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CM-503(A)-CBGS
B.Tech., V Semester
Examination, June 2020

Choice Based Grading System (CBGYS)

Computation M ethodsin Chemical Engineering
Time: ThreeHours
Maximum Marks: 70
Note: i) Attempt any fivequestions.
fop=gi ara 99l Pl gl DTyl
i) All question carries equal marks.
Tt meAl & THM 37D gl
iii) Draw neat sketch and assume suitable datawherever you
required.
s o 918U 3R STgl 37aeah gl a8l Sugad SIcl
HH ST

iv) In case of any doubt or dispute the English version
guestion should be treated asfinal.

Y off PR & Feg JreraT faare o fRufy & st e
P YT BT ™ HHT SR

1. @ Compare and contrast among Trapezoidal, Simpson’s
1/3'9 rule and Simpson’'s 3/8" rule.

dUsitss, Raa & 1/3 Frm @ik Riegsa= & 3/8d fFrm &
e 3R 9% fIoRIa Jar T |
b) Using Simpson’s 1/3 rule, calculate the total amounts of

Carbon Dioxide produced and Oxygen consumed during
this 10-h period of fermentation

Table: Fermentation data
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RIgaT & U3 5 &1 ITINT oheeh, fohvaT & 106 Jmafer

& QR ST DI SIS P oot AT 3R SfaRIST

& QU HY TOFT R
arfetept ; fapuae et
Timeof Carbondioxide Oxygen
fermentation evolutionrate uptakerate

() @h @h)
140 15.72 1549
141 1553 16.16
142 1519 1535
143 1656 1513
144 1621 14.20
145 17.39 14.23
146 17.36 14.29
147 1742 12.74
148 17.60 14.74
149 17.75 1368
150 1895 1451

2. @ Writethe propertiesof Mean and Variance.
aTed 3R e & 0T o ford |

b) Write the difference between the properties of variance

and standard deviation.

I iR A faer & oIt & dre 3R forRay)

3. @ Discusswhat doyou mean by Numerical integration?
Tt Y o AITCHD Tehleh_Ul T 3TTUHT T HeTd g ?
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b) Integratethefollowing differential equations:

dCg
ot
For thetimeperiod 0 <t < 5using thefourth-order Runge-
Kuttamethod.

FrfoRad oiak FHfiaolt @1 whigd o

O%:4@_4(:8 Cs(0)=00
A1 —hH - AT BT ITIN b 0 <t <5 T 3Tl
& ferg|

4. @ What are the three magor components to the problem
formulation process?
T fofor Hfcha & i TR g T 8 ?

b) The first-order homogeneous reaction A—B occurs in
two stirred tank reactorsin series. A feed stream containing
thereactant A at aconcentration C, ,, mol/m2issupplied
to tank 1 at a rate Q m3/h. Another feed stream of
concentration C, ., (C,,, >C,,,) isfedtotank 2 at the
samerate. Theliquid from tank 1 also flowsto tank 2 at
the rate of Q mh, and theliquid fromtank 2 leaves at a
flow rate of 2 Q m3/h so that the volume of liquid in each
tank (i.e. the working volume) remains constant at
V m3(see Figure). Both thetanks contain only pure solvent
(C,= 0) initially. Formulate an unsteady-state mass
balance of the individual componentsfor the problemin
order to determine the concentration of the reactant A
and of the product B in the effluents from the two tanks
asfunctions of time. Specify theinitial conditions.
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Ugel ShH ST Ufifohar A—B $5el | g1 gaddl ¢
Ruaesl 4 g1 81 o s &9 A gt deeq
CpyoMOI/M3E, BT QmMIh el &R A b 15 elrs fobar
ngwcmo (Cato >CA20)E¥’2WEB3’ﬂ_"tﬁ?’r}_§<ﬁq
3P 2 P A R R RgaTrn Srar 81 € 19 liquid +ft S
29 QmMYh & R A I&AT g 3R & 27 TR 2Qm3h
AT &% W fHepetdT g d1fds i ¢ B aRel ol 7T (I
PrRisher e V m3w R & & (R <) g ot
o g% § Phaet g e (C,= 0) BT B1 T & R &
w0 H g1 Sopt A afarst § mfcrfhanefier v sik Saurg &t Ht
U T RO SR 3 foTq FHRRIT o foru eafereTet ereent
&b TP AR RART G BT 167 x| URFAYS 9t e
x|

CA 20

AN A

i CAZ(t)1 CBZ(t)

i e Sl o o — ————»
- —- - - - - - 2Q
—
CAlO V CAl CAl V CA2
Tb —— 0 -

5. @ What are the applications of ordinary differential
equationsin chemical engineering?

AR SOl & AT 3R AHIARI b TR
FATE?
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b) Consdertwowell-stirred tanksin seriesinto which water
flows according to the scheme shown in Figure. At time
t=0, tank 1 has6 m?of brine containing 25 kg salt per m?
of the solution, and tank 2 contains 4m? of water only.
Fresh water runsinto tank 1 at arate Q = 0.2 m3/min and
overflowsto tank 2 at the samerate. Volume of liquidin
tank 2 increasestill it attainsits capacity of 6 m3 and then
overflows at the same rate of 0.2 m¥min. Find out the
time-varying concentration of saltintank 2. Notethat the
maximum holding capacity of eachtank isV =6 m3.
SRIT 7 G 3FEET TRE A W T T R R v, R
forst  faxaTS 78 AT b TR U 98T 81 99 t= 0K,
¢ 1 6 HIcB A 25 fbetl 996/ m3 g 3R <o 2.4
BT Am3UT BT 21 AT g Q = 0.2 Hiex3/fiHe il &)
A CPh 1Y FordT g 3R SH R R &P 21 3Rl gl
g1 ¢ 27 TReT Bl AT 9 b §¢ STl g S e foh SRAeht
& 6 M3 T gl A 7, AR 0.2 m¥/fiee &l ¥ R |
MARFAT &1 SIIcht 81 Eap 2F 0P Pl T i e
U SSTI & < b Tid ¢ bl Nferepa eRuT &t

V =6m3gI
Tank 1
Q V = 6m3 Tank 2 Q
T=o?|T=0C=Cy| | o [TTFIIIT
!
C1
t=0,V,=V,
C,=0
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6. @ Definestandardtechniquesusedfor thestability analysis
of PDEs.

.S .3, D RRRAT fA9emur & T S|t A depiiehi
Bl aRTIRT o |

b) Solvethefirst-order equation Yy +2xy+ x= e subject
totheinitial condition y=1at x=0
(asowrittenasy (0) = 1).

TR Ry y = 1 TR Ugel 57 TGN Y + 2%y + X = &%
B x=0 R g I (39 y (0) = 1+t forar Srar 8) |

7. @ Classify partial differential equations according to their
order, linearity, and boundary conditions.

3TIfrep 3TR FHIERUIT T 31k s, NRaehaT 3R FrT Reerfcril
& STAR affgd |
b) Usingtheexperimental datain Table:
1) Develop theforward differencetable
1) Develop the backward differencetable
Table: Dataof penicillin fermentation

Time Penicillin Time Penicillin
(h) concentration (h) concentration
(unitgmL) (unitg'ml)
0 0 120 9430
20 106 140 10950
40 1600 160 10280
60 3000 180 9620
80 5810 200 9400
100 8600
CM-503(A)-CBGS Contd...
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dTfeTaT § TRINTICHS ST &1 SUTNT PR
i) 3T iR drfetar famRid @l

i) SPas TR drferadr fIwfad e
drferent ; afRfer fuas @t Ser

Time Penicillin Time Penicillin
(h) concentration (h) concentration
(unitg'ml) (units'ml)
0 0 120 9430
20 106 140 10950
40 1600 160 10280
60 3000 180 9620
80 5810 200 9400
100 8600

8. @ Defineboundary condition of thefirst kind and boundary
condition of the second kind.

el ARE I T i AR 3k I avg i e Y RUfT
DI IR |

b) Consderalargeplanewall of thickness1 havingauniform
initial temperature T, throughout. Attimet =0, thesurface
at x = Oisraised to atemperature T, and ismaintained at
that value for al time; the other surface at x = 1 starts
exchanging heat with a medium at temperature T, the
surface heat transfer coefficient being h. Obtain the
unsteady-state temperature distribution in thewall.
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HIcTE 1 WP &9 Mg bl QAR W faaR &, e g
A YR J9HM Ti 8l F99 t=0WR, X = 0WR FAg Pl
Ts AIHM TR ISRAT ST & 3R &R T I oI R F1
R ST &, GO A8 IR X = LATHH TSUR Tep HIEqH b
AT T T G- 6 Il g, A THT gAY
o7 h g1 SaR o SR - R aomM faRor ume x|

S h
Ts / Surface heat
Medium at T, transfer coefficient
0 > |
X

Thegoverning PDE and theinitial and boundary conditions
for one-dimensional unsteady-state heat Conduction for
thewall are (theBC at x = 1isaRobin boundary condition)

Governing 41813, 3R {laR & fory v st iR -
fRufer T T & fory URfYe iR i i Rl 2l
(BCat x = 1 TR 3ife= fiar Rufy 2)

*kkkk*%x
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