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Preface 

The model simulating the hygrothermal conditions in a cold, north facing attic space, modelAttic, 
has been developed as part of the work done in connection with the research project Ventilation 
of cold attic spaces in constructions with vapour diffusion open roofing underlay – stage 2 [1]. 
The research project was co-funded by the Landowners' Investment Foundation (Grundejernes 
Investeringsfond) (GI) and supervised by Associate Professor Søren Peter Bjarløv. The model 
has been developed at the Department of Civil Engineering at the Technical University of 
Denmark. 
 
The model has been built in the open source environment OpenModelica and – as such – is 
free to use for all. The tool can be found and downloaded from the page for freeware developed 
by DTU Civil Engineering: 
 

http://www.byg.dtu.dk/english/research/publications/software 
 
Copenhagen, November 2018 
 
Christopher Just Johnston 
PhD-student 
 

http://www.byg.dtu.dk/english/research/publications/software
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1. Download and install 

1.1 OpenModelica 
The model simulating the hygrothermal conditions in a cold, north facing attic space, modelAttic, 
has been built in OpenModelica [2]. Before being able to open and run the model, 
OpenModelica has to be downloaded and installed. OpenModelica is a free and open source 
environment based on the Modelica modelling language for modelling and can be downloaded 
from their website: 

https://openmodelica.org/ 
Note that (on Windows computers) OpenModelica must be installed at the root level (e.g. C:\). 
 

1.1.1 Modelica libraries 
Modelica is an object-oriented programming language. Besides the files (*.mo) included in the 
model folder, modelAttic consists of “objects” from two libraries: Modelica and Buildings [3]. The 
Modelica library is included in the default list of libraries, the Buildings library is not. The 
Buildings library is a free open-source library with dynamic simulation models for building and 
district energy and control systems that is built and maintained by the Simulation Research 
Group at the Lawrence Berkeley National Laboratory. 
 
Once modelAttic is loaded into OpenModelica, the Buildings library should appear automatically 
in the libraries list (on the left). If it does not, it may be necessary to add the library manually. To 
do so, follow the below guide. 
 
In order to add Buildings to the list of libraries, first open OpenModelica. Once open find and 
click the Tools option on the toolbar. Select Options from the dropdown menu. A new window 
titled Options opens. Click on Libraries in the menu list on the left in the Options window. Click 
Add. A new window titled Add System Library opens. Click the small down-arrow next to Name 
to enter the dropdown menu of available libraries. Select Buildings from the list and click OK. 
Click OK to exit the Options window. 

OpenModelica  Tools  Options  Libraries  Add  Down-arrow  Buildings  OK  
OK 

1.2 modelAttic 
The files consisting the model are included in the file modelAttic.zip. The ZIP-file can be 
downloaded from the page for freeware developed by DTU Civil Engineering. The ZIP-file can 
be unpacked to any given path. Once unpacked, the model is loaded into OpenModelica by 
double-clicking the file package.mo. While OpenModelica must be installed before clicking 
package.mo, it does not need to be open – clicking package.mo should activate OpenModelica. 
  

https://openmodelica.org/
http://www.byg.dtu.dk/english/research/publications/software
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2. Loading modelAttic into OpenModelica 

In order to run the model, modelAttic, first install OpenModelica and unpack the ZIP-file 
containing the model. Instructions how to do this are given in the previous section. Once this is 
done, navigate to the folder containing the model and double-click the file package.mo. This 
executes an OpenModelica session with the needed libraries and modelAttic loaded in the list of 
libraries. 
 
modelAttic consists of a series of “objects” arranged by the file AtticSpaceModel.mo. In the 
Libraries list, click the plus-sign at the library entry modelAttic. A list of “objects” appear below 
modelAttic in the library tree. These objects are the files that have been modified or custom-
made for the model. Double-click AtticSpaceModel to load the model into the Modeling 
perspective. 
 
Figure 1 shows the modelAttic open in the Modeling perspective of OpenModelica. The red 
markings highlight areas of interest: The left-hand arrow shows the library list and the right-hand 
arrow where to switch between Modeling and Plotting perspective. 
 

  
Figure 1 – modelAttic open in Modeling perspective of OpenModelica 
  



 
 

User Guide to modelAttic 7 

3. Basic layout of modelAttic 

The model aims to simulate the hygrothermal conditions in a cold, north-facing attic space. 
Being “cold”, the attic space is insulated to the conditioned interior. In the northern hemisphere, 
facing north means that there is no incident solar radiation. The modelled attic space is 
ventilated by single-sided natural ventilation trough valves in a vapour-open roofing underlay 
and experiences infiltration from the conditioned interior. As such, the modelled attic space has 
been designed to represent a worst case scenario. 
 
modelAttic has been designed to emulate the behaviour observed in a full-scale experimental 
setup located at the testing grounds at the Department of Civil Engineering at the Technical 
University of Denmark in Kgs. Lyngby. Appendix A contains a technical drawing showing a 
cross-section of an attic space under the eaves in the full-scale experimental setup and a 
sketch mapping the main airflows of interest. A detailed description of the experimental setup is 
outside the scope of this User Guide. For a detailed description readers are referred to Pold’s 
master’s thesis Ventilation design of cold attics for avoiding moisture-related problems [4]. The 
master’s thesis can be found in the repository on the page for freeware developed by DTU Civil 
Engineering. 
 
All of the included “objects” – expect for sensors – can be modified to account for design 
changes. However, the basic design – that is facing north and only allowing for single-sided 
ventilation – cannot be changed (without changing the model layout, e.g. by adding, removing 
or altering objects). 
 
Figure 2 indexes the different zones of the construction that the model simulates by letters and 
labels the different objects that collectively make up modelAttic by numbers. 
 

  
Figure 2 – Zones of modelAttic indexed by letters and individual objects labelled by numbers 

http://www.byg.dtu.dk/english/research/publications/software
http://www.byg.dtu.dk/english/research/publications/software
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3.1 Zones of modelAttic 
A. Weather and (dynamic) exterior boundary conditions such as pressure differences at 

roof cowl and eaves 
B. Roof construction including inlets, outlets and vapour-open roofing underlay 
C. Attic space under the eaves: air volume connected to heat and moisture capacity of 

(wooden) construction materials and model for condensation on interior surfaces 
D. Loft construction separating the conditioned interior (container) from the cold attic space 

under the eaves and boundary conditions (constant except for pressure)  
 

3.2 Objects in modelAttic 
1. The weather – Converts a text file (.txt) to input in the form of temperature, relative 

humidity (RH) and wind direction and speed 
2. Pressure at roof cowl – Uses wind speed and direction, temperature and height to 

calculate the pressure difference seen relative to the (constant) pressure in the 
conditioned interior (container) 

3. Pressure at eaves – Same as pressure at roof cowl, only this object uses a different set 
of wind pressure coefficients (see # 2) 

4. Boundary conditions for fluid at roof cowl – Converts input from exterior to boundary 
conditions for airflow (/fluid-flow) at roof cowl 

5. Boundary conditions for temperature at roof – Converts input from exterior to boundary 
conditions for heat-flow at roof 

6. Sensor measuring temperature of exterior air – Included in order to make exterior 
temperatures easier to find during post processing (in Plotting perspective) 

7. Boundary conditions for fluid at eaves – Same as boundary conditions for fluid at roof 
cowl (see #4) 

8. Fluid resistance of roof cowl – Estimates mass flow of air through roof cowl as a simple 
function of the pressure difference over the inlet and outlet (ports) of the roof cowl 

9. Heat resistance of roof – Estimates heat flow over roof as a simple function of the 
pressure difference over the interior and exterior surfaces (ports) of the roof 

10. Sensor measuring RH in exterior air – Included in order to make exterior RH easier to 
find during post processing (in Plotting perspective) 

11. Fluid resistance of eaves – Same as fluid resistance of roof cowl (see #8) 
12. Fluid resistance of ventilated cavity between valves in vapour-open roofing underlay – 

Same as fluid resistance of roof cowl (see #8) 
13. Fluid resistance of top valve in vapour-open roofing underlay – Same as fluid resistance 

of roof cowl (see #8) 
14. Vapour diffusion resistance of vapour-open roofing underlay – Estimates mass flow of 

water vapour through vapour-open roofing underlay as a simple function of the water 
vapour pressure difference over the interior and exterior surfaces of the vapour-open 
roofing underlay 

15. Fluid resistance of bottom valve in vapour-open roofing underlay – Same as fluid 
resistance of roof cowl (see #8) 

16. Addition of contributions to water vapour in attic space – Sums all contributions (positive 
or negative) to the water vapour content in the attic space air from the moisture capacity 
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of (wooden) building materials, the vapour-open roofing underlay and the condensation 
or evaporation of water from the interior surfaces 

17. Heat capacity of (wooden) construction materials – Estimates heat flow to and from 
(wooden) construction materials (essentially functioning as a heat storage or buffer) 

18. Air volume in attic space under the eaves – Where hygrothermal conditions for attic 
space are calculated from input by heat and fluid ports 

19. Moisture capacity of (wooden) construction materials – Estimates water vapour mass 
flow to and from (wooden) construction materials (essentially functioning as a water 
vapour mass storage or buffer) 

20. Condensation and evaporation of moisture on interior surfaces in the attic space – 
Estimates water vapour mass flow to and from interior surfaces (essentially functioning 
as a water vapour mass storage or buffer) 

21. Sensor measuring temperature of air in attic space – Included in order to make attic air 
temperatures easier to find during post processing (in Plotting perspective) 

22. Sensor measuring volumetric flow rate of infiltration air moving to or from attic space via 
leaks (pipes) in (container) ceiling/loft separating conditioned interior from cold attic 
space under the eaves – Included in order to make volumetric flow rate of infiltration air 
easier to find during post processing (in Plotting perspective) 

23. Sensor measuring RH in interior conditioned (container) air – Included in order to make 
interior conditioned (container) RH easier to find during post processing (in Plotting 
perspective) 

24. Pressure at northern fresh air valve in wall (of container) – Same as pressure at roof 
cowl, only this object uses a different set of wind pressure coefficients and has no 
contribution from stack (as all stack is relative to this reference height) 

25. Pressure at southern fresh air valve in wall (of container) – Same as pressure at 
northern fresh air valve in wall (see # 24) 

26. Heat resistance of (container) ceiling/loft separating conditioned interior from cold attic 
space under the eaves – Same as heat resistance of roof (see #9) 

27. Boundary conditions for temperature at (container) ceiling/loft separating conditioned 
interior from cold attic space under the eaves – Same as boundary conditions for 
temperature at roof (see #5) 

28. Boundary conditions for fluid in (container) ceiling/loft separating conditioned interior 
from cold attic space under the eaves – Same as boundary conditions for fluid at roof 
cowl (see #4) only with constant values for air temperature and RH 

29. Fluid resistance of northern fresh air valve in wall (of container) – Same as fluid 
resistance of roof cowl (see #8) 

30. Sensor measuring temperature of interior conditioned (container) air – Included in order 
to make interior conditioned (container) temperatures easier to find during post 
processing (in Plotting perspective) 

31. Fluid resistance of leaks (pipes) in (container) ceiling/loft separating conditioned interior 
from cold attic space under the eaves – Same as fluid resistance of roof cowl (see #8) 

32. Fluid resistance of southern fresh air valve in wall (of container) – Same as fluid 
resistance of roof cowl (see #8) 

33. Sensor measuring RH in air in attic space – Included in order to make air in attic space 
RH easier to find during post processing (in Plotting perspective) 
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34. Boundary conditions for fluid in (container) ceiling/loft separating conditioned interior 
from cold attic space under the eaves – Same as boundary conditions for fluid at roof 
cowl (see #4) only with constant values for air temperature and RH 

 
More detail on each individual object can be found in the model itself; each object comes 
complete with a documentation section. In order to access the documentation, right-click an 
object (while in Modeling perspective) and choose View documentation from the list of options. 
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4. How to set up and run simulations 

4.1 Setting up simulations 
All of the “objects” – expect for sensors – that are included in modelAttic can be modified to 
account for basic design changes. The overall design – that is facing north and only allowing for 
single-sided ventilation – cannot be changed easily. How to modify the model to account for 
major design changes are outside the scope of this User Guide. 
 
Double-clicking an object will open a pop-up menu titled Component Parameters. The options 
available in the Component Parameters menu varies and are dependent on what object has 
been selected. Options include resistances, boundary temperatures, geometries, etc. 
 
While the Component Parameters menu allows to change input, it is also possible to change the 
underlying formulas and assumptions. By right-clicking an object and selecting Open Class a 
new tab is opened. This new tab is dedicated to the selected object (in Modelica, objects are 
instances of classes). Each tab has an Icon View, a Diagram View, a Text View and a 
Documentation View. In the context of setting up modelAttic for a simulation run, Text View is 
the most relevant. Text View will allow users access to the source code of the individual objects. 
In Text View, it is possible to see assumptions and formulas written in the Modelica language. 
 
Note that it is only possible to change the source code of files (*.mo) from the modelAttic folder 
itself; files from other libraries are write protected. In order to change such files, they must first 
be imported into the modelAttic folder. Also, note that the Modelica language “extends” objects 
(e.g. calls a subroutine or a partial object) in order to avoid redundant code; while this is 
explicitly stated in the code, this may make it difficult for users to find the section of source code 
containing the information that they seek. 
 

 
Figure 3 – New tab with Text View of an object in modelAttic 
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4.2 Running simulations 
Before running a simulation, it is important that input (parameters and settings) has been 
checked in all individual objects in modelAttic. The input for a specific object does not translate 
to other objects. E.g. changing the temperature in the conditioned interior (container) will not 
change the reference temperature in the pressure model at the roof cowl or at the eaves. 
 
There are two ways of running a simulation (discounting options for debugging): A left-click on 
the green arrow pointing to the right on the toolbar will execute a run with default settings. The 
default settings are two years (63,072,000 seconds) with output for every 10 minutes (600 
seconds). If it is necessary to run a simulation for longer or a different output interval – e.g. if the 
weather file has been changed – it is possible to change the default settings by left-clicking on 
the green S within the green square. This opens the Simulation Setup menu. 
 
It is possible to run simulations for longer time than what is included in the loaded weather data; 
then weather data is reused periodically. If there is only data for one year, simulations run for 
the second year will simply reuse the weather data from the first year. This is useful since a 
model usually needs time to reach a state equal to that of the modelled subject. Ticking the box 
Save experiment annotation inside model will overwrite existing defaults and thereby save 
preferences for future simulation runs. 
 
When a simulation is executed, first the model is compiled. A new window, Simulation Output, 
opens. The window contains information on the progress of the simulation. After having 
successfully compiled the model, OpenModelica proceeds to run the modelAttic with the given 
input. How long a simulation takes depends on the number of years simulated, the resolution of 
the weather data (e.g. 10 minutes or hourly) and the available processing power. Usually, a two 
year simulation run should take less than five minutes. 
 

  
Figure 4 – Execution of simulation and simulation options 
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5. Post processing and export of results 

After a successful simulation run, OpenModelica automatically shifts to the Plotting perspective 
(see Figure 1). OpenModelica logs virtually everything; all variables, parameters and constants 
are available for post-processing. By default, OpenModelica saves results to a .mat file in a 
temporary location: 

C:/Users/[user]/AppData/Local/Temp/OpenModelica/OMEdit 
However, the file is hard to get and the contents are organised in a way that makes it difficult to 
use. Fortunately, the Plotting perspective in OpenModelica has a suite of tools that makes it 
easy to get an overview of results, design and print plots (.pdf) and export selected data (.csv). 
 
The standard plot type – marked by a symbol where a red and a green line forms an X – charts 
variables over time. In order to add one or more variables to an open plot (tab), browse the 
Variables Browser on the right-hand side of the screen. Select or deselect a variable either by 
ticking or un-ticking the respective boxes. To export the content of a plot to a comma-separated 
file (.csv), click the icon with marked CSV on the main toolbar. To print a plot to a PDF, click 
Print on the toolbar in the plot tab. To clear a plot tab, click the icon marked with a broom on the 
main toolbar. 
 
Another plot type of interest is the Parametric Plot. On the main toolbar, the Parametric Plot 
type is marked by a red spiral. A Parametric Plot allows users to plot variables over each other 
(instead of time). E.g. it is possible to plot the volumetric infiltration rate from the conditioned 
interior (container) to the attic space under the eaves over wind speed or direction. 
 
OpenModelica exports data (.csv) according to the specifications given during the set-up (see 
previous section). Unfortunately, the exported data is disorganised (e.g. includes duplicates) 
 

 
Figure 5 – Creating plots in and exporting results from Plotting perspective 
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and needs to be cleaned before it can be used further. OpenModelica does not supply any tools 
to aid in cleaning the data. An Excel-sheet, methodCleanData.xlsb, has been uploaded to the 
repository where modelAttic can be downloaded. The Excel-sheet contains formulations that 
can help clean output from OpenModelica. A detailed description of how methodCleanData.xlsb 
can be used to clean output is outside the scope of this User Guide. 
 
Rerunning a simulation – or changing the setup – can be done in one of two ways. It is possible 
to change parameter values in the Variable Browser in the Plotting perspective and rerun 
simulations directly from the Plotting perspective. This approach has the immediate advantage 
that it skips the step where the model is recompiled and therefore saves time. Meanwhile, 
unless changes are simple (such as a single fluid resistance), it is recommended that 
simulations are set up and run from the Modelling perspective. The reason for this 
recommendation is that, as mentioned, input for a specific object does not translate to other 
objects. Shifting between the Modeling perspective and Plotting perspective is done by clicking 
the respective tabs in the bottom right corner of OpenModelica (see Figure 1). 
 
Rerunning a simulation will overwrite old results. Therefore, in order to study the effect of a 
series of changes in a parameter (run a parameter variation), results have to be printed or 
exported between iterations. 
  

http://www.byg.dtu.dk/english/research/publications/software
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6. Evaluation of performance of modelAttic 

modelAttic has been evaluated against measurements from the full-scale experimental setup 
located at the testing grounds at the Department of Civil Engineering at the Technical University 
of Denmark in Kgs. Lyngby. The evaluation consists of a comparison of calculated and 
measured values for temperature, RH and pressure difference over the ceiling (where 
available). 
 
A comparison between calculated and measured values has been made for the following cases: 

1. Vapour-open roofing underlay (Z = 0.1 GPa∙m²∙s/kg) 
Valve at top and bottom of roofing underlay 
No (0 %) infiltration 

2. Vapour-open roofing underlay (Z = 0.1 GPa∙m²∙s/kg) 
Valve at top and bottom of roofing underlay 
An infiltration rate of 8.0 ∙ 10-4 kg/s (20 % of maximum) 

3. Vapour-open roofing underlay (Z = 0.1 GPa∙m²∙s/kg) 
Valve at top and bottom of roofing underlay 
An infiltration rate of 4.0 ∙ 10-3 kg/s (100 % and maximum) 

4. Vapour-tight roofing underlay (Z = 855 GPa∙m²∙s/kg) 
Valve at top and bottom of roofing underlay 
An infiltration rate of 8.0 ∙ 10-4 kg/s (20 % of maximum) 

5. Vapour-open roofing underlay (Z = 0.1 GPa∙m²∙s/kg) 
Valve only at top of roofing underlay 
An infiltration rate of 4.0 ∙ 10-3 kg/s (100 % and maximum) 

 
Further, a comparison of calculated results has been made for  

6. A series with 0, 10, 20 and 100 % infiltration with: 
Vapour-open roofing underlay (Z = 0.1 GPa∙m²∙s/kg) 
Valve at top and bottom of roofing underlay 

7. A valve only at top of the roofing underlay and two valves with 
Vapour-open roofing underlay (Z = 0.1 GPa∙m²∙s/kg)  
An infiltration rate of 4.0 ∙ 10-3 kg/s (100 % and maximum) 

 
Graphs showing comparisons can be found in Appendix B. The appendix is divided into eight 
sections, one for each of the comparisons. The appendix is ordered so that Appendix B.1. 
corresponds to case 1 in the above numbered list. The final entry into Appendix B 
(Appendix B.8) contains graphs detailing the ambient environments (temperature and RH 
outdoors and in containers A and B). The appendix contains two different types of graphs: One 
contains data for a period of two years (1st Aug 2016 – 31st July 2018) where data is presented 
as running averages spanning 10 days. The other contains data for a period of 1 month (1st Feb 
2018 – 1st March 2018) where data is presented as running averages spanning three hours. 
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6.1 Results and discussion 
Overall, the predictions of modelAttic for temperature and RH for the attic spaces under the 
eaves are in good agreement with the corresponding measurements from the experimental 
setup. However, there are uncertainties that must be addressed before it is possible to draw 
conclusions based on the included comparisons. 
 

6.1.1 Effect of relative location of attic space on driving pressure 
modelAttic assumes that every simulated attic space under the eaves is located at the centre of 
the roof. This affects how the simulation model reacts to wind: For example, an attic space 
located at either end of the experimental setup will experience the effects of wind different from 
the centre resulting in a variation in driving pressure – in turn affecting the level of infiltration 
from the conditioned interior (container) to the attic space under the eaves. Figure 6 shows how 
the relative location of an attic space can affect the pressure difference driving infiltration. The 
presented data are running averages spanning 10 days. Attic spaces B5 and B6 are positioned 
next to each other near the centre of the roof of container B while A7 is located nearer the 
gables (about a quarter of the length of the container) of container A. The figure shows that 
while attic spaces B5 and B6 experience near identical pressure differences over the ceiling/loft 
construction attic space A7 at times experiences pressure differences that differ significantly. 
 
There are several reasons for this discrepancy. One is, as already mentioned, that wind 
pressure coefficients are non-uniformly distributed over a surface (i.e. the roof). Another is that 
while the simulation model assumes a uniform terrain roughness, the surroundings at the full-
scale experimental setup are more complex. An example of this is a tall hedgerow located just 
east of the experimental setup. The consequence of this is that modelAttic is not capable of 
accurately estimating the effect that wind has on the driving pressure. 
 

 
Figure 6 – Effect of relative location of attic space on pressure difference driving infiltration 
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6.1.2 Combined effects of wind and stack on driving pressure 
As explained in the previous section, the simulation model cannot accurately estimate the effect 
that wind has on the driving pressure over the ceiling/loft construction in the experimental setup. 
Based on an overview of the terrain surrounding the experimental setup, it is hypothesised that 
high meteorological wind speeds will have a smaller impact on the driving pressure in the 
experimental setup than in the simulation model. Therefore, the (isolated) success criteria for 
the simulation model must be to accurately estimate the scale of the combined effects of wind 
and stack on the driving pressure. 
 
Figure 6 shows periods where pressure transducers in attic spaces A7 and B5 appear not to 
measure actual pressure differences but some default baseline. During these periods, the 
pressure transducer in B5 logs pressure differences near zero while A7 logs pressure 
differences near -0.4 Pa. This could indicate that the pressure transducer in A7 has a negative 
bias. Considering that B5 is the attic space closest to the centre of the roof construction 
(corresponding to the assumption of the simulation model), then – out of the attic spaces where 
pressure differences have been measured – B5 is likely to provide the best foundation for a 
comparison between measurements and calculations. 
 
Figure 7 shows how the measured (B5) driving pressure (the combined effects of wind and 
stack) of attic space B5 compares to the calculated counterpart (identical setup). The presented 
data are running averages spanning three hours. The figure shows that while the simulation 
model predicts several peaks that cannot be found in the measured data, the baseline levels 
correspond well. 
 

 
Figure 7 – Measured and calculated combined effect of wind and stack on driving pressure 
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6.1.3 Accuracy of calculation of levels of temperature and infiltration 
The calculated temperature is the result of a heat balance. As such, to calculate temperatures 
accurately, it is a prerequisite that the rate of infiltration is also calculated accurately. 
Considering that the simulation model cannot accurately determine the effect that wind has on 
the driving pressure, it is to be expected that measured and calculated temperature will not be 
in complete agreement at every given point in time. Also, the simulation model does not account 
for heat transfer by radiation. Having a high slope and facing north, the roof never receives 
direct sunlight and, so, this contribution is negligible. However, radiation to a clear sky – as 
during cold, cloudless nights – will impact the heat balance. This is a compounding factor. 
Therefore, the (isolated) success criteria for the simulation model must be to estimate the 
temperature level to a degree of accuracy that allows comparison of averages over time. 
 
Figure 8 and Figure 9 show how measured (A7 and B6) and calculated temperatures of attic 
spaces designed two fresh air valves compare to each other. Figure 8 and Figure 9 respectively 
show a case with 20 % and 100 % infiltration (as defined in the numbered list in the beginning of 
the chapter). The presented data are running averages spanning three hours. While the data 
does show a good overall agreement, there is a systematic discrepancy; the amplitude is larger 
for the measured data (this is especially clear in Figure 8). This may indicate that the heat 
capacity implemented in the simulation model (an effective heat capacitance model assumed 
always to be in thermal equilibrium with its surroundings) is a little too effective when it comes to 
smoothing local minimum and maximum temperatures. Meanwhile, Figure 10 – which is 
identical to Figure 8 expect for presenting data as running averages spanning 10 days – shows 
that the larger amplitude of measured data observed in Figure 8 does not impact the long term 
averages; in the long run the measured and calculated temperatures correspond well to one 
another. This, in turn, is an indication that the simulation model calculates good estimates for 
infiltration rates in the experimental setup.  
 

 
Figure 8 – Temperature in case with vapour-open roofing, two valves and 20 % infiltration 
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Figure 9 – Temperature in case with vapour-open roofing, two valves and 100 % infiltration 
 

 
Figure 10 – Temperature in case of 20 % infiltration with 10 day running average 
 
Note to Figure 10: The reason that measured temperatures (A7) in Figure 10 are higher than 
calculated temperatures during summer is that the simulation model runs with a constant 
temperature of 20 °C in the conditioned interior (container). The experimental setup does not 
have mechanical cooling and therefore summer temperatures are often higher than 20 °C – this 
affects both conduction through insulation and advection by infiltration. However, since spring, 
autumn and winter are the periods of interest, this negative consequence – imposed by the 
assumption of a constant interior temperature – is negligible. 
  



 
 

20 User Guide to modelAttic 

6.1.4 Accuracy of calculation of levels of relative humidity 
The simulation model does not account for the contributions of condensation and evaporation to 
the heat balance of an attic space. As such, the calculated RH is the product of a simple mass 
balance and completely dependent on the accuracy of the calculated temperature. Due to the 
simulation model’s inability to accurately determine the effect that wind has on the driving 
pressure, it is to be expected that measured and calculated RH will not be in complete 
agreement at every given point in time. While the model does include a two-layer effective 
moisture penetration depth (EMPD) model (for the wooden construction materials), the sorption 
curve is highly simplified. One example of this is that the implemented sorption curve does not 
consider hysteresis. There are several reasons for this simplification, however, a detailed 
explanation is beyond the scope of this evaluation. This simplified moisture capacity model is a 
compounding factor. As a result, the (isolated) success criteria for the simulation model must be 
to estimate an RH level to a degree of accuracy that allows a user to identify potentially harmful 
levels of RH. 
 
Figure 11, Figure 12 and Figure 13 show how measured (A7, B3 and B6) and calculated RHs of 
attic spaces compare to each other. Figure 11 shows data for an attic space designed with a 
vapour-open roofing underlay, two fresh air valves and no infiltration. Figure 12 shows data for 
an attic space designed with a vapour-open roofing underlay, two fresh air valves and 100 % 
infiltration (as defined in the numbered list in the beginning of the chapter). Figure 13 shows 
data for an attic space designed with a vapour-tight roofing underlay, two fresh air valves and 
100 % infiltration. Figure 14 shows the ambient (outdoors and in containers A and B) RH levels 
in the period. The presented data are running averages spanning 10 days. 
 
The simulation model assumes a constant RH of 60 % in the conditioned interior (both 
containers). Figure 14 shows that RH levels in the conditioned interior the deviate from this. In 
container B – which is the container Figure 12 shows measured results from – the RH level 
averages just under 70 % in the first year. In container A – which is the container Figure 13 
shows measured results from – the average is just over 50 % in the first year. During the 
second winter, the RH level drops to less than 30 % in container B. This means that only the 
first winter is good for comparison between measured and calculated results. Figure 11 – where 
results are not affected by infiltration – provides a baseline for comparison: Overall, the 
simulation model both captures the dynamics of the system and calculates good estimates of 
the RH levels in the attic spaces (A7, B3 and B6). 
 
During the first winter, RH is slightly underestimated in Figure 12 and slightly overestimated in 
Figure 13. The difference between the cases presented on the figures is a variation in the 
diffusion resistance Z [GPa∙m²∙s/kg]. In Figure 12 the roofing underlay is vapour-open (Z = 0.1) 
and in Figure 13 the roofing underlay is vapour-tight (Z = 855). One possible explanation for this 
observation is that the simulation model overestimates the water vapour mass transported 
through the vapour-open roofing underlay (Z = 0.1) and underestimates the water vapour mass 
transported through the vapour-tight roofing underlay (Z = 855). Alternatively, it is also possible 
that the diffusion resistances of the underlay materials are not equal to the diffusion resistance 
of the respective roofing constructions. Should either of these explanations hold true, it would 
be an indication that the simulation model calculates good estimates for infiltration rates in the 
experimental setup. 
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Figure 11 – RH in case with vapour-open roofing, two valves and no infiltration 
 

 
Figure 12 – RH in case with vapour-open roofing, two valves and 100 % infiltration 
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Figure 13 – RH in case with vapour-tight roofing, two valves and 100 % infiltration 
 

 
Figure 14 – RH outdoors and in conditioned containers A and B during measurements 
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6.2 Conclusion 
To simplify the simulation model, a series of assumptions were made during the design phase. 
The purpose of the above evaluation – comparing measurements from a full-scale experimental 
setup with calculated results – was to determine to what extent the assumptions hold true, if and 
how they impact calculated results and to identify limitations of the simulation model, 
modelAttic. The assumptions examined during the evaluation were that 

1. Every attic space can be treated as if it were located at the centre of the roof 
2. The effect that wind has on the driving pressure over the ceiling/loft construction can be 

estimated using data on meteorological wind speed and direction from a nearby 
weather station using a terrain roughness equal to that of a suburban environment to 
correct the wind speed profile 

3. The conditioned interior (container) can be described by a constant temperature and 
relative humidity 

4. Contributions from radiative heat exchange (i.e. direct solar irradiation and radiative 
heat losses to a clear sky) can be neglected in this worst-case scenario (a cold attic 
space under the eaves of a steeply-pitched roof facing north) 

 
During the evaluation it was found that – overall – the assumptions hold true. However, they do 
impose limitations on the use of the simulation model. Where the impact of assumptions 3 and 4 
are negligible, the effects of the relative location of the attic spaces (assumption 1) and local 
wind conditions (assumption 2) do impact the calculated results and therefore impose limitations 
on the use of the simulation model. The simulation model was found to be able to predict trends 
– i.e. give insight into what effect a given variable has on the system (see Appendix B.6 on page 
38 and Appendix B.7 on page 40 for examples). However, the comparison of measurements 
and calculated results did not allow anything beyond a qualitative assessment of the impact that 
assumptions 1 and 2 have on calculated results (specifically RH) (see discussion relating to 
Figure 12 and Figure 13 on page 20). 
 
The evaluation found that while the simulation model modelAttic produces good estimates for 
temperature, RH and infiltration rate, it cannot be concluded that the simulation model can be 
used to identify a functioning design (defined as a design of an attic space under the eaves that 
ensures hygrothermal conditions that hinder the development of mould and wood rot). 
Meanwhile, it can be concluded that modelAttic is a useful tool and can be used to identify and 
define a space containing such a functioning design. 
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 Appendix A Technical drawings on full-scale 

experimental setup 

A.1. Cross-section of an attic space under the eaves 
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A.2. Airflows in both experimental setup and modelAttic 

 
In the experimental setup air is taken in through fresh air valves in the (container) walls. In 
modelAttic it is assumed that the conditioned interior (container) is an infinite reservoir of air 
conditioned to be at 20 °C and 60 % relative humidity. Further, it is also assumed that air can 
travel freely from this reservoir which means that no previous resistances are taken into account 
– i.e. the pressure drop over the fresh air valves in the (container) walls is neglected. 
 
In modelAttic the total pressure in the conditioned (container interior) is set stay constant at 
average sea-level atmospheric pressure (101325 Pa). Pressure differences over the model in 
OpenModelica are calculated relative to the pressure at the level of the fresh air valves in the 
(container) walls. 
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 Appendix B Evaluation of modelAttic – by 

comparison of simulations with measurements 

B.1.  Z = 0.1 GPa∙m²∙s/kg, valve at top and bottom and 0 % infiltration 
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B.2. Z = 0.1 GPa∙m²∙s/kg, valve at top and bottom and 20 % infiltration 
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B.3. Z = 0.1 GPa∙m²∙s/kg, valve at top and bottom and 100 % infiltration 
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B.4. Z = 855 GPa∙m²∙s/kg, valve at top and bottom and 20 % infiltration 

 
 

 
 

 



 
 

User Guide to modelAttic 35 

 

 
 

 
 

  



 
 

36 User Guide to modelAttic 

B.5. Z = 0.1 GPa∙m²∙s/kg, valve at top only and 100 % infiltration 
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B.6. Series with 0, 10, 20 and 100 % infiltration 
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B.7. Comparison of top valve only and two valves at 100 % infiltration 
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B.8. Ambient temperature and relative humidity during measurements 
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 Appendix C Input for parameter variations in 

evaluation of modelAttic 
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