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Question Bank (Theory Questions) 
 

Sr. 

No. 

Chapter-1 Fundamentals Marks 

1 Derive general heat conduction equation in Cartesian co-ordinates. Also deduce the 

equation for: 

(i) Steady state conduction 

(ii) No heat sources 

(iii) No heat source and steady state condition 

(iv) One dimensional heat conduction equation without heat generation under steady 

state 

7 

2 Explain thermal Contact resistance. How contact pressure effects thermal contact 

resistance 

6 

3 Derive general heat conduction equation in spherical co-ordinates 7 

4 Explain the following terms 

1. Thermal resistance 

2. Thermal diffusivity 

3. Thermal conductivity 

6 

5 Explain in brief: (1) Conduction. (2) Convection (3) Radiation with its physical 

governing laws for heat transfer. 
6 

6 Define: (1) Thermal Conductivity, (2) Thermal Diffusivity 4 

 

 

Sr. 

No. 

Chapter-2 Conduction, Transient Heat Conduction and Heat Transfer from 

Extended Surfaces 

Marks 

1 Derive equation of heat transfer by conduction through composite wall. 7 

2 Explain overall heat transfer coefficient. 4 

3 Explain thermal resistance and electric analogy for thermal resistance. 6 

4 State and explain (i) Critical thickness of insulation (ii) efficiency of fins                               

(iii) effectiveness of fins 
6 

5 Differentiate between steady state and transient heat conduction. 

Explain two examples of heat conduction under unsteady state. 
7 

6 Derive the one dimensional radial steady state heat conduction through hollow cylinder 

without heat generation. Also obtain the expression of logarithmic mean area for hollow 

cylinder 

7 

7 Derive the governing differential equation for temperature distribution of constant cross-

sectional area fin. Hence derive expression for temperature distribution for long fin 

stating the assumption made. 

7 

8 What do you mean by critical radius of insulation? Derive critical radius of insulation rc 

= k / ho 
7 

9 Derive the relation for temperature variation with respect to time, instantaneous heat 

transfer rate and total heat transfer using lumped parameter analysis 
7 

10 Why Fins are used? Define Effectiveness and Efficiency of Fin. For long fin with 7 
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insulated tip, show that  η of fin = tanh  mL/mL with usual notations. 

11 What do you understand by critical radius of insulation? Draw rough sketch showing 

variation in heat transfer with respect to radius of insulation. Derive the equation for 

critical radius insulation for cylinder. 

7 

12 Derive an equation for heat transfer from very thin and long enough fin so that the heat 

loss from the fin tip may be assumed negligible.  
7 

13 Derive the governing differential equation for temperature distribution of constant cross-

sectional area fin. Hence derive expression for temperature distribution and total steady 

state heat transfer for the fin with insulated tip.  

7 

14 Explain the terms fin efficiency and fin effectiveness.  3 

15 Derive an expression for heat transfer for an adequately long of Rectangular fin 

with insulated tip. 
7 

16 Derive equation of heat transfer by conduction through a multi layer cylindrical wall. 7 

17 Define the effectiveness of fin? How to increase the effectiveness of fin? 

What happens  if   εfin = 1,     εfin < 1    and     εfin > 1 
7 

18 “It is true that insulation is provided to reduce heat transfer rate but due to insulation heat 

transfer rate is not reduced always” Justify the statement analytically. 
4 

19 A long rod 12 mm square section made of low carbon steel protrudes into air at 35°C 

from a furnace wall at 200°C. The convective heat transfer coefficient is estimated at 

22W/m
2
 -K. The conductivity of the material is 51.9 W/m-K. If the length of the rod is 

159 mm. find the temperature at 80 mm from base. 

4 

20 The temperature ratio [(Ts – T)/(Ts – T∞)] = y / 0.0075 in a flow over a flat plate. If k = 

0.03 W/m-K, determine the value of convective heat transfer coefficient. Where Ts is 

surface temperature and T∞ is temperature of fluid at plate inlet. 

4 

 

 

Sr. 

No. 

Chapter-3 Convection Marks 

1 For natural convection heat transfer, show that Nu =ƒ(Gr, Pr). 7 

2 Show physical significance of Following non-dimensional numbers: 

Nu (Nusselt Number), Gr (Grashof Number) and Pr (Prandtl Number), Re (Reynold 

Number). Bi (Biot Number), Pe (Peclet Number), St (Stanton Number),                                 

Ec (Eckert Number), We (Weber Number), Fo (Fourier Number) 

10 

3 Define and discuss velocity boundary layer and thermal boundary layer over a flat plate. 

Show the thickness of these layers for different Prandtl numbers. 
7 

4 By dimensional analysis show that for forced convection heat transfer the Nusselt 

number (Nu) can be expressed as a function of Prandtl number (Pr) and Reynolds 

number (Re). 

7 

5 Differentiate:  1. Mean film temp and bulk mean temp 

                        2. Velocity and thermal boundary layer 
6 

7 What is physical significance of dimensionless parameters? Explain in brief.  7 

8 Derive momentum equation for hydrodynamic boundary layer over a flat plate 7 

9 Define Nusselt number (Nu) and Prandtle number (Pr). 4 

10 State the general equation for the rate of heat transfer by convection and hence define the 

coefficient of heat transfer. What are the various factors on which the value of this 

coefficient depends? 

7 

11 Explain the concept of hydrodynamic and thermal boundary layers with reference to flow 4 
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over a flat heated plate. 

12 Explain Grashof number, Nusselt number and Stanton number. Explain convection heat 

transfer coefficient variation along the flow direction for the horizontal flow over a thin 

parallel isothermal plate. 

7 

13 Discuss the concept of thermal boundary layer in case of flow over the plates. 

How it differ from velocity boundary? show velocity boundary layer growth due to flow 

over plate 

8 

14 State the relationship between Nusselt, Grashoff and Prandtl number in case of heat 

transfer by nature convection from a vertical plate 
7 

15 Explain Continuity, momentum and energy equations 7 

16 Derive Blasius solution for laminar boundary layer 7 

17 Derive general solution of Von-Karman integral momentum equation 7 

18 Explain the Reynold Colburn analogy for laminar flow over a flat plate. 7 

19 Explain Chilton Colburn analogy for turbulent flow inside a smooth tube. 4 

20 A horizontal fluorescent tube which is 3.8 cm in diameter and 120 cm long stands in still 

air at 1 bar and 20 
0
C. If the surface temperature is 40 

0
C and radiation is neglected, what 

is heat transfer rate by convection?  

Use 𝑁𝑢
    = 0.53 (Gr.Pr)

0.25
  

7 

 

 

Sr. 

No. 

Chapter-4 Radiation Marks 

1 Define: (i) Emissivity, (ii) Radiosity, (iii) Monochromatic emissive power,                  

(iv) Irradiation, (v) Absorptivity, (vi) Total emissive power, (vii) Solid angle. 
7 

2 Derive the expression for radiant heat exchange between two finite black surfaces by 

radiation. 
7 

3 Define: Emissivity, Radiosity, Opaque body, Radiation intensity. 4 

4 Derive the expression for radiant heat exchange between two non-black parallel surfaces 7 

5 Define shape factor. State salient features of the shape factor 7 

6 Why houses are painted white in hot country?  2 

7 Why is shiny foil blanket wrapped around marathon runner at the end of race? 2 

8 Why we feel hotter than outside atmosphere in a parked car with closed windows  2 

9 What is black body? How does it differ from gray body? Give examples of each. 3 

10 Define Absorptivity, Reflectivity and Transmissivity with respect to radiation heat 

transfer 
3 

11 State and explain the Planck Law and Stefan Boltzmann law of  radiation 6 

12 State and explain Wein’s displacement Law and Kirchoff’s Law of radiation 6 

13 Describe Electrical Analogy for radiation heat transfer 6 

14 Derive expression for Radiation Heat exchange between two concentric infinite 

long grey cylinder 
7 

15 Prove that intensity of normal radiation is 1/π times the emissive power 7 

16 Define total emissive power (Eb) and intensity of radiation (Ib). Show that Eb= π×Ib 7 

17 The flat floor of hemispherical furnace is at 800K and has an emissivity of 0.5. The 

corresponding values of hemispherical roof are 1200K and 0.25. Calculate net heat 

transfer between roof and floor.  

7 
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Sr. 

No. 

Chapter-5 Heat Exchanger Marks 

1 Give classification of Heat Exchanger and explain in brief. 7 

2 Explain Condenser and Evaporator in brief with neat sketch. 7 

3 Define effectiveness of heat exchanger. Derive equation for effectiveness of a parallel 

flow heat exchanger. “Effectiveness of evaporator is irrespective of flow arrangement” 

Justify the statement analytically.  

7 

4 Derive an expression for Logarithmic Mean Temperature Difference (LMTD) for 

counter flow heat exchanger  stating the assumption made. 
7 

5 Derive equation of Logarithmic Mean Temperature Difference (LMTD) for parallel flow 

Heat-exchanger. 
6 

6 Draw rough sketch of temperature distribution curve for condenser and evaporator type 

heat exchangers.  Derive the expression for overall heat transfer coefficient for shell and 

tube type heat exchanger. 

7 

7 For counter flow heat exchanger, prove that   𝜀 =
1−exp  − 𝑁𝑇𝑈   1− 𝐶  

1−𝐶 exp  − 𝑁𝑇𝑈   1− 𝐶  
 ,  

where ε is effectiveness, C is Capacity ratio and NTU is Number of Transfer Unit.  

 

7 

8 Sketch a shell and tube type heat exchanger. 4 

9 Discuss the importance of heat exchangers for industrial use. 3 

10 Show that logarithmic mean temperature difference is given by 𝐿𝑀𝑇𝐷 =  
𝜃1− 𝜃2

ln  ( 𝜃1− 𝜃2 )
 

What will be the value of LMTD if  θ
1 

= θ
2  

?
 

7 

11 Derive equation of NTU for parallel flow heat exchanger. 7 

12 Derive equation of NTU for counter flow heat exchanger 7 

13 Explain in brief the correction factors for multi pass arrangement  7 

14 What is heat pipe? Explain in brief. 6 

15 What is compact heat exchanger? Give example of it and its usage in industry. 7 

16 Why is counter-flow Heat Exchanger more effective than a parallel flow heat exchanger 3 

17 In a food processing plant, A brine solution is heated from -12
0 

C to -6.5
0
 C in a double 

pipe parallel flow heat exchanger by water entering at 35
0
 C and leaving at 20.5

0
 C at the 

rate of 9 kg/min. Determine the heat exchanger area for overall heat transfer coefficient 

of 860W/m
2
-K. Take specific heat of water 4186 SI.  

4 

18 A heat exchanger is to be designed to condensate 8 kg/s of an organic liquid having 

saturation temperature 800C and hfg = 600kJ/kg. Cooling water is available at 15
0
C and 

at a flow rate of 60 kg/s. The overall heat transfer co-efficient is 480 W/m
2
-K. 

Determine: (1) The number of tubes required if tubes are to be 2mm thick,4.85 m in 

length and 25mm OD.  (2) No.s of tube passes if limiting velocity of cooling water is 2 

m/s. 

7 

 

 

 

Sr. 

No. 

Chapter-6 Two Phase Heat Transfer Marks 

1 Discuss various regimes of pool boiling. 8 

2 Write note on influence of non condensable gases on condensation. 4 

3 Distinguish:  (1) Sub-cooled and Saturated boiling.  (2) Nucleate and film boiling 6 

4 Explain nucleate boiling with mechanism of nucleate boiling  7 
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5 Differentiate between pool boiling and forced convection boiling 4 

6 Explain the following in detail: (draw neat sketch) 

1.Film wise and drop wise condensation 

2.Fouling factors and over all heat transfer coefficient 

7 

7 Discuss in details the various regimes in boiling and explain (i) the condition for the 

growth of bubbles and (ii) effect of bubble size on boiling.  
7 

8 What is condensation? When does it occur? Differentiate between film wise and drop 

wise condensation. Which type has better heat transfer coefficient? In condenser design 

which type of condensation is usually selected and why?  

7 

9 Explain term Boiling also explain various regimes of boiling 7 
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