GATE - 1971

CHEMICAL ENGINEERING

e — i R T e il E—T-:'TE*_:_E == = —
mlﬂ"-l ccmtuining 30 water, The weaig
the onginal pulp 15
(80 Marks) (2
b. The weather bureau reports a dry
[ Match the following. temperature of ambient air as 24
List relative  humditv ol
& Dhpsid Torrmidabe barometer reads 750 mm
B Nvlon

€ High punty polvvinyl chlonde
D Styrene butadiene rubber

List 11

| Suspension polvmenzalion

2. Emulsion polymenzation

3 Solution poly menzaton

4. Bulk polvmernzaton

1a

Maich the lollowing:

List1

A, Methanol 1o gasoline

B Edible oil hydrogenation
C. Methanaton

D Butyl acetale

List 11

I Ranev nickel ®
2 Zeolite
3. Cation exchange
4
L 2

. Nickel
(2)

3 Fill in the blgnks
acid 18 manulactured
of the oxidation of
and 15 used as a raw
the manufacture of

5

for

{23
In the manufacture ol Portland cement
the mayor raw maitenals are ;
and

(2)
4. Fill in the blanks
a. A wel paper pulp conlains 73% water,

After 100 kg of water 15 removed in a "

ww. StudentBoun

percentage humidity c@
is s
(Vapour press W 20°C =

I mmHg )

\S,

eS react with 150 kg ol
0.5k mol of H:5 has been
ed The degree of completion of
tion is and the limiting reactani
and the himiting reactant

IS

{(2)
d. The heat absorbed For isothermal
reaction
CiHlg) — CaHalg) + CaHglg)
at 298 K and | atm pressure is
il o Standard heal of
combustion, k)/maol
CaHilg) =-2873.3
CaHy(g) =-1411.9
C-Hylg) =-1561.0
(21
Fill in the blanks
a, Spherical particles of iimesmqe
(dy = 0.16 mm, density = 2800 kg/m')
toke 5 minutes 1o settle under gravity
through a 6 m column of a Muid of
density  1200kg/m’  The  drag
coefficient is equal 1o
(2}
b. The equilibrium position of the (loat in
a rolameter is determined by the
balance ol three forces These are
anid

(2)

Match the fallawrmo:
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ListI
A. Edible oal.
B. Crade ml from oil wells
C. 98 % Sulphuric acid
1. Ligmids contamning  suspensions  of
abrasive solid
Last 1
I, Diaphragm pump
2. Centrifugal pump
3. Gear pump
4. Air lift pump
1. For 500 = Re - 200000, the friction faclor
[~ 0.046 (Re)"? Find the colbum factor.
I, at Re = 10000,
{2) 1o,
8. Fill in the blanks:
a. The sphericity of a non-sphencal
particle s defined as the matio of to
o The

sphiaricity of a cylindfical paticke of
diameter 3 mm and length 3 mm 15

—————N d
(2) emperature.
b, The maximum diameter of a nplm‘ml e, 10,000 < Re <

sand parhd; {density 2650 kp'm 4

will settle in the stokes law n:gmn
water (density 1000 ke/m”, vi
0,001 ka'm.s) is

}L
¢ A vacunm leal filter |
volume of 10m’ iltr 30
mumittes. I the res ter cloth
15 neghgible, the for the
callection A f Filirate s
i argl for the callection
Wrate are

{2
o fold merease m pressure the
e resistamee of a Nler cake
incrcases by T
compressibility coefficient is 0.5 snd
increases by ,if the 12
compressibility coethicient 15 0.8,
(2)
9, Fill in the blanks
a. An andustrial wall is constructed of 20
em thick freclay (k = 1 Wim, °C).
T'hm g.nvm‘ed on 1]1& mﬂm‘ ll.'l'ffﬂc{."‘
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surface m at 940°C 3
at 40°C. The steady
tansfer through the wall §
Wim® and the temperaturd
interface between the fireclay a
insulating material is o

b. The Biol modulus for a 3 em diapeter
sphere (k for the sphere = 5W m
100°C subjected to a convg®t
flow resulting n an average
heat fransfer coeffic
stirface of 30W/m*,

The widel Dl'las Boglter cquation
is valid p
a 0,000 and the propertics

the Rud are evaluated ot the average
crature,

Iy = 2100 and the propenties of the
are evaluated at the buolk

120,000 and the fluid
properties are evaluated al the bulk
bempefaturo.

d. None ol the above.

{2)

Match the followmng

List I (Process)

A, Drop wise condensation of steam

B, Boiling water

", Heating oils

D, Heating with A

List [ (Heat transfer Cocfficient W/m® “C’)

L 17060 — 50,000

2. 50— 1500

.

4, 30,000 — 100,000

(2)

Fill in the blanks.

a.  The diffusion rate of ammonia from an
v:quahun mh!um to the gas phase s
10" Kmolm's, The interface
u;m1'n’rr1um pressure of NIy is 660
N'm® and the concentration of NH; m
pas phasc is 5%, If the total pressure 1
100 Nim®, temperature is 295 K and
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(2)
b, The Fick's second law of diffusion m

one dimension s
(2)
13. Choose the correct answer:

I, For a gas obeying the van der Waals
equation. at the critical temperature

(5} &

a both [ﬂi’ ) and [E‘_F;gl are Zero

b, the first dermvanve 18 zero. while-the
second ~derivative 15 non-zero

¢ the second denvative ig zero, while the
first demvative 15 non-zemo

d. both the derivatives are non-zero.

(2)

2. For an ideal gas the slope of the
pressure-volume curve at a given point
will be

a. steeper or an isothermal than for an
adiabatic process

b, steeper for an adiabatic than for an
isothermal process,

¢ identical for both the processes

. of opposite signs

3. For a gystem i equilibrium, at

{emperatnre and. pressure;
a. the entropy must be & mini
b. the enthalpy must be a
[
d

. the internal energy be
. the Gibbs-free
(2)

L&eg.mted form of

be a

the exact Clapevron equation. i
1= assumed that:
he volume of the bquid phase is
neghgible compared to that of the
vapour phase

b. the vapouwr phase behaves as an wlea!
gas

¢ the heat of vaporization 1% independent
of temperature

d. all the above are applicable.

wwww. StudentBoun

= ST =

Choose the nght answer:
i

3
-

. The ghape of T-5 di'}

E;=25; E;= 1k Es=25; B.=235; E-
= 40, E; = 25. (E = Activation energy)
Decreasing T

. Increasing T
Decreasing T first and then increasing
'k
Clonstant T.

tycleis
a rectangle
a rhombus
f frapezoid
a circle,

mm&ﬁnﬂfﬁm&lﬁpt 2
desired product R as wgll as
unwanted product 5.
reactant concentratic
luw} should we s

Reaction Scheme:
A 2 ey a
=Ry

A+ 8

AII}" Cﬁ_
Cy, Low Cx
1gh Cy Any Cg

(2)
Qualitatively, find the optimum
temperature progression to maximize
' for the elementary reaction scheme
given below:

AlsR 255 2.T

Y

(2)
Your company has two mixed flow
reactore of unequal size for producng
a specified product formed by a
homogeneous second order reaction,

How  shomld these reactors  be
connected o adbeve @ madimum
produchon rate?
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15.

16,

——
b,
L ot |
u‘ - =
—— .. L S —
d
-]
(2)
Fill in the blank:

Far a=zero order solid catalyzed reaction a

having a Thiele Modulus equal to one, the

value of effectiveness factor is :
{2)

Choose the nght-answer;

I. A certain thermocouple has a specifi
time constant. of 25 It the p
temperature changes abruptly fi
to 900°C, the temperature '

an indicator aottached @ 1o
thermocouple  after wil
approximately,

o Bolrc

b 80OC @

¢ B90rC

d 895°C L4

(2)

wialer tank mounted on
sl 27 m plat form. The tank s
h. The height of water in the
il a pressure guuge on the second
floor at 4 height of 5 m from the
wund reads 2,7 bar is
Full
b. 512m
g X1Z2m
d 718m,

=

(2)
3. A system has the transler function

wwwnw. StudentBoun

5

I8

A step change of 4
introduced in this systen
nvershoot 18

20

30

25

35

o6 oo

-

The type of process that most
benefit from denvative conighl 15

Flow
Level O
0 (2)

Temperature
Pressure.
ange 15 the one where
conmiact area  ligs

the circle enclosed by the

an e

Fill in the
& N

()

caleulution of fange stress, the

oads acting on the fange ars 1o be

caleulated both for operating as well as

for  bolting up conditions and

of the two will be taken.

(0

¢. The ngidity ol the eyvlindncal vessel

subjected 1o external pressure may be

incrensed by providing  pniformly

spaced,  internal  or  external
cireumferential

(1)
d. Espansion joints are provided in fixed
fube  heuwt exchangers fo  rneduce
in the shell and tubes,
(1
Choose the correct answer:
I. A standard tvpe of heat exchanger with
a neghgible scrap value costs Rs,
40,000 and will have a useful life of 6
vears. Assuming an  elfecuve
compound interest of 1% per veur,
The copitalized cost of a heat
exchanger will b
Rs. 60,880
R, D0.BR0
Hs. 91,880
[Fe ®1 Q%0

=0 e
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19

b

fe ' oF B

‘e
:

eeoTe

Wrile down the mam overall

A reactor having a salvage value of Rs.
10,000 15 estimated 1o have a service
life of 10 years. The annual mlerest
tale is 10%. The original cost ol the
reactor was Rs. 80000, The book
value of the reactor afler § vears using
sinking Fund depreciation method will
b
Rs. 40,096
Rs. 43,196 21.
Rs. 33,196
Rs. 60,196
(2)
The total capital mvestment for a
chemieal plant s Rs, 1,000,000 and the
workmg capatal s Rs. 100,000, 11 a
lurmover ralio 18 1, the gross annual
sales will be:
Rs. 800,000
Rs. 900,000
Rs. 1L00O, 000
Rs. 1,100,000

equation for the manufacture of (711

chemicals
1 12) I
1. Soda ash
2 ‘*‘rup:rphwplmtc f hofphate rock
3.
i lhgh 0 ol om naphtha
3 ethylene
6. m propylene.

from a cylinder s babbled

gl acetone at 1.1 har and 323 K

the rale of 2 « 107" m"min. The

nitrogen,  saturated  with  acetone

vapour, leaves at 1,013 bar. 308K at

the rate of 3.83 < 107 m"'min. What is

the vapour proessure of acélone
3N8K?

(6)

Limestone mixed with coke s hemg

burnt 1 a Kiln. An averase analvsis of

wwwnw. StudentBoun

. What size of onfice wouWy gnd

(2) K

coke contams 76%
andl 3% moisture. The
CaC0ly 15 only 95% compl®
of MgCOy 90%. The carbo
coke s completely bumt to COY
kiln s fed with 1 kg of coke per
limestone, Calculale weight per cen

Ca0in the produet Jeaving the kiln. ’

pressure difference ol ater
columm for the {low m slyrenc
0085 m''s in

ol specific gravi
a 250 mm dian@ter pige? Assume Cp
=62,

i4)

&lk 5 m diameter
gh a pipe 50 m long
diameter connected to the
e tank Show that the time
water level in the tank 1o
from 4 m to 1 m above the bottom
I the tank is given by

R\ rdh
s [m'J‘h’F

when i1 s assumed that fR.-pu"'} the
resistance to flow per unil area of pipe
surface. is constanl

. How 1s work index defined?

(1)
The power required to crush 100
tons'hr of a material 18 179.8 kW, if
80" ol the feed passes through a 51
mm screen and 30% of the product
passes through a 3.2 mm sereen. What
is the work mdex of the matenal?

[EY

. What will be the power regumed for

the same teed at 100 tonshr o be
crushed 1o a product such that 80% 1s
10 pass through a 1. 6mm screen?

(2)

. In a mixture of quartz (sp. gr = 2.65)

and palena (sp. gr. = 73), the size of
the panticles range from 0.0002 e¢m 1o
0.001 em. On separation in a hydraulic
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maximum  size of quartz und  the
minimum size of galens in the pure
products?
(Viscosity of water — 0001 kg/m.s.,
density — 1000 kg/m’),

(6]

I, In a cocurrent heat exchanger, an oil
stream 18 cooled from 450K 10 410K
by water inlet and outlet lempenitures
of 300K and 350K respectively. The
exchanger consists a4 number of tubes
of | m length each. 1t 15 now desired to
conl the ail 1o 390 K (instead of 410K)
while maintaning the flow rate of ail,
flow-rate of water, Inlet temperatures
of oil and water, and the number of
tubes at the same values as belore,
Caleulate the length of each tube
required Tor this purpose. Assume that
the phvsical properties  remain

2

mm internal dinmeter, 60 mm onlside
diameter loses 135 kW heat to 1
surroundings at 310K The pipe car
Stemm w300 K, Given, that i
conveetive heat transfer oo

he = 163 (AT Wim®
Stefan-Boltzmann constant@i=
10° Wm K. Find { 2

the bare surface of @

I. A continuo reamg of a binary ligud
mixture, ing Xy mol fraction of
' flash distillation unit.
nted by pont Q@ on the
-concentration  diagram  as
Figure. The products out of
mil are a vapour stream (yyv m
tracion of A) and lgud sream (X, 25
ol fraction of A

of

(6

wwwnw. StudentBoun

unchanged.
(6) squeous solution containing 1 5K
A honzontal steam pipe 20 m long, 50 le X'm” is fed at 36 ml's 1o the top

, i ralio of
vapour ow ratNyg Gg¥d ow rate in
terms ol gampasitions,

¢ 2)

. 8 they heat added per mole of

by the distance PO (See

(6)

of packed column of height 160 m and
cross sectional ared of 0.0045 m” and 1t
leaves at the bobbom with 14K
mole/m”. An orgamic  solvent B
containing 0.008 K mol X'm’ Maws
counter o the aqueous phose al 9 ml's.
The equilibrum relationship is

(& L -

-
Determine:

The log means concentration
difference for the transfer,

(2)
The overall wvolumetne transter
coefficient, based on the organie phase.

1
The height of ransfer umL

(2)

. Caloulate the traction of pure ethane

that would dehyvdrogenate at 730 K and
3 atm., il the following reaction goes to
equihbrum.

r:ff,{g}'" CH (g)+H,(g)

AG for the reaction m 750 K = 42,576
k1. Assume deal sas behaviour.

OO
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2 At 313 K at total pressure of 24 4 kPa,
the composition of the, system ethanol 27.
(1) and toluene (2) at equilibrium s x;
= 0.3 and v; = 0,634, The saluration
pressure al the given lemperature for
pure componenlts are

Py = 23.06 kPA and P> = 10,05 kPa,
respectively.

Caleulate:

The liquid phase activity coefticients
the value of G'RT for the liquid
phase.

Ca

. For i reversible exothermis sleméntary
calalytic reaction of the type

Ky
A=HR
- ky
find the Uptimum operating reaction
lempernture & conversion level My =
L
DATA. k= exp(10-5000:T) -
= gxp(40 - 15000/T)
Maximum  allowable lemperature
= 300 k.

|-

The rate of o ligwd phase react
the type
A+ B - Products

vonceniralion of A and

A S equal to 3k
rate equal to |
or lemperiture equal

ivation enerpy of the reaction
83.1 kl'mol find the volume
isothermal plug flow reactor for
the same conversion and fesd

itions a< i the case of the above
mentioned  reactor bul with  reactor
temperature kepl at 320 K,

wwwnw. StudentBoun

1.

ra

Find the minimum value A
that a closed loop system ha?
following characteristic  equatic
stable:

S Bt (K +1)s+4=0

kg m’, spesific heat 4 KIRKRE
K 15 continuously fed plemfloves

m the tank is
with, fimd the

spherical storage tank is having an
outer dinmeter of 2 m. and a thickness
of § mm, The tank seams are welded
and having jomi efficiency of (.85
The material of construction will bhe
plain carbon steel. The chemical will
be stored ot the maximum lemperaturs
of 296 K. No corrosion problems are
expected. What maximum  internal
pressure the tank will withstand safely?
Allowable design  stress  value  at
working temperature < 118 MN/m®.

(4)

A heat exchanger with an itial
investment of Rs. 500000 has a 6
vears life. How much can be spent on
an improved design which has a hile of
12 years and 15 expected to save Ps.
10.000 per vear?
Annual compound interest rate = 8%,

(6)
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