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Introduction 

Utility scale photovoltaic (PV) power stations are emerging as significant contributors to electricity 
generation, accounting for 15.9% of Australia’s renewable generation in 2023.[1] With Australia’s 
desire to transition to net-zero, the demand for renewable energies, including solar energy 
generation, has increased dramatically. The usage of agrivoltaics has emerged an efficient utilisation 
of both solar farms and agricultural lands. In addition to minimising the land required to locate both 
individually, it can also drastically reduce the transmission losses transferring large quantities of 
energy to remote farmland, while providing an additional source of income for farmers. 

Wind flow plays a significant role in both the efficiency of PVs and the farmlands in which they are 
situated upon. For PVs, wind acts as a form of convection cooling, replacing heated air from the 
panels with colder air. PV efficiency drops with increasing temperature, especially with silicon-based 
PVs[2], in addition to increasing degradation of the panel due to thermal stresses. Wind flow also has 
a significant impact on the development of crops for farmlands. These impacts can relate to carrying 
plant nutrients such as carbon dioxide, hormone balancing and nitrogen concentration.[3] Crop 
growth is also significantly impacted by the microclimate including temperature and humidity, 
impacting photosynthesis and nutrient uptake. Wind can also influence mechanical properties 
caused by shoot damage, lodging, soil erosion and poor aeration from soil deposition.[3] Hence, 
understanding the flow development over PV farms is necessary in assessing the productivity of 
both the solar farm itself and the agricultural land it is situated upon. 

Methodology 

Experimental measurements were conducted in a 0.46m x 0.46m x 2m wind tunnel. In order to 
simulate the atmospheric boundary layer, a 25mm zigzag strip with a tooth angle of 53 degrees and 
strip width of 20mm was installed at the leading edge of the test section to trip the flow, and velocity 
profiles were measured using a Cobra probe a metre downstream. It was shown that the mean 
velocity profile was well expressed by the log law in the form of: 

𝑈(𝑧) =
0.65

𝜅
ln (

𝑧 − 0.1

0.173
) 

A scaled model solar farm with the parameters given in Table 1 was installed in the wind tunnel and 
the flow velocity was measured at different streamwise locations within the solar farm (S1 to S7 in 
Figure 1) using the Cobra probe. 

Table 1: Solar Farm Model Parameters 

Parameter Value 

Tilt Angle 35° 
Panel Row Width 420mm 
Panel Length 50mm 
Ground Clearance 30mm 
Maximum Model Height 60mm 
Row Spacing 100mm 
Number of Rows 10 
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Figure 1: Solar Farm Model Test Setup 

Results 

From the measured data, streamwise and vertical normalised velocities and turbulence intensities 
were plotted against normalised height values. Within each plot, the dark shaded region represents 
the height of the solar panels, while the lighter shaded region represents the region where the panel 
pylons are present. 

Figures 2 and 3 show the mean streamwise and vertical velocities normalised with frictional velocity 
(𝑈∗) at different heights between the panels. The velocity profiles seen in Figure 2 also demonstrate 
trends similar to what is seen for TI, with velocity rapidly decreasing between the panels, before 
maintaining some residual velocity decrease at the heights above or below. The velocity appears to 
stabilise at the inner panel height and also begins to stabilise at the max panel height after the 4th 
row. The outer-panel heights are still visibly decreasing, further indicating that the wake formations 
are still developing. The vertical velocity profiles in Figure 3 also appear to still be stabilising, showing 
increased velocities between the panels. Figure 3 also displays evidence of recirculating flow in 
between the row spacings. Inflow appears to originate from above and below the solar panels, seen 
by the downward and upward flow at the above and below height readings. The negative mean 
vertical velocity indicates a downdraft of possibly cool air from above being supplied to the panels. 
This will lower the temperature of the panels, thereby increasing their efficiency. 

 

Figure 2. Variation of mean streamwise velocity profiles across the farm model. 
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Figure 3. Variation of mean vertical velocity profiles across the farm model. 

Streamwise and vertical turbulence intensities (TI) in Figures 4-5 show a rapid increase between the 
panel rows; with streamwise TI increasing from ~17% at the inflow to a maximum of ~140% located 
at S4, and vertical TI increasing from 17% to 80% at S1. This is a direct result of the panel geometry 
obstructing the flow and the induced wake turbulence. The panel rows also appear to cause some 
increased turbulence at the heights above and below the panel rows, at 1.3 and 0.62 z/h respectively. 
After reaching S6, the turbulence intensities above the panels do not appear to have completely 
stabilised. This indicates that the wake layer is still developing outside the panel rows. Additionally, 
the TI values at the heights between the panel rows are also still developing, indicating that more 
rows are required for it to stabilise at these heights. 

 

Figure 4. Variation of streamwise turbulence intensity profiles across the farm model. 

 

Figure 5. Variation of vertical turbulence intensity profiles across the farm model. 
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With particular reference to impacts on scalars such as humidity and nutrient concentration on 
agriculture, the most important aspect to observe is the lowest measuring point. Generally, there is 
an upwards wind flow at this height between the panels. Upwards and downwards vertical flows are 
considered as ejections and sweeps respectively.[4] Sweeping interactions are optimal for keeping 
nutrient-rich air within the vegetation, while ejection interactions are optimal for removing pollutants 
or nutrient-lean air. Having a sweeping interaction at the inflow is beneficial for pushing flow into the 
vegetation, assuming the flow is nutrient dense. Further, having the sweeping interactions further 
between the panel rows is beneficial for removing built-up pollutants and air that has already 
transferred nutrients to the vegetation. However, there is a possibility of the sweeping interaction 
occurring too soon, leading to the removal of still nutrient-dense air. In addition, vegetation 
considerably further downstream of the inflow will not receive nutrients due to the constant removal 
of air caused by the panel rows. The downward flow at the top of the panels may have the ability to 
provide another source of nutrients into the vegetation through sweeping, however the opposing 
ejecting flow would greatly impact its ability to do so. 

Conclusions 

Results show that the PV farms result in a significant increase in TI and vertical velocity, in addition 
to a reduced streamwise velocity between the rows. Recirculation zones expanding from heights 
above, to below the panels indicate an enhanced convective cooling, supporting PV efficiency, while 
sweep–ejection interactions influence scalar transport critical for agrivoltaics. These findings 
emphasise that PV farm design must consider aerodynamic and thermal effects alongside 
agricultural outcomes, with row spacing and geometry strongly influencing wake dynamics, 
convective heat transfer, and nutrient exchange within co-located agricultural systems. Future work 
pivoting off this study can focus on the impact of varying solar farm characteristics (i.e. panel length, 
panel spacing length, tilt angle) or how developed flow differs from the developing flow seen in this 
present study. Further, investigating how other properties such as temperature and power generation 
from the solar panel are impacted can be beneficial in establishing a more comprehensive 
understanding of coupled aerodynamic, thermal and energy interactions within PV farms.  
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