1 A student is required 1o demonstrate o tnglll-m:l of comprehension of the subject, especially

in the social sciences. )

The word closest in meaning to comprehension is

{A) understanding {B) meaning {7 comeentralion {17} stability
Answer: (A]

2z Choose the most appropriale wond from the oplions. given below o complets the: following
BEence.
O of his biggest ___was his ability o forgive.
(A viee {13) virtoes {C} choices {13} strength
Amswer: (B

B Rajin wis oot happy that Sajan decided 1o do the project on his own, On obgerving his
unhappiness, Sajan explained to Rajan that he preferred to work independently.
Which one of the stalements below s logically valid and can be imfered from the above
Sefilences?
¢A) Rajan bas decided ip work only in a groop A
(B Rajan and Sgjen were formed into a group aguinst (heir ﬁm
(C) Sajan i decided to give inloRajin’s reguest 1o mﬂ'wﬁh Hirm
(I Rajan bad believed that ‘iaﬁn and he would hmﬂng together.
Amswer: (1)

4. Iy = 357 4+ 3, then the IunE_L'ul’u;I;”%‘i Wy =3

{A) passes through 2 = -[.Lg."‘-ﬁ: L (B} vz slope of +1
{C) is parallel to the 1-&!&1 {13y has aslope of -1
Amswer: () i (s

Exp; w=3x"+ iﬂﬂm

dy
Slope of L gent =| == = | {1 (=)
op £ S .

Slope =0 = tompent i poralled @ x-axis.

1 A foumdry has o fixed daily cost of Bs SO whenever it operates and & variable cost of Rs
8000, where ) i the daily production in onnes, What is the cost of Ft-;xludldﬂ. in Bs per
temne fora daily production of 1400 tonnes?

Amswer: 1300 (o | 4N

E‘IL]!: Fined cost = Rs 50000
Vinabde cost = R 8URY
) = daily production in tones
For 106 tonpes.of prodection daily, 1otal cost of prodoction
= S0, O+ SH H = 130,00

130,000

So, cost of production per lonne nfdmbrpmmmﬂm—w* s 1300,



6.

Find the odd one in the following groap: ALRVX, EPVZE, ITZDF, OYEIK

LA)ALRVX (H) EPVER (O ITEDF {3 OYEIK
Amswer: ()
Exp AL BVY—only one vewel
BEPY ZB—only ooe vowel
IMTEZDF-—=only one vowel
OY ElK—three vowels
(. Anvj, Bhola, Chandan, Dilip, Eswar and Faisal live on different floors in g six-stoneyed
building (the grommd foor is numbered 1, the foor above it 2, and so on). Andf lives on an
even-numbersd foor. Bhola does nol live on an odd numbered foor. Chandan does aot:live
an any of the floors kelow Faisal's floor. Dilip does not live on Noor nunber 2, Eswar does’
ol live on o Noor imimediately above o immediately below Bhola, Faisal lives- three focs:
above Dilip. Which of the following flooe-person combinations is cormect !
A Ehoda Chandun Dilip Eswar Faisal
LA b 2 -] | sl 3 4
(B} ] 6 5 g‘ 1 4
= 4 E 3 A " 1 5
i 2 [ 6 AN 1 i 5
Angwer: (B e

Exp

1|_} Anuj: Even monmsbered ”Iallﬂw}

(h) Hhola: Even nombered e )

(¢) Chandan lives Iﬂ'l\m Move that of Faisal

(d)  Dilip nnrulz_ T

() DExwur: m ive immedintely above or immoediaely betow Bhol
P M}ﬂmnh its clear, that only optlon (B) satisfies condition (e}
S, correst Ans is(B).

The smallest sngle of & tfanple is equal 1o two thirds of the smallest snple of 8 qoadellaesl.
The ratio between the angles of the quadrilateral is 3:4:5:6. The largest angle of the trianple is:
twice its smallest angle. What is the sum, in degrees, of the second largest angle. of the.
trangle aid the largest angle of thi guadelateral?

Answer: TED 1o 180

Fxpr

Leit the angles of goedniafemnl are 3x, 4x_ 5%, 6x
80, Sx+dxeSny b =380

Ri= 200

Snallest angle of guadrilateral = 3220 = 6F

Susallést angle of triangle = ::xﬁn"zw

Lnﬁﬂuﬂnﬂmﬁe-zw = il

Three angles of triangle are 40, 607, 80"

Luguu anple of guadrilistem] is 1207

Sum 2™ Iupﬂmﬂ:nfﬂlﬂig{:+Wuﬁ::ﬂqmﬂﬂnmﬂ:

- = AR HE=1R07. . T
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9, Ome percent of the peoplial -amBOX e BRerhan 6 1 Two percent of the peaple of
country Y are taller than & ft. There are thrice as many people in country X as in country Y.
Taking both countries together, what 1S the percentage of people taller than & ft?

(A3 (B 23 {C) 15 Dy 125

Answer: (1)

Exp:  Letnumber of people in couniry y = 11K
8o, mitber of people i country € = 300
Total number of people laller than 601 in both the couniries

| '\
=AM —+ 10 =5
1 (K} 10K}
5
Bood people tnller than 6 in bath the coonfries = Hx]f:ﬂ: 1.25%
d

10, The menthly rainfall chart based on 30 years of rainfall in Agro is shown in the following:
Agure. Which of the followdng are true? (k percentile 18 the value such that k percent of the
daty fall below that valoe)

R
T i
i 4
S0 4
400 4
300
:.ILHJ 4
100 4
)
,ﬂgﬂ'ﬂ M.‘Ir hrl.l' ‘r'ld.} _11,|:|| r|,|| .-'.ug \.,-p ”|,| hq;l'. Ik'\s,
(i}t u'-'l:mgc. il mins more in July thun in December
{_il}l Every vear, the amounl of rdnfall in Aupgust s more than that in Janoary
{idiy July rainfull can be estimated with better confidence than February rainfull
giv) In Avgust, there is af least 500 mom of minfall
(A (i and (ii) (B (i) and (iii) (O i) and (iii) 1) (il amd {iv)
Answer (B
Exix  [mihe questicn the monilly averge catnfll char Tor 50 vears his been given

Lt us check the oplions
(#)  Cmavernge, it mains ooce in July than in December — cornsel
(H) Every vear, ihe wmoon! of minfall in Augusi bs move than thal in January
» mmy nod be cormect becimse average raim (] is given in the guestion.
(it Juby rnniall can be estimmied with belier coniidense Usan Febooary muniadl.
== From chart il is clear the gap belween § percentile and 98 percentile from sverage bs
higher in Febroary than that in July = correct.
(iv) In Angustal least 500 mom rainfll

= Muy not be correct. becanse its S0 year nvemge.

e e _SocomestoptondBY Grand gy - . = S~ : SRRSO .-



I Gradient of  scalar variable is always

{A) 0 vector (B} & scala {Cha dot product (I 2eio
Answer: {(A)
Exp  Gmdien V= 1i+ 114-111
X "\. 2k

IFT is @ smilar podni Tuncion

ff - off |
vr i il [ =] —+ {—+4 k—in o vechu
o oy Firs

& For the time domain function, fiti=1" which ONE of the following is the Laptace transform

of jrmm-r

| #a

(A) = (B) — () (o) 2
q i

45’
Amswer (13)

Exp, Wehove | [ { ]t =I; whe F(s) = L[f{1)}
|.I| = },A T 1.1"] 3

& If 1™ix) 1 the complegegonitipale of (1) = cosix) + i @in(y), then for real & jnd b,
b
[+ (3 dmis ALWAYS

L

[A) positive [B) negative (€] real (13 imaginary
Answer: (1)
Exp. fix)=cos{x)=isin{x)

I 2 h=conlx ) =1gin{x )

j
J-f"-'\} flalde = |{éoex=isiny) {cos=isinx)ix

L}
Fjl' 2y =|' Ix = b—aeR (va.beR)
=xReal for real o & b

4, If fix) is @ real and continwous Aunction of %, the Taylor series expansion of f{x} about
its minima will NEVER have a term conlaining
(A lirst derivative (5] second derivative
(O third derivative (139 any higher derivative



Exp  Forared valued fanctiony =1~~~
Taylor series expansion ahond *a’
1
fix}=f(a)+(x —I}f'[l}-&-l'l'—;:'lLf'[n]#-...
For minims al x=a, {'{a}=10,
8o, Tuylor series exparsion of x) about ‘2" will never conluin (st desivitive (emm
% From the following list. identily the propertics which are equal in both vapour and
liguid phuses at equilibrium
B. Density Temperature
R Chemical potential 5. Enthalpy
(A) P and Q only (B} and R cnly
{C)R and 5 only (I P and S only
Anmswer: (B
Expl  For phese eguilibrium
Tampimiure: T =T | .
Pressure; P* =P  comest Ans i B) ‘:“C‘.%
Chemical potential; p* =p' | 400 6131
&) .2
& In‘a closed sysiem, the isentropie expa “an fdeal prs with constant specifie heats:is
represented by - (2'
(Al {:..:;':ﬁ.:'&{.’ (B}
F‘ g ) P \
Vv v
ic) ()
In{P) / In{P} \
In{ ¥} Infv)
Answer: (1))
Exp. Foriseniropic expansion,

PY" = cons Lo

Taking log om both sides

InPsym V=0

InP )

-ﬁn ~¥=negmtive

oy pasitive glope of InP valn Vis negative



7. Match the following ;

Group 1 Group 2
P [JGJ L. Arrhenius equagtion
on, TR
Q@ [ At 1T, Reaction equilibrium constant
©ohdn
~AG Y 1, Chemical potential
(R exp A | ermical potentia
! BT
{53 E{ndp,), =0 IV, Giblbs-Duhemn equation
(A Q-TIL R-1; 5-11 (B) Q-II1, R-11, 5-1¥
(€ P-101, R-11, -1V (D P-II0, R-1V, 8-1
Amswer: (C)
8. In prder toachieve the soane comversion under ddentical I‘I"q'll.ﬂiﬂ_ﬂv-ﬂ”.ﬂﬂ.‘l and feed flow rate

for o non-aulocatalytic reaction of positive order, the volumsolan idesl CSTR s
{A) always greater than that of anideal FFR

(B} always smaller than that of an fdeal PFR

() swme as that of wn ideal PFR, g

(D) smaller than that of an ideal PFR onlyforfirst ander reaction

Answer: (A
Exp:  For CSTR, valume V —I*"‘l-‘:\-
~\
= L. TrdX
For VFR vl il M22F, | [ —=
el =T
&
nxl
@ PFR voliie
—1
A CETR volume
X, ¥

Frean plot if i= clear that '\'-.-ll.i;m' of Idenl CSTR {arealis higher than that of Us ideal PR,
9. Integral of the ime-weighted absolote error (ITAE) ls expressed as
T TlEll
(A} jl'%}l:n (B) j;%}la
L] 9

(€ !l]:it',‘-:l (D} E‘JHI”‘H



Exp.  [elnumher of people in coumey y=3my —= -~ =7 =57
So. nmnber of peaple in country &= 300
Tmlnmhunfpm;ﬂeulmumsrtmmm.muﬂunmm:r;anmx%-s
T of people faller than 6 in Bboth (the counlies =%x1m=1m
10. A unit IMPULSE response of a first order system with time constant’ 5 and steady
state gpan K is given by
- ) i K
(a) e (B) Kot (C) Ko (D) —Eevr
Arswer (01
Expt  Unit bmpulse inpat 200 = 51
B0 Xis)=1
Yo%) k. HI.
= - - STEE |
Thepe X{s] w+l yis} | .
T A
y{y)=—te" ARM
) .""l '~|..- -
11, Inucompletely opague medivm, iF750% nl menochromatic radistion is absorbed,
then which of the followi T SLLETIenLS & RRE('T’

(P) 507% of the incident J*uﬂ.xut.m%ctm
Q) 25% of the incident rad saellected

(RY 25% of the indid o is transomitied
(8} No incident ruu:Emuc_'n i trinsnn ted
M]F‘and\ ﬂ_gfk l:_. {B) Qand R only () P and £ only (1) Roand & only

Answer: (A xu . |

Exp.  Fora culnplnlr]g. opague sysem = 0-— 5
Given = =015
L |
Qb r=05=p
Fimal Ans is (A} Poand § only
12, m cuse of a pressure driven lominar Gow of @ Newtonion Quid of viscosity (u) throogh a
horizontal cireular pipe, the velocity of the Tuid 15 proportional o
(A p {B) p™ el yTe (I
Answer: ()

Exp  Pressune dropin cese lominar low-is

&P _ 3LV

L i
ey Vaep™,



13, Which of the fullowing stueme oty s RECE!

(") For-a rheopectic luid, the apparent viscosity increases with time under a constant applied
shear stress

i) For u pseodoplastic fluid. the apparent viscosity decreases with time under 4 constan
applied shear stress

(R} For a Bingham plastic, the apparent viscosity increases exponentially with the
deformation rae

{53 For a dilatamt {Tnid, the apparent viscosity increases withinereasing deformation rale

(A) P oand Q only {8 Q und R anlv {C°) R and § anly (130 P and 8 only

Answer: (1)

14, Asanme that an ordinary mercury-in-glass thermometer follows first onder dvmamics with-a
time constant of 105 10 is o o steady state lemperatore of 0°C. Al time | = 0, the thérmomeler
ig sndidenly imomersed in 2 conslant lemperature bath al 1000C, The fime required (inos) foc
the thermometer (o read 95°C, approximately is
(Al (B340 (C}30 (D 20}

Answer: (C)

Bxp. Givent=I0s

Por_first crder system
¥(tj=K A{l-e""]
P 100 =™ )

:'..l::'.l“';- £ :|:'|.II_\.,|';-
5

15, Packed towers wre prefernsd Fbg""gﬁh-ii’qiuiql mass transfer operations with foaming Hquﬁ;h
becais: N
CAYIn packed towers, high i o gas mtios are best handled
(B)in packed wowersicontinu ous contact of pas and liguid akes place
() packed towess are packed with random packings
(D in packed fowers, the gas is not bubbled through the Haguid poot

Answer: (1)

13 Acgpherical storage vessel is quarter-filled with toluens, The dinmeter of the ventat the top of
the. vessel 15 120th of the diameter of the vessel. Under the steady slate condition, the
diffpsive flng of toluene i3 masimunm at
{A) the surface of the liguid
(B the mid-plane of (he vessel
(Crihe vent
(13 o distance 20 times the diameter of the vent away from the vent

Anawer: (C)

Exp. Diffusive Muxis maxinmmal (e venl and remsins sone throughout the veal ine ot Staiidy

¥,

state.

In-erder 10 produce fine solid particles between 5 and 10 jm, the appropriate size reducing
equipment is

{ A Auid energy mill {13) barmmer mill

() jow crusher (D0 smooth roll crusher



15 Slurries are most convenienthypasrperiioaat
(&) syringe pump {B) diaphragm purmp
(7] yacuum pomp {13 gear pamp
Answer: (B)

19, Assuming the mass transfer coefficients in the ges and the liquid phases are comparable, the
absaption of 00 from refomer g (CO0+H.) into an aguects solution of distnolanine s

gomtralled by

(A gas phase resistance {H) liguid phase resisance

¢C) both gas and liguid phise resistances {0 compesition of the reformnes gas.
Anmwer: (&)

20 Which ONE of the following staternents is CORRECT for the surface renewal theary?
{A) Mass trafsfer takes ploce al steady stle
(B} Mass trunsler kes place ot unsteady slale
{C) Contact time is'same for all the liguid elemenis
(I Mass transfer depends only on the film resistance

Answer: (H)

21 Steam economy of a multiple effect evaparator system Is defined ag
(AY Kilogrum of steamn wsed per hour % -
(B) kilogram of steam consumed igall the effects for essh Kilogmm of sieam fed
0 kilogram of steam vsed in all the effects for each killogrsm of water vaporized per hour
(D) kilogram of water vaporized Trom all the effecsdor each kilogram of steam fed 1o (he
st eflec

Ammweer: (1)

2 Decomposition effid ened ) of in electralytic cell used for producing NaOH isdefined as
CAY Mo = (g o ENaORgroducsd / grams of NaCl decomposed) & 100
Bl 7. lmﬂh\hfﬁdﬂi] produced / grams of NaCl chargedy x 100 _
i_fﬂ 1. = (grameguivalents of NaOH produced / gem equivalents of NaCl chucped) x 100}
(D) ', = (theoretical current fo produce ong gram eguivalent ¢ actual corrent o produce: ong
gram equivalent p x [}

Answer: (C)
23 The vessel dispersion numbeér for an ideal CSTR is

(A)-1 (B0 {01 {13} ==
Answer: ()

: D
Exp:  Disperion number= oy

Feor un fdeal cs’m.i — 2,
UL
24, Catalytic cracking 15

{A) & hydrogen addition process (B} n carhon rejection process
(€} an exothenic process (D) a coking process



25, Which ONE of the Tollowiflf® Steilrabis 8 OOmRECT
(A The major compenents of biodiesel are i glycerides
i B) Bindiesel is essentially a mixture of ethyl esters
iy H!ndualis highly arcimalic
{13} Biodiesel has a very low aniline paint

Answer: (H)

Q. Ne-26-55 Carry Two Marks Each
6, Comsider the following differential egoation
Pi: r=Infyi:y=2atx=1i
s iod b

The solution of this equation ot & = 0.4 psing Eoler method with a step size of h= 02 is

Answer: 2.3 10 -l
it
[E — = x-=ny
B o=ty
dy

—=f[x¥) fxy] = x+fmy

given x, =0, ¥, =2 =
W huve, ¥ . =y <h (% vISESEE T A AN
for x=0y, =v .+ (%0 ¥} RN

=02, yi=y{xi}=vix,+h] = \IL@HM f:= yinz)

Ly{02) = ¥, =2+0 ‘Il[;,,.,‘h‘l,—‘ﬂ IO+, | =2+0.2{ 06931 5)=2.13863
)‘lfll‘;l-'\l‘t H:t.hl.' +02}= ¥(04
Ly04) = uﬁ-; N (x,. v, )=2.13863+0.20{0.2,2.13863)

-.-1. .\H“lq-i-"l"m-'l lI---|'|| T 13863 13| |

=2, 13863 +0.2 [ 0.2 +0.75016)=1.33066

I The integrating factar for the differential equation
%—-—"-::1 +x) s
() ]-:; (B) (1+x) (€ x(1+x) () iﬁ
Adiswer: (A)
iy ¥
Exp. Given differentinl eqaation ;—m=l+\
%+H=Q=F=ﬁ

=L
1F = J"= hl‘u =¢—H‘ﬂ":‘ 3
T+x



38, The diffrestial depiation %Hﬁﬂf; =< isa
(A ) non-linear differential eguation of first degree
(B} lincar differential equation of first degree

(0) linear differential eguation of second degree

{12 mon-finear differential eouation of second degree

Answer: (13
Exp: Qiven equalio
%:;...L B xiyee
This is cleardy o linear differential ecjuatioi
Order =2
D'Elllur = |

9, Consider the following two nonml distibutions
f[x]=expl—mx’)

fr{‘xl =—exp —-I--I.x: + 2%+ l.J

4 J
Iy amd & denote the mean and $tandard devirfion, respectively, then
(AY <, and af <o . . {BY <, and o >
(C) w, = p. and o) <o (D) W, =, und o8 > a’
Answer; ()

Bap: f(x) =e

J r=U

Coarnparinga ‘I"*‘.ﬁ'l'-' p
Eay LT :f“_: L

|
= =T = =

viE

| : |
Lfx)=—0a1" ===t

In in
Congporing with , ([ x] = €

ay2n

=i =] &a, = J":
=l > |, &0 <o —=(C)

30, In polling of two fuir dice, the cutcome of an experiment is comsidered 1o e the sum of the
nambers appearing on he dice, The probability is highest for the oulcome of
Answer: 6.991a7.01

Exp.
FIANEERNEIFRTARRE AR IR R ERE




Ml |2 |lerETEiE1d| 4] 3
% | 3 3&]3bl$ﬁ|3ﬁll& a6 | 36

)
]

Where X is s randobn variable denotes the sum of the numbers sppeating on the dice,
P{x}= comesponding probabilifies

s The probabitity is highes! for the oulcome *T" fe.

%]

n, A gpherical ball of benzoic acid (dinmeter = 1.5 cm} is submserged in a pood of A1) water, The
golubility and diffosivity of benzoic acid in water are 003 kmolin? and 1.25.x 107 mife
respectively. Sherwood number is given as Sh= 2.0 + 06 Re' 5¢™. The initial rate of
dissolution {in kmolfs ) of benzoe scid approximately s

(A) 310" (B} 3.54 =007
(8 354= 07" (% 3.54=10"
Answer: (B)

Exp =2+06R 8™
Bamneter =15 o
Solubility =003 k |||-1IJ|"|J|
Dhffusivity = 1252107 m'fs
Giten Sh=2+06{Re) " (5¢] 5
Indtially Sh -2
M- =2, K, = Mass iransfer ¢ ngfﬂf;:]t;l‘ﬁflllfﬁl

Dﬁl
; J2x125w10" SemA :
=K = W- AL |||,l|\;‘.
Imitlal rate AldRblulion = K A{C, -0} =K AC

=T e (1.5 107 20,03 = 3.5 107 kol fsec

32 Acwpet solid of 100 kg is dred from a moisture content of 40wi%: (o 10w, The eritical
mioisture confent is 153w1% and the equilibriom modsture content is negligible, All moisture
comlents are on dry basis: The falling rale i3 considered o be linsr, 18 nkes 5 hoom o dry e
material in the constant rate period. The duration {in bowrs) of the falling rate petiod is

Amswer: L o L3
Exp. Given X, =04
x] =111
Ko=015
X*=i
Constunt rate period
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, No(X-X*
Euﬂin@mpuiul.ﬁ:mix-x'hhl

?Q a% _s:x-x*‘ll K —X¥
b AN, Vo o AN =T

[%—X)
‘\;_

1y =20 0ASIn - 1: 1216

A brick wall of 20 cm Ihicimr.'m. has thermal conductivity of (L7'W m' K. An insalation of
thenmal conductivity 0.2 W om' K is to be applied on one side of the wall, so that the heat
tramsier throegh ihie wall is redoced by 75%. The same temperatere difference is mpintiined

inzulution is

Angwer: 17010 173

Exp.

Bafiore insulation beal Moy

dl AT
Q,=-k J'-.II——-I».AI— .
After applying insulation heat tansfer p‘irr'clrihrﬁ‘l:‘r:-"'-‘."l'.:
Al "
Q.= Ax,  Ax ;
kA kA
Tukdng A =1m;

@ =0150Q -_h'l_‘aﬁ'_[ -1

Nz ax,
0T 0T {32

=, =———— =01 T4m=17.14cm.

i | —

2iem

N \%

Ax
0.7 Wimk

-across Ihe wall before and afier applying the insulation. The reguired thickness {in-cmj of the

Ll ticon

k; =02 Wjmk

An ol with o Row rate of [0 kg is to be cooled using water in o double-pipe conmter-flow
heatexchanger from a temperature of T0°C to 40°C, Waler enlers Ihu exchangeral 23°C and
leaves al 40°C. The specific heats of ofl and waler are 2 kI LL K oand 4.2 kT ke' K,
The mimimum heat

reapeciively. The m:mu heat ansfer coefficient is 02 LW m® K.

exchanger area (in m' ) required for this operation is

Amwer: 37510 395



Civen ), =2kl kg 'K Cw=42kikg" K™ ail (10°C)

U= G.Ekwm*"}: a | 'l' l
AT, =15°C, AT, = °C 9
g waler

EMITD = o = 21,64°C e ] |

WED

" 15 l

i SR
Hent transfer (= J,_-u' 0P =40 ) =16.67 k)
3600
Q=UA(LMTD)
Lo L 3 E5m

= [0 221 64

Which ONE of the lollowing is CORRECT I'nr an jllL‘iI.l g.jr. in;ﬂcﬁmi svaleny?

ol (L) g_- }
—| ¥=uR| B} =| ==
Em | 4"1 e ﬁ‘]"' ! E s £
au feH L dll
m[.a JV “H.aar “‘?1_1%? n“ 45/,
Answer: (1) _ L

| |-«

[A] ,.— L=||R|Rﬁl~"‘|1_'

J- unube“l@wnman melation

dIPe Tl - Py

'-Iﬂ- =—I'-.1n.I5ﬂ| =1
iy ; %
-PV =nR T = Incormect
| [oH [ aH
B — | PepR{— |
! ! dP J, aS 1

Fundamental propety relalion
dH = Tils + Vdp
el dH

=N -.|u||'— = ]
\di i \ s
—FUanT:ahmmd

(€]  —PY=nRT = incormect
(D)  PN=oRT— onmect;



mv_a

36, A hinary distiliation _ : : wiggl feed containing 20 nob% vapour. 1
the feed quality is changed to 80 mal% vapour, the change in the slope of the q-line is

Amwur:Tﬁ o 39 _
Exp:  Feed conlnins 20% vapour, so g =108

El'rf}ﬁﬂfq“ﬂfrj—l"?%'r—-*
e B

Mow feed contmns 365 vapour, ¢ = 0.2

Slope =—1 i
Tog=1 =0 4

Change in slope = TI{ +4=375

37, A homogeneous reaction | R — P)ocoors in o balch reactor, The comversion of the-reactant B
{5 67% alter 10 minutes and S0% afler 20 mingtes. The mate equation for this reaction Is

[A) -1, =k (B] —ry = kT [Ch—1, =kCy | D) =1, =kCP
Answer: (B AN
. - IE L |-1|.~|-I ; y
Bxp  Foran ideal batch reacior A =£~d—£—= [ C* Fay
i # & l‘{‘- :II:-\.-
B =Cull=X,) -\
k

i, ==C, X, e "

for reaciion B — P X, =047, 1= mingtes
X, =0801=20minvles
| £33 =
=00 —— 1]
' ' l—n

el [ |
0= al [2)
ki] I-=n J

Dividing equation (1} by equaticn {2)
| 033y

T

Solving we gedn=2

e aie Mt el W &L L& sl e TE . .. owmai.. _la_s_._ =



A8, A vapodr phuse catalytic feaction TP R JS}'T&EE\TRM mechanism (R and § are not
adsorbed). Initially, the mixture contains only the reactants in equimolur mtio, The sarface
reaction step is rate controlling, With constants 4 and &, the initial rate of reaction (—r,} in
lerms of tolal pressure (Pr) is given by
(M) =B @ ety (@ =i (D)

1+ b, 1+ bP 1+ bP,
___aP;
B ArwTR
Answer (€

Exp. Ry mechanismn

Afp)-S=—=A-8
A-S+Bigle—m——=AB-5 (mileoonirofling )

AB -5~ ¥ AR
Heve s = adsarption site on catalyst surface
_ A=E
YUIANS]

et Ton mte oontrolling step
—=K.[A-5](B)-K_[AB —.'.'iJ‘,._r_-[II_,I
Aldso, total nummber of 5 e 1S,
B ={8)={A -8l AR®] [}
Initinlly suffpls@overnge of AL will be very low, so{ AH=5)=1
[A=5]

From{l), K =— _-I- = A

[(A)S —(A—=5))
. . K | ANS,
= LANS = K A=SY A)={ A=8) = (A—B)="1 10
I+K{A]
Mow, for mile controlling siep, - y= K. (A-S)(B)-K ,|AB-5}
Temdial mane msan concenlration of [ AB-5)=s0
a0, —Y, =K, (A5} B
KK (A)B M5,

I+K{A)
Far the given reaction +R—8 with reaciunis in equimolar retio
" n_.-'h'.ili= BB, " n P .

1=K I+bty

Yo




3. Aincompressible fluid is Tisg 1WREEH ARfumaR section of length L and has  1-D (x
direction) steady state velocly distribution, n= u._.[t+-1-5] I n,=2mis and L o= 3m, the
convective acceleration (in mds”) of the fnidat Lis

Amswer: 799 10 8.0]

Bep: 0
Convpcive uocelers |II~'|I|/[- b %

) -‘||
=@, | |
L |
Pattingn, =2 L=3
abx = L, convectivesecelemtion = 2| 14 __|I_ ; =H mifs

40, Maich the following:

Gironp 1 Grroup 2
{P) Tank in series model (I} Non-isothermal geaction
() Liguid-liqguid extraction (1) Mixer-selier, * -
{R) Oplinum lemperalure progression (111} PERwalk tixiial Toining
(8] Thiele inodilus (V] Selideltulveed reaction
(A) P-11L -1, R-1, S-111 AP O-10, R-01 51
{Cy P-TL Q-1 R-IL. 8-TV 1-]3‘,! P-TIL Q-11, R-1, S-1V

Amswer: ([

Exp. Tank in series model — PER e iy Soaldiixing
l,!qm. -liguid extmationss Wik Setler
ﬂ-pl._.lu 1] I,||||_-r| Il.j_!l |:-1;_ip}..s.h._l_l|| —& |~\.| |||-:*_¢_II||c.:|:||| 1 T AW ]

Thbele modu s L8 calalyst reaction.
41, Twa L'FL'II:hEﬂfi!i gitses (A amd B} are reacting o form a tiguid (O3 0w steady stole propess:as

per the reaction. A+ B-—C. The single-pass conversion of the eaction is only 20% and
Beace recyele 15 used. The product is separated completely in pure formmn. The fresh feed has
4% mol% of A and B cach along with 2 mol® impurities. The maximum sl owable impurities
in the recyele stream is 20 mol™. The amount of parge steam (n moles) per 100 moles of
the fresh feed is

Apswer: 800 101001

Exp.

Feed
> N A+R —» C | prodoct)
100%
v [R+P) e=200
r=20%
p purpe, P, =20%




az.

Basis = 100 modes of fresh okl
A'=49 moles; B =49 moles,
Inert, #=2 moles

Crverall balance on inert
TePrl2=P=10

Carbon monoxide (CO) s bumi in presence of 200% excess pure oxygen and the Mame
l_em]:fauu'.a achieved is 2298 K. The inlet strewms are at 25 °C. The standard heat of
Formation (al 25 °Ch of CO and CO: are -110k) mol ' and -390k) mal ', respeativedy, The
heat capacities (in ] mol ' K ") of the componenls are

Ci'n. =25+ 14x107'T

CM=35+43K]1}IT
where, 7' is the lempemfore in K, The hest foss {in k1) per mole of 0 bomt
- -

Answers 300000 5510

Exp. m":l.” T8

d
Basis: | mole of OO burnt
Oesapplied = L5x3 = 1.5 mole
Unreacted O in product = 1 miole .
Stamcteurd heat of reaction e - 390 — (<110 - 50 kol
Heat of reactants = 0 {af 298k, :

Hemi of produc = [ ]I,h'”l *HFT'.:-' T)+[25+42x10 |':|}|:"

BT - 150,082 = 245776 k) fmole
Heat losg =280- 245 376=34 624 k)

43, Accugh Now of Re, 12,000 per vear is receivied al the end of each year (unifom pedodie

payment) for 7 consecotive vears. The rate of interest is 9% per vedr compounded annially,

~ Thepresedt worth (in Rs.) of sech cash (low al tme zero s
Arnmers GO0 10 6 OO0
(Mq) =]
Exp Present worth P=H |- - . |
(141}
e | XK M:;t-lll'iﬁ-ﬂ
I-l__|_|_r| ._ilj_l_HlI |

H. A polynier plant with o production capacity of 10000 tons per year has an overall vield of

T0r, on muss basis (kg of product per kg of mw matedal ). The mw molerial costs Rs. 50,000
per ton. A process medification s proposed 1o increase the overall yield to 753% with an
iivestment of Bs. 12.5 crore, In how mumy years can the invested amounl be-recovered with

the additional peoit]



Answer: 2 55 10 2.7
Exp.  Lef pomber of yews = n
Tolal product = 10,0007
. 10,000
Raw material wsed ~——-—rm

Ternl cost of Kaw malenal= U:J”J 2 50,000

Trom guestion
F0,000510,000n0 50,000 10,000 0

7 (.75
Solving.n = 2,625 yeurs.

=12.5% (¥

45, A slep change of magnitude 2 i introduced info o svstem having the (ollowing tmnsfor

fﬂﬂtlim L
Glsj=g—a—
55+ T5+4
The percent overshoot is i{\
m 168010 168 i é{:ﬁg

Bp  Gis)=— 05 '-: {}_‘f_;

5 -‘h-'--i [25s" +(I'§s+l

Eomparing with € [ )= ——

'4? .-I
o =125 mn1

g={.5 p=05
N

L x5 o
evershool = exp| - J L | [ | < = (L1630
) )

J1-025

% ovemshoot = 1 6.3%

46, ai\-'l:n below is a simplified block diagrm of  feedforward control system,
Dis)

G5

G r)

G, .—%;.v#}




The trfer function of the peoces is G, =~ and the disturbance transfer Functicn is

G, .ﬁ‘ The remsfer funclion of the PERFECT feed lorwand omroller, Gis) is
b
=5 -5 ; =1
A B {c (M =5fs+1
{ (s+1) (s +1] ) S(5+1) ; B+1)
Anmswer: (L)
2o o)
Exp. E}ﬁ:“'rﬁjl:”'iﬁi:-“ (E:4]
For perfect feed foramnd controller, !
e elfect of load distorbances,
= {1 -:I.r.-{| |'.-| O, [#)=10 Gyi=l ﬂ.{ﬂ.]
:‘fi’lf‘iif_{llml= = - =]
G (] i oo Sta+1)
i (AL — +
LS|
6, (3= Yis)
47 Thie baottom face of & horizontal dals of ﬂ:;a.b:p&saﬁ'nnu i% maintained a 200°C, The top face

Anmwers 268 (o 274

Exp.

is exposed 1o o flowing: gas at 300 That th mmiu;nuh of the slab is 1.5'W mr K- and
the convective heal transfer -L:rfﬁ;fuu;! W m KA sieady stute, ihe Ir.nq:afaim {in
"€ of the top face s

= ____'_l-

T =3PC

.

LERINTiT]

:

K=15Wm'K™

HEPC
h=30Wm~“K"
.ﬂl .-\IL‘.IL|:\.' atude
Besat Ny cle (o conduction = hisat Qo dee (o convection

{573=T1

bk Ametd 6 (T, 303)

G
=SS, = bl S 3T, — G|
F50.5-15T =018T -54.84
T =5407 K =T7107C.



44,

In o steady incompressible flow, the velocity disiribution is given by ¥ = 3¢~ Pyl + 5k,
whmmvﬂium&qndzry*mﬁzmmm. hurdwmmhn-mnmmwm thevalue
af the constant P (in &) is

Answer: 7.99 10'8.01
Exp  GivenV = 3xi—Pyi+ Szk

For mass conservalion af constani density

AV=0

48, Maich the following
G oroup | Group LT
{1 Turbulence i1} Regiprogating pump
() NPSH (11} Packed bed
(B} Ergun equstion (11} Fluctuating Yelocity
{5) Rotameter (V) Impefler & 0
{T) Power number A (Vi Nepfconiraciy
(A) P-H R-11, T-1V -N RS
¢y P-101, BRIV, T-11 a1 W 1'm Q-111, 8-¥, T-1Y
Answer: () '
Bxp.  Twhbulence: Charscterized h;g gﬁl;tg;hni:. vilocily
Ergun equation! for Gulg pressure drop in packed bed
Fower number: For dﬂftﬁl u||p prawer comsumplion in naxing tnk
i 2
50.  In a stefdy 'mnd incompréssible flow of a fMuid (density = 1.25 kg m'), the differénce

between: siapnation amd static pressures al (he same Iocation in the Now'is 30 mm of
mereury (density = 13600 ke m ™), Considering gravitational acceleration as 10 m 57, the
Fluid speed (inm s} is

Answer: 79 1o B2

Exp.

Bemoulli’s equation

oW ¢ .o He-rY
—_— sy=
ME 2B PE P

1-p | W F s 30 10F
Given P-F _pgh_13600x1 X LA
s P 125

=+/223264 =305 mfsec.




Sl Consider a binary liquid mixture areguilibrium with its vapour at 25°¢,
Antoine equation for this system is given as %r=a—% where ¢ i in "C and pin

Tarr.
The Antoine constants (4, B, und ) for the system are given in the following tahle.

Component A ] c
1 T4 1218 2H)
i 6.3 121 233

The vapour phase ls assimed 10 be ddeal and the activiey coefficients {7y, | for the non-ideal
Liguid phase are given by
Infy,)=x3|2-06x,]
In{y, ) =x; |17+ box, |
If the mole fraction of component 1 in liguid phase (x1) is(011, then the mote fraction of
commponent 1 in vapour phisse (v} is
Anmwer: (LGS 1o (LTS -
Hip. lop, P =A- B O\
L+e %
For ecompoment | P
R .+ || I P
log, B =7 :F—J'!I']-.JEML}' 1

5 @ L%
& 3

P =170 848 Toer 1

und ln iy, )== n“f&* ;

pu, =04l &

+, =exp| DOY 206011 1) |=y =4.627
{2006

23+

L.

For component 2, log, P =65- =1.637

P =436 Tarr andIn(y, J=x; (1. 7=06x. )

T Tl.':f.p:'l':lll (1.7+ Qubx11]

=y, =1401598

trommodified Raoul s low, v P=xyP" and v, P=x B

Ui Ao
R i L

S 0,1 14 627 %1 70846
D0 e T T T A6 (RG] 001 5082 4335
= ¥, =0.659,




comtroller with « gain K+ If the transfer funciions of all ather elements in thee control loop are
unity, then which ONE of the following conditions prosfuces a 'stable closed loop response?

(A K=025 B) 0K <25
(0 L25< K, <05 (D Ke=05
Answer; (1)
oy - k 1"
B (Gl -k G

I..."t‘:".b..'lw’.'lI'-|I-\.'L'l.||lJ.||-l|| 1+kG =0

1<k ={g-1}+2k =0
E—=1|

i+(2k —1}=D

for siable closed loop responsg

2k -1=0

=2k, >05= (D}

53, Consider the following Bock disgram for a closeddacp feedback control system
d ; s}

5 B .
1 =— e}

A proportional controller s being ased with K.==4. I’ a step change in distarbance: of
magnimde 2 affects the sysiem, then the valoe of the: offset is
Adgwer: (049 w0 5]

C(s) ~2/s 25 -2
Ex - e 3 S
" Bl Ledk O8[ =] p-=Ba oK

gt g 8
2
Bls)==
af 2 ) 4
offset =0tim s € () =—fim ;;L == ‘=-§=1:-,5!1.



5 [Jetermine the eorreciness or olherwise of the following Assertion [a] snd Reason [r].
Assertion Significant combustion of coke takes place onty IF it iz heated at higher
temnperature in presence of air,
Reason: C+0, =00, s an exothermic reaction,
A} Both [a] and [r] wre true and |} is the correct reason for fa]
(B Both {n] and [r] are troe het [¢] 2 0ot the comect repton for (o)
{C) [a] is correct but [r] is false
{1} Both [a] and [r] are Gilse
Andwer (3
Exp:  ‘Both [a] and fr] are troe bt [r] 5 not the cormeet reason . for o).

55, Muatch the mw meterats of Croups 1 and 2 with the fined prodocs of Groap 3

Giroup 1 Group 2 Group 3
Py: Ethvlene O Anmnonis K¢ Synibedc fikre
Po: Propviens £),: 1-Buten: K Nvloa 66
P Adipic acid e Ethylene glycol Ko LLDPE
Pu: Tercphthalic acid 2y Hexamethylene diamine i Acrvionitrile

(AJB<Q, S RP+Q S RpR+Q, - ROE <QIS R,
(BIR+Q =R P+, S3RGP+Q, — RoPEQ - R,
(€] B+ Q= Rui B+ Q, — RAP = QU RRIF 0, = R,
[DIR +Q = B P +0,— RoBQ, S R P +0, = R,

Answer (1)
Exp.
Fiuw imeateriol Pr o il
Cihvicne = | - Bulene LIDPE | Linear 1w density PE)
Propviene + Amamonia Acrvionetrile
Adipic Acid~ Hexomethyiene dinmine Nyl — b

Ferephihalic acid + Ethylene giveol Synithetie fibee
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