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1.a)
How does heat transfer differ from thermodynamics?  Is it true to say that heat transfer is essentially thermodynamics with rate equations added?

b)
Distinguished between conduction, convection and radiation modes of heat transfer.  Is a material medium necessary for heat transfer by radiation?

2.a)
Define and derive logarithmic mean area of a hollow cylinder?

b)
A long cylinder rod of radius 50 cm with thermal conductivity of 10 W/mK contains radioactive material, which generates heat uniformly within the cylinder at rate of 3X105 W/m3.  The rod is cooled by convection from its cylindrical surface into the ambient air at T
[image: image1.wmf]a

=50oC with a heat transfer coefficient of 60 W/m2K.  Determine the temperature at the end center and at the outer surface of the cylindrical rod?

3.a)
What are the different methods of determining heat transfer co-efficient in forced convection.

b)
Estimate the cooling capacity, by natural convection of air, of the heat sink integrated with fins.  The fins may be assumed to have a constant surface temperature of 60oC, the ambient air temperature is 20oC.  Length of the fin is 20 mm and width of the fin is 25 mm and the fin efficiency is 60%.  The total number of fins attached to the heat sink is 4.

4.a)
Define the local and average skin friction(drag) coefficient for a flat smooth plate at zero incidence.

b)
A thin flat plate has been placed longitudinally in a steam of air at 20oC and while flows with undisturbed velocity of 7.5 m/s.  The surface of plate is maintained at a uniform temperature of 120oC. (i) calculate the heat transfer coefficient 0.8m from the leading edge of the plate, (ii) Also calculate the rate of heat transfer from one side of the plate to the air over the first 0.8m length.  Assume unit width of the plate.

5.
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 16.5 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 30oC.
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6.a)
Derive a general expression for interchange factor for radiation between two non-black parallel surfaces of same area.

   b)
Two opposed, parallel infinite planes are maintained at 400oC and 460oC respectively.  Calculate the net radiant heat flux between these planes if one has an emissivity of 0.6 and the other an emissivity of 0.4.

7.a)
Derive an expression for effectiveness of a parallel flow heat exchanger using NTU method.

   b)
A hot gas at the rate of 16.2 Kg/Sec at 648oC (Cp=3.52 KJ/Kg-k) is used to heat 20.2 kg/sec of the increasing fluid from 100oc (Cp=4.2 KJ/Kg-K) in a heat exchanger.  If the overall heat transfer coefficient is 0.92 KW/m2-K for an effective area of 43.8 m2, find the fluid outlet temperatures for counter flow and parallel flow arrangements.

8.
Derive Stefan’s equation for the rate of evaporation of water evaporation from the surface of a lake.  State the assumption made.  Find the diffusion rate of water from the bottom of test tube 1.5cm in diameter and 15 cm long into dry atmosphere air at 250C.  Take diffusion co-efficient D=0.252 cm2/sec.
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1.a)
A certain insulation has a thermal conductivity of 10 W/m K.  What thickness is necessary to effect a temperature drop of 500oC?  What would be the heat flow under these conditions?

b)
Two perfectly black surfaces are constructed so that all the radiant energy leaving a surface at 800oC reaches the other surface.  The temperature of the other surface is maintained at 250oC.  Calculate the heat transfer between the surfaces per hour per unit area of the surface maintained at 800oC.

2.a)
Derive the expression for the temperature distribution in a hollow spherical shell?
b)
A hollow sphere of thickness 10 cm has inside radius of 150 mm.  The inner surface is kept at 150oC and the outer surface is 500C.  Determine the heat loss from the surface of the sphere if it is made of copper with the thermal conductivity 380 W/m K.

3.a)
Sketch temperature and velocity profiles in free convection on a vertical wall.

b)
A 30 cm long glass plate is hung vertically in the air at 27oC while its temperature is maintained at 77oC.  Calculate the boundary layer thickness at the trailing edge of the plate.  If a similar plate is placed in a wind tunnel and air is blown over it at a velocity of 4 m/s, estimate the boundary layer thickness at its tailing edge.

4.a)
Explain the Buckingham’s 
[image: image2.wmf]P

-Theorem for dimensional analysis.
   b)
What are repeating variables and how are they selected for dimensional analysis.

5.a)
Distinguish between (i) Subcooled boiling & Saturated boiling (ii) Nucleate boiling & 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 115oC by an electric heater.  Calculate the rate of heat required to boil water.  Also estimate the rate of evaporation of water from the Kettle.

6.a)
Distinguish between a black body and grey body.
   b)
Prove that intensity of radiation is given by Ib=Eb/
[image: image3.wmf]p

.
   c)
State and explain Kirchoff’s identity?  What are the conditions under which it is applicable.
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7.
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.

8.
Distinguish between molecular diffusion and eddy diffusion and indicate which takes predominantly in the following situations.


(i) atomization of an oil droplet in a diesel engine cylinder


(ii) vaporization of petrol in a carburetor.


(iii) Diffusion welding of metals.


(iv) Water cooling in spray ponds.


(v) Air pollution due to car exhaust.
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1.
Derive a 3-dimensional general conduction equation in cylindrical coordinates for a homogenous material.  Deduce there from an expression for unidirectional unsteady state system when eat is generated with in it at the rate qg per  m3 of the material.

2.
An electric semi conductor device has a rating of 60 mW, and for its proper operation the inside temperature should not be more than 80oC.  It is found that the device can dissipate about 15mW of heat on its own when placed in an environment at 40oC.  To avoid over heating of the device it is proposed to install aluminum (190W/mK) square fins of size 0.5mmX0.5mm and 10 mm long to provide additional cooling.  Find no of fins required if h=12.5 W/m2K.

3.a)
A thin 80 cm long and 8 cm wide horizontal plate is maintained at a temperature of 130oC in a large tank full of water at 70oC.  Estimate the rate of heat input into the plate necessary to maintain the temperature of 130oC.
   b)
Differentiate velocity and thermal Boundary layers by a neat diagram.

4.a)
Describe the physical mechanism of convections.  How is the convection heat transfer coefficient related to this mechanism?

   b)
A horizontal pipe 0.3048 m in diameter is maintained at a temperature of 250oC in a room where the ambient air is at 15oC, calculate the free convection heat loss per meter of length.

5.a)
Differentiate between pool boiling and flow boiling.

   b)
Show the various regimes in pool boiling and discuss the heat transfer mechanisms in each region in detail.

   c)
A heated brass plate at 160oC is submerged horizontally in water at a pressure corresponding to a saturation temperature of 120oC.  What is the heat transfer per unit area?  Calculate also the heat transfer coefficient in boiling.
6.
A 5m2 room has  a ceiling maintained at 28oC and a floor maintained at 200C.  The connecting walls are 4m high and perfectly insulated.  Emissivity of the ceiling is 0.62 and that of the floor is 0.75.  Calculate the heat transfer from the ceiling to floor and the temperature of the connecting walls.
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7.a)
Derive an expression for logarithmic mean temperature difference for the case of counter flow exchanger.

   b)
A liquid chemical flows through a thin walled copper tube of 12 mm diameter at the rate of 0.5 kg/sec water flows in opposite direction at the rate 0.37 kg/sec through the annular space formed by this tube and a tube diameter of 20 mm.  The liquid chemical enters and leaves at 100oC and 60oC, while water enters at 10oC.  Find the length of tube required.  Also find the length of tube required if the water flows in the same direction as liquid chemical.  The properties of water and liquid chemical are:


PROPERTIES

LIQUID CHEMICAL AT 80OC
WATER AT 27OC


[image: image4.wmf]r

, Kg/m3


1078




995


[image: image5.wmf]m

, Kg/m-sec2


3200*10-6



853*10-6

Cp,J/Kg-K


2050




4180


K, W/mK


0.261




0.614

8.a)
Define (1) mass concentration and mass fraction.  (2) molar concentration and molar fraction with relevant equations.

   b)
State and explain Fick’s law of diffusion.
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1.a)
Define and explain Physical significance of Thermal conductivity, convection heat transfer Coefficient, thermal diffusivity, thermal resistance, thermal conductance and thermal contact resistance.

   b)
Discuss the mechanism of thermal conduction in gases and solids.

   c)
Discuss the mechanism of heat convection.

   d)
What is the order of magnitude of thermal conductivity for metals, solid insulating materials, liquid and gases?

2.
A 3mm thick plate of aluminium alloy (177 W/mK) and 
[image: image6.wmf]a

=73 X 10-6m2/s is finished on both sides with an epoxy coating that must be cured at or above 150oC for at least 5 min.  The production time for the curing operation involves two steps: (1) heat in an oven with air at 175oC and a convection coefficient of 20 W/m2K and (2) Cooling in an enclosure with air at 25oC and convection coefficient of 10 W/m2K.  (a) Assuming the panel is initially at 25oC, what is minimum residence time for the pane in the oven (b) what is the total elapsed time for the two steps curing operation if it is completed when the panel has been cured and cooled to the temperature of 37oC?
3.
Nitrogen at 30oC flows over a plate maintained at 70oC with a free stream velocity of 10 m/s.  (a) Determine the local and average values of convective heat transfer co-efficient.  (b) Also calculate the values of the boundary layer thickness (velocity, thermal) and momentum and displacement thickness at these locations. (c) Determine also the location at which the flow turns turbulent, considering critical Reynolds number=5 x 105.
4.a)
Derive an expression relating, Reynolds, Prandt, and Nusselt number for forced convection.

b)
Calculate the heat transfer coefficient for water at 60oC flowing through a 0.625 cm diameter tube with a velocity of 0.9 m/s.  The tube wall temperature is 40oC.
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5.a)
Distinguish between filmwise and dropwise condensation.  Which of the two gives a higher heat transfer coefficient?  Why?

b)
Dry saturated steam at a pressure of 2.5 bar condenses on the surface of a vertical tube of height 1.5m.  The tube surface temperature is 120oC.  Estimate the thickness of the condensate film and the local heat transfer coefficient at a distance of 0.3m from the upper end of the tube.

6.
Two large parallel planes having emissivities 0.3 and 0.5 are maintained at temperatures of 800K and 400K respectively.  A radiation shield having an emissivity of 0.5 on both sides is placed between the two plates.  Calculate 
(a) the heat transfer rate per unit area if the shield were not present (b) the heat transfer rate per unit area with the shield present (c) the temperature of the shield.

7.a)
Derive an expression for logarithmic mean temperature difference for the case of parallel flow of heat exchanger.

b)
A hot fluid enters a heat exchanger at a temperature of 200oC at a flow rate of 2.8 Kg/Sec (sp.heat 2.0 kJ/kg-K) it is cooled by another fluid with a mass flow rate of .7 kg/sec (Sp.heat 0.4 kJ/kg-K).  The overall heat transfer coefficient based on outside area of 20m2 is 250 W/m2-K.  Calculate the exit temperature of hot fluid when fluids are in parallel flow.
8.a)
Define ‘convective mass transfer’ giving examples.

b)
Write down the various convective mass transfer correlation for (i) flow over a flat plate and (ii) flow through pipe.

- - -
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