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Overview

+ Modelling concept (summary)
« Tool for model analysis & solution (MoT)
« Examples with MoT
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Modelling concept - 1

For a given modelling task, generate (create) the
mathematical model; analyze the model; solve
the model; create a model object & finally use

Feed _l

H“‘d"

Feed
| vacuum (Raw Sludge)

Cooling
_l:u fluid

Distillate ‘ T Residue
Heating fluid

Advanced Computer Aided Modelling - Introduction to MoT



PSE for
SPEED

Modelling concept - 2

For a given modelling task, generate (create) the
mathematical model; analyze the model; solve the
model; create a model object & finally use

Translation

System ICAS- — . Model
o ICAS-MoT Anal ode

— R nalysis —— _

ription ModDev :

descriptio Solution Object

' .

N Validaton «------ - /
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Tool for model generation: ModDeyv -1

Describe balance volume (control shell) &
connection to surroundings; retrieve equations
from model library; export model to MoT

Control sheII (control volume)
Inf|n|te5|mal control shell (control volume)

Accumulatlon
i s Outp
Input . ﬁ;'.‘ﬂ; . Output
Normal to the' Generation 7" " Normal to the
control shell | ./7@ " control shell
| @ i
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Tool for model generation: ModDeyv -2

Describe balance volume (control shell) &
connection to surroundings; retrieve equations
from model library; export model to MoT

i
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Tool for model generation: ModDeyv -3

Describe balance volume (control shell) &
connection to surroundings; retrieve equations
from model library; export model to MoT

Balance
v i v
Accumulation Transport Generation
v ' v v ' v
Convection Molecular transport| |Internal source| [External source

|
v v

Constitutive equations

Continuos generation | |Discontinuous generation

Conditional equations

Advanced Computer Aided Modelling - Introduction to MoT



Match problem description with Reference Models

_ Mgcroscop_lc balance equat_lons ) Can be transferred into

Basic Microscopic balance equations | balance equations for other
——{ Micro. with efficient coefficients | | extensive quantities by
4{ Balance correlations ] symbolic manipulation

Macroscopic population equation ]

( Balance ) +{ Population

( Microscopic population equation )

Macroscopic moment equation |
Microscopic moment equation )

Volume sum
Closure
Component sum

Equilibrium Phase
Constraints Heterogeneous
Homogeneous
o Control
-~ Mathematical | -
N

Thermodynamic ]

4{ Balance correlations ]

Optimization

Transport

N A N N N N N A N 4

Generation

Constitutive

Retrieve matched models otherwise build new models
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STREAM CONNECTION OBJECT
Name: 3
Models for quantities:
Energy (enthalpy): H,=@FUNC_E(2,f5,T5,P3)
Models for the “from” connectlon (equﬁl rium
Energy connection: T,=Tj,
Momentum connectlon P3=Ps.¢h

SHELL OBJECT
Name: flash
Assumed phase condition: Calculate (VL)
Equilibrium model: 0= f /ft2 Kfash * Taifftz, @KEQ(Ta6ns Priashs
fops fay #Kitasn)» NO accumu lation, In clude mass & energy balance

SHELL CONNECTION OBJECT
Name: heater
Connection models:

Energy connection: Qheater:Qflash
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i - po Model equations written In
E e e 5 0, ASCII-text Is exported to MoT

eTank[i] = n[i]//ntot

#find k wvalues
Pzat[i] = (10* I:DB_JLntD ined[1i] - DB_JLntD ineB[i]/ (Tout-273. 15+DB_JLntD ineC[i]) 117760

E[i] = Psat[i] /Pout

x[1] = zTank[i]/ (1+phi* (E[i]-1]])

y[i] = =[i] *E[1i]

#uget the enthalpies #get the densities

#hVap[i] = i(hvap[i] *{1-(Tout/" #HdAL[i] = R105[i]/B105[i]1"* (1+({1-Teank/C105[1i])"D105[1])
HBhV[il=(((((E[1i]1*0.2*Tout+D[i. dL[i] = ADippri01[i]/BDippri0i[il* (1+(1-Ttank/CDipprl01[i])*DDipprl101[4i]]
HEVr[i]={((((E[1i] *0.2*Tref+D[:

HhL[i] = (({{{E[1i]*0.2%Tout+D DenlL = 1 / swn i{ x[i]/4L[i] )

#hLr[i] = ({{{(E[1i] *0.2*Tref+ DenV = Pout/ (0.038314*Tout]

firachford rice
0 = ntot*{1-phi)/Denl + ntot*phi/DenV - Vol
0= sum i{ zTank[i] *{1-K[1i]] A1 + phi* (E[i]1-11)

Note: a.II the Lewel = ntot*(1l-phi)/ (Area*DenL)

L = ValwveL¥Level
mOdeI YV = ValwveV¥ (Pout-Pmin)
Hw sum_i{ (hV[i]-hVr[i]+hVap[i]) *y[i] ]

- H1 Swwm i( (hL[i]-hLr[i])*=x[i] ]
equatlons are 0 = (Hl*ntot*{l-phi) 4+ Hv*ntot*phi - Htank) /1000

not shown here fupdate holdups

dndt[i] = F*e[i]-L*x[i]-V*y[1i]
dHtankdt = HEf*F - H1*L - Hv*V + g
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7 MoT
E! Fil= Edit Wiew ‘window Help

Tool for model analysis & solution: MoT

M ES
=18 x|

D | =2 S8(2)
i W s

Translated form of the model

~lx]

kadel D efinition =

Wiew Orniginal b odel
View Tranzlated Model
Irnpart b odel

Create Model

b odify bodel

Clazzify YW ariables
Define Relatiohzhips
Show Equation and Yz
Set Variable Value

a | 3

-Hw = sum_i[ [hW[i]-h¥ilill=vli] 1

-HI = sum_i[ [hLL]-hLeili=x0] ]

- HF = sum_i[ [hLFeed[i]-hLi[il]=z[i] ]
-ntot = sum_i[n[i]]

hLFeed[i] = [[[[{E[]=0.2=Tfeed+D[i]=0.25)Tfeed+C[i}/3.0)*T feed+B[i]=0.5)~Tfeed+A[i])*Tfeed) 1 ;I

zT ank[i] = nfil/ntot

dL[i] = A105[i]/B105[i]*(1+(1-Ttank /C105[i])*D105[])

-DenL = sum_i[ =[i]*dL[i] ]

-DenY = Pout/[0.08314°T out]

-0 = ntot=[1-phi}/DenL + ntot*phi/DenY - Yol
-0 = sum_i[ zTank[il*(1-KLi7) 7 [1 + phi[K[i]-1]) ]
-0 = HI*ntot=[1-phi] + H¥=ntot*phi - Htank

- Level = ntot=[1-phi)/[Area=DenlL]

-L = ¥YalveL*Level

‘¥ = ¥Yalve¥Y*[Pout-Pmin]

\

\Library
~ Explicit
— Implicit

ODE

dndti] = F=z[i]-L=x[i]-'¥=v[i]

= 5 dHtankdt = HIF - HIFL - Hy*V + g
RoModel Def... |[MiMotelol.. | |, | —
Z==> Translator says: Model imported succesfully. -

- Modelling Testbed wver. 0.1
Init Complete

[ A

Status £, Variable View # Local Variable Wiew § Wariable Chart Trace f

[EXI

Ready
ﬂ 5tart| @ Exploring - C:hrafique

|Model 1 |E@'s: 18 |Urknowe: 0 | Deg. of Freedom: 3 | 0
| [l Microsoft PowerPaint - [rg-... | TE5 ICAS - ICA51 |

Microzoft Wisual C++ Runtime .. | Iﬁ MoT

8 Model Testbed [Untited] |

drid0 @

B 1202
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sPEED Tool for model analysis & solution: MoT
==l

File Edit Wiew ‘Window Help _|@] x|

D|=2|=E| & |%R & 2]

Model analysis & incidence matrix

Switch

gGoxlim=gC2limkoy

= = Model Defii — Clazzify Y ariablez — Emplicit W ariablez [Value for Lagt Solution), — Color Coding
—| adel Defirition
. . . Parameter Value =
Wiew Original Model — = - - - — 04343009009 j
- [B] View Translated Model qozman = r r r dvE §.7 2540043602
o 8] Impart Model Fin r r = r X 1 16843162514
Create Model Fout . r e r o o
= . =N r r = r oUR 007215741752 _
b odify Model = - r = r _I PR B AT A ¥ Use Colar Cading
ElD MDdeINariableAnalySis W I— I— I— F EPR 0015954781 45 F Show Parameters
- [B] Classity Variables WE r r r =] LENE 135i6a763066° «| | W azﬁ:bmﬂwn
- [E] Relate dv/dttay
E cuation Ordi r Incidence Matrix
quation Ordering - E = = - - = Ele — Z o In |
[ et Variable Value wg,nggpﬁgsEgg,EEEEEu,Egss,ﬁiﬁzggg
|:—:|C| Advanced Options ﬂégwwwméggcgﬂ'éu UUE";EUU%U 4|Zoomﬂut
=3
Drefine Relationzhips GG Reszet |
. . E=VEN
Equation Trace Back
H=WEn
[=]- 3 Testbed Ervironment v =Fin-Fout
Define Compounds option2=gGmax Move Up |
-~ [E] Define Steam Compositior qO2im=g02mzx |
Py taove Down
Em=EMdwE |

EPR=Em*kla*air
option1=g&0m+alph
gEmpot=gamms*Em
optiond=gzoxlim

gGm=min{option o -
1 | 3

1 » : . : : : . ; ) . )
I I [l — Singularity Matrix - Orly the Appropriate Equations and Waniables will be shown—‘ |'\-"anable Singularity Test

HpDefi... |.'I250I... J e O I | | I:Iicgklt_he 'f'erform Tegt' to test a_II

Perrfrm Trst I ‘

:’:Il Model Information Retrived
| TALA T2 TR, status A Wariable Wiew A Local Wariahle View f, Uariable Chart Trace f L« _|

Ready [Model: 1 EQ's: 36 |[Unknown: 0 [Deqg. of Freedom: 0 [v: 4 [dvidt: 4 Re:

"l 1o
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moa b g, b, p] FINCHNCE b & = 10 + 12N+ SNCHNC

Eq. Ho. | Equation Mumber of
erjuations
1 Inp =~ (Z-11-(Z— B —AF(2a " —b 1 Infl +5IZ)  1=1 N | M
2 a,, = (e TR "W s, o TP Y =1, N | N
3 B = [T 0P, WE % IiE,) =1, N | T
) F_ R+ OA-FE-F-AF=0 1
5 A=aPLRTY 1
A B=h8PLRT) 1
7 a=LnLx a, =1, NC, y=1,NC | 1
] B=Z 5 ab, =1, NC y=1,NT| 1
9 a, = (& a) (1) =1, N j=1, N | WCeNC
10 B, =k + B2 =1, NC: j=1, NZ' | NOENT
11 a, = e TR TR =1 M| NC
12 b= we(RILIF,) =1, M2 | N
15 2 TI=[1 +mil - T ] =1, M | e
14 w1, = 048 +1 578 @ — 0 170w, =1 N | e
B T.= IT i=1 NC | MC
Total nuraber of equations = 5 + ENC + 2NCHNC
Total number of vanables = 10 [T, P, K wy wg o b A B Z] +12NC [T Pom Tox

Advanced Computer Aided Modelling - Introduction to MoT
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Table 2d: Incidence matrix of SEE EOG property model equations.

Eq.

Unlenown Variables

Hlm|e| & |a|d|a|lal|d |5 |4 2|5

152
=

15

14

* * * * & *

L requires the solution of a cubic equation in Z

Advanced Computer Aided Modelling - Introduction to MoT
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sPEED Tool for model analysis & solution: MoT
==

B File Edit Yew Window Help Solve -8 x|

SI3id 1 sl - Calculator (debug) mode of MoT
gl El 4 g
Break Equation Result =
[=][3 Model Solution 1 [T iG=von o
Solver Options 2 [ EsWEr ‘0
- ) . 3 [ K= 25
Salution Optionz a " dveFin-Fout b
Wariable Bounds 5 [ option2=gGma:x g.o2
Stepwise Model Solution 6 [T iu02im=q02mas: 0.00657
Soalve Model i [ Bm=CmtwG 0
i - g - Em=EhdwE 0
[=] I3 Misc 5 I aBoximegoZimikaog 000285652
- “ariable Chart Trace 10 [T EPR=Em*kla*air o
. Show Solution 11 - ioptiond=gG0m+alphe*Gm-G0m) 0001325
12 [ gEmpot=gamma*Em 0
13 [ optiond=gGoxlim 000255652
14 [ gGm=minloptiont option2) 0001325
13 [ optiona=gEmgpot 0
16 [ Q=M GEgiSm 0.2385
17 [ option3=g&m 0001325
18 [ AW G=-gG* K+ Gin*Fin-G*Fout 27 614
mq(}r:minmpﬁoniopﬁom)
20 [ qEt=maxigGm-gGr 0
21 [ option?={qO2lim-kog*gErkoe
22 - gEoxlim=max{option? 00
3 [ optionG=cEoxlim
24 [ gEr=minfoptions optionB)) e
25 [ GEm=-tjEr+kegraGt
26 [ gioO2=kc] *yGr+ko 2 gGi+kc 3*gEr
27 [ qio2=kog*qGr+koe*gEr
28 [ mUm=" GroGr+Yy Gy G+ Er+gEr
W B S0l ||¢0pﬁ_“ I 29 [ dOspec=(dOGraGrHHQGTIG+IOEqErIE600
- 30 [ QLR=R*a02 LI
S| Current Yalue
= qGr 0002656521739 3
option3 0.001325
optiond 0002556521739 3

[ » [*IT Sttus A variable view A Local Yariable View A ariable Chart Trace §

Ready [Model: 1 EQ's: 36 [Unknown: 0 |Deg. of Freedom: 0 [v: 4 [dvjde: 4 Re:
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Select the appropriate solver options

Verify Model Solution Options...

Algebraic Solution
Function Evaluation Onl

Dunarnic Salution

todel Ordering Options

Criginal Order

Ordered Murnber af time
Fartitioned and Ordered steps

End time

kodel zzaling

[ph]
| Specify multiple runs Global error
contral [eps]

Solve Abork

Dynarmic Salver

Runge-Eutta [GBth order)

Uverall Solution Selection Algebraic Options  Denamic Dptions | Optimizer Options ]

|ntegration Options

Backward
Formard then backward
Backward then forward

| Generate eigenvalue repo

| Fun ta steady state

[ | Steady state salution

Critena |1 e-006

Advanced Computer Aided Modelling - Introduction to MoT
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Visualization of simulation results

- | i .}
[Gn drpe| Em | o | o | o | sficin] b |[aeat Ew | o | it | o | choum|
[ e o = i st
ey sy
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Use of MoT model-objects

« Run MoT models on a stand-alone

0asIs

 Run MoT models from a simulator
(export Mo T models to ICAS or other
simulation engines)

 Run Mot models from external
software environments (for example,
EXCEL)

* Create customized simulator!

Advanced Computer Aided Modelling - Introduction to MoT
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Modelling exercise — MoT

Run MoT model objects from EXCEL

Note: It Is necessary to first execute
ComMOT.exe and then open the supplied
EXCEL-macro (MoT_Model Interface.xls)

Advanced Computer Aided Modelling - Introduction to MoT
20



