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Abstract 

The solar thermal activation of the building envelope offers untapped potential for novel solutions based on 

renewable energy in multi-story buildings. Activated façades designed as uncovered collectors are particularly 

suitable for the support of heat pump-based supply systems as they can gain heat from both solar energy and 

ambient air thus achieving high yields at low temperatures. The characterisation of such façades requires the 

modelling of the thermal performance in dependence of the wind speed. The wind speed in front of the façade 

is influenced by various factors such as the surroundings, the microclimate, thermal effects as well as the size 

of the façade. In order to model the wind dependency more accurately than in standard tests for solar thermal 

collectors, we carried out detailed wind field measurements on a 26 m² large active metal façade. The 

measurements showed that the flow behaviour in front of the façade is strongly affected by the wind direction. 

For wind directions parallel to the façade, we observed an almost linear velocity gradient in the vertical 

direction, while for wind directions perpendicular to the façade we reported a homogeneous distribution. The 

comparison of the measurements to wind data recorded by a nearby weather station suggests a scaling factor 

of 0.3 to 0.6. Based on our experimental results we performed an adjusted efficiency measurement of the metal 

façade and compared the yearly energy output calculated with both parameter sets. The difference is 

remarkable in low temperature ranges relevant for heat pump applications (i.e. 7.5% at 0°C) but negligible for 

operation temperatures above 10°C. 

Keywords: solar thermal façades, building envelope, solar collector measurement, WISC, multi-story 

residential buildings, building integrated solar thermal 

 

1. Introduction 

In order to achieve net zero greenhouse gas emissions in the building sector, a significant increase of carbon-

neutral heat generation technologies is required in both new and existing buildings. For this purpose, the 

energetic use of the building envelope is a meaningful measure, particularly for multi-story residential 

buildings due to their large ratio of available façade to roof area. Here, building integrated solar thermal 

systems can offer promising solutions with a high architectural quality (Maurer et al., 2017; Munari-Probst 

and Roecker, 2007). The combined use of solar thermal activated façades and heat pumps offers synergy effects 

such as the additional supply of environmental heat by the façades due to the low temperatures in the heat 

pumps evaporator (Frick et al., 2021). In particular, uncovered systems benefit from the better thermal coupling 

to the ambient air. Furthermore, the combination with geothermal heat pumps enables a regeneration of the 

ground source via the activated façades, which allows a more sustainable operation and a size-reduction of the 

required borehole heat exchanger field (Weiland et al., 2022; Hadorn, 2015). 

Activated façades designed as uncovered solar collectors show a high dependency of the thermal performance 

on the wind speed due to the lack of a transparent glazing. The knowledge of this dependency is necessary to 

carry out performance and yield calculations and to properly dimension the heat supply system. For instance, 

the influence of the wind speed on the heat losses is characterized during collector performance measurements 

according to DIN EN ISO 9806 (2017) by determining the collector coefficients a3 and a6. During the 

measurements the wind speed is measured at one or more positions, usually outside of the collector surface 

area. The measured wind speed, however, can only reflect the actual wind flow velocities over the collector 

surface to a limited extent. Especially under natural weather conditions and with large collector arrays, the 
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wind field is usually highly inhomogeneous and is influenced by the surroundings, the collector surface itself 

and the microclimate (Simon et al., 2020). By using wind generators for the performance measurements, the 

resulting wind field shows different flow characteristics than the natural wind, which impacts the heat transfer 

between the collector surface and the ambient air. Furthermore, with large vertical facades at temperatures 

much higher than air temperature, the flow velocity field is overlapped by the upwards flow caused by natural 

convection, which is most noticeable at low wind speeds. Therefore, for large façades an estimation of the real 

mean wind speed over the façade and a proper positioning of the wind sensors are necessary to correctly assess 

its performance. 

For the calculation of annual yields, location-based weather data is generally used. The wind speed is usually 

measured in undisturbed areas at a height of approximately 10 m (Burch and Casey, 2009). For a realistic 

estimation of the collector performance, the reduction of the wind speed at the collector level should be 

considered. For roof-installed solar thermal systems various approaches for the adjustment of the 

meteorological wind speed already exist: Haller et. al (2013) suggest a scaling factor of 0.5, while Burch and 

Casey (2009) suggest factors from 0.3 to 1, depending of the site and the height of the building. Other 

approaches for the calculation of wind speeds in different heights and depending on the site are the use of a 

logarithmic velocity profile in the atmospheric boundary layer as explained by Troen and Petersen (1990) as 

well as Hau (2017). 

In order to obtain information about the actual wind flow velocities in front of large solar thermally active 

façades, we carried out wind field measurements on a test façade. After a description of the experimental setup, 

the paper presents and discuss the results. Furthermore, we analyzed the correlations between the wind 

velocities, which were measured at different positions inside and outside of the collector area, and compared 

them to the measurements from a nearby weather station. At last, we evaluated the performance measurement 

and correspondent yield calculations for the façade with the adjusted wind speed and compared them to the 

results based on standard procedures. 

2. Experimental setup 

The wind field measurements were carried out on a solar thermally active metal façade on a test stand at the 

Institute for Solar Energy Research in Hamelin, Germany. The test stand consists of a south-facing free-

standing concrete wall with a size of 10 x 6 m² (width x height) and enables the parallel operation of two 

thermally active façades, each with an approximate area of 25 m². The façades are connected to hydraulic 

modules that allow the control of the mass flow and the inlet temperature of both façades. Moreover, the rear-

side of the concrete wall is equipped with an electrical surface heating to emulate a constant interior wall 

temperature of a building. This measure enables the analysis of the impact of the activation on the heat flux 

through the wall under realistic conditions.  

The test stand features an extensive measurement equipment to record the meteorological data and quantities 

of the façade prototypes. The meteorological station consists of two pyranometers for the measurement of the 

hemispherical solar irradiance in the façade plane and the horizontal plane, a pyranometer with a shadow ring 

for the diffuse irradiance, a pyrgeometer for the long-wave-irradiance and various sensors for measuring the 

ambient temperature and humidity. 

To record the wind speed, three ultrasonic anemometers (MESA Systemtechnik) were installed at different 

positions parallel to the façade surface, which track the vertical and horizontal components of the airflow 

velocity in the plane in front of the façade. These were placed outside of the thermally activated area with a 

distance between the façade surface and the sensor of approximately 12 cm.  

To characterize the façade, we used PT100-temperature immersion sensors to record the inlet and outlet 

temperature, PT100 surface temperature sensors for measuring the façade absorber temperatures, Coriolis flow 

sensors for determining the mass flow and heat flux panels to detect the heat flow through the wall structure. 

The façade as well as the test stand are described in more detail in (Frick et al., 2022). 

Two different large-scale solar thermal activated façades were installed on the test wall: A double glazed glass 

façade with an active area of 22 m² and an uncovered metal façade with an active area of 26 m². Both façades 

feature a standard rear-ventilated design with a mineral wool insulation of 180 mm (thermal conductivity of 
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0.035 W m-1 K-1, ROCKWOOL Fixrock 035 VS) and a ventilation gap of 60 mm (metal façade) and 45 mm 

(insulation glass façade). The solar thermal activation was achieved by the application of heat exchangers on 

the rear-side of the claddings in the ventilation gap. In case of the metal façade, the heat exchangers were fixed 

with clamping profiles and threaded bolts (Frick et al., 2021). In case of the glass façade an adhesive layer was 

used for the connection. Fig. 1 shows the façade test stand with the installed thermally activated façades as 

well as the measured meteorological quantities. 

 

Fig. 1: Façade test stand. Left: Solar thermal active glass façade. Right: Solar thermal active metal façade. 

For the wind field measurements, nine thermal anemometers (SCHMIDT Technology) were installed over the 

area of the activated metal façade additionally to the ultrasonic anemometers. The sensors were aligned 

perpendicular to the façade surface, in order to measure the absolute value of the wind flow velocity in the 

façade plane. Eight thermal anemometers were distributed evenly within the activated area of the metal façade, 

while another one was installed as a reference directly next to the central ultrasonic anemometer. In order to 

record the velocity of the free wind flow in front of the façade without impact of viscous effects near the façade 

surface, the thermal anemometers were placed at a distance of 6 cm from the façade surface, outside of the 

boundary layer (estimation of the maximum boundary layer thickness for the façade test stand at a wind speed 

of 0.1 m/s and an ambient temperature of 30°C: δ ≈ 4.35 cm). Fig. 2 shows the exact positions of the 

anemometers installed on the metal façade as well as the labeling of the individual measuring points used in 

this article.  

 

Fig. 2: Left: Positions and labels of the ultrasonic anemometers and thermal anemometers installed on the solar thermally 

activated metal façade. Right: Thermal anemometer installed on the metal façade with a distance of approximately 6 cm 

between the façade surface and the measuring probe. 

 
E. Frick et. al. / SWC 2023 / ISES Conference Proceedings (2023)



 

 

The measured wind speeds are also compared to the data from a nearby freestanding weather station. The 

weather station is located at a distance of approximately 70 m from the façade and uses an ultrasonic 

anemometer to record the wind speed as well as the wind direction at a height of about 3 m above the top of 

the test façade. 

3. Evaluation of the wind field measurements 

To investigate the correlation between the flow velocities at the individual sensor positions, we carried out a 

sequence of measurements. To measure the flow velocities caused by the natural wind and to minimize the 

effects of natural convection due to temperature differences between the façade surface and the ambient air, 

the fluid temperature inside both test façades was controlled, so that the surface temperature of the façades 

approached the ambient temperature. A total of approximately 158 hours of data from 18 different days were 

used for the evaluation of the measurement sequence. The average wind speeds that occurred during these 

measurements in front of the metal façade range from 0 to 3.5 m/s. The data was recorded with a time step 

interval of 1 s. For the visualization of the results in the following section, these data points were averaged 

over 1-minute intervals. 

In a first step, we compared the results of the ultrasonic anemometer WU2 to the results of the thermal reference 

anemometer WT9. This was done to eliminate a systematic measurement error caused by the different 

measurement methods used for these studies. Additionally, the distance of the thermal reference anemometer 

to the façade surface was varied between 6 cm and 12 cm in order to analyze the influence of the distance on 

the measurement results. Fig. 3 shows the comparison between the measured wind speeds of both sensors 

during the measurement sequence. The flow velocities measured by the thermal anemometer are plotted as 

data points over the simultaneously measured flow velocities of the ultrasonic anemometer: 

 

Fig. 3: Comparison between wind flow velocities measured at the ultrasonic anemometer WU2 (x-axis) and the thermal 

reference anemometer WT9 (y-axis). Measurement points averaged over 1-minute intervals in blue and linear regression of 

data points in red. 

The linear regression of the data points indicates a high correlation between the results of the thermal 

anemometers and the ultrasonic anemometers of f(x) = 0.975x, with a relative error of approximately -2.5%. 

The error lies within the manufacturer’s information on the measurement accuracy of both sensors, which is 

given as ± (5% + 0.004 m s-1) for the thermal anemometer and ± 0.1 m s-1 for the ultrasonic anemometer. 

Furthermore, the variation of the thermal anemometer distance from the façade surface shows no noticeable 

effect on the measurement compared to the ultrasonic anemometer. Therefore, the comparison of 

measurements from both anemometer types provides valid results.  

In a next step, the correlation between wind direction and wind speed measurement on the façade test stand 

was analyzed. Fig. 4 shows the distribution of wind speeds and wind directions recorded at the weather station 

during the wind field measurements. The diagram illustrates two dominant wind directions: west direction with 

wind speeds up to 10 m s-1 and south-southeast direction with wind speeds up to 8 m s-1. On the other hand, 
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northwest to east directions only occurred with relatively low wind speeds below 2 m s-1. Similar results were 

reported during other experiments at ISFH by Lampe et al. (2019). Because of the south orientation of the 

façade test stand, the majority of the airflow toward the test façades is either parallel to the façade plane (with 

wind direction west) or perpendicular to the façade plane (with wind direction south).  

To analyze the impact of the wind direction on the wind speed measurement in front of the façade, two different 

data sets filtered by the wind direction are considered separately in the following section (compare Fig. 4a: 

green - wind direction south-southeast from 95° to 220°, red - wind direction west from 230° to 310°). Fig. 4 

b) to d) depict the vertical and horizontal component of the measured wind speed in the façade plane by the 

ultrasonic anemometers WU1, WU2 and WU3. A data point in the upper left quadrant thus represents an 

upward flow in the eastern direction. For west direction, the diagrams show a similar distribution of the data 

points for all three sensors: As expected the measured airflow near the façade surface is mostly towards the 

eastern direction and airflow in other directions only occurs with low flow velocities. Here, the anemometer 

WU3 records slightly higher maximum velocities than the other two with up to 3.5 m s-1 (WU1: approximately 

3 m s-1, WU2: approximately 2 m s-1). This indicates a slight velocity gradient in the vertical direction with 

wind direction parallel to the façade surface. Furthermore, the sensor WU1 mainly records airflow with an 

upward component, while the other two sensors also record downward airflow.  

  

 

Fig. 4: a) Distribution of measured wind speeds and wind direction at the ISFH weather station during the wind field 

measurements. b) to d) Vertical (y-axis) and horizontal (x-axis) components of the measured wind flow velocity in the façade 

plane on the ultrasonic anemometers WU1, WU2, WU3. Red: Data points for west direction (230° to 310°). Green: Data points 

for south-southeast direction (95° to 220°). Blue: Remaining data points. 

a) b) 

c) d) 
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For wind direction south-southeast, the distribution of the recorded data points differs significantly from each 

other: While the anemometer WU1 mainly detects airflow to the eastern direction as in the previous example, 

WU2 and WU3 show a high tendency for airflow to the western direction. Furthermore, the sensor WU3 also 

records significantly higher velocities than WU1 and WU2 with up to approximately 4.5 m s-1 (WU1 and WU2 

both show a maximum of about 3 m s-1, although in different directions). The different behaviour of the airflow 

at the three positions can be explained by the specific installation of the sensor WU3, which is unobstructed 

towards the western direction. Wind that comes from southeast can flow in this direction mostly undisturbed, 

while at sensor WU1 the airflow to the west is restricted by the surface of the façade and thus tends to flow in 

the eastern direction. For the central sensor WU2 the wind is in this case obstructed in both directions so that 

airflow with a significant upwards component occurs. Therefore, with wind directions perpendicular to the 

façade surface, the positioning of the anemometers has a significant effect on the measurement results.  

In the next step, the deviation of the flow velocity at the different sensor positions to the mean wind speed in 

front of the façade was investigated. For this purpose, the mean wind speed was defined as the average value 

of the measured flow velocities from the thermal anemometers WT1 to WT8, which were distributed evenly 

over the façade area. Fig. 5 shows an example of the measured data points in the upper (mean value form WT7 

and WT8) and in the lower (mean value from WT1 and WT2) area of the façade plotted over the defined mean 

wind speed over the façade. The mean value was calculated because sensors at the same installed height show 

a similar behaviour. Again, two different data sets filtered by the wind direction west (red) and south-southeast 

(green) were considered for the analysis. For a better visualization the data points were averaged over 5-minute 

intervals. 

 

Fig. 5: Correlation between measured wind flow velocities in the upper (a) and lower (b) area of the activated metal façade and 

the mean wind speed over the façade. Measured data points averaged over 5-minute intervals. Red: West direction. Green: 

South-southeast direction. Blue Remaining data points. 

The diagrams show that the trend of the data points is highly dependent on the considered wind direction. For 

south-southeast direction, the linear regression of the data points is nearly 1.0. Therefore, the measured flow 

velocities correspond precisely to the mean wind speed over the façade. In this case, the correlation indicates 

that there is a homogeneous wind field in front of the façade with only small deviations from the mean wind 

speed. For west direction, the regression for the flow velocity is approximately 1.28 in the upper façade area 

and 0.76 in the lower façade area. For a mean wind speed of 1.5 m s-1 the difference in the flow velocity 

between the lower and upper area is therefore about 0.78 m s-1. Tab. 1 lists the scaling factors for the mean 

wind speed for all installed anemometers on the façade test stand as well as the nearby weather station for the 

considered wind directions. Furthermore, Fig. 6 shows the scaling factors as a function of the installation height 

of the respective anemometer on the test façade.  

 

 

a) b) 
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Tab. 1: Scaling factors to the mean wind speed over the façade for the installed anemometers for wind directions west and 

south-southeast 

 WT1 WT2 WT3 WT4 WT5 WT6 WT7 WT8 

west 0.74 0.78 0.96 0.91 1.02 1.04 1.28 1.28 

south-southeast 0.99 1.00 1.07 1.06 0.93 0.97 0.99 0.97 
 

 (WT1 + WT2)/2 (WT3 + WT4)/2 (WT5 + WT6)/2 (WT7 + WT8)/2 

west 0.76 0.93 1.03 1.28 

south-southeast 1.00 1.06 0.95 0.98 
 

 WU1 WU2 WU3 Weather station 

west 1.29 1.05 1.33 3.49 

south-southeast 0.96 1.10 1.45 1.71 

 

The scaling factors of the remaining anemometers and the plot as a function of the installation height confirm 

the previous statements: In case of wind direction perpendicular to the façade, both the thermal anemometers 

and the ultrasonic anemometers WU1 and WU2 show scaling factors near 1.0. Therefore, the wind field over 

the metal façade is homogeneous. The ultrasonic anemometer WU3, that is installed on the glass façade, 

records considerably higher flow velocities with a scaling factor of around 1.45 due to the unobstructed 

positioning in the western direction, for the already mentioned reasons. The comparison of the data from the 

weather station shows that measured wind speeds are approximately 1.71 times higher than in front of the 

façade. 

For wind direction parallel to the façade, the results show a strong correlation between the scaling factors and 

the installation height of the anemometer on the façade with an almost linear behaviour. The scaling factor 

increases by approximately 0.142 per meter. Accordingly, at a mean wind speed of around 1.5 m s-1 the wind 

field shows a flow velocity gradient of approximately 0.213 m s-1 per meter in the vertical direction. The 

scaling factors of the ultrasonic anemometers also confirm this behaviour regardless of their positioning 

relative to the façade test stand. Thus, WU1 and WU3 have similar scaling factors at the same installation 

height. The weather station records approximately 3.49 times higher velocities compared to the mean wind 

speed in front of the façade. 

 

Fig. 6: Dependence of the scaling factor of the installed anemometers to the mean wind speed from the installation height on 

the test façade. a) Wind direction west. b) Wind direction south-southeast. 

a) b) 

 
E. Frick et. al. / SWC 2023 / ISES Conference Proceedings (2023)



 

 

4. Performance measurements with adapted wind speed 

The results of the wind field measurement were included in the performance measurement of the façade in 

order to model the influence of the wind speed on the collector performance of the façade more accurately. In 

the following section, the comparison of the performance characterization with and without adaptation of the 

reference wind speed is presented. 

Frick et al. (2022) demonstrated the performance characterization of the large-scale active metal façade using 

the quasi-dynamic testing procedure (QDT) as well as a comparison to the steady-state performance 

measurement (SST) of a single module of the metal façade in the ISFH sun-simulator. It should be noted that 

the characterization was carried out without the reduction of the wind speed by a constant 3 m s-1 according to 

the DIN EN ISO 9806 (2017), because wind speeds above 3 m s-1 rarely occur in front of the façade. A valid 

evaluation of the parameters a3 and a6 is therefore only reasonable without this adjustment. Tab. 2 summarizes 

the determined collector parameters and compares it to adjusted values that have been calculated by using the 

adapted wind speed from this study. 

Tab. 2: Results of the performance characterization of the solar thermally active metal façade. Indoor steady-state 

measurement (SST) on a single module as well as outdoor quasi-dynamic measurement (QDT) on the large-scale façade with 

and without adjustment of the reference wind speed. 

Parameter 
ṁ 

kg/hm² 

η0,hem / 

η0,b 

 

Kd 

- 

r 

- 

a1 

W/m²K 

a3 

J/m³K 

a4 

- 

a5 

J/m²K] 

a6 

s/m 

SST-Indoor 

Single module 
60 0.56 - - 9.86 1.22 0.58 - 0.0386 

QDT-Outdoor 

Without adapted wind 
60 0.59 0.98 0.159 11.33 0.103 0.212 22755 0.0144 

QDT-Outdoor  

With adapted wind 
30 0.55 0.98 0.159 10.96 1.10 0.212 22755 0.0097 

 

It can be seen that the wind-dependency of the heat loss coefficient a3 is significantly lower for the outdoor 

measurement with 0.103 J m-3 K-1 than for the laboratory measurement with 1.22 J m-3 K-1. The comparison to 

the parameters of common uncovered collectors also shows, that a much higher value for a3 should be expected 

than that determined with the outdoor tests. The low a3 value can be explained by two reasons: First of all, the 

ultrasonic anemometer WU1 was used for the reference wind speed to evaluate the collector coefficients. As 

shown in the previous section of the article, during wind direction west, WU1 records flow velocities that are 

approximately 29% higher than the mean wind speed on the façade.  

The effect of the wind speed on the heat losses is thus underestimated in the evaluation. Secondly, the used 

reference anemometer is located directly next to the investigated façade. This means that with higher façade 

temperatures the anemometer measures airflow due to the natural convection additionally to the natural wind 

airflow. The measured velocities at higher absorber temperatures are thus always larger than at low absorber 

temperatures, which again leads to an underestimation of the effect of the wind speed on the heat losses at 

higher temperature points. This effect becomes more significant during test periods with generally low wind 

speeds.  

For the adjusted values, the ultrasonic anemometer WU3, that is located near the glass façade, was chosen as 

the reference wind sensor for the evaluation. During the performance measurements, the temperature of the 

glass façade was controlled to approach the ambient temperature, to minimize the effect of natural convection 

on the sensor WU3. During the performance measurements, both wind directions south and west were recorded 

at the weather station. As shown in section 3, WU3 detects velocities approximately 33% above the mean wind 

speed in front of the metal façade for wind direction west and 45% higher velocities for wind direction south 

(Tab. 1). To adjust the measured value at position WU3 to the mean wind speed of the metal façade, the data 

was scaled by a factor of 0.72 (mean value of 1/.133 and 1/1.45). Wind speeds with a maximum of 

approximately 3 m s-1 were recorded on the metal façade during the adapted performance measurements. For 

the quasi-dynamic evaluation of the collector coefficients, the recorded data was averaged over 30-second 

 
E. Frick et. al. / SWC 2023 / ISES Conference Proceedings (2023)



 

 

intervals. The incident angle modifiers for direct and diffuse radiation as well as the collector parameters a4 

and a5, which were determined during the first performance measurement, were not evaluated again to avoid 

correlations between the coefficients and to be able to focus on the effect on the parameters a1, a3 and a6.  

The results show, that the zero-loss efficiency with 0.55 is slightly smaller for the adjusted performance 

measurements than for the regular performance tests with 0.59. The reason for this deviation is the different 

fluid mass flow set during the measurements. The regular measurement was carried out with a specific mass 

flow of 60 kg h-1 m-2, which ensures a turbulent flow inside of the heat exchangers over the full temperature 

range. For the adjusted performance measurement, which was carried out during long-term tests under typical 

operation conditions, the specific mass flow was set to 30 kg h-1 m-2, which leads to a laminar flow and a less 

efficient heat transfer in the heat exchangers at lower fluid temperatures. 

The heat loss coefficient a3 from the adjusted performance measurement is much closer to the results from the 

laboratory test and the expected value for an uncovered collector. With the adjusted measurements the 

correlation between the wind speed and the collector performance is thus estimated more accurately.  

To visualize the effect of the higher a3 value, we calculate the expected thermal output of the façade using the 

standard collector model from DIN EN ISO 9806 (2017) with the coefficients from Tab. 2. The zero-loss 

efficiency of the adapted coefficients was set to 0.59 to compensate for the different fluid mass flow during 

measurements. Fig. 7 a) shows a comparison between the modelled thermal output for the characterization 

with and without adjusted wind speed measurement at a solar irradiation of GHem = 1000 W m-2 for three 

different wind speeds.  

 

 

Fig. 7: Comparison of the efficiency curves of the solar thermal active metal façade for performance characterization with and 

without adjusted wind speed measurement. a) Efficiency curves for solar irradiation GHem = 1000 W m-2. b) Without solar 

irradiation. 

a) 

b) 
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The diagrams show that, without adjustment of the wind measurement, the wind speed has no significant effect 

on the collector efficiency apart from a slight parallel shift of the performance curves. Due to the higher a3 

value from the adjusted performance tests, the efficiency curves for different wind speeds diverge significantly 

with higher temperature differences. Furthermore, the maximum temperatures, at which the metal façade is 

able to generate heat, differ for both performance characterizations: Without the adjustment, the stagnation 

temperature drops by approximately 3 K at a wind speed of 2.6 m s-1 compared to 0.3 m s-1 (49 K to 46 K), 

while it drops by about 10 K with the adjusted measurement (47 K to 37 K). Fig. 7 b) shows the thermal output 

for the façade as an environmental heat exchanger without solar irradiation. The comparison shows that the 

effect of the more accurate a3 value increases significantly with higher temperature differences. 

The different behaviour of the thermal output has an impact on the results of annual yield simulations. To 

estimate the effect, gross thermal yield calculations were carried out for the active metal façade with the 

calculation tool ScenoCalc (ESTIF) using both sets of collector coefficients. Fig. 8 shows the results of the 

yield calculations for a south oriented façade with weather data from Würzburg, Germany as a function of the 

mean fluid temperature inside the façade. The meteorological wind speeds were scaled with a factor of 0.5 for 

the calculations. As for the performance measurements, the wind speeds were not reduced by a constant 3 m 

s-1 according to DIN EN ISO 9806 (2017).  

 

Fig. 8: Comparison of the gross annual thermal yield for the solar thermal active metal façade using the collector coefficients 

with and without adjusted wind speed measurement. Calculation of the gross thermal yield with ScenoCalc (ESTIF) for a 

south oriented façade with weather data from Würzburg, Germany. 

The diagram illustrates that the main effect of the wind-dependency is noticeable at low temperatures, because 

the façade mainly operates as an environmental heat exchanger in that temperature range. At a mean fluid 

temperature of 0°C (e.g. for an application of the façade as a heat pump source or for the regeneration of ice 

storages) the calculated gross annual thermal yield is approximately 101 kWh m-2 a-1 higher (relative deviation 

of 7.5%) when using the coefficients for the accurate wind dependency. At higher temperature both yield 

curves converge. The effect of the wind speed becomes smaller because the façade operates mainly as a solar 

absorber and less as an environmental heat exchanger. For applications in temperature ranges above 10°C the 

relative deviation is below 5% and thus, the impact of the real wind speed is negligible if compared to the 

results based on performance measurements according to standard procedures.  
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5. Summary 

The paper presents investigations on the effect of the wind speed on the thermal behaviour of solar thermal 

active façades, which are designed as uncovered collectors. For the investigations, we carried out a wind field 

measurement on a rear-ventilated metal façade at our façade test stand. For this purpose, a set of thermal 

anemometers were installed on the test façade in addition to the three already installed ultrasonic anemometers: 

Eight of the thermal anemometers were distributed evenly within the active area of the metal façade. At the 

same time, wind data from a nearby weather station was used for the evaluation. 

The evaluation of the wind field measurement showed that the two dominant wind directions have a significant 

influence on the behaviour of the airflow on the façade. With an airflow parallel to the façade surface, a 

distinctive flow velocity gradient in the vertical direction could be observed. The deviation from the mean 

wind speed in front of the façade can be approximated as a linear function of the vertical position. The scaling 

factor for the mean wind speed increases by approximately 0.142 per meter. Also, for this case the positioning 

of the anemometers inside or outside of the façade area seems to be negligible. For perpendicular airflow on 

the façade surface the measurements showed that a highly homogeneous wind field in front of the façade is. 

All the thermal anemometers installed inside the façade area showed similar results. When placing wind 

sensors outside of the façade area, however, the positioning can affect the measurement results. The 

comparison to the measured data from the nearby weather station indicate scaling factors of 1.71 to 3.49 

depending on the wind direction. These results confirm the adjustment factors of the meteorological wind 

speeds proposed by Haller et al. (2013) as well as Burch and Casey (2009). 

An adjusted performance characterization of the solar thermal active metal façade was carried out with the 

results from the wind field measurements. The characterization showed that by minimizing the effect of the 

natural convention of the façade on the reference anemometer and adjusting the measured wind speeds with 

scaling factors from the wind field measurement, an accurate model for the wind-dependency of the heat losses 

can be obtained, which is significantly closer to the expected values of uncovered solar collectors and to the 

values from the laboratory measurements on a single façade module. 

The effect of the accurate representation of the wind dependency is most noticeable in yield simulations with 

generally low fluid temperatures. A comparison of the gross annual thermal yields of the active metal façade 

shows that with a more accurate model for the wind dependency a 7.5% higher yield is predicted at fluid 

temperatures around 0°C. This is particularly significant for low-temperature applications such as the 

regeneration of ice storages or the use of the façade a as heat source for heat pumps. 

It should be noted that the results of this work refer to the specific configuration of the façade test stand at the 

ISFH and are influenced by the surroundings and the microclimate. In order to verify the general applicability 

of the results to other configurations, a comparison of the results to measurements from other façades and at 

various locations is necessary. 
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