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LIST OF SYMBOLS

ol Definition
A Array surface area = 192 sq ft in prototype
C Array chord length = 8 ft in prototype
CFX Force coefficient in X-direction
CFY Force coefficient in Y-direction
CMs Moment coefficient about S-axis
CMX Moment coefficient about X-axis
cMY Moment coefficient about Y-axis
CMZ Moment coefficient about Z-axis
CN Normal force coefficient
DXY = C/2
ES Normalized eccentricity by DXY for MZ
EZ Normalized eccentricity by DXY for MS
FN Normal force
FX Force in X-direction
FY Force in Y-direction
H Ground clearance
HF Fence height

Moment about S-axis (yawing moment)
Moment about X-axis

Moment about Y-axis

Moment about Z-axis (pitching moment)

Reference dynamic pressure

© L EEEE
o

Center chord of the photovoltaic array

UREF Reference wind velocity
WD Wind direction

B Tilt angle

o Density of air



1. INTRODUCTION

The present work is a continuation of a previous study on the

(1)

magnitude of wind loadings on photovoltaic arrays. A series of
wind-tunnel tests were conducted in that study to determine the effect
of various design parameters on the wind loadings for different wind
directions and wind profiles on a single array and on individual arrays
at different locations in a large array field. The tests showed that
arrays at the upwind edges and corners of the field are subjected to
very large loadings, but that these loadings can be drastically reduced
by fences designed to act as wind barriers. No measurements of the
relative effect of the fence further in the field were made. All the
previous array field tests were conducted with a "standard array
configuration'" (see Figure 6) in which the height of the arrays above
ground was H = 2.0 ft.

Subsequent analysis of the wind-tunnel data by Bechtel National,
Incorporated, showed that it might be advantageous to use a smaller
array height, H = 1.5 ft, and that in many situations the use of fences
for reducing the wind loadings on the upwind edges and corners of the
field would not be economical.

It was therefore decided to extend the previous study and to examine
more closely the mean forces and moments on individual arrays in the
field with H = 1.5 ft, with and without a fence. The tests were per-
formed in a 1/7 power-law boundary layer (BL1l) at which the highest
loads had been observed. The fence used in the study had 30 percent
porosity and an additional corner fence (see [1], Figure 26).

The results of the present investigation are ﬁresented in a ready-
to-use form, adopting the previously defined aerodynamic dimensionless

force and moment coefficients and notation.



2. EXPERIMENTAL CONFIGURATION, INSTRUMENTATION AND DATA ACQUISITION

The tests were conducted in the Meteorological Wind Tunnel of the
Fluid Dynamics and Diffusion Laboratory at Colorado State University
in which the earlier study was performed, using the 1:24 scale array
(Figure 1). Some changes have been made in the wind tunnel since 1979
and a different upstream roughness configuration (see Figures 1 and 2)
had to be installed in the tunnel to obtain a 1/7 power law at the test
section. One of the changes was the installment of a larger turntable
which made it possible to rotate most of the array field model as one
unit. This has, however, resulted in a slight dependence of the equiva-
lent roughness in the neighborhood of the model on the wind direction
which could cause a 2 to 3 percent change of the mean local velocities
very close to the floor (1 to 2 in.) which might affect the single
array tests. Figure 3 compares the velocity profiles at the test
section (NEWBYL) with the profile measured in 1979 (OLDBYL). The
dimensionless velocity profiles were normalized by the velocity at
50 in. above the floor. Figure 4 shows the velocity distributions in
the lower portion of the boundary layer. The velocity at H = 10 in.
was used to normalize the profiles in this graph. The old and the new
velocity distributions appear to be very similar but small differences
between them exist. Although these differences can affect the values
of the aerodynamic coefficients by a few percent, they are undoubtedly
small compared to the observed differences in the atmospheric velocity
distributions above apparently similar smooth sites.

The mean force and moment measurements on the instrumented model
were made with a new 6-component balance designed by G. K. Keily and

J. A. Peterka.(z) Figure 5 shows a view of the new balance and the



metric array connected to it. The vanes which are attached to the bottom
of the balance were submerged in a viscous oil bath to damp vibrations
of the array. The balance was designed to measure relatively small
forces and moments of the order of 1 1b- and 3 1lb-in. Its load-voltage
coefficients and its axes of zero moments were determined by a careful
calibration prior to the tests. Frequent checks of its response were
also made during the course of the tests. Since the balance used in the
previous study was a 50-1b balance which worked at the lower part of its
useful range, it is estimated that this could have caused relatively
larger scatter and errors in the moment measurements and that the
pfesent moment measurements are much more reliable.

The use of the new balance made it possible to measure, in
addition to the normal force and pitching moment coefficients CN and
CMZ, the yawing moment coefficient on the structure CKS around the cen-
ter chords of the array S (see Figures 6 and 7). The pitching and yaw-
ing moments were then used to calculate the displacement of the normal
force from the center of the balance, which will be designated by ES
and EZ (see Figure 7). Note that the sign of ES and EZ is deter-
mined by the sign of both the moments and the normal forces. The same
mean dynamic pressure QREF (= 1/29U§EF) at the reference height of
30 ft was used in this study so that the dimensionless coefficients

given in the report are:

REF
MZ
Mz = —— (2)
QREF A - DXY
ES = - CMZ (3)

CN



MS
cMs = — (4)
Qg ° A * DXY

where A is the area of the array (192 sq ft in the prototype) and
DXY = C/2 is half the chord length of the array (C = 8 ft in the

prototype). The normal force was calculated using the equation
FN = FX « sin 35° - FY ¢ cos 35° (6)

where FX and FY are the forces in X~ and Y-direction as
shown in Figure 7 respectively.

It should be stressed that the shape of the array which resembles
to a large extent that of a flat plate ensures the resultant force on
the array is practically equal to the normal force FN. Thus the co-

efficients of FX and FY on the array can be determined by
|cFx| = |cN| sing @)
|cFY| |CN| cosB (8)
where B in the present study is 35°.
The moment coefficients acting on the arrays CMX, CMY and CMZ

(see Figure 7) are determined by the position of the resultant force

FN and are given by

CMZ

CN « ES €))

and

cMY CMX

oM sin 35° = cos 35°

CN - EZ

(10)

where MS is the moment around the S axis (see Figure 7).
In the above equations we have used the values of |CFX| and |CFY|

since the sign of FX and FY varies with the wind direction. Note



that FX 1s defined as the force in either the south or the north
direction and not in the direction of the wind.

The above calculations are, however, correct only within an error
of approximately 5 percent in the force coefficient calculations and

10 percent in the moment calculations.



3. ANALYSIS OF THE EXPERIMENTAL RESULTS

3.1 The Single Array Tests

The single array tests were made for comparing the data obtained
in the present and the previous report to examine the effect of the
reduced array height H from H = 2.0 ft to H = 1.5 ft and to measure
the yawing moment coefficient CMS, which was not measured in the pre-
vious study. The data for the single array runs is tabulated at the
end of the report in Files S20 and S15. Figure 8 compares the previous
and the new measurements for H = 2.0 ft. The agreement between the CN
data is satisfactory in view of the slight changes in the velocity
profile. The data confirms the previous observation that the maximum
value of CN 1is obtained around a wind direction of 45°.

Larger differences exist, however, between the present and the
earlier measurements of the pitching moment coefficient CMZ. As
explained earlier the previous measurements are less reliable than the
present ones.

Figures 9 and 10 compare the aerodynamic coefficients of the single
array for H = 2.0 ft and H = 1.5 ft. The dependence of the coefficients
on the wind direction is very similar. A small reduction in the values
of the coefficients is observed for H = 1.5 ft. As one sees from the
yawing moment coefficient the maximum moment around the S axis occurs
around wind directions of 45° and 135°. Slightly larger moments are

observed for the southerly winds.

- 3.2 The Array Field Tests

The results of the array field tests are tabulated in the Appendix
at the end of the report using the notation shown in Figure 18. The

data is also presented in Figures 11 through 17 using a schematic



description of the array field. The H = 2.0 ft data are from the
Phase I study.

3.2.1 The Normal Force Coefficient

The measurements of the normal force coefficients showed that all
the coefficients measured at the northeast corner of the field for wind
directions 0°, 30°, 45° and 60° are negative, indicating an upward lift.
Similarly, all the coefficients measured at the southwest corner of the
field are positive, except for a few cases in which the absolute value
of CN 1is very small. We shall therefore refer in the following dis-
cussion to the absolute value of the normal force coefficient expressed
in percent |CN| x 100.

Figure 11 shows the values of |CN| x 100 measured in 176 runms.
Each section of these figures shows the values measured at the northeast
corner for one wind direction together with the values measured at the
southwest corner for the opposite wind direction; WD = 0° and 180°,
30° and 210°, etc. Two numbers are shown in the space allocated for
each array. The left-hand number shows the value of |CN| x 100 for
the field without a fence and the right-hand number shows the value of
ICNI x 100 for the fenced field. The 30 percent porosity fence used in
this study was always augmented at the corners by the corner fence used
in the previous study (see [1], Figure 26). Figure 26 also shows the
spacings between the rows and the distances to the fence. The height of
the fence in the prototype was HF = 5 ft.

One sees from Figure 11 that the normal force coefficients recorded
at the upwind edges of the unfenced field were close to those recorded

in the single array tests and that the largest value CN = - 0.79, was



recorded at the corner of the northeast field.b Slightly smaller values
were recorded at the east and west edges of the field.

A drastic reduction in the absolute values of the normal force
coefficients is observed in the inner part of the field where a maximum
of CN = -0.27 was recorded at array B2 for WD = 30°. Significantly
lower values are observed for southerly winds.

Figure 12 compares the values of |CN| obtained in the unfenced
field in the present study for H = 1.5 ft with those obtained in the
unfenced field previously with H = 2.0 ft. 1In general the H = 2.0 ft
values are larger. The only significant difference is at array NC2.
(The arrays denoted by 1,2,3,4,5,6,7 and 8 in the previous report are
being denoted now by Al1,Cl1,A2,C2,A4,C4,A7 and C7.)

The use of a 5-ft high fence, with a corner fence, has drastically
reduced the values of the normal force coefficients on the array facing
the wind. The fence was particularly helpful when the wind was normal
to it. It was not very effective,however, in reducing side winds. The
normal force coefficients on the east side were, in some cases, even
higher than in the unfenced field probably due to the effect of the cor-
ner fence. The fence has also increased the values of some of the
coefficients inside the field.

Figure 13 compares the normal coefficients measured in the present
study with those measured in the previous study (H = 2.0 ft). Some of
the values from the previous study were measured without a corner fence.
These are denoted by an asterisk.

The order of magnitude and the distribution of the two sets of
data appear to be quite similar. One sees, for example, that the increase

in the values of the coefficients from array C2 to array C4 and array C7



for wind direction 45° exists in both cases and that the relatively
high value of ICNI at C7 was not due to an experimental error.

Figures 14 and 15 show the maximum value of |CN| obtained at each
array for all wind directions for the unfenced field and for the fenced
field.

3.2.2 The Pitching Moment Coefficients

The pitching moment coefficients in the unfenced field were
generally low, see Figure 16. The maximum value recorded was
[CMZ| = 0.09 at the southern edge of the field for wind directions 180°
and 210°. The values of CMZ in the fenced field were practically zero.

3.2,3 The Yawing Moment Coefficients

The distributions of the yawing moment coefficient are shown in
Figure 17. Very small values of |CMS| were recorded for WD = 0° and
180°. Larger values were recorded at the west edge of the field for
WD = 210° and very large moments were recorded at the same edge for
WD = 225°. The reason for these large moments is that only one side of
these arrays is exposed to the wind. A similar effect is noticed in the
eastern edge for WD = 45°, but apparently the protection provided by
upwind arrays in this case is larger.

The fence appears to reduce to one-half the large moments recorded
on the west side for WD = 225°, as well as the rest of the large
moments in the field. However, in some cases small amplifications of

ICMSI are observed, as in arrays SFB2 and SFB3.
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4. CONCLUSIONS

The measurements made in the present study appear to be consistent
with those made in the previous study and a clear picture of the load-
ings in the field emerges.

In the unfenced field one can divide the field into two parts; the
edges of the field where the values of |CN| are larger than 0.30 and
reach a maximum near 0.8, and the inner part of the field where
lCNl < 0.30. The yawing moment is also large only in the arrays at the
edges of the field.

The introduction of a fence with a corner fence reduces the high
loadings on the outer arrays to a maximum of ICNI = 0.37 and also
reduces the very large yawing moments in the field. However, the
fence slightly increases the loadings on some inner arrays. Thus, the
loadings on the entire fenced field appear to be approximately of the

same order of magnitude for design purposes.
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Figure 1. A view of the array field model and fence in the
Meteorological Wind Tunnel (configuration NFA4).
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Figure 5. A view of the 6-component balance system
and the 1:24 scale model.
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C B A
WD = All
for NE corner |71 71 72 79 91 I
15 33]| 27 45 2
WD = All 3
for SW corner *e 11 |16 39
. re———————
len| x 100 11 123 H <L 4
| Buiubiatnteidade i W abaintaiddnddey Sremm——— 1
1.5 2.0 |£e o HI o 19
no fence hd P---------if -------- }r -------- 36
T p— - memcmmcommn owd b o oo o= ’
== -
3|31 4 | 2 14 o 1lss 7
2130 8 7
53 62| 52 51
A B c

Figure 14. Maximum values of |CN| x 100 without a fence for all
wind directions for H = 1.5 ft (left) and
H= 2.0 ft (right).

A
WD = All c B
for NE corner |18 19] |15 20 18!
11 13) |24 27 33]2
WD = All ° 3
for SW corner '. 16 g%? ....... 1 30
|cN| x 100 14 170433 ______ HEY 294
P A HE I
1.5 2.0]ft -, o e H 15
. po——————— 1pem - Y bbbty a
fenced L ------- JL_ ------ iL _______ jG
e ——— -
3|26 7 4 20 27t i 30 22]7
27 25| |4 10
16 23 8
A B C

Figure 15. Maximum values of ICN| x 100 with a fence (and a
corner fence) for all wind directions for H = 1.5 ft
(left) and H = 2.0 ft (right).
Note: Higher values for H = 1.5 ft are usually from
the WD = 30 which is missing in the H = 2.0 ft
tests.
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C B A
WD =0
for NE corner (4 1| 4 }_l 3 1!
4 o] la 1]ls 02
WD = 180 3
for SW corner ., 1 1§10 0110 0
. " :‘ """"" -3 4
|cMz| x 100 ol _____ 1J 1
no fence fence { -‘E- ) .‘:r iS5
*e tommemmomd boce el b e
H=1.5ft . 1 f I i i6
r== -
3[0 1] [2 1} o 1o i _ il )7
2lo 11 o} |2 0
Ilo o |8 1] |8 0
A B Cc
C B A
WD = 30
for NE corner|2 0] 10 0]13 0 |
of L1 o4 2
WD = 210 3
for SW corner /’. - 9 '_Q_______?‘_‘ 3 4
l H 4
lorz| x 100 9 I S %) I
. i i I atnbeietededededey - it "
no fence fence .. oo H L..._--....-JlL. _______ j5
Fo======= | ¥ Sttty Y Sttt )
H=1.5 ft B H 16
31 1 Lo 2| |o 1 Lo sle gl 2|7
2|1 1lo ol|o 0
Ils ol |9 ol |9 1
A B C

Figure 16. Distribution of |CMZ| x 100 in the field (left
number--without fence, right number--with fence).
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number--without fence, right number--with fence).

C B A
WD = 0
for NE corner |4 0}ll6 0}]18 1]!
2
WD = 180 1 o]lo oflo 1
for SW corner 1 .. 0 o} |1 oll2 113
. ———— -3
[ futataddadatiadeind I shabatesindhubaiadhate-J athsbeiusttthaianies |
lgo fence fence . ;_________'i____ _____ ..!.L. _____ ____,,'5
H=1.5 ft . N § A A T
U SUSURISIHUIUHPIY & SN |
| adadd -
3|8 2| |2 1 11 2l ils 2]7
2l s 1|1 Ul 1]
3 2] 3 olls 1
A B C
Cc B A
WD = 30
for NE corner |5 2| lro 21117 1!
0 of Ly ol 2 32
WD = 210
for SW corner /. 0 11l 6 11 3
L ] r—-—l—----
|cMs| x 100 6 ' 3 ____51L9 13|14
r"""""’""'l Frememess "lr ------ |
['go fence fence -./ U B H _:5
_ pomm————— 1o 1= ———- )
H=1.5 ft L--_......_.::_-....-.._-.:L__---_..A.:G
Fadndadodo R ol ol -
331 25] 6 12| 6 313 A [ il 5|7
2|35 17l s 5] 2 2
23 sl 1z ol lza 2
A B C
Figure 17. Distribution of |CMS| x 100 in the field (left
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WD = 0,30,45,60 c B A
for NE corner NOCl NOB1 NOAl |
NOC2 NOB2 NOA2 2
.. NOC3 NOB3 NOA3 3
NOC4 i _NOB4_ | NOA4 4
R R R
WD = 180,210,225 *. bowmoomood bome el oo Y
for' SW corner . :;"' ": - ';6
L-—n-—-—---—' | R pp——— P | S ——— ,
r== -
3|__soa3 SOB3 50C3 yoc7__ Ji_ 1| _Noa7 |7
2] soa2 SOB2 S0C2
'l soar SOB1 S0C1
A B o
Notation for the field with no fence.
WD = 0,30,45,60 c 8 A
for NE corner NFC1 NFB1 NFAl |
NFC2 NFB2 NFA2 2
., NFC3 NFB3 NFA3 3
. rer————— 1
NFC4 | _NFB4__ 1| NFa4_ |4
. P i T 15
WD = 180,210,225 . bommmmod oo oo e donlpelymtpetfude
for SW corner * f }." 4 3 (%)
o = o oo - —d e PN |
'— ------- -
3| sFa3 SFB3 SFC3 Nrcz__ |t L wraz |7
2|  sFa2 SFB2 SFC2 _
Il__sra1 SFB1 SFC1
A B C
Notation for the field with fence.
Figure 18. Notation used for array location and field test files.
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APPENDIX A

AERODYNAMIC COEFFICIENTS FOR
PHOTOVOLTAIC ARRAYS

H=1.5 ft
(see Figure 18 for file notation)
and
S20 = Single array at H = 2.0 ft
S15 = Single array at H = 1.5 ft



BATR FORE FILE
GINED

RUMN
2%e
293
294

(O R Y I O 2V B Y B XY R VI VI XY BT Y I ¥ I |
Nl R A A p ARy o

[2%]

1¢S.
12¢.
13%.
13¢.
1€35.
18¢.

Re R IR - R ~ B~

.G

Lol = B S ~ T )

“
n

CH

.78
. 81
.83
. B€
.66
. R7
g1~

L
~

.29
. 4€
.9¢
.91
.48

36

CKHZ
.63
.04
.69
.1¢
. ¢9
.62
66
.62
. ¢€
.67
)
.67
. ¢6

CHKS
.61
.12
.24
.30
.11
.66
.16

~

LA

.31
.34
.29
.14
.62

i«

EZ

.2
.15
.29
.33
.18
.23

1.19

<
&

.68
.72
.31
.28
.64
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Pp&Ta FOR FILE : 815

FUN  CONF WIHD cH cnz ES CHS EZ
e 33 L -. 73 - .00 -. 20 L¢3 -.04
1a0 23 i§.¢ -.76 - .00 - .30 - .08 .e8
fa 5 %% -.78 Lot Sad -.18 .22
11 i3 3.0 -.81 .08 .08 -.27 .34
193 23 g -.58 .02 .15 -.29 &
14 35 3.0 -.3¢0 .02 .08 L¢3 -.17
1¢35 25 g .0 -. 086 - .00 -.81 .06 -1.07
128 33 105. 9 .07 .02 -.295 .18 2.71
107 25 12¢ . ¢ .30 .e? -.22 .30 .92
128 33 135.¢ .41 .08 -.20 .27 .85
109 35 154 .0 .45 .08 -.18 .19 .43
it¢ 253 163. ¢ .42 .09 -. 19 .09 .19
111 25 18g . ¢ .48 .49 -.14 .02 .63



ERTR
EUN
148
149
iS¢

181

DaTA
RUN
147
146
145
144

CATR
FUH
14¢
141
142
142

DATR
FUN
138
i37
126
i35

FGE FILE
CONF MIKD
25 ¢.©
295 3¢.¢
35 45 . ¢
35 €¢. ¢
FOR FILE
CONF WIHD
35 S
25 3¢.0
35 45 . ¢
25 8¢ . ¢
FOR FILE
CONF BIND
IS5 ¢G. ¢
35 3¢ ¢
35 43 . ¢
335 £¢. ¢
FOR FILE
CONF WIND
35 G0
35 3¢.¢
35 45 . ¢
25 e¢. ¢

CH

.74
.79
. 09
-. 54

CK

.14
- 11
.14
-, 26

CH

12
.. 38
-, 44
-, 44

CH

.07
.12
.27
- 14

38

cnz
@3
.03
. @1
LG4

cnz
.ot
.00
.ot
Lot

cnz
.63
. ¢4
. ¢
.63

chnZ
. 0¢
4
L6t
.60

| 3

.64
.04
.Gl
.¢E

ES

.06
LG4
.69
.63

ES

.37
.¢9
.64
.G6

ES

.04
.00
.62
.60

CHe
.08

-.¢8

CHS
.01
.01

-.05

.07

CHe
.00
.62

CKS
-.61
-.63

.62

.62

EZ

.21

.28
.15

EZ

.36

| 4

.37
.34

EZ2
.15
.27

-.09



FOER
CONHF
335
35
23
33

FCR
CCGHF

.|

oot

[AV]
inooan

2]

N

(Y]

(O o |
(S v B o'}

LSV I &Y
v onou

z =

F

d
4]

FOR
COHNF

23

R
DV Y B Y |

[2Y]

FILE

WIHD

Fx]

3%.
43 .

£

FILE

.0

[«]
[«]

£

KIKD

G.

()

¢.

[
~

o

AL
fed

FILE

[
G

. ¢
€

WIND

&
3¢.
45 .

(1

FILE

MWIKD

G.
3¢ .
45 .
£C.

HOA’3

KFa2Z

MOR?

NF&?

CH

.21
. 34
.4
.41

.19
. 3¢
.14
.14

39

cnez
G0
. 66
. G¢
.61

cHz
.ol
.ot
.01
.03

cnz
.6t
.62
.61
. Ge

ES

o1
.1t
.83
N

ES

.G4
.61
.62
.65

ES

.03
.04

LG8

ES

.67
.66
.65
.¢1

£HS

-~

cHe

.¢g

.63

CHS

cns

.63

EZ

.13
.18
.67
.14



FOR FILE

CONF  WIND
15 2.0
5 3.0
5 45.0¢
15 €0. ¢

FOGR FILE

CONF  MIHD
s ¢.¢
s ¢ ¢
s 45.¢
5 6G. 0

FOR FILE :

CONF  WIND
3s ¢. ¢
5 3¢ 0
35 45. ¢
35 £¢. 0

FOR FILE :

COHF  NIND
35 G.6
35 3¢. ¢
35 45.¢
s T

1

CH

.62
.52
.31

CN

=
¥ 4

.1t
. 0%
. 09

CK

.14
.27
.17

.16

CK

.62
. 07
.1¢
.24

cnz

cnz
.6

CHZ

cHz
.61

.62

ES

.95
.00
.65
.04

ES

.61
.G4
1€
.63

ES

.31
.63
.04
.12

1 3]

.69
.63
17
.67

CHS
.08
.16
.01
.07

CHS

-.c6
- .62
-.03

.63

CHS
.00
.01
.28
.0S

cKe

-.60

GG
.69
.6&

EZ

.08
1€
.02
.24

EZ

.63
.19
.28
.36

E2

.01
.02
.86
.28

4

.05
.06
.89
.29



pETH

BUN

LRTR
RUN
i35
i5¢
157

i

o
0

i
[ B IX R AV A B )
(¥ N R ¥ | B S
]

(¥
o

COHF

[ I XY B <Y
L3 B B Y

(3]
Lh

FOR
CONF

[ 2N I IN B O8]
L5 T & £ B £ 4]

«
(&}

FGR
CONF

23

[
"

EAY
n

i
A

FILE HOB 3
HIND CH
L& -.03
3.0 -. 1%
5. ¢ -. 14
£ .0 -.13
> FILE : HWFBZ
HIME CH
¢. ¢ S L d
3¢.¢ -. 09
45 . ¢ -.2€
£6 .6 -.28
FILE @ MNOB4
WIHD CH
6.0 -. 08
3¢ . ¢ -.23
43 . ¢ -. 18
6¢. ¢ -. 16
FILE : NFE4
WIND CH
G.¢ -. 15
3¢ . ¢ -.18
45 . ¢ -~. 33
LR O ] -. 2¢

41

cH2
.69

<

cnz
. GG

. ¢6

cHZ
P
-.01

CHZ

-.¢1

ES

.83
.00
e
.32

ES

.e2
.¢9
.G4
.¢1

ES

.38
.63
.03
.07

ES

.64
.¢4
GG

.63

£HsS
-.%1
A1
.12

.08

CHE
.6
.68
.65
.64

CHS
-.03
.03
.14
.05

CKE
- .62
.65
.61
.62

EZ

.38
.69
.83
.40

EZ

L6l
.Te
.18
.14

E2

.99
.12
.87
.33

EZ

.11
.27
LGE

.16



DATA
RUN
227
220
2293
224

DRTA
RUN
22¢
2é1
222
223

DATA
RUN
211
212
213
214

UATR
RUM
219
217
Zl€
215

FOR FILE !
CONF WIND
33 ¢.0
33 36.0
335 45.0
33 66.0
FOR FILE
CONF NIND
25 ¢.¢
33 3G.¢
i35 43.¢
35 €G. ¢
FOR FILE :
CONF WIKD
35 6.0
25 36.¢
25 45.¢
3S €6 . ¢
FOR FILE :
CONF WIKE
23 ¢.¢
35 3¢.¢
35 45 . ¢
25 €6 ¢

CH

.21
.63
.91
.32

CN

.19
.18
.11
. 68

CH

.09
.12
.18
.08

CHN

.11
.06
.67
.08

42

cnz

cnz

. G0

cnz

.0¢

cnz

ES

.03
.63
.03
.08

ES

.C6&
.61
.16
.63

ES

.43
.23
.13
.62

ES

.64
.62
.62
.G€

CHS
.04

.01
.13

cne
-.60
-.62
.61
.64

Cus
.01
-.00

.19

cne
.¢¢

.63
.16

4

.05
.09
.02

.46

EZ

. o1
.11
.06
.46

EZ

.07
.04
.13
.28

EZ

.61
.06
.47
.27



DATA
RUN
21¢
209
208

207

BATR
RUH

263
2¢4
2¢3
2¢e

BRTR
RUH
125
12¢
127

128

BATR
RUN
zez
2¢1
260

169

FOR FILE :
CONF BIND
35 &.0
35 3&.¢
35 43 . ¢
35 86 .0
FOR FILE
CONF WINE
33 ¢.¢
25 3¢.¢
IS 13.¢
35 €6 . ¢
FOR FILE @
CONF YIKD
25 L
33 3.0
35 45. ¢
35 64 . ¢
FGE FILE :
CCHF WIKE
I3 ¢.¢
33 3¢. ¢
35 43 . ¢
35 €6 . ¢

L

.07
.11
11
.06

CHN

.67
.69
.09
.16

CH

.08
e
L1
.08

43

cnz

.ot
. €0

cHZ
.61
.0

cnz
.00

.00

CHZ
.66
.1
.66

ES

.67
.12
.68
.61

.69
.¢2
.16
.66

ES

.e1
.02
.¢1
.04

ES

L¢3
.16
.62
.60

CHS

i1
.13

CHME

.61
.09
.67

CHS
-.01
.06
.06
.13

.63
.66
.69

-1

-1.

EZ

. @5
.61
.00

926

EZ

.05
.14
. %€
.41

E2

.08
1
.60
.21

£EZ

.62
.35
.92
.31



DRTA
RUH
124
247
102

1e9

CRTR
EUN
4R
349
i¢1
i€7

FOR FILE : MWOC?

CONF WIND

35 ¢.0 -.
335 38. 0 -
35 43.¢ -
25 £¢ . ¢ -.

FCR FILE : NFC?

CONF ¥IND

35 ¢. ¢ -
33 6. ¢ -.
75 4% . ¢ -
s €¢ . ¢ -.

CH
14
14

.13

06

CN
14
17
¢
14

44

.00

.00

cnz

. et
. ¢

ES

.02
.00
.02
.02

| 3

.62
.62
G4
.63

CHS
-.01
-.03

.06

.14

gne

.64
.04
.00

£E2

.08
.22
.30
.13

EZ

.02
.29
.22
.63
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FOR FILE @ SO0&1

CONF WIND Ck CHZ ES CHS
35 18¢. ¢ , 48 .08 -.18 .03
235 210 .0 .53 .08 -.16 -.23
35 225.¢ 2 .08 -.18 -.30

FOR FILE @ £FAkl

RONF  WIHND CH chz ES LHS
5 06 61
s .08 et
35 2 16 66

FOR FILE

CONF cH ES
s Y .45
35 .26 06
35 .30 .69

FeR FILE

COKF CH £S
s .64 21
5 15 - 67
25 .27 ¢t

FOR FILE

CONF CH ES
35 2 15
5 25 a2
35 3 .45

L 31
.57
N 35

EZ

.83
.76
.58

EZ

4¢
12

LT3
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BRTR FGR FILE : EFR2Z

EUN CONF BIKE Ch cMZ ES 1 33 EZ
Z41 I5 1€6¢. ¢ - ¢ -. 01 -.65 - G2 9.99
242 5 21¢. ¢ .27 - .61 .65 -.29 -.93
Z43 Z5 2E5. ¢ .26 -.61 G2 -.21 -. 79
DRT& FOR FILE S0B1

RUN  COHF HIMND CH cnz £ES CHS E2
271 25 184 . & 52 o8 -.153 -.43 - 08
272 5 214 ¢ 44 .62 -. 20 -.17 -. 39
273 23 225 . ¢ .35 . &7 - .20 -.18 -.5¢
FaTR FOR FILE @ &FE1

EUK COHF WIKNE CK CHZ ES CHsS EZ
27 25 18¢ . ¢ . ¢8 ¢l -.¢8 .¢G LGl
ZE9 35 2ie . ¢ L G3 1 - .65 -GG -.¢8
4 2 3s 223 ¢ -. Gg ¢G .G1 -. G &8
LTy FOR FILE @ 39082

SUH  COHF WIHD £ cHZ ES CHE EZ
e 4 25 184 .0 - 02 -1 -.82 .01 -.38
263 35 218 . ¢ .02 L0 -.1¢ -.55 -1.9¢
2e2 35 225 . ¢ .02 .02 -.24 -. 07 -2.67
BRTK FGE FILE @ SFEZ

EUM  LCCHF WIKE CH cHZ ES CHE E2
2e5 is 18¢. ¢ -. 01 - .G -.2¢& .Gl 8.99
EEk 35 2i¢ . ¢ - G4 .66 GG - .65 1.3¢
€7 35 225.¢ G2 - ¢l &1 -.13 9.99
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FOR FILE : S0B3

CONF WIND CH cuz ES CHS EZ
35 18¢ . ¢ -. 01 -. 02 -2.00 .02 2.99
35 21¢ . ¢ .08 .00 -.02 -.06 -.78
35 225.¢ .01 Lot -.28 .06 2.99

FGR FILE : SFB2

CeNF ¥IKE CH cnz ES cKe EZ
23 18¢ . ¢ -.¢1 - . ¢1 -.93 .61 ¢.99
K 21¢. ¢ ¢l - .62 1.2¢ -.12 2.92¢9
33 22%5.¢ .67 - .62 .28 -.6% -1.295

FOR FILE : s80(1

CONF WIND CH cnz ES CHS E2
35 i8¢ . o . 51 .08 -.15 -. 45 -.1¢
35 21¢ . ¢ .46 .09 -.19 -.21 -. 45
33 225 . ¢ .35 - -.26G -.13 ~.38

FCRE FILE @ SFC1

DCeHF BIKE CH chZ ES CKE EZ
35 18¢. ¢ .68 .66 -. ¢l .1 .1¢
25 21¢. ¢ .04 .61 -.22 -.62 ~-. bt
Z5 22%.¢ -. 02 - &€ -1z -.¢2 .2

FOR FILE : 8S0€C2

COHF WIKHD CH cnz E£ES CKS £EZ
35 1g& .o -. 07 -.02 -.29 .01 -. 14
25 214 . ¢ -. 05 - 00 - 2 -.02 .30

-.04 1.52

o>
o

25 223 . ¢ -.03 .00
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ErTR FOR FILE @ &FCZ

FUN COHMF BIMNE CH cKZ ES CKS EZ
Zea Z5 18¢.¢ ~. 62 - . GG -.¢8 .61 -. 34
2€1 33 21¢.¢ -. 02 - .60 -. G4 -.62 .77
ZE¢C iS5 25 . ¢ ~.1¢ .61 3 -4 .36
DATA FOR FILE @ 50C3

RUN  COHF BWIND CK cHz ES CKs EZ
27 3 184 . ¢ .00 - .00 1.5 - .00 2.99
73 I 21¢ . ¢ -.02 - .00 - .06 - .08 2.8¢
274 35 225 . ¢ Lol .00 -.15 - .06 2.99

LrThk FCR FILE : SFC2

FUN CCONF EIND CK cnz £S CHS EZ
277 zs 18¢. ¢ - e - 1 -1 .48 .01 g .9
ZTe 35 zZ1¢. ¢ -. 02 -.e1 -.17 -.¢3 .BE
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