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1. Introduction

This tutorial concentrates on the basic features of ModDev in order to guide the user through the
different steps of the model generation procedure followed in ModDev. Simple examples are
only considered here.

The model generation procedure followed in ModDev consists of providing descriptions of the
process (to be modeled) in terms of shells, streams and connections. Based on the descriptions,
ModDev generates the corresponding equations. In case the corresponding equations of a
shell/stream/connection are not available, ModDev allows the user to define new equations.

The computer aided modeling tutorial is divided into two parts. Part | only deals with generation
of the process model equations while part 1l deals with model analysis and code-generation.

2. Model Analysis and Code Generation in ModDev
2.1 Tutorial example 1 — Steady state tank-mixer

After a first version of the model equations has been generated, they can be analyzed with the
available model analysis tools in ModDev. Let us start with the simple steady state tank-mixer
model. Start ModDev and open the modella.mdl file.

Before continuing it is necessary to make some changes with model equations. Enthalpy
equation for steam 3 and connecting equation between the shell and steam 3 have different
variables for temperature. So we need to rename one of the variables to make temperature
variables identical.
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Select from the tool-bar “model”, “mathematical analysis and manipulation”,

manipulation”, “model equations” as shown in figure 1.
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Figure 1: Selection of model manipulation from the main tool-bar in ModDev.

From the list choose the connecting equation between shell and steam 3 (fig. 2).
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After that choose “T. Manual manipulation” and rename variable Temperature{3} to

Temperature_Absolute{3} (see fig. 3 and fig. 4).
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Figure 3: Manipulation with temperature variable (before).
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Figure 4: Manipulation with temperature variable (after).
Close the tool with “OK” and close the previous tool too.
Then select "model™, "variable" and "states™ from the tool-bar in ModDev as shown in figure 5.
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Figure 5: Selection of "variable states" from the main tool-bar in ModDev.

In the "variable states™ tool, transfer the known variables listed under "unknown variables" to
"known variables" as shown in figure 6. Note also the list of parameters whose values will have



to be specified (when solving the model equations) and the degree of freedom analysis in terms
of number of implicit equations and how many more variables need to be specified. When the
number of variables to specify is zero (as shown in figure 6), the degree of freedom condition has
been satisfied and we have equal number of variables and equations. This is also reflected by the
number of variables remaining in the list of "unknown variables". On return to the main ModDev
screen, the model equations are divided into two sets — "known model equations” and "model
equations”. The "known model equations™ are only functions of the "known variables" and/or
parameters. The "model equations” contain the set of "unknown variables” (see figure 7). The
"model equations" are ordered in terms of "explicit" model equations (written first) and
"implicit" model equations (equations with zero on the left hand sides).

ariable states [ %]
Wariable type—————— Explicit variables Substituted variables Explicit/zubstituted variables
oA = Momentum | [H_1 that can't be further substituted
 Mazz O Geometic HL1[1:He]

" Energy ¢ Other {-tl_12

Mo. of equations Hi_2[1:Me]

G+4Nc ft_2

-» permenent substitution

Mo. of implicit equations W= | e
|1 +Mo Hi’ 3[1:Mc] _ILI -» permenent substitution
I I 3

+ delete explicit equation

Mo. of explicit equations
IS+3*NC — Do not list explicit variables that

No. of variables [7 are associated with connecting streams

13+11*Me r occur more than ance in other equations and where the explicit equation differ from
a aszsigment of one variable/constant to the explicit variable

[ are unknown explicit variables [explicit in a equation to iterate on)

It is not recomanded to substitute variables where either of these conditions are satisfied

o Sf BIETEE Unknown variables hownh variables Parameters
UeiFills f3[1Nc] TT_1 Ne

Mo. of unknown
T+Me

Mo. of known variables T_Shelil P_Shelll ADippr100_Lig[1:Nc]
|3+2"Nc TT7_2 BDippr100_Lig[1:Mc]
f_2[1:Mc] »» || CDippr100_Lig[1:Me]

f_1[1:Me]

Mo. of explicit variables DDippri00_Lig[1:Mc]
[eramic ﬂ ﬂ EDippr100_Linl1:Ne]
Mo. of var. to specif

ID

[~ Ewaluate DOF strings 4 | | _>|

[ Imclude sub. level in DOF

¥ Use syrmbols Differential - dependent hown differential

¥ | Contair undef. comp:

¥ | Cartaityurdsef. reac.

™ Wiesw all variables ﬂ
&

»» Double click on variables to perform specific variable substitution/azzignment <<
Wariables in ‘(' are assumed set by base models, i.e., they are not included in the DOF

Differential - independent

Add variables to system

Add non-used variables

Cloze

Figure 6: Selection of variables as "known™ and "unknown" in the "variable states" tool.
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Figure 7: Representation of the process model equations after selection of variable states.

Now the model equations can be analyzed in terms of “incidence matrix". Figure 8 shows the
way to find the "incidence matrix" analysis tool in the tool-bar
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Figure 8: Selecting “incidence matrix” tool in tool-bar.

In figure 9a, the complete incidence matrix is shown. In figure 9b, the known variables and the
known model equations have been removed. From figure 9b, it is clear that the equations can be
arranged into three blocks — Egs. 12 &8, Egs. 9, 7 & 13 and Eq. 10. It can also be noted that Eqgs.
7,9 & 13 include the "implicit" model equations with respect to energy balance.
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Figure 9a: Incidence matrix of the process model equations and variables.
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Figure 9b: Incidence matrix after removal of known model equations and variables.

Now, if we are satisfied that the model is correct, we can generate a code for the model in the
available programming languages in ICAS. It is possible to obtain the model in ASCII, it is
possible to generate a code for use in gPROMS, it is possible to generate a code in RPN for
direct use in the ICAS simulation engine and it is possible to generate a code as a subroutine in
FORTRAN. Note that if the model parameters and the known variables are not defined or
specified, the simulator will expect values of these parameters and variables to be passed to the



model. Otherwise, the model equations would not be solved correctly. A sample RPN-code is
given in appendix. The steps for model generation are given below.

Step 1: Select the model type from the list on the tool-bar (fig. 10).
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Figure 10: Selecting of the model implementation type.

Step 2: Note that before the model will be generated, it is necessary to save the current model.
Save modella.mdl as modella-a.mdl (after model analysis). Press the button “implement the
model equations” on the tool-bar (fig. 11).
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Figure 11: Model implementation tool.

Step 3: The generated model can be viewed through the "view/delete/modify developed models"
tool as shown in figure 12.
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Figure 12: View/delete/modify developed models

2.2 Tutorial example 2 — Dynamic tank-mixer

We will now use modellb.mdl from part | of the tutorial on ModDev. It is necessary to make the
same rename of the temperature variable as in example 2.1. Figures 13a-13c show the "variable
states™, the "incidence matrix" and the final model form before code generation.
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Figure 13a: Selection of variable states for dynamic tank-mixer model.

Note the assignment of the "differential variable". In comparison to the corresponding steady
state model, it can be seen that additional variables such as "Area_Shell1" and "Alpha_3" now
need to be specified. Also, either the volume or the height of the mixing tank would have been
needed if the liquid height (volume) were to be checked against the tank height (volume).
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Figure 13b: Incidence matrix analysis for the dynamic tank-mixer model.

The above incidence matrix has not order the equations into differential and algebraic and in a
block triangular form. It can be noted, however, that the algebraic equations are not singular.
Therefore, this dynamic model represented by a set of differential and algebraic equations
(DAES) represents an index 1 problem.
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Knawn model equations (need orlly to be evalualed once in & module simulation)

2 #_A=sum_i(f_1)
3 Hi_1 =#Diprr1 00_Licy TT 1+EDigpr! D0_Liqy2*TT_1"2+CDiprr1 00_Licy/3TT_1 *3+Dippr 00_Liay*TT_1 “4+EDigpr! 00_LigyS*TT_1 5
1 H_1=sum _(Hi_1 #_101 1
5 #_2=sum_i(?_2)
e [ Hi_2=Diprr100_Licy*TT_2+BDigpr 00_Liy 2" TT_2"2+CDipror100_Licy/3TT_2"3+DDippr D0_Liny"TT_24+EDigpr | 00_Ligys°TT_2°5
1* et _T" 4 H_2=sum_iCHi_2)t_2)/m 2
2 1z P_3=P_Shell

Mordel equations (equations to terete over)

11 TT_3=T_Shelll
10 Hi_3=ADippr 100 L TT_3+EDipgrt 00_Liag2°TT_22+CDippr1 00_Lig 3*TT_33+D0ipr1 00_Liay#*TT_3*+EDippr! 00_Lin/5TT_5
14 it_Shell =sum_itn_Shell )

13 x_Shelt =n_shell nt_Shell

15 Height_Shell=rt_Shel fict_Shellt*Area_Shelll)

8 t_3=Alpha_3*sort(Height_Shell)

g 1_3=x_Shellt 13

7 H_sesum _i(Hi_3_3)/_3

16 Sin_Shel =112,

17 O=f_1"H_1+ft_2H_2-ft_3H_3

Figure 13c: Final model form.



