GATE - 2001

CHEMICAL ENGINEERING
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SECTION - A
ONE MARKS QUESTIONS (1-25)

This question consists of TWENTY FIVE sub-
questions (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 cach sub-guestion by
darkening the appropriate bubble on the
OBJECTIVE RESPONSE SHEET (ORS)
nsing a soft MB pencil. Do not use the ORS for
any roogh worke You may like to uwse the
Answer Book for any rough work. il needed.

(Marks: 1| = 25=125)

| The value of the following determinant
| A B A
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ly  general expression  for
; iquid phase equilibrium at low to
deridlle pressures 15

r.PZ g Irl||

where §; is a vapour [ugacity coefficient. ¥
15 the liquid activity coefficient. and " 15
the fugacity of pure component 1 The K,
value {v; = Kixi) 15 therefore, in general, o
function of

a temperature only

ww. StudentBoun

¢ lemperature, pressure, and ligud
composilion &, only

d. lemperature, pressure,
EGI’I’II]BSIH‘.'HI K.
composiion ;.

High pressure

adiabatically and reve

insulated wrbine
shall work IT theQenthally Lhange and

entropv change acrOWwsfhe turbine are

represent U:d AS, respectively.
for tus p ;
. =0

and AS =10
=1l and AS =)

the case of a fuel gas underpoing
combustion with air, i the ar/fuel ratio 15
mereased, the adiabatic Dame temperature
will

4 Increase

b decrease

c. increase or decrease depending on the
el ype

d. not change

The Power number for a surred tank
becomes constant alt  high Revnolds
number. In this limut, the vanation el
power mput with impeller rotational speed
(N) 15 proportional to

a Ny

b N

6 N

d N

The operation of a Rota meter is based on
a  vanable flow area

b rotation of a turbine

¢ pressure drop across a nozele

d. pressure al a stagnation point

Applyving a pressure drop across capillany
results in a volumetrie flow rate Q) under
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0.

1.

7

13

the same pressure drop. n a capillary of heat transfer coefticien!) ™

the same length but haif the radius is of vapour- gas misture)
3 Q2 i

a, ——=1
b, QA4 kr{"?
e (8 5
d Q16 b. E‘f—“ﬂ
The heat transfer by radiation from a mild "
steel surface is to be reduced by reducing g oy
the emussivity of the surface. This can be L
best achicved by e
a. pamting the surface black d *F—'=

b. painting the surface white

e SW“‘E the surface a mirror finish 14. The converswon fi order,

: irreversible reactiofll (comgtant w:Iumr:}:
d. roughening the surface o X . :
Heat transfer by natural convection is . b ! by
enhanced in systems with i I *
. high viscosity 1=
b. high coefficient of thermal expansion b @
e low temperature gradients ;
d. low density change with lemperature o
The surface renewal [frequency in .l'*“
Danckwerts” model of mass transfer is +hC ot
given by (ki mass transfer coefficient, sl
s 2 “ i k'l['_nf}‘
n k0, 15, The resction rate constants at two different
B .i'f D, @ temperatures T and 15 are related by
p \
: i uf)EL L
& kD g B A
; k) Ef1 17
For gas absorption th a transfor b. In J;— —__|
unit. based on gas is given by k) R\L T,
(G: superficial Gpolar, gas velocityy L lrk " BlL 3
superficial uin’whui‘l}r: Fa: mass coexpl L l=— —- —J
transfer ol m®s: a: interfacial \&) R\L T,
¢ of tower) F :
o enfl)-ELL)
k) R T,
. 6. The E-curve for a non-ideal reactor defines
s fhe Fraction of fluid having age between 1
Cia and t < ot
., Ga a. ot the inlet
F, b. at the outlet
I ¢ in the reactor
d PG d. averaged over the inlet and outlet

17.  The calibration data of a thermocouple

The Lewis relation  for  an-water with its cold junction at 0°C arc given

hiwiudiBaation e ocdvesn ey s maee
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Vi, st semerfiite 0101 [ 11
|_“. T

LSRR R, v} ] Ll blied
The hot junction of the thermocouple 1s 1
placed in a bath ar 80°C while s cold '
Junction is at 20°C, What is the emf of the
thermocouple?

a 326mvV

b .80 mV

c 246mV

d 243 mV

A process 1s initially a steady siate with
its output v = | for an input u = 1. The
inpu s suddenly changed 1o 2 a1 tme r =
0 The outpur response 8 (1) = 1+ Ir
The transfer fumction of the process is

2,

2
-a_ pa—

L]
b. I+

[ 22

| 2
d -[l+—]

N |
The nheremt characteristics of an ey
percentage valve relating Mlow rate g wi
valve stem movement x are des

the equation

0 :—:}zk +
i g
L 2

plate has holes of dinmeter dy
a pitch, py Each hole has a
id. d, passing through it The 25
efficiency is given hy
p, =4,
™

5 Pu=did 12
. -ir—f—!—n

o ‘B -,

.

= el

24,
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d- rﬂk = "'ib
[

The ends of 4 cylindrical vess®

closed by a head, which can be o

four shapes For the same thick

choose the one which can withstand

highest pressure

a flat plate

b hemmspherical

¢ torispherical

d ellipsoidal

An imvestment of Rs

annual profit from op of the plant 15

Rs. 20 | al gvill be the payhack
time?

i ¥

b ears

N ears

of the steps duning refining of cane
sugar consists of addition of hydrated lime
io the sugar syrup followed by carbonation
of the resulting solution. The purpose of
this step 15 to
a  Adjust the pH of the syrup.
b. Remove the colormg matter from the

syrup.
¢ Reduce the viscosity of the syrup.
d  Improve the rate of ervstallization of
Sugar.

Styrene 15 produced from ethylbenzene by
the process of
o Dehydrogenation
b Oxidation
e Alkylation
i Delydmbion
In the Mud catalvhie cracker (FCC). the
cracking reaction 18 ss{f}=== and the
regeneration is —{h)-—
a (a) Exothermic (b) Endothermic.
b. (&) Exothermoc (b) Exothermc
c. [a) Endothermic (b) Endothermic.
d (a) Endothermic (b) Exothermic,
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TWO MARKS QUESTIONS (26-830)

This gquestion consists of TWENTY FIVE sub-
fuestions (26 - 50) of TWO marks each. For
cach of these sub-guestions, four possible
answers (A, B, C and D) are given, oul of which
only one is correet. Answer each sub-question
by darkening the appropriaie bubble on the
ORIECTIVE RESPONSE SHEET (ORS)
using a soft HB pencil. Do not use the ORS for
any rough work. You may like to use the
Answer Book for any rough work, il needed.
(Marks: 2 % 25=50)

26.  The functhon, flx )=+ ¥ —xp-x—p+5
has the
a. Maxmmumat{l, 1)
b Saddle pointat (1, 1)
. Mmimum at (1. 1)
d. None of the abave at (1, 1)

27. A fair die is rolled fowr times. Find the
probability those six shows up twice.

ol :
b 3
32
-
" 36
5
i ..:.j.-
216
28 A bulane Bomerizati
70 kmolh of pun: '1 pmg::
]v contains
5“-‘npunly (mole "o)
-butane contaming 1% %
I'be flow rate of the g
e Maxwell relation derived from the
differential expression for the Helmholtz
free energy (AA) 15
b. (85/aP), - (a1 ar),
wwnw. StudentBoun

3,

d. (as/ar). =(aP/a

At 100°C!, water and methy
both have vapour pressures o
Ao at 100°C. the latent )
vapourization of these compounds
4063 kI'mal for water and 31.55 kI md
for  methyleyelohexane.  The  vapour
pressure of water at 150°C is 4.69 algmyd
150°C,  the vapour  pressyss
methyleyelohexane would be gfhe
be:

a, significantly less than
b. nearly equal to 4,

) ot*umml.} W= 10Pas
10 kPa, is sheared

m. The top plate 15 mnvmg
ity of 1 m/s, The shear stress

d. 40 kPa

Air enters an adiabatic compressor at 300
K. The exil temperature for a compression
ratio of 3, assuming aiwr to be an ideal gas
{y = Cp /Cy = 7/5) and the process to be
reversible, is

a 300(3*7)

b 300(3*%

e 303"

d. 3003"")

The energy required per unit mass to grind
limestone particles of very large size to
100 pm 18 127 kWhiton. An estimale
(using Bond's Law) of the energy to grind
the particles from a very large sixe Lo S0
L s

a 635 KEWhiton

b, 9.0 KWhi'ton

e 18 kWhiton

d. 254 kWh'ton

The Sieder-Tate correlation for heat
transler in turbulent {low m a pipe gives
Nuow Re"™, where Nit s the Nusselt
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vilid, the heat transfer coefficient varies 39,
with pipe diameter (1) as

a j}i-l..I

b D*

‘_"I Du:

d D"

The overall heat transfer coefficient for a

shell and tube heat exchanger for clean

surfaces 15 L'g = 400 Wm K. The foulmg

factor after one year aof pperation is found

o be hy = 2000 Wim k. The overall heat

transfer coefficient at this time is

4 1200 WK 40,
b, 894 Wim'K

¢ 333 Wm'K

d. 287 WK

The heat flux (from outside 10 inside)
across an insulating wall with thermal
conductivity kK = 004 Wm K and
thickness 016 m s 10Wm™ The
temperature of the myide wall 15 -5°C. The
outside wall temperature 15

m AN

b. 3PC

& 390 m
d. 40°C

he interfacial area per uml
dispersion. in a gas-liquid ¢
fractional hold-up of gas
bubble diameter = (1.5
m*m’)

a. 300

S0 drv basis) is subjected
process for a period of S0UDs.
occurs in the constanl rate
ith the drying rate as Ne= 0.5 -
ke/m’s, The initial moisture content of 42.
solid 15 0.2 kg moistwre kg dry solid.
I'he mterfacial area available for drying is
4 m /100 kg of dry solid. The moisture
content at the end of the drving period is
(in kg moisture/kg thy solid)
a 05
b. 0.05

[ |

wwwnw. StudentBoun

al & mass fraction xr = 0.2, The
splits mto an estract phase F

and xx = 0,05, respectively. The lotal mass
of the extract phase s (i kg)

€ G.E9
b. 8.89
e 10
d. 825 @

The mean conversiogg stream,
for unmnd-nrdun@ reaction in
a.

a non-ideal flow reafar is Slven by

m“ = EI:I]T]:H
J" expl -kt )
Yo
For a vapor phase catalylic resctiom (A + B
» ') which follows the Rideal mechanism
and the reaction step s rate controlling, the
rate of reaction s given by (reaction step is
irreversible, product also adsorbs)

E(r)di

oo WS,
i, n ]+-lt:‘p_' +_|t:‘ _p.,
N
' 1K yp; + K, p,
o kplpﬁ

UK, + Kt K P,
i wiaLale
Wkpy

The first-order. gas phase reaction
A—"132Ris conducted isothermally in
batch mode. The rate of change of
conversion with time is given by

¥

. b= (1-X Y 1e2Y
o A il N
b. 'i:;f‘:J;-,{I—,".]'pl:hﬂ.ﬁ.t'.l
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43,

4,

46.

A ;
& ?‘-—:kl[l—.i_,]

X 5 :
4 SAog(1-x,)(1+X,)

An ideal PID controller has the transfer
fanction  [1+1/(0.55)+02s|.  The
frequency at which the Magmitude Ratio of 47
the contraller is |_is
0.5

02

0.2

0s

N P

|

il
30.2 <0.5

The block diagram of an integrating level
process i mven below. For unit step
change in the set point Ak, =1 with
Ad = 01, the offset exhibited by the system

A,

il = 'Ez.l'l'lﬁ

An investmen! of Re. 1000 & carrying an
mierest of 10% compounded quarterly.
The value of the investment at the end of
five years will be

- e |

v, StudentBoun

b, 1000(1+0.10)"

5
& m}o[iiq-'l]

d mw[n%j

P 15 the investment made on an equoipg
S 18 118 salvage value and 1 is the §

the equipment i vears. The defrediyt
for the m™" year by the Su
Diagits method will be

o

o O
L

d. No relation exists

In the comverter of the contact process for
the manufacture of H.SO., the equilibrium
conversion of S0 ——fa)—- with iricrease n
the temperature and ---(b)}— with increase
in the mole ratio of SO to Ay,

a. (a) mereases (b) decreazes. |
b. (a) decreases (b) increases.
¢ (&) increases (b) mereases.

d. (a) decreases (b) decreases.
For the hydrogenation of oils, ==(a)-=- 15 ||
commonly nsed as catalyst, and -—(hj—- 18
a catalyst poison.

@ (a) Plabmum (b) Sulfir,

b (a) Palladium (b) Oxygen.

e (a) Nackel (b) Sulfiur.

d. (&) Nickel (b) Oxygen.
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FIVE MARNKS QUESTIONS (51-TO)

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: 5 x 15=175)

3l The parametnc equation of a curve IS
— 21— .
Flt)=ri +— wheretis the parameter.
!

0. What tvpe of come (parabola, circle,
ellipse, and hyperbola) does the curve
represent’?

b, Find the unit tangent (o the curve m t -
|

¢.  Find the unit normal to the curve atr = 25
L

Laplace wransforms;
a '%Imw that the |aplace transform of ¢”'

FEmE

=0

=
()

b. Show from (a) that
I = s :ui
¢  Show from (b that
; "R
Listan)]=

56

I’U‘hm plant. Assume

reaction 15 the
ol propane to propylene,
reactions, The vield of
r puss 15 30% (1.¢, 30% of the
mg the renctor 15 converted
lene), Assume that the amount of
formed on the catalvst is negligible
product Mow rmte (stream Sq) is 50
maolh, Calculate the flow rates of all the
other streams. MNofice that all sireams
excepl stream Sq are pure,

& " 5 [y % |
e F ®| Pt SR,

wwwnw. StudentBoun

and S0 bar (50 - 10"

isothermally compressed in a

piston and cylinder device (o

pressure of 300 bar (300 X

Assuming ideal gas behaviour (R ~ 8
102 bar m'/kmol K),

a Write a geperal expression for
energy balance for the gas wi
piston and cylinder devie
system, and define nll the 1eRgs

b, Caleulate the vol
compressed carbon d @
har.

s at 300

c. Calculate the Wik ddfle 0 compress
the carbon dioxi

d, Calcul
L

he 'S heat fow on

15 wsomenzed o
tane@nd neopentane at 500 K and
pressure.  Determuine  the
um composition (mole "a) of the
ompanents. Stale any assumpbions
& Consider the reactions to be:

a n—C M. (g)=wn-CH ()

b. #-CH.(g)nea—H,(8)

Equilibrium constamt for reaction (a) o
500K, K, =3,519

Equilibnum constant for reachon (b) at
500 K, K: =10682

The inlet velocity of water (p ~ 1000
kg/m’)in a right angled bend-reducer 15 v,
= |m's, a5 shown below. The mlet
diameter s Dy = 08 m and the outlet
diameter 158 D = 04 m The flow s
turbulent and the velocity profiles at the
inlet and outlet are flat i(plug flow)
Gravitanonal forces are neghgible

v B

vy R0y

a. Find the pressure drop (P, — P:) across
the bend assummge negligible [riction
losses.

OO

-Homework Help & Pastpapers


http://www.studentbounty.com/
http://www.studentbounty.com

37

58

o )

b If the actual pressure drop is (Py - Pa) G0
= 8.25 kPa, find the friction loss factor
(K. ) based on the velocity v,

The volumetrie flow rate during constant

pressure filtration is

i . i

et K F g,

where V 15 the (wotal volume of Altrate

collected m time 1, and K. and o are

constants

a. Integrate the above equation to obtain
a relation between V and t

b, Make a sketch of t/'V versus ¥V from
your results.

g Given¥ = | 0litreart=4|3sand V =
200iteratt= 1083 s, find Ko

A 200 W heater has a sphencal casing of

digmeter 02 m The heat transfer

coeflicient tor conduction and convection
from the casing fo the ambient air is
obtamed from Ny =2+06Re"* Pr'" with

Re=10" and Pr = 069, The temperature

of the ambient air is 30°C and the thermal

conductivity of aris k=002 Wim K.

@ Find the heat flux from the surface

il

steady state
b. Find the steady state
temperature of the casmg. 62
¢ Find the temperature of f
steady state for stagn y 15
this situation physig 7
A 1-2 shell and tube ger has
liquid (specific heat C AP al a mass
> and  saturated
T, ®ondensing on ihe
RN

where T 1s the temperatwre of the

liquid, N is the number of tubes in a

pass, z 15 the distance along the tube, D

15 the mner diameter of the tubes and LI

15 the overall heat transfer coefficient (]

based on the mside surface area

b Obtam an  expression for  the
temperature of the ligud at the exit of

the heat exchanger, T2 The length of

FY SENTIVIEN [ERUN IR SR B SNSRI . SRRSO [ B

wwwnw. StudentBoun

For a counter-current, nm
show that il the driving f
ransfer 15 constant for all tras
number of stages 15 grven by

=%
F ¥ —piX,
ll"I "' -I{-
YN‘-i. X N,
A sugary substancef 15 a pot of
milk (minally contalQne o A) and stired
vigorously by a s that the
CORCEntra - & Cu s umform

ass transler coetficient

Ntk to dissolve A, Assume that the
@ iquid imterfacial area Stays constant
Oughout the dissolution process and is
given by a = (000 em” Denve the
expression for Cy versus time, | Find the
time taken fort", (", =095
¢ =510 kmil/m®, Yy = 1000 em’
The conecentration versus batch bme data
for a constant volume. isothermal batch
reactor 15 wiven in the Table below.
Assunung the reaction to be first order in
A find the best value of Kk by least
S{juares regression

[ i E [N EE NG
092 (089 |08 076 072 | 0.70)

C, (anotim’y | 180

A CSTR and a PFR of equal volume V

{each) are given for the conduct of a
second-order, sothermal, ligud phase
reaction. The reactors are to be arranged
sequentially (in senes) Find the values of
the conversionr for the two possible
reactor arrangements
AL Bk, =1m' kmal s =01

kmol/m's and = 55 (for volume V)

Find the expression for the effectiveness
factor of a catalyst pellet in the form of a
thin slab such that the area ol two opposite
faces 15 much larger than the area of the
other four faces Material A can diffuse
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conditions,. The two large faces are g,
separated by a distance 2w, the effective me=— |—

diffusivity of A in the slab is Da, and the il [

rale constant is denoted by k). _ (alculate lhq diameter of the con™

The hot junction of a thermocouple having 08, A E{‘lﬂ“ designer hﬂi‘: o choose ;-

lime constant + mm. i initially at room equipment 1 and cquipment 2. Equipr
temperature of 307C. AL time 1 = 0 min... it 1 is made of special matenal and requird
is placed in a bath held at 100°C. The no mamtenance. The cost of the equipment
thermocouple is connected to o recorder is Hs. 3.00.000, Equipment 2 is of a
which has fast dynamics. Att= 2 min., the cost material and costs Rs. 1.50. 9

hol junction is withdrawn [rom the bath s i - -

and held in the air which s al 30°C, From mainienance cost of Re 10,000

the recorded data, the value of 17t at t = pard at the end of cach

2 min. is given to you dl'dt = - equipment 2 18 four yen

25°Cmin. al t = 2 min. Is this data equipment [ is § yeoff.

sufficient to caleulate the time constant of compounded  anniglly. Faleulate the
the thermocouple? I so, suggest a present worth of inves to be made F‘.ﬁt
procedure for calculation of the time choose the option
constant <. loWwer present  worth.

hay o salvage value of Rs

The tanster [function of o svslem :
A wipment 2 has no salvage

conasting of a thermal process. valve and
meEasuring system is given by

AT (5) 5 i propriate  struclural  formulae,
= he equabions representing  the
J";”.\‘I {E,T*lﬂupﬁ-i""”“.h—l} mg mugum 1m Ihg
Initially @ proportional controller with stotchiometricatly balanced form.
proportional sensitivity Ky 15 used The a, Dehydrogenation of isepropanol to
controller cyuation 1 acelote.
Af(s)=K, (AT, (5]-AF(5]) where b. Hydroformylation of propylene 1o
the st point. Find the value of K K liyiayiabytio .
Sbave Galaak Whe Kliked ‘1 : e Nitration of toluene to o-nitrolaluene,
u-ﬂllﬂhl:- Eﬁﬂ vOu use 'hi! is @ d U’:ﬂdllinl‘l of cumens (o comenc
closed loop response at K fune h:fmm.“dﬁ SR NETEm
2 THD) contsolier 16 be A tiihe e, lsomensation of n-hutane to isobutane.
o Suleviats the 70, Answer each of the following questions in
ome senlence.

a. What function does the membrane
perform in the membrane cell tor the

/s and gas densily, po manufaciure of NaOH?

' gt e ode T &y 3;] ls. E’Iﬂl 55 the g;ncrifi chemical !:':;1: for

z 3 i =y g class of polymers w arg

nid :!?;mt: P;E;. I:ET :.gm ' commercially known as nylons?

e ﬁl' 4 l:: o H;(E'} No H‘:“.: ¢ Name the commonly used process for
P T e manufaciure of synthesis gas from

lation for this [Eruusum drop is the natural pas,
2 d. Whal change in the design of the
1531Ge | == i
2 synthesis  gas  compressors  has
= W revolubionized the Ammona
P = Py | = manufacture during the recent years?
where K = flow coefficient. . liguid e Stale the major advantage of the Krafi
viscosity = 107 N/m?, Gy, = gas flow sate process over the other processes for the
per unit cross sectional area. kg/(m’s), ¥, = manulicture of paper pulp?

packing factor = 170 m'. K is given by the
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