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o e fod low e product o
: rates are increased by three times
| Match the following, where X is the spatial 4 E;En I’ea;l n?“;rp: Slul:“:& Eer:id' hf'“:;’ ““'%I,
.?Lm%?ﬁire: equation 5. Aprocess llow sheet analysis resulis in the
B. Heat equation dogrecs of +reedom Baying 4 value:of -2,
Groupll Which one of the following steps must be
oup
20 A next carried out?
I, —=a— #. Tdentify and add two new independeni
¢ oy equattons from process model
5 & o 0¢ b. Remove two equations that have been
oA Bt wrongly assumed to be mdependmt
" ¢, Assign values fo two vanables in the
3. "t..-—::ﬂ‘ E process |
x oty d. Assign value to one  variable and
4 f"—"—.l:a’fﬁ remove one equation that was wrongly
A assumned to be independent _
A B 6: In van der Waals equation of state, what
& 4 2 are the criteria applied at the critical pomt
h. 2 4 to deternuine the parameters "3’ and “b™?
[ ) 3 | oy g = Y
d t 3 a fi] = “: ~
2% Two bags contain ten coins each, and the \aV J; ¥ ),
coins in ‘gach bag are numbered from 1 to A (&)
10. One coin is drawn at rtandom from. b AP =0 7P =0
each bag. The probubility that one of the 5 (: :, ; &
coins has valug 1.2.3 or 4. while the other ¢ (B g (2 )
has value 7,8,9 or 10), is 7 AV S V! e
a. 2/5 f"?r‘ ; ) "125
b 425 d [=| =0 =()
e 8/25 \eT /) .J:BT b
d 16/25 T Which-one of the following statements is-
3. Given i=+~I, theratio TRUE!
(1+27) a. Heat can be fully converled inle work
= b. Work cannot be fully convened imto
- (-2} heal |
15 given by c. The efliciency of » heat engine
a | inereases as the temperaiure of the heat
b - source is increased while keaping the:
e ! tempéerature of the heat sink fived.
4 d. A cyclic process can be devised whose:
4, A distilfation column al.a pilot plant is  sole ‘effect is 1o transfer heat from i’
sealed up by 3 times for industrial use at lower: temperature (0 a  higher
steady state. After scaling up temperature - |
@ the number of lheoretical (rays 8. The unit Step response of & first order
increases by 3 imes. system with (ime constanl 7 and steady
b, the mintmum reflux ratio is Increased state-gain K, Is given by
by three times. a Kult _e—t"r) i
b. Kp(l +e')
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2ol |l
¢ Kl -6™% a. Newtonian liquids
. k Edm.f*; b. polymene liguids
9. Anexample of an open-loap second order ¢ liguid metals
under damped system is. d, pases
.L liguid level in a tank 14, An  elecirically heoted clement s
, U-tabe manometer submerged i a pool of water at its
¢ thermocouple in a thermo-well saturation mnlpuralurt:. As the lﬂmpt‘.ﬂllﬂm
il. lwo nun-in{ufaqtjng first mﬂgr systems l}f the E'.FIEI!‘I‘IL‘."I‘!I IWI'NSE-‘.L. the ma‘umum
in setics | heat transfer cocfTicient i ohserved
| 10.  The control valve chamctenstic s selected a, in the fiee conyection regime
such that the product of process gain and b. botween the nucleate beiling  and
the valve gain partial nucleate hmlmg mixed with
5. 15 & lincarly increasing function of the umtable film boiling regimes.
mantpulated variable ¢, in the incipient nucleate boiling raglme
h. is a lincarly decreasing Function of the d. in the stble film boiling ropime
manipulated vadable without significant radiation effects
c. remaing constant as the value of the 15,  Baffles are used in heal exchangers in
manipuluted variable changes order to
d. is an-exponentially ncreasing function a. ingreasc: the tube side Huid’s heat
of the manipulated variable transfer coeflicient
11.  Cascade control comes under the contro) b, promote vibration in the heat
contigumtion which uses ‘exchanger
a. one measurement and one manipulated c. promole eross flow and turbulence in
variable the shell side Fluid
b, more than one mensurement and one d. to prevent shell expansion due to
mapipulaied vaniable thermal effects. L
. ong meusurement u"d more han one 16. In film typo condensation of H{I uid ﬂ.lﬂllg a
mamipulated variable vertical mhe, the thickness of ihe
(. more than one measmement md move condensate layor increases towards the
~ ihan one manipulatsd variable bottom. This implics. that the local hgat
12, Match the following types of fluid (in transfer coctlicient
group 1) with their respective constifutive A, nereases fram topfo botiom
relnlwns (in group 11), where 1 is the stress b deereases from top o bottom
& reémams constont from Wop Lo bottom
and ;'* ¥ the strain Tate, d. firsd increascs and then decreancs from
Giroup | iop to bottom
A- Pavdoplastic 17, The eritical speed of the ball-mill of radiug
B. Binghum plastic R.. which contains balls of radius 1, is
Grroup 11 proportional to
1 r:ﬁ; a, {R-ﬂ_”’
S i b, Ry
2 F=r kY ¢ (R-r)
" d. (R)
3 r=K|yTin<l 18, I the frequenicy of the stirrer in a tniXing
a tank 18 increased by a factor of 2 while all
i F=K|7Tin=l other parameters are kept constant. by
A B what factor s the power requircment
a, 1 4 increased al high Reynolds number?
b. 4 1 a. 4
S 2 3 b, 8
- e 16
15, Thethermal boundary layor is significantly d. 32
thioker than the hydrodynamic boundary
layer for
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Jolld "
12 In o tray column, separalmg a binary a A2
miXture, with-non-ideal stages, ONE of the b.
tollowing statements 1 TRUE. e. =172
a. Point efficiency can exceed 100% d. 12
b, Murphree efficiency cannot esceed 27,  Which is the correet statement from the:
:F’l%i . —— fﬂl!ggmlgﬂ stitements unLilu: {'arrhﬁmmi
¢ Muphree cfficiency can ex 00% mode} of the rate constant k = — Ae
4. Both Murphree and point efficiencics 1!; A'is always dimensionless,
can exceed 100% . For two reactions 1 and 2, if Ay = As
20, The ratio of the diffusion coetlicient m o andl #F:, then k(1) = k1)
gas to llutl. in.a liquid is of the order of e. Fota given teaction. the % uhangu of k
a. 107 with respect to temperature is higher at
b, 10" I_nwer tgmperatures,
oy lli' d. The % change of k with tespect lo
¢ 107 :lompumlumnshjghcr for higher A,
|| 21.  For turbulent flow past a flat platc, when 28.  For asolid pmmsmg plant. the delivered
no form drag is present, the friclion factor equipment cost is Rs. 10 lakhs, Using
f and the Chilton-Colbumn factor ju air Lang multiplication msthed. the total
Eﬂlﬂ}fﬂd T’ —— r;a_pi;l mnvestmant, in lakhs of rupees; iy
3. Land j» cannot he related a,
b, Fisequaltojo b. 57
e Tis-preater than Jp e 1K
d. [is loss than Jp d. 200
I 22 Which of the following iz NOT employed 29,  The cost of a drum dryer i Ra. 10 lakhs,
in the commercial prodoction ol linear The cost of a dmam dryer with double: the
}ml}E*uin}il Fh]ﬂt:;t;t:? o strface area in lakhs of rupees is
1. Emulsion polymerzzation 4. 210
h. Suspension polymerization b, 3% .10
¢, Addition polymerization o 5% 0
d. Condensation polymerization d. 2% )0
23, Which of the following is a detergent? 30, 'The cost of a distillation column in the
i B.we_h‘?:““ld“"d“ year 2000 is x rupees. What 18 the cost-of
b: Cellulost nitrate the column in rupess in the year 2010
:-; i‘;::i'?}:;ﬂﬁﬂu‘l; e given the cost :l;dlms for the: years 2(NX)
enzene suliona and 2014 are 480 and 520 respectively"
24, The-chief raw material for the commarcial a {520/480)" x i
| production of methanol iy . {480/520) x
it Synthesis gad c. {sznmim x
b, .in_n?nlclg:iydc- d. (520/480)" x
w Acetic ac
e T TWO MARKS QUESTIONS (21-60
25:  Forlbhe reaclion 2R 1'S — T the rates of { 0)
formation; vg, rs-and rr of the substances o I &
R. 5 and 1 respectively, are relaled by 31, qu £y ’_"’_'_:'l,"m_nm does the following
ol e e system of equations have?
@ LR =rg=Ty
b, Qra <™~ — 1y 4;\'+ 2)’ + =7
e p=2rs=2rr ve3yes=3
d. 1= 2ng=—2er T hys 2222
26, For the liquid phase reaction A — P.ina T
yeries of expetiments-in a4 batch veactor, b 1
the half-lifé 1) was foond to be inverscly c: 2
propartional fo the square root of the instin) d. i
concentration pf A, The onder of the N ;
reaction is 32, The matrix A is given by,
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(1 47 BP- o oo
q = “ ."17-:“;
g [“ 1] _ d; )
The cigenvalues of the matrix A arc réal S
and non-ncgative for the condition ?‘Tl‘;“:w ln:;‘]' gix), then which of ' th
& {-116)=az(1/16) g (\“]‘% fﬁxi o5
e (~12)ast1/16) s it 1t-x'1+1
d. (~1/16)zas(1/2) | 4 d. pix) = fx)-2
33. The divergence of & vector field A ¢ 39,  If the constants A, are suitably chosen so
“lw}:-'f % cqual lo zero, if the vector field A as to satlsfy the initial conditions, and n is:
cin b exprossed ay an infeger: which of the following is a
1. (he gradient of any scalar field ¢ valid solution for the unsieady one-
b. the divergence of any scalar fiell ¢ dimensional diffusion equation,
¢. the divetgenee of any vector ficld B e e
d. the curl of any vector ficld B -I)—I:J in the domain O<x=l, with
34.  In the limit x -» 0, what is the limiting & g P o e
value of the funclion F(x) given below? 2:’:“3‘3 cortditionsic = 0 at x =) and c=0
- 1*\:&5(2:{'] ) i (oo |
F{-\J:———f z o ( mm) <
LY
b, 1 \&Jn‘t|
& 2 b. Z‘J [ ]
4w
5. Mez=x+iyis a complex number, where / pro }fﬂ‘l"-’f J
= \/_ | then which of the tollowing is an ZAH ( I J |
analytic function ol 27 e
A (M.x 1
. d. A cos
h.  2ixy z L,
et + -2y 40, The funn.lmn 1 2) satisfics the equation ({x)
4 P o% s Bty =0 at X = x;.. The Newton-Raphson iler-
| 2 AT - " 2 ative method comverges to the solution in
36. What condition s to be sutisfied so that the one step, regardless of the initial guess, is
solution of the differential equation : f(‘i] Es_u linesr -ﬁ:lliL'-liﬂll ofs T
. it ) s b. f(x)is a quadratic functon of X
is 0l the form Y= (CI . L-} x) _[:Ilﬂ; “‘hﬂﬂ" c tt-v{] isa Euhiq 'fungﬁan of x
8 2 . - - - ] " ! " 2 b A i
C) _an:l Czare constants of integtation” d. fix)is-anexponential function of x
& R = 41. A metal revovery unit (MRU) of intake
b. bi=a capacity 3000 kg/hr tréats a liquid produet
e ' =4k from a plant and recovers 90% of the
d. B =da metal in the pure form. The unresovered
37.  In the domain —» < % < w, the functio melal and dssociated liquid are sent to a
| ;;Ejh: 1{:.-:1:“':&_"_ ke disposal unit along with the unircated
A 0 Hidkimbnt sod nominiim product from the plant (See figure below),
e R Find the flow rale (mg) and the weight
¢ nomaximum and one mintmmn fraction. of the metal (w a). The ligud
. onemasimum and one minimum product flow i i 7500 Eghr of
38 IfRy) is-the solution of the equation compasition 0.1 (Wi fraction). Assume
dyr steady state
== 2xy i 2x=10
ey |
and g(x) is the solution of the equation

dol ||
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42,

_L o et
I
Lanusal Producy: I-:-:q,

SN | |
B
vk | W= HHU

] “'!_1-'1"‘1"
Iypaee N Tu 1Jl||1vu.l=-l
=X57uh | 1] .
oy il 11 and 110 ke/l

respectively,

4.
b. 24 and 240 ke/hr
c

A my = 7500 lq,a'hr wi=00 4
b. s = 7050 kg/br, wo=004255 c. |land 5.5 kp/br
C. mg= 4500 kg/he, wo=0,1712 . 70 and 330 kg/hr
d. 'mg=35600 kb-’hl‘ wi= 00314 44. A Camot heal engine cycle 18 working
In ﬂ]e I:['I[I[Iglllﬂ!‘ d]ag[ﬂm rep;gﬁﬂnteﬂ_ wilh. an idi.‘rﬂ] gll'.i- The work perfﬁl'ml.‘d b}'
below for a batch sepbration piocess a the gas during the-adiabatic expansion and
stream F. 15 mixed with a solvent B to compression  steps, W, and W:
produce products R and E. Substance A is respectively, are related as
the carrier liguid and € is the solute to be a (Wil>[Wy
extracted, The amouts of B and E qre | b (Wil <|W
kg and 1.20 kg rf:specuwﬂ}f The lenpth ¢ Wi=W:
FM s 3. | and length FB is 8.5 units.on the d, W)= -W:z
figure, The ratio R/E is Estimared tobe 45, The van Laar anbv:iy coeflicient model for
i bmm}' ixture is given by the form |
Gm;n 1= 140, = 125_ % =025 x3= |
0,73, determine the constants: A* and B*,
a A*=035.B*=03 |
b, A*=3.B*=05
¢ A*=0333,B*=02
d. A*=2,BF=0333 . |
46,  Maich IIIE process: variables. (Group-1) |
_ given below with the measmmg devices
a; 1.285 (Group-I1)
b. 2 Group-l
; Ezjl A. High Temperature
Wl B. Flow
A feed sream (S1) ot 100 kg and ¢, Composition
confaining only A mﬁﬁb with recycle Group-11
stream 55 before entering the reactor (see i Onficeiveter
figure below), where the reaction A > B 2. Chromatograph
takes place. The operation 1s at steady 3. Radiarion Pyrometer
-state. "The stream $3 leaving the reactor is 4. Bi-metallie Thermometet
separated, withoat -either phase or ‘A B c
composition change, into twea streams 54 & 1 2 3
and 8S. IT the mass fraction of B in 84 is b i 2 5.
0.95 and total fow rate: of §3 is 10 kg/hr, ¢ 3 l 2 ‘
then the ratio of flow rates of streams d 4 2 |
(83/85), and the flow rate of A'in 53 are, 47, Given the characteristic equationt below, |

select the pumber of roots which will be
lus.ated lo the night of the imaginary uxis

B o | R b )

a One

bk, Twao

¢ Three

d. zero
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48.

49

30.

2

Given the process transfer fimction G =
4ce € 1) and the distubanice hansfer
fanction Gy =2/ (8 + 1), select the correct
transter fimetion for the F eed Forward
Contraller for perfect  disturbarice
I'EjEﬂﬁm'l

a st l)

b =l

¢ =0:5(us+ 1)

dt —.("JS"' ]’r

Given fhe process transfer function G =

Bﬂﬁ s — 2), mid controller transfer fanction

= K¢ . and agsuming the tramsfer
ﬁlnt:ﬁﬂns of ll other elements n the

control loop are umity, select the rnge of

K, for which the closed loop response will
bestable,

a Ke<1/10

b K= 1/100

e T100<K:< (/10

d K> 110 | |
The value of ultimate period of escillation

P is 3 minutes, and that of the ultimate:

controller gain K, 18 2 Seldet the correct

- set of hming parameters Lcﬂxmaum gain K. -

the derivative time-constant o in'minutes,

‘and the integral figie constmt y in
minutes) for a ND controller pisisg

Ziegler-Nichols controller setiings,

a K=1lLu=2kLEunp=13]

b Ke=151=
e, K;=15§7=18 1t=05I]

d K=12.1=15,1%p=038

A dam of width 50 m i nsed fo hold water
in € feservoir, If the water height is 10'm
fom lhe bottom of the dam, whal is the
total force F acting on the dam dueto the
water? Assume g = 10 mfﬁ and the fhiid
density ie 1000 kgﬂ‘nr

L8 15 =031

a F=125+10"N

b F=25x10°N

o F=50% 10°N

d F=5«10"N

The relation between the stress t and the
‘strain rate (du, / dy) for the rapid flow of

granular material is given by

i, Y
P B(ﬁw]

where B is a constant, 1f' M, Limd Vare the

mass, length and time dimension
respectively, what is the- diménsion of the
consteant B 7

J Gaf 1l
M L‘ T

MLIT=

MT!

ML

-

Common Data fior Cuestions (83 & 54)
Two tanks, A and: B, of cross:sectional a}:ﬂa Im"

each contain & fitd of density 1000 kg/ni* and

viscosity | Kg#m &), The tanks are connected by-a
pipe of diameler 0.02 m and Tength | m, and 3
ciw.:k valve, at the bottom, Assume that the flow
i laminar, ‘and there iz no-friction in the check
valve, In the: wnitial state, the height of the Auid in
the tarlk. A is 6 . and the height of the fluid in
tunk B2 1n. (as shown in the figure helow). The

‘ehieck valve 1s n_gaﬂmi, nd the fluid flows fiom

tank A to tank B il the levels in the two lanl.s are
equal in the firal state, Assumie g= 10 m/s” in the
calculations,

 m

53.  What 15 the-average flud velocity in the
pipe as soon us the:valve-is opened?
g. 0,25 m/s:
b. 05 m's
o 1mis
d. 2mis

54, Wiat fe-the total ehergy loss between the

mitial snd. final states due ta the fluid
flow? |
8. 24 10
b, 16+ 10"
e. 8x106%)
d A= 10"

55: A cenmifuge of diamieter 0,2 m in a pilot
plant rotates at-a gpeed of 50 Hz in order to
achieve effective separation. If this
ceniﬂﬁlge is scaled up toa diameter of 1 m
in the chemeal plant and the same
separation factar is-1o-be aclieved, whit 15
the rotational speed of the scaled up
eanitrifuge?

a. 15Hz

b. 22.36 He

c. 30Hz
4 44.72Hz

56.  Whatl 8 the terminal velocity m m/s,
calculated from Stokes law, for a paricle
of diameter 0.1 « 107 m, density 2800
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57.

avérage velocity of 0.1 m/s, thé hea
lranslcrnu:ﬂ‘mlcnt s

i, ﬂﬁS\%J{m K)

b, 1,14 W’r’{m K)

& 114'?\'4.’1"1 K)

d, 2.7 WAmMIK)

7ol 1

kgfm setiling in water of dtmmt\ 1000 60, A semi-infinite slab ocsupying the region
kgm® ond \*wmsm kg/fm. s)? % =0 amd 8 = o is af op foitial temperature:
{Assume g = 10 m/s?) To. At time 1 = 0, the 'surfuce of the slab at
a 2.10° % = 0 5 brought into con-tsct with a heat
b. 4. }l}" bath at a temperature Tyy. The lemperature
e 10 T{x. 1) of the slab rises according to the
-tl g 107 equation
A black bedy at-a higher temperature Ty Ty=Towny 2 ° s F
lmnsﬁ:rs encrgy by radistion la a black T, 1" - -J— I &"in
hody at a Inwar temperature Ty, Inmally, ¢ R .
Tyr= 1850°C, Ty = S00°C, and the net rate where x is posifion and Lis time. The heat
of energy lransfer is 25W. After some flux at tlw surface x =1 is prnpnrimnal to
time, when Ty = 1500°C and Ty = 750°C. A '”l
what is:the net rate oF encrgy transfer? L
A 83w | . 1.
h. 9.60 W d 7
¢ 13.80W 61, A counlercirrent flow double pipe bheat
d. TLO1T W exchanger is used to heat water flowing at
A cireular wbe of outer diameter $ em and 1 kg/s from 40°C 10.80°C, Oil is uued for
inner diameter 4 em is msed 1o convey hot hﬁﬂ“ﬂ and Ll" {emperature changes from
floid. The inner surface of the wal) of the H07C to, 70°C. TI'I*-* “‘ff’“u heat tansfer
tube is at o temperature of 80°C, whils the coeflicient is 300 Wim® *C).
outer surfuce of the wall of the tube is at If it is replaced by a 1-2 shell and tube heat
25°C. What is the rate of heal transport exchanger with countercurrent  flow
across the tobe wall per meter length of the configuration with water flowing in shell
tube at steady state, if the thermal and ﬂii flowing in the wbe, what is. the
conductivily of Lhe tube wall is 10 W/(m excess arox required with respeet 10 the
K? double pips heat exchanger? ‘The
4 13823 Wim correction factor, Iy for LMTD (log mean
b. 15487 Wim temperature difference) based on the above
. 17279 Wim double: pipe heat exchanger is 0.5. The
d. 27646 Wim heat  tramster  coefficient  remaing
Consider the flow of a gas with density. 1 ::;‘-"gi‘l“f"dv ;‘:d the l;“g‘d“ inlet and outlet
Wm3, viscosity 1,5 » 107 kW(m s), nditions are maintsimed.
:pm.li:; ha{;{n C} L 840 J:“{k; Lf:l nntl Cy. w4180 Jikg °C, Cp, it =2000 Jkg'C.
thermal uanducln*iw k = 0.01665 W/(m a. 0m’ %
K}, i a pipe of diameter 1D = 0.01 m and b. ;Zﬂ. 13m
length 1. = 1 m. and assume: the viscosity :'; Dzﬁg:
ﬁﬁmﬂuzﬁj‘fﬁm‘;‘;ﬂpﬂﬁ’ Dbty 62 Fora two-phsse fecd. where 80% of the
greater than 10 and Reynolds number fied is vaporized under column conditions,
greater than 20000 is given: b&, ' the feed Imﬁ'_ ﬂ}opc_ H"I'_ﬂ'l# hic{:ﬂbﬂ'ﬂil&]i:
oplppedd, b method for distillation column design. &
while the Nussclt numboer for a laminar o '.”4
flow fir Reynolds rumber less thini 2100 b. -~
and (Re Pr /L) < 10 4 m :i ::
If the s:: ﬂuliﬁiiﬁugﬁg ::]tpc with an 63, Aliquid mixture of benzenc and toluene ls

in equilibrium with ity vapour at 101 LPa
and 373 K. The vapor pressures of
benzene and toliene at 373 K respectively
are 156 and 63 kPa respectively. Assuming
that the system obeys Raoult's law. the
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Sof |} “
mole fraction of benzene in the liguid kot
phase 18 == 2 JII'J
a. .65 V=kic,
b. 041 The units: nl k. and Kz are. fe&spm..uvul}
e 0065 . {mui“ m s:'y (mol™"?
& 04 b, (mol” m‘a )\ (mol > ;
64.  Two solid dises of benzoic acid (molecular e {mulm 5 1. (raol'“m n 271
weight = 122) of equal dimensions are | d. (mel m*s™", (mol™? m‘“’ R
spinning separately i lsrge volumes of 68.  The first order Yiquid phase reaction A-—P
water and air at 300 K, The mass transfer is to be camied out isothcrmally in the
cocificienty For benzoie acid in witer and fulinwmg ideal reactor mnﬂgu:ahnm
aie dre 0.9+ 10 and 04‘?' 107~ mix A Alm CSTR followed by & 1'm’ SPER.
mspeelwalj.. I’hesulub:hlj of benzoic acid Ef *"‘2"’ CSIR.
in water is 3 kg/m® and the a{ullihnum C. Alm’ PI‘R followed by a 1 m' €8 l'fL
vapor pressure of benzoic scid in air ix Dl AT m® CSTR followed by & 1 m’
0.04 kPa. Then the disc CSTR. _
o dissolves faster inair than in water The overall exit conversions; N. for the
b. dissolves faster in water than in air above configurations P, Q. R and S,
¢, dissolves al the same rate in both air assuming identical inlet conditions and
anil water temperature. are refuted as
d. does not dissolve either in water-or in a. Ne= Ng =~ XNg> Xy
e b. J\p— \1; Xs = \Q
5. Motch the variation of mass Lransfer ¢. Ns=Ng=Xg
cocfficient given by the theaty in Graup I d. \t = Xe> Xe =~ Xs
with the appropriate variation in Group (1 69.  The gis plmsu reaction A -» B + C iy can-
Group I led out in.an xleal PER .'thlﬂ‘l-'mg__-lﬂ“‘u
A, Film Theosy canversion of A, The feed has 70 molYs A
B, Penctration theory' and 30 mol¥o inerts. The mlet lumpmmrc
*. Boundiry layer theory is 300 K aud the outlet temperature is 400
Group IT K. The tatio of the outler © inlet molar
. «Dag concentralion of A (assuming ideal gas
2. D™ mixture and uniform pressure) is
3I 1 Dﬂ_ﬂli‘l L n*ﬁ_g
A B ( b" ﬂjﬂ
a. 1 2 3 ¢ 0.47
b 2 1 3 d. .33 _
e 1 3 3 70.  Maich the itoms m Group L with those in
o, 3 2 1 Grroup 11
66. A hlter cake is dried with air at wet and Groupl
tey bulb temperatures of 300 and 323 K A. I’.prqus-ca_mlxﬂ
respectively. The heat transfer costiicient B, Penallol eactiogs
5 11 WAm™ K) and the latent heat of C. Nomidealtubularxeactor
vapourisation of water is- 2500 kIfkg. Mass D. Gas-solid non-catalytic reaction
transfer dock niot limit tho protess. Sclect L
the drying rate durmg the constant 1ate 1. Selectrity |
period. Negleot conduction through the 2. Shrinking core model
solid-and radiation ::Ifects 3. Thicle modulus
A 132 107 kem 4. Divpersion number
b 071 107 kg ! ; y ‘i" ‘4" fzj
o 453107 Lgm gl h" ‘l 2 M p
do 0.0 < 107 kgm T Y 3 & & =
67.  Therate expression for the reaction of A s d 2 ¥ | 5
i given by . '
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7). The rate of the liguid phase reversible 76, A separation columm for vapour-liquid
reaction A <> 2B in (kmol m™ win™) contact processes 200 kmolhr of Vapour,
208K, 18 The flooding velocity 18 3 m/s. If the
,pﬂ';u‘:{]gﬂﬂ 0.0, column  oporatey al 85% of ﬂﬁodmg
where the concentrations o and ¢y are velocity an_s_i_ﬂu_: dgwncomer area “ 10%
expressed in (kmol m). What is the of the total ¢ross sectionol area, what is the
maoximum  limiting  conversion of A dismcter of the column.? Average density
achicyable in an isothermal CSTR at 298 offvepour =2 ky/m’ and it molcular
K. assuming pure A 3 fedat the inlet? W'H-EI“,_

4 ) 4, 0.82m
b, 23 b. H.TZ 11}
e e. 0.78m
d 13 d. I m ) _

72, The original value of an equipment s Ry, 77 Matcl the aw materials in Group Il with
10000/-. The snlvage value 5 Rs. 500/~ at the products.in Group L
the end of its useful Hie penod of 5 years, Group |
What 1% (he sssol value in rupoey after two A Nﬂtﬂm -66
yeats by lextbook declining  balanee B. Terylene
method? Group II
4. 3025/ 1. thnmdlﬂum methane
b. 4010/~ 2. Dimethyl terephthalate and ethylene
o 8020/~ glyeat
d 6050/ 3. Acutylene and hgdt:ngc:n eyanide .

73, The depreciable fixed cost' is Rs. 10 4 quxnmathylena i S Sl
fakhs. The average profit per year is Rs. 15 acid
takhs. The avarage depreciation cost per £ &
vear is Rs: 10 fakhs. What 15 the payout ;"*_ i ’j
period in vears. if there % no interes: . 2
charge? & 4 2

a8 d. | z

b 4 78, Match the product in Group T with the
« 16 catalyst used for its productiom w Group 11
d. 20 Groupl

74.  Fluid flaws in an annulus of inner diameter A ]‘ﬁlnt: a"“d
0i8 m and outer diameter 1| m. Heat 1= I,;L Formaldchyde
transferred 1o the luid from inner tube Growpll
surfice of the snnulus: What s the I, Silver oxide
equivalent diameter For heat transfer in m? 2. Rancy nickel
i (.45 3. \ctw.ﬂ&d carban
h. {Lzﬂ 4, PlﬂlmtllTi‘ Rhﬂt“l“ﬂ
¢. 1,64 A B
b 0.0 t‘ 1 z

75, What is the actual power réquired 1o drive : 2 3
a feciprocating .-mi COMPressor which his Z‘ i ‘:
s ™ . N e et i G i
Agatme that PY'® is constont, where P s ?ﬂtmal"" Group Il
the. pressure and V is the volume, and the .rm::l:pl i cad
efficiencey of the compressor is 85%,. ;’ E:d“smlin o
N 107.9kW e tDE R0
b, 200 kW Group Il ; G
c B2.6 kW 1. Am_l'nmun and sulfuric avil
4 OLT kW 2. Sodium carbonate and slsked lime

L 3. Salt and limestone
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4. 'Salt and sulfaric scid d. 8337
j:" B Statement for Linked Answar
£y 2 Question (82.1 and 82.2)
8 3 4 A balloon of mass 0.01 ks is charged with
d. 4 1 hydrogen 10 2 pressure af 102 kPa and released
80, Match the feed in Group 1| with the from t._he Broung level, D““".E it ‘nse the
PGS hi.GfuupH hydrogen is permitied to escape from the balloon
Grﬁﬁz'p'[ in order (0 maintgsin a constant differential
A Gas il pressure of 2 kPa under which condition the
i:i Residual sride diameter of the balloon remains at (b4 m, As thiy:
Gruup o balloon rises it is assumed that the temperature in
i 2 : and sround the balloon remains constant at 273 K.
5. ?ﬁ&i;g?ﬁ;?;:“ Furthor. the mertia of the balloon and the air
1 ‘E:t;rliin i resistance due to the rising balloon mav be
1 Crnele: neglected.
+ Craikmg T -Essume that the density of air ot 273 K 18 12733
i 3 A L;_u‘m the average moloculurw cight of wir is 28,9,
b. 4 3 the atmospheric pressure is 100 LPa and the
& 3 3 aceeleration due to gravity 5 10 mzs’,
d. 1 d4 g2,
= 821 Select the comrect value of the
ftntement for Linkesd Snswer upward thrust (i ,q} expiressed in
Question (01.1 to 81.2) terms of the outside pressure P which
A frictionless cylinder piston asm:mhly conlains 15 expressed in Pa.
un ideal gus. Inifially pressure (Py) = 100 kPy, 2 10.06 - 107 P - 0.0122
1e1npc;'amrr: {Ty) = 500 K and volume (V) = 700 b, 3.97. 1079P- 0.1006
- 107° m* .. This. ayslemm supplied with 100 J of c. 1503 - 107 P-0.0534
heat andd pﬂ:s;um is: maintaingd constant at 100 d. 808 10°%P-0.1362
kPa. The enthalpy vartation is given by 822 Select the valui of the outside
h(J/mol) = 30000+ 5071 pressure Pin Py for which thare will
where T is the temperature in K, and the universal ‘be no force on the balloen!
pas constant R = 8.314 I/(mole K). & 25340
1 b. 35530
| e 12130
Ideal gas d. 16860
= ot constamd
) ' Stmtoment for Linked Answer
3 Cuesiion (83.1 and §3.3)
A liquid of mass 7 kg and specific heat 4 kd/(kg
8. () 1s.contained in a cylindrical heater of diameter
81.1 The final volume of the gas (Vs) in 0.15 m and heipht 0.40 m. The cylindrical surface
m’ is of the heater is exposed to air at 25°C while the
w 700 107" erid caps sre insulated, so hat lieal transfer takes
b. 866,32 107 place anly through the cylindrieal surface,
@, 934,29 107
& 1000.253 - 107 The thickness of the wall of the healer ~ 2'mm
81.2 The change in internil energy of the The wall thermal condustivity = 10 W/(m K),
s in J iy ' The hedi transfer coellicient in the liquid = 100
Wim® K)
0
ll: 100 The keat ransfer coefficient in air = 10 'E'uf{m K)
g 2343
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The liquid is jnitially maintsined af a temperatupe:

of 75°C. At-time = 0, the heater iy switched off,

ind the temperature of the liqu.id in the heater

decreases due1o-heat loss neross; the cvlmdm,al

surface.

83.

- 83.1 What 13 the overall heat tranafer
coofficient in Wim=K)?

a, | '

b, 4.4

¢ Q07

d. 10

83,2 What is the time réquited for the
temperature of the liguid to reduce to
50°C afler the hedter is swilched off,
assuming lumped sysiem analysis s
valid?

A 7.874 x 10+

b, 11346 x10°«

e. 16.828x10%s

d 23213x10°s

11 oftl

84.1 For any value of in, the change in
Iiquid composition across a tray is
independent of the tray location if

al.v=1

b.mLAN=1]

e m/(LV)=1

d. Li{mV)=1

§4.2 Under the correct condition
correspondmg to par, (a), the number
of ideal trays in the column & given
by |

a8 N =- M

3 — (g0 /1)

2=

b ‘,f;'fq ‘j‘.h.l }
5y

o N= D%

(P im)-x,

d_ .ﬂ‘ﬁ'r: { ~l'|:|"’f"4"1 "nl_‘tﬂ

Ny =Xy

Statement for Linked Answer Sitatement for Linksd Answer
Question (84.1 to B4.2) Cuestion (B5.9 to 835.3)
The residence time distribution E(1} (as shown
below) of .3 reactor is zero unlil 3 minules and
then increases linearly to n maximum value Fog,
at $ minutes dfter which it decreases Tinearly fipck

fo Zero a 15 nimutes,

A binary gilﬂ mixture of a solute and-a carrier gas
i tréated oo countercrent gay. absorption
column, containing ideal lrays, using u solvent.
The compasitions v and x (see ﬁgurf: below) are
the mole fractions of the solute in the gas and
liquid respectively, Also. V and L are the molar
MHow rates of the gas and liguid respectively.
Asstime that the carrier pas is insoluble in the
solvent snd thal the vapour pressutg of the solvent
is very low at the given conditions of the column,
Further, the gas and liquid streams. aire sufficiently
- dilute that L. and V may be assumed to be constant
ﬂuﬂughnut the column. The f:quihhnum relation is
given by y = m x. where in 152 positive constant,

L, xo

V. Jst L,

84.

Nabez Figyn sot ks xcake

§5.1 What iy the value of Eqw 7

a. /6

b. 1/8&

O

d. 1/3

85.2 What is the \'uluu of the mean
residence time in minutes?

a 5.7

b. §

e H‘T

d 12
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