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ONE MARKS QUESTIONS (1-20)

Il Which ONE of the following is NOT an
integratmg  factor for the differental
equation xdy — vdx =017
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2 Which One of the following 15 not a
solution ol the differential [
equation—=+ v=17
a v=1
b: v=1+cosx
c. v=1+snx

| d y=2+sm\+cost ]
3 The limit of ——= g i — % ®

I 4 - \
|[ 4. ¢ surlface of

L -+‘— 1 at the pont

J.k are unit mormal

I

e carfesian coordinate svsiem)
|| b
|

3 A nonlinear function [(x) is delined in the
imterval =12 < x = 4 as illustrated in the
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the Newton-Raphson iterative schemé’
Among the minal guesses (Iy, 1., Is, and
L), the puess that is likely 1o lead
ool most rapidly is

EgNa Camol refrigerator  operating

MPC and 25°C. the coelficient of
rmance s

- D |

b, 1.67

c 1988

d 3974

The work done by one mole of a van der

Waals  fluid  undergoing  reversible

isothermal expansion from initial volume

I to final volume Vs

I'Vr
a Rlin —]
V
(V. =b
b. RTIn| +—
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For a syslem contaimng species P, ) and
R. composition at pomt k on the temary
plot 18
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L0,

11

particles being filtered is given
the following

a. AP, is proportional 10 8,

b AP.1s proportional 1o 1/ 8,

AYAVAVAVAYAYA ;
TYAYAYAVAVAVAVAVAY! ﬂ-ﬁhmpmmmmmmﬁﬁz
gf . 100 d AP, is proportional 10 I/ 8,
g 635%P, 125%0.25%R 14 power reguired lor size reducp®
b, 25% P 625% 0, 125% R crushing is
¢ 12.5% P, 62.5% Q. 25%R a. proportonal lo

d 125%P 25%0.625%R

Three containers are filled with waler up 1o
the same height as shown. The pressures at

the bottom of the containers are denoted as “ "::f::l“;"ﬂl »
Py, Ps and Ps. Which ONE of the lollowing i 468 deril of 1h
relationships 1s true? ' ihe

4
15 Transienl e-chimensional heal
con n emmed by ONE of the
" "

foll@ving &NTerential equations (o -thermal
ibyg k-thermal conductvity and
e rate of heal generation)

b: Pa=Py>ta bl
e Pi=P=P —= VT 4wk
d Py=P;=P; @ o
Losses for Mow through valves and fittngs | i

b. proportional 1o

ace energy of

FI. el _=
a Pi=PB=P

=NT-=

are expressed in terms of . ¢ i k
a drag eoellicient 187 =
b, equivalent length of a straight € EE.::v Tk
d roughness factor d == =v-;"+.k_
::: duu;?runaa lh:mperl' < - l: I In a countercurren! gas absorber, balh the
pardoned “; e Tesn i i operating and equilibnum relations are
comprassor is under : r"shut ol linear. The inlet ligund composition and the
term signifies exit gas composition are maintained

* constant In order 10 merease the absorplion

factor
a.  the liqud Now raie should decrease
b the gas ow rate should increase

T PN ¢ Ihe slope of the equilibrium line should

: ncrease
e m“{ﬂﬁ;&ﬂﬂgﬁ; d, the stope o this equilibrias line should
« 15 Revnolds number) ‘im*’
LN 17 A species (A) reacts on a solid catalyst 1o
e produce R and S as follows:
e <2 I AR =k
Nie 2. d=S rn=ke?
e DN Assume [l resistance 10 mass transfer is
4 B negligible. The ratio of instantaneous
Ni, fractional yield of R in lhf presence of
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18

19,

20,

21,

22

TWO MARKS QUES" V.M

|
> 1

1
Zern
For the case of single lump-sum capital
expenditure of Rs. 10 crores  which
generates a constant annual cash Aow of
Rs. 2 crores in each subsequent yvear, the
pavback penod (in years), if the serap 23.
value of the captal outlay is #ero s
a. 10
b. 20
e 1
d. 5
The relation between capital rate of return
raitio (CRR). net present value (NPV) and
maximum cumulative expenditure (MCE)

e Ts

= NPT 24,
R =
o MCE
b. CRR- ""_Jr‘.:.ri
NPT
& CRR = NPV MCE

MCE
(NP + MCE)
Which ONE of the following s NOT
major constituent of crude ml?
ParaiTins
Olefins
Naphthenes
Aromatics 25

d. CRR=

ep oB

(21-80)

f’the
w=f(v)

y=0 to a lincar differentinl

following 26.
reduces

' {A and B arc positive constants )
W= _I#'J'
b u=y"
& syt
d u=y

The Laplace transform of the function
flt)=rsnt is
2 2,

£
C AN

wwwnw. StudentBoun

1
> )
R S
R U
1

[.i—”:+]
The wvalue of the surface
i (a7« w7}t evaluated

surface of a cube having 55
is (/i is unit normal vecto

u. 0

i O

e 2

d 34

The fust f the Taylor series

about the pomnt x = )

g

1=4-1 amd 2~ x 4 tv. IT the real part si

given by u - ;‘l,w[:} i

243

5 I.n_n. v o= ILI_ b=

The normal distribution s given by

E
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28

3L

ﬂI"Jﬂ:_#Hm

= of -
T i
Ihe points of nflexion 1o the normal curve
dre
ﬂ- -0I= d‘-l“d‘
b 2=+ o fi=o
e X= A .zﬂnu' 2a
d: x=p+3o.u-3a
Using Simpson’s 13 mle and FOUR
cqually spaced mtervals l'rl = 4), estimate

unr 33

the value of the integral j

a. D3887

b. 04384

e 03016

d. 05527

The tollowmg diiferential equation s o be
solved numerically by the Euler"s explicit
method,

::: rv-1.2v withy(0)=1

A step size of 1.1 is used. The solution for
yatx = 0.1is

a. (LEE0

h. 0.905

e 1000

d. 1100

The Poisson  distbution  gis

hrPlrl-—ﬂpl mi

about the origin tur

0

gen and 21 mole %
over a catalyst al high
. Oxygen completely reacts
as shown below

The molar ratio of NO to NO; in the 36,
product stream is 2:1. The fractional
converdion of nitrogen is

a. 013

h. (.20
e 027
d. 040

wwwnw. StudentBoun

20°C, The product
hydrated  crystals  Nas§
eiuilibrium  with 2
solution.  The molecular

solution required Lo produce 500 kg'hr o
hydrated crystals is
a 403 kghr

b. 603 kg'hr

e 803 keg'hr

d. 1103 kg/hr
6l kg'hr of saturated £
{enthalpy 26754 '
adiabatically with

g
black s produced by
ition of methane:
{'H“I >0, * 2H

The single past conversion of methane is
6. If fresh feed s pure methane and
25% of the methane exitmyg the reactor is
recyeled, then the molar ratio of fresh feed
stream to recycle stream

#. 0.9

b. 9

& 10

d. 920

The molar volume (v) of a bimary mixture,
of species 1 and 2 having mole fractions x,
and x5 respectively is given by

V=220, = 1802 = xp%a( 90, = 50x3)

The partial molar volume of species 2 at
xa= 03108

a. 183.06

b. 21234

c. 229.54

d. 256.26

The standard Gibbs free energy change
and enthalpy change at 25°C for the liguid
phase reaction

CHCOOH, +C 108, «CH OO0, + 10
are given as AGY,, - 4650 Jimol and

AHY298 = =364 Jmol If the soltion is

Tlaal cad catbhalas shanawas b crcmiimaad e ha
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constant, the equilibrium constant at 95°C W, Inertal foree / Sorfad

is Cindes;
g, 0.65 A B i
b 494 a I 2 3
e 654 b. 2 3 4
d 865 - 3 Z |
37 A cyhindnical vessel with hemispherical d 4 3 2
ends is filled with water as shown in the 40 A steady Aow field of an lmmpr:mhh:
figure. The head space is preswrued to o Mud - given
gauge pressure of 40 kN/m’ The vertical V = (Ax < By)i — Ayj — Ay whe
force F (in kN) tending to lift the top dome B 1 Aol A ke
und the absolute pressure P (in kN/m™) at SRt ui;-‘ sFih o ):el
the bottom of the vessel are mﬂg.:‘ : | . ulc':,_] .
(g = 98 m/s’, density of water = 1000 - PaTER BER S d8
kg/m’) i
; b V2
. ¢ V3
d o *

41 Two i v oed sphencal particles A
and densities py and py
res are settling in & Muid of

I Assuming free settling under
i flow conditions, the rato of the
settling velocy of particle A to
that of particle B 1s given hy
Figre woet b siale ] M
a F=836,P=645 (2= p)
h. F=836,P= 1658 =
¢ F=1257.P=645 M
d F=1257.P=1658 (2= p)
38 A pump draws oil (speci 8) (e =p)
from a storage tank and s Lo an " (Ba-p)
overhead tank. The ic#  energy :
delivered by the pum fluid is S0 d (p—r)
Jkg. The velocgies ot ction and the (m —=p)
s N the gump are | m/s and 42 Consder the scale-up of a cylindrical
~ Neglecting frictron bafMled vessel configured o have the
ssuming  kinetic  energy standard  geometry (1e.  Height =
to be unity, the pressure Diameter) In order o mamtam an equal
y the pump (in kN/m’) is rate of mass transfer under turbulent
conditions for a Newtoman fluid, the ratio
of the agitator speeds should be
(Given Nj, Dy are agistor speed and
; vessel diameter before seale-up: Ny 13; are
Match the following agitator speed and vessel dismeter after
GRDUF [ mle.up}
A Euler number N
B. Froude number & N D
¢ Weber number $ "ua
GROUP 2 b M-
I Viscous force / Inertial force N. D
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43

43

3 40 The temperature profile
lﬂ]j from one Huid 1o another 3
solid wall 1s

i a.
N i Ewit el
" R ] e
Ny [ B,
I'wo plates of equal thickness (1) and i
cross-sechional arcd, are joined logether (o -
: _ : b 2l =
firm u composite as shown in the Ggure. i
the thermal conductivities ol the plales are
k and 2k then, the eflective (hermal
b

cimductivity of the composile is

Skl ]
' O
——
t t

a 3k72

b, dk3

o 3k

d. 2k3

A metallic ball (p - 2700 kg'm’ a

C, = 09 Klkg'C) of diameter 7.5 ¢m
allowed to cool m air at 25 C. W
temperature of the ball s 125

found 1o cool at the rate of 4°C Qe
If thermal pradients ns
neglected. the hest trang

Wm*“Chis

a 2.0

b, 20.34

c. BL36 ¢

coeMicient (in

Heit Digg wing at a veloeity of 2 m/s
lc pipe having an innper
3.5 em and length 20 m. The =

at the inlet of the pipe 15 90°C 47 A rectangular slab of thickness 2b along

; g"if“ﬂ o for liquid at 90°C the % axis and exteénding to nlinity along

psity = 950 kg/m the other directions s  imibally ot
Specilic heat = 4.23 Lj!l-'k*:'- C. concentration Cu, At time t = 0. both
Viscosity = 2.55 © 107 kg/m.s. surfaces of the slab (x = = b) have ther
Ihermal conductivity (.685 Wim "C . concentrations  increased o Chw  und
Th'? heat transfer cocfficient (in Wim™C) maintamed st that value. Solute A diffuses
mside the tube 1s ino  the solid.  The dimensionless

K 22222 cotcenlration C is delined as
b, LIL11 e, —c
¢ 2222 et

waww. StudentBounty.com
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The diffusvity of A inside the solid s 49
assumed constanl. AL & centain  lime
instant, which ONE of the following is the
correct representation of the concentration

profile?
H
I
a
il 2
o | i I
whn
h.
I i
c |
1
]
4 b * 5()
Kb

pilure contaming components

. the relative volatulity of A with

A 1o B s 2.5 when mole fracuons are

. The molecular weights of A and B

7% and 92 respecuvely. If the
compaositions are however expressed
mass fractions the relative volatility will

"

v, StudentBoun

An ideal fTash vaporizat™
with a hinary mixre
temperature and pressure. A p
leads 1o an inerease m the mole
the heavy component m the feed. The
vessel continues (0 operate at the previs
temperature  wnd  pressure and sl
produces liguid and vapor. After steady
state 1s re-established,
a. the amount of vapor prod
nerease
b the amount of hguid
decrease

¢ the new equilibr tions of
the vapor and | ts will be
different

d the new eguilibi compositions  of
the v d gauid products will

were belore the upset

Hation operation 1s camed out

feed containing 100 moles of
ary mixture of A and B, The mole

o of A mn the leed s 0.7 The

lation progresses until the mole

fraction of A in the residue decreases (o

6. The equlibnium curve in  this

compaosition range may be lincanzed w v*

=0.7353 x + 03088, Here x and v are the

mole fractions  of the more volmile
componest A i the ligud and vapor
phases respectively. The number of males

of residue 15

g 7353

b. 48.02

c 4

d 324

A packed tower containing Berl saddles is

operated with a gas-liquid system n the

countercurrent mode. Keeping  the gas

Aow rate constant. iF the Tiquid Mow rate 15

continuously increased.

g the voud fraction available for the gos
o Now will decrease beyond 1he
loading pomt
the gas pressure drop will decrease

¢ hiqud will continue 1o fow freely
down the tower bevond the loading
poini

i the entrainment of liguid m the gas wall
considernbly  decrease  near  the
flooding pont

ot TR L R AT R A - PR =
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Lo

golvent a& shown in the figure. The area
avatlable for mass transfer from the disk 1s
A and the voliume of the inihally pure
organic solvent 15 V. The disk 1= rotated
along the homzontal plane at a fixed rpm to
produce a umiform concentrabon of the
dhssalving sohite in the iquid.

The convectve mass transfer coefficient
under these conditons 15 k. The
equibbnom concentration of the solute m
the solvent 1s C*. The time required for the
concentration to reach 1 % of the saturation
value is given by

P

[t Tk-ﬂxill:—ﬂ_gg}:f @
¥ ’

d ——exp(0.01)=1

Ty exp(0.01) +

Alr concentrated wi

i contact with water.
bulk concentrat@gns of atr and water

are (3 (12 @espectvely. The
relabng the interface

the mass transfer coefficients
are identical. The gas phase mole
ction of P at the interface (v, 1118

0663
b. 0,075
¢ D16
d 03
A feed (F) contaming a solute 18 contacted
with a solvent (8) in an ideal stage as
shown in the disgram below, Only the
golute trngfers mto the solvent. The Mow

P SRR S | B

R SRS, AR S

wwwnw. StudentBoun

basms. The extract leaving the™
thvided mto two equal parts, W
collected as the product (P) and the
stream is recyeled to join the solvent.
equilibrium relationship is

y¥*=7x

The prodoct flow
composthion (Y..) are

rate

confucted@m a FPFR  al  constant
i and pressure. The PFR
a conversion of 20% of A, The

ound that the concentration of A
remains the same throughout the reactor.
Which ONE of the following ranos of inlet
mular rates (Faw Frju: Fra) 15 consmstent
with this observation? Assume the reaction
mixture ig an ideal gpas mixture.

]

The elementary hgmd phase senes-parallel
reaction scheme

A—=BsC

A4—+R
is to be carmied out in an wothermal CSTR.
The rate laws are given by
r=k'C,
Feed is pure A. The space time of the
CSTR which resultz in the maamum exit
concentration of B 1s given by

[
R

* JeTk k")

|

L2

OO
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a P,=30mblis,

b P.= 100 mol/e, ¥ e 4

e P=2 8 Yoy =1,

d P=1 You =04

The fion A +3B 5 2C is |

a mixture of A, B and an inet 1 [t |
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& JE(k+ k)

7. The liquid phase reaction A —» Products is
govemed by the kinelics
—r, =kCy
If the reaction undergoes 75% conversion
of A i 10 minutes in an sothermal batch
reactor, the ttme (in mirmtes) for complete
conversion of A is
a. 4073
b 20
e 30
d =

58  The homogeneous reachon A + B —» (" 1s
conducted in an adiabatic CSTR at 800 K
go as to achieve a 30% conversion of A.
The relevant specific heats and enthalpy
change of reaction are given by
€y 5 =100 / (molK ), €, . =150 | (molK )

€, =507 (molk ), A ™ =~100k7 | mol

IT the feed, a mixture of A and B, iz
mrmlnl.'lle at 530 K, the mole frachon of A
n the feed that 1s consistent with the above
data 1s
5
b 14
e 172
d 7

59 The irreversible zero ﬂcrder &

B3,
e steady sfate concentration profile 1=

—= = 1+¢: -L ‘ -1
B A|LR
where &, 15 the Thiele modulus. Far ¢, =
4, the range of r where Cy =015
a O<r< E &

1 .
W e E

www. StudentBoun

fl.

$°

process 1s given by 2¢”" The gam ¥
time constant
2. 4and2
. 2and?
¢. 2and05
d, 1and 0.5

(s=2)

: @lﬂjﬂe 0.25 m’ and height 1 m
owing in at 005 m /min. The

ow rafe i8 govertied by the relation
014

where h 1= the height of the water m the
tank i m and £, 1s the outlet flow rate in

m° i

The nlet flow rate changes suddenly from

its nommnal value of G.05 m'/min ta 0.15
m’/min and remains there. The time (in
rinates) at which the tank will begin to
overflow 12 given by
a 0.28
b, 1.01
- Sl i
d o
Which ONE of the following transfer
flinctions  corresponds o g inverse
response process with a positive gain??

1 .

Zel Al

e L

£4d x+10
3(0.55-1)
(28 +1)(8+1)
2 "4
d ———
¥+1 e+
Match the following
GROUP 1
A: Temperahme

a.

OO
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GROUP 2

1. Hot wire anemometry

2. Strain Gauge

3. Chromatographic analyzer

4. Pyrometer
Coriles:

A B C
a, 1 2 3
h. 4 I 3
(13 I 2 4
. + 2 |

6. Match the following

GROLP Y

A Ziegler Nichols

B. Under damped response
., Feed-forward Control
GROUP 2

1. Process Reaction Curve
2. Decay ratio

3. Froquency Response

1. Disturbance measurement

Codes:

A B i
" 1 2 3
h. | 2 i
[ 3 4 2
d 1 4 2

vy, A reactor has been installed at a cost of
50,000 and is expected to have a wosli
life of 10 years with a serap valy
10.000. The capitalized cost {ingR
reactor based on an annual

inlerest rate of 5% i

a 113,600
b 42,000

he® exchanger. if the
baffle spacing is Ly

e 52500
d. 10,500

d —2

L+t
68, Mateh the unil processes i Group | with

the ladaatras in (Tanne

A. Saponification
B, Caleination
C, Aikylation
GROUP 2

1. Petroleum refining
2. Synthetic fibres
3. Caoment

4. Soaps and Detergents
Codes;

-

A

el S
T R ]
—

|
2
4
4
69.  Which ONE of olloWilliz process

sequences s used production of

synthesis gas”

a. Desu iongy» Steam reforming
- H TOBevele

b, wfling —+ Desulphurization

Hot W20, eyele
#C0, cyele -» Steam reforming
esulphurzation
ot K400l evele — Desulphurization

K — Steam reforming
. @ Which ONE of the lollowing process
sequences 1 used in the sugar industry?

a. CaHPOWLime  Treatment —
Crystallization — Crushing

b, Ca:HPO/Lame Treatment —» Mualtiple
stage evaporation — Crystallization

. Crushing -  Crystallization -
CasHPOWLime Trestment

d. Muoluple stage evaporahon
Crystallization - CaHPO, Lime
Treatment

Cemmon Data for Bmestiona (71, TZ & T3)

Methane and steam are fed to a reactor in molar
ratio 1° 2, The following reactions take place.
Cl,, * 210, —CO,, + 4,

CH,, » B0, >CO, «3H,,
Where €05 is the deswed product. CO s the
undesired produoct and Hs 15 a byproduct. The exit

stream has the following composition

Speaes CH: [HLO | O L. (o)
Male % 415 1088 | 1521 | 6739 | 217

TL The selectivity for desred oroduet relative

waww. StudentBounty.com
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- azeotrope 1 0.62. At
& 7 component vapor pressures for spm
d & 0,878 bar and 0,665 bar, respectively. 2
72 The fractional yield of CO i the vapour phase 1= an ideal gas mixture.
(where fractional vield is defmed us the Laar constants, A and B, are given
rativ of moles of the desired product EXpressions:
formed to the motes that would have been :
formed there were no side reactions and A= |}+ II:J{']&I Fie =|:l+_"Lﬂ:|lrl 4T
the limiting reactant hod  rcacted W
completely) 76.  The activity coefficients (. 7 gmgund
a. 0.7 these conditions are
b. 088 a. (088, 0.66)
[ b. (1.15, 1.52)
d. 3.3 e (1.521.15)
73, The fractional conversion of méthane is d. (1.52 (L88)
‘I’; :;': 77.  The van Lasn constfg (AJB) are

c. 0.7
d 0.8

Common Data for Quastions (T4 & T5)
7 o . . for Linked Answer

A liguid is flowang through a reactor ol a constant \ Lestion (78 and 79)

flow rate. A step inpul of tracer at o molar flow
rate of | mol'min 1 given to the reactor at time
i =0, The tme vamation of the coneentration (C)
of the tracer at the exit of the reactor 15 as showg
in the figure:

s rom & Jurge open reservorr and discharges
nio the open atmosphere as shown in the figure,
Assume  meompressible t'i'uld and  neglect
frictional losses. (g~ 9.8 m's %)

74, The volumetnc Mow
through the reacgor (1 i . fm
|

- |

T8 The veloeity (in m/s) at the dischurge point
is
aw 99
b 117
c. 98
d 1369
9. The volumetric fllow rale (in L/s) of waler
al the discharge is
Statement for Linked Answer a 3.11
Question (76 and 77) b. 3.67
e 30,77
d 42599

". 'i:unm mﬁtum containing species | and 2 forms

PRV iy BPUES ADM oo BRI B e s B
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Statement for Linked Answer
Question (B0 and 81)
The liquid phase reaction A — Products 15 1o be
carried oul al conslanl |lemperalure in a CSTR
followed by a PFR in series. The overall
conversion of A achieved by the reactor svstem
(CSTR + PER) s 95%: The CSTR has a volume
of 75 liters. Pare A is fed to the CSITR at a
concentration 'y = 2 molliter and a volumeltric

Now rale of 4 lilems'mm. The Kinetics of the 0.124 mm
redction s given by

/ 82, If the exil avenge cong the

Bk Y liguid is measured _jg 102

[1ter.min . kmel/m’. the total anier rate (in

80.  The conversion achieved by the CSTR is kmol/s) of the sparfely sMuble gas into
a. 40% the liquid is

o R

b 50% . 0.133 ¢
<. ﬁ“:**- . 0434
d 80" - _— . 1T

81.  The volume of the PFR required (in liters) . 1

.
d.

= B3, sler cocfTicient (in surface is
;— :gg averdged along the length of the
e 75 o4 107°
d 35 b. 227+ 10°

e 194 10°

d 164 )0°

Stetement for Linked Answer

Question (82 and 83) Statement for Linked Anawer
Quastion (84 and 89)

A thin liguid Glm Mows at stead
vertical surface as shown

sversge velocity of thia i gr l

- ;l'hc The cross-over frequency associated with a
‘s, The feedback loop employing a proportional controller

viseosity ﬂg the lx]und is 1 5 density 1s 1o control the process represented by the tramsfer
1000 kgm™ The instiglly pu id absorbs a function

sparingly soluble gas aiggas it lows down, 5

The lensth of the W m and its width is 0.3 G_(5)= — (units of time is minutes )

n. The solubilj in the liquid is 3.4 (rs+1)

107 kmolm® | conditions may be 84, The time constanl. T (in minutes) is
assumed. a 114

b. 1.92

e 223

d 539

85, if the control loop is to operale al a gain
margin of 2.0, the gain of the proportional
controller must equal
a 085
b. 287
e 339
d. 11.50
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