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Abstract: The purpose of the article is to introduce two possible approaches that can be used for a
user’s own code implementation in the simulation software TRNSYS. In particular, the con-
nection between the numerical computing software MATLAB and TRNSYS is introduced and
discussed. Further, the implementation of user’s type for TRNSYS by using the programming
language C++ is adumbrated and both the presented methods for a user’s code implementa-
tion in TRNSYS are compared to each other. Finally, the benefits and drawbacks of both ap-

proaches are listed and discussed.

1 Introduction

The simulation software TRNSYS (abbrevia-
tion TRaNsient SYstems Simulation) belongs
to the class of simulation tools that are desig-
nated for modelling of dynamic systems. In
particular, the TRNSYS software is widely be-
ing used by engineers to analyse various dy-
namic systems of buildings, especially from the
energy point of view. By the TRNSYS soft-
ware, a model including energy balances, solar
and photovoltaic components and systems of
heating and ventilation can be utilized, solved
and analyzed, see [1].

The TRNSYS software uses a module-based
approach, and thus the user assembles a
model by adding various components (mod-
ules) from the prearranged toolbox to the
workspace. These components are called
types in TRNSYS and are identified by their
numbers. Afterwards, the connections between
particular components are defined by the user
and the simulation can be performed.

The described module-based approach is suf-
ficient so far as the components toolbox of
TRNSYS software integrates all components
that the user needs for the simulation model. A
modelling problem can occur in the case there
is no type integrated in the components tool-
box for a desired action. This situation may be
solved by the implementation of user's own
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code and its connection to the simulation soft-
ware TRNSYS. This approach allows the user
to program, utilize and control entirely the nu-
merical procedures and computations in the
implementation part.

Due to these reasons, two possible ap-
proaches how the user's code can be imple-
mented are discussed below — the connection
between the TRNSYS software and the nu-
merical computing environment MATLAB via
Type155, and the user’'s own type implementa-
tion by using the programming language C++.

2 User’'s Code Implementation in
MATLAB via Type155

The software MATLAB (abbreviation MATrix
LABoratory) is a powerful numerical computing
tool for solving various scientific and engineer-
ing problems. The handling with MATLAB
combines the scripts writing similar to pro-
gramming in ordinary languages, and utilizing
of prearranged numerical procedures and func-
tions, see [2].

The TRNSYS software allows the connection
with MATLAB via build-in Type155, see [3] and
Fig. 1. Thus, the user’s code is implemented in
a MATLAB m-file and the Type155 in TRNSYS
is linked to it. When the user's code in MAT-
LAB is required to be performed, the TRNSYS
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software starts MATLAB and the desired m-file
is executed.
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Figure 1: Type155 for the connection with MATLAB

The Type155 allows the user to define the
numbers of inputs and outputs that are estab-
lished for the link between TRNSYS and MAT-
LAB. The inputs from TRNSYS are automati-
cally passed into the MATLAB code by the
vector trnInputs and its elements may be
used for desired calculations and other proce-
dures. Conversely, the outputs calculated by
MATLAB have to be passed back to TRNSYS
by the vector trnOutputs with a predefined
length.

Apart from the vector trnInputs with inputs,
TRNSYS also passes into MATLAB other addi-
tional and useful parameters: the simulation
time trnTime, the TRNSYS info array
trnInfo containing information for implemen-
tation details and the simulation start and stop
time trnStartTime and trnStopTime, re-
spectively. All these parameters can be used in
the implementation without any initialization,
and moreover, the array of parameters
trnInfo contains necessary information
needed for the identification of the call (the first
iteration, the last iteration, etc.) and also the
numbers of inputs and outputs. On the other
hand, besides the output vector trnOutputs
MATLAB returns back to TRNSYS also an
additional parameter mFileErrorCode. This
parameter is designated for debugging and the
run-time error identification and it can be used
to identify where the code in MATLAB crashes.

The most significant benefit of using the con-
nection between MATLAB and TRNSYS for
the user’s code implementation is the fact that
all the tools, procedures and functionality of
MATLAB can be used for the computations.

Hence, functions for various numerical meth-
ods, plotting and visualization of results as well
as tools of specialized toolboxes can be easily
utilized. On the other hand, the usage of that
approach requires the user to be familiar with
MATLAB and scripts writing. The main draw-
backs of using MATLAB are as follows. From
the user’s point of view, the most annoying
disadvantage is especially the complicated
configuration of the link between TRNSYS and
MATLAB depending on both software versions.
Further, for simulations in TRNSYS including
Type155 the installed and runnable MATLAB
software is required. Owing to the price of li-
cences for MATLAB, this disadvantage may
play a crucial role. The third significant draw-
back of using (not only) MATLAB is a very poor
capability for code tuning and debugging since
the breakpoints, debugger and other tuning
facilities from the MATLAB environment are
not available in TRNSYS simulations.

3 User’s Type Implementation by
Using C++

The purpose of the user’s type implementation
is to produce a module that can be added to
the toolbox of components in TRNSYS, and
thus also the handling with the user's type
does not differ in comparison to standard com-
ponents in TRNSYS, see [4]. Hence, from the
user’s point of view this approach of code im-
plementation is very intuitive and the user’s
module can be easily utilized by others. An
example of the user’s Type250 in the toolbox
of standard components in TRNSYS is illus-
trated in Fig. 2 and its connection to the model
is shown in Fig. 3.
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Figure 2: The user’'s Type250 embedded
in the TRNSYS toolbox
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In order to implement a user's type, the so-
called proforma, see [5], has to be created in
TRNSYS that contains all the information and
specifications about new module, for instance
its type number, its description, the numbers of
parameters, inputs and outputs, external files,
etc. Once the proforma is defined the TRNSYS
software allows to create a skeleton of user’'s
type for C++ (and Fortran) programming lan-
guage, see [6].
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Figure 3: A user's Type250 in a TRNSYS model

The skeleton of new type in C++ is prepared to
be used in a Microsoft Visual Studio 2003 pro-
ject that is configured to produce a DLL file
containing the compiled code of new user’s
module. Afterwards, the dynamic link library,
DLL, with the proforma can be easily distrib-
uted to other users who can immediately utilize
the new module.

The prototype of the user's module has in C++
source code the following form,

extern "C"  declspec(dllexport)

int TYPE250 ( double &time,
double xin[],
double xout[],
double &t,
double &dtdt,
double par(],
int infol[],
int icntrl);

where time, xin, par and info are the simu-
lation time, inputs, parameters and the info
array, respectively, passed from the simulation
in TRNSYS. After desired calculations, the
outputs are passed back to TRNSYS by using
the pointer xout. Other useful functions and
parameters from TRNSYS can be easily util-
ized in the C++ source code by including the
attached header file TRNSYS . h.
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Due to the C++ programming language used
for the implementation of user’s type, the most
considerable advantage is a wide variety of
possibilities from the programmer’s point of
view given by the C++ programming language
itself, see [6]. Moreover, this approach requires
no additional and expensive software in con-
trast to the connection between TRNSYS and
MATLAB for which MATLAB is needed to be
installed. On the other hand, the author of new
type has to be familiar with programming in
C++ that is more difficult than scripts writing in
MATLAB. The most significant drawback of
user's type implementation in C++ is the fact
that all computations and numerical proce-
dures must be programmed or provided by
another approach by the programmer in con-
trast to the utilization of build-in functions and
procedures in MATLAB. The identical disad-
vantage as in the case of MATLAB and
TRNSYS connection is debugging and code
tuning because breakpoints, debugger and
other facilities from Visual Studio cannot be
used.

4 Results and Discussion

Both the methods and their implementations
were successfully tested on a TRNSYS model
of solar collector where the user's code was
used for the numerical computing of heat
transfer in a wall containing phase change ma-
terials, see [7, 8]. Owing to the phase changes,
latent heat, its storage and release, particular
numerical methods and techniques based ei-
ther on the enthalpy approach or on the effec-
tive heat capacity approach, see [9], were
needed to implement and utilize in order to
solve numerically the heat conduction in a wall.
The particular results of the solar collector
simulation with phase change materials will be
published soon.

It has been shown by numerical experiments
that both the methods give the corresponding
results in a comparable time, and thus the par-
ticular approach to be used depends especially
on the user’s preferences, knowledge of writing
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scripts in MATLAB or programming in C++ and
the software equipment. Both the user's code
implementations can be distributed to other
users. However, the important difference is
that the m-file with a code for MATLAB is open
for other users and it can be directly edited and
modified by them whereas the user’s module in
the form of compiled dynamic link library, DLL,
and its implementation are closed, and there-
fore the direct modification is not possible. On
the other hand, the source code of the user's
module can also be provided and distributed to
other users but in addition a C++ compiler is at
least required to recompile the DLL file con-
taining the module. From the programmer’s
point of view, the main disadvantage of both
the presented approaches is a difficult and
poor possibility for debugging and code tuning,
and hence these standard programming activi-
ties must be performed by other untypical
techniques.

5 Conclusion

The presented two approaches — the connec-
tion between TRNSYS and MATLAB via
Type155, and the user’s type implementation
by using the programming language C++ (or
Fortran) — are valuable tools for the user's
code implementation in the simulation software
TRNSYS. This technique is needed to be util-
ized especially in the case the standard
TRNSYS toolbox does not contain a desired
component. The numerical experiments per-
formed on the simulation of solar collector
showed that there is no significant difference
between both the approaches, and therefore
the particular choice depends mainly on pref-
erences and knowledge of users, and available
software tools. The future activity will be aimed
at the implementation of the module for solving
the heat transfer in composed walls consisting
of several layers. Although the TRNSYS soft-
ware includes a module for this purpose, it is
based on transfer functions and materials with
heat conductivities close to zero cause nu-
merical difficulties, typically the division-by-
Zero errors.
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