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ABSTRACT

Keywords: wind loadings, solar panels, structural analysis, wind tunnel tests.
I. Background

The solar energy industry is an important roadmap that strongly encouraged by
our government. According to this policy lot of management and encourage rules
also be defined by official governmental agencies. Since most of the solar panels
are install on the flat roof top of buildings, outside shells of buildings or the open
areas. Those area are also the strong wind or extreme weather acting area. So the
wind resistance capacity will be an important consideration in the design stage. In
this project the aerodynamic tests of solar panels models and structural analysis with
the data collected by tests are conducted to explore the wind loadings on solar panels,
and the other purposes will be tried to find out the optimization design comments for

the industries usage in solar energy system.
I1. Research methods and processes

In this study the aerodynamic tests of models in wind tunnel are adopted to
collect the necessary data for structural analysis. Also the information about wind
loadings on the solar panel will be retrieved from the results of wind tunnel tests,
this will be helpful to set up the design comments on raising the wind resistance

capacities of solar panels support system.
I11. Preliminary Conclusions

According to the results of this project, a series of aerodynamic tests have been
adopted, the aerodynamic characteristics of solar panel mounted on the roof top of
buildings in the array type arrangements are found. Also the stresses of support
system of solar panel array are analysis by the Midas software to check the stress

distribution among the structure. The following conclusions are made.

1. The arrangement of solar panel array on roof top is very important due to the wind
effects on them. For the case of multi-rows solar panel array, the upstream
panel can give some protection onto the downstream panel due to the sheltering

effects. In this study the sheltering effects may exist for the spacing among
XVII
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panels up to four times of panel height.

2. For low-rise buildings, the vortex effects will be strong in the surround belt at roof
top. If the solar panel arrays are arranged in the region, the wind effects would
be serious. It will make the panel in an extreme wind loadings situation.

Generally, the width of this belt will be one to tenth of the height of building.

3. For the different slope of roof, the wind effects also variated. In this study we
found that the panel mounted on the steep roof will suffered more wind loadings

on them.

4. The effects of parapet will reduce the wind loadings on the panels in their efficient
range. Basically, the sheltering effects of parapet may exist for the downstream

range among panels up to four times of parapet height.

5. According to the structure analysis calculation with the time-history of wind
loadings on panels we found the commercial solar panel support system is too
simple. In this kind of structure the stress cannot be distributed to all members
efficiently, so some of the members may bear most of wind loadings. We
change the truss member into welded member and add more members to enhance
the gird. And the result of analysis shown, that the stress distribution will be

more uniform and the peak values are reduce for 50% at least.
IV. Recommendations
For immediate strategies:

1. Surveying the micro-vibration level of real solar panel arrays. Comparing
the level of vibration with variant support structure system and make some
conclusion about reducing vibration level. Put survey and structural
analysis all together to identify the factors which affect the vibration level,

this may give some help to push the solar roof policy.

2. The wind loadings on the building integrated photovoltage (BIPV)devices.
Due to the BIPV design concept is one of the main development routes on
solar energy application in architecture industry. The designer need some

reference manual or chart to help them choose the adoptive solar panel
XVIII
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shapes on the building shells in the design stage to avoid the extreme
weather acting. So it is important to survey the most used shape or
geometric factors of the BIPV system in Tiawan, and some aerodynamic
tests are needed to explore the wind loadings level on them. The results
might give some key contributions to the push of sustainable building

policies.

For long-term strategies:

1. Creating the prediction model or data-base to estimate the suitable
micro-vibration responses by wind loadings on the solar panel arrays
mounted on variant type buildings roofs. In this study on the typical
rectangular type roof is adopted. For the other type like the dome of curve
roofs, the solar panel wind loadings will be an interested topic. By the
series study of wind loadings on solar panel arrays mounted on variant type
roof, a suitable prediction model or data base may be constructed. This will
give valuable information to the architectures in the design stage of solar

panel arrays system.
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