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ABSTRACT

In the current study, CFD simulations were carried out to estimate the wind loads for various
wind directions on stand-alone and arrayed solar panels. Simulations were carried out for
Reynolds number (Re) equal to 6102  at different azimuthal ( ) and inclination ( ) angles. For
the stand-alone cases, the bottom panels in an array were critical in terms of wind loading.
Another investigation was performed to determine the maximum sheltering effect of one set of
panels on another set. It was observed that at a specific distance between two sets of panels the
drag coefficient for the downstream sets of panels reaches a minimum.

INTRODUCTION

The use of solar panel technology has recently increased in both domestic and industrial
applications. This increased usage has been driven by the increasing financial cost of electric
power, and the public desire to produce a greater proportion of energy from renewable resources
and also to offset the power costs during pick periods. Based on their applications these panels
are manufactured in different shapes and sizes. In industrial applications set of panels are
considered in arrayed configuration (figure 1). Each set includes 3*4 or 2*3 panels close to each
other with a small gap between them.
For ease of maintenance and air ventilation purposes the panels are installed 2 to 5 feet above the
ground. Given the large surface area the aerodynamic forces acting simultaneously on these
modules could cause serious mechanical problems to the systems. Therefore, a good
understanding of the wind flow and its interaction with the arrayed sets of panels is of interest to
minimize the potential damages.
There have been a number of aerodynamic studies of solar arrays. Chevalien and Norton (1979)
studied rows of solar panels on a model building in a wind tunnel and their sheltering effects.
Peterka et al (1980) carried out studies on Parabolic-Trough solar panels for industrial buildings.
Cochran (1992) worked on the frame loads for large arrays in turbulent boundary layer and how
the gap between panels might affect the aerodynamic loads on them. Kopp and Surry (2002)
performed an experimental research on the total system torque measured at the main drive gear
box used for panel’s solar tracking system.
In the current study, computational fluid dynamics simulations are carried out to estimate the
wind loads on stand-alone and arrayed sets of solar panels to study the effects of various wind
directions ( ) and inclination angles ( ). Simulations are performed for arrayed sets of solar
panels to investigate the sheltering effects of one set on another. Numerical simulations are
performed on three sets of solar panels in a tandem configuration for three azimuthal wind
directions. An important reduction in drag force is observed on the second and third sets of solar
panels.
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Figure 1- Arrayed sets of solar panels in a field

FLOW FIELD AND GEOMETRY

Six different configurations of a 3*4 set of solar panels have been presently modeled and
analyzed. They correspond to two inclination angles ( 30  and 35 ) and three azimuthal
angles (  60,30  and 90 ). Each panel has 1m length, 0.5m width and 3mm thickness. The
gap between two panels is 0.01m and the bottom row of panels is raised for 0.6m above the
ground (figure 2). The model is 22m in length, 15m in width and 10m in height (figure 3). A
structured mesh is used for a small domain around the solar panels, and the rest of the domain is
discretized using an unstructured mesh (figure 4). Simulations are conducted at Reynolds
number equal to 6102  based on the chord of one set of panels (2m).

Figure 2 - Geometry of a set of solar panels
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Figure 3- generated model

Figure 4- Cross sectional view of the generated grid

NUMERICAL SCHEME

The governing equations in atmospheric boundary layer are Reynolds Averaged Navier Stokes
equations. A power law boundary layer equation is used for the inlet boundary condition for the
domain. The design wind speed is based on ASCE-07. An extreme wind speed Gumble
distribution over a statistical data for the annually maximum wind speed in south western
Ontario region for the return period of 100 years is used. The boundary condition at the upper
surface and at the side walls are free slip conditions and at the outlet an outflow condition is
applied. The inlet turbulence intensity ( )(zIu ) is considered to be 0.16 which is the characteristic
for an open terrain.

RESULTS AND DISCUSSION

In order to verify the CFD results preliminary comparisons with experiments were performed.
Figure 5 presents drag coefficients at different angles of attack (  60,30  and 90 )
obtained from 2D simulations and compared with experimental results achieved by Fage and



Johansen (1927). A good agreement is found for ( 51029.1)Re( c , where C is the chord of
solar panel element).
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Figure 5- comparison of results

Figure 6-Panel numbering

CRITICAL PANELS AND CRITICAL CASES

In order to have a better understanding of results, panels are numbered 1 to 12 (figure 6). As
previously mentioned the simulation is performed for two inclination angles ( 30  and 35 )
and three azimuthal angles (  60,30  and 90 ). The inclination angles ( ) were chosen as
typical solar panel inclinations to maximize solar heat transfer for latitudes between 40  and 45
North. The three azimuthal angles ( ) were chosen as representative to critical loading cases
corresponding to maximum drag ( 90 ) or the potential development of corner vortices
(  60,30 ). The maximum drag is produced for 90  and 60 . For 90  there is a
monotonic decrease in force from the bottom row of panels to the upper row. For 60  and

30  the right side panels in each row produce local maximum force values. Note that for 60



panel nr. 1 (bottom-right) is the critical panel in the array. Overall it can be concluded that the
right side panels and also panels at the bottom row are experiencing the maximum force (critical
panels).
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Figure 7 – Force coefficients at 30
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Figure 8 – Force coefficients at 35

SHELTERING EFFECTS

In addition to the wind loading effect on a single set of panels the wind loading over an array of
solar panels and the resulting sheltering effects are numerically simulated. Herein specifically we
study a tandem arrangement for which the important parameter is the distance between two sets.
The previous studies, e.g., Hangan & Vickery (1999), have experimentally investigated the
aerodynamic buffeting for moderate Reynolds number in turbulent flows around two and three
dimensional bluff bodies in tandem and staggered configurations.

30
60
90

90

30
60



Figure 9 – Panels in a tandem arrangement

Based on their investigation the minimum drag coefficient for the downstream body happens
when the effective dimension of the downstream body is approximately equal to the gap between
bodies. Herein various cases were simulated to check the effect of the gap between solar panels
in tandem on the drag coefficient for various wind directions. The geometry considered for this
test is shown in figure 9. In this figure X represents the distance between two sets of panels and
D is the width of each set. Only one individual angle ( 30 ) was considered.
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Figure 10- Effect of wind direction on drag coefficient at (X/D=1.0)
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(X/D)=2.0
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Figure 11- Effect of wind direction on drag coefficient at (X/D=2.0)

Figures 10 and 11 demonstrate the variation of drag coefficient on sets of solar panels at different
wind directions according to spacing (X/D). As expected, for 90 the sheltered sets of panels
(2 and 3) experience a lower drag coefficient compared to the upstream set. This effect is less
pronounced for 60 and 30 . Moreover, when the spacing becomes larger than the critical
value (X/D)=1 the drag on the sheltered set of panels increases. This is mainly attributed to the
flow penetrating inside the gap spacing (for X/D>1) and impinging the downstream panels.
Based on these comparisons the critical spacing (X/D)=1.0 is of interest for designing purposes.
Figures 12, 13 and 14 show the effect of change of (X/D) for three wind directions,  60,90
and 30 . In all cases an increase in drag coefficient can be seen when (X/D) increases from 1 to
2.
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Figure 12- Effect of (X/D) on drag coefficient for 90
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Figure 13- Effect of (X/D) on drag coefficient for 60
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Figure 14- Effect of (X/D) on drag coefficient for 30

Note that for 60 and especially for 30 the spacing has minimal effect on the drag
coefficient of the middle and back sets. These situations can also be interpreted as staggered
arrangements.

CONCLUSIONS

Preliminary results show the force distribution for a stand alone solar panel and also for arrayed
solar panels for different wind directions and inclination angles. These results indicate the
location of maximum force on solar panels which can be used for designing purposes. Based on
sheltering effect results it appears as if a critical gap spacing of X/D=1 corresponds to minimum
drag on the downstream panels. This effect is less pronounced for skewed wind directions.
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