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I GATE - 199.1 I Ol M 

l,t:==:= CHEMICAL ENGINEERING ====::::.l 
BEcnON·A 

ONE MARKS QUESTIONS (1·20) 
Use tltr following valur.s: R (uoive1'Sa l gas 
constant)= 8.314 ,J/mole k : g {acceleration due 
to gniVily) = 9.81 m/s>. 

z. 

3, 

5 

The tn\'erse ola mamx [~ ~] ts 

a [~~ ~] 
b. [: ~] 
c. [l;,a l;hJ 
d. 

"fhe hmlt or ffs) = x/sln x as x-> o 1s 

a. o 
b. 
c. 1 

cl <¥> 
lntegmling fac1or fM the d•ll'erentini 
equation 

tly +l'(x)y: Q(x) is 
dx 

a '"'P[J Pd.<] 

b, exp[ -J Pdx J 
c. fPd~ 

d. dtlid'l 

1r [,_L./f ate the uml vectors m rectnngulur 

coordinates. then the Curl or the \'CC.IOr 

'1. + ./.l' + !£; 
.a. ! 
b. -! 
c. l. +! 
d. !+! 
Tbe solution for lhe cliJferemial equation 

.t=y dj' , 
- , +5- +C.J•=U IS 
dr dx 

7 

8 

'!. 

II) 

a. C1e 11 +C~e31 

b. C1 SIO 21+ C, COS 21 

C'. C1e:' +C:e "M 

d. C'
1
e -" + C:e-~ 

Sol yay process IS used for the manufacmre 
of 
a. Caustic soda 
b. Sodaash 
c. Caustic potash 
d. Soda hme 
Phthalic anhydride is- produ61!d b) the 
oxidation or 
a Naplbnlene 
b. Bctl/.cne 

c. Toluene 
d. Aniline 
Wluch or the follomng fuels has the 
highest cnlori lic ' 'ruueper unil mass? 
a Coal 
b. Kerosene 
c. Natural gas 
4. Fumace oil 
The most widely used .coagulant For 
remo11ng suspended impurities from water 
is 
a. B lenchlng powder 
b ChJorine 
c. Calcium sulphate 
d. Alum 
The. shear slresS•Sn<:ar rtllC reiahOIJSblp fOr 
a liqutd whose apparent nscostly 
decreases "1lh .ncreas<ng shear rate is 
given by 

" U\' . 
a r . =-m - ' /(lr 11 < I 

·"· dy ' 

b r =-m(tlr,)' n= l 
.. dy 

tl~~ tiv, c. r =-m- -I 
... 

~ dy dy '' > I 
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d r,. 

II A New\~nian liquid \ft density. f' = 
vh~<l!>ily) il> flowiug witb \'clocity v in u 
tube of dlamc!~r D. L.t Al' be tbo prcssul'<: 
drop ~cross th<: length I., I' or n laminar 
tlow.I\P IS propon10nallo 
a, Lpv!/0 

b. DpJI!.. 

c. Lf.Lv/1:. 
<L f1Vll 

12 Prnucltl numh<:ds Ooc rnlill <lf 
a. onass diffustvily to U'oerma.l dtfruswity 
h. ntomenuun dif•Tusi>'ity to themool 

diO'u.;,ivity 
"· 'l:tttnnal diffll5lvity to ma.~s dilTUl>i\·i!y 
d. Tioennal di!Tuslvil) to momentum 

d i:IT usivi ty 
13. For a JumltW no11 of iluid in u cirl!llbr 

tube. b, Is tlJ<' convective ltc>al lranllfer 
.:o"likient utli<!locity Vo. If the vct.>cily il 
r~-duccd by hall' Jnd assuming the nuld 
fti'Operties :u:e CO.t\SlaUt the DC\\ COnveclrvc 
heatln'l11sler coefficient i~ 
~ !.26 bt 
b, (\,794 ho 

c. 0.574 hl 
d. 1.741 b, 

14. A mclal wire of 0.01 m dio iltld therru;ol 
coducU,·ity 1(\0 wlm, "K 1. ""iP'"ed lo 
l:lu"l slo'eam wilb 3 convective beat 
lr.Jn.•fcr coefficient WOO Wlm2 ' K. Th<t 
Biot Nurubar Is 

••• 5,6 
b. 0.0125 

c. 3.5 

tl. 0.0035 
13. Dit'l'w;tun cocffi"icnl in a um•l)' ga~ 

mixbu:c al lnw prcs.~ure. v•rieo '~ith 
_pr~s11rea.s 

"' p 
b. J.l> 

"' 1;1 

d. ind<:p~ndent i)r P 
16. Moss lmnsfco• oodlicicnL k according to 

~etr\l;llon If) thoory vnries with ma.cof. 
dilfus.ivicy• OS 

,,, n"" 

17. 

1~. 

I!!, 

20. 

b. D 
(!. 1/D 

d. o1-' 

For the s:t\enll$ t'cucJiou 2(>. • B wh•..-e 
\Jle feed cnn,•i•tJ< of SO mol •;, inert~. tloe 
~on.<i~n r,,~IOr i~ 

a. I 
~ - 0.5 
c, - 0.25 
d. I) 

To mmdmize tho form~lioo of R in the 
simultaneous =ctions 
A + B - t R ro1= 2CAMC'n1 

A + B -~ S 
wo should ltAvc 

•· lu" c,, lu" Ca 
b. low CA. high Cs 

c. !Ugh C_, , low Ce 
d. high CA. lugb Ce 
Ideal gas hJ\1 is upplic..ble • I 
11. low 1.. luw 1' 
b. bigb T high P 
"- tow T. high P 
d. higb 'I'. low P 
The $eCilOil 101\ ur thermodynaJ\1iil.~ -~lates­
llt>l 

•. The ~:nerg) cbnoge of a ~yslcm 
uodotglllng any rev~ibl,. pro~e~$ fs 
zero 

b. h 15 nol possible lo transfer heal from a 
lower temperMure lo ~ higher 
tcmpCI':IlW'c 

0::. 11Je IUI~I o:tl<rll) of 01c ~Y!Icm and 
•UO'<lu.oding rcmoins eonstaut 

d. None e>fthe nbove 
71. FiJJ in tbe blun ks. ln Ut P ans"~r book 

write thu qut'stion numbc·r and lhc 
answt!r only. 

(lOx l=20) 

11, The wylnr·~ st:ri~ cxpttn~ion of ll~) 
OI'IIUrtd .~ = 3 j~ 

b. l'm· a differentia l 1\Jnctwn ltx) Ill have 

• maximum. (/( slooulll be. 
..Lr 

<I' r nn<l dt' sbnuld II• ___ _ 

c. 111 !L~ - N rly iJ an "l<o, ol differential 
\Vhen ----
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d. TI>c integl'nl of !I ~in x is------' 
t . The Cheen ·' tlu:orem n:l;otcs 

integrnls IQ surface inlegrnls. 
E tf ·a · is a sc:~lar and l! is • v~ctor, then 

\ nh = ____ _ 

g The .tilforential equation dJ ~· y- 0. 
tLV" 

With the coodition~ )'(o) = ~and y( l) = 
I is called • v~lu~ pmblcm. 

h. Uoubte CQnbct do11blo absQtplion 
proc.:ss is used for 11te manufa~lw·c of 

I, Fot on orifice mc11.-r. lit<> prcossure 
teCO\'Cl)' I• lh~n lhnl t\lr a 
vcnrurimc:tc.1r. 

J, /'. gas bubble lll ~ prto;svre 11f tlt is­
pa~sed du·ough a solvent with a 
sntuntion vapor pl'llSsurc 11f P,.. 1f lhc 
Lime of pnsSllge of the bubble 1$ long 
nnrl "" is insoluble in the solvent, the 
mole. !r:~ction or solvent in Lite bubblo 
will be equal to ------' 

~. Tioc hell! or fon111lllun or. compuuud 
is defmed ns th~: h<'at of renction 
leading to the lo m>alion of the 
C(ompound (rum it~_ 

I. A SllJl<'l'llftiUratod solullon or ~ 
opnring l.y soluble ~olute. at u 
concentr:otion of C. io heing fed to a 
cryswlli?er at;, volu)l'letnc Jl(lw rJtc: o)r 

V. The •olllbitily or ~•e •oluu: i.< C,. 
Ute output rntc of sotltls fh:un llll 

efficient cryst•llizer i• ------
111 A bq~y al 925 ,Jot emil< .,. "'l""SY of 

1..12 1011 cr wlm' (cr is Stef:Jn 
llQIU.JTJ>I\Il•C()I\~13nf) fJI th~ \\'11\'c­

ftngth .Band bctWCt!Tl J )Ull 10 4!1111. no<: 
&bction of this t"tlct~~ in the tol!ol 
energy emiued (I\.;; the t ntire 
w•vc:length r:mge 1< "'lu•l 10 

tL /\ceot\li"!l to fibu lhc~ry fuJ· ctluimolur 
eouoler difjiJs ion,. th\! .m:.ss. t.rnnsfer 
cm:fficient is .givi!D b)• _ ____ ..J 

n Th<: Rc)'nold.~ ano lol!~' fur mas• 
t ran•l~r i~ g1ve hy ,.-,-,-,--- nntl ;, 
~pplkoblc when Schmidt numbo:t Is 

P• Suorwood uuntbcr for flow u1 • pip~> 
clln 1,~~: c){pf\lll~<d .os the ratio ur the 

3 ur~ 
concentmion ~ttadient ~~ to 
U1e Ol'<ltD II concentration <lifference, 

q, 'l'he Arrhenius equation for !he 
l~'lllp<rnlure dellendeney or lite 
r"-le:tion rate conslanl ls 

L Fur :t l!.ivvu conveTSjon and II flfSt­
order r~ctinn. tbe volumu required (or 

• mi;.;C<I fet'lclor i< than 
Ut3l fora plug flow mc!O< 

s. 'ntc: 1'11te of rc:.'lction ;, d.:lin~ M 

L. Tile ph11Se rule ts gJveu ;u 

22. S"'tc with reasons wheth<•r t &c. 
51At cm t."h1 i"' ~·ru t.! ttr fu l~t.!. 

n·. Theserieo I I x~ x! x'- for x < I J. 
divergent ___ _ 

b. A~ l9ng a., • pump •s nr>t used. a fluid 
will :t.lwoy> flow from llig,b pt'CSsure 
tugious to lo\1' P""""ure resins. 

c. ff '"' in.-oluble· s••;. passc<l through • 
\'olalilc liquid placed In a perfectly 
insulated <'On~11ner. Lhe temperature of 
the liquid will increaso. 

d. \Vlu:n a v.:rtical plule 1~ lteau:d in nn 
infi11ite •ir cnvirOilltllllll under natural 
ccmvecllon condi1 ion•. lhc vel11citv 
profi le m ntr. 011mwl 10 the platC. 
e.~hihil~ • mn~imum. 

c. The m:o.~Jmum in Lhe euussive pO\\et 

of a surface Jl • l•mpcr:llttrl! of T t 
OCCUr.!~ ol a WOVU lllnglh of A I. l:f tbc 
~od'nce tempept.ure 15 W.Jved, the 
maximum in !h~ cmisslvo pol•cr WIJilla 

ucuur il1 3 wove lcnt~.tlt of0.5;1.1• 
1: Fot• lamjii3J Jlow OV·e• 3 Jlat plate or 

lcn~lh L the loc.u m•ss lrilllsfer 
c<>oftid ""t ol n dlslauce L from tlu< 
leading edge 1~ l S I 0 ~ m!s. Then 
U>e nwrogc moss trnnsf"" eo~tlicl<!nl 
for tl1o plate ls 2 10'1 m • 

!!- Mcording to tltc pc:nttrlllion lheory. 
the mns• tran•fer eoefl'icient decreue~ 
lt' I he CXJ)ORUr<: lim.: Of illi eddy I() th~ 
~()lute dL'C,..,.SeJ;, 

h. Tite conccmtrat.icm 3ttd ltydrodyn~111ie 
h()Und•u·y lay"" o·,,cr n tlot plMe are of 
t:\fU.11 tltieknes• if Sclunidl number fJ 
CCJUBI t~ unttV 
The £ ·component of die total mas~ 
flu.'( o£ n eomponenl A in 11 bin:ll')' 
nilittw·c: of A and B is gr\'\lll b.) 
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23. 

- /) clc, 
.. d:: 

j. A medium is olw:ay~ rcquirod for hcot 
to ba tr.uaferrod.. 

~ . Forced conveelinn is relati\'cly '"'I'~ 
dfeclivc in incre:.~ing the rnte (lfm:.<~ 
lta.niJ\:r ifSchm\dt numhc:r is l~tgot~ 

I. tr the rate of U1e trYevenible re3ction 
A~ B ~ 2C is kCA Cn, tlten Ute renctiott 
is 11lwnys clcmenl:uy 

m. T\\O mLxed renotO~>; QfUl1CqWll ~ize ore 
• vailnble for producing a specified 
produtt, fonnotl bj o homQgcntou~ 
!lecon<l c;rdcr rc3~tion. To >-'htevc 
m:~.ximurn product ion rate, the &~n•ller 
reactor , bmo ld be plnce.l in •aic• 
hellm:o the larger fdlcJOr. 

" ' F11r Ute same con"er~lnn, the holding 
litue tcquire<J iu .o b~tch t'ellt tot j K 

olwoy• cqunlta spocc lituc required in 
a plug now reactor. 

" · 'lloe mechanism for the rlecompo. ilion 
uf (1·h C'J-10 into C){. and CO in the 
prcsenco onz is 
CH,CHO-t /. -" CH, i- ll! t CO; .1IU1• 
("JI,ITHI - C.'H, t-1~1 (a;r~ 

l11en, the mtc or di$Jpp¢oron.:c Qf CH1 
I'"HO is equn I to r .~~.,,C ;a ond HI ncr. 

as a cJ.tn.lyst. 

p. Pl'essu."" is nn cxtilllsiw pre>porty. 
'l· Wook done by n g"" duling frc~ 

e.<p~n•ion i~ ~rtl. 

,., A proccs• ts iiii!Va•ible, as long ,. AS 
for the 1ystem is great<.'T than 7~ro. 

.~ . 1l1e mech:mi~al worL ilone h\' " 
sy~lem is always equolto i~'rlv . 

~l~td• th~ it~ms in tlt~ ten •-olumn with 
lh~ opproprinte it"'ms in the right 
column_ 

:~ ([) !:Q!Ih ("t) 
(ll) Slu (ol) 

(A)a/(s1 ~ at) 
(ij) IJ/(i -al) 

1 C'ls/(s~- o1) 

(Dis!(•'- o:) 

1!. OJ dy = x' - v' 
~ -
tly J 

( ll ) -:.~ ~ v 
cl'l -

1 ur~ 
(/\)lin= fi.,;t ordc'!' O.O.E. willt 

constant eoefti¢icnL 
(B) line.1r (.).1),1!, ·with v>rfabl~< 

coefficient. 
(C) first order uonhuear O.D.E. 
(I)) linear second Drdo:r (').lU i. 

c. (I) cat .. lytic crocking 
(II) col11 lytic r"fonnmg 
( t\J kerosen~> 

(B) Ga$olinll 
(C) k\r0matiC$ 
(UI Die•el 

d. Mntcl> the npproprlntc mntcrioh for 
bond ling the folio\\ ing chemicals 
(I) conc<:ntrnu:d ~ulfilric ~cicl 

Ill) Caustic Sodo 
(AI Bros~ 

(B) 1\luminiu.m 
(C) Ni~kel 

(D) Le•d 

o:, l\•(utch U1e appr6p6>te cataly•t wiOr 
lhl>-j»'QCCH~ 

(l) llydtogcn3lion of vcgetJJblc oils 
(IT) Ammonia Synth""iS 
( 1\) Iron 
(B) Plotlnutn 
rq Ni~kDI 

(D) Zcolit"'! 

[ match the r~ttiOni wi01 DAm<! 

(I ) c·o-+ Hp D ro,- fl , 

(fi) CJ1.1 +!fp C CO • J.lf, 

(A) Boudord re<~~tion 
(B) \\ ater gas shin reaction 
IC') Water gos reaction 
(I)) Sleom refc)rmin& 

g (f) Slnnton Number 
( n) Pr~nrlt I Numher 
(AJ hD k 
(B) hi( Cpf.!V) 

(C) C1k/J.l 
(D) c.f.llk 
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h. For a sphen: of den•ity ;. wrd volume V 
placed in a Ouid of <knsit} 11 
(I) \\clgl\1 
( [I ) BuQ)'IIIl~Y fOnle! 

(.\) (P p)l'g 

(B) (1/g 

((') pyg 

(D) (P - p)Vg 

1. A Llrnl hltck body wi~1 a $Ur1'uce n.rt<• 
A 1 huvlug no concavities is sun'Qundcd 
by o large block surfuue of nrco A!. 
Match lhe \'1<>\Y footo"' 
(I) F:r 
(O) F:1 

(All 
(H) 1 - (At!A1) 
((') AriA, 
\T))<! 

j , (J) Nu~s~ll Number 
(m BiOL }lumber 

A C"onvecril· Rcsistaooe 
1 ) l' luid conduclim resistqnce 

(13 ~l'luid conduot.uncc Resi•lance 
) Coowotlvo>n:$.iStand<l 

C Solid conduotlon ""'i.<;tanc.: 
( ) . . 

C'cmvc:cbve .,esnnonce 
(DJ ~onveclive re.lsthnc~ 

1'6lid CC)Il\IC.UlJOtt l'l!lSI!$tu_ncC 

k. Critic"ltlr[cknc:Ss or ·insulntion (,)r 
(I) sphere 
( II) Cylinder 
(A) h1k 

(B) ::! k b 

(C) ltf.l.b 
(0) kJh 

The ditl\rsion coej'tiQieut vnries u.~ n 
fUnction 11l' tempernture for 
(I) gnses 

<m liquids 
(A) 'fU 

(B) T'1 

(C) I '1' 
t0)1' 

m. OJ Solun.idt Nu,nber 
(D) Lowis Numbor 

'A' tiiOCilenlUID ofll[ush'lt, 
, .• 1'!imiiil lliltiiSi•11}' 

'B) 'rbemut dimts;•ity 
~ .,.... diiful;;;jr.y 

(C) motll<tltum dift'lloimy 
mu> Cllt11$1vh y 

milS dift"u•iviry 
(I>) ~nn•l dii!IW'Iity 

U- (T} 1\-B--C 
(111 A • B --:> 2B C 

(A)rale of Naclion of A shows a 
mruUmum with time 

(11)C"a shQW• o nu~'Cimum with time 
(C') t)c shows n muxrnmm with tim<: 
(l))Ca C!>nti nuou• Ll' decn:a<Oll with 

time. 

a. (T} dH 

(111 de.; (G - Giblro fN< OUPI'I!Y) 

(A) TdS -J)dV 

(B) TdS+ VdP 
t (j - PdV - ~ciT 

(0) VdP Sd'f 

p. (l )Ior ony cy<>Jjc. pr"OCess 
(11) lur "II)' udja\)&Li" J)I\)Cc;<S 

(A ).t\l ·=o 

(B) Q= 0 
CC) W ~ o 

(D) .llU. Q iltl d W nU lCI'Q 

44. Find tho cigcnvll!Uc! or th~ matrix 

25 

;\-r ~l ~~ 1 
(S) 

Inn balch reactor ail irrevelllible first o rder 

reaotion A ~ R t:tko!1! p laoc. The rea~tie>n 
ralc·consmnt (k) = 0.2 •ee-l. and thd nitial 
.:oncentnrlim of .\ (C'Ao) ~ 0.1 mollm3. 
Find ~1c e.On venli<ln vf the 1'<;;\olurlt AJ\,.. 2 
•oconds. 
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27 

28. 

(5) 
Saturated steam at BO"C rs Qowing 
tluough a ~te•l pi11e of 0.02 bn iJISi.de 
(Gameler and O,OZ7m 011J;ide diameter. 
The pipe is 1nsltlated omade wiU1 0,38m 
!Irick insuln~on The runbienl air oulside 
lheillsvla1ion is a! 27oc, Calculate 
a. Ihnat;> ofh~at loss per mvter length of 

'tllbe. 
b U1e overal l heat transfer coefficie.nl 

based 911 mside smfuce an:a of steel 
pipe, 
Additfoml do/a! 
Tiiemial cNtdnctivily of steel = ~.5 
W/(m.k) 

Thermal conductiv1ty of insulation = 
0.064WI(m.k) 
Convective lteat transfer oqeffi~~enl 
iJJRide the !;I eel pipe=.l67f;WI(m.~) 
Convectiv" }.eat b\Jltsfe· c.oeillcient 
ou.lsicle tl'1eh1sulatioti = ll \V/(m.2k) 

(5j 
The heat of reacti•m at 30() k and al om> 
a1mosplt<:re pressw-e for Ute following gw 
phase reaction; 

A • 3B~ C 

is -50,000 calories .iJ"!" Jllole of A 
eortverted. Data ott the meillll' heat wpacity 
at con.'lnnl pressure (caJ/mol. K) of Ute 
vario1u compo,nenls--p.re: 

C., for A = -0.4 I SO 10·l T, 1' inK 

C.!br 13= 7 
C, tbr C=l!i 
Calculate t:he heal ofreactiM al500 K and 
a~ one almospltere pressure. 

(5) 
Air at JO' C Rltd lSO kJ'a .in a dosed 
coominer is compre~sed ami cooled tt is 
found that the fint droplet of water 
conden~s at 200 kPa and l5°C. Calculai·e 
tite percent relative ltumidity of the 
,,fig;inal aU-. The Vi!por pressures of water 
at 1s•c and 3o•c arc 1.7 051 kPa and 
4.2.46 kPa re;,-pectively 

IIECTION .. a 
FIVE MAJIK8 QUU'nONa 

Answer any TEN qu.,;liatis in lhis section 

~9. 

3(). 

3L 

32. 

6of8 
Eiloauol ~·m be l)repou:e<L uy the follo'>l:ng 
vapour phnse reaction from etltyleue: 

C1H4 (g)+H,O(g) IJ C,H,OH(g) 

The valoe of Ll.G~ for t:he. above reaction at 
1 aln1 and l25~C is 5040 J. Calculate t lte 
conversion obtained if an isot:heonal 
reactor operating at J 25•C and 2 atm is fed 
with a mixture containing 30 rt1ole % 
ethylene and 50 mole· % 4 steam. Assume 
tllllt cq_uilibtinru is: J'9llched at the exit of 
tjte reactor and gases behave ideally_ 
An e:'<]Jerimental dettmniitatfon of <.t 

vf•pour-liquld eqnllibri1tm ~p~e or oUter (I) 
ami acetone (2) bmary oysl;em gave U1e 
foUowingJ'&Sufl 
x 1 = 0.3 T = 406C 
n=0,42 1'= IQ5 P-a 
The saturation vapqm; pre;;sures· of the 
pure componertls,at 40 ·c are 

l'l:her( l) = 1.2J ~ lo' Pa 
Bcetone (2) = 0,56 , 1 o' Pa 

The vapour phase crut be nssumed to be 
ideal. 
a. Calculate the liquid p1tase activit}' 

ooetlicienn, 
b. Wllat JS tite valuo of oxross Gibbs lice 

enerllY G"fRT for fue liqUid phase? 
The fi>Ullwing; tlliC;l were ,,ulllined on. a 
section or .Piping UuougfL whiclt an 
inoontpre8sible vi>'COIJS fluid li? flowing. 
(S!!e i"lg. I) 

•. ·.,. .. 
- am · 

- - _ .. 

..... _ -... -~~ 

--. r-.:a '; 4 ,--•. ,.. ~ 7' 'I • ~ ,J' ! 1-:"1 

Point i-
Pressure = LOS • 10> Pa 
Cnm·sec.tiowtl area = 5 l!'J-1 m2 

Elevation above prunt 2 = 3 m 
Theb~at of 
Pressure= 1.25 10' Pa 
Is Cross-sectional area= 15 ,. 1 o-'~ 111 
fluid velocity= l 1rlis 
Other Data 
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34 

3 5. 

30. 

nensity of fluid = 1000 !<gtm1 

Power delivered by tho pump 7.5 \\ 

(ossurne efficicnli)' = t ) 

Pr~dlct wlluthdr l1o11 is lllldng pi40CI from 
point I 10 1 ar from point 2 lo I . 
A lube of 0.05 m' Ol'l)SNCCt lomtl ure~~ is 
p~cked with spherlcal purtlcle~-11p to Q 

heoghl oi0.2S m l'he JlOrosoty ul'Uoe bed is 
ll.35: h is desired to fluidize the pu•ticlc:s 
11·iU1 wal»r (p 1000 k!Vnr1• li IU.J 
C~l~ulule lhe mirumum \'elooily of 
tluicli7Mic)T) SiH:n th~ l;rgun'~ eq \1.1tion: 

_ L\p n, d' _ t5o1,(t-~) 175 
[. f' 1'1 1- '" D,p ,V 

Dutn: 
Diameter of pnrticle,; = (1.{) I m 

Den~ ity of ! a lid panic I~= 2600 k'grm 1 

For gool)letrically sint~nr baffled •tirred 
tank$, U1e Power number L5 known to 
"'mnln constant ut Reynolds number. 
u. l , el P he the IJIIWcr suppli"ll 1•er unit 

volume of tho nuid. N Ote revolutions 
Jl~T .socond of the gait\ p th" d<Jnsity of 
lhe fluid, )J. lite l'i>c<l•ity of Uoc tluicl. 
und D tbe di.•meter of th~ impeller. 
'11\e doH:rmme a. jJ. y Qnd 6 in lh" 
follow in!) equation : 

f ~ 1\ 0P~Jl' D" 

b. Whot is th~ offcol of J>roudu Number 
cnlr! 

A porlialu of radius R and deu•ity P~ i• 
pmving f'Jdiully out in a cenlrifuge. l'h" 
>on gular ' d ;)eity <Jf cenlril'uJ!e ~ ,.,, l'he 
dcmsily and visoo~ity Ill' the lluid aru ll and 
'1. II is ortpocled thul Slllk"" Ia\\ for i>­
VIllid. (S..: FiB 1). 

1...!_1U> 

·~ 0 l .,. 

A!<llwning thnt the plll'lillle IDO\'ai nnl)' 
rarlfcally, derive an ~:'(Jll'tl<~fon for the 
radlal VGiocity ur th" at any n!diallocaJion 
r in th~ C<lltloiJugc. 

37. 

38. 

39. 

4(). 

41. 

7 o!'K 
a TI1e 111i~k modulu,• for • fi rst order 

isothem tnl reaction lor n nnt plate 
geonoetry e<ltJ lysl is found to be :2. 
Cd oulute tho cntlllyst ofl\:<Jti\'cttess 
fnclor. 

b. A SJlSOoli.-. •••ciJinl <liJfllS.,; tlunllgh a 
gas film ond reacl< on the "'urfaoo of n 
non-porous $pheric-al cat~ly~l particle. 
l11e rule of surface ro:a~tion is ktCs. 
w-hore Cs is tl1a renotunt concentration 
on the catnlvs l •urface, The reaction 
rut.: oon~~'"; (K1) ~ 0.83 It) .. mls 
and the s·~ Iiltll '" "-' $ trnnsfcr 
coefficient l'k.u) - 1.66 10'1 mls. 
Derive th« reoction me e~pr<J&•lon in 
lenn~ of bnlk gns phase concenlmlinn 
(C'o). 

50"o c<mvcr•run is ubt~ined in a C'S'l'R (ur 
11 h OIUOg <1lCOil>. lsuthcrmoJ, liquid l)hi1SC, 
irre\ c:u il?l\: stXIond c)rder rcaotiun Wh+:~ l is 
ihc: COl)\'t:rSi(JO if lhe- i:e.li,;-I C)f Y"lutne \S f\Vt:­

[Ulte1 tbe origm~ l·aiJ <Is.:: remalrung 
uncttaogod'l 
A ltomogcncou' gos ph~~c doontnp0$ilion 
!'()action ·lA -> 13' 1 7S lakes place in an 
L(i'othermal plug Aow reaclo r. 1l'iro renction 
t'l!le i~. -r., = k1C" with k1 = (1,17 s": feed 
...on<....,nlnllion nf A (CAP) 0. 1 mol/1113 

Food Fltm rale (FAo) 0.1'7 moll•. 
Oetermine the ~ize af the reactor in Q~dor 
lo ochoeve 50"o conwr~i11n 
l)erive ort analytical expr.,.slon foru unit 
Impulse N<~ponse of a sy•tent wlulse 
trnnsf" r funulion i'l givuo by 
J'(.S ) 1.5 

\' (S) •' - .kt2 

'llJ• transli:T lilu~timt or .. proccs•, • 
m~•turing elom.:nl and ,. ~onu•oJ volw i5 
giv.en re!lpeotiveb by 

G, ~ 21(!•"' l),oa = 1 (5•' I) 0, ~ 1 ' (3·• • 
A proportional oonlroUer wiUt a gqln Qf 

1\, = I ~HIStd. 

a: W<itc the do5ed loop transfo1 funulion 
relating I he oulpul ( Y) to ti.la set point 
(\ ,) 

b \VItal ;, tho • l.:ady ~tate errnr on tloe 
output for a unil ; I"P ohaqgc 111 the $<:1 
point? 

'flw clturaulcrutio cquotiM of a wOllcd­
loop oy•ton1 is given by 

J' + "'l'J -6il ·1..J- 3 - 0 
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43. 

Check \ihcther the •ystcm i• IU!ble or not, 
11. The cnsi of a blo•ver in 1981) i~ Rio. 

2.(\(1() 

(i) \Vhal il the cost of the blower in 
1.998 w1ll1 thesa111e cnll3city? Ote cost 
iud"" fot• the blower in 1980 and 1988 
i~ respectively 25(1 and 3110 

(ii) Wlu!l is the I!<,» I of A blower inl'lSO 
wilh dmoble the c~~paciry'/ 

b. lf the delivered co~ls of equipmenl.• of 
a tlttid processin~ pl~nt ·~ Rs. l lU& 
"bat is ~"' c.apilltl cost cti~te plnuf? 

'~ ~imp lify tbc Fiok'~ l>11 of mass 
diffll§ion for &:<luimolor counter 
diffusiOn for ·a ~inary system. 

b, .tn a gos mhtture of bydrt'S"" ond 
o~')'gen. steady ~l<lte equimolar counter 
diJT:ru,fon is (11.-curring Jt " total 
pr<:S•w'u of J 00 kPo and temp<!nture of 
10"('. If the paotia l P""""""' of o:<ygan 
al two plnnes (),() ln1 apart and 
I'"'P"Ildicu.laJ' to lhc diNcliou or 
diffusion an: 15 kPo and 5 kPa. 
respedively and Ute ma>S dit'fuJ<ion 
Oux or oxygen in dte mixture is t.6 
10" It mole m~ .s. Cnlculato:r ~'" 
moledJ!nr diffusivity for tho sy!itom 

A stro>.m uf nir at 100 kP<l pressur" IUld 
300 K now!ng on ihe tip $Urfnoe of a thin 
tiM sheet nf suluti<m oHtphdo~lone of leng,th 
0.2 111 \\ ith a Vd(>cil)' uC 20 ni/s . 111" utheo 
dnta ore: 

Mass difl'usivil) of nnphlho.luno vctpour ln 
air 6 10<~ m1 ~ 

' K.inc.'tltltllc viscosity of :ti" LS Jtl'5 ~ 
,y 

Omuenu.·nlton or naphthaiL~te nl lh~ oir-
~!llid oaphlhalen~ int;,fu~c 

I u;·! k maf 
m' 

44. 

~ ur~ 
(~) the average m~• tnmsk Qoet'licient 

qver Ute tl~t plnte: 
/bJ the rnte of-lass- of n•phthalene 

from the surfaoe p.:r unit width, 

1\"11 = 0.664 Re~'" P'" 
Yuu nu1y use lUUilOg} bctw~~u mass nod 
heot lrnnsfor. 
CMhon disul~hide i~ lo he ol)sorbed trom • 
dilute ga~ m•'{IU"' of CS, • N: mtCJ • pure 
nOnVblatilc almo"pheric pres5urc: in a 
c<ulnlco CUI'I'Clnt ob~orbc1'. TI~ mole 
lrnction of CS1 in inlet gn• JllrC/1111 is ond 
tho now rate of e•~ •tre;tJJI. G ;, I sou 
kmollhr. The cquihl"·ium ll:latioo is giw:n 
by 

}' 0.5 x 
\~here x ls lhc mole fi-4ction of GS: in 
liquid streJtm. H is desired to rctlu"e the 
nwle (,..c.tinn uf I'S, in el'i1 gas •trenm l<> 

().005. 
a. Caleulatc the minimum value of t)(j 

whore L ~~ lite liquid no'' rote in 
kmollhr. 

b. Derive the eqWltion for tho opcrullng 
lone if 1.40 i• equal to 1.5 times the 
minimum v;~ lue. 

A llomlry tlistlllaiion column ls op=ting 
under cl>lldition• ~pceificd llchl\\ ! 
F.,.;d rnlc - 350 k. mo~ltJ' 
Overhead product r~te- 150 k.mo~ hr 
Molo Craelion 11r om!fl" •·olittilo .:l>mp(mmt 
in nllc.,.hcad pHlduct - 0.97 
Botlqm 1>rodnet ~ 0.02 
Bottom product rate 200 lutwlo'hr 
Rdlu~ rat ill - 3.5 

In Ute •trit~piDg- secti<!JI it ""'-' 
fouud tho! Ute molo ft•clion of lh~ vnlalil<> 
component in the ),e~ving a pbt.e i~ 0..33 
while i~ mule frn~tion in the ltquia 
eooning to the ••oue plate is 0.25. As 
eon~tant mlllal ~untcl lhtw, <lcl<lttninc 
whether the leed is v:lJl()ur nf liotuid fir 
part.i.,lly vaporiz.:d. 
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