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SECTION-A (75 Mariks)

This question consists of TWENTY FIVE sub-
guestions (1 - 25) of ONE mark each. For each
of these sub-questions, four possible answers
(A, B, C, and D) are given, out of which only
one is correct, Answer each sub-question by
darkening the appropriate bubble on the
OBJECTIVE RESPONSE SHEET (ORS)
using a soft HB pencil. Do not use the ORS for
any rough work. You can use the Answer Book
for any rough work.

(Marks: | ¥ 25 =25)
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i Which of the following conditions are
satisfied at the ertical poimt by the P-V-T
relation of a real Mud
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Which of the followi
FArO vecior a
a Va=0

b Vso=
=3
d

ing fow rate. the hyvdraulic
“ol a centrifugal pump
notonically decreases

¥ decreases and then increases

¢ remumns constani

d. increases and then decreases

For Mlow past a fa plate if x 15 the
distance along the plate in the direction of
flow. the boundarv laver thickness is
proporional 1o

a
1
b —
s
-2
g 2

For turbulent flow of an incompressible
Mluid through a pipe. the flow rate Q 15
proporional to (AP)". where AP 1s the
pressure drop. The value of exponent n is

&

b 0

e =1

d =]

For an 1deal plug flow reactor the value of
the Peclet number is

a 0

b =
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1.

12

13.

15

The extent of & reaction is
a.  different for reactants and producis
b, dimensionless

¢ dependent on the stoichiometric
coefTicients

e, all of the above

An exothermic reaction takes place m an 16,

adiabatic reactor. The product temperature
(choose the correct option) ... the reaclor
teed temperature

a. 1% always equal to

b, s always greater than

¢ 15 always less than

i may be greater or less than

Methane s mixed with stoichiometrie
proportion  of oxygen and completely

combusted. The number of additional 17.

specifications required to determine the
product flow rate and composition is

a n

b 1

e 2

d. 3

If the baffle spacing m a shell and tube

hest exchanger  increases.  then  th
Reynolds number of the shell side fluid

a. Rumams unchanged

b, Increases

e Inereases or decreases d
number of shell pagses

d. Decreases

The total mvestiment

lakhs and the annual p

is 10 years, then the

ed loop poles of a stable second

#, both real and positive

b, comples conjugate with positive real
parls

¢ both real and negative

& one real positive and the other real

negative 2L

A first order syslem with unity gain and
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18,

o Qhvestment is 19,

system could be 20,

input of fregquency o =
ratio for this svstem w
g |

bh. 0.5

a 11’\6
d. 0.25
IF oy is the equivalent diameter of a non-
spherical particle, v its volume andff;
surface area, then its spherigg
defined by

a p,=0v 'ds

b. @.=v ids,

loing size reduction
=] = ecreasing order of the
avenffic 1ze produced by sach of
(e

shers. Ball mills, Flwid encrgy

all mills, Jaw crushers. Flnd energy
mlls
. Fluid energy mills. Jaw crushers. Ball
mills
d. Flud energy mills. Ball malls, Jaw
crushers
From among the [ollowing, choose one
that is not an exothermic process
a. Methanol synthesis
b. Catalvtic cracking
¢ Ammaonia synthesis
d. Cwidation of sulphur
The commonly used solvent in
superentical extraction is
4. Methyl-ethyl-ketone
b. Water
e Carbon tetrachloride
d. Carbon dioxide
The average boiling pommt of aviation
turbine fuel 1s closest 1o that of
4. Lubricating oils
b. LPG
c. Diesel
d. Kemsene
The number of degrees of freedom for an
azeotropic mixture of ethanol and water in

OO
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b 1 26,
e 2
d. 0
22 The partial molar enthalpy of 8 component
im an wleal bimary pas mxilure of
composition 2, at a tlemperature T and
pressure P, is a fumction only ol 27
e
b. TandP
¢& T, Pmdz
d Tandz
23 Which of the following identitics can be
most casily used to verify steam table data
tor superheated steam
a (Ariar), =—(ap1ag),

b. (#7/0P), =(8V(88),
e (8P/aT), =(as10r),
d. (8V/ar), - -(es/éer).

24 The dimensionless group in muss transfer
that is equivalent to Prandtl pumber in heat
transfer is

a. MNusselt number
b. Sherwood number
e Suhmidt number
d. Stanton number
25. The Reynolds analogy for mo
heat and mass transfer is app
Loy
#, Crases in turbulent
b. Gases in laminar
¢ Liguids m turbul
u

29.

T™O -u (8 LJESTIONS (26-80)

wh—qumlinnﬂ. four possible
B, C and D) are given, out of which
¢ 1s correct. Answer each sub-question
kening the appropriate bubble on the
GB.IECTI\']L RESPONSE SHEET (DRS)
using a soft HB pencil. Do nol use the ORS for
any rough work. You can use the Answer Book
for any rough work. 10,

(Marks: 2 % 25= 50)
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The coefficient of ** in
cos % about 0 15
5 2
b, @1
[
d -l

off-specification baiches
and 2 for grades A, B &
The probability ¢
gpecification  ba
chosen storage arca i

= 4

18
216
The drag coefficient for a baclerium
moving in water at | mmvs, will be of the
following order of magnitude (assume size
of the bacterizm to be 1 micron and
kinematic  viscosity of water to  be
10" m*5)
a. 24000
b. 24
e 024
d. 0.44

%as-:dcrmt} = 1.5 ke/m’, viscosily = 2
107 kg/m s) Howing through a packed bed
(particle size = 0.5 cm. porosity = (L5) ot a
superficial velocity of 2 m's causes a
pressure drop of 8400 Pa'm. The pressure
drop for another gas. with density of 1.5
kpm' and viscosity of 3 + 107" kp/m &
flowmg at 3 m's will be
a. B400 Pam
b. 18900 Pa/m
e 12600 Pam
d. 16800 Pa'm
A pulse tracer is miroduced in an ideal
CSTR (with a mean residence lime 1) at

fiman = M Tha dlaan babue Fae ke =elb
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3L

concentration of the tracer to reach hall of

its initial value will be

a I

b. 0.3«

e 0053

. 0.6932

A balch adiabate reaclor 8l an inibal

temperate of 373K 18 bang used for the

reaction A — B Assume the heat of

reaction is -1 kl'mol at 373 K and the hew

capacity of both A and B (o be constant

ind equal to 530 Jmol K. The temperature

rise after a conversion of 0,5 will be

g 50

b. W°C

T g o

d. e

Sleam undergoes isentropic expansion in a

turbing from 5000 kPa and 400°C (entropy

© 6,65 kJkg K) to 150 kPa (entropy of

saturated liquid = 1.4336 k)kg K, entropy

of sarated vapour = 7.2234 klkg K).

The exit condition of steam is

a. superheated vapour

b. partially  condensed
quality of 0,9

¢ saturated vapour

d. partilly condensed
quality of (1,1

Aceording 1o the Fenske

will be the mmimum

required w4 dwst

separate an eqmmnll

componenis A

Iraction conlam

35

'

vapour  wi

Yva

mixiure nf
an overhead
W‘nulc % A and a
taining 98 mole %o B?
ative volatility {(@an =
¢ appreciably in the

ar.

A1 em diameter sleam pipe, carymg
steam al 180PC. w covered with an
insulation (conductivity = 0.6 Win (') I
loses heal 1o the surroundings at 30°C
Ausug:: a heol transfer coelficienl of 8.0
Wim 20 for heat transfer from surface to

3b
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the insulation thickness 18
heat loss from this msulatedy
a. greater than that of the
steam pipe
bv. less than ihat of the un-insulated
pipe
¢ equal to that of the un-ingulated steam
pipe
d less than the steam pipe with
msulation
1000 kg of hquid at 30°C 1
vessel has to be heated
mmmersed coils carryi
aiﬁfﬁli”f‘.. The area
m’ and overall hea
the Tiquid is 1500
loss Jto surrounding and
t?uf the hiquid to be 4
taken for the liquid to
crature will be

a1

Fresh orange juice contsms 12% (by
weight) solids and the rest water. 90% of
the fresh juice 1 sent 10 an evaporator Lo
remove water and subsequently mixed
with the remaining 10 %6 of fresh juice.
The resultant product contams 40 s solids,
The kg of water removed from | kg fresh
juice is

a 04

b. 0.5

e 0.6

d 0.7

1 kg of a saturated agqueous solution of a
highly soluble component A at 60°C 1s
cooled 1o 23°C. The solubility limits of A
are (0.6 kg A)ike water) at 60°C and (0,2
ke Ay(ke water) at 25°C. The amount, in
lgs. of the crystals formed 1

a D4

. 025

e 032

d. 0175

In the hydrodealkylation of toluene 1o
benzene, the following reactions oecur
Gl il B H
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40,

41,

Toluene and hydrogen are fed to a reactor
m 4 molar tatio 1:5. 80 %o of the toluene
pets converted and the selectivity of
benzene (defined as moles of benrenc
formed moles of toluene converted) is
9%, The fractional conversion of
hyvdrogen is

a 016

b 0.144

e D152 43
d 01306

If an amount R 15 pud at the end of every
vear for u years. then the not present value
of the annuity at an interest rate of 1 is

(1+f) =1
g il
(1) 1]
1y |
e Rl+i)

o N

h. R

g e
(14 1) &
A company has a depreciable inves

of Ks 36300 which i depreciated in ¢
installments in two years. Assume
tax rate 15 50 "o and interest rate
Ihe net present walue of
company would have savedWif i
depreciated 273 of the in ;

tarst vear and the rest 1

& N0

h. 250

; 'S 45,
nse of o first order

the
vear, 18

b | ZX|
2’2 | 4
Fi
—=_{}
ol
n
d. | th=
2
wwwnw. StudentBoun

allowable design stress of 8
125 N/mm* and corrosion al
mm. The thickness of the ves
length'diameter ratio of 3 will be ¢lo?
a, 5mm

b, 6 mm

¢ 8 mm

d 10 mm

A composite wall consists of Iy
and B placed m serics n
of heat. The thermal cong
and kg and the specific h
Cop and Cwp, R ale
respectively.  Plaidg B
thickness of plate A° dy stawe, the

tempera \ m':f across plate A is
greater s plate B when
s G

It takes 6 hours to dry a wet solid from
50% moisture conlent o the eritical
moisture conlent of 15 %« How much
longer will it take to dry the solid to 10%
moisture content, under the same drying
conditions  (the eqwlibrium  moisture
contenl of the solid 1s 5%.)

a. 15 mmn

b, 51 mm

¢ Tl man

d. 94 min

What is the critical rolational speed, in
revolutions per second, for a ball mill of
12 m diameter charged with 70 mm
diameter balls

a 0.5

b L0

e 276

d. 0.66

A sand mixture was sereenad through a
slandard  10-mesh  screen. The mass
fraction of the oversize matenal m feed,
overflow and underflow were found to be
0,38, 0.79 and 0.22, respectively. The
sereen effectiveness based on the oversize
i
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o 068 8
d. 0.62
47. A naid vessel contamming three moles of
nitrogen gas at 30°C, is heated to 250°C
Agsume the average heal capacities of
nitrogen to be G, = 291 Jimol*C and C, =
208 Jmal "C. The heat required,
neglecting the heat capacity of the vessel.

137281

19206 ]

4576]

127121

48, Im of an 1deal gas at 500 K and 1000 kPa
expands reversibly to 5 tumes iz imtial
volume in an insulated container. If the
specific  heat capaaty (ol constan
pressure) of the gas 15 21 J/mol K. the final
temperatore will be
a 35K
b: 174K
g 2K
d 154K

49 In the manufacture of sulphuric acid from
elemental sulpimr, the followmg sequence
of major operations is followed
a. fumace —» converter — absorber
b. fumace — evaporator —sab
¢. finmace —» convener — eva
d. converter —» fiomace

50 Conzider the produch
miethare and @mr as

= T = R

33

Fi 'E MARNS QUESTIONS (51-70)

This section consists of TWENTY questions of
FIVE marks each. ANY FIFTEEN out of these
questions have (o be answered on the Answer
Book provided,

Marks: S« 15 =75

ww. StudentBoun

Sodinm  hydroxade 1=
glectrolytic cell by the ¢
brine.

aWﬁfeﬂtamacﬁmlsttﬁﬁ

Mercmjr Cell and a Dmphmg_m Cell’
b. Mercory  cells  produce  more
concentrated NaOH solufion com
to membrane  cells.
membrane cells are widely

this trend

¢. Define the deco '
an electrolytic (81 use for producing
NaOH

d If 115 10" Coulombs is used to
deposi Qiuivalent of NaOH.
w ent elficiency of the

the followang differenfial equation

& -
—tmf=x "
dt

. Find a general soloton fo the
lineariged equation.
b. Determine the infegration constants if
20y=1.
01 65 0
Manx A=|{08 0 04

0.1 05 06
property that it satisfies Ax = x, for any
vector x.
a. Whnite the chamcteristic equation to be
golved for elgenvalues of A,
b. Based on visual observation. find one
of the eigenvalues of A
¢. Find the other two eigenvalies of A,
Consider the fow in 2 hquid film of

constant thickness (3) along a vertical wall
as shown in the fignre below.

has the

OO
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Assuming laminar, one-dimensional, fully
developed Now, the y-direction Navier
Stokes eyuation reduces to

dlv 0

aF T

(where vy is the veloeity in y direction, i
the viscosity and p is the density of the
liquid.)

a State the boundary conditions to be
used for the solution of velocity
profile?

b. Solve for the velocity profile.

¢ I Q is the volumetric flow rate per anil
width of the wall, how i it related to
the filny thickness 6,

I'he power required o str water (density =

1000 kg/m’, viscosity = 0.001 kg/m s) in a

laboratory expenment with the mpeller

(Hameter = § om. 'hlp.d_v.:: width = 1 cm)

rofatme at 5 rpm oas 107 W, Consider an

indusirial stimed wvessel where a fluid

(density = 900 ke'm®, viscosity — 0.184

kg'm &) has 10 be stired at 1 pm using an

impeller of 16 m diameter and 032 m

blade widih.

#. Show that the laboratory experim
and industrial viessel are geometne
and dynamically similar.

b, Estimate the power requi
industrial vessel,

An' Mows through a smoa

diometer and 10 m

pressure drop throu

Pa, estimale

i, the arr va!n ¥ Ih@ugh the whe and
the frict

b. the reoelficient  using
X ogy [ 1y = (1) (b .
15 the Stanton Number and Pr
Prandil Number.
s constant. R - 8206 cm’ alm/mol K
i, 184 59,
. Dther

Darcy fnction factor, [=——
Re™

relevant propertics of am under ths: given
conditions: viscosity = IH 107 kg/m s,
density 1134 kg/m’. specific  heat
capucity. CL = LD46 kFke "C. thermal
conductivity = 0.028 Wim “(*

A double pwe countercurrent heal

wwwnw. StudentBoun

&

intide pips has at inner disnset
and wall thickness of 3.56 mn.

lo heal transfer from the inner pipc ih
assurming the individual film heat trunaf'ar
coefficient for water 1o be 6600 W/
caleulate:

a the individual hs:al mml'

b.

ertics of benzene: viscosity =
s, thermal conductivity -
'-’{'_‘ specific heal ca ,p.'lmtjf .
., density = 837 kg'm".
hm.m inblbs  free energy for
eyclohexanone (1) phenol (2) 15 given by
(ﬁ‘ RT‘) =—=2, b
where, % and xs are the mole fractions of
components 1 and 2 in the liguid phasc.
The vapour pressures of components at
417 K am =75.2kFa  and

Py = 31,66 kPa.

a. Denve lhe expressions for activity
coeflicients of each component as a
function of composition.

b. Venfy whether the expressions derved
in (a) satisfy the Gibbs — Duhem
cualion,

¢ Determine the equilibrium pressure P
and vapour composition for a liquid
phase composition x; = (L8 and 417 K.
Assume vapour phase to be weal gas.

Methane gas is compressed m a steady

stale flow process from 101 kPa and 27°C

Lo 500 kP and 165"C. Assume methane Lo

be an wleal gas under all conditions [K =

%3 14 VmoE K; specific heat capacity,

CeR = 17 ¢+ 0009 T(K) and

sumoundings lo be at a  comstanl

temperature of 27°C. If the total entropy ||

OO
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il

a. The specific enthalpy and specific
entropy changes of methane,

b. The wet shaft work done and heat
exchanged with the surroundings, per
muole of methane

¢, The thermodvnamic efficiency of the
process.

The mass fux from a 5 cm dismeter

naphthalene ball, placed m stagnant air @l

40°C and atmosphenc pressure, 1s | 47 ¢

107 mol/m® s Assume the vapour pressure

of paphthalene to be U.15 atm at 40°C and

neghgible  bulk  concentmbion  of
naphthalene in wir. If ar starts blowing

across the surface of naphthalene bail at 3

m's by what factor will the mass transfr

rale  incrcase. oll  othor  condibons

remaining the same?

For spheres:  Sh=2.0+01.6 (Re)"* (8e)"*

where Sh is the Sherwood number and Se

15 the Sehmidt number. The viscosity and

density of air are |8 + i’ kz/m sand

1123 kg/m’, respoctively and the gas

constant is $2.06 em” atm/mol K

Ammonia 15 produced by the followin
reaction

production. the feed 1o an ad
contams | kmolls  of 4
stoichiometric amount

K What i the
conversion i the re
temperanire ri 0SS
not exceed 190 ¢
product streams to be
e heat of reaction at
the ¢ reaction 15 caleulated
klmol, Mean molar heat
es (Cy) in the range 700 - RO0 K,
~ (00249 and 0 0492 klfmal K for
hvdrogen and  ammoma,

lowable
. 1fAhe adiabatic
tor should

respectively,

It 15 desired to extract acctone from a foed
cantaming acctone and water, using
chloroform as the solvent. in two cross
current extraction stages as shown below

wwwnw. StudentBoun

tmnuscible, The following data are j,ﬁ'i-l‘l

for the process

(1) The feed 13 an equimolar
of acetone and water

(1)  The guantities of c-hlu d

m the two stases 2
{w) 60 mole % of
foed 15 ext

(iv) The extmet ate phases

exitmg ﬁ‘n stage aré in
I'hi: equilibrim |
gr thc distribubon ol

i the

Sinles ol scelome m chbwufum vich phass
\hlm ul chibmifirrm i chidoratiorm nch phase
cate (with the help of the above
diagram) the components i each
shream.
b Determine the quantity of chloroform
used i each stage per mol of feed.
¢. Petermine the mole fraction of acetone
in final product stream.
A countercurrent multistage stopper as
shown n figure below is used to remove
an mpunty [rom a cream using pure
steam. 100 kg/hr  of ligwd  ercam
contaming 20 parts per millions (ppm) by
weight of impunty is fed to the stripper, It
Is desired 10 reduce the concentration of
mmpurity 0 the cream to | ppm. Assume |
that the liquid cream does not evaporate
and steam does not condense. The
equilibrnium relation 15 v = 10%, where »
and x are the ppm of impurity in steam and
cream, respectively

LTy

OO
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a. Indicate schemancally on a x-v plot,
the equilibrium line and operating line
tor minimum steam Dow rale.

b Determine the mmimum flow rate of
steam required

¢, Ifihe rate of steam input to the stripper
15 1.5 times the minimum. determine
the wequired integral number of
theoretical stages.

A sinple chemical resction A — H is

being carmed out in two CSTRs connected

m sefies. The volume of the lirst reactor 1s

1.5 times that of the second reactor, The

temperatures of the reactors are such that

the rate constant in the first reactor s 1.5

fimes the rmule constant an the second

reactor,

13 |

&Im-l[ﬁ

CSTR 1

oo | 12375 mol

a. s the data piven above consistent for a
first order reaction kinstics? Justify.
b. Is the dat given above consistent for
second order reaction Kinetics? Justifs
An enzyme immobilized on the s
a non=porous sohid catalyzes, aPs
substeate reaction according
order rate cquation given by
V= LS
IS

-

Where \?".

parameters
cuneaniralio

j the reaction

thegubstrate (reactant)

riace of the sohd,

te 15 inhibited by liquid-

sler resistance, find the

rate expression for eénayme

al steady state in lerms of Vg,
Ka® the  bulk liquid  substrale
concentration SO and the film mass
transfer coellicient L

- IF the reaction rate is of the first order
even at the bulk ligwd concentmtion,
what will be the value of the
effectiveness factor for the following
valugs of the reaction [W‘ﬂmm‘crs \

) !mlcm 5, K=2* 107" moll. k=
4+ AnYemie
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(6,

67,

taken 1w be the temperature insi
mouth, which 15 usually higher thau
temperature n the armpit by 05 K
Assume that the true body temperature of L
paticnt is 312 K and the thermom
mitaally at 300 K Also assum
thermometer behaves like a
svstem with d time consty
a. Obtain a relaton for
reading 1(1) us agh
terms of s 1
and body tempe 3.
b. How long shoold T2 thermometer be
plac @ni's mouth in onder
o e t the eror in the
e is not greater than
%
he body lempersture i the
pit 1s less. the measurement made
= using the thermometer s
corrected by adding 0.5 K. How Jong
should the thermometer be placed in
the wrmpit in order o ensure that the
an-or 10 the corrected measurement 15
not greater thun 0.05% of the true body
temparuture.
Consider a system of two lanks in serics as
shown below:
Fy

— :

by

The level by i Tank 11 15 measured and

hus to be controlled by manipulating the

fow rate Fy. It is given thal Fo = 0.005h

and Fy = 0,0025h; m’/s. where b is in m.

The cross- sectional areas of Tank | and 11

are both equal to | m*.

i, Determine the teansfer function of the
process

b. Compute the time constants of the
process. 15 the open loop process over
damned. under damned or enticallv

OO
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c

An engmeer has

If proportional control s used with
constunt K. = 0, determine the value af
K, for which the closed loop response
becomes eritically damped

& pump for

_ : purchased

which the installed cost is Rs. 2 lakhs, I
no annual maintenance 15 camed out on
the pump, it will have a service e of 5
years, with no salvage value On the other
hand, if unnual maintenance is camied out
at i cost of Rs. 10,000 per vear, then the
puimp will have a service life of 7 vears,
with a salvage value of Rs. 10,000

o

Denve the formula for capitalized cost,
in terms of Cy (imitial purchase cost of
the equipment) S (salvage value), n
ilifetime), Cy  (wonual - end-of-vear
maintenance cost) and i {interest rate),
Assume that the cost of replacing the
equipment at the end of its service hife
is the same as its mitial cost

If the interest rale 15 10%, determing
based on capitalized cost analysis,
whether annual mantenance on the
pump should be carried out or not
{neglect depreciation in vour analysis)

A canteen requires hot water for us di
washing For this purpose, the can
draws 0.4 kg/'s of water at 298 K

wastewater leaving the dish
333 K. In order to save

w 353 K in a fired-hes

temperature of 10 K shot
in the exchanger
g Determine (he maximum

© n the exchanger 15 1200 W/m® K and

to which the incoming Wate
heated in the exchanger

the specific heat capacity of wa

heat exchanger.

IF the cost of the exchang
was 2 « A" “{mlukh o

is the exchanger &
Marshall and
1982 and 2
respectively, ¢ cost of the
exe the year 2000
I a filtra e® if V is the volume
in time 1, a general
gwen as
m.i +H.

15 the spec:ﬁi: cake resistance, By

15 the filler medium resistance, A s the
filler area, ¢ 15 the concentration of solids
m the slurry, p is the viscosity of the
filtrate and AP 15 the overall pressure drop,

a Filtration experiments were carmied oul

at a constant pressure drop on slurry
contatining 20 kpm' of CaCOs;
witter. The data obtauned from the plots
of UV vs V ot two different pressure

drops are given in the table below
[ Prvsiie oo 071 | Slage iWle’) | Dedeverp (lier] |
5y |r L5 »5
| Bl | i3 | 84

IF the fiher aréa is 0.09 m' and the
viscosity of the filtrate is 0.001 kg'm s,
determine the specific cake resistance and
the filter medium resistance corresponding

o each pressure drop
b Determine  from  the above
whether the cake 15 compressihle?
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