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1. Introduction 

The service life of building components and building materials strongly depends on their 
hygrothermal conditions. In this perspective, ventilated facades are employed in which a - sometimes 
very narrow - air gap or cavity between the rain screen and the back wall is introduced. Hygrothermal 
modelling of such facades requires knowledge of the air flow patterns, velocity magnitudes and 
ventilation rates in these cavities. These variables are determined by the complex interaction of several 
parameters. The following influencing parameters are distinguished: building and cavity geometry, 
environment topography, position of the cavity inlet and outlet openings, reference wind speed and 
wind direction. 

In the past, information on air flow in such cavities for hygrothermal modelling has been mainly 
obtained by simplified theoretical and/or semi-empirical expressions, which provide an estimate of the 
air flow rate as a function of the surfaces pressures at the inlet and outlet opening. Usually, a uniform 
velocity pattern is assumed in the entire cavity volume. Little is known about the actual mean air speed 
and turbulence intensity inside the cavity. To the knowledge of the authors, no detailed study of the 
relationship between these variables and the influencing parameters has yet been performed. Such 
detailed study would require either detailed full-scale measurements or numerical simulation with 
Computational Fluid Dynamics (CFD). Wind tunnel tests are considered inappropriate due to 
Reynolds similarity problems for the narrow cavities and the small inlet and outlet openings. 

This extended abstract presents preliminary results of a comprehensive CFD study on wind
induced air flow through the cavities of an exposed low-rise test house. The house exhibits different 
cavity assemblies for typical Scandinavian wooden claddings. A specific feature of these simulations 
is the full numerical simulation of both the air flow pattern around the building and the resulting flow 
patterns inside the cavities. The simulation results provide the relationship between cavity air change 
rate and cavity design, facade position, wind velocity and wind direction, and this information will be 
made available as input for future hygrothermal modelling efforts. 

2. CFD validation 
CFD validation is imperative, and for the present study, two options were available. The first 

consists of comparing the CFD simulations with full-scale measurements on the same building. The 
second consists of performing validation of critical parameters for simplified building configurations, 
for which detailed measurements are available in literature. For the present study, the second option 
was chosen, in which CFD was validated for the calculation of near-wall wind speed and surface 
pressures on an idealized cubic building model. In the interest of brevity, these results will not be 
reported here, and can be found in the full version of this paper [1]. The results have shown that steady 
RANS with the realizable k-E model [2] can provide accurate results. 
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3. Building geometry 
The building under study is the low-rise test house at Voll in Trondheim, Norway, described in [3]. 

The building has dimensions L x B x H = 11.3 x 4.8 x 4.3 m3 and all building facades face the cardinal 
wind directions. Fig. 1 shows the west facade. The length of the roof overhang along this facade is 340 
mm. The west facade of the building is freely exposed to the oncoming wind. It is subdivided into 16 
elongated ventilated facade sections (Fig. la). Each section has a wooden cladding, with a ventilated 
back cavity with a maximum depth of 23 mm. Fig. lb shows the cavity geometry. Note that in some 
cavities, small horizontal wooden bars are present near the top and bottom openings, along the entire 
cavity length, locally decreasing the horizontal cross-section of the cavity to a depth d = 4 mm or 14 
mm. If the bars are absent, the depth is 23 mm over the entire height. 
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Fig. 1. (a) West facade of the test house at Voll, with indication of section numbers. (b) Vertical cross
section of cavity. The horizontal bar locally decreases the cross-section. 

4. CFD simulations 
CFD simulations are performed for different building and cavity configurations. They include 

simulations with and without roof overhang and with and without an elevation of the building above 
ground. The cavity configurations include depths d = 4, 14 and 23 mm, as generated by the presence 
of the wooden bars at the top and bottom opening. The geometrical model of the test house is placed in 
a computational domain with dimensions L x Bx H = 110 x 110 x 50 m3 (Fig. 2a). Figure 2b shows 
the building model. For each configuration, a hybrid computational grid with about 2.6x106 

hexahedral and wedge cells is constructed (Fig. 2c). The steady-state 3D wind flow pattern is 
calculated using the commercial CFD code Fluent 6.2, steady RANS and the realizable k-e turbulence 
model. 
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Fig. 2. CFD model. (a) Computational domain. (b) Building geometry. (c) Grid at building surfaces. 

The inlet boundary condition of mean wind speed is a logarithmic law with aerodynamic roughness 
length zo = 0.1 m, and the reference wind speed at 10 m height U10 = 10 mis. The profiles for turbulent 
kinetic energy and turbulence dissipation rate are those by Richards and Hoxey [ 4]. The sides and the 
top of the computational domain are modelled as slip walls (zero normal velocity and zero normal 
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gradients of all variables). At the outlet, zero static pressure is specified. For the ground boundary 
condition, the standard wall functions by Launder and Spalding [5] with roughness modifications by 
Cebeci and Bradshaw [6] are used. The values of the equivalent sand-grain roughness height ks and 
roughness constant Cs needed in these wall functions are obtained based on the aerodynamic 
roughness length z0 by the function derived by Blocken et al. [7] for Fluent 6 (up to at least version 
6.3): 

= 
9.793 z0 

Cs 
(1) 

Pressure-velocity coupling is taken care ofby the SIMPLE algorithm. Pressure interpolation is second 
order. Second order discretization schemes are used for both the convection and the viscous terms of 
the governing equations. Calculations are made for different angles of incidence, i.e. the angle 
between the wind direction and the normal to the west facade: 0 = 0°, 22.5°, 45°, 67.5° and 90°. 

5. Results 
The results are displayed as the ratio of the air change rate n (h-1

) to the reference wind speed U10 

(mis). Figure 3 illustrates the variation of this ratio for the different facade sections and for different 
angles of incidence, for the case of fully open cavities (d = 23 mm). Note that positive values indicate 
flow from top to bottom, and that for oblique wind, the wind approaches the left side (see Fig. la) of 
the building. Four particular observations are made: (1) the maximum value n/U10 occurs for the 
upwind section (number 3), for 0 = 22.5° and not for 0 = 0°. This corresponds to earlier findings in 
wind engineering research focusing on pedestrian-level wind environment and wind-driven rain [8,9]; 
(2) The profiles for 0 = 22.5°, 45° and 67.5° show a distinct jump from section 11 to 13 and from 
section 23 to 25, which increasing with increasing angle of incidence. The jumps seem to be related to 
local section edge details and the corresponding overpressure and underpressure regions near these 
edges; (3) the direction of the cavity air flow changes for the most upwind and for the downwind 
sections when 0 = 90° ( wind parallel to the west facade), indicating lower pressure at the top than at 
the bottom openings. Further analysis of the local air flow pattern will be performed to provide a more 
in-depth explanation of this observation. 
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Fig. 3. The ratio of air change rate (h-1
) to reference wind speed U10 (mis) in the different cavities 

and for the five different angles of incidence. 

Figure 4a indicates the influence of the local reductions of cavity cross-section by the presence of the 
horizontal bars (see Fig. 2b). Apart from an overall reduction, especially the values at the edges are 
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reduced when the cavity depth decreases. Figure 4b finally shows the decrease of the ratio n/U10 with 
increasing angle of incidence, for three selected cavities. 
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Fig. 4a. (a) Results for cavities with different minimal cavity depths (d = 4, 14, 23 mm) and for 0 = 0°. 
(b) Results for three selected cavities as a function of angle of incidence. 

6. Summary and conclusions 
Preliminary results of CFD simulations of air flow in the narrow cavities of ventilated wooden 

cladding facades have been presented. The intention is to provide information for the analysis of the 
hygrothermal performance of such facades. A specific feature of these simulations is the full 
numerical simulation of both the air flow pattern around the building and the resulting flow patterns 
inside the cavities. Apart from providing values of the air change rates that can be expected, the 
simulations have also shown some particular features: the maximum air change rate does not occur for 
wind direction perpendicular to the facade (0 = 0°), but for 0 = 22.5°, in the cavity near the upwind 
building edge. Local facade detailing can increase or decrease the air change rate at a certain position 
by more than 100%. Further analyses of the obtained CFD data will be performed to provide more 
insight into the relationship between cavity air change rates and the various influencing parameters. 
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