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The Schedule of Competitive Written Examination is as follows:

Paper III (Time Allotted — 90 minutes) {from 12.00 p.m. to 01.30 p.m. The candidates will be
provided with a Multiple Choice Question paper and OMR Answering Sheet}

Subject Number Maximum Marks Negative Marks
Post Code of
Questions .
Chemical Engineering 100 300 One negative mark for
(three mark for every correct each wrong answer
TA2203 answer)

The candidates shall have to return the Answer Sheets of Paper III to the Invigilator at the micb
of exam. [
The Question Booklet of Paper 111 will be supplied 10 minutes prior to the commencement of Test.
The Candidates may take with them Question Booklet / Question Paper of Paper 111 on conclusion of
examination.

Candidates will be NOT be allowed to leave the Examination Hall before completion of both Paper II1.
Candidates should check as to whether all the questions in Question Booklet of Paper I11 are in series
and ensure that there are no blank pages in the Question Booklet. In case, any defect in the
Question Booklet is noticed, the same should be reported to the Invigilator immediately
and get it replaced with a new Question Booklet.

Candidate must write their Admit Card Number in the space provided on the top right side of
Question Booklet. Do not write anything else on the Question Booklet/Paper other than in the

- blank sheets provided for Rough Work at the end of question booklet,

Each question comprises of four responses viz. (A), (B), (C) and (D). Only one of the response is
correct answer. The Candidates have to select ONE response which they consider is correct and
mark it in the Answer Sheet.

The Answer Sheet (OMR ) has four circles against each questionas @ ® © and @. To answer
the questions, the candidates are required to blacken One circle which they consider is correct answer,
with Blue or Black Ball Point pen. For e.g. if for any question, @ is correct answer, the candidate
has to mark as ® & © . The candidates are warned that if they blacken more than one
circle for one question, the answer will be treated as wrong.

Total marks in the Paper will be based on number of correct responses marked by the Candidate in the
Answer Sheet.

The last page of the Question Booklet, may be used for rough work,

In all matters of doubt in Hindi and English version of Question Booklet for Paper II1, the English
version shall be final.

The candidates shall abide by the instructions issued by the Invigilator/ Exam Officials. Failure to
comply with any of the instructions may render the candidate liable to such action as may be decided by
the Competent Authority, CLRI.

I have read the instructions given above and the instruction given in the Notification dated
21.07.2023 in the CSIR-CLRI website “www.clri.org” and agree to the same.



ToT GREAHT -
s ||| [ ] J
Gr I (182) awraiiehy Tgraas & vay & srcf, WIeaHRATE | 13719 W.: 03/2022
F Jrafed v : 90 ere FHF:3 00
gy il

mﬁwm&##wﬁﬁmﬁﬁaﬁéﬂaﬁmﬁ#ﬁl

1.

S o s ow N

10.
14,
12.
13.

14.

wﬁmﬁmf&@mﬂmﬂmmmﬁmwm
I Il (@A 3mefea 90 fAee) (3TORTE=T 12.00 T & 01.30 FoF G| SEfrear: ﬁa@rnﬂvwaqﬁ:wmahz
@ srfar))

Rvrvddvess | vt s dweram | st anfar
FRFaT Nfarafter - 300 TAF I 3 & AT v 3
TA2203 (FeAF T 3eel & v T 3%) | per sy

Mzan,ﬂwluﬂ:aiaﬁwﬁmmwﬁmﬁmﬁ?maﬁﬁmﬁl
wirr$magﬁamr3ﬁmrqﬁwa:mra;1oﬁmqﬁﬁ:vmm
Esﬂamrmﬁaiﬁﬁﬂwlllﬁmamﬁ/mawﬁmmﬁmwi

et off 3ofiear 1, YU 111 & I & g aliaf FAY F a1g 78t s o su o

ST I QT M1 7967 % 31 ST R 3wt oy sveet Avforer & 3 g R {Eﬁ%qmw%aﬁaﬁémﬁrqm#
gl afE wear-a # R oo 3, al 38§ fordtarss Y sravra awrd o 3R, 0 et o & wew A

SFEHCAR o9 & U aT$ TR BT 310 39 €T O 39T wder gF dear fR S0 3romar, eera 7 3t o o )
T T Y& G & AT goal a Rear s werar

Sl 9% & 9 faweT (A), (B), ( (C) 3R (D) &1 31 & Faer v & G 3¢ ¢ SFHICAN Fae Us Aeey, o F afy
HHFA &1, 38 3ec’ e W RAfgag a3

3 AT R I 727 F @AS TR D ® © © & g gl | 3R & & e, 3o --.awﬁq:rma:’raaé‘mma’rmqﬁ
T A AT Tt AT TeT AT | HIAT FET L 3eTeor & faw ofE ey a7 3¢ 3, o sFfiear ), 5w afss @ Rt
@) @ © © 3hear #r daraw & s & 2R v v 7 B HIUE G T Fr B A 37 IR
T 6T ATAT ST

W%gméﬁwﬁﬁﬁmmeﬁzwmmﬁﬁmuﬁmweﬂ AT & TR 9T fahar @)

Y9 & 3iforsr wowil @Y T e & e swer R s waar ¥

e ool 3T 31T S & oxEaR weedt # S wdE gy A, 3EH O ¥ e ar @l T ST
mﬁmmmmaﬁwmmmmﬁé:ﬁwwﬁm ol ¥R FT 9o E R W, e
mmm,mmmgmmma:mmmmﬁmmm

et Fuw o et &y ug R ¥ AT www.clri.org de®Tse # RaiF 210720, nr & 7 JiftreEar & et @) of ag
iﬁm%}ﬁrﬂmmii



Paper — I - CHEMICAL ENGINEERING

Subject Code: TA 2203

TIME: 90 Minutes

a)
b)

d)

a)
b)
c)
d)

a)
b)
c)
d)

a)
b)
c)
d)

b)

c)
d)

a)
b)

d)

. The loss head due to sudden enlargement is attributed to

viscosity of fluid

generation of heat

roughness of pipe

production and dissipation of turbulent energy

. A hydrometer is used to determine

relative humidity
buoyant force

specific gravity of liquids
viscosity of liquids

. An equi-potential line has

no velocity component tangent to it
uniformly varying dynamic pressure
no velocity component normal to it
existance in case of rotational flow

For laminar flow in a pipe, V is equal to
.Ul'llﬂx

0.5 Unnax

OAZS UH'[HX

2 UH'[HX

(100 x 3 =300 marks)

Ratio between inertial forces and the square root of pressure forces is known as

Euler number
weber number
Froude number
mach number

Screen capacity is not a function of
its opening size

screening mechanism

screening surface

atmospheric humidity



7. Mesh is defined as the number of openings per linear
a) feet of screen surface

b) inch of screen surface

¢) metre of screen surface

d) centimetre of screen surface

8. The law which is applicable for fine grinding, is
a) Kick’s law

b) Rittinger’s law

¢) Bond’s law

d) Fick’s law

9. Power required to drive a ball mill with a particular ball load is proportional to
a) D

b) 1/D

C) DE_S

d) 1/D??

where, D = diameter of ball mill

10. Crushing efficiency of a size reduction equipment ranges between
a) 0.1to2%
b) 10 to 20%
¢) 40 to 50%
d) 70 to 80%

1. Heat waves

cannot pass through vacuum.
travel in harizontal line.

can be reflected by a mirror.
Travel at high speed.

poop =

12. Fourier's law applies to the heat transfer by
a. convection

. radiation

. conduction

. sedimentation

b
c
d

13. In a heat exchanger, floating head is provided to
a. facilitate cleaning of the exchanger.

b. increase the heat transfer arca.

c. relieve stresses caused by thermal expansion.

d. increase log mean temperature gradient.



14.

d.

b.
¢
d.
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16.

a.
b.
C.
d.

17.

a

b'.
&
d.

oo or =

aooe

Kirchoff s law applies to radiation.
unstable

monochromatic

linear

flexible

. The unit of heat transfer co-efficient in SI unit is

JIMZ°K
W/m2°K
W/m°K
J/m°K

Which area is used in case of heat flow by conduction througha cylinder ?
Logarithmic mean area

Arithmetic mean area

Geometric mean area

Surface tension area

Finned tube heat exchangers

give larger area per tube.

use metal fins of low thermal conductivity.

facilitate very large temperature drop through tube wall.
are used for smaller heat load.

. Temperature profile in steady state heat transfer is

asymptotic
hyperbolic
parabolic
linear

_Stefan-Boltzman law which describes the radiation heat transfer states that, it is

proportional to (where, 1 = temperature in °C 7'= absolute temperature in ® K')

'
T
1/t
1

_The Nusselt number for fully developed (both thermally and hydrodynamically) laminar

flow through a circular pipe, where the wall heat flux is constant, is
2.36

4.36

120.36

dependent on NRe only
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a.

oo o

oo
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b.

d.

24,

26.

a)
b)
c)
d)

In forced convection, the heat transfer depends on
Re, Pr

Re, Gr

mainly Gr

Re only

- Latent heat absorbed by 1 1b of water at 212°F, when it is changed to stcam at 212°F,

may be around _____BTU.
180 N

970

3:97

260

- The thermal radiative flux from a surface of emissivity = 0.4 is 22.68 kW/m2. The

approximate surface temperature (K) is
(Stefan-Boltzman constant = 5.67x10-8 W/m2.K4)
1000

727

800

1200

A multiple effect evaporator has a capacity to process 4000 kg of solid caustic soda per
day, when it is concentrating from 10% to 25% solids. The water evaporated in kg per day
is

6000

. 24000

60000
48000

. What is the thermal conductivity of a perfect heat insulator?

Zero

one

(048]

between 0 and «

An example of a closed system is
car engine

liquid cooling system of a car
boiler in steam power plant

air compressor

27. Which of the following acts as a heterogeneous system?

a)
b)
¢)
d)

mixture of air and water vapour
mixture of water plus stean
solution of ammonia in water
mixture of octane and heptanes



33.

a)
b)
c)
d)

34.

a)
b)
¢)
d)

.For a three phase system in equilibrium made up of three non-reacting chemical species

the number of degrees of freedom is

W N = O

. A process which is carried out under such conditions that no exchange of heat takes

place between the system and surroundings, is
isothermal process

adiabatic process

isobaric process

isochloric process

Cpis

always greater than Cy
equal to Cy

less than Cy

never be less than Cy

.For an ideal gas Charle’s law deals with the relationship between

pressure and volume at constant temperature
pressure and lemperature at constant volume
volume and temperature at constant pressure
mass and volume at constant temperature

.For an ideal vas the fugacity coefficient is always

Zero

one
infinity
uncertain

For an exothermic reaction the equilibrium constant with increase in temperature
increases

decrease

decreases linearly

remains unaffected

At inversion temperature, the Joule Thomson coefficient is
Zero

positive

negative

infinite



35. The temperature at which the Joule Thomson coefficient changes sign is called
a) critical temperature

b) inversion temperature

¢) condensation temperature

d) liquefaction temperature

36) Van Laar equation deals with the activity co-efficients in
a. binary solutions

b. ternary solutions
¢. azeotropic mixture only
d. Ideal solutions

37) Measurement of thermodynamic property of temperature is facilitated by which law of
thermodynamics,

Ist

Zeroth

31’([

none of these

SRR

38) Entropy of an ideal gas depends upon its

a. pressure
b. temperature
c. volume
d. Surface area

39) 1st law of thermodynamics is nothing but the law of conservation of
a. momentum

b. mass

c. energy

d. Dynamics

40)In an ideal solution, the activity of a component equals its
mole fraction.

fugacity at the same temperature and pressure.

partial pressure.

none of these.

oo o

41)During a reversible isothermal expansion of an ideal gas, the entropy change is
a. tve

b. 0

c. -ve

d. o



42) As pressure approaches zero, the ratio of fugacity to pressure (f/7) for a gas approaches
a zero

b unity

c. infinity

d. an indeterminate value

43) Which of the following is the extensive property of the thermodynamic system?
a. Pressure

b. Volume

c. Temperature

d. Density

44) Which of the following is INCORRECT?

a. Natural processes are irreversible processes.

b. Irreversible processes can be shown on p-V diagram.

c. Reversible processes are ideal processes.

d. All spontaneous processes are ideal processes

45) The fugacity of a real gas is less than the pressure (P) of an ideal gas at the same
temperature (') only when (Tb is the Boyle temperature of the real gas)

a. high P, T<Tb

b. lowP, T <To

c¢. high P, T> To

d.lowP, T>To

46. The most suitable reactor for carrying out an auto-thermal reaction is
a) batch reactor

b) CSTR

¢) semi-batch reactor

d) plug-flow reactor

47, Reactor giving maximum gas conversion is
a) fixed bed reactor

b) fluidised bed reactor

c¢) semi-fluidised bed reactor

d) plug-flow bed reactor

48. Theory of homogeneous reaction is

a) collision theory and activated complex theory
b) chain reaction theory

¢) radiation hypothesis

d) all of these

49, For identical feed composition and flow rate, N plug flow reactor in series with a total
volume V gives the same conversion as single
a) plug-flow reactor of volume V



%l

a)
b)
¢)
d)

52.

a)
b)
c)
d)

53.

b)

c)
d)

54.

a)
b)
c)
d)

55.

b)

c)
d)

CSTR of volume V
plug-flow reactor of volume V/N
plug-flow reactor of volume NV

. The autocatalytic reaction is

Enzyme fermentation reaction
Microbial fermentation reaction
Photochemical reaction
synthesis of ammonia

The ratio of volume of mixed reactor to the volume of P.F.R. (for identical flow rate,
feed composition and conversion) for zero order reaction is
(&)

0

1
>1

For perfect mixed flow the dispersion number must be
Zero

less than 2100

less than 2

infinity

The action of a catalyst follows its ability to change the
heat of reaction

heat of formation of the product

activation energy

equilibrium constant

If a solid-gas non-catalytic reaction occurs at very high temperature, then rate controlling
step is

film diffusion

chemical reaction

ash layer diffusion

pore diffusion

For a liquid in plug flow, the eddy diffusivity must be
0

[e.0]
1
between 0 and oo



$6. If time required to change the concentration of reactant to half its original value is
independent of the initial concentration, the order of reaction is

a) zero

b) one

c) two

d) three

57. The rate of forward reaction, at chemical equilibrium is compared to the rate of
backward reaction is

a) more

b) less

c¢) equal

d) equal or less

58. The time needed to achieve the same fractional conversion for particles of different sizes

(d) when chemical reaction controls, is proportional to
a) d
b) Vd
C) dl.S
d) d?

59) Overall efficiency of the distillation column is
(a) the ratio of number of ideal plates to actual plates.
(b) the ratio of number of actual plates to ideal plates.
(c) same as the Murphree efficiency.

(d) always more than the point efficiency.

60) Air initially at 101. 3 kPa and 40°C and with a relative humidity of 50%, is cooled at
constant pressure to 30°C. The cooled air has a

(a) higher dew point.

(b) higher absolute (specific) humidity.
(¢) higher relative humidity

(d) higher wet bulb temperature.

61) To increase the absorption factor, (where, G = gas flow rate, §' = solvent flow rate)

(a) increase both 'G" and 'S".
(b) decrease both 'G" and 'S'.
(¢) increase 'S" and decrease 'G'.

(d) increase 'G"' and decrease S’



62) The mass diffusivity, the thermal diffusivity and the eddy momentum diffusivity are
same for, Npy = Ng. =

(a) 1
(b) 0.5
() 10
(d)0

63) Mass transfer co-efficient (K) and diffusivity (D) are related according to film theory as
(a) K< D

(b) K xD

(€} K hl?

(d) K o D?

64) In industries titanium is hardened through diffusion of carbon. The concentration of
carbon at Imm into the surface of the titanium slab is 0.25kg/m? and at 3mm the
concentration is 0.68kg/m?. The rate at which the carbon is entering into its surface is
1.27*10-9kg/m?.s. calculate the value of diffusion coefficient of carbon.

(a) 5.91%1012
(b) 5.91¥10°10
(c) 5.91%10°!!
(d) 5.91*1013

65) In a solution (A and B); The vapour pressure of A is 260 mmHg and B is 360 mmHg;
Find the relative volatility?
(a) 0.72
(b) 1.38
(c) 2
(d)4

66) Find the vapour pressure of component A in an ideal mixture, if its liquid composition
and the partial pressure is 0.65 and 260 mmHg.
(a) 260 mmHg
(b) 400 mmHg
(¢) 760 mmHg
(d) 1020 mmHg

67) Solvent lean phase are known as
(a) Extract
(b) Raffinate



(¢) Residue
(d) Filtrate

68) An ideal tower packing should not
(a) have low weight per unit volume.

(b) have large surface area per unit volume.
(c) have large free cross-section.

(d) hold up large amount of liquid in the packing.

69) The solvent used in liquid extraction should not have high latent heat of vaporisation,
because

(a) the pressure drop and hence the pumping cost will be very high.
(b) it cannot be recovered by distillation.
(c) its recovery cost by distillation may be prohibitatively high.

(d) it will decompose while recovering by distillation

70) Use of raschig rings in place of crushed stones as packing in packed beds (other things
being same)
(a) increases pressure drop, increases surface area.

(b) increases pressure drop, decreases surface area.
(¢) decreases pressure drop, increases surface area.

(d) decreases pressure drop, decreases surface area

71) Weight of 1 m? of humid air as compared to 1 m? of dry air, under the same conditions,
1s

(a) less
(b) more
(c) same

(d) unpredictable

72) Convert 80% of moisture in wet basis to dry basis ( kg water/kg dry solid)
(a) 4
(b) 8
(e) 12
(d) 16

73) A slurry is to be dried to produce flaky solid. Which dryer would you recommend ?
(a) Spray dryer

(b) Drum dryer



(c) Rotary dryer
(d) Dielectric drye

74) In gas-liquid contact operation, the number of ideal stages, ¥s.xx . Thisistrue
N ==

xb -xE
when the stripping factor 'S is
(aS>1

(b)S<1
©)S=1
@) S =

75) The drying time between fixed moisture content within diffusion controlled 'falling rate
period' is proportional to (assuming that drying occurs from all surfaces of the solid)
(where, T"'= thickness of the solid )

@7

by T
(c) 7%
(d) 7®

76) For permanent gases diffusivity the order is sq.m/s
(a) 107
(b) 10°¢
(c) 107
(d) 10710

77) A binary liquid mixture is separated by distillation process. The more volatile A
vaporizes while less volatile B gets transported in opposite direction. Latent heat of
vaporization of A and B is 0.5unit and lunit respectively. What will be the relation
between molar flux of A and B
(a) NA=2Npg
(b) 2Na=Np
(¢) Na=4Np
(d) 4Na=Np

78) Consider a saturated gas(A.-vapour(B. mixture , if the absolute molal humidity is 0.265
and the total pressure= 760 mmHg. Find the vapour pressure of B.
(a) 149.21 mmlg
(b) 159.21 mmHg



(c) 169.21 mmHg
(d) 600.8 mmHg

79) The vapour pressure of the nitrogen gas is 400mmHg and the partial pressure is
300mmHg. Find the relative saturation.
(a) 75
(b) 133
(c) 100
(d) 50

80) In a binary distillation column, if the feed contains 40 mole % vapour, the q line will
have a slope of
(a) 1.5

(b) -0.6
() -1.5
(d) 0.6

81) Design calculation for multiple component distillation is done by
(a) Ponchon-Savarit method

(b) Mccabe-Thiele method
(¢) enthalpy concentration method

(d) tray to tray calculations.

82) Solvent extraction is the terminology applied to the liquid-liquid extraction, which is
preferred for the separation of the components of liquids, when
(a) extracting solvent is cheaply & abundantly available.

(b) one of the liquid components is heat sensitive.
(c) viscosity ofliquid components is very high.

(d) one of the liquid components has very high affinity towards the solvent.

83) Which of the following is not a continuous drier?
(a) Drum drier

(b) Spray drier
(c) Tunnel drier

(d) Tray drier

84. Capacitance of a first order system is equal to
a) Astorage

b)

A storage
Adriving force



c)
d)

85.

a)
b)
c)
d)

86.

a)
b)
c)
d)

87.

a)
b)
c)
d)

88.

a)
b)
c)
d)

89.

a)
b)
c)
d)

Adriving force
A storage

A storage X A driving force

With a damping coefficient more than 1, the second order will be
under damped

oscillatory
over damped
critically damped

For under damped second order system, the value of damping coefficient (6) is
equal to 1

less than 1

more than 1

zZero

For a second order system as radian frequency (w) increases, the value of phase angle
|@] asymptotically approaches to

90°

45°

180°

60°

A special case of proportional control is on-off control, when its gain (K) is
very low

very high

Zero

negative value

The function of solenoid valve is based on the prihciplc of
PID-controller

P1- controller

PD- controller

on-off- controller



90.

b)

©)
d)

91

b)

©)
d)

92.

a)
b)

d)

93

b)

¢)
d)

94
b)

¢)
d)

95.

a)
b)

Fig: Standard ControlS§ystem

G, represents the transfer function of
process

controller

final control element

measuring element

The time required for the thermometer to react to a step change in the temperature and
reach the resistance corresponding to 63.2% of total temperature change is equal to
one-time constant

two-time constant

three-time constant

four-time constant

For platinum thermocouples, lead wire is made of
copper and zinc

copper and copper-nickel alloy

copper and nickel

zinc and nickel

Soda ash is produced by
Chamber process
chance process

contact process

solvay process

. Chemical formula of ‘salt cake’ is

NaaSO4
CaS0q
MgSO4
BaSOy

Zeolite used in water softening process (cation exchange) is regenerated by washing with
brine
chloramines



sodium bisulphate
liquid chlorines

. Gypsum is

calcium chloride
potassium sulphate
sodium sulphate
calcium sulphate

. Viscosity of polymer solution increases when

temperature increases
temperature decreases
temperature remains constant
none of these

. Polyethylene is a polymer obtained by the polymerisation of

ethane
ethylene
isoprene
butadiene

. The hydrogenation of oils in the presence of nickel catalyst is a/an

endothermic reaction
exothermic reaction
homogenous reaction
none of these

100. Function of thinner in a paint is to

a)
b)
c)
d)

accelerate oxidation of oil

prevent gelling of the paint

suspend pigments and dissolve film forming materials
form a protective film
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