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G – 2020 

1) 

                       Solution    

                           

2) 

    Solution    

     
 

3) 

 Solution 

 

 

https://youtu.be/LrUnpAfMzPk?t=32
https://youtu.be/LrUnpAfMzPk?t=52
https://youtu.be/LrUnpAfMzPk?t=111
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4) 

 Solution 

https://youtu.be/LrUnpAfMzPk?t=1026
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G – 2019 

1) 

                                  Solution 

2) 

 Solution 

3) 

     Solution 

https://youtu.be/LrUnpAfMzPk?t=1237
https://youtu.be/LrUnpAfMzPk?t=1266
https://youtu.be/LrUnpAfMzPk?t=2244
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4) 

 Solution 
 

 

5) 

 Solution 
 

 

https://youtu.be/LrUnpAfMzPk?t=2461
https://youtu.be/LrUnpAfMzPk?t=2899
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G – 2018 

1) 

 Solution 
 

 

2) 

 Solution 
 

https://youtu.be/dz9WhmzXtJs?t=27
https://youtu.be/dz9WhmzXtJs?t=53
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3) 

 Solution 
 

4) 

 Solution 
 

5) 

 Solution 
 

 

6) 

 Solution 
 

https://youtu.be/dz9WhmzXtJs?t=255
https://youtu.be/dz9WhmzXtJs?t=534
https://youtu.be/dz9WhmzXtJs?t=992
https://youtu.be/dz9WhmzXtJs?t=1251
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G – 2017 

1) 

 Solution  
 

2) 

     Solution  
 

 

3) 

 Solution  
 

https://youtu.be/dz9WhmzXtJs?t=1612
https://youtu.be/dz9WhmzXtJs?t=2027
https://youtu.be/dz9WhmzXtJs?t=2310
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4) 

 Solution 
 

 

5) 

 Solution 
 

 

 

 

 

 

 

https://youtu.be/dz9WhmzXtJs?t=2419
https://youtu.be/dz9WhmzXtJs?t=2813
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G – 2016 

1) 

 Solution 
 

2) 

  

3) 

solution 
 

solution

https://youtu.be/JRdtE68OQmw?t=28
https://youtu.be/JRdtE68OQmw?t=183
https://youtu.be/JRdtE68OQmw?t=553
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4) 

solution 
 

5) 

solution 
 

6) 
 

solution 
 

https://youtu.be/JRdtE68OQmw?t=599
https://youtu.be/JRdtE68OQmw?t=834
https://youtu.be/JRdtE68OQmw?t=1292
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7) 

solution 
 

 

G – 2015 

1) 

solution 
 

 

https://youtu.be/JRdtE68OQmw?t=1934
https://youtu.be/JRdtE68OQmw?t=2503
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2) 

 solution 
 

 

3) 

 solution 
 

 

 

 

 

https://youtu.be/JRdtE68OQmw?t=2719
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4) 

 solution 
 

https://youtu.be/JRdtE68OQmw?t=3199
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5) 

 solution 
 

G – 2014 

1) 

 solution 
 

https://youtu.be/JRdtE68OQmw?t=3459
https://youtu.be/GX93vtddsQk?t=26


 
 

Copyright© 2020 Ranjan e-institute, All rights reserved Page 16 
 

2) 

 solution 
 

3) 

 solution 
 

4) 

 solution 
 

5) 

 solution 
 

 

 

https://youtu.be/GX93vtddsQk?t=173
https://youtu.be/GX93vtddsQk?t=305
https://youtu.be/GX93vtddsQk?t=618
https://youtu.be/GX93vtddsQk?t=854
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G – 2013 

1) 

 solution 
 

2) 

 solution 
 

3) 

 solution 
 

 

https://youtu.be/GX93vtddsQk?t=1125
https://youtu.be/GX93vtddsQk?t=1167
https://youtu.be/GX93vtddsQk?t=1294
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4) 

 solution 
 

5) 

 solution 
 

 

 

G – 2012 

1) 

 solution 
 

https://youtu.be/GX93vtddsQk?t=1512
https://youtu.be/GX93vtddsQk?t=1675
https://youtu.be/1-B6tKSswV0?t=27
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2) 

 solution 
 

3) 

 solution 
 

4) 

 solution 
 

 

https://youtu.be/1-B6tKSswV0?t=211
https://youtu.be/1-B6tKSswV0?t=444
https://youtu.be/1-B6tKSswV0?t=520
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5) 

 solution 
 

6) 

 solution 
 

7) 

 solution 
 

 

 

https://youtu.be/1-B6tKSswV0?t=670
https://youtu.be/1-B6tKSswV0?t=814
https://youtu.be/1-B6tKSswV0?t=1123
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G – 2011 

1) 

 solution 
 

2) 

 solution 
 

3) 

 solution 
 

https://youtu.be/1-B6tKSswV0?t=1423
https://youtu.be/1-B6tKSswV0?t=1499
https://youtu.be/1-B6tKSswV0?t=1534
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4) 

 solution 

5) 

 solution 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://youtu.be/1-B6tKSswV0?t=1981
https://youtu.be/1-B6tKSswV0?t=2227
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6) 

 solution 
 

 

G – 2010 

1) 

 solution 
 

https://youtu.be/1-B6tKSswV0?t=2411
https://youtu.be/m4EQaiX6b7o?t=23
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2) 

 solution 
 

3) 

 solution 

4) 

 solution 
 

 

 

https://youtu.be/m4EQaiX6b7o?t=268
https://youtu.be/m4EQaiX6b7o?t=452
https://youtu.be/m4EQaiX6b7o?t=884
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5) 

 solution 
 

6) 

 solution 
 

 

 

 

 

 

 

 

https://youtu.be/m4EQaiX6b7o?t=1525
https://youtu.be/m4EQaiX6b7o?t=1703
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G – 2009 

1) 

 solution 

2) 

   solution 

3) 

  solution 
 

 

 

 

https://youtu.be/m4EQaiX6b7o?t=2107
https://youtu.be/m4EQaiX6b7o?t=2193
https://youtu.be/m4EQaiX6b7o?t=2206
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4) 

 solution 

5) 

 solution 
 

 

 

 

 

 

 

 

 

https://youtu.be/m4EQaiX6b7o?t=2321
https://youtu.be/m4EQaiX6b7o?t=2668
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6) 

 solution   

https://youtu.be/m4EQaiX6b7o?t=3019
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G – 2008 

1) 

 solution 
 

2) 

 solution 

3) 

 solution   

https://youtu.be/CBkYLXdiwho?t=18
https://youtu.be/CBkYLXdiwho?t=443
https://youtu.be/CBkYLXdiwho?t=624
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4) 

 solution 

5) 
 

 solution 
 

 

https://youtu.be/CBkYLXdiwho?t=872
https://youtu.be/CBkYLXdiwho?t=1213
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G – 2007 

1) 

 solution 

2) 
 

 solution 
 

https://youtu.be/CBkYLXdiwho?t=1455
https://youtu.be/CBkYLXdiwho?t=1528
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3) 

 solution 

4) 

 solution 
 

https://youtu.be/CBkYLXdiwho?t=1789
https://youtu.be/CBkYLXdiwho?t=2384
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5) 

 solution 

7) 

 solution 

8) 

 solution 

https://youtu.be/CBkYLXdiwho?t=3007
https://youtu.be/CBkYLXdiwho?t=3293
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G – 2006 

1.     A stagnant liquid film of 0.4 mm thickness is held between two parallel plates.  The top plate is maintained 
at 400C and the bottom plate is maintained at 300C.  If the thermal conductivity of the liquid is 0.14 W/(m K), 
then the steady state heat flux (in W/m2) assuming one-dimensional heat transfer is 
  
 (A)  3.5  (B)  350  (C)  3500    (D)  7000 

 Solution 

2.  An insulated cylindrical pipe of 0.2 m diameter has a surface temperature of 450C.  It is exposed to black 
body surroundings at 250C.  The emissivity and absorptivity of the insulation surface are 0.96 and 0.93, 
respectively.  The convective heat transfer coefficient outside the insulation surface is 3.25 W/(m2K).  The 
Stefan-Boltzmann constant is 5.67 x 10-8 W/m2K4).  The surrounding fluid may be assumed to be transparent.  
Find the percentage contribution from, radiation to the total heat transfer rate to the surroundings.  
  

(A) 30.9   (B)  50.0  (C)  57.6  (D)  68.4 

                                                                                                                                                                                   Solution 

3.  A process fluid has to be cooled from 220C to 20C using brine in a 2-4 shell and tube heat exchanger shown 
below.  The brine enters at –30C and leaves at 70C.  The overall heat transfer coefficient is 500 W/m2 K).  The 
design heat load is 30 kW. The brine flows on the tube side and the process fluid on the shell side.  The heat 
transfer area in m2 is  
  

  

   

https://youtu.be/yVCXpGumoBc?t=20
https://youtu.be/yVCXpGumoBc?t=299
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(A) 1.1   (B)  5.77  (C)  6.59  (D)  7.53 

                                                             Solution 

Statement for Linked Answer Questions 6 ( I , II ): 

 In film condensation on a vertical plane surface, the x directional velocity distribution is given by 

  Where  δ  is the film thickness at any x,  

  

  

I.  The mass flow rate of the condensate m (x) through any axial position x per unit width of the plate is given by  

 ( )  ( )  
   (     )  

   
                             ( )  ( )  

 (     )  

   
                                                           

( )   ( )  
   

   

  
                                                                               ( )   ( )  

       

   
  

Solution 

II.  Differentiate m(x) with respect to δ to get the differential increase in condensate mass dm with film 
thickness i.e., dm/dδ.  Then obtain dm/dx assuming heat flux through the film to be due to conduction based 
on a linear temperature profile between the vapor and wall.  Hence determine dδ/dx.   Here  μ1  is liquid 
viscosity, k1 is thermal conductivity, and λ is latent heat of condensation.  Tv is the vapor temperature and Tw 
is the wall temperature.  

 ( ) 
  

  
 

    (     )

   (     ) 

 

                                                    ( ) 
  

  
 

    (     )

   (     ) 

 

                    

( ) 
  

  
 

  (     )

     
(     ) 

 

                                                              ( ) 
  

  
 

    (     )

   (     ) 

 

             

Solution 



y

x

condensate liquid

https://youtu.be/yVCXpGumoBc?t=836
https://youtu.be/yVCXpGumoBc?t=1355
https://youtu.be/yVCXpGumoBc?t=1895
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G – 2005 

1.  The thermal boundary layer is significantly thicker than the hydrodynamic boundary layer for  

  

 (a) Newtonian liquids   (b) polymeric liquids 

 (c) liquid  metals                (d)  gases 

               Solution 

2.  An electrically heated element is submerged in a pool of water at its saturation temperature. As the 
temperature of the element increases, the maximum heat transfer coefficient is observed 
  

(a)    in the free convection regime 

(b)   between the nucleate boiling and partial nucleate boiling mixed with unstable film boiling regimes 

(c)    in the incipient nucleate boiling regime 

(d)   in the stable film boiling regime without significant radiation effects. 

Solution 

3.  Baffles are used in heat exchangers in order to  

(a)    increase the tube side fluid’s heat transfer coefficient  

(b)   promote vibration in the heat exchanger 

(c)    promote cross flow and turbulence in the shell side fluid  

(d)   prevent shell expansion due to thermal effects.  

 Solution 

4.  In film type condensation of liquid along a vertical tube, the thickness of the condensate layer 
increases towards the bottom   This implies that the local heat transfer coefficient.  
  

(a)    increases from top to bottom 

(b)   decreases from top to bottom  

(c)    remains constant from top to bottom  

(d)   first increases and then decreases from top to bottom  

 Solution 

https://youtu.be/L4Pvm8DwqRU?t=15
https://youtu.be/L4Pvm8DwqRU?t=257
https://youtu.be/L4Pvm8DwqRU?t=642
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5.  A black body at a higher temperature TH transfers energy by radiation to a black body at a lower 
temperature TL, Initially, TH = 18500C, TL = 5000C and the net rate of energy transfer is 25W.  After some 
time, when TH = 15000C and TL = 7500C, what is the net rate of energy transfer ? 
  

(a)  8.73 W    (b)   9.60 W 

 (c)  13.89 W                (d)   11.01 W 

Solution  

6.  A circular tube of outer diameter 5 cm and inner diameter 4 cm is used to convey hot fluid.  The 
inner surface of the wall of the tube is at a temperature of 800C, while the outer surface of the wall of the 
tube is at 250C.  What is the rate of heat transport across the tube wall per meter length of the tube of 
steady state, if the thermal conductivity of the tube wall is 10 W/(mK) ?  
  

(a)  13823 W/m   (b)  15487 W/m 

 (c)  17279 W/m   (d)   27646 W/m 

Solution  

7.  Consider the flow of a gas with density 1 kg/m3, viscosity 1.5 x 10-5 kg/(ms), specific heat Cp = 846 
J/kg K) and thermal conductivity k = 0.01665 W/(mK), in a pipe of diameter D = 0.01 m and length L = 1 
m, and assume the viscosity does not change with temperature.  The Nusselt number for a pipe with 
(L/D) ratio greater than 10 and Reynolds number greater than 20000 is given by  Nu = 0.026 Re0.8 
Pr1/3 
While the Nusselt number for a laminar flow for Reynolds number less than 2100 and (Re Pr D/L) < 10 
is  Nu = 1.86 [Re Pr (D/L) ]1/3. If the gas flows through the pipe with an average velocity of 0.1 m/s, the 
heat transfer coefficient is  
  

(a)  0.68 W/(m2 K)   (b)  1.14 W/(m2 K) 

 (c)  2.47 W/(m2 K)   (d)   24.7 W/(m2 K) 

 Solution 

8.  A semi-infinite slab occupying the region x = 0 and x = ∞ is at an initial temperature T0.  At time t = 0, 
the surface of the slab at x = 0 is brought into contact with a heat bath at a temperature TH.  The 
temperature T (x, t) of the slab rises according to the equation.  

                  
    (   )

     
 

 

√ 

 

√   
 
 

    
       

where x is position and t is time.  The heat flux at the surface x = 0 is proportional to  

  

(a)  t -1/2    (b)   t 1/2 

https://youtu.be/L4Pvm8DwqRU?t=782
https://youtu.be/L4Pvm8DwqRU?t=1033
https://youtu.be/L4Pvm8DwqRU?t=1164
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    (c)  t     (d)   t 3/2 

 Solution 

9.  A countercurrent flow double pipe heat exchanger is used to heat water flowing at 1 kg/s from 400C 
to 800C.  Oil is used for heating and its temperature changes from 1000C to 700C.  The overall heat 
transfer coefficient is 300 W/(m2 0C).  If it is replaced by a 1-2 shell and tube heat exchanger with 
countercurrent flow configuration with water flowing in shell and oil flowing in the tube, what is the 
excess area required with respect to the double pipe heat exchanger ?  The correction factor, Ft for 
LMTD (log mean temperature difference) based on the above double pipe heat exchanger is 0.5.  The 
heat transfer coefficient remains unchanged, and the same inlet and outlet conditions are maintained.  
  CP, water = 4180 J/kg 0C,  CP, oil = 2000 J/kg 0C, 
  

(a)  0  m2     (b)   – 20.15  m2  

(c)  22.6  m2    (d)   9.69  m2 

 Solution 

10.  Fluid flows in an annulus of inner diameter 0.8 m and outer diameter 1 m.  Heat is transferred to 
the fluid from, inner tube surface of the annulus.  What is the equivalent diameter for heat transfer in 
meter ? 

(a)  0.45    (b)   0.20 

 (c)  1.64    (d)   0.90 

Solution 

Statement for Linked Answer Questions 11a & 11b 

A liquid of mass 7 kg and specific heat 4 kJ/(kg 0C) is contained in a cylindrical heater of diameter 0.15 
m and height 0.40 m.  The cylindrical surface of the heater is exposed to air at 250C while the end caps 
are insulated, so that heat transfer takes place only through the cylindrical surface.  
 
The thickness of the wall of the heater =  2 mm 

The wall thermal conductivity = 10 W/ (m K) 

The heat transfer coefficient in the liquid = 100 W/(m2K) 

The heat transfer coefficient in air = 10 W/(m2K) 

The liquid is initially maintained at a temperature of 750C.  AT time t = 0, the heater is switched off, and 
the temperature of the liquid in the heater decreases due to heat loss across the cylindrical surface.  
  

11a. What is the overall heat transfer coefficient in W/m2 K) ? 

(a)  1     (b)  4.04  

 (c)  9.07    (d)  10 

 Solution 

https://youtu.be/L4Pvm8DwqRU?t=1417
https://youtu.be/L4Pvm8DwqRU?t=1843
https://youtu.be/L4Pvm8DwqRU?t=2189
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11b. What is the time required for the temperature of the liquid to reduce to 500C after the heater is 
switched off, assuming lumped system analysis is valid ? 
  

(a)  7.874  103 s   (b)   11.346  103 s 

(c)  16.828  103 s   (d)   23.213  103 s 

 Solution 

 

G – 2004 

1. for an ideal black body 

 (A) Absorptivity = 1  (B) reflectivity = 1 

 (C) Emissivity = 0   (D) transmissivity = 1 

Solution 

2. The left face of a one dimensional slab of thickness 0.2 m is maintained at 800C and the 
right face is exposed to air at 300C.  The thermal conductivity of the slab is 1.2 W/(m K) and 
the heat transfer coefficient from the right face is 10 W/(m2 K).  At steady state, the 
temperature of the right face in 0C is  
  

 (A)  77.2  (B)  71.2  (C)  63.8  (D)  48.7 

Solution 

3. A metal ball of radius 0.1 m at a uniform temperature of 900C is left in air at 300C.  The 
density and the specific heat capacity of the metal are 3000 kg/m3 and 0.4 kJ/(kg K), 
respectively.  The heat transfer coefficient is 50 W/m2 K).  Neglecting the temperature 
gradients inside the ball, the time taken (in hours) for the ball to cool to 600C is  
 

 (A)  555  (B)  55.5  (C)  0.55  (D)  0.15 

Solution 

4. It is desired to concentrate a 20% salt solution (20 kg of salt in 100 kg of solution) to a 30% 
salt solution in an evaporator.  Consider a feed of 300 kg/min at 300C.  The boiling point of 
the solution is 1100C, the latent heat of vaporization is 2100 kJ/kg, and the specific heat of 

https://youtu.be/L4Pvm8DwqRU?t=3008
https://youtu.be/-72md86LnNg?t=16
https://youtu.be/-72md86LnNg?t=59
https://youtu.be/-72md86LnNg?t=271
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the solution is 4 kJ/(kg K).  The rate at which heat has to be supplied (in kJ/min) to the 
evaporator is 
  

 (A)   3.06    105    (B) 6.12    105 

 (C)   7.24    105    (D) 9.08    105 

 Solution 

5. Hot water (0.01 m3 /min) enters the tube side of a cocurrent shell and tube heat exchanger 
at 800C and leaves at 500C.  Cold oil (0.05 m3/min) of density 800 kg/m3 and specific heat of 2 
kJ/(kg K) enters at 200C.  The log mean temperature difference in 0C is approximately. 
 

(A)  32  (B)  37   (C)  45  (D)  50 

Solution 

G – 2003 

1. A dilute aqueous solution is to be concentrated in an evaporator system.  High pressure 

steam is available.  Multiple effect evaporator system is employed because – 

a) total heat transfer area of all the effects is less than that in a single effect evaporator 

system 

b) total amount of vapour produced per kg of feed steam in a multieffect system is much 

higher than in a single effect 

c) boiling point elevation in a single effect system is much higher than that in any effect in a 

multieffect system 

d) heat transfer coefficient in a single effect is much lower than that in any effect in a 

multieffect system 

Solution 

2. The units of resistance to heat transfer are – 

a)  J m -2 K-1  b)  J m -1 K-1  c)  W m -2 K-1  d)  W-1 m 2 K1 

https://youtu.be/-72md86LnNg?t=479
https://youtu.be/-72md86LnNg?t=944
https://youtu.be/-72md86LnNg?t=1273
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Solution 

3. A process stream of dilute aqueous solution flowing at the rate of 10 kg s-1 is to be heated.  
Steam condensate at 950C is available for heating purpose, also at a rate of 10 kg s-1.  A 1–1 
shell and tube heat exchanger is available.  The best arrangement is  
  

a) counter flow with process stream on shell side 

b) counter flow with process stream on tube side 

c) parallel flow with process stream on shell side 

d) parallel flow with process stream on tube side 

Solution 

 

4. The inner wall of a furnace is at a temperature of 700 0C.  The composite wall is made of 
two substances, 10 and 20 cm thick with thermal conductivities of 0.05 and 0.1 W m-1 0C-1 
respectively.  The ambient air is at 30 0C and the heat transfer coefficient between the outer 
surface of wall and air is 20 W m-2 0C-1.  The rate of heat loss from the outer surface in W m-2 
is  
a)  165.4  b)  167.5  c)  172.8  d)  175 

Solution 

5. Steam is to be condensed in a shell and tube heat exchanger which is 5 m long with a shell  

diameter of 1 m.  Cooling water is to be used for removing the heat.  Heat transfer coefficient 

for the cooling water, whether on shell side or tube side is same.  The best arrangement is  

a) vertical heat exchanger with steam on tube side 

b) vertical heat exchanger with steam on shell side 

c) horizontal heat exchanger with steam on tube side 

d) horizontal heat exchanger with steam on shell side 

Solution 

https://youtu.be/-72md86LnNg?t=1414
https://youtu.be/-72md86LnNg?t=1488
https://youtu.be/-72md86LnNg?t=1878
https://youtu.be/-72md86LnNg?t=2090
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6. A fluid is flowing inside the inner tube of a double pipe heat exchanger with diameter ‘d’.  

For a fixed mass flow rate, the tube side heat transfer coefficient for turbulent flow 

conditions is proportional to   

a)  d0.8  b)  d-0.2  c)  d-1   d)  d-1.8 

Solution 

7. Air is to be heated by condensing steam.  Two heat exchangers are available : (i) a shell 

and tube heat exchanger, and (ii) a finned tube heat exchanger.  Tube side heat transfer area 

is equal in both cases.  The recommended arrangement is  

a) finned tube heat exchanger with air inside and steam outside 

b) finned tube heat exchanger with air outside and steam inside 

c) shell and tube heat exchanger with air inside tubes and steam shell side 

d) shell and tube heat exchanger with air on shell side and steam inside tubes  

Solution 

8. For a given ambient air temperature with increase in the thickness of insulation of a hot 

cylindrical pipe, the rate of heat loss from the surface would 

a)  decrease    c)  first decrease and then increase 

b)  increase    d)  first increase and then decrease 

Solution 

 

G – 2002 

1.  If the baffle spacing in a shell and tube heat exchanger increases, then the Reynolds 

number of the shell side fluid  

A) Remains unchanged       B) Increases 

C) Increases or decreases depending on No. of shell passes   D)Decreases 

Solution 

https://youtu.be/-72md86LnNg?t=2384
https://youtu.be/-72md86LnNg?t=2575
https://youtu.be/-72md86LnNg?t=2919
https://youtu.be/dcF-8dd5L40?t=20
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2.  A 10 cm diameter steam pipe, carrying steam at 180 0C, is covered with an insulation 

(conductivity = 0.6 W/m 0C).  It loses heat to the surroundings at 30 0C.  Assume a heat 

transfer coefficient of 8.0 W/m2 0C for heat transfer from surface to the surroundings.  

Neglect wall resistance of the pipe and film resistance of steam.  If the insulation thickness is 

2 cm, the rate of heat loss from this insulated pipe will be  

     A)  greater than that of the un-insulated steam pipe 

B)  less than that of the un-insulated steam pipe 

C)   equal to that of the un-insulated steam pipe 

D)  less than the steam pipe with 5 cm insulation 

Solution 

3.  1000 kg of liquid at 30 0C in a well-stirred vessel has to be heated to 1200C, using 

immersed coils carrying condensing steam at 1500C.  The area of the steam coils is 1.2 m2 and 

overall heat transfer coefficient to the liquid is 1500 W/m2 0C.  Assuming negligible heat loss 

to surrounding and specific heat capacity of the liquid to be 4 kJ/kg 0C, the time taken for the 

liquid to reach desired temperature will be  

A)  15  min    B)  22  min 

C)  44  min    D)  51  min 

Solution 

4.  A composite wall consists of two plates A and B placed in series normal to the flow of 

heat.  The thermal conductivities are kA and kB and the specific heat capacities are CpA and 

CpB, for plates A and B respectively.  Plate B has twice the thickness of plate A.  At steady 

state, the temperature difference across plate A is greater than that across plate B when  

A)  CpA > CpB   B)  Cp<CpB 

C)  kA< 0.5 kB  D)  kA>2 kB 

Solution 

https://youtu.be/dcF-8dd5L40?t=187
https://youtu.be/dcF-8dd5L40?t=594
https://youtu.be/dcF-8dd5L40?t=932
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5. A double pipe countercurrent heat exchanger is designed to cool 3500 kg/hr of benzene 

flowing in the inner pipe from 800C to 350C.  Water enters at 200C and exits at 370C in the 

annular space.  The inside pipe has an inner diameter of 3.5 cm and wall thickness of 3.56 

mm.  The outer pipe has an inner diameter of 5.25 cm and is insulated.  Neglecting the wall 

resistance to heat transfer from the inner pipe, and assuming the individual film heat transfer 

coefficient for water to be 6600 W/m2 0C, calculate : 

(a) the individual heat transfer coefficient for benzene flowing in the inner pipe. 

(b) the overall heat transfer coefficient based on inside diameter of inner pipe. 

(c) the total length required for the heat exchanger. 

Nu  =  0.023 (Re)0.8 (Pr)0.3 

Where Nu is the Nusselt Number and Pr is the Prandtl Number. 

Average properties of benzene : viscosity = 4 x 10-4 kg/m s, thermal conductivity = 0.147 

W/m0C, specific heat capacity = 1880 J/kg0C, density = 837 kg/m3. 

Solution 

6. A canteen requires hot water for its dish-washing.  For this purpose, the canteen draws 0.4 

kg/s of water at 298 K and heats it to 353 K in a fired-heater.  The wastewater leaving the 

dishwasher is at 333 K.  In order to save energy, it is proposed to recover heat from the 

wastewater to partially heat up the incoming water in a counter-current exchanger as shown 

schematically below: 

 

https://youtu.be/dcF-8dd5L40?t=1116
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Assume that there is no loss of water in the dishwasher and a minimum approach temperature of 

10 K should be maintained in the exchanger. 

 

(a) Determine the maximum temperature to which the incoming water can be heated in the 
exchanger. 
 

(b) If the overall heat transfer coefficient in the exchanger is 1200 W/m2 K and the specific heat 
capacity of water is 4186 J/kg K, compute the area of the heat exchanger. 
 

(c) If the cost of the exchanger in 1982 was 2 x A0.41 (in lakh rupees), where A is the exchanger 
area in m2 and the Marshall and Swift cost indices in 1982 and 2000 are 315 and 400 
respectively, determine the cost of the exchanger in the year 2000. 

Solution 

7. Air flows through a smooth tube, 2.5 cm diameter and 10 m long, at 370C.  If the 

pressure drop through the tube is 10000 Pa, estimate 

(a) the air velocity through the tube and the friction factor 

(b) the heat transfer coefficient using Colburn Analogy [ jH = (St)(Pr)0.67 ], where St 
is the Stanton Number and Pr is the Prandtl Number.  

Heat Exchanger

Fresh Water

Fired 

Heater

Dishwasher

Waste Water 333 K

353 K

298 K

https://youtu.be/dcF-8dd5L40?t=2021
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Gas constant, R = 82.06 cm3 atm/mol K.  Darcy friction factor, f = 0.184 / 

Re0.2.Other relevant properties of air under the given conditions : viscosity = 1.8 x 

10-5 kg/m s, density = 1.134 kg/m3, specific heat capacity, Cp = 1.046 kJ/kg 0C, 

thermal conductivity = 0.028 W/m 0C.                                                 solution 

 

 

G – 2001 

1.  The heat transfer by radiation from a mild steel surface is to be reduced by reducing the 

emissivity of the surface.  This can be best achieved by – 

A)  painting the surface black   B)  painting the surface white 

C)  giving the surface a mirror finish  D)  roughening the surface 

Solution 

2.  Heat transfer by natural convection is enhanced in systems with  

A)  high  viscosity    B)  high coefficient of thermal expansion 

C)  low temperature gradients  D)  low density change with temperature 

Solution 

3.  The Sieder-Tate correlation for heat transfer in turbulent flow in a pipe gives Nu   Re0.8, where 

Nu is the Nusselt number and Re is the Reynolds number for the flow.  Assuming that this 

relation is valid, the heat transfer coefficient varies with pipe diameter (D) as  

           A)  D-1.8               B)  D-0.2             C)  D0.2           D)  D1.8               solution                   

4.  The overall heat transfer coefficient for a shell and tube heat exchanger for clean surfaces is U0 = 

400 W/m2K.  The fouling factor after one year of operation is found to be hdo = 2000 W/m2K. 

The overall heat transfer coefficient at this time is  

 A)  1200  W/m2K   B)  894  W/m2K 

https://youtu.be/dcF-8dd5L40?t=2750
https://youtu.be/JVvgUP444W8?t=17
https://youtu.be/JVvgUP444W8?t=625
https://youtu.be/JVvgUP444W8?t=818
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 C)   333  W/m2K   D)  287  W/m2K 

 Solution 

5.  The heat flux (from outside to inside) across an insulating wall with thermal conductivity k = 0.04 

W/m K and thickness 0.16 m is 10 W/m2.  The temperature of the inside wall is –50C.  The 

outside wall temperature is  

 A)  250C, B)  300C C)  350C D)  400C 

Solution 

6. A 200 W heater has a spherical casing of diameter 0.2 m.  The heat transfer coefficient for 

conduction and convection from the casing to the ambient air is obtained from Nu = 2 + 0.6 

Re1/2 Pr1/3, with Re = 104 and Pr = 0.69.  The temperature  of  the  ambient  air  is 300C and  

the  thermal  conductivity of air is k = 0.02 W/m K.  

(a) Find the heat flux from the surface at steady state 

(b) Find the steady state surface temperature of the casing 

(c) Find the temperature of the casing at steady state for stagnant air.  Why is this situation 

physically infeasible? 

Solution 

7. A 1-2 shell and tube heat exchanger has liquid (specific heat Cp) flowing at a mass flow rate m 

in the tubes and saturated steam (temperature Ts) condensing on the shell side. 

 (a) Carry out a differential energy balance on a single tube to show that  

  
 

 
  

  

  
    (    )

̇
      

 where T is the temperature of the liquid N is the number of tube in a pass, z is the distance 

along the tube, D is the inner diameter of the tubes and U is the overall heat transfer 

coefficient based on the inside surface area. 

https://youtu.be/JVvgUP444W8?t=903
https://youtu.be/JVvgUP444W8?t=1164
https://youtu.be/JVvgUP444W8?t=1308
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 (b) Obtain an expression for the  temperature of the liquid at the exit of the heat exchanger, 

T2. The length of the tubes is L and liquid enters the heat exchanger at temperature T0.   

Solution 

 

G – 2000 

1.  The Grashof number is defined as the ratio of  

 A)  buoyancy to inertial forces,  B)  buoyancy to viscous forces, 

 C)  inertial to viscous forces, D)  buoyancy to surface tension forces, 

Solution 

2.  A sphere of radius, R1 is enclosed in a sphere of radius, R2. The view (or shape) factor for 

radiative heat transfer of the outer sphere with respect to the inner sphere is 

  ( )                    ( ) 
  

     
          ( )                            ( ) [

  

  
]
 
 

Solution 

3. A steel sphere of radius 0.1 m at 400K is immersed in an oil at 300K. If the centre of the 

sphere reaches 350K in 20 minutes, how long will it take for a 0.05m radius steel sphere to 

reach the same temperature (at the centre) under identical conditions?  Assume that the 

convective heat transfer coefficient is infinitely large. 

 

 A)  5 min, B)  10 min, C)  20 min, D)  40 min, 

Solution 

4. A composite flat wall of a furnace is made of two materials A and B.  The thermal 

conductivity of A is twice of that of material B, while the thickness of layer of A is half of that 

https://youtu.be/JVvgUP444W8?t=1797
https://youtu.be/B5CRir1BsUQ?t=16
https://youtu.be/B5CRir1BsUQ?t=54
https://youtu.be/B5CRir1BsUQ?t=240
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of B.  If the temperatures at the two sides of the wall are 400 and 1200 K, then the 

temperature drop (in K) across the layer of material A is  

 

 A)  125                B)  133  C)  150  D)  160 

Solution 

5.  For turbulent flow in a tube, the heat transfer coefficient is obtained from the Dittus-

Boelter correlation.  If the tube diameter is halved and the flow rate is doubled, then the 

heat transfer coefficient will change by a factor of  

 

A)  1                B)  1.74                C)  6.1         D)  37, 

Solution 

6.  The outside surface temperature of a pipe (radius = 0.1 m) is 400 K.  The pipe is losing 

heat to atmosphere, which is at 300 K.  The film heat transfer coefficient is 10 W/m2 K. To 

reduce the rate of heat loss, the pipe is insulated by a 50 mm thick layer of asbestos (k = 0.5 

W/m K).  Calculate the percentage reduction in the rate of heat loss. 

Solution 

7.  In a 1 – 1 counter flow shell and tube heat exchanger, process stream (Cp = 4.2 kJ/kg K) is 

cooled from 450 to 350 K using water (Cp = 4.2 kJ/kg K) at 300 K.  The process stream flows 

on the shell-side at a rate of 1 kg/s and the water on the tube-side at a rate of 5 kg/s.  If heat 

transfer coefficients on the shell and tube sides are 1000 W/m2 K and 1500 W/m2 K, 

respectively, determine – 

 

a) the required heat transfer area 

b) by what factor will the required area change if the flow is cocurrent ? 

Neglect tube wall resistance and fouling resistances. 

https://youtu.be/B5CRir1BsUQ?t=737
https://youtu.be/B5CRir1BsUQ?t=1003
https://youtu.be/B5CRir1BsUQ?t=1329
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Solution 

8.  An aqueous solution of a solute is concentrated from 5% to 20% (mass basis) in a single-

effect short-tube evaporator.  The feed enters the evaporator at a rate of 10 kg/s and at a 

temperature of 300 K.  Steam is available at a saturation pressure of 1.3 bar.  The pressure in 

the vapour space of the evaporator is 0.13 bar and the corresponding saturation 

temperature of steam is 320 K.  If the overall heat transfer coefficient is 5000 W/m2 K, 

calculate the  

a) steam  economy, 

b) heat transfer surface area 

Data : 

 Enthalpy  (kJ/kg) Heat of vaporization(kJ/kg) 
 

Saturated steam 

(1.3 bar; 380 K) 

------- 2000 

Saturated steam 

(0.13 bar; 320 K) 

2200 ------ 

Feed (5%; 300 K) 80 ------- 

Concentrated liquor 

(20%; 325 K) 

400 ------- 

 

Boiling point elevation is 5 K. 

Solution 

 

 

 

 

https://youtu.be/B5CRir1BsUQ?t=1693
https://youtu.be/B5CRir1BsUQ?t=2269
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Answer Key 
 

 Question No 

 1 2 3 4 5 6 7 8 9 10 11 
00 B D A D C 32.32 a) 8.36 

b) 1.123 
a) 60.72 
b) 0.898 

   

01 C B B C C a) 1591.5 
b) 319.27 
c) 7987.7 

-----     

02 D A D C a) 1428.37 
b) 1210 
c) 23.24 

a) 323 
b) 3.48 
c) 4.23 

a) V=47.34 
     f= 0.0194 
b) 178.2 

    

03 B D B A B D B D    

04 A D D A A       

05 C B C B D B C A C A C 
B 

06 C D D A 
D 

       

07 C B B C B D D     

08 D D D D B       

09 A B B C B A 
D 

     

10 A B B A A D 
B 

     

11 B A C B A A      

12 D C B B D C A     

13 D D 5.67 21.7  C       

14 A D 17.14 3.85 271.071       

15 A 250.5 A C C       

16 3.9 C D 0.25 A B A     

17 B 300 C C B       

18 C B 13 28.2 0.52 27.27      

19 A D 902 0.30 800       

20 B D 1.8 B        
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