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Abstract.  The thermal flow in a FLATCON®-type CPV module is investigated theoretically and experimentally. 
For the simulation a model in the computational fluid dynamics (CFD) software SolidWorks Flow Simulation was 
established. In order to verify the simulation results the calculated and measured temperatures were compared 
assuming the same operating conditions (wind speed and direction, direct normal irradiance (DNI) and ambient 
temperature). Therefore, an experimental module was manufactured and equipped with temperature sensors at 
defined positions. In addition, the temperature distribution on the back plate of the module was displayed by 
infrared images. The simulated absolute temperature and the distribution compare well with an average deviation of 
only 3.3 K to the sensor measurements. Finally, the validated model was used to investigate the influence of the 
back plate material on the temperature distribution by replacing the glass material by aluminum. The simulation 
showed that it is important to consider heat dissipation by radiation when designing a CPV module. 

Keywords: CPV module, temperature distribution, CFD, thermal management, module design. 
PACS: 88.40.fc, 88.40.hj, 47.11.Df, 47.11.-j, 47.55.pb, 44.40.+a, 47.55.P-, 81.70.Pg 

INTRODUCTION 

In concentrator photovoltaic (CPV) modules the 
heating of the solar cell is a challenging issue due to 
the applied high energy density. In order to 
maximize the power output of the modules, a low 
operating temperature for the solar cell is desirable. 
Moreover, a low temperature is advantageous for 
long term reliability of interconnects and materials 
used in the module. Therefore, the derogating 
thermal energy in the module needs to be dissipated 
effectively. On the other hand, the material usage 
needs to be minimized to lower the cost for a 
module. Hence a thorough optimization of the 
thermal management in the design of a CPV module 
is crucial.  

A profound understanding of the thermal 
behavior enables a design optimization without the 
need of extensive experiments. In this work a model 
to investigate the temperature performance 
theoretically is presented. 

MODEL OF THE CPV MODULE 

CFD Model 

In this work a high-concentration, Fresnel lens 
based point focus CPV module is investigated. The 
solar radiation is focused on a small solar cell. The 
solar cell is mounted to a metal heat spreader that 
distributes the thermal energy with high thermal 
conductivity. The heat spreader is assembled to a 
glass plate, i.e. a FLATCON®-type module, whereof 

the thermal energy is dissipated to the environment 
by convection and radiation [1]. The detailed 
geometrical dimensions of the module are described 
in [2]. 

A computer-aided design (CAD) model of the 
module was built with simplified geometry. This 
means the Fresnel structure and sealing are 
simplified and adhesives are considered by 
introducing respective thermal resistances. The 
simulation was performed using the computational 
fluid dynamics (CFD) software SolidWorks Flow 
Simulation [3]. Using this simulation tool, the air 
flow and temperature at any point in the module can 
be calculated. 

Here, the simulation space is defined by the 
computational domain and has a size of 0.844 x 
1.391 x 0.556 m3. It is shown with the model of the 
module in Figure 1.  
 

 
FIGURE 1.  Computational domain with CPV module 
and outside dimensions. 



A mesh consisting of 7.23 Mio rectangular cells 
was set. The computational mesh is refined in 
regions with high gradient of fluid parameters like at 
the interfaces between solid and fluid or edges with 
solar cell and heat spreader. But also where there are 
fine component geometries like the solar cell 
assemblies (SCAs). 

Input Parameters 

The simulation was carried out assuming realistic 
conditions. The basis for the simulated conditions is 
outdoor measurements of direct normal irradiance 
(DNI) and ambient temperature. They were 
measured at Fraunhofer ISE in Freiburg at the 
outdoor set up as described in [4]. The anemometer 
to measure the wind velocity was placed where the 
measurement was not influenced by the module 
geometry. The wind direction was measured visually 
by a simple wind flag. Measurements of 27/03/2012 
between 13:20 and 13:40 were selected with nearly 
constant DNI of 852 W/m². The averaged 
measurements with standard deviation are shown in 
Table 1. 

 
TABLE 1 Averaged measurement data and standard 
deviation taken on 27/03/2012 between 13:20 and 13:40. 
The averaged data are used as input data for the 
simulation. 

module 
elevation 

DNI 
[W/m²] 

tambient 
[°C] 

vwind 
[m/s] 

wind 
direction 

48°  
852 ± 

4,3 
23,3 ± 
0,41 

0,57 ± 
0,042 

75° ± 5 

 
The basis for the absorbed energy is the DNI less 

the reflection losses on the lens plate and solar cell 
of 19.1 % in total. For the investigated conditions 
9.13 W are absorbed in the lens plate. For the cell 
we assumed an operation at open circuit condition, 
i.e. it is assumed no electrical energy is extracted. 
Thus, the thermal power homogenously absorbed in 
each solar cell is 1.04 W.  

RESULTS OF THE SIMULATION 

Flow Distribution 

Figure 2 and Figure 3 show the simulation results 
of the local wind velocity inside and outside the 
module assuming an incident wind velocity of 
0.57 m/s.  

 
Figure 2 displays a cross section of the flow 

distribution and wind velocity in direction of the 
incident flow. The flow profile close to the module 
as an obstructive body shows a typical boundary 
layer with separation and vortices especially at the 
edges. Besides of the module the tracking structure 
has a strong influence on the flow distribution. 

 
FIGURE 2.  Simulated flow distribution and wind 
velocity in direction of the wind as cross section through 
the computational domain with arrows indicating the wind 
direction. 
 

In Figure 3 and Figure 4 the focus is on the 
internal flow in the module. The flow velocity as 
well as the temperature distribution is visualized. 
With less than 0.1 m/s the velocity is low. From 
Figure 4 it becomes clear that due to the high 
temperature at the bottom plate the air flows along 
the base plate to the top frame, cools down and 
flows back along the lens to the low side of the 
module.  

  

 
FIGURE 3.  Simulated velocity inside the module as 
horizontal cross section. Arrows show the wind direction 
in the plane 
 

 
FIGURE 4.  Simulated fluid temperature in the horizontal 
cross section and arrows indicting the flow direction in the 
plane. 



Temperature distribution 

The temperature distribution on the heat 
spreaders is shown in Figure 5. The temperature 
increases in direction of the wind and from the low 
side to the top. The highest temperature is 80 °C on 
the substrate in the 6th row from the left at the top. 
The lowest temperature is 48 °C at the edges at the 
bottom.  

 

 
FIGURE 5.  Simulated temperature distribution of the 
heat spreaders. 

Heat Transfer 

A thermal power of 83 W of the incoming energy 
is dissipated by convection from all surfaces. Also a 
total thermal power of 83 W is transferred by 
radiation. This means for the simulated conditions 
50 % of the dissipated heat is due to radiation heat 
transfer. The shares of the thermal flow at the front 
and rear surfaces as well as the frame surface are 
shown in Figure 6. Here, the system is in a thermal 
equilibrium with 166 W absorbed energy in the lens 
plate and solar cells and 166 W transferred to the 
environment by convection and radiation.  

 
 
FIGURE 6.  Simulated heat flow by convection and 
radiation on frame, lens and base plate surfaces. 

VALIDATION OF THE MODEL 

Comparison Of Temperature 
Distribution 

To validate the model, the simulated 
temperatures are compared to measured 
temperatures. First, the simulated temperature 
distribution on the back plate was compared to an 
infrared image as shown in Figure 7. The 
temperature of the infrared image is not calibrated 
and the temperature scaling is different to the one 
from the simulation. Still, the distribution compares 
very well to the results obtained from the simulation. 
As in the simulation, the maximum temperature is in 
the top left corner and the temperature is lower at the 
bottom of the module.  

 

         
 

FIGURE 7.  Left: Two infrared images of different 
sections of the back plate to visualize the temperature 
distribution qualitatively. The images were taken on 
27/3/2012 at 15:10. No temperature scale is given as the 
measurement is not calibrated. Right: Simulated 
temperature distribution on the back surface. 

Comparison To Measured Temperatures 

The simulated temperature was compared 
quantitatively to measured temperatures on heat 
spreaders inside of the module. As described in [2] 
the module is equipped with several PT 100 
temperature sensors. Amongst others there are 6 
sensors mounted to the heat spreaders as well as one 
to the frame, baseplate and lens plate. The positions 
of the sensors are shown in Figure 8. 

 

 
 

FIGURE 8.  Left: picture of the investigated module [2]. 
Right: positions of the PT 100 temperature sensors inside 
of the module.  



A comparison of the simulated and measured 
temperatures is shown in Figure 9. The maximum 
temperature difference between simulation and 
measurement is 7 K, the averaged value is 3.3 K. 
The simulated temperature level is higher than in the 
measurement, except for the temperature sensor at 
the frame.  
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FIGURE 9.  Comparison of simulated and measured 
temperatures for different positions inside of the module. 
The simulated temperature is taken directly on the surface 
of the heat spreader. The temperature sensors for the 
measurements are glued to the heat spreaders. 

DESIGN OPTIMIZATION 

The established model can be used to investigate 
and optimize the thermal design of CPV modules. 
One approach is to increase the thermal conductivity 
in the back plate by replacing the glass by an 
aluminum plate with the same thickness. Depending 
on the surface properties (e.g. polished, rough, 
oxidized) the emissivity is between 0.01 and 0.4. For 
the simulation an aluminum Al95.5 alloy with an 
emissivity of 0.07 was chosen. The results of the 
simulation are shown in Figure 10 on the left.  

 

 
FIGURE 10.  Temperature distribution on the surface of 
the aluminum back plate with same scaling. Left: 
Aluminum with an emissivity of 0.07, right: Aluminum 
emissivity of 0.95. 

 
Due to higher thermal conductivity the 

temperature distribution over the aluminum plate is 
more homogeneous compared to the glass surface. 
The temperature varies by 12 K between 70 °C and 
58 °C. Whereas the temperature over the glass 
surface changes by 48 K (no figure). However, 
comparing the maximum base plate temperature, for 
aluminum it is only 3 K lower than the maximum 
temperature on the glass plate of 73°C. This is due to 

lower emissivity of aluminum compared to glass. 
The emissivity can be increased by applying a 
coating with a high emissivity as for example 
proposed in [5]. The temperature distribution was 
simulated for an emissivity of 0.95. The temperature 
distribution is shown in Figure 10 on the right. The 
maximum temperature decreases to 57 °C on the 
back plate. Still, the distribution is very homogenous 
with a variation of 11 K.  

CONCLUSION 

In this paper, a theoretical analysis of the 
temperature distribution in a CPV module is 
presented. A model of a lens based CPV module was 
established and simulated by CFD. The results of the 
simulation were validated by comparing to outdoor 
measurements. First, the temperature distribution 
was compared qualitatively to a thermography 
image on the rear surface of the module. In addition, 
the absolute temperatures were compared 
quantitatively to measurements taken by sensors in 
the experimental module. The measurement data 
agree well with the simulated data with an averaged 
temperature difference of 3.3 K.  

The analysis shows that CFD is a valuable tool 
for the understanding of the influence of ambient 
conditions on the temperature behavior. By 
analyzing the temperature behavior for different 
back plate materials it was demonstrated that the 
model can be used to identify and analyze the 
potential for design optimization. 
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