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(GATE 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 mirror finish  

(D) Roughening the surface  

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  

 

3. The Sieder-Tate correlation for heat 

transfer in turbulent flow in a pipe gives Nu 


0.8Re ,  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) D0.5  (D) D1.8 

 

 

4.  The overall heat transfer coefficient 

for a shell and tube heat exchange for clean 

surfaces is 2

0U 400 W / m K . 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 

(C) 333 W/m2K (D) 287 W/m2K 

5. The heat flux (from outside to inside) 

across an insulating wall with thermal 

conductivity k = 0.04 W/mK 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  

(GATE 2002) 

6. 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 

number of shell passes  

(D) decreases 

 

 

7.  A 10 cm diameter steam pipe, carrying 

steam at 180 ℃ , is covered with an 

insulation (conductivity = 0.6 W/m℃). It 

loses heat to the surroundings at 30℃. 

CHAPTER 5
•Heat Transfer
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Assume heat transfer coefficient of 8.0 

W/m2 ℃  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 uninsulated 

steam pipe 

(B) less than that of the uninsulated steam 

pipe  

(C) equal to that of the uninsulated steam 

pipe 

(D) less than the steam pipe with 5 cm 

insulation  

 

8. 1000 kg of liquid at 300C 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
2 0/W m C . Assuming 

negligible heat loss to surrounding and 

specific heat capacity of the liquid to be 

4kJ/kg0C. The time taken for the liquid to 

reach desired temperature will be  

 

(A) 15 min   (B)22 min 

(C)44 min  (D)51 min  

9.  A composite wall consists of two palates 

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 Aand B respectively. 

Plate B has twice the thickness of plate A. At 

steady state. the temperature difference 

across plates A is greater than that across 

plate B, when  

(A) pA pBC C
  

(B) pA pBC C  

(C) A Bk 0.5k
  

(D) A Bk 2k
 

 

(GATE 2003) 

10.  Three solid objects of the same 

material and of equal masses a sphere, a 

cylinder (length = diameter) and a cube are 

at 5000C initially. These are dropped in a 

quenching bath containing a large volume of 

cooling oil each attaining the bath 

temperature eventually. The time required 

for 90% change of temperature is smallest 

for  

(A) cube (B)cylinder 

(C) sphere (D) equal for all the three  

11. 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 multi effect 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 multi effect system  

(D) heat transfer coefficient in a single 

effect is much lower than that in any effect 

in a multi effect system  

 

12.  The unit of resistance to heat 

transfer is 

(A) 
2 1Jm K 

  (B)
1 1Jm K 

 

(C)
2 1Wm K 

  (D)
1 2W m K

 

13. 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 
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exchange 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  

14. The inner wall of a furnace is at a 

temperature of 7000C. 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 

300C and the heat transfer coefficient 

between the outer surface of wall and air is 

20
2 0 1Wm C 

. The rate of heat loss from 

the outer surface in W m-2 is  

(A) 165.4  (B) 167.5 

(C) 172.5  (D) 175  

15. Steam is to be condensed in a shell 

and tube heat exchanger, 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 exchange with steam on 

tube side  

(D)  horizontal heat exchanger with steam 

on shell side   

16. A fluid is flowing inside the inner tube 

of a double pipe heat exchange 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 

17. 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 exchange with air 

inside and steam outside  

(B)  finned tube heat exchanger with air 

outside and steam inside  

(C)  shell and tube heat exchange with air 

inside tubes and steam on shell side  

(D)  shell and tube heat exchanger with air 

on shell side and steam inside tubes   

18. 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 

(B) increase 

(C) first decrease and then increase  

(D) first increase and then decrease    

 

(Gate 2004) 

19. In forced convection, the Nusselt 

number Nu is a function of  

 (A) Re and Pr              (B) Re and Gr 

 (C) Pr and Gr               (D) Re and Sc 

 

20. For an ideal black body 

(A) Absorptivity = 1    

(B) Reflectivity = 1 

(C) Emissivity = 0             

(D) Transmissivity = 1 
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21. 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 

22. 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 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 gradient 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  

 

 
23. 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 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 

 

24. Hot water (0.01 m3 /min) enters the 

tube side of a co-current 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 2kJ/(kgK) enters at 

200C.  The log mean temperature difference 

in 0C is approximately. 

 

(A)  32                           (B) 37   

(C) 45    (D) 50 

 

(Gate 2005) 

 

25. 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. 

 

26.   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.  

 

27. 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  

 



GATE Previous Years Solved Papers The Gate Coach  

 
 

THE GATE COACH, All Rights Reserved   149 | 
 

 
 

28. 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 

 

29. 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 at 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 

 

30. Consider the flow of a gas with density 1 

kg/m3, viscosity 1.5 × 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 Pr1/3While 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) 

 

31. 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 hath at a temperature TH.  The 

temperature T (x, t) of the slab rises 

according to the equation.  

 

  2
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, 2
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T T x t
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T T
 

where x is position and t is time.  The heat 

flux at the surface x = 0 is proportional to  

(A)  t-1/2                (B) t½  

(C) t   (D) t 3/2 

 

32. 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/(m20C).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/kg0C, Cp, oil = 2000 J/kg 0C, 

 

(A) 0  m2      (B)20.15  m2 

(C) 22.6  m2 (C)9.69  m2  

 

33.  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 

m? 
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(A)  0.45                (B) 0.20 

(C) 1.64                       (D) 0.90 

 

Linked Answer Questions 34-35 

A liquid of mass 7 kg and specific heat 4 

kJ/(kg0C) 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.  

 

34. What is the overall heat transfer 

coefficient in W/m2K)? 

 

(A)  1                          (B) 4.04 

(C) 9.07                          (D) 10 

 

35. 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 

 

(Gate 2006) 

 

36. 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 

 

37. One dimensional steady state heat 

transfer occurs from, a flat vertical wall of 

length 0.1 m into the adjacent fluid.  The 

heat flux into this fluid is 21 W/m2.  The 

wall thermal conductivity is 1.73 W/(mK). If 

the heat transfer coefficient is 30 W/(m2K) 

and the Nusselt number based on the wall 

length is 20, then the magnitude of the 

temperature gradient at the wall on the fluid 

side (in K/m) is  

(A) 0.7              (B) 12.14 

(C) 120               (D) 140 

 

38. 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 × 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 

 

39. 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  
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-

-

 
(A) 1.1              (B)5.77  

(C)6.59                       (D)7.53 

 

 

 

(Gate 2007) 

40. For the two long concentric cylinders 

with surface areas A1 and A2, the view factor 

F22 is given by 

 
(A)  0   (B)1   

(C) 1 – A1/A2                (D)A1/A2 

 

41. The composite wall of an oven consists 

of three materials A, B and C.  Under steady 

state operating conditions, the outer surface 

temperature Tso is 20 °C, the inner surface 

temperature Tsi is 600 °C and the oven air 

temperature is T∞ = 800 °C.  For the 

following data: Thermal conductivities kA = 

20 W/(m K) and kC = 50 W/m K), thickness 

LA = 0.3 m,  LB = 0.15 m and LC = 0.15 

m,  inner-wall heat transfer coefficient h = 

25 W/(m2 K), 

 

 
 

The thermal conductivity kB W/(mK) of the 

material B, is calculated as  

 

(A)  35          (B) 1.53    

(C) 0.66                       (D) 0.03 

 

42. Water enters a thin walled tube (L = 1 

m, D = 3 mm) at an inlet temperature of 

97°C and mass flow rate 0.015 kg/s.  The 

tube wall is maintained at a constant 

temperature of 27°C.  Given the following 

data for water. 

 

Density, ρ = 1000 kg/m3 

Viscosity, μ = 489× 10-6 Ns/m2 

Specific heat Cp  = 4184 J/kgK 

Inside heat transfer coefficient h = 12978 

W/(m2 K),  The outlet temperature of water 

in  °C is, 

(A)  28                (B) 37         

(C) 62      (D) 96 

 

43.   A hot fluid entering a well-stirred 

vessel is cooled by feeding cold water 

through a jacket around the vessel. Assume 

the jacket is well-mixed. For the following 

data, Mass flow rate of the hot fluid  =  0.25 

kg/s mass flow rate of cold water  =  0.4 

kg/s  specific heats of oil  =  6000 J/(kgK), 

Specific heat of cold water =4184 

J/(kgK),   The  inlet and exit temperatures 

of the hot fluid is 150°C and 100°C 

respectively. Inlet temperature of cold 

water = 20 °C.  The overall hat transfer 
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coefficient is 500 W/(m2K).The heat 

transfer area in m2 , is  

(A)  1.82             (B) 2.1 

(C) 3                  (D) 4.26 

 

44.  Consider a liquid stored in a 

container exposed to its saturated vapor at 

constant temperature Tsat.  The bottom 

surface of the container is maintained at a 

constant temperature Ts<Tsat while its side 

walls are insulated.  The thermal 

conductivity k1 of the liquid, its latent heat 

of vaporization λ and density ρ1 are 

known.  Assuming a linear temperature 

distribution in the liquid, the expression for 

the growth of the liquid layer δ as a function 

of time  t  is given by  

 

 

(A)  
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45.  The following list of options P, 

Q, R and S are some of the important 

considerations in the design of a shell 

and tube heat exchanger: 

P. Square pitch permits the use of more 

tubes in a given shell diameter 

Q. the tube side clearance should not 

be less than one fourth of the tube 

diameter 

R. baffle spacing is not greater than the 

diameter of the shell or less than one-

fifth of the shell diameter. 

S. The pressure drop on the tube side is 

less than 10 psi. 

Pick out the correct combination of 

„TRUE‟ statements from the following  

 

(A) P, Q and R  (B)Q, R and S 

(C)R, S and P  (D)P, Q, R and S 

 

 

(Gate 2008) 

 

46. Two plates of equal thickness (t) and 

cross-sectional area, are joined together to 

form a composite as shown in the figure.  If 

the thermal conductivities of the plates are k 

and 2k, then the effective thermal 

conductivity of the composite is 

 
(A)  3k/2                        (B) 4k/3 

(C) 3k/4                   (D) 2k/3 

 

47. A metallic ball (ρ = 2700 kg/m3 and Cp = 

0.9 kJ/(kg °C) of diameter 7.5 cm is allowed 

to cool in air at 25°C.  When the temperature 

of the ball is 125°C, it is found to cool at the 

rate of 4°C per minute.  If thermal gradients 

inside the ball are neglected, the heat transfer 

coefficient  in W/(m2 °C) is  

 

(A)  2.034                     (B) 20.34  

(C) 81.36                      (D) 203.4 
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48. Hot liquid is flowing at a velocity of 2 m/s 

through a metallic pipe having an inner 

diameter of 3.5 cm and length 20 m.  The 

temperature at the inlet of the pipe is 

90°C.  Following data is given for liquid at 

90°C. 

Density = 950 kg/m3 ; 

Specific heat = 4.23 kJ/(kg °C) 

Viscosity = 2.55 × 10-4 kg/(m.s); 

Thermal conductivity = 0.685 W/(m °C) 

The heat transfer coefficient in 2 0( / )kW m C  

inside the tube is  

(A)  222.22                  (B) 111.11   

(C) 22.22            (D) 11.11 

 

49. The temperature profile for heat 

transfer from one fluid to another separated 

by a solid wall is  

 

50. In shell and tube heat exchanger, if 

the shell length is Ls the baffle spacing is LB 

and the thickness of baffle is tb the number 

of baffles on the shell side NB is  

(A) 


s

B b

L

L t
  (B) 


1s

B b

L

L t
 

(C) 


1s

B b

L

L t
  (D) 


2s

B b

L

L t
 

(Gate 2009) 

 

51. During the transient convective 

cooling of a solid object, Biot number0 

indicates 

(A) uniform temperature throughout 

 the object 

(B) negligible convection at the surface 

 of the object 

(C) significant thermal resistance within 

 the object 

(D) significant temperature gradient within 

the object 

52. A well-insulated hemispherical furnace 

(radius = 1 m) is shown below: 

 

The self-view factor of radiation for the 

curved surface 2 is  

(A) 1/4                 (B) 1/2   

(C) 2/3                        (D) ¾ 

 

53. A double-pipe heat exchanger is to be 

designed to heat 4 kg/s of a cold feed from 

20 to 40°C using a hot stream available at 

160°C and a flow rate of 1 kg/s.  The two 

streams have equal specific heat capacities 

and the overall heat transfer coefficient of 

the heat exchanger is 640 W/(m2.K).  Then 

the ratio of the heat transfer areas required 

for the co-current to counter-current modes 

of operations is  

 

(A)  0.73                (B)0.92  

(C) 1.085                 (D) 1.25 

 

54. For the composite wall shown below 

(case- 1), the steady state interface 

temperature is 180°C.  If the thickness of 

layer P is doubled (Case- 2), then the rate of 
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heat transfer (assuming 1-dimensional 

conduction) is reduced by   

 
(A)  20%                  (B) 40%   

(C) 50%                  (D) 70% 

Common Data for Questions 55 & 56: 

A slab of thickness L with one side (x = 0) 

insulated and the other side (x = L) 

maintained at a constant temperature T0 is 

shown below.  

 

A uniformly distributed internal heat source 

produces heat in the slab at the rate of S 

W/m3.  Assume the heat conduction to be 

steady and 1-dimensional along the x-

direction.  

55. The maximum temperature in the slab 

occurs at  x  equal to 

(A)  0                           (B)L/4  

(C) L/2                      (D) L 

 

56. The heat flux at   x = L   is  

 

(A)  0                     (B)S L/4  

(C) S L/2           (D) S L 

 

(Gate 2010) 

 

57. The ratio Nusselt number to Biot 

number is  

(A) 
   

   

conductive resistance of fluid

conductive resistance of solid
 

(B) 
   

   

conductive resistance of fluid

convective resistance of fluid
  

(C) 
   

   

conductive resistance of solid

conductive resistance of fluid
  

(D) Unity 

 

58.  Which ONE of the following statements 

about baffles in a shell and tube heat 

exchanger is FALSE? Baffles 

 

(A) Act as a support to the tube bundle 

(B) Reduce the pressure drop on the shell-

 side 

(C) Alter the shell-side flow pattern 

(D) Help in increasing the shell-side heat 

 transfer coefficient 

 

59. The figure below shows steady state 

temperature profiles for one dimensional 

heat transfer within a solid slab for the 

following cases: 

 

   P: uniform heat generation with left 

surface perfectly insulted 

  Q: uniform heat generation with right 

surface perfectly insulted 

  R: uniform heat consumption with left 

surface perfectly insulted 

  S: uniform heat consumption with right 

surface perfectly insulted 
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  Match the profiles with appropriate cases. 

(A) P-I, Q-III, R-II, S-IV                     

(B)P-II, Q-III, R-I, S-IV 

(C)P-I, Q-IV, R-II, S-III                     

(D)P-II, Q-IV, R-I, S-III 

 

60. The view factor matrix for two infinity 

long co-axial cylinders, shown in the figure 

below is  

 

 
 

(A) 
 
 
 . .

0 1

0 5 0 5
  (B)

 
 
  

0 1

1 0
 

 

(C)
 
 
  

1 0

0 1
  (D)

. . 
 
  

0 5 0 5

0 1
 

Common Data Questions 61 and 62: 

Hot oil at 150°C is used to preheat a cold 

fluid at 30°C in a 1 : 1 shell and tube heat 

exchanger.  The exit temperature of the hot 

oil is 110°C.  Heat capacities (product of 

mass flow rate and specific heat capacity) of 

both the streams are equal.  The heat duty is 

20 kW. 

61.  Under co-current flow conditions, the 

overall heat transfer resistance (1/UA) is 

 

(A) 0.4°C/W     (B) 0.04°C/W               

(C) 0.36°C/W              (D 0.036°C/W 

 

62.  Under counter-current flow 

conditions, the overall heat transfer 

resistance (1/UA) is       

  

(A) 0.4°C/W     (B) 0.04°C/W               

(C) 0.36°C/W               (D)0.036°C/W 

 

(Gate 2011) 

 

63.   Consider two black bodies with surfaces 

S1 (area = 1 m2) and S2(area = 4 m2).  They 

exchange heat only by radiation, 40% of the 

energy emitted by S1 is received by S2.  The 

fraction of energy emitted by S2 that is 

received by S1 is, 

 

(A)  0.05            (B) 0.1             

(C) 0.4              (D) 0.6 

64. In film type condensation over a vertical 

tube, local heat transfer coefficient is 

(A) Inversely proportional to local film 

 thickness 

(B) Directly proportional to local film 

 thickness, 

(C) Equal to local film thickness, 

(D) Independent of local film thickness 

 

65.  Oil at 120 °C is used to heat water at 

30°C in a 1 – 1 Co  current shell and tube 

heat exchanger.  The available heat 

exchange area is S1.  The exit temperatures 

of the oil and the water streams are 90°C 

and 60°C respectively.  The co–current heat 

exchanger is replaced by a 1 – 1 counter – 

current heat exchanger having heat 

exchange area S2.  If the exit temperatures 

and the overall heat transfer coefficients are 

same, the ratio of S1 to S2 is 

(A)  ∞               (B) 1.1             

(C) 0.91            (D) 0 

 

66. An aqueous sodium chloride solution 

(10 wt %) is fed into a single effect 

evaporator at a rate of 10000 kg/hr.  It is 

concentrated to a 20 wt % sodium chloride 

solution.  The rate of consumption of steam 

in the evaporation is 8000 kg/hr.  The 

evaporator capacity (kg/hr) and economy 

are 
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(A)  5000, 0.625           (B) 10000, 0.625          

(C) 5000, 1.6        (D) 10000, 1.6   

 

67.  Heat is generated uniformly within a 

solid slab.  The slab separates fluid 1 from 

fluid 2.  The heat transfer coefficients 

between the solid slab and the fluids are h1 

and h2 (h2> h1) respectively.  The steady 

state temperature profile (T vs. x) for one – 

dimensional heat transfer is CORRECTLY 

shown by 

 

 
 

(Gate 2012) 

 

68. For heat transfer across a solid-fluid 

interface, which one of the following 

statements is NOT true when the Biot 

number is very small compared to1?  

(A) Conduction resistance in the solid is 

 very small compared to convection 

 resistance in the fluid  

(B) Temperature profile within the solid is

 nearly uniform   

(C) Temperature drop in the fluid is 

 significant  

(D) Temperature drop in the solid is 

 significant  

 

69. A solid sphere with an initial 

temperature iT is immersed in a large 

thermal reservoir of temperature 0T .The 

sphere reaches a steady temperature after a 

certain time 1t . If the radius of the sphere is 

doubled, the time required to reach steady 

state will be   

(A) 1 / 4t
  

(B) 1 / 2t   

(C) 12t
   

(D) 14t
 

70. If the Nusselt number  Nu for heat 

transfer in a pipe varies with Reynolds 

number (Re) as 
0.8ReNu then for 

constant average velocity in the pipe, the 

heat transfer coefficient varies with the pipe 

diameter D as  

 

(A) 1.8D
  (B) 02D  

(C) 0.2D   (D) 1.8D  
 

71. For the enclosure formed between 

two concentric spheres as shown below 

 2 12R R the fraction of radiation leaving 

the surface area 2A that strikes itself is     

 

 
 

(A) 1/4   (B) 1/2   

(C)1 2/   (D) 3 / 4 

 

72. Heat is generated at a steady rate of 

100 W due to resistance heating in a long 

wire (length = 5 m, diameter = 2 mm). This 

wire is wrapped with an insulation of 

thickness 1 mm that has a thermal 

conductivity of 0.1 W/mk. The insulated 

wire is exposed to air at 30 C . The 

convective heat transfer between the wire 

and surrounding air is characterized by a 
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heat transfer coefficient of 10 
2/ .W m K . 

The temperature (in C ) at the interface 

between the wire and the insulation is 

 

(A) 211.2  (B) 242.1  

(C) 311.2  (D)484.2  

 

73. In a counter-flow double pipe heat 

exchanger, oil  2 / ,  C 2.1 /Pm kg s kJ kg C  

is cooled form 90 0C to 40 0C by water

(m =1kg/s, C 4.2 /  C)P kJ kg  which enters 

the inner tube at 10 C the radius of the 

inner tube is 3 cm and its length is 5 m 

Neglecting the wall resistance, the overall 

heat transfer coefficient based on the inner 

radius, in kW/
2. ,  ism K  

(A) 0.743  (B) 7.43  

(C) 74.3  (D) 2475  

 

74. In a 1-1 pass floating head type shell 

and tube heat exchanger, the tubes (od = 25 

mm, id = 21 mm) are arranged in a square 

pitch. The tube pitch is 32 mm. The thermal 

conductivity of the shell side fluid is 0.19 

W/m K, and the Nusselt number is 200. The 

shell side heat transfer coefficient 

 2. W/min K rounded off to the nearest 

integer, is  

 

(A) 1100   (B) 1400  

(C) 1800   (D) 2100  

 

75. The one dimensional steady state heat 

conduction equation in a hollow cylinder 

with a constant heat source q is 

   
  

   

1 r TT
q

t r r r
 

If A and B are arbitrary constants then the 

steady state solution to the above equation 

is  

(A) T (r) = 
qr A

B
r


 

2

2
 

(B)
qr

T(r) Alnr B  
2

4
 

(C) T(r) AInr B   

(D)T (r) 
qr

AInr B  
2

4
 

 

(Gate 2013) 

 

76. The effectiveness of a heat exchanger in 

the ε− NTU method is defined as 

 

(A) 
increase in temperature of the cold fluid

decrease in temperature by the hot fluid
 

(B)

actual exit temperature

attained by the cold fluid

maximum exit temperature

attained by the cold fluid

 

(C)

actual exit temperature

attained by the hot fluid

minimum exit temperature

attained by the hot fluid

 

(D)
actual heat transfer rate

maximum possible heat transfer

rate from hot fluid to cold fluid

 

 

77.  In a pool boiling experiment, the 

following phenomena were observed.   

P. Natural convection 

Q.Film boiling 

R. Transition boiling    

S. Nucleate boiling   

What was the CORRECT sequence of their 

occurrence?   

(A) P, Q, R, S   (B) S, R, Q, P   

(C)Q, R, P, S   (D)P, S, R, Q 

 

78. A hole of area 1 cm2 is opened on the 

surface of a large spherical cavity whose 

inside temperature is maintained at 727 °C.  

The value of Stefan-Boltzmann constant is 

5.67×10-8 2 4/W m K .  Assuming black 
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body radiation, the rate at which the energy 

is emitted (in W) by the cavity through the 

hole, up to 3 digits after the decimal point, 

is ______ 

 

79.   Calculate the heat required (in kJ, 

up to 1 digit after the decimal point) to raise 

the temperature of 1 mole of a solid material 

from 100°C to 1000°C. The specific heat 

(Cp) of the material (in J/mol-K) is 

expressed as Cp = 20 + 0.005 T, where T is 

in K. Assume no phase change.______ 

 

80. In a double pipe counter-current heat 

exchanger, the temperature profiles shown 

in the figure were observed. During 

operation, due to fouling inside the pipe, the 

heat transfer rate reduces to half of the 

original value. Assuming that the flow rates 

and the physical properties of the fluids do 

not change, the LMTD (in °C) in the new 

situation is  

 
 

(A) 0    (B) 20    

(C) 40    (D) Indeterminate 

 

(Gate 2014) 

 

81.  In a completely opaque medium, if 

50% of the incident monochromatic 

radiation is absorbed, then which of the 

following statements are correct?  

P   50% of incident radiation is reflected  

Q.   25 % of incident radiation is reflected  

R.   25 % of incident radiation is 

transmitted 

S.No incident radiation is transmitted.  

 

(A) P and S only  (B)Q and R only  

(C)P and Q only  (D)R and S only  

 

82. Steam economy of a multiple effect 

evaporator system is defined as   

(A) kilogram of steam used per hour   

(B) kilogram of steam consumed in all the 

effects for each kilogram of  steam fed   

(C) kilogram of steam used in all the  effects 

for each kilogram of water  vaporized per 

hour   

(D) kilogram of water vaporized from all the 

effects for each kilogram of  steam fed to 

the first effect 

 

83. A brick wall of 20 cm thickness has 

thermal conductivity of
1 10.7  W m K 

. An 

insulation of thermal conductivity 
1 10.2  W m K 

 is to be applied on one side of 

the wall, so that the heat transfer through 

the wall is reduced by 75%. The same 

temperature difference is maintained across 

the wall before and after applying the 

insulation. The required thickness (in cm) of 

the insulation is ______ 

 

84. An oil with a flow rate of 1000 kg/h is 

to be cooled using water in a double-pipe 

counter-flow heat exchanger from a 

temperature of 70°C to 40°C. Water enters 

the exchanger at 25°C and leaves at 40°C. 

The specific heats of oil and water are 2 kJ 

kg-1 K-1 and 4.2 kJ kg-1 K-1, respectively. The 

overall heat transfer coefficient is 

0.2 kW m-2 K-1. The minimum heat 

exchanger area (in m2) required for this 

operation is ________ 

 

85. The bottom face of a horizontal slab of 

thickness 6 mm is maintained at 300 oC. 

The top face is exposed to a flowing gas at 

30 oC. The thermal conductivity of the slab 

is 1.5 W m-1 K-1 and the convective heat 

transfer coefficient is 30 W m-2 K-1. At 
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steady state, the temperature (in oC) of the 

top face is ____  

 

(Gate 2015) 

 

86. Two infinitely large parallel plates (I 

and II) are held at temperatures TI and TII 

(TI> TII) respectively, and placed at a 

distance 2d apart in vacuum. An infinitely 

large flat radiation shield (III) is placed in 

parallel in between I and II. The emissivities 

of all the plates are equal. The ratio of the 

steady state radiative heat fluxes with and 

without the shield is: 

 

 
(A) 0.5   (B) 0.75   

(C) 0.25   (D) 0 

 

87. Consider a solid block of unit thickness 

for which the thermal conductivity 

decreases with an increase in temperature. 

The opposite faces of the block are 

maintained at constant but different 

temperatures: T(x = 0) > T(x = 1). Heat 

transfer is by steady state conduction in x-

direction only. There is no source or sink of 

heat inside the block. In the figure below, 

identify the correct temperature profile in 

the block. 

 

 

(A)  I     (B) II   

(C) III    (D) IV 

 

88. A heated solid copper sphere (of 

surface area A and volume V) is immersed 

in a large body of cold fluid. Assume the 

resistance to heat transfer inside the sphere 

to be negligible and heat transfer coefficient 

(h), density (ρ), heat capacity (C), and 

thermal conductivity (k) to be constant. 

Then, at time t, the temperature difference 

between the sphere and the fluid is 

proportional to: 

 

(A) 
 
 
 

hA
exp t

VC
 (B)

 
 
 

VC
exp t

hA
 

 

(C) 
4 

 
 

k
exp t

CA
 (D)

4

 
 

 

CA
exp t

k
 

 

89. In the figure below, the temperature 

profiles of cold and hot fluids in counter 

current double pipe heat exchanges (in 

different mode of operation) are shown on 

the left. For each case, match the heat 

exchange process for the fluid represented 

by the bold curve with the options given on 

the right. 
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(A) I – P , II – Q , III – R , IV – S 

(B)I – P , II – Q ,  III – S , IV – R  

(C)I – Q , II – P ,  III – S , IV – R  

(D)I – Q , II – S , III – P , IV – R  

 

90.  Air is flowing at a velocity of 3m/s 

perpendicular to a long pipe as shown in the 

figure below. The outer diameter of the pipe 

is d = 6 cm and temperature at the outside 

surface of the pipe is maintained at 100 o C. 

The temperature of the air far from the tube 

is 30 OC.  

 

-6 2

0.8

Data for Kinematic Viscosity, ν = 18×10 m / s;

Thermal conductivity, k = 0.3 W / m×K

Using the Nusselt number correlation :

hd
Nu = = 0.024×Re , the rate of heat loss per unit

k
Length (W / m) from the pipe to air (up to 

one decimal place) is ___ 

 

 
 

 

(Gate 2016) 

 

91. A composite wall is made of four 

different materials of construction in the 

fashion shown below. The resistance (in 

K/W) of each of the sections of the wall is 

indicated in the diagram.  

 

 

The overall resistance (in K/W, rounded off 

to the first decimal place) of the composite 

wall, in the direction of heat flow, is ___ 

 

92.  Steam at 100oC is condensing on a 

vertical steel plate. The condensate flow is 

laminar. The average Nusselt numbers are 

Nu1 and Nu2, when the plate temperatures 

are 10oC and 55oC, respectively. Assume the 

physical properties of the fluid and steel to 

remain constant within the temperature 

range of interest. Using Nusselt equations 

for film-type condensation, what is the value 

of the ratio Nu2/ Nu1?  

 

(A)  0.5   (B) 0.84 

(C)  1.19   (D) 1.41 

 

93. Match the dimensionless numbers in 

Group-1 with the ratios in Group-2.    

Group-1 Group-2 

P. Biot number I buoyancy force / 

viscous force 

Q. Schmidt 

number 

II. 

Internal thermal resistance 

of a solid / 

boundary layer thermal resi

stance 

R. Grashof 

number 

III. momentum diffusivity/ 

mass diffusivity   

 

(A)   P-II, Q-I, R-III     

(B)  P-I, Q-III, R-II  

(C)  P-III, Q-I, R-II     
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(D)  P-II, Q-III, R-I 

 

94. In a 1 – 1 pass shell and tube exchanger, 

steam is condensing in the shell side at a 

temperature (Ts) of 135oC and the cold fluid 

is heated from a temperature (T1) of 20oC to 

a temperature (T2) of 90oC. The energy 

balance equation for this heat exchanger is     

1

2








s

s
p

T T UA
In
T T

mC

 

where U is the overall heat transfer 

coefficient, A is the heat transfer area, ṁ is 

the mass flow rate of the cold fluid and Cp is 

its specific heat. Tube side fluid is in a 

turbulent flow and the heat   transfer 

coefficient can be estimated from the 

following equation:   
0 8 1 30 023 . /Nu . (Re) (Pr)  

Where Nu is the Nusselt number, Re is the 

Reynolds number and Pr is the Prandtl 

number. The condensing heat transfer 

coefficient in the shell side is significantly 

higher than the tube side heat transfer 

coefficient. The resistance of the wall to heat 

transfer is negligible. If only the mass flow 

rate of the cold fluid is doubled, what is the 

outlet temperature (in oC) of the cold fluid 

at steady state?  

 

(A) 80.2   (B) 84.2  

(C) 87.4   (D) 88.6   

 

95. In an experimental setup, mineral oil is 

filled in between the narrow gap of two 

horizontal smooth plates. The setup has 

arrangements to maintain the plates at 

desired uniform temperatures. At these 

temperatures, ONLY the radiative heat flux 

is negligible. The thermal conductivity of 

the oil does not vary perceptibly in this 

temperature range. Consider four 

experiments at steady state under different 

experimental conditions, as shown in the 

figure below. The figure shows plate 

temperatures and the heat fluxes in the 

vertical direction.   

 

What is the steady state heat flux (in W m‒2) 

with the top plate at 70oC and the bottom 

plate at 40oC?  

(A)   26   (B)  39   

(C)   42   (D)   63    

 

96. The space between two hollow 

concentric spheres of radii 0.1 m and 0.2 m 

is under vacuum. Exchange of radiation 

(uniform in all directions) occurs only 

between the outer surface (S1) of the smaller 

sphere and the inner surface (S2) of the 

larger sphere.  The fraction (rounded off to 

the second decimal place) of the radiation 

energy leaving S2, which reaches S1 is 

_______ 

 

(GATE 2017) 

 

97. In a heat exchanger, the inner diameter 

of a tube is 25 mm and its outer diameter is 

30 mm, the overall heat transfer coefficient 

based on the inner area is 360 2 0/W m C . 

Then, the overall heat transfer coefficient 

based on the outer area, rounded to the 

nearest integer is _____W/m2C.  

98. The one dimensional unsteady heat 

conduction equation is  

1 n

p n

T T
C r k

t r rr

   
   

   
 

Where T-temperature, t – time, r – radial 

position, k – thermal conductivity,   - 

density, and Cp – specific heat. 
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For the cylindrical coordinate system, the 

value of n in the above equation is  

(A) 0   (B) 1 

(C) 2   (D) 3 

99.  A fluid flows over a heated 

horizontal plate maintained at temperature

wT . The bulk temperature of the fluid is

T .

The temperature profile in  

The thermal boundary layer is given by 

 
3

1 3
0

2 2
w w t

t t

y y
T T T T ' y



    
                   

 

Here, y is the vertical distance from the 

plate, 
t

is the thickness of thermal 

boundary layer and k is the thermal 

conductivity of the fluid. The local heat 

transfer coefficient is given by 

(A) 
2

t

k


                                   (B)

t

k


 

(C)
3

2
t

k
                                   (D)

2


t

k
 

100. Let Ib   be the spectral black body 

radiation intensity per unit wavelength 

about the wavelength  . The blackbody 

radiation intensity emitted by a blackbody 

for overall wavelength is  

(A) b
dI

d




                           (B)

2

2

b
d I

d




 

(C)
0 b
I d




                       (D)

0 b
I d




   

101. In nucleate boiling, the pressure inside 

a bubble is higher than the pressure of the 

surrounding liquid. Assuming that both the 

liquid and vapour are saturated, the 

temperature of the liquid will ALWAYS be 

(A) at 1000C 

(B) lower than the temperature of vapour 

(C) equal to the temperature of the vapour 

(D) higher than the temperature of vapour 

 

(GATE 2018) 

102. Segmental baffles in a 2-4 shell and 

tube heat exchanger 

(A) change the flow pattern of the tube side 

fluid and increase the overall heat transfer 

co- efficient 

(B) increase the heat transfer coefficient in 

the shell side and support the tubes 

(C) help to reduce the thermal expansion of 

the tubes and increase the heat transfer 

coefficient in the tube side 

(D) increase the number of passes in the 

shell side and increase the heat transfer 

coefficient in the tube side 

103. A hot liquid is to be cooled in a 1-1 

shell and tube heat exchanger from 800C to 

500C Cooling water enters the tube side at 

300C and exits at 450The properties of the 

liquids are constant. Also, the overall heat 

transfer coefficient is same for counter-

current and co-current modes. The 

percentage saving in heat transfer area for 

counter-current option with respect to the 

area of co-current option is___ (rounded 

off to third decimal place).  

104. Vapour bubbles are formed in the 

nucleate boiling regime at a frequency of 10 

bubbles per second per nucleation site. 

There are 100 nucleation sites per m2 of 

heating area. The latent heat of 

vapourization and the density of vapour 

under the operating condition are 

1000kJ/kg and 1kg/m3 respectively. The 

diameter of each bubble is 10-3m. Assume 

that the entire heat supplied is used for 

vapour generation. The heat flux (in Watt 
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per m2 of heating area) is _______ 

(rounded off to third decimal place).  

105. The wall of a pipe of radius 1 m is at 

a uniform temperature of 2000C and is 

covered by insulation of thickness 0.1 m. 

The ambient air outside the insulated pipe is 

at 200C and has heat transfer coefficient of 

10Wm-2K-1. The thermal conductivity of the 

insulation material is 0.05 Wm-1K-1. If the 

heat transfer occurs at steady state, the 

temperature (in 0C) of the outer surface of 

insulation is ______. 

(rounded off to two decimal place.) 

(Gate 2019) 

106.  An insulated storage tank contains 

1000 kg liquid of specific heat 10 kJ kg-1 K-1. 

The liquid is heated by saturated steam, 

condensing in a helical coil at a temperature 

of 1800C. The heat transfer area of the coil is 

0.1 m2. If the overall heat transfer 

coefficient is constant at 1000 W m-2 K-1, 

then the time (in hours) required to raise 

the temperature  of the liquid in the tank 

from 200C to 800C is _______(rounded off 

to second decimal place) 

107. Consider the two countercurrent 

heat exchanger designs for heating a cold 

stream from tin to tout .as shown in figure. 

The hot process stream is available at Tin 

.the inlet stream conditions and overall heat 

transfer coefficients are identical in both the 

designs. The heat transfer area in Design I 

and Design II are respectively I

HXA and II

HXA  

If heat losses are neglected, and if both the 

designs are feasible, which of the following 

statements hold true: 

 
 

(A) I I I II

HX HX out outA A T T   

(B) I I I II

HX HX out outA A T T   

(C) I I I II

HX HX out outA A T T   

(D) 
I I I II

HX HX out outA A T T 
 

 

108. Prandtl number signifies the ratio 

 of  

(A) 
MomentrmDiffusivity

ThermalDiffusivity
 

(B) 
MassDiffusivity

ThermalDiffusivity
 

(C) 
ThermalDiffusivity

MomentrmDiffusivity
 

(D) 
ThermalDiffusivity

Mass Diffusivity
 

109. Pool boiling equipment operating 

above ambient temperature is usually 

designed to operate  

(A) Far above the critical heat flux 

(B) Near the critical heat flux 

(C) Far above the Leiden frost point  

(D) Near the Leiden frost point  

 

110.  Stream A with heat capacity 

2000 / ( )paC J kg K is cooled from 90 oC to 

45 oC in a concentric double pipe counter 

current heat exchanger having a heat 

transfer area of 8 m2 the cold stream B of 

specific heat capacity 1000 / ( )paC J kg K

enters the exchanger at a flow rate 1 kg/s 

and 45oC. The overall heat transfer 

coefficient U=250 W/(m2 K). Assume that 
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the mean driving force is based on the 

arithmetic mean temperature difference, 

that is  

, , , ,
[ ]

2 2

A in A out B in B out

AMTD

T T T T
T

    
     

     
where T1, in and T1, out refer to the 

temperature of the ith stream (I = A, B) at 

the inlet and exit, respectively. The mass 

flow rate of stream A ( in kg/s, is_____ 

 

111. A solid sphere of radius 1 cm and 

initial temperature of 25oC is exposed to a 

gas stream at 100oC . For the solid sphere, 

the density is 104 kg/m3 and the specific 

heat capacity is 500 J/(kg K.). The density 

of the gas is 0.6 kg/m3 and its specific heat 

capacity is 103 J/(kg K). The solid sphere is 

approximated as a lumped system (Biot 

number << 1) and all specific heats are 

constant. If the heat transfer coefficient 

between the solid and gas is 50 W/(m2 K), 

the time (in seconds) needed for the sphere 

to reach 95 oC is ______ 

 

112. A 20 cm diameter cylindrical solid 

pellet of a nuclear fuel with density 6000 

kg/m3 and conductivity of 300 W/(mK) 

generates heat by nuclear fission at a 

spatially uniform rate of 104 W/kg. The heat 

from the fuel pellet is transferred to the 

surrounding coolant by convection such that 

the pellet wall temperature remains 

constant at 300 0C . Neglecting the axial and 

azimuthal dependence, the maximum 

temperature (in0C) in the pellet at steady 

state is___________  

 

(GATE 2020) 

 

113. Ratio of momentum diffusivity to 

thermal diffusivity is  

(A) Reynolds number  (B) Prandtl number 

(C) Nusselt number (D) Peclet number 

 

114. Leidenfrost phenomenon refers to  

(A) The condensation of vapour on a cold 

surface  

(B) The exchange of heat between two solids  

(C) The melting of frost  

(D) Film boiling and evaporation of liquid 

droplets falling on a very hot surface  

115. A fluid is heated from 40oC to 60oC in a 

countercurrent, double pipe heat exchanger. 

Hot fluid enters at 100 oC and exits at 70oC. 

The log mean temperature difference, i.e. 

LMTD (in oC), is ______ (round off to 2 

decimal places).   

   

116. Consider an infinitely long rectangular 

fin exposed to a surrounding fluid at a 

constant temperature Ta = 27 oC. 

 

The steady state one dimensional energy 

balance on an element of the fin of thickness 

dx at a distance x from its base yields  

2
2

2

d
m

dx


  Where θ = Tx – Ta, Tx is the 

temperature of the fin at the distance x from 

its base in oC. The value of m is 0.04 cm-1 
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and the temperature at the base is T0 = 

227oC. The temperature (in oC) at x = 25 is 

_________ (round off to 1 decimal place).   

(Find of infinite length). 

 

117. A hollow cylinder of equal length and 

inner diameter (i.e., L = D) is sealed at both 

ends with flat, as shown in the figure. Its 

inner surface, A1, A2, and A3 radiate energy.   

 

Fi j denotes the fraction of radiation energy 

leaving the surface Ai which reaches the 

surface Aj. It is also known that F13 = 3 – 2

2 . Which one of the following is correct?   

(A) 
21 2 1F    (B) 

21

2 1

2
F


  

(C) 
21

2 1

4
F


  (D)

21

2 1

8
F


  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


