GATE - 2000

CHEMICAL ENGINEERING

" _——— = = E e TTEI & —‘—._._-__-,_'rz—"-?_—_c— =
s

SECTION- A

ONE MARKS QUESTIONS (1-29) 5

For each af the following questions (1 to 29)
four alternatives A. B, C and Dare provided.
Indicate the correct answer by wriling A, B. C
or ). as appropriate, against the corresponding
question number in the box in the answer
book.

|| (Marks: 1 x 29 = 29)

I A pair of fair dice 1s rolled simullaneoushy
The probabiliy that the sum of the b
numbers from the dice equals six is

|
a_ —
i}
3, A
36
5
-
36
A
12
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For an even function fix),

1 Tﬂrmwu +(b,
<&

rQr the differential 7
-+ =lanx. s

b j_f{—.t']-:it=ﬂ

e flx)==fl-x)
d fx)=r(-¢
The integr

sin 2x

I1%a binary liquid solution of components
A and B, Il component A exhibits positive

deviation from Raoult's law. then 8
component B
a. exhibits posiive deviation from
Raouli’s law.
b exhibits negative deviation  from
Raoult’s law.
www. StudentBoun

dm-iaiiun Irom Raoull’s law,
Assume that benzene i= insoluble in waler
The normal boiling points of bensen
water arc B0 1°C and 100°C, res
At a pressure of |-alm, the boli
a mixture of benzene and water

a 80.1°C

b. less than 80.1°C

c [Dh0PC

d greater than & 1°C less than
IS

On a P - ¥ diagram ol an wdeal gas,

suppese ers@le adiabatic line

inlersects ihle ssothermal hne at

point A. the slope of the

o
iabatic line [-L_—‘: and the
&F Jy

of the reversible isothermal line

e
s FLEF )

The molar composition of a gas s 10 H-,
1% 05, 30% CO: and balance M0 I
S0% M0 condenses, the final mole
percent of Hz in the gas on a dry basis will
b

a 1%

b. 3%

c 1818%

d 20%

For a sphere falling in the constanl drag
coellicient regime, its termimal velocity
depends on its diameter (d) as

g d

b, fd

R
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1.

11

12

14

In a fully turbulent flow (Re = 10") in a
pipe of diameter d, for a constant pressure
gradient. the dependence of volumetric
fow rate of an incompressible fuid is

a d 5
b.
e d*
d o

In the lammar boundary laver flow over a
Mat plate, the vatio (6 %) vanes as;:

4. Re 6.
b. JRe
|
= ia
d Rv.':"'i

where 6 18 the boondary laver thickness
and x is the distance from the leading edge
in the direetion of fow.

For laminar flow of a shear-thmnmg liguid
in a pipe, if the volumetne flow rate is
doubled, the pressure gradient will

increase by a factor of

a2 (

b. <2 ¥
g >3

d 112

The Grashof number is defined a4 the ra
of

a. buoyancy 1o inertial forees,
b. buoyancy o viscous forees.
e inertial to viscous for
d. buoyancy to surfac !
A sphere of radius. i a
sphere of radius. Ra. vigh (ot shape)
factor for radisgive heat™iransfer of the
outer sph W re@pect o the inner
sphere is

n 0

b, G2

18.

RY 19,
R,
The absorption factor 1 defined as

L
L
mis
g
mil,

mlL 20,

wwwnw. StudentBoun

where L = liquad flow rate. &
tate and m = slope of the equilibruM
AL 750 K and I attn. the approximate
of the Schmidt number for air 1s
a. 0.

b. 0.1

= |

d. 10

For the n™ tray (counted from

of a distillation column) N
trav efficiency is given by

ey — X
u.' = L]

TeCabe AL law states that the

molar  heats  of vaporization of
components are nearly equal.

b. linear ervstal growth rate depends on
the degree of super saturation.

c. linear crystal growth rale does not
depend on the crystal size.

d. linear erystal growth rate depends on
the eryslal size.

The experimentally determined  overall

order for the reaction A + B —» € + D is

twa, Then the
a reaction s clementary  with  a
moleculanity ol 2.

b. moleculanity of the reaction is 2. bul
the reaction may not be clementary.

¢ reacton may be elementary with a
malecularity of 2.

d. reaction s elementary  but
moleculanty may not be 2.

The reaction A — B s conducted in an

isothermal batch reactor, I the conversion

of A increases hinearly with holding time,

then the order of the reaction 15

a

b 1

[Tl

d: 2

For the liguid phase parallel reactions

the
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i

26

-y A=t E, = B0 LW mol
o
A
TRE kO Ey= 120 Wiimol

the desired product s R A Ingher

selectivity off R will be achieved if the

reaction 15 conducted at

a. low temperature m a CSTR

b high temperature ma CSTR

¢ low lemperature m a PFR.

d. high temperature in a PFIL

In solid catalysed reactions the diffusional

elfects are more likelv 1o affect the overall

ribe of reaetion for

A fast resctions n catalysts of small pore
diameter:

b, last resetions m entalysts of large pore
diameter

¢ slow resctions in catalysts of small
pore diameter,

¢ slow reachons m catalvsts of large
pore digmeter.

Iy petroleum refimng. the process used for

converston ol hy drocarbons (o aromalics 18

4 catalytie cracking

b, catalyiic refirming

¢ hydrotreatmg

d  alkvlation

Commeraially. ethylene 15 produced fro:

naphtha by

i, eatalviic crocking

b catalytic dehydrogenation.

¢ pvrolysis

d. hydrocrackmg,

with piOsphoric acd
witksulphuric acid,

ep response of the (runsfer
25=]

{Fs+1)(4s+1})
y state nsymptotically after

. Bmonolonic inerease,
b o monitone decrease.

reaches its {inal

¢ imtially  increasing  and  then
decreasing

d. imbally  decressing  and  then
mereasing.

I'he unil step response of the trunsfer

4. has  non=zero slope M
b has a damped oseillaton
e s overdamped,
d 1sunstable,
27 Seledl the correct stalement
following.
a The frequency response of 4 pur
capacity process 1s unhounded.
b. The phase lag of a4 pure tme g
system  decreases  with
requency
The amplitude ratio of
process is mversely py

B

[requency
d The umphlude Wpure time
delay system ith frequency
28, Fuor a leedback contio™W®em o be stable
the
a. rools characteristic  equation
b. fles ¢ the closed loop transfer

should hie 1 the left half of
> complex plane:
plots of the correspondmg open

pop  transfer  function  should
monolomeally decrease.
d poles of the closed loop uansfer

funetion should he m the nght halt of
the complex plane.
29 For a tvpieal project, the cumulative cash
Mow is zero at the

n, end of the project life
b. break-even point

¢ start-up.

d end of the design stage

TWO MARKS QUESTIONS (30-53)

For each of the following questions (30 to 53),
four aliernatives — A, B, €, and Dare
provided. Indicate the correct answer by
writing A, B, C, or D, as appropriate, againsi
the corresponding guestion number in the
answer hook.

(Marks: 2 = 23 = 46)

k(Y The line
|_. x
j |F 4+ P
umit cirele wround the ongin traversed onee
m the counter—elockwise direction, s
h -2z

integral of
dx} where C s the

waww. StudentBounty.com
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3

32

33

34

d
; ’ |
The inverse of the matix i <1

a.  Does not exaist 36

N w[l 1]
-
_[05 -05
W [—ﬁ.j -u_s]
0.5 05
s e

The complex conjugate of IL 15
i

i 37
I~

b oAl =)

¢ 0.5(1-1)

d in the first quadrant of the complex
plane

The general solution of

dly  dy

Pl

a (Crsls)e +{C,+C x)e™

b Ceosx+(" sinx+C e’ 40" '

e e +Ce"

d

(£ +Cx)eosx+{C +x)s1
where € 0, U5 und € are ¢
The thermal efficiency of a ih
1

ETEME  operatmg VETI
thermal reservoirs 1s EVICE 18
used either as o refn r as a hear
pump between s Then 1
the coefficient \Gof oFmance as a

and the coefficient of
pump (COP )y are
g LC Plijp= 0.6
=25 (COPjup=15
=~ | 5, (COP)p=25
) = (COPlp=25
a wiven temperature, K, K; and K; are
cquilibrium constants for the followng
eachions |, 2, 3 respectively

CH.(g)+H0T CO(g)+3H.(g) 1

CO(g)+HO(g)L CO(g)+H.(g) (D)

CH, ()1 2H.0)g)| €O, (g)+4H. (g) (})

Then Ki, K; and K; are related as

a K,=KK, "
wwnw. StudentBoun

The sphericity of a solid particle of o8
shape is

a 7

(by wo ) Suspension ol
a viseous oil has
clfity of 444 um/s If

1 hindered setting

A 1 m high bed made up of a mm particles
ts to be fludlsed by an ol (density 900
kg/m";, viscosity 0.01 Pa s). If at the pomt
of meiptent fluidization, the bed volage is
39% and the pressure drop across the bed
15 10 kPa, then the density of particles is
a 2574 ky/m’
b 3514 kg/m’
¢ 4000 kg/m'
d 4350 kg/m’
A free jet of water of cross-sectional area
0.02 m* and veloeity of 20 m/'s strikes a
plate and then flows n the plane parallel to
the plate as shown n the figure below. The
honzontal component of the force on the
SLpport 1s
I.Ill AN
= gl . L '._

V=70 mi _}HJ

il b=
Fred jo:
ol waicr

a 200N
b 400N
¢ 2000N
d 4000 N
A stanl enhara of radie 1 1 moor 400 K e
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41,

43,

of the sphere reaches 350 K m 20 minutes,
how long will it take for a 0.05 m radius
steel sphere 1o teach the same temperature
(ol the centre) under identical conditions?
Agsine that the convective heat transfher
coeflicient 1 nfinilely farge.

a. 5 min

b. 10 min

g 20 mm

d. A min

A vomposite flat wall of o mace s made of
two matenials A and B, The thermal
conductivity of A s twice of that of
material B, while the thickness of layer of
A 15 half of that of B, I the temperatures at
the two sides “of the wall are 400 and 12040
K. then the temperature drop (in K) across
the laver of maleral A 15

n 125

b. 133

e 150

d. 160

For turbulent {low m a tube the heat
tansler coelfivient & oblained lrom the
Dittus-Boalter  correlation, TP the tube
diameter 5 halved and the flow wate o5
doubled, then the heat transfer coefficien
will change by a factor of
o

h. |74

e Al

d 37

The individual mass trans
(mol'm® &) for abs

i pas mixture into a h

45 and kg = 1.5
equilibrium I L
ﬁ:llmvmg

id —— and gas — side.
ratory test rum, I]1= rate of drying
found to be 0.5 « 107 kgfm s when
moisture content reduced from 0.4 1o
(.1 on a dry basis. The cntical maoisture
comtent of the matenal is D08 on a dry
basis. A tray drier 8 used o drey 100 kg
(dry basis) of the same moterial under
identical conditions, The surface area of
the material is 0.04 m* kg of dry solid, The
hmc.' mquuud (in seconds) to reduce the

(RS Y RSB b R SRR T B N

wwww. StudentBoun

45,

A6,

48,

20010
SO0
S000
GUM)
Thn: conversion for o frst-order
phase reaction A — B in a OSTR 1
If' another CSTR of the same volume 1
connected in series. then the ®o conversion
il the exit of the second reactor will
a. 6

b. 75

e 20

d 100

The following half-hif
for the mwreversible
A —» products:

it

[ =

order  series  reaction
A—"—sB—tba" & conducted in &
batch reactor. The initial consentralions of
A, Bf li]'llil L {‘.‘.ﬁ.u, ‘.'mh [_'[*[h. I-'i:!-]m"l'l\-ﬁ:l'y]
are all non=zeroe. The vanation of Cyx with
reaction time will not show a maximum if
a8 Ry kCo

h'r kjFlU k*[:m

& Co>ly

[\ T £ 3

Al o
The reaction A — B s conducted in an
adubatic plug flow reactor {FFRJ Pure A
al a concentration of 2 kmulrm 15 fed 1o
the reactor at the rate of 0,01 m'/s and at a
temperature of 300 K If the exit
conversion 18 2¥a  then the ext
lemperature (in K ) 18
a. 400
b, 500
e GO0
d. 1000
Data; Heal of reaction al 298 K = -50L000
klkmaol of A reaclad
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Heat capacities, Cpy = Cpp = 100 klkmol
K (may be assumed to be independent of
terperatnre.)
49 The mate comtrolling step for  the
heterogeneons  imeversmble  catalyhe
reaction
A(g)+Blg)—>Clg)
is the surface reaction of adsorbed A with
adsorbed B to give adsorbed C. The rate .
expression for this reaction can then be 53
wntten as

FIVE MARNS QUESTIONS (34-TO)
Answer Any Filteen Questions
(Marks 5 %15 = 75)

50.  Find the directional derivative of u = xyz
al the point (1, 2, 3) In the direction from
(1.2,3) 10 (1, -1.-3)

independent

| %5, Soeinioial gosde motieasol ot igidlin
according to the reaction

CO(g)+2H,(g)C CHOH(g)

bar. detenmne the
converted into CH- equilibrinm.
Assume that th eacﬁ? mixture behaves

53, Inah e actvity coefficient
1, in the entire range of

.18 given by

¢ B, A and B are constants, Denve
the expression for the activity coefficient
of component 2.

54 A hvdrocarbon oil (viscosity 0.025 Pa s
and density 900 kg/m’) ie transported
uste a 0.6 m diameter, 10 km long pipe
The maximum allowable pressure drop
across the pipe length 15 1 MPa. Due to a

ww. StudentBoun

51.  Find whether or not the wectors (1.1.2),
_{L_. 2, 1) and (0, 3. -3) are linearly

of operating condihons, the Fann)
fnction factor 15 given by

f=0079Re™

the average velocity of w
3.8 m/e, caleulate thegel!
pomt A in the froff jet NeE
losges in the nozzle Rgd pigy.

A

the equation for the g-lme given
that the operating lines are
L
X —
LAd) LD

y= X, (ennching section)

L B - En
FZEI—?_—HIE fklrrppmgﬂechun}

where Loand T ave the liquid flow rates in
the ennching and stmpping sections, D and
B are the top and bottom product flow
rates, and xp and xp are the mole frachons
of top and bottom products, respectively.

A continuous - contact extraction colwmm
15 used fo extract a solute from an aquecns
stream (F) nsing an orgame solvent (8)
The distmbution coefficient (y/x) iz 1.0,
where x and vy are the mass fracthons of
golute in taffinate and extract phases,
respectively. The height of transfer unit
baged on the extract phase 12 | Om. The
rest of the data are given n the figure
Assuming that the phase flow rates are
constant, find the height of the tower.

OO
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ay =l T_ l_l e

‘—I lh"'ﬂ 60,
= o ke
=i
57 Air at 1 atm is blown past the bulb of a
mercury thermometer The bulb is covered
with a wick, The wick is immersed in an
orgame ligud (molecolar weight = 58).
The reading of the thermometer 1s 7.6 “C.
At this temperature, the vapour pressure of
the liqud 15 3 kPa, Find the ar
temperature, given that the rano of the heat 6l
trunsfer coethoients o the mass transfer
coetlicient (psychrometrnic ratio) 1s 2 klikg
K and the latem heat of vapourisation of
the hguid 1s 360 k/kg. Assume that the
amr, which 1z blown. 15 free from the
OrEAanic vapour,

S8, A plant is designed 10 produce 1.2-10°
kg/yr of an agrochemical. The estmated
fixed capital mvestment 15 Rs 1.5x10% "
working capital is Rs 210" and the s
up cost {only in the [lirst 62
commssionmg and o be am.mu-. ;.7

the first year) 1s Rs | 5+ " fall

cost data are available:

Raw materials: Rs 0. E

Labour and ulJI'rm:!s Rs 0.27/kg
product

Selling pric duct®Rs 10/kg

year basis) mcluding
urance. et @I10% of
63

osts of administration, R&D.
g, etc. @20% of sale proceeds.

plant will be fully depreciated over a
iod of' 3 years using the straight-hine
method. The rate of mcome tax js 40%.
Calculate

a, the net profit at the end of first vear
b the payvout period.
el lhe response of a thermocouple can be.

wwww. StudentBoun

enviraniment,

80°C and held there, il 15 fol®
thermocouple reading  (in
63.2% of the final steady state valug
seconds. Find the time constant of ™%
thermocouple.

A feedback control loop w1
proportional controller has an I
transfer function

{ = Sl

(%) 5{ S50 1:'

where time is i

crossover  frequen the ultimate
controller gain.
Giiven thefoll 2 Mock dhagram,

% & sk HS

press the transfer funcoion (Y/X) as
ratio of polynonuals in 5.
b Caleulate the offset in € due 10 & unit
step change m the reference signal
{set-point) B.

The elementary. second-order. hquid
phase reaction A+B—C+D 15 conducted n
an isothermal plug flow reactor of 1 m’
capacity. The inlet volumetric flow rate is
10 m*/h and Cay = Cpw = 2 kmol/m’. At
these conditions. conversion of A 15 50%.
Now, if a stirred tank reactor of 2 m’
capacity is installed in series, upstream of
the plug fow  reactor, then what
conversion can be expected i the new
system of reactors?

The following liquid phose reaclions are
carmed out in a PFR:

A TRE P
A =1

o=k 0
r=AL

What is the ratio of moles of P formed o
moles of D forined at the reactor exit if the

conversion of T is 50%7 No product s
present in the feed.

Data:

44 F * 0 P I D LR DR N RS L
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67

Each of the products mentioned in the left-
hand column requires one or more of the
reactants menfioned m the rghi-hand
column. March the products with the
appropriate reactani(s)

in Phthalic anhydride

illy Cumene

1A}  Benzene
(B)  MNaphthalene
()  Carbon monoxide

(D}  Phenol
(E)  Propylene
i{F) Aar

{GG)  Ethyl benzene

(H)  Hydrogen

Synthesis gas 15 a muxture of
a. COandH,;

b. N.and H;

¢ M. CHyand CO
d CO:and H:

The reaction A — 2B + C ik
catalytic reactor (see diagram
reactor effluent 1s sent to
overall conversion o

product stream from 1t

of B, C and 0.5% mg the
separator, wh the recycle stream
consists of 1 of the unreacted
tering the separator.

conversion of A in the

Amdn

The outside surface temperature of a pipe
{radins = 0.1 m) us 400 K. The pipe 15

wwwnw. StudentBoun

the pape 15 insulated by a SOM
of asbestos (k= 0.5 Wim K). C

exchanger, a process stream (C; = 42
kikg K) is cooled from 450 jo 3
using water (C, = 4.2 kl'kg K)
The process stream flows on
at a rate of | kg/s and the w

lube-side at a rate of 5 kg/
coefficients on the shell tdgs are
1000 Wim™ K [ m K,

respectively, deter
a. the required heat rarea.

Wl the required area
W is cocurrent?

I resistance and fouling

peous solution of a solute is
trated from 5% to 20% (mass basis)
single-effect short-tube eyaporator
The feed enters the evaporator at a rate of
L0 kg/s and at a temperature of 300 K
Steam 1s available at a saturation pressure
of 1.3 bar The pressure in the vapour
space of the evaporator 1s 0.13 bar and (he
corresponding  saturation temperature of
steam 15 320 K If the overall heat transfer
coefficient 1s 5000 W/m” K, calculate the

4. steam economy

b heat transfer surface area.
‘Duim '

Saresratnd wiewmn
(1.3 bar; 350 K)
Saturmies! stvern
{0.13 har; 0 K)
Pt (%0010

Comtendraed
(%I K
Boiling poiet slevation b 3 X

Enthalpry
g
g
L]
“in

R
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