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Fifth Semester B.E. Degree Examinatio:n\fD’CC-ZOI9/'13“'2020
Mass Transfer Operations - |

Time: 3 hrs. Max. Marks: 80

Note: Answer any FIVE full questions, cho;}.'éing' ONE full question from each module.

w
;- . Module-1
i a. State ficks first and second law of diffusion giving equations. (08 Marks)
£ b.  Write brief note on Molecular and Eddy difTusion. o, (08 Marks)
3 { OR i
& -°‘5 2 a. Derive an expression forathe molar flux when a gas 15 dlffusmg through another stagnant
% E;'nf gas. State the assumptlons . (08 Marks)
i, P %'_i b. Explain the two re51stance theory for mterphase mass transfer (08 Marks)
% = &
o 1 y Module-2
§§ 3 a. The relative humldlty of air at 30°C is 70% Find its i) absolute humidity ii) saturated
5 &b humldlty a.nd iii) Humid volume. ) k4 (08 Marks)
25 b. Descnbe aMEszchometnc chart. i (08 Marks)
€% '*'-"’: 2 !
s )
"E_ % 4 a. Explain the method of dehumidification of air. ) ) (08 Marks)
g & b. Describe: i) Wet Bulb ng}pg);rattl_re i) Dry Bulb Temperature. -~ ., =~ ~ (08 Marks)
35 ) 5 .
&= Module-3 ‘
E ; 5 a. Describe briefly the prmc:lples of drying:™ (08 Marks)
z E b. Whatisa drymg curve’? How do youieva!uate the rate ofdrymg from drying data?
S s ¢ e (08 Marks)
= R ' OR
E :E: 6 a. What are'the different types of dryers” Explain anyone Wlth a neat sketch. (08 Marks)
z _f_ b. Dlscuss vanous mechamsms“of drymg (08 Marks)
5 ;é 7 Explam the various thcorles of adsorption and adsorpnon isotherms. (08 Marks)
* Bas b f‘*Llst the various mdustrlal adsorbents and their applications. (08 Marks)
gJ g" ,a."
%‘—é %, & “w.’ OR
§ g 8 a. Whatare thc various equnpments used in adsorption? (08 Marks)
E -% b. Briefly explain the melhod‘ofmu[llsl%c adsorption. (08 Marks)
Ty

- P “ad’ Module-5
% 9 a. Whatare the factors governm!, Nucleation and crystal growth grates? Explain. (08 Marks)
g b. What are the various types of crystallizers available Industrially? (08 Marks)
= Py,
g Vo 204 OR
10 a. Briefly explam the working principle of reverse osmosis with a neat sketch. (08 Marks)
b. Write bru,ﬂy on: i) lonexchange i) Super critical fluid extraction, (08 Marks) -
A * ok ok %k %k
£
,1.,5*.'%.,/
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50, will be treated as malpractice.

Any revealing of identification, appeal to evaluator and /or equations written eg, 42+8

Important Note : 1. On completing your answers. compulsorily draw diagonal cross lines on the remaining blank pages.
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Fifth Semester B.E. Degree Exammatmn, Dec 2019/Jan.2020
Mass Transfer Operaﬁtions -1

Time: 3 hrs. o Max. Marks: 100

Note: 1. Answer any FIVE full questions, clmosmg ONE Sull quewmm ﬁ"om each module.
2. Use of Humidity chart is allowed.

¥/

Module—
1 a Develop a model for a stcady state diffusion of A lhrough non diffusing B. State
assumptions. (08 Marks)

b. Calculate the rate of diffusion of water vapour from a thm laycr of water at the bottom of
wall 6 m in height to dry air flowing aver the top of the well. Assume the cntire system is at
298 K and atmospherc! prcssmc If the well diameter is 3m. Find out the total weight of
water diffused per second from the surface of water in the well. Diffusion coefficient of
water vapour in dry air at 298 K is 0.256 x 1()'4 m */scc. The partial pressure of water vapour
at 298 K is 0.0323 %10 kg/m’, (08 Marks)

C. Write an cquanon for estimation of dlfﬁJSlwty of gases and liquids. - {04 Marks)

A, OR
2 a Explain Danckwcrt s and Higbic's theorics and also give its merits and demerits. (08 Marks)

b. Develop an cquation to relate betwcen individual and overall mass transfer coefficients.
(06 Marks)

¢. Explain steady statc co-current and counter current proccsscs with material balance.
y (06 '\larlﬁ)

Module-2 R

3 a. Derive an equation for ad1abat1c: saturatlon tcmpcrature (06 Marks)
b. Define the following terms: LW
(1) Relative humldlty (n) Humld volume
(ii1) Humid heat (IV) Relative enthalpy (06 Marks)
¢. The DBT and Dcw Point of air is’ 30°C and 20°C respectwcly The air is cooled to 12°C,
calculate the amount of watcr condcnscd from 150 m of original air. (08 Marks)
( OR
4 a. Define ‘dehumidifi C'mon zmd brief about thc appllcanons of it in industries with relevant
examples. (04 Marks)
b.; Classify cooling towers used in chemical industrics. (04 Marks)
c.” Derive an cquatlon for height ofcoolmb tower. (12 Marks)
g Module-3
5 ga. Develop lhe tlme and moisture content rclation for constant rate period and falling rate
period. (10 Marks)

b. A rotary counter currcnt drycr is fed with ammonium nitrate containing 6% moisture at the
rate of 100 kg/min and discharges the nitrate with 0.2% moisture. THE Eierteisal 1355C
and lcaves at 80°C. The humidity of entering air being 0,007 kg HO per kg of dry air. The
nitrate cnter at 21°C and leaves at 65°C. Neglecting radiation losses. Calculate the k of d
air passing through the dryer and the humidity of the air leaving the dryer, g ry
Special heat of ammonium nitrate = .45
Special heat of dry air = 0.238
Spccxal‘ heat of watcr-vapour = 0.48 o o
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OR
Discuss bricfly on the following type dryers:
iscu
Fluidalized bed dryer (20 Marky |
Spray dryer R, B
Drum dryer % ot
Module-4

‘and bri in with industrial examples.
What are the characteristics of adsorbents z_md bricfly explain with (08 Marks) |
rbon at 30°C as a
Estimate the integral heat of adsorption of acetone upon.{;z.lc,“tl_éwated carb |
function of adsorbate concentration. -
Latent heat of vaporization of acetone = 551 kJ/kg

kg acctone | Slope of isostere D_ifferentia[ hgat of adsorption
* kgcabon | % HkJ/kg aﬂcct’o.nc
0.05 1170 L -640
010 |- 1245 -686
0.15 .. %] 1.300 gy 716
0.20 " 17 1.310 o =721 _
0.25, 1.340 /' -746
2030 1.327 : -730
A ; ; (12 Marks)
OR 4 (o
Explain adsorption isothe}"[;}g for dilute solutio:}s;f, (05 Marks)
Explain the Freundhich equation. Discuss its' application for two stage cross current and
counter current adsorption; P i (10 Marks)
Explain rotating fixed bed adsorber with:pc;{tiskctch. (05 Marks)
o ¥ Module-5
Discuss different methods crployed in super saturation. . (05 Marks)
A}&l soluthn of sodilum nitrate in water contains 48% NaNO; by weight at 313 K C:alculate
the pereentage yield of NaNO), ¢ stais that may be obtaj s
243 K. Solubilty ofNaNO, 1 283 K is 80,15 g oo, hen temperature i G-y
Explain Swenson-Walker talli ' ' " AKKS
crystallizer w1th.'nezrll‘t sketch. (05 Marks) ‘
P ) . “ p OR. h
_-Write short notes on the following:
“Reverse osmosis
Micro-ﬁl[rati_on;;"
Ion exchange
Super critical fluid extraction _
, ity (20 Marks)
e e 4 * ok ook o
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USN Loy 15CH/PC52

Fifth Semester B.E. Degree Examinafion, June/July 2019
Mass Transfer Operations - |

Time: 3 hrs. By, - Max. Marks: 80

Note: 1. Answer any FIVE full qucsrmnv. chaasmg ONE full question fmm cach module.
2. Use of humidity chart is pernutfed

Module-
1 a  Derivean cxprcssmn for stcady state diffusion of A through non-drffusmg B. (08 Marks)
b. Oxygen (A) is diffusing through carbon monoxide (B) under stcady state conditions, with
the carbon monoxide non- diffusing. The total pressure is 1 10° N/m” and the temperature
is 0°C. The partial pressurc of oxygen at two plancs % 0 mm apart is respeetively 13000 and
6500 N/m". The diffusivity of the mixturc is 1.87"% 107 m%/s. Calculate the rate of diffusion

of oxygen in Kmol/s through cach squarc mcter of the two planes. (08 Marks)

2 a. Explainthe film thcory of mass transfer. (08 Marks)

b. Explain matcnal balance for stcady statc counter current proccss {08 Marks)
e Module-.Z

3 a.  Explain the following: ’ _
1) Absolute humidity = - /iy Molal absolutu hunmduy -

iii) Dry bulb temperature, iv) Dew point 7 (08 Marks)

b. An air (B) water vapor/ (A) samplc has:a. dry-bulb tcmpemturc 55°C and an absolute

d /or equations written cg, 42+8 = 50, will be treated as malpractice.

iagonal cross lines on the remaining blank pages.

=
< o
T s humidity 0.03 kg water/kg dry air at | std>atm pressure. Tabulate molal absolute humidity,
£2 the partial prcssurc 'of water vapor in the sample, relative humidity and dew point.
z5 Data; Vapor prcssurc of water at 55°C 15730 Nfm’. (08 Marks)
2% - OR
&= 4 a Decfine humid heat, humtd vqumc wet bu]b tcmpcnture and adiabatic saturation
g2 temperature. : " (08 Marks)
3
Z < b. Explain cooling tower arrangcment 7 (08 Marks)
£ = ‘
8 g : <y
22 % Module-3
2 ;. 5 a.  Explainthe drying rate curve, : (08 Marks)
'T?_'g b. Define the following: o .
EZ i) Moisturc content wet basis * i) Moisture content dry basis
£ 7 iii) Bound moisture iv) Free moisture (08 Marks)
c<
P W, OR
o
3 6 a. Explain the working of rotary drier with sketches. (08 Marks)
# b. Discuss briefly the classification of dricrs. (08 Marks)
e
(=]
g - Module-4
7 a. Discuss the types of adsprption. (08 Marks)
b. List and explain industrial adsorbents. (08 Marks)
lof2
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| ] DR i (06 Marks)

Explain with sketch breakthrough curve. : dilkttite Wil
A spolvcnt recovery plant is to recover 0.1 kg/s of ethyl acetat%;ﬂngg‘ég tawill be activa[iz
at a concentration of 3 kg vapor/100 m’, 1 std atm pressurc. The a f individual particke
carbon (2.8 mm average particle diameter), apparent g]cnsﬂy 0b will be conable
720 kg/m'". Apparent density of the packed bed =-480 kg/m”. Thc' car (ml ke ool
adsorbing 0.45 kg vapor/kg carbon upto break point. Thc adsprpﬂqn cyF ¢ will be :
Determine the amount of carbon required, choose suitable d:mcns:on_s? for the carbon beds
and estimate pressure drop. : B

Data: At 35°C, viscosity of air = 0.0182 kg/ms, density of air = 1.(7148 kg/m’, (10 Marks)

" Module-5
Derive an expression for crystal growth rate, Y (08 Marks)
Discuss an vacuum crystallizer with sketch. (08 Marks)

OR

Explain principle and operation of supercritical ﬂﬁ}id.“ﬂextraction.

Write a note on ionexchange process.

1

(10 Marks)

(06 Marks)
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50, will be treated as malpractice.

draw diagonal cross lines on the remaining blank pages.

Any revealing of identification, appeal to evaluator and /or equations written eg, 42+8

¢ : 1. On completing your answers, compulsorily
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Fifth Semester B.E. Degree Exammatlon, Dec 2018/Jan.2019
Mass Transfer Operations -1

Time: ' J'u i
e: 3 hrs, Max. Marks: 80

sty
e )
{4 % .

Note: Answer any FIVE full questions, chausﬁ;g ONE full question fmiﬁfeach module.

J

f

M odule-1
Explain the classification of mass transfcr operation based on phases in contact. (06 Marks)

b. 1fan 0, -N; gas mixture at, i atm and 25°C, the conccntratlon of O; at two planes, 2 mm

PE:rl are 10 and 20% (WV) respn.ctwe]y Calculate the ﬂux of diffusion of O, for the case
where

1. TheNis non-dlffusmg . *;
2. There is eqmmolar counter-diffusion of the ga's:;

Data: Dy, at 0°C = 1.86x107° m'/s _ ¢ (10 Marks)
i s
';"a. ‘f:' - OR
2 a. Derivean ‘expression from basic concepts from molar flux when a gas is diffusing through a
stagnant ‘gas B. State required assumpt ions. (06 Marks)

b. Cal.lculate the amount of dlfﬁlSIOH of acetic acid (A) in; 2 hrs across a film on non-diffusing
water (B) solution 1 mm thick at:17°C when the concenﬂtratnon on oppos1te side of a film are
9 and 3 weight 3% ac1d respectlvl.ly The dlﬁUSWlty of acetic acid in solution is
0.95%x10 7 m%/s.

J Ny donkm,

Data : At 17°C . ¢
Density of 9% solutlon =1012 kg/m 2
Density of 3% solution = 1003 kg/m b, Py (10 Marks)
-"*;_,,. w ’y ? ® &)
A{&"‘é;r i MOdule-Z 2
3 a. Define ( |) Humidity (i) Relative humidity (|||) Humld heat (iv) Saturated absolute
humldtty (v) Dew point. & "; K, ,.{;‘x,., v (06 Marks)

b. The Dry Bulb temperature, and dew point of ambient air were found to be 303 K (30°C) and
289 (16°C) respectively, | Barometer reads 100 kPa. Calculate
(i) ‘Absolute molar hum;dny (ii) Aqulutc humidity  (iii) %RH  (iv) % Saturation
. (y) Humid heat. % & »
"éf,',’;-Dala Vapour prcssure of water at 289 I\ = 1.818 kPa

: Vapour pressure of water at- 303 K = 4,243 kPa. (10 Marks)
f <'}'r » (:"‘s'_.:ll{f
s "4 ) OR
4 a Wiha neat d:a{,ram. explain the workm;;, of various cooling towers. (08 Marks)

b: The DB and WB lemperaiures on a particular day in Bangalore to be 308 K (35°C) and
299 (26°C) respeclwely. Use the psychrometric chart.
(i) Absolute humidity (H) (ii) % Relative humidity (1) Dew Point
(iv) Humid Heat ., ) (v) Humid volume (08 Marks)

" ‘j

Y Module-3
a. Define: (i) E qu1|lbl"|l]l'll Moisture  (ii) Bound Moisture  (iii) Critical Moisture content
. (IV) Unbdlmd Moisture (06 Marks)
. %/ 1 of2 .
:g
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dried from 25 - 6%

b. A batch of solids for which the following table of data applies: 1o 5 bulated. The initéal

moisture. Under conditions identical to those for which the data were ta

ine the time
weight of wet solid is 350 kg and the drying surface is 1 m /8 kg Dry wt. Determine Ks)
ot drying. (10 Mar

064
X [035]025]020] 0.18 | 0.16 [ 014 [ 0.12° 010 0.09 | 0.08 0.(:;/3
N| 03 |03 | 03 |0266] 06239 0.203 [ 0:180 0.150 | 0.097 [ 0.07 [ 0.0

4

OR ;

a. Derive an equation for the calculatlon o’r drymg time required for constant rate period and
falling rate period. v (06 Marks)

b. A 100 kg bath of granular solids contammg 30% moisture is (o be dned in a tray dryer to
16% moisture by passing a current ofalr at 350 K tangentlally across 1ts surface at a velocity

2 m/s. If the constant rate of, drying under conditions is*0.7x107 kg/m’-s and critical
moisture content is 15%. C alculatcthe time required for drymg Drying surface = 0.03 m kg
dry wt. 4 (10 Marks)

) Module-4
A solution of washed raw cane sugar is colored by the;presence of small amounts of an impurity.
The solution is to be, decolourised by treatment with adsorption carbon. The original color
concentration 0f 9.6 measured on an arbitrary scale and it is desired to reduce color is 10% of its
original value. The data for an equilibrium lsotherm is as follows:

kg carbon ™ |*

.| 0 [0.001|0.004 0.008 0.02 | 0.04
kg solution™ Ry

color units

kgsolutlon 28 |, 86

1000 kg of solution. s{g}% 4 (16 Marks)

brg '(".’
A solid adsorbent is used to remove colour{mlpurlt) from an aqueous solution. The original
value on an arbitrary’ scale is 48. It is requlred to reduce this 16} ’IO% of the original value. Using

the following dataFind the quanuty of fresh adsorbent lised for 1000 kg solution for
(a) A single stage and (b) Two stage cross-current operatmn when the intermediate colour is 24.

Equilibrium data: : (16 Marks)
kg Adsorbent - %, 7
L ol 0 0.004 | 0.008 0.04
kg solution Y
Equilibrium colour (Y) 48il» 43 | 31.5 21 5] 85|35
QY e Module-5
a.% What is meant by’ supérsaturﬂﬂOll" What are the methods of supersaturation. (08 Marks)

b. A saturated solutlon of MgS0O; at 353 K is cooled to 303 K in a crystallizer. During cooling,
4% solunon is’Jost by ev,;porauon &f water. Estimate the quantity of the original saturated
solution to béifed to the cryslalhzcr per 1000 kg of MgSO4.7H:0 crystals.

Data : Y

40.8 kg o . 64.2 kg
i _ 03 |(= ; Solubility of MgSO, at 353 K=e——= 25
Solubility of MgSO4 at3} T00kg water 4 00kg Vet
) (08 Marks)
ol OR

a. Write differeit membrane separation techniques modules. Write their application. (08 Marks)
b. What is thesbasic principle of super critical extraction technique? Give two industria|

applications. (08 Marks)
PP """:*’s * kD ofL
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