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ONE MARKS QUESTIONS (1 - 35)

For each of the lollowing questions (1 1o 35), four f
altemmatives - A, B, C and D are provided
Indicate the correet answer by wriling A, B, C or

D. as appropnate. against the corresponding
question number in the block in the answer book.

(Marks ' | «35=35)

I The system of equations.
I+ dy =10
Sx+ liv =25
a  has no umque solution
b.  has only one solution
c. has only two solutions
has infimite solutions
2, Four fair coins are tossed simullancoushy.
The probability that at least one head 1
up is
a /16
b 15/16
c. TR

d LK

c

3. The rank of the 1% i Elis
v |

e
harmonic senes E—;
rln

. converges for p>1
b. diverges forp =1
c convergeslorp<1

d. diverces forp<1 .

5 A solution of specific gravity 1.0 consists
of 35% A bv weight and the remaining B.
If the specific gravity of A 15 (17, the
specific gravity of B 15

\

lol K

e

125
13
I 35
12

Pure A in gas phase enters a re
of this A is converted 1o B

aen o

reaction A — 3 B. Mole
the exit stream 15
a 12

b 1/3

‘ al coefficient B represents (hree

nody interactions

¢ Vinal coelficients are funchons of
temperature only

d For some gases, Virial equations and

ideal gas equations are the same

A gas muxture of three components 15
brought in contact with a dispersion of an

organic phaseé in water. The degrees of
freedom of the svstem are

a
b,
[ -
d 6

A pipe of 1D, 4 mis ifurcated mto two
pipes of 1.D. 2 m each If the average
velocity of water flowing through the main

pipe 15 3 més, the average velocily through
the bifurcated pipes is

a 20mfs
b. 10m/s

¢ 32 mis

d Smfs

In centnfugal pumps. cavitaion occurs
when pressure of the impeller eve or vane
becomes

4 less than aimospheric pressure
b.  more than liqud vapour pressure

lad 4=




¢ less than liguid vapour pressure
d. more than atmospheric pressure

11.  For laminar flow through a packed bed,
the pressure drop s proportional to (V, 1s
the superficial liguid velocity and Dy, i the
particle diameter)
a Vil
R
e Vilny
d. VD

12, For a turbine-agitated and baffled tank.
operating at low Reynolds number (based
on impeller diameter), the power number
{Np) vanes with Nge, as

a. Nyt Nge

b Npa JN.

e N;-—»costant
d. Nya 1Ng
13, Gibbs phase rule finds application when
heat transfer occurs by
a. conduction
b. comvection
e radiation
d. condensation
14.  As the difference belween th

temperature and the bulk t
INCTeases,

I
the boiling Ir
coeficient
a. conlinugs 10 1
h mimm%

13.

: d convection and conduction
free and [orced conveclion

Hicat transfer occurs by natural convection
gcause change In lemperalure causes

differences m
4 viseosity
b. density
¢ thermal conduetivity
d. heat capacity
17 Solvent used in extractive distillation

18,

19.

20,

21

22,

23,

Jof 8

a. 18 of low valatility

b. forms & low-boiling azeotrope

¢ Torms a high-boiling azeotrope

d. does not alter the relative volatility of
the original components

The recovery of penicillin from the

acidified fermentation broth i done by

a,  distillation

b. evaporation

. absorplion

d. liguid extraction

Penctration theory

transfer coctficient @Wequa

diffusivity and ¢ is tifge)

a, (Dy'*

b. (D)}

wation of carbon dioxide In a
from 10% to 0.1% by absorplion
ureversible chemical reaction. The
overall number of transfer units based on
oas phase is
a 921
b, 4.605
e 1D
d. 0,001

{Overall order of reaction for which rate
constant has units of (mol 1) "' sec ' is

& 32

b V2

e 372

d 52

ForthereactionA+B— 2B,

i A=k

b. a=-18

C Ta— 218

d mw=m/2

The exat age distribution curve E(0) for an
weal CSTR with the average residence
time , 15 given by

i W

b (Ve
g l-g¥*

d 1-4lx)e""




24,

25.

28

An endothermic second-ornder reaction is

carvied out in an adiabatic plug flow

reactor. The rate of heal generation is

a. maximum at the mlet of the reactor

b, maximum at the exit of the reactor

<. maximum al the ¢entér of the reactor

. constant throughout the reactor

The Laplace transform of expfat), where a

= 0, is defined only for the Laplace

parameter, S = a, since

a.  the function is exponential

b, the Laplace-transform integral of
cxplat) has finite values only for s - a

¢ the Laplace-transform imtegral of
explat) has initial values only fors = a

d. the function explat) s pioce-wide
continuous only fors — a

A system with a double pole al the origin

is unstable since the cormesponding term in

the time domain

a. 15 a constant

h. grows exponentially with ime

¢. grows lincarly with trme

d. decays lincarly with time

A sinusoidal variation in the inpul passi

through a linear First-order system

a. becomes more oscillatory (
increases)

b. becomes less oscillald

liguad-filled thermowell
a manufacturing industry, bhreak-cven
oint oceurs when

a the total annual rate of production
equals the assigned value

b the 1otal armual product cost equals the
total annual sales

¢. the annual profit equals the expected
value

¢, the annual sales equals the fixed costs

Jol &
30, Hmwelloy © 5 a good material of
construction m chemical process mdustry
sinee it 18
4. highly  corrosion-resistant  and  1s
readily fabricaled
b. relatively mexpensive although o can
be fabricated with some difficulty
¢ corrosion-resstant o most
particularly because of its Cu ¢
d. light and resists attack by acg
3. In a heat exchamger, N
provided to
2. facilitate eleanin
b. increase the hea &
e, relieve stresses

¢ and fructose
lucose and galaclose
d. fructose and galactose
E) The organic acid monomer in Nylon 66 1s
a, sebacic acid
b. terephthallic acid
e adipic acul
d. benzoic acid
34 Which one of the following s not likely to
be a constituent of vegetable oils?
a. citric acid
b oleie acid
e stearie acid
d. plyeerol
35 The gas wineh contnbutes the masimum
t the heating value of natural gas is
a CO
b, COs
e Hi
d. CHy

TWO MARKS QUESTIONS (38-58)

For each of the following questions (36 1o 52),
four alternatives - A B. € and D are provided.
Indicate the correct answer by writing A B, ' or
D, as appropriate, against the comesponding
question number in the answer book. For




questions 53 to 35 two items are mdicated m the
lefi-hand column and &% tems m the nght-hand
column. Each item in the left-hand column s
closely associated with one of the tems m the
right-hand column. For cach question, white the
appropriate mateh in the corresponding box m the
amswer book

{Marks: 2« 20 = 40)

36. A box contains 8 balls, 2 of winch are
defective. The probability that none of the
balls drawn are defective when lwo are
drawn a1 random without replacement 15
a 15728
b. W16
[ [
do 18

37, The gradient of xy" + v2' a1 the point (-
L21)is
a 333k
h. 3136k
¢ 433k
d. 436k

I8 Saturated solution of benzene in water 1s |
equibbroum with o mixture of air
vapours of benzene and waler al g

temperature and pressure. Mole fraff
benzene m hgud 18 x5 and ghe

conditions are p,” and py
The partial pressure
Vipour mexiure 18
a8
b xup,” .
¢ (a2
d ;
» F ible reaction A 0 28, if the
i comstant K is 0.05 mol/hit.
w mitially 2 moles of A and
maoles of B. how many moles will be
at equilibrium?
. D253
h. 0,338
e 0152
d. 0.637
40.  Maxwells relation r.:urrmlpanding o the
wdentity, dH = TdS + VAP +» Zpdn; s

41

43,

(5,48
OF )y B,

88 ay
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Veloeity of a small parts
at a distance r {rom the re

—r B ‘P]mlr.'.
1B u
; .

4 [&umir
A B
Water s Mowmng at 1 m/s through a pipe
{of 10 em 1D.) with a right angle bend.

The force in MNewtons exerted on the bend
by the water is

a. 10427
b. Sxi2
e SVar
d. sxi2
Rate of heal transler through a pipe wall is
given by

_ 2T -Ty)

= h[i

% .

For evlinders of very thin wall, q can be
approximated by

A
In fn]
L&
by LI.H‘.F,#[I‘ L)

(%=}




45,

47

Iﬂ (£ -Ty)

(n=1)
_2mk(T -T,)
I [r +1)/2]
For a counter-current heat exchanger mr.h
Ty=80C, T, =600, Th=50C, and T,
= 30 €, and the temperature difference
between the two strcams being the same
everywhere along 2, the dircetion of flow
of the hot fluid, the temperature profile
should sanisfy

d'T

“J..I

B (=

(18 48,

=)

i el 9.

L]
=
3|
=

d —=10

Walls of a cubical oven are of thickness L.
and they are made of material of thermal
conductivity, k. The temperature inside the
oven 15 |00 ' and the inside heal transh

3
coelficient 1s Tk Il the wall tem 0

on the outside is held al 25 ©,
inside wall temperature in de

b. 43.75

e E1.25 @

d. 4825

If the specif} of @ gas and a vapour
e 0.2 and 1.5 Klkg K

& humdity is 0.01, the 51
K&

& Vapour pressures of benzene and 53
toluene are 3 and 43 atmospheres
vespectively, A liguid feed of 0.4 moles of

benzene and 0.6 moles of toluene is
vnpmiml Assuming that the products are

in equilibrium, the vapour phase mole

fraction of benzene is

a 04

Sof 8
b, 0.6

e 0.8
d, 0.2

For the liquid phase zero-order rreversible
reaction A -» B. the conversion of A in a
CSTR i found to h: 0.3 at a space
velocity of 0.1 mm'. What will be the
COTVETSION fur a'FR urlﬂ'l A Space v
of 0.2 mm " 7 Assume that the all
operating condiions are the
CSTR and PFR.

a 0,15

b. 03 O

e 06

d. 09

Consider imeversible liguid
phase re . Which one of the
Tl b volving half-hife of the

2} and the wmtial reactant
n (Cae) gives o siraight line

2 Capvs.Intjp
d. In Caogve, Ini bz

At a given value of ER (ratio of activalion
encrgy and gas constant), the rmboe of the
tate constants at 500 K and 400 K is 2 if
Amhenius law is used. What will be this
ratio i transiten-state theory 18 used with
the same value of E'R?

a L6
b 2
e 22
d 25
A comtrol system has the following
transfer funclion,
a 1
b, 1§
e B
d -1
Which of the systems having the following
transfer functions is stable?
i S

12

1
5 =243




55.

Y I

82 254 2
d expf -205)

2]
Fach item given in the lefi-hand column is
closely  associnled  with 2
characteristic  listed in the right-hand
column. Match cach of the wtems with the
corresponding charactensiic.
[Write both answers in Box No. 53
A, Transportation lag

B. Control valve 37

Increase n gan margin
Phase lag is proportional to frequency
Hyperbolic

Increase m phase margin

. Phase angle is -9~

Ea*:h of the methods given in the lefi-hand
column is closely linked to one ol the
items listed in the nght-hand column
Match each method with the
corresponding item.

| Write both answers i Box No. 54]

A, Discounted cash flow

B e e —

H. Declining halance

1. Deprecation @
2. Payout period
3. Profitability analys

. Solvage value @

4
3. Amnuty
6

mmﬂhmtﬂ i thie lefi-

the comesponding
listed in the right-hand

answers i Box No, 53]

yaon
Polysaccharide
Polyamide
Polyacrylate
Palyester
Polyether
Polyolefin

b i

Five Marka Cisatbons (38 & TH)

specific 36.

Unstable response 58,

0,

fhol &
SECTION B

Adiaver iy fifiren goeshions
(Marks: 5 -

15=75

I
Evaluate J'{4x‘+.1r}<it by trapezoidal
i ]

tule, Use a step size of 0.2, Obag
ertor bounds for this soluton, C
absolule emor of the numerical
evaluatng the inlesral analytica

Solve L4 — 0y =—bx i
dx

methods;

a. varation of par

b. arati variab
G o

are the Cauchy-Reiman
Bill-ﬁﬁﬂd for the funclion.
+ § x‘v T Where s Fiz)

ompule the distinel cube roots of
1+i)

It is proposed to produce acetaldehvde by
oxidation of ethanol in gas phase

CaH<OH (g) + 12 Ox{g) -» CH:CHO (g) +
Hab (g)

The ratio of air to ethanol n the fresh feed
(betore it 1s mixed with recyele stream) is
10 w 1. The conversion of ethanol on a
single pass through the reactor s 25%., The
unrcacted ethanol 18 completely separated
from the reaction products and recveled.
What is the ratio of recycle stream Lo the
fresh  feed  stream? What i the
composition of the outlel stréam from the
rector in mass fraction and mole fraction”

CaC0k shury has lo be dred, The drer s
designed (o remove 100 kg moisture per
howr, Air at 20 © and 40% relative
humdity, enters the drier and leaves at 63
“C amd 63% relative humadity. What 15 the
weight (in k) of bone-dry air required per
houi? The atmospheric pressure is 103
kPa. If the humidity of the ar entering the
drer can be varied. what 1 the mmimum
amount of dry air required? The constants
for Antoine equation for vapour pressure
of water in mm Hg may be laken 4z A =
18.306, B = 3816.44, and © = 46,13




6l

h3.

For the binary svstem methanol (1) and

benzene (2), the recommended values of

the Wilson pammeters ul 68 C are Aj; =
0.1751 and As - 0.3456. The vapour
pressure of pure species ol 68 C are p™ =
68,75 kPa and p™ = 11589 kPa. Show
that the given system can form an
azeotrope @ 68 C. Assume that the vapour
behaves like an ideal gas,

Flow rate of water lowing through a pipe
s bang measured by using an onfics
meter as shown in the following Ggura.

- —
. Jum 3 um ¥ ]

4. What 1s the direction of low i the
pipe?

b, Derve an expression for  velooity
through the onfice. Determing the fow
rate [or an onfice coellicient of (8

Denve an expression 1o obtain the 'I.|

required to c’mph. the w"is::'l cong

The criss sectional area ol t
the bottom of the tunk is a.
|

| of viscosity 100 ¢l 15 10 be pumped s

n n the lollowang figure. The pipe

cvery where is of 7 em LD, If the

afficiency of the pump 15 80 Y, find the

encray nequired for pumping the ml al 20
' rhr, Density of the oil is 800 kg/m™

T8

= Jm =%

63,  Obuun  expressions  for

lor o hollow sphencal congl
surface (at r = r;) 15 maikk T=Tg
and the outer s - ) B8
maintained at T =1

66. 150 kg of water is to ted in o steam-

5C o B0 C, Sieam
1-::: C. and the hent
5 m. The heat transfer
or enndansation of steam and
ater by convection are 1000
and 500 Wim® C respectively.
appropriste  unsteady  balance
tions und find the nme required (or
& haating the water Assume that the specific
heat of walsr in the temperature range ol
interestis 4.18 x 107 Jikg C.

67 Stpping of ammonia 15 L‘ﬂl‘nﬂd oul at a
pressure of 1.1 atms. One m' of water
enters the system and the ratio of the molar
flow rate of ar and thet ol the water is 4.
The inlet air and the inlet water have 0.1
and 1.0 mole percent of ammoma
respectively, The Murphree vapour plate
efficiency lor ammonia removal is 50"
and the Henry's law constant Tor ammoma
in water is 23574 « 10 atm m mol
determine the exit water composition and
the exit mir composition.

68.  Determinatuom of ¢fficieney s ennical
plale column design. The gas and Ligmd
rates are 01 and (.25 kmol/s respeetively.
The interfacial arca for mass transter 1s 33
m-m froth on the plate. The residence
time of both the lquid and gas in the froth
zone 15 3seconds, The higuid phase and gas
phase mass tanster coetficients are | =
107 mis and 2 » 107 m's respectively.
Calculate
@, liquid phase transfer units
b, pas phase transter units




T

71

Bol 8

¢ stripping factor, given that the slope of control loop are neghigible and thewr
the equilibrium curve is 3 steady-state game are all equal to unity,

. overall transfer units show that

¢ Murmphree point efficiency 4. the response of the controlled process

Twe paslish Brst-onder toactions & = B is faster than that of the uncontrolled

) T process, and

y .
?:da.ﬁw:ugsz:ﬂ:‘a khu;i;h;:;iquﬂﬁ ?ﬁ b, the offset, both for changes in I]m set
mm. of operation, 80 % of A has reacted point and in  the  load
awhile 2 moles of B per mole of € was decreases as the parameier
detected in the reactor. Calculate the rate controller is increased.
constants k; and k2 for the two reactions 73 A sccond=order process with
Assume that no B and C were initially function
present in the reactor. Y - 1
An isothermal plug flow reactor is i S
designod to give 30 % conversion of A for s controbled with ional-integrdl
a second-order liqud phase reaction "5‘, i controlley. i all the ¢ lags in the
B. Pure A at conceniration 1 kmnl:ufm! 1% contil I e ﬁgligihlu and haw
fed to the reactor at a flow rale n:fi m’hr steady-sia are all squal to unity,
The rate constant for the reachion at a o . een the parameters of

ﬂpemtmi operating lemperature 15 0.5
m kmol . When the reactor is actually
aperated based on this design. it was found
that 30 % of the mitial reactor behaved as A . - .
a well-mixed reactor while the remaining m?;:ﬁl‘?:;;tﬂ;ﬂ?ﬂﬁﬁ:;
behaved as a plug Now reactor. Caleulate this ‘cost af the end of 8 tseful life of 10

the conversion nh%umm.l m such a reactor. years, Similar equipment made of materal
For an exotharmic reaction A » B, B costs Rs. 1.5 lakhs, but is likely to have
kmol of B are to be prod € no serap value. Assume that both types of
schieving 90 "s conversion of the equipment could be replaced at a cost
isothermal batch reactor operatd a that is 20 “s more than the original value,
The reaction is Lo be start On the basis of equal capitahized costs for
the concentration ol _10 both types of the equipment, estimate what

- thal should be salisfied for

tqu?tpmﬂnl made of material A

Determine the vol reactor, should be the useful life for equipment
duration of the bate m and the made of material B. The company hay to
total heat remoged du ¢ isothermal pay an annual interest on the investment a1
operation. The gt of ghe reaction at 500 s rateof 15 %,

A reacted Followmg 75,  Write the overall chemical resclion

s available 1o (stoichiometrically  balanced) for  the

and rate constant of ;
" : . manufacture of cach of the following
n L A ot e chemicals

S00 K with 1 kmol'm” initial ;

tion of pure A showed that 20% #. vinyl acetate from ethylene

ersion is obtamed in 20 min. while b wrea from ammonia

"o conversion is obtained in 80 min. The e, styrene from ethy] beneene

ction m suspected to be ether first or & .canatic soda from beine

gpon i e, tripke super phosphate from phosphale
A proportiomal controller 15 used For the m:'k . 3 "

control of a first-order system. If the

dynamics of all the other units in the

I




