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- 'CHEMICAL ENGINEERING
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"Instructlons

The questlon paper is d1v1ded into two sectlons The candldates will be requlred to answer
'Four compulsory Subjective quesuons from Sectlon A and four optional Sllb} ective
questions from Section - B. There shall be compuls ory Four Subjective type questions, each
of 10 marks. In additional, there shall be 7 optional subjective questions in Section - B, of
which candldates will be required to answer only 4 subjective quesuons each of 40 marks
The optxonai questwns shall be answered in the descriptive form.
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- When a new heat exchanger transfer_s 8% more heat than it does after being in service
for six months. Assuming that it operates between the same temperature differences

and that there is insufficient scale building to change the effective area. Find the effective
fouling factor in terms of'its overall heat transfer coefficient.
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o :.'Calculate the bed pressure ‘drop in an air fluidized bed of catalyst partl(ﬂCS;'. | B
S _l_(denszty 2000 kg/m3) of 50cm bed depth and bed poros1ty of O 6 expressed incm of [

EE B water (manometer)7

3 '_wmwmmmﬂ 5 min %1 aﬁﬁ?@r'@m 60" %aa%p‘ﬁaarﬁ 0. 2rad/m1n_ff.
| agtiem @Eed et no

ERE “The time Constant ofa unity gain, ﬁrst order plus tnne delay process 15 5 mm If the o '.

e phase Iag at a frequency of 0. 2 rad/ mm 1s 60° then ﬁnd the dead tune ( in mmute)

4 - TH mstrﬁ f%ﬂrasr'eam d(m) aﬂrmréL(cm)%mawﬁmsﬁtmﬁﬁagmm; N

o A ﬂuld is ﬁowmg w1th mass ﬂow rate (kg/ s) of ms1de apipe havmg diameter d(m) and : _.: |
L length L(cm). How the pressure drop will change When d1arneter is reduced by two P
S trmes and length is mcreased by two trmes Ly T - '
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o F-correction M = 0.965 o
T fewp, = 987 ke/m>: c, -4_176_:/_1_<g. °C

e o : poi = 822 kg/m?, _cp’_o_ﬂ =42801/kg. °C
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A shell~and tube heat exchanger isto be de51g11ed for heatmg 10 OOO kg/ hr of
water. from 16 °C t0.84 °C by a new hlgh heat capacity hot engine oil ﬂowmg

s -through the shell The oil makes a single shell pass, entering at 160°Cand leaving -

2.

L .__-b)__

o at94°C, ‘The water flows through 11 brass tubes 0f 22.9 mm msxde dlameter and
25, 4mm outsxde dlameter with each tube makmg four passes through the shell '
©oo o The overall heat transfer coeﬁiment is 350 W/ m2 oC Calculate :

e ;_' Do theheatload(mMW), e |

. ) the counter current flow Iog mean temperature dlfference . |
BES _ 'm) the area and the length of the tubes reqmred for thlS heat exchanger '
Take F-correcnon factor 0. 965 ' S
For water pw = 987 kg/m3 c = 4176 J/kg °c
- Foroil ; pmI 822 kg/m-” C S
-.sﬂaazﬁﬁamﬂaura‘tareﬁéﬁ@aﬁéi mﬁw ssaﬁmmm (K 0.68

];-'_._;Btu/(hrfﬂ°F/f(t)) &, Rredhar a4 $9 ) wgafén B (K = 0.15 Bro/(hrft 2
F/fD), FHRAR, ﬁtw@wamﬁﬁﬁwmzﬁw% K= 040Btu/(hrft2 |

ol = 4280 1/kg °C

°F/A(D), ﬁmléOOOF%WWWW%IWWWW%%W% )
9rEl B Y 125 °F ma@%mmmt@mm%mﬁaﬁgﬁm?ﬁa |
.'_fﬁﬁmzﬁwmgm’ém ﬁﬁmq@%wwwwéﬁ? . - 120]

The. Wall of an oven consists of three lavers of brl ck. The msude 18 buﬂt from 8in
of firebrick (K = 0 68 Btu/(hr.ft.7 °F/£(t), surrounded by 4 in. of insulating brick
(K = 0.15 Btu/(hr.ft. 2 oR/f(t)), and an outSIde layer of 6 in. of building brick
[K = 0.40 Btu/ (hr.ft.2 °F /f(t), The oven operates at 1600 °F. Itis anticipated that

the outer side of the wall can be maintained at 125 °F by the circulation of air,

How much heat will be lost per square foot of surface area and what are the

o temperature at the mterfaces of the layers?
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Discuss the essent1a1 propertles that a solvent should possess for liguid-liquid

extraction.
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_ A m;xture of benzene and toluene containin g 40 mole % benzene 1S to be separated_ _
3cont1nu0usly in a tray tower at a rate of 200 kmol/ h. The top product should

. - have 95 mole % of benzene and the bottom must not contain more than 4 moie % '

- ofit, The reflux is a saturated liquid and a reflux ratxo of 2 0 is mamtamed The

o S feed isa saturated 11qu1d Fmd the followmg

1) ':-d1st111ate flow rate,

) jbottomﬂowrate,_'_‘._- B

1) reﬂux flow rate .

iv) vapour flow rate lea,vm I the first tray,

V). liquid ﬂow rate 111 the stnppmg sectxon o

R vi) _ .-boﬂ—up ratm
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if) wﬁaménw%ﬁﬁeﬁnﬁagﬁﬁﬁ)
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N A ﬂu1dxzed bed (0 Smdia, 0. 5 m high) of sphencal partlcles (dlametel 2000 pm,
. specific gravity 2.5) uses water as the medmm The poros1ty of the bed is 0. 4

L - The Ergun equatu)n for the system is

o

‘fwxlosv +107vmf ,V fmm/s

e Ap . S o
S __1)_ ; What 18 T at mlmmum ﬂulchzation condxtmn" (g 9 8 m/ 52)

: 11) What1s m;.mmumﬂu1dlzat10nveloc1ty(mm/s)7 S
}Q%wm@: ﬁmﬁnwwwm%iwmwﬁﬁwoo Wmn
| ':.':__aa?ﬁa(ﬁmfﬁmmmﬁ1%%%%%%1?&3@%%5 |

| 'ﬁtﬁm%wﬁﬁm%}?ﬁwmwmmmma(ﬁﬁm/m) o

FRAR A . 201
A continuous grinder obeymg the bond crushmg iaw grmds a sohd at the rate of .
1000 kg/hr from the initial diameter of 10 mm to the final diameter of 1 mm. If.
~the market now demands partlcles of size 0.5 mm, the output rate of the grmder_ o
o (m kg/ hr) for the same power 1nput would be reduced to what value '

fj_’@i@ﬂ%aﬁw%s@a@ gmﬁaﬁm%sm %@aﬁml _"._"'[1“5]_':
: _"Explam w1th the aid of a sketch the workmg of an electro chalyms " R :
aﬁmm‘er%ﬁ W&%ﬁﬁ%ﬁﬁmwwml - [15]

‘With suﬂ:able example describe the prore*;s of %uper crmcai ﬂu:d extramon

1 ﬁtﬁ?(ﬁrﬁﬁ)
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| 1v) Wﬁ@?

Define the following terms:
i) Membrane
. ii) Permeate -

. 'iii) Rétentate

| iv) Dense membranes
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- The charactensuc equatlon of a closed loop system usmgapropomonal controller- P
o with gain ‘'K is: S N D e A :
o 1288 1932+85+1+K —0 - L |
. Atthe onsetof mstabﬂlty, Whatwouldbe the value of ‘K ’7 SRR S
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3 sqﬁzmam F AT T 0.05 m? /e & wgam 0,15 m3/fFe 8 STt €
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. A'tank of volume 0.25 m? and height 1m has water ﬂowmg in at 0 05 m3/ :rmn o

T he outlet ﬂow rate is governed by the relatlon R T

out"'Olh e . i
- Where ‘h’ IS the helght of the water in the tank in meter and FDut is the outiet ﬂow '

- rate in m?/min. The inlet flow : rate changes suddenly. from its nominal value of

*0.05:m3/min t0 0.15 m3/min and remains there. Determme the time (in mln) at
- WhiCh the tank w111 begm to overﬂow SRR -

':'aamma}ﬁsgaﬁ%ﬁaamés%g(aﬁiﬁm aﬁﬁawm)%mﬁ -
'-sﬂ"ffaﬁc}sﬁaﬁwﬁmwﬁfml S R | &1
- Discuss the . factors mﬂuencmg the cho:ce of d1fferent types of heads :
(hemlsphencal elllpsmdal and tOI‘iSpheI‘lCEll) used in pressure vessels,

Qméamwmﬁm 3wsmmm%mmmw%@m
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R s

A eyhndncal vessel is to be de51gned for maxxmum demgn pressure of 14.3 bar.

| . The vessel hasa nommal diameter of 1.5m and tangent to tangent length 2m. The

- maximum allowable deSIgn stress of the material is 85N/mm? at working
‘temperature corrosion allowance is 2mm. The weld joint efficiency of vessel

- ma_t_ena_l 15 0.8. Calculate the t_hzc_knes__s of standard plate to fabnc_:ate this vessel.
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o Descrlbe the followmg mechamcal properties of any matenal | E | -

i) Stlfﬁless

i) o Toughness |
. 1ii) - Fatigue
- 1v) Creep

'_%—WWWﬁWﬁmWWWWﬁWEW
- YwifE wfEa e v G faft % o s et st ik [20]

- Explain the different feeding methods used in a multiple-effect evaporator with

~neat and labelled schematics. Dlscuss the advantages and d;isadvantages of each

o '_'__feedmgmethod

ﬁq%fﬁgamaﬁaﬁvﬁmﬁﬁﬁ | : _[20]
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‘Define the folowing terms:

1)  Wet-bulb temperature
1)  Dew point

1) Relative humidity

1v) Percentage humidity
v) Humidheat
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