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MOTIVASYON

Eurokin(10 dan fazla firma ve dort tiniversitenin
olusturdugu konsorsiyum

http://www.eurokin.org

Reaksiyon Kinetigl arastirmalarin koordinasyon
ve geligtirilmesi(veri paylasimi, yazilim, model
VS..)

Rob J. Berger at al., Software functionality
assesment for kinetic parameter estimation,
model discrimination and design of experiments

http://www.eurokin.tudelft.nl/publications/Paper

par-est-1.pdf

SABIC, KAUST-Oxford Industrial Math Study
Group.
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PROBLEM

A, [BJo,[Clo,[D]o H
@ Katalizor

Akiskan

N
7

A+B->C
A+C->D




2L~ (8] - (B)6)
ac] = B(R1 —Rz)

dx
y([Al =[Als) = (R1 +R2)
%([B] [B]s) = R

MODEL

K1KimKom[A]s[B]s

Ry = 3
(1+ [Kin[Als + Kan[B]s + Kan[C])
R, — K2KimKsm[A]s[C]
(1+ JKun[Als + Kan[B]s + Kan[C])

e [0,L], a0 =1442,p = 28.8,y = 9.88.
A sabit tutulmaktadir.[B(0)] = [B]o,[C(0)] = [C]o



[LERI PROBLEM VE PARAMETRE TAHMINI

Tleri Problem:

Tleri Problem: Verilen [B],,[C], ve
K1,K2, Kim, Kom, Kam — [B]L, [ClL

Parametre tahmini: Verilen A, [B]o,[C]o, [D]o i¢in
K1, K2, Kim, Kom, Kam
degerlerini belirleyiniz oyle ki

[B]L, [C]L

deneyle oOlciilen degerlere esit olsun.



EUROKIN VERILERI

Exp. Reaktor L.
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0.165
0.165
0.232
0.232
0.232
0.165
0.165
0.165
0.232
0.232
0.232

[A]
2.67
2.67
2.67
2.67
2.67
2.67
10.68
10.68
10.68
10.68
10.68
10.68

[Blo
25.39
50.78
76.17
25.39
50.78
76.17
25.39
50.78
76.17
25.39
50.78
76.17

[Clo
3918
3893
3868
3918
3893
3868
3918
3893
3868
3918
3893
3868

[Dlo
610.8
610.8
610.8
610.8
610.8
610.8
610.8
610.8
610.8
610.8
610.8
610.8

[B]
3.73
40.0
67.8
0.392
36.0
60.6
0.006
4.34
53.0

—

0.094
34.2

[ClL
3914.1
3901.6
3875.7
3904.3
3901.1
3881.6
3849.6
3923.0
3888.8
3796.3
3870.0
3903.0

[DlL
636.3
613.0
611.5
649.5
617.4
612.7
704.5
627.2
613.1
757.9
684.4
617.7



PARAMETRE TAHMINI

Tahmini baglangi¢ deger araliklari: 100 < k; < 1000; 100 < k, < 1000;
1<Kin<10;0.1 <Kjyn <£1;0.001 < K3y <0.01.

Yontem:

Hata Fonksiyonu tanimi:

E® = P[(WO(1) - [CIm)2 + (WO (2) — [B]m)?]

0 (WD(3) = k)2 + (WD(4) —kap)?
+H(WD(5) = Kimp)? + (WO (B) — Komp)? + (WO (7) — Kgmp)? |

Burada P = 100,Q = 1.0000e — 004 carpanlar

boylece cikis konsantrasyon degerleri [C].,[B]L nin dlgulen
[C]m,[B]m degerlerine yakinsamasini arzu ediyoruz.



ALGORITMA

Algoritma

® Kin, Kop, Kimb, Komp, Kamp altbolge degerlerini seg

® WO =[[B],,[Clo ki’ k3, Kin Ko, Kinl,i = 0,E©

® |[ED||> tolerans ve i < max _iter oldugu siirece

® WO =BV, c1¥ kP kP ,Klm,KZm,Kgm degerini belirle(Isgnonlin, MATLAB)

® [B](i) [C](i) degerlerini gozardi et ve ileri problemi [[B]o,[C], k('),k 1m,K2m,K(')]

lle ¢6z ve [C]() B ],(\L) eldeet., i =1+1,
® ||[EV|| degerini hesapla.
Deneysel sonuclari veren butln kinetik parametreler elde edilmistir:



Test 1: L = 0.165

[Bo = 25.39 [Clo = 3918 [B].=3.7300001
ki=298.19334312 k,=199.43661943 [C],=3914.1000002
Kin=3.0925623  K»n=0.0132760  K3n=0.0000669

Measurement [B]m = 3.73 [C]lm = 3914.1
Test 2: L = 0.165
[B]o = 50.78 [Clo = 3893 [B].=40.0002516

k;=300.9056981 k,=204.4375794 [C].=3901.6005565
Kim=2.8152800 K37;,=0.3509008 K3,=0.0012088
[B]m = 40.0 [C]lm = 3901.6
Test 3: L = 0.165
[Blo = 76.17 [C]o = 3868 [B].=67.8000000
k;=299.9895356 k,=196.8682408 [C] = 3875.7000000

K1m=2.9038880 K,m=0.3386801 K3n=0.0007667
[B]m = 67.8 [Clm = 3875.7



Test 10: L = 0.232

[Bo = 25.39 [Clo = 3918 [B].=0.0011919
ki=495.3549516 k,=395.6506391 [C].= 3796.3014893
Kim=2.6138105 K»n=0.3902718 Kjsp= 0.0018010
[B]m = 0 [Clm = 3796.3
Test 11: L = 0.232

[B]o = 50.78 [Clo = 3893 [B].=0.0940000
ki=499.7586512 k,=394.6977230 [C]_.=3870.0000003
Kim=2.6715611 K,;3,=0.4473935 K3,=0.0016412

[B]m = 0.094 [C]m = 3870
Test 12: L = 0.232

[Blo = 76.17 [Clo = 3868 [B].=34.2002894

k1=503.1234187 k,=265.9657223 [C].= 3903.0001855

Kim=4.9904227 Kaom=0.5920749 Ks3,=0.0024977
[B]m = 34.2 [Clm = 3903



Test 10,11, ve 12 icin tahmin edilen parametrelerle ¢6zim bilesenleri
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Kirmizi(Test 10), Yesil(Test 11),
[B] ve [B]s nin cozum bolgesince yakin degerler aldigi gorulmektedir



PARAMETRE DEGISIM ANALIZI

ki degismekte

2.5 30
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Degisen ki igin ¢ozum

Tablo 2: k; degisimi ile ¢ikis degerleri

200
298.1993
400
500
600
/700

[B]L
13.8659
7.2347
3.73045
1.8629
0.9422
0.4794
0.2462

[ClL
3905.6
3911.3
3914.099
3915.5
3916.1
3916.3
3916.5

Renk
g(green)
b(blue)
r(red)
b(black)
c(cyan)
m(magenda)
y(yellow)



PARAMETRE DEGISIM ANALIZI
Kom degismekte

Tablo 5: Ky, degisimi ile ¢ikis degerleri

R~ /rrf' AN \ Kim [B]L [C]L Color
f\ £ 0.1 1.5544e-004 39210 g
1 o N\ 02 .85725e-008 39229 b
SR g3 5 2362e-008 39249
N o~ ] 0.4 9.1929e-010 39271 b
AN o AR 0.5 3.9977e-009 39295 ¢

0.6 -4.1729e-009 3932.1 m
T ] 07 1.3303e-007 39350

Degisen K, ile ¢ozUm bilesenleri



Analitik Yaklagsimlar

L kuguk, degisimler polinomsal, dolayisiyla

AS — Asj_ + A32X + A53X2 + 10\54)(3 +...
BS — le + Bszx + Bs3X2 + Bs4X3 +...
B = By + BoX + Bax? + Byx® +...

C =Cq1+Cox+C3x2+Cyx3+...

biciminde yaklasimlar ariyoruz.
B(0) = B;,C(0) = C1 mevcut, Agi,Bsinonlineer sistemden elde edilmekte.



(1) denkleminde yerine yazilim

d(B1 + BoX + Bax? + Bsx® +...)
dx

= —a(B1 + BoX + B3x? + Bsx® +...—(Bs1 + Bs2X + Bs3Xx? + Bs4x® +...))

d(Cl + C2X + C?,X2 + C4X3 +. )
dx

— ﬂ(Re,l + Re,zx + Re,3X2 + Re,4X3 +.. )
')/(A — [AS,]_ + AS,ZX + A3,3X2 + As’4x3 +... ])

— Ra,]_ + Ra,2X + Ra,3X2 + Ra,4X3 +...

%([Bl +BoX+B3x2 +Bsx® +...] —[Bs1 + BsoX+Bsax? +Bsax® +...] )

= Rl,l + R1,2X + R1,3X2 + R1,4X3 +...



R1 de yazilarak
k]_ K]_m K2m [AS]_ + A32X +... ][Bs]_ + Bszx +.. :|

R, = 3
(1+ JKim[Ast + Agx +...] + Kom[Bst +Bspx +...] + Kam[C1 + CoX +...])
R11 = R1|x=o0;
Rio = 4o

dx

_ 1 d"R4 .
R1,n+1 — 1 gxn |x=0,

degerleri sembolik cebir programiyla elde edilmektedir.Benzer bigcimde

d"(R1-R
Re,n+1 = %%lXZO
ve
d"(R{+R
Ra,n+1 = ﬁ%h:o
n = 0, 1, . As,n+l + 1/7/Ra,n+1 (As,n+l, Bs,n+1) =0

Esitleyerek iteratif baginti Bsni1 — Bt — BloR1 ni1 (Asni1,Bsni1) =0

Bn+]_ — —a(Bn - Bs’n)/n
Cn+1 — ﬁRe,n/n,n — 1,2,...

Bn+]_ — _a(Bn - Bs,n)/n



EUROKIN TESTLERI UZERINDE UYG.

Test | icin analitik ve numerik
As = 1.339 + 4.273x + 7.028x? — 91.24x3 — 228.6x* + 2517x> + O(x®)
Bs = 25.22 — 247.3x + 819.9x° + 381.7x3 — 8097x* — 7905x°> + O(x°)
B = 25.39 — 248.5x + 819. 1x? + 404. 1x3 — 8068x* — 8508x° + O(x°)
C = 3918 + 118.2x — 1030x? — 141.6x3 + 9645x* + 4009x°> + O(x°®)
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Test Xll i¢in analitik ve numerik

As = 10.17 — 1.081x — 2.707x? — 7.029x> — 18.41x* — 45.62x> + O(x®)
Bs = 76.08 — 131.0x — 126.2x? — 194.3x3 — 346.6x* — 655.4x° + O(x®)
B = 76.17 — 130.8x — 125.8x? — 193.4x3 — 344.3x* — 650.6x° + O(x°)
C = 3868.+115.6x + 97.87x% + 129.9x> + 188.7x* + 253.3x> + O(x°)



Regularizasyon ve yakinsakligi

Kavramlar

Z(t) € R" ve y(t) € R™ olmak Uzere

0 =FK(zy,t)
dy
gt = f(z,y,t)

sistemini goz onune alalim. Bu sistemin regularizasyonu

dz _
dy _

olarak tanimlanir.

Soru: Hangi sartlar altinda x(t,u) = (z(t,u),y(t,u)) — x(t,0) , u —> 0. Bu problem bir
cok arastirmaci tarafindan incelenmistir. Bu baglamda A.N. Tikhonov ait sonug¢
asagida verilmektedir:



Theorem(Tikhonov)

If some root z = ¢(y,t) of the system F(z,y,t) = 0 is an isolated stable root in some
bounded closed domain D, if the initial point (z°,y°,t°) belongs to the domain of
influence of this root, and if the solution y = y(t) of the degenerate system

(ref: eqd) belongs to D for t° <t < T, then the solution x(t,«) = (y(t,u),z(t,u)) of the
system (ref: eqr) tends to the solution x(t) of the degenerate system (ref. eqd), as
u—> 0, the passage to the limitisvalid int®° <t <T

Benzer bicimde, (ref: eql) in regularizasyonunu

€ > 0icgin
5 (8] - [B],)
% = B(R1 —Rz)
S8 (A1 A - Ry +Ro)
d[Bs] ., (ref: eq3)
Sl — 28]~ [B1) - R,

olarak tanimlayalim. (ref: eql) ise (ref. eg3) e karsi gelen dejenere sistemdir.



Soru: Hangi sartlarda (ref. eg3)—>(ref: eql)
Kritik nokta

Y([A] = [As]) —(R1+R2) =0

% (1B~ [BJs) ~ R = 0

. . o e - (eq4)
cebirsel sisteminin asimtotik kararli gozumlerinin varligi:
Tanim Sabit ([B],[C],x) € D icin (ref: eg4) un ([As],[Bs]) ¢ozUmu
AL - 1) - Ri+R2)
ol - 2e)- 81 - Ry
(eqg5)

icin adjoint sisteminin t - oo i¢in asimtotik kararli cozUmu ise, bu ¢cozume (ref: eq4)
un kararli ¢ozumu adi verilir,

Tanim (ref: eg4) un kararli cozimunun etki alani As(0) = Agp, Bs(0) = By ile

(ref: eg5) in ¢ozUmunuU [As] ve [Bs] ye yakinsak yapan

(Aso,Bso, A, B(X),C(x),xX) noktalarinin kimesidir . Burada B(x) ve C(x) dejenere
sistemin [B] ve [C] ¢6zUm bilesenlerinin x noktasindaki degerleridir.



Test | e ait cozum bilesenleri Uzerinde asagidaki noktalari secelim:
(x,B(x),C(x)) = (0,25.4,3918), (0.05,15,3921),(0.1,5,3910),
(0.15,5,3916.5).
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Nokta, Adjoint sistem baslangic degeri, Stasyoner Cozum ve Jakobien

Nok.  x,B(X),C(x),As0,BsO As,Bs J(A,B(X),C(X),As,Bs)

—16.8594 -0.2925
—6.4406 —-50.4120

I 0,25.4,3918,1.35,24 1.34,25.2177

—13.9364 -0.3343
—3.7284 —-50.4605

Il 0.05,15,3921,1.55,14.5 1.5589,14.8839

-11.9695 -0.3649
—1.9157 -50.4952

1l 0.1,8,3910,1.75,7.5 1.7608, 7.9326

—11.9593 -0.3778
-1.1717 —50.5099

vV 0.15,5,3916.5,1.87,4.8 1.8609,4.9565




NoK.

As Bs
icerir icerir
0,25.4,3918,1.34,25.2177 [1.2,1.4] [21,26]
0.05,15,3921,1.5589,14.8839 [1.5,1.6] [12,18]
0.1,8,3910,1.7608, 7.9326 [1.7,1.8] [6,9]
0.15,5,3916.5,1.8609,4.9565 [1.82,1.95] [2,6]

X, B(Xx),C(x),As, Bs

2 ! ! ! ! 3 ! ! ! !
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1 /,/’ ]
/
1. . . . . 0 . . . .
0 001 0.02 0.03 0.04 0.05 0 0.01 0.02 0.03 0.04 0.0¢
t t

Kararli gozumler ve etki alanlari

Green



Sayisal sonuglar Tikhonov teoreminin sistemimize uygulanabilecegini
gOstermektedir.

Sonu¢ Eger (As(x),Bs(X)) ,(ref: eg4) sisteminin stasyoner ¢cozumu ve

(X,Aso(X), Bso(X),A,B(x),C(X)) noktasi (ref: eg4) Un ¢cozumunun etki alani igerisinde
ise, reguler sistemin (B(X,€),C(x,¢€),[A(X,€)]s,[B(X,€)]s) ¢d6zUmU € - 0 igin

(ref: eql) dejenere sisteminin (B(x),C(x),[A(X)]s,[B(X)]s) ¢6zUmune

yakinsar.

X = eX Olgceklemesi ile (ref: eq3)

d[B]
X
E = R —Ry)
T (A~ 1)) - Ri +Ro)
dBd _ o
dX p

0 < X < L/e sistemine donusdur.

= —€a([B] - [B]s)

([B]-[Bls) - R1




Yakinsakligin gercekten sayisal olarak gerceklestigini gozlemlemek amaciyla

(e = 0) ile diferensiyel-cebirsel sistemi ve € = 0.1,0.01,0.005 degerleri icin Test | e
ait parametrelerle regularizasyonunu ¢ozuyoruz.
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Diferensiyel-cebirsel sistem ve regularizasyonu

€ = 0(red), € = O(red),0.1(blue), 0.01(green), and 0.005(black).

Sonug (ref: egp) kuguk € lar icin (ref: eql) sistemine yaklasim amaciyla
kullanilabilir.
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