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Work Package 3 of the project and necessity of applicable tools

1.1

Work Package 3 in the project

Within the Climate for Culture project, WP3 is responsible for translating the modeled future
exterior climate conditions into information about the interior climates. WP 3 is related to
various other work packages which need the data generated in WP3 (see Figure 1).

Figure 1: Relations of WP3 to other Work Packages
The information flow within the project is shown in Figure 2. Global climate model information
is dynamically downscaled through a regional climate modeling (REMO). The results from the
regional climate model are then used as input for the building simulation. This means on preidentified case-study locations the whole data-set (see list of all required weather parameters in
Table 1) of modeled climate data for three thirty year periods (1960-1990, 2020-2050 and
2070-2100) is extracted from the regional climate model, processed into a data-file useable for
building simulation software (three formats: TRY = test reference year, EPW = Energy Plus
Weather File, WAC = WUFI Ascii format) which is then used in the building simulation
environment to compute the resulting indoor temperature and relative humidity conditions.
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Figure 2: Information flow to compute indoor climate risks from modeled future climate
conditions
Table 1: Weather parameters required for hygrothermal whole building simulation

1.2

General modeling approach

To compute the indoor conditions additional information about inner loads, ventilation
conditions, set-points and available HVAC equipment is required. This information combined
with detailed information about the building geometry, the used constructions and materials
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allows a complete computation of the temperature and humidity distributions within building
assemblies as well as within the building itself. All relevant heat and moisture fluxes into and out
of a zone are modeled. Figure 3 shows the computation of the inner climate in a graphic way.

Figure 3: Required input for dynamic whole building simulation
But heat and moisture fluxes into one zone are not sufficient to compute the realistic conditions
in the complex case study sites of the Climate for Culture project. Untight (leaky) building
assemblies causing a higher infiltration rate than usual, different window opening behaviours in
adjacent rooms, and in general a complex interaction of air volumes of differently climatized
spaces in the buildings under observation, necessarily demand the implementation of models to
account for the air flow between different zones. Only by taking the convective heat and
moisture flux through cracks and openings into account, can a realistic indoor climate be
computed.
1.3

Selection of applicable model

There are different approaches to model air flow in buildings and between building zones. A
single zone model only accounts for air exchange of one zone with the exterior. This air
exchange can be user-defined or computed, depending on the pressure difference between
zone and exterior. Multi-zone models allow computing the air flow across building openings
and between multiple zones in a building. Zonal models have an even finer resolution and can
account for temperature and air velocities within zones. Very detailed air flow patterns and
temperature and contaminant distributions can be computed with computational fluid dynamics
(CFD). However, with increasing amount of resulting details the simulation time increases (see
Figure 4). This is why a multi-zone approach was chosen for the project.
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Figure 4: Possible approaches to model air-exchange between zones in a building
Using a multi-zone approach allows the computation of the air flow across building openings
and across different air flow paths within the buildings. Figure 5 shows the sketch of a building
with a representation of different possible air flow paths.
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Figure 5: Representation of a building with different possible air flow paths
In the following section the fundamentals of hygrothermal whole building simulation and the
approach for modeling the multi-zone air flow are described. The last chapter shows the user
interface for the air flow model implemented in the software WUFI Plus and some example
results.
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2.1

Fundamentals
Hygrothermal whole building simulation

The dynamic hygrothermal simulation combines single building components such as walls,
floors, and roofs to be modeled as a whole building. Coupled heat and moisture transport is
simulated for each opaque component composed of different layers of materials such as wood,
insulation, membranes or even air layers. This model was developed by Künzel (Künzel, 1994). It
considers capillary action, diffusion and vapor ab- and desorption. The conductive heat and
enthalpy flow by vapor diffusion with phase changes strongly depends on the moisture field.
The vapor flow is simultaneously governed by the temperature and moisture field due to the
exponential changes of the saturation vapor pressure with temperature. Resulting differential
equations are discretized by means of an implicit finite volume method. The component model
was validated by comparing its simulation results with measured data of extensive field
experiments (Künzel, 1994). The temperature and moisture field within the component is
simulated as a result of the model. The differential equation for heat and enthalpy flow is
equation (1) and the one for vapor flow in a component is equation (2).
(1)

(2)
where:
6

– liquid conduction coefficient
– enthalpy of the moist building material
– evaporation enthalpy of the water
– water vapor saturation pressure
– water content
– temperature
– thermal conductivity of the moist building material
– water vapor diffusion resistance factor of a dry building material
– density of water
– relative humidity
– time
A coupling of all the envelope components leads to the multi-zone building model. A zone
constitutes one or more rooms with the same indoor climate. The zone boundaries are the
components. There is also an outdoor zone, with an outdoor climate which is specified by the
building location. It is assumed, that the building itself does not influence the outdoor climate
(even in a short distance away from the building). However, the indoor climate is influenced by
the simulation of the heat and moisture transtport across each building component and vice
versa - the component simulation is influenced by the indoor climate (Holm et.al, 2004). Even
under consideration of this interaction the indoor climate can be simulated. With every time step
the zone temperature and humidity values are generated by solving heat- and moisture balance
equations (3 and 4) (Lengsfeld, Holm, 2007). Besides the heat and moisture flow across the
building the envelope internal heat and moisture sources and sinks are taken into account. They
are caused by people, lighting, mechanical equipment, infiltration and solar radiation. Such
sources or sinks cannot only occur in the zones of the building itself but can also occur in the
building envelope component with a direct influence on the heat- and moisture field of the
component. Additionally transparent components, like windows, can be modeled more
accurately. The solar radiation that passes a transparent component is calculated taking into
account the sun elevation and azimuth angle and the orientation and inclination of the
component. Reduction factors regading shading devices or surroundings are taken into account.
Following this, the solar heat gain that results from global radiation is calculated. In detail, the
solar heat gain coefficient is a varying input for different incidence angles. The solar heat gain due to diffuse radiation - is calculated using the hemispherical solar heat gain coefficient. Solar
heat gain contributions that pass through the transparent components are apportioned out
directly to the indoor air and to the inner-surfaces of opaque components according to a
defined percentage (user defined, or estimated according to surface area). For outside surfaces
of opaque building components the long wave radiation balance between the component an
the surrounding may be consideredbeside the short wave solar irradiation .
(3)
where:
7

– air density
– heat transfer coefficient
– ambient air temperature
– component indoor surface temperatures
– indoor air temperature
– time
– component areas
– specific heat capacity of air
– air change rate
– short wave solar irradiance, directly to indoor air
– internal heat sources due to people, lighting, equipment
– heat flow due to mechanical ventilation
– zone volume

(4)
where:
– absolute humidity of ambient air
– absolute humidity of indoor air
– moisture flow from indoor surface to indoor air
– internal moisture source
– moisture flow due to mechanical ventilation
The zone model was validated via cross-validation with other tools, experiments and standards
like (ASHRAE 140, 2007). The validation of both - the energetic and the hygric part of the zone
model -- is described in (Antretter et.al. 2011). Currently the ideal mechanical system has the
capacity to supply all minimized heating, cooling, humidification, dehumidification and
mechanical ventilation loads. As long as the system’s capacity is sufficient the indoor
temperature and moisture can be maintained between defined design conditions (like the
minimal and maximal design air temperature) and thus the hourly demand can be calculated. If
the capacity is not sufficient then the temperature or moisture will rise above or fall below the
specified design conditions. If there is no ideal mechanical equipment defined, a “free floating”
indoor climate is simulated.
Every time step depends strongly on the previous steps, not least because of the moisture
distribution and the thermal energy storage within all the building components. Also the natural
and mechanical ventilation affects the indoor climate. Moisture and heat is transported via the
air exchanged between the building zones themself and between the zones and the outer
climate.
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2.2
2.2.1

Multi-zone air flow model
Background

As described before, air exchange is one of the heat and moisture transport mechanisms
between zones. An assumed or measured air exchange can be set. But, in fact, the air
exchange, respectively the air flow between different zones depends on the simulated indoor
climate. It also depends on the wind velocity and direction mostly delivered with the outdoor
climate data. Therefore a building air flow model, quite similar to the model used within
CONTAMN (Walton and Dols, 2008), is implemented into the whole building simulation tool, to
simulate the air flow. The model was already established in 1989 and used by the Software
AIRNET (Walton, 1989). The multi-zone definition of the air flow model is equal to the described
multi-zone definition before. The building components border the zones and the zones provide
the boundary conditions for the components. If a component is not fully airtight, it has to be
defined as an air flow path. Each air flow path can be characterized by different flow
parameters, describing the air permeability of the building component. Furthermore, openings
and fans have to be defined as air flow paths. Then the air flow is simulated between the zones
regarding those air flow paths. Apart from the multi-zone definition the hydrostatic air pressure
is calculated for each path in a respective relative height, to simulate stack effects, even within a
zone. There are different types of simulation sub-models, to calculate the air flow paths,
describing different forms of air flow. Type dependent air flow parameters have to be defined
for each possible air flow path. There are sub-model types for small cracks and leakage paths,
fans, closed and open windows and doors.
.
2.2.2
Method
The building model can consist of any count of zones and air flow paths. Each zone gets a
variable air pressure, relative to the atmosphere pressure. The hydrostatic air pressure,
depending on zone air temperature and moisture is calculated at the inlet and outlet heights of
each air flow path. For the paths within the building envelope, the wind pressure is also an
important driving force for the air flow across it. In sum, this leads to a pressure difference (5)
across each air flow path.

∆P = PZone , j − PZone ,i + ∆Ps + Pw

(5)

Following this the pressure difference ∆P in [Pa], is calculated with the relative zone air
pressures PZone ,i , j , the hydrostatic pressure difference ∆ Ps and additional the wind pressure Pw ,
each in [Pa]. With the pressure difference and with some further assumptions and parameters
& in [kg/s], equation (6), via each air flow path can be calculated.
the mass flow rate m

m& = f (∆P)

(6)

The function f () in equation (6) serves as dummy for a calculation method of a path, regarding
the type of it. With all the paths each zone is coupled with other zones forming an air flow path
network. Following this an air flow path interrelates with other air flow paths with the relative
pressure of the zone. Regarding the mass balance, equation (7), for each zone, the incoming air
must be equal to the outgoing air. This leads to an iterative simulation algorithm varying the
relative pressure until the mass balance is sufficiently accurate.

Σm& = 0

(7)
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This multi-zone air flow model depends strongly on empiric equations and air flow parameters
of the defined air flow paths (Mergi and Haghighat, 2007) and on the acquisition of each path
in a building, across which air can be exchanged. Furthermore, it is a steady state model
calculating for each time step present mass flow rates. The air velocity is neglected. Air joining a
zone via an air flow path instantly leaves the zone via further adjoined air flow paths depending
on their different air resistances. But for the small air velocities that usually occur during the
whole year within a building it is quite accurate (Walker, et.al. 1997). The schematic chart,
Figure 6, shows the iterative simulation process of the model calculating all the mass flow rates
linked to each other.

Figure 6: Flow chart of the air flow modeling
2.2.2.1

Hydrostatic pressure difference

To calculate the hydrostatic pressure difference, the heights of each zone floor slab z j ,i , and
each inlet and outlet of an air flow path zm , n , in [m], relative to the building height above sea
level, must be known. They are illustrated on Figure 7. The hydrostatic pressure difference is
calculated using equation (8). Where ρ j and ρ i are the densities of the zones in [kg/m³] and g
is the gravitational acceleration in [m/s²].
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Figure 7: Graphical representation of hydrostatic air pressure
∆PS = ρ j ⋅ g ⋅ ( z j − z m ) − ρ i ⋅ g ⋅ ( z i − z n )

(8)

Wind pressure

2.2.2.2

The wind creates an air pressure field on the building envelope, depending on the wind velocity
and direction. This varying dynamic pressure or suction on each point on the envelope, influence
the air flow within the building. The outdoor climate data provides the hourly average scalar
wind velocity and direction. Ordinary those values are measured on open terrain in 10 m height
above ground. With this climate wind data and further wind pressure coefficients, depending on
the wind screening of the building, the wind pressure or suction, equation (9) following
(EnergyPlus 2010), is calculated for each air flow path.

v
PW = C p ⋅ ρ ⋅ H
2

2

(9)

The local wind velocity v H in [m/s] is ordinary different to the wind velocity given in the climate
data. Differing terrain topography and surrounding buildings including trees and the height of
building to be simulated are considered by converting the measured climate data with the actual
wind profile.
The aerodynamic pressure coefficient C p is influenced by many factors. It is dependent on the
building geometry and on the texture and form of the facade. Balconies, eaves and oriels have
their influence. All this cannot be considered for a fast simulation process, so simplified
aerodynamic pressure coefficients are calculated with an analytical model (Swani and Chandra,
2009), considering the wind direction and simple cubic building geometries.
2.2.2.3

Air flow path models

As mentioned before, each type of air flow path has its special mathematical, mostly empirical
description considering its perfusion properties and calculating the mass flow rate depending on
the pressure difference. The fundamental distinctions are between laminar and turbulent and
mechanically driven air flow. Laminar air flow across the building components, with a linear
dependency between mass flow rate and pressure difference, is only relevant for very small air
velocities leading to volume air flow rates below 1 m³/h. The calculation will not be described in
detail. Ordinarily the air flow via the leakage paths of a building component is turbulent. This
means, the larger the pressure difference becomes, the smaller becomes the mass flow rate. For
buildings and their dominant pressure differences the typical power-law (10) calculating the
mass flow rate with the pressure difference can be used (Walker et al., 1997).
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m& = Cturb ⋅ ρ ⋅ (∆P) n

(10)

The turbulent flow coefficient C turb and the flow exponent n can be evaluated with empirical
derivative equations or values considering the kind of the air flow path.
Walls and roofing are often not airtight. Joints, cracks, and other irregularities can cause an air
change. Some investigations for defined components, kind of buildings and material used give
experimentally determined coefficients and exponents (Orme, 1990), related to the component
area A in [m²] or length L in [m]. With them the coefficient for the power-law can be
calculated with equation (11) or (12),

Cturb ⋅ = 0,001 ⋅ A ⋅ C A ⋅ ρ

(11)

Cturb ⋅ = 0,001 ⋅ L ⋅ C L ⋅ ρ

(12)

where C L [dm³/(s·m·Pan)] is the length related and C A [dm³/(s·m²·Pan)] the area related flow
coefficient.
Often the results of a blower-door-test are given and with them the effective leakage area (ELA)
Aeff in [m²]. According to CONTAM (Walton und Dols, 2008) the turbulent flow coefficient for
the power-law can be calculated with equation (13).

Cturb = Aeff ⋅ Cd ⋅ 2 ⋅ (∆Pr )

1 −n
2

(13)

Ordinarily the reference discharge coefficient is Cd = 1,0 for an reference pressure difference
∆Pr = 4 Pa and C d = 0,6 for ∆Pr = 10Pa .
There is another numerical expression to describe the air flow across openings. It uses the often
provided discharge coefficient C d describing the flow resistance via openings, mostly depending
on the shape of the opening. To calculate the flow coefficient for the power-law equation (14)
can be used, where A is the cross sectional area of an opening.

Cturb = C d ⋅ A ⋅ 2

(14)

If there are small cracks within a component, the power-law parameters can be calculated with
(15) and (15). As Input data for this flow path type, only the crack length and the width are
necessary..

Cturb = ρ 0 ⋅ L ⋅ 0,0097 ⋅ (0,0092) n

n = 0,5 + 0,5 ⋅ e

−H

2

(15)
(16)

Large openings, like open doors and windows may cause large air change rates. Those can be
handled special with the following sub-model. The given power-law only considers a one-way
flow via a flow path for a time step. However, in large openings, the air can simultaneously flow
in opposite directions. It may join a zone at the bottom of an opening and leaving it at the top.
Different temperatures in the assigned zones may cause this. One possibility to take this into
consideration is to set up many small openings, over the height of the opening, with different
relative flow path heights, because the hydrostatic pressure difference is density dependent and
leads to different mass flow rates through each of the components.
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However, there is another flow path model, also given with AIRNET (Walton, 1989). At first the
neutral height Z n in [m] is calculated, where the air velocity is zero and by definition no pressure
difference occurs. This neutral height can be calculated with equation (17).

Zn =

∆P
g ⋅ ∆ρ

(17)

If the air density is equal in both zones, equation (17) leads to no result. But with that, per
definition such a two-way-air flow cannot occur. The opening can be regarded as an ordinary
opening. For all other cases, the neutral height is essential. If it is outside the opening height,
the air flow also occurs only in one direction and can be calculated with equation (18),
regarding and increasing or decreasing air velocity on the height of the opening.

m& = G ⋅ ρ ⋅ H − Z n
With

G=

3

2

− Zn

3

2

1
2
⋅ W ⋅ Cd ⋅ (2 ⋅ g ⋅ ∆ρ ) 2
3

(18)

If the neutral plane is within the opening height, there will be the mentioned two-way-flow
calculated with equation (19) and (29). In which direction the air upper and lower the neutral
flows depends on the sign of the density difference.

m& a = −G ⋅ ρ j ⋅ H − Z n

m& b = G ⋅ ρ i ⋅ Z n

3

2

3

2

(19)
(20)

Beside the naturally driven air flow, mechanical ventilation systems (fans) can force the air flow.
Simplified this can be entered with constant mass or volume flow rates with no dependency on
the pressure difference. However, even they produce a pressure difference between two zones,
their power depends on the environment. There are fan characteristic curves describing the
supplied or forced volume flow rate depending on the pressure difference including a submodel for the multi-zone air flow model (Walton, 1989). These fan performance curves are
mostly represented by cubic polynomials. For the input, 4 Points from the curve have to be
entered. A point of contraflecture, due to stalling and surging effects of axial fans, may occur
for such cubic polynomials and may lead up to three different mass flow rates and not one
explicit at certain values of fan pressure. Following this, the fan curve has to be modeled with
the four points, not including the contraflecture. An iterative regula falsi method, described in
AIRNET (Walton, 1989) is used to solve the mass flow rate with the pressure difference for the
air flow network, with an accuracy of 10-3.
A last mentioned sub-model included in the calculation is a model for ducts.They are
characterized by the friction losses, increasing with the length L in [m] of the duct. The mass
flow rate between the inlet and outlet of a duct can be calculated with (21) regading those
friction losses depending on the actual mass flow rate with the method described in AIRNET
(Walton, 1989).

m& =

2 ⋅ ρ ⋅ A 2 ⋅ ∆P
f ⋅ L + ∑ Cdyn
dh

(21)

13

2.2.3
2.2.3.1

Coupling
Input

WUFI® Plus distinguishes between simulated zones and zones attached to those. The indoor
climate of simulated zones is calculated. The climate within attached zones is a user defined
input or assumption. It depends on the user which zones are to be simulated and furthermore
for which zones the air flow model will be activated. If the air flow model is activated for a zone,
the air mass balance for this zone will be calculated and the air flow paths can be defined. The
outdoor zone is always considered as zone with constant pressure, for each time step, because
the air flow within the building doesn’t affect it. This is a necessary definition for the solution
process; the air flow network at least must include one zone where the pressure is not adjusted.
During the building model design process the building components are added and their
boundary conditions have to be defined. The component type has to be defined. It can be a
solid opaque or transparent component, or it can be an opening. It is up to the user to choose
and select all the components, where air flow is possible. If a component activated as air flow
path, the user has to decide which kind of path it is and has to set all necessary parameters.
For transparent components, the windows, the algorithm can switch between two different
path types. The window can be open or closed. If it is closed, the leakage is calculated. If it is
open the two-way-flow path is activated with all the opening area. The air flow will leap.
Therefore it is necessary to define opening times of the window with daily time schedules,
measured or assumed data.
2.2.3.2

Simulation

The building air flow model is apart from the whole building simulation procedures developed
as a standalone model with its own solution algorithm. It is not directly included into the
hygrothermal solution algorithm. An interface allows the models to interact with each other. At
the beginning of a simulation the air flow model is initialized with all the parameters, which are
constant during the simulation process. For each time step, the hygrothermal building model
sends the time varying variables, like the temperature, the moisture of each zone, and the wind
velocity and direction to the air flow flow model. With this, the air flow model calculates the air
mass flow rates between the zones.
Additionally, beside the hygrothermal heat and moisture mass balance, the air mass balance has
to be sufficiently accurate. Each of them is solved iteratively. The heat and mass balance is the
outer iteration. The air mass flow causes a heat and moisture transport, influencing the
hygrothermal balances and so, the indoor climate. Another indoor climate may cause another air
flow rate. The iterative solution algorithm of WUFI® Plus may handle the possibly diverging
iteration process with the under-relaxation method or, if not, can be switched to a explicit
solution algorithm neglecting the iteration of the indoor climate and simulating very small time
steps.
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Implementation

The model described was implemented in the hygrothermal whole building simulation software
WUFI® Plus. Figure 8 shows how the implementation works in general. The multi-zone model is
initialized with air flow path and zone parameters. It gets temperature, humidity and wind
information from the building model. It computes resulting mass flow rates and provides it back
to the building model. Finally, three different but coupled balances, the heat, moisture and air
mass balance must converge, calculating the temperature, relative humidity and mass flow rates.
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Figure 8: Implementation of the air flow model in hygrothermal whole building simulation
In a first step, the model must be activated in the graphical user interface (GUI) of the software.
This is shown in Figure 9, and can be done for one or more zones. If there are zones within the
building which are unimportant, regarding the detailed air flow, the model can be left
deactivated. But, if there is an air flow path between two zones, the air flow model must be
active for each of them. The air flow through attached zones is automatically activated if an air
flow path is connected to them.

15

Figure 9: Activation of the air flow model for a zone within the Software GUI

Figure 10: Setting the air flow paths for air-permeable components within the Software GUI
After the definition of the zones, the user has to define all the air flow paths described before.
Therefore, a new tab called “Air flow” appears for each component of the zone, shown on
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Figure 10. With the checkbox “Relevant for air flow”, an air-permeable building component is
ready to calculate the air flow across it.
As described before, the hydrostatical air pressure, regarding density differences between zones
is calculated. Therefore it is necessary to define the zone and component heights above the
ground. If a component is connected to the outdoor climate, the wind pressure is calculated
automatically.
Regarding on the component type, some additional air flow parameters have to be defined, to
calculate the mass flow rate. For opaque building components, like the one activated on figure
10, the flow path model described in 2.2.2.3 with equation (12) is used. Necessary parameters
can be found in the literature (Orme, 1999), some are summarized in Table 2.
Table 2: Air flow parameters for opaque building components (Orme, 1999)
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Figure 11: Setting the air flow parameters for a window within the Software GUI
For transparent building components, shown on figure 11, the mass flow rate is calculated in
two different ways, depending whether the window is opened or closed. For both the height
and width of the openable part of the window, without the frame, are necessary. For the
opened windows the path model for large openings, described with equations (18) to (20), is
used. The reverse flow, leading to an air supply and exhaust for each adjacent zone, can occur if
there is a density difference. The discharge coefficient (open) is used to calculate the mass flow
rates. For unobstructed open windows this coefficient is about 0.78. If there are obstructions
like curtains it can be decreased. For the closed window, the length dependent junction
between window and frame is maybe air-permeable. Therefore the mass flow is calculated with
equation 9, and some parameters found in the literature (Orme, 1999) and shown in table 3.
The opening times of the window can be set per time schedule, shown on figure 12, in the
“schedule” tab. Also the input from an external file is possible.
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Table 3: Air flow parameters for window or door joints (Orme, 1999)

1 = open
0 = closed

Figure 12: Setting the window opening times within the Software GUI
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Figure 13: changing the component type within the Software GUI
Further flow path calculation models can be used by setting the kind of a component to an
opening, shown on figure 13. If so, there will be a drop-down menu in the air flow tab, where
the type of the opening must be specified. It can be an ordinary orifice. Beside the orifice net
area, the flow exponent (typically 0.5 for turbulent air flow) and the discharge coefficient
(typically 0.6 for small, round openings) are used to calculate the mass flow rate, regarding
equation (14). Additionally for very low mass flow rates this type switches to laminar air flow
calculated with the hydraulic diameter and the Reynolds number. Simplified, because of the
unimportance of the laminar flow for building flow paths (see the chapter before), these values
may be defined with an hydraulic diameter of 0.1 m and a Reynolds number of 100.
Another implemented opening type is the crack model. With that, the turbulent air flow
parameters are calculated with the crack cross sectional length and width and equation (15) and
(16).
If the effective leakage area (ELA) is given, maybe because of a blower door test, the type of the
opening can be set to “Leakage area”. Then equation (13) is used to calculate the mass flow
rate. The reference pressure difference used to determine the effective leakage area, with the
default values for the discharge coefficient and flow exponent are further parameters for this
type of air flow path, can be used. Mostly those values should be reported with the effective
leakage are. However, typically there are two common sets of reference conditions. The
reference pressure in the US is 4 Pa with an discharge coefficient of 1.0 and for Canada 10 Pa
and a discharge coefficient of 0.6. A Flow exponent between 0.6 and 0.7 is common.
The next type of flow path is the duct type. The roughness of the duct walls are regarded as
described with equation (21). The length of the duct and the duct cross sectional area are
necessary parameters, as well as the hydraulic diameter of the duct shape and the roughness
20

dimension of the inner duct wall material. Additional inlets, outlets and corners can be regarded
with a sum of their dynamic loss coefficients.
The last type of an opening is the fan type. The setup is shown on figure 14. There is also the
possibility to decide between three fan types, regarding different calculation assumptions.
Comparing to other flow paths, the fan creates the pressure difference between two zones
because of the mass flow rate. However, beside the input of such a constant or time scheduled
mass or volume flow rate, the created pressure difference can also depend on the mass flow
rate. Therefore fan manufacturers often provide so called fan performance curves, describing
the volume flow rate depending on the pressure difference. Within the Software, such
performance curves can be regarded to calculate the resulting mass flow rate by setting 4 points
on the curve, as shown on figure 14. Furthermore, the direction of the fan, respectively a supply
or exhaust fan, can be defined.

Figure 14: Setup a Fan used with the air flow model within the Software GUI
After the building model is completed and all possible air flow paths are defined, the simulation
can be started. The air flow across each defined air flow path can be shown as graph (Figure
15). This air flow also transports the heat, moisture and CO2 between the zones, and the
outdoor climate. Summarized over a month all supply and exhaust air flows connected to a zone
provide the natural, mechanical and interzonal ventilation of the zone (Figure 16).
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Figure 15: Example resulting graph, showing the air flow across a building component for a
few hours within the Software

Figure 16: Example monthly results, showing the natural and interzonal ventilation of a zone
within the Software
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