Ex. (1)

Fixed-point iterations
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Ex. (1)

Fixed-point iterations

f(:z:):a:ex—lé()

e * Y = g™ k=0,1,...

x=¢1(z) with ¢1(z)=e€""

2,x 1
v = Go(a) with éo(a) = T :x)

r=¢3(x) with ¢3(x)=a—xe” +1



Ex. (1)

Consistency

() yeel A =0
X
Xe = A

¥ = g = P (2] G‘M—PDMYL €g.
( contistent ,/ )



Ex. (1)

Fixed-point iterations

f(:z:):a:ex—lé()

e = p(2*))  k=0,1,...

k P1 P2 P3

0 | 0.8000000 0.9000000  0.6000000
1 | 0.4493290 0.6402998  0.5067287
2 | 0.6380062 0.5713091  0.6656338
3 | 0.5283184 0.5671575  0.3704946
4 | 0.5899956 0.5671433  0.8338514
5 | 0.5545515 0.5671433 -0.0858149



Ex. (1)

F1X

ed-point iterations

f(x)zﬂzx—l;()

r=¢1(z) with ¢i(z)=¢€""
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Ex. (1)

Fixed-point iterations

f(:c):a;ex—lé()
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Ex. (1)

F1X

r=¢
P3(T) —

ed-point iterations

f(x):mzw—l;()
3(x) with ¢3(x) =2 —xe” +1
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Ex. (1)
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Ex. (2)

Fixed-point iterations

r = ¢1(x)

(k)

flx) = ze® —
with ¢1(x) =€ 7

(k)

1= 0

p

C

© 00 ~J O O i W N~ O

0.8000000
0.4493290
0.6380562
0.5283184
0.0895956
0.5545515
0.5743298
0.0630821
0.5694512
0.0658359

2.3285671e-01
1.1781433e-01
7.0912876e-02
3.8824901e-02
2.2452316e-02
1.2591794e-02
7.1865021e-03
4.0611662e-03
2.3079464e-03
1.3074270e-03

0.7451165
1.1866067
0.9091583
1.0560201
0.9697282
1.0176407
0.9901489
1.0056361
0.9968194

0.3489721
0.8971140
0.4305099
0.6937276
0.4999380
0.6165178
0.5382915
0.5862095
0.5556549



Ex. (2)

Fixed-point iterations

T = ¢2(x)

(k)

f(x):ﬂzx—l;()

(k)

with ¢2 (f) —

r’e® 4+ 1

p

er(1+ x)

C

QUi W DN~ O

0.8000000
0.4493290
0.6380562
0.5283184
0.9895956
0.5545515

3.3285671e-01
7.3156531e-02
4.1658100e-03
1.4171777e-05
1.6449608e-10
1.1102230e-16

1.8914068
1.9832614
1.9994808
1.2503362

0.5859477
0.7450448
0.8143094
0.0001899
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Ex. (3)

Newton Method

fl(ili‘l,ili‘z):l‘%—l—l‘g—Q =0

fg(.iljl,ﬂfg) — 33265131 — 2 =0



Ex. (3)

Newton method

2.0 .
\ N\ J
Level curves | = %

fl(.ilil,ﬂ?g) :$%—|—ZC2—2 fg(CIZ‘l,CIZ‘Q) 251326381 — 2



Newton method
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Ex. (4)

Df(x)

(
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Io€

1
L1

Newton method

f1($1,$2):$%+$2—2 :O

fQ(ZEl,.CEQ) 23326371 — 2 =0
2
_ (Titre— 2 _
f(X)_<$26"’31—2 > =0

1 _ 1
6x1> Df 1(X) — (2331—:132)€x1




Ex. (4)

Newton method
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fl(ﬂil,ﬂ?g) :x%—l—azg—Q fQ(SIZ‘l,CIZ‘Q) :xgexl — 2



Ex. (4)

Newton method

K VRN
Initial guess

% % %
15} \ | :
2
3 o

1.0

"2
%

0.5

0.0 o
0.0 0.5 1.0 1.5 2.0

fl(ﬂil,ﬂ?g) :x%—l—azg—Q fQ(SIZ‘l,CIZ‘Q) :xgexl — 2



Ex. (5)

CSTR

Continuously Stirred-Tank Reactor

 CSTR operated isothermally, with negligible
volume change, in inflow mode with constant
fluid volume, and with two elementary reactions

Perfectly mixeg
Reactor volume o

Volumetric flow rate

OUTLET
Cj
\

Output concentration

-
UV wmeshp( () rr1 = ki1cacp

o Cj,in rpo = kococn
Input concentration A Rate constants



Ex. (5)

CSTR

* Concentration of each species governed by set
of mass balances

d

7 (Vea) =v(cain —ca) V (—kicacp)

d

o (Vep) =v(ein —cB) +V (—kicacs — kacocp)
d

o (Vee) =v(coim —cc) +V (+kicacs — kacoen)
d

o (Vep) =v(cpin —cp) + V (+kaccocep)

N U ,
Y '

Inflow/Outflow Reactions



Ex. (5)

CSTR

* Concentration of each species governed by set
of mass balances

Steady state %(ch) — 0

O0=wv(cain—ca) +V (—kicacp)
0=v(cgin—cB) +V (—kicacs — kacccn)
0=wv(ccin—cc) +V (+kicacs — kaccocp)
0=v(cpin—cp) +V (+kacccp)

Set of coupled nonlinear Equations



Ex. (5)

v(cain —x1) +V (—kix122) =0
v(c.in —T2) + V (—=kix129 — koxzxs) =0
v(coin —x3) + V (+kix129 — koxszs) =0
v(cpin —x4) +V (+kax322) =0

/ v(cain —21)+V (—kix122) \

v (Cc,fm — 5133) +V (+k1x1:z:2 — kg%g.ﬁlﬁg)
\ (% (CD,'L'n _ 5134) + V (—|—]€2$3ZC2) )




Ex. (5)

/ v (cain — 1) +V (=kiz122) \
f(X) _ (Y (CB,f,;n — .?32) T V (—]{133‘1332 — ]CQZESZEQ)
v(coin —x3) +V (+k1x1202 — koz3zs)
\ v(cpin —x4) + V (+koxszs)
(—U — V]ﬁCEQ —V]lelil 0 0 \
Df( ) o —Vklili'g —U — V]Clibl — ngil?g —V]CQQ’JQ 0
*) = Vklﬂi‘g Vklﬂj‘l — ngil?g —U — ngﬂ?z 0
0 Vk?gil’)g V]CQJZQ —U)

... Solve with Newton method!
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