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I GATE - 2002 I ol lo 

CHEMICAL ENGINEERING 

SECT10N-A (75 Marb) 

This question consists of TWE;NTY FIV E sub
qu<>.stions ( 1- 25) of ONE mark ead1. For· ead1 
of thesr su b-<tnestions, four possible nnswer.i 
(A. '8, C, and D) ar·e given , out of which only 
one is correct An~eo· eacl1 sub-que.stio.n by 
darkening the nppropJiatc bubble on the 
OBJECTIVE RESPONSE SHEET (ORS) 
osing a sort HB pencil • . Do noi use rhe ORS for 
any r·ougb wor·k You can use. lhe Answer· Book 
for· any rough work. 

2. 

3. 

(Marks: J. " 25 = 25) 

In l~e complex plaue. U.1e augle between 
lines I + il!fld - 1 + r(wheret = f= F-i' )is 

3, lt14 
b 7tl2 
c. 3'11:1~ 

d. 7t 

[0 7 II OJ The tn\'et$6 or the r1111trl ~ (I 11 Is 

IJ (J (1,5 

[2 v ~] II, \1 I 

I) 0 

[-02 0 

II l b () - l II 

() 0 - () 5 

[~ 
tJ l] c. I () 

H (I 2 

[o.s 0 ill d. (} 1 

11~2 () () 

WludJ of the rollomng cond.llions are 
satisfied nt !he cmfcal point by the P-V-T 
relation ora real Owd 

(8°/' ) -(N' ) a - - - -ll 
iW' /IV 

' ' 

b. ( iJ'P) >U.(il/' ) = 0 
,,.,. • f'V r 

c. ( c'J:) < u.( Cfl ) = ll 
Nl r 1'1' r 

d. ( fPI~ ) > o.[ ;;p ) > U 
f)V- ,. I'V , 

Which 9[ the folio" iog holds for any ooo· 
zero vector~ 
a. '7 .tr : II 
b Vxo = U 

c. '7 (V ><a) = O 

d. V{V>< o)=o 

With mcrcasing flow rate. the "·' drnulic 
efficiencv of a cenl-rifllg;ll pump 
a monotonically decreases 
b. decreases and then u1creases 
c. remams constant 
d Increases and !hen decreases 

(>, For· llow pas! a nat plate, if X IS th(! 
diStance along the Ill ate I ll lbe dJreCilOO of 
llow. the boundary layer U!tckness Is 
proportJonaJ to 

7. 

8. 

a. Ji 

c. \ 

d. 
~-

For turbulent now of on InCOmpressible 
IJUJd tiJrough 3. pipe, the fl oW fate Q IS 

proporllonal to (AP)". where 6 P 1s 1he 
pressure drop. llte value of exponent o. IS 

a. I 
b H 
c. < l 
d. > I 
For nn ideal plug flow reactor the n lue of 
tb~ Peclet nvmber IS 

a. u 
b 00 

c. I 
d I U 
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l l 

13. 

14. 

15. 

The c.'\tcmt of u rcuction is 
n. different for reactnnts and producb 
h. dimeru;ionless 
c. dependent on the stoichiometric 

coefficients 
tl all ol'fhe above 

An C.~<1d1ennic reaction ~;Ires pine<> tn >n 
adiabatic reactor. ·11,., product l<::nlptralurt 
(cboosu U1o cocr<><:t option) - · tbu rooclor 
reed temperamrc: 
n i~ nlw•ys equ:tl to 
h is always SJWier thn·n 
c. i~·~lwnys lesH bun 
cl ma) he gre.iler nr les• thnJl 
~lctl\nn" is mi"ed with st·oichiometrie 
proportion of CL'C)'gcn 11J1d complete[) 
combU$I..d. TI1~ numb,.,. of additional 
spcl'il'ications required to determine Lhe 
product now rnte •od compru;ition is 
II" () 

h. I 
• . :t 
d. ~ 

If the bnftle 1!')11lcing in a shell and tubo: 
heat excltanser incrca~c:s. tlt<>n the 
Reyn()ld~ number oftha shdJ side lluid 
n. Riarunin!l unebaog\..-d 
b. lnctuMes 
1:. lnet'Casc~. llr decrc113"" depending un 

numhc:r ot'<hilll p:1$"ell 

d. Vecre:~sa< 
rhc tol3.1 investment inn project .. RH. Ill 
lakh.s and the nnnual prwfit ill Rs. I. S lnkhs. 
lf Uw pr·ojed IUc is to l ""'''· thou Uoe 
~imple rtsle of rcttu'T1 un in\'C81mt-Til lM 
.., 15•. 
b. lll"o 
"- I.SP u 

"· 1soq. 
111c closed loop poles Df a ruble saeond 
nrder system could be 

;o, l)<>lh real ~nd po~itive 
b. C(lmp lei\ conjugnre with p<lslliw reo I 

'"'rt, c:. both real and negau.ve 
U.. one real ~il~itivc and the oth.,. rt:lll 

ueg~tive 

A l'irst order ~)'1\lem •Vitb uulty g•in and 
tfme con$tant ~ i!i subjected lu 11 ainuwidnl 

2 <II 10 
input of li-equcmcy en = l 1t , The "'"l'lituclc 
r!ltio fonhis sy~tem ;,. 
a. I 
b. 0.5 

c. 11./2 
d. 0.25 

16. II J , i. fllc "')uivnl"nl dinmcldr of o n()n
•pherieol particle. Yp its volume and s, hs 
surfal;(: ~rea, Uten it~ spheri~ity • is 
defined by 
• • <n = 6\t ' d s "f .. , !' t I 

h. ¢, - I'• I d••P 

c. rp,-6dPsr I ' '• 

d. fli = Jt''• v, 
17. Ammgu Uto following •izc reduction 

equipment m the dtcreo~ing order of the 
avernge p~rucl~ s i•c llruduced by each of 
Ut<IU. 
a, J:ow orushotos. Ball miUs. Fluid I!J.lcrgy 

miTis 
b. Ball mills, Jaw cnJ.<hcn~. Pluid energy 

mil Ill 
c. Fluid "'lef!'Y mill<. J•w .:no~h"'s. 11•11 

mills 
d. Fluid unergy mills. l3atl mills. Jaw 

en .. hers 
18, From among the .WUowing.. cl100Sc on_e 

that L• not"" "'"oU11il1"111ic proc"'a 
a, Methanol zynthe,•is 
b. Cablytic crackmg 
c. Ammanhl-synthesi~ 

d. Ch;id~tion of sulphur 

I?. The common tv used soh en1 '" 
~upcn:nti~ I exlr~ctjon is 
a. Meiliyi·.,Uwl-ketone 

' b. \Vnli:f 

c. C••""'" tetr3ehJoride 
d. C.trbon diox]dc 

20. ·n,c a\'etl!gc bl>ilinil, puint uf aviation 
turbine fuel i• d"s""t tn th:.ll ot' 

• · Lubricating oils 
b. LPG 
c. Dic.~cl 

d. K."'oo<cnc 
1 I. The number of U.:gr- bf frucdom for ;lu 

azeotropic mixture gf ethanol ond wolcr ln 
vapour-liquid equilibrium, i~ 
a. 3 
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b 
c. 2 
.1. I) 

22. The portio I mohtr end1~lpy of~ ~omponenl 
In un ideal bmllr)' ga; mixture of 
eompOllilitm l., 31 A tomper~tllre 1' ana 
prc:Ssurc P. is • li111ctiOn unly of' 
~. T 
b. TandP 
c. T. P anti z 

d. T >nd z. 

23. Whicb of the- foUo\\ing •crontlties c.1n b" 
most easily used 10 ~'eriry s1eam Llble c!rna 
ror super healed Steam 

·' (rr · ~r)1 --\<"PUi!1)v 

h. (nf i N>), = (QII i\.~), 

u.. (BP i oT)r=(flS IW)1 

d. (iW I N), (&S I BPlr 

24. n,c ~irnenoionles~ grour in m:.ss transit. 
tJwt is equiv~tent to P&':utdtl numher in heat 
tr.1nofer is 
o. 1-lussoll numbo£' 

b. Sherwood number 
.:. St.!lunidt number 
d, Sl:nnton number 

25. The Reynoi<L< analogy lor momcnllllll. 
heat and ma.sa lr:insfer is best l•prlicoble 
lor 
,,, Cr:t.<fl; in IOrbuknl 11011 

b. C:JSes h1 lamiu;u- Oow 
c. Liquid~ In turhuh:ot O.ow 
<1. l.lquids And gases m l~min~f IIOw 

It i•• .r 1 :< ll•l l P I :: . ! -!•1 

Tbi$ section consists of 1'WENT\' Il l\' I<: sob
quesHons (2~511) of TWO m•rks each. For 
l'UCb of tbcse sulHjuestlous, four pussibl~ 

answeu (A, II, C 11.nd D) arc gfven, O)UI o( which 
only on~ i• correct. An•wcr each <ub-qu .. flnn 
by darkening tb~ upproprhote bubble on th~ 
OBJECTJ\'E RESPONSE SHEET (ORS) 
o•ing u 'oft Hll p<!ncil. Uo nol use lh~ ORS lor 
any rough work. You run use I hou\n~"' er Book 
(or any ruugb wurk. 

(Murks: 2 x 25 • 50) 

2G. 

27, 

28 . 

> ur to 
Tile c<>cJ:licient of¢ in the Tavlor series of , . 
COS 'X ~bonlll1s 

a. 2 
b. (I 

c. I 
d - 1 
11m:.: grudey ol' p.>ln • lA. B &. (.', 
t>l'oduction r~t~s: (2. 24 & 18 batches. l"'r 
day. resf><lCiiwl_v) ar" produocd in 
indcpendenl botch produchon lines and 
~torecl m sepomle area•. 'J11e 11umber ul' 
off·•pecilknuou b3tche. in a day is J. 3 
and 2 for tr:.des A. 0 & C. respccti1·ely. 
'T'he probability of picking an off
specific:.tion bat~h Jrom a modomly 
cho~t.:n storng~ llJ'C.O is 

23 
u. 

216 

b. 24 
216 

(). 
1.9 

216 

d. 
I~ 

21G 
The drag coefficienl for • l>aclerium 
moving in w•n"" 3 1 I mrnls, will ba of the 
follow in~ order ol' ru.1gnitud• (assume size 
of Uu;3 baatl;n'ium W bu J micron ond 
J;:inernotic ·vi.o(lSity Qf w>lt>r to he 
10"' m2 sJ 
a. UOOO 
!,. 24 
c. IL24 
d. U.44 

:29. A gas (den.:<i~y = l.5 kg.lm·'. vlsc<ls~y -= 2 
10'' kglrn ~) llowing Uu·ough ~ pa.ekcd bed 
(particfe size = 0.5 em, poro~iry = 0.5) ~~ o 
Sllperficial velocrty of 2 "'"' cau$es a 
pressure drop of 8400 l'a m .. The pressure 
drop for Dito1hcr go:~. with dcmity or U 
kgnn' nnd vioc<>sity ,,r 3 Hr' ltg1n1 •· 
nowing ~~ 3 ml~ willl>e 

~. 840!\ Pahn 
b. 189()0 Palm 
c. 1261!0 P.ln1 
d. 16~00 l'nlm 

~0. A pulse tracer· ls introduced in ;In ido:al 
CSTR twith a meau residence time tl al 
time 0. The Lim" tnkco for the a:cil 
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concenlrntion of the ln)ect to reach Ito IF of 
il5 inlliul 1•aluew iU he 
n, 2t 

h. 0.5~ 

"- , I(UI9:1 

cl. 0.693t 

3 1. A h•t~b adiabali~ reuctor ut an initial 
temperate of 3731:: is filling tilled for !,he 
r.:ncticm A -. a, M~UITI~ the ht:3t (lr 
l'dletioo l< ·1 IIJ molul n3 Kand th~ ht~t 
.:.>p~it) of both ,\ and D to be .:on.>Cint 
tmd ettual to SO JnnOI K. Th~ tempemlttrc 
rlse atler • ~onversion qf0,5 will be 

"· s•c 
b. tO"C 
1!. 20"(' 
d. l l)09 (' 

32. Sle.1111 undergoes Tsentropi~ explnsion in ~ 
turbiu., fronl :sooo kPu and 40o•c (o:ulrop:)l 

6.65 kJ/kg K.) lo 15(1 kPo (antmpy of 
s>turnied liqnid = 1.4336 U lkg f.: . entropy 
fl( snturate<l '~tpuur = 1 '2234 kJI!q: K). 
nt~ oxJt CMdjtioo of steam i• 

a. sup<!rh . .:aled vapour 
b. paltially 1.\ondcnse<l vupouc· 1\<ith 

-qu.lity of0,9 
e. s:durated vapour 

d. pnrli;tJly condcn•"d vnponr wrth 
qunhty of 0. I 

:n ... ccording lo I he Pen•kc: equation, whot 
will be lhe mini mum numbor qf plnlc!l 
,..;quirod in u di~lillaHon i!olumn to 
t epnrate ~~~ equirnolar binary mi.'lture of 
etlrnpllntlnis A & B miJ) •in overhcod 
l'raetion commiulnJ! 99 mol~ " il .-\ ~nd n 
honom• fulction coutn[ning 98 mole ·~ B? 
1.\ss.tmtc that the relative V<>latility (~tl ~ 
2) does not change appreciably in the. 
colunutl 
u. 5 
b. 9 
e. l2 
d. 28 

34. A 10 CJn diame>tor steam pipe. c.ur)•ing 
:.toom at l 80°C. IS cov...-od wiU\ on 
insulation (conductivity = 0.6 Wln'C). It 
loses heal Ito the surrou111ling$ at 30"C 
Anume • heal lrnn>fer oocffici"ul of 8.0 • w , m· •c for beat Lransfor from •urf.ll:il to 

tho ~umJundlngo, N~glect wall re:;is t;rnce 
.,r Uu> pipe nnol lilm ltl!isUlnce or st~om, II' 

,J ul Ill 
n.e in.s:ul•tiOn dticknesl!- j$ 2 em. o.e mtc of 
heat I® from Utis m.~ul~teti pipe will ~e· 
~. greater th•n that of the 11n-insnl11ted 

st~ant pip~ 

b. less Utan Uta! uf the un-insuwled steam 
pipe 

c. eqUltl to thfil t1f the un-in,ulutcd •team 
pipe 

d leSll than the s t'-"'"' piJ>o! wilh em 
insu.latioo 

3S. lilOII kg or liquid at 3d"C Ill. well-strrred 
vo;ssd has to oo he.1te~ to 120' C'. usill!l 
inuuorscd coili c.lffYirtS c.oudcu-'ling st~am 
at I 5t)•c. 1'he nreo of the <learn coils Is ).2 
rn1 .and over.tll heal transfer OXlelliclent to 
th~ ll~ultl i1 1500 \\lrm1 •c . . \.!isunting 
nugligiblc heat !OS$ to s urrounding •nd 
specific heat capncity of the liquid to be ~ 
ldlkg °C. tlto: tiur~ tak-en for lllil li4ui~ tu 
roadt dcs ir'Cd tcrup<-rnturc will bo 
a. LS mir1 
b. 22 mut 

I!. 44 _min 
d. S1 mit1 

36. Fr'Csh ornogc Jllrce couu.it,. 12~. (by 
weight) 5(11ids •nd the rc:8t water. 1)()0 ,. of 
the frtsh j uice rs senr Ill an ev•pornrf•r to 
remove ""!l:r and ~""-"'tue~tly ntixc:d 
with Ute rtnramiog 10 "• of fresh jui~o. 
The l'e'!UIUUtt product con!ai~ 40 % F<>lids. 
Th• kS of water rtn1cNCd t'mm I ~S fresh 
j uice is 
a. OA 
b. 0.5 
c. O.(i 

d. 0.7 
37. 1 ~ of • <nluratcd aqueous ~olutino of • 

highly soluble ~omponent A ~• 60"C " 
cooled to 23°C !'he solubility limits of A 
an: (0.0 kg A)ltkg water) at60•C and (0.2 
k,g A)l(kg water) at 25•C. 1'hc amounL in 
k~. o( ll1e crystrus lo mted ll1 

Jr. ll.4 
b. (),25 
c. 0 2 
d. 1).175 

38. In the hydrodoalkylution of toluone to 
benzene, rhe ti>llowln!! reaolions occur 

t'.f/0 + If,_.. f'•t/4 -( 'If, 

2Cr.ff0 .P C,lftu 1 ff, 
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40. 

41 . 

Toluene >nd h)'drog..'l\ ttre fed to a reactor 
1n n molar rntio 1:~. 80 ''• of the 10luene 
gets converted and the selectivity of 
hcozcoc: (dcfjrlod n mule~ or benzene 
fonned moles of lnluen~; converted) jK 
Q{)l'o- ·111~ li·aetil)nal C\Jn''=ion r1f 
hydrogen i~ 
a. O.J(I 
b. (},J44 

c. t).152 
d. 0, I.JG 

If :w. amount R is prud at the end o{ ~'·er~ 
yc:tar for n YC"Jft, then Lhc nut present v.:sluc 
of" the annuity at an ioter.m rate Qf I is 

a, Rl(l-J: - 1 j 
b. /lf( ' · ·~' I] 

1(1+ 1)' 

e. R{l+IJ' 

ll d. 
( l • I)' 

A comp:111Y has • depreciable im'llslment 
of IU 36300 ' ' hk h is <lq>recwted in equ~l 
llistaUJUCnl~ in two yea"'- Assume tl10l tlto 
t;.x rotc is 50 % and jntcrosl rate is H) " &. 
l' he not pr<lSeul value of tax tlt11l the 
contplllly would bave saved. if il bod 
depn.·datcd 2/3 of tire invcstmanl in lb~ 
unu yc:tr •nd I he rest in the socond year. i< .. () 
b. ;uo 
c. 375 
c1 500 
·nu~ Ji:cc:Juency re<pQnsc ot' n fi r5l otdCT 
sy$h:m, has a rha<e shil1 11 it b loll a- nnd 
Uppcc boun<~ ~h·en by 

'~ [ "'-;1 
~. I ;.;J 
~, [ -%·oJ 
d. [o.;] 
/\ ~yllndn<n l pr~urc: v~sS"lllfVolurnc 611 
m1 hllS I() be dt"~>igned hi witltstoucl u 

-13. 

-~~. 

-15. 

-16, 

s ol 111 
maximum internoJ pre•sure <if tO atm. The 
allowable ileslgn sht$S c>f the mnterlo l is 
125 N/nim: Dnd currogirm aiiiiW.lfi1Cc i~ 2 
nun . Ute tbickJtt!!$ of the ''Cs~cl for • 
length'di~ntcter ratio or 3 will be elu•e t<l 
a, ) mm 

'" 6 mm 
c. Smm 
d. 1(1 mm 
A composite wall consr•l• of two plates A 
and B placed m sorios. nvrrnnl to the nrll\ 
ofttC3L Tb.c tltenn11l <>ottduetivities ore k A 
and ko nnd Uto • 1•ccifi< heal capacities '"'' 
Cl'l- ond C' ro, for plat ell A on~ l:l 
respectively Pl~te B Ill!$ twice lb~ 
thickness <>f lllato 1\. At ~tc.1dy !l13te. Ulc 
tempcrotw"' dift"crcn~o across plato A is 
gre-•ter tlmn that ocra<s ploh: B when 

u. c,.. ~ c;• 

t.. c < cr~ 

c. k o.s .. ~ 
d. k. >2k. 
h takes 6 hours to dl)' • wet solid from 
50"~ moistun: content to the criticol 
moisture corotenl of 15 •,, liow mocb 
long~r willli tak<> to dry th" •olid to 10°o 
moisture conl<:nl, under tho srune drying 
condltiorn; (the equilibrium moishtre 
contentoJ'!be solid is 5"o.l 
p. 15 min 
h Sl m111 
c. 71min 
d. 94- min 
Whol is the critica l roL>tionoJ sp.;ed. in 
rovolutiom. p<!1' ~econd, fot a buD mill of 
1.2 in dfametet chat11ed with 70 mm 
diometet bJII< 
. , 0.5 
h. I,U 
c. 2.76 
d. 0.116 
A. son~ mil<lun:: \1'3$ Rt"""ned through o 
stAndard 10-m~.lt ~t'TC.:n- llte mu.~< 

lrtt~tion of tltc ownsize mnll.ml In feed. 
cJvert)ow and imdertloll wen: i<ruml to be 
0.38. 0.19 nnd U.21, rt-stxc:t:ivcly. Tho 
81:\'Clcn cl'ti::ctiVcnes~ b••~d 011 the OVCl15iZe 
is 
• . 0.50 
b. 1),5g 
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a. 0.68 

d. 0.62 

47 A ngid ve~scl. contslning three moles of 
nitrogen gas nt 30' C. is heated to 2s.o•c 
Ass1nne tlte a-.:,mge heal capacities of 
nilr<lge!l tn be c;. = 2!U J/moJ•C and C.= 
20.8 firnol •c. 11te !teat required, 
neglecting ll1e heat capacity of fue ve;;sel, 
is 
~. 13728l 
b. 19206 J 

"· 4.576 J 
d. 17712J 

48. I m' oranideaigasat500K rutd IOOOkPa 
expands reversibl,y to 5 times i ls i 11ifial 
vohuue in an msulal.ed container. lf ·the 
~peclfi<' heal. capacl,tr (at t\Jnshntt 
pn:ssure) of1he ga• is 21 Jimol K. the 6naJ. 
!runpcrature will be 

a. 35 It 
b. l74K 
a. 274 K 
d. 15-1 K 

49. ln the mrumfucture of suJphurio ncid frem 
elemental sulplmr. the followmg se<J)Ience 
of major operations is followed. 
!L Jiu:uace4-cottvertet-> absorber 

b . . furnace-. eVltponttor-> absorber 

~ .furnace-> convenet:4 evaporator 
d. converter-'> fumace -'> absmber 

'50. C~der the pr6ductimt af aillluonis from 
meUl.'lll.e and air <t-• -raw materiul$. 'l'he 
catalysts u.•ed !ll'e (a)·- for steam 
;etoiiDing of meOunte and (b)- far 
ammonia syntlwsis 
a (a)Ni/AI;.O~(h) G'tt·ZnO/AI~o, 
b. (a) Fe!Aiz0 3 (b) Cu-ZHO/ Al203 
c. (a)NiiAJ,O, (b) f"e/AI;03 
d. (a) FeJAhO; (b} N'JAI203 

FIVIi IWID QUEST10N8 (51-70) 

T his section con$iSls or 1'W.~N'J'Y question> or 
FlVE marks each. AN"Y FIFTEEN ou l of lbese 
q uestions ba\'e to be answered on Ute Auswor 
Book provided. 

(Mark~: S lC 15 = 7S) 

6of J() 
5 I. s.,dinm ~ydrox:ide is prodllced in all 

~lectrol):1ic cell by the electrolysis of 
brine. 
a Write tl1e reacli.ans nt the anode, 

.:athode and !he overall reacfiCIJis m a 
Mercury Cell and a Diaphragm Cell 

b. Mercozy cells produee more 
oCillcentrated N.aOH solution oompared 
to .membrane cclls. However, 
membrane cells are \l'idely replacing 
the tnerdllry celli itt. the chloralkali 
il!(hJSt:ry. Give two m~iot masons for 
tbis trend. 

c. Define t:lte dc-"'mposinoJt dli.cienoy of 
an electrolytk call 11Sed for woduci''! 
NaO.H 

d. lf 1.158 " 10' Coulombs is llSed to 
defX!•i I l gmm equivulenl of NaOH, 
wltal is u.e Cll!Tt\111 eOlciency of Uie 
cell7 

:52. Reduce !he follqwins di.il'ereJttial equati<m 
I o lin e;lr I'Qrm 

~r:t=.z"'t 
dl 

a. Find a general solution lo dte 
l.it1eartsed equa6on. 

b. Deleoninc 6te intell:rnlie>tt con..<>tants 1f 
2(0)=0. ~ 

,53 l\•1 atnx A = 0.& 0 0.4 bas the 
[

0.1 0.5 0 l 
0.1 05 0.6 

property thai it sati~fies Ax = x, for illlY 
"ector x. 
a. Write U1e chamctecistic equation to be 

~<:~lveJ for eigenvalue.-; <:if A" 
b. Based on visual. observation. tiT\d one 

oflhe elgem•alues of 11.. 
c. F-ind tlte other-two eigenvalues of A. 

~- C'on!!iile:r tlte 11mv fn a l iq_lrid film of 
constant thickness (5) along, a vertical 1Vllll 
as s1t0Wll.ln th~ Jigurc bolow. 

r· 

I 
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1\s,uming lnmfnM, one-dim ens ionul, full) 
de>•eloped ll<m. lhe j -direction Navler 
Stoke~ ctjUoliun re!luoes tu 

dlv 
Jt--j-~ pg: O 

~Lt 

(\then: \'y is the velocity in r dir<:etiun.!l.l• 
the viscosity and p is the density of the 
lhtUi(l.) 
• · St·ate the oonnd~ry cnnditinn* to be 

used for Ut" 4<llution Ill vcf(ltit) 
11rorrtd7 

b. Solvto f6r lhc velocity protiJ ... 
u, If Q i~ the \'<llumetrie flow rntc t••r unit 

width nr the Wllll, how VI iJ re)•tecl tn 
the lilm thickness 1), 

5.5. l'he power re<tntred In $tir wnter (den.sity= 
10!)1) kglm', viscQ!!tt) "' O.OO I I;,g/m s) in<> 

laboratory e:~:p.,1menl witll t11e lmp~ller 
(Jhtm~ler = S Qln, blRde width = f em) 
nJtQtmg ot ~ rpm os 10'2 \V Cons1dc:r on 
indu.!llri•l lilirred '\<'Sse! whc!N ~ lluid 
(density - 900 kJ!'m~, VINCOSity - 0, J.84 
l<J!Im ~) h~s 10 be stirrc<i 3! 1 rpm tlllil>!! "n 
illOI)ellt:r OJ" 1.6 IU di3mclCr 311d 0.3'2 )II 

bl~de widlh. 
a. Sh<>w tloot the lllbvrntuo) expc~ inoeut 

und indus(riol VC'iMel ;ere g<l<!mctricoU~ 
:ond dyn:omi"'olly ~imil~r 

b, Estimate tile rower requiromenlJ of thi! 
industrial vesseL 

S6. Aio' lluws through • snwoth tube, 2.5 em 
diameter :utd 10 111 lung. at 37"C. If thu 
pressure drop lhmug:b tbe tnbe is L(IOUO 
P;, estimate 
"· lhe air vel~it)' through lho IU~c! ana 

the l'ri~1oon 13ctor 
b. the: beot t.rntO!Ibo• co~Jllcient usin~t 

('ulbtom ,\n;log)'[la = (Si)(Pr) .. ''l· 
wb"re St i> U1c Stanton Nuntbe.• and Pr 
is thu PrruodiJ Number. 

Ga• COWitllllL R 8206 con' nllllftnol K 
" ,. . r: r o, 1 s4 0 1 "'""'Y oncllon actor. ~ Re"" t lor 

;clevonl propeni<:s or air tmd~ llle gll'en 
cunditoons: voscosity ~ 1.~ " 10-5 ki!fm s. 
density = ll34 kgim1

• ~pecint ''""' 
c•pacity. Cl. - .1.04j) kJ/kg •c. Uocnunl 
CCinductivity = O.tl2~ W/m •(' 

57 A double pipe aounl.enlurrent heat 
e:tchnnget is designed to oool .;soo k:i\lbr 
of bt.'tlLune llo\\>lng in the innur pipe fiom 

7 ol 10 
so•c 10 3S"C Wuter enter; ~I 2tJ•C and 
e~il" at 37"r' In tht annular spnce. The 
in~illc pipe It to~ not inot"' di:omcter of3.5 em 
and wall Utickuc~s 11!' 3.56 nun . 'lloc: uutCI 
t>ipe h;o~ "" inner di~metet of 5.25 em :inti 
i~ inwloled. Nc:sletting tn<: w"Jt resislllnCC" 
to heat t.ran~fer [i·om the itmer pipe. attd 
assumins tho indh•idunl film heat tr~nsfer 
eoeJficient .tilr w.t¢1' io be 6600 w~m1 "(', 
..:.111!tllnt"; 
~. the indlvidu:tllwal transf<T t'()d}jdtnl 

fur b<:o.ltnc flow in& in lho lunor t>it"'· 
b. tbc owrnll loeat ltittUfcr eoeJTicleut 

based on inside dinmcter of inner pipe. 
~. the lntol lcngO• rcqui"'d lor the helot 

""ch11ng.:r 
Nu = 0.023 tRe)''" (Pr)IU 

\VIieN Nu is the Noo•eh :-lumber and 
Po is Ot~ l'randtl Nloruhe.•, 

A\'cr;tg~ t>ropcrtitS of benzene: visO(l.•iiY ~ 
-1 I O"' 1\g/nt ~. tbormal oonductivily -
(1.1 •17 \VIm •c, specitic bent copocity -
I ~80 J/k~ oc, density = sn kglmJ. 

:58. The !;;,~cess lllbhs lree en~)' r(lr 
c~·clohexanonc ( I) r phe!IOI(l) ~ givco hy 

( u' R1' ~ - 2. L'ix. 

where: " I ;ond Xl nrc the mole frncl'ions elf 
compuut:toL!I I und 2 in Ute liquid phos.c:. 
'11le \'apour pn::•oureo~ of compnnents at 
417 K ,.,_ P,~ - 75.2kP'a ond 

P,"' -31.66 kPu 

a. Oerh'i: the expressions for activity 
toeffideut:s or each co.mponcul as a 
fwtction of composition. 

b. V llrify whether the exprcs6ion• dco'ivcd 
in (:o) soti~~ the Gibho! - Duhom 
C:.)lla t 1 on , 

c. Detenninc ~~e equilihrown pres~lore P 
nntl ••apour C!liUJIOsilioo for • liquid 
pill!$<! compo•ltion s , : 0.8 •nd 4 17 K 
A'sumo vapour rh•~e to be idealtt•s. 

59. Methane ga• is compressed on n steady 
state llc1w process from 101 k:Pa and 27"C 
to 500 lPa lllld J6s.~c. .\s!.'llmc mctltonc to 
be liD ideal gll.!l undor • U condiliollli LR ~ 
S~ H J mof. K: specific heat c~pacity-. 
C,'R = I. 7 tl,009 T(k ) l and 
surroundhog> to b<: ol a ~onit:uol 
tcmpl'faturc: of 27"C. lf the to!Jol entropy 
chang" (of the syst~n• :ond ~mrrooondin,gs) 

dw:in~ Otc pwcess is 4.S Jltnol K. fwd 
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a. The specific cmhal PI and specific 
enrrop) changes of tllctbane. 

b. The net $haft wont done iUld heat 
cxcbaugcd wit11 tile surroundings, per 
mule or lUeth au~ 

c. Titc tltennod~ namro effi<llC!ltc~ of tho 
process. 

6H The ruass llul< frorlr 11 5 em dnuucrer 
uuphlhaJcnc ~:~I. placed m st.agnanl tur (II 
o~u•c nnd nllnosphone pressure, is I 47 
1 o·J moVm 1 s. Assume Lhe vapour presstt re 
of unphtbalene to be 11.15 ann m 4u•c and 
negligible bulk concontmrion of 
naph~talene in ;air. 1 f air starts 1>10\l~ng 
xross we surface or uaplu:balcuc !rail at 3 
att/s b)• "b:ll. fnolor will the tn:L<S transfer 
mt~ increase. all other C(lnd ltions 
rcnuuning the same'/ 
For spheres: Sh = 2.1l;o0.6(R.c)M (Sc)'•Jl 
ll'burl: Sh is the Sbcnl'cod nun1ber nnd Sc 
is ~1e Schmidt number. 11ti!' viscdSJlY nn(i 
dariSII)' of air nre 1.8 • 10'5 kg,lm sand 
1.123 kg/rn), n:spoctil•lll) aud tbe gas 
const:mt is 82.(/G em3 ntm/mol K' 

1\T i\mn,orun is produced b) the foUo1•·ing 
reac1io11 

N, - 3H1 ~ 2NH; 

In a eommercl:!l process for ammonia 
production, th<.' fc~d tQ an odbbacle r'cactor 
contain~ I lrn19IIS of nitrogen :md 
stoiduomctcic amount of 11\'drogm at 71l0 
K Whlll rs th~ llt:!Simun] a iiQII•abk 
convcrsron 111 the reactor, 1f the adiabatic 
cempcra[Ure rise across the reactor sbow.d 
nor ~-~i.'Ocd l 00 K 
Assume rhc li:cd and product streams to be 
ideal gas rnaxturcs. 11tc hew. of rea.,tion at 
700 K for tbd above reacuon is- c.~lculatcd 
co be -94.2 kJ/mol Mean molar heat 
C3pacicks (C~) in che range 700 - 800 K. 
nr~ ll,oJ, O.U2.X9 ·and n.()4(12 ~)/mol J{ for 
nilrogen. hydrogen and ammonia, 
r<ispcctival) , 

li2 It ts dosan:d to extmci. acetone li'om n feed 
CQJltaining acetone nnd wmer, using 
chlorofonn as rhe solvcn'" In t\>O cross 
cun'unt e:dxactlon stageS !IS shown below 

63 

Mol I II 
ScMcru 1,. SQivl!tlt iG 

""'' S:uu I I· l - · 
~)!Ql.t.li ~~ 

I ' . .s -1' 
Assume thnt 11 ntcr and chloroform nrc 
tmrnlsclblc. 11te following dtl!ll an; ,g11'~n 
fqr the process 
(a) 11ae feed is an cquinmbr rnLxrurc 

of ncctone nnd wahlr 

(ii) 11ae quantities of chlorofonn used 
an tla.· two stag~s arv equal 

(ua) bO mole % oi lhu ace lone iu the 
fucd JS cxl.ractcd 11J slag;; 1 

(iv) 11t~ extract and mflm3tc phases 
<!Kiting from cnch S1agc are rn 
cquilibnum , The equilibrium 
relation for the distribution of' 
ucoroncls giveo by 

Mnl0!1 m nct:l1'JitO 111 WJncr rich phu e 
Ml"'IC!. ••fn:11icrtn t\1dcr l'ft:b pbllSe 

Mole. or ~MIWQ l:hkn.vft~nl'lll~ rtuu.c 
'l ~~IC'$ ut .. ·Mc~1m1 111 dtf.lklni"i7'"orm ri~ f!~llf;G 

a. lndrcatc (wit.h Ute help ot the ~bove 
diagram J the componcms •n .ca.cb 
s11cam. 

b Dcrcmtinc the quontit) of ch lorofonn 
used 111 each stage pc:r me) I of feed. 

c, Dclcnnino the tJlolc th>ctlon of acetone 
in final product stream. 

A countercurrent muiHslagc strippcr ns 
Sh()Wll in frgure bciQW is used ll) remove 
au impuri.ty from a. cream using puru 
steam 1011 kg/hr of liquid cn:arn 
containmg 20 pariS per mi llions (ppm) b) 
weigbt of impunt) is fed to the stripper, It 
1$ desired to r\!duco tb~ conccniJ'aliou of 
impurity in lh~ crenm ro I ppm. A5sumo 
Oral the li,quid cream does not ev:~pomte 
:irld ~team \locs uot c9ud~nsc. Tiao 
cqt•ilibri um (d:uiott is y = l Cl~. 11 hem ) 
aod s are we ppm ofintpur\tyin steam and 
cream, re spccti vc I) 

x.,tj ,.. 
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65. 

a. ludleate schemauc,~l_v tul u x-y ploL 
til~ t:qtrilil)rium llnc and uperntinslmo 
for minimum ste:lltl l1nw rule 

b Detcnnin• the mrni11111111 0QW roJe t>f 
steam rcquir«i 

"· If th<> rot~ nl' •tcarn input to th• stripper 
IS 1.5 times ~Jc minimum. deter1tu11~ 
the ·re<ttJir.od lulagrut nun\her <'[ 
theoreucnl stag4s. 

/1. simple chemical reue11o11 A _. 1:1 tS 

!>ding L'llrri"d Cllll iu two CSTRs l!Onn~lcd 
111 seriC>. Tho volume ot' the hr!IL reactur is 
1.5 timell ibul o l' !he second reaclor. l'h" 
tempenuuros of the r.:actors ar.: sudJ th:ol 
lb" rate CQOSinnt I !I the lirsl roaator IS 1.5 
fimes th~< rnt~ <QI\slllnt 111 lh• secnud 
retlotor. 

CSI'Il 2 

"' Is ih" dnta g1vc:n above cunsislent for ·a 
lir~1 order reaction kl notics-1 Ju>1ily. 

b. Is I he datu giv~n al:xwc iltlnsist.lnt 1\)nl 
second o rd<!r rcaollon killlltics'/ Jusliiy. 

An enzyme tmruubilized OIL the surtace or 
" pon·porou~ w l1d cuwly~es u smgle
substtnto rcootloo according to !he 1irst 
orddr rule .:qwtron ~rven by ,. 

\1 =~~..~1 

K~ 

Where V,, 1t0d K., nre llte n:<tclion 
paramc~s ancl Sis thesul:lstrnte (reaetum) 
con•enlrulion dtlh~ surlilce oftha ><>ltd. 
a. II reaction rate 1s ~1ibr1cd by lrqUid

lilm muss tmn•l;,r rcsi>111nco. rind tlto 
<IWrnll t'Ulo exp~ssion f<lt' enzyme 
cfilnlysis at stead)' .stale lu terms uf V111• 

K.,, tho: bull; liquid ~ubstrote 
concentmli<>n SO oud the f:ilm Jnass 
uunslc r eocfficic:tnl L 

h. If lh~ rcu~liun 1111~ is •lf th~ fir>! i'TUOr 
C\'cn nt 1hc bulk liquid conc<lntmtion, 
whnt will be the volno or thu 
dli.lctivencss l'llctM f'c.r the l'(ollowing 
vuluc$ c;>l' I be rouction poro.motor.~: V., 
I 0 tlll'lltcm' s. K - 2 I (J' mol/ I, k. ~ 
5 I O-' em s. 

•l o(lll 

66. A moroury thermometer c:ut be usod UJ 
measure the body 16n1pcmturo by placing 
it either in the mouth or in the unnpit ur u 
p-.1tidnL Tho lnlc bods tompcmluro cun be: 
!Ukon to be 1h~ temperJiur<.l insiiJ~ th.:> 
muuth, wltich is usU1lll.11 higher thuu the 
tomiJerniUre In tho urntplt b)• 0.5 K. 
A8!Alfll<. Umt the true hod) teulpenlthreut' 11 
patient is 312 K and Ute thortlllltneter is 
initially at 300 K Alsu assUlll~ that !he 
tb~mtromoler b.:haves like 3 Ul:SH'rd~r 
sys1on1 with u tiro~ con5tant af-10 seconds 
a, Obtuin n rcla110u fur the thoOmtomcror 

restlinl! 1'(1) us n li111<rto11 of time ht 
ICTI]lS or its iniuol tompernture T(O), 
und body f¢mpermure TB. 

!}, How long should the thermometer be 
placed in U1e pnlient's mouth in order 
IO ~O~UN tbui lhe ~.mlr in tho 
mensun:mcnl is not greater them 
o os•, •. 

c. Siuco< tho> body lompemt\tre ttl the 
nrmpit is less. the measurement mll<le 
here tL~ing. the lhenuom~wr i$ 
uorrooted by udding 0.5 K H"" long 
llloulu tho ~lernlumeter be placed In 
lho> urmplt rn urdor tn en~ure thut the 
tm-or HI the currectcd meusur~rllenl IS 
not srea~<:r than 0.05°. of tba ttue butl)l 
lompomriJJru. 

67. Consider a Sl'Siem nf two tanks 1n sene:< as 
showtl hei<J•;•: 
F, _ _ , 

•·Ill.: a 
F, 

The level l11 ill l 'aJJk II Is rne".lSol'od mul 
b~ lo bo e<;lfllrcJUed by nwuipt!)ulloa the 
Uo\1 rate Fe. [! is given that F~ = 0.005h, 
nnd F, = Q.00251r: mJ•s. \\ here h is in m. 
'l'h<>' cross- SectiOnal orcas of'l'anl, ltmd II 
are both equal to l m'. 
u. D~tennine th~ lrJnsfer 1\mction C•f the 

p (()Ct!SS 

b, Compute the lime constants of the 
pr<>celiS. I& lhd upen loop P""' ... ~' \>Ver 
dun1ped,. undor dumped ur critically 
damped? 
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c If I"'I'O"'OoaJ tOI\IfO( o< used woth 
COO"U\1\1 K._ Cl. lkt~-rmono: the \nJU<: n( 
K. for "hich the c:l~-d loop resporuc 
t-eoomes cnlotalh damp:d 

An engm= has purchased n pump for 
1\hoc:h the anstalled coso is Rs 2 lnkhs, Jf 
11(1 annual maonltnunCI! os currkd l,)ut un 
lhol pump, tl wi ll hu•c: a l'Covkc ht\: or 5 
)etlll. "iih no~h.ojic: \Uiut• Ottlhc lither 
hnnd. of unnual lftlll11~nat1Ct o< canie-1 out 
at u •OSI or tu 10,1100 per ''w lhao the 
l'lfmp '"II ha•c • sen ore hf<! of 7 \•'ill'o. 
1\ltha sahagc\alu.:ofR< 10.000 
n Denve lhc: rormula ror capllaloud cOSl. 

on terms o( Ct (onoual l)urchase cost or' 
the equo1Jmeno) l> (5Uh'l!JlC value). n 
!llfCtim<:), c~, (unnuul cnd·l)f.y.:ar 
fllllinrcnuncc cosllllnu 1 !intcresl mtc), 
Assume th:ll th~ C()SI of replacmg the 
eqlllpl1lelll 01 the end of us semce loti: 
IS tb< same as LIS IOihnl C:oSl 

b lf tb< antete:.l mw ~ 1 ll" • dt't<-ruunc: 
based on capo1.1h1~ (11>1 an•lys&>. 
1\hcthet annll31 mlllnlma~ on 1~ 
pump hould b.: earned out or not 
(negled deP=IBII!In in )Ouranai)'Slsl 

A canteen requu\.oo; hot '"ner for ot< dish
"o~hong. For thos ptorpose. ohe cameen 
draws 0 4 ~g/s or wat~r at JQ8 K lind 1\e;ll.'l 
11 to 3.53 J.. 111 u (irec.l·bcater !'he 
1\:lSil'WIIUlt lc:ll lnj; !he \Jo,h\\Dlihcr 15 Ill 
)3J K In order 10 lo:IH! C"-'1'!!), it u 
proposed to r«m cr heat from tho! 
wastewlller to pantal"' heal np !he 
tncomml!. water m a counter<urrenl 
cxc:hang~r as sbo"n schemlllocally below_ 

':~p Q~~ ... 
1\~umc: 11141 there:'" no lou or "mer m the 
dJ>hwasher anJ a mtntmum :~pprooch 

711 

to ul IU 
t.!mpcmturc: of 10 K should he m:unl.lJn • .-..J 
m the e'cltJnGCr 
0 0e-t.'llmi1C the lllli'JtnUm lemJ'i'1111Urc 

to winch the mcomonl! Water can be 
herued 111 the e.~chanacr 

b I r the overall hcat translcr coelliclenl 
tn lbe exchanger tS 121XI W/m' K and 
lh" specd1c beat capactt~ or water t.S 

4 l86 J ~g !<.. compul~ the ure:~ or the 
h\.'81 -'.'ICMOJ;Cf 

c I r the C0'-1 llf the ~'ch.mgcr in 1981 
"ll'o 2 • A ~1 tin lul.h rupees I. """--ore A 
15 the C'ICh~CI STCI Ill m: and the 
Manbatl and Swtfi ro<t tndtces 111 

1981 and lOOO are 31S and 400 
re>pectively, dt.11.'11l110~ the 0~1 or the 
exehungcr 111 the ) eur ~000 

Ill n nltmhon procc.!!, of V I> the volume 
nf 111\rnt~ collected In tim~ 1. a t;cncml 
rdot•onshll' can bu l!IVCII ns ,,, 
,/1 .tV')("'/' ~1<..) 
\\lu:rc o ts !be !op«olic cal.c rc~t>lllll<'e. I{.. 
IS the Iiiler medtum restSUtttce. A tS the 
Iiiier ~~~tm. c ts tk ronccntrolton uf solids 
rn the ~lurry, 1J IS the \ ISCO'ill)' nf the 
liltmte und L\P ts the ovcroll pressure drop, 
a Flltmuon O::.'<pcrimcnt~ "~r;: canicd 0111 

at a amstant pressure drop on slurry 
ConUtmiog 20 ~~ m 1 of CaCO. m 
\\ilk'f. l'he d.1l4 obiDIJ\Cd from the ploo. 
of l V ~s V nt t\lo dtO't-rent pn:s.-tlle 
drops ""' Ill'"" 111 the lllhlc b.:km 

_...,"'"'' ' -.... ,..., ... .........,., .. ""'"j ,,..,. J It! .... 
.,, '!~ _I --;-;- •• 

If the ffiter orea Is 0.09 mJ anu th< 
' oscosorv of the llltmte tS 0 00 I kg m s, 
ucsem1inc the ~pecofte cal.c rC'It~Uull'e And 
th~ fthcr mcdwm rl:!.i,t:uocc curr~JIIIIld'"ll 
ll) dK:h rres.sur~ drop 
I> Pelemnne fmm the: 1100' e dala 

'' helher 1he cake ~~ compres.~mle" 

I 
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