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SECTION- A

ONE MARKS QUESTIONS (1-20)

Use the following values: R (universal zas

constant) = 8.314 J/mole k; g (acceleration due
1o gravity) = 9.81 m/s’,
a o 6.
| The inverse ufamam.\;|: ]is
i h
[ ah a:|
it
| @ |
b F
C|la b
[ " 1la o
kB
d
2 The limit ol ix)=x/fsinx asx — 01s
a D
B 4
& 2
d =
3 Integrating  factor for the di
equation
L p(x)y=0(x) i 2
a e«pHPafr]
b Blp[—jfdx y
1,
4. the unil vectors in reclangular
. then the curl of the vector
+ fy+kz
a &
b -k
|
d i+k
5 The solution for the differential equation
Py T 1
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a L-‘-I-f =) +t"|:£¥l'

b. Csm2+0,cosd

c Ce'+Ce™

B lgE™ +||I'._,.*3-"'r

Solvay process 1s used for the
of

a Caustic soda

b. Soda ash O
¢ Caustic potash

d. Sodal
Phthalic - produbéd by the

oxidat
apth

uene

iline

ch of the following luels has the

highest calorific value per unil mass?
a. Coal
b Kerosene
¢ Natural gas
d. Fumace ol

The most widely used coagulant for
remoying suspended impurities rom waler
s

a  Bleaching powder

b Chlonne

¢ Calcium sulphate

d Alum

The shear stress-shear rate relationship for
a ligmd whose apparent viscosity

decreases with increasing shear raie is
@iven by

¥ ——m for n<l
_I* d,v
b = =]
-8 —m[ t][,1_] i
M =—m","’*"_‘dv* =l
- dy| dy
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12

13.

14

15

16.

F

g
d. 5 =it T
T, =—m > r,

A Newtonian liquid (p density, p =

viscosity) is flowmg with velocity v in a 17.

tube of diameter D, Let AP be the pressure

drop across the length 1, For a laminar

tlow, AP 1 proportwonal to

a LpviD

b. DL

e LpvL

d pvl 18,

Praudt number is the ratio of

a. mass diffusivity to thermal diffusivity

b, momentum  dilTusivity 1o thermal
diffusivity

¢ Thermal diffusivity 1o mass diffusivity

d. Thermal diffusivity o momentum
diffusivity

For a laminar flow of fluid o circular

tube, h; is the convective heat transfer 19

coctficient at veloeity Vi, If the veloeity is

reduced by hall' and sssuming the uid

properties are constant the new convective

heat transfer coefficient 1

p 126hy

b. 0,79 by

e 0574y

d 1741 hy

A metal wire of 0.01 m

coductivity 200 w/m.

fluid  stream  with

transfer coefficient 1

Biot Number

=4

cocfTicienl in a bmary pas
at low pressures varies with
ure as

a
b.

& 14
. independent or P

Mass transfer coefficient. k according to
penctration 1o theory varies with mass
diffusivity as
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the feed consists of 50 mol %o inerts?
expansion [actor 15
- |

b. -0.5
g 025
d. 0

A+B=+R
A+B 8§
we should have

L~ &

-4 i E iy
Ingh Cg
L as low is applicable at
T low P

b, high T lgh P
¢ low T, mgh P
d. high T.low P

The secomd low of thermodvnanics sates

(hat

4, The energy change ol a syslem
undergoing any reversible process is
ZET0

b. Itis not possible to transfer heat from a

lower temperature o a  higher
tempetalire

e, The total energy of the system and
surrounding remains constant

d. None of the above
Fill in the blunks. In the answer book
wrile the question pumber and the
answer only,
(20 = 1 =21
a The tuylor's senes expansion of (%)
around x =ais 3

b. For a differential function (%) 10 have
o MAXImwm, ::{'5 should be

1
c;r{ should be

and
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d. The integral of X sin x is
g The Green's theorem relates

integrals to surface infegrals.
If “a’ is a scalar and b is a vector, then

Vxabh=
. The differential equation

j ¥
E‘l— s ysll,
wiih the conditions y(0) = 0 and w(1) =
1 1= called a ~ value problem.
. Double contact double absorption
process is used for The manulacture of

For an orifice meter, the pressure
recovery is than that for a
ventunmeter.

A gas bubble a1 a pressure of Py is-
passed through a solvent with a
saturation vapor pressure of Po 1T the
tme of passage of the bubble 15 long
and air 5 insoluble in the solvent, the
mole fraction or solvent in the bubble
will be equal to .

. The heat of formation of a -.umpm.md

15 defmed as the heat of reactio

leading 1o the formation of the
compound from ils @
A supersaturated  solution

spanngly  soluble  solue, %

concentration of C. s bei
ervstallizer at a volumetnic
V. The solubility of

the wave-
con 3pum o dpm. The
18 energy in the il
emitted  over the entme
th range % equal to

.é.umrdinig?u film theory for equimeolar
counter diffusion, the mass (ransfer

encflicient 15 given by .
The Reynolds analogy  For  mass
transler is give by and 15

applicable when Schmidt number 15

. Sherwood number for flow in a pipe
can e evnreseed as the ratio of the

wwwnw. StudentBoun

5. The rate of reactiom i
L The phnut: Q
Elaln wilh ns

statement s trlu-

b.

. The concentration and hydrodynamic

coneentration pradien
the overall concentratio
The Arrhenius  equation
lemperature  dependency
reaclion mtﬁmlﬂm ss

nrl:ler ru'm:hnn the volume mcpmid ur

a maxed reactor 18
that for a plug flow reactor

(
The series 1+ x -+ = forx <
diverg
As lo mp 15 not used, a fluid
ow from high pressure

low pressure resins,

vlated container. the lemperature of
the higuid will increase,

When a vertical plate is heated in an
infinite air environment under natural
conveetion conditions. the velocity
profile m air. normal 1o the plate,
exhibits 8 maximum.

The maximum in the emissive power
of a surface al a temperature of T
oceurs at 3 wave length of A If the
surface temperature 15 halved, the
masimum m the emissive power would
oecar at a wave length of .52,

For lammar flow over a flal plate of
length L. the local mass transfer
cocfficient at a distance L from the
leading edge is 15 107 m/s, Then
the average mass transfer coctlicient
for the plate is 2 « 107 ms

According to the penctration theory,
the mass transfer coefficient decreases
if the exposure ime of an eddy 1o the
solute decreases,

houndary layers over a flat plate arc of
equal thicknesy if Schmidt number s
cygual to umity

The #-component of die total mass
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J- A medium is always required for heat
1 be transferrad.

k. Forced convection is relatively more
effective in mersasimg the rate of mass
transfer if Schmidt number is larger.

. If the rate of the wreversible reaction
AB 5 2C s kCy Cy, then the reaction
is always clementary.

m, Two mised reactors of unequal size are
available for producing a specified
product, formed by a homogencous
second  order reaction. To  achieve
maximum production rate, the smaller
reactor should be placed i series
hefore the larger reactor.

. For the same conversion, the holding
time required in a batch reaclor is
always equal to space lime required in
a plug tlow reactor.

o, 'The mechanism for the decomposihon
of CHy CHO mto CHy and €O in the

presence of Tz is
CH.CHO+ 1, > CH, + HI +CO% slow
CHJ+H = CH, + 1 fuasi

Then. the rate of disappearance h
CHO is equal to €, ', an
as a catalyst.

p. Pressurc is an extensiv

g Work done by
expansion is zerm.

r. A\ process i irrovers

(A)ais® ~a")
(Bya/(s* - %)
(Chsis” - a%)
(D)s/(s® = a°)
dy
b, () —=x =}
) i v

wwwnw. StudentBoun

(B)linear O.D.E,
coelTicient,
() first order nonlinear 0.0

(1) lincar second order (0L10.E.

e (1) =atalytic eracking
(1) catalytic reformmg
(A) keroseng

(B) Graseline
(1) Aromalbics
(1) Diesel

d. Match the app materials for
handly ll*ing chemicals

|
(n 'ﬂ% sulfuric acid
ya oda
Br
) Alwminium

Nickel
(D) Lead

¢, Mutch the appropriate catalyst with
the-process
(I} hydtogenalion of vegetable oils
(I1) Ammonia Synthesis
(A) Tron
(B3] Platinum
(C) Nickel
(D) Zeolites

£ mateh the reactions with names
() CO+H,00 €0, +H,
() CH, + H,00 €O+ 3H,
(A) Boudard reaction
{B) Water gas shill reaction
(€7) Water gas reachion
(1) Steam reforming

g, (1) Stanton Number
(11} Prandil Number
(&) hidk
(B) hi(Cypv)

Py L.
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By T""

h.  For a sphere of density s and volume V iy T
placed in a fuid of density p T
() Weight
(IT) Buoyancy force m. (1) Sehmidi Number
A(p -plig {11} Lewis Number
= momentum
(B) pi'e (Al Yhermal ity
C) plg Thermal diffusivi
- (B) mﬁ
D) (p, = o)l
© momentum diffusivity
mass ¥
i. A Ural back body with a surface arca mass P
Ay having no concavities is surrounded )
by a large black surface of area As
Match the view factors
n (DA c
(I) Fy L 2
(A) ]" clion of A shows a
um with lime
(B)1-(AVA) . : —_
ows i maximum with time
() Al . 0.5
D 'r shows a mcimum with time
() o JCs continuously decreases with
time
Jo (1) Nusselt Number
(1T} Biod Number o, (IydH
(A) Fm veotiv R::mt@m (1) dG (G - Gibbs free encrgy)
Fluid condnetion resistan (A) TdS - PAV
(B) Flutd conductance Resy (B) TdS + VdP
Conveetive resi (C)-PdV - SdT
(DyVdPr - SdT
p. (1) for any eyclic process
(IT) Tor any adiabatic process
(A)AUi=o
By2=0o
CYW=0o

/k
(B) 2 kh
(Cih2h
(DY kb

| The diffusion coefficient vanes as
function of temperature for
(1) gases
(I1) hguids

wwwnw. StudentBoun

(DY AL O and W all zero
Find the eigenvalucs of the matry

kB
a3
(5)

=1 -1
In a batch reactor an ureversible first order
reaction A — R takes place, The reaction
rale comstant (K) = 0.2 see-1, and the mitial
soneentrabion of A (CAo) = 0.1 mol/m3,
Find the converion ol the reactant afler 2

¢
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(3) 29

26.  Satumated eteam at 130°C 12 flowing

through 2 steel pipe of 0.02lm inside

dlameter amd 0.027m oukade diameter.

The pipe 1s insulated outside with 0.38m

thick insulahon The ambient ar outside

the msulation 1= at 27°C. Calcualate

#, fhe rate of heat loss per meter length of

tube,

b the overall heat transfer coefficient
based on mside swface area of steel
Pipe, 30.
Adelitionnd deata:

Thermial conduchvity of steel = 45
W/ k)

Thermal conductivity of nsulation =
0.064W/(m k)

Convective heat transfer coefficient
inside the steel pipe =5678 Wilm. k)
Convective heat tmnsfer coefficient
otttsicle the insnlation = 11 Wim k)

(5)
27 The heat of reaction at 300 k and at one
atmosphere pressure for the following gas =

phase reaction:
A+3B

18 -50,000 calories per mole

converted. Data on the molar heat% 11

ul constant pressure (cal/mol,

VAROUS COmponents are;

C,for A =-0.4 + 80 *

Cofor B=7

G, for C=26

(Calenlate the héy of reachon at 500 K and

at one atmo €,

(5)

28, Aar at 150 kPa in a closed

con compressed and cooled. It is
ﬂ]E first droplet of water

200 kPa and 15°C. Calenlate
pm::ent relative humidity of the
air, The vapor pressures of water

t 15 and 30°C are 17051 kPa and

4.246 kPa respectively
SECTION-B
3%
FIVE MARKS QUESTIONS ;
A ncwar anv TRN ausclinone in ithic cartinm
www. 5tudentBoun

C,H, (g)+ H,O(g)0 C,H.OI
'Ihevalma of AG" for the above reach

ethylene and 50 mole % 4 stea
that equilibrivn 18 reached at

Amn expenmmlal

and acelone (2) s
following result

=1.21 % 107 Pa
=056~ 107 Pa
rapour phase can be pssumed to he

. Calculate the liquid phase activity
coefficients

b. What 1= the valne of excess Gibbs free
energy G°/RT for the liquid phase?

The llowing data were obtained on a

gection of piping through which an

incompressible viscons fluid is fAowing.

(SeeFig. 1)

Poimk @)
Polmk@ .
Point 1 .
Pressure =1.05 « 10" Pa
Cross-sectional area =5 « 10" m”

Elevation above point 2=3m

The heat of

Pressure =125 - 10" Pa

18 Cross-sectional area= 15 10" m"
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34

Density of fluid = 1000 kg/m’

Power delivered by the pump -~ 7.3 W

{nssume efficiency = 1)

Predict whether flow 18 taking place from

pomi 1 to 2 or from point 210 1.

A tbe of 0.05 m” cross-sectional area is

packed with spherical particles-up to a

hetght of 0.25 m The porosity of the bed is

0.35: It is desired to fluidize the particles

with waler (p ~ 1000 kgm', p ~ 107

Caleulate the minimum  velocity  of

Auidization given the Ergun’s equation:

Ap B, & = 150u(1-=)
L pVil-e Dp¥V

Lata:

Diameter of particles = 0,01 m

Density of solid particles = 2600 kg'm®

For geometncally similar bafiled stirred

tanks, the Power number 15 known to

remain constanl at Reynolds number,

a Let P be the power supplied per unit
volume of the fud. N the revolutions
per second of the gaits p the density of
the fluid, p the viscosity of the fuid,
and I the dameter of the mpell
The determme a. |5, v and & i
following equation :
P=N"p"' ' D"

b. Whal is the cficet of L

+1.75

en 19 39,
A particle of radius [ apd’y
moving radially out W cg
ingular velocit@of centrifuge s o, The
density and @acoWdy 0fhe Muid are p and
40,
Assuming that the particle moves only
radically, derive an expression for the
radial velocity of the at any radil location
¢ in the centrifuge. 4L
whwnw. StudentBoun

gas film and reacts on the surface of a
non=porous spherical catalyst particle.

on the catalvst surface.
rate constant (Ky) = (O
und the gas film
coefficient (k) &
Denve the rea
terms of bulk g
(Cg),

n it the reactor volume 1s five
orginal-all else remaming

ed?

mogencous gas phase decomposition
reaction 4A — B 4 78 takes place in an
isothermal plug flow reactor. Tire reaction
rale 15, -ry = k;Ca with k; = 0.17 5; feed
concentration of A (Csy) = 0.1 mol/m’
Feed Flow rute (Fag) = 017 maols,
Determine the size of the reactor in order
to achieve 5% conversion.
Derve art analvtical expression for a umit
imipulse response of a svstem  whose
transfer function is piven by
F(&) 15
X(8) #+3s+2

The wansler lunction of a4 process, a
measuring clement and & control valve s
given respeetively by

G, = 2/(2041),6, =1/(5341).G, =1 5/ (Fs +

A proportional controller with a gain of

Ke =115 used.

a. Write the closed loop transfor function
relating the output (Y) to tile set point
(Ye)

b, What s the steady state error m the
output for o unid step change i the set
poant?

The charactenstic oquation of a closed-

e EERRIr T L PR e
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42,

Check whether the system 1s stable ar not,

a. The cost of a blower m 1980 is Rs.
2,000
(1} Whal is the cost of the blower in
1998 with the same capacity? The cost
mdex for the blower in 1980 and 1988
is respectvely 250 and 300
(11) What is the cost of a blower i 1980
with double the capacity?

h. 1If the delivered cosis of equipments of
a Muid processing plant 1s Rs. 4 - 10"
what is the capital cost of the plant?

a smmplify the Fick’s law of mass
diffusion  for  equimolar  counter
diffusion tor a binary system.

b. In a gas mixture of hydrogen and
oxygen, steady state equimolar counter
diffusion 15 occuming al a  lotal
pressure of 100 kPa and temperature of
HFC, If the partial pressures of oxygen
al two planes 0.0lm apart and
perpendicular  to  the direction of
diffusion are 15 kPa and 5 kPa,
respectively and the mass diffusion
flux of oxygen in the mixture s 1.6
107 k molem®s. Calenlate
molecular diffusivity for the sy 43,

A stream of air at 100 kPa

300 K flowing on the tip surfa

flat sheet of solution napht h
0.2 m with a velocity o i other
data arc:
Mass diffuswvity of n @ vapour in
air6 - 10%m*
2
oFair - 15+ 107

naphthalene al the ar-
hihalenc interface

wwwnw. StudentBoun

(a)  the average mass™
over the flat plate;

{by  the rate of-loss- of
from the surface per unit wh
N = 0,664 Ht:l-: P_""‘

You may use analogy between mass an

heat transter.

Carbon disulphide i3 to be absorbed §0;

dilute gas maxture of CS: - N» g Qpure

nonvolatile  atmosphene  prese a

counter  currenl  absorbg mole
fraction of C8- m inlet offs strdQm % and
the Flow rate of gasgirdo s 1500
kmolhr. The cquili ﬁ‘ Iom 15 given
by

where x ® fraction of GS, in
liguid desired to reduce the
mul '5; m exit gas stream 1o

te the mmmmum value of LG

L o the liguid Aow rale in

l/hr,

b. Denve the equation for the operating
line of 1.40 is equal to 1.5 times the
minmum value,

A bmary digtillation column 12 operating

under conditions specified below!

Feed rate — 250 k mol'he

Uverhead product rate = 150 k molhr

Mole fraction of mere volatile component

in overhead product - 0.97

Bottom product = 0,02

Bottom product rate = 200 k mole/lr

Rellux ratio = 3.5

In the stripping- section it was

found that the mole fraction of the volatile
component in the Leaving a plate is 033
while it mole fraction m the hquid
coming 1o the same plate s 0.25. As
constant molal counter flow, determine
whether the feed is vapour of hquid or
partally vaporized.
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