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Abstract- In this paper, the effect of wind load on the heliostat panel is studied at different pitch angles. The change in the 
force and Strouhal frequencies at different Reynolds numbers and turbulence intensities have been observed. The purpose of 
this study is to find the shedding frequency of the body under wind load and to identify an optimum distance which needs to 
be kept between the two heliostat bodies. The various dominant frequency regions has been analyzed using the wavelet 
analysis. The effect of variation of gap size on the heliostat mirrors has also been studied. 
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I. INTRODUCTION 
 

This paper focuses on the wind loads acting on 
heliostat at various pitch angles (ߚ) and also the 
effect of changing the gap size between the mirrors. 
The wind load on a structure is a major consideration 
in order to understand the behavior of the structure 
under wind load. Since there are many heliostats 
which are arranged around the central tower in a 
field, the effect of the wind flowing on each heliostat 
should be analyzed. This will give information about 
the distance and orientation to be maintained between 
two heliostats. In order to achieve this, the flow over 
heliostats arranged in a tandem and staggered 
arrangements have been extensively studied. The 
wind load testing of a structure helps in setting the 
various design parameters. The most effective way to 
reduce the wind load on a heliostat is to construct a 
fence in front of the heliostat array. The heliostat 
which is perpendicular to the wind flow resembles a 
small rectangular plate kept perpendicular in a 
uniform flow. The aspect (length to width) ratio of a 
heliostat is necessary to design the heliostat field as 
the field design is carried out to reduce the shadowing 
and blocking losses. The change in gap size did not 
affect the pressure on the mirrors and that the gap is 
not taken into account while designing the heliostat 
by the designers. 
 
II. NUMERICAL STUDY HELIOSTAT 

SETUP 
 
The heliostat analyzed in this paper is shown in 

Fig. 1 and the Fig. 2 shows the pitch angle variation. 
The heliostat consists of two panels with mirrors 
attached to it. The mirrors are square in shape with a 
side of 0.18 m and they are 16 rows by 8 columns in 
arrangement. The length and width of each panel is 3 
m and 1.5 m respectively. This heliostat was analyzed 
for the design wind speed of 40 kmph at the given 
location. 
 

 

                    
Fig. 1: A representation of the heliostat studied. 

           
Fig. 2: The coordinate system used for pitch angle (ࢼ) of 

heliostat. 
 

GRID GENERATION AND BOUNDARY CONDITIONS 
The grid generated for this study was with a very 

fine mesh for the area near to the heliostat as it will 
have a large velocity gradient. To obtain accurate 
results the region near to the heliostat body was 
meshed very fine. The length of the heliostat is 3 m 
and to solve the Navier-Stokes equation for such a 
large area is computationally expensive. So, the 
length was scaled down to 1:10th of its original 
length and also the velocity was scaled down to 
1:10th of the original velocity. The scaling down of 
velocity was done to obtain accurate shedding 
frequency as illustrated in the equations as follows:  

CD= ଶி௫
ఘ௨మ

 (1) 

CL=
ଶி௬
ఘ௨మ

 (2) 

St=
௨

 (3) 

where, CD and CL are the force coefficients in x and y 
directions respectively, Fx and Fy are the forces (N) 
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in x and y direction, u is the free stream velocity 
(m/s), f is the frequency of shedding (Hz), and A is 
the area (m2) of the heliostat panel. 

For the study, the fluid is assumed as 
incompressible. As there is no free surface, the body 
forces can be ignored. At the inlet, the velocity 
boundary conditions with a velocity of 11.11 m/s are 
applied. At the outlet, the Neumann-type conditions 
are employed and free slip conditions to the 
remaining part of the domain. The Fig. 3 shows the 
nomenclature and computational domain. Here, the 
spacing between the bodies (T) was non-
dimensionalised by dividing the distance between the 
bodies with its length (L). The T/L ratio of the 
heliostat bodies were varied from 0.5 to 5. Also, the 
staggered angle (the line joining the centers and the 
line of attack of wind) was changed from 0° to 75° 
and the flow characteristics were observed. A similar 
arrangement was made for the study of a single 
heliostat where a similar domain was made but with 
only a single body. 

 
Fig. 3: Computational domain for two tandem heliostats. 

 
III. RESULTS AND DISCUSSION 

 
The various cases conducted for the study for the 

wind load on heliostat have been discussed in this 
section. They are as follows: 

 
CASE 1: EFFECT OF GAP ON A HELIOSTAT 

At the first stage of this study the effect of gap on 
the heliostat mirrors was studied. The term “gap” 
means the distance between the mirrors of the 
heliostat. The objective of the study was to find out 
the difference in pressure values with varying gap 
size. The size of the gap was varied from 0 mm to 40 
mm. It was found that the variation in the gap size did 
not affect the pressure acting on the heliostat by 
much. The Table I and Table II show the results 
obtained in the study. It can be observed that there is 
a negative sign at the leeward side of the heliostat 
mirror. This change in sign of the CP value is 
responsible for the recirculation which takes place 
behind the heliostat body as shown in Fig. 4. 
 

Gap (mm) Present Wu et.al 
0 1.076 1.111 
5 1.073 1.112 

10 1.074 1.11 
20 1.075 1.110 
40 1.076 1.089 

Table I: Values of Cp for the windward side for 
present and Wu et.al study. 

Gap (mm) Present Wu et.al 
0 -0.7634 -0.7277 
5 -0.7654 -0.7394 

10 -0.771 -0.7475 
20 -0.775 -7569 
40 -0.779 -0.7821 

Table II: Values of Cp for the leeward side for 
present and Wu et.al study. 

 

Fig. 4: Recirculation zone behind the heliostat mirrors. 
 

CASE 2: WIND LOAD ON A HELIOSTAT 
The wind load on a heliostat is an important part of 

the study where the forces acting on the structure can 
be measured. This is important because the heliostat 
panel is the most expensive and important part of a 
heliostat structure. The other structural elements are 
designed and manufactured according to the 
requirement of the heliostat mirror panel. In this case, 
the inlet was considered as normal velocity inlet with 
a design wind velocity (U) of 11.111 m/s (40 kmph), 
the length (L) as 3m and the width was (b) 1.5m. 
Table III shows the different results obtained for a 
heliostat. 

 
Pitch Angle 

 CD CL St (ࢼ)

0° 2.332 9.36E-
5 0.144 

15° 2.16 0.7758 0.152 

30° 2.03 1.17 0.178 

45° 1.76 1.756 0.214 

60° 1.13 2.2 0.31 

75° 0.578 2.68 0.35 
Table III: Results obtained for different pitch 

angles. 
 

In this case, the inlet velocity is acting normal to 
the heliostat body so the vertical component of 
velocity is negligible initially. But as the wind gets 
blocked by stationary body, the kinetic energy of the 
wind initially in the normal direction gets converted 
to kinetic energy in tangential direction. This causes 
an increase in the vertical velocity of the wind as it 
moves past a body and as the wind moves past the 
edges there is an oscillation which is generated 
known as vortex shedding. Fig. 5 shows the variation 
in the vertical component of the velocity and Fig. 6 
shows the effect of variation of turbulence intensity 
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on drag coefficient and the Strouhal number. Fig. 7 
shows the drag coefficient and Strouhal number 
change with respect to different Reynolds number. 

 
Fig. 5: The vertical component of velocity for β=30 ̊ 

 
Fig. 6: Effect of variation of turbulence intensity. 

 
Fig. 7: Effect of variation of Reynolds number. 

 
CASE 3: FLOW PAST TWO HELIOSTATS IN 

STAGGERED ARRANGEMENT: 
The computational domain of the current study has 
been shown in Fig 3 earlier. The heliostats are placed 
in a 50L x 12L rectangular domain, in which the 
centre of the first body is located at 10 L from the 
inlet boundary. The observations from the current 
study have been explained in the following sections. 
 

(A) TANDEM ARRANGEMENT WITH 0 = ࢽ°: 
In case of tandem arrangement the Strouhal 

frequency of the downstream heliostat synchronizes 
with that of the first heliostat body. This is because 
the frequency of downstream body is triggered by the 
incident vortices of the upstream body. The vortex 
shedding of the downstream body is not dependent on 
the cross sectional area of the upstream body, rather it 
depends on the strength and frequency of the vortices 
shed from the upstream body. Such an effect is 
expressed as tandem effect. It was observed that the 
complete wake formation of the upstream heliostat 
was not formed until T/L< 3. Fig. 8 shows the FFT 
for the downstream heliostat at T/L=1.5. Fig. 9 shows 
that the velocity near to the downstream body is 
around 16.7 m/s i.e. the force acting on the 
downstream body is much larger when compared to 
the upstream heliostat when the T/L=1.5. So it is not 
feasible to place the downstream body at that position 

as that would damage the heliostat structure. But for 
T/L<2 it was observed that there is a negative CD 
acting on the downstream heliostat. This means that 
even though the vertical velocity on the downstream 
heliostat would be lesser but there will be force acting 
on the downstream body which will attract it to the 
upstream heliostat. 
 

 
Fig. 8: FFT for the downstream heliostat at T/L = 1.5 

 
Fig. 9: Vertical velocity variation for T/L = 1.5 

 
(B) STAGGERED ARRANGEMENT WITH 10 = ࢽ° 

In this case, the vortices were not completely shed 
from the upstream heliostat for smaller values of 
T/L<2. For T/L=0.5 it was observed that the shear 
layers from the upstream heliostat reattaches to the 
inner part of the downstream body along its length 
while another shear layer separates but not reattach to 
the downstream body instead it recirculates 
incompletely behind the downstream body. For T/L<1 
both the bodies behaved like a single body shedding 
vortices with almost the same frequency of a single 
body. For T/L=0.75 there are two types flow 
observed, one in which the shear layers reattach with 
the downstream body on its back end (from the angle 
of attack) and it recirculates towards the first body 
and the other where the layers attach along the length 
at the front end of the downstream body and like in 
the case T/L=0.5. For T/L=1, the shear layers move 
along the length of the upstream body and then the 
flow separation takes place and the flow pattern as 
observed in T/L=0.5 is also observed where the shear 
layers move along the length of the downstream 
body. The fully developed von Karman vortices were 
to be seen only for T/L>2. 
 

(C) STAGGERED ARRANGEMENT WITH 25 = ࢽ° 
In this arrangement, the downstream body is 

completely outside the inner shear layers of the 
upstream body for some cases. For T/L=0.5 and 
T/L=0.75 both the bodies look like a single bluff body 
with respect to the wake region. For T/L=0.5 the 
streamlines do not reattach to the surface of the 
downstream body rather it forms a recirculation zone 
behind the downstream body. For T/L=0.75 the shear 
layer from the upper part of the upstream cylinder 
does not reattach immediately onto the downstream 

8.9 m/s0.09 m/s 4.36 m/s 2.6 m/s

7.72 m/s

0.07m/s

7 m/s

16.7 m/s

6.62 m/s -4.16 m/s
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cylinder, rather it forms a recirculation zone behind 
the downstream heliostat just like in T/L=0.5.For 
T/L=1.5 the shear layers from the upstream body gets 
reattached on the downstream heliostat and it moves 
along the length of the heliostat. The pressure signals 
at the downstream heliostat have two frequencies. 
This is illustrated by the contour plot of the real part 
of the wavelet coefficients shown in Fig. 10 where 
the scalograms are scattered around two Strouhal 
numbers (St). The higher one scattered around St=0.2 
is of the upstream body while the ones scattered 
around St=0.11 and having higher energy is due to 
the upstream heliostat’s incident vortices on the 
downstream heliostat. 

 
Fig 10: Real part of wavelet coefficient for pressure signal 

near to the downstream heliostat for T/L = 2 

 
Fig 11: Pressure signals at the downstream heliostat. 

 
(D) STAGGERED ARRANGEMENT WITH45 = ࢽ° 

In this arrangement, the upper part of the 
downstream body is completely outside the wake 
region of the upstream body. The two bodies together 
behave like a single bluff body in terms of St values 
for T/L<1. For T/L>1 both the bodies start shedding 
complete vortices at a constant frequency. Fig. 12 
shows the real part of wavelet coefficients for the 
pressure signals shown in Fig. 11. The higher one is 
shed by the upstream cylinder while the lower one is 
shed by the downstream cylinder. For T/L>1.5, the 
downstream cylinder tarts behaving like a single bluff 
body in terms of St and CD as it starts shedding 
frequencies almost equal to that of a single bluff 
body. The flow pattern in this arrangement is similar 
to the one found in the 25°=ߛ arrangement when the 
St distributions are compared. 
 

 
Fig. 12: Streamlines for T/L = 1.5. 

 
Fig. 13: Real part of wavelet coefficients for pressure signal at 

downstream heliostat for T/L =1.5. 
(E) STAGGERED ARRANGEMENTS WITH60=ࢽ° AND 

 °75=ࢽ
In these cases the intermittent locking of the shear 

layers from the upstream body with that of the 
downstream body is seen only when T/L<1.5 and 
T/L<1 for 60°=ߛ and 75°=ߛ respectively. This shows 
that this kind of arrangement shows the flow 
characteristics as discussed in 45°=ߛ case. The two 
heliostats together will behave like a single heliostat 
for T/L=0.5 and for further increase in T/L value each 
of the bodies will behave like a single bluff body. If 
further investigation is carried out one can find out 
the exact value for ߛ where the lock in range becomes 
shorter and the value point from which it becomes 
completely absent. 

The Fig. 14 shows the graph for the drag 
coefficient variation with respect to the T/L ratio for 
different staggered angles. We can now understand 
that the force acting on the downstream heliostat is 
negative for T/L=0.5-1.5. This means that there is a 
force acting on it which is attracting it to the upstream 
heliostat. We can conclude that the ideal spacing for 
the two bodies is between T/L = 1.5-3 and for 
staggered angles ߛ = 0° and ߛ = 10°. Also for the 
other staggered arrangements the force values are so 
high that it behaves like a single isolated heliostat. 

 
Fig. 14: CD vs T/L for the downstream heliostat at different 

staggered angles. 
 
CONCLUSIONS 
 
(i) The study on gap effect between the heliostats 

proves that the variation of gap did not affect the 
effect on pressure acting on the mirrors. The 
change in the pressure values at different gap size 
when compared to 0 mm gap size was negligible. 

(ii) The optimum spacing between the two heliostats 
was found to be around T/L=1.5-3 for staggered 
angle 0°=ߛ and 10°. The graph shown in Figure 14 
which shows the CD vs T/L for the downstream 
heliostat clearly indicates that the CD value is 
initially negative indicating an attractive force for 
the downstream heliostat to the upstream heliostat. 
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