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Abstract

This paper presents a tool created in Excel which en-
ables interfacing with Dymola. The tool was created
to simplify batch simulations and allow easy post
processing of a large number of simulations. The in-
terface handles both steady state sweeps of a model
as well as continuing from a previous simulation.
Support for calibration using linear regression is also
implemented which allows calibration of simpler
models.
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1 Introduction

When simulating a large number of cases, either to
validate a model against measurement data or when
acquiring experimental results, there is strong need
to be able to organize and get a good overview of
both the experiment setup and the result of the simu-
lations. The Excellnterface greatly improves and
simplifies both the post processing and setup in-
volved when running a batch of simulations with
changing boundary conditions between the cases.
The tool allows the user to define a number of cases
to run and then get the result from the simulations
presented in Excel for easy comparison. This gives a
good overview of what has been set in the model,
without actually changing the model code allowing
the model stored in Dymola to be generic and instead
all different simulation cases are defined in the Excel
sheet.

Doing the same thing using Dymola directly would
force the user to make model changes for each pa-
rameter set, create multiple models where each uses
a different parameter set or make a custom made
script file where the simulation cases are defined. All
these options are quite time consuming and do not
provide a good overview.

Having the result in Excel also enables the use of the
tools included in the program. Excel and its tools
have the advantage that the knowledge and use of
them are wide spread which means that it is not nec-
essary for a person with Modelica or Dymola knowl-
edge to analyze and make further post processing of
the result. This simplifies the result exchange when
working with someone without any prior Modelica
knowledge.

2 Overview

The tool is built using VBA (Visual Basic for Appli-
cations) which comes with Excel. The communica-
tion between Excel and Dymola is performed both
using files and a DDE connection established be-
tween Dymola and Excel.

When simulating, the interface works by creating a
Dymola script based on chosen settings in the Ex-
cellnterface. This script is executed in Dymola, using
DDE commands sent from Excel. For each simula-
tion, specified output values are saved in temporary
files which are read by Excel after all simulations
have completed. In Excel the result is presented at
position and with appearance defined by the user
through the interface. The communication is illus-
trated in Figure 1.
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Read Resuilt Filek

Work
Directory

Dymola

‘/Write Resuit File(s)

Figure 1 Communication between Excel and Dymola
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3 Setup variables contained in the model. A DDE connection
is used between Excel and Dymola to execute the

The Excellnterface contains a setup sheet, seen in Ccommands necessary to perform these operations

Figure 2, where all cases to be simulated are speci- which include:

fied. A case is defined by a unique name used in the * translation and simulation of the model

interface, a path to a model file and the Modelica
path to the model to be simulated within the file.
Each case can be enabled and disabled deciding if
they are run or not when starting the simulations.

from the generated result file

names in a user specified file

ers/variables the saved file is used.

Choose Input parameters

Cancel

g:;j:‘;:’::::;rﬂ:mm list below by selecting them and pressing "Add -»", Chosen parameters can be removed by pressing "Remove”, When
finished press "Create Input Table =>>", To edik the position of chosen parameters use the arrow buttans.
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Figure 2 Setup sheet of the Excellnterface h Digantzies] prv
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ulations cases and simulation time as seen in Figure | |75 a
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* saving extracted parameter and variable

This procedure only has to be performed once for
every model as any following need to add paramet-
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Figure 4 Tree view menu with parameters and vari-

Input and output variables are then selected from the

e egretor Step (1 R or Bl generated tree view menu, seen in Figure 4, and fi-
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Generate listing of flat Modelica coce (mof)

Generate listing of translated Modelica code
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nally values are set in the generated input table such

|Parameter description Input to Dymola

. I I . Sim.1__|Sim.2
C°.”"”L.‘e slm_ula.t\ons. — — Disshled — SEE Time: initial mass flow rate [ko's) init.mdot_init 0.025 0.03
Intial simulation: | simulate specified model and continue from end_|File_hrowe initcl inlet pressure [P2] nitp in it bagses  P37es
Data position and appearance: L e nw =
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Takle header color of inputs Qrange
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Update Input Table
Appearance

Structural parameters:
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the Excellnterface:
Figure 3 Sheet specific for a case

* Steady State Simulations

The input and output variables to/from the model are *  Continue Simulation

selected from menus in Excel. The first time a model o Continue from First
is to be simulated through the Excellnterface, the o Continue from Previous
model has to be analyzed to find all parameters and

There are two ways to run multiple simulations using
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4.1 Steady State Simulations

This option simulates the specified cases one after
another and the results at the specified end time are
returned. In case of a model that initializes in steady
state, the simulation time should be set to zero for
faster execution, for all other cases the user has to
determine a simulation time that is long enough for
the simulation to reach steady state.

Structural parameters are parameters which force a
re-compilation of the model as they change the gen-
erated code structure. A good example of structural
parameters is discretization parameters. If all select-
ed input parameters are non-structural the model is
only translated and compiled once, enabling fast
simulations. As it may not always be trivial to know
which parameters in a model that are structural, the
Excellnterface automatically detects if a structural
parameter was selected as an input parameter. If one
or more structural parameters are detected the model
has to be retranslated between each run case.

Parameter description

initial mass flow rate [kg/s]
initial inlet pressure [Pa]
Refrigerant Mass [kg] condenser. summary.l_ref 0.03454109| 0.0288406( 0.02404971| 0.02238088

Condenser Power [W] condenser summary.P_condenser 710015967 | 7223.2144| 7471 30273 | 7777 90332

Tnput to Dymola
Sim.1__|Sim.2 _[sim.3 |Sim.4

init.mdot_init 0.025 0.03) 004 0.05
init.p_in_init [23.65e5  [237e5 55e5  [237e5

it heat transfer [W)]
igerant heat transfer [W]

Subcoaling [K]

Inlet ref, temperature [K]

Outlet ref. temperature [K]
Inlet air ternperature K]

Outlet air temperature [K]
Refrigerant valume [m3)]

Air prassure drop [Pa]
Refrigerant pressure drop [Pa]
Inlet enthalpy [Jkg]

Outlet enthalpy [Jkg]
Refrigerant mass flow rate [ka/s]
Air mass flow rate [kgfs|

Inlet pressure [Pa]

Outlet pressure [Pa]

Subcaolign start [1]

Inlet air velacity [m/s]

condenser. summary. Gdot_airTotal
condenser. summary. Qidot_refTotal
condenser. summary. Subcooling
condenser. summary. T_in
condenser. summary. T_out
condenser. summary. Tait_in
condenser. summary. Tair_out
condenser. summary. _tef
condenser. summary. dp_air
condenser. summary. dp_ref
condenser. summary.h_in
condenser. summary. h_out
condenser. summary. mdot
condenser. summary. mdot_air
condenser. summary. p_in
condenser. summary. p_out
condenser summary. sc_start
condenser. summary.vair_in

710015967
-7100.1587
258636102
362.296234
345 317261

342730377
0.00010179
109334968
63277 066
450000
307996.813

005
030000001
2403277
2350000
088208105
121338591

7223.2144]
72232144
-3.0504539]

36266187

347 90561

34312396
0.0001018]
10.940867 |
77902 499
450000]
318666.64]
0.085)

03
2427902 5|
23500004

1.2133859]

747130273
-7471.3027
-11.692434
363.568115
347 905609

343917389
000010179
1095153681
138033 469
450000
335056 875
0.085
0.30000001
24390338
2350000

121398531

TFIF 90283
-7777 9033
-17 403383
364 609569
347 905603

344 697888
0.00010179
109645973
209466.896
450000
346294 625
0.075
030000001
2559467
2350000

1
121338591

Figure 6 Input and output in Excel

Figure 6 shows an example on how the output in Ex-
cel can look like after a successful simulation. In the
example four different cases were run and two pa-
rameters (init.mdot _init and init.p in_init) were
changed between the simulations.

4.2  Continue Simulation

Besides running each simulation as a separate case,
the Excellnterface offers two other ways for series of
steady state calculations. The most common reasons
for using these options are that the model can not
successfully initialize at every steady state point
and/or that the initialization phase of the model is
very time consuming making it practical to continue
from a initialized model that has reached steady
state.

By connecting ramp blocks to the boundary condi-
tions of the simulated model where the start values
of the output signals equal the end value from the
previous simulation it is possible to start each new
simulation from steady state and then change the
boundary conditions by setting desired height of the
ramp blocks.

Continue from First simulates the model for a spec-
ified time and then the remaining simulations contin-
ue from this point. This makes it possible to define a
number of transients using, for instance, ramp blocks
and sweep any number of steady state points.

Figure 7 shows the outlet evaporator temperature in
an AC-cycle simulation where the model was first
simulated until it was in steady state. Once this point
was reached (after 200 seconds) five simulations
were executed from the end of the first simulation
where the inlet air temperature was changed between
the simulations.

320
TairEvap_out Sim. 1
HME 4 TairEvap_out Sim. 2
TaitEvap_out Sim. 3
310 4 ) )
TaitEvap_out Sim. 4
305 4 TairEvap_out Sim. 5
300 }
295 \
290 l\k
285 \
280 +
275
270 T T T T T T
] a0 100 150 200 250 300 350

Figure 7 Example result when using “Continue from
First”

The second option Continue from Previous also
simulates the model for a specified time and then
each specified case continues from the previous sim-
ulation.

A Continue from Previous run is illustrated in Fig-
ure 8 where the outlet evaporator temperature of an
AC-cycle is shown. The initial simulation is contin-
ued after 200 seconds. After this time 5 simulations
are run where each one is 100 seconds long.
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315 4 TairEvap_out Sim. 4
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300 [ l
295 } \
|
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Figure 8 Example result when using “Continue from
Previous”

For both these options it is possible to start the simu-
lations from a saved result file. Using this option the
initial simulation, which takes the model to steady
state, is skipped. Instead all initial values are taken
from the result file.

4.3 Plotting and Dynamic Result

For all simulations performed using the interface it is
optional to include plots of chosen variables in Ex-
cel. Enabling this option is useful to get a quick visu-
al comparison of the different simulation results and
when it is necessary to verify that the model really
reached steady state after an initial transient.

The plots are created by extracting wanted trajecto-
ries from the result files and saving them in sheets
within the work book making the trajectories easily
accessible.

5 Usage Example — Charge Opti-
mization

To find the optimal charge of an AC-Cycle the cycle
is first almost completely drained and then filled in
multiple steps until the accumulator of the cycle is
over filled. At each step important values such as the
power, pressures, subcooling and superheat tempera-
tures are measured.

Simulating this procedure in one continuous simula-
tion might prove difficult as it is often necessary to
simulate between 8 and 15 points altogether and
there is a risk that the simulation will fail during the
transition between, at least, two of the points. If this
happens it is quite time consuming to re-run the sim-

ulation and there are no guarantees it will work the
second time around either.

Using the Excellnterface the risk is minimized when
simulating the charge optimization using the contin-
ue feature of Dymola. The experiment is setup by
adding a controlled flow source, to the cycle, which
fills the accumulator with refrigerant at specified
time as shown in .

-

k=init.phiCond duration=2

condenser

FAVAVAVAVAN
FAVAVAVAVAN
FAVAVAVAVAN
FAVAVAVAVAN
PAVAVAVLAVAYAYA
PAVAVAVAVAVAYA

%ééééé

corycn

Firlin_cond

chargesSP

%

pine2 condCut

uration=10  flow=our..
n 00 |00 0o |0
00 |00 oo |0
FECEIVEr
Evap_tair Ewap_mair
H curation=10 duration=1
o
Evap_g

Figure 9 Cycle with controllable flow source

In the Excellnterface the start time of the filling,
height and offset of the set-point ramp block is se-
lected as input parameters and the experiment is run
using Continue from First. Finally, the cycle model
is parameterized to begin the continue simulations
having a charge of 150 kg/m°.

Start time of filling
Height of charge ramp [kg/m3]
offset of charge ramp [kg/m3]

flowSourceCharge. startTime 510 510 510
chargeSP height 50 100 150
charge3P. offset 160 160 160

Figure 10 Setup in the Excellnterface

Assuming that the initial simulation, which controls
the charge down to 150 kg/m’ passes the whole ex-
periment will not fail if a single simulation fails. In-
stead of risking having to redo the whole experiment
the worst case scenario is now that some of the simu-
lations have to be redone because they crashed.
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Figure 11 Plot of specific charge. 5 points were simu-
lated from 200-400 kg/m3

6 Summary

The Excellnterface has proven to be an efficient tool
to use when doing batch simulations over a large
number of steady state points.

The interface gives the user a good overview of the
cases to simulate and simplifies the post processing
of the result as well as speeding up the setup of the
experiments. This in combination with the fact that
Excel is a well known program which many people
have experience working with gives the interface
great flexibility and a broad user base.
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