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Wind Loads on Tandem Heliostats at Different Azimuth Angles

The study investigates the wind loads on single and tandem heliostats at azimuth angles ranging
from 0° to 180° in 30° intervals. An atmospheric boundary layer (ABL) was simulated in the University
of Adelaide wind tunnel using a set of spires and roughness elements. The heliostat model, equipped
with 24 pressure sensors on its surface, allowed for calculating drag force, overturning moment, and
hinge moment coefficients by measuring differential pressures across the panel at elevation angles
of 30°, 60°, and 90°. The findings reveal that the average force and moment coefficients of the
tandem heliostat are nearly zero at azimuth angles between 0° and 90°. Notably, an azimuth angle
of 120° exerts the most significant impact on these coefficients for the tandem heliostat compared to
the single heliostat. Additionally, the peak drag and overturning moment coefficients for the tandem
heliostat range from approximately 32% to 39% of those for the single heliostat at =0°, 30°, and
60°, and can rise to 77% at =120°.

Introduction

In a concentrated solar thermal power plant, heliostats contribute around 40% of the capital cost of
the solar farm (Hinkley et al., 2011). Heliostats need to be designed to withstand wind loads.
Heliostats in solar farms are oriented at different elevations and azimuth angles. Some studies have
investigated the wind load coefficients on heliostats at different elevation angles, showing that the
largest drag coefficient occurs at a=90° (Letchford, 2001, Peterka and Derickson, 1992). Jeremy et
al. (2019) studied the effects of azimuth angles of B = 0°, 45°, and 180° on the wind loads of
heliostats. However, there is a need to study the azimuth angle effects on wind loads of heliostats
over a wider range from 0° to 180° degrees. Additionally, as the wind loads on a single heliostat vary
from those on a tandem one, this experimental investigation explores the aerodynamic loading on a
heliostat configured in tandem at a=90° with varying azimuth angles.

Methods

Experiments were conducted at the large-scale wind tunnel at the University of Adelaide. The details
of boundary layer simulation are available in (Bakhshipour et al., 2024). A heliostat model with a
facet size of 0.53m width and 0.33m height was equipped with 24 pressure taps shown in Figure 1.
The differential pressure that was measured by 24 pressure sensors installed at the front and back
surfaces of the heliostat model. The differential pressure range of these sensors is £248.8 pascals

Figure 1.Tandem heliostat models under simulated turbulent boundary layer
generated by spires and roughness elements.
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To examine the impact of azimuth angles, the heliostat model was mounted on a turn table, which
allowed the adjustment of the azimuth angles from 0° to 180° with an interval of 30°. The heliostat
model height is 230 mm and is in a vertical position during the experiments. The second heliostat
model with the same dimensions was used as a tandem heliostat at d/c =3. d shows the distance
between the heliostat models, and c is the chord length of the heliostat panel. The pressure was
measured by the pressure taps to calculate the pressure coefficients presented in Equation 1 in the
turbulent boundary layer.

Results

Figure 2 illustrates the peak pressure coefficient distribution of a single heliostat at the vertical
position and different azimuth angles from 0° to 180°. It can be seen that although the total magnitude
of the peak pressure coefficient at beta=0° is larger than beta=120° and 150°, there is a larger
pressure distribution at the half of the heliostat panel, which should be considered by the designer
to overcome the wind loads on the heliostat at this azimuth angles.

300 3007 3
= 3 = = _~?
2 ~ €200+ s B2 g
g-no 2 E ) H :_oo 7g
=100 < =100 107 =100 T
10U 1
) : 0 0
0 100 200 300 400 500 N0 0 100 200 300 400 500 o 100 200 300 400 500
T X (mm) [B=r2oe] X (mm) B X (mm)
300 - i 300
= | = = =
E 200 2 g E-Oﬂ g8
~ | K N
100 ‘W' 100 o
|
| 0
0 0 0
0 100 200 300 400 500 0 200 - 400 0 100 200 300 400 500
X (mm) B 180° X (mm)

300 s

E 200 25
g 2
100 o

0 0
0 700 300 400 5 00
X (mm)

Figure 2.pressure coefficient (peak) of a single heliostat model at the vertical position and
azimuth angles from 0° to 180°.

Figure 3 shows the mean and peak of drag force, overturning moment, and hinge moment
coefficients of a single and tandem heliostat at vertical positions and different azimuth angles under
turbulent flow conditions. It can be seen that the mean force/moment coefficients of the tandem
heliostat are near zero at the azimuth angles from 0° to 90°. In contrast, the peak drag and
overturning coefficients of the tandem heliostat are almost constant for =0, 30, and 60, and it is
larger for the azimuth angles of 120°, 150°, and 180°. The peak drag and overturning moment
coefficient of a tandem heliostat is around 32% to 39% of a single heliostat at f=0°, 30°, and 60°,
and up to 77% for B=120°. In contrast, the peak hinge moment coefficient of the tandem heliostat is
larger than the single heliostat at 3=120°. It needs to be noted that the mean and peak hinge moment
of a single and tandem heliostat has the same value at 3=180°. From the result, it can be found that
the azimuth angle of 120 has the largest impact on the force/moment coefficients of a tandem
heliostat compared to a single one. The paper will discuss the force/moment coefficients of the
tandem heliostat at elevation angles ranging from 0° to 90°, with a 15° interval, for various azimuth
angles. These findings can be utilized by heliostat designers to create more cost-effective and
reliable heliostats, particularly for those positioned in the second rows as tandem heliostats. Given
that heliostats account for approximately 40% of the total installation cost of a power tower plant in
CSP investments (Mancini, 2000), optimizing their design is crucial.
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Figure 3. A comparison between (a) drag force coefficient, (b) overturning moment
coefficient, and (c) hinge moment coefficient of a single and tandem heliostat at different
azimuth angles.

References

BAKHSHIPOUR, S., EMES, M. J., JAFARI, A. & ARJOMANDI, M. 2024. Heliostat wind loads: Effects
of the aspect ratio and ground clearance ratio. Solar Energy, 269, 112332.

HINKLEY, J., CURTIN, B., HAYWARD, J., WONHAS, A., BOYD, R., GRIMA, C., TADROS, A.,
HALL, R., NAICKER, K. & MIKHAIL, A. 2011. Concentrating solar power: drivers and
opportunities for cost-competitive Electricity, CSIRO Victoria.

JEREMY, S. Y., EMES, M. J., GHANADI, F., ARJOMANDI, M. & KELSO, R. 2019. Experimental
investigation of peak wind loads on tandem operating heliostats within an atmospheric
boundary layer. Solar Energy, 183, 248-259.

LETCHFORD, C. 2001. Wind loads on rectangular signboards and hoardings. Journal of Wind
Engineering and Industrial Aerodynamics, 89, 135-151.

MANCINI, T. R. 2000. Catalog of solar heliostats. IEA SolarPACES Report, 3, 00.

PETERKA, J. & DERICKSON, R. 1992. Wind load design methods for ground-based heliostats and
parabolic dish collectors. Sandia National Lab.(SNL-NM), Albuguerque, NM (United States).



