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U10 Mean velocity at 10 meters height (prototype)
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Erms Root-mean-square of fluctuating voltage
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H Height of fence
Ah Gross area of a heliostat (including slits)
Hh Height of vertical support leg of a heliostat
Mx’My Measured heliostat moments on X and Y axis
CMX,CMY Coefficients of moment on X and Y axis



1, Introduction

One factor influencing the design and subsequent cost of a heliostat
field is the magnitude of wind induced loads on the individual heliostats
within the field. Four factors act to influence the loads on any indi-
vidual heliostat--1) meteorological variables such as approach wind
speed, direction, and stability, 2) the field geometry including helio-
stat shape, density, and geometrical pattern, 3) the location and orien-
tation (time of day) of the heliostat within the field, and 4) the type
of wind barrier, if any, erected around the edge of the field. Nothing
can be done to modify the first factor. The second and third factors
could be modified to reduce loads; however, the overall layout design of
the field is severly constrained by other requirements. The fourth
factor provides an opportunity to lower loads on heliostats near the
edge of the array.

The purpose of this study was to investigate the flow patterns
within two zones of a proposed heliostat field and to measure over-
turning moments on selected heliostats within the heliostat field.
Variables investigated included array density (two zones of the proposed
field of different density), time of day (heliostat orientation differ-
ences), location within the array, approach wind direction, and type of
fence upwind of the heliostat field. Factors studied for the fence
included the height, the distance between the fence and the edge of the
field, the fence porosity, use of a double-row fence, and no fence.

The study was performed in the Environmental Wind Tunnel in the
Fluid Dynamics and Diffusion Laboratory. This facility permitted model-
ing of the heliostat field to a 1:60 scale. Modeling of the wind flow

over a heliostat field requires special consideration of flow conditions



in order to guarantee similitude between model and prototype. A
detailed discussion of the similarity requirements and their wind tunnel
implementation can be found in References (1), (2), and (3). In general,
the requirements are that the model and prototype be geometrically
similar, that the approach mean velocity at the model location have a
vertical profile shape similar to the full-scale flow, and that the
turbulence characteristics of the flows be similar. For sufficiently
high Reynolds number (>2x104) the airflow patterns about the heliostats
will be essentially constant for a large range of Reynolds numbers.
Typical values encountered are 106-107 for the full-scale and 104-105

for the wind-tunnel model. In this range acceptable flow similarity is

achieved without precise Reynolds number equality.



2. Experimental Configuration

2.1 Wind Tunnel

The study was performed in the Environmental Wind Tunnel located
in the Fluid Dynamics and Diffusion Laboratory at Colorado State Univer-
sity. The wind tunnel is an open-circuit facility driven by a 50 hp
variable-speed propeller. The test section is nominally 12 ft wide,
7 ft high and 57 ft long fed through a 3.35:1 contraction ratio. The
roof is adjustable to maintain a zero pressure gradient along the test
section. The mean velocity can be adjusted continuously from 1 to

30 fps. A diagram of the wind tunnel is shown in Figure 1.

2.2 Field Site Considerations

The heliostat field used for this study was one of the array
patterns under study for possible use in future heliostat-field appli-
cations. In order to select portions of the array most likely to be
affected by strong winds and to determine a time of year when strong
winds are most evident for selection of heliostat orientations, wind
data for stations near the site of the 10 MWE Pilot Plant at Barstow,
California were examined. Figure 2a shows the frequency of expected
winds on an annual basis at three stations near the Barstow site (within
about 130 miles). Based on the two closest stations, China Lake and
Edwards AFB (about 60 miles maximum distance away), winds of 30 mph or
greater can be expected for 1 to 3 percent of the time. Figures 2b and
2c show the frequency of occurrence of winds above 19.3 mph and 31.8 mph
respectively for each of the three stations. From these data, it
appears that the March through May time frame provides the time of year

for highest winds. On this basis, the spring equinox, March 21, was



selected, in coordination with the sponsor, as the day of the year for
use in this study.

In order to determine the most likely wind directions for study,
wind direction frequency was plotted for the months February through May
for Edwards AFB. The most frequent wind directions were Southwest
through Northwest.

Based on the wind data discussed above, two zones of the heliostat
field were selected in coordination with the sponsor for study: the
'A' zone incorporating close heliostat spacing in the Southwest corner
of the field and the 'B' zone incorporating the widest heliostat spacing
in the Northwest corner of the field. These two zones are described in
more detail in later sections and are shown in their wind tunnel layout

in Figure 9.

2.3 Model

In order to obtain an accurate assessment of local velocities and
heliostat moment loads, the model was constructed to the largest scale
that would allow the desired test zones to fit into the tunnel. A 1:60
scale model of each of the two heliostat field test zones was constructed
from 0.375 in. thick aluminum sheets with holes drilled at the indivi-
dual heliostat locations. Scale models of the individual heliostats
(shown in Figure 3a) were then placed in the predrilled holes and both
the azimuth and elevation angles were rotated to the nearest 5° setting
for the specified time of day configurations. Special instrumented
heliostats (shown in Figure 3b) equipped with strain guages mounted on
eight separate circular bases were placed into circular holes (6 in.
diameter) in the aluminum base sheets at locations where overturning

moments were to be measured. The instrumented heliostat locations were



chosen such that lines of data into the field for different wind
directions would be established. Three approximate lines were estab-
lished for Zone B, and two approximate lines were established for

Zone A. Dimensioned drawings of the ordinary and instrumented heliostat
models are shown in Figures 4 and 5.

The various wind barriers placed around the edge of the heliostat
field were constructed of perforated sheet metal bent at right angles so
that it could be set on the floor of the wind tunnel and easily moved
to different locations. The sheet metal barriers were punched with
0.375 in. diameter holes at two different spacings to provide 32 percent
and 57 percent porosity fences. The heights of the fences were 2, 3,

and 4 inches (10, 15 and 20 ft full-scale).

2.4 Experimental Arrangement

The test zones were mounted on a 12 ft diameter turntable centered
45 ft (13.6 m) downstream from the test-section entrance. The turntable
was calibrated to indicate azimuthal orientation to 0.3 degrees. The
region upstream from the model was covered with 1/4 in. thick pegboard
with 1/4 in. diameter, 1/2 in. long wooden pegs inserted to form a
pattern of roughness which would produce the desired approach flow.
Spires were installed at the test section entrance to provide a thicker
boundary layer than would otherwise be available. The spires were
approximately triangularly shaped pieces of 1/2 in. thick plywood, 6
in. wide at the base and 1 in. wide at the top, extending from the
floor to the top of the test section. They were placed so that the
broad side intercepted the flow. Splitter plates, triangular in cross
section and made to fit the shape of the spires, were placed downstream

from, but in contact with, the spires to form streamlined obstructions



in the airflow path, An additional flow trip consisting of 7-in.-high
bricks standing on end spaced at approximately 1 ft was placed 8 feet
upstream of the spires in the intake transition section. This combina-
tion of spires and trip provided a boundary layer thickness of approxi-
mately 4 ft and an approach velocity profile power-law exponent similar
to that for flow over smooth terrain like that at the heliostat field
site, and a logarithmic velocity profile with a realistic roughness
length. Photographs of the completed models in the wind tunnel are
shown in Figure 7.

Eight individual heliostats were selected from each test zone for
the measurement of moments. Also, for each approach wind direction
several locations (usually five) were selected for velocity profile
measurements. These locations were near the center axis of the wind
tunnel and whenever possible they were placed near instrumented
heliostats. Six velocity profiles were taken to define the approach
flow. The locations for these approach velocity profiles are shown in
Figure 8. A map for each of the 12 wind directions (2 test zones--6 wind
directions each) tested showing the locations for the instrumented

heliostats and velocity profiles is provided in Figures 10a through 10£.



3. Instrumentation and Data Acquisition

3.1 Flow Visualization

Making the airflow visible within the heliostat array is helpful
in defining areas of high or low velocity, flow channeling, or other
flow characteristics which may increase or decrease loading. Titanium
tetrachloride smoke was released from sources on and near the model
heliostats to make the flow lines visible to the eye and to make it
possible to obtain motion picture records of the tests. A guide to the
motion picture scenes is given in Table 2. Results of these smoke
studies are discussed in Section 4.1, and the conclusions are stated in

Section 5.

3.2 Velocity Profiles

Mean velocity and turbulence intensity profiles were measured
upstream of the model (see Figure 8) to determine the characteristics of
the approach wind. Tests were made at several wind velocities in the
tunnel. The test velocities were approximately 10 fps, 20 fps, and 30
fps. These velocities were sufficiently high enough to produce
Reynolds number similarity of mean velocity profile shapes between the
model and prototype as discussed in Section 1.

To determine quantitatively the wind environment within the
heliostat field, mean velocity and turbulence intensity profiles were
taken at 61 locations throughout the two test areas. These profiles
were intended to show the changes in velocity as the locations moved
deeper into the field. Velocity profiles and overturning moments were
obtained for selected combinations of test zone (A or B), wind direction,
free stream velocity, heliostat configuration (time of day), and fence

configuration. The test matrix, selected in coordination with the



project sponsor, is shown in Table 1, Table 1 includes the test plan
for flow visualization, velocity profiles, and overturning moments.
Zone B, the less dense of the two, was studied first and the data was
partially analyzed before the test plan for Zone A was put into final
form. In this way, the number of fence configurations was reduced for
the tests on Zone A.

Velocity measurements were made with a single hot-wire anemometer.
The probe was mounted with its axis horizontal and was supported from a
vertical traverse which was positioned behind the model so as not to
create a disturbance near the model. The instrumentation used was a
Thermo Systems constant temperature anemometer (Model 1050) with a
0.001 in. diameter platinum film sensing element 0.020 in. long. Output
from the anemometer was fed to an on-line data acquisition system
consisting of a Hewlett-Packard 21MX computer, disk unit, card reader,
printer, Digi-Data Digital tape drive and a Preston Scientific analog-
to-digital converter. The data was processed immediately into mean
velocities, turbulence intensities, and corresponding heights and stored
on the computer disk for printout or further analysis.

Calibration of the hot-wire anemometer was performed using a
Thermo Systems calibrator (Model 1125). The calibration data were fit

to a variable exponent King's Law relationship.

EZ = A + BU"
where E 1is the hot-wire output voltage, U the approach velocity and
A, B, and n are coefficients selected to fit the data. The above
relétionship was used to determine the mean velocity at measurement
points using the measured mean voltage data. The fluctuating velocity

in the form Urms (root-mean-square velocity) was obtained from



where Erms is the root-mean-square voltage output from the anemometer.

The turbulence intensity is then the ratio Urms/U'

3.3 Moment Measurements

In order to determine overall mean moments on individual heliostats
within the array, eight heliostats were instrumented to measure moments
about two horizontal, orthogonal axes near ground level. The instrumented
heliostats are shown schematically in Figure 5 and a photograph of one
unit is shown in Figure 3b. The base of the heliostat was supported by
two sets of straingaged leaf springs which were assumed to be rigidly
clamped at the outer circle and at the inner base support. Analysis of
the configuration showed that drag force and vertical force due to
heliostat and center base weight plus vertical aerodynamic force would
be second-order effects which would not show up in the moment measure-
ment and that bending moment applied at the heliostat base would be
the primary load measured. Further analysis showed that the torsional
resistance due to the orthogonal set of springs would be no more than
about 20 percent and would be a linear function of applied moment--an
effect which could be removed by calibration.

A coordinate system was established which was fixed to the base of
the heliostat (see Figure 5b), At local solar noon, positive X was
approximately east and passed through both legs of the heliostat. Y
was approximately north and was perpendicular to a plane formed by the
two heliostat legs. In other words, positive Y pointed north for a

heliostat on the field centerline at local solar noon. The point of
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action of the moment was 0.19 in. (11.4 in, full-scale) below the
ground surface. Moment sense about the axes are defined by the
right-hand rule.

Strain gages were applied to the top and bottom of each spring for
temperature compensation purposes. The strain gages were protected from
the flow in the airstream to prevent differential heat transfer from the
various strain gages. It was found that failure to protect the strain
gages from the flow caused error in measurements of moments of up to 15
or 20 percent in the worst cases.

Each heliostat was calibrated individually both in positive and
negative moment direction. A typical calibration curve is shown in
Figure 6. The calibrations were linear in the working region and had
essentially no cross-talk from the orthogonal set of straingaged springs.
Each transducer was calibrated repeatedly throughout the measurement
period. Calibrations were found to be quite stable from one calibration
to the next. Calibrations were performed with the heliostat in the
stowed position. Weights were hung from precisely-established points on
the heliostat in both positive and negative moment directions.

Each strain-gage bridge representing one moment measurement was
monitored by a Honeywell Accudata 118 Gage Control/Amplifier unit which
provided excitation to the bridge and amplified the bridge output.
Further amplification was supplied by a Dana d.c. amplifier. The output
was filtered using a 10 Hz low-pass filter to remove high-frequency
noise from the signal. The output data was processed through an
on-line data acquisition system described above. Mean moments were
calculated in engineering units as the data were taken and were stored

on the system disk for further processing. Mean moment coefficients
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in the form CMX and CMY (Coefficient of Moment along X and Y

axis) were obtained from

M M
CMX = I——i—i———— ; CMY = I‘"EX"_"'
7*U10 At 7°U10 A

where Mx and My are the measured X and Y moments; %pUiO is the
dynamic pressure at 10 meters prototype height (6.56 in. model), Ah is
the gross area of a heliostat (including the slits), and Hh is the
height of the vertical support leg. Since CMX and CMY are non-
dimensional, expected prototype values of Mx and My can be estimated

by multiplying CMX and CMY by the appropriate prototype values for

1.2
2°V10> Ay and Hp.
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4. Results

4.1 Flow Visualization

A movie included as part of this report shows the characteristics of
flow within the heliostat field. Smoke is used to make the flow
visible. A listing of contents of the movie is shown in Table 2.
Several features can be noted from the visualization. The effect of
placing a fence in front of the heliostat field can easily be seen.

The flow is dramatically slowed directly behind the fence and for a
distance into the field. Also, it can be seen how the flow accelerates
up and over the top of the fence and then reattaches to the surface

a short distance into the field. However, it is difficult to discern
any difference between the effects of the 15 ft-high-fence at 52 and

82 ft from the field and the 20 ft-high-fence 52 feet from the field.

The movie shows the formation of vortices that originate from
the corner of the fence for Northwest approach winds for Zone B. The
movie also shows quite clearly how the addition of a short length of
fence at the Northwest corner of Zone B for Northwest winds helps to
inhibit the formation of these vortices. Also, since the heliostats are
aligned in rows the flow patterns for different wind directions vary
noticeably. However, for wind directions near West the flow tends to
be deflected and channeled down the rows near the ground. Finally, the
increased density of Zone A tends to decrease the velocity towards the

interiors of the field more than in Zone B.

4.2 Velocity Profiles

Velocity and turbulence profiles for the six approach locations and
cases (Figure 8) are shown in Figures 11-13. These profiles were

taken upstream of the heliostat field and at the center of the turntable
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with no heliostats or fences in the wind tunnel. Figure 11 shows three
approach profiles along the centerline of the wind tunnel. These
profiles show good agreement along the tunnel axis. Figure 12 shows
three approach profiles across the tunnel 10 in. upstream from the
turntable. These profiles are essentially identical. Figure 13 shows
two approach profiles at the same location (10 in. upstream of the
turntable on the centerline) taken at two different wind speeds.
The free stream velocities for the two profiles were 30.2 fps for
APRCH2 and 9.1 fps for APRCH6. Figure 12 shows that the mean velocity
profiles are nearly identical, while the turbulence profiles show that
for the slower wind speed the local turbulence intensity is lower
than that for the faster wind speed. At slightly higher speeds, the
turbulence intensities were again similar. Most of the subsequent data
was taken at a reference velocity of about 30 fps with some taken at
20 fps for Reynolds number independence checks.

Also, as shown in Figure 13 the boundary-layer thickness & was
50 in. corresponding to a full-scale value of 250 ft. This is somewhat
less than normally expected for flow over open country but provides a

good simulation for structures of the size of the heliostats. In the form

the velocity profile exponent for APRCH2, APRCH4, APRCH5, and APRCH6

was 0.14. A value of 0.14 for n could reasonably be expected over

the open terrain at the heliostat field site. Since the profile APRCH2
is directly upstream of the turntable and is a reasonable representation

of the expected prototype approach flow, it was selected as the reference
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approach velocity profile to which the profiles obtained within the
heliostat field would be compared.

Mean velocity and turbulence profiles for the cases outlined in
the test plan (Table 1) for the locations defined in Figure 10 are
listed in tabular form in Appendix A and presented in graphical form
in Appendix B. A profile designation code is presented at the front of
each appendix. The profile plots of Appendix B are plotted several to
a plot in order to permit direct comparison between profiles. At
the beginning of Appendix B a guide to the different profile comparisons
is provided. The mean velocity profiles are normalized by the free
stream reference velocity measured by the pitot tube shown in Figure
8, which facilitates a direct comparison of all profiles regardless of
the wind tunnel speed at which the profiles were measured. The local
turbulence intensity plots show relative turbulence levels as Urms

1]
at any given height. Graphs 1-61 are for Zone B, while graphs 62-93

are for Zone A. Graphs 94-99 compare Zone B to Zone A.

Zone B--Graphs 1 and 2 of Appendix B show that the flow at the
leading edges of the field is very similar for different wind directions.
Graph 3 compares profiles at the five profile locations for a West
wind with no fence and a tunnel speed of 20 fps. Some differences
are evident in the lower 6 inches. Velocity decreases due to the
presence of the heliostat field are relatively small. Graphs 4-13
show direct comparisons for different fence configurations for West
and WNW winds at the various profile positions. These graphs show,
to varying degrees, the slowdown induced by the different types of
fence configurations. Graphs 12 and 13 especially show the difference

a fence can make as compared to no fence. In fact, the no fence case
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shows some speed up in the lower four inches due to some channeling of
the flow. Graphs 14 and 15 show the differences from position to posi-
tion for a NW wind at 10 and 20 fps. Graphs 16-25 show the variations

in velocity due to fence configuration changes for NW and NNE winds. An
important point to note is that the velocity speed-up at location 2 for
the 20 ft-high fence 52 ft from the field in Graph 17 is a result of vor-
tex development at the Northwest corner of the boundary fence. This
effect will be discussed in more detail later. Graph 26 is a profile posi-
tion comparison for a NE wind at 20 fps. Graphs 27-31 are fence configura-
tion comparisions for a NE wind and again show the different velocity
reduction trends for the various fences. Graphs 32-42 show additional
comparisons of positions 1-5 for wind directions West, WNW, NW, NNE, and
NE. These plots show what happens to the velocity as the distance into
the field increases for the no-fence case and the 15 ft-high fence 52 ft
from the field case. Note that in Graph 34, the velocity of the interior
of the field (positions 2-5) is faster than at the edge of the field
(position 1). This is due to vortex formation at the upstream fence
corner bringing higher momentum flow down into the field for the NW

wind direction. Graph 43 compares the profiles at position 1, no-fence,
noon, and NW wind for 10, 20, and 30 fps wind tunnel speeds and shows
very little difference. Graphs 44-46 compare profiles at position 1,

15 ft-high fence at 52 ft from field, for West, NW, and NE winds at

noon, 4 P.M., and stowed heliostat configurations, and show only minor
differences. Graphs 47 and 48 show the effect of adding the short-
corner fence upstream of the Northwest fence corner for WNW and NW

winds. The mean velocities decrease while the turbulence intensity

increases considerably. Flow visualization showed that this short
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section of fence substantially disrupted the vortices caused by the
fence corner and prevented early downwash of high-momentum flow behind
the fence corner. Graph 49 compares the noon and stowed heliostat
configurations for a NW wind at position 1 with no-fence, and again
shows very little difference. Graphs 50-54 compare the no-fence case
with the 15 ft-high fence 52 ft from the field for both noon and 4 P.M.
for a North wind, positions 1-5. The velocity decreases due to the
fence is greater nearer the fence. Graphs 55-59 compare one stowed
heliostat configuration (87° and 93° alternating pitches) with an
alternate stowed (all pitches 90°) heliostat configuration for
positions 1-5 for a North wind. There is very little differerce between
the two stowed configurations. Graph 60 is a fence configuration
comparison for the 10, 15, and 20 ft-high fences, and the double-rowed
10-ft-high fence, at position 1 for a North wind. The shorter the
fence the less the velocity decrease. Two 10 ft fences provide more
protection than one 10 ft fence, but not as much protection as a single
15 ft fence. Graph 61 compares the 32 percent and 57 percent porosity,
15 ft-high 52 ft -from-field fences at position 1 for a North wind. The
57 percent-porosity fence causes slightly more velocity decrease than
the 32 percent-porosity fence, but the velocities are very close.

Zone A--Graphs 62-64 compare the flow at the leading edge of the
field for noon, 4 P.M., and stowed heliostat configuration for SW, South,
and SE winds, and shows them to be very similar to the approach flow
APRCH2. However, for a South wind and the noon and 4 P.M. cases
(Graphs 62 and 63), a slight velocity speed-up occurs near the surface.
This is caused by a venturi effect as the flow tries to get around the

densely packed heliostats blocking its path. For other wind directions,
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the flow deflects off of the heliostats somewhat. Graphs 65-83 are
comparisons of profiles at the different profile positions (1-5) for
all wind directions at noon, 4 P.M., and stowed heliostat configurations
for no-fence and a 15 ft-high fence 52 ft from the field. Graphs 69
and 79 include profiles with the short-corner fence added for the SW
wind. The plots show that moving into the field decreases the velocity
more than it did for Zone B, a result to be expected since Zone
A of the heliostat field is more dense than Zone B. Also, the
plots again show that the effect of the barrier is more pronounced
nearer the fence than it is back into the field. The addition of
the short-corner fence for the SW wind again causes decreases in the
mean velocity while increasing the turbulence intensity somewhat.
Graphs 89-91 compare the no-fence and the 15 ft-high fence 52 ft from
the field configurations to the approach flow APRCH2 for SW, South,
and SE winds at noon and 4 P.M. at position 1. There is a small
difference between the noon and 4 P.M. cases, but the velocity decrease
due to the fence dominates the comparison. Graphs 92 and 93 again
compare the no-fence to the 15 ft-high fence 52 ft from the field,
and for positions 1 and 2 for SW and South winds in the stowed
configuration. There are some differences in the two positions, but
again the velocity decrease due to the fence dominates.

Because Reynolds number independence should be valid for model
to full-scale comparisons, full-scale conditions may be determined by
multiplying the profiles of Appendices A and B by a constant such that
the velocities well above the heliostat field, or the approach velocity

profiles, match those of the full-scale velocities to be studied.
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Certain trends in the velocity data can be identified. The type
and size of the fence causes changes in the amount of velocity decrease
for only the profile locations close to the fence. As the distance into
the field increases, the different fence configurations are hard to tell
apart, other than the fact than any fence may be slightly beneficial over
no-fence. Even this benefit becomes negligible farther into the field as
the field geometry dominates. Near the edge of the field (about 2 or 3
rows deep) the 20 ft-high fence placed 52 ft from the field generally
created slightly more velocity decrease than the 15 ft-high fence, which
in turn created more velocity decrease than the 10 ft-high fence. The
15 ft-high fence at 52 ft and 82 ft from the field have very nearly the
same velocity decrease with a slight benefit to the closer placement.

The double-rowed 10 ft-high fence causes a little more velocity decrease
than the single-row 10 ft-high fence but still less than the single 15 ft-
high fence. The porosity difference of 32 percent to 57 percent causes
very little change in the velocity profiles at position 1 North wind, Zone
B where the influence of porosity was tested. For wind directions where

a fence corner is upstream, the addition of a short-corner fence outside
the fence corner (see Figure 7) shows marked improvement in the velocity
decrease in the corner of the heliostat field.

Comparing Zones B and A in graphs 94 to 99 shows that the velocity
decrease for positions 3, 4, and 5 with the 15 ft-high fence 52 feet from
the field cases is greater in the A test area than in the B test area.
This is especially evident for the North (Zone B) -- South (Zone A)
wind comparison, while not quite as noticeable for the West wind compari-
son. This is expected since Zone A is much denser than Zone B and
therefore creates more flow resistance. Both stowed configurations

seem to alter the velocity profiles very little. For both cases, the
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profiles are dominated almost entirely by whether or not a fence is in
place, and then only the edge of the heliostat field is effected greatly.
Finally, the introduction of fences increases the turbulence intensity

dramatically, especially near the fence.

4.3 Moment Measurements

Moment coefficient plots for both CMX and CMY for the
instrumented heliostats shown in Figure 10 are presented in Appendix D.
The plots show both CMX and CMY versus distance into the heliostat
field for all of the cases outlined in the test plan (Table 1).
Appendix C lists the moment coefficients in tabular form. A moment
designation code is presented at the beginning of each appendix. Also,
the moment coefficient plots are presented several to a page and a
guide to their order is supplied at the beginning of Appendix D. Graphs
IM-13M are for Zone B, while graphs 14M-20M are for Zone A.

A few general tendencies can be ascertained by examining these
plots. First, the CMX's are much larger than the CMY's: on the
order of + 0.8 for CMX and + 0.10 for CMY. Next, for Zone B the
CMX's tend to be positive while for Zone A they tend to be negative.
This occurs because for Zone B the wind comes from the West to NE
while for Zone A it comes from the West to SE. It is also clear from
the plots of Appendix D that the placement of any fence around the
edge of the heliostat field almost always decreases the CMX loads
for the heliostats nearest the edge of the field, However, for
those cases when the wind comes directly at a corner of the field,
for example a Northwest wind for Zone B, the CMX loads can be
increased with a fence in place because of vorticies forming at the
corner of the fences as discussed earlier (see Graphs 5M and 6M in

Appendix D).
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These various results can be seen more clearly in the plots
shown in Figures 14 and 15. These figures show direct comparisons of
the CMX's for different fence configurations for a given wind
direction. Figure 14 gives comparisons for West, NW, and North winds
for Zone B, while Figure 15 gives comparisons for SW, South, and SE
winds for Zone A. These two figures show dramatically how the addition
of a fence can reduce the magnitude of the moment loads on the
heliostats near the fence. The moment loads then converge as the
distance into the heliostat field increases, The only exception to
this trend can be seen in the B/NW comparison of Figure 14. This is
the case where the approach wind is directly towards the corner of the
heliostat field. In this case, the addition of a fence does not change
the moment loads on the two lead heliostats very much, but increases
the loads on the 2nd, 3rd, and 4th heliostats because of the vortex
formation at the corner of the fence which pulls high-momentum fluid
down into the heliostat field. The loads begin to converge again
further into the field. However, the addition of a short-corner
fence across the flow just upstream of the regular fence corner has
a large beneficial effect on the moment loads of the two lead
heliostats while not affecting the others significantly. The implica-
tion is that the short-corner fence does provide a partial but not a
complete, solution to the flow at the corner of a fence. Finally,
Figure 16 compares moment coefficients for Zone B to Zone A. The first
plot (B-A/WEST) compares the two zones for a West wind and shows only
slight differen ecause the rows of heliostats provide little flow

resistance to a West wind. However, the second plot (B-A/N-S) shows
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the moment coefficients for Zone A to be markedly less than Zone B, as
is expected since for the respective wind directions the flow is

intercepting the rows and Zone A is more dense than Zone B.



22

5. Conclusions

A 1:60 scale model of a heliostat field array was constructed and
tested for airflow patterns within two selected test zones, and for
moment loads on selected individual heliostats. The tests were performed
in a boundary-layer wind tunnel capable of simulating atmospheric winds.
Flow visualization, quantitative velocity measurements, and overturning
moment measurements were made for various combinations of test zone,
wind direction, free-stream tunnel velocity, heliostat configuration
(time of day), and upwind fence configuration. Based on these tests,
the following conclusions can be drawn.

1. The placement of a fence around the edge of the heliostat
field almost always reduces wind loads on the first several
rows of heliostats. It decreases both the wind velocities
and the moment loads on the heliostats.

2. A corner in a fence can increase wind loads on heliostats
near the corner bisector for appropriate wind directionms.

3. Placement of a short fence outside of a corner in the regular
fence almost compensates for the adverse effects of a fence
corner. Additional study on this effect is required to
optimize the corner fence geometry.

4. Decreasing the height of an upwind fence or moving it further
away from the field decreases the benefit received from the
fence.

5. Increasing fence porosity from 32 to 57 percent had little

effect on heliostat loads.
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Two 10 ft fences spaced 50 ft apart caused lower heliostat
moments than a single 10 ft fence, but not as low as a single
15 ft fence.

The increased density of Zone A generally caused less
velocity and smaller moment loads farther into the field than
measured for the less dense Zone B.

The wind loads near the edges of the field were dominated by
the fence configurations, whereas the wind loads in the
interior areas of the field were dominated by heliostat
configuration and density.

Virtually no difference could be seen between wind loads on
the stowed (87° and 93° pitch alternating rows) and the
alternate stowed (all pitch 90°) heliostat configurations.
Higher velocities and very small moment loads were
experienced within the field by the two stowed configurations
because the heliostats offered very little resistance to the
flow when turned edgewise.

The alignment of the heliostats in rows created noticeable
channeling of the flow, especially for wind directions near
West. This channeling was disrupted somewhat by the fences,
but not entirely.

There was no evidence of increased velocity (faster than
approach flow values) near the ground due to reattachment

of the flow coming over the barrier fences in the interior

regions of the test zones.
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Table 1
Test Plan
Zone Wind Time of Desired Fence Profile Moment Flow Visualization
Designation Direction Day Velocity Config. Position Data Sets Runs (=10 fps)
B West 12:00 20 0 1-5 1
(270) (Noon) 30 0-3 1-5 4 5
B WNW 12:00 30 0-3 1-5 4
(292.5) (Noon) ¥ -5 3 1
B NW 12:00 10 0 1-5 1
(315) (Noon) 20 0 1-5 1
30 0-3 1-5 4 3
¥ -5 3 1
B NNE 12:00 30 0-3 1-5 4 3
(22.5)  (Noon)
B NE 12:00 20 0 1-5 1
v (45) (Noon) 30 0-3 1-5 4
B West 4:00 P.M. 30 2 1-5 1
B WNW 4:00 P.M. 30 2 1-5 1
B NW 4:00 P.M. 30 2 1-5 1
B NNE 4:00 P.M. 30 2 1-5 1
B NE 4:00 P.M. 30 2 1-5 1
B West Stowed 30 0 1-5 1
v ¥ ¥ ¥ 2 1-5 1
B NW Stowed 30 0 1-5 1
¥ ¥ ¥ ¥ 2 1-5 1
B NE Stowed 30 0 1-5 1
¥ ¥ ¥ ¥ 2 1-5 1
B North 12:00 30 0 1-5 1
(000) (Noon) 1,3,6,7,8 1 5
2 1-5 1
4:00 P.M. 30 0 1-5 1
2 1-5 1
Stowed 30 0 1-5 1
2 1-5 1
Stowed 30 0 1-5 1



26

Table 1 (continued)

Zone Wind Time of Desired Fence Profile Moment Flow Visualization
Designation Direction Day Velocity Config. Position Data Sets Runs (= 10fps)
A W Noon 30 2 1-5 1 2
WSW 2 1-5 1
SW 0 1-5 1
2 1-5,6 1 2
5 6 1
SSW 2 1-5 1
S 0 1-5 1
2 1-5 1
SE 0 1-5 1
2 1-5 1
W 4:00 P.M. 2 1-5 1
WSW 2 1-5 1
SW 0 1-5 1
2 1-5,6 1
5 6 1
SSW 2 1-5 1
) 0 1-5 1
2 1-5 1
SE 0 1-5 1
2 1-5 1
SW Stowed 0 1-5 1
2 1-5 1
S 0 1-5 1
2 1-5 1

Total 331 73 17
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Table 2

Motion Picture Scene Guide

Wind Fence Time
Run # Direction Condition of Day Zone
1 W None Noon B
2 W 4" Noon B
3 W 3" Noon B
4 W 3" upstream Noon B
5 W lowered Noon B
then moved
upwind

6 NW None Noon B
7 NwW 4" Noon B
8 NW 3" lowered Noon B
9 NNE None Noon B
10 NNE 4" Noon B
11 NNE 3" lowered Noon B
12 W None Noon A
13 W 3n Noon A
14 SW None Noon A
15 SW 3" Noon A
16 S None Noon A
17 S 3" Noon A

Length; 987 ft, 27.4 min.
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Figure 3b. Instrumented Heliostat.
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Velocity Profile Data



62

Velocity Profile and Moment Data-File Name Code

File Name = Z WD V TD FC P

= Zone = A or B

Z
WD = Wind Direction;

Zone A WD Zone B
West = 1 = West
WSW = 2 = WNW
SW = 3 = NW
SSW = 4 = NNE
South = 5 = NE
SE = 6 = North
V = Nominal Free Stream Velocity
1= 10 fps
2 2 20 fps
3 2 30 fps
TD = Time of Day (Heliostat Configuration)
1 = Noon
2 = 4:00 P.M.
3 = Stowed (alternating 87° and 93° pitch)

4

All times-of-day are for local solar conditions on
March 21.

FC = Fence Configuration (H and D; Figure 10)

Stowed' (all at 90° pitch)

0 = No Fence
1-H = 20 ft, D = 52 ft, 32% porosity
2-H = 15 ft, D = 52 ft, 32% porosity
3-H = 15 ft, D = 82 ft, 32% porosity
5-H = 15 ft, D = 52 ft + short corner fence,* 32% porosity
6-H = 10 ft, D = 52 ft, 32% porosity
7-H = 10 ft, D = 52 ft, plus H =10,D = 102 ft, 32% porosity
8-H = 15 ft, D = 52 ft, 57% porosity
P = Position of Velocity Profiles
1 -5 o0or 6 (see Figures 10a through 10%)
H = Instrumented Heliostat Moment Data File instead of

a velocity profile

*short corner fence, H = 15 ft, 32% porosity, 120 ft long fence, placed
10 ft upstream of the regular fence at the upstream corner of the
heliostat field (prototype dimensions).
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30.2 FPS
=

VEL.

REF .
WIND DIRECTION = RLL

POSITION OF PROFILE
- UPSYREAM APPROARCH FLOW

NO FENCE

= ALL

= BOTH
FENCE CONFIGURARVION =

TEST ZONE

NORMALIZED VELOCITY PROFILE APRCH2
TINE OF DAY

30.2 FPS

VEL .

REF .
WIND DIRECTION = ALL

POSITION OF PROFILE = 1

FENCE CONFIGURATION = NO FENCE - UPSTREAM ARPPRORCH FLOW

TINE. OF DAY = ALL

HORMAL IZ2ED VELOCIYY PROFILE APRCHI
TESY 20HE = BOTH
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REF.
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POSITION OF PROFILE

BOTH

TINE OF DAY = ALL
FENCE CONFIGURATION = HO FENCE - UPSTREAM APPROACH FLOW
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30.2 FPS

REF . VEL.
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9.1 FPS

VEL.

REF.

NORMALIZED YELOCITY PROFILE APRCHe

30.0 FPS

VEL .

REF

HORMAL I2ED VELOCIYY PROFILE APRCHS

ALL

VIND DIRECTION
POSITION OF PROFILE

BOTH

TESY ZOKE

WIND DIRECTION = ALL
POSITION OF FROFILE

TEST Z2ONE = BOTH

= ALL

TINE OF DAY

= 5

TINE OF ORY = ALL

- UPSTREAM APPROARCH FLOW

NO FENCE

- UPSTREAM AFFROACH FLOW FENCE CONFIGUKRARTION

FENCE CONFIGURATION = NO FENCE
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20.0 FPS

VEL .

REF.

NORMALIZED VELOCITY PROFILE B12102

20.0 FPS

VEL .

REF .

NORMALIZED VELOCITY PROFILE Bi2101

WIND DIRECTIOHNH = WEST
POSITION OF PROFILE = 2

TEST ZONE = B

WIND DIRECTION = WEST
POSITION OF PROFILE = 1

TESY 2Z0NE = B

TIME OF DAY = NOON

TINE OF DAY = NOON

NO FENCE

FENCE CONFIGURATION =

FENCE CONFIGURATION = ND FENCE
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VEL.

NORMALIZED VELOCITY PROFILE 812104 REF.

20.0 FPS

VEL.

REF .

NORBALIZED VELOCITY PROFILE B12103

VIND DIRECTION = WEST

POSITION OF PROFILE = 4

TEST Z0NE = B

WIND DIRECTION = WEST
POSITION OF PROFILE = 3

TEST Z0NE = B

TIMNE OF DAY = NOON

TINE OF DAY = HOON

FEMCE CONFIGURATION = NO FENCE

FENCE CONFIGURATION = ND FENCE
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REF. VEL. 20.0 FPS
OF PROFILE = §

UIND DIRECTION = VUEST

POSITION

FENCE CONFIGURATION = ND FENCE

TINE: OF DAY = NOOM

NORMALIZED VELOCIYY PROFILE B1210S
TEST 20ME = B
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31.6 FPS

VEL .

NORMALIZED VELOCITY PROFILE B13111 REF .

31.7 FPS

VEL .

REF .

HORMALIZED VELOCITY PROFILE B13101

WIND DIRECTION = MEST
POSITION OF PROFILE =

20FT RT S2FT

TEST Z0NE =

WIND DIRECTION = WEST
POSITION OF PROFILE = 1

TEST 20ME = B

1

TINE OF DAY = NOON

TINE OF DAY = NOON

FENCE CONFIGURATION

FENCE CONFIGURATION = NO FENCE
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32.0 FPS

YEL.

NORMALIZED VELOCITY PROFILE B13131 REF.

32.1 FPS

VEL .

REF .

NORMALIZED VELOCITY PROFILE B13121

MIND DIRECTION = WEST

POSITION OF PROFILE =

1SFT AT B2FT

TEST ZONE = B

VIND DIRECTION = VEST
POSITION OF PROFILE =

FENCE CONFIGURATION = ISFT AT 32FT

TEGT 2Z0MHE = D

1

TINE OF DAY = NOON

TINE OF DAY = NOON

FENCE CONFIGURATIOH =
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32.1 FPS

VEL.

NORMALIZED VELOCITY PROFILE B13112 REF.

32.2 FPS

VEL .

REF .

NORNALI2ED VELOCITY PROFILE B13102

GINO DIRECTION = WESY
POSITION OF PROFILE = 2

TEST ZONE = B

UIND DIRECTION = MEST
POSITION OF PROFILE = 2

TEST 20NE = B

TINE OF DAY = NOON
FENCE CONFIGURATION = 20FT AT S2FT

TINE OF DAY = NOONMN

FENCE CONFIGURATION = NO FENCE
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32.1 FPS

VEL.

NORMALIZED VELOCITY PROFILE B13132 REF .

32.0 FPS

VEL.

REF .

NORMALIZED VELOCITY PROFILE 813122

TEST 20ME = B

WIND DIRECTION = WEST
POSITION OF PROFILE = 2

WIND DIRECTION = VEST
POSITION OF PROFILE = 2
ISFT AT B82FT

FENCE CONFIGURATION = 1SFT AT 32F7

TEST ZONE = B

TINE OF DAY = NOON

TINE OF DAY = NOON

FENCE CONFIGURATION =
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31.1 FPS

VEL.

NORMALI2ED VELOCITY PROFILE B13113 REF .

31.3 FPS

VEL .

REF .

NORMALIZED VELOCITY PROFILE B13103

WEST

POSITION OF PROFILE = 3

FENCE CONFIGURATION = 20FT AT 352FT7

WIND DIRECTION

TEST ZONE = B

VIND DIRECTION = WEST
POSITION OF PROFILE = 3

TEST ZONE = B

TIMNE OF DAY = NOON

TINE OF DAY = NOON

FENCE CONFIGURATION = NO FENCE
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31.3 FPS

VEL.

HORMALIZED VELOCITY PROFILE B13133 REF.

31.1 FPS

VEL .

REF .

NORNALIZED VELOCITY PROFILE B13123

UVIND DIRECTION = WEST
POSITION OF PROFILE = 3

15FT AT B2FT

TEST 20NE = B

WIND DIRECTION = WEST
POSITION OF PROFILE = 3

TESY ZOME = §

TINE OF DAY = NOON

TINE OF DAY = NOON

FENCE CONFIGURATION =

FENCE CONFIGURATION = 1SFT AT S2FT

NBENNOMMINOIMNNOTNSO

VRONNTEMMNODETONRN
TN OV OV ON CN N OOV O ) vt oot ot

COO—NNNNMEMNO®RONY
e o ot ot et vt ot e ot ot ot A O O DO

O =T PRNMIN =PRI~ ANIND
LA A A & & & 4 rlpL AU 1 l-rJ=]- )

O INM—"ORRNRPOTNORD
57949‘.93999’99099

‘12233‘56?9259
.t v

HSONMTINDDORON O NI TN O
L T Tl )

26539093124875093

‘3?66“5‘29‘2097’-

NN

ONWNNMIMEMMMNODN D
-t st it wod il vl v e vt e O D OO

Deoton @B D €N O N =P PNIND
MECCTTTINMNVIONN’NDDD

OB ECMINNONORNOOMNN
s?",‘.’iwo,se’,’,,

WNMITOONORO-NMETNSN
0 ol o ) v ot ey



31.9 FPS

VEL.

REF.

HORMALIZED VELOCITY PROFILE Bi3114

VEL. 31.3 FPS

REF .

UORMALIZED VELOCITY PROFILE B13104

VIND DIRECTION = WUEST
POSITION OF PROFILE = 4

TEST ZONE = B

VIND DIRECTION = VEST
POSITION OF PROFILE = ¢

TEST ZOWE = §

TINE OF DAY = NODON

TINE OF DAY = NOOM

FENCE CONFIGURATION = 20FT AT 32F7

FENCE CONFIGURATION = ND FENCE
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31.9 FPS

VEL.

NORMALIZED VELOCITY PROFILE B13134 REF.

31.9 FPS

VEL.

REF .

NORMNALIZED VELOCITY PROFILE 813124

VIND DIRECTION = WEST
POSITION OF PROFILE = 4

I1SFT AT B2FT

TEST 20ME = B

VIND DIRECTION = UEST
POSITION OF PROFILE = 4

TEST 20NE = B

TINE OF DAY = NDON

TINE OF DAY = NOOM

FENCE CONFIGURATION =

FENCE COHFIGURATION = ISFT AT S2FT
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31.35 FPS

VEL.

NORMALIZED VELOCITY PROFILE B1311S REF .

31 .4 FPS

VEL .

REF .

NORNALIZED VELOCITY PROFILE 813108

VIND DIRECTION = WEST
POSITION OF PROFILE = §

TEST ZONE = B

WIND DIRECTION = WUEST
POSITION OF PROFILE = S

TEST Z0NE = B

TINE OF DAY = NOON

TINE OF DAY = NOON

FENCE CONFIGURATION = 20FY AT S2FY

FENCE CONFIGURATION = NO FENCE
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31.3 FPS

VEL.

NORMALIZED VELOCITY PROFILE B1313S REF.

31.3 FPS

VEL.

REF .

NORNALIZED VELOCITY PROFILE B131295

VIND DIRECTION = WEST
POSITION OF PROFILE = 3

1SFT AT B2FT

TEST 20NE =

VIND DIRECTION = WEST
POSITION OF PROFILE = 3

TEST 20ME = B

TINE OF DAY = NOON

TINE OF DAY = NOON

FENCE CONFIGURATION =

FENCE CONFIGURATION = ISFT AT 32FT
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32.1 FPS

VEL.

NORMALIZED VELOCITY PROFILE B23111 REF.

31.2 FPS

VEL.

REF .

NORNALIZED VELOCITY PROFILE B2310%

UNV

TEST ZOKE = B WIND DIRECTION =
POSITION OF PROFILE =

WIND DIRECTION =
POSITION OF PROFILE = |

TEST ZOKE = B

1

TIME OF DAY = NOON

TINE OF DAY = NOON

FENCE CONFIGURATION = 20FT AT 52FT

FENCE CONFIGURATION = NO FENCE
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31.8 FPS

VEL.

NORMALIZED VELOCITY PROFILE B2313t% REF .

31.7 FPS

VEL.

REF .

NORMALIZED VELOCITY PROFILE B23121

WIND DIRECTION =
POSITION OF PROFILE =

TEST ZONE = B

WIND DIRECTION = WUNV

POSITION OF PROFILE = |

FENCE CONFIGURATION = 1SFT AT 3J2FT7

TEST 20NE = B

1

TINE OF DAY = NOON
FENCE CONFIGURATION = (5FT AT B2FT

TINE OF DAY = NOONM
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2

31.8 FPS
NV

VEL.

REF .
WIND DIRECTION =
POSITION OF PROFILE =

TINE DF DAY = NOON
FENCE CONFIGURATION = 20FT AT S2FT

NORMALIZED VELOCITY PROFILE B23112
TEST ZONE = B

31.9 FPS
POSITION OF PROFILE = 2

VEL .

REF .
VWIND DIRECTION =

FENCE CONFIGURATION = HO FENCE

TINE OF DAY = NOON

NORMALIZED VELOCITY PROFILE B23102
TEST Z0NME = B
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31.7 FPS
L L1

VEL.

REF .
VIND DIRECTION =
POSITION OF PROFILE = 2

1SFT AT B2FT

TIME OF DAY = NOON
FENCE CONFIGURATION =

NORMALIZED VELOCITY PROFILE B23132
TEST 20NE = B

VEL. 31.8 FPS
UNY

REF .
WIND DIRECTION =
POSITION OF PROFILE = 2

FENCE CONFIGURATION = ISFT AT 32FT

TINE OF DAY = NOONM

NORMALIZED VELOCITY PROFILE B23122
TEST Z0KE = B
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32.1 FPS

VEL .

NORMALIZED VELOCITY PROFILE B23113 REF.

32.0 FPS

VEL .

REF .

NORMALIZED VELOCITY PROFILE B23103

TEST Z20NE = B WIND DIRECTION
POSITION OF PROFILE = 3

VIND DIRECTION =
POSITION OF PROFILE = 3

TEST ZONE = B

TINKE OF DAY = NOON

TINE OF DAY = NOON

FENCE CONFIGURATION = 20FT AT S2FT

FENCE CONFIGURATION = NO FENCE
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32.3 FPS

VEL.

REF .

NORMAL I12ZED VELOCITY PROFILE B23133

32.3 rrs

VEL .

REF .

NORMAL IZED VELOCITY PROFILE B23123

WIND DIRECTION = WNV

POSITION OF PROFILE = 3

1SFT AT B2FT

TEST 208E = B

POSITION OF PROFILE = 3

UIND DIRECTION =
FEMCE CONFIGURATION = ISFT AT 32FT

TEST 208E = B

TINE OF

TINE OF DAY = NOON

DAY = NOON

FENCE CONFIGURATION =
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32.3 FPS

VEL.

REF .

823133

NORNALIZED VELOGCITYY PROFILE

VIMD DIRECTION =
POSITION OF PROFILE = 3

TEST Z0ME = 8

TIRE OF DAY = HOON

FENCE CONFIGURATION = 1SFY AT S2FY + SHORY CORNER FENCE
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4

32.4 FPS
UNY

VEL.

REF .
VWINKD DIRECTION =
POSITION OF PROFILE =

TINE OF DAY = MOON
FENCE CONFIGURATION = 20FT AT S2FT

HORMALIZED VELOCITY PROFILE B23114
TEST 20NE = B

32.4 FPS
POSITION OF PROFILE = 4

VEL .

REF .
WIND DIRECTION =

DAY = NOON
FENCE CONFISURATION = KO FENCE

TEST Z0KE = B

HORMALIZED VELOCITY PROFILE B23104
TINE OF
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32.4 FPS
WNY
4

VEL.

REF.
VIND DIRECTION =
POSITION OF PROFILE =

13FT AT B2FT

TIKE OF DAY = NOON
FENCE CONFIGURATION =

NORMALIZED VELOCITY PROFILE B23134
TEST 20NE = B

VEL. 32.3 FPS
[ L1

REF .
WIND DIRECTION =
POSITION OF PROFILE = ¢

FENCE CONFIGURATION = 13FT AT 32FT

TINE OGF DAY = NOON

NORMALIZED VELOCITY PROFILE B23124
TEST ZONE = B
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32.4 FPS

VEL.

NORMALIZED VELOCITY PROFILE B23115 REF.

32.4 FPS

VEL .

REF .

NORMALIZED VELOCITY PROFILE 823109

WIND DIRECTION = WNV

POSITION OF PROFILE = 5

FENCE CONFIGURATION = 20FT AT S52FT

TESY ZONE = B

VIND DIRECTION =
POSITION OF PROFILE = §

TEST 20ME = B

TIME OF DAY = NOON

TINE OF DAY = NOON

FEMCE CONFIGURATION = NO FENCE
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32.35 FPS

VEL.

REF .

NORMALIZED VELOCITY PROFILE B2313S

32.3 FPS

VEL .

REF .

NORNALIZED VELOCITY PROFILE 523123

NV

WIND DIRECTION =
POSITION OF PROFILE = 9

TEST ZO0NE = B

WIND DIRECTION = WNV

POSITION OF PROFILE = 3§

FENCE CONFIGURATION = 1SFT AT 3J2FT

TEST ZONE = B

TINE OF DAY = NOON

TINE OF DAY = NOON

FENCE CONFIGURATION = 15FT AT B2FT
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9.9 FPS

VEL.

NORMALIZED VELOCITY PROFILE B31102 REF.

9.9 FPS

VEL.

REF .

NORMALIZED VELOCITY PROFILE B31io0t

TEST ZONE = B VIND DIRECTION =
POSITION OF PROFILE = 2

VWIND DIRECTION =
POSITION OF PROFILE = 1

TESY 20ME = B

TINE OF DAY = NOOMN

DAY = NOOMN

oF
FENCE CONFIGURATION = NO FENCE

TIRE

FENCE CONFIGURATION = NO FENCE
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9.9 FPS

VEL.

NORMALIZED VELOCITY PROFILE B31104 REF.

9.9 FPS

REF. VEL.

831103

NORMALIZED VELOCITY PROFILE

TEST ZONE = B VIND DIRECTION =
POSITION OF PROFILE = 4

VIND DIRECTION =
POSITION OF PROFILE = 3

TEST ZONE = B

TINE OF DAY = NOON

TINE OF DAY = NOON

FENCE CONFIGURATION = NO FENCE

FENCE CONFIGCURATION = ND FENCE
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9.9 FPS

VEL.

REF .

NORMALIZED VELOCITY PROFILE B31105

NV

WIND DIRECTION =
POSITION OF PROFILE = S

TESYT ZONE = B

TINE OF DAY = NOON

FENCE CONFIGURATION = NO FENCE

79

VDN NP P M DB D
MMM ETNTNNBNADOWBD

ONETMNMMNTINONTOND
NAOTCORTHCORNOPO~NO

ONMTINDN-QOO=NMETIN O
L L L e ]



20.0 FPS
NV

VEL.

REF.
VIND DIRECTION =
POSITION OF PROFILE = 2

FENCE CONFIGURATION = NO FENCE

TIMNE OF DAY = NOON

NORMALIZED VELOCITY PROFILE BI2102
TESY Z0NE = B

20.9 FPS
POSITION OF PROFILE = 1

VEL.

REF .
VWIND DIRECTION =

FENCE COMFICURATION = MO FEMCE

TIME OF DAY = NOON

HORMNALIZED VELOCITY PROFILE 832101
TEST 20NME = ®
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20.0 FPS
NV

VEL.

REF.
VIND DIRECTION =
POSITION OF PROFILE = 4

FENCE CONFIGURATION = NO FENCE

TINE OF DAY = NOON

NORMALIZED VELOCITY PROFILE B32104
TEST ZONE = B

20.90 FPS
NV

VEL.

REF .
VIND DIRECTION =
POSITION OF PROFILE = 3

DAY = NHOON
FENCE CONFIGURATION = ND FENCE

TEST ZONE = B

HORMALIZED VELOCITY PROFILE B32103
TIRE OF
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26.6 FPS
NV

VEL .

REF .
WIND DIRECTION =
POSITION OF PROFILE = 3

FENCE CONFIGURATION = NO FENCE

TINE OF DAY = NOON

HORMALIZED VELOCITY PROFILE B32103
TEST ZONE = B
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32.0 FPS

VEL.

NORMALIZED VELOCITY PROFILE B33111 REF.

31.3 FPS

VEL.

REF .

NORMALIZED VELOCITY PROFILE B33101

VIND DIRECTION = NY

POSITION OF PROFILE =

FENCE CONFIGURATION = 20FT AT 352F7

TESY 20NE = B

VIND DIRECTION =
POSITION OF PROFILE = 1

TEST 20NE = B

1

TINE OF DAY = NOON

TINE OF DAY = NOON

FENCE CONFIGURATION = NO FENCE
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32.4 Frs

VEL.

NORMALIZED VELOCITY PROFILE B33131 REF.

3.3 FPrs

VEL .

REF .

NORNALIZED VELOCITY PROFILE 833121

VIND DIRECTION =
POSITION OF PROFILE =

TESTY ZONE = B

VIND DIRECTION = NV

POSITION OF PROFILE = 1

FENCE CONFIGURATION = 1SFT AT 32FT

TEST ZONME = B

1

TINE OF DAY = NOON

TINE OF DAY = NOOM

FENCE CONFIGURATION = ISFT AT B2FY
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32.6 FPS

VEL.

NORMALIZED VELOCITY PROFILE B33112 REF.

32.7 FPS

VEL .

REF .

NORNALIZED VELOCITY PROFILE B33102

UIND DIRECTION = L1

POSITION OF PROFILE = 2

FENCE CONFIGURATION = 20FT AT 32F7

TEST ZONE = B

VIND DIRECTION =
POSITION OF PROFILE = 2

TEST 20NE = B

TINE OF DAY = NOON

TIME OF DAY = NOON

FENCE CONFIGURATION = NO FENCE
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32.8 FPS

VEL.

NORMALIZED VELOCITY PROFILE 833132 REF .

32.7 FPS

VEL .

REF .

HORMNALIZED VELOCITY PROFILE B33122

VWIND DIRECTION =
POSITION OF PROFILE =

TEST ZONE = B

VIND DIRECTION = NV

POSITION OF PROFILE = 2

FENCE CONFIGURATION = 13FT AT J2FT7

TEST 20NE = B

2

TINE OF DAY = NOON

TINE OF DAY = NOOM

FENCE CONFIGURATION = I5FT AT B82FT
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32.6 FPS
NV

VEL.

REF.
WIND DIRECTION =
POSITION OF PROFILE = 3

FENCE CONFIGURATION = 20FT AT 32FT

TINE OF DRY = NOON

NORMALIZED VELOCITY PROFILE B3I3113
TEST 20NE = B

32.8 FPS
POSITION OF PROFILE = 3

VEL.

REF.
WIND DIRECTION =

TEST 20ME = B
OF DAY = NOON
FENCE CONFIGURATION = NO FENCE

NORNALIZED VELOCITY PROFILE 833103
TINE
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32.9 FPrs
L1

VEL .

REF.
VIND DIRECTION =
POSITION OF PROFILE = 3

1SFT AT B2FY

TINE OF DAY = NOON
FENCE CONFIGURATION =

NORMNALIZED VELOCITY PROFILE 833133
TEST 20ME = B

VEL. 32.0 FPS
1]

REF .
VIND DIRECTION =
POSITION OF PROFILE = 3

AT S2FT

TINE OF DRY = NOON
FENCE CONFIGURATION = 1I1S5FT

NORNALIZED VELOCITY PROFILE 833123
TEST 20ME = B
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32.8 FPS

VEL.

REF .

NORMALIZED VELOCITY PROFILE B33133

WIND DIRECTION =
POSITION OF PROFILE = 3

TEST Z0NE = B

TINE OF DAY = NOON

FENCE CONFIGURATION = ISFT AT 3J2FT + SHORT CORMNER FENCE
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31.8 FPS
POSITION OF PROFILE = 4

VEL.

REF.
WIND DIRECTION =

FENCE CONFIGURATION = 20FT AT 32FT

TINE OF DAY = NOOM

NORMALIZED VELOCITY PROFILE B33114
TEST ZO0NE = B

31.6 FPS
POSITION OF PROFILE = 4

REF. VEL.
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TEST ZO0KE = B

WIND OIRECTION = NORTH
POSITION OF PROFILE = S

TEST ZONE = B

TIME OF DAY = 4 PN

TIME OF DAY = 4 PN

FENCE CONFIGURATION = NO FENCE
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30.4 FPS

VEL.

NORMALIZED VELOCITY PROFILE B63321 REF.

30.1 FPS

VEL .

REF .

NORMALIZED VELOCITY PROFILE B¢3301¢

VIND DIRECTION = NODRTH
POSITION OF PROFILE =

1SFT RT S2F7

TEST ZONE = B

GIND DIRECTION = NORTH
POSITION OF PROFILE = 1

TEST ZONE = B

1

TINE OF DAY = STOWED

TINE OF DAY = STOVNED

FENCE CONFIGURATION =

FENCE CONFIGURATION = NO FENCE
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30.35 FPS

VEL.

NORMALIZED VELOCITY PROFILE B63322 REF.

30.95 FPsS

VEL .

REF .

NORNALIZED VELOCITY PROFILE 863302

VIND DIRECTION = NDRTH

POSITION OF

TEST ZONE

VIND DIRECTION = NORTH
POSITION OF PROFILE = 2

TEST ZONE = B

PROFILE = 2

TINE OF DAY = STOWED

TINE OF DAY = STOVED

FENCE CONFIGURATION = ISFT AT S2FT

FENCE CONFIGURATION = NO FENCE
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30.5 FPS

VEL.

REF.

NORMALIZED VELOCCITY PROFILE B63323

30.3 FPS

VEL .

REF.

NORNALIZED VELOCITY PROFILE 863303

VWIND DIRECTION = NORTH
POSITION OF PROFILE = 3

1SFT AT S2FT

TEST ZONE = B

VIND DIRECTION = NORTH
POSITION OF PROFILE = 3

TEST ZONE = B

TIME OF DAY = STOMED
FEHCE CONFIGURATION =

TINE OF DAY = STOVED

FENCE CONFIGURATION = NO FENCE
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30.3 FPS

VEL.

NORMALIZED VELOCITY PROFILE B63324 REF.

31.2 FPS

REF, VEL.

HORMALIZED VELOCITY PROFILE B63304

VIND DIRECTION = NORTH
POSITION OF PROFILE = 4

TEST ZONE = B

VIND DIRECTION = NORTH
POSITION OF PROFILE = 4

TESY ZONE = 8

TINE OF DAY = STYOWED

TINE OF DAY = STOWED

FENCE CONFIGURATION = 15FT AT S52FT

FENCE CONFIGURATION = ND FENCE
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31.3 FPS

VEL.

REF.
VIND DIRECTION = NORTH

POSITION OF PROFILE =

TIMNE OF DAY = STOVED
FENCE CONFIGURATION = 1ISFT AT S2FT

NORMALIZED VELOCIYY PROFILE B63323
TEST ZONE = 8

VEL. 31.3 FPfS

REF .
VIND DIRECTION = NORTH

POSITION OF PROFILE = 3§

TINE OF DAY = STOUED
FENCE CONFIGURATION = NO FENCE

NORMALIZED VELOCITY PROFILE B63305
TEST Z0NE = 8

NNNCETN~OMO®
YOO CNCV N vt st v

O=NMMMETM =P
it v vt et o vt St et et © O

=PRMINOT~OMmY
TETNNW OO0

CWINONDN-ONDO
DOBONPCORNRNS

—-MCRNO-D
e

—NOTINODRO =
.

CBEN NP D P
SNt R OD
W el vl wd wl gud

[ DAL A A =g g
00000000000

e e s e e e

BN T OPONTS

POOPOPOMODN
CORPONOMOMN

RN o e n e

N PTONOn
toq e

NMCTNONBRO ~
L]



31.4 FPS

VEL.

HORMALIZED VELOCITY PROFILE B63402 REF.

31 .4 FPS

VEL .

REF .

HORMALIZED VELOCITY PROFILE B63401

VIND DIRECTION = NORTH
POSITION OF PROFILE = 2

TEST ZONE = B

VIND DIRECTION = NORTH
POSITION OF PROFILE = 1

TEST ZONE = B

TIME OF DAY = ALT STOVED

TINE OF DAY = ALT STOVED

FENCE CONFIGURATION = NO FENCE

FENCE CONFIGURATION = NO FENCE
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31.4 FPS

VEL.

NORMALIZED VELOCITY PROFILE B63404 REF.

31.4 FPS

VEL .

REF.

NORMALIZED VELOCITY PROFILE B63403

VIND DIRECTION = NORTH
POSITION OF PROFILE = 4

TEST ZONE = B

WIND DIRECTION = NORTH
POSITION OF PROFILE = 3

TEST 20NE = B

TIME OF DAY = ALY STOWED

TIMNE OF DAY = ALY STOVWED

FENCE CONFIGURATION = NO FENCE

FENCE CONFIGURATION = NO FENCE
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REF. VEL. 31.4 FPS
OF PROFILE = S

WIND DIRECTION = NORT

TIRE OF DAY = ALT STOUED POSITION
FENCE CONFIGURATION = NO FENCE

HORMALIZED VELOCITY PROFILE 863403
TEST ZONE = B
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31.0 FPS

VEL.

NORMALIZED VELOCITY PROFILE B63131% REF.

31.0 FPS

REF. VEL.

HORMNALIZED VELOCITY PROFILE B63111

VIND DIRECTION = NORTH

POSITION OF PROFILE =

FENCE CONFIGURATION = 135FT AT B2FT

TEST ZONE = B

WIND DIRECTION = NORTH
POSITION OF PROFILE =

FENCE CONFIGURATION = 20FT AT 32FT

TEST ZOHE = B

1

TIME DF DAY = NOON

TINE OF DAY = NOON
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30.9 FPS

VEL.

NORMALIZED VELOCITY PROFILE B63171 REF.

31.0 FPS

VEL.

REF .

NORMALIZED VELOCITY PROFILE 863161

WIND DIRECTION = NORTH

POSITION OF PROFILE = 1

10FT AT S2FT + 10FT AT 102FT

TEST ZONE = B

VIND DIRECTION = NORTH
POSITION OF PROFILE = 1

FENCE CONFIGURATION = 10FT AT S32FY

TEST ZONE = B

TINE OF DAY = NOON

TINE OF DAY = NOOM

FENCE CONFIGURATION =
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VEL. 31.0 FPS

REF .

NORNALIZED VELOCITY PROFILE B631601

VIND DIRECTION = NORY
POGITION OF PROFILE = 1

TESY ZONE =

Ting

OF OAY = NOON

60X POROSITY

FENCE COHFIGURATION = 1SFT A7 S2FT.
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30.2 FPS

VEL.

HORMALIZED VELOCITY PROFILE Al13122 REF .

30.0 FPS

YEL .

REF.

NORMALIZED VELOCITY PROFILE A13121

VWIND DIRECTION = WEST
POSITION OF PROFILE = 2

1SFY AT S2F7

TEST ZONE = A

WIND DIRECTION = VEST
POSITION OF PROFILE = 1

TEST 20ME = A

TINE OF DAY = NOON

PAY = NOON
FENCE CONFIGURATION = 1SFT AT S2FT

TINE OF

FENCE COMNFIGURATION =
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30.3 FPS

VEL.

NORMALIZED VELOCITY PROFILE A13124 REF.

30.2 FPS

VEL .

REF .

NORMALIZED VELOCITY PROFILE A13123

WIND DIRECTION = WEST
POSITION OF PROFILE = 4

ISFT AT S2FT

TEST ZONE = A

VIND DIRECTION = VEST
POSITION OF PROFILE = 3

TEST 20HE = A

TINE OF DAY = NOON

TINE OF DAY = NOON

FENCE CONFIGURATION =

FENCE CONFIGURATION = ISFY AT 3J2FT
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29.1 FPS

VEL.

NORMALIZED VELOCITY PROFILE n2312t REF.

30.3 FPS

VEL .

REF .

NORNALIZED VELOCITY PROFILE A13123

VYIND DIRECTION = WSW

POSITION OF PROFILE =

1SFT AT S2FT

TEST 20ME = A

VIND DIRECTION = VEST
-POSITION OF PROFILE = S

FENCE CONFIGURATION = 13FT AT 32FT

TEST 20HE = A

1

TINE OF DAY = NOON

TINE OF DAY = NOOM

FENCE CONFIGURATION =
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DO ND= D
NN NN N

DNRNONTOH DN ON
-3-2-X-2.0.2-2-2-2-2-4

CONPMNOONTN
NNV ON ¢ 900 O XD DD

MNP WBTNGINN
[ L-2-2-2-2-2-2-2-2-2-4

=AM TNVO O NS
e ]

N OB DON O
———

OV NONO PN DN

DA BB O BN
ot 0 o 0t ot POt ot et

OO OO =N~hNA
COO et OO0

PwT B ONTNTY
TONNDNGON-DO NN

OOPN=OOONNN
[t X-2-2-2-2-2-2-2-

WO CTHBNDP O
L]

128

29.3 FPS

VEL.

NORMALIZED VELOCITY PROFILE A23123 REF .

29.3 FPrS

REF. VEL.

NORNALIZED VELOCITY PROFILE An23122

L k-1

TEST 20NE = A UIND DIRECTION =
POSITION OF PROFILE = 3

YIND DIRECTION =
POSITION OF PROFILE = 2

TEST Z0NE = A

TINE OF DAY = NOON

OF DAY = NOON
FENCE CONFIGURATION = 13FT AT 32F7

TINE

FENCE CONFIGURATION = ISFY AT S2FT
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29.3 FPS

VEL.

NORMALIZED VELOCITY PROFILE AR23125 REF .

29 .3 FPS

VEL.

REF.

HORNALIZED VELOCITY PROFILE A23124

MIND DIRECTION = WSWY

POSITION OF PROFILE = 3

FENCE CONFIGURATION = ISFT AT S52FT7

TEST ZOKE = A

GIND DIRECTION = WSV

POSITION OF PROFILE = 4

FENCE CONFIGURATION = I3FT AT 3J2FT

TEST ZONE = A

TINE OF DAY = NOON

TINE OF DAY = MNOOM
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29.5 FPS

VEL.

NORMALIZED VELOCITY PROFILE A33102 REF .

9.3 FPS

VEL.

REF .

NORMALIZED VELOCITY PROFILE A33101

1)

TEST 20ME = A VIND DIRECTION =
POSITION OF PROFILE = 2

VIND DIRECTION =
POSITION OF PROFILE = 1

TEST ZONE = &

TINE DF DAY = NOON
FENCE CONFIGURATION = NO FENCE

TINE OF DAY = NOOM

FENCE CONFIGCURATION = ND FENCE
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29.3 FPS

VEL.

HORMALIZED VELOCITY PROFILE AR33104 REF.

29.35 FPS

VEL.

REF .

HORNALIZED VELOCITY PROFILE A33103

TEST ZONE = A UIND DIRECTION =
POSITION OF PROFILE = 4

VUIND DIRECTION =
POSITION OF PROFILE = 3

TEST Z0NE = A

TINE OF DAY = NOON

TINE OF OPAY = HOON

FENCE CONFIGURATION = MO FEMCE

FENCE CONFIGURATION = MO FENCE
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28.3 FPS

VEL.

NORMALIZED VELOCITY PRDFILE A33121 REF.

.3 FPS

VEL. 29

REF .

HORNALIZED VELOCITY PROFILE A33103

TESY 20ME = A VIND DIRECTION =
POSITION OF PROFILE = 1

UIND DIRECTION =
POSITION OF PROFILE = 3

TEST 200€ = &

TINE OF DAY = NOON

TINE. OF DAY = NOON

FENCE COUFISURATION = MO FENCE

FENCE CONFIGURATION = 15FT AT 32FY
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28.9 FPS

VEL.

NORMALIZED VELQCITY PROFILE AR33123 REF .

28.3 FPS

VEL .

REF .

HORNALIZED VELOCITY PROFILE A33122

S¥
POSITION OF PROFILE = 3

WIND DIRECTION =
1SFT AT S2FT

TEST ZONE = A

S¥

VIND DIRECTION =
POSITION OF PROFILE = 2

TEST ZONE = A
TINE OF

TIME OF DAY = NOON

ORY = NOON

FENCE CONFIGURATION =

FENCE CONFIGURATION = 1SFT AT 3J2FT
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27 .7 FPS

VEL.

NORMALIZED VELOCITY PROFILE A3I3125 REF.

29.0 FPS

VEL .

REF .

NORNALIZED VELOCITY PROFILE A3312¢

WIND DIRECTION = S

POSITION OF PROFILE = §

1SFT AT S2FT

A

TEST ZONE =

POSITION OF PROFILE = 4

VIND OIRECTION =
FENMCE CONFIGURATION = 1SFT AT 32FY

TESY 20HE = A

TIMNE OF DAY = NOON

TINE OF DAY = NOON

FENCE CONFIGURATION =
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REF. VEL. 27.6 FPS

NORMALIZED VELOCITY PROFILE A33136

27.6 FPS

VEL.

REF .

HORNALIZED VELOCITY PROFILE A33126

sV

VIND DIRECTION =

POSITION OF PROFILE = ¢
AT S2FT + SHORT CORNER FENCE

TEST 20NE = R

WIND DIRECTION = s

POSITION OF PROFILE = ¢

FENCE CONFIGURATION = ISFT AT S2FT

TEST Z0NE = A

TINE OF DAY = NOOMN

TINE OF DAY = NOOM

FENCE CONFIGURATION = ISFT

132

TURB INT
CPERCENTY)

URNS
F) CU/ZUREF)

PP whNHOM®D
MEONENS w

MMONOBNAPD®
[-2-2-T Lt 214

P e = OO N I
QO ~NMNADDI®

PNOWOwO =Y
NOOPLONROCOOOO

......... ..

“ONNTTORON
-t

—_NMTRONOO -
-

NEMANTOMNAR
TNt

MNEeMHRTN=DOONS
COO™NwO 00O

OB BONNT S

NODOOM OO T
NOOORGOMONO

NPT OAA=S
L L]

NPT O -
oy



:3:1 ]
POSITION OF PROFILE = 2

I1SFY AT S2FT

29.5 FPS

VEL.

REF.
UIND DIRECTION =

TINE OF DAY = KOOK
FENCE CONFIGURATION =

NORMALIZED VELOCITY PROFILE A43122
TESY ZOME = A

POSITION OF PROFILE = 1
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29 .2 FPS

YVEL.

REF.

NORMALIZED VELOCITY PROFILE A33223

29.3 FPS

VEL.

REF .

NORMALIZ2ED VELOCITY PROFILE A33222

TEST ZONE = & VIND DIRECTION =
POSITION OF PROFILE = 3

sV

WIND DIRECTION =
_POSITION OF PROFILE = 2

TESY 20ME = &

TIME OF DAY = 4 PN

TINE OF DAY = 4 PN

FENCE CONFIGURATION = 1ISFT AT 32FT

FENCE CONFICURATION = (SFT AT 32FT
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29 .0 FPS

VEL.

NORMALIZED VELOCITY PROFILE AR33225 REF.

2%.1 FPS

VEL.

REF .

NORMALIZED VELOCITY PROFILE A33224

WIND DIRECTION = S

POSITION OF PROFILE = 3

15FT AT S2FTY

TEST ZONE = A

WIND DIRECTION = sV

POSITION OF PROFILE = 4

FENCE CONFIGURATION = 1SFT AT 32FT

TEST 2Z0ME = A

TINE OF DAY = 4 PN
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28.3 FPS
sy

VEL.

REF.
VIND DIRECTION =
POSITION OF PROFILE = ¢

FENCE CONFIGURATION = 1ISFT AT S2FT + SHORT CORNER FENCE

TINE OF DAY = 4 PN

NORMALIZED VELOCITY PROFILE A33256
TESY ZONE = &

28.7 FPS
-1

VEL .

REF .
WIND DIRECTION =
POSITION OF PROFILE = 6

TESY ZONE = A
OF DAY = 4 PN
FENCE CONFIGURATION = ISFT AT 9J2F7

NORMALIZED VELOCITY PROFILE A33226
TINE
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29 .4 FPS

VEL.

NORMALIZED VELOCITY PROFILE A43222 REF .

29 .4 FPS

VEL .

REF .

HORNALIZED VELOCITY PROFILE A43221

ss¥

TEST ZONE = A WIND DIRECTION =
POSITION OF PROFILE = 2

WIND DIRECTION =
-POSITION OF PROFILE = 1

TEST 2Z0ME = A

TINRE OF DAY = 4 PN

TIRE OF DAY = 4 PN
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FENCE CONFIGURATION = ISFT AT 32FT
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29.3 FPrs

VEL.

NORNAL IZED VELOCITY PROFILE A43224 REF .

29.2 FPS

VEL.

REF .

NORNALIZED VELOCITY PROFILE A43223

sS¥

VYIND DIRECTION =
POSITION OF PROFILE = &

TEST 20ME = 4

POSITION OF PROFILE = 3

UIND DIRECTION =
FENCE CONFIGURATION = ISFT AT 32F7

TEST 20NE = A

TINE OF DAY = 4 PN

TINE OF DAY = 4 PN

FENCE CONFIGURATION = 13FT AT S2FT
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2% .3 FPS

VEL.

REF.

NORMALIZED VELOCITY PROFILE A43223

WIND DIRECTION = 88V

POSITION OF PROFILE = 9

AT 32FT

TEST Z0ME = A

TN
FENCE

QF DAY = 4 PN

CONFIGURATION = 1SFT
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29.2 ¥PS

VEL.

REF.

NORMALIZED VELOCITY PROFILE A33202

28.8 FPS

VEL .

REF .

HORMALIZED VELOCITY PROFILE R3320t

SOUTH

VIND DIRECTION =
POSITION OF PROFILE = 2

TEST ZONE = 4

WIND DIRECTIONMN = SOUTH

POSITION OF PROFILE = |

TEST 2Z0ME = A

TINE OF DAY = 4 PN

TINE OF DAY = 4 PN

FENCE CONFIGURATION = NO FENCE

FENCE CONFIGURATION = ND FENCE
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NORMALIZED VELOCITY PROFILE A33204 REF.

29.2 FPS

VEL .

REF.

HORNMAL IZED VELOCITY PROFILE A33203

VIND DIRECTION = SOUTH
POSITION OF PROFILE = 4

TEST ZONE = A

WIND DIRECTION = SOUTH
POSITION OF PROFILE = 3

TEST 20NE = A

TINE OF DAY = 4 PN
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30.0 FPS

VEL.

NORMALIZED VELOCITY PROFILE A33221 REF.

29 .4 FPS

VEL.

REF .

NORMALIZED VELOCITY PROFILE A33203

WIND DIRECTION = SOUTH
POSITION OF PROFILE = 1

FENCE CONFIGURATION = ISFT AT S2FT

TEST ZONE = &

WIND DIRECTION = SOUTH
POSITION OF PROFILE = S

TEST 20ME = A

TIiNE

TINE OF DAY = 4 PN

OF DAY = 4 PN

FENCE CONFICURATION = ND FENCE
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30.2 FPS

VEL.

REF.

NORMALIZED VELOCITY PROFILE A33223

30.2 FPS

VEL.

REF .

HORMALIZED VELOCITY PROFILE A33222

VIND DIRECTION = SOUTH
POSITION OF PROFILE = 3

TEST ZONE = A

UIND DIRECTION = SOUTH
POSITION OF PROFILE = 2

TEST 20NE = A

TINE

TINE OF DAY = 4 PN

OF DAY = 4 PN

FENCE CONFIGURATION = I5FT AT S2FT

FENCE CONFIGURATION = 13FT AT 32F7
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29.3 FPS

VEL.

NORMALIZED VELOCITY PROFILE A33229 REF.

29.95 FPS

VEL.

REF .

NORNALIZED VELOCITY PROFILE A33224

VIND DIRECTION = SOUTH
POSITION OF PROFILE = 3

FENCE CONFIGURATION = 15FT AT S2FT

TESY ZONME = A

UIND DIRECTION = SOQUTH
POSITION OF PROFILE = 4

TEST 20NE = A

TINE OF DAY = 4 PN

TINE OF DAY = 4 PN

FENCE CONFIGURATION = 13FT AT S2FT
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29.2 FPS

VEL.

REF.

NORMALIZED VELOCITY PROFILE A63202

29 .3 FPS

VEL .

REF .

HORMAL IZED VELOCITY PROFILE A¢3201

SE

WIND DIRECTION =
POSITION OF PROFILE = 2

TEST ZONE = A

8E

VIND DIRECTION =
POSITION OF PROFILE = 1

TESY ZONE = A

TIRE OF DAY = 4 PN

TINE OF DAY = 4 PN
FENCE CONFIGURATION = NO FENCE

FENCE CONFIGURATION = NO FENCE
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30.1 FPS

VEL.

NORMALIZED VELOCITY PROFILE A€3204 REF.

29.3 FPS

WEL .

REF .

NORMALIZED VELOCITY PROFILE AR63203

SE

TEST ZONE = A WIND DIRECTION =
POSITION OF PROFILE = 4

SE

WIND DIRECTION =
POSITION OF PROFILE = 3

TEST ZONE = §

TIME OF OAY = 4 PN
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FENCE CONFIGURATION = NO FENCE
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FENCE CONFIGURATION = NO FENCE
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31.6 FPS

VEL.

REF.

NORMALIZED VELOCITY PROFILE AR6€3221

30.3 FPS

VEL.

REF .

NORNALIZED VELOCITY PROFILE A63209

VIND DIRECTION = SE

POSITION OF PROFILE = |

1SFT AT S2FT

TEST Z0ME = A

WIND OIRECTION =
POSITION OF PROFILE = 3

TEST 20Nk = A

TINE OF DAY = 4 PHM

TINE OF DAY = 4 PN

FENCE CONFIGURATION =

FENCE CONFIGURATION = NO FENCE
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32.8 FPS

VEL.

NORMALIZED VELOCITY PROFILE A63223 REF.

32.7 FPS

VEL.

REF .

NORNALIZED VELOCITY PROFILE A63222

UIND DIRECTION = SE

POSITION OF PROFILE = 3

15FT AT S2FT

TEST ZO0NME = A

SE

WIND DIRECTION =
POSITION OF PROFILE = 2

AT S2FT

TEST 20NE = A

TINE OF DAY = 4 PN

TINE OF DAY = 4 PN

FENCE CONFIGURATION =

FENCE CONFIGURATION = ISFT
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30.6 FPS

VEL.

NORMALIZED VELOCITY PROFILE R63225 REF.

30.6 FPS

VEL.

REF .

HORWALIZ2ED VELOCITY PROFILE A62224

SE

VINO DIRECTION =
POSITION OF PROFILE = %

TESYT ZONE = n

VIND DIRECTION = SE

POSITION OF PROFILE = 4

FENCE CONFIGURATION = {5FT AT 32FT7

TESY ZONE = A

TINE OF DAY = 4 PN

TINE OF DAY = 4 PN

FENCE CONFIGURATION = I5FT AT 52FT
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REF. VEL. 30.5 FPS
= sy
=2

VIND DIRECTION
POSITION OF PROFILE

NO FENCE

TIME OF DAY = STOWED
FENCE CONFIGURATION =

NORMALIZED VELOCITY PROFILE A33302
TEST 20NE = A

VEL. 30.3 FPS
sV

REF .
WIND DIRECTION =
POSITION OF PROFILE = 1

TIME OF DAY = STOWED
FENCE CONFIGURATIOHN = NO FENCE

NORMALIZED VELOCITY PROFILE A33301%
TEST 20ME = n
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VEL. 31.3 FPS

MORMALIZED VELOCITY PROFILE A33321 REF.

30.7 FPS

VEL.

REF .

NORMALIZED VELOCITY PROFILE A333035

sy

VINOD DIRECTION =
POSITION OF PROFILE = 1

TEST 20NE = A
FENCE CONFIGURATION = 1S5FT AT S2FT

s¥

QIND DIRECTION =
POSITION OF PROFILE = S

TEST 20ME = A

TIME OF DAY = STOVED

DAY = STOVED
FENCE CONFIGURATION = NO FENCE
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30.9 FPS

VEL .

REF.

NORMALIZED VELOCITY PROFILE A33323

31.2 FPS

VEL .

REF .

NORMALIZED VELOCITY PROFILE A33322

Su¥

TEST ZOME = 8 VIND DIRECTION =
POSITION OF PROFILE = 3

WIND DIRECTION =
POSITION OF PROFILE = 2

TEST 20HE = A

TINE OF DAY = STOVED

TIME OF DAY = STOVED

FENCE CONFIGURATION = 15FY AT S52FY

FENCE CONFIGURATION = 1SFT AT 32FT
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30.7 FPS

VEL.

REF.

NORMALIZED VELOCIYY PROFILE A333295

30.9 FPS

VEL.

REF .

NORNALIZED VELOCITY PROFILE A3332¢

VIND DIRECTION = sy

POSITION OF PROFILE = S

1SFT AT 32F7

TEST 20ME = A

WIND DIRECTION =
POSITION OF PROFILE = 4

TEST ZONE = @
TINE OF DAY = STOVED

TINE OF DAY = STOVUED

FENCE CONFIGURATION =

FENCE CONFIGURATION = ISFT AT J2FT

NOOINMINMOWV—IN

=OQOWNINSOHDINOON
NN CY O O vt vt vt oot

DO NNNN DD
QOO OO0

NOMPTOTONOT
NI IO D NN W00

© vttt 0t (P e O N
N000O0000000
“ON T DD DONGD
el g -t

“NMTINWONORO-
-

~MWINN Y T OMN®

NNONM ¢ =N
NN OO N vt vt ot

NGVNNNNHDD
QOO mOOO

BN OM =S OM
NNNTNINWAA D0

QOOOO=ON~NM
[ 1-2-2-2-2-2-2-2-2-2-4

=T INBDOND
-t

WNMITNONOMNO-
ey

155

29 .4 FPS

VEL .

NORMALIZED VELOCITY PROFILE AS3302 REF.

28 .9 FPS

VEL.

REF .

NORMALIZED VELOCITY PROFILE A3330t

SOUTH

WIND DIRECTION
POSITION OF PROFILE = 2

TEST 20NE = A

WIND DIRECTION = SOUTH

TEST ZONE = A

TINE OF DAY = STOVWED
FENCE CONFIGURATION = NO FENCE

POSITION OF PROFILE = |

0PAY = STOWED
FENCE CONFIGURATION = NO FENCE
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APPENDIX B

Velocity Profile Plots
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Velocity Profile and Moment Data-File Name Code

File Name = Z WD V TD

Zone = A or

& 1™

;pne A

West
WSW
SW
SSW
South
SE

1
2
3

10
20
30

e

FC P

B

Wind Direction;

o onon noa

fps
fps
fps

WD Zone B

West
WNW
NW
NNE
NE
North

(oSN 2 I~ U8 B NS N ]

Nominal Free Stream Velocity

TD = Time of Day (Heliostat Configuration)

1
2
3
4

Noon
4:00 P.M.
Stowed (alternating 87° and 93° pitch)
Stowed' (all at 90° pitch)

All times-of-day are for local solar conditions on
March 21.

1
(@]
]

No
20
15
15
15
10
10
15

P = Position of
1

1

1
I TIXITT T IO
wonowononow oo

OO\IO\L'J'I(NNI—-

Fence
ft, D
ft,
ft,
ft,
ft,
ft,
ft,

[l olwlolele]

o o w non

52
52
82
52
52
52
52

Fence Configuration (H and D; Figure 10)

ft, 32% porosity

ft, 32% porosity

ft, 32% porosity

ft + short corner fence,* 32% porosity
ft, 32% porosity

ft, plus H =10,D = 102 ft, 32% porosity
ft, 57% porosity

Velocity Profiles

- 5 or 6 (see Figures 10a through 10%)
H = Instrumented Heliostat Moment Data File instead of

a velocity profile

*short corner fence, H = 15 ft, 32% porosity, 120 ft long fence, placed
10 ft upstream of the regular fence at the upstream corner of the
heliostat field (prototype dimensions).
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VELOCITY PROFILE PLOTS

Graph Guide

Graph

Number Plot 1 Plot 2 Plot 3 Plot 4 Plot 5
1 B13101 B23101 B33101 B43101 B53101

2 APRCH2 B13301 B33301 B53301
3 B12101 B12102 B12103 B12104 B12105
4 APRCH2 B13101 B13111 B13121 B13131
5 APRCH2 B13102 B13112 B13122 B13132
6 APRCH2 B13103 B13113 B13123 B13133
7 APRCH2 B13104 B13114 B13124 B13134
8 APRCH2 B13105 B13115 B13125 B13135
9 APRCH2 B23101 B23111 B23121 B23131
10 APRCH2 B23102 B23112 B23122 B23132
11 APRCH2 B23103 B23113 B23123 B23133
12 APRCH2 B23104 B23114 B23124 B23134
13 APRCH2 B23105 B23115 B23125 B23135
14 B31101 B31102 B31103 B31104 B31105
15 B32101 B32102 B32103 B32104 B32105
16 APRCH2 B33101 B33111 B33121 B33131
17 APRCH2 B33102 B33112 B33122 B33132
18 APRCH2 B33103 B33113 B33123 B33133
19 APRCH2 B33104 B33114 B33124 B33134
20 APRCH2 B33105 B33115 B33125 B33135
21 APRCH2 B43101 B43111 B43121 B43131
22 APRCH2 B43102 B43112 B43122 B43132
23 APRCH2 B43103 B43113 B43123 B43133
24 APRCH2 B43104 B43114 B43124 B43134
25 APRCH2 B43105 B43115 B43125 B43135
26 B52101 B52102 B52103 B52104 B52105
27 APRCH2 B53101 B53111 B53121 B53131
28 APRCH2 B53102 B53112 B53122 B53132
29 APRCH2 B53103 B53113 B53123 B53133
30 APRCH2 B53104 B53114 B53124 B53134
31 APRCH2 B53105 B53115 B53125 B53135
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Graph

Number Plot 1 Plot 2 Plot 3 Plot 4 Plot 5
32 B13221 B13222 B13223 B13224 B13225
33 B23221 B23222 B23223 B23224 B23225
34 B33221 B33222 B33223 B33224 B33225
35 B43221 B43222 B43223 B43224 B43225
36 B53221 B53222 B53223 B53224 B53225
37 B13301 B13302 B13303 B13304 B13305
38 B13321 B13322 B13323 B13324 B13325
39 B33301 B33302 B33303 B33304 B33305
40 B33321 B33322 B33323 B33324 B33325
41 B53301 B53302 B53303 B55304 B53305
42 B53321 B53322 B53323 B53324 B53325
43 APRCH2 B31101 B32101 B33101
44 APRCH2 B13121 B13221 B13321
45 APRCH2 B33121 B33221 B33321
46 APRCH2 B53121 B53221 B53321
47 APRCH2 B23123 B23153
48 APRCH2 B33123 B33153
49 APRCH2 B33101 B33301
50 APRCH2 B63101 B63121 B63201 B63221
51 APRCH2 B63102 B63122 B63202 B63222
52 APRCH2 B63103 B63123 B63203 B63223
53 APRCH2 B63104 B63124 B63204 B63224
54 APRCH2 B63105 B63125 B63205 B63225
55 APRCH2 B63301 B63321 B63401
56 APRCH2 B63302 B63322 B63402
57 APRCH2 B63303 B63323 B63403
58 APRCH2 B63304 B63324 B63404
59 APRCH2 B63305 B63325 B63405
60 B63111 B63131 B63161 B63171 B63181
61 APRCH2 B63121 B63181
62 APRCH2 A33101 A53101 A63101
63 APRCH2 A33201 A53201 A63201
64 APRCH2 A33301 A53301
65 Al13121 Al13122 Al13123 Al13124 A13125
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Graph

Number Plot 1 Plot 2 Plot 3 Plot 4 Plot 5
66 A23121 A23122 A23123 A23124 A23125
67 A33101 A33102 A33103 A33104 A33105
68 A33121 A33122 A33123 A33124 A33125
69 APRCH2 A33126 A33156
70 A43121 A43122 A43123 A43124 A43125
71 A53101 A53102 A53103 A53104 A53105
72 A53121 A53122 A53123 A53124 A53125
73 A63101 A63102 A63103 A63104 A63105
74 A63121 A63122 A63123 A63124 A63125
75 A13221 A13222 A13223 A13224 A13225
76 A23221 A23222 A23223 A23224 A23225
77 A33201 A33202 A33203 A33204 A33205
78 A33221 A33222 A33223 A33224 A33225
79 APRCH2 A33226 A33256
80 A43221 A43222 A43223 A43224 A43225
81 A53201 A53202 A53203 A53204 A53205
82 A53221 A53222 A53223 A53224 A53225
83 A63201 A63202 A63203 A63204 A63205
84 A63221 A63222 A63223 A63224 A63225
85 A33301 A33302 A33303 A33304 A33305
86 A33321 A33322 A33323 A33324 A33325
87 A53301 A53302 A53303 A53304 A53305
88 A53321 A53322 A53323 A53324 A53325
89 APRCH2 A33101 A33121 A33201 A33221
90 APRCH2 A53101 A53121 A53201 A53221
91 APRCH2 A63101 A63121 A63201 A63221
92 APRCH2 A33301 A33321 A33302 A33322
93 APRCH2 A53301 A53321 A53302 A53322
94 APRCH2 B13123 A13123
95 APRCH2 B13124 Al13124
96 APRCH2 B13125 A13125
97 APRCH2 B63123 A53123
98 APRCH2 B63124 A53124
99 APRCH2 B63125 A53125
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APPENDIX C

Moment Coefficient Data



File Name

ER

|<

P

263

Velocity Profile and Moment Data-File Name Code

=Z W VTD FCP

Zone = A or B

Wind Direction;

Zone A WD Zone B
West = 1 = West
WSW = 2 = WNW
SW = 3 = NW
SSW = 4 = NNE
South = 5 = NE
SE = 6 = North
= Nominal Free Stream Velocity
1= 10 fps
2 220 fps
3 % 30 fps
= Time of Day (Heliostat Configuration)
1 = Noon
2 = 4:00 P.M.
3 = Stowed (alternating 87° and 93° pitch)
4 = Stowed' (all at 90° pitch)
All times-of-day are for local solar conditions on
March 21.
= Fence Configuration (H and D; Figure 10)
0 = No Fence
1-H = 20 ft, D = 52 ft, 32% porosity
2-H = 15 ft, D = 52 ft, 32% porosity
3-H = 15 ft, D = 82 ft, 32% porosity
5-H = 15 ft, D = 52 ft + short corner fence,* 32% porosity
6-H = 10 ft, D = 52 ft, 32% porosity
7-H = 10 ft, D = 52 ft, plus H =10,D = 102 ft, 32% porosity
8-H = 15 ft, D = 52 ft, 57% porosity
= Position of Velocity Profiles
1 -5 o0r 6 (see Figures 10a through 10%)
H = Instrumented Heliostat Moment Data File instead of

a velocity profile



264

FILENRNE = B1210H
TEST ZONE = B
HWIND DIRECTION = WEST
HOMINAL REF VELOCITY = 20
TIME OF DAY = NOON
FENCE CONEIGURATION =

NO FENCE

FILENAME = B81310H

TEST ZONE = 8

BIMD DIRECTION = MBEST
HOMINAL REF VYELOCITY = 30
TIME OF DAY = NOON

FENCE CONFIGURATION =
NQ FENCE

FILENAME = B1311H

TEST ZOMWE = B

WIND DIRECTION = WMWEST

HOMINAL REF VELOCITY = 3¢

TIME OF DAY = HOON

FENCE CONFIGURATION =
20FT AT 92FY

FILENAWE = B1312H

TEST Z2O0NE = B

WIND DIRECTION = WEST

HOMINAL REF VELOCITY = 3¢

TIME OF DAY = NOON

FENCE CONFIGURATION =
{SFT AT S52F7T

HELIOSTAT

W ~N O N & N

HELIOSTAT

@ N O A ewW

HELIOSTAT
1

W ~N O U & W N

HELIOSYAT

0 N U s WNow

cux

.233
.283
.339
.133
.060
.043
.062
.0?77

cnX

. 207
.233
.308
.068
.087
.072
. 047
.061

cnx

.001
.936
.027
.022
L1135
.007
.062
.074

cnx

.012
.078
.024
.014
. 109
.037
.059
.069%

cHy

.130
.093
.029
.048
.020
.032
.042
.03%

chuy

.091
.081
.056
047
. 034
.006
.043
.0359

cHy

.009
.093
.012
.018
L0155
.049
.028
.048

cny

.000
.006
.018
.931
.018
041
Q34
.05¢



265

FILENANE = 81313H

TESY ZONE = B

WIND DIRECTION = WEST
NOMINAL REF VELOCITY = 30
TIME OF DAY = NOON

FENCE CORFIGURATION =
15FT AT B82F1T

FILENRHE = B1322H

TEST ZONE B

WIND DIRECTION = WEST
HOMINAL REF VELOCITY = 30
TIME OF DAY = 4 PM

FENCE CONFIGURATION =
15FT AT S52F7

FILENAME = B1330H
TEST ZONE = B
VWIND DIRECTION = WEST
NOMINAL REF VELOCITY = 30
TIME OF DAY = STOWED
FENCE CONFIGURATION =

NO FENCE

FILENAME = B1332H

TEST ZONE = B

WIHD DIRECTION = WEST
NOMINAL REF VELOCITY = 39
TIME OF DAY = STOMNED

FENCE CONFIGURATION =
t9FT AT S2F7

HELIOSTAT

W N O U A WNN

HELIOSTATY
i

W N & A & N

HELIOSTAT

0 N O U s NN

HELIDSTART
1

W ~N N N W

cnx

.016
.0?75
.013
.032
. 104
.027
.051
.0890

cnXx

.063
.tt2
.037
.209
.408
.218
.339
.39%9

cnx

.000
.008
.019
.034
.0090
.029
.001
.002

cHx

.004
.002
.009
.017
.003
.009
. 004
.004

CHy

.004
.002
.01S
.030
.022
.0295
.042
. 042

cny

.01t
.003
.006
.012
.012
.018
.003
.021

cny

.031
.026
.016
.01
.029
.008

.029
.043

cHy

.00¢
.003
013
.001
.01?
.017
.01
.029



FILENANE = B2310H
TEST ZONE = B

WIND DIRECTION = WNW

HOMINRL REF VELOCITY = 30

TIME OF DAY

NOON

FENCE CONFIGURATION =
NO FENCE

FILENAME = BQJ11H
TEST ZONE = B

WIND DIRECTION = WHNW
HOMINAL REF VELOCITY =

TIME OF DAY = HNOON

FEHNCE CORKFIGURATION =
20FT AT S2FT

FILENRNE = B2312H
TEST ZONE = B

WIHD DIRECTION = WNW

30

NOMINAL REF VELOCITY = 39

TIME OF DAY
FENCE CONFI
19FT AT

6

J52

U
F

HOON

RATION
T

FILENANE = B2313H
TEST ZOMNE = B

WIND DIRECTION = WUNW
HOMINAL REF VYELOCITY =

TIME OF DAY
FENCE CONF!
13FT AY

6

82

U
F

NOON

RATION
T

30

266

HELIOSTAY

@ N & N s WwN

HELIOSTAT
1

O N N N A NN

HELIOSTAT

® N N N W N

HELIOSTAT

W ~N O™ U & W N

cnx

.646
. 685
.%202
.194
.v62
.448
.2923
.369

cnx

.9506
.365
177
.295¢
. 139
.ire
.39¢8
.462

cnx

.956
.430
.307
.207
.160
L3159
.431
.443

cny

.221
.240
.16t
.130
.209
. 392
. 457
.444

cHuy

.092
.097
.099
.041
.083
.023
.078
.098

cny

.033

011
020

.¢34
.¢38
050
.057
.083

cHy

.061
.023
.005
.041
.029
.023
.77
.097

cmy

.183
.134
.108
.029
.36
.01¢
.074
.098
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FILENRNE = B2313H HELIOSTAT cux Chy
TEST ZONE = B i JAre .033
WIND DIRECTION = UNW 2 . 604 .048
HOMINAL REF VELOCITY = 30 3 .312 -.007
TIME OF DAY = NOON 4 .227 .043
FENCE COHRFIGURRTION = 3 .183 .028
1SFT AT S2FT + SHORY CORNER FENCE
6 .394 -.01¢
7 .439 .076
8 .423 .097
FILEHNANE = B2322H HELIOSTAT cHx cHy
TEST ZONE = B i . 193 .0350
WIND DIRECTION = WNW 2 .208 .036
NOMINAL REF VELOCITY = 30 3 .17 .024
TIME OF DAY = 4 PH 4 -.019 .009
FENCE CONFIGURATION = S -. 179 L0113
t5FT AT S2F7
6 .083 -.000
7 -. 073 .019
8 ~-.9083 .024
FILEHAME = B3110H HELIDBSTAT cux CHY
TEST ZONE = B $ .946 .074
WIND DIRECTIOR = N¥ 2 .374 L2493
NBMINAL REF VELOCITY = 10 3 1.271 -.221%
TIME OF DAY = NOON 4 .02¢ .203
FENCE COKFIGURATION = 3 .998 -.188
HQ FEHNCE
6 .72t .208
7 .442 -.034
8 .768 .036
FILENAME = B3210H HELIOSTAT cnx CHY
TEST ZONE = B H .667 .082
WIND DIRECTION = NW¥ 2 .623 .129
NOMINAL REF VELOCITY = 20 3 . 984 -.018
TIME OF DAY = NOON 4 .274 .083
FENCE CONFIGURATION = 5 . 845 .024
NO FENCE
6 .642 .059
? .4686 .0414
8 .708 116



FILENANE = B3IJiOH
TEST ZONE = B
WIND DIRECTION = NV
NOMINAL REF VELOCITY = 30
TIME OF DAY = NOON
FENCE CONFIGURATION =

NGO FEMNCE

FILENANE = B3311H

TEST ZONE = B

WIND DIRECTION = NW¥
NOMIHAL REF VELOCITY = 3¢
TIME OF DAY = MOON

FENCE CONFIGURATION =
20FT AT S2FT

FILENAME = B3312H

TEST 20NE = B

VIND DIRECTION = NV
NOMINAL REF VELOCITY = 30
TINE OF DAY = NOON

FENCE CONFIGURATION =
tSFT AT 32FT

FILEKAME = B83313H

TEST ZONE = B

VIHND DIRECTION = NV
NOMINAL REF VELOCITY = 3¢
TIME OF DAY = NOON

FENCE COKFIGURATION =
1SFT AT 82F1
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FILENANE = 833104

TEST ZONE = B

WIND DIRECTION = NW
NOMIMARL REF VELOCITY = 3¢
TIME OF DRY = NOON

FENCE CONFIGURATION =
19FT AT S2FT + SHORT CORHER FENCE

FILENRWME = B3322H

TEST ZONE = B

YIND DIRECTION = NV
NOMINARL REF VELOCITY = 30
TIME OF DAY = 4 PN

FENCE CONFIGURATION =
19FT AT S2F7

FILENAME = B3330H

TEST ZONE = B

WIND DIRECTION = NW
NOMINAL REF VELOCITY = 3¢
TIME OF DAY = STOVED

FENCE CONFIGURATION =
NO FEMNCE

FILENAWME = B3332H

TEST ZONE = B

WIND DIRECTION = NV
HOMINAL REF VELOCITY = 3¢
TIME OF DAY STOWED

FENCE CONFIGURATION =
ISFY AT S2FT
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FILENANE = B4310H
TEST Z0NE = B
WIND DIRECTION = NNE

NOMINAL REF VELOCITY = 390

TINE

0F DAY

NOON

FENCE CONFIGURATION =
NO FENCE

FILENANE = B4311H
TEST ZONE = B
WIND DIRECTION = NNE

NOMINAL REF VELOCITY = 30

TIME OF DAY = NOON

FENCE CONFIGURATION =
FT AY 32FT
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FILENAME = B4312H

TEST

ZONE =

WIND DIRECTION = NNE

NOMINAL REF VELOCITY = 3¢

TIME OF DAY = NOON
E_CONFIGURATION =
S2FT

FENC
18

FT AT

FILENANE = B4313RK
TEST ZOHE = B
WIND DIRECTION = NNE

MOMINAL REF VYELOCITY = 30

TIME

FENGC
13

OF DAY
E CONF1I
FY AT

G

82

u
F

NOON

RATION =
T
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FILENAME = R4322H HELIOSTAT cnx cHY
TEST ZONE = B 1 .230 -.028
VIND DIRECTION = NNE 2 .234 -.022
NOMINAL REF VELOCITY = 30 3 .531 -.030
TIME OF DAY = 4 PH 4 .326 -.023
FENCE CONFIGURATION = 5 L2490 001
1SF1 AT 52F1
6 .342 -.104
? 542 -.039
8 763 040
FILENAME = B5210H HELIOSTAT CHX CHY
TEST ZONE = B i 745 -.184
VIND DIRECTION = NE 2 247 -.021
NOMINAL REF VYELOCITY = 20 3 . 280 -.123
TIME OF DAY = NOON 4 119 -.049
FENCE CONFIGURATION = 5 .598 - 117
NO FENCE
6 168 -.168
? .270 -.132
8 .828 -.092
FILENANE = B3310H HELIOSTAT CHX chy
TEST 20NE = B 1 .798 -.163
VIND DIRECTION = NE 2 263 - .038
NOMINAL REF VELOCITY = 30 3 .293 -.100
TIME OF DAY = NODN 4 146 -.051
FENCE CONFIGURATION = 5 610 -.104
NO FENCE
6 161 -.171
? .268 -.104
8 794 -.098
FILENANE = B5311H HELIOSTAT CHX CHY
TEST ZONE = B 1 028 -.024
VIND DIRECTION = NE 2 -.001 -.023
NOMINAL REF VELOCITY = 30 3 .351 - . 101
TIME OF DAY = NOON 4 162 -.047
FENCE CONFIGURATION = 5 -.003 -.017
20FT AT 52F1
6 .233 -.186
? .323 - 119
8 .854 -.099



272

FILENAME = BS312H HELIDSTAT cHx cuy

TEST ZONE = B 1 051 -.022

WIMND DIRECTION = MNE 2 052 -.027

NOMINAL REF VELOCITY =~ 30 3 379 -.108

TIME OF DAY = NOON 4 210 -.059

FENCE CONFIGURRIION = 5 . 059 ~.025
15FT AT 52F1

6 229 -.174

7 .248 -.110

8 . 866 -.099

FILENAME = B5313H HELIBSTAT CHXK cHy

TEST 20WE = B 1 070 -.018

WIND DIRECYIION = NE 2 082 -.031

NOMINAL REF VELOCITY = 390 3 .395 -.108

TIME OF DAY = NOUN 4 .233 -.059

FENCE CONFIGURRVION = 5 037 - 027
15FT AT 82FY

6 209 -.151

? .284 -.100

8 .842 - 100

FILENAME = B5322H HELIOSTAT chx CHY

TEST 20ME = B 1 266 -.021

WIND DIRECTION = ME 2 318 -.035

NOMINAL REF VELOCITY = 30 3 709 -.088

TINE OF DAY = 4 PH 4 .353 -.032

FENCE CONFIGURATION = 5 .263 -.018
15F1 AT S2F7

6 453 -.063

¢ .96¢ -.¢82

8 709 000

FILEHMANE = BS3I30H HELIOSTAT cHx cHy

TEST ZUNE = B 1 . 054 -.002

WING DIRECTION = ME 2 175 -.048

NOMINAL REF VELOCITY = 30 3 081 - 074

TINE OF DAY = STOUED 4 069 -.068

FENCE CONEILURATION = 5 . 024 009

6 . 033 -.099

7 076 -.062

8 069 -.039



FILENAME = B5332H

TEST JONE = B

WIND DIRECIION = NE
NOMINAL REF VELOCITY = 39
TIME OF DAY = STUMED

FENCE CONFIGURAYTION =
15FY AT B2FY

FILENAME = B6310H

TEST [OME = B

MIND DIRECTION = NORTH
NDHMINAL REF VELOCITY = 39
TINE UF DAY = NUUN

FENCE CONFIGURATION =
NO FEHNCE

FILENAME = B6311H
TEST ZONE = B

VIND DIRECTION = HNORTH
NOMINRL REF VELOCITY = 39
TIME OF DAY = NOON

FENCE CONFIGURATION =
20FT AT B2F7

FILENANE = 863124

TEST ZOME = B

VIND DIRECYIOH = NORTH
NOMINARL REF VELOCITY = 3¢
TIME OF DRY = NOON

FENCE CONFIGURARTION =
I1S5FT AT S2FT
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FILENARME = B86313H

TEST ZONE = B

WIND DIRECYION = NORTH
NGMIRAL REF VELOCITY = 390
TIME OF DAY = HOON

FENCE CONFIGURATIOR =
§SFT AT 82F7

FILENARNE = B6316H

TEST ZONE = B

WIND DIRECTION = NORTH
NOMINAL REF VELOCITY = 30
TIME OF DaY = NOON

FENCE CONFIGURATION =
f0FT AT SCFT

FILENAME = B6317H

TEST ZONE = B

WIHD DIRECTION = HNORTH
NOMINAL REF VYELOCITY = 39
TIME OF DAY = HOON

FENCE CONFIGURATION =
10FT AY 10FT » 1O0FT AT 102FT

FILENARNE = B6319H

TEST ZOKE = B

WIND DIRECTION = MNORTH
HOMINAL REF VELOCITY = 3¢
TIMNE OF DAY = NOON

FENCE CONFIGURATION =
15FT AT S2FT, 60% PURCEITY
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FILENAME = B86329H

TEST ZONE = 8

WIND DIRECTION = HORTH
NOMINARL REF VYELOCITY = 39
TIME OF DAY = 4 PH

FENCE CONFIGURATION =
NG FEMNCE

FILENAME = B6322H

TEST ZONE = B

VIND DIRECTION = NORTH
NOMINAL REF VELOCITY = 390
TIME OF DAY = 4 PH

FENCE CONFIGURATION =
13FT AT S52F7Y

FILENRNE = B6330H
TEST ZONE = B
WIND DIRECTION = HORTH
NOMINAL REF VELOCITY = 30
TIME OF DAY = STOVED
FENCE CONFIGURATION =

NO FEMNCE

FILENAME = B6332H

TEST ZONE = B

UIND DIRECTION = NORTH
NOMINAL REF VELOCITYY = 30
TIME OF DAY = STOWED

FEMCE CONFIGURATION =
13FT AT B2F7
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FILENANE = B6340H
TEST ZONE = B
VIND DIRECTION = NORTH
NOMINAL REF VELOCITY = 3¢

TIME OF DAY =  ALT STOWED
FENGCE CONFIGURATION =
NO FENCE
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cnx
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FILENAME = A1312H HELIOSYART cnx cuy
TEST ZONE = R 1 .087? .012
WIHD DIRECTION = WEST 2 .034 Q10
NOMINAL REF VELOCITY = 39 3 .129 .020
TINE OF DAY = NOON 4 .138 .033
FENCE CONFIGURATION = b -.049 .020
$19FT AT S2FT
6 ~-.034 -.012
7 -.001 .01
8 . 037 .033
FILENAWE = A2312H HELIOSTAY CHX cny
TEST ZONE = A H ~.039 -.003
VIND DIRECTION = WS 2 -.026 .013
NOMINRL REF VELOCITY = 3¢ 3 .084 .011
TINE OF DAY = NOON 4 .008 .002
FE?gETcggFégggaTION = S -.104 . 000
6 -.087 -.020
7 ~.061% .02%
8 -.049 .936
FILENAWE = A3310H HELIOSTAT cnx cny
TEST ZONE = R 1 ~.263 -.043
WIND DIRECTION = SU 2 -.034 -.013
NOMINAL REF VELOCITY = 30 3 -.421 -.042
TIME OF DAY = NOON 4 -.067 .003
FENCE CONFIGURATION = 3 -.172 -.009
NO FENCE
6 -.082 -.027
7’ -.144 .0095
8 -.088 012
FILENAME = A3312H HELIOSTART cnx cny
TEST ZONE = A 1 ~.008 014
WIND DIRECTION = SW¥ 2 -.136 -.048
NOMINAL REF VELOCITY = 390 3 -.021 004
TIME OF DAY = NOON 4 -.043 -.01e
FENCE CONFIGURATION = S -.152 -.016
13FT AT S2F7
6 ~-.098 -.022
7 -.142 .001
8 -. 149 -.003
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FILENANE = AR33IISH
TEST ZONE = A
WIND DIRECTION = SV

NOMINARL REF VELOCITY = 3¢
TINE OF DAY = NOON

FENCE CONFIGURATION =
15FT AT S2FT + SHORY CORNER FENCE

FILENAMWE = AR4312H

TEST ZONE = R

WIND DIRECTION = S§¥
NOMINAL REF VELOCITY = 3¢
TIME OF DAY = NOON

FENCE CONFIGURATION =
13FT AT 352F7

FILEHANE = AS310HM
TEST ZONE = n
WIND DIRECTIOHN = SQUTH
NOMINAL REF VELOCITY = 3¢
TINE OF DAY = NOON
FENCE CONFIGURATION =

NG FENCE

FILENRME = ARJ3I12H

TEST ZONE = R

VIHND DIRECTIOH = SOUTH
NOMINAL REF VELOCITY = 3¢
TINE OF DAY = NOON

FENCE CONFIGURATION =
ISFT AT 32FT
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FILENAWE = A6310H HELIOSTAT cHux cny
TEST ZONE = & H -.323 .047
WIND DIRECTIOH = SE 2 ~-.066 - {009
NOMINARL REF VELOCITY = 390 3 -.181 .023
TINE OF DAY = NOON 4 -.980 ~-.001
FENCE CONFIGURATION = 3 -.144 .006
NO FENCE
6 -. 133 -.037
? -.333 .045
8 -.277 .023
FILENANE = A6312H HELIOSTAY cax CHY
TEST ZONE = 8 1 -.0352 -.004
VIND DIRECTION = SE 2 -.033 -.023
NOMINAL REF VELOCITY = 30 3 ~.043 .006
TINE GF DAY = NOON 4 .012 -.036
FENCE CONFIGURARTION = 3 -.121 .003
19FT AT S2F7
6 -.114 -.031
7 -.321 .037
8 -.271 016
FILENARNWE = A1322H HELIOSTAY CHX cny
TEST ZONE = A 1 -.02¢ .003
WIMND DIRECTION = WEST 2 -.087? -.016
NOMINAL REF VELOCITY = 30 3 .048 .024
TIME OF DAY = 4 PN 4 .034 .039
FENCE CONFIGURATION = 5 -.200 -.014
15FT AT S2FT " - 069 - 016
7 -.1%2 .006
8 -.090 .01
FILENARNE = AR2322H HELIOSTAT cHx cny
TEST ZONE = A 1 -.134 L0014
VIND DIRECTION = WSW 2 -.047 ~.003
NOMINAL REF VELOCITY = 3¢ 3 -.019 .006
TIME OF DAY = 4 PM 4 -.019 0018
FENCE CONFIGURATION = 3 -. 1?79 .006
19FT AT S2FT
6 -.114 -.001
7 -.242 -.004
8 ~.193 .004



280

FILENRME = A3320H
TEST ZONE = A
VIND DIRECTION = SU
NOMINAL REF VELOCITY = 30
TIME OF DAY = &4 PM
FENCE CONFIGURATION =

NO FENCE

FILENANE = A3322H

TEST ZONE = R

VIND DIRECTION = SV
NOMINAL REF VELOCITY = 3¢

TIMNE OF DAY = 4 PN

FENCE CONFIGURATION =
13FT AT S2FT7

FILENRME = A3323H

TEST ZONE = R

WIHD DIRECTION = SW¥
NOMINAL REF VELOCITY = 30
TINE OF DAY = 4 PN

FENCE CONFIGURATION =
13FT AT S2FT + SHORT CORMNER FENCE

FILENANWE = A4322H

TEST ZONE = R

VIND DIRECTION = SSW
NOMINARL REF VELOCITY = 39
TINE OF DAY = 4 PN

FENCE CONFIGURATION =
I1SFT AT J2FTY
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FILENANE = AJ320H
TEST ZONE = A

WIND DIRECTION = SOQUTH

NOMINAL REF VELOCITY = 390

TINE OF DAY = 4 PH

FENCE CONFIGURATION =
NO FENCE

FILENAME = A3322H
TEST ZONE = A4

WIND DIRECTION = SQUTH

NOMINAL REF VELOCITY = 3¢
TIME OF DAY = 4 PN

FENCE COKFIGURATION =
13FT AT 52

FT

FILENANE = A6320H
TEST ZONE = A
WIND DIRECTION = SE

NOMINAL REF VELOCITY =

TIME OF DAY = 4 PM
FENCE CONFIGURATION =
NO FENCE

FILENAME = A6322H
TEST ZONE = A
WIND DIRECTION = SE
NOMINAL REF VELOCITY = 39

TINE OF DAY
FENCE CONFI
13FT A

G

T 352

U
F

4 PH

RATION =
T

30
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FILENANE = A33I30H
TEST 2Z0NE = A
VIND DIRECTION = S¥
NOMINAL REF VELOCITY = 30
TIME OF DAY = STOVED
FENCE CONFIGURATION =

NG FENCE

FILENARNE = A3332H

TEST ZONE = A

WIND DIRECTION = SV
NOMINAL REF VELOCITY = 3¢
TIMNE OF DAY = STOUED

FENCE CONFIGURATION =
1S5FT AT S2FT

FILENAME = AS3I3OH

TEST ZONE = A
WIND DIRECTION = SOUTH

NOMINAL REF VELOCITY = 3¢
TIME OF DAY = STOWED
FENCE CONFIGURATION =

NO FENCE

FILENARNE = AJ3I32H

TEST ZONE = A

WIND DIRECTION = SOUTH
NOMINAL REF VELOCITY = 390
TIME OF DAY = STOWED

FENCE CONFIGURATION =
1SFT AT 32FT

282

HELIOSTAT
1

QW ~N O A W N

HELIOSTAT

W ~N & U & NN

HELIOSTAT
H

W ~N O N & NN

HELIOSYAT
1

W ~N O N W R

cux

034
013
048
067
. 069
.030
.080
047

cnx

.07
.029
.009
.010
.032
.012
. 054
.036

cnXx

. 0859
.920
.032
.983
119
.041
117
.090

cny

.003
.009
.08
.022
. 043
. 029
.072
.068

cuy

L0098
.013
.0195
.035¢
.040
.033
.041
.39

CHY

.016
.049
.008
.005
.008
.031
.037
.023

cny

.009
.012
L0900
.066
.004
.029
.006
.008

cny

.006
.002
.001
.001
.007
.039
.004
.008



APPENDIX D

Moment Coefficient Plots
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Velocity Profile and Moment Data-File Name Code

File Name = Z WD V TD FC P

Z = Zone = Aor B
WD = Wind Direction;
Zone A WD Zone B
West = 1 = West
WSW = 2 = WNW
SW = 3 = NW
SSW = 4 = NNE
South = 5 = NE
SE = 6 = North
V = Nominal Free Stream Velocity
1 = 10 fps
2 = 20 fps
3 2 30 fps
TD = Time of Day (Heliostat Configuration)
1 = Noon
2 = 4:00 P.M.
3 = Stowed (alternating 87° and 93° pitch)
4 = Stowed' (all at 90° pitch)
All times-of-day are for local solar conditions on
March 21.
FC = Fence Configuration (H and D; Figure 10)
0 = No Fence
1-H = 20 ft, D = 52 ft, 32% porosity
2-H = 15 ft, D = 52 ft, 32% porosity
3-H = 15 ft, D = 82 ft, 32% porosity
5-H = 15 ft, D = 52 ft + short corner fence,* 32% porosity
6-H = 10 ft, D = 52 ft, 32% porosity
7-H = 10 ft, D = 52 ft, plus H =10,D = 102 ft, 32% porosity
8-H = 15 ft, D = 52 ft, 57% porosity
P = Position of Velocity Profiles
1 - 5o0r 6 (see Figures 10a through 10%)

H = Instrumented Heliostat Moment Data File instead of
a velocity profile

*short corner fence, H = 15 ft, 32% porosity, 120 ft long fence, placed
10 ft upstream of the regular fence at the upstream corner of the
heliostat field (prototype dimensions).
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MOMENTS COEFFICIENT PLOTS

Graph Guide

Graph Upper Upper Lower Lower
Number Left Right Left Right
M B1310H B1311H B1312H B1313H
2M B1210H B1322H B1330H B1332H
M B2310H B2311H B2312H B2315H
4aM B2313H B2322H
5M B3311H B3312H B3313H B3315H
6M B3110H B3210H B3310H
™ B3330H B3332H B3322H B4322H
M B4310H B4311H B4312H B4313H
M B5310H B5311H B5312H B5313H
10M B5210H B5322H B5330H B5332H
1M B6310H B6311H B6312H B6313H
12M B6316H B6317H B6318H B6340H
13M B6320H B6322H B6330H B6332H
14M A1312H A2312H
15M A3310H A3312H A3315SH A4312H
16M A5310H A5312H A6310H A6312H
17M A1322H A2322H
18M A3320H A3322H A3325H A4322H
19M A5320H A5322H A6320H A6322H
20M A3330H A3332H A5330H A5332H
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