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PCCH 4302
Fifth Semester Examination — 2011

MASS 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

(a)
(b)

Define enriching section in a distillation column.

The equilibrium relation for distribution of a solute between a gas and
liquid phase is given by y = mx (at a particular temperature). If k,
and k are individual gas and liquid phase mass transfer coefficients,
respectively. How do you define the overall gas phase mass transfer
coefficient ?

What is an azeotrope and how it can be removed ?
What will happen if the reflux ratio is maximum in a distillation column ?

Under what condition the Murphree plate efficiency and Murphree point
efficiency are equal ?

Define absorbtivity.
Define wet bulb temperature.

Define Schmidt number and what is its corresponding dimensionless
group in heat transfer.

If, Nua, = 0.43 + 0.532 Re®® Pro3', what is its analogous equation if
mass transfer ?
If, Re = 2733, and Sh,, = 25.6 find Schmidt number.

Define saturation humidity.
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2. A fractionating column operating at 1 atmospheric pressure is supplied at the
optimum location with a saturated liquid feed containing 40 mole percent
ethanol and 60 mole percent water. The column produces an over head
product containing 80 mole percent ethanol and the bottom product containing
20 mole percent ethanol. If the reflux ratio is 2.0 and the relative volatility is
2.2, Calculate : 10

(i) the number of theoretical stages required to give the separation,

ii) the optimum feed plate location assuming 100 % plate efficiency.

(
3. (a) Derive the feed line equation of a distillation column 5
(b) Explain the analogy between momentum, mass and heat transfer. 5
4. (a) Airatatemperature of 20°C and a pressure of 750 mm Hg has a relative

humidity of 80 percent. Calculate : 3+3

(iy  Molal humidity of air

(ii) Molal humidity of air if its temperature is reduced to 10°C and its
pressure increased to 2570 mm Hg, condensing out some of the
water.

Data : Vapour pressure of water at 20°C = 17.5mm Hg
Vapour pressure of water at 10°C = 9.2mmHg

(b)  An air-water vapour mixture at 1 atm has a dry bulb temperature of 64°C
and wet bulb temperature of 31°C. If & = 579 kcal/kg and saturation
humidity at 31°C is 0.032 and air humidity is 0.019. Calculate the
psychrometric ratio. 4

5. 5000 kg/hr of a SO, — air mixture containing 5% by volume SO, is to be

~ scrubbed with 200000 kg/hr of water in a packed tower. The exit concentration

of SO, is reduced to 0.15%. The tower operates at 1 atmosphere. The
‘equilibrium relationship is given by ‘

Y = 30 X, where, Y = Mole of SO,/Mole of air and X = Mole of SO,//Mole
of water. If the packing height of the tower is 420 cm, estimate the height of
transfer unit (H.T.U.). 10
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6. Calculate the rate of diffusion of water vapour from a thin layer of water at
the bottom of a well 6 m in depth to dry air flowing over the top of the well.
Assume the entire system is at 298°K and atmospheric pressure. If the well
diameter is 3 m, find out the total weight of water diffused per second from
the surface of the water in the well. The diffusion coefficient of the water
vapour in dry air at 298°K and atmospheric pressure is 0.256 x 104 m%/s.
The partial pressure of water vapour at 298°K is 0.323 x104 kg/m?. 10

7. Aliquid mixture containing 50 mole percent n- heptanes and 50 mole percent
n-octane is subjected to a differential distillation at atmospheric pressure
until the residual liquid contains 35 mole percent n-heptanes. Using the
equilibriums data determine the percentage of feed that is left over as residue.

X 0.50 0.46 0.42 0.38 0.34 0.32
y 0.689 0.648 0.608 0.567 0.523 0.49

where x = mole fraction n-heptane in liquid

y = mole fraction n-heptane in vapour
8. Write short notes on any two of the following : 2x5

(@)  Explain the salient features of Film theory, Surface renewal theory and
Penetratiqn theory.
(b)  Natural draft cooling tower

(c) Plate efficiency
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