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SECTION A

Fill in the blanks .
a  The steps imyvolved in the manulacture
of phenol by chlorobenzene caustic
process are chlodnation of benzene,
and
The process is competiive when low
cost chlonne 15 avalable This means
that the process must be coupled Lo a
plani
b For manufacture ol styrene the major
raw materials are and
One important copolymer
ol styreng is which 15
widely used in the manufciure of
automobile bvres
¢ Select the appropnate name from the
richt  hand colunm. aganst  the
processes mentioned |
(1 H: from light petroleum stock
()  High octane gasolme from napth
(i)  Gasoline from gas oil
(IV)  Petroleum coke from resid
(A)  Pyrolysis
(B) Catalvue cracking
(C)  Platforming
(D) Steam reformugt
d An electrostal
normally lor sc

5 less than | micron
tan hgh concentration
n mopoxide

contain ~ very  high
oneentration of solids,
in the blanks
a VN s desired o make 100 ke of a
solution containing 40% salt by muixing
solution A containing 25% sall and
solution B containing 50° % salt. The
mass in hg of solution A required 15

b 1.2 g woms of carbon and 1.5 g moles
of oxyeen are reacted o give | g mole
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cenl excess reactant
¢ A gaseous reaction A —+ 2B + C takes
place isothermally In a ¢
pressure  reaclor,  Slaring
gaseous muxiure containin
(rest inerts), the ratio of fi

volume 15 found g '
percentage conyersion @
{A) 30

(B) 30
(C) 60
Dy 74

offe evaporator has a
ass 4000 kg of sohd
¥ per dayv when it is
g Irom 10% 1o 25% snlrds

B

(D) 48,000

Choose the correct allemale |

4. The mechanical energy equation

[f'_',mi] | L] L A

| el dm  dw
has been obtained wnder which of ihe
following assumplions

(A)  the Naw is steady

(B)  the Now 15 incompressible

(C)  no viscous work is being done

(D) points 2 and | are on (he same

streamline.

b. A spherical particle 1s falling slowly in
a viscous liqud such thm Revnolds
number 15 less than | Which statement
15 correet for this situation”!

{A) Inertial and drag forces are

imporiant

(B)  Drag, gravitabonal and bupvancy

forces are important

{C)  Drag lforce and gravitational lorces

are important

(D)  MNone ol the above

¢ As the veloaity V and thus the
Reynolds number of a flow past a
gphere increases from very |ow values,

tha drao Farcs far Ra << |
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(B}  decreases linearly with V

(C)  decreases as V°

(D}  none of these.

d. The Weber number can be used Ip
estimate

(A)  ratio of mertial and surface tension

forces

(B)  ratio of mertia and compressibnlity
forees

() watio of mertial and  centrifugal
bites

() ratio of pressure and  surface
tension forces,

Choose the correct alternale ;

a. A particle A of diameter 10 microns
seltles m an ol of specific gravity (.9
and viscosity 10 poise under Stokes
Law. A particle B with diameter 20
microns scltling in the same ol will
have a settling velocity

{(A)  same as that of A

By one-fourth as that of A

()  twice as that of A

(D)  four-times as thai of A.

b, Wnie equations {or

{4) Baud's law of sive reduction

(H)  Filtration under constant pressure

e Match the following -

(L) Cut diameter

()  Specific cake resistance

(A)  Filtrabion

B}  Cyelone separ
(C)  Storage of soli
(D) Kick's law

. Dunng wasiQog umllw al the end of
alion, the rate of

iom al time zero
of fillration af the end of

te of filiration when half the
iltrate has been obtained

rale of filtration al the end of
filtration. bot decreanes with Lime

subsequently,
Choose the comect allernate |
a. Ina heal exchanger with steam outside 7.

the tubes. a liquid gets heated to 45°C
when its flow velocity in the tubes 15 2
mis. [F the Now velocity i reduced lo 1
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(Ill)  Size Reduction Ratio @ 6.
(IV)  Angle of nternal Fﬁﬁi*

be

(A)  less than 45°C

(B)  equal o 45°C

() greater than 45°C

(D) Tmitially  decreases and  remd

constant therealler.

b. Indireet contact heat exchanger are
preferred over direct heat exchgii
because

(M) heal transfer coelfTicienls

(B)  there is no risk of cogles

() there is no mist i

(D) cost of equipmes

¢ To initiate boily

smooth ) e
(i i ll‘l for a commercial
ora surface,
d | apfee  of backward-feed
ultip ect  evaporalors  over
feed units is that
( eal sensitive malerials can be
handled
there 15 no additional cost ol
pumping

(C)  most concentrated liquor is al
highest temperature

(D) equal heat tramsfer coefficients
exisl in various effects.

Fill in the blanks :

a, In drving a solid contaimng moisture

above the entical moisiure content, the

number of degrees of Freedom s

b, Tn The MoCabieThicle diagram for
bimary distillation, vertical feed line

represcls feed and

horizontal  feed  line  represents
feed.

% ~ number m mass transfer

corresponids o Nussell number in heat
transfer and number to
Pramdil number,
d. In small columns local cfficicney is
Murphree efficiency! in
large columns local efficiency s
Murphree efficiency.
Choose the comect alteamalte
a.  Wrile expressions for
(A)  Van't Hoff equation
(B)  Van der Waals equation of State
i ;

T o m s L SRE, I, SRS [ =i
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(A)  Enthalpy remains constant

(B)  Entropy remains constant

(") Temperature remaing constan|

(D) None of the above

¢. The necessary and sufficient condition
for equilibrium between two plases 18

{A) concentration of each component

should be same m the two phases
(B) the femperatire of each phase
ghould be same
{(7)  the pressure shonld be same o the
two phases

(D)  the chemical potential of each
component should be same i the
two phases

d. For a single component fwo-phase

mixture the number of independent

varable properties are
(A} two
B ofig
(C) zero
(D) three
Choose the correct allernale 10
a. The conversion of =8 reactant,

undergoing a first-order reaction. at a
time equal to three- tmes the half life
of the reaction 15

(&) 0873

(B) 05

)y 0425

(D)  mot possible to calenlat
mentficient data,

b. The unmts of frequencs in

Arthenius equati

{A)  are the same & rate

constant

(B)  depend & the order of the reaction
() lerfiperatire, Jressire
chon

" g
B3
5
4

n state theory approaches the
em of calculating reaction rafes
by concentrating on the idea of
Fill i the blanks:
In a first-order reaction
A — Products
the reaction Decomes slower az 1t
proceeds, because the concentrabion of
A ,and therate 18
Choose the 1 nght ANswer;
a, ’Whan ) bﬂﬁ# ﬁ‘l!’:ﬂ'l‘mi:fﬂ.l e s mvemd

i 2¥.
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answers of the tollowing
icate the most appropriate material
fior the handling of the chemicals as

c. An
controlled bjf a Pras

the final
mstanmneumly
foll it sy ﬁhﬁllgem load.

d. State the following systems

ble -
1) & G{joR=-210" when (G{je)|=1
o) =180 when |G (jm)=0.588

given below -
Chemicals

(' Dilute Sulphuric

()  Comcentrated Hydrochlone Add

(Tl Wet chlonne

(IV) Concentrated Canstic Soda
Marerials

(4)  Karbate

(E)  Nickel

(C) Lead

(D) Titanium

b. For pipe lmes handling fwd under
pressue,  circumferential  shiffemng
rings are used for withetanding lugher
internal pressure, (True or False).

¢ In the layout plan; for, a vacuum
digtillation mut operating at 60 mm
Hg. zupported by a bamometne
comdenser, the appropnate place for
the locaton of wacuum drom for
collecting the chstillate will be

(A) at ground level

(B) 2 m above ground

(C) 5 mabove ground

(D) 10 m above ground.

d. Match the following

(I)  Capitalized cost
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(V) Cost index

(A)  Comparing alternative investment
choices

(B) Updabtng cost data of equpment

()  Profitability evaluation

(D) Cosl accounbing

(FI  Replacement decisions

(Fj  Worlking caputal

(120 Memrios)

11

Amnswer the followimng (uestions |

The concentration of SO, tn the flue gases
from a boiler was found to be 0.2 kg/m” at
N.T P Determine the concentration of 80,
m parte per million by volume, at NT P
Assume that the gases are perfect.

#, The amalysis of the gas enlering the
secondary converter in @& contact
sulphunc acid plant 1s 4% S50, 13%
Oy, and 83% N, (volume %), In the
converter 50 18 oxidised fo SO, The
gases leaving fthe converter contamn
0.45% S50: on an S0: free basis
(volume %), Calculate the p
conversion of 50

b. Dry methane is bumed with
Both are at 25°C' mmtially.
temperature 18 1300°C
combustion 15 assum
excess air 18 being

18

CHy+ 205 — + P -0,

of reaction = —8.028 =
£ M. reacted. Mean
ts of gases between
300°C are in Ji(g. mola)

Hz —3 21

Answer the following

w, Waler i# forced into the device shown
in figure below at Ihe rate of

wwwnw. StudentBoun

b. For flow over a flal plale

of specific gravity (0.8 8
rate of 0,05 m'/sec throug
the hqmds are incompress
form a homogeneous mixture N
globules i water, what 15 the avery
Vfllﬁlmtj.‘ ancd dﬂflﬂ”’j' of (he ul %
leaving through ppe C having

diameter of &/7/22 m

lamnar boundary layer 18 Wgs
the case of a zero pressyiie
parabolic profile for

by
=gy +ax fg v=8
u=Yy e

F'i'ﬂd 24

Answer the fﬂ]lﬂuum_t

a. Particles of average feed mze 25-
10'm are crushed to an average
product size of § « 107 m at the rate of
15 tons per hour. Al thi= rate the |
crusher consumes 32 k'W of power of
which 2 kW are required for running |

the mill empty. What would be fhe
power & consumption if 40 fons per
hour of this product is further crushed
o 1 « 107 m size in the same mill?
Agsume thal Rittinger’s law s
applicable.

b, A filler press contans 20 fromes, each
of 0.6 m. by 06 m m=side dimension
The frames are 0.025 m thick. The
press 18 equipped with 1 and 3-buftton
plates for washing The volume of
wiash water nsed is 10% of the filtrate
per cycle. The time required for
filterimg, @ constant pressure, 18 2
hours by which time the frames are
foll, Washing i done at the zame
pressure as filtenmg and the viscosty
of wash water 1 nearly the same as [[

that of the filrate. What is the fime for
washing? There is 0.05 m’ of final
cake ner m© of filtrate Neolect the |
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Consider three infinite parallel plates.
Plate 1 s mamtamed at 1227°C and
plate 3 is mamtaned al —173°C
Emisaivities are equal to that of a black
body, Plate 2 is placed between plates
| and 3; and receives no heat from
external  sources. What s the
temperature of plate 27

A nickel stegl rod 8§ cm (1) ongmally
al a temperaturs of 300°C 1 suddenly
immersed in 4 liguid at 100°C for
which the convective heal transfer
coefficient is 100 Wm® K. Determing
the time required Tor the rod 1o teach a-
lemperature of 150°C, (Hint: Caleulate
the Blot number and make the
necessary assumption ).

Properties of nickel steel -
K-80WmK:

p = 8000 kg/m® ;

Cp=0.5 Vg K.

Answer the following questions -

o Equilibrium relationship for the system

heptane-oil-air s given by ¥ = 2N (Y
and N are kg-heptane’kg.ar and kg-
hepranekg-oil  respectively). Ol
conlaining 0.005 kg-heplanc/kg-oil i
bemg used as solvent for reducing
heptane content of air from ()

0.02 kg-heptanckg-air n a cogin
counter-current packed
What column height i
1400 kg/thr) (m® of emp

section) of pure s heptane
it the overall § transfer
coefficient is 320 m') per unit

gradient of T The 3i| rale emploved is
3100 kg ),
Solv .
The mformation is available

the mcords of a  bhinany
Ling column:

= 180 kg-molehr and 60%
vaporised;
Distillate = 100 kg-mole'hr with 0,98
mole fraction of the more volatile
componant:
Reboiler steam demand = 420 kg'hr,
Latent heat of column liquid = 3 10°
Vg mole;, and
Latent heat of steam used mn reboiler -
2200 V.

wwwnw. StudentBoun

contains 0.7 mole {raction?
volatile component,

stock 15 1o be dred at constant drying
conditions. The mmtial drying tate is 4
kg/(hr) (m) at the imitial mofi
comtent of 33%. The findl dryvg
1 kg/thr) (m°) at
content. The

content 1s negligible.
the two large surfae

drying rate in th [ period 1s
proportional 1o e moisture
otal drving time,

coggents are on the dry

Tw \ tin re & Six MARKS

&,

i

ALZSTIONS (17-20)

wer the fnllowing :
10° Toules of heat are transferred from
a reservoir at 327°C 1o an engme (hat
operates on the Camol cyvele. The
engine rejects beal o a reservor at
27°C.  Determine  the  thermal
ctficiency of the cyele and the work
done by the engine. (3 marks)
An myentor claims o have developed
a refngeration unit which maintams the
refngerated space al -3°0C while
operating in 8 room where the
temperature is 27°C. and which has a
coefticient of performance of 9.5. How
do you evaluate his clam? (3 marks)
Consider the compression of air from
10" Paat 27°C 0 3 - 10" Pa in an ideal
twi-stage COMPTEsSOT with
intercooling,  Assume  that  the
lemperature of the air leaving the
intercooler is also 27°C, and that the
optimum interstage pressure 15 used.
The compressor 1s water-jacketed and
the polytropic cxponent i1 is 1.30 for
both stuges. Determine the work of
compression per kg of mr, (6 marks)

Answer the following -

iL

Explam in one or wo senlences why

the Fallom ima stolmemsnte s bt
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radical chain mechamism involves
the assumption (hat since the
concentration of any particular
atomic or rtadical species 18 so0
gmall that 1t can be taken b be
2RO, (2 marks)
(i) Coal forms an inexplosive mixtire
with air at ordinary temperatures
when it 15 in finely divaded form,
{2 marks)
(i) Inhibition 15 the process where the
rate-of reaction i decreased by
lowering the temperature.
3 k) 20
b A homogeneous liguid phase reaction
A-=R a =G
tukes place with 50% conversion m a
well  muxed reactor  operafing
isothermally. What will be the
conversion it the reactor 1s replaced by
a plug flow type of equal size all else
remainmg the same? {3 marks)
o, Congider the set -of elementary
reactions

A+ D5 32F
At time t = 0, a batch reactor 12
with a mixture of A and D, ¥
relation between the comns
B and D after a ime {7
Answer the following ques'
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(1)t =01 mm
1) 1= 0.4 min.

b, Determune
(1) The maxtmum gain for stal
operation,
(1) The corresponding frequency o
oscillation,

Amswer the following
a. GWE the

| Pnnmpla
L of a mﬂnﬂm cylinder
fuiler t to]lﬂwmg conditions
clie of N: gas in the cylinder =
g 107 Nim™,
ensile stress permissible= 1200 =« 107
Nim®,
Internal diameter of cylinder =25 em.
(4 marks)
¢. The planf of a chemical company has
an nitial worth of Re. 50 lakhs, and an
estimated salvage value of Re. 2 lakhs
it a service life of § years.

(1) Given a choice between the
straight-hine and declining-balance
methods of depreciation  Which
method would you recommend to
save tax and why? (3 marks)

(1) Estimate the book value of the plant
at the end of 4 years for each of the
two methods of depreciation.

(3marks) ||
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