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PCCH4302
Fifth Semester Examination — 2010

MASS TRANSFER - |
Time: 3 Hours
Max. Marks: 70

Answer Question No.1 is compulsory and any five from the rest.
Make necessary rational assumptions wherever required.
All symbols have their usual meaning.
Total marks for each question along with sub-divisions are shown in the respective
parentheses.
1.  Briefly explain the following terms: (2%16=20)
(a) Mass transfer coefficients
- (b) Minimum boiling azeotrope
(c) Differential distillation
(d) Fenske’s equation
(e) Relative volatility
(f) Refluxratio
(g) “Tworesistance theory” in interphase mass transfer
(h) Absorption factor
(i) Henry’s equation
(j) Reynold’s analogy in the realm of “heat, mass and momentum transfer”

2. Oxygen (A)is diffusing through Carbon Monoxide (B) under steady-state conditions, with
" the Carbon Monoxide non-diffusing. The total pressure is 1x10°N m2, and the temperature
0°C. The partial pressure of Oxygen at two planes 2 mm apart is, respectively, 13000 and
6500 N m2. The diffusivity for the mixture is 1.87x10° m?sec™. Calculate the rate of
diffusion of Oxygen in kmol sec” through each square meter of the two planes.

Recalculate the rate of diffusion of Oxygen, assuming that the non-diffusing gas is a mixture
of Methane and Hydrogen in the volume ratio of 2:1. The diffusivities are estimated to be

Dpy. s, =6.99x10° m?sec” and Dy, ¢y, = 1.86x10° m?sec’. : (19)
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A coal gas is to be freed from its light oil by scrubbing with wash oil as an absorbent.
Details are: gas in, 0.25 m’ sec at 26°C and total pressure P=1.07x10° N m?. The gas
contains 2% by volume of light oil vapors. The light oil will be assumed to be entirely
Benzene, and 95% removal is required. The wash oil is to enter at 26°C, containing 0.005
mole fraction Benzene, and has an average molecular weight M,,.=260. An oil circulation
rate of 1.5 times the minimum is to be used. Wash oil-Benzene solution is assumed to be
ideal.

(I) Calculate the oil circulation rate and the steam rate required. (IT) Calculate the number
of theoretical trays required.

Additional Data: Minimum oil circulation rate=1.19x10~ kmol sec!

The equilibrium relationship, y = 0.125x (10)
The solute A is being absorbed from a gas mixture of A and B in a wetted wall tower with the
liquid flowing as a film downward along the wall. At a certain point in the tower the bulk gas

concentration y,;=0.38 and bulk liquid concentration is x,,=0.1. The tower is operating
at 298 K and 1.013x10° Pa. The equilibrium data are as follows:

X 0 ]005 |0.1 0.15 102 (025 |03 0.35

¥, 0 | 0.022]0.052 {0.087 | 0.131 |0.187 | 0.265 | 0.385

The solute A diffuses through stagnant B in the gas phase and then through a non-diffusing
liquid. The film mass transfer coefficients for A in the gas phase are given as

k,=1.465x10" kmolA/( m*secmole fraction) and for liquid phase as k,=1.967x10? kmolA/

m*secmole fraction). Calculate the interface concentration y, , x, and N, total flux NV, .
Ai Ai A A
(10)

Explain significance of “total” and “minimum” reflux ratio. What is “optimum” reflux?
Derive the equations of the operating lines for “enriching” and “stripping” sections of a
distillation column using McCabe-Thiele method. (5+5=10)

(a) Define wet bulb temperature and write the relationship between absolute and molal
humidity. Schematically show how to calculate the humid volume and humid heat using
psychrometric chart? (2+3=5)

(b) In an air conditioning system, 1 kg/s air at 350 K and 10% humidity is mixed with
5 kg/s air at 300 K and 30% humidity. What are the enthalpy, humidity, and temperature
of the resultant stream? )
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7.  Aircontaining 0.005 kg water/kg dry air is heated to 325 K in dryer and passed to the lower
tray. The dryer consists of four trays. Air leaves from the first tray at 60% humidity is re-
heated to 325 K and passed over another set of the tray, again leaving at 60 % humidity.
From the fourth tray air leaves the drier on the assumption that the material on each tray has
reached the web bulb temperature and that the heat loss from the drier may be neglected.
Determine: (a) the temperature of the material on each tray. (b) The amount of water removed
inkg/s, if 5 m¥/s air leaves the drier. (c) Temperature to which the inlet air would have to
raise to carry out the drying in a single stage. (10)
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Figure 1 : Psychrometric chart
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