GATE - 1995

|| CHEMICAL ENGINEERING
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SECTION - A b.. 100

C. ZFBTO
(100 Marks) d iufinily

T A Mmd energy mill 15 vsed for
Choose the corvect answer and indicate the a cufling
corvesponding capital letter A, B, C or D in b -
egnnding
your answer book. o
(23 % 1=123) ¢ ultra gnnding
d. crushing
LR §  For an ideal mived (CSTR)
| The tank of matnix |0 2 0 18 the exit age distribulon E(fis given by
3 0 4. adirac delta func
0 b. aslep VS
| ¢ ‘ara Li
9 d (i) ove
3 i TheSonvertion X, and residence tme data
C for zero order liqud phase

e angle between wo  wveclors : ; :
l in o stred 1ank reactor. which of

AU—)+k and i +)+2k s lHowing will be a straight line
a ® a. X Vst

b, X,Vinr
d 6 ¢ X, Mi-X,)Vst

o Dunng coking of coal, the ash d. x,(1-x e
It {percentage) N o d ; ;
a4  Increases ‘ e dimensions ol rate constant lor

T

[

reaction 3A — B are (l/gmole)/min.

b : Therefore (he reaction order is
I € remams constant g
4, Jiggng 1s a lechmqu wilch different % 1
[ particles can be ; 4
, 14

d 3

I A first order-reaction A —» B occurs i an
isothermal porous eatalvst pellet of
sphenical shape If the concentration of A
at the centre of the pellet 1s much less than
that al the external surface. the process is

gravily force + drag force = buoyvancy limated by
I‘arm?, a  duTusion within the pellet
eravity force - drag foree = buovancy b. reaction
force
: c. external mass transfer
¢ buovaney force + drag lorce = Gravity

d. none of the above

1 ; 12 A solid is transformed mto vapour without
d drag [orce= buoyancy force going through the liquid phase at
6 For un ideal flwd flow the-Reynolds a triple point

mirrmbar s

force
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15.

16.

17.

d. always ratio exceeding unity

At the inversion point fhe Joule- which phase lag is

Ihompson coefficient 1s a b°

a. positive b. 45°

b, negative e wr

[ ) d. 180°

I'he kinetic encrgy of gas molecules 15 21, The response of two tanks of same-size
Zero al and resistance in scrics is

a. FC a. under damped

b, 273°C b. critically damped

e 100eC e over damped

d. 273°C d. nome of the above Q‘d
The ransfer function for a PD conlroller is 22, The transfer functi

2 K (l2r.) u;utmwﬂhﬂ:adm@

b. X (1+1/r.4) a.

&
The offset introduced by propedional
controller with gain K, i response of first

st
- K {r.'l“} hr .3
4 K/t §m:

order system can be reduced by i ,i;t;:;: ‘E“:n?lf:arpl;"c?u:s::l?ﬁ!
a. reducmg value of K, 2 R+C

b. ntroducing miegral control bh. R-C

¢ introducing derivative contra) & RC

i. none of the above d. I/RC

Bode diagrams are generated fr
response of the system subjected

of the following input TWO MARKS QUESTIONS (24-47)
a. impulse Choose the correct answer and indicate the
b. siep @ corresponding capital letter A, B, C, D as the

¢ ramp case may be in your answer book

d. sinusoidal GRnS =00
Tl vicd ki nalé-of » tangiir 24, A funetion fix) = 12% - x" has maximum
function Gi value of & for which value at x -
a =2
b. 0
& 3
d iz
i . LWmx
chromatography  is  used for = ltl_ﬂ r
surement of T
4. lemperature £t
b pressure & O
c. conceniralion 3 <1
d. flow rate 26, The second order Thylor series expansion
According Lo B&Iih sl,:bi'lmr lﬂ'llﬂlﬁ:'l a for a function fix) = x" atx = 1is
evetern o nngahls o the onen laons 2
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27,

28

an.

3L

¢ 1ixe+x 33,
d 1-x+5

The average value of function {(x) = 5" in

the interval 0 < x < 2 ix

R TE
L

An evaporator while concentrating an
aqueous solution from 10 1o 40% solids

evaporates 30000 Kg of water. The _ :

amount of solids handled by the system in % A suspeasion of uniform Ko

Ky is at n‘cmmnlmnnn of 300W%e blids per

2 4000 cubic meter of s : Fin a :ml‘._
: Diensity of the partifies 1 3300 Kgm™ and

B; 9000 terminal velocity of e particle is 20

& 4600 emi's. Whajgmi be the settling velocity of

d. 3000 sus i rdson and lad index is
1000 Kg of wet solids are 10 he dried from 4.0,

60% to 20% moisture (by weight). The a B em!

mass of moisture removed in Kg is 2l

a. 30 = i cin s

b, 200 /S8 cm/s

e 400 3 pressure drop in an air Auidized bed

d. 500 of catalvst-particles (p = 2000 Kg'm'. Dy -

Assuming that CO; obeys perfect gas la
calculate the density of CO4 (in Kg/m')

263%C and 2 alm,

a |

h: 2

o 3

i 4

Pure O is mixed wi produce an 3.
enriched air containing lime %o O

The ratio of molSy of aivu 0 used 15

a 172

¢ mean dismeter for flow through

of spherical particles of size 1D, 7.
porosity &
» D, 1 &
6l-=
b D, I. l-<
5 =
2l
HF g
wwwnw. StudentBoun

stones as packing m packd

things bemng same)

a. increases pressure drop.
surface arca

b. imercases pressure drop.
surface area

& decreases  pressure  drop,
surface area

d. decreases  pressure  drop,
surface area

0.05 em) of 60 cm bed depth and bed
porosity of 0.5 expressed m em of water
{manometer) is

i, 0

b. 60

e 45

d. 30

A pilot tube indicates § cm of waler
{manometer) when it is bemng used for
measuring velocity of air. The velocity of
arr i me's is

a §

b. 14.1

¢ 5622

d 282

In distillation where ¢ 18 delined as the
moles of ligud fow in the siripping
section per mole of feed introduced. for
saturated liquid feed

a qg=1
.g=l
B sl
d gq=0
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39.

41.

In gas liquid contact vperation the number

o ideal stages N = (2, -, )/ [.x; &) This

is true when the stripping factor S is

& S§=

b. S<
5.
3

4]

e

i

For absorhmg a sparingly soluble gas in a

liguid

a. gud side mass  transfer coctlicient
should be increased

b. liquid side mass transfer coefficient
should be mereased

¢ ligquid side mass transfer coefficient
should be decreased

ol mass transter coefficients must be-kepl
constant

The rate constant of a chemical reaction

increases by 100 tmes when the

temperature is mereased from 400 K to

500 K. Assuming ransilion state theory is

valid, the value of /R s

a. S987TK

h. 210K

c. 764K

d. 8621K

A closed system s cooled reversibyh

100°C to 50°C, If no work 15

1
|
1
a

svstem

a. ils intemnal energy (U and
its entropy (5) in

b. 17 and S both

il

Match the items in the lefi column with the
appropriate flems i the right column,

M y=x

()  dydx=2x

(A)  lingar OD.E,

(B nonlincar O.D.E.

F el - TR

44, Match the items in the l¢
appropriate items m the righ
(1) dy/ds = Sy =0, y(0) = v
(i dyids = 5=0.vih=
(A) ¥=Yo+3

{-H] }r = Fn 3 53
) y=y&e™
() y=ye"

45.  Malch the jtems in the left columy
appropriale items i the right co

Ty  catalvic reforming
(I smoke pomt
(A} high speed di

(B)  keroscno

() gisnlm:
(D)
46.  Malch mc left column with the
a t n the right column.
pic system

{{‘] extraction

drying
Mntch the stems in the left column with the
appropriate items in the right column.

(Y venlunmeter
(1) wet gas meler
(A}  slatic head
(B} kmetic encrgy
(€ volumetrne displacement
{d)  Fluid drag force
48 Fillin the blank

‘I:-rmm moisture content
lallization
K distillation

d=1=4
a In  process  heal  exchangers
steam is preferred over

steam.

b. Hot gases a1 moderate pressure are
usually in the side of
shell and tube exchangers. Al higher
pressure. however, it s-cuslomary 1o
put gas in the

e, Arhenius  equation describing  the
effect of lemperature on rate constant
is .

d. In an agitated vessel, baffles are used
o suppress

Ay This wale e ae Al wbimm s ol hnsledde
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50

3l

the pumber ol bacteria. 11 the number
doubles m 4 bows, how much increase in
mumber of bactenia can be expected after
12 hours?

(5
Methanol 15 produced by the reaction-of
CO with Ha
CO +H, - CHOH
Only 153% of carbon- monoxide-entening
the reactor 15 converted o methanol The
methanol  Tormed 15 condensed  and
recovered completely. The unrescted CO
and My are reoveled back to the reactor.
The leed will contain Hs and CO in the
ratio of 201, For 3200 Kg/hr of methanol
produced. caleulate.

13)
i Kg mole/hr of fresh feed,
(i) Kg mole’hr of recvele gas.
Mol wi of CHsOH -~ 32
Caleulnte the surface volume mean
diameter for the following particulate
miaterial, Show detailed calculations.

“ﬁh&mn o

~TiH + 152
I 352176
476+ 88

= R4 s
Pan 1

Estimate the |
exchanger to coWy an sganlc lhiquid (rom
hot Tiquid will Dow ut

hr and will he m_m_lﬁd

'he cooling water will leave at
roposed to use one shell pass

tube pass exchanger for the ubove
v
(5)
Cooling water inlel temperature =
25°C 57
Heat capacity for water = 4.2
KJ.'rKg. C
Fleat capacity for hot hgud = 2.84
KIKg ¢
www. 5tudentBoun
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33

lrumﬁ.r mel'[‘uml

Wim'°C
For a first order reachon taking pi®
isothermal batch reactor. 80% of
reactunl is converted 1o product 1w
minutes, Caleulate space velocity reqguir
tw achieve same conversion in o plug
reactor and 1n a backmix flow reacto

Find eigen vuluﬂ@genwﬁlur& of
Aty

*

of & Mue gas 18
127%%
T1%
B0 2%
the percent exvess mr used in
the combustion. The mtrogen present i
the fTue gas is contributed by air only.
Pure €O 15 mixed with 100% excess wr
md bumt. Only (% of CO bums. The
reactants are ai 100°C and the products are
al 300°C. Caleulate the amount of heat
added or removed per Kg mole of €O fed
ti the reactor
Data:  Mein molal spevific heats between
25°C and T°C (mven below) i
KI/Kg mole. “K are

Gas T=100°C T=300°C
(&) 2922 RILIEY
Cth e d377
[ 2964 30,949
N 2917 24966
Standord  hest of formation at 23°C
EJ/Eg mole 15

co o -110524

Cy  -393514

Bitummnous coal with a ealorific value of
20000 KJ/Kg 1s-used for generating steam
i & boiler how much coal has to be bomt
to generale 1 MW ol enerpy. Efliciency of
combuston 15 .73, How much mr 1s
neaded F S04 eveece nir se o he needd
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59

60,

61

Assumie that coal contans 67% curbon and
33% ash

A chemical reaction vessel made ol plain
carbon steel is 1o be designed for operation
al a pressure of 15 bar absolute and a
temperature o' 290°C. The cllipsoidal
bottom will have a ratio of major axis
minor axis of 21 As a safeguard it 1s
proposed to provide a corrosion allowance
of 10% of calculated thickness Design
pressure may be taken as 110% of the
operating  pressure. At the operaing
conditions the design stress pﬂqnissihlu in
will have o value of 85 N/mm®. Calculate
the thickness of the cylindrical portion of
the reactor and the ellipsoidal bottom Fig
| may be referred for dimensions

i e ¥

— -1
A pressure filter 1s operated in the

rate mode to vield 10 m” in the
minutes. as  the operat

increases from zero. [n the 0 'm

the filtrmbion was continu n
pressure, after which
fat) Estimate the
filtrnies ghtaine
Esti

volume of

& filtramion,
hing rate al the
uon. Also determine
it the volume of
id equals the volume of
obtamed
ture of 100 um size having
of 2 gm/em’ and 4 gmiem” is 1o
classified by ellutnaton  technique
»  water, Estmate the range of
elocities that can do the job and
recommend a suitable value.
A small model reactor is 10 be built for
scale up-studies of the behaviour of a
proposed large indusinal  stirred  tank
reactor having 1000 ume capacity. The

luoose wnd al” ? m dimmatar will have o

ih)

\!

(iR}

warw. StudentBoun
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with a four blaned Rush®
m disumeter

(1 Estimate the dimensi®
smaller umit,

For the optimum stirrer
330 rpm observed 1s the s
model, what will be
recommended  speed

(i)

conditions:
{m)  Power per uni

lept
{by  Revnolds pes nol

changg?
What desig criicla would you
recommend ype of study”

gh g packed bed of a
of | cm depth ot o
ity of | em/see A

tosity of 04  Assuming that
~Carman equation s valid for the
of study, esimate the particle size of
the powder.
A, =123g /m"
H, = 18107 Kg /ms

It is pecessary (o dry a batch of 160 Kg of
a wet solid material from 30% 10 3%
muoisture content, under constant rale and
falling rate penod. The fallme rate 1s
assumed o be linear. Calculmte the tonal
dryving ume considering an  available
drving surface of | w0 Kg ol dry solid
A constant drving flux of 3 « 107 Kg'mr's
Is given,

X. she erinical moisture contenl =

{0 2 Kg mosture/K g solid

X* the equbibnium moisture
content ~ 005 Kg mosture/Kg
sohd

The equilibrivm data for the distribution of
& solute C between feed solvent A and the
extracting solvent B is given below,

i i i g gk | 0 | &) |2 | 8y | ne | mie

s L e ] ] 0| o | e | aET | IR
= ",

In a countercurrent contact operation 10
Kg's of the feed contaimng 20 C m A
{w/w) 1s treated wath pure solvent so as to
reduce the solute concentrahon o 5%

OO
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operation with 2.5 times the minimum
golvent rafe.

A countercurrent plate absorber 15 o be
installed for scrubbing of an air mixture
cotitaining 5 percent ammonia by volume.
The scrubber 1s fed with water containing
0.002 mole NH; per mole of water. The
scrubbing water flows at a rate of 1.0 mole
water per mole mr, It is necessary to
absorb 83 percent of the ammoria present
in the gas by operating the absorber at
200C.

% — 05001 NH [ mol air

mol NH, | mol H.O

Calculate the concentration of NHy in the
outgomg lquid and estimate number of
stages necessary for this operation
The mate of a homogeneons liquid phase
reaction is given as -y, — KC4° This
reaction takes place with 50% conversion
in a back mix reactor, What will be the
conversion if this reactor 1= replaced by a
bigger one which i six times larger, All
ather conditions remam nunchanged.
Ligud A decomposes m a batch reactor by
a second order kmetice. If 50% of A i
converted in a five mnute run, how long
would take to reach 75% conversio
Caleulate the change in entropy
gram of ice at 0°C 18 conv 1
al 100°C. Latent heat of fisd
cal/g. Latent heat of
callg and mean
between 0°C and 100 .
When a thermongeter at 1# placed ina
water bath , th@initial rate of rise
if thermom erature 18 found o be
2°Cle time constamt of the
. assuminig. it is a firet order
ity steady state gain? What
meter read after one mumite?
system wilh transfer limetion
= Y(S)YX(S) = 1/(8+1) is subjected to
mput %{1) = t Denve the expression for
change i output Y(t) ag a fimetion of time,

ww. StudentBoun
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7.

{ valv respectively is given by

temperature of the reactor are coyfeta
Derive a transfer fonction MG
concentration of A in the produ
concentration of A in the fegdeg
Amplitude  mbo
crosgover frequency
process 18 found o 1§ 0.1,
a. What is the ult: 7
gl od  of  sustaimed
arresponding to nlhmate

von would recommend?

sfer Fumetion of a process,
uting device, controller and control

K,
. f.r-li“.fl--ﬂ-}c;m =

T?Iemtlamdlagmnﬂfﬂwﬂ}stmis

g:wen in figure 2.

Identify locations of points A and B.

h, At K. = 1, the roots of the system are
located at pomnt C. Identify the location
of point

c. Detﬂﬂm:me the value of K,

= Jhn

=K .G, =1

-
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