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01. Ans: (b) 
Sol: Given data: 
 Tsi = 600C;  Tso = 20C;  
 kA = 20 W/mK;  kC = 50 W/mK;  
 LA = 0.30 m  LB = 0.15 m; 
 LC = 0.15 m,  h = 25 W/m2K  
 
 Thermal circuit: 
 
 
 
 
 Energy balance: 
 Convective heat transfer at the wall surface 

= conductive heat transfer through the wall  
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         kB = 1.53 W/mK 
 
02. Ans: (a) 
Sol: Given data: 
 L1 = L2 = 0.01;  
 k1 = k2 = 16.6 W/mK 

 
 
 
 
 
    Thermal circuit: 
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 TC1 – TC2 = 55.45C 
 
03. Ans: (c) 
Sol:  Given data: 
 T1 = 5C,           T2 = 25C,   
 k = 10 W/mK,     Rcontact = 0.01 mK/W 
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Heater Power = Total Heat Loss  
       = qin + qout = 2377 W/m 

04. Ans: (d)
Sol: Given data: rm = 0.075 m 
  T1 = 100C,   T2 = 45C  
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 Tm = 63.3C

05. Ans: (485 K)
Sol: Given data:

Volumetric heat generation rate  
 qg = 0.3 MW/m3 

  k = 25 W/mK;  
 T  = 92C;
 ho = 500 W/m2K  

Energy balance: 
 Qin + Qgen – Qout = Qstored

 Qgen = Qout

qgAL = hA(TS – T) 
 0.3  106  0.1 = 500 (TS – 92) 
 TS = 152C
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(qg = heat generation per unit volume) 
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 Tmax = 212C = 485 K 

06. Ans: (b)
Sol: Given data:

 qg = 2.6  106 W/m3

k = 45 W/mC 

 T = 0C 

  h = 1200 W/m2C 
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 Temperature difference between center line 
and surface of the sphere 
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 Tmax = 325C 
 Energy balance: 
 Qin + Qgen – Qout = Qstored 

 Qgen = Qout 
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 TS = 108.33C 
 
07. Ans: (b) 
Sol:  
 
 
 
 
 
 Given data: 
 T1 = 500 K, H = 1.5 m 
 T2 = 350 K,  W = 0.6 m , L = 0.15 m 
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 kavg = ko[1 +  Tavg] 
 kavg = 25[1+(8.710-4)425] 
 kavg = 34.24 W/mK 
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 Q = 30.816 kW 
 
08. Ans: (c) 
Sol:  Given data: 
  T1 = 400 K, T2 = 600 K 
 D = ax,    a = 0.25 
 x1 = 0.05m, x2 = 0.25 m 
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 Q = –2.12 W (– sign indicates the direction 
of heat transfer) 

 
09. Ans: (d)  
Sol: Given data: 
 Thermal conductivity of insulation  

     (kin) = 0.5 W/mK 
 Heat transfer coefficient of surrounding air 

     (ho) = 20 W/m2K 
 Thickness of insulation for maximum heat 

transfer r
h
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10. Ans: (a) 
Sol: Given data: 
 Thermal conductivity of insulation  

(kin) = 0.1 W/mK 
 Heat transfer coefficient of surrounding air 

(ho) = 10 W/m2K 
 Radius (r) = 1.5 cm,  

 Critical radius of insulation (rc) = 
o

in

h
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 ∵     r > rc  

 Adding the insulation will always reduce the 
heat transfer rate. 

 
11. Ans: (c) 
Sol: Given data: 
  Radius (r) = 1 mm,   
 Thermal conductivity of insulation  

(kin) = 0.175 W/mK 
 Heat transfer coefficient of surrounding air 

(ho) = 125 W/m2K 
  Thickness = 0.2 mm = rnew–r 
     rnew = 1.2 mm 

 Critical radius of insulation  
o
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 ∵    rnew < rc  

    Addition of further insulation, heat transfer 
rate increases first then decreases.  

 
12. Ans: (b) 
Sol: Given data: 
 Thermal conductivity of insulation  

(kin) = 0.4 W/mK 
 Heat transfer coefficient of surrounding air 

(ho) = 10 W/m2K 
 Critical radius of insulation for the 

sphere  
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 Critical diameter (dc) = 2rc = 16 mm 
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13. Ans: (b) 
Sol:  
 
 
 
 
 Volumetric heat generation rate  
        (qg) = 1000 W/m3  
  Tx = a(L2 – x2) + b 
 Tx = 0.05 = 10 (10.052 – 0.052) + 30 
 Ts = 30C 
 T = 20C 
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 1-D heat conduction equation with internal 
heat generation: 
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 –50[10 (–2  0.05)] = h  10 
       h = 5 W/m2K 
 

14. Ans: (c) 
Sol: Given data: 
 V = 10 V,            = 70  10-8m,    
 D = 3.2  10-3m,  r = 1.6  10-3m, 
 Ts = 93C,      T = 22.5 W/mK,     L = 0.3 m 
 Resistance  

    
 















02611.0
102.3

4

3.01070
A

LR
23

8

c

 

 A97.382
02511.0
10

R
VI 


  

 Qg = VI = 10  383.97 
 Qg = 3829.75 W 

 qg = 39g m/W10587.1
Volume

Q
   

 Temperature difference between center line 
and surface of the cylindrical wire  

 C14.138
k4
Rq

TT
2

g
Smax   

 
15. Ans: (a, b, c) 

Sol: Total thermal resistance = 
totalU
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01. Ans: (b) 
Sol: Given data: 
 D = 1.2 cm,      R = 0.6 cm,    
 To = 900C,      T = 30C,  
  h = 125 W/m2C,  cp = 480 J/kg 
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 Lumped method can be applied. 
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          t = 3.67 sec 
 
02. Ans: (c) 
Sol: Given data: 
  = 8500 kg/m3,   cp = 320 J/kgK 
 h = 65 W/m2K,   k = 35 W/mK 
 d = 1.2 mm 
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 Lumped method can be applied. 
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    t = 38.54 sec 
 
03. Ans: (d)  
Sol: 
 
 
 
 
 
 Given data:  
 To = 25C;     T = 600C 
  Qact = 0.75 Qmax 
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 Lumped method can be applied. 
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        t = 967.34 sec 
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Transient Heat Conduction 2 Chapter 
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04. Ans: (b) 
Sol: According to lumped capacity analysis: 
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05. Ans: (c) 
Sol: Given data: 
  m = 500 g = 0.5 kg;    
 To = 530C;    
  T = 430C;   
 T = 30C  
 According to lumped capacity analysis  
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              * = 44.81 s 

 Temperature after next 10 s, 
 To = 430C ;     t = 10 sec;     
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                       T = 30 + 400  e-10/44.81 
      T = 350C 
 
06. Ans: 12.00 K/min  
Sol: Given data: 
 D = 0.05 m;   
 To = 900C,    T  = 30C 
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 Energy balance: 
 Decrease in internal energy = Convective 

heat transfer from the surface 
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07. Ans: (c) 
Sol: Given data: 
  To = 350C,       
 T  = 30C,      
   T = 100C 
  cp = 900 J/kg.K,    
   = 2700 kg/m3,   
  k = 205 W/mK,  
  h = 60 W/m2K 

    m = 3R
3
4V   

  m02698.0
3
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    R = 0.0809 m  
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 Lumped method can be applied. 
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   t = 1660 sec 
 
08. Ans: (b, c, d)  
Sol: Given data :  
  d = 0.706  10–3 m,  
 h = 400 W/m3 K  
  = 8500 kg/m3 ,  
 k = 20 W/mK,  
 C = 400 J/kgK,   
 ti = 30C,    

 t = 300C  
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 Bi < 0.1, so lumped heat parameter analysis 
is valid.  
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 eBi Fo = e0.00235  2081.8  
 eBi Fo = 133.25  135  
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01. Ans: (a)  
Sol: Given that: 
 D = 0.01 m,     h = 10 W/m2K,  
 T = 25C,    
 k = 379 W/mK,     To = 650C  
 
 
 
 For very long fin:  
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 QFin = 60.43 
 Power in put = 2QFin = 120.9 W 
 
02. Ans: (b) 
Sol: Given data: 
 k = 237 W/mK,     h = 12 w/m2K,     
 d = 4 mm,  L = 10 cm,     

 L
kd
h4mL   

       71156.01.0
104237

124
3 




   

 
insulated

insulateditenfini

Q
QQerror% 

  

            
 mLtanhmkA

mLtanhmkAmkA
oc

ocoC




  

  
 mLhtanh

mLtanh1error% 
  

             %48.631
mLtanh

1
  

 
03. Ans: (c) 
Sol: Given data: 
 D = 5 mm,  L = 50 mm,  = 0.65 

 
Fin

max

finwithout

Fin

Q
Q

Q
Q



  

 
finwithout

max

Q
Q



  

      =  
 






TThA
TThA

oc

os  

 Surface area (As) = DL 

 Cross-sectional area (Ac) = 2D
4
  

 
2D

4

DL





  

 










D
L4    

 








5

504
65.0

 

   = 26 
 
04. Ans: 420% 
Sol: Heat transfer rate for very long fin: 
 Q = kAcmo  

     = o
2

oc D
4

kDhhpkA 


  

 Q  D3/2  

D = 0.01 m 
T = 25C To = 650C 

Extended Surfaces - FINS 3 Chapter 
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  
 

 
 

1962.5
D
D3

D
D

Q
Q

2/3
1

2/3
1

2/3
1

2/3
2

1

2   

 
1

12

Q
QQTransferHeatinincrease% 

  

         1
Q
Q

1

2   

                    = 5.1962 – 1  
                    = 4.19  420 % 
 
05. Ans: (c) 
Sol: Given data:  
 kA = 70 W/mK,      
 xA = 0.15 m,      xB = 0.075 m 
 Temperature variation for long fin:  

 mxo e
TT
TT







  

  m = 
kD

h4
kA
ph

c

  

 
k
1m     (for the same diameter and same 

environment)  
 For the same temperatures  
 mAxA = mB xB 

      
A

B

2

1

1 k
k

m
m

x
x

  

     

2

A

B

A

B

x
x

k
k









  

  
2

B

15.0
075.0

70
k







  

   kB = 17.5 W/mK 

06. Ans: (d)  
Sol: Given data: 
 a = 5  10-3 m = 5 mm,  
 To = 400C, 
 T  = 50C, 
 k = 54 W/mK,  
 L = 0.08 m, 
 h = 90 W/m2K, 

 
a

34

a
4
3
a3

A
P

2C

  

 
ka

h34
kA
hPm

c

  

 05.48
10554
9034m 3 




   

 mL = 3.844 

 
34

a08.0
P

ALL c
c   

         = 
34

10508.0
3

  

         = 0.08072 m 
 Heat transfer rate from the fin: 
 QFin = kAcmotanh(mLc) 

     
 

 08072.005.48tanh

5040005.48005.0
4
354 2













 

 QFin = 9.82 W 
 
07. Ans: (c) 
Sol: Given data: 
 k = 30 W/mK,  D = 0.01 m,    

a 
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 L = 0.05 m,    T = 65C,   
  h = 50 W/m2K,     To = 98C 

 2909.105.0
01.030

504L
kD

h4mL 



  

 
 Temperature variation for insulated fin tip 

        
mLcosh

xmLcosh
TT
TT

o









  

         x = L,     T = TL 

        
mLcosh

1
TT
TT

o

L 





  

       mLcosh
TTTT o

L





  

       29.1cosh
659865TL


  

       TL = 81.87C 
 
08. Ans: (b) 

Sol:            1
mk
h

  

 1
k

kA
ph

h

c




 

       1
pk

hAc   

       1
hA
pk

c

  

 Effectiveness () > 1 
 Using the fin will increase the heat transfer 

rate because effectiveness of the fin is 
greater than unity. 

09. Ans: (a) 
Sol: Given data: 
 k = 200 W/mC,  h = 15 W/m2C,  L = 1 cm  
 Cross-sectional area of fin  
 (Ac)  = 0.5  0.5 mm2 
 To = 80C,  
 T = 40C  

 

    
ckA

phm   

      49.24
0005.00005.0200

150005.04





  

  mL = 24.49  0.01 = 0.2449 
 tanh(mL) = 0.240  
 
 Heat transfer rate from fin with insulated tip 
 QFin = kAcmo tanh(mL) 
       = 200(0.510-3)2 24.5(80–40)0.240 
 QFin = 0.01176 

 No.of fin = 85
01176.0

1
Q
Q

Fin

total   

 
10. Ans: 191.5 W/mK   
Sol: Given data: 
 Tx = 150C,    
 Tx+15cm = 95C,    
 T = 30C 
 D = 25 mm,    
 h = 20 W/m2C 
 
 

15 cm 

150C 95C 

T=30C 

x 
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 Temperature variation for long fin 

 mx

o

e
TT
TT 



 

  

 mx

o

e
30T
30150 


 ……….. (1) 

  15xm

o

e
30T
305 


 ………. (2) 

 From equation (1) and (2) we get 

 xm
3095
30150n 








  

 15.0
Dk

h4
3095
30150n 








  

      k = 191.5 W/mK 

 
11. Ans: (a, d)  
Sol: Given data:  
   kfin = 50 W/mK  
   d = 10 mm = 0.01 m  

  L = 600 mm = 0.6 m,   m = 8  

      
dk
h4

d
4

k

dh
kA
hPm

2cs







  

      
01.050

h48



   

  h = 8 W/m2K  
  Convective heat transfer coefficient  
        = 8 W/m2K  
 For very long fin, efficiency of fin  

 %83.20
6.08

1
mL
1

fin 


   

 
 
 
 
 
01. Ans: 40 W/m2K 
Sol:  
 
 
 
 Given that: 
 V1 = 100 m/s, 
 V2 = 20 m/s, 
 q1 = 20,000 W/m2   
 Heat transfer from object (1) = h1 (Ts – T) 
           20000 = h1 (400 – 300) 
                  h1 = 200 W/m2K 
 Reynold’s number for object (1) 

 
111

11
1

1001100LVRe









  

  Reynold’s number for object (2) 

 
222

22
2

100520LVRe









  

  Since,  1 = 2 (for the same fluid) 
 Re1 = Re2 

    ∵   Prandtl number is the property of the fluid.   

 Pr1 = Pr2  
 Nusselt number (Nu) = f [Re.Pr] 
   Nu1 = Nu2 

 
2

22

1

11

k
Lh

k
Lh

   

(1) (2) 

L1 = 1 m L2 = 5 m 

Ts = 400 K Ts = 400 K 

T = 300 K 

Convection 4 Chapter 
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2

1

1

2

L
L

h
h

  

    Km/W40
5
1200

L
Lhh 2

2

1
12   

 
02. Ans: (d) 
Sol: Given data: 
 Pr = 0.7,    T = 400 K 

 Ts = 300 K,   m/5000u



  

 k = 0.263 W/mK 

 




















yu
Pr

s

s e1
TT
TT  

 T = Ts + (T – Ts) 























 yu
Pr

e1    

   





















 















 uPre0TT
dy
dT

yu
Pr

s  

    








 




uPr1TT
dy
dT

s
0y

 

            








 


uPrTT s   

 Heat transfer rate = Heat conduction just 
adjacent on the surface (i.e. at y = 0)  

 q = 
0ydy

dTk


  

 q =   








 


uPrTTk s  

 q = 0.0263 (300 – 400) [0.7  5000] 
 q = 9205 W/m2 

03. Ans: (c) 
Sol: Given data: 
 u(y) = Ay + By2 – cy3   
 T(y) = D + Ey + Fy2 – Gy3    

 2cy3By2A
dy
du

  

 A
dy
du

0y




 

 According to Newton’s law of viscosity: 

 Wall shear stress  
0y

s dy
du



  

           = A 

 Skin friction coefficient (cf) = 
2

s

u
2
1



  

 cf = 2u
A2


   

 cf = 2u
A2


          










  

 For the temperature profile: 

 2Gy3Fy2E
dy
dT

  

 E
dy
dT

0y




 

 Energy balance: 
 Conduction heat transfer in the fluid 

adjacent to the wall (i.e. at y = 0) = 
convective heat transfer inside the fluid. 

  


 TTh
dy
dTk s

0y
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












TT

kE
TT

dy
dTk

h
ss

0y  

 
DT

kEh





  

 (Ts = D, from the temperature profile) 
 
04. Ans: (b) 
Sol: Given data: 
 s/kg2m  ,   D = 0.04 m,  Ti = 25C,  

 To = 75C,        Ts = 100C, 
  h = 6916 W/m2K, 
 cp = 4181 J/kg.K. 
 
 
 
 
 
 

 LMTD = 























25
75n

2575

n
2

1

21



 = 45.51C  

 Heat transfer rate = h  A  LMTD 
     51.45L04.06916TTcm iop   

 2  4181  (75 – 25) = 39554 L 
      L  10.6 m  
 
05. Ans: (b) 
Sol: Given data: 
 D = 30 mm,      T = 20C, 
 h = 11 W/m2K,    L = 1 m, 

 
 
 
 
 
 
 For laminar fully developed with constant 

wall temperature condition: 
 Nu = 3.66  

 66.3
k

hD
   

   h = 3.66 k/D 

    h = Km/W22.16
03.0

133.066.3 2  

   2

oi

avg m/W3.80

11
1

22.16
1

20150

h
1

h
1

TT
q 









   

 
06. Ans: (c) 
Sol: In constant wall temperature condition, 

mean temperature of the fluid continuously 
changes in the direction of fluid flow. The 
temperature difference between surface 
temperature and mean fluid temperature 
decreases in the direction of flow.  

 Therefore, mean temperature difference is 
considered as log mean temperature 
difference in calculation.  

 For the temperature profile, refer to the 
diagram in Solution of Q. No. 04 

 

Ri 

Tavg T 

Ro R1 

Tavg = 150

Ts = C 

T=20 
h=11 W/m2K 

Ts = 100 Ts = 100C 

Ti = 25C 

To = 75C 1 = 75C 

2 = 25C 
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07. Ans: (b) 
Sol: Nusselt number (Nu) = 4.36 for laminar 

flow through tubes with constant heat flux 
condition. 

 Nusselt number (Nu) = 3.36 for laminar 
flow through tubes with constant wall 
temperature condition. 

 For the same tube and fluid,  
  hconstant heat flux > hconstant wall temperature 
 
08. Ans: (d) 
Sol: Given data: 
 Pr = 3400,   
 k = 0.145 W/mK, 
  = 288  10-6 m2sec, 
  = 0.847  10-7 m2/s, 
  = 0.7  10-3/K,  Ts = 70C, 
 T = 5C,  D = 0.4 m. 

 Characteristic length  
D

D
4

P
AL

2

s
c 



 . 

     1.0
4
4.0

4
D

  m 

 Grashoff number,    2

3
cTLgGr




  

          
 26

33

10288
1.0651070.081.9Gr








  

      Gr = 5381.401   
 
      Ra = Gr.Pr = 5381.401  3400  
                     = 18.29  106 

  Nusselt number     3/1c Ra15.0
k
LhNu   

          =   3/161029.1815.0
145.0

1.0h


  

      Km/W312.57h 2  

  Heat transfer rate, (Q) = hA (Ts–T) 

     Q =    5704.0
4

312.57 2 


  

     Q = 468.13 W 
 
09. Ans: 12.70 W/m2K 
Sol: Given data: 
  = 1.204 kg/m3, 
 cp = 1007 J/kg.K, 
 Pr = 0.7309,  
 FD = 0.86 N, 
 T = 20C,  
 u = 7 m/s  

 Area (A) = 2[2  3] = 12 m2  

 
 
 
 
 
 

 Skin friction coefficient (cf) = 
2

D

Au
2
1

F


 

 
3

22
D

f 1043.2
7204.112

86.02
uA

F2c 










  

 According to Reynold’s – Colburn analogy: 

2m 

3m 
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2
cPr.St f3/2    

  
2

1043.27309.0St
3

3/2


  

  3

p

105.1
cu

hSt 






  

     h = 12.70 W/m2K 
 
10. Ans: (c) 
Sol: The variation of heat transfer coefficient (h) 

in the direction of fluid flow over a flat 
plate is shown in figure below. 

 As, 
x

1h   

 
 
 
 
 
 
 
 
 
 
 From the figure h1 > h2 > h3 
 According to Newton’s law of cooling,  
 Heat flux (q) = ht 
        q  h  
             q1 > q2 > q3 
 The maximum local heat flux = q1  

(i.e. at x = x1)  
 

11. Ans: (a) 
Sol: Given data: 
 L = 3 m, 
 hx = 0.7 + 13.6 x – 3.4x2   
 Average heat transfer coefficient   

   
L

o
xdxh

L
1h  

  
  

3

o

2 dxx4.3x6.137.0
3
1h

 

  

3

0

32

3
x4.3

2
x6.13x7.0

3
1h 










 

  
     











3
34.3

2
36.1337.0

3
1h

32

 

  3
34.3

2
36.137.0h

2





 
  Km/W9.10h 2  

 Heat transfer coefficient at x = L = 3 m 
  hx = L = 3 = 0.7 + 13.6 (3) – 3.4 (3)2  
        hx = L = 10.9 W/m2K 

  1
9.10
9.10

h
h

m3Lx




 

 
12. Ans: (a, c, d)  
Sol: Prandtl number of water,  

 
k
c

Pr p
water


  

            
611.0

41801018.8 4 




 = 5.59  5.6  

 Nu  Pr0.36 (given)  

h 

u 

x1 

T 

x2 
x3 

x 

h1 
h2 
h3 
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36.0

air

water

air

water

Pr
Pr

Nu
Nu









   

 
36.0

air

water
airwater Pr

PrNuNu 







  

 
36.0

water 71.0
6.507.43Nu 





  = 90.58  91   

 









w

w
water k

dhNu  

 
d

kNuh wwater
w


   

           
025.0

611.058.90 
   

          = 2213.77 W/m2K  
 
 

 
 
 
 
01. Ans: (c) 
Sol:  
 
 
 
 
 
 A1F12 = A2F21    & F12 = 1    

 F21 = 
2

1

A
A  

 
2

2

22

21

h
4
D

2
D

d
4

2
D

d
4F













 






 

      = 

2
h4DD2

d
22

2


 = 

22

2

h4DD
d


 

 
02. Ans: (a)  
Sol: Given data: 
 1 = 0.5,   2 = 0.9,    
 T1 = 600 K,    T2 = 400 K 
 Net heat exchange between two long 

parallel plates, 

  
111

TT
A
Q

21

4
2

4
1








    

    =   2
448

m/kW79.2
1

9.0
1

5.0
1

4006001067.5




 

 

h 

d 
D 

  
(1) 

(2) 

Radiation 5 Chapter 
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03. Ans: 792.16 K 
Sol: Given data: 
 d = 0.05 m,     k = 15 W/mK 
 D = 0.06 m,    qg = 20  103 W/m3 
 T2 = 773 K,     1 = 2 = 0.2 
 
 
 
 
 
 Total heat generated  

     L5.12Ld
4

qQ 2
gg 


  

   


























11
D
D1

TTAQ

22

1

1

4
2

4
11

g  

  






 










1
2.0

1
60
50

2.0
1

773TdLL5.12
44

1  

      






 










1
2.0

1
60
50

2.0
1

773T05.05.12
44

1  

   T1 = 792.16 K 
 
04. Ans: (c)  
Sol: D1 = 0.8m,    
 D2 = 1.2 m,    
 1 = 2 = 0.05, 
 T1 = 95 K,      
 T2 = 280 K,    
 hfg = 2.13  105 J/kg 
 

 Net heat transfer,  

  


























11
D
D1

TTAhmQ

2

2

2

1

1

4
2

4
11

fg  

   






 













1
05.0
1

2.1
8.0

05.0
1

280951067.58.01013.2m 2

4482
5

 

   hr/kg4108.0s/kg101913.1m 4    

 
05. Ans: (d) 
Sol: Given data: 

     1 = 2 = 0.8,  

 Qwithout shield = 10 Qwith shield   

 

 
 

 
111

TT

1NN211
TT

Q
Q

21

4
2

4
1

s21

4
2

4
1

shieldwithout

shieldwith




















  

 
 1NN211

111

Q
Q

s21

21

shieldwithout

shieldwith














  

            
22

8.0
1

8.0
1

1
8.0

1
8.0

1

10

S







    

 (Number of shield (N) = 1) 

           S = 0.138  

 

T2 

d 

D 

T1 
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06. Ans: (c)  
Sol: Given data: 
 G = 300 W/m2,     = 0.4,     = 0.3  
 
 
 
 
 
 
  GAprojected = EbA 

 242 DT04.0D
4

3003.0 


  

      2482 1T1067.504.01
4

3003.0 


   

               T = 315.6 K 
 
07. Ans: (c) 
Sol: Given data: 
 L = 1.5  1011 m,   RSUN = 7  108 m,      
 
 
 
 
 
 
 
 
 Energy balance: 
  Eb  ASUN = G  AHemisphere 

 
224

SUN L4GR4T   

 










G
R
LT

2
4

SUN  

 TSUN = 5802.634  5800 K 

08. Ans: (a) 
Sol: Given data: 
   J = 5000 W/m2,     
  T1 = 350 K, 
 T = 300 K,  
  h = 40 W/m2K, 
    = 0.4 
 
 
 
 
 Convective heat transfer (qconv) = h(Ts – T)  
          = 40 (350 – 300)  
          = 2000 W/m2 

 Energy balance: 
 storedoutgenin QQQQ   

 Qin – Qout = 0     (Qstored = 0 and Qgen = 0) 
 2G – [2J + 2 qconv] = 0 
 2G – [2  5000 + 2  2000] = 0 
 G = 7000 W/m2 
 

 Leaving energy (J) = G + E + G 
    J = ( + ) G + E 
    J = (1 – ) G + E 
           J = (1 – 0.40)  7000 + Eb 
 5000 = 0.67000 +  5.67  10-8(350)4 
   = 0.940 
 
09. Ans: (d) 
Sol: Black body emission does not depend on 

the size of the object.   

D=1m 

qconv 

G 

G 
J 

J 

qconv 

R 

SUN 

L 

earth 

G=1400 W/m2 
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10. Ans: (b) 
Sol: Given data: 
 Tw = 533 K,   Ttc = 1066 K,    

  = 0.5,     Km/W114h 2  

 Energy balance: 
 Heat transfer by convection = Heat transfer 

by radiation  
 qconv = qrad 

      4
w

4
tctcair TTTTh   

   114(Tair – 1066) = 0.55.6710-8 (10664 – 5334) 
            Tair = 1367 K 
 
11. Ans: (a)  
Sol:  
 
 
 
 
 
 
 Power required by resistance heater = Heat 

loss by convection from the surface + Heat 
loss by radiation from surface  

 P = hA (Ts – T) +  As (Ts
4 – Tsky

4)  
= 4.36  D  L (25 – 0) + 0.8  5.67  

10-8    D  L (2984 – 2434)  
= 4.36  0.3  100 (25 – 0) + 0.8  5.67 

 10-8    0.3  100 (2984 – 2434)  
  = 29080.64 W  
 P = 29.08 kW  
 
 

12. Ans: (a, c, d)  
Sol:  

 
 

 22
1 d

4
dhd

4
A 




   

     dhd
4

2 2 


  

         111
4

2 2 





 


  

      = 1.5  m2  
 A2  =  D2 =   42 = 16  m2 
 F1-1 =  0  
 By summation rule,  
  F1-1 + F1-2 = 1  
  F1-2 = 1 
 By reciprocity theorem,  
 A1 F1-2 = A2 F2-1  

 F2-1 = 21
2

1 F
A
A

   

     1
16

5.1





  = 0.09375  0.094  

 By summation rule,  
 F2-1 + F2-2 = 1  
 F2-2 = 1 – F2-1  
      = 1 – 0.094 = 0.906  

h = 1m 

d = 1m 

(1) 

(2) 

D = 4 m 

Tsky = –30C,   

D = 30 cm  

100 m 

Ts = 25C, T = 0C  
h = 4.36 W/m2K 
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01. Ans: (d) 
Sol: Given that: 
 Th1 = 70C,    Tc1 = 30C  
 Th2 = 40C,    Tc2 = 50C  
  T1 = Th1 – Tc2 = 20  
  T2 = Th2 – Tc1 = 10  
 
 
 
 
 
 Log Mean Temperature Difference  

  

























10
20n

1020

T
Tn

TTLMTD

2

1

21



=14.42C 

 
02. Ans: (c) 
Sol: 
 
 
 
 
 LMTD = 20C,     Tc1 = 20C,   Th1 = 100C 
 hc m2m         ch = 2cc,    

 
chccc

chhhh

cm2cmC
cm2cmC








 

 When C = 1
C
C

max

min  ,  Temperature profile 

will be linear for the counter flow heat 
exchanger and the mean temperature 
difference between hot fluid and cold fluid 
will be same at every section. 

     LMTD = T1 = T2  

     LMTD = T1 = Th1 – Tc2 

            20 = 100 – Tc2 

             Tc2 = 100 – 20 = 80C 

 
03. Ans: 0.9 
Sol: This is the counter flow type of heat 

exchanger because exit temperature of cold 

fluid is greater than that of hot fluid. 

 Th1 – Th2 = 200 – 110 = 90C 

 Tc2 – Tc1 = 125 – 100 = 25C  

 
 
 
 
 
 Energy balance: 
 Heat released by hot fluid = heat received 

by cold fluid 

    1c2ccc2h1hhh TTcmTTcm    

 25cm90cm cchh    

 From the above equation hhcc cmcm    

 

Th1 
Th2 

Tc1 

Tc2 

Th1 

Th2 

Tc1 

Tc2 

Th1 
Th2 

Tc1 

Tc2 

Heat Exchangers 6 Chapter 
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 Effectiveness    
 1c1hhh

2h1hhh

max

act

TTcm
TTcm

Q
Q








 

                  
100200

90
TT
TT

1c1h

2h1h







  

                9.0
100
90

  

 
04. Ans: (c) 
Sol: Given data: 
 s/kg5.3mh  ,       Th1 = 80C,   

 cc = 4180 J/kgC,     Ui = 250 W/m2C 

 ch = 2560 J/kgC,    Th2 = 40C,  

 Tc1 = 20C,            Tc2 = 55C 

 
 
 
 
 
 T1 = Th1 – Tc2 = 25 

 T2 = Th2 – Tc1 = 20 

 Log Mean Temperature Difference 

 

























20
25n

2025

T
Tn

TTLMTD

2

1

21



 = 22.40C 

 Heat transfer rate  

     LMTDAUTTcmQ ii2h1hhh    

     35  2560 (80–40) = 250  Ai  22.4 

         Ai = 64 m2 

 
 

05. Ans: (a)  
Sol: Given data: 
 Th1 = Th2 = 75C,      
 s/kg7.2mh   

 Tc1 = 21C,            
 Tc2 = 28C, 
 A = 24 m2,        hfg = 255.7 kJ/kg 
 T1 = Th1 – Tc1 = 54C 
 T2 = Th2 – Tc2 = 47C 
 Log Mean Temperature Difference (LMTD)  

  = C149.50

47
54n

4754

T
Tn

TT

2

1

21 

























 

 Heat transfer rate  
            LMTDAUhmQ fgh    

     2.7  255.7  103 = U  24  50.419 
                  U = 571 W/m2C 
 
06. Ans: (c) 
Sol: Th1 = 150C,   Tc1 = 25C 
 Th2 = 80C,     Tc2 = 60C 
 
 
 
 
 
 T1 = Th1–Tc1 = 125 
 T2 = Th2 – Tc2 = 20 

 

























20
125n

20125

T
Tn

TTLMTD

2

1

21



=57.29C 
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 Energy balance: 
 Heat released by hot fluid = heat received 

by cold fluid 
    1c2ccc2h1hhh TTcmTTcm    

    2560cm80150cm cchh    

 35cm70cm cchh    
 
 From the above equation  
       hhcc cmcm     Cmin = hhcm  

 
 Heat transfer rate (Q)  
    LMTDAUTTcm 2h1hhh   

   LMTDAUTTC 2h1hmin    

 22.1
29.57

70
LMTD

TT
C
UANTU 2h1h

min




  

 
07. Ans: (c) 
Sol: Given data:  
 Tc1 = 20C,  Th1 = 80C,  
 20mc   kg/s,  10mh  kg/s, 

 ch = cc = 4.2  103 J/kg.K, 
 minhh Ccm   

 Case – I, For parallel flow heat exchanger: 
 
 
 
 
 Energy balance: 
 Heat released by hot fluid = heat received 

by cold fluid 

    1c2ccc2h1hhh TTcmTTcm    

        10(80–T) = 20(T–20) 
             80 – T = 2(T–20) 
               80 – T = 2T – 40 
                 120 = 3T 
                  T = 40C 
 
 Case – II,  For counter flow heat exchanger: 
 
 
 
 
 
 Energy balance: 
 Heat released by hot fluid = heat received 

by cold fluid 
    1c2ccc2h1hhh TTcmTTcm    

        10(80–Tc1) = 20 (Tc2 – Tc1) 
         10(80–20) = 20 (Tc2 – 20) 
                 Tc2 = 50C 
 
08. Ans: (b) 
Sol: Given data: 
 Q = 23.07  106 W, Th1 = Th2 = 50C, 
 Tc1 = 15C,  Tc2 = 25C, 
 D = 0.0225 m,  cc = 4180 J/kg.K 
 uavg = 2.5 m/s,         U = 3160.07 W/m2K, 
 LMTD = 29.72C 
 
 
 

Th1 

Th2=Tc2=T 

Tc1 

Tc2 

Th1 

Th2= Tc1 = T 

Th1 Th2 

Tc1 
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 Heat transfer rate    1c2ccc TTcmQ    

                  15254180m1007.23 c
6    

                             sec/kg91.551mc   

 avg
2

avg
avgtubeeach uD

u
Aum 

  

              5.20225.0
4

8.998 2 


  

 sec/kg7942.0m tubeeach   

 ctubeeach mmtubesof.No    

 No. of tubes = 
7942.0

91.551 = 695 

 Heat transfer rate (Q) = U  A  LMTD 
                23.07  106 = 3160.17  A  29.72 
                            A = 245.64 m2 
  A = DL  No. of tubes  No. of passes 
        245.64 = 0.02252.5695 No. of passes 

 No. of passes = 2 
 
09. Ans: (d) 
Sol: Effectiveness () of heat exchanger will be 

minimum when C 








max

min

C
C = 1 

 Effectiveness of parallel flow heat 

exchanger = 
 

C1
e1 NTUC1


 

 

 When C = 1 

  
2

e1 NTU2
 ,    

  %504966.0
2

e1 5.22







 

 
10. Ans: (b, c, d)  
Sol: In heat exchanger design calculations, it is 

more convenient to work with effectiveness 
– NTU relations of the form  

  









max

min

C
C,fNTU  

 
Condition Parallel flow 

heat exchanger  
Counter flow 
heat exchanger  

1)  If  
     Cmin = Cmax  
 Cr = 1 

2
e1 NTU2

  NTU
NTU1

  

2)  If Cr = 0 NTU2e1   NTUe1   
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