532925)*w21;

27 q13 = In*A1*cos (0)*w31;

28 q14 = In*A1*cos(theta3 *0.0174532925)*w41;

29
30 printf(”\n ( a ) As I n t e n s i t y o f emi t t ed r a d i a t i o n i s

i ndependent o f d i r e c t i o n , f o r each o f the t h r e e
d i r e c t i o n s I = %i W/mˆ 2 . s r \n\n ( b ) By the Three
S u r f a c e s \n S o l i d a n g l e s subtended

Rate at which r a d i a t i o n i s
i n t e r c e p t e d \n w4−1 = %. 2 e s r

q1−4 = %. 1 e W \n
w3−1 = %. 2 e s r

q1−3 = %. 1 e W\n
w2−1 = %. 2 e s r

q1−2 = %. 1 e W ”,In ,
w41 ,q14 ,w31 ,q13 ,w21 ,q12);

31 //END
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Scilab code Exa 12.2 Total Irradiation of Spectral Distribution

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 2 . 2 Page 734\n ’ )// Example 1 2 . 2

4
5 // Tota l I r r a d i a t i o n
6 x=[0 5 20 25];

7 y=[0 1000 1000 0];

8 clf();

9 plot2d(x,y,style=5,rect =[0 ,0 ,30 ,1100]);

10 xtitle(” S p e c t r a l D i s t r i b u t i o n ”, ” wave l ength ( micro−m
) ”, ”G (W/mˆ 2 . micro−m) ”);

11
12 //By Equat ion 1 2 . 4
13 G = 1000*(5 -0) /2+1000*(20 -5) +1000*(25 -20) /2;

14
15 printf(”\n G = %i W/mˆ2 ”,G);
16 //END

Scilab code Exa 12.3 Blackbody Radiation

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 2 . 3 Page 741 \n ’ )// Example 1 2 . 3

4
5 // S p e c t r a l Emi s s i v e Power o f a s m a l l a p e r t u r e on

the e n c l o s u r e
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6 // wave l eng th s below which and above which 10% o f
the r a d i a t i o n i s c o n c e n t r a t e d

7 // S p e c t r a l e m i s s i v e power and wave l ength a s s o c i a t e d
with maximum e m i s s i o n

8 // I r r a d i a t i o n on a s m a l l o b j e c t i n s i d e the
e n c l o s u r e

9
10 T = 2000 ;// [K] t empera tu r e o f s u r f a c e
11 stfncnstt = 5.67*10^ -8 ;// [W/mˆ 2 .Kˆ 4 ] Ste fan−

Boltzmann c o n s t a n t
12 E = stfncnstt*T^4; // [W/mˆ 2 ]
13
14 //From Table 1 2 . 1
15 constt1 = 2195 ; // [ micro−m.K]
16 wl1 = constt1/T;

17 //From Table 1 2 . 1
18 constt2 = 9382 ; // [ micro−m.K]
19 wl2 = constt2/T;

20
21 //From Weins Law , wlmax∗T = consttmax = 2898 micro−m

.K
22 consttmax = 2898 ;// micro−m.K
23 wlmax = consttmax/T;

24 // from Table 1 2 . 1 at wlmax = 1 . 4 5 micro−m.K and T =
2000 K

25 I = .722*10^ -4* stfncnstt*T^5;

26 Eb = %pi*I;

27
28 G = E; // [W/mˆ 2 ] I r r a d i a t i o n o f any s m a l l

o b j e c t i n s i d e the e n c l o s u r e i s e q u a l to e m i s s i o n
from blackbody at e n c l o s u r e t empera tu r e

29
30 printf(”\n ( a ) S p e c t r a l Emi s s i v e Power o f a s m a l l

a p e r t u r e on the e n c l o s u r e = %. 2 e W/mˆ 2 . Sr f o r
each o f the t h r e e d i r e c t i o n s \n ( b ) Wavelength
below which 10 p e r c e n t o f the r a d i a t i o n i s
c o n c e n t r a t e d = %. 1 f micro−m \n Wavelength
above which 10 p e r c e n t o f the r a d i a t i o n i s
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c o n c e n t r a t e d = %. 2 f micro−m \n ( c ) S p e c t r a l
e m i s s i v e power and wave l ength a s s o c i a t e d with
maximum e m i s s i o n i s %. 2 e micro−m and %. 2 e W/mˆ 2 .
micro−m r e s p e c t i v e l y \n ( d ) I r r a d i a t i o n on a
s m a l l o b j e c t i n s i d e the e n c l o s u r e = %. 2 e W/mˆ2 ”,E
,wl1 ,wl2 ,Eb,wlmax ,G);

31 //END

Scilab code Exa 12.4 Blackbody Angular Radiation

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 2 . 4 Page 743 \n ’ )// Example 1 2 . 4

4
5 // Rate o f e m i s s i o n per u n i t a r ea ove r a l l

d i r e c t i o n s between 0 degC and 60 degC and ove r
a l l wave l eng th s between wave l eng th s 2 and 4 micro
−m

6
7 T = 1500 ;// [K] t empera tu r e o f s u r f a c e
8 stfncnstt = 5.67*10^ -8 ;// [W/mˆ 2 .Kˆ 4 ] Ste fan−

Boltzmann c o n s t a n t
9

10 //From Equat ion 1 2 . 2 6 Black Body Rad ia t i on
11 Eb = stfncnstt*T^4; // [W/mˆ 2 ]
12
13 //From Table 1 2 . 1 as wl1 ∗T = 2∗1500 ( micro−m.K)
14 F02 = .273;

15 //From Table 1 2 . 1 as wl2 ∗T = 4∗1500 ( micro−m.K)
16 F04 = .738;

17
18 //From e q u a t i o n 1 2 . 1 0 and 1 2 . 1 1
19 i1 = integrate( ’ 2∗ co s ( x ) ∗ s i n ( x ) ’ , ’ x ’ ,0,%pi /3);
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20 delE = i1*(F04 -F02)*Eb;

21
22 printf(”\n Rate o f e m i s s i o n per u n i t a r ea ove r a l l

d i r e c t i o n s between 0 degC and 60 degC and ove r
a l l wave l eng th s between wave l eng th s 2 micro−m and
4 micro−m = %. 1 e W/mˆ2 ”,delE);

23 //END

Scilab code Exa 12.5 Diffuse Emitter

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 2 . 5 Page 748 \n ’ )// Example 1 2 . 5

4
5 // Tota l h e m i s p h e r i c a l e m i s s i v i t y
6 // Tota l e m i s s i v e Power
7 // Wavelength at which s p e c t r a l e m i s s i v e power w i l l

be maximum
8
9 T = 1600 ;// [K] t empera tu r e o f s u r f a c e

10 wl1 = 2 ;// [ micro−m] wave l ength 1
11 wl2 = 5 ;// [ micro−m] wave l ength 2
12 stfncnstt = 5.67*10^ -8; // [W/mˆ 2 .Kˆ 4 ] Ste fan−

Boltzmann c o n s t a n t
13 // From the g i v e n graph o f e m i s s i v i t i e s
14 e1 = .4;

15 e2 = .8;

16 //From Equat ion 1 2 . 2 6 Black Body Rad ia t i on
17 Eb = stfncnstt*T^4; // [W/mˆ 2 ]
18
19 // S o l u t i o n (A)
20 //From Table 1 2 . 1 as wl1 ∗T = 2∗1600 ( micro−m.K)
21 F02 = .318;
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22 //From Table 1 2 . 1 as wl2 ∗T = 5∗1600 ( micro−m.K)
23 F05 = .856;

24 //From Equat ion 1 2 . 3 6
25 e = e1*F02 + e2*[F05 - F02];

26
27 // S o l u t i o n (B)
28 //From e q u a t i o n 1 2 . 3 5
29 E = e*Eb;

30
31 // S o l u t i o n (C)
32 // For maximum c o n d i t i o n Using Weins Law
33 consttmax = 2898 ;// [ micro−m.K]
34 wlmax = consttmax/T;

35
36 // e q u a t i o n 1 2 . 3 2 with Table 1 2 . 1
37 E1 = %pi*e1 *.722*10^ -4* stfncnstt*T^5;

38
39 E2 = %pi*e2 *.706*10^ -4* stfncnstt*T^5;

40
41 printf(”\n ( a ) Tota l h e m i s p h e r i c a l e m i s s i v i t y = %. 3 f

\n ( b ) Tota l e m i s s i v e Power = %i kW/mˆ2 \n ( c )
Emi s s i v e Power at wave l ength 2 micro−m i s g r e a t e r
than Emi s s i v e power at maximum wave l ength \n
i . e . %. 1 f kW/mˆ2 > %. 1 f kW/mˆ2 \n Thus , Peak
e m i s s i o n o c c u r s at %i micro−m”,e,E/1000,E2/1000 ,
E1/1000, wl1);

42 //END

Scilab code Exa 12.6 Metallic Surface Irradiation

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 2 . 6 Page 751 \n ’ )// Example 1 2 . 6

121



4
5 // S p e c t r a l , Normal e m i s s i v i t y en and s p e c t r a l

h e m i s p h e r i c a l e m i s s i v i t y e
6 // S p e c t r a l normal i n t e n s i t y In and S p e c t r a l

e m i s s i v e power
7
8 T = 2000 ;// [K] t empera tu r e o f s u r f a c e
9 wl = 1 ;// [ micro−m] wave l ength

10 stfncnstt = 5.67*10^ -8; // [W/mˆ 2 .Kˆ 4 ] Ste fan−
Boltzmann c o n s t a n t

11
12 // From the g i v e n graph o f e m i s s i v i t i e s
13 e1 = .3;

14 e2 = .6;

15 //From Equat ion 1 2 . 2 6 Black Body Rad ia t i on
16 Eb = stfncnstt*T^4; // [W/mˆ 2 ]
17
18 // Equat ion 1 2 . 3 4
19 i1 = integrate( ’ e1 ∗ co s ( x ) ∗ s i n ( x ) ’ , ’ x ’ ,0,%pi /3);
20 i2 = integrate( ’ e2 ∗ co s ( x ) ∗ s i n ( x ) ’ , ’ x ’ ,%pi/3,4*%pi/9)

;

21 e = 2*[i1+i2];

22
23 // From Table 1 2 . 1 at wl = 1 micro−m and T = 2000 K.
24
25 I = .493*10^ -4 * stfncnstt*T^5 ;// [W/mˆ 2 .

micro−m. s r ]
26
27 In = e1*I;

28
29 // Using Equat ion 1 2 . 3 2 f o r wl = 1 micro−m and T =

2000 K
30 E = e*%pi*I;

31
32 printf( ’ \n S p e c t r a l Normal e m i s s i v i t y en = %. 1 f and

s p e c t r a l h e m i s p h e r i c a l e m i s s i v i t y e = %. 2 f \n
S p e c t r a l normal i n t e n s i t y In = %. 2 e W/mˆ 2 . micro−m
. s r and S p e c t r a l e m i s s i v e power = %. 1 e W/mˆ 2 .
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micro−m. s r ’ , e1, e,In,E);

Scilab code Exa 12.7 Study of Radiation on Opaque Surface

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 2 . 7 Page 759 \n ’ )// Example 1 2 . 7

4
5 // S p e c t r a l d i s t r i b u t i o n o f r e f l e c t i v i t y
6 // Total , h e m i s p h e r i c a l a b s o r p t i v i t y
7 // Nature o f s u r f a c e t empera tu r e change
8
9 T = 500 ;// [K] t empera tu r e o f s u r f a c e

10 e = .8;

11 stfncnstt = 5.67*10^ -8; // [W/mˆ 2 .Kˆ 4 ] Ste fan−
Boltzmann c o n s t a n t

12
13 x=[0 6 8 16];

14 y=[.8 .8 0 0];

15 clf();

16 plot2d(x,y,style=5,rect =[0,0,20 ,1]);

17
18
19 xtitle(” S p e c t r a l D i s t r i b u t i o n o f r e f l e c t i v i t y ”, ”

wave l ength ( micro−m) ”, ” r e f l e c t i v i t y ”);
20
21 //From e q u a t i o n 1 2 . 4 3 and 1 2 . 4 4
22 Gabs = {.2*500/2*(6 -2) +500*[.2*(8 -6) +(1 -.2) *(8 -6)

/2]+1*500*(12 -8) +500*(16 -12) /2} ;// [w/
mˆ 2 ]

23 G = {500*(6 -2) /2+500*(12 -6) +500*(16 -12) /2}

;// [w/mˆ 2 ]
24 a = Gabs/G;
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25
26 // N e g l e c t i n g c o n v e c t i o n e f f e c t s net het f l u x to the

s u r f a c e
27 qnet = a*G - e*stfncnstt*T^4;

28
29 printf( ’ \n Total , h e m i s p h e r i c a l a b s o r p t i v i t y %. 2 f \n

Nature o f s u r f a c e t empera tu r e change = %i W/mˆ2
\n S i n c e qnet > 0 , the s i r f a c e t empera tu r e w i l l
i n c r e a s e with the t ime ’ , a,qnet);

Scilab code Exa 12.8 Total Emissivity of Cover Glass to Solar Radiation

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 2 . 8 Page 761 \n ’ )// Example 1 2 . 8

4
5 // Tota l e m i s s i v i t y o f c o v e r g l a s s to s o l a r

r a d i a t i o n
6
7 T = 5800 ;// [K] t empera tu r e o f s u r f a c e
8 e = .8;

9 stfncnstt = 5.67*10^ -8; // [W/mˆ 2 .Kˆ 4 ] Ste fan−
Boltzmann c o n s t a n t

10
11 //From Table 1 2 . 1
12 // For wl1 = . 3 micro−m and T = 5800 K, At wl1 ∗T =

1740 micro−m.K
13 F0wl1 = .0335;

14 // For wl1 = . 3 micro−m and T = 5800 K, At wl2 ∗T =
14500 micro−m.K

15 F0wl2 = .9664;

16
17 // Hence from e q u a t i o n 1 2 . 2 9
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18 t = .90*[ F0wl2 - F0wl1];

19
20 printf( ’ \n Tota l e m i s s i v i t y o f c o v e r g l a s s to s o l a r

r a d i a t i o n = %. 2 f ’ ,t);

Scilab code Exa 12.9 Total Hemispherical Emissivity of Fire Brick Wall

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 2 . 9 Page 766 \n ’ )// Example 1 2 . 9

4
5 // Tota l h e m i s p h e r i c a l e m i s s i v i t y o f f i r e b r i c k w a l l
6 // Tota l e m i s s i v e power o f b r i c k w a l l
7 // A b s o r p t i v i t y o f the w a l l to i r r a d i a t i o n from

c o a l s
8
9 Ts = 500 ;// [K] t empera tu r e o f b r i c k

s u r f a c e
10 Tc = 2000 ;// [K] Temperature o f c o a l

exposed
11 stfncnstt = 5.67*10^ -8; // [W/mˆ 2 .Kˆ 4 ] Ste fan−

Boltzmann c o n s t a n t
12 // From the g i v e n graph o f e m i s s i v i t i e s
13 e1 = .1; // between wave l ength 0 micro−m− 1 . 5

micro−m
14 e2 = .5; // between wave l ength 1 . 5 micro−m− 10

micro−m
15 e3 = .8; // g r e a t e r than wave l ength 10 micro−m
16
17 //From Table 1 2 . 1
18 // For wl1 = 1 . 5 micro−m and T = 500 K, At wl1 ∗T =

750 micro−m.K
19 F0wl1 = 0;
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20 // For wl2 = 10 micro−m and T = 500 K, At wl2 ∗T =
5000 micro−m.K

21 F0wl2 = .634;

22 //From e q u a t i o n 1 2 . 3 6
23 e = e1*F0wl1 + e2*F0wl2 + e3*(1-F0wl1 -F0wl2);

24
25 // Equat ion 1 2 . 2 6 and 1 2 . 3 5
26 E = e*stfncnstt*Ts^4;

27
28 //From Table 1 2 . 1
29 // For wl1 = 1 . 5 micro−m and T = 2000 K, At wl1 ∗T =

3000 micro−m.K
30 F0wl1c = 0.273;

31 // For wl2 = 10 micro−m and T = 2000 K, At wl2 ∗T =
20000 micro−m.K

32 F0wl2c = .986;

33 ac = e1*F0wl1c + e2*[F0wl2c -F0wl1c] + e3*(1- F0wl2c);

34
35 printf( ’ \n Tota l h e m i s p h e r i c a l e m i s s i v i t y o f f i r e

b r i c k w a l l = %. 3 f \n Tota l e m i s s i v e power o f
b r i c k w a l l = %i W/mˆ 2 .\ n A b s o r p t i v i t y o f the w a l l

to i r r a d i a t i o n from c o a l s = %. 3 f ’ ,e,E,ac);

Scilab code Exa 12.10 Total Hemispherical Absorptivity and Emissivity
of Metallic Sphere

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 2 . 1 0 Page 768 \n ’ )// Example 1 2 . 1 0

4
5 // Tota l h e m i s p h e r i c a l a b s o r p t i v i t y and e m i s s i v i t y

o f s p h e r e f o r i n i t i a l c o n d i t i o n
6 // v a l u e s o f a b s o p r t i v i t y and e m i s s i v i t y a f t e r
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s p h e r e has been i n f u r n a c e a l ong t ime
7
8 Ts = 300; // [K] t empera tu r e o f s u r f a c e
9 Tf = 1200; // [K] Temperature o f Furnace

10 stfncnstt = 5.67*10^ -8; // [W/mˆ 2 .Kˆ 4 ] Ste fan−
Boltzmann c o n s t a n t

11 // From the g i v e n graph o f a b s o r p t i v i t i e s
12 a1 = .8; // between wave l ength 0 micro−m− 5 micro−

m
13 a2 = .1; // g r e a t e r than wave l ength 5 micro−m
14
15 //From Table 1 2 . 1
16 // For wl1 = 5 micro−m and T = 1200 K, At wl1 ∗T =

6000 micro−m.K
17 F0wl1 = 0.738;

18 //From e q u a t i o n 1 2 . 4 4
19 a = a1*F0wl1 + a2*(1- F0wl1);

20 //From Table 1 2 . 1
21 // For wl1 = 5 micro−m and T = 300 K, At wl1 ∗T = 1500

micro−m.K
22 F0wl1s = 0.014;

23 //From e q u a t i o n 1 2 . 3 6
24 e = a1*F0wl1s + a2*(1- F0wl1s);

25
26 printf( ’ \n For I n i t i a l Cond i t i on \n Tota l

h e m i s p h e r i c a l a b s o r p t i v i t y = %. 2 f E m i s s i v i t y
o f s p h e r e = %. 2 f \n\n Beacuase the s p e c t r a l
c h a r a c t e r i s t i c s o f the c o a t i n g and the f u r n a c e
t emepra tu re remain f i x e d , t h e r e i s no change i n
the v a l u e o f a b s o r p t i v i t y with i n c r e a s i n g t ime . \
n Hence , A f t e r a s u f f i c i e n t l y l ong time , Ts = Tf
= %i K and e m i s s i v i t y e q u a l s a b s o r p t i v i t y e = a =

%. 2 f ’ ,a,e,Tf,a);
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Scilab code Exa 12.11 Heat Removal Rate per Unit Area of Solar Collec-
tor

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 2 . 1 1 Page 774 \n ’ )// Example 1 2 . 1 1

4
5 // U s e f u l heat removal r a t e per u n i t a r ea
6 // E f f i c i e n c y o f the c o l l e c t o r
7
8 Ts = 120+273; // [K] t empera tu r e o f s u r f a c e
9 Gs = 750; // [W/mˆ 2 ] S o l a r

i r r a d i a t i o n
10 Tsky = -10+273; // [K] Temperature o f Sky
11 Tsurr = 30+273; // [K] Temperature os

s u r r o u n d i n g Air
12 e = .1 ;// e m i s s i v i t y
13 as = .95 ;// A b s o r p t i v i t y o f S u r f a c e
14 asky = e ;// A b s o r p t i v i t y o f Sky
15 stfncnstt = 5.67*10^ -8; // [W/mˆ 2 .Kˆ 4 ] Ste fan−

Boltzmann c o n s t a n t
16 h = 0.22*( Ts - Tsurr)^.3334 ;// [W/mˆ 2 .K]

Convec t i v e Heat t r a n s f e r C o e f f
17 //From e q u a t i o n 1 2 . 6 7
18 Gsky = stfncnstt*Tsky ^4; // [W/mˆ 2 ]

I r r a d i a d t i o n from sky
19 qconv = h*(Ts -Tsurr); // [W/mˆ 2 ] Convec t i v e

Heat t r a n s f e r
20 E = e*stfncnstt*Ts^4; // [W/mˆ 2 ] I r r a d i a d t i o n

from S u r f a c e
21
22 //From energy Balance
23 q = as*Gs + asky*Gsky - qconv - E;

24
25 // C o l l e c t o r e f f i c i e n c y
26 eff = q/Gs;
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27
28 printf( ’ \n U s e f u l heat removal r a t e per u n i t a r ea by

Energy C on s e rv a t i o n = %i W/mˆ2 \n C o l l e c t o r
e f f i c i e n c y d e f i n e d as the f r a c t i o n o f s o l a r
i r r a d i a t i o n e x t r a c t e d as u s e f u l ene rgy i s %. 2 f ’ ,q
,eff);
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Chapter 13

Radiation Exchange between
the Surface

Scilab code Exa 13.1 Theoretical Problem

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 3 . 1 Page 820 \n ’ )// Example 1 3 . 1

4 // T h e o r e t i c a l Problem
5
6 printf( ’ \n The g i v e n example i s t h e o r e t i c a l and does

not i n v o l v e any n u m e r i c a l computat ion ’ )
7
8 //End

Scilab code Exa 13.2 View Factor of Different Geometries

1 clear;

2 clc;
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3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 3 . 2 Page 821 \n ’ )// Example 1 3 . 2

4
5 // View F a c t o r s o f known s u r f a c e Geometr i e s
6
7 // ( 1 ) Sphere w i t h i n Cube
8 F12a = 1 ;//By I n s p e c t i o n
9 F21a = (%pi/6)*F12a ; //By R e c i p r o c i t y

10
11 // ( 2 ) P a r t i t i o n w i t h i n a Square Duct
12 F11b = 0 ;//By I n s p e c t i o n
13 //By Symmetry F12 = F13
14 F12b = (1-F11b)/2 ; //By Summation Rule
15 F21b = sqrt (2)*F12b ; //By R e c i p r o c i t y
16
17 // ( 3 ) C i r c u l a r Tube
18 //From Table 1 3 . 2 or 1 3 . 5 , with r3 /L = 0 . 5 and L/ r1

= 2
19 F13c = .172;

20 F11c = 0; //By I n s p e c t i o n
21 F12c = 1 - F11c - F13c ;//By Summation Rule
22 F21c = F12c/4 ;//By R e c i p r o c i t y
23
24 printf( ’ \n D e s i r e d View F a c t o r s may be o b t a i n e d from

i n s p e c t i o n , the r e c i p r o c i t y r u l e , the summation
r u l e and/ or use o f c h a r t s \n ( 1 ) Sphere w i t h i n
Cube F21 = %. 3 f \n ( 2 ) P a r t i t i o n w i t h i n a Square
Duct F21 = %. 3 f \n ( 3 ) C i r c u l a r Tube F21 = %. 3 f ’ ,
F21a ,F21b ,F21c);

Scilab code Exa 13.3 Net rate of Heat transfer to the absorber surface

1 clear;

2 clc;
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3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 3 . 3 Page 826 \n ’ )// Example 1 3 . 3

4
5 // Net r a t e o f Heat t r a n s f e r to the a b s o r b e r s u r f a c e
6
7 L = 10 ;// [m] C o l l e c t o r l e n g t h = Heater

Length
8 T2 = 600 ;// [K] Temperature o f curved s u r f a c e
9 A2 = 15 ;// [mˆ 2 ] Area o f curved s u r f a c e

10 e2 = .5 ;// e m i s s i v i t y o f curved s u r f a c e
11 stfncnstt = 5.67*10^ -8; // [W/mˆ 2 .Kˆ 4 ] Ste fan−

Boltzmann c o n s t a n t
12 T1 = 1000 ;// [K] Temperature o f h e a t e r
13 A1 = 10 ;// [mˆ 2 ] a r ea o f h e a t e r
14 e1 = .9 ;// e m i s s i v i t y o f h e a t e r
15 W = 1 ;// [m] Width o f h e a t e r
16 H = 1 ;// [m] He ight
17 T3 = 300 ;// [K] Temperature o f s u r r o u n d i n g
18 e3 = 1 ;// e m i s s i v i t y o f s u r r o u n d i n g
19
20 J3 = stfncnstt*T3^4; // [W/mˆ 2 ]
21 //From Figu r e 1 3 . 4 or Table 1 3 . 2 , with Y/L = 10 and

X/L =1
22 F12 = .39;

23 F13 = 1 - F12; //By Summation Rule
24 // For a h y p o t h e t i c a l s u r f a c e A2h
25 A2h = L*W;

26 F2h3 = F13; //By Symmetry
27 F23 = A2h/A2*F13; //By r e c i p r o c i t y
28 Eb1 = stfncnstt*T1^4; // [W/mˆ 2 ]
29 Eb2 = stfncnstt*T2^4; // [W/mˆ 2 ]
30 // Rad i a t i on network a n a l y s i s at Node c o r r e s p o n d i n g 1
31 //−10J1 + 0 . 3 9 J2 = −510582
32 // . 2 6 J1 − 1 . 6 7 J2 = −7536
33 // S o l v i n g above e q u a t i o n s
34 A = [-10 .39;

35 .26 -1.67];
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36 B = [ -510582;

37 -7536];

38
39 X = inv(A)*B;

40
41 q2 = (Eb2 - X(2))/(1-e2)*(e2*A2);

42
43 printf( ’ \n Net Heat t r a n s f e r r a t e to the a b s o r b e r i s

= %. 1 f kW’ ,q2 /1000);

Scilab code Exa 13.4 Power Required to Maintain Prescribed Tempera-
tures in Cylindrical Furnace

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 3 . 4 Page 830 \n ’ )// Example 1 3 . 4

4
5 // Power r e q u i r e d to ma inta in p r e s c r i b e d

t e m p e r a t u r e s
6
7 T3 = 300 ;// [K] Temperature o f s u r r o u n d i n g
8 L = .15 ;// [m] Furnace Length
9 T2 = 1650+273 ;// [K] Temperature o f bottom

s u r f a c e
10 T1 = 1350+273 ;// [K] Temperature o f s i d e s o f

f u r n a c e
11 D = .075 ;// [m] Diameter o f f u r n a c e
12 stfncnstt = 5.670*10^ -8; // [W/mˆ 2 .Kˆ 4 ] S t e f a n

Boltzman Constant
13 A2 = %pi*D^2/4 ;// [m] Area o f bottom s u r f a c e
14 A1 = %pi*D*L ;// [m] Area o f curved s i d e s
15 //From Figu r e 1 3 . 5 or Table 1 3 . 2 , with r i /L = . 2 5
16 F23 = .056;
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17 F21 = 1 - F23; //By Summation Rule
18 F12 = A2/A1*F21; //By r e c i p r o c i t y
19 F13 = F12 ;//By Symmetry
20 //From Equat ion 1 3 . 1 7 Heat b a l a n c e
21 q = A1*F13*stfncnstt *(T1^4 - T3^4) + A2*F23*

stfncnstt *(T2^4 - T3^4);

22
23 printf( ’ \n Power r e q u i r e d to mainta in p r e s c r i b e d

t e m p e r a t u r e s i s = %i W’ ,q);

Scilab code Exa 13.5 Concentric Tube Arrangement

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 3 . 5 Page 834 \n ’ )// Example 1 3 . 5

4
5 // Heat ga in by the f l u i d p a s s i n g through the i n n e r

tube
6 // Pe r c en tage change i n heat ga in with r a d i a t i o n

s h i e l d i n s e r t e d midway between i n n e r and o u t e r
tube s

7
8 T2 = 300 ;// [K] Temperature o f i n n e r s u r f a c e
9 D2 = .05 ;// [m] Diameter o f I n n e r S u r f a c e

10 e2 = .05 ;// e m i s s i v i t y o f I n n e r S u r f a c e
11 T1 = 77 ;// [K] Temperature o f Outer S u r f a c e
12 D1 = .02 ;// [m] Diameter o f I n n e r S u r f a c e
13 e1 = .02 ;// e m i s s i v i t y o f Outer S u r f a c e
14 D3 = .035 ;// [m] Diameter o f S h i e l d
15 e3 = .02 ;// e m i s s i v i t y o f S h i e l d
16 stfncnstt = 5.670*10^ -8 ;// [W/mˆ 2 .Kˆ 4 ] S t e f a n

Boltzman Constant
17
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18 //From Equat ion 1 3 . 2 0 Heat b a l a n c e
19 q = stfncnstt *(%pi*D1)*(T1^4-T2^4) /(1/e1 + (1-e2)/e2

*D1/D2) ;// [W/m]
20
21 RtotL = (1-e1)/(e1*%pi*D1) + 1/( %pi*D1*1) + 2*[(1-e3

)/(e3*%pi*D3)] + 1/(%pi*D3*1) + (1-e2)/(e2*%pi*D2

) ;// [mˆ−2]
22 q2 = stfncnstt *(T1^4 - T2^4)/RtotL; // [W/m]
23
24 printf( ’ \n Heat ga in by the f l u i d p a s s i n g through

the i n n e r tube = %. 2 f W/m \n Per c en tage change i n
heat ga in with r a d i a t i o n s h i e l d i n s e r t e d midway

between i n n e r and o u t e r tube s i s = %. 2 f p e r c e n t ’ ,
q,(q2 -q)*100/q);

Scilab code Exa 13.6 Rate at which Heat must be Supplied per Unit Length
of Triangular Duct

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 3 . 6 Page 836 \n ’ )// Example 1 3 . 6

4
5 // Rate at which heat must be s u p p l i e d per u n i t

l e n g t h o f duct
6 // Temperature o f the i n s u l a t e d s u r f a c e
7
8 T2 = 500 ;// [K] Temperature o f Pa inted s u r f a c e
9 e2 = .4 ;// e m i s s i v i t y o f Pa inted S u r f a c e

10 T1 = 1200 ;// [K] Temperature o f Heated S u r f a c e
11 W = 1 ; // [m] Width o f Pa inted S u r f a c e
12 e1 = .8 ;// e m i s s i v i t y o f Heated S u r f a c e
13 er = .8 ;// e m i s s i v i t y o f I n s u l a t e d S u r f a c e
14 stfncnstt = 5.670*10^ -8 ;// [W/mˆ 2 .Kˆ 4 ] S t e f a n
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Boltzman Constant
15
16 //By Symmetry Rule
17 F2R = .5;

18 F12 = .5;

19 F1R = .5;

20
21 //From Equat ion 1 3 . 2 0 Heat b a l a n c e
22 q = stfncnstt *(T1^4-T2^4)/((1-e1)/e1*W+ 1/(W*F12

+[(1/W/F1R) + (1/W/F2R)]^-1) + (1-e2)/e2*W) ;// [W
/m]

23
24 // S u r f a c e Energy Balance 1 3 . 1 3
25 J1 = stfncnstt*T1^4 - (1-e1)*q/(e1*W) ;// [W/m

ˆ 2 ] S u r f a c e 1
26 J2 = stfncnstt*T2^4 - (1-e2)*(-q)/(e2*W) ;// [W/m

ˆ 2 ] S u r f a c e 2
27 //From Equat ion 1 3 . 2 6 Heat b a l a n c e
28 JR = (J1+J2)/2;

29 TR = (JR/stfncnstt)^.25;

30
31 printf( ’ \n Rate at which heat must be s u p p l i e d per

u n i t l e n g t h o f duct = %. 2 f kW/m \n Temperature o f
the i n s u l a t e d s u r f a c e = %i K ’ ,q/1000,TR);

Scilab code Exa 13.7 Semi Circular Tube

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 3 . 7 Page 841 \n ’ )// Example 1 3 . 7

4
5 // Rate at which heat must be s u p p l i e d
6 // Temperature o f the i n s u l a t e d s u r f a c e
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7
8 T1 = 1000 ;// [K] Temperature o f Heated S u r f a c e
9 e1 = .8 ;// e m i s s i v i t y o f Heated S u r f a c e

10 e2 = .8 ; // e m i s s i v i t y o f I n s u l a t e d S u r f a c e
11 r = .02 ;// [m] Radius o f s u r f a c e
12 Tm = 400 ;// [K] Temperature o f s u r r o u n d i n g

a i r
13 m = .01 ;// [ kg / s ] Flow r a t e o f s u r r o u n d i n g

a i r
14 p = 101325 ;// [ Pa ] P r e s s u r e o f s u r r o u n d i n g a i r
15 stfncnstt = 5.670*10^ -8 ;// [W/mˆ 2 .Kˆ 4 ] S t e f a n

Boltzman Constant
16 // Table A. 4 Air P r o p e r t i e s at 1 atm , 400 K
17 k = .0338 ;// [W/m.K] c o n d u c t i v i t y
18 u = 230*10^ -7 ;// [ kg / s .m] V i s c o s i t y
19 cp = 1014 ;// [ J/ kg ] S p e c i f i c heat
20 Pr = .69 ;// Prandt l Number
21
22 // H y d r a u l i c Diameter
23 Dh = 2*%pi*r/(%pi+2) ;// [m]
24 // Reynolds number
25 Re = m*Dh/(%pi*r^2/2)/u;

26 // View Facto r
27 F12 = 1 ;

28
29 printf(”\n As Reynolds Number i s %i , Hence i t i s

Turbu lent f l o w i n s i d e a c y l i n d e r . Hence we w i l l
use Di t tus−B o e l t e r Equat ion ”,Re);

30
31 //From Dit tus−B o e l t e r Equat ion
32 Nu = .023*Re^.8*Pr^.4;

33 h = Nu*k/Dh; // [W/mˆ 2 .K]
34
35 //From Equat ion 1 3 . 1 8 Heat Energy b a l a n c e
36 // Newton Raphson
37 T2=600; // I n i t i a l Assumption
38 while (1>0)

39 f=( stfncnstt *(T1^4 - T2^4)/((1-e1)/(e1*2*r)+1/(2*r*
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F12)+(1-e2)/(e2*%pi*r)) - h*%pi*r*(T2-Tm));

40 fd=(4* stfncnstt *( - T2^3)/((1-e1)/(e1*2*r)+1/(2*r*

F12)+(1-e2)/(e2*%pi*r)) - h*%pi*r*(T2));

41 T2n=T2 -f/fd;

42 if(stfncnstt *(T1^4 - T2n^4)/((1-e1)/(e1*2*r)+1/(2*r*

F12)+(1-e2)/(e2*%pi*r)) - h*%pi*r*(T2n -Tm)) <=.01

43 break;

44 end;

45 T2=T2n;

46 end

47
48 //From energy Balance
49 q = h*%pi*r*(T2 -Tm) + h*2*r*(T1-Tm) ;// [W/m]
50
51 printf( ’ \n Rate at which heat must be s u p p l i e d per

u n i t l e n g t h o f duct = %. 2 f W/m & Temperature o f
the i n s u l a t e d s u r f a c e = %i K ’ ,q,T2);
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Chapter 14

Diffusion Mass Transfer

Scilab code Exa 14.1 Molar and Mass Fluxes of Hydrogen

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 4 . 1 Page 884 \n ’ )// Example 1 4 . 1

4
5 // Molar and mass f l u x e s o f hydrogen and the

r e l a t i v e v a l u e s o f the mass and therma l
d i f f u s i v i t i e s f o r the t h r e e c a s e s

6
7 T = 293 ;// [K] Temperature
8 Ma = 2 ;// [ kg / kmol ] Mo l e cu l a r Mass
9 // Table A. 8 Hydrogen−Air P r o p e r t i e s at 298 K

10 Dab1 = .41*10^ -4; // [mˆ2/ s ] d i f f u s i o n
c o e f f i c i e n t

11 // Table A. 8 Hydrogen−Water P r o p e r t i e s at 298 K
12 Dab2 = .63*10^ -8; // [mˆ2/ s ] d i f f u s i o n

c o e f f i c i e n t
13 // Table A. 8 Hydrogen−i r o n P r o p e r t i e s at 293 K
14 Dab3 = .26*10^ -12; // [mˆ2/ s ] d i f f u s i o n

c o e f f i c i e n t
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15 // Table A. 4 Air p r o p e r t i e s at 293 K
16 a1 = 21.6*10^ -6; // [mˆ2/ s ] Thermal

D i f f u s i v i t y
17 // Table A. 6 Water p r o p e r t i e s at 293 K
18 k = .603 ;// [W/m.K] c o n d u c t i v i t y
19 rho = 998 ;// [ kg /mˆ 3 ] Dens i ty
20 cp = 4182 ;// [ J/ kg ] s p e c i f i c Heat
21 // Table A. 1 I r o n P r o p e r t i e s at 300 K
22 a3 = 23.1 * 10^ -6; // [mˆ2/ s ]
23
24 // Equat ion 1 4 . 1 4
25 // Hydrogen−a i r Mixture
26 DabT1 = Dab1*(T/298) ^1.5; // [mˆ2/ s ] mass

d i f f u s i v i t y
27 J1 = -DabT1 *1; // [ kmol / s .mˆ 2 ] Tota l

molar c o n c e n t r a t i o n
28 j1 = Ma*J1; // [ kg / s .mˆ 2 ] mass Flux o f

Hydrogen
29 Le1 = a1/DabT1; // Lewis Number Equat ion

6 . 5 0
30
31 // Hydrogen−water Mixture
32 DabT2 = Dab2*(T/298) ^1.5; // [mˆ2/ s ] mass

d i f f u s i v i t y
33 a2 = k/(rho*cp) ;// [mˆ2/ s ] the rma l

d i f f u s i v i t y
34 J2 = -DabT2*1 ;// [ kmol / s .mˆ 2 ] Tota l

molar c o n c e n t r a t i o n
35 j2 = Ma*J2 ;// [ kg / s .mˆ 2 ] mass Flux o f

Hydrogen
36 Le2 = a2/DabT2 ;// Lewis Number Equat ion

6 . 5 0
37
38 // Hydrogen−i r o n Mixture
39 DabT3 = Dab3*(T/298) ^1.5; // [mˆ2/ s ] mass

d i f f u s i v i t y
40 J3 = -DabT3 *1; // [ kmol / s .mˆ 2 ] Tota l

molar c o n c e n t r a t i o n
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41 j3 = Ma*J3; // [ kg / s .mˆ 2 ] mass Flux o f
Hydrogen

42 Le3 = a3/DabT3 ;// Lewis Number Equat ion
6 . 5 0

43
44 printf( ’ \n S p e c i e s a (mˆ2/ s ) Dab (mˆ2/ s )

Le j a ( kg / s .mˆ2) \n Air %. 1 e
%. 1 e %. 2 f %. 1 e \n Water

%. 1 e %. 1 e %i %. 1 e \n
I r o n %. 1 e %. 1 e %. 1 e %. 1 e

’ ,a1 ,DabT1 ,Le1 ,j1,a2,DabT2 ,Le2 ,j2 ,a3 ,DabT3 ,Le3 ,j3
);

Scilab code Exa 14.2 Evaporation Rate Through a Single Pore

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 4 . 2 Page 898 \n ’ )// Example 1 4 . 2

4
5 // Evapora t i on r a t e through a s i n g l e pore
6
7 T = 298 ;// [K] Temperature
8 D = 10*10^ -6 ;// [m]
9 L = 100*10^ -6; // [m]

10 H = .5 ;// Moist Air Humidity
11 p = 1.01325 ;// [ bar ]
12 // Table A. 6 S a tu r a t e d Water vapor P r o p e r t i e s at 298

K
13 psat = .03165; // [ bar ] s a t u r a t e d P r e s s u r e
14 // Table A. 8 Water vapor−a i r P r o p e r t i e s at 298 K
15 Dab = .26*10^ -4; // [mˆ2/ s ] d i f f u s i o n

c o e f f i c i e n t
16
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17 C = p/(8.314*10^ -2*298) ;// Tota l
C o n c e n t r a t i o n

18 //From s e c t i o n 6 . 7 . 2 , the mole f r a c t i o n at x = 0 i s
19 xa0 = psat/p;

20 // the mole f r a c t i o n at x = L i s
21 xaL = H*psat/p;

22
23 // Evaporat i on r a t e per pore Using Equat ion 1 4 . 4 1

with a d v e c t i o n
24 N = (%pi*D^2)*C*Dab /(4*L)*2.303* log10 ((1-xaL)/(1-xa0

)) ;// [ kmol / s ]
25
26 // N e g l e c t i n g e f f e c t s o f molar ave raged v e l o c i t y

Equat ion 1 4 . 3 2
27 // S p e c i e s t r a n s f e r r a t e per pore
28 Nh = (%pi*D^2)*C*Dab /(4*L)*(xa0 -xaL) ;// [ kmol

/ s ]
29
30 printf( ’ \n Evaporat i on r a t e per pore Without

a d v e c t i o n e f f e c t s %. 2 e kmol / s and With Advect ion
e f f e c t s %. 2 e kmol / s ’ ,Nh ,N)

31
32 clf();

33 x = linspace (300 ,800 ,100);

34 y1 = N*x^1.5/298^1.5*10^15;

35 y2 = Nh*x^1.5/298^1.5*10^15;

36 plot(x,y1,x,y2);

37 xtitle(” Evapora t i on Temp vs Temp”, ”T (K) ”, ”Na
∗10ˆ15( kmol / s ) ”);

38 legend (” Without Advect ion ”, ”With Advect ion ”);

Scilab code Exa 14.3 Polymer Sheet and Trough Geometry

1 clear;

2 clc;
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3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 4 . 3 Page 898 \n ’ )// Example 1 4 . 3

4
5 // Rate o f water vapor molar d i f f u s i v e t t a n s f e r

through the t rough w a l l
6
7 D = .005 ;// [m] Diameter
8 L = 50*10^ -6; // [m] Length
9 h = .003 ;// [m] Depth

10 Dab = 6*10^ -14 ;// [mˆ2/ s ] D i f f u s i o n
c o e f f i c i e n t

11 Cas1 = 4.5*10^ -3 ;// [ kmol /mˆ 3 ] Molar
c o n c e n t r a t i o n s o f water vapor at o u t e r s u r f a c e

12 Cas2 = 0.5*10^ -3 ;// [ kmol /mˆ 3 ] Molar
c o n c e n t r a t i o n s o f water vapor at i n n e r s u r f a c e

13
14 // T r a n s f e r Rate through c y l i n d r i c a l w a l l Equat ion

1 4 . 5 4
15 Na = Dab/L*(%pi*D^2/4 + %pi*D*h)*(Cas1 -Cas2); // [

kmol / s ]
16
17 printf( ’ \n Rate o f water vapor molar d i f f u s i v e

t t a n s f e r through the t rough w a l l %. 2 e kmol / s ’ ,Na)
;

18 //END

Scilab code Exa 14.4 Helium Gas Spherical Container

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 4 . 4 Page 902 \n ’ )// Example 1 4 . 4

4
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5 // The r a t e o f change o f the he l ium p r e s s u r e dp/ dt
6
7 D = .2 ;// [m] Diameter
8 L = 2*10^ -3 ;// [m] Th i ckne s s
9 p = 4 ;// [ ba r s ] Helium P r e s s u r e

10 T = 20+273 ;// [K] Temperature
11 // Table A. 8 hel ium−f u s e d s i l i c a (293K) Page 952
12 Dab = .4*10^ -13 ;// [mˆ2/ s ] D i f f u s i o n

c o e f f i c i e n t
13 // Table A. 1 0 hel ium−f u s e d s i l i c a (293K)
14 S = .45*10^ -3 ;// [ kmol /mˆ 3 . bar ] S o l u b i l i t y
15
16 // By a p p l y i n g the s p e c i e s c o n s e r v a t i o n Equat ion

1 4 . 4 3 and 1 4 . 6 2
17 dpt = -6*(.08314)*T*(Dab)*S*p/(L*D);

18
19 printf( ’ \n The r a t e o f change o f the he l ium p r e s s u r e

dp/ dt %. 2 e bar / s ’ ,dpt);
20 //END

Scilab code Exa 14.5 Hydrogen Plastic Diffusion

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 4 . 5 Page 904 \n ’ )// Example 1 4 . 5

4
5 // The Hydrogen mass d i f f u s i v e f l u x nA ( kg / s .mˆ2)
6 //A −> Hydrogen
7 //B −> P l a s t i c
8
9 Dab = 8.7*10^ -8 ;// [mˆ2/ s ] D i f f u s i o n

c o e f f i c i e n t
10 Sab = 1.5*10^ -3 ;// [ kmol /mˆ 3 . bar ] S o l u b i l i t y
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11 L = .0003 ;// [m] t h i c k n e s s o f bar
12 p1 = 3 ;// [ bar ] p r e s s u r e on one s i d e
13 p2 = 1 ;// [ bar ] p r e s s u r e on o t h e r

s i d e
14 Ma = 2 ;// [ kg /mol ] m o l e c u l a r mass o f

Hydrogen
15 // S u r f a c e molar c o n c e n t r a t i o n s o f hydrogen from

Equat ion 1 4 . 6 2
16 Ca1 = Sab*p1 ; // [ kmol /mˆ 3 ]
17 Ca2 = Sab*p2 ; // [ kmol /mˆ 3 ]
18 //From e q u a t i o n 1 4 . 4 2 to 1 4 . 5 3 f o r o b t a i n i n g mass

f l u x
19 N = Dab/L*(Ca1 -Ca2) ; // [ kmol / s .mˆ 2 ]
20 n = Ma*N ; // [ kg / s .mˆ 2 ] on Mass

b a s i s
21
22 printf( ’ \n The Hydrogen mass d i f f u s i v e f l u x n = %. 2 e

( kg / s .mˆ2) ’ ,n);
23 //END

Scilab code Exa 14.6 Bacteria BioFilm

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 4 . 6 Page 909 \n ’ )// Example 1 4 . 6

4
5 // Maximum Thi ckne s s o f a b a c t e r i a l aden b i o f i l m ,

tha t may be s i c c e s s f u l l y t r e a t e d
6
7 Dab = 2*10^ -12 ;// [mˆ2/ s ] D i f f u s i o n

c o e f f i c i e n t
8 Ca0 = 4*10^ -3 ;// [ kmol /mˆ 3 ] Fixed

C o n c e n t r a t i o n o f med i ca t i on
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9 Na = -.2*10^-3 ;// [ kmol /mˆ 3 . s ] Minimum
consumption r a t e o f a n t i b i o t i c

10 k1 = .1 ;// [ s ˆ−1] Reac t i on C o e f f i c i e n t
11
12 // For f i r s s t o r d e r k i n e t i c r e a c t i o n Equat ion 1 4 . 7 4
13 m = (k1/Dab)^.5;

14 L = m^-1* acosh(-k1*Ca0/Na);

15
16 printf( ’ \n Maximum Thi ckne s s o f a b a c t e r i a l aden

b i o f i l m , tha t may be s i c c e s s f u l l y t r e a t e d i s %. 1 f
p i co−m’ ,L*10^6);

17 //END

Scilab code Exa 14.7 Drug Medication

1 clear;

2 clc;

3 printf( ’FUNDAMENTALS OF HEAT AND MASS TRANSFER \n
I n c r o p e r a / Dewitt / Bergman / Lavine \n EXAMPLE
1 4 . 7 Page 913 \n ’ )// Example 1 4 . 7

4
5 // Tota l dosage o f med i c ine d e l i v e r e d to the p a t i e n t

ove r a one−week t ime pe r i od , s e n s i v i t y o f the
dosage to the mass d u f f u s i v i t y o f the patch and
s k i n

6
7 Dap = .1*10^ -12 ;// [mˆ2/ s ] D i f f u s i o n

c o e f f i c i e n t o f med i ca t i on with patch
8 Das = .2*10^ -12 ;// [mˆ2/ s ] D i f f u s i o n

c o e f f i c i e n t o f med i ca t i on with s k i n
9 L = .05 ;// [m] patch Length

10 rhop = 100 ;// [ kg /mˆ 3 ] Dens i ty o f
med i ca t i o n on patch

11 rho2 = 0 ;// [ kg /mˆ 3 ] Dens i ty o f
med i ca t i o n on s k i n

146



12 K = .5 ;// P a r t i t i o n C o e f f i c i e n t
13 t = 3600*24*7 ;// [ s ] Treatment t ime
14
15 // Apply ing C on s e rv a t i on o f s p e c i e s e q u a t i o n 1 4 . 4 7 b
16 //By ana logy to e q u a t i o n 5 . 6 2 , 5 . 2 6 and 5 . 5 8
17 D = 2*rhop*L^2/( sqrt(%pi))*sqrt(Das*Dap*t)/(sqrt(Das

)+sqrt(Dap)/K);

18
19 printf( ’ \n Tota l dosage o f med i c in e d e l i v e r e d to the

p a t i e n t ove r a one−week t ime p e r i o d i s %. 1 f mg ’ ,
D*10^6);

20
21 // S e n s t i v i t y o f dosage to the patch and s k i n
22 clf();

23 // Subp lo t 1
24 Dap1 = .1*10^ -12 ;// [mˆ2/ s ]
25 Das1 = .1*10^ -12 ;// [mˆ2/ s ]
26 Das2 = .2*10^ -12 ;// [mˆ2/ s ]
27 Das3 = .4*10^ -12 ;// [mˆ2/ s ]
28 x = linspace (0,7,50);

29 y1 = 2*rhop*L^2/( sqrt(%pi))*sqrt(Das1*Dap1 *3600*24*x

)/(sqrt(Das1)+sqrt(Dap1)/K)*10^6;

30 y2 = 2*rhop*L^2/( sqrt(%pi))*sqrt(Das2*Dap1 *3600*24*x

)/(sqrt(Das2)+sqrt(Dap1)/K)*10^6;

31 y3 = 2*rhop*L^2/( sqrt(%pi))*sqrt(Das3*Dap1 *3600*24*x

)/(sqrt(Das3)+sqrt(Dap1)/K)*10^6;

32 subplot (1,2,1);

33 plot(x,y1,x,y2 ,x,y3);

34 xtitle(” Dosage vs Time−p e r i o d at Dap = . 1∗1 0 ˆ −12 (m
ˆ2/ s ) ”, ”Day”, ” Dosage (mg) ”);

35 legend (” . 1∗1 0ˆ 1 2 ”, ” . 2∗1 0ˆ 1 2 ”, ” . 4∗1 0ˆ 1 2 ”);
36
37 // Subp lo t 2
38 Dap2 = .01*10^ -12 ;// [mˆ2/ s ]
39 yn1 = 2*rhop*L^2/( sqrt(%pi))*sqrt(Das1*Dap2 *3600*24*

x)/(sqrt(Das1)+sqrt(Dap2)/K)*10^6;

40 yn2 = 2*rhop*L^2/( sqrt(%pi))*sqrt(Das2*Dap2 *3600*24*

x)/(sqrt(Das2)+sqrt(Dap2)/K)*10^6;
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41 yn3 = 2*rhop*L^2/( sqrt(%pi))*sqrt(Das3*Dap2 *3600*24*

x)/(sqrt(Das3)+sqrt(Dap2)/K)*10^6;

42 subplot (1,2,2);

43 plot(x,yn1 ,x,yn2 ,x,yn3);

44 xtitle(” Dosage vs Time−p e r i o d at Dap = . 0 1∗1 0 ˆ −12 (
mˆ2/ s ) ”, ”Day”, ” Dosage (mg) ”);

45 legend (” . 1∗1 0ˆ 1 2 ”, ” . 2∗1 0ˆ 1 2 ”, ” . 4∗1 0ˆ 1 2 ”);
46 //END

148


	
	Introduction
	Introduction to Conduction
	One Dimensional Steady State Conduction
	Two Dimensional Steady State Conduction
	Transient Conduction
	Introduction to Convection
	External Flow
	Internal Flow
	Free Convection
	Boiling and Condensation
	Heat Exchangers
	Radiation Processes and Properties
	Radiation Exchange between the Surface
	Diffusion Mass Transfer

