MEMO #28

TO: W. BRUCKMAN DATE: AUGUST 22, 1990

FROM: P. CHEIMETS /r/

SUBJECT: MEASUREMENT OF WIND AT MAUNA KEA SITE

cc: G. NYSTROM
R. DIAS
L. COYLE
SCOPE:

The lack of good applicable wind spectrum data leads us to
conclude that a set of measurements must be made at the proposed
Mauna Kea site to use 1in predicting the antenna pointing and
tracking performance. We wish to associate these measurements with
an existing body of measured climate information for the area.

This requires that spectrum measurements at the proposed site be
coordinated with average weather condition measurements at .o of

the easterly summits.

Two sources of general wind information were reviewed, one
from a Mauna Kea site survey performed for the University of Hawalil

and the other from the the USAF Climatic  center at Hilo. These
show a vyear round prevailing -easterly flow, though the pattern is
less pronounced 1in the winter.  The site survey presents wind data
taken on the three peaks that surround the proposed SMA site. The
data seems to show that the two upwind (easterly) peaks disrupt the
wind pattern measured at the downwind peak, and presumably in the
valley between. Unfortunately the data was taken on the three
peaks at different times, and therefore are inconclusive.

A prpposed wind experiment 1s described, complete with the
data logging hardware.

INTRODUCTION:

We are developing a SMA antenna pointing and tracking model to
assist in the preparation of an overall system specification. Key
to a successful model is an understanding of +the influences and
disturbance s that the antenna 1is subject to. In this case the
single largest external, non-sys tematic pointing disturbance is the
wind. As mentioned elsewhere the wind causes problems in two
frequency domains, first continuous flows cause a tracking offset,

and ~second, wind variations with a frequency component near the
position servo bandwidth will cause oscillations.

We have attempted to find useful wind speed data from the

literature, and though this has yielded wuseful information on the
average wind speed at the Mauna Kea site, all attempts to acquire
accurate  spectrum information have failed. Furthermore, there is

not enough general information about mountain top climates to make

a meaningful estimate extrapolating from measurements elsewhere.
Using the general formulae for wind spectrum with rough values for

the free parameters can result in a spectrum that is as much as 10
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tlmes dlfferent than the true Spectrum. Therefore, a test to
measure the wind spectrum at the proposed has been proposed.

The wind literature that we reviewed all conclude that a
minimal amount of data is required to characterize the wind speed
spectrum at a given location. A single spectrum determined from
100-500 seconds of rapidly sampled wind velocity data is enough to
determine the general spectrum for a particular wind direction at
that site. For sites that have no unsymmetrical features this
single measurement will tell you all you need to know about the
wind in all directions.

The proposed SMA site is surrounded by several wind-effecting
features that can, and the available data suggest, do influence the
wind average speed and spectrum. There are two peaks to +the east
and a single summit to the west. These peaks are 100-200m higher
than the plane that the antennas are to sit on gnd only 500-750m
away.

In performing a wind spectrum measurement we would 1l1ike to
determine two things:
1) What is the worst wind spectrum

we are likely to encounter within
the precise and degraded operating

range (wind speed <15 m/s),

2) What is the wind speed spectrum
of the prevailing, or most likely wind.

These questions are separate Dbecause the site presents different
features to the wind when approached from different directions.
The first question can be answered by measuring wind spectra for
winds in all directions. The second question is a little more
difficult since the wind pattern at the site has not been measured
enough to determine what the prevailing patterns are. ye can make
the assumption though, that the wind at the site during a period of
prevailing wind at the summit is the prevailing wind. This

suggest s a simultaneous measurement of average wind speed at one of
the eastern summits while the spectrum measurements are belng made.

We spoke with the Hawaiian Bureau of Land Development to get
wind direction data on the Mauna Kea site that would tell us what
the prevailing winds were and in what season they were most likely

to occur. This would indicate the most favorable time to perform
the survey. They sent us two compilations of wind data from the
island of Hawaii. Both are appended to this memo and summarized
below.

The first survey is a listing of wind measurements taken over
Hilo airport at an altitude of 3050 m, during the 11 year period
between 1950 and 1961. These indicate a prevailing easterly flow
at an average speed of 5.3-6.8 m/s throughout the vyear. The wind
speed 1is below 10 m/s 90 % of the time, except in the winter when
it exceeds this value 20 % of the time. The flow is within 22 deg
of east 50 % of the time in the summer and fall, dropping to 30 °
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in the winter. 1In the winter and spring the wind is westerly 20 %
of the time, it is hardly ever westerly in the summer and fall.

The second source of informationon the mountain climate is a
Mauna Kea site survey made over a year period between 1965-1966.
This survey tracked winds on the +three summits that immediately
surround  the proposed site. The data seem to show a tendency for
the eastern summits to divert the flow, changing the apparent wind
direction at the third summit, which is on the other side of the
site; the implicationbeing that the wind in the valley between is

also affected. Unfortunately the data cannot be used to say
anything that strongly since the periods during whi ch the
measurement s were made on the three summits do not overlap. The

measu rements at the easterly summits were made during the months
from April to December while the wind speed and direction were
measured to the west between November and March, thus only

overlapping a month, December and only measuring in the west during
the least representative time during the year, yinter. The fact

that the western peak showed little easterly wind while the eastern
peak showed a lot can be partially explained by the timing of the

measuremen ts.

It is still fair to say that the proposed site 1is not a
general site with relationship to the wind, its direction or
spectrum. There is still reason to believe that the plateau is in
the wake of the two eastern summits and that they will cause a
change in the apparent wind direction, average speed and gpectrum.
Furthermore an argument can be made that the apparent wind
direction at the site will vary with wind speed ag the summit
without the apparent wind direction at the summit varying. If this
condition is true then the spectrum is 3156 a function on the

summit wind speed, since this implies that the site is falling in
and out of the wind wake of the eastern summits.

A test program that 1is intended to determine the 1ikely wind

induced disturbances to the antennas must take all these
possibilities into account as well as the location on the site
where the antenna might be. We are therefore proposing to measure

at wvarious ©points 1in the site and at wvarious summit wind
conditions.

TEST OUTLINE:

The test is a simple one, sample the wind speed at a short
sampling period for 100 or so seconds under a variety of summit
conditions. In order to produce meaningful information about wind
speed variation up to the system bandwidth (in this case 10 Hz) the
sensor must be able to respond to variations in excess of that rate

and the signal must be sampled at at least twice the bandwidth,
about a frequency of 20 Hz.

This relatively high frequency rules out the use of most wind
sensors. The standard 3—cup anemometer responds up to about .5 Hz,
the standard hot wire responds to variations up to 2 Hz. This
limited the search to very thin hot wire or film probes, or a pitot
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tube mounted on a fast pressure transducer.

Most of the hot wires are mounted in directional mounts  and
have to be pointed into the wind just like a pitot tube. The hot
films, though they do not have to be pointed up wind are very
expens ive, and like the wires, can be damaged by rain. Tt was
decided therefore that the sensor would be a pitot tube connected
to an inexpensive pressure transducer, 5 semiconductor type made by
SENSYM, and costing $75 including conditioning electronics. The
pitot tube 1s mounted on a wind vane that points it up into the
wind.

The data gathering strategy is simple, two local computers,
synchr onized with each other, constantly track the wind speed and
direction. One is on one of the summits at Mauna Kea the other is
somewhere on the proposed site. When a certain condition 1is
observed for the first time by the computer at the site, e.g. 5

m/s wind from the southeast, the computer begins to log data from
our weather station, taking data at 20 Hz for about 100 seconds

(2000 data points). This condition is then removed from the 1list
of trigger conditions and the system awaits another trigger
condition. Between  trigger conditions the computer at the summit

and the data logging computer take weather data every minute or so.
By correlat ing the data gathered at the summit with that taken at
the site we will be able to compare conditions at the proposed site
to the years of weather data collected at the summit and above the

island, and relate the measured spectrum to known prevailing
conditions.

There 1is a potential problem with this approach, 1t assumes
that there is a weather station at the summit that can be
interfaced to the computer. This issue is unresolved at this time,
we are looking into it. Since there 1is a prohibition against radio
transmitters in the science preserve we have structured the data
logging to be triggered by a condition at the site. This avoids
the two computers having to communicate remotely. There is the

possibility of some ambiguity resulting from this approach, but
that will become apparent quickly.

TRANSDUC ER PERFORMANCE

The pressure transducer must posses two attributes, high
resoluti on to track the very small pressure fluctuation that result

from wind speed variations, and rapid response. To determine that
the selected transducer met these requirements several simple tests
were run. First the high pressure port on the differential
transducer was connected to an oil manometer. The manometer is a
Dwyer product specifically designed for use with wind measuring
pitot tubes. A syringe was inserted into the connecting tube and
used to pressurize the inside to the desired levels, as determined
from the manometer. The pressure transducer was calibrated and
various intermediate pressures were placed on it. The absolute
accuracy was found to be about .7 m/s with resolution and
repeatability better than .5 m/s. There seems to be a slight
nonlin earity through the calibration range, this can be removed Dby
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look up tables.

The test of the transducer to a dynamic input was performed by
connecting a tube to the high pressure port of the transducer,
crimp ing the far end shut, and rapidly squeezing and releasing it.
The squeezing action was performed by rotating an eccentric over
the tube at various RPM. The output of the transducer was tracked
with a storage scope. The output measured between 60 and 62 mV for
crimping rates between 5 and 20 Hz. This correspond to a pressure
change of around 2522 Pa, determined from calibration. This
compares to an expected pressure variation of 2580 Pa, virtually
identical.

WIND VANE:

The wind speed is measured by comparing the dynamic to the

static pressure. This 1is done by putting one pressure tap directly
into the wind while having another one always perpendicular to the
wind (see Figure). In the present experiment the proposed method

is to use a simple weather vane to point the dynamic tap or pitot
tube into the wind and a downward pointing tap to register static
pressure. The taps will each be connected to one of the ports of a
differential pressure transducer.

The vane consists of a pitot tube and split tail mounted on a

pivot, the wind forcing it to point upwind. The dynamic pressure
i1s carried from the moving vane to a stationary tube through a
lightly loaded oring in the pivot bearing. The tail is split to
increase the restoring torque caused by a given wind. An internal

cavity in the slip Jjoint can be filled with a high viscosity fluid
to 1ncrease damping, if this becomes necessary.

DATA LOGGER:

Presently we propose to use one of a variety of very low power
computers designed specific ally for the purpose of recording data

in the field. The computers require very little power and can run
for weeks without intervention, given that the amount of data that
1s being taken does not exceed the on board storage capacity. In

our case the total data storage requirement is easy to calculate.
Static ram boards are added until the memory requirements are met.

The computer will be enclosed in a weather tight container,
probably made from a modified standard equipment case. If we
determine that the power requirements are greater than the battery
pack we may include a solar panel to recharge the batteries.
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DATA REDUCTION:

Data reduction can be handled in a number of ways. The most
likely approach is to perform a Fourier transform on the data and
smooth it to remove spikes and drop outs. Then we can compare it

to 50 years worth of accumulate wind spectrum data to determine the
relevant modelling parameters, this will help ensure that we have
good, consistent data. More simply we can use the measured data,
as is, as an input to a control model of the antenna. This will
give us an estimate of pointing performance immediately. Different
pointing control methods can be examined to determine those that
have the most likelihood of achieving the desired specification.



Data sing Division {" ERCENTAGE } OF DIf | ‘N WINDS ALOFT 1" *MARY"
21501, 1 Neather Squadron FREQUENCY
BY SPEED GROUPS

21504 HILO, HAWAIL TH wWBaAP KINTER RAMINS 700 py O SO
“STATION STATION NAME MO OR SEASON TYPE OF OBsERvation LEVEL ’
50 5] 52 53 54 55 58 47 58 59 60 61
YEARS
sPEED | M/s |1.4 5.10 11-15 t6.20 21.25 26.30 31.38 38.51 52.77 78.102 2103 T U
KNOTS [1.9 10-19 20-29 10-39 40-23 5059 | 6074 75-99 100149 | 150-199 = 200 —TOTAL AL o8 SPEED (KNOTS) —
DIR MPH 110 11.22 23-33 34-45 46.56 57.68 | 6985 es114 Tis172 | 173228 | 2230 | o8s. % SUM MEAN
N 52 57 6 1 T UTATE]T S5O3 T 1283 109 T
NNE 4% 54 15 1S "_ R 1 52 333 11,7
NE J& L) 20 [ R 3 R  — LS IR i 13T TALS
ENE -1 1aq 8 10 ’ 196 8.9 XEIZTTINGS
£ 55 164 5% 13 4 T B9 I3 T RSETT 1S, 8
ESE 48 118 a8 _ 19% in:an 2712 1%.0
SE 39 Y] i 1 0 1 1187 .3 1375 IT.9
SSE 37 a1 T 3 — B T TO0B &, 12677 TiI.T]
5 %7 58 15 5 1 TYIT TECR ISITT 1259
Ssw| 29[ 92 'S A B A B I € 3 e P & B R P &
S W LY T 19 g 5 T T IS .8 TITTT IS R
weswl| 3T T4 25 12 | B T I&9 &R 2379 156
w | 49 77 27 [0 I . 155 0% PLD B NI P §
WNW 30 3 T 2 7% ¥.g — Ty
N W L) 43 5 2 T B 93| RS2 1056 TULE
AW 0 78 3 T TGO 7 635 107
CALM - g |4 5
T 668] LLAT| 283 82 11 1 1 2208 - 30036] 13.6
*ERCENT 30.)3 52.Q 12.8 3.7 5 .0 L C - 100.0
SOl 5.7 13.9| 24.4| 340 43.4 51.0| 70.0
[ v, o, ZXY v2 * Nay/Ex o /N, o i a,
112 2.2744 15,660 50138.049 551976.313) 4.464 6.8 12.4816 8.999 3.048
N ZX/N T SUM OF E COMPONENTS(ZX) zx? T No 72X Yo e, L
22058 2.113 12.500 4699,.445 354239.5Q03 5.914 1.95 .208 le424
¥ ZY/N v, SUM OF N COMPONENTS(ZY) T 1y *ONg IV =y v T
1a 841 9.432 1854.739~ 197636.797| 11.213~ « 17 30036 13.6
o, Standard devation of eas! components @, Standard deviationof wind components clong the major axis of the distribution
4N Standard deviation of wind per i to the major axiy of the distribution

o Standard devlation of north components

o, Standard vector devioton of wind velacity ¥ Angle of rotationof ths major axis of the wind distributioncounter-clockwise from E-W diraction

I Corrslation coafficient of north and as! components ¢ Resultant yind direction

v Average wind speed V, Resultant wind spaed
0, Standard deviaton of wind speeds

" Wherever ratio ~1000.0000, printed 999.9999

V Scalar wndspesd

Ratlo of standard devlations=a_/o,

*k io = i
FORM Wherever ratio 2100.00, printed 99.99 MATS 60 66
AWS HQ MAY 59 0-46 PREVIOUS EDITIONS OF THIS FORM ARE ORSOLETE

STANLOCK o py

©®

-



Climat’
Data |
2150th .

21304 HILO,

‘~enter, USAL
sing Divislon
Weather Squadron

PERCENTAGE
FREQUENCY

HAWALL [H WBAP

}OF DIF { “NS

BY SPEED GROUPS

STATION

STATION NAME

so, 51 52 83 54 53 56 57 58 5Y 60 4

SPR ING

[

WINDS ALOFT

AW iNS

MO. OR SEASON

TYPE OF OBSERVATION

100
LEVEL

My,

“MARY

YEARS
sPEED |- gz |14 510 1515 16-20 21.25 26.30 31.38 3951 52.77 76-102 = A
\ KNOTs|1.9 10.18 20.29 3039 40.49 50 59 60-74 7599 100-t4s 150.198 = l: TOTAL ALL 0Bs, ] SfEEO (KN_OE)”
nn;! M.P.H. 1‘.190 ||Azzl‘__7 23.33 . 34.45 : 46-56 57-68 6985 86-114 1157|>7T 173220 z230 0555"67 i’: - sumu‘{: M:NT
- * -
NNE &7 &7 3 It 5.0 o1y i PYy
NE 58 T9 5 I 1%3 [P 3 TINSS | 1oL
= “-" 51 73 5 265% | 11.3 33727128
| E | 0 LYY L X} - 3 EL Y 15,7 65T 13.%
ESE 75 108 13 Z TI9B B & 230RIT.6
SE h-% ) &5 g T ] 133 5e7 T LATETIOLT
SSE &3 37 K4 1 B3I 3.5 808 T
s 37 & 5] 1 a7 3.7 T UZ3TIULE
ssw 41 40 3 2 12 A v S S S R R
5'W LY ] &3 9 [ 148 &2 PAVE ] Iy¥.8
WSsw 34 &9 24 5 152 8.5 2051 133
w Tl 83 28 3 o 1§11 o9 23707 123
WNW 39 47 6 1 g ¥4 4.4 [0%9 Y4
W v (1) 30 3 99 &, 2| BI&| LT
NN W %3 38 i 1 86 3.7 802 9.3
CALM R L] .3
TOTALS 9AS| 1144 213 31 2 2345 - 26991 11.8
[l 40.3] e8.8] 9.1l 1.4 -1 - iteg.e
o ’
iinor | S, 8] 13.5] 2443 33,4 447
? v, a, ZXY zy? * Nay/zj(v **g /¥, o, ) ay : o,
99 2.0437 13,212 32070.444 418952.3%3 3.674 b.46] 11.077 1.202 6.B826
N IX/N a, SUM OF E COMPOMENTS(ZX) zx2 * o /IX **a Ja, . PR -
2345 2.017 10.939 4T29.474 290013.230 5.424 1.94 «177]- . 1.%538
v ZY/N o, SUM OF N COMPONENTS(ZY) zy? * No /2Y YN v T
12 «330- T.409 T74.193~ 128939.112] 22.444- .18 26951 11.5]
o Standarddevation of east p o, of wind comp aleng the malor axis of the dhribution
ay deviail of north, t L4 of wind p perpendicular to the mdler axis of tho distribution s t.."

o, Standard vector deviaton of wind velocity
¢ Corralation coefficient of north and east components
v Average wind speed

V Scaler wnd speed

Ratlo of standard deviations=0 /o

AWS HQ

FORM
MAY B9 ©O-46

PREVIOUS EDITIONS OF THIS FORM ARE OBSOLETE.

¥ Angle of ratatlon of the malor axis of the wind distribulion counter-clockwlse from E-W direction

8  Resultant wind direction

¥, Resultant wind spesd

o, Standard daviaton of wind speeds

* Wherever ratio ~1000.0000, printed 999.9999

*¥ Wherever ratio E100.00, printed 99.99

M

STANS

ATS 60-66



Data -
2150.

21504 MILO,

STATIO

~a1sing

Weadther Squadron

Division

HAWALEL TH WHAP

iFREQUENCY

} OF DIP™"TIONS

BY SPEED GROU}‘..

N

STATION NAME

50 %1 52 %3 54 95 56 97 50 59 6Q 41

SUMME R

MO. OR SEASON

DUNIMAKY

¥YWINDY ALUE)
RAWINS 700 M
TYPE OF OBSERVATION LEVEL T

YEARS
SPEED M/3 1-1 5.10 11-16 16-20 21-25 26-30 31-38 39.51 52.27 78.102 = 102 B
KNOTq I-B 10-18 20-29 30-39 40-49 $0.59 7;0‘:74 75-99 m;~7|sg:;77*2@7<’ TOTAL ALL OBS. SPEED (KN?TS)
DIR m.p.H.|1-iD 11-22 23.33 34.45 4556 | s168 69-85 86.114 115-172 173.229 ES 230 | 08s, % SUM MEAN
N LY} 4T T * 'r 3T R U eI 9.1
NNE ob 45 T 1 1§ & 5.7 1105 g
NE K-} T0& [0 ’* UL O 7 2129 tuss]
tne| “X05 2034 33 I I T — 335 15.0 AITOT 12T
E 1338 383 77 Al ] TSHI[25.4 0 T TBIA T3 4|
ESE 84 194 25 T ’ IVI| 13,27 3772|127
SE T 113 10 1 T o [9&8 ] B.% 2154 1T 1
SSE 4| - AT| 4 Fil - - g7 4T 9BY [T 10,7
5 48 34 'z 1 - 33 ST T4Z2 | BT
Ssw T r3l 1 5Z|7 27T ATT 95
sw 22 12 I | 3% LI 8% 7.8
Wsw F L) 10 T LT T L R T4 1 -2
“w G| 12 ] 1 W1 GRTTT 287 6L
WHW T 3 T T 5 T.6] 7760 TH
NW a2 [ I B 297 T3 212 7.3
NNW 28 14 1 T x5 20| 3&9 B2
CALM B 73
T -
Torasl  aen| 1242 173 14 1 1 2299 - 26030] 11.3
FRRTI 3744| S4.0| 7.5 .6 . -0 - |100.0
s
ke 5.6 13.3| 23.5 33.4| 67.0 07.0 | |
[] v, o, ZXY TvZ Nd,/EX [**o, /v, [ oy o,
89 7.7242] 10.419 7961, 768 386621.334 . 865 135 8.011| 6.662 6.32T|
N ZX/N 7, SUM OF E COMPONENTS(ZX) =x2 * No, /ZX o Jo] T °
2299 T.723 T.992 17755.135 283913.144 1.035 1.8% + 045 1.203
v ZY/N 9, suM OF N COMPONENTS(ZY) zvZ ¥ No /IV il RAR v
7 136 6.684 312.461 102708.178] 49.179 «68 26030( 11.3
o d devatlon of sast °, daviation of wind along the major axis of the distribution
”! d devlatl of north P a, Standard deviation of wind to the major axly of the distribyfian
'7: Standard vector daviaton of wind velocity ¢  Anglo of rotation of the major uxis of the wind di ie from E-W direction
r- Correlation coefficlent of o o 6  Resultant wind diraction
Y _ Resultont wind speed

v Average wind spesd
V Scalar wndspeed

. Ratlo o f standard deviations=0c /oy

AWS H

FORM
MAY B8

Q

0-4

PREVIOUS EDRITIONS OF THIE FORM ARE OBSOLETE.

Standard deviaton of wind specds
Wherever ratio ~1000.0000, printed 999.9999
Wherever ratio >100.00, printed 99.99

MATS  60.66

STANLOCK pot pins

-



FEXLENI AE

WINDS ALOFT "{' "*AMARY .

~esin ivisi DIr_ 7"ONS
ZDiigOl..( WegihD:r“sSI::udron FREQUENCY } oF | N
BY SPEED GROUPS
21504 HILOy HANALL TH WBAP AUTUMN RAWINS 1o Mo
TA'SN STATION NAME MO. OR SEASON TYPE OF OBS ERVATION
56781" 32 33 54 59 se 57 88 59 60 o
YEARS
SPEED | M/s (1.4 5.10 1118 16-20 21-25 26-30 31-38 1 as.s1 L 78.102 | Ly, [ T
KNOTS|1.9 10-19 20-29 3039 4029 50.59 60.74 75.85 | 100149 150.185 = 200 _—'{U“IAL nt OUS¥~ STEED ,(,?(NOTS)
DIR M.eH 10| 1.2z 23.13 3445 46.58 57.68 6585 86-114 115172 | 173.229 =230 0BS. % suM MEAN
N O8] 45 ! N4 %8 98T 0.0
NNE 69 1?: : 1277 5.3 42790
NE 213 T 22057 10w
ene| WE 238 50 X 380"—[‘6Tgf 5016 lJ:d
E 1,6 ZS‘? LY T ARy TH.9 5T30 m
ESE 77 118 14 1 T2 8.9 FEIXIEE S ¥Yd
SE 73 &7 2 145 6.1 31y 9. T
SSE 40 1 10 ] S | 793 Ef{T
s 46 53 S 0% 4.5 U722 1oy
s W 4d 34 4 2 82 1.5 R Y4 1Y)
WS W A 9 8 2 B 93 .9 956 10.7
[ A3 1 17 3.2 169 TUO.U
W 5& 47 6 TITT A T127|710.2
N N W 34 13 a5 .9 I T %
N W 38 18 2 58 7.4 RSSO
IN N W 40 L4 . &7 2.6 456 1%
CALM 1% Y
TOTALS 98s 1204 156 14 1 2376 - 25539' 1a.7
FERCENT| 03 .8| %047 6.6 N .0 100.0
o oy 3.5 13.2 23.7| 34.4 54.0 .
? v, a, Exy y? * Ne /ZX **a /¥, a a, o,
43 5.1301 11.247 34549.465 362960.597 1.330 2.19 9.182 &.496 6.104
N IX/N o, SUM OF E COMPONENTS(ZX) »x2 + No_/ZX *o [0 r * '
2376 S.112 8.9¢61 12146.759 252795.733| 1.753 1.04 «203|  1.413
¥ ZY/N o, SUM OF N COMPONENTS(ZY) zy? * Ne /ZY >V /Y vy N
18 + 428 6.798 1015.880 110184.853]| 15.899 «48 25539 0.7
o, Standard devation of sast p Iy o, Standard deviati of wind p ts along the major axis of the distribution
0, Standard deviation of north components oy of wind ¢ ts perpendicular to the major axis of the distribution
o, Standardvector deviaton of wind velocity ¥ Angle of rotation of the major axls of tha wind distributlon counter-clockwis e from E-W direction
1 Conelation poefflclent of north and east components # Resultantwind direction
v Average wind speed } ¥, Resultantwindspaed
¥ scalar wnd spesd o, Standard deviaton of Windspseds
Ratio of standard dnvln'lam:aa/ub * Wharever ratio 21000.0000, printed 999.9999
FORM *¥ W herever ratio 2100.00, printed 99.99 MATS 60 66

AWS HQ yay sy 0-46 PREVIOUS EDITIONB OF THIS FORM ARE OBSOLETH.

a3 prnd,

STAWNLOTK «,

L



