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Model Construction: Separation System

Starting Point: Process

model represented by a =
set of equations
S—— 1
L -
d =
In addition to the mathematical models (and their

solution), construct also models for operation, the
environment and business

Lecture 4a: Advanced Computer Aided Modelling
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Model Construction Steps

MODELS

MATHEMATICAL
MODELS

PROCESS MODELS

- Derive the model equations
- Analyze model equations

- Translate the model equations to a
solvable form; create library for use with
a simulator or for on-line solution

Lecture 4a: Advanced Computer Aided Modelling
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Model Generation Approaches

Starting Point:

D, =
Process model
represented by a
set of equations
= 3
P
=

Generate process models of different form defined by
operation/design objectives (from simulators with model
libraries)

Lecture 4a: Advanced Computer Aided Modelling
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Model Generation: Another Approach

4. Extract equations
from library

Decomposition
wc P * Balance
Equations
= | Mathematical :
model *Constraint
B¢ Equations
e *Constitutive
N | . Building block Equations

1.Define Boundary 2.Describe System 3.1dentify Building
Blocks

Lecture 4a: Advanced Computer Aided Modelling



Example: Derivation of the generic form of

the balance equation using an arbitrary
control shell (control volume)

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

Normal to the
control shell

| B
j/ I/

Normal to the
control shell

Accumulation = Input — Output + Generation

Lecture 4a: Advanced Computer Aided Modelling
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Balance Equation Generation

Balance
v i v
Accumulation Transport Generation
¢ ' } v ' }
Convection Molecular transport, |Internal source| |[External source
|
v v
Continuos generation | |Discontinuous generation
Plus
Constitutive Conditional
Relations Relations

Lecture 4a: Advanced Computer Aided Modelling
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Model (equation) Generation

Each control shell & connection Is associated to a
set of model (fundamental) building blocks

Each model building block is either represented
by a Reference Model or a generic (Created Model)

/ building block (model) /

Model equations Model equations
available in the not available in the
knowledge base knowledge base

Lecture 4a: Advanced Computer Aided Modelling
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Process <> Model Equations

Relationship between process and model equation is
established through descriptions of control shells (system
boundaries) and connections

Control Shell / Stream

T

In Accumulation Out

_ Generic building blocks | 'Fundamental building blocks |

[Variable type }[ Model } [ Shell ] { Connection ]

 Stream | [Shell-connectiorﬂ

(a) (b)

Lecture 4a: Advanced Computer Aided Modelling
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Generation of model equations for control shells

_ Mgcroscop_lc balance equat_lons ) Can be transferred into
——{ Basic J—{ Microscopic balance equations ) | pajance equations for other
——{_Micro. with efficient coefficients ) | extensive quantities by
— Balance correlations ) ) symbolic manipulation

Macroscopic population equation
( Balance —( Population ) ——— a )

—————{ Microscopic population equation )

Macroscopic moment equation ] -
N . Retrieve
Microscopic moment equation )

matched

S Volume sum ) mOdels;
—i Component sum ) h :
~——————{ Equilibrium Phase ) otherwise,
Const Heterogeneous ) bU||d new
Homogeneous ) d I
4{M " ﬁ{ Control ) Modeis
atematica o Optimization )
Transport
- :
Generation )

Constitutive

Thermodynamic ]

Balance correlations ]

Lecture 4a: Advanced Computer Aided Modelling
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Describe control shells & connections

To model the various type of processes, the control shell must be
defined such that the partial gradients (with respectto T, Pand f, )
within the boundaries are either:

- Negligible
* Incorporated in an interface or overall flux model
* Dependent on some product specification (design)

=1 —
\
=] ]

Lecture 4a: Advanced Computer Aided Modelling
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Description
of the
control
shell:

Define the
state of

aggregation

and phases
within the
system

(@)

(b)

Perfectly mixed system

(d)

Equilibrium phase system Uniform gradient in one

Uniform gradient in two

Uniform time averaging
gradient in one direction
(turbulent flow)

(i)

Black box

Accumulation is negligible

Uniform time averaging
gradient in one direction

(flow in porous media)

)

direction directions
(laminar flow) (laminar flow)

. (3) ® © (b
$0.0 0070 O O | > © ©
232707 O 0! g Al A | © o9 o OO
Do 070, O O“'O B " i O~ o 00 o ©
-~ 9 N o Tpy | e T _ — _ © oo ©

=~ s} &} & : N ) K @] O INGIONNS' O '®)
o ° ] DD (O] ) s 2

s eom § g = |© Q)OOOO >’
SRS 1 2= X
OO o e UQ S I% O _’C\ @7 Gl v '. = L --."-I . d l- ) @&OOO Q%:
Fluctuating gradients, i.e., Fluctuating gradients, .., Particulated system Particulated system with

gradients in all directions ~ gradients in all directions ~ with uniform mixing  uniform gradient in one

direction

Homogeneous gradient regions

Xip

Uniform gradients
adjacent to the boundary

Dead space regions

Uniform sub-regions

Lecture 4a: Advanced Computer Aided Modelling
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Relationship between control volumes & balance equations
Perfectly mixed omogeneous Homogeneous time
/H;dients averaging gradients

One region

Figure 2.4a — Figure 2.4b Figure 2.4c — Figure 2.4d Figure 2.4e — Figure 2.4f
g g g g g

~Microscopic balances .

M.acroscoplc balanoes I\/lecroscoplc balanoes ""W.i.t.h officient coefficien.t.s-"’:
-~~-v.~........::::::: A \ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, T P
Sev-era] F|gure 2 4~ ................................................................................................ /
regions Black-box: Flgure 2.4k - F|gure2 4 " Figure 2.4) ./
The accumulation is assumed, #~ Combined models: ™., Boundary gradient system
. negligible and the physical - /Each sub- region is modeled . Systems where the film
d_escrlpnon of what is happenlng with either of the five gradlents can be included i
*_ inside the control shell /. surrounding /" interphase flux quels
. isnotconsidered .~ balance Comblnatlon ----------------------------------------------
(input-output model) |
Particulated F|gure 249 » R F|gure 2.4h
SR Macroscoplc balances ) Mlcroscoplc balances
+ A Wlth efficient coeff|C|ents
I\-/I.__zacroscopic population balan__o’e +
"""" e \/||CrQSCOp|C popu]aﬂon ba|ance
OR OR
. M """"" balance l\/l"loroscoplc balances - ,
acroscop|c alances Wlth efficient coeff|C|ents
Macro moment balance +
------ “Macro-moment balance”

Lecture 4a: Advanced Computer Aided Modelling
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Classification of Model Equations
Process Models
Intensive
Coqceptual variables -
variables - Balance Equations  Constraint Equations  .an pe
cannot be measured
measured dx/dt=1(x,y, p, d, 1) 0=0,(XY,p,d)
directly
Constitutive Equations/
0 Phenomena Models TP X N’
= 0=9,(x,y)-8 Species

Constitutive equations (not rigorous) relate conceptual variables
to measurable variables & species parameters. 8; = f (T, P, X; m)

Mimic behaviour of the process (system)

Different types of models can be obtained through different
choices of the different model sub-classes

Lecture 4a: Advanced Computer Aided Modelling
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Rasier Describe Problem: Steady state PT-Flash

STREAM CONNECTION OBJECT
Name: 3
Models for quantities:
Energy (enthalpy): H;=@FUNC_E(2,f
Models for the “from’-connection: (equi
Energy connection: T;=Tg,
Momentum connection: P,=P;_,

1

[ 1T31P3)
Ibrium)

Name: flash

fz[]’ f3[], #K ash)

SHELL OBJECT

Assumed phase condition: Calculate (VL)
Equilibrium model: 0= f,;/ ft,- Kq o, * failfts;, @QKEQ(Ts.chy Priashs

SHELL CONNECTION OBJECT
Name: heater
Connection models:

Energy connection: Qpearer=Qf1ash
Lecture 4a: Advanced Computer Aided Modelling
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Model generation through ICAS-ModDev

Describe the shell and connections of the processes to be
modelled through ModDev, which will then generate the
necessary model equations.

Note that for constitutive models, if the appropriate
model is not present in the library, a user-supplied model
would be necessary. Also, the conditional equations may
need to be supplied by the user. The model for a shell
may be re-used as many times as necessary

Lecture 4a: Advanced Computer Aided Modelling 17
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Tools & options iIn ModDev (ModGen)

Fundamental shell connection object Select external solver
Fundamental shell object Analyze and
Fundamental stream object manipulate the

Draw modeling objects model equations

Interphase with solver

Wﬁimiﬁﬁjé@}@jm}l}}#} fﬂ:ﬂﬁ?ﬁmiﬁ}ﬁi s| | 8l

D@ S|d] /|
| " - : = :j
1) wip) 6. P_wipl=P_stage(p)
7t _wip)=sum_ (1_(a)) J
—feed(p 1™ stane(p)
g H_w(p)=@FUNC_E (2,f_v[pji,T_v(p],F'_v[pjj

@ V) 3 @KEQ (T_stage(p) P_stage(p).f_v(p), 1 I(p) Keq_stage(p))
| 10; D=1 _v(p)t_v(p)-Ked_stape(p)f_Itp)tt_Ico)

10 D=+t )11+t 1)1 il f_feedp),

120 O=+ft_I(p+1 PH_ICp+1 -0 H 00+ ft_se(ps1 PH_w(pe1 -1 wip P H v+t _feedipl*H_

4 | LI:J*J | _'*I:J

Ready | | | |21:06:56 | 02/25/92
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'SP Tools & options in ModDev (ModGen) - define shell

[ o T T O B | 5 ] 8 o [ 2] ) € [

||€ = Fle Edt View Draw Fomat Model Window Help - @] %]

IE |

— Phaze condition———

IfE Geometnic description |
i . T Gas
§ 1 3 . Shell connections: & Liquid Componets |
-,_I.I E j " Salid Reactionz |
= - L A/ distributed suet " Calculate [WLE]
] = — Lumpe istributed zystem .
L . . = " Calculate [multi-phase) Mass balance |
= 1 % Macroscopic balance [lumped] —
£ Shel - " Microscopic balance [distibuted) =G Lompanent balance |
r 2 — Dispersive state Energy balance |
'D -
= & Homogeneous b omentum balance |
= £ Distibuted particulated prapetiesmament balance]
é' € Uistibuted particulsted properies [populstion balanse] " ariables |
: [Ijeribtia function | Frelated variables |
— Basiz of the balance equationz ¥ | Incompressible Auid Other models |
[0 [ _‘ . :
@ Mass [T Vizcous heating | Close I

r: Substitute equation of continuty T Gravit fisld
it b alatiee equations L

r [zesubetantal denvatives i e B Ul ek smres
falarnee equations

MHurnber af repetitions [0if defined in the problem definition]: |1 _I:

1] | _>|LI 1| | _|nr|j

Faor Help, press F1 | [NUM | |0B:24:19 |0B/03/93 -
O=E=s=2 T ¥
“DLGW* \\DD‘|£v-§vﬂv=£—&_—. .€]|
| Slide 13 of 15 | capecl.paot

a3
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'SPEl Tools & options in ModDev (ModGen) -define stream

[ o P T O | | 5 ] o 8 B o [ 2] ] € [

|@ = Fie Edt View Draw Fomat Model window Help TR

- sien — — g

“ Ti
? M ame: Mumber of repehitions (if specified later, give O]: I'I _l;
= - - -
n Erom phaze condition Phaze condition To phase condition
q TH Gige i Gas " Calculate [multi-phase) G
: 1 Liguid " Liguid ¥ = From connection t* Liquid
E;r! = 5o " Salid " = To connection C ol
o 1 [EalGuate " Calculate [VLE] Erqulibritim | =) Calculate
E—1
£ Shell
1-1_':. —2 Surraundings Shell
::'? i = gL | Connection location |
0
=
- = Eranm connestionmodelE = Stream — To connection models —
il iaes | Drop models Cluantity models———— L |
[EaripaEment | Component |
Emeray | Temperature drop | Energy - Temperature | Ernergy |
f e Rt | Prezsure drop | f et - Eressire | k ormentum |
= guitaritir r Known stream (&l unknown variables associated E quilibrium
COfmEctar with the stream are zet ta known) sonnechion

For Help, prezs F1

1| | Companents | Reactions | W ariables |Helated variablesl Other models | Cloze I

CO=ERERaSTA
s &

| Slide 14 of 19 | capecl.paot

a3
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i

L o

ﬁ

4

-

(a)

Generation of cascade models

Cascade stream |

o) lv(Nm

Name of the cascase sheam. (1) (=) (=] (=)

|
| L ) V)
it i+ *
Stane jump inde H =d
Stage jump inde is equal . ‘ , —f[n]F [l'I]
o el bt L]

(b) (c)

Lecture 4a: Advanced Computer Aided Modelling

21



PSE for

SPEED

Mazs Energy kM amentum Geometnc | Other | =
Implicit Equations 25T i ] 0 ]
Unknown War. ta Specify |1 -1 ] 0 ]
Unknown “ariables (G YL =) T_Jdacket
F.hown % ariables f_1.f_2[i]l.alpha_CSTR[m]kKew[m].«_4[i] H_1H_2ZH_4 T _CS5TR.EUJ “wall |P_C5TR.FP_Jacket
Parameters nfillm]
E xplicit % ariables fe 1R 2 i 3 AL _5RC_CSTROLRR_CSTR[m] H_3H_&T_3.T_ 5.0 wall P 3P 5 -




PSEfor
"“Model Generation -11: Vaporiser/distillation

d= fli (Xi, NATRAT F, L, V); i:].,NC (1) Balance
D=f,(F L,V hgh H Q) (2) Equations
c .
0 =g, (x, v, K) (3) Couations
Ki =0, (y, X, T, P) ; i=1,NC (4) Constitutive
h = 93 (X, T, P) (5) Models
H = g4 (y’ T’ P) (6)
i X
Yi = 1 1
+ X (aij —1)
S
Vi,
Ki = PI i = T(ALZ. X T)

System identification; Constitutive model parameter

estimation (generate custom models from reference)
Lecture 4a: Advanced Computer Aided Modelling
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F1

Reactor

Construction of an operation model

Batch Operation Model

F2

Reaction : A—> B

High conversion at
temperature = 340 K

1.

Charge Feed (open F1
& close F2)

Close F1

Heat until
temperature = 340 K

Control temperature
at 340 K

Discharge when Xg is
>0.9

Lecture 4a: Advanced Computer Aided Modelling
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Construction of an operation & design model

F1 l l h

F4
Reactor

F2

Reaction : A—> B

Maximum conversion
of 50% Aat T = 340 K

Extract B from reactor
with solvent!

Solvent ID and effects
need to be modeled

Batch Operation/Design

=

> O A W

Model

Charge Feed (open F1
& close F2)

Close F1

Heat until
temperature = 340 K

Control temperature
at 340 K

Charge solvent by
opening F3

Extract B by opening
F4

Lecture 4a: Advanced Computer Aided Modelling
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Modelling exercise - 4. ModDev

Use tutorial document (tutorial-4-1.pdf) to
generate a steady state mixer model;

followed by a dynamic model. In tutoria-
4-11.pdf, extension to a CSTR is included.

Lecture 4a: Advanced Computer Aided Modelling



