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1 INTRODUCTION

US Wind Power Corporation contracted Dr. Robert N. Meroney and Dr. David E. Neff of Colorado
State University to forecast wind turbine power performance in forested regions. The primary focus
being the potential power benefits of cutting trees near wind turbine sites located on a variety of hill
shapes and slopes. This project consisted of three different studies (tasks), each being summarized in
a separate report. Task 1 reviews the literature database on analytical, numerical and empirical models
suitable for describing potential wind generation benefits in forested environments. Task 2, the subject
the this report, uses a physical model (wind tunnel simulation) to estimate wind turbine power avail-
ability on two dimensional ridges with various forest clearings, ridge shapes and slopes. Task 3 physi-
cal models the complex topography of a potential wind turbine site area to determine the effect of
forest clearing on wind turbine power availability for several hilltops within the site area.

This Task 2 report describes the experimental methodology and measurement results obtained in
physical modeling a 200 foot high ridge (two dimensional) for a variety of forest clearings, tree
heights, ridge shapes and slopes. A model scale of 1:1000 was chosen to be representative of the at-
mospheric boundary layer winds. Measurements of wind speed at several different heights above the
hill crest were obtained for 96 different run conditions consisting of]
i) both triangular and sinusoidal ridge shapes,
ii) ridge slopes of 1:2, 1:3, 1:5 and 1:10,
iii) tree heights of 20, 40 and 60 feet, and
iv) forest clearings of no tree removal, highest tree top being level with hill top ground
level, highest tree top being 100 feet lower than hill top ground level and all trees
removed to the base of the hill.
These measured wind velocities are then normalized appropriately for comparative analysis of frac-
tional speed ups and wind power availability.

2 EXPERIMENTAL SETUP

2.1 Model Specifications

Modeling 200 foot high ridges at a 1:1000 length scale ratio resulted in 6.1 centimeters (cm) high
model ridges. Eight model ridges were constructed out of wood and plastic products, four sinusoi-
dal and four triangular ridges at ridges slopes of 1:2, 1:3, 1:5 and 1:10 (height:half base). The full
width of the 1:2, 1:3, 1:5 and 1:10 sloped ridges were 24.4, 36.6, 61.0 and 122.0 cm respectively.
The wind tunnel into which these model ridges were placed limited all ridge lengths to 183 cm.
The aspect ratio, i.e. ridge length to ridge full width, for each of these ridge slopes was 7.5, 5.0,
3.0 and 1.5. Figure 1 shows the cross sectional shapes of these eight model ridges.

The tree cover was simulated with an Astroturf product manufactured by Monsanto for door mats
and walkways. The Astroturf, made of polyethylene, consisted of vertical bristle groups (8
bristles per group, group spacing of 1.14 cm), 1.8 cm tall, connected to flexible matting, 0.15 cm
thick. At a length scale ratio of 1:1000 these 1.8 cm tall bristles are representative of the 60 foot
tall trees. To simulate 40 and 20 foot tall trees sheep shears were use to cut these bristles down to
1.2 cm and 0.6 cm respectively. Figure 2 displays photographs of these three simulated forest
models. Accurate multiple measurements of the three forest cover mats found that the mean tree
heights were 23, 41' and 56' rather than the design heights of 20, 40' and 60 The design heights
of 20", 40' and 60' will be how these different forest covers are specified in this report.
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Measurements of the percent open volume for these three forest covers were 63% for 2.0' trees,
8% for 40' trees and 89% for 60' trees. The bristle, which simulate the trees, on the matting were
always perpendicular to the mat backing thus when the matting was stapled to the model ridge
contour the simulated trees were not in a vertical position. Figure 3 shows a series of four draw-
ings of the 60' trees on the 1:3 sloped sine ridge.

2.2 Wind Tunnel Configuration

The experiments were performed in the Meterological Wind Tunnel (MET) facility at Colorado
State Unversity's Engineering Research Center. Figure 4 displays a schematic detailing the major
features of this facility. This wind tunnel has a speed range of 0 to 40 m/s. The 9:1 contraction ra-
tio upwind of the test section produces a stable, uniform flow with low turbulence (~0.1%). The
test section length upwind (~20 meters) of the model site area has sufficient fetch for the natural
development of simulated atmospheric boundary layer winds. The test section has a cross-sectional
size of 183 cm x 183 cm. The model ridges were always 6.1 cm tall thus the wind tunnel flow
blockage ratio was ~ 3.3 percent.

The MET's test section entrance did not have any turbulence conditioning spires. The initial twelve
meters of the test section floor was covered with thin carpet type roughness, this was followed by
six meters of Commercial Grade Astroturf with a bristle height of ~1.2 cm. These sections of
ground roughness were present during all test measurements. Following these fixed ground rough-
ness conditions, two tree height specific roughness mats of 183 cm wide by 152 cm long were
placed end to end on the tunnel floor. The different model ridges were placed underneath and cen-
tered in-between these two mats. The placement of the model ridge and the downwind mat was
adjusting dependent on the specific tree clearing on the ridge top being tested. Staples were used
to insure that these roughness mats followed the surface contour of the different model ridges.

2.3 Velocity Profile Measurements

Pitot-static probes were used as a velocity standard during the calibration of the hot film velocity
measurement system and to provide two reference velocity measurement points for each hot film
measurement point within all vertical velocity profiles. The principles of operation of pitot-static
probes are described in any fundamental text on fluid mechanics and will not be discussed in detail
here. The operational relationship for these probes is U= (2g.AP/p)'?, where U = velocity, g, =
gravitational conversion constant, AP = difference between static and dynamic pressures, and p is
the air density. The air density, p, is calculated from the ideal gas law and AP is measured using an
electronic manometer.

Single-hot-film (TSI 1210 Sensor) measurements were used to document the longitudinal mean
velocities and the longitudinal turbulence levels for all velocity profiles in this test program. During
calibration the hot film probe voltage was recorded at several velocities covering the range of in-
terest. These voltage-velocity (E,U) pairs are then regressed to the equation E° = 4 + BUF via a
least squares approach for various assumed values of the exponent c. Convergence to the mini-
mum residual error was accelerated by using the secant method to find the best new estimate for
the exponent c.

The hot-film-probe was mounted on a vertical traverse and positioned over the desired profile

location in the wind tunnel. The anemometer's output voltages was digitized and stored within an
IBM AT® computer. This voltage time series was converted to a velocity time series using the
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inverse of the calibration equation; U = [(E’ - A)/B]'*. The velocity time series was then analyzed
for pertinent statistical quantities, such as mean velocity and root-mean-square turbulent velocity
fluctuations. The computer system moves the velocity probe to a vertical position, acquires and re-
duces the data, then moves on to the next vertical position, thus obtaining an entire vertical veloc-
ity profile automatically. Wind tunnel reference velocities, one at the top of each profile and one at
an upwind location, (-200,15,6.1) cm, were obtained via a pitot-static probe for each hot film ve-
locity measurement point. These reference velocities were used to normalize out any wind tunnel
speed variations that existed between the different runs tested and during the acquisition of indi-
vidual vertical profiles.

2.3.1 Error Statement

Pitot-static probe measurements have an absolute accuracy to within £2 percent of the actual
velocity. Test conditions within the wind tunnel were always maintained to within £1.5 de-
grees centigrade and +3 mmHg atmospheric pressure variation. This variation in test tempera-
ture and pressure along with analog to digital conversion errors results in a relative error in
pitot probe measurements of less than +1.0 percent.

The analytic curve fit between hot wire voltage and a velocity standard based on pitot probe
measurements along with analog to digital conversion resulted in random errors of within +1.0
percent. Testing temperature and pressure variations (similar to those stated above) on the hot
wire measurement system resulted in random errors of +2.3 percent. Thus the hot wire mea-
surement system was accurate to within £2.5 percent of the pitot probes reported velocity.
Since all hot wire measurements are normalized by a pitot probe measurement over the same
time record and the hot wire velocity was calibrated against the pitot probe, the pitot probes
bias errors of 2 percent of actual velocity does not affect the normalized velocity value.

The error introduced in a velocity measurement as the result of probe vertical positioning er-
rors vary with the magnitude of the velocity gradient at the measurement location over the
ridge. The velocity gradient is greatest at the lower measurement points thus this is where the
resultant error in velocity would be the greatest. Absolute vertical positioning error was esti-
mated to be £1 mm. Surveying the data shows that the error in velocity due to random posi-
tioning errors of this magnitude is usually less than 1.5 percent but can be as high as 3 percent.

The total error in normalized velocity values is estimated to be less than +2.9 percent for the
majority of data values but can be as high as 3.8 percent for a few select low height values.
When one cubes the velocity values to look at power changes these errors become +8.7 and
+11.4 percent errors in power values respectively.

3 TEST PROGRAM SPECIFICATIONS

3.1 Model Validation Tests

To insure that the selected wind tunnel ridge model was accurate a series of model validation tests
were performed prior to the requested model ridge measurements. Table 1 summarizes the run
conditions for five different model validation and model reference test series. The A series tests the
Reynolds number invariance of the wind tunnel flow field over the 60' simulated tree cover without
the presence of the model ridge. The B series tests looks at the uniformity of the wind tunnel ve-
locity profile for these same conditions in both the lateral and longitudinal directions. The C series
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tests provides reference velority profiles for the different tree heights tested (0', 20', 40' and 60') at
the ridge crest location but without the model ridge present. The D series tests measure a series of
velocity profiles, longitudinally down the wind tunnel, passing over a step change in roughness
from simulated 60' tree cover to no tree cover conditions. The E series tests the Reynolds number
invariance of the wind tunnel flow field over the 60' simulated tree cover with the 1:2 slope, trian-
gular model ridge present.

3.2 Model Ridge Tests

Table 2 lists the run number and run conditions for the 96 requested model test conditions. These
tests cover two hill shapes (triangular and sinusoidal), four hill slopes (1:2, 1:3, 1:5 and 1:10),
three tree cover heights (20, 40' and 60") and four hilltop clearing configurations (all trees re-
moved, highest tree top being 100 feet lower than hill top ground level, highest tree top being level
with hill top ground level and no tree removal. Also listed in Table 2 are the distances along the
ridge contour from the hill crest to the location of the simulated forest cover matting.

TEST PROGRAM DATA

4.1 Model Validation Velocity Profile Data (A To E Series)

Table 1 lists the specific run conditions for the velocity profiles obtained in the A through E test
series. The wind speed and the profile positions, downwind and lateral, listed in this Table are in
model units.

4.1.1 Approach Flow Reynolds Number Invariance Tests (A Series)

Table 3 summarizes the model velocity profiles obtained in the A test series, Runs A0O to
AO05. In Table 3, and subsequent tables of the similar type, the column labeled "Velocity @
76.2 cm" is the pitot probe velocity measured 76.2 cm above ground level at the current pro-
file position (alternatively, this column may be labeled "Velocity @ 30.5 cm" in which case the
measurement height was 30.5 cm). The column labeled "Velocity @ 6.1 cm" is the pitot probe
velocity measured 6.1 cm above ground level upwind ~200 cm of the location of the model
ridge crest.

Table 4 displays both tabularly and graphically the comparisons of normalized velocity profiles
and local turbulent intensity profiles for these six runs. The normalized height is the measure-
ment height divided by a reference height of 30.5 cm (this is the equivalent of 305 meters in
field units). The normalized velocity for this test series is defined as (U/UY/U,,, /U, 5
where refl indicates the pitot probe velocity at 76.2 cm height, 7 indicates the velocities obtain
while the hot film probe was at a particular height and H indicates the velocities obtain while
the hot film probe was at the height, # = 30.5 cm.

4.1.2 Wind Tunnel Flow Uniformity Tests (B Series)

4.1.2.1 Lateral Uniformity

Table 5 summarizes a series of velocity profiles obtained in the B test series, Runs
BO1 to BOS, that were at different lateral positions in the wind tunnel. Table 6 displays
both tabularly and graphically the comparisons of normalized velocity profiles and lo-
cal turbulent intensity profiles for these runs. Normalized velocity for this test se-
quence is defined as (U/Upy;y MU,/ Upps,.ro) Where BO3 represents the velocity
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profile obtain at tunnel centerline, ref2 indicates the upwind pitot probe velocity at 6.1
cm height, 7 indicates the velocities obtain while the hot film probe was at a particular
height and / indicates the velocities obtain while the hot film probe was at the height,
H=30.5cm.

4.1.2.2 Longitudinal Uniformity

Table 7 summarizes a series of velocity profiles obtained in the B test series, Runs
B06 to B10, that were at different longitudinal positions in the wind tunnel. Table 8
displays both tabularly and graphically the comparisons of normalized velocity profiles
and local turbulent intensity profiles for these runs. Normalized velocity for this test
sequence is defined as (U /Uy, )/(U, .,/ U1,/ Where B10 represents the velocity
profile obtain at model ridge crest position in the wind tunnel, ref2 indicates the up-
wind pitot probe velocity at 6.1 cm height, i indicates the velocities obtain while the
hot film probe was at a particular height and H indicates the velocities obtain while the
hot film probe was at the height, H# = 30.5 cm. Run B06 was normalized by only its
own velocity at height, H, since the traverse supporting the hot wire probe was up-
wind of the ref2 pitot probe, thus affecting its readings.

4.1.3 Tree Cover Reference Profile Tests (C Series)

Table 9 summarizes a series of velocity profiles obtained in the C test series, Runs CO1 to
CO05, that document wind profiles over the different tree height simulation mats without the
presents of the model ridge. Table 10 displays both tabularly and graphically the comparisons
of normalized velocity profiles and local turbulent intensity profiles for these runs. Normalized
velocity for this test sequence is defined as (U/U)/U,,, /U,., ) where refl indicates the pitot
probe velocity at 30.5 cm height, 7 indicates the velocities obtain while the hot film probe was
at a particular height and H indicates the velocities obtain while the hot film probe was at the
height, # = 30.5 cm. Table 11 lists these profiles in field units scaled to a 10 m/s velocity at
305 meter height. Table 11 also shows the results of a regression analysis determining the
equivalent field displacement height, d, roughness length, z , friction velocity, u,, and power
law index, p.

4.1.4 Tree Cover Change Reference Profiles (D Series)

Table 12 summarizes a series of velocity profiles obtained in the D test series, Runs D01 to
D05, that document wind profiles over the different tree height simulation mats without the
presents of the model ridge. Table 13 displays both tabularly and graphically the comparisons
of normalized velocity profiles and local turbulent intensity profiles for these runs. Normalized
velocity for this test sequence is defined as (U/UJ/NU,,, /U, ) where refl indicates the pitot
probe velocity at 76.2 cm height, 7 indicates the velocities obtain while the hot film probe was
at a particular height and A indicates the velocities obtain while the hot film probe was at the
height, H=30.5 cm.

4.1.5 Model Ridge Reynolds Number Invariance Tests (E Series)

Table 14 summarizes the model velocity profiles obtained in the E test series, Runs E01 to
EO06. Table 15 displays both tabularly and graphically the comparisons of normalized velocity
profiles and local turbulent intensity profiles for these six runs. Normalized velocity for this
test series is defined as (U/U /U, /U, , ) where refl indicates the pitot probe velocity at
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30.5 cm height, / indicates the velocities obtain while the hot film probe was at a particular
height and / indicates the velocities obtain while the hot film probe was at the height, H =
30.5 cm.

4.2 Model Ridge Velocity Profile Data (F To M Series)

Table 2 lists the specific run conditions for velocity profiles obtained over the 96 different model
ridge setups used in the F through M test series. Included in this Table are the ground surface dis-
tances from the hill crest to the base of the nearest trees for each run condition.

4.2.1 Triangular Ridge With 1:2 Slope (F Series)

Table 16 lists the velocity profile data for the 20' high tree test cases, Runs FO1 to F04. In Ta-
ble 16, and subsequent tables of the similar type, the column labeled "Velocity @ 30.5 cm" is
the pitot probe velocity measured 30.5 cm above ground level at the current profile position.
The column labeled "Velocity @ 6.1 cm" is the pitot probe velocity measured 6.1 cm above
ground level upwind ~200 cm of the location of the model ridge crest. The column labeled
"Velocity Ratio" is the ratio of "Velocity @ 30.5 cm" divided by "Velocity @ 6.1 cm". Table
17 lists the velocity profile data for the 40' high tree test cases, Runs FO5 to FO8. Table 18
lists the velocity profile data for the 60' high tree test cases, Runs F09 to F12.

Table 19 displays both tabularly and graphically the comparisons of normalized velocity pro-
files for these runs. Table 20 displays both tabularly and graphically the comparisons of local
turbulent intensity profiles. The normalized height is the measurement height divided by a ref-
erence height of 30.5 cm (this is the equivalent of 305 meters in field units). The normalized
velocity in Table 19, and subsequent tables of the similar type in test series F through M, is
defined as (U/U,,, ) where refl indicates the pitot probe velocity at 30.5 cm height, i indi-
cates the velocities obtain while the hot film probe was at a particular height.

4.2.2 Triangular Ridge With 1:3 Slope (G Series)

Table 21 lists the velocity profile data for the 20" high tree test cases, Runs GO1 to G04. Table
22 lists the velocity profile data for the 40' high tree test cases, Runs GO5 to G08. Table 23
lists the velocity profile data for the 60" high tree test cases, Runs G09 to G12. Table 24 dis-
plays both tabularly and graphically the comparisons of normalized velocity profiles for these
runs. Table 25 displays both tabularly and graphically the comparisons of local turbulent inten-
sity profiles.

4.2.3 Triangular Ridge With 1:5 Slope (H Series)

Table 26 lists the velocity profile data for the 20' high tree test cases, Runs HO1 to H04. Table
27 lists the velocity profile data for the 40 high tree test cases, Runs HOS to HO8. Table 28
lists the velocity profile data for the 60' high tree test cases, Runs HO9 to H12. Table 29 dis-
plays both tabularly and graphically the comparisons of normalized velocity profiles for these
runs. Table 30 displays both tabularly and graphically the comparisons of local turbulent inten-
sity profiles.
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4.2.4 Triangular Ridge With 1:10 Slope (I Series)

Table 31 lists the velocity profile data for the 20' high tree test cases, Runs 101 to 104. Table
32 lists the velocity profile data for the 40' high tree test cases, Runs 105 to 108. Table 33 lists
the velocity profile data for the 60' high tree test cases, Runs 109 to I12. Table 34 displays
both tabularly and graphically the comparisons of normalized velocity profiles for these runs.
Table 35 displays both tabularly and graphically the comparisons of local turbulent intensity
profiles.

4.2.5 Sinusoidal Ridge With 1:2 Slope (J Series)

Table 36 lists the velocity profile data for the 20" high tree test cases, Runs JO1 to JO4. Table
37 lists the velocity profile data for the 40' high tree test cases, Runs JO5 to JO8. Table 38 lists
the velocity profile data for the 60' high tree test cases, Runs JO9 to J12. Table 39 displays
both tabularly and graphically the comparisons of normalized velocity profiles for these runs.
Table 40 displays both tabularly and graphically the comparisons of local turbulent intensity
profiles.

4.2.6 Sinusoidal Ridge With 1:3 Slope (K Series)

Table 41 lists the velocity profile data for the 20" high tree test cases, Runs K01 to K04. Table
42 lists the velocity profile data for the 40" high tree test cases, Runs K05 to K08. Table 43
lists the velocity profile data for the 60' high tree test cases, Runs K09 to K12. Table 44 dis-
plays both tabularly and graphically the comparisons of normalized velocity profiles for these
runs. Table 45 displays both tabularly and graphically the comparisons of local turbulent inten-
sity profiles.

4.2.7 Sinusoidal Ridge With 1:5 Slope (L Series)

Table 46 lists the velocity profile data for the 20" high tree test cases, Runs L01 to L04. Table
47 lists the velocity profile data for the 40' high tree test cases, Runs L05 to LO8. Table 48
lists the velocity profile data for the 60' high tree test cases, Runs L09 to L12. Table 49 dis-
plays both tabularly and graphically the comparisons of normalized velocity profiles for these
runs. Table 50 displays both tabularly and graphically the comparisons of local turbulent inten-
sity profiles.

4.2.8 Sinusoidal Ridge With 1:10 Slope (M Series)

Table 51 lists the velocity profile data for the 20' high tree test cases, Runs M01 to M04. Ta-
ble 52 lists the velocity profile data for the 40' high tree test cases, Runs MO05 to M08. Table
53 lists the velocity profile data for the 60' high tree test cases, Runs M09 to M12. Table 54
displays both tabularly and graphically the comparisons of normalized velocity profiles for
these runs. Table 55 displays both tabularly and graphically the comparisons of local turbulent
intensity profiles.
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S TEST PROGRAM RESULTS

5.1 Model Validation Velocity Profile Results (A To E Series)

5.1.1 Approach Flow Reynolds Number Invariance Tests (A Series)

The graphs associated with Table 4 indicate that Reynolds number invariance in the approach
flow existed for all velocities tested in this series with the possible exception of the lowest ve-
locity test case, Run A00. It was decided that good model similarity would exist when the up-
wind pitot probe, at a height of 6.1 cm, registered a velocity of ~500 cm/s.

5.1.2 Wind Tunnel Flow Uniformity Tests (B Series)

5.1.2.1 Lateral Uniformity

The graphs associated with Table 6 indicate that the lateral uniformity in mean velocity
profiles was ~6 percent at height, /' = 30.5 cm. Since all test measurements for this en-
tire study were to be at only one lateral position this lateral uniformity was considered
acceptable. The lateral uniformity in turbulent intensity, particularly at the lower mea-
surement heights, was good.

5.1.2.2 Longitudinal Uniformity
The graphs associated with Table 8 indicate that the longitudinal uniformity in mean
velocity profiles was ~2 percent at height, # = 30.5 cm. The change in simulated for-
est cover matting from the fixed commercial Astroturf to the moveable 60' tree height
Astroturf roughness at -152 cm is noticeable in both the mean velocity and turbulent
intensity profiles at lower heights.

5.1.3 Tree Cover Reference Profile Tests (C Series)

The graphs associated with Table 10 and the values of the regression parameters in Table 11
indicate that the upwind, fixed commercial Astroturf matting was representative of ~30' high
trees. The displacement heights were typically around 0.71 times the tree height. The rough-
ness lengths vary from 0.11 m, for no trees, to 1.98 m, for 60' trees. The power law index
vary from 0.19, for no trees, up to 0.32, for the 60’ trees.

5.1.4 Tree Cover Change Reference Profiles (D Series)

The graphs associated with Table 13 show the progressive wind speed increase and turbulence
decrease as the result of going from a simulated 60' tree cover out to a area where trees have
been removed. This series of tests indicates the wind power generation benefit obtained by up-
wind clear cutting when located on flat terrain.

5.1.5 Model Ridge Reynolds Number Invariance Tests (E Series)

The graphs associated with Table 15 indicate that Reynolds number invariance in flow over
1:2 sloped triangular ridge existed for all velocities tested. It was decided that good model
similarity would exist for all model ridges when the upwind pitot probe, at a height of 6.1 cm,
registered a velocity of ~500 cm/s.
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5.2 Model Ridge Velocity Profile Results (F To M Series)

5.2.1 Normalized Velocity Profile Comparisons

Table 56 presents a comparison of normalized velocity profile results for all the triangular
shaped ridges. Table 57 presents a comparison of normalized velocity profile results for all the
sinusoidal shaped ridges. Normalized velocity profile results for the reference profile tests (C
series) are presented at the bottom of Table 57. These tables, 56 and 57, are just a representa-
tion of the velocity normalization data Tables 19, 24, 29, 34, 39, 44, 49 and 54 but the
normalized height is scale to field values. This velocity normalization was defined as (U/U,,, )
where ref! indicates the pitot probe velocity at 30.5 cm height, 7 indicates the velocities obtain
while the hot film probe was at a particular height.

5.2.2 Fractional Speed Up Factor Comparisons

Table 58 presents a comparison of percent fractional speed up factor profile results for all the
triangular shaped ridges. Table 59 presents a comparison of percent fractional speed up factor
profile results for all the sinusoidal shaped ridges. The percent fractional speed up factor was
defined as [{(U/U, , /(Uee/Uce s /#-1]*100 where Cxx represents the appropriate refer-
ence profile (same tree height without the ridge present) in the C test series, ref2 indicates the
upwind pitot probe velocity at 6.1 cm height, 7 indicates the velocities obtain while the hot
film probe was at a particular height.

5.2.3 Percent Power Decrease Comparisons

Table 60 presents a comparison of percent power decrease over full clear-cut option profile
results for all the triangular shaped ridges. Table 61 presents a comparison of percent power
decrease over full clear-cut option profile results for all the sinusoidal shaped nidges. The per-
cent power decrease over full clear-cut option factor was defined as
[1-{ULU o U Ui )3’ ]*100 where Xxx represents the run number for the full clear-
cut profile with the same ridge shape, ridge slope and tree height, ref2 indicates the upwind
pitot probe velocity at 6.1 cm height, 7 indicates the velocities obtain while the hot film probe
was at a particular height.

Figures 5, 6 and 7 display bar charts of the percent power decrease results for a 40', 80' and
120" measurement heights respectively. Included in these figures are tables listing the data.
The error bound for the power comparisons in these charts, as previously stated, is approxi-
mately £10 percent. Trends seen within this error bound should only be consider lightly.
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USWP Task 2 Test Program

Usw2_PRO.WK3 Sheet A: 02/18/93

Invariance
er;

AOQ 231 0 0 No Hill - 60 all trees
AO1 311 0 0 No Hill - 60 all trees
AD2 413 0 0 No Hill - 60 all trees
AO3 533 0 0 No Hill - 60 all trees
AD4 626 0 0 No Hill - 60 all trees
ADS 728 0 0 No Hill - 60 all trees

{ft
BO1 511 0 -30 No Hill - 60 all trees
B02 506 0 -15 No Hill - 60 all trees
B03 510 0 0 No Hill - 60 all trees
BO4 504 0 15 No Hill - 60 all trees
BO5 507 0 30 No Hill - 60 all trees
BO6 ~491 -300 0 No Hill - 60 all trees
BO7 500 =200 0 No Hill - 60 all trees
BO8 503 -100 0 No Hill - 60 all trees
BO9 503 100 0 No Hill - 60 all trees
B10 502 0 0 No Hill - 60 all trees

co1 530 -200 0 No Hill - 0 all trees
co2 521 0 0 No Hill - 0 all trees
C03 510 0 0 No Hill - 20 all trees
co4 498 0 0 No Hill - 40 all trees
C05 518 0 0 No Hill - 60 all trees

Dot 491 -10 0 No Hill - 60 all trees
DO2 490 0 0 No Hill - 60 all trees
Do3 487 10 0 No Hill - 60 all trees
D04 487 20 0 No Hill - 60 all trees
DoS 492 40 0 No Hill - 60 all trees
Dos 490 80 0 No Hill - 60 all trees

EO1 409 0 0| Trangular 1:2 0 no trees
E 512 0 0| Triangular 1:2 0 no trees
EO3 618 0 0| Triangular 1:2 0 no trees
E04 410 0 0| Triangular 1:2 60 all trees
EOS 505 0 0| Triangular 1:2 60 all trees
EO6 592 0 0! Triangular 1:2 60 all trees

TABLE 1 Model Validation Test Sﬂeciﬁcaﬁans

Page T1



Hutd Dynamice and Diffusion Laboratony - Colorads State Univeralty
Wind Engincoring Reseanch and rpplication Specialiste

USWP Task 2 Test Program
USW2_PRO.WK3 SheetB: 02/18/93
Clear Cut.

FO1| Triangle 1:2 20 allcut | 448 JO1 Sine 1:2 20 all cut| 453
FO02| Triangle 1:2 20| -100'cut| 302 JO2 Sine 1:2 20| -100'cut| 292
FO3| Triangle 1:2 20| hilltopeut | 72 JO3 Sine 1:2 20| hiltop cut| 128
FO4| Triangle 1:2 20 no cut 0 Jo4 Sine 1:2 20 no cut 0
FO5| Triangle 1:2 40 allcut | 448 JO5 Sine 1:2 40 allcut| 453
F08| Triangle 1:2 40| -100'cut | 344 JO6 Sine 1:2 40| -100'cut| 305
FO7| Triangle 1:2 40| hiltopcut | 118 Jo7 Sine 1:2 40| hiltop eut| 135
FO8| Triangle 1:2 40 no cut 0 Jos Sine 1:2 40 no cut 0
FO09| Triangle 1:2 60 allcut | 448 JO9 Sine 1:2 60 allcut| 453
F10| Triangle 1:2 60| -100"cut| 371 J10 Sine 1:2 60| -100'cut| 338
F11| Triangle 1:2 60| hilltopcut | 128 J11 Sine 1:2 60| hilltop cut| 154
F12| Triangle 1:2 60 no cut 0 J12 Sine 152 €0 no cut 0
GO01| Triangle 1:3 20 allcut | 633 K01 Sine 1:3 20 allcut| 640
G02| Triangle 1:3 20| -100"'cut | 433 K02 Sine 1:3 20| -100'cut| 381
GO03| Triangle 1:3 20| hiltopecut | 112 KO3 Sine 1:3 20| hilltop cut| 171
GO04| Triangle 1:3 20 no cut 0 K04 Sine 1:3 20 no cut 0
GO5| Triangle 1:3 40 allcut | 633 K05 Sine 1:3 40 allcut | 640
GO06| Triangle 1:3 40| -100'cut| 476 K06 Sine 1:3 40| -100'cut| 440
G07| Triangle 1:3 40| hilltop cut | 148 Ko7 Sine 13 40| hilltop cut | 217
GO08| Triangle 1:3 40 no cut 0 K08 Sine 1:3 40 no cut 0
GO09| Triangle 1:3 60 allcut | 633 K09 Sine 1:3 60 allcut| 640
G10| Triangle 1:3 60| -100'cut| 512 K10 Sine 1:3 60| -100'cut| 459
G11| Triangle 1:3 60| hiltop cut | 187 K11 Sine 1:3 60| hiltop cut| 233
G12{ Triangle 1:3 60 no cut 0 K12 Sine 1:3 60 no cut 0
HO1| Triangle 1.5 20 all cut | 1020 LO1 Sine 1:5 20 all cut | 1026
HO2| Triangle 1:5 20| -100'cut| 738 LO2 Sine 1:5 20| -100'cut| 614
HO3| Triangle 1.5 20| hilltop cut | 213 LO3 Sine 1:5 20| hilltopcut| 305
HO4| Triangle 1:5 20 no cut 0 LO4 Sine 1:5 20 no cut 0
HO5| Triangle 1:5 40 all cut | 1020 LOS| Sine 1:5 40 all cut | 1026
HO6| Triangle 1:5 40| -100'cut| 797 LO6 Sine 1:5 40| -100'cut| 646
HO7| Triangle 1.5 40| hilltop cut | 282 LO7 Sine 1.5 40| hilitop cut | 331
HO8| Triangle 1:5 40 no cut 0 LO8 Sine 1:5 40 no cut 0
HO9| Triangle 1:5 60 all cut | 1020 LO9 Sine 1:5 60 all cut | 1026
H10| Triangle 1:5 60| -100'cut| 843 L10 Sine 1:5 60| -100'cut| 728
H11| Triangle 1:5 60| hilltop cut | 305 L11 Sine 1:5 60| hiltop cut| 374
H12| Triangle 15 60 no cut 0 L12 Sine 1:5 60 no cut 0

101| Triangle 1:10 20 all cut | 2011 MO1 Sine 1:10 20 all cut | 2011

102| Triangle 1:10 20| -100'cut | 1499 M0O2 Sine 1:10 20| -100' cut| 1247

103| Triangle 1:10 20| hilltop cut | 384 MO3 Sine 1:10 20| hilltop cut | 646

104{ Triangle 1:10 20 no cut 0 M0o4 Sine 1:10 20 no cut 0

105| Triangle 1:10 40 all cut | 2011 MO05 Sine 1:10 40 all cut | 2011

106| Triangle 1:10 40| -100' cut | 1539 MO06 Sine 1:10 40| -100'cut| 1404

107| Triangle 1:10 40| hilltop cut | 509 MO7 Sine 1:10 40| hiltop cut| 682

108| Triangle 1:10 40 no cut 0 MO8 Sine 1:10 40 no cut 0

109| Triangle 1:10 60 all cut | 2011 M09 Sine 1:10 80 all cut | 2011

110 Triangle 1:10 60| -100'cut | 1575 M10 Sine 1:10 60| -100'cut| 1476

111 Triangle 1:10 60| hilltop cut | 627 M11 Sine 1:10 60| hilltop cut| 791

112 Tﬁang!e 1:10 60 no cu_‘t 0 M12 Sing 1:10 60 no ct_:{ 0

Notes: 1) Wind direction is always perpendicular to the 2D hill
2) Vertical profile location is always &t hill crest, centertunnel
3) Vertical profile meesurement heights are up to 30 cm

TABLE 2 Test ngam SEeciEcations
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