B. Tech (Fourth Semester – Regular) Examinations, April / May – 2021
Sub. Code – Sub. Name Mass Transfer-I

Solutions
PART – A: (Multiple Choice Questions)                                                             (1 x 10 = 10 Marks)
	Question No.
	Correct Answer
	Explanation

	a. 
	iii
	Inversely proportional

	b. 
	i
	Increases with temperature

	c. 
	i
	Directly Proportional 

	d. 
	ii
	decreases

	e. 
	iii
	Allowable gas and liquid velocities

	f. 
	iv
	Dalton proved a generalized equation states that total pressure is equals to the sum of the partial pressure of the components. Raoult’s law is applicable for only ideal solution since the partial pressure is equals to the product of mole fraction and the vapour pressure.

	g. 
	i
	The plot with mole fraction will give an operating line as a curve; it will be very difficult to find the slope of the operating line. Therefore the use of mole ratio plot will give us a liner operating line.

	h. 
	iv
	Gs= G(1-y) = 80 x(1-0.75) = 20 moles/hr

	i. 
	i
	Dry bulb temperature is the actual measuring temperature of the thermometer

	j. 
	i
	Pressure of A/Total pressure- Pressure of A  =  7/17-7  = 0.5



PART – B: (Short Answer Questions)                                                                     (2 x 10 = 20 Marks)
Q2.
2. a. State Ficks’ law of diffusion and write its salient features?
Fick’s law states that “the flux of a diffusing component A (diffusion flux of A) in z direction in a binary mixture of A and B is proportional to the concentration gradient”. The Fick’s law of diffusion for species/component A in a binary mixture of A and B for steady state diffusion in Z direction can be expressed as  JA = - DAB dCA/dz
(i) Fick’s law is based on experimental evidence and cannot be derived from first principles.
 (ii)Fick’s law is valid for all matter irrespective of its state (eg., solid, liquid or gas)
(iii) The mass diffusion, besides concentration gradient, may occur due to a temperatue gradient, a pressure gradient or an external force; however, while applying Fick’s law it is assumed that these additional effects are either absent or negligibly small
(iv) The movement of a diffusion substance is in the direction of decreasing concentration. In a diffusion process, the concentration difference is similar to temperature difference in a heat transfer process.
(v) Diffusion coefficient (D), in general, is dependent upon temperature, pressure and nature of the system component; however, for ideal gases and dilute liquids it can be assumed to remain practically constant for a given range of temperature and pressure.
2. b. How does the liquid phase diffusivity of a solute depend upon the temperature and the viscosity of the medium? 
The diffusivity increases with T and decreases with µ
2. c. What factors should be consider while selecting solvent for gas absorption?
The properties of the solvent are considered (i) Gas solubility (ii) Volatility (iii) Corrosive nature (iv)Viscosity (v) Cost and availability (vi) Non-toxic, non-flammable and chemically stable.
2. d. State the desirable characteristics of packings.
It should be (i) provide large interfacial area for phase contacting i.e., large wetted surface area per unit volume of packed space (ii) provide large void volume or empty space in the packed bed, then reasonable throughputs of the phases are handled without excessive pressure drop. (iii) Possess good wetting characteristics (iv) High corrosion resistance (v) relatively cheap/inexpensive (vi) low bulk density (vii) Possess enough structural strength (viii) chemically inert to the fluids handled in towers.
2. e. Write physical significance of the absorption factor (A)
It is the ratio of the slopes of the equilibrium line and the operating line.
2. f. What happens if a column heated by open steam is operated at total reflux for a long time?
Since condensed steam accumulates in the column, the total liquid holdup goes on increasing, and the concentration on each tray continues to decrease. Also the column will flood if there is no product removal from the bottom.
2. g. For distillation of an equimolar binary mixture of A and B, the equations of the operating lines are: Rectifying section: y = 0.663 x + 0.32; stripping section: y = 1.329 x – 0.01317. What is the condition of the feed?
 Intersection of the operating lines: x = 0.5, y = 0.652. Feed concentration, ZF = 0.5 ⇒The feed line is a vertical line. The feed is a saturated liquid.
2.h.What do you mean by an azeotrope and azeotropic distillation?
An azeotrope is a liquid mixture with an equilibrium vapour of the same composition as the liquid. The dew point and bubble point are identical at azeotropic composition and mixture vaporises at a single temperature, so azeotropes are called as constant boiling mixtures.
The process of distillation wherein a third component is added to a binary azeotrope to effect the complete separation is called as azetropic distillation.
2.i. What is the adiabatic saturation temperature?
Adiabatic saturation temperature is defined as that temperature at which water, by evaporating into air, can bring the air to saturation at the same temperature adiabatically. An adiabatic saturator is a device using which one can measure theoretically the adiabatic saturation temperature of air.
2.j. Name a few industries that have a large cooling load
Power plants, metallurgical industries, rolling mills and refineries.
PART – C: (Long Answer Questions)                                                                      (10 x 4 = 40 Marks)
3. a. Describe the Stefan tube experiment for estimation of diffusivity
	[image: ]
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3. b. Explain the different modes of mass transfer
[image: ]
3. c. Explain briefly analogy between heat, mass and momentum.
[image: E:\JAN-MAY 2021\GIET QUESTION PAPER\3c-1.jpg] [image: E:\JAN-MAY 2021\GIET QUESTION PAPER\3c-2.jpg] [image: E:\JAN-MAY 2021\GIET QUESTION PAPER\3c-3.jpg]
3.d. Water is evaporating from the placid surface of a lake and the vapour (A) diffuses through a stagnant film of air (B) of estimated thickness of 3 mm. The water temperature is 23OC and the air temperature is 27OC. The relative humidity of air us 65%. If the diffusivity of water vapour through air is 0.257 cm2/s at 23OC and 0.262 cm2/s at 27OC, calculate the rate of evaporation. The vapour pressure of water pv (in bar) can be calculated using the Antoine equation ln pv = 13.8573 - 5160.2/T, where T is the temperature in K.
[image: ]
4. a. Compare gas absorption and distillation
[image: E:\JAN-MAY 2021\GIET QUESTION PAPER\dis1.jpg]
4.b. 1000 m3/h of a gas mixture containing 10 mole% solute and rest inert enters an absorber at 300 K temperature and 106.658 kPa pressure. 90% of the original solute is removed. Solute-free water used for absorption contains 5 mole% solute when it leaves the absorber from the bottom. Calculate the solvent flow rate to the absorber.
[image: E:\JAN-MAY 2021\GIET QUESTION PAPER\Abso.jpg]
4. c. What do you mean by channelling? How it can be avoided/minimized?
[image: E:\JAN-MAY 2021\GIET QUESTION PAPER\4c.jpg]
4. d. Sulphur dioxide is to be scrubbed from an air stream in a small packed tower by contacting it with an organic amine. The feed gas 3% SO2 by volume, and 95% of it is to be absorbed. The total gas rate is 150 m3/h at 20OC and 1.1 bar absolute pressure. The liquid enters the column at a rate of 1.40 kmol/h. Given: the overall mass transfer coefficient, KG = 3.3×10-4 kmol/ (m2) (s) (Δp, bar); the effective gas-liquid contact area = 105 m2 per m3 of packed volume; slope of the equilibrium line, m= 0.17. Determine the number of overall gas-phase mass transfer units and  the packed height if the column is 1 ft in diameter.
[image: E:\JAN-MAY 2021\GIET QUESTION PAPER\Avs2.jpg]
5. a. Derive the equation of q-line; y = [-q/(1-q)] . x + xF / (1-q)
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5. b. Explain in brief (i) bubble cap tray/plate (ii) sieve plate
[image: E:\JAN-MAY 2021\GIET QUESTION PAPER\5a.jpg][image: E:\JAN-MAY 2021\GIET QUESTION PAPER\5a1.jpg]
5.c.A fractionating column is designed to separate 15000 kg/h of  feed containing 60% toluene and 40% benzene into an overhead product containing 97% benzene and a waste containing 98% toluene. All % are by weight. Calculate the weights of the product and waste product per hour.
[image: E:\JAN-MAY 2021\GIET QUESTION PAPER\5c.jpg]
5.d. 100 kmol/h of a feed containing 35 mole% methanol is to be continuously distilled in a fractionating column to get 96.5 mole% methanol as a distillate and 10mole% methanol as a bottom product. Find the molal flow rates of the distillate and the bottoms.
[image: E:\JAN-MAY 2021\GIET QUESTION PAPER\5d.jpg]
6.a. A steam of air (dry bulb temperature = 70OC; wet bulb temperature = 60OC) is dehumidified and cooled in contact with water  entering at 26OC. The outlet air is essentially at thermal equilibrium with the water. Calculate the wet-bulb temperature of the outlet air and the moisture removed per kg of dry air.
[image: E:\JAN-MAY 2021\GIET QUESTION PAPER\6a.png]
6.b. Explain the psychrometric chart and its use
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6.c. A stream of air (dry-bulb temperature = 80OC; wet-bulb temperature = 27OC; 4000 kg/h.m2, dry basis) is contacted with water maintained at the adiabatic saturation temperature of the gas. The gas leaves the tower 95% saturated. Calculate the overall gas-phase transfer units and the makeup water to be supplied.
[bookmark: _GoBack][image: E:\JAN-MAY 2021\GIET QUESTION PAPER\6b.jpg]
6.d. Why does the internal passage for moist air in a crossflow induced draft tower have a V-shape? Why does such a tower need less fan power than counter flow one for the same air rate?
Since air enters into the tower laterally, the cumulative air rate increases along the height. The V-shape passage allows gradually increasing flow area up the packing in order to accommodate the increasing air rate. Since the horizontal length of the flow path of air through the packing is less than the vertical flow path in counter flow tower, the pressure drop is less in a cross flow tower.
7.a. Derive the equation for overall mass transfer coefficient.
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  7.b. Write a short note on tray efficiency and murphree efficiency
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7.c. A mixture (40 mole% vapour, the rest liquid) of aniline and nitrobenzene (80 mole% aniline) is separated into a distillate having 98 mole% aniline and a bottom product with 3 mole% aniline. The reflux ratio used is 2.2. (a) Determine the equations of the operating lines and of the feed line. (b) Write down the same equations if the column operates at total reflux.
[image: E:\JAN-MAY 2021\GIET QUESTION PAPER\7c.png]
7.d. A cooling tower has a rating of 10000 gph of warm water to be cooled from 45OC to 28OC. The TDS of the water in circulation should be limited to 600 ppm and that of the makeup water is known to be 250 ppm. Estimate the rate of blow down and the makeup water necessary.
[image: E:\JAN-MAY 2021\GIET QUESTION PAPER\7d.jpg]
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Comparison of gas absorption and distillation :

| Absorption Distillation

[1. Gas absorption deals with the|l. Distillation deals with the separation of

| separation of the constituents of a gas the constituents of a liquid mixture.

- mixture. ‘

2. In gas absorption, the constituents of a 2. In distillation, the constituents of a liquid
gas mixture are separated by using mixture are separated by using thermal

‘ liquid solvent. energy.

]3A Liquid solvent used in gas absorption is ‘ 3. Liquid in distillation operation is at its

| below its boiling point. | bubble point.

4. In gas absorption, a gas phase contacts /4. In distillation, a vapour phase contacts a
a liquid phase and mass (solute) is|  liquid phase and mass is transferred both
transferred from the gas phase to liquid | from the liquid phase to the vapour phase
phase (i.e., mass transfer takes place in and from the vapour phase to the liquid
one direction). It is a case of steady|  phase (i.e., mass transfer takes place in
state diffusion of A through a non-|  both the directions simultaneously). It is a
diffusing B. | case of steady state equimolar counter

diffusion.
5. Gas absorption does not yield a pure 5. Distillation yields almost pure product in
product. It needs further processing for [ a single processing step.
the recovery of the solute/solvent
(usually by distillation). |
6. In gas absorption, heat effects are \ 6. In distillation, heat effects are attributed
attributed to the heat of solution of the to the latent heats of vaporisation and
dissolved gas. condensation. -
7. Gas in absorption operation is well ‘ 7. Vapour in distillation is always at its dew
below its dew point. | int. oy
8. Example — the removal of SO, from |8. Example — separation of petroleum crude

L flue gases by alkaline solutions. | into gasoline, kerosene, fuel oil, etc.

9. Packed towers are widely used for \ 9. Plate towers are widely used for
absorption operation. distillation operation.

10. The difference in solubility of gases in| 10. The difference in vapour pressures
a given solvent is responsible to effect (volatilities) of different components at

the separation by absorption.

the same temperature solution is
responsible to effect the separation by
distillation.
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Solution : Basis : 1000 m*h of gas mixture.
Molal flow rate of gas, n, is given by
_BV
= R
8.31451 (m*kPa) / (kmol-K)
= 106.658 kPa
300K, V =1000 m¥%h

(106.658) x 1000
8.31451 x 300

where,

Ho X B
[

n = = 42.76 kmol/h

1
Mole fraction of solute in the gas mixture =y, = % = 0.10

Y, = moles solute Y,
!~ molesinertgas ~ 1-y,

1—9'(1,% =0.111

Solute in the gas entering = 0.10 X 42.76 = 4.276 kmol/h
V' = Inert gas at the inlet = 42.76 —4.276 = 38.484 kmol/h
Given : 90% of the solute is absorbed. Therefore,

Amount of solute absorbed = 0.90 x 4.276 = 3.848 kmol/h

0.428
= 33484 = 0.0111

n

For solute-free solvent :
X, =0
Given : Solvent leaving the absorption tower contains 5 mole % solute. Therefore,

x;=mole fraction of solute in the solvent leaving the absorption tower = ‘1% = 0.05.

___ molessolute
moles solute free solvent
Xy 0.05
= T-x, =1-005 =00526
Material balance for solute over absorber :
V(Yi-Y) =L X-X)
38.484 (0.111-0.0111) = L'(0.0526-0)
L' = 73.09 kmol/h
Molar flow rate of solute
free water (solvent)
to the absorption tower

At the exit : X, =

73.09 kmol/h
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Channeling in Packed Columns :

The tendency of the liquid to segregate towards the walls of a packed column and to flow
along the walls (a region of the greatest void space) is termed as channeling, which leads te
low mass transfer efficiencies. Thus, with a good initial liquid distribution in randomly
packed columns, channeling can be minimised by providing a tower diameter to packing size
ratio greater than 8, i.e., the diameter of the tower should be at least eight times the packing
size (or the packing size smaller than at least one-eighth of the tower diameter).

In packed columns, the region of greatest void space is the region near the wall of the
column since the packing material cannot nest tightly with the plane wall as it does with
itself. It is a natural tendency for the fluid to move toward the region of greatest void space
during its flow.
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Feed Plate and Feed Line :
“The plate on which Teed is Introduced is caled the feed plate. The feed to the column.
may be introduced as a ; () cold Tiguid, (b fiquid at ts bubble point (saturated-Lquid),
(¢) parially veporised (parts vapour and arly liguidh, (d) saturated vapour at its dew poiat
204 &) superhcatcd vapous. The conditon of the feed introduced on the feed plate alters the
phese flow cates. Lutrodetion of the feed a5 & cald liquid and a liguid at its bubble point
inceascs the Hiquid floe 23t in the stipping section. Feed - partally vaporined increases the
Vapour flow ate in therectifying section and uso the liquid flow rae in the srpping section
“The focd us & saturated vapour and  superheatsd vapour increascs vapaur flow Tats in the
rectitying sccton.
Phase flow rates into and out of the feed plate for various feed conditions are shown
disgrammatically in Fig. 8.14.
v v
L { b

v
I

) Feed - cod liquid
v

v
L>Lanavov L=Lanavov
e} Feod-partilly vaparised @ Feet soturated vapour
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Various plates used for phase contacting are :

1. Bubble cap plateftray

2. Sieve plate and

3. Valve plate.

Tn plate columns, the minimum tray spacing is 300 mm. For columns of diameter 1.5 =
or more, spacing of 450 or 600 mm is used for casier tray access.

Tn plate columns, cach plate is provided with 2 downeomer and weirs. The function &
the downcomer is to provide a passage for the downward flow of the liquid from 2 tray abow
to the tray below. The downcomer area for cach plate is limited to 10 % of the total area o
the plate. Pipe downcomer, segmental downcomer and chord type downcomer are vari
types of downcomers used. The depth of liquid on the tray required for gas contacting &
maintained by an overflow (outlet) weir. An inlet weir helps to distribute the liquid as &
enters the tray from the downcomer and prevents impingement of the liguid on the contacting
device.

1. Bubble cap tray/plate :

In case of bubble cap plate, gas/vapour flows through a riser, reverses flow under the can
moves downward through the annular space between the riscr and the cap, and finally
bubbles into a pool of liquid through a serics of slols (openings) provided along the periphery
of the cap inits lower portion. The slots may be circular, rectangular or trapezoidal in shape

+——— Clamping nut-bolt

Cep
it {Rectanguan)
Trapezoidal siot

Fig. 8.29 : Bubble cap
‘Bubble cap disperses the gas phase into liquid as fine bubbles, it prevents liquid drainage
through the gas passage at low gas rates. It directs the gas flow first in the horizonta
direction and then the gas flows vertically upward through a pool of liquid in the form of
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Bubbles. The bubble cap columns can be operated with high and constant stage efficiencies
over a wide range of vapour and liquid flow rates.

Bubble cap plates are now rarcly used for new installations because of (i) their relatively
Sigh cost and (ii) high pressure drop.
2. Sieve tray/plate :

Very common plates in use in recent years are the perforated plates because of their
simplicity and of low cost. A sieve plate is a perforated plate that uses perforations for
Sispersing a gas into a liquid on the plate. It is a metal sheet having hundreds of round
perforations in it of the size ranging between 3 to 12 mm. The total area of the holes ranges
%om 5 to 15 % of the plate area. In the sieve plate column, liquid flows across the plate and
25 passes vertically upward through the holes, in the form of bubbles into the liquid on the
slate. Gas flow through the perforations prevents down-flow of the liquid through the
serforations in the plate but at low gas rates weeping (draining of the liquid through the
serforations in the plate) is severe which in turn reduces stage efficiencies, and this is a
“mitation of the sieve plate. Gas-liquid contact is poor with the sieve plate as compared to
“at with the bubble cap plate because in the sieve plate, gas is directed vertically and in the
Subble cap plate, gas is first directed horizontally and then moves vertically upward. The
seessure drop with a sieve plate is low as compared to it with a bubble cap plate. It is usually
“perated over a wide range of phase flow rates between the weeping and flooding points.

CNEONONONONONNCN NSNS

Fig. 830 : Sieve plate disperser
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Solution : Basis : 15000 kg/h of feed to the distillation column.
15000 kg/h

product, ke/h

waste product, kg/h

X, = Wt fraction of benzene in the feed = a5 = 040
X, = wt.fracton of berizene i the product =755 = 057

2
Xy = wt fraction of benzene in the waste product = 755 = 0.02

Overall material balance :

F =W+D'
30,000 W +D'
w 15000 - D'

Material balance of benzene :
XF = x, D 45y W
0.4(15000) = 0.97 D' +0.02 W'
Replacing W' by 15000 - D' gives

6000 = 0.97 D' +0.02 (15000 - D)
D' = 6000
W = 15000 - 6000 = 9000 kg/h
Distillate/Product flow rate = 6000 kg/h
Bottom/Waste product flow rate_= 9000 kg/h
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Solution : Basis : 100 kmol/h of feed
xp = mole fraction of methanol in the feed

36
= j00 = 036
Xp = mole fraction of methanol in distillate
96.5
= Too =0965

Xy = mole fraction of methanol in bottoms

Let F, D and W be the molal flow rates, in kmol/h, of the feed, distillate and bottom
‘product, respectively.
Overall material balance :
F =D+W
Material balance of methanol :
x-F = xp- Dty W

Substituting the values of F, xp, %y, and x¢in above equations

100 = D+W
D = 100-W
036x100 = 0.965D+0.1W
36 0.965 (100 - W) + 0.1 W
W = 69.95 kmol/h

and D = 30.05 kmolh
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THE PSYCHROMETRIC CHART AND ITS USE

The seven quantities, i.e. the dry-bulb temperature, the wet-bulb temperature, the relative
humidity, the absolute humidity, the dew point, the enthalpy and the specific volume are all
related. The psychrometric chart represents this interdependence. If any two of these quantities
are known, the other five can be readily obtained from this chart shown in Figure 10.6(a) for
the air-water system. The chart can be prepared by using the vapour pressure data or the
equation for water and the definitions of the above quantities.

The use of the chart is illustrated on a portion of it reproduced in Figure 10.6(b). The dry-
bulb temperature and one more quantity like humidity, relative humidity or wet-bulb temperature
are generally used to specify the state or condition of a sample of air. If T is the air temperature
and its humidity is ¥, its state is denoted by the point a in Figure 10.6(b). It falls on the constant
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‘humidity line, P%. The adiabatic saturation line through a [these arc a serics of almost parallel
lines as shown in Figure 10.6(0)] is ac. The adiabatic saturation temperature T, is obiained by
drawing the vertical linc through c. For the air-water system, the wel-bulb temperature T, is
practically the same as 7. The humidity of the adiabatically saturatcd air is given by the
point e. The dew point T, is given by the poiat d that can be reached by moving horizontally from
the pointa to the 100% humidity line and then moving vertically down (0 the temperature axis
“The humid volume of saturated air at & temperature T corresponds (o the point f and that of
“dry’ a4t T is given by the point ¢. The point m gives the humid volume if the humidity is
V%1t is reached by interpolation between g and £

Enthalpy of a sample of air can also be obtained from the humidity chart. Figure 10.6(s)
Shows the enthalpy plots for dry air and for saturated air versus temperature. The technique of
Obtaining H is similar 0 that of v, explained above. For a sample of air at temperature T, the
points on the saturatcd air cnthalpy line and the dry air enthalpy linc are locatcd. The enthalpy
of the air i the humidity is (1001} can be obtained by inerpolation between these poinis. The
enthalpy can be calculated from Eq. e Yha o+ cnTo-Ty

(Enhaipy)  Laenthesn  (Sensbiehea)

probably with a beter accuracy
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Overall Mass Transfer Coefficient :
The overall mass transfer coefficients are measured on the basis of the gas phase or the
‘2uid phase driving force.
“The flu equation in terms of the overall mass transfer coefficient and the overall driving
Suece for diffusion of A through non-diffusion B is given by
Ny = Ko (or -pa) .. (1.79)
K is the overall gas phase mass transfer coefficient in kmol/(m®s) and (p, - pa) is the
ezall driving force for the gas phase in terms of partial pressure.
5. is the partial pressure of solute A over the solution having a composition of the bulk
i of C,. (Partial pressure of A in the gas phase that would be in equilibrium with Cy, the
comcentration of A in the bulk liquid phase.)
“The flux can also be written as
Ny = K (ya-va) .. (7.80)
Similady,
Ny =Ky (CL =G L81)
re K, is the overall liquid phase mass transfor coefficient and is based on the

centration difference driving force for the liquid phase, Cy. is the concentration of solute
‘2 the liquid phase that would be in equilibrium with p, partal pressure of A in the bulk
25 phase.
Mass transfer (film) coefficients in terms of the driving force in each phase are given by
Ny = ko@apa) =ki (C4=C) .. (182)
The overall driving force for the gus phase s

PamP = (Pa- B +@N-Pr) (78
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TRAY EFFICIENCY

introduced the concept of an ideal stage. An ideal stage provides quite an
efficient contact between the phases so that they attain equilibrium. Or, in other words, the
phases leaving an ideal stage are at equilibrium irrespective of the inlet concentrations. However,
the performance of a real stage will expectedly be different from that of an ideal stage. The tray
efficiency is an indicator of how closely the performance of a real tray approaches that of an ideal
tray.

Point Efficiency

The contact between the phases on a tray is not uniformly good at all locations, ic. the tray
efficiency is likely to vary from one location to another on a tray. However, if we assume that
() the liquid is ‘vertically well-mixed’ (i.c. the liquid concentration is uniform in the vertical
direction at any point on the tray and (ii) the gas-phase is in plug flow (i.c. the gas concentration
changes along the depth), we can define a ‘point efficiency’ based on the gas-phase
concentration. In the following analysis, we consider gas-liquid contact on a tray, but the results
are applicable to other types of systems as well. The point efficiency is defined as
Fog = ket ~Ynsto
Yn.local = Yn+1, local
The local concentration (i.c. the
concentration at any point or location on the tray) of the gas leaving the (2+1)th tray iS Y1 ocar-
This is also the concentration of the gas entering the nth tray. Similarly, o i the local
concentration of the gas leaving the nth tray. The local concentration of the liquid is X, jocy (nOte
that this concentration is the same at all depths at a given location on the tray since the liquid
is assumed to be ‘vertically well-mixed’), and the concentration of the solute in the gas phase
that can remain in equilibrium with a liquid of this concentration is ¥'yjoca- S0 Eog is the ratio
of actual enrichment of the gas (as it bubbles through the liquid on the tray) to the maximum
enrichment that could have been achieved if the exiting gas had reached equilibrium with the
local liquid.
Tray efficiency depends upon the rate of interphase mass transfer in the dispersion on a tray.
If the rate of mass transfer is very high, the efficiency will be close to 100%. However, at a high
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rate of mass transfer, the phases will approach equilibrium and the mass transfer driving force
will be rather small. Therefore, a large mass transfer coefficient and a large interfacial area are
required in order to achieve a high tray efficiency.
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Murphree Efficiency

It is quite reasonable to assume that the gases leaving the dispersion at different locations of a
tray get mixed up before entering the upper tray. The concentration of the liquid on a tray changes
as it flows over the tray. Let x, be the concentration of the liquid leaving the nth tray and y), be
the corresponding equilibrium concentration of the gas phase. On the basis of these
concentrations, Murphree (1925) defined a tray efficiency as given below.

W= Ynnt

Yo

Eyc

Here y, and y,,, are the average concentrations of gases leaving the nth and the (n+1)th tray
respectively

The Murphree tray efficiency can be related to the ‘point efficiency’ depending upon the
extent of mixing of the liquid as it flows across a tray as well as of the vapour between two
consecutive trays. The following limiting cases may be identified.

(a) If the liquid phase is assumed to be ‘well-mixed" over a tray, the liquid composition
remains uniform at x,. Then

The above assumption is good for a tower of small diameter. In such a tower, the liquid
moves through a rather small distance on a tray to reach the downcomer. The gas bubbling
through the liquid creates enough turbulence to ensure almost uniform concentration of the liquid
over the tray. However, in a tower of larger diameter, the liquid has to travel through a longer
distance to reach the downcomer and its concentration varies substantially from one end of the
tray to the other (i.c. along its flow path). The extent of ‘backmixing’ on a tray is generally taken
into account by introducing an ‘axial dispersion coefficient’ (see the Appendix).

(b) The other limiting case arises if the liquid is in ‘plug flow" and no axial mixing at all occurs
in the liquid. In such a case, the following relation between the Murphree efficiency and the *point
efficiency’ can be developed (this is called ‘Lewis case 1').

Here L’ = liquid mass flow rate in mole/(area)(time) and m = Henry’s Law constant [y = mx,].
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‘This method is suitable if, under the given set of experimental conditions, one of the components
(say A4)is available s a volatle liquid and the other componcnt (5) i a gas which is nor soluble.
in A, The apparatusis very simple. A vertcal glasstube, sealed at the bottom, i joined 10 a larger
diameter horizontal wbe o form a tee (T) as shown in Figure 1 The liquid A is taken in the
marrow vertical tube and the gas B is forced through the horizontal tube. Evaporated A diffuses
through the mixture of A and B in the vertical e, reaches the top and is swept away by the
flowing stream of B. As s insoluble in A, it will not diffuse and the situation will conform o
diffusion of A through non-diffusing B. The liquid level in the vertical tube will drop very slowly
and pseudo-steady state assumption (.. A diffuses through the tbe virtually at steady-state at
all ime) s reasonable. This means that as the liquid level fals by a small amount, a new stcady-
state rate of diffusion s established simultaneously. The drop in the liguid level over a period of
time is noted.

Py = Vapourpressire
A

\,
Vol Hquid ¢

Figus 1. Aschenaicfh Stfan ube

Let, atany time 1, the liquid level be at a distance < from the (0p of the vertical wbe, pyy be
the partial pressure of A at the liguid surface and p, that at the top. The diffusional flux of A
through this distance 2 is given as follows

K RTzpyy
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If the fall in the liquid level is dz in a small time d, the number of moles of A that diffuse out
s adz(py/M,). By a materal balance over the time di,

D Py - p)
Rowz

Here a is the inner cross-section of the vertical tube, p, and M, are the density (of the liquid)
and molecular weight of A respectively.If attime 1= 0, the iquid level is at 2 from the top, and
attime 7 ic.at the end o the experiment)the liguid evel s a1 £, integration of the above equation
and rearrangement gives
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cquations for molceulur trunsport as el as for lurbuleat transport and we can say that we
have unalogies mong thexe transport processes. A geeat deal of offot has been taken in
developing, aualogies (smillriies) among these. theee. ransport processes for lucbulent
ranfer
General Molecular Transport Equation :

“The molecular tansport of momentum, beat and. mass is charactrised by (he same
seneral cquatin of the type

Driving forve
Resistance {293

Molecular transport r moleculax diffusion. equations for momenfum, heat and
sy ranster :

These equtions are applcable to laminar flow a5 molccular tunsport is @ chareteritic
of lminsciiceam Line flow.

Nowion's las for momentum transpor, e, Newlor(s equation for moleculac diffusion
of momentum for constant demsity s

Rato of a transles pocess

.
e as6)
4w

=2 asm

whore i the momenturm lransfected per uni tane per unt area, where the momentum bas
e units of (g, I i als called 0 tho momentun £y, i viscosity and p is the
Sensiy of flaid, v s he kinematic viscosity and 2l called as the difusiity of momentom
<o has the uails of ¥,

Fouices law for beat transpert. ¢, Fouriers. equation for molecular diffusion of heat
or comstantp and G, s
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< s e et e e s i a1l ¢ e o d i
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