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

Choice Based Grading System (CBGS)
Computation Methods in Chemical Engineering

Time : Three Hours
Maximum Marks : 70

Note: i) Attempt any five questions.

{H$Ýht nm±M àíZm| H$mo hb H$s{OE&
ii) All question carries equal marks.

g^r àíZm| Ho$ g_mZ A§H$ h¢&
iii)Draw neat sketch and assume suitable data wherever you

required.
ñdÀN> {MÌ ~ZmBE Am¡a Ohm± Amdí¶H$ hmo dhm± Cn¶w³V S>mQ>m
‘mZ br{OE&

iv) In case of any doubt or dispute the English version
question should be treated as final.
{H$gr ̂ r àH$ma Ho$ g§Xoh AWdm {ddmX H$s pñW{V ‘| A§J«oOr ̂ mfm
Ho$ àíZ H$mo A§{V‘ ‘mZm Om¶oJm&

1. a) Compare and contrast among Trapezoidal, Simpson’s
1/3rd rule and Simpson’s 3/8th rule.

Q́>¡noμOm°BS>, {gångZ Ho$ 1/3 {Z¶‘ Am¡a {gångZ Ho$ 3/8 d| {Z¶‘ Ho$
~rM Am¡a BgHo$ {dnarV VwbZm H$a|&

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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{gångZ Ho$ 1/3 {Z¶‘ H$m Cn¶moJ H$aHo$, {H$ÊdZ Ho$ 10 K§Q>o Ad{Y
Ho$ Xm¡amZ CËnm{XV H$m~©Z S>mBAm°³gmBS> H$s Hw$b ‘mÌm Am¡a Am°³grOZ
H$s InV H$s JUZm H$a|&

Vm{bH$m : {H$ÊdZ S>oQ>m

Time of Carbon dioxide Oxygen
fermentation evolution rate uptake rate

(h) (g/h) (g/h)

140 15.72 15.49

141 15.53 16.16

142 15.19 15.35

143 16.56 15.13

144 16.21 14.20

145 17.39 14.23

146 17.36 14.29

147 17.42 12.74

148 17.60 14.74

149 17.75 13.68

150 18.95 14.51

2. a) Write the properties of Mean and Variance.

‘mÜ¶ Am¡a {^Þ Ho$ JwUm| H$mo {bI|&

b) Write the difference between the properties of variance
and standard deviation.

{^ÞVm Am¡a ‘mZH$ {dMbZ Ho$ JwUm| Ho$ ~rM A§Va {b{IE&

3. a) Discuss what do you mean by Numerical integration?

MMm© H$a| {H$ g§»¶mË‘H$ EH$sH$aU go AmnH$m ³¶m ‘Vb~ h¡?

Contd...
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b) Integrate the following differential equations :

( )

( )

A
A B A

B
A B B

C
4C C 0 100.0

C
4C 4C 0 0.0

d
C

dt
d

C
dt

= − − =

= − =

For the time period 0 5t≤ ≤ using the fourth-order Runge-
Kutta method.
{ZåZ{b{IV A§Va g‘rH$aUm| H$mo EH$sH¥$V H$a| :

( )

( )

A
A B A

B
A B B

C
4C C 0 100.0

C
4C 4C 0 0.0

d
C

dt
d

C
dt

= − − =

= − =

Mm¡Wo-H«$‘ a§Jo-Hw$Å>m {d{Y H$m Cn¶moJ H$aHo$ 0 5t≤ ≤  g‘¶ Ad{Y
Ho$ {bE&

4. a) What are the three major components to the problem
formulation process?
g‘ñ¶m {Z‘m©U à{H«$¶m Ho$ VrZ à‘wI KQ>H$ ³¶m h¢?

b) The first-order homogeneous reaction A→B occurs in
two stirred tank reactors in series. A feed stream containing
the reactant A at a concentration CA10 mol/m3 is supplied
to tank 1 at a rate Q m3/h. Another feed stream of
concentration CA20  (CA10  > CA20 ) is fed to tank 2 at the
same rate. The liquid from tank 1 also flows to tank 2 at
the rate of Q m3/h, and the liquid from tank 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 the tanks contain only pure solvent
(CA= 0) initially. Formulate an unsteady-state mass
balance of the individual components for the problem in
order to determine the concentration of the reactant A
and of the product B in the effluents from the two tanks
as functions of time. Specify the initial conditions.

https://www.rgpvonline.com

https://www.rgpvonline.com

https://www.rgpvonline.com
https://www.rgpvonline.com


CM-503(A)-CBGS PTO

[4]

nhbm H«$‘ gOmVr¶ à{V{H«$¶m A→B l¥§Ibm ‘| Xmo hbMb Q>¢H$

[aE³Q>am| ‘| hmoVm h¡& EH$ ’$sS> ñQ´>r‘ A {Og‘| EH$ H§$g§Q´>oeZ

CA10 mol/m3 h¡, H$mo Q m3/h H$s Xa go Q>¢H$ 1 ‘| gßbmB© {H$¶m

OmVm h¡& EH$mJ«Vm CA20  (CA10  > CA20 ) H$s EH$ Am¡a ’$sS> ñQ´>r‘

Q>¢H$ 2 H$mo Cgr Xa na {Ibm¶m OmVm h¡& Q>¢H$ 1 go liquid ̂ r Q>¢H$

2 go Q m3/h H$s Xa go ~hVm h¡ Am¡a Q>¢H$ 2 go Vab 2 Q m3/h H$s

àdmh Xa na {ZH$bVm h¡ Vm{H$ àË¶oH$ Q>¢H$ ‘| Vab H$s ‘mÌm (¶mZr

H$m¶©erb Am¶VZ V m3 na pñWV ahVm h¡ ({MÌ XoI|) XmoZm| Q>¢H$m|

‘§o ewê$ ‘| Ho$db ewÕ {dbm¶H$ (CA= 0) hmoVm h¡& g‘¶ Ho$ H$m¶m] Ho$

ê$n ‘| Xmo Q>¢H$m| go An{eï>m| ‘| à{V{H«$¶merb E Am¡a CËnmX ~r H$s

EH$mJ«Vm H$m {ZYm©aU H$aZo Ho$ {bE g‘ñ¶m Ho$ {bE ì¶p³VJV KQ>H$m|

Ho$ EH$ ApñWa pñW{V Ðì¶‘mZ H$m JR>Z H$a|& àma§{^H$ eV] {Z{X©ï>

H$a|&

5. a) What are the applications of ordinary differential
equations in chemical engineering?

amgm¶{ZH$ B§Or{Z¶[a¨J ‘§o gm‘mÝ¶ A§Va g‘rH$aUm| Ho$ AZwà¶moJ
³¶m h¢?

Contd...

V CA1CA10

Q

V CA2CA1

Q

CA20

Q

CA2(t), CB2(t)
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b) Consider two well-stirred tanks in series in to which water
flows according to the scheme shown in Figure. At time
t = 0, tank 1 has 6 m3 of brine containing 25 kg salt per m3

of the solution, and tank 2 contains 4m3 of water only.
Fresh water runs into tank 1 at a rate Q = 0.2 m3/min and
overflows to tank 2 at the same rate. Volume of liquid in
tank 2 increases till it attains its capacity of 6 m3 and then
overflows at the same rate of 0.2 m3/min. Find out the
time-varying concentration of salt in tank 2. Note that the
maximum holding capacity of each tank is V = 6 m3.

l¥§Ibm ‘| Xmo AÀN>r Vah go C^ao hþE Q>¢H$m| na {dMma H$a|, {Og‘|
{MÌ ‘| {XImB© JB© ¶moOZm Ho$ AZwgma nmZr ~hVm h¡& g‘¶ t = 0 na,
Q>¢H$ 1 ‘| 6 ‘rQ>a3 gmobweZ 25 {H$bmo Z‘H$/m3 h¡ Am¡a Q>¢H$ 2 ‘|
Ho$db 4m3 nmZr hmoVm h¡& VmOm nmZr Q = 0.2 ‘rQ>a3/{‘ZQ> H$s Xa
go Q>¢H$ 1 ‘| MbVm h¡ Am¡a Cgr Xa na Q>¢H$ 2 H$mo Amodaâbmo hmoVm
h¡& Q>¢H$ 2 ‘| Vab H$s ‘mÌm V~ VH$ ~‹T> OmVr h¡ O~ VH$ {H$ BgH$s
j‘Vm 6 m3 H$s hmo OmVr h¡, {’$a 0.2 m3/{‘ZQ> H$s g‘mZ Xa go
Amodaâbmo hmo OmVr h¡& Q>¢H$ 2 ‘| Z‘H$ H$s g‘¶-{^Þ H§$g§Q́>oeZ H$m
nVm bJmBE& Ü¶mZ X| {H$ àË¶oH$ Q>¢H$  H$s A{YH$V‘ YmaU j‘Vm
V = 6 m3 h¡&

V = 6m3

T = 0, C1 = C10

Tank 1

Q

C = 0 Q
C1

t = 0, V2 = V2i

C2 = 0

Tank 2 Q
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6. a) Define standard techniques used for the stability analysis
of PDEs.

nr.S>r.B©. H$s pñWaVm {díbofU Ho$ {bE BñVo‘mb ‘mZH$ VH$ZrH$m|
H$mo n[a^m{fV H$a|&

b) Solve the first-order equation 
2

2 xy xy x e−′ + + =  subject

to the initial condition 1y =  at 0x =

(also written as y (0) = 1).

àma§{^H$ {ñW{V 1y =  na nhbo H«$‘ g‘rH$aU 
2

2 xy xy x e−′ + + =

H$mo 0x =  na hb H$a| (Bgo y (0) = 1 ^r {bIm OmVm h¡)&

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

Am§{eH$ A§Va g‘rH$aUm| H$mo CZHo$ H«$‘, a¡{IH$Vm Am¡a gr‘m {ñW{V¶m|
Ho$ AZwgma dJuH¥$V H$a|&

b) Using the experimental data in Table :

i) Develop the forward difference table

ii) Develop the backward difference table

Table : Data of penicillin fermentation

Time Penicillin Time Penicillin
(h) concentration (h) concentration

(units/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

Contd...
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Vm{bH$m ‘| à¶moJmË‘H$ S>oQ>m H$m Cn¶moJ H$aHo$ :

i) AmJo A§Va Vm{bH$m {dH${gV H$aZm&

ii) ~¡H$dS>© A§Va Vm{bH$m {dH${gV H$aZm

Vm{bH$m : no{Z{g{bZ {H$ÊdZ H$m S>oQ>m

Time Penicillin Time Penicillin
(h) concentration (h) concentration

(units/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. a) Define boundary condition of the first kind and boundary
condition of the second kind.

nhbr Vah H$s gr‘m H$s pñW{V Am¡a Xÿgar Vah H$s gr‘m H$s pñW{V
H$mo n[a^m{fV H$a|&

b) Consider a large plane wall of thickness 1 having a uniform
initial temperature Ti throughout. At time t = 0, the surface
at x = 0 is raised to a temperature Ts and is maintained at
that value for all time; the other surface at x = 1 starts
exchanging heat with a medium at temperature Ts, the
surface heat transfer coefficient being h. Obtain the
unsteady-state temperature distribution in the wall.
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‘moQ>mB©  1 Ho$ EH$ ~‹S>o gVh H$s Xrdma na {dMma H$a|, {Og‘| EH$
g‘mZ àma§{^H$ Vmn‘mZ Ti hmo& g‘¶ t = 0 na, x = 0 na gVh H$mo
Ts Ho$ Vmn‘mZ na CR>m¶m OmVm h¡ Am¡a ha g‘¶ Cg ‘yë¶ na ~Zm¶o
aIm OmVm h¡, Xÿgar gVh na x = 1 Vmn‘mZ Ts na EH$ ‘mÜ¶‘ Ho$
gmW J‘u H$m AmXmZ-àXmZ ewê$ hmoVm h¡, gVh J‘u hñVm§VaU
JwUm§H$ h h¡& Xrdma ‘| ApñWa-pñW{V Vmn‘mZ {dVaU àmá H$a|&

The governing PDE and the initial and boundary conditions
for one-dimensional unsteady-state heat Conduction for
the wall are (the BC at x = 1 is a Robin boundary condition)

Governing nr.S>r.B©. Am¡a Xrdma Ho$ {bE EH$ Am¶m‘r ApñWa-
pñW{V J‘u MmbZ Ho$ {bE àma§{^H$ Am¡a gr‘m H$s pñW{V h¢&
(BC at x = 1 na am°{~Z gr‘m pñW{V h¡)

 ******

Surface heat
transfer coefficient

h

Medium at Ts

Ts

0
x l
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