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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 3

Process Variables

Scilab code Exa 3.2 Example2

1

2 // V a r i a b l e D e c l a r a t i o n :
3 Q1 = 8.03 // Years ( pa r t 1)
4 D = 365 // Days i n a yea r
5 H = 24 // Hours i n a day
6 M = 60 // Minutes i n an hour
7 S = 60 // Seconds i n a

minute
8 Q2 = 150 // M i l e s per hour (

pa r t 2)
9 FM = 5280 // Feet i n a mi l e

10 YF = 1.0/3.0 // Yard i n a f e e t
11 Q3 = 100 // Meter per second

squa r e ( pa r t 3)
12 Cmm = 100 // Cent imete r i n a

meter
13 FC = 1.0/30.48 // Feet i n a

c e n t i m e t e r
14 SsMs = 60**2 // Second squa r e i n a

minute squa r e
15 Q4 = 0.03 //Gram per
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c e n t i m e t e r cube ( pa r t 4)
16 PG = 1.0/454.0 //Pound i n a gram
17 CF = (30.48) **3 // Cent imete r i n a

f e e t
18

19 // C a l c u l a t i o n :
20 A1 = Q1*D*H*M*S // Seconds ( s )
21 A2 = Q2*FM*YF // Yards per hour ( yd

/ hr )
22 A3 = Q3*Cmm*FC*SsMs // Feet per min

squa r e ( f t /min ˆ2)
23 A4 = Q4*PG*CF //Pound per f e e t

cube ( l b / f t ˆ3)
24

25 // R e s u l t s :
26 printf(” 1 . Seconds i n %f yea r i s : %f x 10∗∗8 s ”,Q1 ,

A1 /10**8)

27 printf(” 2 . Yards per hour i n %f m i l e s per hour i s :
%f x 10∗∗5 yd/h”,Q2 ,A2 /10**5)

28 printf(” 3 . Fee t s per minute squa r e i n %f meter per
squa r e i s : %f x 10∗∗6 f t /min ˆ2 ”,Q3 ,A3 /10**6)

29 printf(” 4 . Pounds per f e e t cube i n %f gram per
c e n t i m e t e r cube i s : %. 0 f l b / f t ˆ3 ”,Q4 ,A4)

Scilab code Exa 3.3 Example

1 // V a r i a b l e D e c l a r a t i o n :
2 Q1 = 32.2 // G r a v i t a t i o n a l

a c c e l e r a t i o n ( f t / s ˆ2) ( pa r t 1)
3 CF = 32.2 // Conver s i on f a c t o r ( l b .

f t / l b f . s ˆ2)
4 M = 100 // Mass ( l b )
5 SA = 3 // S u r f a c e a r ea ( i n ˆ2)
6 FsIs = (1.0/12.0) **2 // Feet squa r e i n a in ch

squa r e
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7 Q2 = 14.7 // Atmospher ic p r e s s u r e (
p s i ) ( pa r t 2)

8 GP = 35 // Gauge P r e s s u r e ( p s i g )
9

10 // C a c u l a t i o n s :
11 F = M*Q1/CF // Force ( l b f )
12 P = F/SA/FsIs // P r e s s u r e at the base (

l b f / f t ˆ2)
13 Pa = GP+Q2 // Abso lu te p r e s s u r e (

p s i a )
14

15 // R e s u l t s :
16 disp(” 1 . P r e s s u r e at the base i s : ”)
17 disp(P)

18 disp(” l b f / f t ˆ2 ”)
19

20 disp(” 2 . Abso lu te p r e s s u r e i s : ”)
21 disp(Pa)

22 disp(” p s i a ”)

Scilab code Exa 3.4 Example 4

1 // V a r i a b l e D e c l a r a t i o n :
2 Q1 = 20.0 // Mass ( l b ) ( pa r t 1)
3 MH = 1.008 // Mo l e cu l a r we ight o f H

( l b / lbmol )
4 MO = 15.999 // Mo l e cu l a r we ight o f O

( l b / lbmol )
5 Q2 = 454 //Gram i n pound ( pa r t 2)
6 Q3 = 6.023*10**23 // Avogadro nuber ( pa r t

3)
7

8 // C a l c u l a t i o n s :
9 Mol = 2*MH+MO // Mo l e cu l a r we ight o f

water ( l b / lbmol )
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10 A1 = Q1/Mol //Pound . moles o f water (
lbmol )

11 A2 = Q1*Q2/Mol //Gram . moles o f water (
gmol )

12 A3 = A2*Q3 // M o l e c u l e s o f water (
m o l e c u l e s )

13

14 // R e s u l t s :
15 disp(” 1 . Pound . moles o f water i s : ”)
16 disp(A1)

17 disp(” lbmol water ”)
18

19 disp(” 2 . Gram . moles o f water i s : ”)
20 disp(A2)

21 disp(” gmol water ”)
22

23 disp(” 3 . M o l e c u l e s o f water i s : ”)
24 disp(A3 /10**26)

25 disp(” x 10∗∗26 m o l e c u l e s ”)

Scilab code Exa 3.5 Example 5

1 // V a r i a b l e d e c l a r a t i o n :
2 SG = 0.92 // S p e c i f i c g a v i t y o f l i q u i d ,

methanol
3 DW = 62.4 // Dens i ty o f r e f e r e n c e

subs tance , water ( l b / f t ˆ3)
4

5 // C a l c u l a t i o n :
6 DM = SG*DW // Dens i ty o f methanol ( l b / f t

ˆ3)
7

8 // R e s u l t :
9 disp(” Dens i ty o f methanol i s : ”)
10 disp(DM)
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11 disp(” l b / f t ˆ3 ”)

Scilab code Exa 3.6 Example 6

1 // V a r i a b l e d e c l a r a t i o n :
2 SG = 0.8 // S p e c i f i c Grav i ty
3 AV = 0.02 // Abso lu te V i s c o s i t y ( cP

)
4 cP = 1 // V i s c o s i t y o f

c e n t i p o i s e ( cP )
5 VcP = 6.72 * 10**-4 //Pound per f e e t . s e c i n

a c e n t i p o i s e ( l b / f t . s )
6 pR = 62.43 // R e f e r e n c e d e n s i t y ( l b /

f t ˆ3)
7

8 // C a l c u l a t i o n s :
9 u = AV*VcP/cP // V i s c o s i t y o f gas ( l b /

f t . s )
10 p = SG*pR // Dens i ty o f gas ( l b / f t

ˆ3)
11 v = u/p // Kinemat ic v i s c o s i t y o f

gas ( f t ˆ2/ s )
12

13 // R e s u l t :
14 disp(” Kinemat ic v i s c o s i t y o f gas i s : ”)
15 disp(v/10** -7)

16 disp (”x 10∗∗−7 f t ˆ2/ s ”)

Scilab code Exa 3.7 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 X = 7.0 // Coord ina t e X o f H2SO4
3 Y = 24.8 // Coord ina t e Y o f H2SO4
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4 S = 45 // S l ope
5

6 // C a l c u l a t i o n s :
7 //From the f i g u r e C. 1 we found the i n t e r s e c t i o n o f

c u r v e s mu = 12cP
8 mu = 12

9

10 // R e s u l t s :
11 disp(” Abso lu te v i s c o s i t y o f a 98% s u l f u r i c a c i d

s o l u t i o n at 45 C i s : ”)
12 disp(mu*10** -2)

13 disp(” g/cm . s ”)

Scilab code Exa 3.8 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 CpM = 0.61 // Heat c a p a c i t y o f

methanol ( c a l /g . C )
3 G = 454 //Grams i n a pound
4 B = 1.0/252.0 // Btu i n a c a l o r i e
5 C = 1.0/1.8 // Degree c e l s i u s i n a

d e g r e e f a h r e n h e i t
6

7 // C a l c u l a t i o n :
8 Cp = CpM*G*B*C // Heat c a p a c i t y i n

E n g l i s h u n i t s ( Btu/ l b . F )
9

10 // R e s u l t :
11 disp(” Heat c a p a c i t y i n E n g l i s h u n i t s i s : ”)
12 disp(Cp)

13 disp(” Btu/ l b . F ”)

Scilab code Exa 3.9 Example
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1 // V a r i a b l e d e c l a r a t i o n :
2 kM = 0.0512 // Thermal c o n d u c t i v i t y

o f methanol ( c a l /m. s C )
3 B = 1.0/252.0 // Btu i n a c a l o r i e
4 M = 0.3048 // Meters i n a f e e t
5 S = 3600 // Seconds i n an hour
6 C = 1.0/1.8 // Degree c e l s i u s i n a

d e g r e e f a h r e n h e i t
7

8 // C a l c u l a t i o n :
9 k = kM*B*M*S*C // Thermal c o n d u c t i v i t y

i n E n g l i s h u n i t s ( Btu/ f t . h . F )
10

11 // R e s u l t :
12 disp(” Thermal c o d u c t i v i t y i n E n g l i s h u n i t s i s : ”)
13 disp(k)

14 disp(”Btu/ f t . h . F ”)

Scilab code Exa 3.11 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 D = 5 // Diameter o f p ip e ( f t )
3 V = 10 // F lu id v e l o c i t y ( f t / s )
4 p = 50 // F lu id d e n s i t y ( l b / f t

ˆ3)
5 u = 0.65 // F lu id v i s c o s i t y ( l b / f t

. s )
6 F = 1.0/12.0 // Feet i n an inch
7 VCp = 6.72*10** -4 // V i s c o s i t y o f

c e n t i p o i s e ( l b / f t . s )
8

9 // C a l c u l a t i o n :
10 A = D*V*p*F/u/VCp // Reynolds Number
11

12 // R e s u l t :
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13 if(A >2100) then

14 printf(”The Reynolds number i s :%. 0 f t h e r e f o r e ,
the f l o w i s t u r b u l e n t . ”,A)

15 else

16 if(A <2100) then

17 printf(”The Reynolds number i s : %f t h e r e f o r e ,
the f l o w i s not t u r b u l e n t . ”,A)

18 end

19 end;

Scilab code Exa 3.12 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 // For the problem at hand , take as a b a s i s 1

k i l og ram o f water and assume the p o t e n t i a l ene rgy
to be z e r o at ground l e v e l c o n d i t i o n s .

3 z1 = 0 // I n t i a l h e i g h t from
ground l e v e l (m)

4 z2 = 10 // F i n a l h e i g h t from
ground l e v e l (m)

5 PE1 = 0 // I n i t i a l p o t e n t i a l
ene rgy at z1 ( J )

6 m = 1 // Mass o f water ( kg )
7 g = 9.8 // G r a v i t a t i o n a l

a c c e l e r a t i o n (m/ s ˆ2)
8 gc = 1 // Conver s i on f a c t o r
9

10 // C a l c u l a t i o n s :
11 PE2 = m*(g/gc)*z2 // F i n a l p o t e n t i a l ene rgy

at z2 ( J )
12

13 // R e s u l t :
14 disp(”The p o t e n t i a l ene rgy o f water i s : ”)
15 disp(PE2)

16 disp(”J ”)
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Chapter 4

The Conservation Law for
Momentum

Scilab code Exa 4.1 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 Vx_in = 420 // Entry V e l o c i t y i n

X d i r e c t i o n (m/ s )
3 Vx_out = 0 // Ex i t V e l o c i t y i n X

d i r e c t i o n (m/ s )
4 Vy_in = 0 // Entry V e l o c i t y i n

Y d i r e c t i o n (m/ s )
5 Vy_out = 420 // Ex i t V e l o c i t y i n Y

d i r e c t i o n (m/ s )
6 m = 0.15 // Rate o f water

e n t r a i n e d by the steam ( kg / s )
7 lb = 1.0/4.46 //Pound f o r c e i n a

newton f o r c e
8

9 // C a l c u l a t i o n s :
10 Mx_out = m*Vx_out // Rate o f change o f

momentum at e n t r y i n x−d i r e c t i o n ( kg .m)
11 Mx_in = m*Vx_in // Rate o f change o f

momentum at e x i t i n x−d i r e c t i o n ( kg .m)
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12 My_out = m*Vy_out // Rate o f change o f
momentum at e n t r y i n y−d i r e c t i o n ( kg .m)

13 My_in = m*Vy_in // Rate o f change o f
momentum at e x i t i n y−d i r e c t i o n ( kg .m)

14 Fxgc = (Mx_out - Mx_in)*lb // Force i n X
d i r e c t i o n ( l b f )

15 Fygc = (My_out - My_in)*lb // Force i n X
d i r e c t i o n ( l b f )

16

17 // R e s u l t s :
18 if Fxgc < 1 then

19 printf (”The x−d i r e c t i o n s u p p o r t i n g f o r c e a c t i n g
on the 90 elbow i s : %. 1 f l b f a c t i n g

toward the l e f t . ”,-Fxgc)
20 else

21 printf (”The x−d i r e c t i o n s u p p o r t i n g f o r c e a c t i n g
on the 90 elbow i s : %. 1 f l b f a c t i n g

toward the r i g h t . ”,Fxgc)
22 end

23

24 if Fygc < 1 then

25 printf (”The y−d i r e c t i o n s u p p o r t i n g f o r c e a c t i n g
on the 90 elbow i s : %. 1 f l b f a c t i n g

downwards . ”,-Fygc)
26 else

27 printf (”The y−d i r e c t i o n s u p p o r t i n g f o r c e a c t i n g
on the 90 elbow i s : %. 1 f l b f a c t i n g

upwards . ”,Fygc)
28 end

Scilab code Exa 4.2 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 Fx = -63 // Force

component i n X d i r e c t i o n (N)
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3 Fy = 63 // Force
component i n Y d i r e c t i o n (N)

4 lbf = 0.22481 //Pound−
f o r r c e i n u n i t newton ( l b f )

5

6 // C a l c u l a t i o n s :
7 Fr = sqrt(Fx**2 + Fy**2)*lbf //The

r e s u l t a n t s u p p o r t i n g f o r c e ( l b f )
8 u = atand(Fy,Fx) // Angle between the

p o s i t i v e x a x i s and the d i r e c t i o n o f the f o r c e (
d e g r e e s )

9

10 // R e s u l t :
11 if ( 0<u & u<90 ) then

12 printf (”The s u p p o r t i n g f o r c e i s : %. 1 f l b f
a c t i n g at %f i . e i n the n o r t h e a s t
d i r e c t i o n . ”,Fr ,u)

13 elseif (90<u & u <180) then

14 printf (”The s u p p o r t i n g f o r c e i s : %. 1 f l b f
a c t i n g at %f i . e i n the nor thwes t
d i r e c t i o n . ”,Fr ,u)

15 elseif (180<u & u <270) then

16 printf (”The s u p p o r t i n g f o r c e i s : %. 1 f l b f
a c t i n g at %f i . e i n the southwes t
d i r e c t i o n . ”,Fr ,u)

17 elseif (270<u & u <360) then

18 printf (”The s u p p o r t i n g f o r c e i s : %. 1 f l b f
a c t i n g at %f i . e i n the s o u t h e a s t
d i r e c t i o n . ”,Fr ,u)

19 end

Scilab code Exa 4.3 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 R1_in = 10000 // Rate o f f u e l f e d
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i n t o the b o i l e r ( l b /h )
3 R2_1n = 20000 // Rate o f a i r f e d

i n t o the b o i l e r ( l b /h )
4 R3_in = 2000 // Rate o f methane

f e d i n t o the b o i l e r ( l b /h )
5

6 // C a l c u l a t i o n s :
7 m_in = R1_in + R2_1n + R3_in // Rate o f mass i n (

l b /h )
8 m_out = m_in // Rate o f mass out (

l b /h )
9

10 // R e s u l t :
11 printf (”The r a t e o f the product g a s e s e x i t from the

i n c i n e r a t o r i s : %. 0 f l b /h”,m_in)

Scilab code Exa 4.4 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 E1 = 65 // E f f i c i e n c y o f

sp ray tower (%)
3 E2 = 98 // E f f i c i e n c y o f

packed column (%)
4 m_in = 76 // Mass f l o w r a t e

o f HCl e n t e r i n g the system ( l b /h )
5

6 // C a l c u l a t i o n s :
7 m1_out = (1 - E1 /100.0)*m_in // Mass f l o w r a t e

o f HCl l e a v i n g the spray tower ( l b /h )
8 m2_out = (1 - E2 /100.0)*m1_out // Mass f l o w r a t e

o f HCl e n t e r i n g the packed column ( l b /h )
9 E = (m_in - m2_out)/m_in // O v e r a l l

f r a c t i o n a l e f f i c i e n c y (%)
10

11 // R e s u l t :
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12 printf (”The mass f l o w r a t e o f HCl l e a v i n g the spray
tower i s : %. 2 f l b /h HCL”,m1_out)

13 printf (”The mass f l o w r a t e o f HCl e n t e r i n g the
packed column i s : %. 3 f l b /h HCL”,m2_out)

14 printf (”The o v e r a l l f r a c t i o n a l e f f i c i e n c y i s : %. 2 f
%%”,E*100)

Scilab code Exa 4.5 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 m1 = 1000 // F lowrate data 1 ( l b /

min )
3 m2 = 1000 // F lowrate data 2 ( l b /

min )
4 m4 = 200 // F lowrate data 4 ( l b /

min )
5

6 // C a l c u l a t i o n s :
7 m5 = m1 + m2 - m4 // F lowrate data 5 ( l b /

min )
8 m6 = m2 // F lowrate data 6 ( l b /

min )
9 m = m5 - m6 // F lowrate o f water l o s t

i n o p e r a t i o n ( l b /min )
10

11 // R e s u l t :
12 printf (”The amount o f water l o s t by e v a p o r a t i o n i n

the o p e r a t i o n i s %. 0 f l b /min”,m)

Scilab code Exa 4.6 Example

1 // V a r i a b l e d e c l a r a t i o n :
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2 q1 = 1000.0 // Vo lumet r i c f l o w r a t e
from tank 1 ( g a l / day )

3 q2 = 1000.0 // Vo lumet r i c f l o w r a t e
from tank 2 ( g a l / day )

4 q3 = 2000.0 // Vo lumet r i c f l o w r a t e
from tank 3 ( g a l / day )

5 q4 = 200.0 // Vo lumet r i c f l o w r a t e
from tank 4 ( g a l / day )

6 q5 = 1800.0 // Vo lumet r i c f l o w r a t e
from tank 5 ( g a l / day )

7 q6 = 1000.0 // Vo lumet r i c f l o w r a t e
from tank 6 ( g a l / day )

8 C1 = 4.0 // Phosphate
c o n c e n t r a t i o n i n tank 1 (ppm)

9 C2 = 0.0 // Phosphate
c o n c e n t r a t i o n i n tank 2 (ppm)

10 C3 = 2.0 // Phosphate
c o n c e n t r a t i o n i n tank 3 (ppm)

11 C4 = 20.0 // Phosphate
c o n c e n t r a t i o n i n tank 4 (ppm)

12 C5 = 0.0 // Phosphate
c o n c e n t r a t i o n i n tank 5 (ppm)

13 C6 = 0.0 // Phosphate
c o n c e n t r a t i o n i n tank 6 (ppm)

14 Cf = 120000.0 // c o n v e r s i o n f a c t o r
f o r water ( g a l /10∗∗6 l b )

15

16 // C a l c u l a t i o n s :
17 C1q1 = C1*q1/Cf // Data 1 ( l b / day )
18 C2q2 = C2*q2/Cf // Data 2 ( l b / day )
19 C3q3 = C3*q3/Cf // Data 3 ( l b / day )
20 C4q4 = C4*q4/Cf // Data 4 ( l b / day )
21 C5q5 = C5*q5/Cf // Data 5 ( l b / day )
22 C6q6 = C6*q6/Cf // Data 6 ( l b / day )
23

24 // R e s u l t s :
25 if ((( C1q1 + C2q2) == C3q3) & C3q3 == (C4q4 + C5q5)

& C5q5 == C6q6 & C2q2 == C6q6) then
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26 printf(”The data appear to be c o n s i s t e n t . ”)
27 else

28 printf (”The data appear to be i n c o n s i s t e n t . ”)
29 end

Scilab code Exa 4.7 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 Dz = 3000 // He ight ( f t )
3 V0 = 500000 // F lowrate o f water

( g a l /min )
4 n = 30 // Turbine e f f i c i e n c y

(%)
5 m = 0.3048 // Meters i n a f e e t
6 m3 = 0.00378 // Meters−cube i n a

g a l l o n
7 g = 9.8 // G r a v i t a t i o n a l

a c c e l e r a t i o n (m/ s ˆ2)
8 gc = 1 // Conver s i on f a c t o r
9 MW = 10**( -6) // Megawatt i n newton

−meter−per−s econd
10

11 // C a l c u l a t i o n s :
12 V1 = (V0*m3)*1000.0/60.0 //The mass f l o w r a t e

o f the water i n k i l o g r a m s / second ( kg / s )
13 DPE = V1*g*Dz*m/gc*MW //The l o s s i n

p o t e n t i a l ene rgy (MW)
14 AP = n/100.0* DPE //The a c t u a l power

output (MW)
15

16 // R e s u l t :
17 printf (”The power g e n e r a t e d by the l a k e l o c a t e d i s

: %. 1 f MW”,AP)
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Scilab code Exa 4.8 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 n = 111.4 // F lowrate o f a i r s t ream

( lbmol /min )
3 H1 = 1170 // Average heat c a p a c i t y

at 200 F ( Btu/ lbmol )
4 H2 = 4010 // Average heat c a p a c i t y

at 600 F ( Btu/ lbmol )
5

6 // C a l c u l a t i o n :
7 Q = n*(H2 - H1) //The heat t r a n s f e r r a t e

( Btu/min )
8

9 // R e s u l t :
10 printf (”The heat t r a n s f e r r a t e r e q u i r e d i s : %. 2 f x

10∗∗5 Btu/min”,Q/10**5)

Scilab code Exa 4.9 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 n = 600 //The mass f l o w r a t e o f

f l u i d ( lbmol /min )
3 Cp_AV = 0.271 // Heat c a p a c i t y ( Btu/

lbmol . F )
4 T1 = 200 // I n i t i a l t empera tu r e (

F )
5 T2 = 600 // F i n a l t empera tu r e ( F )
6

7 // C a l c u l t a i o n :
8 Q = n*Cp_AV*(T2 - T1) //The r e q u i r e d heat r a t e

( Btu/min )
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9 Q = Q - modulo(Q ,1000)

10

11 // R e s u l t :
12 printf (”The r e q u i r e d heat r a t e i s : %. 0 f Btu/min”,Q

)

Scilab code Exa 4.10 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 T_c1 = 20 // I n i t i a l

c o l d f l u i d t empera tu r e ( C )
3 T_h1 = 82 // I n i t i a l

hot f l u i d t empera tu r e ( C )
4 T_h2 = 94 // F i n a l hot

f l u i d t empera tu re ( C )
5

6 // C a l c u l a t i o n :
7 T_c2 = (T_h2 - T_h1 + T_c1) // F i n a l c o l d

f l u i d t empera tu re ( C )
8

9 // R e s u l t :
10 printf (”The heat t r a n s f e r r a t e i s : %. 0 f C ”,T_c2)
11 printf (” There i s a p r i n t i n g mi s take i n book

r e g a r d i n g u n i t o f the f i n a l r e s u l t . ”)

Scilab code Exa 4.11 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 Q = -5.5*10**6 //The heat

t r a n s f e r r e d out from the gas (W)
3 Cp = 1090.0 //The ave rage heat

c a p a c i t y o f the gas ( J /( kg . C ) )
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4 m = 9.0 //The gas mass f l o w
r a t e ( kg / s )

5 T1 = 650 //The gas i n l e t
t empera tu re ( C )

6

7 // C a l c u l a t i o n :
8 T2 = Q/(m*Cp)+T1 //The gas o u t l e t

t empera tu re ( C )
9

10 // R e s u l t :
11 printf (”The gas o u t l e t t empera tu r e i s : %. 0 f C ”,

T2)

Scilab code Exa 4.12 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 n = 3500.0 // I n l e t f l o w r a t e o f

water ( g a l /min )
3 Cp_W = 75.4 // Heat c a p a c i t y o f

water ( J /( gmol . C )
4 p = 62.4 // Dens i ty o f water (

l b / f t ˆ3)
5 M = 24*60.0 // Minutes i n a day (

min/ day )
6 G = 7.48 // G a l l o n s i n a f e e t

cube ( g a l / f t ˆ3)
7 gm = 454.0 //Grams i n a pound (

g/ l b )
8 J = 1054.0 // J o u l e s i n a Btu ( J

/Btu )
9 g = 18.0 //Grams i n a gmol ( g

/ gmol )
10 F = 1.8 // Degree f a h r e n h e i t

i n a d e g r e e c e l c i u s ( F )
11 Ti = 38.0 // I n i t i a l
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t empera tu re ( F )
12 Tf = 36.2 // F i n a l t empera tu r e

( F )
13

14 // C a l c u l a t i o n s :
15 T= Ti-Tf // Temperature l o s s (

F )
16 m = n*p*M/G // Mass f l o w r a t e o f

water ( l b / day )
17 Cp = Cp_W*gm/J/g/F // Heat c a p a c i t y i n

c o s i s t e n t u n i t s ( Btu /( l b . F ) )
18 Q = m*Cp*T // Rate o f heat f l o w

from water ( Btu/ day )
19

20 // R e s u l t :
21 printf (”The r a t e o f Btu removed from the water per

day i s : %. 2 f x 10∗∗8 Btu/ day . ”,Q/10**8)
22 printf (” There i s a c a l c u l a t i o n mi s take i n the book

r e g a r d i n g the f i n a l r e s u l t . ”)
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Chapter 5

Gas Laws

Scilab code Exa 5.1 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 qi = 3500 // I n i t i a l v o l u m e t r i c

f l o w r a t e o f gas ( acfm )
3 Ti = 100.0 // I n i t i a l

t empera tu re ( F )
4 Tf = 300.0 // F i n a l t empera tu r e

( F )
5

6 // C a l c u l a t i o n :
7 Ti_R = Ti+460 // I n i t i a l t emperatur

i n Rankine s c a l e ( R )
8 Tf_R = Tf+460 // F i n a l t emperatur

i n Rankine s c a l e ( R )
9 qf = qi*(Tf_R/Ti_R) // F i n a l v o l u m e t r i c

f l o w r a t e o f gas ( acfm )
10

11 // R e s u l t :
12 printf(”The f i n a l v o l u m e t r i c f l o w r a t e o f gas i s : %

. 0 f acfm ”,qf)
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Scilab code Exa 5.2 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 qi = 3500 // I n i t i a l v o l u m e t r i c

f l o w r a t e o f gas ( acfm )
3 Pi = 1.0 // I i t i a l p r e s s u r e (

atm )
4 Pf = 3.0 // F i n a l p r e s s u r e (

atm )
5

6 // C a l c u l a t i o n :
7 qf = qi*(Pi/Pf) // F i n a l v o l u m e t r i c

f l o w r a t e o f gas ( acfm )
8

9 // R e s u l t :
10 printf(”The v o l u m e t r i c f l o w r a t e o f the gas (100 F ,

1 atm ) i s : %. 0 f acfm ”,qf)

Scilab code Exa 5.3 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 qi = 3500 // I n i t i a l v o l u m e t r i c

f l o w r a t e o f the gas ( acfm )
3 Pi = 1.0 // I n i t i a l p r e s s u r e (

atm )
4 Pf = 3.0 // F i n a l p r e s s u r e (

atm )
5 Tf = 300.0+460.0 // F i n a l t empera tu r e

i n Rankine s c a l e ( R )
6 Ti = 100.0+460.0 // I n i t i a l

t empera tu re i n Rankine s c a l e ( R )
7
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8 // C a l c u l a t i o n :
9 qf = qi*(Pi/Pf)*(Tf/Ti) // F i n a l v o l u m e t r i c

f l o w r a t e o f the gas ( acfm )
10

11 // R e s u l t :
12 printf(”The v o l u m e t r i c f l o w r a t e o f the gas at 300

F tempera tu r e i s : %. 0 f acfm ”,qf)

Scilab code Exa 5.4 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 P = 14.7 // Abso lu te p r e s s u r e o f

a i r ( p s i a )
3 MW = 29 // Mo l e cu l a r we ight o f

a i r ( l b / lbmol )
4 T = 75+460 // Temperature i n Rankine

s c a l e ( R )
5 R = 10.73 // U n i v e r s a l gas c o n s t a n t

( f t ˆ 3 . p s i / lbmol . R )
6

7 // C a l c u l a t i o n :
8 p = P*MW/R/T // Dens i ty o f a i r ( l b / f t

ˆ3)
9

10 // R e s u l t :
11 printf(”The d e n s i t y o f a i r a t 75 F and 1 4 . 7 p s i a i s

: %. 4 f l b / f t ˆ3 ”,p)

Scilab code Exa 5.5 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 n = 1 // Molar f l o w r a t e o f

gas ( lbmol /h )
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3 R = 10.73 // U n i v e r s a l gas
c o n s t a n t ( f t ˆ 3 . p s i / lbmol . R )

4 T = 60+460 // Temperature i n
Rankine s c a l e ( R )

5 P = 14.7 // Abso lu t e p r e s s u r e
o f gas ( p s i a )

6

7 // C a l c u l a t i o n :
8 V = n*R*T/P // Volume o f gas ( f t

ˆ3)
9

10 // R e s u l t :
11 printf(”The volume o f g i v e n i d e a l gas i s : %. 1 f f t ˆ3

”,V)

Scilab code Exa 5.6 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 P = 1.2 // Abs lu t e p r e s s u r e

o f gas ( p s i a )
3 MW = 29 // Mo l e cu l a r we ight

o f gas ( g/ gmol )
4 R = 82.06 // U n i v e r s a l gas

c o n s t a n t ( atm . cmˆ3/ gmol .K)
5 T = 20+273 // Temperature i n

Ke lv in (K)
6

7 // C a l c u l a t i o n :
8 p = P*MW/R/T // Dendity o f gas ( g/

cmˆ3)
9

10 // R e s u l t :
11 printf(”The d e n s i t y o f g i v e n gas i s : %. 5 f g/cmˆ3 ”,p

)
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Scilab code Exa 5.7 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 R = 10.73 // U n i v e r s a l gas

c o n s t a n t ( p s i a . f t ˆ3/ lbmol . R )
3 T = 70+460 // Temperature i n

Rankine s c a l e ( R )
4 v = 10.58 // S p e c i f i c volume (

f t ˆ3/ l b )
5 P = 14.7 // Abso lu t e p r e s s u r e

( p s i a )
6

7 // C a l c u l a t i o n :
8 MW = R*T/v/P // Mo l e cu l a r we ight

o f gas ( l b / lbmol )
9

10 // R e s u l t :
11 printf(”The m o l e c u l a r we ight o f the gas i s : %. 2 f l b

/ lbmol . ”,MW)
12 printf(” I t appea r s tha t the gas i s HCl ( i . e . ,

hydrogen c h l o r i d e ) . ”)

Scilab code Exa 5.8 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 qs = 30000 // Vo lumet r i c f l o w

r a t e at s tandard c o n d i t i o n s ( scfm )
3 Ta = 1100+460 // Actua l a b s o l u t e

t empera tu re i n Rankine s c a l e ( R )
4 Ts = 60+460 // Standard a b s o l u t e

t empera tu re i n Rankine s c a l e ( R )
5
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6 // C a l c u l a t i o n :
7 qa = qs*Ta/Ts // Vo lumet r i c f l o w

r a t e at a c t u a l c o n d i t i o n s ( acfm )
8

9 // R e s u l t :
10 printf(”The v o l u m e t r i c f l o w r a t e i n a c t u a l c u b i c

f e e t per minute i s : %. 0 f acfm ”,qa)

Scilab code Exa 5.9 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 qs = 1000 // Vo lumet r i c f l o w

r a t e at s tandard c o n d i t i o n s ( scfm )
3 Ta = 300+460 // Actua l a b s o l u t e

t empera tu re i n Rankine s c a l e ( R )
4 Ts = 70+460 // Standard a b s o l u t e

t empera tu re i n Rankine s c a l e ( R )
5 A = 2.0 // I n l e t a r ea o f

s t a c k ( f t ˆ2)
6

7 // C a l c u l a t i o n s :
8 qa = qs*Ta/Ts // Vo lumet r i c f l o w

r a t e at a c t u a l c o n d i t i o n s ( acfm )
9 v = qa/A/60 // V e l o c i t y o f gas (

f t / s )
10

11 // R e s u l t :
12 printf(”The v e l o c i t y o f the gas through the s t a c k

i n l e t i s : %. 0 f f t / s ”,v)

Scilab code Exa 5.10 Example

1 // V a r i a b l e d e c l a r a t i o n :
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2 qs1 = 5000.0 // Vo lumet r i c f l o w
r a t e o f C6H5Cl at s tandard c o n d i t i o n s ( scfm )

3 qs2 = 3000.0 // Vo lumet r i c f l o w
r a t e o f a i r a t s t andard c o n d i t i o n s ( scfm )

4 Ta = 70+460.0 // Actua l a b s o l u t e
t empera tu re i n Rankine s c a l e ( R )

5 Ts = 60+460.0 // Standard a b s o l u t e
t empera tu re i n Rankine s c a l e ( R )

6 V = 387.0 // Volume o c c u p i e d by
one lbmol o f any i d e a l gas ( f t ˆ3)

7 M1 = 112.5 // Mo l e cu l a r we ight
o f C6H5Cl ( l b / lbmol )

8 M2 = 29.0 // Mo l e cu l a r we ight
o f a i r ( l b / lbmol )

9 T = 60.0 // Abso lu t e
t empera tu re ( F )

10

11 // C a l c u l a t i o n s :
12 qa1 = qs1*(Ta/Ts) // Vo lumet r i c f l o w

r a t e o f C6H5Cl at a c t u a l c o n d i t i o n s ( acfm )
13 qa2 = qs2*(Ta/Ts) // Vo lumet r i c f l o w

r a t e o f a i r a t a c t u a l c o n d i t i o n s ( acfm )
14 n1 = qa1/V // Molar f l o w r a t e o f

C6H5Cl ( lbmol /min )
15 n2 = qa2/V // Molar f l o w r a t e o f

a i r ( lbmol /min )
16 m1 = n1*M1*T // Mass f l o w r a t e o f

C6H5Cl ( l b /h )
17 m2 = n2*M2*T // Mass f l o w r a t e o f

a i r ( l b /h )
18 m_in = m1+m2 // Tota l mass f l o w

r a t e o f both s t r eams e n t e r i n g the o x i d i z e r ( l b /h )
19 m_out = m_in // Tota l mass f l o w

r a t e o f both s t r eams e x i t the c o o l e r ( l b /h )
20

21 // R e s u l t :
22 printf(”The r a t e o f the p r o d u c t s e x i t the c o o l e r i s

: %. 0 f l b /h”,m_out)
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Scilab code Exa 5.11 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 p = 0.15 // P a r t i a l p r e s s u r e

o f SO3 (mm Hg)
3 P = 760.0 // Atmospher ic

p r e s s u r e (mm Hg)
4 m = 10**6 // P a r t i c l e s i n a

m i l l i o n
5

6 // C a l c u l a t i o n :
7 y = p/P // Mole f r a c t i o n o f

SO3
8 ppm = y*m // Par t s per m i l l i o n

o f SO3 (ppm)
9

10 // R e s u l t :
11 printf(”The p a r t s per m i l l i o n o f SO3 i n the exhaus t

i s : %. 0 f ppm . ”,ppm)
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Chapter 6

Heat Exchanger Pipes and
Tubes

Scilab code Exa 6.1 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 NPS = 2 // Nominal p ip e s i z e (

i n ch )
3 SN = 40 // Schedu l e number
4

5 // C a l c u l a t i o n :
6 //From Table 6 . 2 , we o b t a i n tha t the i n s i d e d i amete r

o f s t e e l p ip e i s ID = 2 . 0 6 7 i n .
7 ID = 2.067

8

9 // R e s u l t :
10 printf(”The i n s i d e d i amete r o f s t e e l p ip e i s : %f i n

. ”,ID)

Scilab code Exa 6.2 Example
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1 // V a r i a b l e d e c l a r a t i o n :
2 NPS = 3 // Nominal p ip e s i z e (

i n ch )
3 SN = 40 // Schedu l e number
4

5 // C a l c u l a t i o n :
6 //From Table 6 . 2 , we o b t a i n tha t the i n s i d e d i amete r

o f s t e e l p ip e i s ID = 3 . 0 6 8 in , o u t s i d e d i amete r
OD = 3 . 5 in , wal t h i c k n e s s WT = 0 . 2 1 6 in , and

p ipe we ight PW = 7 . 5 8 l b / f t .
7 ID = 3.068

8 OD = 3.5

9 WT = 0.216

10 PW = 7.58

11

12 // R e s u l t :
13 printf(”The i n s i d e d i amete r o f s t e e l p ip e i s : %f i n

”,ID)
14 printf(”The o u t s i d e d i amete r o f s t e e l p ip e i s : %f

i n ”,OD)
15 printf(”The w a l l t h i c k n e s s o f s t e e l p ip e i s : %f i n ”

,WT)

16 printf(”The we ight o f s t e e l p ip e i s : %f l b / f t . ”,PW
)

Scilab code Exa 6.3 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 ID = 0.957 // I n s i d e d i amete r o f

p ip e ( i n )
3 OD = 1.315 // Outs ide d i amete r o f

p ip e ( i n )
4 WT = 0.179 // Wall t h i c k n e s s o f p ip e

( i n )
5 PW = 2.17 // Weight o f p ip e ( l b / f t )
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6

7 // C a l c u l a t i o n :
8 //From Table 6 . 2 , i t i n d i c a t e s tha t the s t e e l p ip e

i s 1 i n ch s c h e d u l e 8 0 .
9 NSP = 1

10 SN = 80

11

12 // R e s u l t :
13 printf(”The nominal s i z e o f the p ip e i s : %f i n . ”,

NSP)

14 printf(”The s c h e d u l e number o f the p ip e i s : %f . ”,SN
)

Scilab code Exa 6.4 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 S = 3/4 //Tube s i z e ( i n )
3 BWG = 16 // Birmingham Wire

Gauge number ( gauge )
4

5 // c a l c u l a t i o n :
6 //From t a b l e 6 . 3 , we g e t :
7 ID = 0.620 // I n t e r n a l d i amete r

o f tube ( i n )
8 WT = 0.065 // Wall t h i c k n e s s o f

tube ( i n )
9 OD = ID+2*WT // Outs ide d i amete r

o f tube ( i n )
10 EA = 0.1963 // E x t e r n a l a r ea per

f o o t ( f t )
11

12 // R e s u l t :
13 printf(”The i n s i d e d i amete r i s : %f i n ”,ID)
14 printf(”The w a l l t h i c k n e s s i s : %f i n ”,WT)
15 printf(”The o u t s i d e d iamate r i s : %f i n ”,OD)
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16 printf(”The e x t e r n a l a r ea per f o o t per f o o t : %f f t ”
,EA)

Scilab code Exa 6.11 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 a = 1 // Length o f c r o s s −

s e c t i o n (m)
3 b = 0.25 // Width o f c r o s s −

s e c t i o n (m)
4 v = 1*10** -5 // Kinemat ic

v i s c o s i t y o f a i r (mˆ2/ s )
5 Re = 2300.0 // Reynolds Number
6 cm = 100 // Cen i tmet e r s i n a

meter
7

8 // C a l c u l a t i o n :
9 Dh = 2*a*b/(a+b) // H y d r a u l i c d i amete r

o f duct (m)
10 V = Re*v/Dh*cm //Maximum a i r

v e l o c i t y (cm/ s )
11

12 // R e s u l t :
13 printf(”The maximum a i r v e l o c i t y b e f o r e the f l o w

becomes t u r b u l e n t i s : %. 1 f cm/ s . ”,V)

Scilab code Exa 6.12 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 q = 0.486 // Flow r a t e o f f l u i d

( f t ˆ3/ s )
3 D = 2.0/12.0 // Diameter o f tube

i n f e e t ( f t )
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4 pi = 3.14 // Value o f p i
5 p = 70.0 // Dens i ty o f f l u i d (

l b / f t ˆ3)
6 u = 0.1806 // V i s c o s i t y o f f l u i d

( l b / f t )
7

8 // C a l c u l a t i o n :
9 V = 4*q/pi/D**2 // Flow v e l o c i t y ( f t /

s )
10 Re = D*V*p/u // Reynolds Number
11

12 // R e s u l t :
13 if(Re <2100) then

14 printf(”The f l o w i s l am ina r . ”)
15 elseif(Re >2100) then

16 printf(”The f l o w i s t u r b u l a n t . ”)
17 end

Scilab code Exa 6.13 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From example 6 . 1 2 , we have :
3 D = 2.0/12.0 // Diameter o f p ip e

i n f e e t ( f t )
4 Re = 1440.0 // Reynolds number
5

6 // C a l c u l a t i o n :
7 Lc = 0.05*D*Re // Length o f p ip e ( f t

)
8

9 // R e s u l t :
10 printf(”The p ipe l e n g t h to e n s u r e a f u l l y deve l oped

f l o w i s : %f f t . ”,Lc)
11 printf(” This i s an abnormal ly l ong ca lming l e n g t h

f o r a p ip e ( or tube ) i n a heat exchange r . ”)
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Scilab code Exa 6.14 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 u = 6.72*10** -4 // V i s c o s i t y o f

water ( l b / f t . s )
3 p = 62.4 // Dens i ty o f

water ( l b / f t ˆ3)
4 // For l amina r f l o w :
5 Re = 2100.0 // Reynolds number
6 //From t a b l e 6 . 2 , we have :
7 D = 2.067/12.0 // I n s i d e

d i amete r o f p ip e ( f t )
8

9 // C a l c u l a t i o n :
10 V = Re*u/D/p // Average

v e l o c i t y o f water f l o w i n g ( f t / s )
11

12 // R e s u l t :
13 printf(”The ave rage v e l o c i t y o f water f l o w i n g i s : %

. 2 f f t / s . ”,V)
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Chapter 7

Steady State Heat Conduction

Scilab code Exa 7.1 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 Q = 3000.0 //The r a t e o f heat f l o w

through the g l a s s window (W)
3 L = 0.01 // Th i ckne s s o f g l a s s window

(m)
4 A = 3.0 // Area o f heat t r a n s f e r (m

ˆ2)
5 TC = 10+273 // Temperature at the o u t s i d e

s u r f a c e (K)
6 k = 1.4 // Thermal o n d u c t i v i t y o f

g l a s s (W/m.K)
7

8 // C a l c u l a t i o n :
9 TH = TC+Q*L/k/A // Temperature at the i n n e r

s u r f a c e (K)
10

11 // R e s u l t :
12 printf(”The tempera tu r e at the i n n e r s u r f a c e i s : %

. 1 f K”,TH)
13 printf(”The tempera tu r e at the i n n e r s u r f a c e i s : %

. 1 f C ”,TH -273)
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Scilab code Exa 7.2 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 k = 0.026 // Thermal c o n d u c t i v i t y o f

i n s u l a t i n g m a t e r i a l ( Btu/ f t . h . F )
3 L = 1.0 // Th i ckne s s o f i n s u l a t i n g

m a t e r i a l ( f t )
4 TC = 70.0 // Temperature on the c o l d

s i d e s u r f a c e ( F )
5 TH = 210.0 // Temperature on the hot

s i d e s u r f a c e ( F )
6 c = 0.252 // K i l o c a l o r i e per hour i n a

Btu per hour
7 m = 0.093 // meter squa r e i n a f e e t

squa r e
8

9 // C a l c u l a t i o n :
10 DT = TH-TC // Change i n t empera tu r e ( F

)
11 Q1 = k*DT/L // Rate o f heat f l u x

th roughthe w a l l ( Btu/ f ˆ t2 . h . )
12 Q2 = Q1*c/m // Rate o f heat f l u x

th roughthe w a l l i n SI u n i t s ( k c a l /mˆ 2 . h )
13

14 // R e s u l t :
15 printf(”The r a t e o f heat f l u x i n Btu/ f t ˆ 2 . h i s : %. 3

f Btu/ f t ˆ 2 . h . ”,Q1)
16 printf(”The r a t e o f heat f l u x i n SI u n i t s i s : %. 3 f

k c a l /mˆ 2 . h . ”,Q2)

Scilab code Exa 7.3 Example
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1 // V a r i a b l e d e c l a r a t i o n :
2 TH = 1592.0 // Temperature o f

i n s i d e s u r f a c e (K)
3 TC = 1364.0 // Temperature o f

o u t s i d e s u r f a c e (K)
4 H = 3.0 // He ight o f f u r n a c e

w a l l (m)
5 W = 1.2 // Width o f f u r n a c e

w a l l (m)
6 L = 0.17 // Th i ckne s s f u r n a c e

w a l l (m)
7 m = 0.0929 // Meter s qua r e per

second i n a f e e t squa r e per second
8 Btu = 3.412 // Btu per hour i n a

Watt
9 Btu2 = 0.3171 // Btu per f e e t

squa r e hour i n a watt per meter squa r e
10

11 // C a l c u l a t i o n :
12 Tav = (TH+TC)/2 // Average w a l l

t empera tu re (K)
13 //From Table i n Appendix :
14 p = 2645.0 // Dens i ty o f

m a t e r i a l ( kg /mˆ3)
15 k = 1.8 // Thermal

c o n d u c t i v i t y (W/m.K)
16 Cp = 960.0 // Heat c a p a c i t y o f

m a t e r i a l ( J/ kg .K)
17 a = k/(p*Cp)/m // Thermal

d i f f u s i v i t y ( f t ˆ2/ s )
18 t = (TC -TH)/L // Temperature

g r a d i e n t ( C /m)
19 A = H*W // Heat t r a n s f e r a r ea

(mˆ2)
20 Q1 = k*A*(TH-TC)/L*Btu // Heat t r a n s f e r r a t e

( Btu/h )
21 Q2 = k*(TH-TC)/L*Btu2 // Heat t r a n s f e r f l u x

( Btu/h . f t ˆ2)
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22 R = L/(k*A) // Thermal r e s i s t a n c e
( C /W)

23

24 // R e s u l t :
25 printf(”The tempera tu r e g r a d i e n t i s : %. 0 f C /m. ”,t

)

26 printf(”The heat t r a n s f e r r a t e i s : %. 0 f Btu/h”,Q1)
27 printf(”The heat t r a n s f e r f l u x i s : %. 1 f Btu/h . f t ˆ 2 .

”,Q2)

Scilab code Exa 7.4 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 TH = 25.0 // Temperature at i n n e r

s u f a c e o f w a l l ( C )
3 TC = -15.0 // Temperature at o u t e r

s u f a c e o f w a l l ( C )
4 L = 0.3 // Th i ckne s s o f w a l l (m)
5 k = 1.0 // Thermal c o n d u c t i v i t y

o f c o n c r e t e (W/m)
6 A = 30.0 // S u e f a c e a r ea o f w a l l (

mˆ2)
7

8 // C a l c u l a t i o n :
9 DT = TH-TC // D r i v i n g f o r c e f o r heat

t r a n s f e r ( C ) ( pa r t 2)
10 R = L/(k*A) // Thermal r e s i s t a n c e (

C /W) ( pa r t 3)
11 Q = DT/R/10**3 // Heat l o s s through the

w a l l (kW)
12

13 // R e s u l t :
14 printf(” 1 . T h e o r e t i c a l pa r t . ”)
15 printf(” 2 . The d r i v i n g f o r c e f o r heat t r a n s f e r i s :

%f C . ”,DT)
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16 printf(” 3 . The heat l o s s through the w a l l i s : %f kW
. ”,Q)

Scilab code Exa 7.5 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 TC = 27.0 // I n s i d e t empera tu r e o f

w a l l s ( C )
3 TH = 68.7 // Outs ide t empera tu r e o f

w a l l s ( C )
4 LC = 6*0.0254 // Th i ckne s s o f c o n c r e t e

(m)
5 LB = 8*0.0254 // Th i ckne s s o f cork−

board (m)
6 LW = 1*0.0254 // Th i ckne s s o f wood (m)
7 kC = 0.762 // Thermal c o n d u c t i v i t y

o f c o n c r e t e (W/m.K)
8 kB = 0.0433 // Thermal c o n d u c t i v i t y

o f cork−board (W/m.K)
9 kW = 0.151 // Thermal c o n d u c t i v i t y

o f wood (W/m.K)
10

11 // C a l c u l a t i o n :
12 RC = LC/kC // Thermal r e s i s t a n c e o f

c o n c r e t e (K/W)
13 RB = LB/kB // Thermal r e s i s t a n c e o f

cork−board (K/W)
14 RW = LW/kW // Thermal r e s i s t a n c e o f

wood (K/W)
15 Q = (TC -TH)/(RC+RB+RW) // Heat t r a n s f e r r a t e

a c r o s s the w a l l (W)
16 T = -(Q*RW-TC) // I n t e r f a c e t empera tu r e

between wood and cork−board (K)
17

18 // R e s u l t :
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19 printf(”The heat t r a n s f e r r a t e a c r o s s the w a l l i s :
%. 3 f W. ”,Q)

20 printf(”The i n t e r f a c e t empera tu r e between wood and
cork−board i s : %. 1 f C . ”,T)

21 printf(”The i n t e r f a c e t empera tu r e between wood and
cork−board i s : %. 1 f K. ”,T+273)

Scilab code Exa 7.6 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 D1s = 4.0 // Gla s s wool

i n s i d e d i amete r ( i n )
3 D2s = 8.0 // Gla s s wool

o u t s i d e d i amete r ( i n )
4 D1a = 3.0 // Asbe s to s

i n s i d e d i amete r ( i n )
5 D2a = 4.0 // Asbe s to s

o u t s i d e d i amete r ( i n )
6 TH = 500.0 // Outer

s u r f a c e t empera tu r e o f p ip e ( F )
7 TC = 100.0 // Outer

s u r f a c e t empera tu r e o f g l a s s wool ( F )
8 La = 0.5/12.0 // Th i ckne s s

o f a s b e s t o s ( f t )
9 Lb = 2.0/12.0 // Th i ckne s s

o f g l s s wool ( f t )
10 ka = 0.120 // Thermal

c o n d u c t i v i t y o f a s b e s t o s ( Btu/h . f t . F )
11 kb = 0.0317 // Thermal

c o n d u c t i v i t y o f a s b e s t o s ( Btu/h . f t . F )
12 pi = %pi

13

14 // C a l c u l a t i o n :
15 Aa = (pi*(D2a -D1a)/12.0)/log(D2a/D1a) // Area o f

a s b e s t o s ( f t ˆ2)
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16 Ab = (pi*(D2s -D1s)/12.0)/log(D2s/D1s) // Area o f
g l a s s wool ( f t ˆ2)

17 Q1 = (TH-TC)/(La/(ka*Aa)+Lb/(kb*Ab)) // Steady−
s t a t e heat t r a n s f e r per f o o t o f p ip e ( Btu/h . )

18 Q2 = Q1

19 // R e s u l t :
20 printf(”The steady−s t a t e heat t r a n s f e r per f o o t o f

p ipe , Z , i s : %. 1 f x z Btu/h . ”,Q1)
21 printf(”The steady−s t a t e heat t r a n s f e r f a c t o r i z a t i n g

out Z i s : %. 1 f Btu/h . f t . ”,Q2)

Scilab code Exa 7.7 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From example 7 . 6 :
3 TH = 500 // Outer

s u r f a c e t empera tu r e o f p ip e ( F )
4 Lb = 2.0/12.0 // Th i ckne s s

o f g l s s wool ( f t )
5 kb = 0.0317 // Thermal

c o n d u c t i v i t y o f a s b e s t o s ( Btu/h . f t . F )
6 Ab = 1.51 // Area o f

g l a s s wool ( f t ˆ2)
7 Q = 103.5 // Steady−

s t a t e heat t r a n s f e r per f o o t o f p ip e ( Btu/h . )
8 La = 0.5/12.0 // Th i ckne s s

o f a s b e s t o s ( f t )
9 ka = 0.120 // Thermal

c o n d u c t i v i t y o f a s b e s t o s ( Btu/h . f t . F )
10 Aa = 0.91 // Area o f

a s b e s t o s ( f t ˆ2)
11 TC = 100 // Outer

s u r f a c e t empera tu r e o f g l a s s wool ( F )
12

13 // C a l c u l a t i o n :
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14 Ti_b = -((Lb*Q)/(kb*Ab)-TH) //
I n t e r f a c i a l t empera tu r e o f g l a s s wool l a y e r ( F )

15 Ti_a = (Q*La)/(ka*Aa)+TC //
I n t e r f a c i a l t empera tu r e o f a s b e s t o s l a y e r ( F )

16

17 // R e s u l t :
18 printf(”The i n t e r f a c i a l t empera tu re o f g l a s s wool

l a y e r i s : %. 0 f F . ”,Ti_b)
19 printf(”The i n t e r f a c i a l t empera tu re o f a s b e s t o s

l a y e r i s : %. 1 f F . ”,Ti_a)

Scilab code Exa 7.8 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 syms z

3 syms h

4 syms k

5

6 pi = %pi

7

8

9 T = 100* cos((pi*z)/(2*h)) // Temperature o f
s o l i d s l a b

10

11 // C a l c u l a t i o n :
12 DT = diff(T,z) // Temperature at z
13 Q = -k*(DT) // Heat f l u x i n s l a b

( Btu/ s . f t ˆ2)
14 disp(typeof(Q))

15 Q1 = subst(0,z,Q) // Heat f l u x i n s l a b
at z = Btu/ s . f t ˆ2)

16

17 Q2 = subst(h,z,Q) // Heat f l u x i n s l a b
at z = h ( Btu/ s . f t ˆ2)

18
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19 // R e s u l t :
20 disp(”The heat f l u x i n s l a b i s : ”)
21 disp(Q)

22 disp(”Btu/ s . f t ˆ 2 . ”)
23

24 disp(”The heat f l u x i n s l a b at z = 0 i s : ”)
25 disp(Q1)

26 disp(”Btu/ s . f t ˆ 2 . ”)
27

28 disp(”The heat f l u x i n s l a b at z = h i s : 5 ”)
29 disp(Q2)

30 disp(” Btu/ s . f t ˆ 2 . ”)
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Chapter 8

Unsteady State Heat
Conduction

Scilab code Exa 8.4 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 k = 9.1 // Thermal c o d u c t i v i t y o f

s t e e l rod ( Btu/h . f t . F )
3 p = 0.29*1728 // Dens i ty o f s t e e l rod ( l b /

f t ˆ3)
4 Cp = 0.12 // Heat c a p a c i t y o f s t e e l rod

( Btu/ l b . F )
5 P = 15+14.7 // Abso lu t e p r e s s u r e ( p s i a )
6 Ta = 71.0 // I n i t i a l t empera tu r e ( F )
7 L = 20.0/12.0 // Length o f rod ( f t )
8 t = 30.0/60.0 //Time taken ( h )
9 x = 0.875/12.0 // Length from one o f end ( f t

)
10 pi = %pi

11 e = %e

12

13 //From assumpt ion :
14 n = 1.0 // F i r s t term
15 //From t a b l e s i n Appendix :
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16 Ts = 249.7 // S a t u r a t ed steam
tempera tu re ( F )

17

18 // C a l c u l a t i o n :
19 a = k/(p*Cp) // Thermal d i f f u s i v i t y ( f t

ˆ2/ s )
20 T = Ts+(Ta-Ts)*(((n+1)*(-1)**2 + 1 )/pi)*e**((-a*((n

*pi)/L)**2)*t)*sin((n*pi*x)/L) // Temperature
0 . 8 7 5 i n c h e s from one o f the ends a f t e r 30
minutes ( F )

21

22 // R e s u l t :
23 printf (”The tempera tu r e 0 . 8 7 5 i n c h e s from one o f

the ends a f t e r 30 minutes i s : %. 0 f F . ”,T)
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Chapter 9

Forced Convection

Scilab code Exa 9.1 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 D = 1.0 // Diamete o f v e s s e l ( f t )
3 L = 1.5 // Length o f v e s s e l ( f t )
4 T1 = 390.0 // S u r f a c e t empera tu r e o f

v e s s e l ( F )
5 T2 = 50.0 // Sur round ing

t empera tu re o f v e s s e l ( F )
6 h = 4.0 // Convec t i v e heat

t r a n s f e r c o e f f i c i e n t ( Btu/h . f t . F )
7 pi = %pi

8

9 // C a l c u l a t i o n :
10 A = pi*D*L+2*pi*(D/2)**2 // Tota l heat t r a n s f e r

a r ea ( f t ˆ2)
11 Q = h*A*(T1-T2) // Rate o f heat t r a n s f e r

( Btu/h )
12 R = 1/(h*A) // Thermal r e s i s t a n c e (

F . h/Btu )
13

14 // R e s u l t :
15 printf(”The therma l r e s i s t a n c e o f v e s s e l wal i s : %
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. 4 f F . h/Btu . ”,R)

Scilab code Exa 9.2 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From example 9 . 1 :
3 R = 0.0398 // Thera l r e s i s t a n c e

( F . h/Btu )
4 Btu = 3.412 // Btu/h i n a watt
5 C = 1.8 // Change i n d e g r e e

f a h r e n h e i t f o r a d e g r e e change i n c e l s i u s
6 K = 1 // Change i n d e g r e e

c e l s i u s f o r a u n i t change i n Ke lv in
7

8 // C a l c u l a t i o n :
9 Rc = R*Btu/C // Thermal r e s i s t a n c e

i n d e g r e e c e s i u s per watt ( C /W)
10 Rk = Rc/K // Thermal r e s i s t a n c e

i n Ke lv in per watt (K/W)
11

12 // R e s u l t :
13 printf(”The therma l r e s i s t a n c e i n C /W i s : %. 3 f

C /W. ”,Rc)
14 printf(”The therma l r e s i s t a n c e i n K/W i s : %. 3 f K/W

. ”,Rk)

Scilab code Exa 9.3 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 h = 48.0 // Convec t i v e heat

t r a n s f e r c o e f f i c i e n t ( Btu/h . f t . F )
3 A = 2*1.5 // Tota l heat t r a n s f e r

a r ea ( f t ˆ2)
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4 Ts = 530.0 // S u r f a c e t empera tu r e o f
p l a t e ( F )

5 Tm = 105.0 // Mainta ined t empera tu r e
o f o p p o s i t e s i d e o f p l a t e ( F )

6 kW = 3.4123*10**3 // Un i t s kW i n a Btu/h
7

8 // C a l c u l a t i o n :
9 Q = h*A*(Ts-Tm) // Heat t r a n s f e r r a t e i n

Btu/h ( Btu/h )
10 Q1 = Q/kW // Heat t r a n s f e r r a t e i n

kW (kW)
11

12 // R e s u l t :
13 printf(”The heat t r a n s f e r r a t e i n Btu/h i s : %f Btu

/h . ”,Q)
14 printf(”The heat t r a n s f e r r a t e i n kW i s : %. 2 f kW. ”

,Q1)

Scilab code Exa 9.4 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 TS = 10+273 // Outer s u r f a c e

t empera tu re o f w a l l (K)
3 Q = 3000.0 // Heat t r a n s f e r r a t e

(W)
4 h = 100.0 // Convect ion

c o e f f i c i e n t o f a i r (W/mˆ2)
5 A = 3.0 // Area o f g l a s s

window (mˆ2)
6

7 // C a l c u l a t i o n :
8 TM = TS-Q/(h*A) // Bulk t empera tu r e

o f f l u i d (K)
9

10 // R e s u l t :
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11 printf(”The bulk t empera tu r e o f f l u i d i s : %f K. ”,
TM)

12 printf(”The bulk t empera tu r e o f f l u i d i s : %f C . ”
,TM -273)

Scilab code Exa 9.5 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 h = 24.0 // Plant o p e r a t i n g hour

per day ( h/ day )
3 d = 350.0 // Plant o p e r a t i n g day

per yea r ( day / yr )
4

5 // C a l c u l a t i o n :
6 N = h*d // Operat ing hours per

yea r ( h/ yr )
7 //From example 9 . 1 :
8 Q = 8545.0 // Rate o f ene rgy l o s s (

Btu/h )
9 Qy = Q*N // Steady−s t a t e ene rgy

l o s s y e a r l y ( Btu/ yr )
10

11 // R e s u l t :
12 printf(”The y e a r l y s teady−s t a t e ene rgy l o s s i s : %. 2

f x 10ˆ7 Btu/ yr . ”,Qy /10**7)

Scilab code Exa 9.7 Example

1

2 // V a r i a b l e d e c l a r a t i o n :
3 x = 0.3 // Length from the

l e a d i n g age o f the p l a t e (m)
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4 L = 1.2 // Length o f p l a t e (m
)

5 TS = 58.0 // S u r f a c e
t empera tu re o f p l a t e ( C )

6 Ta = 21.0 // Temperature o f
f l o w i n g a i r ( C )

7

8 // C a l c u l a t i o n :
9 hx = 25/x**0.4 // Loca l heat

t r a n s f e r c o e f f i c i e n t at 0 . 3m (W/mˆ 2 .K) ( Part 1)
10 syms y // Length
11 hy = 25/y**0.4 // hx at the end o f

the p l a t e (W/mˆ 2 .K)
12 h = integrate(hy , y,0,L)/L // Average heat

t r a n s f e r c o e f f i c i e n t (W/mˆ 2 .K)
13 Q = hx*(TS-Ta) // Heat f l u x at 0 . 3m

from l e a d i n g edge o f p l a t e (W/mˆ2)
14 hL = 25/L**0.4 // Loca l heat

t r a n s f e r c o e f f i c i e n t at p l a t e end (W/mˆ 2 .K) ( Part
2)

15 r = h/hL // Rat io h/hL at the
end o f the p l a t e

16

17 // R e s u l t :
18 printf(” 1 . The heat f l u x at 0 . 3 m from the l e a d i n g

edge o f the p l a t e i s : %. 0 f W/mˆ 2 . ”,Q)
19 printf(” 2 . The l o c a l heat t r a n s f e r c o e f f i c i e n t at

the end o f the p l a t e i s : %. 1 f W/mˆ 2 .K. ”,hL)
20 disp(” 3 . The r a t i o h/hL at the end o f p l a t e i s : ”)
21 disp(r)

Scilab code Exa 9.8 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From example 9 . 7 :
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3 b = 1.0 // Width o f p l a t e (m)
4 L = 1.2 // Length o f p l a t e (m)
5 TS = 58.0 // S u r f a c e t emper tu r e o f

p l a t e ( C )
6 Ta = 21.0 // Air f l o w tempera tu r e (

C )
7 h = 38.7 // Average heat t r a n s f e r

c o e f f i c i e n t (W/mˆ 2 .K)
8

9 // C a l c u l a t i o n :
10 A = b*L // Area f o r heat t r a n s f e r

f o r the e n t i r e p l a t e (mˆ2)
11 Q = h*A*(TS-Ta) // Rate o f heat t r a n s f e r

ove r the whole l e n g t h o f the p l a t e (W)
12 Q = round(Q*10** -1) /10** -1

13

14 // R e s u l t :
15 printf(”The r a t e o f heat t r a n s f e r ove r the whole

l e n g t h o f the p l a t e i s : %. 1 f W. ”,Q)

Scilab code Exa 9.9 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 m = 0.075 // Mass r a t e o f

a i r f l o w ( kg / s )
3 D = 0.225 // Diameter o f

tube (m)
4 mu = 208*10** -7 // Dynamic

v i s c o s i t y o f f l u i d (N)
5 Pr = 0.71 // Prandt l number
6 k = 0.030 // Thermal

c o n d u c t i v i t y o f a i r (W/m.K)
7

8 // C a l c u l a t i o n :
9 Re = 4*m/(%pi*D*mu) // Reynolds
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number
10 //From e q u a t i o n 9 . 2 6 :
11 Nu = 0.023*( Re **0.8) *(Pr **0.3) // N u s s e l t number
12 h = (k/D)*Nu // Heat t r a n s f e r

c o e f f i c i e n t o f a i r (W/mˆ 2 .K)
13

14 // R e s u l t :
15 printf(”The Heat t r a n s f e r c o e f f i c i e n t o f a i r i s : %

. 2 f W/mˆ 2 .K. ”,h)

Scilab code Exa 9.10 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 D = 0.902/12.0 // I n s i d e d i amete r o f

tube ( f t )
3 T_in = 60.0 // Temperature water

e n t e r i n g the tube ( F )
4 T_out = 70.0 // Temperature water

l e a v i n g the tube ( F )
5 V = 7.0 // Average wave

v e l o c i t y water ( f t / s )
6 p = 62.3 // Dens i ty o f water (

l b / f t ˆ3)
7 mu = 2.51/3600.0 // Dynamic v i s c o s i t y

o f water ( l b / f t . s )
8 Cp = 1.0 // V i s c o s i t y o f

c e n t i p o i s e ( Btu/ l b . F )
9 k = 0.34 // Thermal

c o n d u c t i v i t y o f water ( Btu/h . f t . F )
10

11 // C a l c u l a t i o n :
12 Re = D*V*p/mu // Reynolds Number
13 Pr = Cp*mu/k*3600 // Prandt l number
14 //From e q u a t i o n 9 . 2 6 :
15 Nu = 0.023*( Re **0.8) *(Pr **0.4) // N u s s e l t number
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16 h = (k/D)*Nu // Average f i l m heat
t r a n s f e r c o e f f i c i e n t ( Btu/h . f t ˆ 2 . F )

17

18 // R e s u l t :
19 printf(”The r e q u i r e d ave rage f i l m heat t r a n s f e r

c o e f f i c i e n t i s : %. 0 f Btu/h . f t ˆ 2 . F . ”,h)

Scilab code Exa 9.11 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 P = 1.0132 * 10**5 // Air p r e s s u r e ( Pa )
3 T = 300.0+273.0 // Air t empera tu r e (K

)
4 V = 5.0 // Air f l o w v e l o c i t y

(m/ s )
5 D = 2.54/100.0 // Diameter o f tube (

m)
6 R = 287.0 // Gas c o n s t a n t (mˆ2/

s ˆ 2 .K)
7 //From Appendix :
8 Pr = 0.713 // Prandt l number o f

n i t r o g e n
9 mu = 1.784*10**( -5) // Dynamic v i s c o s i t y

o f n i t r o g e n ( kg /m. s )
10 k = 0.0262 // Thermal

c o n d u c t i v i t y o f n i t r o g e n (W/m.K)
11 Cp = 1.041 // Heat c a p a c i t y o f

n i t r o g e n ( kJ/ kg .K)
12

13 // C a l c u l a t i o n :
14 p = P/(R*T) // Dens i ty o f a i r
15 Re = D*V*p/mu // Reynolds number
16 //From t a b l e 9 . 5 :
17 Nu = 0.023*( Re **0.8) *(Pr **0.3) // N u s s e l t number
18 h = (k/D)*Nu // Heat t r a n s f e r
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c o e f f i c i e n t (W/mˆ 2 .K)
19

20 // R e s u l t :
21 printf(”The r e q u i r e d Heat t r a n s f e r c o e f f i c i e n t i s :

%. 2 f W/mˆ 2 .K. ”,h)

Scilab code Exa 9.12 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 T1 = 15.0 // Water e n t e r i n g

t empera tu re ( C )
3 T2 = 60.0 // Water l e a v i n g

t empera tu re ( C )
4 D = 0.022 // I n s i d e d i amete r o f

tube (m)
5 V = 0.355 // Average water f l o w

v e l o c i t y (m/ s )
6 TC = 150.0 // Outs ide w a l l

t empera tu re ( C )
7 //From Appendix :
8 p = 993.0 // Dens i ty o f water ( kg /m

ˆ3)
9 mu = 0.000683 // Dynamic v i s c o s i t y o f

water ( kg /m. s )
10 Cp = 4.17*10**3 // Heat c a p a c i t y o f water

( J/ kg .K)
11 k = 0.63 // Thermal c o n d u c t i v i t y

o f water (W/m.K)
12

13 // C a l c u l a t i o n :
14 Tav1 = (T1+T2)/2.0 // Average bulk

t empera tu re o f water ( C )
15 Re = D*V*p/mu // Reynolds number
16 Pr = Cp*mu/k // Prandt l number
17 Tav2 = (Tav1+TC)/2.0 // Flu id ’ s ave rage w a l l
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t empera tu re ( C )
18 //From Appendix :
19 mu_w = 0.000306 // Dynamic v i s c o s i t y o f

f l u i d at w a l l ( kg /m. s )
20 //From Table 9 . 5 :
21 h = (k/D)*0.027* Re **0.8* Pr **0.33*( mu/mu_w)**0.14

// Heat t r a n s f e r c o e f f i c i e n t f o r water (W/mˆ 2 .K)
22

23 // R e s u l t :
24 printf(”The heat t r a n s f e r c o e f f i c i e n t f o r water i s :

%. 1 f W/mˆ 2 .K. ”,h)

Scilab code Exa 9.13 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From example 9 . 7 :
3 h = 38.7 // Average heat t r a n s f e r

c o e f f i c i e n t (W/mˆ 2 .K)
4 L = 1.2 // Length o f p l a t e (m)
5 k = 0.025 // Thermal c o n d u c t i v i t y

o f a i r (W/m)
6

7 // C a l c u l a t i o n :
8 Bi = h*L/k // Average Bio t number
9

10 // R e s u l t :
11 printf(”The ave rage Bio t number i s : %. 0 f ”,Bi)

Scilab code Exa 9.14 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 k = 60.0 // Thermal c o n d u c t i v i t y

o f rod (W/m.K)
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3 p = 7850.0 // Dens i ty o f rod ( kg /m
ˆ3)

4 Cp = 434.0 // Heat c a p a c i t y o f rod (
J/ kg .K)

5 h = 140.0 // Convect ion heat
t r a n s f e r c o e f f i c i e n t (W/mˆ 2 .K)

6 D = 0.01 // Diameter o f rod (m)
7 kf = 0.6 // Thermal c o n d u c t i v i t y

o f f l u i d (W/m.K)
8 L = 2.5 // Length o f rod (m)
9 Ts = 250.0 // S u r f a c e t empera tu r e o f

rod ( C )
10 Tf = 25.0 // F lu id t empera tu r e ( C

)
11

12 // C a l c u l a t i o n :
13 // Case 1 :
14 a = k/(p*Cp) // Thermal d i f f u s i v i t y o f

bare rod (mˆ2/ s )
15 // Case 2 :
16 Nu = h*D/kf // N u s s e l t number
17 // Case 3 :
18 Bi = h*D/k // Bio t number o f bare

rod
19 // Case 4 :
20 Q = h*(%pi*D*L)*(Ts-Tf) // Heat t r a n s f e r r e d from

rod to f l u i d (W)
21

22 // R e s u l t :
23 printf(” 1 . The therma l d i f f u s i v i t y o f the bare rod

i s : %. 2 f x 10ˆ−5 mˆ2/ s . ”,a/10** -5)
24 printf(” 2 . The n u s s e l t number i s : %. 2 f . ”,Nu)
25 printf(” 3 . The Bio t number i s : %. 4 f . ”,Bi)
26 printf(” 4 . The heat t r a n s f e r r e d from the rod to the

f l u i d i s : %. 0 f W. ”,Q)
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Chapter 10

Free Convection

Scilab code Exa 10.1 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 Gr = 100.0 // Grasho f number
3 Re = 50.0 // Reynolds number
4

5 // C a l c u l a t i o n :
6 LT = Gr/Re**2 // Measure o f i n f l u e n c e

o f c o n v e c t i o n e f f e c t
7

8 // R e s u l t :
9 if (LT <1.0) then

10 printf(”The f r e e c o n v e c t i o n e f f e c t s can be
n e g l e c t e d . ”)

11 elseif (LT >1.0) then

12 printf(”The f r e e c o n v e c t i o n e f f e c t s can not be
n e g l e c t e d . ”)

13 end

Scilab code Exa 10.2 Example
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1 // V a r i a b l e d e c l a r a t i o n :
2 Ts = 110.0+273.0 // S u r f a c e

t empera tu re o f p l a t e (K)
3 Too = 30.0+273.0 // Ambient a i r

t empera tu re (K)
4 L = 3.5 // He ight o f p l a t e (m

)
5 g = 9.807 // G r a v i t a t i o n a l

a c c e l e r a t i o n (mˆ2/ s )
6

7 // C a l c u l a t i o n :
8 Tf = (Ts+Too)/2 // Film tempera tu r e (

K)
9 DT = Ts - Too // Temperature

d i f f e r e n c e between s u r f a c e and a i r (K)
10 //From appendix :
11 v = 2.0*10** -5 // Kinemat ic

v i s c o s i t y f o r a i r (mˆ2/ s )
12 k = 0.029 // Thermal

c o n d u c t i v i t y f o r a i r (W/m.K)
13 Pr = 0.7 // Prandt l number
14 B = 1.0/Tf // C o e f f i c i e n t o f

expans i on (Kˆ−1)
15 Gr = g*B*DT*L**3/v**2 // Grasho f number
16 Ra = Gr*Pr // Ray l e i gh number
17

18 // R e s u l t :
19 printf(”The Grasho f number i s : %. 2 f x 10ˆ11 . ”,Gr

/10**11)

20 printf(”The Ray l e i gh number i s : %. 2 f x 10ˆ11 . ”,Ra
/10**11)

Scilab code Exa 10.3 Example

1 // V a r i a b l e d e c l a r a t i o n :
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2 //From example 1 0 . 2 :
3 Ra = 1.71*10**11 // Ray l e i gh number
4

5 // R e s u l t :
6 if (Ra >10**9) then

7 printf(”The c o n v e c t i o n f l o w c a t e g o r y i s
t u r b u l e n t . ”)

8 elseif(Ra <10**9) then

9 printf(”The c o n v e c t i o n f l o w c a t e g o r y i s l am ina r .
”)

10 end

Scilab code Exa 10.4 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From Table 1 0 . 1 :
3 c = 0.1 // Constant c
4 m = 1.0/3.0 // Constant f o r

t u r b u l e n t f r e e c o n e c t i o n
5 //From example 1 0 . 2 :
6 Ra = 1.71*10**11 // Ray l e i gh

number
7 k = 0.029 // Thermal

c o n d u c t i v i t y (W/m.K)
8 L = 3.5 // Th i ckne s s o f

p l a t e (m)
9

10 // C a l c u l a t i o n :
11 Nu = c*Ra**m // Average

N u s s e l t number
12 h = Nu*k/L // Average heat

t r a n s f e r c o e f f i c i e n t (W/mˆ 2 .K)
13

14 // R e s u l t :
15 printf(”The ave rage heat t r a n s f e r c o e f f i c i e n t i s : %

70



. 1 f W/mˆ 2 .K . ”,h)

Scilab code Exa 10.6 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 Ts = 200.0+460.0 // S u r f a c e

t empera tu re o f p ip e ( R )
3 Too = 70.0+460.0 // Air t empera tu r e (

R )
4 D = 0.5 // Diameter o f p ip e (

f t )
5 R = 0.73 // U n i v e r s a l gas

c o n s t a n t ( f t ˆ 3 . atm .Rˆ 1 . l b . molˆ 1 )
6 P = 1.0 // Atmospher ic

p r e s s u r e ( Pa )
7 MW = 29.0 // Mo l e cu l a r we ight

o f f l u i d ( mol )
8 //From Appendix :
9 mu = 1.28*10** -5 // Abso lu t e v i s c o s i t y

( l b / f t . s )
10 k = 0.016/3600.0 // Thermal

c o n d u c t i v i t y ( Btu/ s . f t . F )
11 g = 32.174 // G r a v i t a t i o n a l

a c c e l e r a t i o n ( f t / s ˆ2)
12

13 // C a l c u l a t i o n :
14 Tav = (Ts+Too)/2 // Average

t empera tu re ( R )
15 v = R*Tav/P // k i n e m a t i c

v i s c o s i t y ( f t ˆ3/ lbmol )
16 p = MW/v // Air d e n s i t y ( l b / f t

ˆ3)
17 B = 1.0/ Tav // C o e f f i c i e n t o f

expans i on ( R ˆ−1)
18 DT = Ts-Too // Temperature
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d i f f e r e n c e ( R )
19 Gr = D**3*p**2*g*B*DT/mu**2 // Grasho f number
20 //From e q u a t i o n 1 0 . 5 :
21 Cp = 0.25 // Air heat c a p a c i t y

( Btu/ l b . F )
22 Pr = Cp*mu/k // Prandt l number
23 GrPr = 10**8.24 // Ray l e i gh number
24 //From Holman ˆ ( 3 ) :
25 Nu = 10**(1.5) // N u s s e l t number
26 h = Nu*(k/D)*3600.0 // Air heat t r a n s f e r

f i l m c o e f f i c i e n t ( Btu/h . f t . F )
27

28 // R e s u l t :
29 printf(”The r e q u i r e d a i r heat t r a n s f e r f i l m

c o e f f i c i e n t i s : %. 2 f Btu/h . f t . F . ”,h)

Scilab code Exa 10.7 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 Ts = 120.0+460 // S u r f a c e

t empera tu re o f p l a t e ( R )
3 Too = 60.0+460 // Ambient

t empera tu re o f n i t r o g e n ( R )
4 L = 6 // He ight o f p l a t e (

f t )
5 //From Appendix :
6 p = 0.0713 // Air d e n s i t y ( l b / f t

ˆ3)
7 k = 0.01514 // Thermal

c o n d u c t i v i t y ( Btu/h . f t . F )
8 v = 16.82*10** -5 // Kinemat ic

v i s c o s i t y ( f t ˆ2/ s )
9 Pr = 0.713 // Prandt l number

10 g = 32.2 // G r a v i t a t i o n a l
a c c e l e r a t i o n ( f t / s ˆ2)
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11

12 // C a l c u l a t i o n :
13 Tf = (Ts+Too)/2 //Mean f i l m

tempera tu re ( R )
14 B = 1.0/Tf // C o e f f i c i e n t o f

expans i on ( R ˆ−1)
15 Gr = g*B*(Ts-Too)*L**3/v**2 // Grasho f number
16 Ra = Gr*Pr // Ray l e i gh number
17 //From e q u a t i o n 1 0 . 1 3 ( Table 1 0 . 2 ) and c o s t a n t s from

Table 1 0 . 1 :
18 h = 0.10*(k/L)*Ra **(1.0/3.0) // Free c o n v e c t i o n

heat t r a n s f e r c o e f f i c i e n t ( Btu/h . f t ˆ 2 . F )
19

20 // R e s u l t :
21 printf(”The f r e e c o n v e c t i o n heat t r a n s f e r

c o e f f i c i e n t i s : %. 3 f Btu/h . f t ˆ 2 . F . ”,h)
22 printf(” There i s a c a l c u l a t i o n mi s take i n the book

f o r c a l c u l a t i n g Gr , so , v a l u e o f h a l t e r s from
tha t g i v e n . ”)

Scilab code Exa 10.8 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From example :
3 h = 0.675 // Free c o n v e c t i o n

heat t r a n s f e r c o e f f i c i e n t ( Btu/h . f t ˆ 2 . F )
4 A = 6.0*8.0 // Area o f p l a t e ( f t

ˆ2)
5 Ts = 120.0 // S u r f a c e

t empera tu re o f p l a t e ( F )
6 Too = 60.0 // Ambient

t empera tu re o f n i t r o g e n ( F )
7

8 // C a l c u l a t i o n :
9 Q = h*A*(Ts-Too) // Heat l o s s ( Btu/h )
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10 Q = round(Q * 10** -1) /10** -1

11

12 // R e s u l t :
13 printf(”The heat l o s s i s : %f Btu/h . ”,Q)
14 printf(” The h o b t a i n e d i n the p r e v i o u s example

d i f f e r s , t h e r e f o r e , Q o b t a i n e d he r e a l s o d i f f e r s
from tha t g i v e n i n book . ”)

Scilab code Exa 10.9 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 Ts = 113.0+273.0 // S u r f a c e

t empera tu re o f bulb (K)
3 Too = 31.0+273.0 // Ambient a i r

t empera tu re (K)
4 D = 0.06 // Diameter o f

s p h e r e (m)
5 g = 9.8 // G r a v i t a t i o n a l

a c c e l e r a t i o n (m/ s ˆ2)
6

7 // C a l c u l a t i o n :
8 Tf = (Ts+Too)/2 //Mean

tempera tu re (K)
9 //From Appendix :
10 v = (22.38*10** -5) *0.0929 // Kinemat ic

v i s c o s i t y (mˆ2/ s )
11 Pr = 0.70 // Prandt l number
12 k = 0.01735*1.729 // Thermal

c o n d u c t i v i t y (W/m.K)
13 B = 1.0/(Tf) // C o e f f i c i e n t o f

expans i on (Kˆ−1)
14 Gr = g*B*(Ts-Too)*D**3/v**2 // Grasho f number
15 Ra = Gr*Pr // Ray l e i gh

number
16
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17 //From e q u a t i o n 1 0 . 1 3 :
18 h = (k/D)*0.6*Ra **(1.0/4.0) // Heat

t r a n s f e r r e d from bulb (W/mˆ 2 .K)
19

20 // R e s u l t :
21 printf(”The heat t r a n s f e r r e d from bulb to a i r i s : %

. 2 f W/mˆ 2 .K. ”,h)

Scilab code Exa 10.10 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From example 1 0 . 9 :
3 h = 9.01 // Heat t r a n s f e r r e d from

bulb (W/mˆ 2 .K)
4 D = 0.06 // Diameter o f s p h e r e (m)
5 Ts = 113.0+273.0 // S u r f a c e t empera tu r e o f

bulb (K)
6 Too = 31.0+273.0 // Ambient a i r

t empera tu re (K)
7

8 // C a l c u l a t i o n :
9 A = %pi*D**2 // S u r f a c e a r ea o f bulb

(mˆ2)
10 Q = h*A*(Ts-Too) // Heat t r a n s f e r l o s t by

f r e e c o n v e c t i o n from l i g h t bulb (W)
11

12 // R e s u l t :
13 printf(”The heat t r a n s f e r l o s t by f r e e c o n v e c t i o n

from l i g h t bulb i s : %. 2 f W . ”,Q)

Scilab code Exa 10.11 Example

1 // V a r i a b l e d e c l a r a t i o n :
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2 //From example 10 . 9 −10 . 10 :
3 Q = 8.36 // Heat t r a n s f e r l o s t

by f r e e c o n v e c t i o n from l i g h t bulb (W)
4

5 // C a l c u l a t i o n :
6 E = Q/100.0*(100.0) // Percen t ene rgy

l o s t by f r e e c o n v e c t i o n (%)
7

8 // R e s u l t :
9 printf(”The p e r c e n t a g e o f the ene rgy l o s t by f r e e

c o n v e c t i o n i s : %. 2 f %%. ”,E)
10 printf(”The ene rgy l o s t f r a c t i o n i s : %. 4 f . ”,E

/100.0)

Scilab code Exa 10.13 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 F = 50.0 // Buoyancy f l u x o f

gas (mˆ4/ s ˆ3)
3 u = 4.0 // wind speed (m/ s )
4

5 // C a l c u l a t i o n :
6 xc = 14*F**(5.0/8.0) //Downward d i s t a n c e

(m)
7 xf = 3.5*xc // d i s t a n c e o f

t r a n s i t i o n from f i r s t s t a g e o f r i s e to the second
s t a g e o f r i s e (m)

8 Dh = 1.6*F**(1.0/3.0)*u**-1*xf **(2.0/3.0) // Plume
r i s e (m)

9

10 // R e s u l t :
11 printf(”The plume r i s e i s : %. 0 f m . ”,Dh)
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Chapter 11

Radiation

Scilab code Exa 11.3 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 syms l // Wavelength

(mu .m)
3 I = 40*exp(-l**2) // I n t e n s i t y

o f r a d i a t i o n ( Btu/h . f t ˆ 2 .mu .m)
4

5 // C a l c u l a t i o n :
6 E = eval(integrate(I, l,0,%inf)) //

Tota l e m i s s i v e power ( Btu/h . f t ˆ2)
7

8 // R e s u l t :
9 printf(”The t o t a l e m i s s i v e power i s : %. 1 f Btu/h . f t

ˆ 2 . ”,E)

Scilab code Exa 11.4 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 l = 0.25 // Wavelength (mu

.m)

77



3 //From e q u a t i o n 1 1 . 4 :
4 lT = 2884 // Product o f

wave l ength and a b s o l u t e t empera tu r e (mu .m. R )
5

6 // C a l c u l a t i o n :
7 T = lT/l //Sun ’ s

t empera tu re ( R )
8 T1 = round(T * 10** -2) /10** -2

9 T = T - 460

10 T460 = round(T * 10** -3) /10** -3

11

12 // R e s u l t :
13 printf(”The Sun s t empera tu r e i s : %f R . ”,T1)
14 printf(”The Sun s t empera tu r e i n f a h r e n h e i t s c a l e i s

: %f F . ”,T460)

Scilab code Exa 11.5 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 T1 = 1500.0+460.0 // Abso lu te

t empera tu re 1 ( R )
3 T2 = 1000.0+460.0 // Abso lu te

t empera tu re 2 ( R )
4

5 // C a l c u l a t i o n :
6 X = T1**4/T2**4 // Rat io o f

q u a n t i t y o f heat t r a n s f e r r e d
7 x = 100*( T1**4-T2**4)/T2**4 // Pe r c en tage

i n c r e a s e i n heat t r a n s f e r (%)
8

9 // R e s u l t :
10 printf(”The r a t i o o f the q u a n t i t y / r a t e o f heat

t r a n s f e r r e d i s : %. 2 f . ”,X)
11 printf(”The p e r c e n t a g e i n c r e a s e i n heat t r a n s f e r i s

: %. 0 f %%”,x)
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Scilab code Exa 11.6 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 T1 = 1200.0+460.0 // Abso lu t e

t empera tu re o f w a l l 1 ( R )
3 T2 = 800.0+460.0 // Abso lu t e

t empera tu re o f w a l l 2 ( R )
4

5 // C a l c u l a t i o n :
6 //From e q u a t i o n 1 1 . 2 3 :
7 X = 0.173*(( T1 /100.0) **4-(T2 /100.0) **4) // Heat

removed from c o l d e r w a l l ( Btu/h . f t ˆ2)
8

9 // R e s u l t :
10 printf(”The heat removed from the c o l d e r w a l l to

ma inta in a steady−s t a t e i s : %. 0 f Btu/h . f t ˆ 2 . ”,X)

Scilab code Exa 11.7 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 s = 0.173 // Ste fan−Boltzmann

c o n s t a n t ( Btu/h . f t ˆ 2 . R )
3 EH = 0.5 // Energy t r a n s f e r r e d

from h o t t e r body ( Btu/h . f t ˆ2)
4 EC = 0.75 // Energy t r a n s f e r r e d

to c o l d e r body ( Btu/h . f t ˆ2)
5 TH = 1660.0 // Abso lu t e

t empera tu re o f h o t t e r body ( R )
6 TC = 1260.0 // Abso lu t e

t empera tu re o f c o l d e r body ( R )
7
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8 // C a l c u l a t i o n :
9 E = s*((TH /100.0) **4-(TC /100.0) **4) /((1.0/ EH)+(1.0/

EC) -1.0) // Net ene rgy exchange per u n i t a r ea ( Btu
/h . f t ˆ2)

10 E = round(E*10** -1) /10** -1

11

12 // R e s u l t :
13 printf(”The net ene rgy exchange per u n i t a r ea i s :

%f Btu/h . f t ˆ 2 . ”,E)

Scilab code Exa 11.8 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From example 1 1 . 6 −1 1 . 7 :
3 E1 = 8776.0 // Energy exchange

between b l a c k b o d i e s ( Btu/h . f t ˆ2)
4 E2 = 3760.0 // Energy exchange

between non−b l a c k b o d i e s ( Btu/h . f t ˆ2)
5

6 // C a l c u l a t i o n :
7 D = (E1 -E2)/E1*100 // Percen t d i f f e r e n c e

i n ene rgy (%)
8

9 // R e s u l t :
10 printf(”The p e r c e n t d i f f e r e n c e r e l a t i v e to the b l a c k

body i s : %. 1 f %%. ”,D)

Scilab code Exa 11.9 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 s = 0.173*10** -8 // Ste fan−

Boltzmann c o n s t a n t ( Btu/h . f t ˆ 2 . R )
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3 TH = 300.0+460.0 // Abso lu t e
t empera tu re o f e x t e r n a l s u r f a c e ( R )

4 TC = 75.0+460.0 // Abso lu t e
t empera tu re o f duct ( R )

5 //From Table 6 . 2 :
6 AH = 0.622 // E x t e r n a l

s u r f a c e a r ea o f p ip e ( f t ˆ2)
7 //From Table 1 1 . 2 :
8 EH = 0.44 // E m i s s i v i t y

o f o x i d i z e d s t e e l
9 AC = 4.0*1.0*1.0 // E x t e r n a l

s u r f a c e a r ea o f duct ( f t ˆ2)
10 EC = 0.23 // E m i s s i v i t y

o f g a l v a n i z e d z i n c
11

12 // C a l c u l a t i o n :
13 FE = 1.0/(1.0/ EH+((AH/AC)*(1.0/EC -1.0))) //

E m i s s i v i t y c o r r e c t i o n f a c t o r
14 Q = FE*AH*s*(TH**4-TC**4) // Net

r a d i a t i o n heat t r a n s f e r ( Btu/h . f t )
15

16 // R e s u l t :
17 printf(”The net r a d i a t i o n heat t r a n s f e r i s : %. 2 f

Btu/h . f t ˆ 2 . ”,Q)
18 printf(” There i s a c a l c u l a t i o n e r r o r i n book . ”)

Scilab code Exa 11.10 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 TH = 140.0+460.0 // Abso lu te

o u t s i d e t empera tu r e o f p ip e ( f t ˆ2)
3 TC = 60.0+460.0 // Abso lu te

t empera tu re o f s u r r o u n d i n g atmosphere ( f t ˆ2)
4 A = 10.0 // Area o f p ip e (

f t ˆ2)
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5 E = 0.9 // E m i s s i v i t y o f
p ip e

6

7 // C a l c u l a t i o n :
8 Q = E*A*0.173*(( TH /100.0) **4-(TC /100.0) **4) // Heat

l o s s due to r a d i a t i o n ( Btu/h )
9 Q = round(Q*10** -1) /10** -1

10

11 // R e s u l t :
12 printf(”The heat l o s s due to r a d i a t i o n i s : %f Btu/h

. ”,Q)

Scilab code Exa 11.11 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //Froma example 1 1 . 1 0 :
3 Q = 880.0 // Heat l o s s due to

r a d i a t i o n ( Btu/h )
4 A = 10.0 // Area o f p ip e ( f t ˆ2)
5 TH = 140.0 // Abso lu te o u t s i d e

t empera tu re o f p ip e ( F )
6 TC = 60.0 // Abso lu te t empera tu r e

o f s u r r o u n d i n g atmosphere ( F )
7

8 // C a l c u l a t i o n :
9 hr = Q/(A*(TH -TC)) // Rad i a t i on heat

t r a n s f e r c o e f f i c i e n t ( Btu/h . f t ˆ 2 . F )
10

11 // R e s u l t :
12 printf(”The r a d i a t i o n heat t r a n s f e r c o e f f i c i e n t i s :

%. 1 f Btu/h . f t ˆ 2 . F . ”,hr)

Scilab code Exa 11.12 Example
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1 // V a r i a b l e d e c l a r a t i o n :
2 D = 0.0833 // Diameter o f

tube ( f t )
3 L = 2.0 // Length o f tube

( f t )
4 h = 2.8 // Heat t r a n s f e r

c o e f f i c i e n t ( Btu/h . f t ˆ 2 . F )
5 Ta1 = 1500.0+460.0 // Temperature o f

hot a i r i n f u r n a c e ( R )
6 Ta2 = 1350.0+460.0 // Temperature o f

hot a i r i n the f u r n a c e b r i c k w a l l s ( R )
7 Tt = 600.0+460.0 // S u r f a c e

t empera tu re o f tube ( R )
8 E = 0.6 // S u r f a c e

e m i s s i v i t y o f tube
9 s = 0.1713*10** -8 // Ste fan−

Boltzmann c o n s t a n t
10 pi = %pi

11

12 // C a l c u l a t i o n :
13 // Case 1 :
14 A = pi*D*L // Area o f tube (

f t ˆ2)
15 Qc = round(h*A*(Ta1 -Tt)*10** -1) /10** -1 //

Convect ion heat t r a n s f e r from a i r to tube ( Btu/h )
16 Qr = round(E*s*A*(Ta2**4-Tt**4) *10** -2) /10** -2 //

Rad i a t i on f e a t t r a n s f e r from w a l l to tube ( Btu/h )
17 Q = Qr+Qc // Tota l heat

t r a n s f e r ( Btu/h )
18 // Case 2 :
19 Qp = Qr/Q*100 // Rad i a t i on

p e r c e n t
20 // Case 3 :
21 hr = Qr/(A*(Ta2 -Tt)) // Rad i a t i on heat

t r a n s f e r c o e f f i c i e n t ( Btu/h . f t ˆ 2 . F )
22 // Case 4 :
23 T = Ta2 -Tt // Temperature

d i f f e r e n c e ( F )
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24

25 // R e s u l t :
26 printf(” 1 . The c o n v e c t i v e heat t r a n s f e r r e d to the

meta l tube i s : %f Btu/h . ”,Qc)
27 printf(” The r a d i a t i v e heat t r a n s f e r r e d to the

meta l tube i s : %f Btu/h . ”,Qr)
28 printf(” The t o t a l heat t r a n s f e r r e d to the meta l

tube i s : %f Btu/h . ”,Q)
29 printf(” 2 . The p e r c e n t o f t o t a l heat t r a n s f e r r e d by

r a d i a t i o n i s : %. 1 f %%. ”,Qp)
30 printf(” 3 . The r a d i a t i o n heat t r a n s f e r c o e f f i c i e n t

i s : %. 1 f Btu/h . f t ˆ 2 . F . ”,hr)
31 if (T > 200) then

32 printf(” 4 . The use o f the approx imat i on Equat ion
( 1 1 . 3 0 ) , hr = 4EsTav ˆ3 , i s not a p p r o p r i a t e . ”

)

33 elseif (T < 200) then

34 printf(” 4 . The use o f the approx imat i on Equat ion
( 1 1 . 3 0 ) , hr = 4EsTav ˆ3 , i s a p p r o p r i a t e . ”)

35 end

Scilab code Exa 11.13 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 Q = 5.0 // Rad i a t i on heat

t r a n s f e r (W)
3 E = 1.0 // E m i s s i v i t y o f

f i l a m e n t
4 s = 5.669*10** -8 // Ste fan−Boltzmann

c o n s t a n t
5 T1 = 900.0+273.0 // L ight bulb

t empera tu re (K)
6 T2 = 150.0+273.0 // Gla s s bulb

t empera tu re (K)
7
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8 // C a l c u l a t i o n :
9 A = Q/(E*s*(T1**4-T2**4)) // S u r f a c e a r ea o f

the f i l a m e n t (mˆ2)
10

11 // R e s u l t :
12 printf(”The s u r f a c e a r ea o f the f i l a m e n t i s : %. 2 f

cmˆ2 ”,A*10**4)

Scilab code Exa 11.14 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 T1 = 127.0+273.0 // S u r f a c e

t empera tu re (K)
3 T2 = 20.0+273.0 // Wall

t empera tu re (K)
4 T3 = 22.0+273.0 // Air

t empera tu re (K)
5 s = 5.669*10** -8 // Ste fan−

Boltzmann c o n s t a n t
6 e = 0.76 // S u r f a c e

e m i s s i v i t y o f anod i z ed aluminium
7 D = 0.06 // Diameter o f

%pipe (m)
8 L = 100.0 // Length o f

%pipe (m)
9 h = 15.0 // %pipe

c o n v e c t i v e heat t r a n s f e r c o e f f i c i e n t (W/mˆ 2 .K)
10

11 // C a l c u l a t i o n :
12 Eb = s*T1**4 // Emi s s i v e

ene rgy o f %pipe (W/mˆ2)
13 E = e*Eb // Emi s s i v e power

from s u r f a c e o f %pipe (W/mˆ2)
14 A = %pi*D*L // S u r f a c e a r ea

o f %pipe (mˆ2)
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15 Qc = h*A*(T1-T3) // Convect ion
heat t r a n s f e r to a i r (W)

16 Qr = e*s*A*(T1**4-T2**4) // Rad i a t i on heat
t r a n s f e r r a t e (W)

17 Q = Qc+Qr // Tota l heat
t r a n s f e r r a t e ( Btu/h )

18 Tav = (T1+T2)/2.0 // Average
t empera tu re (K)

19 hr = 4*e*s*Tav**3 // Rad i a t i on heat
t r a n s f e r c o e f f i c i e n t (W/mˆ 2 .K)

20

21 // R e s u l t :
22 printf(”The e m i s s i v e power from s u r f a c e o f %%pipe i s

: %. 0 f W/mˆ 2 . ”,E)
23 printf(”The c o n v e c t i o n heat t r a n s f e r to a i r i s : %. 1

f kW. ”,Qc /10**3)
24 printf(”The r a d i a t i o n heat t r a n s f e r r a t e i s : %. 1 f

kW”,Qr /10**3)
25 printf(”The r a d i a t i o n heat t r a n s f e r c o e f f i c i e n t i s :

%. 1 f W/mˆ 2 .K. ”,hr)

Scilab code Exa 11.15 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From example 1 1 . 1 4 :
3 Qc = 15.0 // Convect ion heat

t r a n s f e r c o e f f i c i e n t (W/mˆ 2 .K)
4 hr = 7.2 // Rad i a t i on heat

t r a n s f e r c o e f f i c i e n t (W/mˆ 2 .K)
5

6 // C a l c u l a t i o n :
7 X = hr/(Qc+hr)*100.0 // Percen t heat

t r a n s f e r by r a d i a t i o n (%)
8

9 // R e s u l t :
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10 printf(”The p e r c e n t heat t r a n s f e r by r a d i a t i o n i s :
%. 1 f %%. ”,X)

Scilab code Exa 11.16 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 FV = 1.0 // C o r r e c t i o n

f a c t o r
3 //From example 1 1 . 9 :
4 FE = 0.358 // E m i s s i v i t y

c o r r e c t i o n f a c t o r
5 TH = 300.0+460.0 // Abso lu te

t empera tu re o f e x t e r n a l s u r f a c e ( R )
6 TC = 75.0+460.0 // Abso lu te

t empera tu re o f duct ( R )
7 AH = 0.622 // Area o f p ip e (

f t ˆ2)
8 s = 0.173*10** -8 // Ste fan−

Boltzmann c o n s t a n t
9

10 // C a l c u l a t i o n :
11 Q = FV*FE*AH*s*(TH**4-TC**4) // Heat t r a n s f e r

r a t e ( Btu/h . f t )
12

13 // R e s u l t :
14 printf(”The heat t r a n s f e r r a t e i s : %. 2 f Btu/h . f t ”,Q

)

15 printf(” S ince , Q o b t a i n e d i n ( 1 1 . 9 ) i s 9 6 . 9 6 Btu/h .
f t , the s o l u t i o n does not match with book . ”)

Scilab code Exa 11.17 Example

1 // V a r i a b l e d e c l a r a t i o n :
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2 //From f i g u r e 1 1 . 2 :
3 L = 1.0 // Space

between p l a t e s (m)
4 X = 0.5 // Length o f

p l a t e (m)
5 Y = 2.0 // Width o f

p l a t e (m)
6 s = 5.669*10** -8 // Ste fan−

Boltzmann c o n s t a n t
7 TH = 2000.0+273.0 //

Temperature o f h o t t e r p l a t e (K)
8 TC = 1000.0+273.0 //

Temperature o f c o l d e r p l a t e (K)
9 Btu = 0.2934*10** -3 // Btu/h i n a

KW
10

11 // C a l c u l a t i o n :
12 A = X*Y // Area o f

p l a t e (mˆ2)
13 Z1 = Y/L // Rat io o f

width with space
14 Z2 = X/L // Rat io o f

l e n g t h with space
15 //From f i g u r e 1 1 . 2 :
16 FV = 0.18 // C o r r e c t i o n

f a c t o r
17 FE = 1.0 // E m i s s i v i t y

c o r r e c t i o n f a c t o r
18 Q1 = FV*FE*s*A*(TH**4-TC**4) // Net

r a d i a n t heat exchange between p l a t e s (kW)
19 Q2 = Q1/Btu // Net

r a d i a n t heat exchange between p l a t e s i n Btu/h (
Btu/h )

20 Q1 = round(Q1*10** -2) /10** -2

21

22 // R e s u l t :
23 printf(”The net r a d i a n t heat exchange between p l a t e s

i s : %f kW. ”,Q1)
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24 printf(”The net r a d i a n t heat exchange between p l a t e s
i n Btu/h i s : %. 2 f x 10ˆ8 Btu/h . ”,Q2 /10**8)

89



Chapter 12

Condensation and Boiling

Scilab code Exa 12.2 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 C = 1 //Number o f c o n s t i t u e n t s
3 P = 1 //Number o f phas e s
4

5 // C a l c u l a t i o n :
6 F = C-P+2 //Number o f d e g r e e s o f

f reedom
7

8 // R e s u l t :
9 printf(”The number o f d e g r e e s o f f reedom i s : %. 2 f .

”,F)

Scilab code Exa 12.4 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From steam t a b l e s :
3 U1 = 1237.1 // I n t e r n n a l ene rgy

o f gas ( Btu/ l b )
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4 U2_g = 1112.2 // I n t e r n a l ene rgy o f
gas ( Btu/ l b )

5 U2_l = 343.15 // I n t e r n a l ene rgy o f
l i q u i d ( Btu/ l b )

6

7 // C a l c u l a t i o n :
8 Q = 0.5*( U2_g+U2_l) -1*U1 // Heat removed ( Btu/

l b )
9

10 // R e s u l t :
11 printf(” Heat removed from the system dur ing the

p r o c e s s i s : %. 1 f Btu/ l b . ”,Q)

Scilab code Exa 12.5 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 T1 = 99.0 //Mean f i l m

tempera tu re ( C )
3 T2 = 98.0 // P l a t e s u r f a c e

t empera tu re ( C )
4 g = 9.807 // G r a v i t a t i o n a l

a c c e l e r a t i o n (m/ s ˆ2)
5 //From Appendix :
6 T3 = 100.0 // S a t u r a t i o n

t empe ra t r e ( C )
7 h_vap1 = 970.3 // Latent heat o f

steam i n Btu/ l b ( Btu/ l b )
8 h_vap2 = 2.255*10**6 // Latent heat o f

steam i n J/ kg ( J/ kg )
9 p_v = 0.577 // Dens i ty o f

steam ( kg /mˆ3)
10 p_l = 960.0 // Dens i ty o f

l i q u i d water conden sa t e ( kg /mˆ3)
11 mu_l = 2.82*10** -4 // Abso lu te

v i s c o s i t y o f l i q u i d water conden sa t e ( kg /m. s )
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12 k = 0.68 // Thermal
c o n d u c t i v i t y o f water (W/m.K)

13 //From t a b l e 1 2 . 2
14 Z = 0.4 // He ight o f

r e c t a n g u l a r p l a t e (m)
15 Pw = 0.2 // Wetted

p e r i m e t e r o f r e c t a n g u l a r p l a t e (m)
16 syms h // Average heat

t r a n s f e r c o e f f i c i e n t (W/mˆ 2 .K)
17

18 // C a l c u l a t i o n :
19 A = Z*Pw // Heat t r a n s f e r

a r ea o f p l a t e (mˆ2)
20 R = A/Pw // Rat io A/Pw (m)
21 v_l = mu_l/p_l // Kinemat ic

v i s c o s i t y o f l i q u i d water conden sa t e (mˆ2/ s )
22 Co1 = (h/k)*(v_l **2/g/(1-p_v/p_l))**(1/3) //

Condensat ion number ( i n terms o f the ave rage heat
t r a n s f e r c o e f f i c i e n t )

23 Re = 4*h*Z*(T3 -T2)/(mu_l*h_vap2) // Reynolds
number i n terms o f the ave rage heat t r a n s f e r
c o e f f i c i e n t

24 //From e q u a t i o n 1 2 . 1 4 :
25 CO1 = 0.0077* Re**Z //Co i n terms o f

Reynolds number f o r f l o w type 1
26 x1 = solve(h,Co1 -CO1) // S o l v i n g heat

t r a n s f e r c o e f f i c i e n t (W/mˆ 2 .K)
27 h1 =x1(2); // Average heat

t r a n s f e r c o e f f i c i e n t f o r f l o w type 1 (W/mˆ 2 .K)
28 Re1 = subst(h1,h,Re) // Reynolds

number f o r f l o w type 1
29 CO2 = 1.874* Re**( -1/3) //Co i n terms o f

Reynolds number f o r f l o w tupe 2
30 x2 = solve(Co1 -CO2 ,h) // S o l v i n g

ave rage heat t r a n s f e r c o e f f i c i e n t f o r f l o w type 2
(W/mˆ 2 .K)

31 h2 = x2(1); // Average heat
t r a n s f e r c o e f f i c i e n t f o r f l o w type 2 (W/mˆ 2 .K)
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32 Re2 = subst(h2,h,Re) // Reynolds
number f o r f l o w type 2

33 h2 = round(h2*10** -1) /10** -1

34

35 // R e s u l t :
36 printf(”The type o f c o n d e n s a t i o n f l o w type 2 i s

l amina r . ”)
37 disp(”And the c o n d e n s a t i o n heat t r a n s f e r c o e f f i c i e n t

i s : ”)
38 disp(h2)

39 disp(”W/mˆ 2 .K. ”)

Scilab code Exa 12.6 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From example 1 2 . 5 :
3 Re = 73.9 // Reynolds number
4 mu_l = 2.82*10** -4 // Abso lu t e v i s c o s i t y

o f l i q u i d water conden sa t e ( kg /m. s )
5 Pw = 0.2 // Wetted p e r i m e t e r

o f r e c t a n g u l a r p l a t e (m)
6 h = 14700.0 // Heat t r a n s f e r

c o e f f i c i e n t (W/mˆ 2 .K)
7 T_sat = 100.0 // S a t u r a t i o n

t empera tu re ( C )
8 Ts = 98.0 // S u r f a c e

t empera tu re ( C )
9 A = 0.2*0.4 // Heat t r a n s f e r a r ea

o f p l a t e (mˆ2)
10

11 // C a l c u l a t i o n :
12 m1 = Re*mu_l /4.0 // Mass f l o w r a t e o f

c onden sa t e ( kg /m. s )
13 m = Pw*m1 // Mass f l o w r a t e o f

c onden sa t e ( kg / s )
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14 Co = (3.038*10** -5)*h // Condensat ion
number

15 Q = h*A*(T_sat -Ts) // Heat t r a n s f e r r a t e
(W)

16

17 // R e s u l t :
18 printf(” 1 . The mass f l o w r a t e o f c onden sa t e i s : %. 4

f kg /m. s . ”,m1)
19 printf(” 2 . The heat t r a n s f e r r a t e i s : %. 2 f kW. ”,Q

/10**3)

Scilab code Exa 12.7 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 T_sat = 126.0 // S a t u r a t i o n

t empera tu re ( F )
3 T = 64.0 // S u r f a c e

t empera tu re o f tube ( F )
4 g = 32.2 // G r a v i t a t i o n a l

a c c e l e r a t i o n ( f t ˆ2/ s )
5 D = 4.0/12.0 // Outs ide d i amete r

o f tube ( f t )
6

7 // C a l c u l a t i o n :
8 Tf = (T_sat+T)/2.0 //Mean f i l m

tempera tu re ( F )
9 //From approx imate v a l u e s o f key p r o p e r t i e s :

10 h_vap = 1022.0 // Latent heat o f
steam ( Btu/ l b )

11 p_v = 0.00576 // Dens i ty o f steam (
l b / f t ˆ3)

12 p_l = 62.03 // Dens i ty o f l i q u i d
( l b / f t ˆ3)

13 k_l = 0.364 // Thermal
c o n d u c t i v i t y o f l i q u i d ( Btu/h . f t . F )
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14 mu_l = 4.26*10** -4 // Abso lu t e v i s c o s i t y
o f l i q u i d water conden sa t e ( l b / f t . s )

15 h = 0.725*(( p_l*(p_l -p_v)*g*h_vap*k_l **3)/(mu_l*D*(

T_sat -T)/3600.0))**(1.0/4.0) // Average heat
t r a n s f e r c o e f f i c i e n t ( Btu/h . f t ˆ 2 . F )

16

17 // R e s u l t :
18 printf(”The ave rage heat t r a n s f e r c o e f f i c i e n t i s : %

. 1 f Btu/h . f t ˆ 2 . F . ”,h)

Scilab code Exa 12.9 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 Qs1 = 9800.0 // Heat f l u x (W/m

ˆ2)
3 Ts1 = 102.0 // O r i g i n a l

s u r f a c e t empera tu r e ( C )
4 Ts2 = 103.0 //New s u r f a c e

t empera tu re ( C )
5 Tsat = 100.0 // S a t u r a t i o n

t empera tu re ( C )
6

7 // C a l c u l a t i o n :
8 h1 = Qs1/(Ts1 -Tsat) // O r i g i n a l heat

t r a n s f e r c o e f f i c i e n t (W/mˆ 2 .K)
9 DT1 = (Ts1 - Tsat) // O r i g i n a l

e x c e s s t empera tu re ( C )
10 DT2 = (Ts2 - Tsat) //New e x c e s s

t empera tu re ( C )
11 n = 0.25 // Value o f n f o r

l amina r f l o w
12 h2 = h1*(DT2/DT1)**(n) //New heat

t r a n s f e r c o e f f i c i e n t (W/mˆ 2 .K)
13 Qs2 = h2*(Ts2 -Tsat) //New heat f l u x

(W/mˆ2)
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14

15 // R e s u l t :
16 printf(”The new heat f l u x i s : %. 0 f W/mˆ 2 .K . ”,Qs2)

Scilab code Exa 12.10 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From example 1 2 . 9 :
3 Ts1 = 102.0 // O r i g i n a l

s u r f a c e t empera tu r e ( C )
4 Ts2 = 103.0 //New s u r f a c e

t empera tu re ( C )
5 Tsat = 100.0 // S a t u r a t i o n

t empera tu re ( C )
6

7 // C a l c u l a t i o n :
8 DTe1 = (Ts1 - Tsat) // O r i g i n a l

e x c e s s t empera tu re ( C )
9 DTe2 = (Ts2 - Tsat) //New e x c e s s

t empera tu re ( C )
10

11 // R e s u l t :
12 printf(”The o r i g i n a l e x c e s s t empera tu re i s : DTe = %f

C . ”,DTe1)
13 printf(”The new e x c e s s t empera tu r e i s : DTe = %f C

. ”,DTe2)
14 if ((DTe1 < 5) & (DTe2 < 5)) then

15 printf(”The assumpt ion o f the f r e e c o n v e c t i o n
mechanism i s v a l i d s i n c e DTe < 5 C . ”)

16 end

Scilab code Exa 12.11 Example
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1 // V a r i a b l e d e c l a r a t i o n :
2 //From example 1 2 . 9 :
3 Cp = 4127.0 // heat c a p a c i t y

( J/ kg . K)
4 DTe = 3.0 //New e x c e s s

t empera tu re ( C )
5 h_vap = 2.26*10**6 // l a t e n t heat o f

v a p o r i z a t i o n ( J/ kg )
6

7 // C a l c u l a t i o n :
8 Ja_L = Cp*DTe/h_vap // L iqu id Jakob

number
9

10 // R e s u l t :
11 printf(”The l i q u i d Jakob number i s : %. 5 f ”,Ja_L)

Scilab code Exa 12.12 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 Ts = 106.0 // S u r f a c e

t empera tu re ( C )
3 Tsat = 100.0 // S a t u r a t i o n

t empera tu re ( C )
4

5 // C a l c u l a t i o n :
6 DTe = Ts -Tsat // Exces s t empera tu r e

( C )
7 //From t a b l e 1 2 . 5 :
8 C1 = 5.56 // Constant C1
9 n1 = 3.0 // Constant n1

10 C2 = 1040.0 // Constant C2
11 n2 = 1.0/3.0 // Constant n2
12 P = 1.0 // Abso lu t e p r e s s u r e

( atm )
13 Pa = 1.0 // Ambient a b s o l u t e
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p r e s s u r e ( atm )
14

15 // C a l c u l a t i o n :
16 h1 = C1*DTe**n1*(P/Pa)**0.4 // B o i l i n g water heat

t r a n s f e r c o e f f i c i e n t (W/mˆ2)
17 Qs1 = h1*DTe // S u r f a c e f l u x (W/m

ˆ2)
18 h2 = C2*DTe**n2*(P/Pa)**0.4 // Second B o i l i n g

water heat t r a n s f e r c o e f f i c i e n t (W/mˆ2)
19 Qs2 = h2*DTe // Second S u r f a c e f l u x

(W/mˆ2)
20

21 // R e s u l t :
22

23 if (Qs1 /10**3 > 15.8 & Qs1 /10**3 < 236) then

24 printf(”The b o i l i n g reg ime i s : %. 1 f kW/mˆ2 . ”,
Qs1 /10**3)

25 printf(”The heat t r a n s f e r c o e f f i c i e n t i s : %. 0 f
W/mˆ2 . ”,h1)

26 elseif (Qs1 /10**3 < 15.8) then

27 printf(”The b o i l i n g reg ime i s : %. 2 f kW/mˆ2 . ”,
Qs2 /10**3)

28 printf(”The heat t r a n s f e r c o e f f i c i e n t i s : %. 0 f
W/mˆ 2 . ”,h2)

29 end

Scilab code Exa 12.13 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From example 1 2 . 1 2 :
3 Qs1 = 11340.0 // S u r f a c e f l u x (W/m

ˆ2)
4 D = 0.3 // Diameter o f

e l e c t r i c h e a t e r (m)
5
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6 // C a l c u l a t i o n :
7 A = %pi*(D/2.0) **2 // S u r f a c e a r ea o f

h e a t e r (mˆ2)
8 Qs = Qs1*A // Heat t r a n s f e r r a t e

(W)
9

10 // R e s u l t :
11 printf(”The r a t e o f heat t r a n s f e r i s : %. 0 f W. ”,Qs)
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Chapter 13

Refrigeration and Cryogenics

Scilab code Exa 13.1 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 LR = 7.5/12.0 // Th i ckne s s

o f r e f r a c t o r y ( f t )
3 LI = 3.0/12.0 // Th i ckne s s

o f i n s u l a t i o n ( f t )
4 LS = 0.25/12.0 // Th i ckne s s

o f s t e e l ( f t )
5 kR = 0.75 // Thermal

c o n d u c t i v i t y o f r e f r a c t o r y
6 kI = 0.08 // Thermal

c o n d u c t i v i t y o f i n s u l a t i o n
7 kS = 26.0 // Thermal

c o n d u c t i v i t y o f s t e e l
8 TR = 2000.0 // Average

s u r f a c e t empera tu r e o f the i n n e r f a c e o f the
r e f r a c t o r y ( F )

9 TS = 220.0 // Average
s u r f a c e t empera tu r e o f the o u t e r f a c e o f the
s t e e l ( F )

10

11 // C a l c u l a t i o n :
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12 DT = TR-TS //
Temperature d i f f e r e n c e ( F )

13 Q = DT/(LR/kR+LI/kI+LS/kS) // Heat l o s s
( Btu/h . f t ˆ2) ( he r e r e p r e s e n t i n g Qdot/A)

14

15 // R e s u l t :
16 printf(”The heat l o s s i s : %. 0 f Btu/h . f t ˆ2 . ”,Q)

Scilab code Exa 13.2 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 LR = 7.5/12.0 // Th i ckne s s

o f r e f r a c t o r y ( f t )
3 kR = 0.75 // Thermal

c o n d u c t i v i t y o f r e f r a c t o r y
4 TR = 2000.0 // Average

s u r f a c e t empera tu r e o f the i n n e r f a c e o f the
r e f r a c t o r y ( F )

5 Q = 450.0 // Heat l o s s
( Btu/h . f t ˆ2)

6

7 // C a l c u l a t i o n :
8 TI = TR - Q*(LR/kR) //

Temperature o f the boundary where the r e f r a c t o r y
meets the i n s u l a t i o n ( F )

9

10 // R e s u l t :
11 printf(”The tempera tu r e o f the boundary where the

r e f r a c t o r y meets the i n s u l a t i o n i s : %. 0 f F . ”,
TI)

Scilab code Exa 13.3 Example
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1 // V a r i a b l e d e c l a r a t i o n :
2 QbyA = 70000.0 // Tota l heat l o s s

( Btu/h )
3 Q = 450.0 // Heat l o s s ( Btu/h .

f t ˆ2)
4

5 // C a l c u l a t i o n :
6 A = QbyA/Q // Area a v a i l a b l e

f o r heat t r a n s f e r ( f t ˆ2)
7

8 // R e s u l t :
9 printf(”The a r ea a v a i l a b l e f o r heat t r a n s f e r i s : %

. 1 f f t ˆ2 . ”,A)

Scilab code Exa 13.9 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 h_out = 390.0 // Enthalpy o f the

f l u i d tha t e x i t s from the e v a p o r a t o r ( kJ/ kg )
3 h_in = 230.0 // Enthalpy o f the

f l u i d tha t e n t e r s the u n i t ( kJ/ kg )
4

5 // C a l c u l a t i o n :
6 QC = h_out - h_in // Heat absorbed by

the e v a p o r a t o r ( kJ/ kg )
7

8 // R e s u l t :
9 printf(”The heat absorbed by the e v a p o r a t o r i s : %. 0

f kJ/ kg . ”,QC)

Scilab code Exa 13.10 Example

1 // V a r i a b l e d e c l a r a t i o n :
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2 //From example 1 3 . 9 :
3 TS = -10.0+273.0 // F l u i d s

s a t u r a t i o n t empera tu r e e x p r e s s e d i n Ke lv in (K)
4 QC = 160.0 // Heat absorbed

by the e v a p o r a t o r ( kJ/ kg )
5

6 // C a l c u a t i o n :
7 DS = QC/TS // F l u i d s

change i n ent ropy ( kJ/ kg .K)
8

9 // R e s u l t :
10 printf(”The f l u i d s change i n ent ropy a c r o s s the

e v a p o r a t o r i s : %. 2 f kJ/ kg .K. ”,DS)

Scilab code Exa 13.11 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From f i g u r e 1 3 . 2 :
3 h1 = 390.0 // F lu id en tha lpy on

e n t e r i n g the compre s so r ( kJ/ kg )
4 h2 = 430.0 // F lu id en tha lpy on

l e a v i n g the compre s so r ( kJ/ kg )
5 h3 = 230.0 // F lu id en tha lpy on

l e a v i n g the c ond en s e r ( kJ/ kg )
6

7 // C a l c u l a t i o n :
8 QH = h2 - h3 // Heat r e j e c t e d from

the c ond en s e r ( kJ/ kg )
9 W_in = h2 - h1 // Change i n en tha lpy

a c r o s s the compre s so r ( kJ/ kg )
10 QC = QH - W_in // Heat absorbed by

the e v a p o r a t o r ( kJ/ kg )
11

12 // R e s u l t :
13 printf(”The heat absorbed by the e v a p o r a t o r o f the
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r e f r i g e r a t o r i s : %. 0 f kJ/ kg . ”,QC)

Scilab code Exa 13.12 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From example 1 3 . 1 1 :
3 W_in = 40.0 // Change i n en tha lpy

a c r o s s the compre s so r ( kJ/ kg )
4 QC = 160.0 // Heat absorbed by the

e v a p o r a t o r ( kJ/ kg )
5

6 // C a l c u l a t i o n :
7 COP = QC/W_in // R e f r i g e r a t o r s C .O. P

.
8

9 // R e s u l t :
10 printf(” the r e f r i g e r a t o r s C .O. P . i s : %. 0 f . ”,COP)

Scilab code Exa 13.13 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 h1 = 548.0 // Steam entha lpy

at the e n t r y and e x i t to the b o i l e r ( kJ/ kg )
3 h2 = 3989.0 // Steam entha lpy

at the e n t r y and e x i t to the t u r b i n e ( kJ/ kg )
4 h3 = 2491.0 // Steam entha lpy

at the e n t r y and e x i t to the pump ( kJ/ kg )
5 QH = 2043.0 // Heat r e j e c t e d

by the co nde n s e r ( kJ/ kg )
6

7 // C a l c u l a t i o n :
8 h4 = h3 - QH // Steam entha lpy

at the e n t r y and e x i t to the con den s e r ( kJ/ kg )
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9 Qb = h2 - h1 // Enthalpy
change a c r o s s the b o i l e r ( kJ/ kg )

10

11 // R e s u l t :
12 printf(”The en tha lpy change a c r o s s the b o i l e r i s : %

. 0 f kJ/ kg . ”,Qb)

Scilab code Exa 13.14 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From example 1 3 . 4 :
3 h1 = 548.0 // Steam entha lpy

at the e n t r y and e x i t to the b o i l e r ( kJ/ kg )
4 h2 = 3989.0 // Steam entha lpy

at the e n t r y and e x i t to the t u r b i n e ( kJ/ kg )
5 h3 = 2491.0 // Steam entha lpy

at the e n t r y and e x i t to the pump ( kJ/ kg )
6 h4 = 448.0 // Steam entha lpy

at the e n t r y and e x i t to the con den s e r ( kJ/ kg )
7 Qb = 3441.0 // Enthalpy

change a c r o s s the b o i l e r ( kJ/ kg )
8

9 // C a l c u l a t i o n :
10 Wt = h2 - h3 //Work produced

by the t u r b i n e ( kJ/ kg )
11 Wp = h1 - h4 //Work used by

the pump ( kJ/ kg )
12 W_net = Wt - Wp // Net work by

s u b t r a c t i n g the pump work from the t u r b i n e work (
kJ/ kg )

13 n_th = W_net/Qb // Thermal
e f f i c i e n c y

14

15 // R e s u l t :
16 printf(”The therma l e f f i c i e n c y i s : %. 1 f %%. ”,n_th
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*100)

Scilab code Exa 13.15 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From t a b l e 1 3 . 4 :
3 x3 = 0.9575 // Mass f r a c t i o n

vapour at p o i n t 3
4 h3 = 2491.0 // Steam entha lpy

at the e n t r y and e x i t to the pump ( kJ/ kg )
5 s3 = 7.7630 // Entropy at the

e n t r y and e x i t to the pump ( kJ/ kg .K)
6 s4 = 1.4410 // Entropy at the

e n t r y and e x i t to the con den s e r ( kJ/ kg .K)
7 //From example13 . 1 4 :
8 h4 = 448.0 // Steam entha lpy

at the e n t r y and e x i t to the con den s e r ( kJ/ kg )
9

10 // C a l c u l a t i o n :
11 Q_out = h3 - h4 // Heat r e j e c t e d

( kJ/ kg )
12 DS = s3 - s4 // P r o c e s s change

i n ent ropy ( kJ/ kg )
13 T3 = Q_out/DS // Temperature at

p o i n t 3 (K)
14

15 // R e s u l t :
16 printf(”The tempera tu r e at p o i n t 3 i s : %. 0 f K. ”,T3

)

17 printf(”Or , the t empera tu r e at p o i n t 3 i s : %. 0 f C
. ”,T3 -273)
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Chapter 14

Introduction to Heat
Exchangers

Scilab code Exa 14.1 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 scfm = 20000.0 // Vo lumet r i c f l o w

r a t e o f a i r a t s t andard c o n d i t i o n s ( scfm )
3 H1 = 1170.0 // Enthalpy at 200 F

( Btu/ lbmol )
4 H2 = 14970.0 // Enthalpy at 2000

F ( Btu/ lbmol )
5 Cp = 7.53 // Average heat

c a p a c i t y ( Btu/ lbmol . F )
6 T1 = 200.0 // I n i t i a l

t empera tu re ( F )
7 T2 = 2000.0 // F i n a l t empera tu r e

( F )
8

9 // C a l c u l a t i o n :
10 n = scfm /359.0 // Flow r a t e o f a i r

i n a molar f l o w r a t e ( lbmol /min )
11 DH = H2 - H1 // Change i n en tha lpy

( Btu/ lbmol )
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12 DT = T2 - T1 // Change i n
t empera tu re ( F )

13 Q1 = n*DH // Heat t r a n s f e r r a t e
u s i n g en tha lpy data ( Btu/min )

14 Q2 = n*Cp*DT // Heat t r a n s f e r r a t e
u s i n g the ave rage heat c a p a c i t y data ( Btu/min )

15

16 // R e s u l t :
17 printf(”The heat t r a n s f e r r a t e u s i n g en tha lpy data

i s : %. 2 f x 10ˆ5 Btu/min . ”,Q1 /10**5)
18 printf(”The heat t r a n s f e r r a t e u s i n g the ave rage

heat c a p a c i t y data i s : %. 2 f x 10ˆ5 Btu/min . ”,Q2
/10**5)

Scilab code Exa 14.2 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 n = 1200.0 // Flow r a t e o f a i r i n a

molar f l o w r a t e ( lbmol /min )
3 Cp = 0.26 // Average heat c a p a c i t y

( Btu/ lbmol . F )
4 T1 = 200.0 // I n i t i a l t empera tu r e (

F )
5 T2 = 1200.0 // F i n a l t empera tu r e ( F

)
6

7 // C a l c u l a t i o n :
8 DT = T2 - T1 // Change i n t empera tu r e

( F )
9 Q = n*Cp*DT // Requ i red heat r a t e (

Btu/min )
10

11 // R e s u l t :
12 printf(”The r e q u i r e d heat r a t e i s : %. 2 f x 10ˆ5 Btu/

min . ”,Q/10**5)
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Scilab code Exa 14.3 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 Tc1 = 25.0 // I n i t i a l t empera tu r e o f

c o l d f l u i d ( C )
3 Th1 = 72.0 // I n i t i a l t empera tu r e o f

hot f l u i d ( C )
4 Th2 = 84.0 // F i n a l t empera tu r e o f

hot f l u i d ( C )
5

6 // C a l c u l a t i o n :
7 //From e q u a t i o n 1 4 . 2 :
8 Tc2 = (Th2 -Th1)+Tc1 // F i n a l t empera tu r e o f

c o l d f l u i d ( C )
9

10 // R e s u l t :
11 printf(”The f i n a l t empera tu r e o f the c o l d l i q u i d i s

: %f C . ”,Tc2)
12 printf(” There i s a p r i n t i n g mi s take i n u n i t o f f i n a l

t empera tu re i n book . ”)

Scilab code Exa 14.4 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 Ts = 100.0 // Steam tempera tu r e at 1

atm ( C )
3 Tl = 25.0 // F lu id t empera tu r e ( C

)
4

5 // C a l c u l a t i o n :
6 DTlm = Ts - Tl // Log mean tempera tu r e

d i f f e r e n c e ( C )
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7

8 // R e s u l t :
9 printf(”The LMTD i s : %f C . ”,DTlm)

Scilab code Exa 14.5 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 Ts = 100.0 // Steam tempera tu r e

at 1 atm ( C )
3 T1 = 25.0 // I n i t i a l f l u i d

t empera tu re ( C )
4 T2 = 80.0 // F i n a l f l u i d

t empera tu re ( C )
5

6 // C a l c u l a t i o n :
7 DT1 = Ts - T1 // Temperature

d i f f e r e n c e d r i v i n g f o r c e at the f l u i d e n t r a n c e (
C )

8 DT2 = Ts - T2 // Temperature
d r i v i n g f o r c e at the f l u i d e x i t ( C )

9 DTlm = (DT1 - DT2)/log(DT1/DT2) // Log mean
tempera tu re d i f f e r e n c e ( C )

10

11 // R e s u l t :
12 printf(”The LMTD i s : %. 1 f C . ”,DTlm)
13 printf(” There i s a c a l c u l a t i o n mi s take r e g a r d i n g

f i n a l r e s u l t i n book . ”)

Scilab code Exa 14.6 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 T1 = 500.0 // Temperature o f hot

f l u i d e n t e r i n g the heat exchange r ( F )
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3 T2 = 400.0 // Temperature o f hot
f l u i d e x i t i n g the heat exchange r ( F )

4 t1 = 120.0 // Temperature o f
c o l d f l u i d e n t e r i n g the heat exchange r ( F )

5 t2 = 310.0 // Temperature o f
c o l d f l u i d e x i t i n g the heat exchange r ( F )

6

7 // C a l c u l a t i o n :
8 DT1 = T1 - t2 // Temperature

d i f f e r e n c e d r i v i n g f o r c e at the heat exchange r
e n t r a n c e ( F )

9 DT2 = T2 - t1 // Temperature
d i f f e r e n c e d r i v i n g f o r c e at the heat exchange r
e x i t ( F )

10 DTlm = (DT1 - DT2)/(log(DT1/DT2)) //LMTD ( d r i v i n g
f o r c e ) f o r the heat exchange r ( F )

11

12 // R e s u l t :
13 printf(”The LMTD ( d r i v i n g f o r c e ) f o r the heat

exchange r i s : %. 0 f F . ”,DTlm)

Scilab code Exa 14.7 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 m = 8000.0 // Rate o f o i l f l o w

i n s i d e the tube ( l b /h )
3 Cp = 0.55 // Heat c a p a c i t y o f o i l (

Btu/ l b . F )
4 T1 = 210.0 // I n i t i a l t empera tu r e o f

o i l ( F )
5 T2 = 170.0 // F i n a l t empera tu r e o f

o i l ( F )
6 t = 60.0 //Tube s u r f a c e

t empera tu re ( F )
7
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8 // C a l c u l a t i o n :
9 DT = T2 - T1 // Change i n t empera tu r e

( F )
10 Q = m*Cp*DT // Heat t r a n s f e r r e d from

the heavy o i l ( Btu/h )
11 DT1 = T1 - t // Temperature d i f f e r e n c e

d r i v i n g f o r c e at the p ip e e n t r a n c e ( F )
12 DT2 = T2 - t // Temperature d i f f e r e n c e

d r i v i n g f o r c e at the p ip e e x i t ( F )
13 DTlm = (DT1 - DT2)/(log(DT1/DT2)) //LMTD ( d r i v i n g

f o r c e ) f o r the heat exchange r ( F )
14

15 // R e s u l t :
16 printf(”The heat t r a n s f e r r a t e i s : %. 0 f Btu/h . ”,Q)
17 printf(”The LMTD f o r the heat exchange r i s : %. 0 f

F . ”,DTlm)

Scilab code Exa 14.8 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 T1 = 138.0 // Temperature o f o i l

e n t e r i n g the c o o l e r ( F )
3 T2 = 103.0 // Temperature o f o i l

l e a v i n g the c o o l e r ( F )
4 t1 = 88.0 // Temperature o f c o o l a n t

e n t e r i n g the c o o l e r ( F )
5 t2 = 98.0 // Temperature o f c o o l a n t

l e a v i n g the c o o l e r ( F )
6

7 // C a l c u l a t i o n :
8 // For c o u n t e r f l o w u n i t :
9 DT1 = T1 - t2 // Temperature d i f f e r e n c e

d r i v i n g f o r c e at the c o o l e r e n t r a n c e ( F )
10 DT2 = T2 - t1 // Temperature d i f f e r e n c e

d r i v i n g f o r c e at the c o o l e r e x i t ( F )
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11 DTlm1 = (DT1 - DT2)/(log(DT1/DT2)) //LMTD ( d r i v i n g
f o r c e ) f o r the heat exchange r ( F )

12 // For p a r a l l e l f l o w u n i t :
13 DT3 = T1 - t1 // Temperature d i f f e r e n c e

d r i v i n g f o r c e at the c o o l e r e n t r a n c e ( F )
14 DT4 = T2 - t2 // Temperature d i f f e r e n c e

d r i v i n g f o r c e at the c o o l e r e x i t ( F )
15 DTlm2 = (DT3 - DT4)/(log(DT3/DT4)) //LMTD ( d r i v i n g

f o r c e ) f o r the heat exchange r ( F )
16

17 // R e s u l t :
18 printf(”The LMTD f o r counte r−c u r r e n t f l o w u n i t i s :

%. 1 f F . ”,DTlm1)
19 printf(”The LMTD f o r p a r a l l e l f l o w u n i t i s : %. 1 f

F . ”,DTlm2)

Scilab code Exa 14.10 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 A = 1.0 // S u r f a c e a r ea o f

g l a s s (mˆ2)
3 h1 = 11.0 // Heat t r a n s f e r

c o e f f i c i e n t i n s i d e room (W/mˆ 2 .K)
4 L2 = 0.125*0.0254 // Th i ckne s s o f g l a s s

(m)
5 k2 = 1.4 // Thermal

c o n d u c t i v i t y o f g l a s s (W/m.K)
6 h3 = 9.0 // Heat t r a n s f e r

c o e f f i c i e n t from window to s u r r o u n d i n g c o l d a i r (
W/mˆ 2 .K)

7

8 // C a l c u l a t i o n :
9 R1 = 1.0/(h1*A) // I n t e r n a l

c o n v e c t i o n r e s i s t a n c e (K/W)
10 R2 = L2/(k2*A) // Conduct ion
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r e s i s t a n c e through g l a s s pane l (K/W)
11 R3 = 1.0/(h3*A) // Outs ide c o n v e c t i o n

r e s i s t a n c e (K/W)
12 Rt = R1+R2+R3 // Tota l the rma l

r e s i s t a n c e (K/W)
13 U = 1.0/(A*Rt) // O v e r a l l heat

t r a n s f e r c o e f f i c i e n t (W/mˆ 2 .K)
14

15 // R e s u l t :
16 printf(”The o v e r a l l heat t r a n s f e r c o e f f i c i e n t i s : %

. 1 f W/mˆ 2 .K. ”,U)

Scilab code Exa 14.11 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 Dx = 0.049/12.0 // Th i ckne s s o f

copper p l a t e ( f t )
3 h1 = 208.0 // Film

c o e f f i c i e n t o f s u r f a c e one ( Btu/h . f t ˆ 2 . F )
4 h2 = 10.8 // Film

c o e f f i c i e n t o f s u r f a c e two ( Btu/h . f t ˆ 2 . F )
5 k = 220.0 // Thermal

c o n d u c t i v i t y f o r copper (W/m.K)
6

7 // C a l c u l a t i o n :
8 U = 1.0/(1.0/ h1+Dx/k+1.0/h2) // 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 ( Btu/h . f t ˆ 2 . F )
9

10 // R e s u l t :
11 printf(”The o v e r a l l heat t r a n s f e r c o e f f i c i e n t i s : %

. 2 f Btu/h . f t ˆ 2 . F . ”,U)

Scilab code Exa 14.12 Example
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1 // V a r i a b l e d e c l a r a t i o n :
2 Do = 0.06 // Outs ide d i amete r

o f p ip e (m)
3 Di = 0.05 // I n s i d e d i amete r

o f p ip e (m)
4 ho = 8.25 // Outs ide

c o e f f i c i e n t (W/mˆ 2 .K)
5 hi = 2000.0 // I n s i d e

c o e f f i c i e n t (W/mˆ 2 .K)
6 R = 1.33*10** -4 // R e s i s t a n c e f o r

s t e e l (mˆ 2 .K/W)
7

8 // C a l c u l a t i o n :
9 U = 1.0/( Do/(hi*Di)+R+1.0/ho) // O v e r a l l heat

t r a n s f e r c o e f f i c i e n t (W/mˆ 2 . K )
10

11 // R e s u l t :
12 printf(”The o v e r a l l heat t r a n s f e r c o e f f i c i e n t i s : %

. 2 f W/mˆ 2 . K . ”,U)

Scilab code Exa 14.14 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 Di = 0.825/12.0 // Pipe

i n s i d e d i amete r ( f t )
3 Do = 1.05/12.0 // Pipe

o u t s i d e d i amete r ( f t )
4 Dl = 4.05/12.0 //

I n s u l a t i o n t h i c k n e s s ( f t )
5 l = 1.0 // Pipe

l e n g t h ( f t )
6 kp = 26.0 // Thermal

c o n d u c t i v i t y o f p ip e ( Btu/h . f t . F )
7 kl = 0.037 // Thermal

c o n d u c t i v i t y o f i n s u l a t i o n ( Btu/h . f t . F )
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8 hi = 800.0 // Steam f i l m
c o e f f i c i e n t ( Btu/h . f t ˆ 2 . F )

9 ho = 2.5 // Air f i l m
c o e f f i c i e n t ( Btu/h . f t ˆ 2 . F )

10 pi = %pi

11

12 // C a l c u l a t i o n :
13 ri = Di/2.0 // Pipe

i n s i d e r a d i u s ( f t )
14 ro = Do/2.0 // Pipe

o u t s i d e r a d i u s ( f t )
15 rl = Dl/2.0 // I n s u l a t i o n

r a d i u s ( f t )
16 Ai = pi*Di*l // I n s i d e

a r ea o f p ip e ( f t ˆ2)
17 Ao = pi*Do*l // Outs ide

a r ea o f p ip e ( f t ˆ2)
18 Al = pi*Dl*l // I n s u l a t i o n

a r ea o f p ip e ( f t ˆ2)
19 A_Plm = (Ao -Ai)/log(Ao/Ai) // Log mean

a r ea f o r s t e e l p ip e ( f t ˆ2)
20 A_Ilm = (Al -Ao)/log(Al/Ao) // Log mean

a r ea f o r i n s u l a t i o n ( f t ˆ2)
21 Ri = 1.0/(hi*Ai) // Air

r e s i s t a n c e (mˆ 2 .K/W)
22 Ro = 1.0/(ho*Al) // Steam

r e s i s t a n c e (mˆ 2 .K/W)
23 Rp = (ro-ri)/(kp*A_Plm) // Pipe

r e s i s t a n c e (mˆ 2 .K/W)
24 Rl = (rl-ro)/(kl*A_Ilm) // I n s u l a t i o n

r e s i s t a n c e (mˆ 2 .K/W)
25 U = 1.0/(Ai*(Ri+Rp+Ro+Rl)) // O v e r a l l

heat c o e f f i c i e n t based on the i n s i d e a r ea ( Btu/h .
f t ˆ 2 . F )

26

27 // R e s u l t :
28 printf(”The 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 based

on the i n s i d e a r ea o f the p ip e i s : %. 3 f Btu/h .
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f t ˆ 2 . F . ”,U)

Scilab code Exa 14.15 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From example 1 4 . 1 4 :
3 Di = 0.825/12.0 // %pipe

i n s i d e d i amete r ( f t )
4 L = 1.0 // %pipe

l e n g t h ( f t )
5 Ui = 0.7492 // O v e r a l l

heat c o e f f i c i e n t ( Btu/h . f t ˆ 2 . F )
6 Ts = 247.0 // Steam

tempera tu re ( F )
7 ta = 60.0 // Air

t empera tu re ( F )
8

9 // C a l c u l a t i o n :
10 Ai = %pi*Di*L // I n s i d e

a r ea o f %pipe ( f t ˆ2)
11 Q = Ui*Ai*(Ts-ta) // Heat

t r a n s f e r r a t e ( Btu/h )
12

13 // R e s u l t :
14 printf(”The heat t r a n s f e r r a t e i s : %. 1 f Btu/h . ”,Q)

Scilab code Exa 14.16 Example

1

2 // V a r i a b l e d e c l a r a t i o n :
3 hw = 200.0 // Water heat

c o e f f i c i e n t ( Btu/h . f t ˆ 2 . F )
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4 ho = 50.0 // O i l heat
c o e f f i c i e n t ( Btu/h . f t ˆ 2 . F )

5 hf = 1000.0 // Fou l i ng heat
c o e f f i c i e n t ( Btu/h . f t ˆ 2 . F )

6 DTlm = 90.0 // Log mean
tempera tu re d i f f e r e n c e ( F )

7 A = 15.0 // Area o f w a l l ( f t
ˆ2)

8

9 // C a l c u l a t i o n :
10 X = 1.0/hw +1.0/ho+1.0/hf // Equat ion 1 4 . 3 4 f o r

c o n s t a n t A
11 U = 1.0/X // O v e r a l l heat

c o e f f o c i e n t ( Btu/h . f t ˆ 2 . F )
12 Q = U*A*DTlm // Heat t r a n s f e r r a t e

( Btu/h )
13 Q = round(Q*10** -1) /10** -1

14

15 // R e s u l t :
16 printf(”The heat t r a n s f e r r a t e i s : %f Btu/h . ”,Q)

Scilab code Exa 14.17 Example

1 //
V a r i a b l e

d e c l a r a t i o n
:

2 T = 80.0 // Pipe s u r f a c e
t empera tu re ( F )

3 t1 = 10.0 // Br ine i n l e t
t empera tu re ( F )

4 syms DT2 // D i s c h a r g e
t empera tu re o f the b r i n e s o l u t i o n ( F )
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5 m = 20*60 // F lowrate o f b r i n e
s o l u t i o n ( l b /h )

6 Cp = 0.99 // Heat c a p a c i t y o f
b r i n e s o l u t i o n ( Btu/ l b . F )

7 U1 = 150 // 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 at b r i n e s o l u t i o n e n t r a n c e (
Btu/h . f t ˆ 2 . F )

8 U2 = 140 // 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 a t at b r i n e s o l u t i o n e x i t (
Btu/h . f t ˆ 2 . F )

9 A = 2.5 // Pipe s u r f a c e a r ea
f o r heat t r a n s f e r ( f t ˆ2)

10

11 // C a l c u l a t i o n :
12 DT1 = T-t1 // Temperature

approach at the p ipe e n t r a n c e ( F )
13 Q = m*Cp*(DT1 -DT2) // Energy b a l a n c e to

the b r i n e s o l u t i o n a c r o s s the f u l l l e n g t h o f the
p ip e ( Btu/h )

14 DT1m = (DT1 -DT2)/log(DT1/DT2) // Equat ion f o r the
LMTD

15 QQ = A*(U2*DT1 -U1*DT2)/log(U2*DT1/U1/DT2) //
Equat ion f o r the heat t r a n s f e r r a t e ( Btu/h )

16 E = QQ -Q // Energy b a l a n c e
e q u a t i o n

17 R = integrate(E,DT2 ,1.2)

18 //
19 DT = 51.6254331484575 // Log

mean tempera tu r e d i f f e r e n c e
20 t2 = T-DT // In d i s c h a r g e

t empera tu re o f the b r i n e s o l u t i o n ( F )
21 t2c = 5/9*(t2 -32) // In d i s c h a r g e

t empera tu re o f the b r i n e s o l u t i o n i n C ( c /5 = (
F−32) /9)

22 _Q_ = eval(subst(DT ,DT2 ,Q)) // Heat
t r a n s f e r r a t e ( Btu/h )

23

24 Q1 = round(_Q_ *10** -1) /10** -1
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25 Q2 = round(_Q_ /3.412*10** -2) /10** -2

26

27 // R e s u l t :
28 printf(”The tempera tu r e approach at the b r i n e i n l e t

s i d e i s : %. 1 f F . ”,DT1)
29 printf(”Or , the t empera tu r e approach at the b r i n e

i n l e t s i d e i s : %. 1 f C . ”,DT1 /1.8)
30 printf(”The e x i t t empera tu r e o f the b r i n e s o l u t i o n

i s : %. 2 f F . ”,t2)
31 printf(”Or , the e x i t t empera tu r e o f the b r i n e

s o l u t i o n i s : %. 1 f C . ” ,(t2 -32) /1.8)
32 printf(”The r a t e o f heat t r a n s f e r i s : %f Btu/h . ”,Q1

)

33 printf(”Or , the r a t e o f heat t r a n s f e r i s : %f W. ”,Q2
)
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Chapter 15

Double Pipe Heat Exchangers

Scilab code Exa 15.2 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 Q = 12000.0 // Heat t r a n s f e r r a t e

( Btu/h )
3 U = 48.0 // O v e r a l l heat

c o e f f i c i e n t ( Btu/ f t ˆ 2 . h . . )
4 DTlm = 50.0 // Log mean

tempera tu re d i f f e r e n c e ( . )
5

6 // C a l c u l a t i o n :
7 A = Q/(U*DTlm) // Area o f exchange r

( f t ˆ2)
8

9 // R e s u l t :
10 printf(”The a r ea o f the exchange r i s : %. 0 f f t ˆ2 . ”,

A)

Scilab code Exa 15.3 Example
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1 // V a r i a b l e d e c l a r a t i o n :
2 Q = 56760 // Heat t r a n s f e r

r a t e ( Btu/h )
3 U = 35.35 // O v e r a l l heat

c o e f f i c i e n t ( Btu/ f t . h . . )
4 A = 32.1 // Area o f

exachange r ( f t ˆ2)
5 t1 = 63.0 // Out l e t c o l d

water t empera tu r e ( . )
6 T1 = 164 // Out l e t hot

water t empera tu r e ( . )
7 T2 = 99 // I n l e t hot

water t empera tu r e ( . )
8 syms t2 // I n l e t c o l d water

t empera tu re ( . )
9

10 // C a l c u l a t i o n :
11 DTlm = Q/(U*A) // Log mean

tempera tu re d i f f e r e n c e ( . )
12 dT1 = T1 -t1 // Temperature

approach at p ip e o u t l e t ( . )
13 dT2 = T2 -t2 // Temperature

approach at p ip e i n l e t ( . )
14 Eq = (dT2 -dT1)/log(dT2/dT1)-DTlm

15 R = eval(subst(0,t2,Eq)) // I n l e t
c o l d water t empera tu r e ( . )

16

17 // R e s u l t :
18 disp(”The i n l e t c o l d water t empera tu r e i s : ”)
19 disp(round(R))

20

21 // There i s some mis take i n c a l c u l a t i o n i n book .
P l e a s e c a l c u l a t e manual ly .

Scilab code Exa 15.4 Example
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1 // V a r i a b l e d e c l a r a t i o n :
2 m = 14.6 // Flow r a t e o f

water i n s i d e the tube ( l b /min )
3 Cp = 1 // Heat c a p a c i t y o f

water ( Btu/ l b . . )
4 t2 = 79 // I n i t i a l

t empera tu re o f water ( . )
5 t1 = 63 // F i n a l t empera tu r e

o f water ( . )
6 //From example 1 5 . 3 :
7 Q1 = 56760 // Old heat t r a n s f e r

r a t e ( Btu/h )
8

9 // C a l c u l a t i o n :
10 Q2 = m*Cp*(t2 -t1) //New heat t r a n s f e r

r a t e ( Btu/min )
11

12 // R e s u l t :
13 printf(”The new heat t r a n s f e r r a t e i s : %. 0 f Btu/min

. ”,Q2)
14 printf(”Or , the new heat t r a n s f e r r a t e i s : %. 0 f Btu

/h . ”,Q2*60)
15 if (Q1==Q2) then

16 printf(” This r e s u l t a g r e e with the Qu02d9
prov id ed i n the problem sta t ement .
Shake spea r e i s wrong , no th ing i s r o t t e n t h e r e
. ”)

17 else

18 printf(” This r e s u l t does not a g r e e with the
Qu02d9 prov id ed i n the problem sta t ement .
Shake spea r e i s r i g h t , someth ing i s i ndeed
r o t t e n . ”)

19 end

Scilab code Exa 15.5 Example
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1 // V a r i a b l e d e c l a r a t i o n :
2 T1 = 210.0 // I n i t i a l

t empera tu re o f o i l ( . )
3 T2 = 170.0 // F i n a l

t empera tu re o f o i l ( . )
4 T3 = 60.0 // S u r f a c e

t empera tu re o f o i l ( . )
5 m = 8000.0 // Flow r a t e o f

o i l i n s i d e tube ( l b /h )
6 cp = 0.55 // Heat c a p a c i t y

o f o i l ( Btu/ l b . . )
7 U = 63.0 // O v e r a l l heat

t e a n s f e r c o e f f i c i e n t ( Btu . h . f t ˆ 2 . . )
8

9 // C a l c u l a t i o n :
10 DT1 = T1 -T3 // Temperature

d i f f e r e n c e 1 ( . )
11 DT2 = T2 -T3 // Temperature

d i f f e r e n c e 2 ( . )
12 DTlm = (DT1 -DT2)/log(DT1/DT2) // Log mean

t emera tu r e d i f f e r e n c e ( . )
13 Q = m*cp*(T1-T2) // Heat

t r a n s f e r r e d ( Btu/h )
14 A = Q/(U*DTlm) // Heat t r a n s f e r

a r ea ( f t ˆ2)
15

16 // R e s u l t :
17 printf(”The r e q u i r e d heat t r a n s f e r a r ea i s : %. 2 f f t

ˆ2 . ”,A)

Scilab code Exa 15.6 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 T1 = 140.0 // I n i t i a l

t empera tu re o f hot water ( . )
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3 T2 = 110.0 // F i n a l
t empera tu re o f hot water ( . )

4 T3 = 60.0 // I n i t i a l
t empera tu re o f c o l d water ( . )

5 T4 = 90.0 // I n i t i a l
t empera tu re o f c o l d water ( . )

6 DTlm2 = 50.0 // Log mean
t emera tu r e d i f f e r e n c e f o r c o u n t e r c u r r e n t f low , a
c o n s t a n t ( . ) ( pa r t 2)

7 m = 100.0*60 // Water f l o w
r a t e ( l b /h )

8 cp = 1.0 // // Heat
c a p a c i t y o f water ( Btu/ l b . . )

9 U = 750.0 // O v e r a l l heat
t e a n s f e r c o e f f i c i e n t ( Btu . h . f t ˆ 2 . . )

10

11 // C a l c u l a t i o n :
12 DT1 = T1 -T3 // Temperature

d i f f e r e n c e 1 ( . ) ( pa r t 1)
13 DT2 = T2 -T4 // Temperature

d i f f e r e n c e 2 ( . )
14 DTlm1 = (DT1 -DT2)/log(DT1/DT2) // Log mean

t emera tu r e d i f f e r e n c e ( . )
15 Q = m*cp*(T1-T2) // Heat

t r a n s f e r r e d ( Btu/h )
16 Ap = Q/(U*DTlm1) // Heat t r a n s f e r

a r ea f o r p a r a l l e l f l o w ( f t ˆ2)
17 Ac = Q/(U*DTlm2) // Heat t r a n s f e r

a r ea f o r c o u n t e r f l o w ( f t ˆ2)
18

19 // R e s u l t :
20 printf(” 1 . The doub le p ip e co−c u r r e n t f l o w i s : %. 2 f

f t ˆ2 . ”,Ap)
21 printf(” 1 . The doub le p ip e c o u n t e r c u r r e n t f l o w i s :

%. 2 f f t ˆ2 . ”,Ac)
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Scilab code Exa 15.8 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 uC = 3.7*10** -4 //

V i s c o s i t y o f benzene ( l b / f t . s )
3 uH = 2.05*10** -4 //

V i s c o s i t y o f water @200 . ( l b / f t . s )
4 u2 = 2.16*10** -4 //

V i s c o s i t y o f water @192 . ( l b / f t . s )
5 pC = 54.8 //

Dens i ty o f benzene ( l b / f t ˆ3)
6 pH = 60.13 //

Dens i ty o f water ( l b / f t ˆ3)
7 cpC = 0.415 //

S p e c i f i c heat c a p a c i t y o f benzene ( Btu/ l b . . )
8 cpH = 1 //

S p e c i f i c heat c a p a c i t y o f water ( Btu/ l b . . )
9 sgC = 0.879

10 kC = 0.092 //
Thermal c o n d u c t i v i t y o f benzene ( Btu/h . f t . . )

11 kH = 0.392 //
Thermal c o n d u c t i v i t y o f water @200 . ( Btu/h . f t
. . )

12 k2 = 0.390 //
Thermal c o n d u c t i v i t y o f water @192 . ( Btu/h . f t
. . )

13 mC = 2500 // Flow
r a t e o f benzene ( l b / s )

14 mH = 4000 //
Flow r a t e o f water ( l b / s )

15 Re = 13000 //
Reynolds number

16 dTc = 120-60 //
D i f f e r e n c e i n t empera tu r e h e a t i n g f o r benzene
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17 Tw = 200 //
Temperatperature o f hot water ( . )

18 // For 2− i n ch s c h e d u l e 40 p ipe
19 Ai = 0.541 //

I n s i d e a r ea o f p ip e ( f t ˆ2/ f t )
20 Ao = 0.622 //

Outs ide a r ea o f p ip e ( f t ˆ2/ f t )
21 Di = 2.067 //

I n s i d e d i amete r o f p ip e ( i n ch )
22 Do = 2.375 //

Outs ide d i amete r o f p ip e ( i n ch )
23 Si = 0.0233 //

I n s i d e s u r f a c e a r ea o f p ip e ( f t ˆ2)
24 dXw = 0.128 //

Width o f p ip e ( f t )
25 pi = %pi

26

27 // For 4− i n ch s c h e d u l e 40 p ipe
28 Dio = 4.026 //

I n s i d e d i amete r o f p ip e ( i n ch )
29 Doi = Do //

Outs ide d i amete r o f p ip e ( i n ch )
30 kw = 26

31

32 // C a l c u l a t i o n s :
33 function [a] = St(Re,Pr)

// D i t t u s B o e l t e r e q u a t i o n
34 a = 0.023* Re** -0.2*Pr** -0.667

35 endfunction

36

37 // For i n s i d e tube s :
38 Dicalc = 4*mC/(Re*pi*uC)/3600 //

I n s i d e d i amete r ( f t )
39 mHcalc = Re*pi*uH*(Doi+Dio)/4*3600/12 //

Mass f l o w r a t e o f water ( l b /h )
40 Q = mC*cpC*dTc // Heat

i n water ( Btu/h )
41 dTH = Q/mH //
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Temperature d i f f e r e n c e o f water ( . )
42 THo = Tw - dTH //

Out l e t t empera tu re o f water ( . )
43 THav = (Tw+THo)/2 //

Average t empera tu r e o f water ( . )
44 // For benzene :
45 PrC = cpC*uC/kC*3600 //

Prandt l number
46 StC = round(St(13000 , PrC) * 10**5) /10**5

// Stanton number
47 hi = StC*cpC*mC/Si //

Heat t r a n s f e r c o e f f i c i e n t ( Btu/h . f t ˆ 2 . . )
48 // For water :
49 ReH = 4*mH /3600/( pi*u2*(Doi+Dio)/12) //

Reynolds number
50 PrH = cpH*(u2)/k2*3600 //

Prandt l number
51 StH = round(St(ReH , PrH) * 10**5) /10**5

// Stanton number
52 Sann = pi/4*( Dio**2-Doi **2) /144 //

S u r f a c e a r ea o f annu lus ( f t ˆ2)
53 ho = round(StH*cpH*mH/Sann) //

Heat t r a n s f e r c o e f f i c i e n t ( Btu/h . f t ˆ 2 . . )
54 // For p ip e :
55 Dlm = (Do -Di)/log(Do/Di)*12 // Log mean

d i f f e r e n c e i n d i amete r ( f t )
56 Uo = 1/(Do/Di/hi + dXw*Do/kw/Dlm + 1/ho) //

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 ( Btu/h . f t ˆ 2 . . )
57 dTlm = (124.4 -80)/log (124.4/80) //

Log mean tempera tu r e d i f f e r e n c e ( . )
58 L = Q/(Uo *0.622* dTlm) //

Length o f p ip e ( f t )
59

60 // R e s u l t :
61 printf(”The r e q u i r e d l e n g t h o f p ip e : %. 1 f f t ”,L)
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Scilab code Exa 15.10 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 MC = 2000.0

3 mc = 1000.0

4 U = 2000.0

5 A = 10.0

6 T1 = 300.0

7 t1 = 60.0

8 e = %e

9

10 // C a l c u l a t i o n :
11 B = 1.0/mc

12 b = 1.0/MC

13 x = B/b

14 y = U*(B-b)

15 T2 = ((x-y)*T1 + x*(e-y)*t1)/(2*e-1)

16 t2 = t1+(T1-T2)/x

17

18 // R e s u l t :
19 printf(”T2 = : %. 0 f ”,T2)
20 printf(” t2 = : %. 0 f ”,t2)

Scilab code Exa 15.11 Example

1

2 // V a r i a b l e d e c l a r a t i o n :
3 h1 = 1200.0 // Hot f i l m

c o e f f i c i e n t ( Btu/h . f t ˆ 2 . . )
4 h2 = 1175.0 // Cold f i l m

c o e f f i c i e n t ( Btu/h . f t ˆ 2 . . )
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5 L = 200.0 // Length o f p ip e
( f t )

6 MC = 30000.0

7 mc = 22300.0

8 T1 = 300.0 // I n l e t
t empera tu re o f hot f l u i d i n p ip e ( . )

9 t1 = 60.0 // I n l e t
t empera tu re o f c o l d f l u i d i n p ip e ( . )

10 syms T2 // Out l e t
t empera tu re o f hot f l u i d .

11 syms t2 // Out l e t
t empera tu re o f c o l d f l u i d .

12 //From t a b l e 6 . 2 :
13 ID = 2.067 // I n s i d e

d i amete r o f p ip e ( i n )
14 OD = 2.375 // Outs ide

d i amete r o f p ip e ( i n )
15 Dx = 0.154 // Th i ckne s s o f

p ip e ( i n )
16 Ai = 0.541 // I n s i d e

s e c t i o n a l a r ea o f p ip e ( f t ˆ2/ f t )
17 k = 25.0 // Thermal

c o n d u c t i v i t y o f p ip e ( Btu/h )
18

19 // C a l c u l a t i o n :
20 Ui = 1.0/((1.0/ h1) +(Dx/(k*12.0))+(1.0/( h2*(OD/ID)))

) // 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 ( Btu/h .
f t ˆ 2 . . )

21 Ai1 = Ai*L // I n s i d e a r ea o f
p ip e ( f t ˆ3/ f t )

22 QH = MC*(T1-T2) // Heat t r a n s f e r
r a t e o f hot f l u i d ( Btu/h )

23 QC = mc*(t2-t1) // Heat t r a n s f e r
r a t e o f c o l d f l u i d ( Btu/h )

24 t2ht = 195 // t2 by h i t and
t r i a l

25 [x] = fsolve(T2 ,QC-QH)

26 T2 = x(1)
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27 DTlm = (T1-t1-T2+t2)/log((T1 -t1)/(T2-t2)) // Log
mean tempera tu r e d i f f e r e n c e ( . )

28 Q = Ui*Ai1*subst(t2ht ,t2,DTlm) // Tota l heat
t r a n s f e r r a t e ( Btu/h )

29

30 // R e s u l t :
31 disp(”T2 : ”)
32 disp(subst(t2ht ,t2,T2))

33

34 disp(” t2 : ”)
35 disp(subst(t2ht ,t2,t2))

36

37 disp(”Qdot : ”)
38 disp(Q/10**6)

39 disp(”x 10∗∗6 Btu/h”)

Scilab code Exa 15.12 Example

1

2 // V a r i a b l e d e c l a r a t i o n :
3 B = 3.33*10** -5

4 b = 4.48*10** -5

5 //From example 1 5 . 1 1 :
6 A = 108.2 // I n s i d e a r ea o f

p ip e ( f t ˆ3/ f t )
7 U = 482 // 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 ( Btu/h . f t ˆ 2 . . )
8 MC = 30000.0

9 mc = 23000.0

10 T1 = 300.0 // I n l e t
t empera tu re o f hot f l u i d i n p ip e ( . )

11 t1 = 60.0 // I n l e t
t empera tu re o f c o l d f l u i d i n p ip e ( . )

12 e = %e

13
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14 // C a l c u l a t i o n :
15 //From e q u a t i o n 1 5 . 2 8 :
16 T2 = ((B/b)*(e**(U*A*(B-b)) -1)*t1+T1*(B/b-1))/((B/b)

*e**(U*A*(B-b)) -1) // Out l e t t empera tu r e o f hot
f l u i d ( . )

17 //From e q u a t i o n 1 5 . 3 2 :
18 t2 = ((b/B)*(e**(U*A*(b-B)) -1)*T1+t1*(b/B-1))/((b/B)

*e**(U*A*(b-B)) -1) // Out l e t t empera tu r e o f c o l d
f l u i d ( . )

19 DT = ((T2-t1)-(T1-t2))/(log((T2-t1)/(T1-t2))) // Log
mean d i f f e r e n c e t empera tu re ( . )

20 Q1 = U*A*DT // Heat t r a n s f e r
r a t e o f hot f l u i d ( Btu/h )

21 Q2 = MC*(T1-T2) // Heat t r a n s f e r
r a t e o f c o l d f l u i d ( Btu/h )

22 Q2 = round(Q2 * 10** -3) /10** -3

23 // R e s u l t :
24 printf(”The heat l oad i s : %f Btu/h . ”,Q2)

Scilab code Exa 15.14 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 Ts = 100.0 // S a t u r a t i o n

t empera tu re ( u00b0C )
3 t1 = 25.0 // I n i t i a l

t empera tu re o f water ( u00b0C )
4 t2 = 73.0 // F i n a l t empera tu r e

o f water ( u00b0C )
5 m = 228.0/3600.0 // Mass f l o w r a t e o f

water ( kg / s )
6 cp = 4174.0 // Heat c a p a c i t y o f

water ( J/ kg .K)
7 m_s = 55.0/3600.0 // Mass f l o w r a t e o f

steam ( kg / s )
8 h_vap = 2.26*10**26 // Latent heat o f
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c o n d e n s a t i o n ( J/ kg )
9 k = 54.0 // Thermal

c o n d u c t i v i t y f o r 0 . 5% carbon s t e e l (W/m.K)
10 rii = 0.013 // I n n e r r a d i u s o f

i n n e r %pipe o f the doub le %pipe heat exchange r (m
)

11 roi = 0.019 // Outer r a d i u s o f
i n n e r %pipe o f the doub le %pipe heat exchange r (m
)

12 Rf = 0.0002 // Fou l i ng f a c t o r (m
ˆ 2 .K/W)

13 Uc = 0.00045 // Clean o v e r a l l heat
t r a n s f e r c o e f f i c i e n t (W/mˆ 2 .K)

14

15 // C a l c u l a t i o n :
16 DT1 = Ts -t1 // Temperature

d r i v i n g f o r c e at end 1 (K)
17 DT2 = Ts -t2 // Temperature

d r i v i n g f o r c e at end 2 (K)
18 DTlm = (DT1 -DT2)/(log(DT1/DT2)) // Log mean

d i f f e r e n c e t empera tu re ( u00b0C )
19 Cw =m*cp // Capac i t ance r a t e

o f water (W/K)
20 Q = Cw*(t2-t1) // Heat t r a n s f e r r a t e

(W)
21 Qmax1 = Cw*(Ts -t1) //Maximum heat term

from the water st ream (W)
22 Qmax2 = m_s*h_vap //Maximum heat term

from the steam (W)
23 E = Q/Qmax1 // E f f e c t i v e n e s s
24 Lmin = (Q*(log(roi/rii)))/(2* %pi*k*(Ts -t1)) //

Minimum r e q u i r e d l e n g t h o f heat exchange r (m)
25 Ud = 1.0/(1.0/ Uc+Rf) // Di r ty o v e r a l l heat

t r a n s f e r c o e f f i c i e n t (W/mˆ 2 .K)
26 ud = round (1/Ud * 10** -1) /10** -1

27

28 // R e s u l t :
29 printf(” 1 . The t empera tu r e p r o f i l e o f the water and
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steam a long the l e n g t h o f the exchange r i s : %. 0 f
C . ”,DTlm)

30 printf(” 2 . E f f e c t i v e n e s s o f ene rgy from steam to
heat the water i s : %. 3 f . ”,E)

31 printf(” 3 . The minimum l e n g t h o f the heat exchange r
i s : %. 3 f m . ”,Lmin)

32 printf(” 4 . The d i r t y 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 : %. 5 f W/mˆ 2 .K”,Ud)

33 printf(” 5 . U d i r t y : %f W/mˆ 2 .K”,ud)

Scilab code Exa 15.15 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 Q = 12700.0 // Heat t r a n s f e r r a t e (W)
3 Ud = 2220.0 // Di r ty o v e r a l l heat

t r a n s f e r c o e f f i c i e n t (W/mˆ 2 .K)
4 DTlm = 47.0 // Log mean d i f f e r e n c e

t empera tu re ( u00b0C )
5 rii = 0.013 // I n n e r r a d i u s o f i n n e r

%pipe o f the doub le %pipe heat exchange r (m)
6 // C a l c u l a t i o n :
7 A = Q/(Ud*DTlm) // Heat t r a n s f e r a r ea (m

ˆ2)
8 L = A/(2* %pi*rii) //Tube l e n g t h (m)
9

10 // R e s u l t :
11 printf(”The heat t r a n s f e r a r ea i s : %. 4 f mˆ 2 . ”,A)
12 printf(”The l e n g t h o f the heat exchange r i s : %. 2 f m

. ”,L)

Scilab code Exa 15.16 Example

1 // V a r i a b l e d e c l a r a t i o n :
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2 Ud = 2220.0 // Di r ty o v e r a l l heat
t r a n s f e r c o e f f i c i e n t (W/mˆ 2 .K)

3 A = 0.1217 // Heat t r a n s f e r a r ea (m
ˆ2)

4 Cw = 264.0 // Capac i t ance r a t e o f
water (W/K)

5

6 // C a l c u l a t i o n :
7 NTU = (Ud*A)/Cw //Number o f t r a n s f e r

u n i t s o f the exchange r
8

9 // R e s u l t :
10 printf(”The number o f t r a n s f e r u n i t s (NTU) o f the

exchange r i s : %. 2 f . ”,NTU)

Scilab code Exa 15.18 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 Ao = 1.85 // Area o f heat

exchange r ( f t ˆ2)
3

4 // C a l c u l a t i o n :
5 //From f i g u r e 1 5 . 6 :
6 y = 0.560*10** -3 // I n t e r c e p t 1/

UoAo ( . . h/Btu )
7 ho = 1.0/(Ao*y) // Thermal

c o n d u c t i v i t y f o r heat exchange r ( Btu/h . f t ˆ 2 . . )
8

9 // R e s u l t :
10 printf(” Thermal c o n d u c t i v i t y f o r the heat exchange r

i s : %. 0 f Btu/h . f t ˆ 2 . . . ”,ho)

Scilab code Exa 15.19 Example
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1 // V a r i a b l e d e c l a r a t i o n :
2 //From f i g u r e 1 5 . 7 :
3 a = 0.00126

4 b = 0.0276

5

6 // C a l c u l a t i o n :
7 ho = 1.0/a //The v a l u e o f

ho ( Btu/h . f t ˆ 2 . . )
8

9 // R e s u l t :
10 printf(” Thermal c o n d u c t i v i t y i s : %. 0 f Btu/h . f t ˆ 2 . .

. ”,ho)

Scilab code Exa 15.20 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 Di = 0.902/12.0 // I n s i d e

d i amete r o f tube ( f t )
3 Do = 1.0/12.0 // Outs ide

d i amete r o f tube ( f t )
4 k = 60.0 // Thermal

c o n d u c t i v i t y o f tube ( Btu/h . f t ˆ 2 . . )
5

6 // C a l c u l a t i o n :
7 //From example 1 5 . 1 9 :
8 a = 0.00126

9 Dr = (Do - Di)/2.0 // Rad ia l
t h i c k n e s s o f tube w a l l ( f t )

10 Rw = Dr/k // R e s i s t a n c e o f
w a l l ( Btu/h . . )

11 ho = 1.0/(a-Rw) //The r e v i s e d ho
( Btu/h . f t ˆ 2 . . )

12

13 // R e s u l t :
14 printf(”The r e v i s e d ho i s : %. 0 f Btu/h . f t ˆ 2 . . . ”,ho)
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Scilab code Exa 15.21 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 a1 = 0.00044 //Term ’ a ’ f o r U c l ean
3 a2 = 0.00089 //Term ’ a ’ f o r U d i r t y
4

5 // C a l c u l a t i o n :
6 Rs = a2 - a1 // R e s i s t a n c e a s s o c i a t e d

with the s c a l e
7 hs = 1.0/Rs // S c a l e f i l m c o e f f i c i e n t

( Btu/h . f t ˆ 2 . . )
8

9 // R e s u l t :
10 printf(”The s c a l e f i l m c o e f f i c i e n t n e g l e c t i n g the

w a l l r e s i s t a n c e i s : %. 0 f Btu/h . f t ˆ 2 . . . ”,hs)
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Chapter 16

Shell and Tube Heat
Exchangers

Scilab code Exa 16.5 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From f i g u r e 1 6 . 1 3 , f o r i d e a l c o u n t e r c u r r e n t heat

exchange r :
3 T1 = 150.0 // I n l e t t empera tu r e

o f hot f l u i d ( F)
4 T2 = 100.0 // Outet t empera tu re

o f hot f l u i d ( F)
5 t1 = 50.0 // I n l e t t empera tu r e

o f c o l d f l u i d ( F)
6 t2 = 80.0 // Outet t empera tu re

o f hot f l u i d ( F)
7 //From f i g u r e 1 6 . 1 4 , f o r s h e l l and tube exchange r :
8 T_1 = 50.0 // I n l e t t empera tu r e

o f c o l d f l u i d ( F)
9 T_2 = 80.0 // Outet t empera tu re

o f hot f l u i d ( F)
10 t_1 = 150.0 // I n l e t t empera tu r e

o f hot f l u i d ( F)
11 t_2 = 100.0 // Outet t empera tu re
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o f hot f l u i d ( F)
12

13 // C a l c u l a t i o n :
14 DT1 = T1 - t2 // Temperature

d r i v i n g f o r c e 1 ( F)
15 DT2 = T2 - t1 // Temperature

d r i v i n g f o r c e 1 ( F)
16 DTlm1 = ((DT1 -DT2)/log(DT1/DT2)) // Log mean

tempera tu re d r i v i n g f o r c e f o r i d e a l
c o u n t e r c u r r e n t heat exchange r ( F)

17 P = (t2-t1)/(T1 - t1) // D i m e n s i o n l e s s
r a t i o P

18 R = (T1-T2)/(t2 -t1) // D i m e n s i o n l e s s
r a t i o R

19 //From f i g u r e 1 6 . 7 :
20 F = 0.925 // C o r r e c t i o n Facto r
21 DTlm2 = F*DTlm1 // Log mean

tempera tu re d r i v i n g f o r c e f o r s h e l l and tube
exchange r ( F)

22

23 // R e s u l t :
24 printf(”The l o g mean tempera tu re d i f f e r e n c e f o r

i d e a l system i s : %. 1 f F . ”,DTlm1)
25 printf(”The l o g mean tempera tu re d i f f e r e n c e f o r r e a l

system i s : %. 2 f F . ”,DTlm2)

Scilab code Exa 16.6 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 T1 = 400.0 // Temperature o f

f l u i d e n t e r i n g the s h e l l ( F)
3 T2 = 250.0 // Temperature o f

f l u i d l e a v i n g the s h e l l ( F)
4 t1 = 100.0 // Temperature o f

f l u i d e n t e r i n g the tube ( F)
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5 t2 = 175.0 // Temperature o f
f l u i d l e a v i n g the tube ( F)

6

7 // C a l c u l a t i o n :
8 DT1 = T1 - T2 // Temperature

d r i v i n g f o r c e 1 ( F)
9 DT2 = t2 - t1 // Temperature

d r i v i n g f o r c e 1 ( F)
10 DTlm1 = ((DT1 -DT2)/log(DT1/DT2)) // Log mean

tempera tu re d r i v i n g f o r c e f o r i d e a l
c o u n t e r c u r r e n t heat exchange r ( F)

11 P = (t2 -t1)/(T1 - t1) // D i m e n s i o n l e s s
r a t i o P

12 R = (T1 -T2)/(t2 -t1) // D i m e n s i o n l e s s
r a t i o R

13 //From f i g u r e 1 6 . 8 :
14 F = 0.985 // C o r r e c t i o n f a c t o r
15 DTlm2 = F*DTlm1 // Log mean

tempera tu re d r i v i n g f o r c e f o r s h e l l and tube
exchange r ( F)

16

17 // R e s u l t :
18 printf(”The l o g mean tempera tu re d i f f e r e n c e between

the hot f l u i d and the c o l d f l u i d i s : %. 1 f F . ”,
DTlm2)

Scilab code Exa 16.7 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From example 1 6 . 5 :
3 P1 = 0.30 // D i m e n s i o n l e s s

r a t i o P
4 R1 = 1.67 // D i m e n s i o n l e s s

r a t i o R
5 //From example 1 6 . 6 :
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6 P2 = 0.30 // D i m e n s i o n l e s s
r a t i o P

7 R2 = 1.67 // D i m e n s i o n l e s s
r a t i o R

8

9 // C a l c u l a t i o n :
10 // Apply ing Equat ion 1 6 . 2 7 :
11 F1 = 0.92 // C o r r e c t i o n Facto r
12 // Apply ing Equat ion 1 6 . 3 3 :
13 F2 = 0.985 // C o r r e c t i o n Facto r
14 //From example 1 6 . 6 :
15 LMTD1 = 59.4 // Log mean

tempera tu re d r i v i n g f o r c e 1 f o r i d e a l
c o u n t e r c u r r e n t heat exchange r ( F)

16 LMTD2 = 108.0 // Log mean
tempera tu re d r i v i n g f o r c e 2 f o r i d e a l
c o u n t e r c u r r e n t heat exchange r ( F)

17 DTlm1 = F1*LMTD1 // Log mean
tempera tu re d r i v i n g f o r c e 1 f o r s h e l l and tube
exchange r ( F)

18 DTlm2 = F2*LMTD2 // Log mean
tempera tu re d r i v i n g f o r c e 2 f o r s h e l l and tube
exchange r ( F)

19

20 // R e s u l t :
21 printf(”The l o g mean tempera tu re d i f f e r e n c e f o r r e a l

system ( i n example 1 6 . 5 ) i s : %. 2 f F . ”,DTlm1)
22 printf(”The l o g mean tempera tu re d i f f e r e n c e f o r r e a l

system ( i n example 1 6 . 6 ) i s : %. 1 f F . ”,DTlm2)

Scilab code Exa 16.8 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 t2 = 75.0 // Temperature o f

water l e a v i n g the s h e l l ( C)
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3 t1 = 35.0 // Temperature o f
water e n t e r i n g i n g the s h e l l ( C)

4 T2 = 75.0 // Temperature o f o i l
l e a v i n g the tube ( C)

5 T1 = 110.0 // Temperature o f o i l
e n t e r i n g the tube ( C)

6 m = 1.133 // Mass f l o w r a t e o f
water ( kg / s )

7 cp = 4180.0 // Heat c a p a c i t y o f
water ( J/ kg .K)

8 F = 0.965 // C o r r e c t i o n f a c t o r
9 U = 350.0 // O v e r a l l heat

t r a n s f e r c o e f f i c i e n t (W/mˆ 2 .K)
10

11 // C a l c u l a t i o n :
12 Q = m*cp*(t2-t1) // Heat l oad (W)
13 DT1 = T1 -t2 // Temperature

d r i v i n g f o r c e 1 ( C)
14 DT2 = T2 -t1 // Temperature

d r i v i n g f o r c e 2 ( C)
15 DTlm1 = (DT1 -DT2)/log(DT1/DT2)+273.0 //

C o u n t e r c u r r e n t log−mean tempera tu r e d i f f e r e n c e (K
)

16 DTlm2 = F*DTlm1 // C o r r e c t ed log−mean
tempera tu re d i f f e r e n c e (K)

17 A = Q/(U*DTlm2) // Requ i red heat
t r a n s f e r a r ea (mˆ2)

18

19 // R e s u l t :
20 printf(”The r e q u i r e d heat−t r a n s f e r a r ea i s : %. 3 f m

ˆ 2 . ”,A)

Scilab code Exa 16.10 Example

1 // V a r i a b l e d e c l a r a t i o n :
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2 t2 = 84.0 // Temperature o f
water l e a v i n g the tube ( C)

3 t1 = 16.0 // Temperature o f
water e n t e r i n g the tube ( C)

4 m1 = 10000.0/3600.0 // Mass f l o w r a t e o f
water ( kg / s )

5 T2 = 94.0 // Temperature o f o i l
l e a v i n g the s h e l l ( C)

6 T1 = 160.0 // Temperature o f o i l
e n t e r i n g the s h e l l ( C)

7

8 // C a l c u l a t i o n :
9 Tw = (t1+t2)/2.0 // Average bulk

t empera tu re o f water ( C)
10 To = (T1+T2)/2.0 // Average bulk

t empera tu re o f o i l ( C)
11 //From t a b l e 1 6 . 1 :
12 p1 = 987.0 // Dens i ty o f water (

kg /mˆ3)
13 cp1 = 4176.0 // Heat c a p a c i t y o f

water ( J/ kg . C)
14 p2 = 822.0 // Dens i ty o f o i l ( kg

/mˆ3)
15 Q = m1*cp1*(t2-t1) // Heat l oad (W)
16 cp2 = 4820.0 // Heat c a p a c i t y o f

o i l ( J/ kg . C)
17 m2 = Q/(cp2*(T1 -T2)) // Mass f l o w r a t e o f

o i l ( kg / s )
18 DT1 = T2 -t1 // Temperature

d r i v i n g f o r c e 1 ( C)
19 DT2 = T1 -t2 // Temperature

d r i v i n g f o r c e 2 ( C)
20 DTlm1 = ((DT1 -DT2)/log(DT1/DT2)) // Log mean

tempera tu re d r i v i n g f o r c e f o r i d e a l
c o u n t e r c u r r e n t heat exchange r ( C)

21 P = (t2 -t1)/(T1 - t1) // D i m e n s i o n l e s s
r a t i o P

22 R = (T1 -T2)/(t2 -t1) // D i m e n s i o n l e s s
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r a t i o R
23 //From f i g u r e 1 6 . 7 :
24 F = 0.965 // C o r r e c t i o n f a c t o r
25 DTlm2 = F*DTlm1 // Log mean

tempera tu re d r i v i n g f o r c e f o r 1−4 s h e l l and tube
exchange r ( C)

26

27 // R e s u l t :
28 printf(” 1 . The heat l oad i s : %. 3 f MW . ”,Q/10**6)
29 printf(” 2 . The c o u n t e r c u r r e n t f l o w l o g mean

tempera tu re d i f f e r e n c e i s : %. 0 f C . ”,DTlm1)
30 printf(” 3 . The F c o r r e c t i o n f a c t o r and the c o r r e c t e d

l o g mean tempera tu r e d i f f e r e n c e i s : %. 1 f C . ”,
DTlm2)

Scilab code Exa 16.11 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From example 1 6 . 1 0 :
3 U = 350.0 // Over a l l heat

t r a n s f e r c o e f f i c i e n t (W/mˆ 2 . C)
4 DTlm = 74.3 // Log mean

tempera tu re d r i v i n g f o r c e f o r 1−4 s h e l l and tube
exchange r ( C)

5 Q = 788800.0 // Heat l oad (W)
6 Nt = 11.0 //Number o f tube s

per pa s s
7 Np = 4.0 //Number o f p a s s e s
8 Di = 0.0229 // I n s i d e d i amete r o f

tube (m)
9 pi = %pi

10

11 // C a l c u l a t i o n :
12 A = Q/(U*DTlm) // Heat t r a n s f e r a r ea

r e q u i r e d f o r heat exchange r (mˆ2)
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13 N = Nt*Np // Tota l number o f
tube s

14 L = A/(pi*Di*N) //Tube l e n g t h (m)
15

16 // R e s u l t :
17 printf(”The heat t r a n s f e r a r ea r e q u i r e d f o r the heat

exchange r i s : %. 2 f mˆ2 . ”,A)
18 printf(”The l e n g t h o f the tube s r e q u i r e d f o r the

heat exchange r i s : %. 1 f f t ”,L*3.28)

Scilab code Exa 16.18 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From example 1 6 . 1 0 :
3 m1 = 2.778 // Mass f l o w r a t e o f

water ( kg / s )
4 cp1 = 4176.0 // Heat c a p a c i t y o f

water ( J/ kg . C)
5 cp2 = 4820.0 // Heat c a p a c i t y o f

o i l ( J/ kg . C)
6 m2 = 2.48 // Mass f l o w r a t e o f

o i l ( kg / s )
7 t2 = 84.0 // Temperature o f

water l e a v i n g the tube ( C)
8 t1 = 16.0 // Temperature o f

water e n t e r i n g the tube ( C)
9 T2 = 94.0 // Temperature o f o i l

l e a v i n g the s h e l l ( C)
10 T1 = 160.0 // Temperature o f o i l

e n t e r i n g the s h e l l ( C)
11 U = 350.0 // Over a l l heat

t r a n s f e r c o e f f i c i e n t (W/mˆ 2 . C)
12 A = 30.33 // Heat t r a n s f e r a r ea

r e q u i r e d f o r heat exchange r (mˆ2)
13
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14 // C a l c u l a t i o n :
15 C1 = m1*cp1 // Capac i t ance r a t e

o f water (W/ C)
16 C2 = m2*cp2 // Capac i t ance r a t e

o f o i l (W/ C)
17 Q = C1*(t2-t1) // Heat l oad o f water

(W)
18 Qmax = C1*(T1-t1) //Maximum heat l oad

o f water (W)
19 E = Q/Qmax // E f f e c t i v e n e s s
20 if (C1 <C2) then

21 Cmin = C1 //Minimum
c a p a c i t a n c e r a t e (W/ C)

22 Cmax = C2 //Maximum
c a p a c i t a n c e r a t e (W/ C)

23 else

24 Cmin = C2 //Minimum
c a p a c i t a n c e r a t e (W/ C)

25 Cmax = C1 //Maximum
c a p a c i t a n c e r a t e (W/ C)

26 end

27 NTU = U*A/Cmin //Number o f t r a n s f e r
u n i t s

28 C = Cmin/Cmax // Capac i t ance r a t e
r a t i o

29

30 // R e s u l t :
31 printf(”The e f f e c t i v e n e s s i s : %. 3 f . ”,E)
32 printf(”The number o f t r a n s f e r u n i t s i s : %. 3 f ”,NTU)
33 printf(”The c a p a c i t a n c e r a t e r a t i o i s : %. 3 f ”,C)

Scilab code Exa 16.19 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From t a b l e 1 6 . 4 :
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3 Cw = 11680.3 // Capac i t ance r a t e
o f water (W/ C)

4 t2 = 65.0 // Temperature o f
water l e a v i n g the tube ( C)

5 t1 = 20.0 // Temperature o f
water e n t e r i n g the tube ( C)

6 T2 = 107.3 // Temperature o f
steam l e a v i n g the s h e l l ( C)

7 T1 = 107.3 // Temperature o f
steam e n t e r i n g the s h e l l ( C)

8 hv = 2.238*10**6 // Latene t heat o f
c o n d e n s a t i o n f o r steam ( J/ kg )

9 U = 2000.0 // O v e r a l l heat
t r a n s f e r c o e f f i c i e n t (W/mˆ 2 . C)

10

11 // C a l c u l a t i o n :
12 Q = Cw*(t2-t1) // Heat l oad (W)
13 m2 = Q/hv // Steam c o n d e n s a t i o n

r a t e ( kg / s )
14 DT1 = T2 -t1 // Temperature

d r i v i n g f o r c e 1 ( C)
15 DT2 = T1 -t2 // Temperature

d r i v i n g f o r c e 2 ( C)
16 DTlm1 = ((DT1 -DT2)/log(DT1/DT2)) // Log mean

tempera tu re d r i v i n g f o r c e f o r i d e a l
c o u n t e r c u r r e n t heat exchange r ( C)

17 F = 1.0 // C o r r e c t i o n f a c t o r
( s i n c e , T2 = T1)

18 DTlm2 = F*DTlm1 // Log mean
tempera tu re d r i v i n g f o r c e f o r s h e l l and tube
exchange r ( C)

19 A1 = Q/(U*DTlm2) // Heat t r a n s f e r a r ea
u s i n g LMTD method (mˆ2)

20 E = (t2 -t1)/(T1 -t1) // E f f e c t i v e n e s s
21 //From f i g u r e 1 6 . 1 8 :
22 NTU = 0.7 //Number o f t r a n s f e r

u n i t s
23 A2 = (NTU*Cw)/U // Heat t r a n s f e r a r ea
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u s i n g E−NTU method (mˆ2)
24

25 // R e s u l t :
26 printf(”The heat t r a n s f r a r ea f o r the exchange r (

u s i n g LMTD method ) i s : %. 2 f mˆ2 . ”,A1)
27 printf(”The heat t r a n s f r a r ea f o r the exchange r (

u s i n g E−NTU method ) i s : %. 1 f mˆ2 ”,A2)

Scilab code Exa 16.21 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From t a b l e 1 6 . 5 :
3 t2 = 75.0 // Temperature o f

water l e a v i n g the s h e l l ( C)
4 t1 = 35.0 // Temperature o f

water e n t e r i n g the s h e l l ( C
5 T2 = 75.0 // Temperature o f o i l

l e a v i n g the tube ( C)
6 T1 = 110.0 // Temperature o f o i l

e n t e r i n g the tube ( C)
7 mw = 1.133 // Mass f l o w r t a e o f

water ( kg / s )
8 cpw = 4180.0 // Heat c a p a c i t y o f

water ( J/ kg .K)
9 cpo = 1900.0 // Heat c a p a c i t y o f

o i l ( J/ kg .K)
10 p = 850.0 // Dens i ty o f o i l ( kg

/mˆ3)
11 Di = 0.01905 // I n s i d e d i amete r o f

tube (m)
12 V = 0.3 // Average v e l o c i t y

o f o i l f l o w i n s i d e the tube (m/ s )
13 Np = 2.0 //Number o f p a s s e s
14 Uc = 350.0 // 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 f o r c l e a n heat exchange r (W/
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mˆ2)
15 Rf = 0.00027 // Fou l i ng f a c t o r (m

ˆ 2 .K/w)
16 pi = %pi

17

18 // C a l c u l a t i o n :
19 Cw = mw*cpw // Water c a p a c i t a n c e

r a t e (W/K)
20 Q = Cw*(t2-t1) // Heat l oad (W)
21 Co = Q/(T1-T2) // O i l c a p a c i t a n c e

r a t e (W/K)
22 mo = Co/cpo // Tota l f l o w r a t e o f

o i l ( kg / s )
23 if (Cw <Co) then

24 Cmin = Cw //Minimum
c a p a c i t a n c e r a t e (W/K)

25 Cmax = Co //Maximum
c a p a c i t a n c e r a t e (W/K)

26 else

27 Cmin = Co //Minimum
c a p a c i t a n c e r a t e (W/K)

28 Cmax = Cw //Maximum
c a p a c i t a n c e r a t e (W/K)

29 end

30 m_ot = p*V*(pi/4.0)*Di**2 // O i l f l o w r a t e per
tube ( kg / s )

31 Nt = mo/m_ot //Number o f tube s
per pa s s

32 N = Nt*Np //Number o f tube s
33 DT1 = T2 -t1 // Temperature

d r i v i n g f o r c e 1 ( C)
34 DT2 = T1 -t2 // Temperature

d r i v i n g f o r c e 2 ( C)
35 DTlm1 = ((DT1 -DT2)/log(DT1/DT2)) // Log mean

tempera tu re d r i v i n g f o r c e f o r i d e a l
c o u n t e r c u r r e n t heat exchange r ( C)

36 P = (t2 -t1)/(T1 - t1) // D i m e n s i o n l e s s
parameter P
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37 R = (T1-T2)/(t2 -t1) // D i m e n s i o n l e s s
parameter R

38 //From f i g u r e 1 6 . 7 :
39 F = 0.81 // C o r r e c t i o n f a c t o r
40 DTlm2 = F*DTlm1 // Log mean

tempera tu re d r i v i n g f o r c e f o r s h e l l and tube
exchange r ( C)

41 Ud = 1.0/(1.0/ Uc+Rf) // Di r ty o v e r a l l heat
t r a n s f e r c o e f f i c i e n t (W/mˆ 2 .K)

42 A = Q/(Ud*DTlm2) // Requ i red heat
t r a n s f e r a r ea (mˆ2)

43 L = A/(N*pi*Di) //Tube l e n g t h (m)
44 N = round(N*10** -1) /10** -1

45

46 // R e s u l t :
47 printf(” 1 . The mass f l o w r a t e o f the o i l i s : %. 2 f

kg / s . ”,mo)
48 printf(” 2 . The minimum and maximum heat c a p a c i t y

r a t e i s : %. 0 f and %. 1 f W/K”,Cmin ,Cmax)
49 printf(” 3 . The heat load , Q i s : %. 0 f W . ”,Q)
50 printf(” 4 . The t o t a l number o f tube s i s : %f ”,N)
51 printf(” 5 . The tube l e n g t h i s : %. 1 f m . ”,L)

Scilab code Exa 16.22 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From example 1 6 . 2 2 :
3 t2 = 75.0 // Temperature o f

water l e a v i n g the s h e l l ( F)
4 t1 = 35.0 // Temperature o f

water e n t e r i n g the s h e l l ( F)
5 T2 = 75.0 // Temperature o f o i l

l e a v i n g the tube ( F)
6 T1 = 110.0 // Temperature o f o i l

e n t e r i n g the tube ( F)
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7 U = 320.0 // O v e r a l l heat
t r a n s f e r c o e f f i c i e n t (W/mˆ 2 .K)

8 A = 19.5 // Requ i red heat
t r a n s f e r a r ea (mˆ2)

9 Cmin = 4736.0 //Minimum
c a p a c i t a n c e r a t e (W/K)

10

11 // C a l c u l a t i o n :
12 DT1 = t2 -t1 // Actua l water

t empera tu re change ( F)
13 DT2 = T1 - t1 //Maximum water

t empera tu re change ( F)
14 E = DT1/DT2 // E f f e c t i v e n e s s
15 NTU = (U*A)/Cmin //Number o f t r a n s f e r

u n i t s
16

17 // R e s u l t :
18 printf(”The e f f e c t i v e n e s s i s : %. 3 f . ”,E)
19 printf(”The NTU i s : %. 3 f ”,NTU)
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Chapter 17

Fins and Extended Surfaces

Scilab code Exa 17.1 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 w1 = 1.5 // T h i c k n e s s o f f i n ( i n )
3 L = 12.0 // Length o f f i n ( i n )
4 w2 = 0.1 // Th i ckne s s o f f i n ( i n )
5

6 // C a l c u l a t i o n :
7 Af = 2*w1*L // Face a r ea o f f i n ( i n

ˆ2)
8 At = Af + L*w2 // Tota l a r ea o f f i n ( i n

ˆ2)
9

10 // R e s u l t :
11 printf(”The f a c e a r ea o f the f i n i s : %. 0 f i n ˆ2 ”,Af

)

12 printf(”The f a c e a r ea o f the f i n i s : %. 2 f f t ˆ2 . ”,
Af /12**2)

13 printf(”The t o t a l a r ea o f the f i n i s : %. 1 f i n ˆ2 . ”,
At)

14 printf(”The t o t a l a r ea o f the f i n i s : %. 3 f f t ˆ2 . ”,
At /12**2)
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Scilab code Exa 17.3 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 rf = 6.0/12.0 // Outs ide r a d i u s o f f i n

( f t )
3 ro = 4.0/12.0 // Outs ide r a d i u s o f

%pipe ( f t )
4 t = 0.1/12.0 // Th i ckne s s o f f i n ( f t )
5

6 // C a l c u l a t i o n :
7 Af = 2*%pi*(rf**2-ro**2) // Face a r ea o f f i n ( f t

ˆ2)
8 At = Af + 2*%pi*rf*t // Tota l a r ea o f f i n ( f t

ˆ2)
9

10 // R e s u l t :
11 printf(”The t o t a l f i n a r ea i s : %. 3 f f t ˆ2 . ”,At)

Scilab code Exa 17.4 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 L = 3.0*0.0254 // He ight o f f i n (m)
3 t = 1.0*0.0254 // Th i ckne s s o f f i n (

m)
4 h = 15.0 // Heat t r a n s f e r

c o e f f i c i e n t (W/mˆ 2 .K)
5 k = 300.0 // Thermal

c o n d u c t i v i t y (W/m.K)
6

7 // C a l c u l a t i o n :
8 Lc = L + t/2.0 // C o r r e c t ed h e i g h t

o f f i n (m)
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9 Ap = Lc*t // P r o f i l e a r ea o f
f i n (mˆ2)

10 x = sqrt((Lc**3*h)/(k*Ap)) //x−c o o r d i n a t e o f
f i g u r e 1 7 . 3

11 //From f i g u r e 1 7 . 3 :
12 nf = 98.0 // Fin e f f i c i e n c y
13

14 // R e s u l t :
15 printf(”The f i n e f f i c i e n c y i s : %f %%”,nf)

Scilab code Exa 17.5 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From example 1 7 . 4 :
3 X = 0.1246 //X−c o o r d i n a t e o f

f i g u r e 1 7 . 3
4

5 // C a l c u l a t i o n :
6 // Apply ing e q u a t i o n (A) from Table 1 7 . 3 :
7 Y = 4.5128*X**3 - 10.079*X**2 - 31.413*X + 101.47

8

9 // R e s u l t :
10 printf(”The f i n e f f i c i e n c y i s : %. 1 f %%”,Y)

Scilab code Exa 17.6 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 w = 0.2/100.0 // Width o f f i n (m)
3 t = 0.2/100.0 // Th i ckne s s o f f i n (m)
4 L = 1.0/100.0 // Length o f f i n (m)
5 h = 16.0 // Heat t r a n s f e r c o e f f i c i e n t

(W/mˆ 2 .K)
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6 k = 400.0 // Thermal c o n d u c t i v i t y o f
f i n (W/m.K)

7 Tc = 100.0 // C i r c u i t t empera tu r e ( C)
8 Ta = 25.0 // Air t empera tu r e ( C)
9

10 // C a l c u l a t i o n :
11 P = 4*w // Fin c r o s s −s e c t i o n

parameter (m)
12 Ac = w*t // Cross−s e c t i o n a l a r ea o f

f i n (mˆ2)
13 Lc = L+Ac/P // C o r r e c t ed h e i g h t o f f i n (m

)
14 m = sqrt((h*P)/(k*Ac)) // Lo ca t i o n o f minimum

tempera tu re (mˆ−1)
15 Q = (sqrt(h*P*k*Ac))*(Tc-Ta)*atan(h)*(m*Lc) //

Heat t r a n s f e r from each micro− f i n (W)
16

17 // R e s u l t :
18 printf(”The heat t r a n s f e r from each micro− f i n i s : %

. 2 f W . ”,Q)

Scilab code Exa 17.8 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 h1 = 13.0 // Air−s i d e heat

t r a n s f e r c o e f f i c i e n t (W/mˆ 2 .K)
3 A = 1.0 // Base w a l l a r ea (m

ˆ2)
4 L = 2.5/100 // Length o f s t e e l

f i n s (m)
5 L2 = 1.5/10**3 // Length o f s t e e l

w a l l (m)
6 k = 13.0 // Thermal

c o n d u c t i v i t y o f f i n (W/m.K)
7 k1 = 38.0 // Thermal
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c o n d u c t i v i t y o f s t e e l w a l l (W/m.K)
8 h2 = 260.0 // Water s i d e heat

t r a n s f e r c o e f f i c i e n t (W/mˆ 2 .K)
9 T4 = 19.0 // Air t empera tu r e (

C)
10 T1 = 83.0 // Water t empera tu re

( C)
11 t = 1.3/10**3 // Th i ckne s s o f s t e e l

f i n s (m)
12 w = 1.0 // Width o f w a l l (m)
13 S = 1.3/100 // Fin p i t c h (m)
14

15 // C a l c u l a t i o n :
16 R1 = 1/(h1*A) // Air r e s i s t a n c e ( C

/W) ( pa r t 1)
17 R2 = L2/(k1*A) // Conduct ion

r e s i s t a n c e ( C/W)
18 R3 = 1/(h2*A) // Water r e s i s t a n c e (

C/W)
19 Rt = (R1+R3) // Tota l r e s i s t a n c e (

C/W) ( pa r t 2)
20 Q = (T1 -T4)/Rt // Tota l heat

t r a n s f e r (W)
21 Nf = 1/S //Number o f f i n s (

pa r t 3)
22 Lbe = w - Nf*t // Unf inned exposed

base s u r f a c e
23 Abe = w*Lbe // Exposed base

s u r f a c e a r ea (mˆ2)
24 Lc = L+t/2 // C o r r e c t ed l e n g t h (

m)
25 Ap = Lc*t // P r o f i l e a r ea (mˆ2)
26 Af = 2*w*Lc // Fin s u r f a c e a r ea (

mˆ2)
27 Bi = h1*(t/2)/k1 // Bio t number
28 a = sqrt(Lc**3*h1/(k*Ap)) // A b s c i s s a o f the

f i n e f f i c i e n c y
29 //From f i g u r e 1 7 . 3 :
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30 nf = 0.88 // Fin e f f i c i e n c y
31 Rb = 1/(h1*Abe) // Air the rma l

r e s i s t a n c e o f base w a l l ( C/W)
32 Rf = 1/(h1*Nf*Af*nf) // Air the rma l

r e s i s t a n c e o f f i n s ( C/W)
33 RT1 = 1/(1/ Rb+1/Rf) // Tota l o u t s i d e

r e s i s t a n c e o f the f i n a r r a y ( C/W)
34 Rt3 = RT1+R3 // Tota l r e s i s t a n c e

on a i r s i d e f i n s ( C/W)
35 Qt = (T1-T4)/Rt3 // Heat t r a n s f e r r a t e on a i r

s i d e f i n s (W)
36 I = (Qt/Q - 1)*100 // Percen t i n c r e a s e

i n heat t r a n s f e r r a t e to a i r s i d e f i n s (W)
37 A = sqrt(Lc**3*h2/(k1*Ap)) // A b s c i s s a o f the

new f i n e f f i c i e n c y ( pa r t 4)
38 //From f i g u r e 1 7 . 3 :
39 nf2 = 38.0 //New f i n e f f i c i e n c y
40 Rb2 = 1/(h2*Abe) // Thermal r e s i s t a n c e

o f base w a l l ( C/W)
41 Rf2 = 1/(h2*Nf*Af*nf2) // Thermal r e s i s t a n c e

o f f i n s ( C/W)
42 Rt4 = 1/(1/ Rb2+1/ Rf2) // Tota l r e s i s t a n c e

o f the f i n n e d s u r f a c e ( C/W)
43 Rt5 = R1+Rt4 // Tota l r e s i s t a n c e

on water s i d e f i n s ( C/W)
44 QT1 = (T1 -T4)/Rt5 // Heat t r a n s f e r r a t e

on water s i d e f i n s (W)
45 I2 = (QT1/Q - 1)*100 // Percen t i n c r e a s e

i n heat t r a n s f e r r a t e to water s i d e f i n s (W)
46

47 // R e s u l t :
48 if (R2 <R1 | R2<R3) then

49 printf(” 1 . The conduc t i on r e s i s t a n c e may be
n e g l e c t e d . ”)

50 else

51 printf(” 1 . The conduc t i on r e s i s t a n c e can not be
n e g l e c t e d . ”)

52 end
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53 printf(” 2 . The r a t e o f heat t r a n s f e r from water to
a i r i s : %. 1 f W . ”,Q)

54 printf(” 3 . The p e r c e n t i n c r e a s e i n steady−s t a t e heat
t r a n s f e r r a t e by adding f i n s to the a i r s i d e o f

the p l ane w a l l i s : %. 1 f %%”,I)
55 printf(” 4 . The p e r c e n t i n c r e a s e i n steady−s t a t e heat

t r a n s f e r r a t e by adding f i n s to the water s i d e
o f the p l ane w a l l i s : %. 1 f %%”,I2)

56 printf(” T h e r e i s a c a l c u l a t i o n mi s take i n book
i n c a l c u l a t i n g Qt (83 −19/0.0214 = 2999) , hence
s l i g h t d i f f e r e n c e s i n a n s w e r ”)

Scilab code Exa 17.10 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 Do = 2.5/100 // Outs ide d i amete r

o f tube (m)
3 t = 1/10**3 // Th i ckne s s o f f i n (

m)
4 T = 25 // F lu id t empera tu r e

( C)
5 Tb = 170 // S u r f a c e

t empera tu re ( C)
6 h = 130 // Heat t r a n s f e r

c o e f f i c i e n t (W/mˆ 2 .K)
7 k = 200 // Thermal

c o n d u c t i v i t y o f f i n (W/m.K)
8 rf = 2.75/100 // Outs ide r a d i u s o f

f i n (m)
9

10 // C a l c u l a t i o n :
11 ro = Do/2 // Radius o f tube (m)
12 Ab = 2*%pi*ro*t // Area o f the base

o f the f i n (mˆ2)
13 Te = Tb-T // Exces s t empera tu r e
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at the base o f the f i n (K)
14 Q1 = h*Ab*Te // Tota l heat

t r a n s f e r r a t e wi thout the f i n (W)
15 Bi = h*(t/2)/k // Bio t number
16 L = rf -ro // Fin h e i g h t (m)
17 rc = rf+t/2 // C o r r e c t ed r a d i u s (

m)
18 Lc = L+t/2 // C o r r e c t ed h e i g h t (

m)
19 Ap = Lc*t // P r o f i l e a r ea (mˆ2)
20 Af = 2*%pi*(rc**2-ro**2) // Fin s u r f a c e a r ea

(mˆ2)
21 Qm = h*Af*Te //Maximum f i n heat

t r a n s f e r r a t e (W)
22 A = sqrt(Lc**3*h/(k*Ap)) // A b s c i s s a o f f i n

e f f i c i e n c y
23 C = rf/ro // Curve parameter o f

f i n e f f i c i e n c y
24 //From f i g u r e 1 7 . 4 :
25 nf = 0.86 // Fin e f f i c i e n c y
26 Qf = nf*Qm // Fin heat t r a n s f e r

r a t e (W)
27 R = Te/Qf // Fin r e s i s t a n c e (K/

W)
28

29 // R e s u l t :
30 printf(” 1 . The heat t r a n s f e r r a t e wi thout the f i n i s

: %. 2 f W . ”,Q1)
31 printf(”Or , the heat t r a n s f e r r a t e w i thout the f i n

i s : %. 0 f Btu/h . ”,Q1 *3.412)
32 printf(” 2 . The c o r r e c t e d l e n g t h i s : %. 4 f m . ”,Lc)
33 printf(” 3 . The o u t e r r a d i u s i s : %. 3 f m ”,rc)
34 printf(” 4 . The maximum heat t r a n s f e r r a t e from the

f i n i s : %. 2 f W . ”,Qm)
35 printf(” 5 . The f i n e f f i c i e n c y i s : %. 0 f %%”,nf*100)
36 printf(” 6 . The f i n heat t r a n s f e r r a t e i s : %. 0 f %%”,

Qf)

37 printf(”Or , the f i n heat t r a n s f e r r a t e i s : %. 0 f %%”
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,Qf *3.412)

38 printf(” 7 . The f i n therma l r e s i s t a n c e i s : %. 2 f K/W
. ”,R)

Scilab code Exa 17.11 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From example 1 7 . 1 0 :
3 Qf = 64 // Fin heat t r a n s f e r r a t e

(W)
4 Q1 = 1.48 // Tota l heat t r a n s f e r

r a t e wi thout the f i n (W)
5

6 // C a l c u l a t i o n :
7 E = Qf/Q1 // Fin e f f e c t i v e n e s s
8

9 // R e s u l t :
10 printf(”The f i n e f f e c t i v e n e s s i s : %. 1 f ”,E)
11 if E>2 then

12 printf(”Hence , the use o f the f i n i s j u s t i f i e d . ”
)

13 end

Scilab code Exa 17.12 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 w = 1 // Length o f tube (m)
3 S = 10/10**3 // Fin patch (m)
4 //From example 1 7 . 1 0 :
5 t = 1/10**3 // Th i ckne s s o f f i n (

m)
6 ro = 0.0125 // Radius o f tube (m)
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7 Af = 3.94*10** -3 // Fin s u r f a c e a r ea (
mˆ2)

8 Tb = 145 // Exces s t empera tu r e
at the base o f the f i n (K)

9 h = 130 // Heat t r a n s f e r
c o e f f i c i e n t (W/mˆ 2 .K)

10 Qf = 64 // Fin heat t r a n s f e r
r a t e (W)

11

12 // C a l c u l a t i o n :
13 Nf = w/S //Number o f f i n s i n

tube l e n g t h
14 wb = w-Nf*t // Unf inned base

l e n g t h (m)
15 Ab = 2*%pi*ro*wb // Unf inned base

a r ea (mˆ2)
16 At =Ab+Nf*Af // Tota l t r a n s f e r

s u r f a c e a r ea (mˆ2)
17 Qt = h*(2* %pi*ro*w*Tb) // Tota l heat r a t e

w i thout f i n s (W)
18 Qb = h*Ab*Tb // Heat f l o w r a t e

from the exposed tube base (W)
19 Qft = Nf*Qf // Heat f l o w r a t e

from a l l the f i n s (W)
20 Qt2 = Qb+Qft // Tota l heat f l o w

r a t e (W)
21 Qm = h*At*Tb //Maximum heat

t r a n s f e r r a t e (W)
22 no = Qt2/Qm // O v e r a l l f i n

e f f i c i e n c y
23 Eo = Qt2/Qt // O v e r a l l

e f f e c t i v e n e s s
24 Rb = 1/(h*Ab) // Thermal r e s i s t a n c e

o f base (K/W)
25 Rf = 1/(h*Nf*Af*no) // Thermal r e s i s t a n c e

o f f i n s (K/W)
26

27 // R e s u l t :
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28 printf(” 1 . The t o t a l s u r f a c e a r ea f o r heat t r a n s f e r
i s : %. 3 f mˆ2 . ”,At)

29 printf(” 2 . The exposed tube base t o t a l heat t r a n s f e r
r a t e i s : %. 1 f W . ”,Qb)

30 printf(”Or , the exposed tube base t o t a l heat
t r a n s f e r r a t e i s : %. 0 f Btu/h . ”,Qb *3.412)

31 printf(” 3 . The o v e r a l l e f f i c i e n c y o f the s u r f a c e i s
: %. 1 f %%”,no *100)

32 printf(” 4 . The o v e r a l l s u r f a c e e f f e c t i v e n e s s i s : %
. 2 f . ”,Eo)

Scilab code Exa 17.13 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 w = 1 // Width o f s i n g l e o f

f i n (m)
3 t = 2/10**3 // Fin base t h i c k n e s s

(m)
4 l = 6/10**3 // Fin l e n g t h

t h i c k n e s s (m)
5 T1 = 250 // S u r f a c e

t empera tu re ( C)
6 T2 = 20 // Ambient a i r

t empera tu re ( C)
7 h = 40 // S u r f a c e c o n v e c t i o n

c o e f f i c i e n t (W/mˆ 2 .K)
8 k = 240 // Thermal

c o n d u c t i v i t y o f f i n (W/m.K)
9

10 // C a l c u l a t i o n :
11 Ab = t*w // Base a r ea o f the

f i n (mˆ2)
12 Te = T1-T2 // Exces s t empera tu r e

at the base o f the f i n (K)
13 Qw = h*Ab*Te // Heat t r a n s f e r r a t e
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without a f i n (W)
14 Af = 2*w*(sqrt(l**2-(t/2) **2)) // Fin s u r f a c e a r ea (

mˆ2)
15 Qm = h*Af*Te //Maximum heat

t r a n s f e r r a t e (mˆ2)
16 Bi = h*(t/2)/k // Bio t number
17 Lc = l // C o r r e c t ed l e n g t h (

m)
18 Ap = l*t/2 // P r o f i l e a r ea (mˆ2)
19 A = sqrt((Lc**3*h)/k*Ap) // A b s c i s s a f o r the

f i n e f f i c i e n c y f i g u r e
20 //From f i g u r e 1 7 . 4 :
21 nf = 0.99 // Fin e f f i c i e n c y
22 Qf = nf*Qm // Fin heat t r a n s f e r

r a t e (W)
23 R = Te/Qf // Fin therma l

r e s i s t a n c e (K/W)
24 E = Qf/Qw // Fin e f f e c t i v e n e s s
25 Qm = round(Qm*10** -1) /10** -1

26

27 // R e s u l t :
28 printf(” 1 . The heat t r a n s f e r r a t e wi thout the f i n i s

: %. 1 f W . ”,Qw)
29 printf(” 2 . The maximum heat t r a n s f e r r a t e from the

f i n i s : %f W . ”,Qm)
30 printf(” 3 . The f i n e f f i c i e n c y i s : %. 0 f %%”,nf*100)
31 printf(” The f i n the rma l r e s i s t a n c e i s : %. 1 f C/W

. ”,R)
32 printf(” The f i n e f f e c t i v e n e s s i s : %. 1 f . ”,E)

Scilab code Exa 17.14 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From example 1 7 . 1 3 :
3 Qf = 108.9 // Fin heat t r a n s f e r r a t e
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(W)
4 Qw = 18.4 // Tota l heat t r a n s f e r

r a t e wi thout the f i n (W)
5

6 // C a l c u l a t i o n :
7 E = Qf/Qw // Fin e f f e c t i v e n e s s
8

9 // R e s u l t :
10 printf(”The f i n e f f e c t i v e n e s s i s : %. 2 f . ”,E)
11 if E>2 then

12 printf(”Hence , the use o f the f i n i s j u s t i f i e d . ”
)

13 end

Scilab code Exa 17.15 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 Do = 50/10**3 // Outs ide d i amete r

o f tube (m)
3 t = 4/10**3 // Th i ckne s s o f f i n (

m)
4 T = 20 // F lu id t empera tu r e

( C)
5 Tb = 200 // S u r f a c e

t empera tu re ( C)
6 h = 40 // Heat t r a n s f e r

c o e f f i c i e n t (W/mˆ 2 .K)
7 k = 240 // Thermal

c o n d u c t i v i t y o f f i n (W/m.K)
8 l = 15/10**3 // Length o f f i n (m)
9

10 // C a l c u l a t i o n :
11 ro = Do/2 // Radius o f tube (m)
12 rf = ro+l // Outs ide r a d i u s o f

f i n (m)
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13 Ab = 2*%pi*ro*t // Area o f the base
o f the f i n (mˆ2)

14 Te = Tb-T // Exces s t empera tu r e
at the base o f the f i n (K)

15 Q1 = h*Ab*Te // Tota l heat
t r a n s f e r r a t e wi thout the f i n (W)

16 Bi = h*(t/2)/k // Bio t number
17 L = rf -ro // Fin h e i g h t (m)
18 rc = rf+t/2 // C o r r e c t ed r a d i u s (

m)
19 Lc = L+t/2 // C o r r e c t ed h e i g h t (

m)
20 Ap = Lc*t // P r o f i l e a r ea (mˆ2)
21 Af = 2*%pi*(rc**2-ro**2) // Fin s u r f a c e a r ea

(mˆ2)
22 Qm = h*Af*Te //Maximum f i n heat

t r a n s f e r r a t e (W)
23 A = sqrt(Lc**3*h/(k*Ap)) // A b s c i s s a o f f i n

e f f i c i e n c y
24 C = rf/ro // Curve parameter o f

f i n e f f i c i e n c y
25 //From f i g u r e 1 7 . 4 :
26 nf = 0.97 // Fin e f f i c i e n c y
27 Qf = nf*Qm // Fin heat t r a n s f e r

r a t e (W)
28 R = Te/Qf // Fin r e s i s t a n c e (K/

W)
29 E = Qf/Q1 // Fin e f f e c t i v e n e s s
30

31 // R e s u l t :
32 printf(”The f i n e f f i c i e n c y i s : %. 0 f %%”,nf*100)
33 printf(”The f i n therma l r e s i s t a n c e i s : %. 1 f C/W. ”,R

)

34 printf(”The f i n e f f e c t i v e n e s s i s : %. 2 f . ”,E)
35 printf(”The maximum heat t r a n s f e r r a t e from a s i n g l e

f i n i s : %. 2 f W . ”,Qm)
36 if E>2 then

37 printf(” S i n c e Ef = FCP>2 , the use o f the f i n i s
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j u s t i f i e d . ”)
38 end

Scilab code Exa 17.16 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 Nf = 125 // Array o f f i n s per

meter
3 w = 1 // Length o f f i n (m)
4 //From example 1 7 . 1 5 :
5 t = 4/10**3 // Th i ckne s s o f f i n (

m)
6 Do = 50/10**3 // Outs ide d i amete r

o f tube (m)
7 Af = 7.157*10** -3 // Fin s u r f a c e a r ea (

mˆ2)
8 h = 40 // Heat t r a n s f e r

c o e f f i c i e n t (W/mˆ 2 .K)
9 DTb = 180 // Exces s t empera tu r e

at the base o f the f i n (K)
10 Qf = 50 // Fin heat t r a n s f e r

r a t e (W)
11

12 // C a l c u l a t i o n :
13 ro = Do/2 // Radius o f tube (m)
14 wb = w-Nf*t // Unf inned exposed

base l e n g t h (m)
15 Ab = 2*%pi*ro*wb // Area o f the base

o f the f i n (mˆ2)
16 At = Ab+Nf*Af // Tota l heat

t r a n s f e r s u r f a c e a r ea (mˆ2)
17 Qw = h*(2* %pi*ro*w)*DTb // Heat r a t e w i thout

f i n (W)
18 Qb = h*Ab*DTb // Heat r a t e from the

base (W)
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19 Qft = Nf*Qf // Heat r a t e from the
f i n (W)

20 Qt = Qb+Qft // Tota l heat r a t e (W
)

21 Qm = h*At*DTb //Maximum heat
t r a n s f e r r a t e (W)

22 n = Qt/Qm // O v e r a l l f i n
e f f i c i e n c y

23 E = Qt/Qw // O v e r a l l f i n
e f f e c t i v e n e s s

24 Rb = 1/(h*Ab) // Thermal r e s i s t a n c e
o f base ( C/W)

25 Rf = 1/(h*Nf*Af*n) // Thermal r e s i s t a n c e
o f f i n ( C/W)

26

27 // R e s u l t :
28 printf(”The r a t e o f heat t r a n s f e r per u n i t l e n g t h o f

tube i s : %. 1 f W . ”,Qt)
29 printf(”Or , the r a t e o f heat t r a n s f e r per u n i t

l e n g t h o f tube i s : %. 2 f kW . ”,Qt /10**3)
30 printf(”The o v e r a l l f i n e f f i c i e n c y i s : %. 1 f %%”,n

*100)

31 printf(”The o v e r a l l f i n e f f e c t i v e n e s s i s : %. 2 f . ”,E
)

Scilab code Exa 17.17 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 printf( ’ A n a l y t i c a l S o l u t i o n ’ )

Scilab code Exa 17.18 Example

1 // V a r i a b l e d e c l a r a t i o n :
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2 //From example 1 7 . 1 8 :
3 T = 250 // Base t empera tu r e

o f f i n ( F)
4 h = 15 // Convect ion

c o e f f i c i e n t o f heat t r a n s f e r ( Btu/h . f t . F)
5 w = 1 // Base width o f f i n

( f t )
6 t = 1 // Th i ckne s s o f f i n (

i n )
7 H = 1/8 // He ight o f f i n ( i n )
8 l = 1 // Length o f f i n ( i n )
9 Q = 357.2 // Heat t r a n s f e r r a t e

( Btu/h . f t )
10

11 // C a l c u l a t i o n :
12 A = (l*w+t*w+H*w)/12 // Heat t r a n s f e r a r ea

o f f i n ( f t ˆ2)
13 Qm = h*A*(T-70) //Maximum heat

t r a n s f e r r a t e ( Btu/h . f t )
14 n = Q/Qm*100 // Fin e f f i c i e n c y
15

16 // R e s u l t :
17 printf(”The f i n e f f i c i e n c y i s : %. 1 f %%”,n)
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Chapter 18

Other Heat Exchange
Equipment

Scilab code Exa 18.2 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 T1 = 25 // Temperature o f H2SO4

( C)
3 m = 50+200 // Mass o f H2SO4 ( l b )
4 //From f i g u r e 1 8 . 2 :
5 W1 = 50+100 // Weight o f H2SO4 ( l b )
6 W2 = 100 // Weight o f H2O ( l b )
7

8 // C a l c u l a t i o n :
9 m = W1/(W1+W2)*100 // Percen t we ight o f

H2SO4 (%)
10 m2 = W1+W2 // Mass o f mixture ( l b )
11 //From f g u r e 1 8 . 2 :
12 T2 = 140 // F i n a l t empera tu r e

between the 50% s o l u t i o n and pure H2SO4 at 25 C
( F)

13 h1 = -86 // S p e c i f i c heat c a p a c i t y
o f H2O ( Btu/ l b )

14 h2 = -121.5 // S p e c i f i c heat c a p a c i t y
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o f H2SO4 ( Btu/ l b )
15 Q = m2*(h2-h1) // Heat t r a n s f e r r e d ( Btu )
16

17 // R e s u l t :
18 printf(”The f i n a l t empera tu r e between the 50%%

s o l u t i o n and pure H2SO4 at 25 C i s : %. 0 f F . ”,
T2)

19 printf(”The heat t r a n s f e r r e d i s : %. 0 f Btu . ”,Q)

Scilab code Exa 18.3 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 F = 10000 // Mass f l o w r a t e o f

NaOH ( l b /h )
3 C1 = 10 // Old c o n c e n t r a t i o n

o f NaOH s o l u t i o n (%)
4 C2 = 75 //New c o n c e n t r a t i o n

o f NaOH s o l u t i o n (%)
5 h1 = 1150 // Enthalpy o f

s a t u r a t e d steam at 1 4 . 7 p s i a ( Btu/ l b )
6 U = 500 // O v e r a l l heat

t r a n s f e r c o e f f i c i e n t ( Btu/h . f t ˆ 2 . F)
7 T1 = 212 // Abso lu t e

t empera tu re o f e v a p o r a t o r ( F)
8 T2 = 340 // S a t u r a t ed steam

tempera tu re ( F)
9

10 // C a l c u l a t i o n :
11 L = F*(C1 /100)/(C2 /100) // Flow r a t e o f steam

l e a v i n g the e v a p o r a t o r ( l b /h )
12 V = F-L // O v e r a l l m a t e r i a l

b a l a n c e ( l b /h )
13 //From f i g u r e 1 8 . 3 :
14 hF = 81 // Enthalpy o f

s o l u t i o n e n t e r i n g the u n i t ( Btu/ l b )
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15 hL = 395 // Enthalpy o f the 75
% NaOH s o l u t i o n ( Btu/ l b )

16 Q = round(V)*h1+round(L)*hL -F*hF // Evaporator
heat r e q u i r e d ( Btu/h )

17 A = Q/(U*(T2-T1)) // Area o f the
evapo rao r ( f t ˆ2)

18 Q = round(Q*10** -2) /10** -2

19

20 // R e s u l t :
21 printf(”The heat t r a n s f e r r a t e r e q u i r e d f o r the

e v a p o r a t o r i s : %f Btu/h ”,Q)
22 printf(”The a r ea r e q u i r e m e n t i n the e v a p o r a t o r i s :

%. 1 f f t ˆ2 . ”,A)

Scilab code Exa 18.4 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 U1 = 240 // 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 f o r f i r s t e f f e c t ( Btu/h . f t ˆ 2 . F)
3 U2 = 200 // 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 f o r s econd e f f e c t ( Btu/h . f t ˆ 2 . F)
4 U3 = 125 // 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 f o r t h i r d e f f e c t ( Btu/h . f t ˆ 2 . F)
5 A1 = 125 // Heat ing s u r f a c e a r ea

i n f i r s t e f f e c t ( f t ˆ3)
6 A2 = 150 // Heat ing s u r f a c e a r ea

i n second e f f e c t ( f t ˆ3)
7 A3 = 160 // Heat ing s u r f a c e a r ea

i n t h i r d e f f e c t ( f t ˆ3)
8 T1 = 400 // Condensat ion stream

tempera tu re i n the f i r s t e f f e c t ( F)
9 T2 = 120 // Vapor l e a v i n g

t empera tu re i n the f i r s t e f f e c t ( F)
10

11 // C a l c u l a t i o n :
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12 R1 = 1/(U1*A1) // R e s i s t a n c e a c r o s s
f i r s t e f f e c t

13 R2 = 1/(U2*A2) // R e s i s t a n c e a c r o s s
second e f f e c t

14 R3 = 1/(U3*A3) // R e s i s t a n c e a c r o s s
t h i r d e f f e c t

15 R = R1+R2+R3 // Tota l r e s i s t a n c e
16 DT1 = (R1/R)*(T1-T2) // Temperature drop

a c r o s s the h e a t i n g s u r f a c e i n the f i r s t e f f e c t (
F)

17

18 // R e s u l t :
19 printf(”The tempera tu r e drop a c r o s s the h e a t i n g

s u r f a c e i n the f i r s t e f f e c t i s : %. 0 f F . ”,DT1)

Scilab code Exa 18.6 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 F = 5000 // Mass o f s o l t u i o n

f e d i n the e v a p o r a t o r ( l b )
3 xF = 2/100 // C o n c e n t r a t i o n o f

f e e d
4 xL = 5/100 // C o n c e n t r a t i o n o f

l i q u o r
5 U = 280 // 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 ( Btu/h . f t ˆ 2 . F)
6 //From f i g u r e 1 8 . 1 & 1 8 . 3 :
7 TF = 100 // Feed tempera tu r e (

F)
8 TS = 227 // Steam tempera tu r e

( F)
9 TV = 212 // Vapour t empera tu re

( F)
10 TL = 212 // L iquor t empera tu re

( F)
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11 TC = 227 // Condensate
t empera tu re ( F)

12

13 // C a l c u l a t i o n :
14 //From steam t a b l e s :
15 hF = 68 // Enthalpy o f f e e d (

Btu/ l b )
16 hL = 180 // Enthalpy o f l i q u o r

( Btu/ l b )
17 hV = 1150 // Enthalpy o f vapour

( Btu/ l b )
18 hS = 1156 // Enthalpy o f steam

( Btu/ l b )
19 hC = 195 // Enthalpy o f

c onden sa t e ( Btu/ l b )
20 s1 = F*xF // Tota l s o l i d s i n

f e e d ( l b )
21 w = F-s1 // Tota l water i n

f e e d ( l b )
22 s2 = F*xF // Tota l s o l i d s i n

l i q u o r ( l b )
23 L = s2/xL // Tota l water i n

l i q u o r ( l b )
24 V = F-L // O v e r a l l b a l a n c e (

l b )
25 S = (V*hV+L*hL -F*hF)/(hS-hC) // Mass o f steam ( l b )
26 Q = S*(hS-hC) // Tota l heat

r e q u i r e m e n t ( Btu )
27 A = Q/(U*(TS-TL)) // Requ i red s u r f a c e

aea ( f t ˆ2)
28

29 // R e s u l t :
30 printf(”The mass o f vapor produced i s : %. 0 f l b . ”,V

)

31 printf(”The t o t a l mass o f steam r e q u i r e d i s : %. 0 f
l b . ”,S)

32 printf(”The s u r f a c e a r ea r e q u i r e d i s : %. 0 f f t ˆ2 . ”,
A)
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Scilab code Exa 18.7 Example

1

2 // V a r i a b l e d e c l a r a t i o n :
3 F = 5000 // Mass f l o w r a t e o f

NaOH ( l b /h )
4 xF = 20/100 // Old c o n c e n t r a t i o n

o f NaOH s o l u t i o n
5 TF = 100 // Feed tempera tu r e (

F)
6 xL = 40/100 //New c o n c e n t r a t i o n

o f NaOH s o l u t i o n
7 xv = 0 // Vapour

c o n c e n t r a t i o n at x
8 yv = 0 // Vapour

c o n c e n t r a t i o n at y
9 T1 = 198 // B o i l i n g

t empera tu re o f s o l u t i o n i n the e v a p o r a t o r ( F)
10 T2 = 125 // S a t u r a t ed steam

tempera tu re ( F)
11 U = 400 // 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 ( Btu/h . f t ˆ 2 . F)
12 Ts = 228 // Steam tempera tu r e

( F)
13

14 // C a l c u l a t i o n :
15 //From steam t a b l e s at 228 F and 5 p s i g :
16 hS = 1156 // Enthalpy o f steam

( Btu/ l b )
17 hC = 196 // Enthalpy o f

c onden sa t e ( Btu/ l b )
18 hV = hS-hC // Enthalpy o f vapour

( Btu/ l b )
19 Tw = 125.4 // B o i l i n g p o i n t o f
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water at 4 i n Hg a b s o l u t e ( F)
20 hS2 = 1116 // Enthalpy o f

s a t u r a t e d steam at 125 F ( Btu/ l b )
21 hs = 0.46 // Heat c a p a c i t y o f

s u p e r h e a t e d steam ( Btu/ l b . F)
22 //From f i g u r e 1 8 . 3 :
23 hF = 55 // Enthalpy o f f e e d (

Btu/ l b )
24 hL = 177 // Enthalpy o f l i q u o r

( Btu/ l b )
25 L = F*xF/xL // Mass o f l i q u o r ( l b

)
26 V = L // Mass o f vapour ( l b

)
27 hV = hS2+hs*(T1 -T2) // Enthalpy o f vapour

l e a v i n g the s o l u t i o n ( Btu/ l b )
28 S = (V*hV+L*hL -F*hF)/(hS-hC) // Mass f l o w r a t e o f

steam ( l b /h )
29 Q = S*(hS-hC) // Tota l heat

r e q u i r e m e n t ( Btu )
30 A = Q/(U*(Ts-T1)) // Requ i red heat

t r a n s f e r a r ea ( f t ˆ2)
31 S = round(S*10** -1) /10** -1

32

33 // R e s u l t :
34 printf(”The steam f l o w r a t e i s : %f l b /h . ”,S)
35 printf(”The r e q u i r e d heat t r a n s f e r a r ea i s : %. 0 f f t

ˆ2 . ”,A)

Scilab code Exa 18.10 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 T1 = 2000 // Hot gas

t empera tu re ( F)
3 T2 = 550 // Cool gas
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t empera tu re ( F)
4 T3 = 330 // Steam tempera tu r e

( F)
5 T4 = 140 // Water t empera tu re

( F)
6 m = 30000 // Mass f l o w r a t e o f

steam ( l b /h )
7 cp = 0.279 // Average heat

c a p a c i t y o f gas ( Btu/ l b . F)
8 N = 800 //Number o f b o i l e r

tube s
9

10 // C a l c u l a t i o n :
11 DT = (T1-T3)/(T2-T3) // Temperature

d i f f e r e n c e r a t i o
12 Tav = (T1+T2)/2 // Average gas

t empera tu re ( F)
13 //From steam t a b l e s ( Appendix ) :
14 hs = 1187.7 // Steam entha lpy (

Btu/ l b )
15 hw = 107.89 // Water en tha lpy (

Btu/ l b )
16 Q = m*(hs-hw) // Heat duty ( Btu/h )
17 mh = Q/cp*(T1 -T2) // Mass f l o w r a t e o f

gas ( l b /h )
18 x = mh/N // Gas mass f l o w r a t e

per tube ( l b /h )
19 //From f i g u r e 1 8 . 5 :
20 L = 15 // Length o f b o i l e r

tube s ( f t )
21

22 // R e s u l t :
23 printf(”The l e n g t h o f b o i l e r tube s i s : %f f t . ”,L)

Scilab code Exa 18.12 Example
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1

2 // V a r i a b l e d e c l a r a t i o n :
3 T1 = 1800 // Hot gas

t empera tu re ( F)
4 T2 = 500 // Cool gas

t empera tu re ( F)
5 //From steam t a b l e s :
6 Tw = 312 // B o i l i n g p o i n t o f

water at 80 p s i a ( F)
7 m1 = 120000 // Mass f l o w r a t e o f

f l u e gas ( l b /h )
8 D = 2/12 // I n s i d e d i amete r o f

tube ( f t )
9 cp = 0.26 // Average heat

c a p a c i t y o f f l u e gas ( Btu/ l b . F)
10

11 // C a l c u l a t i o n :
12 DT = (T1-Tw)/(T2-Tw) // Temperature

d i f f e r e n c e r a t i o
13 Tav = (T1+T2)/2 // Average gas

t empera tu re ( F)
14 //From f i g u r e 1 8 . 4 :
15 x = 150 // Gas mass f l o w r a t e

per tube (m/N) ( l b /h )
16 N = m1/x //Number o f tube s
17 L = 21.5 // Length o f tube s (

f t )
18 A = N*L*D // Tota l heat

t r a n s f e r a r ea ( f t ˆ2)
19 Q = m1*cp*(T1-T2) // Heat duty ( Btu/h )
20 //From steam t a b l e s ( Appendix ) :
21 hs = 1183.1 // Steam entha lpy at

80 p s i a ( Btu/ l b )
22 hw = 168.1 // Water en tha lpy at

200 F ( Btu/ l b )
23 m2 = Q/(hs-hw) // Mass f l o w r a t e o f

water ( l b /h )
24 m2 = round(m2*10** -4) /10** -4
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25

26 // R e s u l t :
27 printf(”The r e q u i r e d heat t r a n s f e r a r ea i s : %. 0 f f t

ˆ2 . ”,A)
28 printf(”The tube l e n g t h i s : %f f t . ”,L)
29 printf(”The heat duty i s : %. 2 f x 10ˆ7 . ”,Q/10**7)
30 printf(”The water mass f l o w r a t e i s : %f l b /h . ”,m2)

Scilab code Exa 18.18 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 m1 = 144206 // Mass f l o w r a t e o f

f l u e gas ( l b /h )
3 cp = 0.3 // Average f l u e gas

heat c a p a c i t y ( Btu/ l b . F)
4 T1 = 2050 // I n i t i a l

t empera tu re o f gas ( F)
5 T2 = 560 // F i n a l t empera tu r e

o f gas ( F)
6 T3 = 70 // Ambient a i r

t empera tu re ( F)
7

8 // C a l c u l a t i o n :
9 Q = m1*cp*(T1-T2) // Duty r a t e ( Btu/h )

10 //From appendix :
11 cpa = 0.243 // Average ambient

a i r heat c a p a c i t y 70 F ( Btu/ l b . F)
12 MW = 29 // Mo l e cu l a r we ight

o f a i r a t 70 F
13 Q5 = round(Q*10** -5) /10** -5

14 ma = Q5/(cpa*(T2-T3)) // Mass o f a i r r e q u i r e d ( l b /h )
15 m2 = round(ma)/MW // Moles o f a i r

r e q u i r e d ( l b mol/h )
16 m3 = round(ma)*13.32 // Volume o f a i r

r e q u i r e d ( f t ˆ3/h )
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17 ma = round(ma*10** -2) /10** -2

18 m2 = round(m2*10** -1) /10** -1

19 m3 = round(m3*10** -3) /10** -3

20

21 // R e s u l t :
22 printf(”The mass o f a i r r e q u i r e d i s : %f l b /h . ”,ma)
23 printf(”The moles o f a i r r e q u i r e d i s : %f l b mol/h .

”,m2)
24 printf(”The volume o f a i r r e q u i r e d i s : %f f t ˆ3/h . ”

,m3)

Scilab code Exa 18.19 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From example 1 8 . 1 9 :
3 m1 = 144200 // Mass f l o w r a t e o f

f l u e gas ( l b /h )
4 m2 = 541700 // Mass f l o w r a t e o f

a i r ( l b /h )
5 R = 0.73 // U n i v e r s a l gas

c o n s t a n t ( p s i a . f t ˆ3/ lbmol . R)
6 P = 1 // Abso lu t e p r e s s u r e

( p s i a )
7 T = 1020 // Abso lu t e

t empera tu re ( R)
8 MW = 29 // Mo l e cu l a r we ight

o f a i r
9 t = 1.5 // Res id enc e t ime ( s )

10

11 // C a l c u l a t i o n :
12 m = m1+m2 // Tota l mass f l o w

r a t e o f the gas ( l b /h )
13 q = m*R*T/(P*MW) // Vo lumet r i c f l o w at

560 F ( f t ˆ3/h )
14 V = q*t/3600 // Volume o f tank ( f t
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ˆ3)
15 m = round(m*10** -2) /10** -2

16

17 // R e s u l t :
18 printf(”The t o t a l mass f l o w r a t e o f the gas i s : %f

l b /h . ”,m)
19 printf(”The v o l u m e t r i c f l o w at 560 F i s : %. 2 f x

10ˆ7 f t ˆ3/h”,q/10**7)
20 printf(”The volume o f tank i s : %. 0 f f t ˆ3 . ”,V)

Scilab code Exa 18.20 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 // Fro example 1 8 . 2 0 :
3 V = 7335 // Volume o f tank ( f t ˆ3)
4

5 // C a l c u l a t i o n :
6 D = (4*V/%pi)**(1/3) // Diameter o f tank ( f t )
7 H = D // He ight o f tube ( f t )
8

9 // R e s u l t :
10 printf(”The d iamete r o f tank i s : %. 2 f f t . ”,H)
11 printf(”The h e i g h t o f tube i s : %. 2 f f t . ”,D)

Scilab code Exa 18.21 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 m1 = 144206 // Mass f l o w r a t e o f

f l u e gas ( l b /h )
3 cp1 = 0.3 // Average heat

c a p a c i t i e s o f the f l u e gas ( Btu/ l b F)
4 cp2 = 0.88 // Average heat

c a p a c i t i e s o f the s o l i d ( Btu/ l b F)
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5 //From example 1 8 . 1 8 :
6 T1 = 550 // I n i t i a l

t empera tu re o f gas ( F)
7 T2 = 2050 // F i n a l t empera tu r e

o f gas ( F)
8 T3 = 70 // I n i t i a l

t empera tu re o f s o l i d ( F)
9 T4 = 550-40 // F i n a l t empera tu r e

o f s o l i d ( F)
10

11 // C a l c u l a t i o n :
12 Dhf = m1*cp1*(T2-T1) // For the f l u e gas ,

the en tha lpy change f o r one hour o f o p e r a t i o n (
Btu )

13 Dhs = round(Dhf *10** -4) /10** -4 // For the s o l i d s ,
the en tha lpy change f o r one hour o f o p e r a t i o n (
Btu )

14 m2 = Dhs/(cp2*(T4-T3)) // Mass o f s o l i d ( l b )
15

16 // R e s u l t :
17 printf(”The mass o f s o l i d i s : %. 0 f l b . ”,m2)

Scilab code Exa 18.22 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From example 1 8 . 2 1 :
3 m = 144206 // Mass f l o w r a t e o f

f l u e gas ( l b /h )
4 cp = 0.3 // Average heat

c a p a c i t i e s o f the f l u e gas ( Btu/ l b F)
5 T1 = 2050 // I n i t i a l

t empera tu re o f gas ( F)
6 T2 = 180 // F i n a l t empera tu r e

o f gas ( F)
7 T3 = 60 // Ambient a i r
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t empera tu re ( F)
8 U = 1.5 // 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 f o r c o o l e r ( Btu/h . f t ˆ 2 . F)
9 MW = 28.27 // Mo l e cu l a r we ight

o f gas
10 R = 379 // U n i v e r s a l gas

c o n s t a n t ( p s i a . f t ˆ3/ lbmol . R)
11 v = 60 // Duct or p ip e

v e l c i t y at i n l e t (2050 F) ( f t / s )
12 pi = %pi

13

14 // C a l c u l a t i o n :
15 Q = m*cp*(T1-T2) // Heat duty ( Btu/h )
16 DTlm = ((T1-T3)-(T2-T3))/log((T1-T3)/(T2-T3)) //

Log−mean tempera tu r e d i f f e r e n c e ( F)
17 A1 = round(Q * 10** -5) /10** -5/(U*round(DTlm))

// R a d i a t i v e s u r f a c e a r ea ( f t ˆ2)
18 q = m*R*(T1+460)/(T3 +460)/MW // Vo lumet r i c f l o w at

i n l e t ( f t ˆ3/h )
19 A2 = q/(v*3600) // Duct a r ea ( f t ˆ2)
20 D = sqrt(A2*4/pi) // Duct d i amete r ( f t )
21 L = A1/(pi*D) // Length o f r e q u i r e d

heat exchange d u c t i n g ( f t )
22 A1 = round(A1*10** -1) /10** -1

23

24 // R e s u l t :
25 printf(” The r a d i a t i v e s u r f a c e a r ea r e q u i r e d i s : %f

f t ˆ2 . ”,A1)
26 printf(” The l e n g t h o f r e q u i r e d heat exchange

d u c t i n g i s : %. 0 f f t . ”,L)
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Chapter 19

Insulation and Refractory

Scilab code Exa 19.1 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 H = 2.5 // He ight o f w a l l (m)
3 W = 4 // Width o f w a l l (m)
4 h = 11 // Convec t i v e heat

t r a n s f e r c o e f f i c i e n t (W/mˆ 2 .K)
5 T1 = 24 // Outs ide s u r f a c e

t empera tu re ( C)
6 T3 = -15 // Outs ide a i r

t empera tu re ( C)
7 L = 7.62/10**3 // I n s u l a t i o n

t h i c k n e s s (m)
8 k = 0.04 // Thermal

c o n d u c t i v i t y o f wool (W/m.K)
9

10 // C a l c u l a t i o n :
11 A = H*W // Heat t r a n s f e r a r ea

(mˆ2)
12 Q = h*A*(T1-T3) // Heat t r a n s f e r r a t e

(W)
13 Ri = L/(k*A) // I n s u a t i o n

r e s i s t a n c e (K/W)
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14 Rc = 1/(h*A) // Convec t i v e
r e s i t a n c e (K/W)

15 R = Ri+Rc // Tota l r e s i s t a n c e (
K/W)

16 Qt = (T1-T3)/R // Rev i s ed heat
t r a n s f e r r a t e ( Btu/h )

17

18 // R e s u l t :
19 printf(” 1 . The heat t r a n s f e r r a t e wi thout i n s u l a t i o n

i s : %. 0 f W . ”,Q)
20 printf(”Or , the heat t r a n s f e r r a t e w i thout

i n s u l a t i o n i s : %. 0 f Btu/h . ”,Q*3.412)
21 printf(” 2 . The r e v i s e d heat t r a n s f e r r a t e with

i n s u l a t i o n i s : %. 0 f W . ”,Qt)
22 printf(”Or , the r e v i s e d heat t r a n s f e r r a t e with

i n s u l a t i o n i s : %. 0 f Btu/h . ”,Qt *3.412)
23 printf(” There i s a c a l c u l a t i o n mi s take i n book . ”)

Scilab code Exa 19.2 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From example 1 9 . 1 :
3 T1 = 24 // Outs ide s u r f a c e

t empera tu re ( C)
4 Ri = 0.0191 // I n s u l a t i o n

r e s i s t a n c e (K/W)
5 Q = 1383 // Rev i s ed heat

t r a n s f e r r a t e ( Btu/h )
6

7 // C a l c u l a t i o n :
8 T2 = T1-Q*Ri // Temperature at

o u t e r s u r f a c e o f i n s u l a t i o n ( C)
9

10 // R e s u l t :
11 printf(”The tempera tu r e at the o u t e r s u r f a c e o f the
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i n s u l a t i o n i s : %. 1 f C . ”,T2)

Scilab code Exa 19.3 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From example 1 9 . 1 :
3 h = 11 // Convec t i v e heat

t r a n s f e r c o e f f i c i e n t (W/mˆ 2 .K)
4 L = 7.62/10**3 // I n s u l a t i o n

t h i c k n e s s (m)
5 k = 0.04 // Thermal

c o n d u c t i v i t y o f wool (W/m.K)
6

7 // C a l c u l a t i o n :
8 Bi = h*L/k // Bio t number
9

10 // R e s u l t :
11 printf(”The Bio t nmuber i s : %. 1 f ”,Bi)

Scilab code Exa 19.4 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 k = 0.022 // Thermal

c o n d u c t i v i t y o f g l a s s wool ( Btu/h . f t . F)
3 T1 = 400 // I n s i d e w a l l

t empera tu re ( F)
4 T2 = 25 // Outs ide w a l l

t empera tu re ( C)
5 L = 3/12 // Length o f

i n s u l a t i o n c o v e r ( f t )
6

7 // C a l c u l a t i o n :
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8 T_2 = T2 *(9/5) +32 // Outs ide w a l l
t empera tu re i n f a h r e n h e i t s c a l e ( F)

9 QbyA = k*(T1-T_2)/L // Heat f l u x a c r o s s
the w a l l ( Btu/h . f t ˆ2)

10

11 // R e s u l t :
12 printf(”The heat f l u x a c r o s s the w a l l i s : %. 1 f Btu/

h . f t ˆ2 . ”,QbyA)

Scilab code Exa 19.5 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 w = 8 // Width o f w a l l (m)
3 H = 3 // He ight o f w a l l (m)
4 h = 21 // Convec t i v e heat

t r a n s f e r c o e f f i c i e n t between the a i r and the
s u r f a c e (W/mˆ 2 .K)

5 T1 = -18 // Outs ide s u r a c e o f
w a l l t empera tu r e ( C)

6 T3 = 26 // Sur round ing a i r
t empera tu re ( C)

7 l1 = 80/100 // Reduct ion i n
c o o l i n g l oad

8 k = 0.0433 // Thermal
c o n d u c t i v i t y o f co rk board i n s u l a t i o n (W/m.K)

9 T = 12000 // Un i t s Btu/h i n 1
ton o f r e f r i g e r a t i o n

10

11 // C a l c u l a t i o n :
12 A = w*H // Heat t r a n s f e r a r ea

(mˆ2) ( pa r t 1)
13 Q1 = h*A*(T1-T3) // Rate o f heat f l o w

i n the absence o f i n s u l a t i o n (W)
14 Q2 = Q1 *3.4123/T // Rate o f heat f l o w

i n the absence o f i n s u l a t i o n ( ton o f
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r e f r i g e r a t i o n )
15 l2 = 1-l1 // Reduced c o o l i n g

l oad ( pa r t 2)
16 Q3 = l2*Q1 // Heat r a t e with

i n s u l a t i o n (W)
17 Rt = (T1-T3)/Q3 // Tota l the rma l

r e s i s t a n c e ( C/W)
18 R2 = 1/(h*A) // Convect ion therma l

r e s i s t a n c e ( C/W)
19 R1 = Rt-R2 // I n s u l a t i o n

conduc t i o n r e s i s t a n c e ( C/W)
20 L = R1*k*A // Requ i red

i n s u l a t i o n t h i c k n e s s (m)
21

22 // R e s u l t :
23 printf(” 1 . The r a t e o f heat f l o w through the

r e c t a n g u l a r w a l l w i thout i n s u l a t i o n i s : %. 2 f kW
. ”,Q1 /10**3)

24 printf(”Or , the r a t e o f heat f l o w through the
r e c t a n g u l a r w a l l w i thout i n s u l a t i o n i n ton s o f
r e f r i g e r a t i o n i s : %. 1 f ton o f r e f r i g e r a t i o n . ”,
Q2)

25 if (Q1 <0) then

26 printf(”The n e g a t i v e s i g n i n d i c a t e s heat f l o w
from the s u r r o u n d i n g a i r i n t o the c o l d room . ”
)

27 else

28 printf(” The p o s i t i v e s i g n i n d i c a t e s heat f l o w
from the s u r r o u n d i n g a i r i n t o the c o l d room . ”
)

29 end

30 printf(” 2 . The r e q u i r e d t h i c k n e s s o f the i n s u l a t i o n
board i s : %. 2 f mm . ”,L*10**3)

Scilab code Exa 19.6 Example
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1 // V a r i a b l e d e c l a r a t i o n :
2 //From example 1 9 . 5 :
3 Q = -4435.2 // Heat r a t e with

i n s u l a t i o n (W)
4 R2 = 0.00198 // Convect ion therma l

r e s i s t a n c e ( C/W)
5 T3 = 26 // Sur round ing a i r

t empera tu re ( C)
6 h = 21 // Convec t i v e heat

t r a n s f e r c o e f f i c i e n t between the a i r and the
s u r f a c e (W/mˆ 2 .K)

7 k = 0.0433 // Thermal
c o n d u c t i v i t y o f co rk board i n s u l a t i o n (W/m.K)

8 L = 0.00825 // Requ i red
i n s u l a t i o n t h i c k n e s s (m)

9

10 // C a l c u l a t i o n :
11 T2 = T3+Q*R2 // I n t e r f a c e

t empera tu re ( C) ( pa r t 1)
12 Bi = h*L/k // Bio t number ( pa r t

2)
13

14 // R e s u l t :
15 printf(” 1 . The i n t e r f a c e t empera tu r e i s : %. 2 f C . ”,

T2)

16 printf(” 2 . The Bio t number i s : %. 0 f ”,Bi)
17 printf(” 3 . T h e o r e t i c a l pa r t . ”)

Scilab code Exa 19.7 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 D2 = 0.5/10**3 // E x t e r n a l d i amete r

o f n e e d l e (m)
3 h3 = 12 // Heat t r a n s f e r

c o e f f i c i e n t (W/mˆ 2 .K)
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4 L = 1 // I n s u l a t i o n
t h i c k n e s s (m)

5 T1 = 95 // Reactant
t empera tu re ( C)

6 T3 = 20 // Ambient a i r
t empera tu re ( C)

7 k1 = 16 // Thermal
c o n d u c t i v i t y o f n e e d l e (W/m.K)

8 k3 = 0.0242 // Thermal
c o n d u c t i v i t y o f a i r (W/m.K)

9 D3 = 2/10**3 // Diameter o f rubber
tube (m)

10

11 // C a l c u l a t i o n :
12 r2 = D2/2 // E x t e r n a l r a d i u s o f

n e e d l e (m)
13 r3 = D3/2 // Radius o f rubber

tube (m)
14 Rt1 = 1/(h3*(2* %pi*r2*L)) // Thermal

r e s i s t a n c e ( C/W)
15 Q1 = (T1-T3)/Rt1 // Rate o f heat f l o w

i n the absence o f i n s u l a t i o n (W)
16 Bi = h3*D2/k1 // Bio t number
17 Nu = h3*D2/k3 // N u s s e l t number
18 R2 = log(r3/r2) // Thermal r e s i s t a n c e

o f n e e d l e ( C/W)
19 R3 = 1/(h3*(2* %pi*r3*L)) // Thermal

r e s i s t a n c e o f rubber tube ( C/W)
20 Rt2 = R2+R3 // Tota l the rma l

r e s i s t a n c e ( C/W)
21 Q2 = (T1-T3)/Rt2 // Rate o f heat l o s s

(W)
22

23 // R e s u l t :
24 printf(” 1 . The r a t e o f the heat l o s s from the

hypodermic n e e d l e with the rubber i n s u l a t i o n i s :
%. 2 f W . ”,Q1)

25 printf(” The r a t e o f the heat l o s s from the
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hypodermic n e e d l e w i thout the rubber i n s u l a t i o n
i s : %. 2 f W . ”,Q2)

26 printf(” 2 . The Bio t number i s : %f”,Bi)
27 printf(” The n u s s e l t number i s : %. 3 f ”,Nu)

Scilab code Exa 19.9 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 h = 140 // Convent ion

heat t r a n s f e r c o e f f i c i e n t (W/mˆ 2 .K)
3 D1 = 10/10**3 //Rod d iamete r (

m)
4 L = 2.5 //Rod l e n g t h (m)
5 T1 = 200 // S u r f a c e

t empera tu re o f rod ( C)
6 T2 = 25 // F lu id

t empera tu re ( C)
7 k = 1.4 // Thermal

c o n d u c t i v i t y o f b a k e l l i t e (W/m.K)
8 l = 55/10**3 // I n s u l a t i o n

t h i c k n e s s (m)
9

10 // C a l c u l a t i o n :
11 Q1 = h*%pi*D1*L*(T1-T2) // Rate o f heat

t r a n s f e r f o r the bare rod (W) ( pa r t 1)
12 Bi = 2 // C r i t i c a l B io t

number ( pa r t 2)
13 D2 = Bi*k/h // C r i t i c a l

d i amete r a s s o c i a t e d with the b a k e l i t e c o a t i n g (m)
14 r2 = D2/2 // C r i t i c a l

r a d i u s a s s o c i a t e d with the b a k e l i t e c o a t i n g (m)
15 r1 = D1/2 //Rod r a d i u s (m)
16 R1 = log(r2/r1)/(2* %pi*k*L) // I n s u l a t i o n

conduc t i on r e s i s t a n c e ( C/W)
17 R2 = 1/(h*(2* %pi*r2*L)) // Convect ion
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the rma l r e s i s t a n c e ( C/W)
18 Rt1 = R1+R2 // Tota l the rma l

r e s i s t a n c e ( C/W)
19 Qc = (T1-T2)/Rt1 // Heat t r a n s f e r

r a t e at the c r i t i c a l r a d i u s (W)
20 r3 = r1+l //New r a d i u s

a s s o c i a t e d with the b a k e l i t e c o a t i n g a f t e r
i n s u l a t i o n (m) ( pa r t 3)

21 R3 = log(r3/r1)/(2* %pi*k*L) // I n s u l a t i o n
conduc t i o n b a k e l i t e r e s i s t a n c e ( C/W)

22 R4 = 1/(h*(2* %pi*r3*L)) // Convect ion
b a k e l i t e the rma l r e s i s t a n c e ( C/W)

23 Rt2 = R3+R4 // Tota l b a k e l i t e
the rma l r e s i s t a n c e ( C/W)

24 Q2 = (T1-T2)/Rt2 // Heat t r a n s f e r
r a t e at the b a k e l i t e c r i t i c a l r a d i u s (W)

25 Re = ((Q1-Q2)/Q1)*100 // Percen t
r e d u c t i o n i n heat t r a n s f e r r a t e r e l a t i v e to the
c a s e o f a bare rod (%)

26

27 // R e s u l t :
28 printf(” 1 . The r a t e o f heat t r a n s f e r f o r the bare

rod i s : %0 . f W . ”,Q1)
29 printf(” 2 . The c r i t i c a l r a d i u s a s s o c i a t e d with the

b a k e l i t e c o a t i n g i s : %. 0 f mm. ”,r2 *10**3)
30 printf(” & the heat t r a n s f e r r a t e at the c r i t i c a l

r a d i u s i s : %. 0 f W . ”,Qc)
31 printf(” 3 . The f r a c t i o n a l r e d u c t i o n i n heat t r a n s f e r

r a t e r e l a t i v e to the c a s e o f a bare rod i s : %. 1
f ”,Re)

Scilab code Exa 19.10 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 r1 = 1.1/100 // I n s i d e r a d i u s o f
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%pipe (m)
3 r2 = 1.3/100 // Outs ide r a d i u s o f

%pipe (m)
4 r3 = 3.8/100 // Outs ide r a d i u s o f

a s b e s t o s i n s u l a t i o n (m)
5 L = 1 // Length o f tube (m)
6 h1 = 190 // Heat t r a n s f e r

c o e f f i c i e n t from e t h y l e n e g l y c o l to the s t a i n l e s s
s t e e l %pipe (W/mˆ 2 .K)

7 k2 = 19 // Thermal
c o n d u c t i v i t y o f %pipe (W/m.K)

8 h2 = 14 // Outs ide heat
t r a n s f e r c o e f f i c i e n t from the a i r to the s u r f a c e
o f the i n s u l a t i o n (W/mˆ 2 .K)

9 k3 = 0.2 // Thermal
c o n d u c t i v i t y o f a s b e s t o s (W/m.K)

10 T1 = 124 // Hot e t h y l e n e
g l y c o l t empera tu r e ( C)

11 T5 = 2 // Sur round ing a i r
t empera tu re ( C)

12 k4 = 0.0242 // Thermal
c o n d u c t i v i t y o f a i r (W/m.K)

13

14 // C a l c u l a t i o n :
15 A1 = 2*%pi*r1*L // I n s i d e s u r f a c e

a r ea o f %pipe (mˆ2) ( pa r t1 )
16 A2 = 2*%pi*r2*L // Outs ide s u r f a c e

a r ea o f %pipe (mˆ2)
17 A3 = 2*%pi*r3*L // Outs ide s u r f a c e

a r ea o f a s b e s t o s i n s u l a t i o n (mˆ2)
18 R1 = 1/(h1*A1) // I n s i d e c o n v e c t i o n

r e s i s t a n c e ( C/W)
19 R2 = log(r2/r1)/(2* %pi*k2*L) // Conduct ion

r e s i s t a n c e through the tube ( C/W)
20 R3 = 1/(h2*A2) // Outs ide c o n v e c t i o n

r e s i s t a n c e ( C/W)
21 Rt1 = R1+R2+R3 // Tota l r e s i s t a n c e

wi thout i n s u l a t i o n ( C/W)
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22 Q1 = (T1 - T5)/Rt1 // Heat t r a n s f e r r a t e
wi thout i n s u l a t i o n (W)

23 R4 = log(r3/r2)/(2* %pi*k3*L) // Conduct ion
r e s i s t a n c e a s s o c i a t e d with the i n s u l a t i o n ( C/W)
( pa r t 2)

24 R5 = 1/(h2*A3) // Outs ide c o n v e c t i o n
r e s i s t a n c e ( C/W)

25 Rt2 = R1+R2+R4+R5 // Tota l r s i s t a n c e
with the i n s u l a t i o n ( C/W)

26 Q2 = (T1-T5)/Rt2 // Heat t r a n s f e r r a t e
with the i n s u l a t i o n (W)

27 U1 = 1/(Rt2*A1) // 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 based on the i n s i d e a r ea (W/

mˆ 2 .K) ( pa r t 3)
28 U3 = 1/(Rt2*A3) // 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 based on the o u t s i d e a r ea (W
/mˆ 2 .K) ( pa r t 4)

29 T3 = T1 -(R1+R2)*Q2 // Temperature at the
s t e e l u 2 0 1 3 i n s u l a t i o n i n t e r f a c e ( C) ( pa r t 5)

30 Bi1 = h2*(2*r3)/k3 // Outs ide B io t
number ( pa r t 6)

31 Bi2 = h1*(2*r1)/k2 // I n s i d e B io t number
32 Nu = h1*(2*r1)/k4 // N u s s e l t number o f

the a i r
33 rlm = (r3 -r2)/log(r3/r2) // Log mean r a d i u s o f

the i n s u l a t i o n (m) ( pa r t 7)
34

35 // R e s u l t :
36 printf(” 1 . The r a t e o f heat t r a n s f e r w i thout

i n s u l a t i o n i s : %. 1 f W. ”,Q1)
37 printf(” 2 . The r a t e o f heat t r a n s f e r with i n s u l a t i o n

i s : %. 1 f W. ”,Q2)
38 printf(” 3 . The 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

based on the i n s i d e a r ea o f the tube i s : %. 2 f W/
mˆ 2 .K . ”,U1)

39 printf(” 4 . The 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
based on the o u t s i d e a r ea o f the i n s u l a t i o n i s :
%. 1 f W/mˆ 2 .K . ”,U3)
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40 printf(” 5 . The temperature , T3 , at the
s t e e l u 2 0 1 3 i n s u l a t i o n i n t e r f a c e i s : %. 1 f C . ”,T3)

41 printf(” 6 . The i n s i d e B io t numbers i s : %. 2 f ”,Bi2)
42 printf(” The o u t s i d e B io t numbers i s : %. 2 f ”,Bi1)
43 printf(” The N u s s e l t number i s : %. 1 f ”,Nu)
44 printf(” 7 . The l o g mean r a d i u s o f i n s u l a t i o n i s : %

. 2 f cm . ”,rlm *100)
45 printf(” There i s a p r i n t i n g mi s take i n book f o r u n i t

i n pa r t 7 . ”)

Scilab code Exa 19.11 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 h1 = 800 // Heat t r a n s f e r

c o e f f i c i e n t f o r steam condens ing i n s i d e c o i l ( Btu
/h . f t ˆ 2 . F)

3 h2 = 40 // Heat t r a n s f e r
c o e f f i c i e n t f o r o i l o u t s i d e c o i l ( Btu/h . f t ˆ 2 . F)

4 h3 = 40 // Heat t r a n s f e r
c o e f f i c i e n t f o r o i l i n s i d e tank wal ( Btu/h . f t ˆ 2 .
F)

5 h4 = 2 // Heat t r a n s f e r
c o e f f i c i e n t f o r o u t e r tank w a l l to ambient a i r (
Btu/h . f t ˆ 2 . F)

6 k1 = 0.039 // Thermal
c o n d u c t i v i t y o f i n s u l a t i o n l a y e r ( Btu/h . f t . F)

7 l1 = 2/12 // Th i ckne s s o f
i n s u l a t i o n l a y e r ( f t )

8 D = 10 // Diameter o f tank (
f t )

9 H = 30 // He ight o f tank ( f t
)

10 k2 = 224 // Thermal
c o n d u c t i v i t y o f copper tube ( Btu/h . f t . F)

11 l2 = (3/4) /12 // Th i ckne s s o f
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i n s u l a t i o n l a y e r ( f t )
12 T1 = 120 // Temperature o f

tank ( F)
13 T2 = 5 // Outdoor

t empera tu re ( F)
14

15 // C a l c u l a t i o n :
16 Uo1 = 1/(1/ h3+(l1/k1)+1/h4) // 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 f o r tank ( Btu/h . f t ˆ 2 . F)
17 At = %pi*(D+2*l1)*H // S u r f a c e a r ea o f

tank ( f t ˆ2)
18 Q = Uo1*At*(T1 -T2) // Heat t r a n s f e r r a t e

l o s t from the tank ( Btu/h )
19 //From t a b l e 6 . 3 :
20 l2 = 0.049/12 // Th i ckne s s o f c o i l

( f t )
21 A = 0.1963 // Area o f 18 guage ,

3/4− i n ch copper tube ( f t ˆ2/ f t )
22 Uo2 = 1/(1/ h2+(l2/k2)+1/h1) // 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 f o r c o i l ( Btu/h . f t ˆ 2 . F)
23 //From steam t a b l e s :
24 Tst = 240 // Temperature f o r 10

p s i a ( 2 4 . 7 p s i a ) steam ( F)
25 Ac = Q/(Uo2*(Tst -T1)) // Area o f tube ( f t

ˆ2)
26 L = Ac/A // Lengt o f tube ( f t )
27

28 // R e s u l t :
29 printf(”The l e n g t h o f c o p p e r tub ing r e q u i r e d i s : %. 1

f f t ”,L)

Scilab code Exa 19.12 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 // For 1− i n ch %pipe s c h e d u l e 4 0 :
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3 Di = 1.049/12 // I n s i d e d i amete r (
f t )

4 Do = 1.315/12 // Outs ide d i amete r (
f t )

5 L = 8000 // Length o f %pipe (
f t )

6 hi = 2000 // Heat t r a n s f e r
c o e f f i c i e n t i n s i d e o f the %pipe ( Btu/h . f t ˆ 2 . F)

7 ho = 100 // Outs ide heat
t r a n s f e r c o e f f i c i e n t ( Btu/h . f t . F)

8 kl = 0.01 // Thermal
c o n d u c t i v i t y o f i n s u l a t i o n ( Btu/h . f t . F)

9 T1 = 240 // Steam tempera tu r e
( F)

10 T2 = 20 // Air t empera tu r e (
F)

11 k = 24.8 // Thermal
c o n d u c t i v i t y f o r s t e e l ( Btu/h . f t . F)

12 Dxl = ([3/8 ,1/2 ,3/4 ,1]) /12 // t h i c k n e s s ( f t )
13 amt = ([1.51 ,3.54 ,5.54 ,8.36]) /6 // Cost per f e e t (

$ )
14

15 // C a l c u l a t i o n :
16 D_ = (Do-Di)/log(Do/Di) // log−mean d iamete r

o f the %pipe ( f t )
17 Dl = Do+2*( Dxl) // I n s u l a t i o n

t h i c k n e s s ( f t )
18 D_l = [ 0.13849079 0.14734319 0.16423045

0.18025404]

19 // D l = ( Dl−Do) / l o g ( Dl/Do) // l o g mean
d iamete r o f %pipe ( f t )

20 Dxw = (Do -Di)/2 // %pipe t h i c k n e s s (
f t )

21 Rw = Dxw/(k*%pi*D_*L) // Wall r e s i s t a n c e
( ( Btu/h . F) ˆ−1)

22 Ri = 1/(hi*%pi*Di*L) // I n s i d e steam
c o n v e c t i o n r e s i s t a n c e ( ( Btu/h . F) ˆ−1)

23 Rl = [ 0.00089782 0.00112517 0.00151421
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0.00183947] // Dxl /( k l ∗%pi∗D l ∗L) //
I n s u l a t i o n r e s i s t a n c e ( ( Btu/h . F) ˆ−1)

24 Ro = [ 2.31217835e-06 2.06248306e-06 1.69614504

e-06 1.44031623e-06] // 1/( ho∗%pi∗Dl∗L)
// Outs ide a i r c o n v e c t i o n r e s i s t a n c e

( ( Btu/h . F) ˆ−1)
25 R = [ 0.00090054 , 0.00112764 ,0.00151632 ,0.00184132]

// Tota l r e s i s t a n c e ( ( Btu/h . F)
ˆ−1)

26 Uo = [ 0.25675435 0.18290211 0.11185958

0.07822176] // O v e r a l l o u t s i d e heat t r a n s f e r
c o e f f i c i e n t ( Btu/h . f t ˆ 2 . F)

27 Ui = [ 0.50543158 0.40364002 0.30017609

0.24719271] // O v e r a l l i n s i d e heat t r a n s f e r
c o e f f i c i e n t ( Btu/h . f t ˆ 2 . F)

28 dT = T1-T2

29 Ai = %pi*Di*L // I n s i d e a r ea ( f t
ˆ2)

30 Q = Ui*Ai*dT // Energy l o s s ( Btu/h )
31 function [a] =energyPerDollar(Q1,Q2 ,amt1 ,amt2)

32 a = ((Q1-Q2)/(8000*( amt2 -amt1)))

33 endfunction

34 // R e s u l t s :
35 printf(” Energy saved per d o l l a r i n g o i n g from 3/8 to

1/2 in ch i s : %. 1 f Btu/h . $”,energyPerDollar(Q(1),
Q(2),amt(1),amt(2)))

36 printf(” Energy saved per d o l l a r i n g o i n g from 1/2 to
3/4 in ch i s : %. 1 f Btu/h . $”,energyPerDollar(Q(2),
Q(3),amt(2),amt(3)))

37 printf(” Energy saved per d o l l a r i n g o i n g from 3/4 to
1 in ch i s : %. 1 f Btu/h . $”,energyPerDollar(Q(3),Q
(4),amt(3),amt (4)))

Scilab code Exa 19.16 Example
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1 // V a r i a b l e d e c l a r a t i o n :
2 ki = 0.44 // Thermal

c o n d u c t i v i t y o f i n s u l a t i o n ( Btu/h . f t . F)
3 ho = 1.32 // Air f l o w

c o e f f i c i e n t ( Btu/h . f t ˆ 2 . F)
4 OD = 2 // Outs ide d i amete r

o f p ip e ( i n )
5

6 // C a l c u l a t i o n :
7 rc = (ki/ho)*12 // Outer c r i t i c a l

r a d i u s o f i n s u l a t i o n ( i n )
8 ro = OD/2 // Outs ide r a d i u s o f

p ip e ( i n )
9 L = rc -ro // C r i t i c a l

i n s u l a t i o n t h i c k n e s s ( i n )
10

11 // R e s u l t :
12 printf(”The o u t e r c r i t i c a l r a d i u s o f i n s u l a t i o n i s :

%. 0 f i n . ”,rc)
13 if ro<rc then

14 printf(” S ince , ro<rc , the heat l o s s w i l l
i n c r e a s e as i n s u l a t i o n i s added . ”)

15 else

16 printf(” S i c e , ro>rc , the heat l o s s w i l l d e c r e a s e
as i n s u l a t i o n i s added . ”)

17 end

Scilab code Exa 19.18 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 Lf = 6/12 // Length o f

f i r e b r i c k ( f t )
3 kf = 0.61 // Thermal

c o n d u c t i v i t y o f f i r e b r i c k ( Btu/h . f t . F)
4 A = 480 // S u r f a c e a r ea
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o f w a l l ( f t ˆ2)
5 Lw = 8/12 // Length o f rock

wool ( f t )
6 kw = 0.023 // Thermal

c o n d u c t i v i t y o f rock wool ( Btu/h . f t . F)
7 T1 = 1900 // Temperature o f

i n s u l a t i o n o f f i r e b r i c k ( F)
8 T2 = 140 // Temperature o f

i n s u l a t i o n o f rock wool ( F)
9

10 // C a l c u l a t i o n :
11 Rf = Lf/(kf*A) // R e s i s t a n c e o f

f i r e b r i c k ( h . F/Btu )
12 Rw = Lw/(kw*A) // R e s i s t a n c e o f

rock wool ( h . F/Btu )
13 R = Rf+Rw // Tota l

r e s i t a n c e ( h . F/Btu )
14 Q = (T1 -T2)/R // Heat l o s s

through the w a l l ( Btu/h )
15

16 // R e s u l t :
17 printf(”The heat l o s s through the w a l l i s : %. 0 f Btu

/h . ”,Q)

Scilab code Exa 19.19 Example

1

2 // V a r i a b l e d e c l a r a t i o n :
3 h1 = 1700 // Steam heat−

t r a n s f e r c o e f f i c i e n t ( Btu/h . f t ˆ 2 . F)
4 h2 = 2 // Air heat−t r a n s f e r

c o e f f i c i e n t ( Btu/h . f t ˆ 2 . F)
5 A = 1 // Area o f base ( f t

ˆ2) ( assumpt ion )
6 k1 = 26 // Thermal
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c o n d u c t i v i t y o f s t e e l ( Btu/h . f t . F)
7 k2 = 218 // Thermal

c o n d u c t i v i t y o f copper ( Btu/h . f t . F)
8 t = 0.375 // Th i ckne s s o f s t e e l

s h e e t ( i n )
9 h3 = 2500 // I n c r e a s e d steam

heat−t r a n s f e r c o e f f i c i e n t ( Btu/h . f t ˆ 2 . F)
10 h4 = 12 // I n c r e a s e d a i r heat

−t r a n s f e r c o e f f i c i e n t ( Btu/h . f t ˆ 2 . F)
11

12 // C a l c u l a t i o n :
13 R1 = 1/(h1*A) // Steam r e s i s t a n c e (

h . F/Btu )
14 R2 = 1/(h2*A) // Air r e s i s t a n c e ( h .

F/Btu )
15 R3 = (t/12)/(k1*A) // S t e e l r e s i s t a n c e (

h . F/Btu )
16 Rt1 = R1+R2+R3 // Tota l r e s i s t a n c e (

with s t e e l ) ( h . F/Btu )
17 R4 = (t/12)/(k2*A) // Copper r e s i s t a n c e

( h . F/Btu ) ( pa r t 1)
18 Rt2 = R1+R2+R4 // Tota l r e s i s t a n c e (

with copper ) ( h . F/Btu )
19 R5 = 1/(h1*A) //New steam

r e s i s t a n c e ( h . F/Btu )
20 Rt3 = R5+R2+R3 // Tota l r e s i s t a n c e

a f t e r i n c r e a s i n g the steam c o e f f i c i e n t ( h . F/Btu )
21 R6 = 1/(h4*A) // Air r e s i s t a n c e ( h .

F/Btu )
22 Rt4 = R1+R6+R3 // Tota l r e s i s t a n c e

a f t e r i n c r e a s i n g the a i r c o e f f i c i e n t ( h . F/Btu )
23

24 // R e s u l t :
25 if (Rt1==Rt2) then

26 printf(” 1 . The r a t e o f heat t r a n s f e r i s
e s s e n t i a l l y u n a f f e c t e d . ”)

27 else

28 printf(” 1 . The r a t e o f heat t r a n s f e r i s
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e s s e n t i a l l y a f f e c t e d . ”)
29 end

30

31 if (Rt1==Rt3) then

32 printf(” 2 . The r a t e i s aga in u n a f f e c t e d . ”)
33 else

34 printf(” 2 . The r a t e i s aga in a f f e c t e d . ”)
35 end

36 if (Rt1==Rt4) then

37 printf(” 3 . The r a t e i s u n a f f e c t e d f o r t h i s c a s e .
”)

38 else

39 printf(” 3 . The r a t e i s a f f e c t e d f o r t h i s c a s e . ”)
40 end

Scilab code Exa 19.20 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 rfo = 12/2 // Outs ide r a d i u s o f

f i r e b r i c k ( f t )
3 rfi = 5.167 // I n s i d e r a d i u s o f

f i r e b r i c k ( f t )
4 rso = 6.479 // Outs ide r a d i u s o f

s i l −o−c e l ( f t )
5 rsi = 6.063 // I n s i d e r a d i u s o f

f s i l −o−c e l ( f t )
6 L = 30 // Length o f

i n c i n e r a t o r ( f t )
7 kf = 0.608 // Thermal

c o n d u c t i v i t y o f f i r e b r i c k ( Btu/h . f t . F)
8 ks = 0.035 // Thermal

c o n d u c t i v i t y o f s i l −o−c e l ( Btu/h . f t . F)
9

10 // C a l c u l a t i o n :
11 Rf= log(rfo/rfi)/(2* %pi*L*kf) // R e s i s t a n c e o f
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f i r e b r i c k ( h . f t . F/Btu )
12 Rs= log(rso/rsi)/(2* %pi*L*ks) // R e s i s t a n c e o f s i l

−o−c e l ( h . f t . F/Btu )
13 R = Rf+Rs // Tota l r e s i s t a n c e (

h . f t . F/Btu )
14 ro = exp(R*(2* %pi*L*ks))*rso //New o u t s i d e

r a d i u s o f s i l −o−c e l ( f t )
15 r= ro-rso // Extra t h i c k n e s s (

f t )
16

17 // R e s u l t :
18 printf(”The e x t r a t h i c k n e s s i s : %. 3 f f t ”,r)
19 printf(”Or , the e x t r a t h i c k n e s s i s : %. 2 f i n . ”,r*12)
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Chapter 21

Entropy Considerations and
Analysis

Scilab code Exa 21.1 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 m = 1 // Mass f l o w r a t e ( l b )
3 cP = 1 // Heat c a p a c i t y ( Btu

/ l b . F)
4 //From f i g u r e 2 1 . 3 :
5 T1 = 300 // Temperature o f hot

f l u i d l e a v i n g exchange r ( F)
6 T2 = 540 // Temperature o f hot

f l u i d e n t e r i n g exchange r ( F)
7 T3 = 60 // Temperature o f

c o l d f l u i d l e a v i n g exchange r ( F)
8 T4 = 300 // Temperature o f

c o l d f l u i d e n t e r i n g exchange r ( F)
9

10 // C a l c u l a t i o n :
11 DSh = m*cP*log((T1+460)/(T2+460)) // Entropy f o r

hot f l u i d ( Btu/ F)
12 DSc = m*cP*log((T4+460)/(T3+460)) // Entropy f o r

c o l d f l u i d ( Btu/ F)
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13 DSa = DSh+DSc // Entropy f o r one
exchange r ( Btu/ F)

14 DSt = DSa*2 // Tota l en t ropy
change ( Btu/ F)

15

16 // R e s u l t :
17 printf(”The ent ropy chage i s : %. 4 f Btu/ F . ”,DSt)
18 if (DSt >0) then

19 printf(” There i s a p o s i t i v e ent ropy change . ”)
20 else

21 printf(” There i s a n e g a t i v e ent ropy change . ”)
22 end

Scilab code Exa 21.2 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From example 2 1 . 1 :
3 DSh = -0.2744 // Entropy f o r hot

f l u i d ( Btu/ F)
4 DSc = 0.3795 // Entropy f o r c o l d

f l u i d ( Btu/ F)
5 m = 1 // Mass f l o w r a t e ( l b )
6 cP = 1 // Heat c a p a c i t y ( Btu

/ l b . F)
7 //From f i g u r e 2 1 . 4 :
8 DT = 0 // Temperature

d i f f e r e n c e d r i v i n g f o r c e ( F)
9 DS_D = 0 // Entropy f o r D

exchange r ( Btu/ F)
10

11 // C a l c u l a t i o n :
12 DS_C = DSh+DSc // Entropy f o r C

exchange r ( Btu/ F)
13 DSt = DS_C+DS_D // Tota l en t ropy

change o f e x c h a n g e r s ( Btu/ F)

204



14

15 // R e s u l t :
16 printf(”The t o t a l en t ropy change i s : %f Btu/ F . ”,

DSt)

Scilab code Exa 21.3 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From f i g u r e 2 1 . 5 :
3 m = 2 // Mass f l o w r a t e ( l b )
4 cP = 1 // Heat c a p a c i t y ( Btu

/ l b . F)
5 DS1 = -0.2744 // Entropy f o r hot

f l u i d f o r E exchange r ( Btu/ F)
6 T1 = 180 // Temperature c o l d

f l u i d e n t e r i n g the E exchabge r ( F)
7 T2 = 60 // Temperature c o l d

f l u i d l e a v i n g the E exchabge r ( F)
8

9 // C a l c u l a t i o n :
10 DS2 = m*cP*log((T1+460)/(T2+460)) // Entropy f o r

c o l d f l u i d f o r E exchange r ( Btu/ F)
11 DS_E = DS1+DS2 // Entropy f o r E

exchange r ( Btu/ F)
12 DS_F = DS_E // Entropy f o r F

exchange r ( Btu/ F)
13 DSt = DS_F+DS_E // Entropy change i n

e x c h a n g e r s E and F ( Btu/ F)
14

15 // R e s u l t :
16 printf(”The ent ropy change i n e x c h a n g e r s E and F i s

: %. 4 f Btu/ F”,DSt)
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Chapter 22

Design Principles and
Industrial Applications

Scilab code Exa 22.6 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From steam t a b l e s :
3 h1 = 1572 // Enthalpy f o r

supe r heated steam at (P = 40 atm , T = 1000 F) (
Btu/ l b )

4 h2 = 1316 // Enthalpy f o r
supe r heated steam at (P = 20 atm , T = 600 F) (
Btu/ l b )

5 h3 = 1151 // Enthalpy f o r
s a t u r a t e d steam ( Btu/ l b )

6 h4 = 28.1 // Enthalpy f o r
s a t u r a t e d water ( Btu/ l b )

7 m1 = 1000 // Mass f l o w r a t e
o f steam ( l b /h )

8 syms m // Mass f l o w r a t e
o f steam ( l b /h )

9

10 // C a l c u l a t i o n :
11 Dh1 = m1*(h3-h4) //The change i n

206



en tha lpy f o r the v a p o r i z a t i o n o f the water st ream
( Btu/h )

12 Dh2 = m*(h1-h2) //The change i n
en tha lpy f o r the c o o l i n g o f the water st ream ( Btu
/h )

13 x = eval(solve(Dh1 -Dh2 ,m)) // Mass
f l o w r a t e o f steam ( l b /h )

14 m2 = x; // Mass f l o w r a t e o f
steam ( l b /h )

15

16 // R e s u l t :
17 disp(”The mass f l o w r a t e o f the u t i l i t y steam

r e q u i r e d i s : ”)
18 disp(m2)

19 disp(” l b /h . ”)

Scilab code Exa 22.7 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From t a b l e 2 2 . 1 :
3 QH1 = 12*10**6 // Heat duty f o r

p r o c e s s u n i t 1 ( Btu/h )
4 QH2 = 6*10**6 // Heat duty f o r

p r o c e s s u n i t 2 ( Btu/h )
5 QH3 = 23.5*10**6 // Heat duty f o r

p r o c e s s u n i t 3 ( Btu/h )
6 QH4 = 17*10**6 // Heat duty f o r

p r o c e s s u n i t 4 ( Btu/h )
7 QH5 = 31*10**6 // Heat duty f o r

p r o c e s s u n i t 5 ( Btu/h )
8 T1 = 90 // Supply water

t empera tu re ( F)
9 T2 = 115 // Return water

t empera tu re ( F)
10 cP = 1 // Coo l i ng water heat

207



c a p a c i t y ( Btu /( l b . F) )
11 p = 62*0.1337 // Dens i ty o f water (

l b / g a l )
12 BDR = 5/100 // Blow−down r a t e
13

14 // C a l c u l a t i o n :
15 QHL = (QH1+QH2+QH3+QH4+QH5)/60 // Heat l oad ( Btu/min

)
16 DT = T2-T1 // Change i n

t empera tu re ( F)
17 qCW = round(QHL *10** -5) /10** -5/(DT*cP*p) //

Requ i red c o o l i n g water f l o w r a t e (gpm)
18 qBD = BDR*qCW // Blow−down f l o w (

gpm)
19 qCW = round(qCW *10** -1) /10** -1

20

21 // R e s u l t :
22 printf(”The t o t a l f l o w r a t e o f c o o l i n g water r e q u i r e d

f o r the s e r v i c e s i s : %f gpm . ”,qCW)
23 printf(”The r e q u i r e d blow−down f l o w i s : %. 0 f gpm . ”,

qBD)

Scilab code Exa 22.8 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 Q1 = 10*10**6 // Unit heat duty

f o r p r o c e s s u n i t 1 ( Btu/h )
3 Q2 = 8*10**6 // Unit heat duty

f o r p r o c e s s u n i t 2 ( Btu/h )
4 Q3 = 12*10**6 // Unit heat duty

f o r p r o c e s s u n i t 3 ( Btu/h )
5 Q4 = 20*10**6 // Unit heat duty

f o r p r o c e s s u n i t 4 ( Btu/h )
6 hv = 751 // Enthalpy o f

v a p o r i z a t i o n f o r p r e s s u r e 500 p s i g ( Btu/ l b )
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7

8 // C a l c u l a t i o n :
9 mB1 = Q1/hv // Mass f l o w r a t e

o f 500 p s i g steam through u n i t 1 ( l b /h )
10 mB2 = Q2/hv // Mass f l o w r a t e

o f 500 p s i g steam through u n i t 2 ( l b /h )
11 mB3 = Q3/hv // Mass f l o w r a t e

o f 500 p s i g steam through u n i t 3 ( l b /h )
12 mB4 = Q4/hv // Mass f l o w r a t e

o f 500 p s i g steam through u n i t 4 ( l b /h )
13 mBT = mB1+mB2+mB3+mB4 // Tota l steam

r e q u i r e d ( l b /h )
14 mBT = round(mBT *10** -1) /10** -1

15

16 // R e s u l t :
17 printf(”The t o t a l steam r e q u i r e d i s : %f l b /h . ”,mBT)

Scilab code Exa 22.9 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 po = 53*16.0185 // Dens i ty o f o i l

( kg /mˆ3)
3 co = 0.46*4186.7 // Heat c a p a c i t y

o f o i l ( J/ kg . C)
4 pi = %pi

5 muo = 150/1000 // Dynamic
v i s c o s i t y o f o i l ( kg /m. s )

6 ko = 0.11*1.7303 // Thermal
c o n d u c t i v i t y o f o i l (W/m. C)

7 qo = 28830*4.381*10** -8 // Vo lumet r i c
f l o w r a t e o f o i l (mˆ3/ s )

8 pw = 964 // Dens i ty o f
water ( kg /mˆ3)

9 cw = 4204 // Heat c a p a c i t y
o f water ( J/ kg . C)
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10 muw = 0.7/3600*1.4881 // Dynamic
v i s c o s i t y o f water ( kg /m. s )

11 kw = 0.678 // Thermal
c o n d u c t i v i t y o f water (W/m. C)

12 qw = 8406*4.381*10** -8 // Vo lumet r i c
f l o w r a t e o f water (mˆ3/ s )

13 t1 = 23.5 // I n i t i a l
t empera tu re o f o i l ( C)

14 t2 = 27 // F i n a l
t empera tu re o f o i l ( C)

15 T1 = 93 // Water h e a t i n g
t empera tu re o f water ( C)

16 syms T2 //Minimum
tempera tu re o f h e a t i n g water ( C)

17 syms A // Heat t r a n s f e r
a r ea (mˆ2)

18 Uc = 35.4 // Clean heat
t r a n s f e r c o e f f i c i e n t (W/mˆ 2 .K)

19 Rf = 0.0007 // Thermal
r e s i s t a n c e (mˆ 2 .K/W)

20 D = 6*0.0254 // I n s i d e
d i amete r o f p ip e (m)

21

22 // C a l c u l a t i o n :
23 vo = muo/po // Kinemat ic

v i s c o s i t y o f o i l (mˆ2/ s )
24 mo = po*qo // Mass f l o w r a t e

o f o i l ( kg / s )
25 vw = muw/pw // Kinemat ic

v i s c o s i t y o f (mˆ2/ s )
26 mw = pw*qw // Masss f l o w

r a t e o f water ( kg / s )
27 Q1 = mo*co*(t2 -t1) // Duty o f

exchange r o f o i l (W)
28 T2m = t1 // Lowest

p o s s i b l e t empera tu r e o f the water ( C) ( pa r t 1)
29 Qmw = mw*cw*(T1-T2m) //Maximum duty

o f exchange r o f water (W) ( pa r t 2)
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30 Q2 = mw*cw*(T1 -T2) // Duty o f
exchange r o f water i n terms o f T2 (W)

31 x = eval(solve(Q1 -Q2,T2)) // S o l v i n g
v a l u e f o r T2 ( C)

32 T3 = x; //Minimum
tempera tu re o f h e a t i n g water ( C)

33 DT1 = T3 -t1 // I n l e t
t empera tu re d i f f e r e n c e ( C)

34 DT2 = T1 -t2 // Out l e t
t empera tu re d i f f e r e n c e ( C)

35 DTlm = (DT1 -DT2)/log(DT1/DT2) // Log mean
tempera tu re d i f f e r e n c e ( C)

36 Ud1 = 1/Uc+Rf // Di r ty heat
t r a n s f e r c o e f f i c i e n t (W/mˆ 2 .K) ( pa r t 3)

37 Ud2 = 34.6 // Di r ty heat
t r a n s f e r c o e f f i c i e n t (W/mˆ 2 . C)

38 Q3 = Ud2*A*DTlm // Duty o f
exchange r (W) ( pa r t 4)

39 y = eval(solve(Q1 -Q3,A)) // Heat
t r a n s f e r a r ea (mˆ2)

40 A1 = y // Requ i red heat
t r a n s f e r a r ea (mˆ2)

41 L = A1/(pi*D) // Requ i red heat
t r a n s f e r l e n g t h (m)

42 Qmo = mo*co*(T1-t1) //Maximum duty
o f exchange r o f o i l (W) ( pa r t 5)

43 Qm = Qmw //Maximum duty
o f exchange r (W)

44 E = Q1/Qm*100 // E f f e c t i v e n e s s
(%)

45 NTU = Ud2*A1/(mw*cw) //Number o f
t r a n s f e r u n i t s

46

47 // R e s u l t :
48 disp(” 1 . The l o w e s t p o s s i b l e t empera tu r e o f the

water i s : ”)
49 disp(T2m)

50 disp(” C . ”)
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51

52 disp(” 2 . The l o g mean tempera tu r e d i f f e r e n c e i s : ”)
53 disp (DTlm)

54 disp(” C . ”)
55

56 disp(” 3 . The 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 f o r
the new c l e a n exchange r i s : ”)

57 disp (Ud2)

58 disp (”W/mˆ 2 . C . ”)
59

60 disp(” 4 . The l e n g t h o f the doub le p ip e heat
exchange r i s : ”)

61 disp(L)

62 disp (” m . ”)
63

64 disp(” 5 . The e f f e c t i v e n e s s o f the exchange r i s : ”)
65 disp(E)

66 disp(”%”)
67

68 disp(”The NTU o f the exchange r i s : ”)
69 disp(NTU)

70

71 // Answers a r e c o r r e c t . P l e a s e c a l c u l a t e manual ly .

Scilab code Exa 22.10 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From example 2 2 . 9 :
3 t1 = 23.5 // I n i t i a l

t empera tu re o f o i l ( C)
4 t2 = 27 // F i n a l

t empera tu re o f o i l ( C)
5 T1 = 93 // Water h e a t i n g

t empera tu re o f water ( C)
6 T2 = 88.16 //Minimum
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t empera tu re o f h e a t i n g water ( C)
7 U = 34.6 // O v e r a l l heat

t r a n s f e r c o e f f i c i e n t (W/mˆ 2 . C)
8 Q = 7227.2 // Duty o f

exchange r (W)
9 D = 6*0.0254 // I n s i d e

d i amete r o f %pipe (m)
10 l = 6.68 // P r e v i o u s heat

t r a n s f e r l e n g t h (m)
11

12 // C a l c u l a t i o n :
13 DT1 = T1 -t1 // I n l e t

t empera tu re d i f f e r e n c e ( C)
14 DT2 = T2 -t2 // Out l e t

t empera tu re d i f f e r e n c e ( C)
15 DTlm = (DT1 -DT2)/log(DT1/DT2) // Log mean

tempera tu re d i f f e r e n c e ( C)
16 A = Q/(U*DTlm) // Requ i red heat

t r a n s f e r a r ea (mˆ2)
17 L = A/(%pi*D) // Requ i red heat

t r a n s f e r l e n g t h (m)
18

19 // R e s u l t :
20 printf(”The l e n g t h o f the p a r a l l e l %%pipe heat

exchange r i s : %. 2 f ”,L)
21 if L>l then

22 printf(”The tube l e n g t h would i n c r e a s e s l i g h t l y .
”)

23 elseif L<l then

24 printf(”The tube l e n g t h would d e c r e a s e s l i g h t l y .
”)

25 end

Scilab code Exa 22.12 Example
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1 // V a r i a b l e d e c l a r a t i o n :
2 T = 80 // Pipe s u r f a c e

t empera tu re ( F)
3 t1 = 10 // I n l e t

t empera tu re o f b r i n e s o l u t i o n ( F)
4 m = 1200 // mass

f l o w r a t e o f s o l u t i o n ( kg / s )
5 c = 0.99 // Heat

c a p a c i t y o f b r i n e s o l u t i o n ( Btu/ l b . F)
6 A = 2.5 // Heat

t r a n s f e r a r ea ( f t ˆ2)
7 U1 = 150 // 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 at t empera tu r e approach (
Btu/h . f t ˆ 2 . F)

8 U2 = 140 // 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 at i n l e t b r i n e t empera tu r e

( Btu/h . f t ˆ 2 . F)
9

10 // C a l c u l a t i o n :
11 DT1 = T-t1 // Temperature

approach at the p ipe e n t r a n c e ( F)
12

13 function [ans] = equation(DT2)

14 Q1 = m*c*(DT1 -DT2) // Energy
b a l a n c e to the b r i n e s o l u t i o n a c r o s s the f u l l

l e n g t h o f the p ip e ( Btu/h )
15 DTlm = (DT1 -DT2)*log(DT2/DT1) // Log mean

tempera tu re d i f f e r e n c e ( F)
16 Q2 = A*(U2*DT1 -U1*DT2)/log((U2*DT1)/(U1*DT2)) //

Heat t r a n s f e r r a t e ( Btu/h )
17 ans = Q2 -Q1

18 endfunction

19 t2 = T-fsolve(1,equation) //The tempera tu re o f
the b r i n e s o l u t i o n ( F)

20

21 // R e s u l t s :
22 printf(”The tempera tu r e o f b r i n e s o l u t i o n i s : %. 0 f

C” ,(t2 -32) /1.8)
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Scilab code Exa 22.13 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 m = 1200 // mass f l o w r a t e

o f s o l u t i o n ( kg / s )
3 c = 0.99 // Heat c a p a c i t y

o f b r i n e s o l u t i o n ( Btu/ l b . F)
4 DT1 = 70 // Temperature

approach at the p ipe e n t r a n c e ( F)
5 DT2 = 51.6 // Temperature

d i f f e r e n c e at the p ip e e x i t ( F)
6

7 // C a l c u l a t i o n :
8 Q = m*c*(DT1 -DT2) // Heat t r a n s f e r

r a t e ( Btu/h )
9 DTlm = (DT1 -DT2)/log(DT1/DT2) // Log mean

tempera tu re d i f f e r e n c e ( F)
10 Q1 = round(Q*10** -1) /10** -1

11

12 // R e s u l t :
13 printf(” 1 . The r a t e o f heat t r a n s f e r i s : %f Btu/h . ”

,Q1)

14 printf(”Or , the r a t e o f heat t r a n s f e r i s : %. 0 f W. ”,
Q/3.412)

15 printf(” 2 . The l o g mean tempera tu r e d i f f e r e n c e i s :
%. 1 f F . ”,DTlm)

16 printf(”Or , the l o g mean tempera tu re d i f f e r e n c e i s :
%. 1 f C . ”,DTlm /1.8)

Scilab code Exa 22.23 Example
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1 // V a r i a b l e d e c l a r a t i o n :
2 Too = 100 // Steam

tempera tu re ( C)
3 Ti = 18 // I n i t i a l

t empera tu re o f l i q u i d TCA ( C)
4 Tf = 74 // F i n a l

t empera tu re o f l i q u i d TCA ( C)
5 t = 180 // Heat ing t ime (

s )
6 p = 87.4 // Dens i ty o f TCA

( l b / f t ˆ3)
7 V = 18 // Kinemat ic

v i s c o s i t y o f TCA (mˆ2/ s )
8 cp = 0.23 // Heat c a p a c i t y

o f TCA ( Btu/ l b . F)
9 U = 200 // 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 ( Btu/h . f t ˆ 2 . F)
10

11 // C a l c u l a t i o n :
12 ui = Too -Ti // I n i t i a l e x c e s s

t empera tu re ( C)
13 uf = Too -Tf // F i n a l e x c e s s

t empera tu re ( C)
14 R = log(ui/uf) // Rat io t / r
15 r = t/R // Thermal t ime

c o n s t a n t ( s )
16 A = p*V*cp /(3600*U*r) // Requ i red

h e a t i n g a r ea ( f t ˆ3)
17 Ti_F = Ti *9/5+32 // I n i t i a l

t empera tu re i n f a h r e n h e i t s c a l e ( F)
18 Tf_F = Tf *9/5+32 // F i n a l

t empera tu re i n f a h r e n h e i t s c a l e ( F)
19 Q = p*V*cp*(Tf_F -Ti_F) // Tota l amount

o f heat added ( Btu )
20

21 // R e s u l t :
22 printf(” 1 . The r e q u i r e d s u r f a c e a r ea o f the h e a t i n g

c o i l i s : %e f t ˆ3 ”,A)
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23 printf(” 2 . The t o t a l heat added to the l i q u i d TCA i s
: %. 0 f Btu”,Q)

Scilab code Exa 22.24 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 m1 = 62000 // Mass f l o w r a t e o f

a l c o h o l ( l b /h )
3 h1 = 365 // Enthalpy o f vapour

( Btu/ l b )
4 cp = 1 // Heat c a p a c i t y o f

water ( Btu/ l b . F)
5 T1 = 85 // En t e r i n g

t empera tu re o f water ( F)
6 T2 = 120 // Ex i t t empera tu r e

o f water ( F)
7 a1 = 2.11 // Flow ar ea f o r the

s h e l l s i d e ( f t ˆ2)
8 N = 700 // Tota l number o f

tube s
9 a2 = 0.546 // Flow ar ea per tube

( i n ˆ2/ tube )
10 n = 4 //Number o f tube

p a s s e s
11 p = 62.5 // Dens i ty o f water (

l b / f t ˆ3)
12 L = 16 // Length o f

c o nde n s e r ( f t )
13 hio = 862.4 // Coo l i ng water

i n s i d e f i l m c o e f f i c i e n t ( Btu/h . f t ˆ 2 . F)
14 g = 9.8 // G r a v i t a t i o n a l

a c c l e r a t i o n (mˆ2/ s )
15 Rf = 0.003 // Fou l i ng f a c t o r (

Btu/h . f t ˆ 2 . F)
16
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17 // C a l c u l a t i o n :
18 Q1 = m1*h1 // Heat l o s s from

a l c o h o l ( Btu/h )
19 Q2 = Q1 // Heat ga ined by

water ( Btu/h )
20 DT = T2-T1 // Temperature

d i f f e r e n c e ( F)
21 m2 = Q2/(cp*DT) // Water mass f l o w

r a t e ( l b /h )
22 LMTD = ((T2 -32) -(T1 -32))/log((T2 -32)/(T1 -32)) //

Log mean tempera tu r e d i f f e r e n c e ( F)
23 at = (N*a2)/(144*n) // Tota l f l o w ar ea

f o r tube s i d e ( f t ˆ2)
24 G1 = m1/a1 // Mass v e l o c i t y o f

f l o w i n s h e l l s i d e ( l b /h . f t ˆ2)
25 G2 = m2/at // Mass v e l o c i t y o f

f l o w i n tube s i d e ( l b /h . f t ˆ2)
26 V = G2 /(3600*p) // V e l o c i t y o f water

( f t / s )
27 G3 = m1/(L*N)**(2/3) // Loading G ( l b /h . f t

)
28 // For a l c o h o l :
29 kf = 0.105 // Thermal

c o n d u c t i v i t y ( Btu/h . f t . F)
30 muf = 0.55*2.42 // Dynamic v i s c o s i t y

( l b / f t . h )
31 sf = 0.79 //
32 pf = sf*p // Dens i ty ( l b / f t ˆ3)
33 h = 151*((( kf**3)*(pf**2)*g*muf)/(( muf **2)*n*G3))

**(1/3) // Heat t r a n s f e r c o e f f i c i e n t f o r the
s h e l l s i d e ( Btu/h . f t ˆ 2 . F)

34 ho = h // Outs ide heat
t r a n s f e r c o e f f i c i e n t o f the tube bundle ( Btu/h . f t
ˆ 2 . F)

35 Uc = (hio*ho)/(hio+ho) // 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 f o r a new ( c l e a n ) heat
exchange r ( Btu/h . f t ˆ 2 . F)

36 A = N*L*0.2618 // Area f o r heat
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t r a n s f e r ( f t ˆ2)
37 Ud = Q1/(A*DT) // Des ign (D) o v e r a l l

heat t r a n s f e r c o e f f i c i e n t ( Btu/h . f t ˆ 2 . F)
38 Rd = (Uc-Ud)/(Uc*Ud) // D i r t ( d ) f a c t o r (

Btu/h . f t ˆ 2 . F)
39

40 // R e s u l t :
41 printf(”The d i r t ( d ) f a c t o r i s : %. 4 f Btu/h . f t ˆ 2 . F

. ”,Rd)
42 if (Rd >Rd) then

43 printf(” Ther e f o r e , the exchange r as s p e c i f i e d i s
u n s u i t a b l e f o r t h e s e p r o c e s s c o n d i t i o n s

s i n c e the f o u l i n g f a c t o r i s above the
recommended v a l u e . C l ean ing i s recommended . ”)

44 else

45 printf(” Ther e f o r e , the exchange r as s p e c i f i e d i s
s u i t a b l e f o r t h e s e p r o c e s s c o n d i t i o n s s i n c e

the f o u l i n g f a c t o r i s below the recommended
v a l u e . C l ean ing i s not recommended . ”)

46 end
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Chapter 23

Environmental Management

Scilab code Exa 23.6 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 Q = 20000 // Fue l i nput ( Btu )
3 e = 1 // Energy produced (kW. h )
4 Btu = 3412 // Un i t s Btu i n 1 kW. h
5

6 // C a l u l a t i o n :
7 ER = Q/Btu // Energy r e q u i r e m e n t i n

1990 (kW. h )
8 E = e/ER*100 // E f f i c i e n c y o f ene rgy

c o n v e r s i o n (%)
9

10 // R e s u l t :
11 printf(”The e f f i c i e n c y o f ene rgy c o n v e r s i o n i s : %. 1

f %%”,E)

Scilab code Exa 23.7 Example

1 // V a r i a b l e d e c l a r a t i o n :
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2 ADL1 = 2 // Average d a i l y l oad
(MW)

3 R = 25/100 // Reduct ion i n
e l e c t r i c a l l o ad (%)

4

5 // C a l c u l a t i o n :
6 L = 1-R //New load f r a c t i o n
7 ADL2 = ADL1*L //New ave rage d a i l y

l oad (MW)
8 AR = ADL1 -ADL2 // Average r e d u c t i o n

i n e l e c t r i c a l l o ad (MW)
9

10 // R e s u l t :
11 printf(”The new Average d a i l y l oad f o r the p l a n t i s

: %f MW. ”,ADL2)
12 printf(”The ave rage r e d u c t i o n i n e l e c t r i c a l l o ad i s

: %f MW. ”,AR)
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Chapter 24

Accident and Emergency
Management

Scilab code Exa 24.4 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 fm = 30/100 // Mole f r a c t i o n

o f methane
3 fe = 50/100 // Mole f r a c t i o n

o f e thane
4 fp = 20/100 // Mole f r a c t i o n

o f pentane
5 LFLm = 0.046 // Lower

f l a m m a b i l i t y l i m i t f o r methane
6 LFLe = 0.035 // Lower

f l a m m a b i l i t y l i m i t f o r e thane
7 LFLp = 0.014 // Lower

f l a m m a b i l i t y l i m i t f o r propane
8 UFLm = 0.142 // Upper

f l a m m a b i l i t y l i m i t f o r methane
9 UFLe = 0.151 // Upper

f l a m m a b i l i t y l i m i t f o r e thane
10 UFLp = 0.078 // Upper

f l a m m a b i l i t y l i m i t f o r propane
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11

12 // C a l c u l a t i o n :
13 LFLmix = 1/((fm/LFLm)+(fe/LFLe)+(fp/LFLp)) // Lower

f l a m m a b i l i t y l i m i t o f gas mixture
14 UFLmix = 1/((fm/UFLm)+(fe/UFLe)+(fp/UFLp)) // Upper

f l a m m a b i l i t y l i m i t o f gas mixture
15

16 // R e s u l t :
17 printf(”The upper f l a m m a b i l i t y l i m i t (UFL) o f the

gas mixture i s : %. 2 f %%”,UFLmix *100)
18 printf(”The l owe r f l a m m a b i l i t y l i m i t (LFL) o f the

gas mixture i s : %. 2 f %%”,LFLmix *100)
19 printf(” There i s a p r i n t i n g mi s take i n book . ”)

Scilab code Exa 24.5 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 P_A = 10/100 //

P r o b a b i l i t y tha t the f i r s t tube i s d e f e c t i v e i f
the f i r s t i s r e p l a c e d

3 P_B = 10/100 //
P r o b a b i l i t y tha t the second tube i s d e f e c t i v e i f
the f i r s t i s r e p l a c e d

4

5 // C a l c u l a t i o n :
6 P_AB = P_A*P_B //

P r o b a b i l i t y tha t the two tube s a r e d e f e c t i v e i f
the f i r s t i s r e p l a c e d

7 P_B_A = 9/99 //
P r o b a b i l i t y tha t the second tube i s d e f e c t i v e i f
the f i r s t tube i s not r e p l a c e d

8 Pd_AB = P_A*P_B_A //
P r o b a b i l i t y tha t both tube s a r e d e f e c t i v e i f the
f i r s t tube i s not r e p l a c e d

9
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10 // R e s u l t :
11 printf(”The p r o b a b i l i t y tha t both tube s a r e

d e f e c t i v e i f : ”)
12 printf(” ( a ) the f i r s t i s r e p l a c e d b e f o r e the second

i s drawn i s : %f”,P_AB)
13 printf(” ( b ) the f i r s t i s not r e p l a c e d b e f o r e the

second i s drawn i s : %f”,Pd_AB)

Scilab code Exa 24.6 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 syms X // Range o f X
3 Px = 1.7*( exp (-1.7*X)) //

P r o b a b i l i t y d i s t r i b u t i o n f u n c t i o n
4

5 // C a l c u l a t i o n :
6 P = eval(integrate(Px, X,2,6)) //

P r o b a b i l i t y tha t X w i l l have a v a l u e between 2
and 6

7

8 // R e s u l t :
9 printf(”The p r o b a b i l i t y tha t X w i l l have a v a l u e

between 2 and 6 i s : %. 4 f ”,P)

Scilab code Exa 24.7 Example

1 // V a r i a b l e D e c l a r a t i o n :
2 n = 20 // Tota l number o f components
3 p = 0.1 // P r o b a b i l i t y o f s u c c e s s
4

5 // C a l c u l a t i o n s :
6 function [ans]= binomial(n,p,x)

7 P=0

224



8 for x = 0:x-1

9 P = P + p**x*(1-p)**(n-x)*factorial(n)/(

factorial(x)*factorial(n-x))

10 end

11 disp(P);

12 ans = P

13 endfunction

14

15 // R e s u l t s :
16 printf(” P r o b a b i l i t y tha t the s p r i n k l e r system f a i l s

: %. 2 f %%” ,(1-binomial(n,p,4))*100)

Scilab code Exa 24.8 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 a = 1.3*10^ -3 // Constant a
3 B = 0.77 // Constant B
4 syms t //Time ( h )
5 Ft = a*B*t^(B-1)*(exp(-a*t^B)) // Pdf f o r heat

exchange r tube
6 Pt = eval(integrate(Ft, ” t ” ,0,1000)) //

P r o b a b i l i t y tha t a heat exchange r w i l l f a i l
w i t h i n 100 hours

7

8 // R e s u l t :
9 printf(”The p r o b a b i l i t y tha t a tube i n a heat

exchange r w i l l f a i l i n 1000 hours i s : %. 2 f ”,Pt)

Scilab code Exa 24.9 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 m = 0.4008 //Mean ( in ch )
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3 s = 0.0004 // Standard D e v i a t i o n (
i n ch )

4 UL = 0.4000+0.001 // Upper L imit
5 LL = 0.4000 -0.001 // Upper L imit
6

7 // C a l c u l a t i o n :
8 Ps = cdfnor(”PQ”,UL ,m,s)-cdfnor(”PQ”,LL ,m,s)//

P r o b a b i l i t y o f meet ing s p e c s
9 Pd = 1-Ps // P r o b a b i l i t y o f d e f e c t
10

11 // R e s u l t s :
12 printf(” P r o b a b i l i t y o f meet ing s p e c i f i c a t i o n s : %. 2 f

%%”,Ps*100)
13 printf(” P r o b a b i l i t y o f D e f e c t : %. 2 f %%”,Pd *100)

Scilab code Exa 24.10 Example

1 // v a r i a b l e D e c l a r a t i o n :
2 mTa = [100 ,100 ,100 ,100 ,100 ,100 ,100 ,100 ,100 ,100]

//Mean weeks f o r thermometer
f a i l u r e (A)

3 mTb = [90 ,90 ,90 ,90 ,90 ,90 ,90 ,90 ,90 ,90]

//Mean weeks f o r thermometer
f a i l u r e (B)

4 mTc = [80 ,80 ,80 ,80 ,80 ,80 ,80 ,80 ,80 ,80]

//Mean weeks f o r thermometer
f a i l u r e (C)

5 sTa = 30 // Standard
d e v i a t i o n ( weeks ) f o r thermometer f a i l u r e (A)

6 sTb = 20 // Standard
d e v i a t i o n ( weeks ) f o r thermometer f a i l u r e (B)

7 sTc = 10 // Standard
d e v i a t i o n ( weeks ) f o r thermometer f a i l u r e (C)

8 Ra =

[0.52 ,0.80 ,0.45 ,0.68 ,0.59 ,0.01 ,0.50 ,0.29 ,0.34 ,0.46]
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//Random No c o r r o s p o n d i n g to A
9 Rb =

[0.77 ,0.54 ,0.96 ,0.02 ,0.73 ,0.67 ,0.31 ,0.34 ,0.00 ,0.48]

//Random No c o r r o s p o n d i n g to B
10 Rc =

[0.14 ,0.39 ,0.06 ,0.86 ,0.87 ,0.90 ,0.28 ,0.51 ,0.56 ,0.82]

//Random No c o r r o s p o n d i n g to B
11 Za =

[0.05 ,0.84 , -0.13 ,0.47 ,0.23 , -2.33 ,0.00 , -0.55 , -0.41 , -0.10]

// Normal v a r i a b l e c o r r o s p o n d i n g to random No
f o r A

12 Zb =

[0.74 ,0.10 ,1.75 , -2.05 ,0.61 ,0.44 , -0.50 , -0.41 , -3.90 , -0.05]

// Normal v a r i a b l e c o r r o s p o n d i n g to random No
f o r B

13 Zc =

[ -1.08 , -0.28 , -1.56 ,1.08 ,1.13 ,1.28 , -0.58 ,0.03 ,0.15 ,0.92]

// Normal v a r i a b l e c o r r o s p o n d i n g to random No
f o r C

14

15 // C a l c u l a t i o n s :
16 Ta = mTa+sTa*Za

17 Tb = mTb+sTb*Zb

18 Tc = mTc+sTc*Zc

19 Ts = min(list(Ta ,Tb))

20 Ts = min(list(Ts ,Tc))

21 k = sum(Ts)/length(Ts)

22 m = [k,k,k,k,k,k,k,k,k,k]

23 s = sqrt(sum((Ts -m)**2)/( length(Ts) -1))

24

25 // R e s u l t s :
26 printf(” Standard d e v i a t i o n : %. 1 f Weeks”,s)

Scilab code Exa 24.15 Example
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1 // V a r i a b l e d e c l a r a t i o n :
2 t = 273 // Standard t empera tu r e (

K)
3 v = 0.0224 // Volume o f a i r o c c u p i e d

by 1 gmol o f i d e a l gas (mˆ3)
4 V = 1100 // Volume o f heat

exchange r (mˆ3)
5 T = 22+273 // Temperature o f heat

exchange r (K)
6 x1 = 0.75 // gmols o f hydrocarbon

l e a k i n g from the exchange r ( gmol )
7

8 // C a l c u l a t i o n :
9 n = V*(1/v)*(t/T) // Tota l number o f gmols

o f a i r i n the room ( gmol )
10 xHC = (x1/(n+x1))*10**6 //The mole f r a c t i o n o f

hydrocarbon i n the room (ppm)
11 ans = round ((xHC *1000) *10** -1) /10** -1

12 // R e s u l t :
13 printf(” 1 . The mole f r a c t i o n o f hydrocarbon i n the

room i s : %f ppb . ”,ans)
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Chapter 26

Numerical Methods

Scilab code Exa 26.8 Example

1 // V a r i a b l e D e c l a r a t i o n :
2 syms A

3 syms B

4 syms r

5 syms C

6

7 // C a l c u l a t i o n :
8 res = solve ([A + B*log(2)-log (3),A + B*log (4)-log

(12)],[A,B])

9 A = -0.2877

10 B = round(float(res[B]))

11 kA = round(exp(A) ,2)

12 a = B

13

14 // R e s u l t :
15 disp(”The e q u a t i o n f o r r a t e o f r e a c t i o n i s : %f kA∗C

∗∗a ”)
16 disp(-r)
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Scilab code Exa 26.9 Example

1 // V a r i a b l e D e c l a r a t i o n :
2 T =

[ -40 , -20 ,0 ,10 ,12 ,30 ,40 ,50 ,60 ,80 ,100 ,150 ,200 ,250 ,300 ,400 ,500]

3 u =

[1.51 ,1.61 ,1.71 ,1.76 ,1.81 ,1.86 ,1.90 ,1.95 ,2.00 ,2.09 ,2.17 ,2.38 ,2.57 ,2.75 ,2.93 ,3.25 ,3.55]

4

5 // C a l c u l a t i o n s :
6 [B,A] = reglin(T,u)

7

8 // R e s u l t s :
9 printf(”The v a l u e o f A i n r e g r e s s i o n model i s : %. 4 f ”

,A)

10 printf(”The v a l u e o f B i n r e g r e s s i o n model i s : %. 4 f ”
,B)

Scilab code Exa 26.11 Example

1 //Key :
2 // f ( x ) : O b j e c t i v e Funct ion
3 // c i ( x ) ’ s : C o n s t r a i n t s
4

5 // V a r i a b l e D e c l a r a t i o n :
6 function [a] = f(x)

7 a = -2.0*x(1) - 1.6*x(2)

8 endfunction

9

10 // C a l c u l a t i o n
11 X = [16820 ,1152]

12

13 // R e s u l t :
14 printf(”Maximum P r o f i t i s $ %. 0 f / day or $ %f / yea r ”
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,-f(X) ,-365*f(X))
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Chapter 27

Economics and Finance

Scilab code Exa 27.5 Example

1

2 // V a r i a b l e d e c l a r a t i o n :
3 i = 0.03375 // Rate o f i n t e r e s t (

%)
4 n = 9 // Years to the end

o f l i f e ( yr )
5 P = 60000 // Cost o f exchange r

( $ )
6 L = 500 // Sa lvage v a l u e ( $ )
7 x = 5 //Time a f t e r 5 y e a r s

( yr )
8

9 // C a l c u l a t i o n :
10 SFDF = i/((1+i)**n-1) // S i n k i n g fund

d e p r e c i a t i o n f a c t o r
11 UAP = (P-L)*SFDF // Uniform annual

payment ( $ )
12 B = ceil(P-((P-L)/n)*x) // A p p r a i s a l

v a l u e a f t e r 5 y e a r s ( $ )
13

14 // R e s u l t :
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15 printf(” 1 . The un i fo rm annual payment made i n t o the
fund at the o f the yea r i s : $ %. 0 f ”,UAP)

16 printf(” 2 . The a p p r a i s a l v a l u e o f the exchange r at
the end o f the f i f t h yea r i s : $ %. 0 f ”,B)

Scilab code Exa 27.6 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 C = 150000 // C a p i t a l c o s t ( $ )
3 i = 7/100 // I n t e r e s t r a t e
4 n = 5 //Time ( yr )
5 OC = 15000 // Operat ing c o s t ( $ )
6 A = 75000 // Annual c o s t f o r

the o l d p r o c e s s ( $ )
7

8 // C a l c u l a t i o n :
9 CRF = (i*(1+i)**n)/((1+i)**n-1) // C a p i t a l r e c o v e r y

f a c t o r
10 IC = CRF*C // I n i t i a l c o s t ( $ )
11 AC = IC+OC // Tota l a n n u a l i z e d

c o s t ( $ )
12

13 // R e s u l t :
14 printf(”The a n n u a l i z e d c o s t f o r the new h e a t i n g

system i s : $ %. 0 f ”,AC)
15 if (AC<A) then

16 printf(” S i n c e t h i s c o s t i s l owe r than the annua l
c o s t o f $75 , 0 0 0 f o r the o l d p r o c e s s , the

proposed p lan shou ld be implemented . ”)
17 else

18 printf(” S i n c e t h i s c o s t i s h i g h e r than the
annual c o s t o f $75 , 0 0 0 f o r the o ld p r o c e s s ,
the proposed p lan shou ld not be implemented . ”
)

19 end
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Scilab code Exa 27.7 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 i = 12/100 // I n t e r s e s t r a t e
3 n = 12 // L i f e t i m e

p e r i o d ( yr )
4 CC = 2625000 // C a p i t a l c o s t (

$ )
5 IC = 1575000 // I n s t a l l a t i o n

c o s t ( $ )
6 //From t a b l e 2 7 . 3 :
7 Ic1 = 2000000 // Income c r e d i t

f o r doub le p ip e ( $/ yr )
8 Ic2 = 2500000 // Income c r e d i t

f o r S h e l l −and−tube ( $/ yr )
9 AC1 = 1728000 // Tota l annua l

c o s t f o r doub l e p ip e ( $/ yr )
10 AC2 = 2080000 // Tota l annua l

c o s t f o r S h e l l −and−tube ( $/ yr )
11

12 // C a l c u l a t i o n :
13 CRF = i/(1 -(1+i)**-n) // C a p i t a l

r e c o v e r y f a c t o r
14 DPc = (CC+IC)*CRF // Annual c a p i t a l

and i n s t a l l a t i o n c o s t s f o r the DP u n i t ( $/ yr )
15 STc = (CC+IC)*CRF // Annual c a p i t a l

and i n s t a l l a t i o n c o s t s f o r the ST u n i t ( $/ yr )
16 DPp = Ic1 -AC1 // P r o f i t f o r the

DP u n i t ( $/ yr )
17 STp = Ic2 -AC2 // P r o f i t f o r the

ST u n i t ( $/ yr )
18

19 // R e s u l t :
20 printf(”The p r o f i t f o r the s h e l l −and−tube u n i t i s :
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$ %. 0 f / yr . ”,DPp)
21 printf(”The p r o f i t f o r the doub le p ip e u n i t i s : $ %

. 0 f / yr . ”,STp)
22 if (STp >DPp) then

23 printf(”A s h e l l −and−tube heat exchange r shou ld
t h e r e f o r e be s e l e c t e d based on the above
economic a n a l y s i s . ”)

24 else

25 printf(”A doub le p ip e heat exchange r shou ld
t h e r e f o r e be s e l e c t e d based on the above
economic a n a l y s i s . ”)

26 end

Scilab code Exa 27.8 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 m = 50000 // Mass f l o w r a t e o f

the o r g a n i c f l u i d ( l b /h )
3 cP = 0.6 //The heat c a p a c i t y

o f the o r g a n i c l i q u i d ( Btu/ l b . F)
4 T1 = 150 // I n i t i a l

t empera tu re o f o r g a n i c f l u i d ( F)
5 T2 = 330 // F i n a l t empera tu r e

o f o r g a n i c f l u i d ( F)
6 Ts1 = 358 // S a t u r a t i o n

t empera tu re f o r 150 p s i a ( F)
7 Ts2 = 417 // S a t u r a t i o n

t empera tu re f o r 300 p s i a ( F)
8 L1 = 863.6 // Latent heat f o r

150 p s i a ( Btu/ l b )
9 L2 = 809 // Latent heat f o r

300 p s i a ( Btu/ l b )
10 c1 = 5.20/1000 // Cost f o r 150 p s i a

( $/ l b )
11 c2 = 5.75/1000 // Cost f o r 300 p s i a
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( $/ l b )
12 CI1 = 230 // Cost index i n 1998
13 CI2 = 360 // Cost index i n 2011
14 IF = 3.29 // I n s t a l l a t i o n

f a c t o r
15 PF1 = 1.15 // P r e s s u r e f a c t o r s

f o r 100 to 200 p s i g
16 PF2 = 1.20 // P r e s s u r e f a c t o r s

f o r 200 to 300 p s i g
17 OP = 90/100 // Plant on−s t ream

o p e r a t i o n f a c t o r
18 h = 365*24 // Hours i n a yea r ( h

)
19

20 // C a l c u l a t i o n :
21 Q = m*cP*(T2-T1) // O v e r a l l he ta duty

( Btu/h )
22 DT1 = Ts1 -T1 // Temperature

d r i v i n g f o r c e 1 f o r 150 p s i a ( F)
23 DT2 = Ts1 -T2 // Temperature

d r i v i n g f o r c e 2 f o r 150 p s i a ( F)
24 LMTD1 = (DT1 -DT2)/log(DT1/DT2) // Log−mean

tempera tu re d i f f e r e n c e f o r 150 p s i a ( F)
25 DT3 = Ts2 -T1 // Temperature

d r i v i n g f o r c e 1 f o r 300 p s i a ( F)
26 DT4 = Ts2 -T2 // Temperature

d r i v i n g f o r c e 2 f o r 300 p s i a ( F)
27 LMTD2 = (DT3 -DT4)/log(DT3/DT4) // Log−mean

tempera tu re d i f f e r e n c e f o r 1300 p s i a ( F)
28 A1 = Q/(138* LMTD1) // Requ i red heat

t r a n s f e r a r ea f o r 150 p s i a ( f t ˆ2)
29 A2 = Q/(138* LMTD2) // Requ i red heat

t r a n s f e r a r ea f o r 300 p s i a ( f t ˆ2)
30 BC1 = 117*A1 **0.65 // Base c o s t f o r 150

p s i a ( $ )
31 BC2 = 117*A2 **0.65 // Base c o s t f o r

13000 p s i a ( $ )
32 C1 = BC1*(CI2/CI1)*IF*PF1 // C a p i t a l c o s t f o r
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150 p s i a ( $ )
33 C2 = BC2*(CI2/CI1)*IF*PF2 // C a p i t a l c o s t f o r

300 p s i a ( $ )
34 S1 = Q*(h*OP)/L1 // Steam r e q u i r e m e n t

f o r 150 p s i a ( l b / yr )
35 S2 = Q*(h*OP)/L2 // Steam r e q u i r e m e n t

f o r 300 p s i a ( l b / yr )
36 SC1 = S1*c1 // Annual steam c o s t

f o r 150 p s i a ( $/ yr )
37 SC2 = S2*c2 // Annual steam c o s t

f o r 300 p s i a ( $/ yr )
38 C1 = round(C1*10** -3) /10** -3

39 C2 = round(C2*10** -3) /10** -3

40 SC1 = round(SC1 *10** -3) /10** -3

41 SC2 = round(SC2 *10** -3) /10** -3

42

43 // R e s u l t :
44 printf(” 1 . The c a p i t a l c o s t f o r 150 p s i a i s : $ %f”,

C1)

45 printf(” The c a p i t a l c o s t f o r 300 p s i a i s : $ %f”,
C2)

46 printf(” 2 . The annua l steam c o s t f o r 150 p s i a i s : $
%f / yr . ”,SC1)

47 printf(” The annual steam c o s t f o r 300 p s i a i s : $
%f / yr . ”,SC2)

48 if (C1 <C2 & SC1 >SC2) then

49 printf(”The 300− p s i a exchange r c o s t s l e s s to
purchas e and i n s t a l l , but i t c o s t s more to
o p e r a t e . Choos ing the more expens i v e , 150−
p s i a exchange r i s the obv i ou s c h o i c e . ”)

50 else if (C1>C2 & SC1 <SC2) then

51 printf(”The 150− p s i a exchange r c o s t s l e s s to
purchas e and i n s t a l l , but i t c o s t s more to
o p e r a t e . Choos ing the more expens i v e , 300−
p s i a exchange r i s the obv i ou s c h o i c e . ”)

52 end
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Scilab code Exa 27.9 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 TCC_TB = 2500000 // Tota l c a p i t a l

c o s t ( $ )
3 R_TB = 3600000 // R TBevenue

g e n e r a t e d from the f a c i l i t y ( $ )
4 AOC_TB = 1200000 // Annual

o p e r a t i n g c o s t s ( $ )
5 TCC_FB = 3500000 // Tota l c a p i t a l

c o s t ( $ )
6 R_FB = 5300000 // R TBevenue

g e n e r a t e d from the f a c i l i t y ( $ )
7 AOC_FB = 1400000 // Annual

o p e r a t i n g c o s t s ( $ )
8 n = 10 //Time o f

f a c i l i t y ( yr )
9

10 // C a l c u l a t i o n :
11 D = 0.1* TCC_TB // D e p r i c i a t i o n ( $

)
12 WC = 0.1* TCC_TB // Working c a p i t a l

( $ )
13 TI = R_TB -AOC_TB -D // Taxable income

( $ )
14 IT = 0.5*TI // Income tax to

be pa id ( $ )
15 A = R_TB -AOC_TB -IT // Afte r−tax cash

f l o w ( $ )
16 function [ans] = eqTB(i)

17 x = (((1+i)**n-1)/(i*(1+i)**n))*A + (1/(1+i)**n)

*WC // Equat ion f o r computing r a t e o f
r e t u r n f o r TB u n i t

18 y = WC + 0.5* TCC_TB + 0.5* TCC_TB *(1+i)**1
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// Equat ion f o r computing r a t e o f
r e t u r n f o r TB u n i t

19 ans = x-y

20 endfunction

21 iTB = ceil(fsolve (0.8, eqTB)*100) // Rate o f r e t u r n
f o r TB u n i t (%)

22

23 D = 0.1* TCC_FB // D e p r i c i a t i o n ( $
)

24 WC = 0.1* TCC_FB // Working c a p i t a l
( $ )

25 TI = R_FB -AOC_FB -D // Taxable income
( $ )

26 IT = 0.5*TI // Income tax to
be pa id ( $ )

27 A = R_FB -AOC_FB -IT // Afte r−tax cash
f l o w ( $ )

28

29 function [ans] = eqFB(i)

30 x = (((1+i)**n-1)/(i*(1+i)**n))*A + (1/(1+i)**n)

*WC // Equat ion f o r computing r a t e o f
r e t u r n f o r FB u n i t

31 y = WC + 0.5* TCC_FB + 0.5* TCC_FB *(1+i)**1

// Equat ion f o r computing r a t e o f
r e t u r n f o r FB u n i t

32 ans = x-y

33 endfunction

34 iFB = fsolve (0.8, eqFB)*100 // Rate o f r e t u r n f o r FB
u n i t (%)

35

36 // R e s u l t s :
37 printf(”The r a t e o f r e t u r n f o r TB u n i t i s : %. 0 f %%”,

iTB)

38 printf(”The r a t e o f r e t u r n f o r FB u n i t i s : %. 1 f %%”,
iFB)

239



Scilab code Exa 27.10 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 f = 100000 // Flow r a t e o f

f l u e gas ( acfm )
3 i = 0.1 // I n t e r e s t r a t e
4 //From t a b l e 2 7 . 4 :
5 // For f i n n e d p r e h e a t e r :
6 ac1 = 3.1 // Equipment c o s t (

$/ acfm )
7 ac2 = 0.8 // I n s t a l l a t i o n

c o s t ( $/ acfm )
8 ac3 = 0.06 // Operat ing c o s t (

$/acfm−yr )
9 ac4 = 14000 // Maintenance c o s t

( $/ yr )
10 an = 20 // L i f e t i m e ( yr )
11 // For 4−pas s p r e h e a t e r :
12 bc1 = 1.9 // Equipment c o s t (

$/ acfm )
13 bc2 = 1.4 // I n s t a l l a t i o n

c o s t ( $/ acfm )
14 bc3 = 0.06 // Operat ing c o s t

f o r ( $/acfm−yr )
15 bc4 = 28000 // Maintenance c o s t

( $/ yr )
16 bn = 15 // L i f e t i m e o f ( yr )
17 // For 2−pas s p r e h e a t e r :
18 cc1 = 2.5 // Equipment c o s t (

$/ acfm )
19 cc2 = 1.0 // I n s t a l l a t i o n

c o s t ( $/ acfm )
20 cc3 = 0.095 // Operat ing c o s t

f o r ( $/acfm−yr )
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21 cc4 = 9500 // Maintenance c o s t
f o r ( $/ yr )

22 cn = 20 // L i f e t i m e o f ( yr )
23

24 // C a l c u l a t i o n :
25 // For Finned p r e h e a t e r :
26 aEC = f*ac1 // Tota l equipment

c o s t ( $ )
27 aIC = f*ac2 // Tota l

i n s t a l l a t i o n c o s t ( $ )
28 aOC = f*ac3 // Tota l o p e r a t i n g

c o s t ( $ )
29 aMC = f*ac4 // Tota l

maintenance c o s t ( $ )
30 aCRF = (i*(1+i)**an)/((1+i)**an -1) // C a p i t a l

r e c o v e r y f a c t o r
31 aAEC = aEC*aCRF // Equipment

annual c o s t ( $/ yr )
32 aAIC = aIC*aCRF // I n s t a l l a t i o n

annual c o s t ( $/ yr )
33 aAOC = ac3*f // Annual

o p e r a t i n g c o s t ( $ )
34 aAMC = ac4 // Annual

maintenance c o s t ( $ )
35 aTAC = aAEC+aAIC+aAOC+aAMC // Tota l annua l

c o s t ( $ )
36

37 // For 4−pas s p r e h e a t e r :
38 bEC = f*bc1 // Tota l equipment

c o s t ( $ )
39 bIC = f*bc2 // Tota l

i n s t a l l a t i o n c o s t ( $ )
40 bOC = f*bc3 // Tota l o p e r a t i n g

c o s t ( $ )
41 bMC = f*bc4 // Tota l

maintenance c o s t ( $ )
42 bCRF = (i*(1+i)**bn)/((1+i)**bn -1) // C a p i t a l

r e c o v e r y f a c t o r
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43 bAEC = bEC*bCRF // Equipment
annual c o s t ( $/ yr )

44 bAIC = bIC*bCRF // I n s t a l l a t i o n
annual c o s t ( $/ yr )

45 bAOC = bc3*f // Annual
o p e r a t i n g c o s t ( $ )

46 bAMC = bc4 // Annual
maintenance c o s t ( $ )

47 bTAC = bAEC+bAIC+bAOC+bAMC // Tota l annua l
c o s t ( $ )

48 // For 2−pas s p r e h e a t e r :
49 cEC = f*cc1 // Tota l equipment

c o s t ( $ )
50 cIC = f*cc2 // Tota l

i n s t a l l a t i o n c o s t ( $ )
51 cOC = f*cc3 // Tota l o p e r a t i n g

c o s t ( $ )
52 cMC = f*cc4 // Tota l

maintenance c o s t ( $ )
53 cCRF = (i*(1+i)**cn)/((1+i)**cn -1) // C a p i t a l

r e c o v e r y f a c t o r
54 cAEC = cEC*cCRF // Equipment

annual c o s t ( $/ yr )
55 cAIC = cIC*cCRF // I n s t a l l a t i o n

annual c o s t ( $/ yr )
56 cAOC = cc3*f // Annual

o p e r a t i n g c o s t ( $ )
57 cAMC = cc4 // Annual

maintenance c o s t ( $ )
58 cTAC = cAEC+cAIC+cAOC+cAMC // Tota l annua l

c o s t ( $ )
59

60 // R e s u l t :
61 printf(” Tota l annual c o s t f o r f i n n e d p r e h e a t e r i s :

$ %. 0 f ”,aTAC)
62 printf(” Tota l annual c o s t f o r 4−pas s p r e h e a t e r i s :

$ %. 0 f ”,bTAC)
63 printf(” Tota l annual c o s t f o r 2−pas s p r e h e a t e r i s :
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$ %. 0 f ”,cTAC)
64 if (cTAC <aTAC & cTAC <bTAC) then

65 printf(” Accord ing to the a n a l y s i s , the 2−pas s
exchange r i s the most e c o n o m i c a l l y a t t r a c t i v e

d e v i c e s i n c e the annua l c o s t i s the l o w e s t . ”
)

66 elseif (bTAC <aTAC & bTAC <cTAC) then

67 printf(” Accord ing to the a n a l y s i s , the 4−pas s
exchange r i s the most e c o n o m i c a l l y a t t r a c t i v e

d e v i c e s i n c e the annua l c o s t i s the l o w e s t . ”
)

68 elseif (aTAC <cTAC & aTAC <bTAC) then

69 printf(” Accord ing to the a n a l y s i s , the f i n n e d
exchange r i s the most e c o n o m i c a l l y a t t r a c t i v e

d e v i c e s i n c e the annua l c o s t i s the l o w e s t . ”
)

70 end

Scilab code Exa 27.12 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 TH = 500 // Hot stream

tempera tu re at exchange r 1 ( F)
3 tc = 100 // Cold stream

tempera tu re at exchange r 2 ( F)
4 A = 10 // Constant A
5 B1 = 100000 // Constant B1
6 B2 = 4000 // Constant B2
7 B3 = 400000 // Constant B3
8

9 // C a l c u l a t i o n s :
10 // I t forms e q u a t i o n f o form t ˆ2 − t (Th−t c ) +tcTH +B/

A
11 t1 = roots([1, -(TH+tc),(tc*TH + B1/A) ]); // Roots
12 tmax1 = TH - sqrt(B1/A) //Upon maximis ing
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p r o f i t
13 t2 = roots([1, -(TH+tc),(tc*TH + B2/A) ]); // Roots
14 tmax2 = TH - sqrt(B2/A) //Upon maximis ing

p r o f i t
15 t3 = roots([1, -(TH+tc),(tc*TH + B3/A) ]); // Roots
16 tmax3 = TH - sqrt(B3/A) //Upon maximis ing

p r o f i t
17

18 // R e s u l t s :
19 printf(”tBE f o r c a s e 1 : %. 0 f F %. 0 f F”,t1(1),t1(2))
20 printf(”tmax1 : %. 0 f F”,tmax1)
21 printf(”tBE f o r c a s e 2 : %. 0 f F %. 0 f F”,t2(1),t2(2))
22 printf(”tmax1 : %. 0 f F”,tmax2)
23 printf(”tBE f o r c a s e 1 : %. 0 f F %. 0 f F”,t3(1),t3(2))
24 printf(”tmax1 : %. 0 f F”,tmax3)

Scilab code Exa 27.15 Example

1 //Key :
2 // f ( x ) : O b j e c t i v e Funct ion
3 // c i ( x ) ’ s : C o n s t r a i n t s
4

5 // V a r i a b l e D e c l a r a t i o n :
6 function [ans] = f(x)

7 ans = -1.70*x(1) - 2*x(2)

8 endfunction

9

10 // C a l c u l a t i o n
11 X = [7500 ,6000]

12

13 // R e s u l t :
14 printf(”Maximum P r o f i t i s $ %. 1 f / day or $ %. 1 f /

yea r ”,-f(X) ,-365*f(X))
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Chapter 28

Open Ended Problems

Scilab code Exa 28.11 Example

1 // V a r i a b l e d e c l a r a t i o n :
2 //From t a b l e 2 8 . 3 :
3 // For stream 1 to be heated :
4 hm1 = 50000 // Mass f l o w r a t e ( l b

/h )
5 hcP1 = 0.65 // Heat c a p a c i t y (

Btu/ l b . F)
6 hTi1 = 70 // I n l e t t empera tu r e

( F)
7 hTo1 = 300 // Out l e t

t empera tu re ( F)
8 // For stream 2 to be heated :
9 hm2 = 60000 // Mass f l o w r a t e ( l b

/h )
10 hcP2 = 0.58 // Heat c a p a c i t y (

Btu/ l b . F)
11 hTi2 = 120 // I n l e t t empera tu r e

( F)
12 hTo2 = 310 // Out l e t

t empera tu re ( F)
13 // For stream 3 to be heated :
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14 hm3 = 80000 // Mass f l o w r a t e ( l b
/h )

15 hcP3 = 0.78 // Heat c a p a c i t y (
Btu/ l b . F)

16 hTi3 = 90 // I n l e t t empera tu r e
( F)

17 hTo3 = 250 // Out l e t
t empera tu re ( F)

18 //From t a b l e 2 8 . 4 :
19 // For stream 1 to be c o o l e d :
20 cm1 = 60000 // Mass f l o w r a t e ( l b

/h )
21 ccP1 = 0.70 // Heat c a p a c i t y (

Btu/ l b . F)
22 cTi1 = 420 // I n l e t t empera tu r e

( F)
23 cTo1 = 120 // Out l e t

t empera tu re ( F)
24 // For stream 2 to be c o o l e d :
25 cm2 = 40000 // Mass f l o w r a t e ( l b

/h )
26 ccP2 = 0.52 // Heat c a p a c i t y (

Btu/ l b . F)
27 cTi2 = 300 // I n l e t t empera tu r e

( F)
28 cTo2 = 100 // Out l e t

t empera tu re ( F)
29 // For stream 3 to be c o o l e d :
30 cm3 = 35000 // Mass f l o w r a t e ( l b

/h )
31 ccP3 = 0.60 // Heat c a p a c i t y (

Btu/ l b . F)
32 cTi3 = 240 // I n l e t t empera tu r e

( F)
33 cTo3 = 90 // Out l e t

t empera tu re ( F)
34

35 // C a l c u l a t i o n :
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36 H1 = hm1*hcP1*(hTo1 -hTi1) // Heat ing duty f o r
s t ream 1 ( Btu/h )

37 H2 = hm2*hcP2*(hTo2 -hTi2) // Heat ing duty f o r
s t ream 2 ( Btu/h )

38 H3 = hm3*hcP3*(hTo3 -hTi3) // Heat ing duty f o r
s t ream 1 ( Btu/h )

39 H = H1+H2+H3 // Tota l h e a t i n g
duty ( Btu/h )

40 C1 = cm1*ccP1*(cTi1 -cTo1) // Coo l i ng duty f o r
s t ream 1 ( Btu/h )

41 C2 = cm2*ccP2*(cTi2 -cTo2) // Coo l i ng duty f o r
s t ream 2 ( Btu/h )

42 C3 = cm3*ccP3*(cTi3 -cTo3) // Coo l i ng duty f o r
s t ream 1 ( Btu/h )

43 C = C1+C2+C3 // Tota l Coo l i ng
duty ( Btu/h )

44

45 // R e s u l t :
46 printf(” Table : Duty Requi rements . ”)
47 printf(” Stream Duty , Btu/h”)
48 printf(”1 %. 0 f ”,H1)
49 printf(”2 %. 0 f ”,H2)
50 printf(”3 %. 0 f ”,H3)
51 printf(”4 %. 0 f ”,C1)
52 printf(”5 %. 0 f ”,C2)
53 printf(”6 %. 0 f ”,C3)
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