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4 (@ Optimization Module

4 [{l[| Design Optimization
Oy _tuning fork optimization (106 F

4 ﬂ]]] Farameter Estimation al
@ curve fit mooney rivlin sl
® time dependent optimization

4 [{[f Shape Optimization

Stress

® flywheel profile N
O multiztudy bracket optimization oel
4 ﬂ]]] Topology Optimization . | | |
® loaded knee 1 1.1 1.2 1.3
® mbb beam optimization o . . ftrmh . e —
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A f-; Chemical Reaction Engineering Maodule
M Applications
Ml Electrokinetic Effects
i Ideal Tank Reactors
Ml Mixing and Separation
ﬂ]]] Feactors with Mazz and Heat Transfer
ﬂ]]] Feactors with Mazs Transter
ﬂ]]] Feactors with Porous Catalysts
4 [{[f Tutarials

e

activation energy |

Lt
gt

cetr startup

tmiokiolith 3d

tmonalith kinetics
multicomponent tubular reactor
nohideal cztr

nonizothermal plug flow
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w
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a 2000 4000
Time (s)
Parameter Eztimation iz important in experimental calibration of theoretical models.
Thiz example uses the Parameter Estimation and Experiment features in the Reaction
Eneineering interface. It utilizez multiple experimental data input filez to find the

firrheniuz parameters of a firzt order reaction. The reaction invalves benzene
diazonium chloride decompozing to benzene chloride and nitrogen.

Thiz model requires the Optimization Module.
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A -H- aubsurface Flow Module
Ml Applications
il Flove and Solid Deformation
4 [{[fi Fluid Flow

® agquiter characterization

O dizcrete fracture
® forchheimer flow
O pore scale flow
O twophaze flow column
@ variably zaturated flow
[l Heat Transfer
il Solute Transport

Thiz example uses the Optimization interface to solve the inverse problem of
determining the spatially variable hvdraulic conductivity on a dizcretized quadratic erid
from a number of aguifer pump tests. Because the number of obeervations iz =maller
than the number of unknown parameters, a geostatiztical penalty term iz uzed to
dizcriminate between zolutions with comparable fitness values. The meazurement data
iz generated fram a given forward model implemented using the Darcy's Law interface,

making it pozzible to analyze the efficiency and accuracy of the inverse method as
well az the optimization soler's performance.

Thiz model requires the Optimization Module.
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( 1 ) @ aguiter characterization H1csw
(2) @ aquifer_characterization H2 cev
( 3 ) @ aquifer_characterization H3cevw
(4) E aquifer_characterization H4 cav

T—EDAEUFEMISE., ThoEA

(50m,50m)
® - O
- -
® - — 0
(-50m,-50m)

NaNDE T IEHLIAHA/BIZIREAE

&A1)

#A(2)

BOTT—EREDER

B 5
1 %= W data
2 =50 =50 Mal
3 0] =50 1187214
4 50 -50 0333231
5 =50 0 1425438
4] 50 0 -071834
7 =50 5O —-002828
g 8] 50 —1.33M
5 50 50 MakM

#:18](3)

B [
1 %= W data
2 =50 =50 —080064
3 0 50 -1 56457
4 50 50 MNaM
B —E0 0 1186855
4] 50 0 14142
7 =50 50 MaM
g 0 50 0558474
e 50 50 —043513

A B c
1 |[%x W data
o —50 —50 QEG7955
3 0] 50 084055
4 &0 50 117574
3] =50 0 MNam
] B0 0 Mam
7 —50 50 1428121
a 0] 50 -063882
9 =0 50 -1 57582

£R:81(4)

A C
1 % x Wy data
b -50 —50 1.636021
3 8] =50 MahM
4 a0 50 1250913
) -50 0 QEO07T3
] a0 0 0452506
7 =50 50 127214
i 8] 50 MaM
o a0 50 —083595129
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2)3E0
NREATA.EB.TT

4)OF AN)ERL (300mIEA . 100mIEA . mDYERL)

J0O—NILER INTAFERE

1) FEEZE AN
Mame Expression Description
NO 0.1[ka/(m*s)] Pump source strength
deltaH 1[cm] Hydraulic head measurement error
logKsO -5 Hydraulic conductivity, initial
log10 value
th 1 Measurement-series index
sigma 1 Sill parameter
r 50[m] Range parameter
elementTypeFactor 1 1 for quads, 0.5 for triangles
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2)aquifer_characterization_logKs_ref.txt
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4)BE#4 logKs ref T7AILILE 1
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logKs_ref(x,y) (1)
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Name Expression Description

logKs logKs ref(x,y) Hydraulic conductivity, log 10 value

BEERFAVDIETE

1)58181-4, 6-9Z BB ERN AN VIZIEET Do
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HENETE D FIR

1avKR—RUb2: F&F BV AVR—R AT

—RRFLHLER

EHEEDOEZE mean( )
1) EWFEEITHEEFDERTE

EEEDTESE int0( )

BEREZRNOEFREZERNDKH

dvol
1 ) *ﬁﬁj\/ﬁﬁ?@EQﬁg %Eﬁ??“‘}t/l 1
2) REZOIZT B SfAvia 1/2
EHOBE
Mame Expression Description

logKs ref logKs _ref(x,y)

areaFactor 1/(elementTypeFactor*dvol)

dist sqri((x-dest(x) )2+
(y-dest(y))"2)

Hydraulic conductivity,

reference model

Summation compensation

factor

Distance between points
inside summation




HENETE D FIR

THOEHR
Mame Expression Description
MSE mean( (logKs-logKs ref)"2) Area-weighted mean

logKs mean

L penalty

int0(logKs*areaFactor)/
intO(areaFactor)

int0((logKs-logKs mean)*u*
areaFactor)

squared error

Discrete control
variable mean

Penalty function

20
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FRITRIBID E 2=

1) aAviR—Rwh2:FE B, BB

2) % Hi%Covariance functionlZ9 %,

3) BA#4 Q

4) =[Z. sigmar2*exp(-x/r)

5) SIMOEAZmM, EAMOEAEZLZT D,
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DRA D DHIEEBT+—ILEZER
2)RALUNZETDOR AL EEIR

3) HIEHIZE 44 Zlogks[ZT 5
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5)BtEE I3 T, RERTT TV 1%ER
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2)EBRT—At03avIZ17<
3)IT7MILSHE
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N (ELevenberg-Marquardt VILN—ZFSIESIZHETH D,
AT —ANTEWEDELEET B=6HDED,

1) #EFIZEIR

2)#EH I3 ~1T<

3) . sqrt(L_penalty) AN

N AA > ODE&DAE

1)aAVR—RUR2D K AL ODEEDAEE D)W
)BT Y—REDRITERITEIZT S
)R a T ERRME—FIZT S
43 fiODE

1) V—RIRIZRKZHET B,
(logKs-logKs mean-intO(u*Q(dist)*areaFactor))
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Mame Expression Description

logKs compZ.genexti(comps.logKs) Hydraulic conductivity, log
10 value
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Name Expression
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Study 1TI. E&E. [EEREDHEZITO
300 X 300mMD K A1 > TDarcyBI Z#2<,
CDEFlogks DEEITTEDAZERED,

13
Name Expression Unit Description

logKs logKs_ref(x,y) Hydraulic conductivity, log 10 value

EHh T HLETERIVGATART DEEBREH/E DT TEE,

4 9 Component 1 (comp1)

= Definitions
Geometry 1

%+ Materials

4 W Darcy's Law (dl)

@ Fluid and Matrix Properties 1
®= No Flow 1
@ Initial Values 1
@ Fluid and Matrix Properties 2
— Hydraulic Head 1

i Mass Flux 1 > (}

. Mass Flux 2

£ Mass Flux 3

2 Mass Flux 4

- Mass Flux 5

. Mass Flux 6 Inward mass flux:

2 Mass Flux 7 No if(th==1,N0,0) kg/(m-s)

~ 2 Mass Flux 8 —
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Study 2T, BEILEEREIZHS
EEETE T, 300 X 300mDE R AL > TDarcyBIIZZ<BFIZ. logKslE R
IWT4EZBELTRDS, EAMIZIE, Ful>D100 X 100mE D AL ODEET

ETRDOS,

logKs

MName Expression

|::Dmp2.genextl(cc:mpllogl(s} |

Unit Description

Hydraulic conductivity, log 10 value

4 % Component 2 {comp2)
I = Definitions
I ¥ Geometry 2

F |

Materials

@ Optimization (opt)

I

I (27 Global Least-Squares Objective 1

— _.&|c_

@ Control Variable Field 1

3 Equation View
Domain ODEs and DAEs (dode)

W Distributed ODE 1
E® Initial Values 1

v

* Equation

Show equation assuming:

| Study 1, Stationary

d°u ou _
eﬂdta +daat =f

¥ Source Term

' (logKs-logKs_mean-int0{u*Q(dist)*areaFactor))
* Damping or Mass Coefficient

d;, 1

¥ Mass Coefficient

€& 0

507
407
307

20))
107

-107]
207
-307)
-407)

-507]

-50 0 50
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Study 2 CDEwRBEILETE
LL T lLeast-Squares Objective 11& T Global Least-Squares Objective 11D #
Dwx/NZstET D,

Objective functions from physics interface Evaluate for Active
Optimization 2 (opt2)/Least-Squares Objective 1 Stationary 1
Optimization 2 (opt2)/Least-Squares Objective 2 Stationary []
Optimization 2 (opt2)/Least-Squares Objective 3 Stationary O
Optimization 2 (opt2)/Least-Squares Objective 4 Stationary []
Optimization (opt)/Global Least-Squares Obhjective 1 Stationary [~

Least-Squares Objective 1({Eth=1FFDR/N_FEADFE(Z1T5,
Global Least-Squares Objective 1[I RN FIL T Mo wR/N_T-AD
FE5IZTGS, 2RO &EILET HHITHIZE N Zlogks&LT=,

4 9 Component 2 (comp2) —% | ¥ Control Variable
= Definitions
Geometry 2 Control variable name:
= Materials logKs
4 @ Optimization (opt) .
@ Control Variable Field 1 Initial value:
4 (1) Global Least-Squares Objective 1 logks0
| value Column 1
5 Equation View
5 Equation View Expression:
5 Domain ODEs and DAEs (dode) sqrt(L_penalty)
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Study 2D EHEHER
th=1N 17 —X . ENEE AT —3M6BZE DIE 5 R WlogksD 7%

th(1)=1 Surface: Pressure (Pa) th(l)=1 Surface: Control variable logKs
140+ § «105 OF ' ! 1 —
1201 . a0l i
100 F 7 1
80 . I 30 _
&0 ] 20k _
40 |- 1 71°°
20k _ 10 _
O+ - {10 0 - _
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A0k i -10 | 4
60 | 1 B 79° 20t 1
_BG - .
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Study 3TIX. RBILEEFICLED
EBEETEIZDULTIL, Study 2&[REIC,
REIEEFTED BRBAMIILUTD LIS, th=1~4D45—REEE,

e

Objective functions from physics interface Evaluate for Active
Cptimization 2 (opt2)/Least-Squares Objective 1 Stationary [+
Cptimization 2 {opt2)/Least-Squares Objective 2 Stationary (v
Cptimization 2 {opt2)/Least-Squares Objective 3 Stationary [+
Cptimization 2 {opt2)/Least-Squares Objective 4 Stationary [+
Cptimization (opt)/Global Least-Squares Objective 1 Stationary [
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Study 3D ETEHER
th=1~4MD 47— R5124{E/KEBEEAT—2ZF B =-FICEH SN =logks /2

thi4)=4 Surface: Control variable logKs

50 R
40 F — -3
30 7 -3.5
201 T -4
10 .
-4.5
O - -
-5
ok i
-5.5
20k i
30+ | -6
A0k .. i -6.5
50 I I I 7] -7

-40 -20 0 20 40
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