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Q1 [4]
Consider a mixture containing a compounds H,0, C,H,4, C,Hs0H, C4H100, and CH,4. The
elemental matrix can be formed as

Elements\Species | H,O CoH,4 C,HsOH C4H100 CH,
H 2 4 6 10 4
C 0 2 2 4 1
O] 1 0 1 1 0

Consider an elemental vector as a vector defined by any column of the elemental matrix.
a) Find out the maximum number of independent chemical reactions i.e. linear combination
between elemental vectors of elemental matrix.
b) Find out the orthonormal basis of the linearly independent set obtained from the

elemental matrix.

Q2

[7]

Solve for y(t), the altitude of rocket. The differential equation is givenby y"= -g+0.1Yy.

« g =9.8 m/sec? (acceleration due to gravity)

e y(0) =0 (launch from ground)
e y(5) =40 (fireworks explode after 5 seconds, we want them 40 m off ground)
Using finite difference approximation with At = 1.25 second, find the y (t). What should be the

launch velocity?

Q3

[7]

An irreversible first order reaction is taking place in an isothermal tubular reactor with axial
mixing. The governing equation with boundary conditions are given below:
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where Pe = 6 and Da = 8/3

Apply the shooting method and solve the set of VP using eigne value approach. Perform onely

one complete iteration. State the assumptions clearly with proper justification.




Q4 [7]
There is a steady, tangential, laminar flow in the annular region between the two coaxial
cylinders a shown in the figure below.

Outer cylinder vy is a function of r
re

rotating
s

Inner cylinder
stationary

Py 10 _Vy
a’ ra r?
Atr=kR, vo=0; Atr=R, vy=QR.

The governing equation is given by =0. The boundary conditions are:

Apply orthogonal collocation method with N = 4 and convert the differential equations in a set
of algebraic equations.

The OC matrices for N = 4 are given below.

X=
0
0.0694
0.33
0.67
0.9306
1
A=
-21.007 23.636 -3.678 1.811 -1.763 1.000
-8.784 6.671 2.839 -1.232 1.161 -0.655
2.497 -5.186 0.769 2.941 -2.250 1.230
-1.230 2.250 -2.941 -0.769 5.186 -2.497
0.655 -1.161 1.232 -2.839 -6.671 8.784
-1.000 1.763 -1.811 3.678 -23.636 21.007
B=

220.088  -311.867 132.221 -70.695 70.266 -40.013
135.949  -183.121 59.670 -20.539 18.189 -10.149
-11.293 31.828 -36.967 21.824 -10.954 5.562

5.562 -10.954 21.824 -36.967 31.828 -11.293
-10.149 18.189 -20.539 59.670  -183.121 135.949
-40.013 70.266 -70.695 132.221  -311.867 220.088



Ans 1

Example 3.9 Maximum munber of independent chemical reactions.

Consider a mixture containing the compounds Ho0), Oy My, Co O H, CoHyn (O
and C'Hy. Number the compounds in the order given here and the clements such
that hydrogen is number 1, earbon number 2 and oxygen number 3, The elemental
matrix becomes

H,0 CuH, C,H-0H CyH,,0 CH,

H 2 4 G 110 4
[ 2 2 4 1
(O il 1 1 i

Specifving a chemical reaction between any of the components in the system is
oquivalent to specifying a linear combination between colmmns of this matrix. For
instance, the reaction Hz0 + CoHy « CoHOH, is equivalent to the linear com-
bination vy + va — vy = [, where o, iz the vector defined by the @'th column of
the elemental matrix. One might say that 10, Caffy and Cofls QI are linearly

dependent compounds and the problem is to find a set of linearly independent com-
pounds Irom which all other compounds are [ormed throuegh chemical reactions,
The maxitmun munber of linearly independent compounds or columns is the rank
of the elemental matrix. Doing standard row operations. the elemental matrix is
reduced to the from

H2O CoHy CoH-0H CyHy0O CHy

H 1 2 3 D 2
°F i 1
c o 1 1 2 L
o 0 | 0 0 1

The rank i= 3. Thus, one can specily 3 compounds that can form all remaining
[."l]l]]]::l{]ll'll!].h iTl 1-]“.'! ﬁl}rﬁi.{![]] ‘.III'[:I'IJE_{II'I {f}li'['lli.':'}l.] I'{‘-H[f1i[}[]H. Si.]lli'l! I.]:H!I'{! ! ﬁ {f{]fll}]l]l]ll{lH
in the system or equivalently 5 columns in the elemental matrix, 5—3 = 2 reactions
must be specified. One cannot randomly pick the 3 compounds from which the
remaining compounds are formed, the 3 compounds must be linearly independent.
Inspection of the reduced matrix shows that columns 1, 2 and 5 in the non-reduced
matrix are linearlv independent and the linearly independent compounds can there-
fore be picked as o0, Colly and Oy, Through chemical reactions, these three
componnds can form all other compounds in the mixtare.
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To specily the reactions needed to form the remaining compounds, write the
coluwmnns of the remaining compeounds (taken from the elemental matrix in non-
reduced form as linear combinations of the columns that correspond to the 3 linearly
independent compounds, Thus vy = vy | vy which represents the reaction

":‘.JH:_,DH — Hzo C;qu
and vy = v + 2vs which represents
c.q H] |:]() — Hg () + 26’2H1

Thus, given the concentrations of CHy, HaO and CoHy, all other eouilibirinm con-
centrations can be found. To be a bit more conerete: Assume we mix My o, moles
of CHy, My n,0 meles of H:O and My o, i, In a vessel with volume V. What are
the concentrations after equilibrivun has been reached?

The concentration of the inert is trivial

o My cn,
CHy Ty

Four cquations are needed to find the remaining four concentrations, The cquilib-
rinm constants of the two reaction we determined above provide two equations
2
. Cr,oCe, 5,
- = ﬁl: 'r—-
CouHyoH Co o

Cr.oClo, .
Ha O (s Hy _ ﬂg
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The stoichiometry of the reactions provide 2 more

My,0 = My g0 — Me,nson — Meny,0 =

138 Linecar Mathematical Models in Chemical Frngineering

Cr,o = Cogrn,o — Coymon — Coynngo
Moyu, = Muc,n, — Moo — 2Me g0 =

Co,n, = Cocol, — Coyuson — 2Cc, 50,0
All that remains is to solve the last four equations for the four unknown concentra-
tions.



