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QUESTION BANK 
 

 

DEPARTMENT: MECH SEMESTER: IV 

SUBJECT CODE / Name: ME 2251/HEAT AND MASS TRANSFER 

 

UNIT – I: CONDUCTION 
 

 

PART -A (2 Marks) 
 

 

1. What is Fourier's Law of heat conduction? (May 05, May 06, Dec 09, May 10, May 11) 
 

 

2. Differentiate between heat transfer and thermodynamics. (May 10) 
 

 

3. What is coefficient of Thermal conductivity? (Dec 09, Dec 12) 
 

 

4. Write the three dimensional heat equations in Cartesian co-ordinate system. (May 06, May 05) 
 

 

5. Write the three dimensional heat equations in cylindrical co-ordinate system. (May 08) 
 

 

6. What is Newtonian heating or cooling process? (May 09) 
 

 

7. Define heat flux. (Dec 07) 
 

 

8. Define thermal Diffusivity. (May 09) 
 

 

9. Discuss the mechanism of heat conduction in solids. (May 09) 
 

 

10. What is Poisson's equation for heat flow? (May 10) 
 

 

11. What critical radius of insulation? (MAY 04, Nov 04, Nov 06, Dec 08) 
 

 

12. List the types of boundary conditions. (Nov 05) 
 

 

13. What is a Fin? What are the different types of fin profiles? (Nov 04, May 07, Dec 08, Nov 11) 
 

 

14. Define efficiency of the fin. (Nov 04, Nov 05, May 07, Dec 08) 
 

 

15. Define effectiveness of the fin. (Nov 04, Nov 05, May 07, Dec 08) 
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16. What are Heisler chart? (May 07) 
 

 

17. What is meant by Transient heat conduction? (May 09) 
 

 

18. What is lumped analysis (Dec 08, May 10, May 11) 
 

 

19. What is Biot number? (May 10) 
 

 

20. What is conduction heat transfer. (May 12) 
 

 

21. What are the two mechanisms of heat conduction in solids? (Nov 11) 
 
 
 
 

PART –B (16 Marks) 
 
1. Derive the heat conduction equation in cylindrical co-ordinates using an elemental 

 

Volume for a stationary isotropic solid. (May 07,May 10) 
 

 

2. Derive the heat conduction equation in Cartesian co-ordinates. (Dec 06) 
 

 
 

WALLS 
 

3. A Cold storage room has walls  made of 23cm brick on the outside, 8cm of plastic foam and finally 1.5cm of 

wood on inside. The outside and inside air temperatures are 22°C and -2°C respectively. The inside and 

outside heat transfer co-efficient are 29 and 12 W/m² K. The thermal conductivities of brick, foam and wood 

are 0.98, 0.02 and 0.12 W/m K respectively. If the total wall area is 90 m², Determine the rate of heat removed 

by refrigeration and temperature of the inside surface of the brick. (May 11) 

 

4. A composite wall consists. of 2.5 cm thick layer of building brick, k = 355 W/mK and 3.2 mm thick plaster, k = 
 

0.110W/mK. An insulating material of k = 0.08 W/mK is to be added to reduce the heat transfer through the 

wall by 40%. Find its thickness. (Dec 11) 

5. A reactor’s wall 320 mm thick is made up of an inner layer of fire brick (k = 0.84 W/mº C) covered with a layer 

of insulation (k = 0.16 W/mº C ). The reactor operates at a 25 º C. Determine the thickness of the firebrick and 

insulation which gives minimum heat loss. Calculate the heat loss presuming that the insulating material has a 

maximum temperature of 1200º C. (Dec 08) 

6. A composite wall is formed of a 2.5 cm copper plate (k = 355 W/m K), A 3.2 mm layer of asbestos (k = 0.110 
 

W/m K) and a 5 cm layer of fiber plate (k = 0.049 W/m K). The wall is subjected to an overall temperature 

difference of 560°C (560°C on the Cu plate side and 0°C on the fiber plate side). Estimate the heat flux 

through this composite all and the interface temperature between asbestos and fiber plate. (May 08) 

7. An exterior wall of house may be approximated by a 0.1 m layer of common brick (k = 0.7 W/mº C) followed 

by a 0.04 m layer of gypsum plaster (k = 0.48 W/mº C). What is the thickness of loosely packed rock wool 

insulation (k = 0.065 W/mº C) should be added to reduce the heat loss or gain through the wall by 80 %. 
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(May 04, Dec 06) 
 

8. A composite wall consist of 10 cm thick layer of building brick, k = 0.7 W/m K and 3 cm thick plaster, k = 0.5 
 

W/m K. An insulating material of k = W/m K is to be added to reduce the heat transfer through the wall by 
 

40%. Find its thickness. (Dec 04, Dec 05) 
 

9. A furnace wall consists of three layers. The inner layer of 10 cm thickness is made of firebrick (k =1.04 W/m 

K). The intermediate layer of 25 cm thickness is made of masonry brick (k = 0.69 W/m K) followed by a 5 cm 

thick concrete wall (k = 1.37 W/m K). When the furnace is in continuous operation the inner surface of the 

furnace is at 800° C while the outer concrete surface is at 50°C. Calculate the rate of heat loss per unit area of 

the wall, the temperature at the interface of the firebrick and masonry brick and the temperature at the 

interface of the masonry brick and concrete. (May 06) 

 
 

CYLINDER 
 

 

10. A 150 mm steam pipe has inside diameter of 120 mm and outside diameter of 160 mm. It is insulated 

at the outside with asbestos. The steam temperature is 150º C and the air temperature is 20º C h (steam) = 

100 W/m² C, h (air) = 100 W/m² C, K (asbestos) = 0.8 W/mº C and K (steel) = 42 W/mº C. How thick the 

asbestos should be provided in order to limit the heat losses to 2.1 Kw/m². (Dec 12) 

11. An aluminium pipe carries steam at 110° C The pipe and K = 185 W/mº C. Has an inner diameter of 
 

100 mm and outer diameter of 120 mm. The pipe is located in a room where the ambient air temperature is 
 

30° C and the convective heat transfer co-efficient between the pipe and air is 15 W/m² C. Determine the heat 

transfer rate per unit length of pipe. 

To reduce the heat loss from the pipe, it is covered with a 50 mm thick layer of insulation (K = 0.20 
 

W/m °C). Determine the heat transfer rate per unit length from the insulated pipe. Assume that the convective 

resistance of the steam is negligible. (May 12) 

12. A steel tube with 5 cm ID, 7.6 cm OD and k = 15 W/mº C is covered with an insulative covering of 

thickness 2 cm and k = 0.2 W/mº C. A hot gas at 330º C with h = 400 W/m² º C flows inside the tube. The 

outer surface of the insulation is exposed to cooler air at 30º C with h = 60 W/m² º C. Calculate the heat loss 

from the tube to the air for 10 m of the tube and the temperature drops resulting from the thermal resistance of 

the hot gas flow, the steel tube, the insulation layer and outside air. (May 05, May 09) 

13. An electrical wire of 10 m length and 1 mm diameter dissipates 200 W in air at 25°C. The convection 

heat transfer coefficient between the wire surface and air is 15 W/m2K. Calculate the critical radius of 

insulation and also determine the temperature of the wire if it is insulated to the critical thickness of insulation. 

(May 06, Dec 06) 
 

14. A 3 cm OD steam pipe is to be covered with two layers of insulation each having a thickness of 2.5 

cm. The average thermal conductivity of one insulation is 5 times that of the other. Determine the percentage 

decrease heat transfer if better insulating material is next to pipe than it is the outer layer. Assume that the 

outside and inside temperatures of composite insulation are fixed. (May 07) 
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15. A pipe consists of 100 mm internal diameter and 8 mm thickness carries steam at 170°C. The 

convective heat transfer coefficient on the inner surface of pipe is 75 W/m2C. The pipe is insulated by two 

layers of insulation. The first layer of insulation is 46 mm in thickness having thermal conductivity of 0.14 

W/m° C. The second layer of insulation is also 46 mm in thickness having thermal conductivity of 0.46 W/mº 

C. Ambient air temperature = 33°C. The convective heat transfer coefficient from the outer surface of pipe = 

12 W/m²C. Thermal conductivity of steam pipe = 46 W/m° C. Calculate the heat loss per unit length of pipe 

and determine the interface temperatures. Suggest the materials used for insulation. (Dec 07) 

 
 

SPHERE 
 

 

16. A steel ball of 5 cm diameter was initially at 450°C and is suddenly placed in environment at 100°C, 

heat transfer coefficient between the steel ball and the fluid is 10 W/m² K, For steel   CP  = 0.46 kj/kg K , 

ρ=7800 kg/m³. K= 35W/m K. Calculate time required for the ball to reach a temperature of 150°C Also find the 

rate of cooling after 12 hr. (May 10) 

 
 

FINS 
 
17. Heat is conducted through a tapered circular rod of 200 mm length. The ends Aand B having diameters 50 

mm and 25 mm are maintained at 27° C and 227 ° C respectively, K (rod material) = 40 W/m° C . Find (i) Heat 

conducted through the rod, and (ii) The temperature at midpoint of the end. Assume there is no temperature 

gradient at a particular cross section and there is no heat transfer through the peripheral surface. 

(May 12) 
 

18. A 25 mm diameter rod of 360 mm length connects two heat sources maintained at 127º C and 227º C 

respectively. The curved surface of the rod is losing heat to the surrounding air at 27º C. The heat transfer co- 

efficient is 10 W/m² ºC. Calculate  the loss of heat from the rod if it is made of copper (k = 335 W/mº C) and 

steel (k = 40 W/mº C) . (Dec 08) 

19. Circumferential aluminum fins of rectangular profile (1.5 cm wide and 1 mm thick) are fitted on a 90 

mm engine cylinder  with a pitch of  10 mm. The height of  the cylinder is 120 mm. The cylinder base 

temperature before and after fitting the fins are 200º C and 150º C respectively. Take ambient at 30º C and h 

(average) = 100 W/m² K. Estimate the heat dissipated from the finned and un finned surface areas of cylinder 

body.  (Dec 04) 

20. A Cylinder 1 m long and 5 cm in diameter is placed in an atmosphere at 45º C. It is provided with 10 

longitudinal straight fins of material having k =  120 W/m K. The height of 0.76 mm thick fins is 1.27 cm from 

the  cylinder  surface.  The  heat  transfer  co-efficient  between  cylinder  and  atmosphere  air  is  17 W/m²K. 

Calculate the rate of heat transfer and temperature at the end of fins if surface temperature of cylinder is 150º 

C. (May 05) 

21. An aluminum rod (k =204 W/mK) 2 cm in diameter and 20 cm long protrudes from a wall which is maintained 

at 300°C. The end of the rod is insulated and the surface of the rod is exposed to air at 30°C. The heat 
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transfer coefficient between the rod's surface and air is 10 W/m²K. Calculate the heat lost by the rod and the 

temperature of the rod at a distance of 10 cm from the wall. (May 06) 

22. Find out the amount of heat transferred through an iron fin of length 50 mm, width 100 mm and thickness 5 

mm. Assume k = 58 W/mº C and h = 12 W/m²C for the material of the fin and the temperature at the base of 

the fin as 80 º C. Also Determine the temperature at tip of the fin if the atmosphere temperature is 20º C. 

(Dec 06) 
 

23. A 6 cm long copper rod (k = 300 W/m K) 6mm in diameter is exposed to an environment at 20° C. The base 

temperature of the rod is maintained at 160° C. The heat transfer co-efficient is 20 W/m² K. Calculate the heat 

given by the rod and efficiency and effectiveness of the rod. (May 07) 

 
 

LUMPED ANALYSIS 
 

 

24.  A slab of Aluminum 10 cm thick initially at 500°C is suddenly immersed in a liquid at 100°C for which the 

convection heat transfer co-efficient is 1200 W/m²K. Determine the temperature at a center line and   the 

surface 1 minute after the immersion. Also calculate the energy removed per unit area from the plate during 1 

minute of immersion. Take P = 2700 bar, Cp = 0.9 kJ/kg. OK, k=215W/m K, ά = 8.4X 10-5 m²/s. (Dec 12) 

25.  An Aluminum plate (k = 160 W/m²  C , ρ = 2790 kg/m³, CP = 0.88 kJ/ kgº C ) of thickness L = 3 cm and at a 

uniform temperature of 225º C is suddenly immersed at time t = 0 in a well stirred fluid maintained at a 

constant temperature Tα = 25º C. Take h = 320 W/m² º C. Determine the time required for the centre of the 

plate to reach 50º C. (Dec 05) 

26.  A slab of Aluminum 5 cm thick initially at 200°C is suddenly immersed in a liquid at 70°C for which the 

convection heat transfer co-efficient is 525 W/m²K. Determine the temperature at a depth of 12.5 mm from 

one of the faces 1 minute after the immersion. Also calculate the energy removed per unit area from the plate 

during 1 minute of immersion. Take P = 2700 bar, Cp = 0.9 kJ/kg. OK, k=215W/m K, ά = 8.4X 10-5 m²/s. 

(May 07) 
 

27.  A large iron plate of 10 cm thickness and originally at 800°C is suddenly exposed to an environment at 0°C 

where the convection coefficient is 50 W/m2K. Calculate the temperature at a depth of 4 cm from one of the 

faces 100 seconds after the plate is exposed to the environment. How much energy has been lost per unit 

area of the plate during this time? (May 06) 
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UNIT – II: CONVECTION 
 

 
PART -A (2 Marks) 

 

 

1. What is the ratio of the hydro dynamic boundary layer to thermal boundary layer in the case of laminar flow 

over a plate? (Dec 09) 

2. Differentiate between Natural & Forced convection. (Dec 04, May 10, May 12) 
 

3. State Buckingham's   'theorem. (Dec 08) 
 

4. Define the Bulk temperature. (Dec 10, May 08) 
 

5.  Define velocity boundary layer thickness. (Dec 05, May 11) 
 

6. Define thermal boundary layer thickness. (Dec 04, May 07, May 10, May 11) 
 

7.  Define Reynold’s number, Grashof number and Prandtl number. (May 05, Dec 08, Dec 11) 
 

8. What is the significance of Grashof number? (May 10) 
 

9. What is the significance of cetane number? (May 10) 
 

10. What is the significance of dimensional number? (May 07) 
 

 

11.An electrically heated plate dissipates heat by convection at a rate 8000 W/m² into the ambient air at 25ºC. If 

the surface of the hot plate is at 125º C, Calculate the heat transfer co-efficient for convection between the 

plate and the air. (May 05, May 06) 

 

12.Air at 27º C and 1 atmosphere flows over a flat plate at a speed of 2 m/s. Calculate boundary layer thickness 

at distance 40 cm from loading edge of plate. At 27º C viscosity (air) = 1.85 X 10-5 kg/ms.  (Dec 12) 

 

13.A square plate 40 X 40 cm maintained at 400 K is suspended vertically in atmospheric air at 300 K. 
 

Determine the boundary layer thickness at trailing edge of the plate. (Dec 12) 
 

 

14. Sketch the boundary layer for a vertical plate in case of free convection. (May 09) 
 

 

15. Distinguish between laminar and turbulent flow (May 12) 
 

 

16. List the parameters that influence the heat transfer coefficient. (Dec 11)  

PART –B (16 Marks) 

1.  Air at 200 kPa and 200°C is heated as it flows through a tube with a diameter of 25 mm at a velocity of 10 

m./sec. The wall temperature is maintained constant and is 20°C above the air temperature all along the 

length of tube. Calculate: 

i) The rate of heat transfer per unit length of the tube. 
 

ii) Increase in the bulk temperature of air over a 3 m length of the tube. (Dec 12) 
 

2.  A 0.5 m high flat plate of glass at 93º C is removed from an annealing furnace and hung vertically in the air at 
 

28º C, 1 atm. Calculate the initial rate of heat transfer to the air. The plate is 1 m wide. (Dec 12) 
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3.  A fine wire having a diameter of 0.02 mm is maintained at a constant temperature of 54º C by an electric 

current. The wire is exposed to air at 1 atm. And 0º C. Calculate the electric power necessary to maintain the wire 

temperature if the length is 50 cm. (Dec 12) 

4.  Air stream at 27° C is moving at 0.3 m/s across a 100 W electric bulb at 127° C If the bulb is approximated by 

a 60mm diameter sphere, estimate the heat transfer rate and percentage of power lost due to convection. 

(May 12) 
 

5.  Atmospheric air fat 150° C flows with a velocity of 1.25 m/s over a 2m long flat plate whose temperature is 
 

25° C. Determine the average heat transfer co-efficient and rate of heat transfer for a plate width 0.5 m. 
 

(May 11) 
 

6.  A 6 m long section of an 8 cm diameter horizontal hat water pipe passes through a large room in which the 

air and walls are at 20° C. The pipe surface as at 70° C and the emissivity of the pipe surface is 0.7. Find the 

rate of heat loss from the pipe by natural convection and radiation. (May 11) 

7.  Engine oil at 60°C flows with a velocity of 2 m/s over a 5 m long flat plate whose temperature is 20°C. 
 

Determine the drag force exerted by oil on the plate and the rate of heat transfer for 1m. (Dec 11) 
 

8.  A metallic cylinder of 12.7 mm diameter and 94 mm length is heated internally by an electric heater and its 

surface is cooled by air. The free stream air velocity and temperatures are respectively 10 m/s and 

26.2°C.  Under steady operating conditions, heat dissipated by the cylinder is 39.1 W and it’s avenge 

surface temperature is  128.4°C. Determine the convection heat transfer coefficient from the above 

experiment. Also   find   the   convection   heat   transfer   coefficient   from   an appropriate correlation and 

compare both.      (Dec 11) 

9.  Air at 20° C at 3 m/s flows over a thin plate of 2m long and 1m wide. Estimate the boundary layer thickness 

at the trailing edge, total drag force, mass flow of air between X = 30cm and X = 80 cm. Take v = 15 X 106 

and ρ = 1.17 kg/m3. (May 10) 

10. Calculate the convective heat transfer from a radiator 0.5 m wide and 1 m high at 84° C in a room at 20° C. 
 

Treat the radiator as a vertical plate. (May 10) 
 

11. Cylindrical cans of 150 mm length and 65 mm diameter are to be cooled from an initial temperature of 20°C 

by placing them in a cooler containing air at a temperature of 1°C and a pressure of 1 bar. Determine the 

cooling rates when the cans are kept in horizontal and vertical positions. (May 09,May 08) 

12. Engine oil (k = 0.14 W/m K, v = 80 X 10
-6  

m
2
/s) flows with a mean velocity of 0.2 m/s inside a 1.25 cm 

 

diameter tube which is electrically heated at the wall at a uniform rate of 2.45 Kw/m2 .  The heat transfer is 

taking place in the fully developed region . Calculate the temperature difference between the tube wall 

surface and the mean flow temperature. (May 09) 

13. Air at 20° C and at a pressure of 1 bar is flowing over a flat plate at a velocity of 3m/s. If the plate is 280 mm 

wide and 56°C. Calculate the following x =280 mm. 

i) Boundary layer thickness. 

ii) Local friction co-efficient. 
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iii) Average friction co-efficient. 
 

iv) Thickness of thermal boundary layer. 
 

v) Local convective heat transfer co-efficient. 
 

vi) Average convective heat transfer co-efficient. 

vii) Rate of heat transfer by convection. 

viii) Total drag force on the plate. (Dec 08) 
 

14. A Cylindrical body of 300mm diameter and 1.6 m height is maintained at a constant temperature is 36.5° C. 
 

The surrounding temperature is 13.5° C. Find the amount of heat generated by the body per hour If CP = 0.96 

kJ/kg° C; ρ = 1.025 kg/m3; k = 0.0892 W/m° c, v = 15.06 X 10-6 m²/s and β = 1/298 K-1. Assume Nu = 0.12 

(Gr.Pr)1/3 (Dec 08) 

15. Air at 400 K and 1 atm pressure flows at a speed of 1.5 m/s over a flat plate of 2 m long. The plate is 

maintained at a uniform temperature of 300 K. If the plate has a width of 0.5 m, estimate the heat transfer 

coefficient and the rate of heat transfer from the air stream to the plate. Also estimate the drag force acting 

on the plate. (May 08) 

16. Explain for fluid flow along a flat plate: 
 

(1) Velocity distribution in hydrodynamic boundary layer 
 

(2) Temperature distribution in thermal boundary layer 
 

(3) Variation of local heat transfer co-efficient along the flow. (May 07) 
 

17. The water is heated in a tank by dipping a plate of 20 cm X 40 cm in size. The temperature of the plate 

surface is maintained at 100°C. Assuming the temperature of the surrounding water is at 30° C, Find the heat 

loss from the plate 20 cm side is in vertical plane. (May 07) 

18. Air at 20° C is flowing along a heated plate at 134° C at a velocity of 3m/s. The plate is 2 m long and 1.5m 

wide. Calculate the thickness of hydrodynamic boundary layer and skin friction co-efficient at 40 cm from the 

leading edge of the plate. The kinematic viscosity of air at 20° c is 15.06 X 10-6 m²/s. (Dec 05, Dec 06) 

19. Atmospheric air at 275 K and a free stream velocity of 20 m/s flows over a flat plate 1.5 m long that is 

maintained at a uniform temperature of 325 K. Calculate the average heat transfer coefficient over the region 

where the boundary layer is laminar, the average heat transfer coefficient over the entire length of the plate 

and the total heat transfer rate from the plate to the air over the length 1.5 m and width 1 m. Assume 

transition occurs at Rec = 2xl05. (May 06) 

20. Write down the momentum equation for a steady, two dimensional flow of an incompressible, constant 
 

property Newtonian fluid in the rectangular coordinate system and mention the physical significance of each 

term. (May 06) 

21. A large vertical plate 5 m high is maintained at 100°C and exposed to air at 30°C. Calculate the convection 

heat transfer coefficient. (May 06) 

22. A steam pipe 10 cm outside diameter runs horizontally in a room at 23°C. Take  the outside surface 

temperature of pipe as 165°C. Determine the heat loss per unit length of the pipe. (Dec 05) 
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UNIT – III: PHASE OF HEAT TRANSFER AND HEAT EXCHANGER 
 

 

PART -A (2 Marks) 
 
1.  Discuss the advantage of NTU method over the LMTD method. (Dec 12) 

 

2.  What is nucleate pool boiling? (May 04, Dec 08,Dec 12) 
 

3.  What is flow boiling? (Dec 08, Dec 12) 
 

4.  How does boiling differ from evaporation? (Dec 11) 
 

5.  What are the different types of fouling in heat exchangers? (Dec 11) 
 

6.  What are the types of heat exchangers? (Dec 05,May 12) 
 

7.  How does boiling differ from evaporation? (Dec 11) 
 

8.  What are the different types of fouling in heat exchangers? (Dec 06, Dec 11) 
 

9.  Define Drop wise condensation. (Dec 04, Dec 05, May 06) 
 

10. Define Film wise condensation. (Dec 04, Dec 05, May 06) 
 

11. What are parallel and counter flow heat exchangers (Dec 04, May 05 ) 
 

12. How the heat exchangers are classified based on flow arrangement? (Dec 05) 
 

13. What is LMTD? (May 11) 
 

14. What is effectiveness of a heat exchanger? (May 10) 
 

15. Give the expression for NTU? (May 09, May 10) 
 

16. What is fouling factor? (May 07) 
 

17. What is meant by condensation? (May 07) 
 

 
 

PART –B (16 Marks) 
 
 

1.  Water is boiled at a rate of 30 kg/h in copper pan, 300 in diameter, at atmospheric pressure. Estimate the 

temperature of the bottom surface of the pan assuming nucleate boiling conditions (May 12) 

2.  Hot oil with a capacity rate of 2500 W/K flows through a double pipe heat exchanger. It enters at 360° C and 

leaves at 300° C Cold fluid temperature enters at 30° C and leaves at 200° C. If the overall heat transfers co- 

efficient is 800W/m² K, Determine the heat exchanger area required for (i) parallel flow and (ii) counter flow. 

(May 12) 
 

3.  The bottom of copper pan, 300 mm in diameter is maintained at 120° C by an electric heater. Calculate the 

power required to boil water in this pan. What is the evaporation rate? Estimate the critical heat flux.(Dec12) 

4.  Water at the rate of 4 kg/s is heated from 40° C to 55° C in a shell and tube heat exchanger. On shell side 

one pass is used with water as heating fluid (m = 2 kg/s), entering the exchanger at 95° C The overall heat 

transfer co-efficient is 1500 W/m² ° C and average water velocity in the 2 cm diameter tubes is 0.5m/s. 

Because of space limitations the tube length must not exceed 3 m. Calculate the number of tube passes 

keeping in mind the design constraint. (Dec 12) 
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5.  Dry steam at 2.45 bar condenses on a vertical tube of height of 1 m at 117° C. Estimate the thickness of the 

condensate film and local heat transfer co-efficient at a distance 0.2m from the upper end of the plate. 

(May 10) 
 

6.  A  10  by  10 array  of  horizontal  tubes  of  1.27 cm  diameter  is exposed to pure steam at atmospheric 

pressure. If the tube wall temperature is 98°C, estimate the mass of steam condensed assuming a tube 

length of 1.5 m. (Dec 11) 

7.  In a cross flow heat exchanger, air is heated by water. Air enters the exchanger at 15°C and a mass flow rate 

of kg/s while water enters at 90°C and a mass flow rate of 0.25 kg/s. The overall heat transfer coefficient is 

250 W/m .K. If the exchanger has a heat transfer area of 8.4 m2, find the exit temperatures of both the fluids 
 

and the total heat transfer rate. (Dec 11) 
 

8.  Define LMTD for a parallel flow heat exchanger stating the assumptions. (May 10) 
 

9.  Explain the various regimes of pool boiling. (May 07,May 09) 
 

10. Water is to be boiled at atmospheric pressure in a mechanically polished stainless steel pan placed on top of 

a heating unit. The inner surface of the bottom of the pan is maintained at lO8°C. The diameter of the bottom 

of the pan is 30 cm. Assuming Csf = 0.0130. Calculate (i) the rate of heat transfer to the water and ii) the rate 

of evaporation of water. (May 08) 

11. A vertical plate 0.5 m2 in area at temperature of 92°C is exposed to steam at atmospheric pressure. If the 

steam is dry and saturated estimate the heat transfer rate and condensate mass per hour. The vertical length 

of the plate is 0.5 m. Properties of water at film temperatures of 96°C can be obtained from tables.(May 07) 

12. Hot exhaust gases which enters a finned tube cross flow heat exchanger at 300°C and leave at 100°c, are 

used to heat pressurized water at a flow rate of 1 kg/s from 35 to 125°C. The exhaust gas specific heat is 

approximately 1000 J/kg.K, and the overall heat transfer co-efficient based on the gas side surface area is 

Uh = 100W/m2K. Determine the requi red gas side surface area Ah using the NTU method. Take Cp,c at Tc 

= 80°C is 4197 J/kg.K and Cp,h = 1000 J/kg.K . (May 07) 
 

13. A tube of 2m length and 25mm outer diameter is to be condense saturated steam at 1000C while the tube 

surface is maintained at 960C.  Estimate the average heat transfer co-efficient and the rate of condensation 

of steam if the tube is kept horizontal.  The steam condenses on the outside of the tube.   (May 06) 

14. It is desired to boil water at atmospheric pressure on a copper surface which is electrically heated.  Estimate 

the heat flux from the surface to the water, if the surface is maintained at 110C and also the peak heat flux. 

(May 06) 

15. An aluminium pan of 15cm diameter is used to boil water and the water depth at the time of boiling is 2.5cm. 
 

The pan is placed on an electric stove and the heating element raises the temperature of the pan to 1100C. 

Calculate the power input for boiling and the rate of evaporation. Take Csf = 0.0132. (Dec 05) 

16. Dry saturated steam at a pressure of 2.45 bar condenses on the surface of a vertical tube of height 1 m.  The 

tube surface temperature is kept at 1170C.  Estimate the thickness of the condensate film. (May 05) 
 

17. A counter flow concentric tube heat exchanger is used to cool engine oil [C = 2130J/kg K] from 1600C to 
 

600C with water available at 250C as the cooling medium.  The flow rate of cooling water through the inner 
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tube of 0.5m is 2kg/s while the flow rate of oil through the outer annulus, Outer diameter = 0.7m is also 2kg/s. 

If U is 250Wm2K, how long must the heat exchanger be to meet its cooling requirement? (May 05) 

18. A parallel flow heat exchanger has hot and cold water stream running through it, the flow rates are 10 and 
 

25kg/min respectively.  Inlet temperatures are 750C and 250C on hot and cold sides.  The exit temperature 

on the hot side should not exceed 500C. Assume hi = h0 = 600W/m2K. Calculate the area of heat 

exchangers using ε = NTU approach.   (Dec 05) 

19. In a double pipe counter flow heat exchanger, 10,000kg/hr of an oil having a specific heat of 2095J/kg-K is 

cooled from 800C to 500C by 8000kg/hr of water entering at 250C.  Determine the heat exchanger area for an 

overall heat transfer co-efficient of 300W/m2K. Take Cp for water as 4180J/kg-K. (Dec 04) 

20. In a counter flow double pipe heat exchanger, water is heated from 250C to 650C by an oil with a specific 
 

heat of 1.45 KJ/kg K and mass flow rate is 0.9 Kg/s. The oil is cooled from 2300C to 1600C.  If the overall 

heat transfers co-efficient is 420 W/m2 0C, calculate the following. 

 
a.  The rate of heat transfer 

 

b.  The mass flow rate of water 
 

c.  The surface area of the heat exchanger. (May 04) 
 

 
 

UNIT – IV: RADIATION 
 

 

PART -A (2 Marks) 
 
1.  What is Stefan's Boltz Mann law? (May 12) 

 

2.  Distinguish between black and grey body? (Dec.04, Dec.05 May 06,May 07,May 09, May 12) 
 

3.  What is meant by Kirchhoff's law? (May 10,Dec 12) 
 

4.  Define Radiation heat transfer (Dec 12) 
 

5.  What are radiation shields? (May 08,Dec 11) 
 

6.  What is total hemispherical emissivity? (Dec 11) 
 

7.  What is meant by thermal radiation? (May 08,May 11) 
 

8.  Find the temperature of the sun assuming a black body, if the intensity of radiation is maximum at the wave 

length of 0.5µ. (Dec 08, May 10) 

9.  Define Irradiation and Radiosity. (May 05,Dec 08) 
 

10. Explain electrical analogy? (May 07) 
 

11. Define emissive power.[E b]. ( Dec.05) 
 

12. What is meant by absorptivity? (Dec.04) 
 

13. What is meant by reflectivity? (Dec.04) 
 

14. What is the purpose of radiation shield? (May 04) 
 

15. What is meant by shape factor and mention its physical significance? (May 05) 
 

16. Discuss the radiation characteristics of carbon dioxide and water vapour. ( Dec 05) 
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PART –B (16 Marks) 
 

 

1. A gray, diffuse opaque surface (α = 0.8) is at 100° C and receives an irradiation 100W/m². If the surface area 
 

is 0.1 m². Calculate 
 

i) Radiosity of the surface 
 

ii) Net radiative heat transfer rate from the surface 
 

iii) Calculate above quantities, if surface is black. (Dec 12) 
 

2. Emissivities of two large parallel plate maintained at 800° C and 300° C and 0.3 and 0.5 respectively Find the 

net heat exchange per square meter of these plates. (Dec 12) 

3. Two rectangles 50X 50 cm are placed perpendicular with common edge. One surface has T1 = 1000 K; ε = 
 

0.6; While the other surface is insulated and in radiant balance with a large surrounding room at 300 K . 

Determine the temperature of the insulated surface and heat lost by the surface at 1000 K. (Dec 12) 

4. Two black square plates of size 1.0 by 1.0 m are placed parallel to each other at a distance of 0.4 m. One 

plate is maintained at a temperature of 900° C and the other at 400° C. Find the net exchange of energy due 

to radiation between the two plates. (May 12) 

5. The surfaces of a doubled walled spherical vessel used for storing liquid oxygen are covered with a layer of 

silver having, an emissivity of 0.03.The temperature of the outer surface of the inner wall is 153° C and the 

temperature of the inner surface of the outer wall is 27° C. The spheres are 210 mm and 300 mm in 

diameter, with the space between them evacuated.  Calculate the radiation heat transfer through the walls 

into the vessel and the rate of the evaporation of liquid oxygen if its rate of vaporization is 220kJ/kg.(May 12) 

 

6.  A furnace is approximated as an equilateral triangular duct of sufficient length so that end effects can be 

neglected. The hot wall  of  the  furnace  is  maintained  at  900  K  and  has  an emissivity of 0.8. The cold 

wall is at 400 K and has the same emissivity.  Find the net radiation heat flux leaving the wall. Third  wall  of 

the furnace may be assumed as a reradiating surface. (Dec 11) 

7. Consider two concentric cylinders having diameters 10 cm and 20 cm and a length of 20 cm. designating the 

open ends of the cylinders as surfaces 3 and 4, estimate the shape factor, F3-4. (Dec 11) 

8. Two very large parallel planes exchange heat by radiation. The emissivites of the planes are respectively 0.8 
 

and 0.3. To minimize the radiation exchange between the planes; a polished aluminium radiation shield is 

placed between them. If the emissivity of the shield is 0.04 on both sides, find the percentage reduction in 

heat transfer rate. (May 11) 

9. Two parallel plates of 1 x 1 m spaced 0.5 m a part in a very large room whose walls are at 27° C. The plates 

are at 900° C and 400° C with emissivities  0.2 and 0.5 respectively. Find the net heat transfer to each plate 

and to the room. (May 10) 
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1 

10. Determine the view factor F 1-2 for the figure shown below. 
 

(Dec 08) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

11. Determine the radiant heat exchange in Wm² between two large parallel steel plates of emissivities 0.8 

and 0.5 held at temperatures of 1000K and 500 K respectively, If a thin copper plate of emissivity 0.1 is 

introduced as a radiation shield between the two plates. (Dec 08) 

12.  Show-from energy-balance consideration that the radiation heat transfer from a plane composite 

surface  area  A4  and  made  up  of  plane  surface  areas  A2  and  A3  to  a  plane surface area Al is given 

by: A4F41=A3F31+A2F21 & F14=F12+F13.  (May 08) 

13. Using the definition of radiosity and irradiation prove that the radiation heat exchange between two 
 

grey bodies is given by the relation: (May 07) 

 

σ (T 4
 –T2

4
) 

 

Q net = ------------------------------------------------------- 
 

1-ε1 1 1-ε 2 

 
----------- + ------------- + ------------- 
A1ε1 A1 F12 A2 ε2 

14. A surface at 1000K with emissivity of 0.10 is protected from a radiation flux of 1250 W/m² by a shield 

with emissivity of 0.05. Determine the percentage cut off and the shield temperature. Assume shape factor 

as 1. (May 07) 

 

15. Two parallel plates of size 1 m x 1 m are spaced 0.5 m apart are located in a very large room, the walls of 

which are maintained at a temperature of 270C.  One plate is maintained at a temperature of 9000C and the 

other at 4000C. Their emissivities are 0.2 and 0.5 respectively. If the plates exchange heat between 
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themselves and surroundings, find the net heat transfer to each plate and to the room.  Consider only the 

plate surfaces facing each other. (May 04) 

16. Two very large parallel plate with emissivities 0.5 exchange heat.  Determine the percentage reduction in 
 

the heat transfer rate if a polished aluminium radiationshield of ε = 0.04 is placed in between the plates. 
 

(May 05) 
 

17. Calculate the net radiant heat exchange per m2  area for two large parallel plates at temperature of 4270C 

and 270C respectively. ε[hot plate] = 0.9 and ε [cold plate] = 0.6.  If a polished aluminium shield is placed between 

them, find the percentage of reduction in the heat transfer. ε[shiedl] = 0.4. (May 04) 

18. Two large parallel planes at 800 K and 600 K have emissivities of 0.5 and 0.8 respectively.   A radiation 

shield having an emissivity of 0.1 on one side and an emissivity of 0.05 on the other side is placed between 

the plates.  Calculate the heat transfer rate by radiation per square meter with and without radiation shield. 

Common on the results. (May 04) 

 
 
 

UNIT – V: MASS TRANSFER 
 

 

PART -A (2 Marks) 
 
1.  What is Convective mass transfer? (May 12) 

 

2.  Describe the various mechanism of mass transfer? (May 12) 
 

3.  What is the physical meaning of Lewis number? (Dec 11) 
 

4.  State Fick’s law of diffusion. (May 09,Dec 12) 
 

5.  What is free convective mass transfer. (Dec 12) 
 

6.  Define forced convective mass transfer. (Dec 12) 
 

7.  Define the following: Ii) Mass concentration b) Molar concentration (May 10) 
 

8.  What is the Molar Diffusion velocity (May 10) 
 

9.  What is Diffusion mass transfer? (May 08) 
 

10. What is Convective mass transfer? (May 08) 
 

11. What is equmolar counter diffusion? (May 08) 
 

12. Explain the physical meaning of Schmidt number. (May 08) 
 

13. Define Fourier number & Biot number for mass transfer. (May 07) 
 

14. What is meant by mass transfer co-efficient? (May 07) 
 

15. What are the modes of mass transfer? (May 06) 
 

16. What is molecular diffusion? (May 06) 
 

17. What is convective mass transfer? (May 06) 
 

18. Define Sherwood Number. (May 04) 
 

19. Give two examples of convective mass transfer. (May 04) 
 

20. Define the Mass Concentration. (Dec 04,Dec 05) 
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21. Define the Molar Concentration. (Dec 04,Dec 05) 
 

22. Define the following. (Dec 04 , Dec 05) 
 

[i] Mass fraction. [ii] Mole fraction 
 

 
 

PART –B (16 Marks) 
 
1.  Dry air at 27',C and 1 atm flows over a wet flat plate 50 cm long at a velocity of 50 m/s. Calculate the mass transfer 

co-efficient of water vapour in air at the end of the plate. Take the diffusion coefficient 

of water vapour in air is Das = 0.26 X IO-a m2/s. (Dec 07, May 10,May 12) 
 

2.  Helium gas at 2500 and a pressure of 4 bar is stored in a spherical silica container of 150 mm inside diameter and 
 

3 mm wall thickness. What is the intial rate leakage for the system? (May 12) 
 

3.  The tire tube of a vehicle has a surface area 0.62 m2 and wall thickness 12 mm. The tube has air filled in it at a 

pressure 2.4 x 105 N/m2• The air pressure drops to 2.3 x 105 N/m2 in 10 days. The volume of air in the tube is 

0.034 m3• Calculate the diffusion coefficient of air in rubber at the temperature of 315K. Gas constant value = 287. 

Solubility of air in rubber tube = 0.075m3 of air/m3 of rubber tube at one atmosphere (Dec 12) 

4.  Dry air at 200C [ρ = 1.2 kg/m3, v = 15 x 10-6 m2/s. D = 4.2 x 10-5 m2/s] flows over a flat plate of length 50cm 

which is covered with a thin layer of water at a velocity of 1m/s.  Estimate the local mass transfer co-efficient at a 

distance of 10cm from the leading edge and the average mass transfer co-efficient. (May 06) 

5.  Air at 1 atm and 25
0
C containing small quantities of iodine flow with a velocity of 6.2 m/s inside a 35 mm diameter 

 

tube.  Calculate mass transfer co-efficient for iodine. The thermo physical properties of air are v = 15.5 x 10-6 m2/s, 

D = 0.82 x 10-5m2/s. (May 06) 

6.  An open pan 20cm in diameter and 8cm deep contains water at 250C and is exposed to dry atmospheric air. If the 

rate of diffusion of water vapour is 8.54 x 10-4 kg/h, estimate the diffusion co-efficient of water in air. (May 05) 

7.  Air at 20° C with D = 4.166 x10-5 m²/s flows over a tray (length 320 mm, width 420mm) full of water with a 

velocity of 2.8 m/s. The total pressure of moving air 1 atm and the partial pressure of water present in the air 

is 0.0068 bar. If the temperature on the water surface is 15 ° C, Calculate the evaporation rate of water. 

(May 08) 
 

8.  A vessel contains binary mixture of O2 and N2 with partial pressure in the ratio 0.21 and 0.79 at 15° C. The 

total pressure of the mixture is 1.1 bar. Calculate the following 

i) Molar concentrations 

ii) Mass densities 

iii) Mass fractions 
 

iv) Molar fraction for each species (Dec 08) 


