GATE - 2004

CHEMICAL ENGINEERING
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ONE MARKS QUESTIONS (1-30)

| The nverse Laplace transform  of the

function /(s '--—— 5

a 1+¢
b |-¢
¢ |+e’
d 1-¢*

I

A minimumal x

The function f{x) =

i)

3xfx—2hasa
= B

b maximum at x =

¢ mupimum at x

=32

d maximumatx=2
3. The complex number 2{1 + () can be
represented in polar form as

a EJEE"*

b, X

c \‘J'EEM"I
d LIPUE
4

4 The diferential Lol

d*y
i

first order and
. first order and

distliation
keth of a
shown 1
X, an

LAy

The reflux ratio is

i_+}t =smhx is

RT TR
g
-2 3
=
2
G
g
=

4,

linen
non-l

ent the weight lraction of

. dhistillate. and residue, 5
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c Lb
d 20
The weight frachon of methanol n m

aqueous solution 15 (.64 The
fraction of methanol ., salisfes

a8 am=W05

b. xy<0.5

c DF=xy<0nd

d xu=0.64

For an ideal pas ng uitlg a
reversible  paseo chenmical
reaction, the equilib sta:nl

|s .-.u-_

the stoichiometnc
Siafients of the reaction

jssure approaches zero, the ratio of
to pressure (IP) lor a pas

a Z80

b ity

¢ inflinity

d anindeterminate value

A perfectly insulated contmner of volume
Vi divided nto two equal halves by a
partition. One side is under vacuum while
the other side has one mole of an ideal gas
{with constant heat capacitv) at 298 K I
the partition is broken. the final
lemperature of the gas in the contamner

a  will be greater than 298 K

b, will be 298 K

¢ will beless than 298 K

d. cannol be determined

The rate expression for the gaseous phase
reaction CO + 2ZH; <= CH:OH is given by
f-= ItI FI'-‘I'”F#:! = k:nnl:l".f:‘-ll.'h'

Which of the following 1s NOT possible?
a a=Lf=Lr=1

b. = |ﬂ= ?__}":]

o @=113,8=2/3y=1/3

d a=1/2A8=Ly=1/2

The equivalent dimmeter for Tow through a

rectangular duct of width Band height H s
HB
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HB

b
(1 B)
2HR 17, In torced -.atmvm.lmn. the Nm
- Nu is a function of
(H~B) e Rt
a9, _MiB b. Reand Gr
" {H+B) e Prond Gr
12 Whatis the force required (in Newons) 10 14 oo 1o sgeat black body

hold a spherical halloon stationary in water

at a depth of H from the ai-water e ahmrp‘u:'uy_;!
: ; , : b. reflectivity = 1
interface? The balloon is ol radias 0.1 in ¥ e )
d is filled with air, i
s d transmissivity = |
. 2z
3 Comman Data for O wticr w (19 & 20)
b 0. Nagt Pure aniline is evaporating Wgoug
4 film of 1 mm thickness at 300 K and a total
o Wlagh pressure of 100 e@vapowr pressure of
[ aniline at 300 0N kPa. The total molar
0,047t l..-l:ll'luﬂltl‘ﬂll ese conditions s 0.1
d 3 mol/m’, 'ﬂ'.:,- of aniline n air is 0.74

13, Mateh the svstems in Group 1 with
equipment used to separate them m Group

{1
mimerical valu: ni' the mass transfer

1
Group | Lm:ft" lei 74 - Its units are
A, pas - solid i,
B, guid - liguid b. cmis
Group Il ¢ mol{m” 5 Pa)
I, filter press d. kmol (m s Pa)
2. eyelone 20, The rate of evaporation of aniline s 2.97
3. decanter @ 07 Tts units are
4. thickener a mols
A B b, mol/{em® s}
a, 1 2 e mal/(m® s)
b % 4 @ d. kmol(m"s)
& 3
il. 4 Cormmen Data for Questions (21 & 22)

14 For a eyelo jameter 0.2 in with a An air-water vapour mixture has a dry bulb
' 15 mis at the wall. temperature of 60 “C and a dew point emperature
o7 15 of 40 °C. The total pressure 15 101.3 kPa and the
vapour pressures of water at 40°C and 60°C are

7.30 kPa and 19.91 kPa, respectively.

21, The humidity of aw sample expressed as

@ paticle settling n water al it kg of water vapour/kg of dry air s

I setiling velocity. which of the a 0,048
followimg is true? b. 0L.0T9
a. buovancy = weight + drag e 0122
b, weight = buovancy + drag d. 0,152
¢, drag = buoyaney | weight 22, The wel bulb temperature Ty, for the above
d. drag = weght mixture would be
16, In constant pressure filtration, a. less than 40°C
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24

25

id. &FC 28, Acetone 18 to be remova
The rate of ammomia synthesis for the isothermal  dilute  abso
reaction N, + 3, NH, s given by water a5 solvent.

= Y 6wt t bt 4 conldaing 5 mol%s n!’ acetone (Yy
r=08p, p, 06p I the reaction is The dexiin caublion. 3 (be

Ay 3 obtaimng the number of trays (N)

represented as | Eh“ | zfﬁt.:-.Wﬁ the S imiein- s
rate of ammona s ynthesis is r o
. H'HP?H!PIH_: 067,55 N+2=6log [::]
b r=08p, 0. —06p0, For 98% recovery of acetone, §
& r=0.5(08p, pl ~0.6p% ) e o
& r=05(0.8p p 0605 ) b. g
An endothermic aqueous phase first order 3 10 4 ’
trreversible reaction s caried out i an 29, Prilling tower is founthfie Nowsheet for
adiabatic plug flow reactor. The rale of i Aiameih [
reaction Vg s 4
2. s maximum af the mlet of the reactor b,
b, goes through a maximum along the o fpey A

]l:-‘ng!.ll uf ﬂlﬂ reactor 5 hﬂ'ﬁ[ﬁll‘-ﬂ
¢ goes through a minmum along the N <

Skt of e i, arrangement of the petroleum

d. is maximum at the exit of the reactor o i gl e S Mt thenng
A frd qudoc: pameond: phals: roackion. 13 a lubricating oils - diesel - petrol = LPG
caiyrod 'by % narpomns solid - The b, lubricating oils - petrol > diesel - LPG
kinetic rate constant and the extemal mas 5. pretrol > libwicaling oils > diese) > LG
wansfer coefficient are k and s : - R
respectively, The effective rate g h & potrol 2 Smack> LEG > Tifsicuting ot
(k) 1s given by

b ke=k+k TWO MARKS QUESTIONS (31-90)
S i
£ ('l"* ""1) 31, The sum of the eigenvalues of the matns
N 3 4

EY [

3
: '| for real and negative values of & is

[ % I‘a‘,,r - ;_ '}LJ "y
| a,  greater than zero
T L 4 b, less than zero
C. 1o
clor, the presence of a d. dependent on the value of x
1ence time distribution 32 The system of equations
ication of Ax+ 6y =4
Tx+8p=8
Ix+2y=1
d.” channeling has
or the time domain function [1) = t the a. no solution

b. only one solution
o two solutions

Laplace transform of jf-::}rf: is given by
" d. infinite number of solutions

A 12sh

3 33, A box contains three blue balls and four
h 2e red balls. Another identical bos contains
e U o blae balls and five red balls. Ove ball
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34

35.

boxes and it 18 red, The probability that it
came from the first box 15

a 23

h. 4/9

e 47

d 27

The serics

s fee2)

2

w

converges for

a allz

b x=2

¢ |z =2

d |z=<2

The differential equation for the vanation
of the amount of salt £ in a tank with time ©

-y de » P c
ugwmh_v,rE-+§E=ll}.mumkgandlu

in minutes. Assuming that there s no salt

in the tank imtally, the time (in mm) at

which the amount of salt increases to 100
15

a 1Win2

b, 20In2

e S0In2

d 1002

Value of the ntegral

¢ dv
i

The differential equati

|

f

L.‘."L

e

dy‘ “®
il e p
Thevalue of
fim 3

S =]
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a. D @
h. 1,25

e |

i

b 1727

e 1108

ﬂ, o
39, B kg of Na:S0, (molecular weig

is present m 330 ke of an &

solution. The solution = cooled such

B0kg of Na:50410HA0 erystals separal

out, The weight fraction of Na:SOy in the

remaining solution is

i, 0,00

b. 0.18

e 0.

d. 100

Carmmena Data for Quw witior « 40 & £1)
(ine mole of methane udgPoss complete
combustion in a stoichiometric amount of air. The
reaclion pr + 0, ~» COy + 2H,0.
Both the rea products are i gas

AL = TRk ml of methane.
+ raction of water vapouwr m the
1 gases is aboul

a, 0,19
b, 0332
e 040
d. 0.67

41, It the average specific heat of all the
gasesvapour s 40 Fimol K the
maximum temperature rise of the exhaust
gases in “C would be approximately equal
to
a 1225
b. 1335
1528
d. 1735

42 A vessel of volume 1000 m' contains air
which is saturated with water vapour. The
total pressure and temperature are 100 kPa
and 20 °C, respectively, Assummg that the
vapour pressure of water al 20°C js 234
kPa, the amount of water vapour (in kg) in
the vessel is approximately
a 17
b. 20
& 25
d 34

43, The number of degrees of freedom for an
azeolropic mixture in a Iwo component
vapour- liquid cquilibria is/are

o FErn

OO
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45

47

4B

e two

d three

A ear tyre of volume. 0.057 m" 1s mflated

to 300 kP*a at 300 K. After the car is driven

for ten hours, the pressure in the tyre
mercases to 330 kPa Assume air 15 an

ideal gas and C, for air 15 21 Fomol K. 44
The change in the mternal energy of air

the Lyre m Jhmol %

1, AR0

b 630

o el

d REO 5()
A gus obevs P(v-h) = RT The work
obtwined from  reversible  isothermal
expansion of one mole of this gas from un

mitial molar volume v o a (nal molar

volume vi, 15

v
a, RTIn['—fl

Lt
g T ]

g, RTIn —'J

o v, —H
L RTn
¥ h
A eyelic engine exchanges heal
reservours mamtmned st 100 ¢
respectively, The maxim
that can be obtained from

extmcted from the hot I
n 349
b. B3]

e BhT
L 2

d 1000
ol waer is given by

B

I'he va

where A 15 o constant,

pressure 1 atm. and T s
ure in K. The vapour pressure of
Wter in atm at 50 °C 1s approxmeitely
07
. 0.09
¢ 011
d 013
At standard conditions,
N, 420, =2N0, NG =100k! [ mol

NO+ L0, SN0, NG =35k tmol

wwwnw. StudentBoun

The standard free energy
NO in kJ/inol is

u .15

b 30

. 85

d 170

Viseomty of water st 40°C Lies i the ran
ol

a |« W07 =2 W kghms)
b 05 107 =1« 107 kg/tm 5)
¢ | -2kg/ms)

d 05« kp/im s)

For the manomeler set
figure. the pressure dj

o (o —pa et
h [fjﬁ_ﬂa}gﬁ
& Loy =i e+ o - P )2 E=H)

d (- )el+(p—p, ) el

A comieal tank with a bottom opening of
cruss-sectional area A is filled with water
and 15 mounted on supports, as shown in
the figure. What 1s the foree F with which
plate X must be pushed up o prevem
water from leaking? Assume that the
density of air is negligible as compared (o
the density of waler py

support

OO
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]
(3]

Three piping networks. as shown in the d. the bed voidage

figure, are placed honzontally. They are a6 The Kozney-Carman eguati
made using identical pipe segments and terms  of non—dimensiona
are subjected to the same pressure drop [ AF ’
across them. vesb;; propartional to
Assuming no pressure |osses al junctions,
the flow rates across the three networks are i LL"' )
related as Q) @, | Qs | ; Re
e | b Re
@ ! '.r”r' / "*}
(L/D)
e —=
B"'@—- Re’
d Re
il 452 " (P,11)
bo 1 2.3 57 The cumulative mas on of particles
e 12,2 smaller thagesige d; {or a collection of N
d 1-+2: \E eser o, and mass my (i = |,

To keep the power input constant for a
stirred  vessel operating under fully
developed turbulent flow conditions
{constanl power number), if the impeller
diameter is increased by 20%, the impeller
speed should be decreased by a factor of

a (1)

b (12)"”

e 1.2y

d (1277

A centrifugal filtration unil pperaty
rofational speed of o has inner
the lquid (density py) located
distance R from the axis

thickness of the ligu i
cake is formed The essure drop
during filtration is

58, The left face of a one dimensional slab of
thickness 002 in 15 maintained at 80"C and
the right face is exposed 1o air at 30°C
The thermal conductivity of the slab is | 2
W/lm K) and the heat transfer coefficient
from the nght face is 10 Wim™ K) Ar
steady state, the temperature of the right

Uy is the minimum fluidisation velocity face in °C Is

for & bed of particles. An Increase in the & 712

superficial gas velocity from 2l 1o b. 712
2505 results 1o (all velocities are smaller c 63%
than the entrainment velocity of the d 487
particles) no change in 59 A metal ball of radius 0.1 m at a uniform
4. drag on particles temperature of 90°C is leflt in air at 30°C.
b drae An Faliorma walle e et s dled ssaAla Raas” il dbia
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respectively. The heat transfer coeflicient
is 50 Wim® K) Neglecting the
temperature gradients nside the ball, the
time taken (in hours) for (he ball to ¢oul 1o
60 "Cis
p. 555
b. 55.5
e, 055
d 015

60. Tt s desired o concentrate a 20% sali
solution (20 kg of salt in 100 kg of
solution) {o a 30% salt solution n an
evaporator, Consider a feed of 300 kg/mm
at 30 "C. The boiling point of the solstion
is 110 °C. the latent heat of vaporization is
2100 klkg. and the speeific heat of the
solution is 4 kli(kg K). The rate a1 which
heat has o be supplied (in klmn) lo the

cvaparator is

a 306 107
b 612 10°
e 1240
d. 908 107

61.  Hol water (0.01 m*'min) enlers the ube
side of a cocurrent shell and fube heat
exchanger a1 80 °C and leaves &t 50°C
Cold oil (0.05 m'/min) of density 80
kg'm® and specific heat of 2 kJitke
enters at 20 "C. The log mean tem re
difference in °C' is approximately

a, 32
h. 37
e 43

walgr and pure toluene
respectively. Toluene
immiscible m each
el equimolar  mixture of
prepared,
perature at which the above
ture will ocxert a presswe of one
§ i atm is
less than 100°C
b, 100°C
¢, between 100 and ) 10°C
d, 110.6°C
63. At a total pressure of one standard atm
exeried by the vapours of water and
toluene, the mole fraction of water Xy

wwwnw. StudentBoun

64,

63.

Oy,

b. x,=05
l:.'. ﬂ';s . xﬁ 5 l.n
d xw=10

stream (given below ) on the condenscr 3
rebonler loads?

Reflux conditions;

(1) reflux stream 1 completely hquid
atits bubble point

(i) reflux stream s below its b
o condenser and reboile

b. reboider load is
cascs bul condgfls

and reboiler loads are
her @ case (1) as compared o case

cvlinder and a sphere both of 5 em
are made from the same porous
al. The fat ends of cylinder are
s¢aled. Both the cylinder and sphere arve
saturated with the same solution of sodium
chlonide. Later. hoth the objects are
immersed for a short and equal interval of
time in a large tank of water, which is well
agitated. The factions of salt remaining in
the cylmder and the sphere are Ne and Xy,
respectively. Which of the following
statements is correct?

b X=X
b Xe=X4
e, x(lt‘ xﬁ

d. X is greater/less than Xy depending
on the length of the cylinder
In liguid-liquid extraction 10kg of
solution containing 2kg of solute C and 8
kg ol solvent A i brought into contact
with 10 kg of solvent B, Solvents A and B
are completely immiseible m cach other
whereas solute C is soluble m both the
solvents. The extraclion process altains
equilibrmm, T'he equilibrium relationship
between the two phases s Y* = 09X
where Y 1s ke of C/ke of B and X is ke of
C/kg of A. Choose the correct answer
a. the entire amount of C' 15 transferred 1o
solvent B “

|- v e Mo L e o ¥ ol ol ™
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-Homework Help & Pastpapers


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

¢ less than 1 kg of O is transferred to B
d. mo amount of C s ransferred 1o B

67, At equilibrium, the concentration of water
in vapor phase (C%) in ke/m' of air space
and the amount of water (m) adsorbed per
kg of dry silica gel are related by O =
00667 m, To maintain dry conditions in a
oo of air space 100 m” containing 2.2 kg
of water vapour mifally, 10 kg of dry
sihica gel s Kept in the room, The fraction
of mitial water semaimng in the aw space
after @ long tme (during which the
temperature is mamtamed constant) is
a, Do
b. 0.2
e 04
d L0

6. A 25cm - 25 em - 1 em flat sheet
weighing 1.2 kp iitially was dried from
both sides under constant drying rate
condiions. 1t took 1500 seconds for the
weaght of the sheet W reduce W 1.05 kg,
Another Im - 1m ] em 1lan sheet of the
same malerial is 1o be dried from one side
only. Under the same constant drying rate
conditions, the time required lor drving (in
seconds) from its ibal weight of 19.2

o 17.6 ke w
a, 00
b, 1500
e 2000
d. 2500

69 A distillation column wil 15
being operated under, I Snditions
Al some point in (i cfoperation is
shified to total reflus ion (Le. no

do not vary throughout the

jler load and condenser load are
minimum
top and bollom compositions are
unchanged with and without total
reflux
d. the top and bottom compositions
cormespond 1o the  maxumum
enrichment achicvable
70.  An squeous solution of methanol is to be
distilled i a tray colwmn. High pressure

71

¢

T2

wwnw. StudentBoun
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composilion  twao
explored:
(1) o rebaoilet 15 used, and
(i) no reboiler 19 vsed bul stew
directly 1o the bottom of the colun
compared 1o option (i), in opfion (i)
4, less number of trayvs are requared
b. composition of the residue remains
unchanged
¢ more number of Lrays are red
the residue  composib
unchanged
d  more number of tray
the residue compgsd
in methanol
The following gas
place i a plug flow
! .
A 23

A (0 o mixture of A and B al
IN0WE - to the reactor. Al T m along
the reactor, the temperature »

pressure drop 15 neghgible and
| gas behavior com be assumed
tify the correct expression relating the
concentration of A ol the inlet (Chy),
concentration of A at 1 m (Cy) and the
carresponding conversion of ALK}
(1-X)

B L, el
* AT e _0max)
L (1-x%)
O, =10 ety
W Ga] “(1-0.5X)
(1-X)
b Oy =Dy
& Cy= 08T o3arx)
d. L‘,—U.SEE_“’”“'—J'_
(1-0.5Y)

A second order liquid phase reaction A —»
B is camied oul in a mixed flow reactor
operated 1n semi-batch moede (no exit
stream), The reactant A at concentration
Car 5 fed to the reactor at a volumetric
flow rate of ¥ The volume of the reacting
mixture s V and the density of the hiquid
musture 15 constant. The mass balance for
A

d!i; ,} - —Fl:'f‘" _r..‘j_lﬂ.—.ir
dire,)

A

b = F(Car—C.) - I3

OO
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d(1, )

PR ALY,

djic,)
e e
ot

=5, kO

73 For an isothermal second order agueous
phase reaction A — B. the ratio of the time
required [or 90% conversion (o the time
required tor 43% conversion is
a 2
b 4
g 11
d. 22

T4 An sothermal agueous phase reversible
reaction PP is 1o he camed out in 4
mised flow reactor. The resction rate in
kmol{m' h) is given by r = 0.5Cs -
0.125Ck
A stream contaming onlv P enters the
reavtor, The residence time required (in
hours) for 40%s conversion of P s

a. D80
h. 133
e |60
d. 267

75 A pollutant P degrades according 1o first
oder kmetics. An  aqueous s
contamng P at 2 kmol'm” and volu
fow rate | m'h requres a mi
reactor of volume V to bnn
pollutnt level 1w 0.5 kmol'm
concentration ol the poll

doubled and the volume cis
trpled. If the pollu lWs 0 be
brought down to th | of 0.5
kmol/m”, the volume mixed fow
reactor should bQuneressed by a factor of
w7

h &

& 3

d.

ow reaclor. The maximum and
permissible  lemperatures  are
and Ty respectively. Which of the

require the shortest residence fime (o
achieve the desired conversion?
ni

Length of reactor
: versible aqueous phase resction A
B — P s carned out in an adiabatic

mixed flow reacior. A feed contmning 4
kmolm® of each A and B enters the
reactor at & m*/h. If the temperature of the
exit stream is never to exceed 390 K. what
is the maximum leed inlet temperature
allowed"
Data: Heat of reaction — 350 Klmaol,
density ol the reacting mixture = 1000
kem'. specific heal of réacting mixture -
2kl kg K.
The above data can be sssumed (o be
idependert  of  composition  and
lemperatire.
a 190
b. 290
c. 390
d. 490

T8. Match first order system given in Group |
with the appropnate fime constant in
Group 11
Giroup |
A. Thermometer
B, Mixing
Grroup [1
1. (ﬂ‘l-C.. }'ihﬁ]
2 gV
3. Vi
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i 4 2 i, 5 2
b. 4 3 b. 4 2
o 1 2 E8 5 3
d. 1 3 d. 4 1
The experimental  response  of  the 81.  The process and disturbapee e
controlled variable v(t) for a step change functions for a system are given by
of magnitude P the manpulated variable ¥s) 2

) . (7 = —
x{:mshﬂwnbeiuu. A 5) s) (Z=T)5s=0)

0 O (ay= Fls) _ 1

T(s) (Zs=1)(53

The feed forward o
function that will kg

l

i, T —
The appropriate transfer function of the
process
(o1 Pyee
e
ra+l
(01 R)e K 2 41)(Ss+1)
" (@1 F)s+1 For the block thagram shown below,
(Q1P)e

the charactenistic equation 13

¢
(G R)s+1 & r,rfr,xvl‘j-i{..i;“l:fﬁw )& =0
(0 Ryt | b
o rs+1 b. tr"'t_'_”{rr"'_l)"_'t'-i'pd =0
Consider a system m@ transfer e ra(rasl)= KK, (rs41)e =0

function 4 (ra=t)(reel)s K& LY =
Gis) =

(5 1]

(frequency) m Group
the asymptote of the log

(s5+

Common Data for Questions (B3 & B4)
Fixed capital investment for a chemical plant 5 Rs
40 million with an estimated uscful hife of 6 years
and a salvage value of Ry 4 million. The rate of
interest 15 15%. Tax 15 25% of the annual taxable
meome. In the first year of operation, the mcome

Match
1 with

Dem<i2 from sales is Rs 20 million and manufacturing
B w=1 expenses are Bs 5 million. The plant depreciates
E‘mup [I onia mi@! I.'iﬂE hl!'il.
I i _5
i 83, The rate of retum on invesimenl is given
3 2 by
4 1 i, 5{”‘0
€ s b. 37.5%
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85

87.

d. 20

The net present value (NPV) in million Rs
at the start and at the end of the first year
of operation 1s respectively given by

a. weroand -28.9

b, —40 and -28.9

c —40and 12.75

i zero and 1275

Pick the WRONG design guidelme for a
reactor fn which the reactions A » R

{desired) and A —s S{undesired) are 1o ke
place. The ratio of the reaction rafes is

m/ts = (Kika) C3*.

a. use high pressore and ehminate inerts
whena = b

b. avoid recyele whena -~ b

e use bach reactor or plug flow reactor
whena = b

d. uwse CSTR with a high conversion
whena = b

Multiple effect evaporalors are commonly
used in the manufacture of

o
S

9,

A,

B. Super phosphate
. Sugar

D, Fats

8. AamdB

bh. Aand C

¢ AandD

d. Cand D

Match the process
product in G 1

widroxade
Sodium carbonate
4. ¥ Nitrie acid

A B
m 1 4
. 1 2
[ 2 3
2 I

i
Mlatch the product in Grroon | with the raw

wwwnw. StudentBoun

Grroup [
A Urea
B. Polyester
Crroup 11

L. Ammonia and carbon dioxide
2, Dmethyl terephthalate and ethylen

glyeol

3. Ammonia and carbon monoxide
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