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Instructions:
1. Attempt any five questions.
2. Make suitable assumptions wherever necessary.
3. Figures to the right indicate full marks.
4. Each question carry equal marks (14 marks)

Q1 (@
(b)

Q2 (a

(b)

(b)

Q3 (@

(b)

Define Heat Transfer, Conduction, Convection, Radiation, Steady state heat
transfer, Fouling Factor, Thermal Resistance.

A steam pipeline, 130/140 mm in diameter is covered with a layer of
insulating material of thickness 30 mm. The temperature inside the pipeline is
393 K (120 °C) and that of the outside surface of insulation is 313 K (40 °C).
Calculate the rate of heat loss per 2 m length of pipeline.

Data: k for pipe is 50 W/m.K and k for insulating material is 0.08 W/m.K.

(1) Define thermal conductivity and what do you mean by film heat transfer

coefficient.
(2) Explain Fourier’s low of heat conduction with concept of heat transfer
rate,

heat flux and temperature gradient.
Derive a relation for critical radius of insulation for a circular cross-section
having length L, r1 & rz as inside and outside radius of pipe and rz as outer
radius of insulation. k1 & ko be the thermal conductivities of pipe material and
insulating material respectively. Inner temperature is T1 and outer temperature
is To. Assume (T1> To).

OR

A wall of a furnace 0.124 m thick is constructed of a material having thermal
conductivity of 1.3 W/m.K. This will be insulated on the outside with material
having an average k of 0.346 W/m.K, so that the heat loss from the furnace
will be equal to or less than 1640 W/m2. The inner surface temperature is
1588 K (1315 °C) and the outer 299 K (26 °C). Calculate the thickness of
insulation required.

(1) List out types of heat exchanger based on function and flow pattern.
(2) Draw temperature profile for counter current and co-current double pipe

heat exchanger.
Cold fluid is flowing in 1-2 heat exchanger at a rate of 15 m%hr. It enters the
heat exchanger at 303 K (30 °C) and leaves at 318 K (45 °C). The hot thermic
fluid enters the heat exchanger at the rate of 21 m%/hr at a temperature of 423
K (150 °C) and leaves at 353 K (80 °C). Calculate the heat transfer area of 1-2
heat exchange from the following given data:
Assuming the flow is counter current.
Overall heat transfer coefficient = 3100 W/m?.K
Heat loss = 407 kW
LMTD correction factor = 0.84

OR
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Q.3 (a) Derive an expression for LMTD using temperature profile for parallel flow. 07
(b) A 50 mm ID iron pipe at 423 K (150 °C) passes through a room in which the 07
surroundings are at temperature of 300 K (27 °C). If the emissivity of the pipe
metal is 0.8, what is the net interchange of radiation energy per meter length
of pipe? The outside diameter of pipe is 60 mm. Stefan-Boltzman constant is
5.67 x 10 W/m2.K*,

Q.4 (a) (1) What do you mean by natural convection? Give examples of heat transfer 03
by natural convection.
(2) State Newton’s law of convective heat transfer and differentiate natural 04
convection and forced convection.

(b) Heat is transferred from one fluid to a second fluid across a heat transfer 07
surface. If the heat transfer coefficients for the two fluids are 1.3 and 1.7
kW/m?.K respectively, the metal is 9 mm thick and the scale coefficient is
equivalent to 550 W/m2.K. Calculate the overall heat transfer coefficient.
Take thermal conductivity of metal is 20 W/m.K.

OR
Q.4 (a) (1) Define Pool Boiling and Nucleate Boiling. 03
(2) Explain significance of Reynolds No., Nusselt No., Prandtl No 04

and Grashof No.
(b) Differentiate between drop-wise condensation and film-wise condensation. 07
Q.5 (@ (1) Define Black body, Gray body and Emissivity. 03
(2) State Kirchhoff’s Law and Steafan-Boltzmann’s Law of radiation. 04
(b) Differentiate between Single effect and Multi effect evaporation with flow 07
arrangement.
OR

Q.5 (a) Define Evaporation, Evaporator Capacity, Evaporator Economy and State 07
Duhring’s Rule with its importance in brief.
(b) Describe Falling Film Evaporator with construction, working and neat 07
diagram.
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