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1.
Derive the general conduction equation for (a) cylindrical co-ordinate 

(b) spherical co-ordinates, the system being with uniform heat generation and unsteady state.
2.
Heat is generated at a constant rate of 4X108 W/m3 in a copper rod (3.86 W/mK) of radius 5 mm. The rod is cooled by convection from its cylindrical surface into an ambient at 300C with a heat transfer coefficient of 2000 W/m2K. Determine the surface temperature of the rod.
3.a)
Air at 20oC flows over a flat plate at 60oC at a velocity of 60 m/s.  Determine the value of average convective heat transfer co-efficient upto a Reynolds number of 107 (i) Considering the laminar region (ii) Considering that roughness causes turbulence even at the leading edge.







    b)
What is Reynolds analogy?

4.a)
Distinguish between (i) Subcooled boiling and Saturated boiling (ii) Nucleate boiling and  film boiling.
 

   b)
Water at atmospheric pressure is boiled in a Kettle made of copper. The bottom of the Kettle is flat, 35 cm in diameter and maintained at a temperature of 115(C by an electric heater. Calculate the rate of heat required to boil water. Also estimate the rate of evaporation of water from the Kettle.


5.a)
A black body is kept at a temperature of 1000k. Determine the fraction of thermal 


radiation emitted by the surface in the wavelength band 1.0 to 6.0μ.


   b)
Estimate the rate of solar radiation on a plate normal to the sun rays. Assume the sun 
to be a black body at a temperature of 5527(C. The diameter of the sun is 1.39 x 
106km and its distance from the earth is 1.5 x 108 km.
6.
A drying  plant needs hot air at 135oC. This is obtained by passing 2.45 Kg/Sec of atmospheric air at 1 bar pressure and 27oC over tubes through which hot glycerin is circulated. The tubes have 20mm diameter ,1.5mm thickness, with a thermal conductivity of the material of the tube 50 W/m-K. The   hot glycerin enters at 210oC and leaves at 305oC. Assuming counter flow, Find  
(1) overall heat transfer coefficient (2) total heating surface and (3) number of tubes and number of passes for 
heater  length of 3.22m At average temperature ,the properties for 
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air; Cp = 1005 J/kg- K; R= 287 J/kg-K and convective heat transfer coefficient from air to metal  h = 
170 W/m2-K  for hot glycerin, Cp = 1885 J/kg-K ; k = 0.13 W/m-K ; m = 2.0 *10-3 Kg/m-s and flow rate = 496 kg /sec-m2 and the heat transfer   coefficient   for   glycerin   to   metal   is   governed by 
the relation          hd/K = 0.023(Re). 0.8 Pr.0.4.

7.a)
 Define (i) mass concentration and mass fraction .

            
 (ii) molar concentration and molar fraction with relevant equations.
    b)
 State and  explain Fick”s law of diffusion.
8.
In a quenching process, a copper plate of 3 mm thick is heated up to 3500C and then suddenly it is dipped into a water bath and cooled to 250C.  Calculate the time required for the plate to reach the temperature of 500C.  The heat transfer coefficient on the surface of the plate is 28 w/m2k. The plate dimensions may be taken as length 40 cm and width 30 cm.  Take properties of copper as C = 380 J/kgK,  
[image: image1.wmf]r

 = 8800 kg/m3,  K = 385 w/mK.
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1.
Write the general conduction equation for one – dimensional heat flow with 
uniform heat generation and unsteady state for rectangular,  and spherical co-
ordinate systems.

2. 
Determine the heat transfer rate through a spherical copper shell of thermal     conductivity 386 W/mK, inner radius of 2- mm and outer radius of 60 mm. The inner surface and outer surface temperatures are 2000C and 1000C respectively.

3.a)
Using Dimensional analysis, obtain the general form of natural convective heat transfer.









    b)
In a room, which ambient temperature is at 10oC, hot water pipe is used for 
heating the room.  The pipe is 80 mm outer diameter and 2.5 m length and 
running horizontally.  Estimate heat transferred from pipe to atmosphere.  The 
surface temperature of pipe is at 80oC.




4.a)
Water at 5 bar flows inside a 25mm dia tube under local boiling conditions 
where 
the tube wall temperature is 15(C above the saturation temperature. 
Estimate the 
heat transfer in a 0.6m length of tube.

   b)
A platinum wire is submerged in saturated water at 5.5MPa. What is the 
heat 
flux for a temperature excess of 12(C?

5.a)
A 100W bulb has a tungsten filament (emissivity ε = 0.3) which is required to operate at 2780k. If the bulb is completely evacuated, calculate the minimum surface area of the filament. Assume that no radiant energy strikes the bulb surface and that steady state conditions prevail.



   b)
The variation of monochromatic emissivity of a surface with wavelength has been given as




ε
=
0 for λ < 0.4 μm





=
0.85 for 0.4 μm ( λ ( 2 μm





=
0 for λ > 2 μm



Calculate the heat flux emitted by the surface if it is maintained at 1500(C.
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6.
A multipass heat exchanger (two passes on shell side and four passes on the tube side is designed for the cooling  the oil . The oil is passed through the tubes and
  cooled from 134oC to 53oC. The cooling water passing through the shell enter at 14oC 
and leaves at 32oC . Find the heat transfer rate for the following data. hI (oil) = 268 
W/m2-K ; h0(water) = 962 W/m2-K ; h(scale on water side ) = 2832 W/m2-K  number 
of tubes per pass = 118. Length and outer diameter of each tube are 2m and 2.5cm thickness of tube = 1.6mm; LMTD correction   factor  = 0.97 . Neglect the tube wall resistance.

7.a) 
Explain the term ‘mass transfer’ and give examples of industrial importance and 


of  day-to-day life. 

   b) 
State and explain three modes of ‘mass transfer’.

8.
A long aluminum cylinder 5.0 cm in diameter and initially at 2000c is suddenly exposed to a convection environment at 700c and h = 525 W/m2 K. Calculate the temperature at a radius of 1.25 cm, 1 min after the cylinder is exposed to the environment.    
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1.
What are boundary and initial conditions? How many boundary conditions are 
needed to solve a second order differential equation for heat conduction?
2.
A wall of thickness 100 mm is insulated on one side and other side is exposed to 00C. Determine the wall temperature insulated surface if the internal heat generation in the wall is at the rate of 106 W/m3. Take k = 40 W/mK.
3.a)
Nitrogen at -20oC gets heated as it flows through a pipe of 25 mm diameter at a flow rate of 14 kg/hr at 2 atm.  Pressure.  The pipe is heated with uniform heat flux of 500 w/m2.  Determine value of pipe temperature at exit.  Take length of pipe as 4 m.










   b)
Explain in detail colburn analogy.

4.
Determine the stable film boiling heat transfer coefficient for the film boiling of saturated water at atmospheric pressure on an electrically heated 1.5mm diameter horizontal platinum wire with a temperature difference of Ts - Tsat = 250(C. What would be the power dissipation per unit length of the heater?
5.a)
State and prove reciprocity theorem as applied to radiation shape factors.


   b)
Two concentric cylinders having diameters of 10cm and 20cm have a length of 
20cm. Calculate the shape factor between the open ends of the cylinders.

6
 A chemical (Sp.heat = 3.55 kj/kg-K ) flowing at the rate of 3.8 kg /Sec enters a 
parallel flow heat  exchanger at 94oC. Cooling water enters the exchanger at 10oC  
the flow rate being 6.30 Kg/Sec . The heat transfer area is 15 m2 and overall heat 
transfer coefficient is 1.132 kW/m2-K. Find the outlet temperature of chemical 
and water and the thermal ratio of heat exchanger . If the quantities remain 
unchanged , find the area required for a counter flow heat exchanger.

7.a) 
Bring out the analogy of between heat, mass and momentum transfer .
   b)
Define ‘diffusion flux’ and ‘mass diffusion coefficient’.
8.

In a quenching process, a copper plate of 3 mm thick is heated up to 3500C and 


then suddenly it is dipped into a water bath and cooled to 250C.  Calculate the time required for the plate to reach the temperature of 500C.  The heat transfer coefficient on the surface of the plate is 28 w/m2k. The plate dimensions may be taken as length 40 cm and width 30 cm.  Take properties of copper as C = 380 J/kgK,  
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 = 8800 kg/m3,  K = 385 w/mK.
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1.
State  and explain  the different types of boundary conditions applied to heat 
conduction problems.
2.
An aluminium fin (200 W/mK) of 3 mm thick and 75 mm long protrudes from a 


wall at 3000C. The ambient temperature is 500C with heat transfer coefficient of 
10 W/m2K. Calculate the heat loss from the pin for unit depth of material. Also 
calculate its effectiveness and efficiency?


3a)
Describe the relation between fluid friction and heat transfer.


   b)
A flat plate of length 2m, with width 1.5 m was placed along the path of 
air 
stream at velocity of 5.6 m/s.  Determine the type of flow along the plate.  
Temperature of air was 25oC.
  

4.
Saturated steam at 0.1 bar condenses with a convection coefficient of 6800 
W/m2 
K on the outside of a brass tube having inner and outer diameters of 
16.5mm and 
19mm respectively. The convection coefficient for water flowing 
inside the tube 
is 5200 W/m2 K. Estimate the steam condensation rate per 
unit length of the tube 
when the mean waters temperature is 30(C.           

5.a)
Define irradiation and radiosity.

   b)
What does radiation shape factor mean?


   c)
Two parallel black plates 0.5 by 1.0m are separated by 0.5m distance. One 
plate is at 1100(C and the other at 600(C. What is the net radiant heat exchange between the two plates?

  d)
Calculate the shape factor for a hemispherical surface closed by a plane surface.

6.
It is required to design a shell and tube heat exchanger for heating 9000 kg/hr of water from 15oC  to   88oC by hot engine oil (Cp = 2.35 kJ/kg-K ) flowing through the shell of the heat exchanger . The oil makes a single pass , entering at 150oC and leaving at 95oC with an average heat transfer coefficient  of  400 


W/m2-K,the water flow through 10 thin walled tubes of 25mm diameter with  each tube making 8 passes through the shell . The heat transfer efficient on the water side is 3000 W/m2-K . Find the length of the tube required the heat exchanger.
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7.a)  
Define ‘convective mass transfer’ giving examples .
   b)
Write down the various convective mass transfer correlation for 

c)    Flow over a 
flat plate and

d)
Flow through pipe.

8.

A long aluminum cylinder 5.0 cm in diameter and initially at 2000C is suddenly 


exposed to a convection environment at 700C and h = 525 W/m2 K. Calculate the 


temperature at a radius of 1.25 cm, 1 min after the cylinder is exposed to the 


environment.    
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