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SECTION A 6.

ONE MARKS QUESTIONS (1-25)

Write, m the boxes provided m vour answer
(boxes | to 25) the most appropnate answer (o the
followmg muluple choice questions by wniting the
letters — A, B, C or D - agamst the subquestion

= e
e .

number, (25 » 1 =25 marks)
L The Laplace transform of the function e
has the forme
i 7
-
L
|
b
sy +a)
i
c. -
*
d s+a

b

The unit normal to the plane 2x +y + 22=
f can be expressed in the vector form

a 13+ 2+4k2
3 3 3
c i—|+_,rl--r.l.'L 8
3 2 2
2 1 2
B ]
i 2
3 lim2> 51}1-1 has the
ssll p+gin 3y
a |
b =1/4 L 2
e 0
d m
4. ed matenal of construction for

for 98% sulphunc acid 15
um

L
tamnless steel 316
d  Mild steel
In the context of the chemical process
industries, the term BOD is normally
associated with
a. Charactenizaton of solid wastes
b. The orgamics concentration in gaseous

effluents
¢ Characterirzahion of hawmd afflusnts
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metal with temperature is often correlat®

using an expression of the form
L= k-{'l +aT

Where k is the thermal s.cnducuw

15 the temperature (in K). The

the SI system will be

a Wmk

b, W/m

¢ WmK'

d. None; ais just

A liquid mixture ¢ 0% o-xylene,
6% pxyl and m-xylene (all
perce wi®) Which of the
followin ts would be true m
res ture

a - ture-gxhibils an azeotrope at

| a
composition of the puxture, in
cent by volume is | o-xvlene 30, p-
wvlene 60 and m-xylene 10.
The composition of the mixture in
mole percent is  o-xylene 30, p-xylene
60 and m-xylene 10.
d. The mixture contains optical isomers.
Pure ethanol vapour is fed to a reactor
packed with Alumina catalyst, at the rate
of 100 kmolh The reactor products
comprise  Ethylene 95 kmol/h, water
vapour | 975 kmol/h and diethyl ether
2.5 kmol/h.
The reactions occurring can be represented
by |
C:Hs OH — C:Hy+ H:D
2CHe-0H-C:M~0-CaHs = 20
The percent conversion of ethanol in the
reactor is.
a 1000
b, 978
- 1
d. 25
Boundary layer separation 15 charactenised
by one of the conditions mven below,
where Re is the Reynold’s number for the
flow Select the approprate condinons.
a  Re<< |, acceleranng flow
b. Re == 1, accelerating flow
¢ Re<==< |, decelerating flow
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10, A globe wvalve ® most suitable for
applications n which
a. the valve is required 1o be either Hilly
open or fully closed.
b, flow control is required,
¢ the Muid contains dispersed particles,
4 one-way flow is requared. 17
1. The hydraulic rdios for flow o »
rectangular  duet  of  cross-sectional
dimensions H, W s

[
T

W
2{H 1) I8
(HW )
{H-w)
2HW
(H+017)
12, The work index in Bond's law tor crushing
of solids has the following dimensions
#. No unils { dimensionless)
b, EWh ton
e kW ton
d kWhm' / ton
13, The advantage of using a 1-2 shell
tube heat lnnh:mgnr over a 1-1 shell
tube heat exchanger i
a. Lower wbe side pressure
b. Lower shell side pressure 20,
¢ Higher tube side
eoeflicient
d. Higher shell
coeflicient
14 A multiple effe@ evaporitor as compared
o & single ap@rator of the same 21
fer area
coomomy
Leam economy:
er solule comcentrations in the
p . 22
15! a fixed number of ideal stages in a
ilation column, as the reflux ratio s
incressed, the difference m composition
between the top and bottom  product
Sireams o
o incresses 23,
b, decrcases
¢ remains unaffected
d. nasses through a maximum
www. 5tudentBoun

the diffusivity of the solute,
a Dia
b, Didy

¢ proportional 1o D

In a interphase mass transfer process. the
lesser the solubility of a given solute n a

transl.‘;:t process will be
a. liguid phase resistance-cont
b. gas phase resistance coppmgle

Thiele procedure
Ponchon-Savarit
when
a. uall.tra nut used
hmlts of vapourisation of the
ti less volatile components are
tly dhfferent
total condenser ik used
reaction P+ O —» R + S, molar rate of
mmumphan of Pis
i, double of thal of )
b. some as that ol Q
¢ halfof that of Q
d. 23 of that of
Molecularity of an clementary reaction P -
RSk

[ -
s Tl b e

:t change in state involving a decrease in
entropy can be spontaneous only if

a. il is exolhermic

b. it is isenthalpic

¢ ittakes place isothermally

d. it takes place at constant volume

A Camot evele consisls of the tollowmg
sleps -

a. two sothermals and lwo isentropics

b, twosobanes and two isothermals

¢, fwo isochones and two isobarics

d. two isothermals and two isochories
Locus plot of the roots of the characteristic
squation of a closed loop having the open
loop transler function
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B G have @ define
B(2e=1)(3s+1)
number vanation of K from 0 to «. The
number of loei is
m ]

h. 3
e A 30,
a4 2
24 der system wilh a time constant of 1 min 1s
subjected 10 frequency amalysis. At an
inpul frequency of | radian/min, the phase
shifl s
a -50°
b. 00"
¢ -180"
d. -45"
25 For a evlindrical mtemally pressunzed
vessel, which of the followmg closure
types would withstand highest pressure il
cach closure 18 of the same materal and
thickness 7
a. Hemisphencal

b. Ellipsoidal (2. 1) 3
e Conical
. Flat plate

TWO MARKS QUESTIONS (26-302°

26
2. The differential

d'x _dy r :

F—s2i=0w j

7y 24=0 will ha of

the {orm -

a T o™

il

28,

=

all values of p
29 Each of the chemicals mentioned in the
left hind column s very closcly linked
with one specific mdustry mentioned in
the right hand column.  Match each 33
chemical with the corresponding industry.
[Write both answers in the box provided
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(11) Purified Terephthalic
{A) Delergenls

(B) Soaps

(C) Paints and Pigments
(D) Synthetic fibres

{(B) Nuclear Fuels

(F) Synthetic Rubber
Each of the byproducts | coproducts
mentioned i the lefi hand colugfiS§
linked 1o one of the mamn gMQluc
mentioned in the rght h coli
Match the byproducts /' copgediNgs swith
the corresponding main pi -

| Write both answers iy hox phovided —
Box No. 30]
{1y Glyeenne
{11) Ammanium Chlori
{A) Kock I'Im‘
(B) Soda

()

(D) Qintibi

{ ar
of the techniques |/ processes /

ations menboned m the left hand
column i closely related W0 a specific
industry mentioned in the right hand
column. Match each technique | process |
aperation with the appropriate industry.
| Write both answers in the box provided -
Box No. 2.6]
{1} Granulation
(I1) Fluid Catalytic Cracking
(A) Cement
{B) Petroleum Relming
(") Ammonium Phosphates
(1) Ulrea
(F) Phosphoric Acid
(F}) Glass
A sample of well water contains 140 g/'m’
Ca™ ions and 345 g/m’ Na™ jons. The
hardness ol the sample of water, expressed
in terms of equivalent CaCOy in g/m’
|assummg atomic masses of Ca ; 40, Na
22.C:12and O : 16) s
a. 350
b. 485
o 1A
d. 343
Air, initially at 1013 kPa and 40°C. and
with a Relative Humidity of 3% is
cooled at constant pressure to 30°C, The

[ N P . R
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M,

35,

b A higher ohsolute (specific) humidity

¢ A higher relative humidity

il A higher wet bulb temperature

At low Reynold's numbers the power ()

required for agitatmg o fluid in a stirred

tank  becomes  mdependent  of inertial

forces. In this limit, indicate which of the

followmg relations is satishied

a Pya Rﬁ‘:_m

b prpﬂ' Rﬂlm

e Poo RS™

d PyuRe'"

P = P/ pN'D" - Power number

Re = pNDl-'p . Reynold’s number

N 15 the impeller rolational speed, and D s

the impeller diameter,

[he dependence of the volumetne Mow

rate () on the pressure drop is given by
AP a Q"

for dhifferem fMlow remmes. Match the

exponent n 1o cach of the flow regimes

given below

[Write both answers in the box provided:

Box No. 2.10]

() Lammnar flow

(IN Turbulent flow

{(A) o<0.5

(B) n=10.5

(C)n=10

(D) n 1.0

A long tron rod mmtally at 2

of 20°C has one end ch

waler (1007C) al Linie

surface of the rod i j

conduction 1s one-th

direction. The
al . M end becomes

% radiation heat flux from a heating
clement al a lemperature of 800FC, m a
furnace maintained at 300°C" is § kW/m",
The Aux when the elemen! temperature is
increased to 1000°C for the same fumace
temperature 15

a 11.2kWm*

b. 12.0 kW/m®
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38

40,

dl.

For the Awr-Water sysie

conditions,  the \

temperature and the wel-bulb-

are nearly equal, because

a, water ha a high
evaporaliim

b, Lewis number is close to unity

e they are always cqual under all
cireumstances

d. solubihity of the component
waler is very small.

If the Prandtl number s gg

latent

Schmidt mumber,
#. the thermal boun
the coneentra
b. the concentratio h
inside the thermal T v laver.
e the | @nd  concentration
boun v are of equal thickness.
d. \ mic (Le., momentum)
ver is thicker than the other

A—a B—s

were carried oul in @ constanl volume
sothermal batch reactor with  different
mitial  feed  compositions.  Reactor
temperature was same i all the cases, In
esperiments where  the ratio  of
concentration of B to that of A in mitial
Fered was less than (4 3, the concentration of
B increased first, reached @ maximum and
then dechned with time. However, for all
experiments where this concentration ratio
was (.5 or above. concentration of B
decreased monotonically with time right
from the beginning. What s the ratio off
the two rate constants (ky  ka) 7

n 1/4

b 172

g X

d 4

A spherical porous catalyst particle of
radius K is subjected to reactant A which
reacts o form B by a zero order surface
reaction A —» B. Film mass tansfer
resistance is neglgible and pore diffusion
of A 15 rate controlling. The effechveness
factor of the catalyst is reported as T8,

Which of the following statements i true ?
a. Inner catalyst core of madins RS does |
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b, Inner catalyst core of radius R2 does
nol participale m reaction

¢, Inner catalyst core of radius TR'8 does
not participate in reaction.

d. Effectiveness factor for a zero onder
reaction cannot be T'H as il must
always be 1.

Tt is desired 10 bring about 4 certam change 46,

in the state of a system by performing

work on the system  under  adiabatic
conditions,

4. The amount of work needed s path-

dependent.

b Work alone cannol bring about such a
change of state,

. The amount of work needed is
mdependent of path,

d. More mformation 5 needed 1o
conclude anything about the path
dependence or otherwise of the work
needed,

If the heat of solution of an ideal gas in a

lguid s negative. then its solubility al a

given partial pressure varies with the

lemperature as

a. solubility increases as  temperalure
increases.

h. solubility decreases as  tempera
inereases.

¢ solubility s
lempetalure,

d. solubility increases or 48.

indepen

In an inferphase heat
equilibrium state

d mtegral time T, = 1 min is initially at
steady state with error signal e = 0 and
controller output | at 10 mA. At ime | = 0,
a step change of 1 mA is given i the error
signal. The controller output will show one
of the following responses. ldentifv the
comecl one.

49,

e W il i B

SPRTRRET I TN P S
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b, 1T increases at a
mA min.
¢ 1 jumps o 18 mA un
exponentially at the rate ¢
d. 1 jumps instantaneously 1o 11 m?
then increases linearly t the rate o
mA min,
The frequency response of a dyna
clement shows a constant magnitud
at all frequencies. The element g8
negative phase shaft at all froguls
absolute wvalue of .thg 15k
increases  linearly w
clement has she transf

ol order system with the wansfer
4

———— has & d ing rabio
P e2ead PR

1on
of
a 20
b. 0.5
e 1
d. 4.0
In 2 closed loop system. the process (o be
controlled is nn infeprating process with

T |
function—_  The

B.
proposed 10 be used w  an  mtegral
comtroller with transfer ﬂln:ﬁﬂn%. When
5

a step change m set poinl s applied 1o such
a closed loop svstem, the controlled
variable with exhibit
a. Overdamped response
b. Underdamped response
¢ Lindamped response
d.
A

transfer controller

Unstable response

certain  pressure vessel manufacturer
avoids doing remforcement ealenlations
for openings by always providing a
reinforcing pad extending up to deuble the
diameter of the opening and of the same
material and thickness as that of the shell
wall, If area compensation 15 aceepted as a

OO
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21,

32,

o only if the opening i on the spherical
vessel,
b, only 1t the opeming s on 4 vertical
eylindrical vessel
¢ only if the apening is on a honzontal
eylmdrical vessel
i arrespective of the shape of the vessel.
For a cylndncal vessel of moderste
height, the weld jont efficiency for jomis
parallel to the cyvlinder axis is given as 1.0
while for  joints  along  the girh
(circumfierence) it s given as 0.8 In
calculating the shell wall thickness using
code formula, for an intemally pressurized
evlindrical vessal. what value of weld joint
efliciency should be nsed?

a 8
h. 0.9
c 10
d. (0.8

Ethylene Oxide s produced by the
oxidation of Ethylene over a calalyst
Safety considerations dictate that the
gascous mixture entering the react
should contain 10 mol air per
Ethylene, The conversion per pass
The Ethylene oxide formed s ¢

(1) Caleulate thg quantiiy wre makeup
oxyeen lo be o lied"n keh, in steady

'k diagram showing
flows and compositions.

h the reqinsite mass balance(s)
ing made.
e relevant reaction is represented by
2CH, + 0y - 20.H40
(g (8) (g)

| Assume alomic masses as: C = 2,0 = 16,
-1
A Muid is pumped through a long
horizontal pipe of diameter 13 and length
L. using a centrifugal pump. The flow in
the pipe is laminar with the Fanning
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53.

5

rate (Q) characteristic is given 1
- o po

where @ and [ are constants.

a, (ibtam an expression for the pressi
drop n the pipe (AP) in terms of the
volume Qow rate (),

b. Obtamn an expression for the
operating flow rate m the
assummg that the only 3
the avstem 15 due Lo the

In the lower portion of a

pellets is ® all times, and the
nitial of the pellets as 80°C
The coeflicient for a pellet
fallifle in afis h = 208 Wm* K,

pfan expression for the change of

erature of a pellet with ime [T(H].

alealate the height of the tower For a
pellet to conl to 60° C.

100 moles of an Acetopinile -
nitromethane mixture s differentially
distilled mn a batch still at a pressure of 70
kPa, The feed contaims 74 mole “e
acetonitrile. Dhistillation s continued ull
the liguid let behind in the stilt contains 32
mole %o acetonilrile. The vapeur-liguid
equilibria for the system al this pressure
are correlated as follows
y*=105x+0.153 for 03 < x =0.52
y*=0TTx 0 0.28 for 052< x = 0.8,
where x and v* refer to the mole fractions
of acetonitrile in the hiquid and equilibium
vapour, respectively,
Find the average composion ol the
distillate collected,
A liquid phase, first order, reversible
reaction A [ B is carned oul in a
continuous stured lank reactor (CSTR)
Molar demsities of A and B are same.
Orther things (such as space lime, Mow rate,
lemperature) remaming the same, a leed of
pure A e the reactor resulls in 40%
conversion of A, while a feed of pure B
results i $0% conversion of B Estimate
the reaction equilibrium constant. Assume
steady state operation m both the cases. "
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Five Marita Questions (55 ta TT)

Answer any TEN questions from thie section
Write all your answers in the answer book All
questions cary equal murks.

(10 « =50 Marks)

56, The mass balance equabons of a blender
are
D2F +DEBE;=03F
F| +F F3=F
Express the equation set given above m a
matrix form A X = b where

"
x{.’l ﬁJ
FE F
Find the mveme of the matrx A. Use
matnix inverse A o caloulate —i‘- and
ﬁ'l
F
57.  Find the dimensions of a hollow cylinder
with bath ends closed which can held

. 5 g
2T 0F of watér arid hae misimtm outer

grirface ared.

products mentioned in the
colnmn. Match the equipm
corregponding product.

(1) Fermenlar

(1) Membrane Cell
(111} Waste heat boiler

Wi

Cement

Yellow phosphorus

Sodium metal

59 Y Answer the following |

a, Each of the products mentioned mn the

left hand column requires one or more
of the raw materials / starting materials
mentioned in the nght hand column.
Match the prodocts with the

arwennwats o matomallst [ oharkiee

61,

4 K
58.  Each item of equipment mentioned in
left hand column is identified with th
manufacturing process for one

62.

63.

wwnw. StudentBoun
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{1} Urea
(1T) Phenal
(A) Air
{B) Talnene

() Carbon dioxide
{12) Nitne oxide
(E) Methanol

(F) Ammoma

{G) Propylene

(H) Cumene
Which of the following gase
likely to have the lughest
value ?

a. Sewage Gas
b. LPG

aqugous solution of 20%
gradudlly to t °C, to
Na 0O 10H0.  The
aCOxal t* Ciz2.1%. l
le: percentage of Na:CO: |
gl e in the form of crystals,
@1 e. o logs of Na:CO: through the
fiher lignor adhering to the crystals and |
no carry over of crystals with the mother I
lquor). Draw a neat block diagram
ghowing the mlet and exat compositions
and flow rates.

|Molecular weight of Na:CO: can be
assnmed to be 106 and that of water to be
18],

1000 kg/h of a thermic flnd, to be nzed as
a heat transfer medinm. iz bemg indirectly
lieated in a heater. from 380 K to 550 K,
Calenlate the heat load on the heater, in
EW. Also estimate the mean heat capacity ||
of the thermic flnd over the temperatire
range of mterest.

The heat capacity equation for the thermic
fhud 15 -

Ce=1436+ 000218 T,

where Cy 12 in kd/kg K. and T 121 K.

A round flind jel impinges on @ fiat plate
and spreads out radally to form a Alm of
decreasing thickness as shown below,

OO
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64, The radms of the jet far from the
stagnation point () is 1, and the velocity
is . Assume the flow 1o be mviseid and
axisymmelric, and neglect gravity, Also
assume that the velocity profiles are fat
far from the stagnation poinl The pressure

specific heat capacity of the uid 13

oulside the jet # atmosphene and the and its densily is p.

densily of the fuid (p) s constand. b. Obtain an expression for the optimum

a. Obtain the velocity of the fluid m the diameter at which the heal exclfing
film (—v(r)) and the thickness of film length 1s minimum assuming )
(1(r)) at any radial distance r far from where C is a constant,

the stagnalion point 68, A pure gas is bubbling
b, Obtain the normal force acting on the of ligud at a sufficrently
plate. bubhles are well s
65. A concentrated suspension of spherical other. The bubbles
quartz particles n Water settles under in diameter. and ris
gravity, The particle diameter is D,=10"m of .24 m's, At any g
and 1h-|: particle density 15 p, = 2650 can hexmlq’d the Hquid volume
kgm' The mital wvoidage in the beng 3.1 The hguid contains
suspension is £ = 0.8, no dj stant with, and may be
a. Obtain the expression for the terminal assufaed t well mixed at all times The

coelMerent for this situatson
=n by Highie's Penctration theory as

velocity (u) of a single particle
assuming Stoke’s law to be valid,

h. Find the initial sctting veloaity (w) of
the particle m the suspension ginven

e =g e
¢ Caleulate the upward velocity of wa

in the suspension resulting from
setting of the particles for s - 0.
66, The wall of a cold storage unit co
brick laver (thickness &y =
conductivity kg = 1.4 W/m
layer of polyurathane fias
0.05 m, thermal co
WimK). Assume on

where
D = diffesivity of the gas in the liguid

= 210~ m*/s, and
t* = time of contact between liguid

clements and the gas, s.

Determine the time it takes for the higuid
to  ottain 50% of the saturation
econcentralion
64 The carbon dioxade issuing out of a
Fermenter contain 001 mol fraction of

transter by rough  the cthanol. which has to be reduced to (L0001
composite wall. the the inner surface mele fraction by scrubbing with water in a
of the pol layer is al temperature countercurrenl  packed tower. The wzas
b of the brick layer fAowrate i 2273 kmolh and may be
L ) assumed constant throughout the tower
u cxpression for the heat fux The equilibrium mole fraction of ethanol
area through the “"'ll!- in the gas phase(y’) is related 1o that in the

late the rate of heal gain when [ hquu:l (x) a8

« —10°C and T}, = 40°C ThF: surface ¥ = 1.07 %
agca for heat transter i 260 m”. L Determine the minimum  liguid  rate
A fluid 1s healed from a temperature 1) to needed. and the number of overall gas-side
Iy in a double pipe heat exchanger with transfer units noaded st 1.5 limes the

steam condensing in the outer pipe at a

e minimum hguid rate. The entering liguid
temperature T.. The flow rate of fluid in

may be assumed 1o be free of ethanol,

the mner pipe (mside diameter D) is . 70, Steady state plug flow reactor (PFR) data
and the heat transfer coefficient is b, The for isotherjm] ineversible reaction
film heat transfer cocficient for the A R
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is a8 shown in the table. Reactor space
time was 10 seconds m both the cases.
Other things such as feed and product
denaly, reactor lemperafure cle. ane same
in both the cases.
Concentration of A(k mol/im")
In Feed In Product
Cascl | 0.3
Case I1 2 0.553
If the reaction is known to be of non-zero
integer order. find the reaction order and
the rate vonstant.
A particular motal reacts with a certain
liquid and the product passes into solution.
[hree non-porous solid spheres of same
metal and of diameters 10, 20 and 30 mm.
respectively were placed in o very large
stimed pool of reactive liquid at the same
time, After an hour, it was found that the
pool had only two spheres of diameter 10
and 20 mm, respectively. After another
hour, the pool had only one sphere of
diameter 10 mm.  This  sphae  also
disappeared ailer another hour.
Explain  these  observations  through
approprate derivation usig 3 more hkely
rate controlling step oul of the followin
Iwao,
(1) Film mass transfer
(11} Surfage reaction
A misture of A and B conlo
Raoult's Taw. The pure
pressures Py™ and Ps™
by (1in °C)

In P = 14.27 -

T4,

i 75,

\

T,

2

InPy™ - 14

If the int of a certsin mixture of
' al a total pressure of 80

e composiion of the first

al Forms.

tion Na + Os = 2NO takes place in

gas phase at 2700° ( and 2025 kPa,

© reaction mixture intally compnses 15

13
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mole % oxygen, 77 mol3
the rest merts. The standar®
Energy change for the reactif
kI'mole at this lemperature. %
ideal gas behaviour, caleulate the 7
pressires of all species al equilibrium.
The charactenstic equation of a closed
loop uunirnl system 1

P25« D88 =565+ 1+ 035K
Find the lmiting value of K - K g
which the closed loop svsie
unstable

A photoelectne  pyrom;
measure the lempergty
having a temperatu

I'mlnﬂiarraa-pnmaw gf

1 5 Each s ingthe field of view of
pyrom billets are so placed
on there 15 a one second
in een the exit of one-billst from

iew of pyrometer and entry
next billet in line. The ambient
ature 15 50°C. Assume that the
s operation for a few hours.
Write equations for the rising and falling
portions of the pyrometer response.
For a flanged jomt. is proposed 1o use baolts
on a flamge with bolt root diameter of 12.5
mm. The allowable stress for the bolt
material i 150 MN/m™ . The total bolt load
i L6 NN Recommend a mmiminm
number of bolts that should be provided.
f‘apmﬂ cost of a p:pcl.m-r: of exotic material
is estimated as 3 D" Re/m, where D is
pipe  diameter wm mm  The annual
mamienance cosl is eslimaled as 109 of
the total capital cost. Annual operating
cost of the pipe 1s given as follows

4
Annual operating cost = M
D" myvear
Estimate the most cconomic pipe diameter
based on the least annual cost approach to
the nearest multiple of 10mm Estimated
amortization period s 10 years
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