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Abstract software is used. Therefore coupling of different
tools becomes interesting when a specific model

In this study, the possibility to interface a commereaches its limits. In the presented study, anfete

cial building simulation tool with Modelica modeld’as been established for TRNSYS and the VEPZO

is investigated. In this application, the zonal elodmodel [3; 4] (programmed in Modelica) in order to

VEPZO — modeled in Modelica — is coupled to tfnhance the simulation of atria.

software TRNSYS — mainly programmed in Fortran

— to be able to perform a dynamic co-simulatiore Th

objective of this coupling is to obtain refinedfloiww 1.1 TRNSYS

and air temperature prediction, while retaining eom

putation effort low enough to allow for transienfRNSYS (Transient Systems Simulation) develop-

computation. In a first attempt, a coupling usinglF ment started at the University of Wisconsin in 1975

was tested without success due to a lack of adequEhe latest version 17 was released in 2010. TRNSYS

solvers for FMI export. Therefore, a script couglincode has a modular approach and is structured into

was implemented. Further steps include a validatitypes. Each type contains code for a specific task,

and evaluation of the programmed interface and tigually representing a model of a specific compbnen

results of the coupled system in respect to compuséich as a part of an HVAC system. Types have a

tion time, quality of results, usability and furthde- common structure and communicate via a given set

velopment. of inputs, outputs and parameters. A central type f
Keywords building smulation; zonal model; FMU, Puilding performance simulations is the multizone
Dymola scripting, TRNSYS ’ building simulation environment (Type 56). It subdi

vides a building into multiple zones with homogene-
ous properties and conditions. The computation in-
1 Introduction cludgs heat flows dug to radiation, convection,-con
duction and solar gains and enthalpy flows through

Building simulation tools are used to assess -diventilation and air Ieakages_. The integrated code
g g OMIS [5] allows the formation of an airflow net-

energy consumption, building control strategies;: s . ) )
9y P g g )Fgrk by interconnecting zones. A schematic setup of

tem performances, etc. on an annual or longer .ba 2 bhvsical bhenomena in an atmum is shown in
In Modelica, the Buildings Library [1] and the In-F. P 31 P
door Climate Library [2] contain models for the sim \gure L.
ulation of building energy performance. These libra

ies allow the simulation of building models dirgctl

in Modelica. Beside these, various commercial and

free non-Modelica building simulation software
products are available on the market. User’s experi

ence, knowledge of a specific tool and availabitify

tools in companies and institutes determine which
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short-wave The flow model computes the airflow between adja-
radiation 4 ' cent zones resulting from pressure, momentum and
% N—— 5 height differences and losses. Velocity informaimn

propagated through the models allowing the predic-
tion of temperature and velocity distributions veith
prior knowledge of the airflow pattern. Models from

convection

Pt 10'1'1g_wave ...... the Modelica.Media package are used to compute air
e s REE properties. Dymola is used as compller_ for VEPZO.
¢ Results of the VEPZO model are the airflow pattern
and temperature distribution in the considered espac
Hence, it is suited to give a quick estimation loff
ot and air temperature conditions in an atrium.
*  mixed
i convection
S H"I:]" Hol:]o L
forced Lo ) my
external convection — s —

convection
i « A
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Figure 1: Schematic atrium model Ho:]o Ho[:]o }.
The assumption of a perfectly mixed zone reaclses it D D D
limits when simulating atria, because solar heatgga % i ‘ 3
through glazing and a considerable height lead to [ (| ] \
thermal stratification of air. The current solution || °, Hol:]° : Hol:]O .l

method to simulate atria in TRNSYS is to subzone
them. For this, several air nodes are createden ftigure 2: VEPZO model in x-z direction (y not
atrium connected to one another by a predefinsidown); cubes: zones; grey rectangles: flows;
mass flow. To set up the model properly, the modehombs: airflow ports; red solid squares: heatgort
er requires prior knowledge of the airflow pattern
either from experience or from CFD simulations.
However, even experienced modelers may fail to
provide the proper airflow pattern. Due to a high r1.3  Model coupling
quirement in computational power, CFD simulations _
are currently applicable for only a few configuoats TRNSYS and VEPZO are coupled to benefit from
of different boundary conditions and only unddhe respective strengths of the codes. The goal is
steady-state conditions. Therefore, the extensfonO®tain a correct simulation of the energetic perfor
TRNSYS by a simpler airflow model is of interest. mance and climatic conditions in an atrium without
prior knowledge of the airflow pattern.
TRNSYS has already been used for co-simulation
1.2 VEPZO with other tools such as ESP-r, Energy-Plus and
Matlab [7; 8]. All couplings use TRNSYS as a mas-
The velocity propagating zonal model (VEPZO) wdér and exchange data through a TRNSYS type
developed to fill the gap between the Computati-on@!hiCh translates data into the required format.
ly cheap but inaccurate assumption of perfector the coupling of Modelica models to other simu-
mixed air volumes and the slow but accurate CH&ion environments several possibilities exist. A
computation. Typically, a space is subdivided injowerful tool is the Building Control Virtual Test
10" to 10 zones exchanging air [6]. The main conBed (BCVTB), an interface for building simulations
ponents are a zone and a flow model which are caeveloped by the Lawrence Berkeley National La-
nected by ports (Figure 2). Zone models possesporatory. It already provides an interface for Miede
heat port to exchange convective heat flows froa and TRNSYS. However, the coupling currently

walls, equipment, humans, etc. In the zone modgbes not allow for iterations between components
conservation of energy and mass are implemented.

108 Proceedings of the 10" International ModelicaConference DOI
March 10-12, 2014, Lund, Sweden 10.3384/ECP14096107



Session 1C: Building Energy Applications 1

[9]. Therefore, it is not suitable for a dynamic- cd=urthermore, supply airflow rate and temperature as
simulation as envisaged in this application. well as exhaust opening pressure were set as inputs

In recent years the FMI-standard has been estab- _ _

lished for model exchange with other software enw-1 ~Model coupling via FMI

ronments [10]. It has already found several applica _

tions in building simulation technology [11] and i§/rSt attempts to simulate VEPZO as an FMU

especially suited for Modelica models. Another poshowed that in spite of having set input valuesafor

sibility to couple other software to Modelica (Dymotemperatures and pressures, the FMU instantiates

la) is the use of script files in the .mos-formatiah with all inputs being zero. This generates an drror

are automatically created and whose execution!}§ &r model from Modelica.Media as 0 K and 0 Pa
launched in the command processor. are out of definition bounds. Therefore, tempeatur

and pressure offsets were introduced in the model
(273.15 K, 101325 Pa, Figure 4). Thus, the tempera-

2 Method ture input is in C and the pressure input gives th
deviation from standard pressure.

TRNSYS and VEPZO communicate at the inner W _sown

surface of the investigated atrium where TRNSY
passes the wall surface temperature to VEPZO. W % KD
this information, VEPZO computes the heat flon [ | 3
rate from the wall to the adjacent zone and her e +— [
resulting airflow and air temperature distribution: OT
The heat flow rate is returned to TRNSYS to cor ™,

pute the energy balance (Figure 3). This coupling >—>
iterated until the total energy balance converges | ™ o fﬁg} VE PZO

low a defined threshold. L

r —_— — S esaE S Y UL R k=101325 L+
' = v l:l ————¢ pressure
o 4

| QSL’P! Q TWH” J p_out

| Q < . > 1 constz n
| heat Qcom'! f

| k=101325

. LTRNSWS_ - . _] Figure 4: Introduction of temperature and pressure
| offset prior to FMU export

|VEPZO ,
| Qmm‘ |
air
| I To allow the import of a VEPZO-FMU to TRNSYS,
el Sk a8 S I S B the new TRNSYS type was implemented (Figure 5).

Figure 3: Heat flows and temperatures computed £y the very first call the new type checks that the

the two interfaced tools given FMU is suitable for co-simulation, retrieves
the reference values of input and output parameters
of the model and opens a result file which can be

Both TRNSYS and the Modelica model VEPZO r&ontinuously accessed during the simulation. Then,
quired some preparation before being interfacéfe following steps are iterated:

TRNSYS air nodes, which are required in the simu- 1. Receive input values and current time as
lation environment, are inactivated by setting con- well as time step size from TRNSYS
vective heat transfer coefficients to zero. The-con 2. Load the VEPZO-FMU

vective heat flux is then replaced by the one oletgi 3. Instantiate VEPZO-FMU

from VEPZO. 4. Load values from the previous time step
VEPZO required TRNSYS convective heat transfer from internal storage

correlations to be implemented in the model. Input 5. Initialize VEPZO-FMU with values from the
and output connectors were included to receive the previous time step

surface air temperature and to deliver the heat.flo
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6. Perform calculation from the current to the 28 : :
next time step -Modelica/Dymola
7. Write results --- FMU
8. Pass output values to TRNSYS. 26
O -
[ PLak W
Master: Slave: 2 y’ FSeao
‘ wall temperature | T 24 A _ S———
Type 56 — New Type o) P
Q Vs
. - £ /
multizone EMI 0 /
building 2 |-/
model —~e—— VEPZO /
convective .’"'
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Figure 6: Comparison of Dymola and FMU simula-

checks energy tion of a simple test case in VEPZO

balance for
convergence
2.2 Mode coupling through scripting
Figure 5: Basic structure of the two coupled tdnls
the interface via FMI In a second approach TRNSYS and VEPZO were
coupled using Dymola scripting. For this, another
new TRNSYS Type was implemented. This type
The coupling was implemented and simulation timgrites and executes a .mos-file containing wall-tem
showed to be significantly prolonged in comparisqreratures, simulation settings and code for expbrt
to VEPZO simulations in Dymola. When simulatingomputed wall heat flow rates into a .csv file. The
a simple test case with a supply mass flow rate ridw type reads the .csv file and uses it as input f
0.1 kg/s, supply temperature of 10 °C and wall tente thermal building simulation (Figure 7).
perature of 30 °C the air temperature predicted by
the FMU showed an unstable range between 18N <

and 500 s simulation time in comparison to the sim Master:  wall temperature =~ Slave:
lation in Dymola (Figure 6). The reason for this i Type 56 —— | | New Type 4 |
that VEPZO requires a fifth-order stiff Runge-Kutt ' convective J_
solver in order to be solved for low supply massvl H;ul?dzfme wall heat flux | script mey | file |
rates. This solver is not available for export le t uiicing ‘

. . . model Dymola
current version of Dymola, but will be implemente ‘
in future versions [12]. Hence the dynamic couplir | J | VLAY
of TRNSYS and VEPZO via FMU was discarded i _

. computes: computes:
this study. - weather data - airflow
- radiation - convection

- conduction in walls

checks energy
balance for
convergence

Figure 7: Basic structure of the two coupled tdnls
the interface via scripting
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3  Atrium model VEPZO zones. To compare the coupled simulation
to the classical TRNSYS approach using modeler’s

To demonstrate the coupled simulation of TRNSY&Xperience, a second simulation model using only
and VEPZO an atrium is modeled and simulatiodRNSYS was set up. In this model, air is subdivided
results are compared to data from measurements @ three horizontal slices. Walls are discretired
CFD simulations. The modeled atrium (Figure 8) & total of 20 facets in order to account for difer
part of the Concordia University engineering builgvall temperatures due to varying solar radiatiaor. F
ing located in downtown Montreal (45.5°N, 74°w)this work, we could not access construction plans o
In total, five atria each covering three floors af@€ atrium. The only hint to guess materials are-pu
placed on top of each other. The considered atisuntished pictures and transient temperature measure-
of rectangular geometry and can be conditioned Wnts. Therefore, this information presents a cbnsi
both natural and mechanical ventilation. Mouril§'able source of error which is mainly reflected in
[13] conducted measurements in this atrium at foife thermal capacity of the system.

days ranging from August to November 2007. Based

on this data, Hussain [14] carried out several CF It
simulations of this atrium with different turbulenc
models. ' outlet ]ié

11.6m

9.0m
Figure 9: Geometry of considered atrium

The boundary conditions obtained from measure-
ments are inner glazing surface temperatures,-trans
_ _ _ mitted solar radiation, ambient temperature and sup
Figure 8: Considered atrium ply air conditions (Figure 10). To acquire a proper
initialization of wall temperatures, four days prio

the considered day were simulated before the cou-

go rethIche tlhe uncherta_untly of ?IOl:.ndarKI Condg'g?n;’p?ed simulation was started. The coupled simulation
ay with only mechanical ventilation (Novem togk ahr and 45min.

2007) has been selected for comparison. It was
clear and cold day with ambient temperatures be-
tween -1.5 and 8 °C. The maximum global horizon-
tal radiation for a nearby weather station was
480 W/nf [15]. Measurement readings are available
from 6am to midnight. Figure 9 shows the geometry
of the considered atrium and the location of meehan
ical ventilation inlet and outlet. The atrium aiolv
ume is divided into 5x 5 x 6 (length, depth, héigh
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Figure 10: Supply air boundary conditions over the course of one day

Figure 11 shows the comparison of measurement and
coupled simulation for the average temperature .i

three heights of the atrium. Five main observatiogg
are made:

ure 12 shows a comparison of measured air tem-
ature profile, coupled simulation results and>CF
simulations [14] for 4pm. The coupled simulation

* The results from the coupled simulation  shows considerably better agreement to measure-

show an initial drop in air temperature whiclments than CFD simulations do.
causes the further temperature profiles to be
lower than measured.

* The peak in temperature is reached by abo' 12

I | I
one hour delay in the simulation but shows 02. November 2007 16:00 G e
good coherence in the absolute value with 4
the measured peaks. i ’,5:/'
* The model is more sensitive to a change in 8 P
airflow boundary condition than measure- ¢ /.;"5”
ments show. = 74
.. . 6 k>
+ Araise in temperature due to a lower coolin @ 4
flow rate around 6.30pm can only be ob-
served at the lowest measurement position ~ * o gig 2?; t:‘;’)
but is observed for all heights in the simula- s OFD RNG kg
tion. The same is the case for the shut-dow 2 ~---- CFD Realizable k¢ ||
of the ventilation around 11pm. Mesurement
e As aresult, the air temperature attheendc o TRNSYS-VEFZ0

20 22 24 26 28 30 32 34

the simulation is about 2 K higher than Temperature (°C)

measurement shows.

Figure 12: Comparison of simulated and measured

temperatures over the height at 4pm
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from zero to avoid error-prone preparation of the
Modelica model.

The higher rate of response of air temperaturd@f Further development of VEPZO as deduced from
model to variations in air supply suggests thdb#s this study includes the implementation of heatdran
not contain enough thermal capacities dampenifgg correlations which take into account the wail o
variations of boundary conditions or that the canveentation and flow velocity. Additionally the feagur
tive heat coefficient model is inaccurate. Additbn of an artificial internal heat capacity will be égfrat-
capacities can for example be caused by furnitwé in order to be able to model furniture.

and other internal objects like stairs. The inidabp Regarding the interface, a possible further develop
in temperature implies that the surface’s tempef@ent is the integration of the multi-zonal model
tures are lower in the simulation than they areein coMmIs into the interface such that boundary condi-
ality. This could be caused by a lower thermal magsns at atrium openings can be obtained from a cou
of walls in the model or because the atrium gaiRfg COMIS-TRNSYS simulation. Once the compu-
energy from surrounding rooms during the night.  tation time of the coupling is reduced, the inteefa
Between 3 and 4pm relatively stable temperatureuld moreover be utilized to optimize the desifin o
conditions are present in the atrium. For this casgriums and large halls such as the best locatioh a

4 Discussion

the coupled simulation gives better results thad CEize of ventilation openings.

computations. The reason is that it is very diffico
obtain a good prediction of airflow by CFD for such
large volumes with comparatively small openings
without an adequate benchmark case.

The results from the dynamically coupled simulation
in comparison to those obtained from a TRNSY[3]
simulation show that very similar temperature pro-
files can be achieved for simple configurations
where the airflow pattern can be predicted by exper

ence. This implies that VEPZO results show a high
dependence on the inputs obtained from TRNSYS[2]

5 Conclusions and futurework

A dynamic coupling of the building simulation too[3]
TRNSYS and the Modelica model VEPZO has been
implemented successfully using Dymola scripting. A
coupling through FMI was not successful due to
missing solvers for FMI for co-simulation export.

The results obtained from the dynamically coupled
simulation show significant dependence on thél
TRNSYS model, especially on the proper knowledge
and implementation of the building construction
(materials, capacities, etc.). If those are modeled
curately, coupled simulations can give good predic-
tions of airflow and air temperature as requirethin [5]
building planning process. In comparison to CFD,
results of the coupled simulation show better cohdf]
ence with measured data.

The usability of the current coupling method should
be improved by speeding up computation times and
facilitating geometry specific scripting. It coulzke
increased by using FMI once the required solvezs Ef';]
available for export. It would be helpful if FMI4n
stantiation could be performed at values different
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