Problem Set #4
(No need to submit)

1. A chemicd reaction takes place in a series of four continuous gtirred tank reactors arranged
as shown below:

1000 litreshr 100 litreshr
CA|0 =1 mol/lit
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Caas
100 litres/hr 1000 litres/hr

The chemicd reection is afirs-order irreversible reaction of the type

A —X , B
The conditions of temperature in each reactor are such that the vaue of k is different in each
reactor. Also, the volume of each reector is different. The vauesof k; and V; are as follows

Reactor Vi, litres k,hrt
1 1000 0.1
2 1500 0.2
3 100 04
4 500 0.3

The following assumptions can be made regarding this system:
i) The system is a steady State.
i) Thereactions are in the liquid phase.
iii) Thereisno change in volume or dengty of the liquid.
iv) Therate of disgppearance of component A in each reactor is given by
Ri = Vi k Ca; mol/hr
Use Jacobi iteration and Gauss-Seidd iteration methods to find the exit concentration from
each reactor.
2 Congder the following two vectors



(@) Determinewhether u and v arelinearly independent.

(b) If uandv arelinearly independent, are they orthogond?

(©) If they are not orthogond, then can you convert u and v into an orthonorma set of
vector?

3 Determine whether the following st of vectors is dependent or independent. If dependent,
write one vector as alinear combination of the others.

S={1+x3 1+x+x4 X+, 1+x+x2+ X}

3 The functions up = 1, b = X, Uz = X° form a linearly independent set. Use the Gram
Schmidt procedure to orthonormdize this set on the intervd [0, 1].

Problem Set #4
1
Mass badance

(1000)(1) = (1000)(C, 1) +V k.Cy

(1000)(Ca 1) *+(100)(C, 5) = (1100)(C, ) +V,K,Cy 5
(1100)(C, ,) +(200)(C, ,) = (1200)(C, ;) + v,k C, ;
(1100)(Ca 5) =(1100)(Cp 4) + V4K 4Ch 4

Subdtituting dl the vaues, we have

1000 =1000(C, ,) +100(C, ,) P 1100(C, ,) =1000

1000(C, ,) +100(C, ,) =1400(C, ,) P 1000(C, ,) - 1400(C, ,) +100(C, ;) =0
1100(C, ,) +100(C, 4) =1240(C, ;)P 1100(C, ,) - 1240(C, 9 +100(C, ,)=0
1100(C, 5 - 1250(C,,) =0
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By Gauss-Seidd method
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At 1100
i - 1000C,, +100C,,
A2 1400
«a _ 1100C,, +100C, ,
CA3 =
1240
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At 1250
k Ca1 Caz2 Cazs Caas
1 09001 0 0 0
2 09001 0.64%4 05761 05070
3 09001 0.6905 06534 05750
4 09091 0.6960 06638 05841
5 09001 0.6968 0.6652 05854
6 09001 0.6969 0.6654 05856
7 09001 0.6969 0.6654 05856

\ Ca,1=0.9091 malivol
Ca 2= 0.6969 mol/vol
Ca 3= 0.6654 mol/vol
CA,4= 05856 molival =
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3(2b)=-b

6b+b=0

b=0, a=0

\ u& v aelinearly independent.

|A|=1- (-6)=72 0

A isnon-gngular. Only posshle solutionisa = b =0.
\ u& v aelinearly independert.

é 20
0 <uv>=<uv>=[1 3§ &1 4 G=-2+3=1'0

They are not orthogond.
(c) We can convert u & v into orthogond set of vector.
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Now we want to form avactor such that < x,y¢>=0
Let y¢= v- ax
Thenwewant <y¢x >=0
<v-ax,x>=0
<V,Xx>-a<x,x>=0
a=<v,x> since |x|,=1
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< X,yt>=




é 3400 &3 30
5 10=224+29-9
g0l €10 104

810 53000 .
\ x:iglg, y:Jl_Og A glsanorthonormd set of vector.
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Q3.

s={1+ x> 1+ x+ x*,x+ x> 1+ x+ x>+ X’}

C @+ x®) +c,(L+x+x?) +c,(x+x%) +c,(L+x+x*+x%) =0
Equating coefficient of x,

c+c+¢, =0
c,+c,+c, =0

c,+c,=0
¢ +C+c, =0
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The given sat of vector islinearly impendent.

Q4.
u, =1, u, =X, u; = x> formalinearly independent set.
Orthonormdizing by Gram Schmidt procedure on the interva [0,1].
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Thefunctions a,a,,a, formsorthonorma bess




