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CHEMIGAI. ENGINEERING
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 ONE MARKS QUESTIONS (1-20)

| The ordinary differential equation dy/dt =
Y) is solved using the approximation Y(1
+ At) = Y(t) + 1Y) AL The numerical

en-0r introduced by the approximation al

each step is
a, proportional 1o At
b, proporional {o (A1)
¢ independent of At
d. proportional 1o (1/AL)

I 2 The trapezoidal rule of infegration when

b

applied 1o I fixide will @mve: the -exact

value of the integral
a, iff{x) is alinear function of x
b. 1ffix) 1s a quadeatic function of x
c. forany fix)
d. fornofix)
Il -3, The value of a for wiuch. the: following
three vectnrs are coplanar is.
=1+21+k
b=ﬁ+k'
¢c=2+to
A 4

b, zero
c -2

. —10

4. The denvative of [x| with respect to x
when x20 15
a fxlfx
b, -1
|
d Undﬂﬁned

5. At a given temiperalure and pressure, a
Liquid mixture of banzene and toluene is in
equilibrium with its vapor. The available
degres(s) of freedom is (are)
a Zero
b, |
¢ 2
d 3

6, A heat engine operates at 75% of the
maximum possible efficiency. The ratio of
the heat source temperature (in K) to the
heat sink temperature (in K) is 5/3. The
fraction of the heat supplied that s
converted 10 work s

10.

a, 012

b 0.3

c. 04

d 0.6

For the isentropic expansion of an ideal
gas from the imitial conditions Py, T to the:
final conditions Ps, Ta. which ONE of the
following relatmns is valid? (y =Cy/Cy)
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Maich the following for a centrifugal
pump with impeller speed n
List ]
A, Capacity
B, Head
List 1l
. proporstional mn
2. proportional to n-
3. proportional to n’

F‘F-F.‘Fﬂ
--l--.i—bd}
b W =

The magnitude of the foree (in' N) rez!mred
to hold a bndy of volume 0.05 m and
mass 40kg in water (density lﬂﬂﬂ kg/m’)
at a depth-of 0.1 mis (g =9.81 mis” )

a Zero

b, 981

c. 4905

d, 8829 |

A stagnant liquid film of 0.4 mm thickness
is held between two parallel plates. The
top plate 15 maintained at 40°C and the
bottom plate is maintained at 30°C. If the
thermal conductivity of the liquid is 0,14
W/(m K), then the steady state heat ux
(in W/m™) assuming one dimensional heat

transfer 1s
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@, 3.8 volume of the gas at complete conversion
b. 350 must not exceed three times the nitial
¢, 3500 volume, the minimum mole percent of the
d: 7000 inért in the feed must be
| 1), Tet dp be the hydrodynamic entrance 4, 0
tength for mercury in laminar flow i 2 h. 20
pipe under wothermal conditions, Let d. e 33 ”
be its thermal entrance length ender fully d. 30
developed  hydrodynamie  conditions, 16, A first ovder reversible reaction
Which ONE of the following is TRUE!?
g dy > d |
:: g:: i occurs m a batch rouctar. The exponcntial
“ i, dy = d, only i the pipe is vertical docay of the conceniratinn of A has the
12 The Buussmusq approximation for the tunelconslant
fluid density in tho gravitational foree term 4. 1
i5 given by ONE of the following {prec 15 K,
the fluid density at the reference b l
| teoperature The . and [} i the thermul e
cocflicient of volume sxpansion st Tyer) T
o p=py-T.plp-py) - k- ky
b. sz’qr"r ﬂl{P"pny) 1
c. p=p,—TA(T-T,) ki
A4 g T o 7 \iT 17.  If the absolute error in the messurcment of
© =00 T (0= )= 04 (T-Ty) A is AA and the absolute error in the
15 The reaction 2A + B —» 20 oceurs on a meusuccment of B is AB, thett the absolute
catalyst surface, ‘The reactants A and B error in the estimate of A - B i
diffuse to the catalyst surface and get A AATAB
converted completely to the product C. b. AA—AH
which diffuses back. The steady state AN AB
molar fluxes off A, B and C are related by & = B
i Nﬂ. .?.Nu - NI’ ! _5&'.{-3. .AB'
b Njp= (12) N = Ng s
¢, NA=2Wg—Ne . 0 i _
(: Na={1I2)Ng= Ne¢ I8, 'The oxo Tﬂﬂlﬂlﬂn 15 used for converting
14, An ideal single stuge extraclion process i a. aleohol to aldehyde
nsed to treat 100 molls of ap organic feed b. paraflin 1o olefin
splution. The saltion concentration in this ¢ olefin to aldchyde
solution is to he reduced from 0.3 mol% Lo d. aldehyde to alcohal , I
0.1 mol®%. A pure solvent S is nsed. To 19, Inaflund i;:ﬂ.gll}rti:: umc:l-_u_ng unit, thenature
teduce the solvent requirement by half for of the resctions occurring in - the resctor
the §amié separation, and ths regenerator is
A add one more ideal co-canent stage &, Reactor-Exotherme, Regenerator-
I b. use another pure solvent S* whose _ Exothermie .
partition coefTicient is twice that of S b. Reaclor *E“_““"m““-‘- Regenerator-
¢ uye solvent § containing 0,02 mole Endothermic i _
il Factiot.of the soluls e R‘&nﬂnr-hftdnmerm e, Regenevsior-
d. double the residonce time of the Exothermie
solvent S in the conlactor d. g:;ctt?’r-ﬂn}imhmmiu. Regenerator-
othermic
15, Animevessible. gas phase ceaction 4.~ 3B 20,  The control valve charavteristics for three

15 vondacted in.an isothermal bateh renctor
at constant pressure in the presence of an
inert. The feed comiams no B. If the

types of control valves (P. @ and R) are

collegedunia:s

India’s largest Student Review Platform

-

el



Jof 12
given n the figure below : Match the where T 1s the posttion vector field (r=1x +
control valve with its nharaamnsum‘ jy +kz) and S is the surface of a sphere of
s radios R
a, 4uR’
o 3: -
£ b. ==k’
E = - 4 H
¢, =R?
d. 4aR’
e 25 The liguid ‘surface in a uylmdncal bucket
- 136 (%) of radius. R rotating about its axis acquires
| e i T L a pambﬁhc, profile given by the equation y
¢ Equa?:;; r?gi:ng' Q= Lueay; R = a ='br, where v is the height of the
S T i liquid surface from the battom of the
. ]];I Lml E;:; Q — S yoot. R—Equsl bucket a1 a radial distance ¢ from the
c P- Equal percentas_u,e, Q Linéar, R — hUEEEt IL-‘UE 1t ﬂ'lE hqmd hEIS dﬂ'ﬁﬂt\'
Quick opening then the lmss of the liquid in the bucket is
d. P -Squareroot. Q - Quick opening, R g R (a+ bR
— Linear - . 2
N
TWO MARKSE QUESTIONS (21-75) b. mpR|a+ 5
o =L,
2l W the following represents the equation of c. mpRa |
a line d. mplt’ (a+bK°)
N A 36, 'The solution o the following equation is
¥ 8 =0 SN dlr A
[ e i
then the line passes through the point 5 given b}r
a (0.0) g y=Cix* Cox * + Cs
b. (3;4) b y= C.x rC;x* + Oy
e (4,3) ¢ y= O™+ Cax” + ¢4
d (4,4) o od v=CxtCx 0
I'2 1 .. | -‘ 27.  The value of the contour integral
22, WA= '»__, e then the eigenvalues of A” where Cis the circle |2 = 2 is
- ]
Rre o o M
g 27and8 *l*‘; G
b 64.and | b _[_;._;l_.]
c. 12and3 e &
WA 4and| ¢, Zefo
23, Withy=¢" if the sum 1
S_f{l’ d:.!’ gy, ﬁﬂ (2ai)e
| ._ d:c dy’ | de” 28,  The Newton-Raphson methad is vsed to
approaches 2y as n —> o, then the value of solye the equation, (x—1)" <x—3=0, The
ais St e o
i@ I3 method will fail in the very first iteration if
b 1/2 the initial guess s
¢ 273 A Zero
d_ 2 ' b. D3
24, Detennine_:th_a foliowing integral 3 3'
e imﬂh‘ 20. A pair of fair dice is rolled three times.
' What is the probability that 10(sum of the
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dol |2 “
numbers on the two faces) will show up b, decrcase in pressure and Incrcase
gxadtly onces ? lemperatire
121 ¢ incresse in pressure and decrease in
1728 lemperature B “
363 d, decrease in pressure and deerease in
b. 1728 remperature |
121 33, For aLinary mixture of A and B at 400 K
£ — and 1 atm; which ONE of the following,
376 equilibrium states deviates sigmificantly
i S from ideality?
576 Given:
30, A company purchased components from S5 2758
three firms P. (), and R as shown in the {{ ] 6.2-——
table below : where
Firm Total number Number of P“ﬂu = wnpor pressure of A atm: T =
of components | componenls temperalure, K
purchased likely to be P = partial prexsure of A, stm
defective xa = mole fraction of A in liquid: ys =
I T 1000 3 mole frm;hgn of At {;I‘L :npur
53 & ¥p & ¥a =
O I R
' ¢ XA=035ps=03
The components are stored togcther, One d. x4 =0, 6 yA=03
of the components is selocted at mndom 34, Pure A at 200°C is fed 10 a steady slaie
I and found to be defactive, What is the adiabatic continuous reactor at the rvate of ||
pfﬂb&hiﬁl}ﬁ that it was Sﬂppliﬂd b}’ Firm RY HOX) kghr “'h_ﬂﬂ:_ it I:l‘l'ljliﬁfgﬂﬁﬁ in
I =d. exothermie reaction o give ity isomer B,
T 250 The product stream iy 8t lemperabiee
1 500°C. The heat of reaction i 21 kl/mal
b 1 of A and the specific- heat of the resction
1 mixXture i3 constant a1.35 H(mol °C). The.
e o= canversion in the reactor 1§
8 A, 25%
a1 b, 3(Mo
6 c. 75%
31, Match the following: 4. 100%
List1 35, The molar density of water vapor al the
A. Heat nunnal botling point of water 4 33
B. Intemal energy mol/m®. The n.ﬂm]mmblllty factor under
C. Work these canditions s close to which ONE of
" 0. Entropy the following? R = 8314 I(mol K) J
Listdl & 075 I
|, “State Function b, 1
2: Path Fonction e, 1.25
A B C B d. 1.5
o2 111 36, A liquid is pumped at the flow rate Q) ||
b. ? ! 2 2 through a pipe of fength L. The prmkum_
C. Z 2 I I drop of the Auid across the pipe is A P.
d. 2 1' 2 _1 Now a leak dweinpn at the mid-point of
32 For a reversible: exothermic: ges phase the length of the pipe and the fuid leaks at "
reaction. A S EU G _““: equibibrium (he rate of Q/2, Assuming that the friction
conversion will increase with factor in the pipe remains unchanged. the
i increase in pressure and iﬂﬂ'ﬁﬂbﬁ in neEW pressure dmpﬂmﬂﬁ th¢ pi]'le for the
ldmperaturo same inlet flow rate (Q) will be
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n. (1/2) AP materials: The first one (with material
|| b. (5/8) AP density o) is solid, whereas the second
e (314) AP (with matenial density pz) s a hollow
d, AP | sphere with the inner 3th1 diameter equal
" 37.  Ina laminar flow through a pipe of radius (o hall the outer diameter. I both Lhe
R. the fraction of the (ot fluid flowing spheres have the same terminal velocity in
through a circular cross-section of radius any fluid, then the ratio of their material
R/2 centered at the pipe axis is. densities. pa/p) - i8
“ a 3/8 a. 1
b. 7/16 b, 87
e 172 e &
d. 31 d 8
“ 38. Afluidobeying the constitutive cquation 41, A Tliltmtion is conducted at constant
b A pressure to recover solids f[rom  dilute
r—t L_J i"',-_l' .r-T, slurry. 'To reduce the time of filtration, the
( e L dy | solids concentration in lhe feed shury 15
if held between two parallel plates a nereosed b'ﬁ' evitporating half the solvenl.
[ distance d apart. It the stress applied to the I the resistanice of the filter medium 1§
top plate & 37¢, then the velocity with negligible, the [lillvation time will be
| which the top plate moves relative 1o the reduced by & faclor off
bottom plate woukl be a1
I T b 2
& 2("—_':J d ¢ 4
A d §
“ RN 42, Onc dimensional steady state heat transter
b. L‘t}:"] d accurs from-a flal vertical wall of length
i 0.0m into the adjacent fluid. The heat flus.
& 46_3_',{"-”. into (his fAuid is 21 W/m". The wall
' L;: y thmmal conductivity is 1.73 \Utm K If
3 the heat transfer coefficient is 30 Wim®
d. g[r_'_{ o K) and (he Nusselt number based on the
“ X, | woll length is 20, then the magnitude of
29, A bed fuidized by water i used for the temperature gradient at the wall on the.
¢leaning sand contaminated with salt, The Auid side (in Kim) is
I particles of sand and salt have the same a. 0.7
shape and size but different densities (P bh. 1214
" = 2500 ke'm’ .and pu = 2000 kgrm?), If s 120
the imtial volume traction of the salt n the d. 140
mixXturs is (1.3 and if the initial value of the 43,  Expermments conducted with a sparingly
minimam fluidization velovity (Uyy) is 0.9 dissolving evlinder wall in a flowing liquid
nt's, find the final value-of the L,y (in m/s) yielded the following correlation for the
when the sand is washed free of (he salt Sherwood number :
Assume thal the bed characteristics (bed Sh ~ 0.023 (Re)" ™ (Se)'*
porosity and solid surface arca per unit Assuming the applicability of the Chilton-
volume) do nol change during the Colburn analog. the comresponding,
operation and hal the pressure drop per correlation for heat transfer is
unit lenpth is dircelly proportional o the A Sh=0,023 anwwn""
I fluid velogity b, Nu=(0.023 {R¢) (Pe)*
a. 0,70 & ji=0.023 (Re)™ ﬂ‘r)”
b. 0. d. Nu=0.069 (We)™ (pry"?
¢ 100 4 A fluid flows through o eylindrical pipe
. 146 unider fully developed. steady state lamimar
[| 40. Two spherical particles have the same Now conditions. The tube wall s
ouler diameter bul are made of different maintaingd a1 constanl  temperslure.

Sof 12
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45,

40.

Assuming constant physical propertics and
negligible viscous heat dissipation, the
goveming cquation for the temperaturs
profile is (z, axml direction; r, radial

SR PRV
S WES  E W ¥
* (8] [ ) S
et h] A

An msulated cylindrical pipe of 0.2 m

diameter has a surfoce temperaturc of
$3°C. It is exposed to black body
surronndings at 25°C. The emissivity and
absorptivity of the insulation surface are
0.96 and 093, repectively,  The

~aonveotive heat transier cocfTicient outsida

the insulntion surface is 325 Wim* K).
The Stefm-Boltzmann  oconstant 18
5.67«10™ Wim® KY), The surrounding
fluid may be ‘assumed to be transparent.
Find the percentage contnibution from
radiation to the total het tnsfer rate 1o
the surroundings

a. 309

b, 50.0

c. 576

d. 684

In o multistage cointerourrent isothermal
siripping column. feed containing 0.05 mol
of solute/mol of solute free oil is treated
with steam, The absorption factor A =
0.63. The equilibrium relation is given by

Y* = 2X. where Y and N wefer (0 the:

equilibrivm mole ratio ih the steam and oil
phascs respectively, The Kremser equation
s grvon ns follows ("0° refers lo liquid
inlet at the top., *N," refers to the last stage
at the botiom).

Ay~ T
gl | ———F— (=)= 4
4}"5* :;'ru
Ne= = .I":
lop| —
el J

I the steam 15 intially fiee of solute and
s exd maole vatio (mol-solute/ma] steam)
is 0L,0624, then the number of equilibrium
stapges roquired is

47

49.

hol 12
4.2
5.2
7.2
8.2
A process fhud has 10 be cooled from
22°C 1o 2°C using bwine in a 2-4 shell-and

s gR

lube heat exchanger shown below. The

brinc onters at -3°C and léaves ot 7°C. The
overtll heat (ransfer coeflficiont is  3(K)
Wim® K). The design heaot load is 30 KV,
The brine Nows on the tube side and the
process fluid on the shell side. The heat
transler ares in m- is

] - I
€ 81 RY 22 A 1 uk 8 65 &% I

=

1.1
39T
0,59
7.53
100 moles of a binary mixtwe F
contuining 60 mol® A (more volatile) and
40 mol®s B is treated in u batch distillation
still. After | howr, 70 moles of the
distillate 12 is collected leaving behind the
residue W, Relative volatility o s 2, The
goveming _v:qtm_liun is

~qlog e
u = *‘H (1-x,)

=L~ i

The uvungﬁ mole fruction of A in the

distillate is

g 043

b, 0.6}

e 0.69

d. 073

A drug tablel of mass My administered
orally af time L = (0 resches the inlestine ot

-
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ime t = t without losing any mass. From
the intesting, the drug is absorbed into
blood, The rate of absorption 15 found fo
be proportional to-the mass of the drug in
the intestine with the proportionality

constant k. Assuming no drug 1s 1ost from

the blood. the total mass of the drug in the
blood, My, at time t > 1 s given by

a. M, =M,[1-exp{-k{r=7)}]
b. M, =M [1-exp{-kt}]
c. My =Mexpi{-k(r—7)]
d. Me=M,|I-exp{-k(1+7)}]

The Tate rat which an antiviral. drug acts
inereases. with its concentration in the
blood, C, accarding to the cquation
kO
'y, +C

where Csy is the concéritration at which the

ratiz 15 30% of the maximum rate k. Often,
the concientration Cop, when the rate iy
90% of the maximum. is measured instead
of Csq. The mte equation thon becomes

o o L8k

T

b'. FE*FL'
[—Ll f..*']

9

e = e

’ “-'r,-lm

d. r:U,EiM
'r-iJH

Consider the following reactions betwaeen
gas A and two solid spherical particles, B

ahd C of the same size

A+ B—Y s gaseony product

A+C —F)fi.i'ff
The ash does not leave the particle C. Let
by and Lz be the times required for A to

completely consume paticles B and C,

rospectively, If Ky and k; are equal &t all

tempemtures and the zas phiase mapss,

transter resistance is negligible. then
a, ty=taatall temperatures
b 1y =ta athigh temperaturcs

¢ 1> high lemporalurcs

d, 1i<trat high temperaiures

A reaction A—B is to be conducted in two:

CSTRs in senes. The steady  state

conversion desired 15 X¢ The réaction mite:

Ly
U

TJol 12
as a function of conversion s given by r=
~1/(1 # X), If the feed contains no B. then
the conversion i the first reactor that
minimizes the total volume of the wo
feACIOns iS
a. |-Xp
b. 02Xy
e. 10.3X;

d. 0.5(1=Xp)

Consider  the

reaction network
A 5 B
- Jr -L*

cC =345 p

The activation -energies for theé ‘individual
reactions are Er = 100 kJ/mol, Es = 150
kMmol, Ezx = K kjfmnl and Eq = 200
kitmol, If the feed is pure A and the
desired product is C. then the desired
temperature profile in.a plug flow reactor
in the direction of flow should be.

a. constant at low temperature

b. constant at high temperature

€. Increasing

d. decrcasing

The exir age distribution i a stirred
reactor s given by

followmg  elementary

it

Eify=—c
L

Fluid elements ¢ and ¢ enter the reactor
at times t = (0 and t =0 > 0, respectively.
The probability that ¢z exists: the reactor
before ¢ is

l
a —

2

l ~H'r
. 2
c. E.ﬂ’.':
d, zero
The Laplace transform of the input
fimetion, X{t). grw..n in the figure below

Te
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58.

Bolll
T 39 A weizhing machine 15 calibrated a1 25°C
C ‘1;:'“*‘“ ) and the output reading R {in mm) is related
B to the weight W (in kg) by the equation
d F(] —& ) 'R'=3W
e A - N
a_f'_t ltl:l|1_l|.|'d lf:f?;l don'tml syst_em is liﬂ.lllﬁglrlf.Ed Eﬂﬁ;ﬁrﬁjrzgﬁi{?‘u l’g'ﬂ DECF t:h?mtg 32; E
as shown in the figure below. If (he level bt Gl e Caliange:in
transmitter - ILT) is direct acting and the machine undergoes a zero drft (Change in
S T R PRS- instrument output reading at zero value of
preumatic contra] valve s air-to-open, ht) - of ol s B
what kind of control action should the weight), of +2-.mm & Sensitivity
controller (LC) have-and why? changes to 20.5 ‘mmke. The weighing
' SRR maching when used at 30°C shows a
l reading of 50 mm. The true weight (in kg)
_ of the abject ts
Nt . a 234
5 b. 240
_ _ R < S c. 244
a.  Direct acting smce the control valve s | d 250
direct acting 60, 1mwa desahnatmﬁ plant, an evaporator of
h. Reverse acting since the control valve ares 200 m° wis purchased in 1996 at =
15 reverse scting cost of $3,00,000. In 2002, another
c. Direct acting since the control valve 15 evaporator of area S0m” was added. What
reverse-acting was the cost of Lhe second. evaporator (in)?
d. Reverse acting since the control valve: Assume that the cost of evaporator scales
1s.direct-acting as (capacity)’”  The Marshall and Swif)
A Z-input, 2-output process can be index was 10485 in 1996 and 11169.m
described in the L.aplace transform domam 2002,
as given below a 1,30.500
(55 =¥ () = KL (s Kolla(3) & :i?égg
(Tr's' b I)F:.{T} = K‘i”i“’ i K.l”li_'.ﬂ fl 1151:?'00
where U and Uy are the mputs-and Y and 61 The mixing of rubber latex solution was:
Y: are the: outpuls. The gams of the: studicd m an unbaffled mixer in the
transfer  functions Y (s)/Llx(s) and laboratory The mixer was equipped with a
YafsyUxs(s), respectively, are six blade turbine impeller A tyre company.
a. Kaand Ky scales this process up using a baffled tank.
b, Krand Ky + Ky Ky The baffled tank has 3 imes the diameter
c. Keand K5+ KKy of the lab scale mixer [t uses the same
d Kiand K5+ Ki Ky type of impeller operated at the same:
A process is perturbed by a smusmdal speed. The relevant shape factors are also
input, u(t) = Asinet, W'e'reaulting, process: the same  Assuming that |aminar
5 conditions prevail in both cases, the power.
oitpist 35 ¥(4) ‘(ﬂ - 1)(.;. ) IF y(0) requirement in the industrial scale mixer
. , ) a. 1873 times that of the lab scale mixer
=0, the differential equation representing b. is 9 times thatof the lab %dja_m\m-
the process 1s ¢ 1527 trmes that of the lab scale rmixer
@) L ”(,)=ﬁu(,) d. cannor be estiniated reliably due ta the
et iR : presence. of hafﬂa_s_ |
dylty 62 Due fo a 20% drap in the product selling:
b T y(t)=Kdu(r) price, the pay-back period Ef 2 new plant
- tg, (” ] increased to 1,5 times that estimated
e, T=——3p(r)=Ku(t) imitially, ihe production cost and the
; M i | production rate remining unchanged, If
d. (*-——-- v(e‘]) ﬁé’.du({) the production cost 1s C, and: the new
selling price is then C, ;then C/C. is

" collegedunia:
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a, 0.2 A, Oxidation of o-xvlene to phthakic
h. 04 anhydride
c. 0.5 B. Oxidation of ethanol to acetaldehyde ||
d 06 C, Oxidation of ammonix to oxides of
63, Obtain  the optimal diameior  of . nitrogen '
cylindrical storage vessel of volume V. List 11
The curved shell costs €, (in Rsfm?), und 1. Va0
the flat top and botlom plates. cost C,, (i 2. Pd
Rsim’) 3. Ag
A | 4. P
|| p=5 [i] A B C
C. L A, 1 2 4
- C b, 2 1 4
/ ’ ] = 4 3 I.
S & 1 & 2
i 67.  Pair the following reactors with their
(e I produets
e. D= 459 List L |
L A. Are Fumnace
; B. Permenter I
& P= 4 JV (", Hydrogenator
| 2t List 11
64. A sale contract signed by a chemical L (j:’m acid
manufacturer is espected (o generate a net 2. {:nlcrqm “"!_Th'de
cash fow of Rs. 2,50,000/ per year at the 3. Saturated fais
end of each wvear for a perind of three 4. Alum
years. 'I'he applicable discount rate | A B ?
{interest rats) s 10%. The et present ahs 'd 1 X
warth of the total cash flow is Rs. b 2 ] o
& 7.50,000 &« F + 1
b. 683,750 o« B & F 1L N
¢ 6.2 1.300 68, Paur the following polymers with thew
d. '3;3:}*7.50 ﬂhﬂﬁI characisrishics
65. A saturated vapor is fed o a distillation List T
ctlumn at 180 kmolt/hr. Both the reetifying A, HDPE
and stripping sections of the colunn B. LDPE
operaie at 60% of their respeetive flooding Cf;. LLDPE “
velocities. The fleoding velocity of the Ll
rectifyiing section i twice that of the L. Very few branches
siripping scction. The assumplions: of 2 Short and regular branches
copstant  molar overflow and constant 3. High hranching with both short and. |
molar vapor density throughout the long chain branches
column are valid. If the boil-up rate is 60 A B C
kmoVhr, then the relationship between the . | 2 3
diameters of the rectifying seetion (d,) and b. 2 ! 3
the stripping section (4 is % ; 3 f
: 5 3
e 8y JE_"L 6%,  Choose the most appropriate pairs from
b, d=+3d, the following
[ 45 "dI:qu List I
do de=3d, A. Nitration
66,  Pair the following industrin] processes B. Sulphonation
with the catalysts used €. Carbonation
Last [ List I
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Mol 12

. Detergent a 064

2. Dulp and paper b. 1.00

3. Explosives e. 1.55

1. Sugar d. 1.80

A B C 73, The minimum number of theoretical stages

a, | 2 4 (inclusive of reboiler) for this provess is
b. 3 l 2 o 3.2

c. 3 I 4 b, 6.1

. 3 > 4 c. 7.8

70.  Maich the following d. infinite
List [

A, Carbon disulphide
B, Caprolactum

Common Data for Questions (T4 & T35)
The block diagrain of a closed loop control svstem

C. Gypsum 15 shown in the figure below, Y s the controlled
List [T variable. D is disturbance; Y is the set point, G;.
|, Nvlon-6 Gs. and Gs, are transfer functions, and K is the
2. Nylons66 proportional controller,
3. Phosphoric agid =
4. Viscose rayo j .
A B C g
o213 = @{E = %—4:$-
< 3 } 4
d. 4 I 3 _
Common Data for Questions (71,72 &73) 74. The closed loop transfer function
A binary distillation column separates 100 mod/hr Y(s)IXs)1s given by
of a feed mixture into distillate D and residue W. GG,
The McCabe-Thiele diagram lor this proocess 13- W - .
given below. The relative volatility for the binary bHGE £ 6K,
system is constaniat 2.4. b, . Gy _
: , , (G0, + G2 )K
- | | ; G,
oA - : " TG, GG K
e | X G |
o8 — e d. = ; -
W ' (G, +G, K.
sl g ‘ 75.  LetGy(s)— 1 and Gafs) - Ga(s) = 1(s-+ L),
o4 . A step chunge of magnitude M is made in
G l ' the set point. The steady state oftset of the:
; amaal M closed loop response Y is
7/ L-,:: _ M
0 et = e . - = it s
o A1 D2 03 04 G5 DS 07 DS 0§ ) 142K
fosd, A5 X : ILf
14K,
7] . Thﬁ dh’[lllnlﬂ .ifllld FESidl“I ﬂﬂw Tiles {i.“ A (K = I.]
mol hir) are 6, ——
0, D=484, W=516 1+2K,
b. D=31.6, W=484 d. zero

e D=347 W=453
d D=433 W=347

72,  The ratio of liquid to vapor molar low
roles in the reclifying section is

Statement for Linked Answer
&uﬂﬂﬂ- (768 and T7)

el
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Solvent C is used to extract solute B: selectively
from 100 kg/hy feed mixture A+B in a‘steady state
continuous prodess shown below. The solubility
of 2 in the raffinate :md the solubility of A in the
extract are negligib’le. The extract 1s distilfed to,
recover 13 in the bottom product ‘The overhead
product 1§ recycled to the ektractor; The- loss of
sclvent in the bottoms is compensated by make up
solvent Sa. The total flow rate of the solvent
stream § going to the extractor 18 50 ke/hr. The
tiass fractions (X,78) of soiie selecied streame are

indicated in the figure below.
- T Tmrham
I
1
g~
ﬁ‘-l‘ I L w
‘hm
76,  Distillation boitoms flow rate W'
solvent dosing rate 5d n kg/lr-are

A W=50;S4=50
b, W=100, $:=20
d, W=350,8d=10
77, Feed mate E to the distillation colwmin and
overhead product rate T'in kg /hr ire
a E =90, T—- 40

Statement for Linksd Answer

Question (78 and 78)
A:continuous grinder obeying the Bond crushing
law-grinds a solid at the rate-of 1000 kg/hr from
the mitial dizmeter of 10 mm to the final diameter
of 1 mm.

78.  1If the market now demands particles of
size 0.5 mun, the output rate of the grinder
(in kg/hr) for the same power input would
be reduced to
b, 474
& 623
d. ‘BS6

79.  Inorder fo festare the ontput back to 1000
ku/lir an additional grinder was installed,

11of12

The two grinders can be operated etther in

seties  (configuration-1) or parallel

(configuration=2). Compare ‘the two

configurations in termis of the additionsl

power cotsumption over the case above,

a. configuration-1 éonsumes less power
than mnﬁgnratmn-z

b. configuration-2 consumes. less power
than muﬁgmahﬂu-l both.
configurations cotistme the same
power |

¢. configuration-2 consumes less or tnore
power than configuration-1 depending
-on how the feed is distributed between
the two gnnders in configuration-2 (the:
pamallel configuration)

Statement for Linked Answer
Question (80 and 81)
Consider the diffision of a véactant A throngh a
cylindrical catalyst pore of rading R and length
L>>R. Reactant A undergoes a zeroft order
reaction on fee cylindrical surface of the pore.. The
following equation deseribes changes in the
conceritration of A within the pore die to the axial
diffiision of A and the disgppearance of A dtie to
redotion.
d.l
{'it-l
where cy is the concentration of A at 8 distance X'
from the pore entrance, and K i a constant
80.  If the concentration of A at the pore
entrance (x=0) is Cac, and x = Lis:adead
end where wno veachon occus. lthe
concentration profile of A in the pore is:

given by

& cy(x)= %{‘K@*‘%u

, . Rx(a—1L

b, ¢i(x)= 3 ) f-.fm‘f_l"‘alj

(A c.a‘(_x} =L

ke o ; L___;. ;
d. cﬂgx)ﬂn_i,{ I )

‘81, The minimym: pore length for A to be

conipletely converled within the pore i3

i3
F !
# E
a | =&
\ K

26 L=
p, [ San
*-.-QEJ
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F 26
\ K a
Hzc L
dr Al
W lrl_-' ,J_
Statement for Linked Answer
Question (82 and 83)

In film condensation on a vertical plane surface,
the x directional velocity distribution is given by

gloi=af . 1.
M {M' 2)]

where § is the film thickness al any X,

)=

y

Condensed liquid

82, The mass flow rate of the condensate m(x)
through any axial position x per it width
of"the plate is given by

Ep ( A =P )Sj

. MiX)=
(x) 7
- elp-p )t
h| "l(ﬁ"=g(ﬂ; F‘}
34
i
o ;;;(;,.—_):M
H
o .u :i.j.
g mix)==2 [_P)
3n

83, Ditferentinte m(x) with respect to 8 10 got
the differential increase in condensate
muss dm with film thickpess ve., dm/ds.
Then obtain dm/dx assuming heal flux
through the film fo be due 1o conduction
based on a linear temperature profile

baiween the vapor and wall. Hence

detsrmine dd/dx,
Here wy is liguid viscosity, K is thermal
conductivity. and A is latent heat of

12of 12
condensation. Ty is the vapor temperature
and Ty is the wall teimperature
di_wh(f=1,) |

Y& zalp-p)2o
L 98 _ #k(L-7.) |
Cdy app-p )i
L a8 u(T-T) )

e gpki(m—p,)A o
o 48 _ mk{T.-T.) 1

“lr- gpr(ﬂl “P. },A, rs‘;-!

Statement for Linked Answer
Buestion (B4 and BS)
1

For the system shown below,G(s)= 5
s+l

(1,(8)=

, and T, =lfz
T, 5+1

4 Y z
—_— e ) o

When the system is excited by the stnusoidal inpul
X(t) = sinwl, the intermediale response Y 1§ given
by

Y =dsin(at+¢)

84,  If the response of Y lags hehind the inpul
X by 45" mnd 1; = L. thén the input
frequency o 8
a1

F o
b -+
o ZETO
d —1

85.  For the same mput, the amplitude of the
output £ will be
a. LOO
b. 0.62
c 042
d. 032
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