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PCCH 4301

Fifth Semester Examination — 2012
HEAT TRANSFER

- Full Marks -70

Time : 3 Hours

Answer Question No. 1 which is compulsory and any five from the rest.

The figures in the right-hand margin indicate marks.

1. Answer the following questions : 2x10

(@)

(b)

(9)
(h)
(i)

Arrange glycerol, mercury, water, and oxygen in increasing order of Prandlt
number.

The outlet temperature of water in an exchanger is not allowed to reach
much higher than 50°C in normal practice. Comment on the statement and
justify. :
Define critical insulation thickness for sphere.

What are the factors which influence the heat transfer coefficient during
nucleate boiling ?

How does the témperature affect the thermal conductivity of gases and
why ?

Write the situations for which the multiple effect evaporators are not
generally recommended.

Define the laws of black body radiation.

State the differences between the film-type and drop-wise condensation.

Suggest a suitable mechanism for multiple effect evaporation, if the feed is
acold.
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()  State the conditions for the Prandlt number, for which the hydrodynamic
and thermal boundary layers of a fluid flowing over a heated plate will be
identical.

2. (a) Wateris flowing at a rate of 9,000 kg/hr through tubes of a heat exchanger
and is heated from 25 to 70°C. Hot water at 90°C is available, but the
minimum discharge temperature of this water has to be 76°C. The overall
heat transfer coefficient is 900 kcal/hr.m?.°C based on the inside diameter
of 25 mm tubes. If the design water velocity in the tubes is 0.45 m/sec and
the hot water makes one shell pass, calculate the number of tubes and
length of the heat exchanger assuming the LMTD correction factor to be

0.85. 8
(b) State the advantages of square pitch arrangement over the triangular pitch
in case of heat exchanger tubes. 2

3. Asingle effect evaporator is fed with 5,500 kg/hr of a 25 % solution of NaOH at
38°C (h =30 kcal/kg). This is to be concentrated to 50 % solution (h = 115 kcal/
kgandt_ = 92°C). The evaporator is supplied with saturated steam at 0.40 kg/cm?
gauge (H = 590 kcal/kg, h = 100 kcal/kg, and t_ = 109°C) and operates at a
vacuum of 750 mm referred to 760 mm barometer (H = 565 kcal/kg, t,=52°C).
There is negligible entrainment. Condensate may be assumed to leave at steam
temperature and radiation losses may be neglected. What is the steam consump-
tion rate ? Assume specific heat of super heated steam to be 0.48 kcal/kg.°C. If
the overall heat transfer coefficient is 1945 kcal/hr.m?.°C, what is the heating
surface required ? The evaporator is provided with barometric counter-current
condenser fed with water at 22°C. The exit temperature is 55°C. How much
cooling water is required per hour ? 10

4. A 25 mm OD steam pipe is to be covered with two layers of insulation each
having a thickness of 25 mm. The average thermal conductivity of one insulting
material is 5 times than that of the other. Determine the % change in heat transfer
if the better insulating material is put next to the pipe than when it forms the outer
layer, assuming the outside and inside surface temperatures of the composite
insulations are fixed. 10
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5. (a) Distinguish between gray-body and white-body. Write in brief the concept
of a black body. : 4

(b) The inner sphere of a Diwar flask is 40 cm diameter and outer sphere is
36 cm diameter. Both spheres are coated for which emissivity is 0.05.
Determine the rate at which the liquid oxygen (latent heat = 21.44 kJ/kg)
would evaporate at 90 K when outer sphere temperature is 293 K.,
assuming other modes of heat transfer to be absent. 6

6. Ethylene glycol at 293 K enters 40 mm diameter pipe with a velocity of 5 m/s. The
tube wall is maintained at a temperature of 353 K. Calculate the heat transfer
coefficient using the Sider-Tate equation. Data: Exittemperatureis 313K. 10

Properties of Ethylene glycol at 293 K are as follows :

Density=1117 kg/m?, C,=2.39kJkg K, v=19.1 8x10°° m?%s, K=0.249 W/m K,
and p, at353 K =3.21x10"*kg/m.s.

7. (a) Give the physical significance of Nusselt and Grashoff numbers. 2

(b) Derive a relationship for heat transfer coefficient, h, for forced convection
heat transfer on the assumption that the coefficient h is a function of the
linear dimension of the surface and specific heat, density, viscosity, thermal
conductivity, and velocity of the fluid. 8

8. Write short notes on any two : 5x2
(a) Analogy between heat and momentum transfer
(b) Boiling point elevation and Duhring’s rule

(c) Combined heat transfer by conduction, convection and radiation. -
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