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Fourth Semester
Biotechnology
BT 1252 — UNIT OPERATIONS
(Regulation 2004)

Time ; Three hours Maximum : 100 marks

Any missing data may be assumed.
Answer ALL questions.
PART A — (10 x 2 = 20 marks)
1. How will you prevent swirling in agitated vessels?

2. Write the significance of N; and Ny with power number.

3.  What is meant by coagulation? Name two industrial coagulants?
4.  Define specific cake and filter medium resistances.

5.  What are the different modes of heat transfer?

6.  What is fin efficiency.

7.  Does gravity play a role in Natural convection?

8.  Give an account of different types of boiling liquids.

9.  When will you prefer double pipe heat exchanger?

10. Distinguish between evaporation and condensation.
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PART B — (5 x 16 = 80 marks)

A flat blade turbine with six blades is installed centrally in a vertical
tank. The tank is 2.0 m in diameter; the turbine is 0.65 m is diameter
and is positioned 0.6 m from the bottom of the tank. The tank is filled to
a depth of 2.0 m with a solution of 50% caustic soda which has a viscosity
of 15 cp and a density of 1.5 gm/cc. The turbine is operated at 100 rpm.
The tank is fitted with four baffles each having a width of 20 cm. What

will be the power consumption for the baffled mixer? (16)
Or
(1)  Distinguish between Paddle and Turbine impellers. (6)

(ii)

1)

(ii)

(1)

(i1)

Explain the scale up procedure for the design of an agitated vessel
and bring out the importance of different dimensionless groups in
such considerations. (10)

Derive an expression for terminal settling velocity of a particle in

the Stoke's law range under free settling conditions. (8)

In a sedimenting centrifuge, a particle of a given size is removed
from the liquid, if sufficient time is available for the particle to
reach the wall of the separator bowl. If it is assumed that the
particle is at all times moving radially at its terminal velocity,
derive an expression for the volumetric flow rate corresponding to
cut diameter. State the assumptions. (8)

Or

An industrial sludge at a concentration of 45 kg/m3 of filtrate is to
be filtered in a filter press operating at 5 bars. The experiment on
the same slurry estimated a cake resistance of 8.3 x 101 m/kg and
filter medium resistance of 7.8 x 101 m-1. Determine the surface
area of the filter needed to give 80 kg of dry cake/hr. The viscosity of
water at 30°C is 0.8 cp. The cake is assumed to be incompressible.
The density of solids is 1985 kg/m3. The density of water is
1000 kg/m3. (10)

Write a note on centrifugal filter. . (6)
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o 3" . :
Saturated steam at 267°F is flowing inside a 1 steel pipe having an

inner dia. of 0.824 inch and an outer dia of 1.05 in. The pipe is insulated
with 1.5 inch. of insulation on outside. The convection coefficient for the

inside steam surface of the pipe is estimated as h, =1000 BTV/hr ft*°F
and the convective coefficient on outside of the lagging is estimated as
hy =2 BTV/hr ft?°F . The mean thermal conductivity of the metal is

45 W/m°K and 0.064 W/m°K for insulation. Calculate the heat loss for
1 ft of pipe using resistances if the surrounding air is at 80°F. (16)

Or

(1) Derive an expression to determine the heat flux for conduction
through a hollow cylinder. (8)

(ii) Derive an expression to determine overall heat transfer coefficient
for a heat transfer from a fluid outside a cylinder through a metal
wall to a fluid inside. (8)

Discuss in detail about the different types of boiling in convective heat
transfer with the sketch of boiling mechanism. (16)

Or

Using dimensional analysis, bring out the importance of dimensionless
numbers applied in forced convection phenomenon. (16)

A heat exchanger is to be designed to heat 1720 kg/hr of water from 20 to
45°C with steam condensing on the outside surface of brass tubes of O.D.
25 mm and ID 22.5 mm and 4 m long. The water velocity is 1.02 m/s.
Find the number of tubes : (16)

Kmaterial = 96 kcal/hr. m°C

Weight of steam condensed = 4500 kg/hr

Latent heat of vapourisation = 532.6 kcal/kg
Steam side film co-efficient = 4000 kcal/hr m? °C
Swater = 995.7 kg/m3 at mean temp.

Cpwater = 0.997 kcal/kg °C

Kwater = 0.531 kcal/m hr °C

Kinematic viscosity of water = 0.659 x 106 m?s.

Or

Describe multiple effect evaporators with neat sketch and explain how to
calculate the capacity of evaporator through material and energy
balances. (16)
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