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ABSTRACT

The results of an exploratory wind survey at the JPL Goldstonza,
California, antenna complex are summarized statistically for possible
application to future windmill designs. Data were collected at six
locations from a total of ten anemometers. Statistics include means,
standard deviations, cubes, pattern factovs, vorrelation coefficients,
and exponents for power law profile ¢f wind speed. Curves presented
inelude mean wonthly wind speeds, moving averages, and diurnal variation
patterns., Results indicate that three of the locations have sufficlently
strong winds to justify consideration as candidate windmill sites,
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SECTION I
INTXODUCTION

This report represents the results of an exploratory wind survey
at the JPL Goldstone, Caiifornia, antenna complex to determine
statistics of wind speed characteristics for possible application to
future windmill designs, Goldstone wind speeds were examined previously
for windmill applications in Wind Power Prediction Models.! 1In that
report, Goldstone wind records were takeén primarily from sets of data
recorded from 1966 to 1968 at the Mars antenna location. Five additional
locations were identified for consideration as possible windmill sites,
and a few days of wind speed data for these locations were also analyzed
(October 1974 through March 1975). This report covers data that were
obtained from continuing measurements made in the period from October
1974 through August 1976 at anemometer towers at the same six locations,
gshown in Figure 1~1,

The six “ower locations are listed below:

(1)  The Mars tower (Sites 1 and 2) is near the center of a
relatively flat area of several hundred meters (minimum
dimension). The data for the 100-foot anemometer here
were chosen as a reference for comparison of wind speeds
at nther sites because of the substantial amount of wind
data available from earlier measurements at this anemometer
he.ght. Although this area is readily accessible and could
arcommodate a large number of windmills, the anticipated
moderate wind spreds and the proximity to the Mars antenna
are major disadvantages for using this location as a
cendidate windmill site,

(2) The Billboard Hill tower (Sites 3 and 4) was recommended by
personnel who, as the result of several years of observation,
believe this to be the windiest place in the complex.

(3) The WY tower (Sites 5 and 6) is near the center of a broad,
flat area which would be suitable logistically for the place-
ment of a large number of windmil’sa.

(4) The Airport tower (Site 7) is located in an area similar Lo
the WV tower, with equivalent logistical advantages.

(5) The Western Ridge tower (Sites 8 and 9) is on a crest
thought to be perpendicular to the direction of the stronger
locul winds and was selected in anticipation of high wind
speeds enhanced by a ridge effect.

1Wind Power Prediction Models, Tezhnical Memorandum 33-802, Jet
Propulsion Laboratory, Pasadena, Calif., Nov. 15, 1976.




(6) The Echo tower (Site 10) is near the Echo antenna and was
selected for the expected combination of reasonably high
wind speeds and Jogistic feasibility for windmill construc~
tion,

Except for the Maxs site, the towers were at locations where windmills
would not interfere with radar beams from existing antennas.

The basic component of the Goldstone wind measuring system,
designed and installed by Meteorological Research, Inc. (MRI), includes
an MRI Model 1091-3 Chart Recorder and an MRI Model 1022 Wind Set. One
or two Wind Sets, which consist of a 3-cup anemometer and a wind vane,
were installed on each towar. Table 1=l lists the anemometer site num-
bern, the anemometer heights, as well as the tower locations and
numbers.

For each anemometer, the instantaneous wind speeds recorded on the
strip charts were reduced by hand to average hourly wind speed by
estimating the mean of a 10-minute interval centered on each hour. The
hourly data were then coded and processed by dirital computer to compute
the statistics analyzed in this reporn,
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SITE1 160 FEET
BITE2 306 FEET ~m—v
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LAKE
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SITE Y0 100 FEET
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Table 1-1.

Anemometer Locations

T B T L I W e

Anemometey Tower
‘ ; Elevation
Number Haight, Above Mean Location Number
feat Sea Lovel,
feet
1® 150 3280 Mars 1
2 306
3 33 4108 Billboard Hill 2
4 100
5 33 3045 wv 3
6 10
7 108 3020 Alrpert 4
8 33 3430 Western Ridge 5
9 100
10 100 3574 Echo 6

a ]
Reference anenometer,
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SECTION II
PLOTS OF MONTHLY WIND SPEED VARIATIONS

Each curve in Flgures 2-1 through 2-31 is the result of plotting
period averages of mean hourly wind speed for a given month., leans of a
period, generally 6<hour intervals, were used to "smooth" the curve so
that up to five curves could be plotted on the same graph, For the last
3 months (June through August 1976), only the anemometers at Sites 6 and
10 recorded data; means of 4~hour Intervals, therefore, provided
sutftclently distinct curves, If, during a given interval, there were
one or more hours with no observed speed, the mean speed of the re-
maining hours was used instead., If no data were available during the
entire interval, a negative number was plotted.

The period averages were plotted opposite the first hour of the
given Intervaly for example, for 6-hour means, the mean speed »f hours 1
through 6 was plotted opposite hour 1, and the mean of hours 7 through
12 plotted opposite hour 7, The labels on each curve indicate the silte
number and mavk the beginning interval of each day. Since some records
ineluded a considerable amount of missing data, only those sites with
more than 500 observations (approximately two-thirds of all possible
observations in a month) were selected to be plotted, The only exception
to this criterion for plotting is Site 1, which I8 included in each
figure as the reference anemometer.

Statisties for each site are included at the top of each figure,
All of the available hourly data points (N) at each site were used to
caleulate mean monthly wind speed, the standard deviation (SIGMA), and
the cube root of the expected cubed speed (CREC) given by:

v \1/3
cRic = | L x? (1)
i=]

where Xi Is the mean hourly sdpeed at the site.

The eurves In these flgures Indicate similar relationships of wind
speed versus time between all sites, partleularly those at the same
location. Those sites located on hilltops or ridges have higher monthly
means than those at lower elevations, and each site has a large standard
deviation relative to the mean,

When comparing curves before January 28, 1976 with those after that
date, 1t is necessary to consider the changes in the upper limit of
speeds recorded. Prior to this date, the full range of the strlp charts
was 50 mph and all offscale speeds were coded as missing data, After
that date, the scale was revised to include speeds up to 100 mph. Con-
sequently, peak speeds of the windier months before February 1976 may
underestimate true means, partlcularly at the windier sites,

R S R R R R e
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Figure 2-2. Monthly Wind Speeds for October 1974: Sites i, 6, 7, 8, and 10
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SECTION ITI

COMPARATIVE SITE STATISTICS

To relate wind sp~2ds at the various sites, comparative statistics
were calculated using Lite 1 as a reference sites Table 3=1 summarizes
the number of hours, N', during which wind speed was recorded at Site 1
and at cach of the remaining slites. The total number of observations
for cach month at Slte 1 is given in the right-hand column ("Stte 1
TOTAL"), and summaries for the entire period of record are given in the
bottom row ("CUMULATIVE"). These values of N' are used in calculating
statistics for Tables 3-2 through 3-7. Where less than 100 wmatching
observations were recorded for a given month, N' and all corresponding
comparative statistilcs ave indicated by asterisks., All available
matching observations, however, are included in calculations of
cumulative statistics.

Table 3-2 pives the ratios of the monthly mean at Sites 2 through
10 to the mean at Site 1 for matching sets of data. The vatio, Ry, was
calculated as: ‘

N’ N!
kN :igl g 1>;1 Y @

where J is the site number, Y4i is the mean hourly speed at Site j, Xy
is the speed at Site 1 for that same hour, and N' {s the number of hours
with data at both sites (from Table 3-1). Ratios of all available
matching data are given in the buttom row. The right-hand column pro-
vides monthly mean speeds at Site 1 using all available data at that
site. Where the number of paired speeds in a given month is the same

as all observations at Site 1, the mean at Site j can be found by mul-
tiplying the mean speed at Site 1 by the appropriate ratio.

Anemometers at approximately the same elevation as Site 1 (Sites 6
and 7) have cumulative ratios of approximately 1.0. Those anemometers
at higher elevations (Sites 3, 4, 8, 9, and 10) have slightly higher
cumulative ratios. ranging from 1.34 to 1.43. Site 5 has relatively low
wind speeds during October and the first half of November 1974, but it
would be inappropriate to characterize wind speed at Site 5 based on
less than 2 months of data.

Site 2, 156 feet above Site 1, occasionally has a monthly ratio
less than Site 1, with a particularly small ratio in July. Inspection
of the plot of 6-hour means (Figure 2-17) raises the possibility o¥
errors in data collection. Means at Site 1 for the first 10 days
of Juiy are roughly 10 mph greater than those at the remaining sites,
during datly maxima as well as minima. After July 10, the date when the
strip charts were changed, the means of Site 1l more clearly resemble
those of Site 2. Additionally, displacement of Site 1 means occurs from
the beginning of this particular strip chart, June 26 (Figure 2-16).
Removal of the questionable data increases the June ratio from 0.98 to
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1.04 and July's ratio to 0,99, The possibility of error in the data for
these 2 months must be considered when analyzing the statistics in the
following tables,

Table 3-3 summarizes the ratios of cubed speeds, Ry, at Sites 2
through 10 to the cubed speed at Site 1, where R, for Site J is given by:

N, N
R, = Yi /3 X (3
e &N/

The last column contalns the cube root of the mean cubed speed, CREC, at
Site ! using all available data. Where the number of palred observations
is oqual to all available data at Site 1, the mean cubed speed at Sites

2 through 10 can be caleulated by cubing CREC and multiplying it by the
appropriate ratio.

As In Table 3-2, the cumulative cubed speeds at Sites 6 and 7 are
approximately the same as at Site 1, although there can be considerable
variability in the monthly ratlos, Cubed speeds at Site 2 ave consis-
tently higher than those at Site 1. The remaining sites have cubed
speeds about 2,5 times greater than those at Site 13 monthly ratios of
these sires exhibit great fluctuations, as exemplified by the range of
ratios at Site 10, 1.79 to 5.43,

Tables 3-4 and 3-5, showing the mean square speed at Site 1 and
the mean cross=product of gpeeds at Site 1 and Sites 2 through 10, pro-
vide the terms for the denominator and numerator of the slope, B, of the
best it Tine passing through the origin. The slope, B, for Site J
is computed as:

B, = X, Y X (4)
AR = B bV A e B

The mean square cross-preduct s obtained by dividing the numerator of
Eq. (4) by N', The mean square speed is similarly obtained from the
denominator. Slopes of the best it line, shown in Table 3-6, are
approximately 1.0 at lower anemometer heights and 1.25 at higher heights.
The slopes are similar to, although almost always smaller than, the
corresponding ratios of means.

Table 3-7 gives the correlation coefficient, ¥, which is calculated
for Site J as follows:

(5)

where
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and

2
N' N’
- |3 2 _ (L
Dj sz Xi (‘ﬁoz Xi)

fm] T i=1

1/2 1/2

2
N N
1 2 ]
N'igl Yy -(N'El in)

The weak correlations of all sites in July increase after removing the
questionable 2-week period in July from all data sets; the correlation
coefficient for Site 2, for example, increases from 0.45 to 0.91. The
strongest correlation with Site 1 is at Site 2 (156 feet ahove Site 1

on the same tower). Correlations with the remaining sites decrease with
increasing distance from Site 1. At locations with two anemometers,
correlation with Site 1 is strongest for the lower ancmometer.

39




Livget 9leol na9ow gpah onQn 991t 0ygy fle6S »209 lege!l
IATLY IOWNID
st 5t sk Sdsee  Sepss LS 5288 SE4ks EEPEk  HEEES AVH
ol 9L 3288 S8%%%  Sxess 9L se%s Bek® Rk 9l{ MdV
117} isd %888 Steks  Sske Wil I T T 22T B TTTT Y L) NV
S69 269 I IT O T i T TTI YL ) LTI TR C T2 B YT Y Ty ) 34
{7} neL s28%8 X% ek ONL L ITI TR YT T YT Y I Uy Nyl
9i6%
289 99 3288 SERXB  genss 1G9 I ITIT IR A L L L BT SE[(]
199 910 220EE  SESFE  geaka Q9P ' TTITIR LI IR L L) Y AON
L6S 2ss s22%s  SXPE¥  Kgeke QGG sk SEadg  Repks 555 120
169 099 2228 X288 ek GO9 I TTIT R L] L2 B RELY
£0S 2 SUS SOt L2221 NI T ) 2k £61 0fSs nHg 9Ny
1 2 7§ (1 X} 629 pni sk  6fL s L4 nSs9 nhi ane o
91! so2 04 298 skeks 620 ks 220 (11°] 4 9t une 3
969 $09 989 £19 $69 Se9 sk 229 1191 $69 AVH
£04 009 969 104 ong 20L ek UNY foul $04 NdV
(Y1) ¥9g 14} £nl 20t i29 ssa%d  NHO aLs LS9 NVU
£e9 -1 {4 [ 1T s @19 SeS skkks nin Su9 %29 H3d
689 002 eve &9t ive £06 ke  §AF 9910 Wi9 Nyl
Ql6t
it st 1l 099 L£9 1 1) ez 254 Lte SE¢ 330
619 114 2e888 665 6SS oin 562 660 119 w9 AON
49 499 (1% amw §%9 ov9 §9S } 4.1 eln 499 130
niet
Mviol
t 3i1¢ ot 6 ] L 9 s ) $ 2 3118
«N *sanoy Buryoley i103j sjuroq eleQ JO IaqUMN *I-€ S[qEL



PO 585 St S RN 5400

980t (L A | " 't 61’1 v6° ne* G9° sn°g 95°1 S0°1
JATLVY LD
gi*2t £€°t 8888 28eds ks  [p° Agst REdss Sehts  KskEt AV
({ Al ] | (Y A | S8888 $988% Seges  £6° SES8E  Redxe  AkAEs  $6° 4dv
c1°it 9p°1 sA8%8  SA4ss  Skdss  [y°) T2t Y PP TYTY SR YLE TIr
p0°21 gg°t S88848 8488 #sssx 4Q° hdNE  da88e  ddes  gO°'f 434
oLt 29°1t S8Ras  S848%8 Rsxxt (/° #2888 Ssd%2  wkese  2(°1 ivr
961}
oL%¢ TR | asg4t sesde  SeA% Gp° *xkt8  Skdds  sskss  [[°}] 330
9L%01 21t M T T I T T TITHE | & 1T Y Y YT I TT YT B ol | AGM
| T4} ] 96°1 s8928 288 Sesss  [6° 23888  2e48%  semsx Hi°}] 130
1€°s 9s't 28888 S8%8% ks 9i°} 22335 $9%s  Rkges  Qg°] 418
(Y28 ] | 48°1 on°*t se*l setse g0° ssdss  gp°| T | $0°% Sny
1£°98 sl*t Gt 20°%) ses8s 24° sasss Q0% 21 6L° ne
Iect LT g€t na't ssgsx GH° ssuss  2¢°{ ni®1 He® il
0s°ot 29°1 (T2 2g°! 2u°t 60°1 25288 1G°| gyt s1°1 AVis
11°¢1 'S A | gs°t of°’t (YN to°t ssgsx Gn°l 65°1 2¢°t ydv¥
se°2t 28’3 {9°1 9c°1t le® FE R | skksd  y9°t iIs*t 21°1 NYH
sS%s in®t 49°1 sksss  Qf1°¢ 90°1 (TTTE BTN | 09°1 91°1 14
8984 T4%1 is*t L5°1 §0°1 20°1 skes  Og°1l 19°t 21t HY P
Sist
00°s sssss (S°] 92°t ve* ‘T S48 H9°| 513 | G2t 330
12°% sg’t sssss 02°1 gL o4° 9%° Nt GE*s 60°1 ANN
92°11 os°t 11t 1% 1e° c4° 69° 12t g2t he® 130
hiel
MY IN
Tt 3118 ot 6 ? i 9 5 n 13 4 31IS
(1 @3rs/l 2315) sueay jo orzey -z-g 9Iqel

s

41

L x. o
.rm,



3

]
e m!-N N@o
LIS I lo°
mhﬁmd FC.“ -Ot
'Y 3 , 13 1 ,.
S'91 va's ses 4 s c
et sv°2 sesse o t4s  Kkds 5°2 ef°
notes Y eE  Teess e o 2 1
[ ''7 ) 17 1Y shes ¢ * i
to°¢ st 2 TR 13} 9e® shdd 8 |
ctess aseer bs *s 2271 sasas shas 44 IATLY NN
14°¢ seseg 2% §6° PPN sekAs 8 &4 W9
0991 v9c2 e dasse e Kk * le° Ay
09°s1 ees  ssess ey e st 66° !
ool Tef  sases reies tiase 810 reee 9201 4y
15°91 s ccen Sess dasak 60 sibas . /
8s° £ ss° (273 sxEN 1 N ass syl
S ! 64°1 52 s s 66° shas 2 3 .
£2°5} 19%2 eE" ! lee -”-.u pa*s TITL skbne w-.;» EPL 961
26°91 92°¢ os°e s} exe  £4° TITY T LL bt -.ﬁ a
. 1e2 2o 2 umn~ seses 290 Saas ot PPpet om.“ :wm
1501 19°2 gn2 2 n tex 16 seees 9% °2 X
; s'1 130
st g2’ du*s %2 0*1  e1° seees 1500 €52
20°* £0°t 1 cs® "o % s0°1 438
‘c. Xt 6 1 mo. mﬂnn . , ny
v6°51 e ac.n- wo.a NM”u PP o;.w gi*2 mm”“ ne
ve 0% stese " :.“ seRas 11°g wmum oc.." et
Foo.ﬂ ﬂcoﬂ ‘OQN seded QC.m 2 r..ﬂ. L
st ¥s*® 00°* 2n's  sh | NdV
te®2 se s % l9* " o
et £e°Y L , £S°E in®t VK
a2* 69° 26 Lhet “34
NY3IN i s 19° ' TI1L "
1 4 g on® e
o1 £S5 2 2 a25°
) ot°*2 12°1 1230
13
(1 =3 S Qw
1s/f =31 » 61
p=2qn) 2
Jo oriey 3
‘€€ @ L1s
1qel.

e

42



F

0091 L40°991 09°102 S5°291 OS°EGT L49°691 10°KE1 Si°941 [T1°041 2g°991
IATLvINHND
16°v88 16°901 ¢2e4i8 8888 % Stdsud [H°HU] ASSS8L Ssed%s RidshEd Fhddis AVL
16°091 OP 60T 5808t sessnk s38sss G2°GRT assssd stasss Reshas 02°64d1 nd¥
29°cet L6961 $3888% 28888t Se884% ((°YN] SESFBE SREERF KeRdRS /%002 MY
£0°0£2 900062 28542 S4584% S56208 GpO0g2 43488 RERRE KMdskR JTO(5T wid
66°96 29°E6 2888t 52288 2088 $2°66 SN E SAkEE% REéAL 60°66 HYp
9461
ni®e2y T0°L0T S88%88 S4ssds S88ss QLG SXN48% saddssk Sdddsn ]°§23 319
€9°ne01 DA°LOT 480484 288848 S84k FO°SHT 88452 SAR4ss Adskss n]°py] AON
251t 06°941 ss2ees ss88ss seusxs S9°IRAT1 28888 soeeas shsnns 54°191 130
ee’y GE°ID 88888 Akt Sadsds GEOUN  wsdNs sRdssk AESE%E (09°Qp 43¢
20°141 20°90T 6L°P4T 99°nL  sdsead GPLl sEdkx 2L°GnT 160l 21°291 any
0g*2re 96°202 Cu®ev2 OE°2n2 sesses GS°INZ sassea 19°in2 UR°LE2 UE°ENd ne
o222 O1°862 S0°612 £0°622 sestss 29°pg2 sidsss Q/%pE2 Gn°022 D2°622 efip
«9° {9l S6°LST 20°Inl 9191 (a°L90 $E°LA1 #2es32 QU°EST HO’n9i nn°nyjl AVH
21%e22 26° 422 ON°E2¢ 91°922 [n°622 05£°622 #es288 £8°H22 21%622 21'p22 »AY
so°6m2 SI1°192 94%0S2 SU'H0E vU°HIT Ga'9In? 32844 9£°2¢2 L9°In2 In®gn2 NV
weont P1%6T11 9L°S91 sessss 09°2nl n2®Lnl ssess C2°921 L5°621 nr®9ni 934
g2°s0t 92°901 £i°202 £0°691 L1°2nT SO°NIL me2ask yp°921 2§°401 29°9ul Hyp
Siel
02°SE 1 stsess 25°001 LOOSET UN°SGl L1°SHT sesess 29°CCl S1°621 we°Ssi 730
ot°te p2*te ssesss 0G°%e 9L°L6 99°901 QE°SW Le°SUl 96°ls HI°le AON
22°09t 29°NST $L4°L02 P9°99T 2L°E91 no°GGl LR°LST ni*nsT TO°nEl s6°1G1 130
niel
T 311le ot 6 ] I3 9 s n 1 2 1118
01 Y3noayl z s331s 3Ie sinof Sujyoley 103 | 23TS e poadg aienbg uesy *y-¢ 91qel

43



i BT WA WL X A A

£6°212 LV°Up2 29°502 12°1InT SG°pS1 69°20 p8°9%922 19°gi2 n6°69}
IATLIVYINLND

cn.orﬂ 28828 2&sssd Se8%Rt nm.mt— 2588 8d 2284 ¢ Rkt E REEBR ARy
Lo°092 sss88s koo Seknes IY°R9] S3SEBE sesses sedtan 9(%°e9] ¥dv
€9°292 28848¢ S 08dt B284%% GLOGQT Stdd8E Ss00ed Sshd%d §( %402 VW
95202 28438 S8isks e s QEOLT2 ¢SEA0S sheRds Rbkisd 2°62 W4
SE°GLl1 sessds seeses SR d [1°6[ 88882 sEeses SRR [G°QQ| IXTs

9/61t
AG TET ¢8008k Adssss Sdkiss QUULI] 5848 £e$348 2% % 29%nE Y 730
69°LS2 28%ess Riksss S488%E UETRUT SAR8ES 8B AkdRR §L%6] ADM
06°092 s8s88s s8¢t S488488 20°191 So%ass sessss ssdnid 2£°04! 190
068°cd 30848 ittt 2egaet £9°2p SRdeBE S3%sES Beakdks GLO[G 438
SL°002 Te®922 [2°1e sSkets 20°.n] sssess 4C°A61 £9°Gel wE*9ul gny
60° 462 0S°952 SE°0E2 s N9°0L] ssdkase (L°CHE YROEN2 G2°9LN ng
69°962 19642 19°LL2 sssssk 1£2112 ssddn £9°(n2 26°6N2 Ge*2322 NP
10°222 12°001 55°06f 1S°09T PE°OLL sttt (@°E12 ¥9°9u2 wO°SKLT Avp
I€£°008 1S°(1092 S2°p02 25°912 R1°922 ssesss 99°LUE N°20% Gp°ULR udv
T1°49% 06°92K PR iEE 29°L03 NE°GN2 sssese [I°ClE Op®L2F bE*192 YU
62°3S1 E£5°1G2 saters E€E°IGCT So*IGT #sdnde GG® /4T €9°961 0G°E9} 434
94°297 TI1°0LT wa1s2 90°Tet 20°11Y assass gi®261 0I°261 20°011 My p

Slet
tasssd EE°LE2 wR°EGT 9E°EET OS°UET ssdass §E°0VT SO°TLT 0£°981 330
SS°olt sdeees SUCIGE 19°GL 06°0L €£a°1S TICLED 93°111 29°Se AON
£9°201 560°i22 9p°nST GG 95T IH°121 20°mii L0°gli 6S°251 wE°961 130

ni6t
ot [ e '} 9 S ] £ 2 aLls

1 231S e SINOK wﬂﬂ£0u$~ 103J 309NpGag-Ssol1] ueal .,mim QHQN.H

44



't g2t 21 t [ % 1e* ol* 62°1 92t ic*s
JATLY WiuNn)
0s°st 8888 Ssest  Sesst  ne° 28888 38458 Sid2h ¥ AVid
ot 6888 s888s issss 26° 284528 Ssses  Ssger  (p° HdV
[ 1% § 88888 2244s S2%ds 00°1 2838 sS4z Saskx  £(°1 Ny
e2°'i 8888 Sos%s Bedes 2p° s88%%  Bss8s sexss  §(°1 434
92°} s8888 28283 %ssss 09° 2888 k2%  Rekt [0°] Myl
9{6l
£2°7 8368 sesse BERds  pp° sassd  skisd t88ss  £0°1) k]
og°t 88848 A8iss S8s%s GA® ss82%  ksads  ssssx Q] AQHM
oLt ss2st 28888 Bedsr HR° 23888 %3985  REEEx  50°] 130
901 ( ITTT N TTTIT YT 1T B (% 1588  sesks g2 9%} 438
TSl | gt ee’t sssse §@° s¥ssd  9f°| ig&°t 20°1 anv
so°t 1 1% ("% sssss #4° 2488  68° go*t oL Tane
L1°t g2t t2°t sitss  08° ssssd [2°§ g£1°t le* witp
n®} ££°1 ga°t 9%° 2u*t S48  ag°1 s2*1t s0°1 AvH
L ] S| e2°t 92°t "' TR sekes  E°1 IS | io*t N4V
t1s°t i2°t 6u't 11 % 66° sssss  [n®} 1 | 9c°1 dvu
1€°3 es’t sskss  90°} £0°1 skssd  [p®1} nn®t 21°t 934
£S°} LIS | 9¢*t 00t ie?® sesax  2G°1 an't ni*t Ny
Sie6l
ssses  25°1 11t i9° (1% sssss  g6°1§ 25°t 91°1 334
923 sssss (O1° e £L° 19° eg't 22t G0°t L]
s2’t ot°t o6 i1 M 8L L L] A} 1214 t6* 170
niel
ot ¢ Q ] 9 s ] 1 2 11¢
u§3110 Yy3noayy auyrq I¥3 3Iseg Jo adols “9-f IIqrL

45




1T & 09° Y& .
Y3 1e°* cH® »eLe YL 16°
Mo“ 8868 ssede  Sesss  @g¢° st IATLYANA
18 sease ssser asere 500 HAEAE  Ss8as  S08R8  ARasA Ave
VL saess assas sases  Lo° #3028 &sdes  sxest V0 ¥dv
GL:  easer essss esas 2o e tte saast gaenr s v
S2882 8888  Risss . s Saess 4o ,
0 FoPTe: , 6 434
satss  Sests  Lp° N
" 888 S84ds et
sasse  §0°
ALS  ssses  seads skeas cne Besas ganse aetes el 33u
os® stess  ssevs sesss  29° oot tibocetdibescodibiN AUN
of * S3888  ss¢ks  Aesenr  @5° wnnpo sesis  Saeee 26° 190
09°  GL° 2" esess 99° jeeetiborandiihesatdi o 438
et 2rt  SE°  seser Cp° sassd £6°  §8°  le’ any
e e we ssees 1% sstes of  wwt Got i
el T & te° ge° , sg* ssdds QQ° ou® 6° h ir
nb. ﬂ‘. N‘O ﬂ”. c . ""’ ‘0. m&. M.'. ’:W %
FTSRR- A PO SR+ oo ol PG M pav
9U° 28° seses  19° . s }4° 6l° 06° ydv
200 Ll see Sl ilc eseas g9 2et el R4
PPPPe™ . : i
6L wie te® L
ssses  §9° L o . Slel
9L St s9 PR PO N M a30
L ¥ 89° C L A 29° oL MMQ NO“ oL° se° AON
[ ]
st S§ Le® 120 m
niet W
3i1s




B il

WA L T

SECTION 1V
INDIVIDUAL SITE STATISTICS

Tables 4=1 through 4-5 provide the individual site statisties
uging all available data. These tables summarize the following infor-
mation: number of observations at each site (Table 4=1), mean monthly
speed (Table 4=2), cube root of the expected cubed speed (Table 4~3),
standord deviation (Table 4-~4), and pattern facror (Table 4~5), As in
Tables 3=1 through 3-7, 1f less than 100 observations occurred in a given
month, asterisks indicate that covresponding statistics were omitted.
Again, all avatlable observations were included in the cumulative
statisties given In the bottom row of each table,

As shown In Table 4-2, mean wind speeds for the perfod of record
were about 10 mph for Sites 1, 2, 6, and 7, and about 15 mph at the
remaining sites, With the exception of Site 7, the means were highest
fn March 197% at Sites 2 through 10. After deleting the suspect June
and July data of Site 1, the maximum wonthly mean shifted from July to
April, the same month as the maximum for Site 7. Site 9 had the highest
monthly mean (22,64 mph In Maveh 1975) as well as the highest cumulative
mean (16,53 mph) .

The cube roots of the expectad cubed specds (CREC), as shown in
Table 4-3, vary from 15 mph for the lower elevation ancwmometers (Sites 1,
2, 6, and 7) to 20.5 at Sites 3, 4, 8, 9, and 10, In addition to the
highest mean speeds, Site 9 has the highest values of CREC: 27.5 mph
in Mareh 1975 and 21.62 mph overall.

In order to {identiiy possible seasvnal patterns of wind speeds,
mean monthly speeds at Sites 1 and 2 weve plotted and are shown In Figure
4=1. The great variability of speeds throughout this brief period of
record makes {r difficult to define any seasonal pattern for these
sites, There are nelther pronousced maxima nor readily distinguishable
seasons of Llow speeds. Frequently, moving averages can be used to
"smooth'" an otherwise erratic curve to a point where a pattern is
distinguishable, In Figure 4=2, a 3-month moving average (plotted at
the middle month) is presented, along with mean speeds of Site 1. The
smoothed curve suggests higher speeds between March and July, with a
secondary maximum in November.

This very general pattern is also suggested when comparing the
monthly means and ORECs of all sites to their respective record values
(Table 4-6). Of those sites with 100 or more observations in a given
month, more than half have monthly means greater than the respective
record mean between February and August (except May) and in Oetober.
The monthly CRECs are greater than the record CRECs during a slightly
longer period from January through July, and in October.

The standard deviations in Table 4-4 are about the same magnitude
as the corrvesponding mean. Random processes with standard deviations as
large as these relative to their weans are statistically considered as
being erratic and having large variabilivy.
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Table 4-5 ghows the pattern [actor, Ke’ which {8 calculated as

3
N 1 N

371
g X‘ o x (6)
N &= i N ;Ei L

e
where X, §8 the mean hourly wind speed at any given gite, TFor Sites 1,
2, 6, and 10, the four sBites with at least 20 months of data, the summer
months (Tuly through Augest) have smaller values of K, than during the
remaindee of the year; maximum values of K, ocour hetwou\ October and
January, The larger pattern factors are asnuv fated with lower elevations,
1ndicnt1ng that the cube of the mean at lower elevations does not
increase as rapidly relative to the mean of cubed speeds as does the
cubed mean at higher elevations,

Comparisong of data from anemometers at different heights in the
same location were made and cumulative statistics for these comparisons
are sunmarized in Tuble 4~7. As expectoed, the lower ancmometer of each
tower (the flrst site listed in each e¢olumn) has the lower speed and
lower cubed speed dn all cases, Sites 5 and 6 are omitted from the above
tahle because of the small amount of matehing data availahie.

The watlos of means from tils series of computations ecan be used

to evaluate =, the power law exponent of the theoretical ratio of speods
at two different heights:

(N

where X is the speed at hedght 72 and X, is the speed at hefght 25,
Usually‘this exponent is expected to range from 1/7 for flat, open
country to 1/2,5 for urban arcas. The computed values of x, showa in
Table 4-8, are considerably smaller than the expected 1/7.  Cumulative
values range between 1/12 to 1/18 with monthly values ranging from
1/2.2 to 1/35 (September 1975 and April 1975 for Sites 1 and 2),

The cumulative value of v for the Mars site (Sites 1 and 2),
0.0841, can be compared to the value found in JPL TM 33-802, 0,1405,
Although the latter value is closer to the theoretical value for this
type of terrain, 1/7, the ratio of means as evaluated from the right half
of Eq.(7), 1,10, is not much different than that tor the 1975 data, 1.06.
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Table 4~6,

Mean and Cube Root of Expected Cube (CREC) Comparisons

No. of Sites
With Means

No. of Sites

No. of Sites

Month, Greater Than With More With CREC
1975 Respective Than 100 Greater Than
Record Means Observations Record CREC
January 3 9 6
February 5 8 6
March 8 9 8
April 9 9 9
May 4 9 6
June 7 8 7
July 6 8 1
August 4 8 0
September 0 3 0
October 3 4 3
November 1 4 1
December 0 4 0
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Table 4~7. Wind Speed Variation With Height

T i A s o . O

Sites

Comparative ‘ v o

Statistics 1 and 2 3 and 4 8 and 9
Ratio of means 0.93 0.94 0.93
Ratio of cubes 0.86 0,91 0.83
Slope 0.96 0.95 0.92
Correlation of coeffictont, 0.936 0.965 0,952
Range of r 0.910 to  0.913 to  0.706 to

0.982 0.991 0.889
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Tabl@ 4“'8.

Computed Values of the Power Law Exponent, o

vites
Year Month :
1 and 2 3 and 4 8 and 9
1974 October ~0.09 0.0752 0.0091
November 0.12 — 0.12
December 0.32 0.19 0.09
1975 January 0.16 ~0,02 0.09
February 0.21 - 0.04
March 0.19 0.15 0.04
April 0.03 0.03 0.04
May 0.18 0.07 0.06
June -0,03 0,06 0.07
July "'00 34 0-04 000(0
August 0.04 0.07 0.03
September 0.46 —— —~—
October 0.19 - e
November 0.18 e —om
December 0.23 - -
1976 January 0.16 - —
February 0.08 —— -
March 0.07 - ——
April -0.10 —-— —-—
May - -= =
Cumulative 0.0841 0.0655 0.0558
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SECTION V
DIURNAL VARIATIONS

Figures 5-1 through 5-4 show curves for the data of Sites 1, 2, 6,
and 10 (those with the longest records) categorized and plotted according
to hour and frequency of occurrence. With the exception of wind speeds
greater than 30 mph, which are likely to occur anytime during the day,
the overall pattern for Site 1 is one with higher wind speeds during the
af ternoon.

While Sites 2 and 6 have diurnal patterns similar to those of Site
1 (Figures 5-2 and 5-3), the patterns for Site 10 differ considerably
(Figure 5-~4), Wind speeds less than 10 mph and those greater than 29
mph occurred with relatively uniform frequencies at any hour of the day.
Wind speeds between 10 and 19 mph are less frequent between 6 PM and
midnight, which is the period of maximum frequencv for the 20~ to 29-mph
class. This pattern of higher wind speeds at night more closely re-
sembles that of free air.

Also shown in Figures 5~1 through 5-4 is wind speed frequency for
1975. At Sites 1, 2, and 6, the distributions are quite similar:
speeds less than 10 mph occurred about one-half of the time, and speeds
between 10 and 20 mph occurred about one~third of the time. At Site 10,
however, speeds ranging from 10 to 20 mph are almost as frequent as those
less than 10 mph, and wind speeds greater than 20 mph occurred almost 30
percent of the time,
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SECTION VI

COMPAR LSON WITH EARLIER RESULTS

In Table 6-1, some of the statistics of this report are compared
with those of the earlier study of winds at Goldstone (Wind Power Pre~
diction Models, Technical Memoranduvm 33-802, Jet Propulsion Laboratory,
Pasadena, Calif., Nov, 15, 1976). Extended data collection during 1966
to 1967 was restricted to the anemometers near the Mars site. Means of
Sites 1 and 2 data recorded in 1966 to 1967 are approximately the same
as those for 1975. The means of the earlier data fell well within one
standard deviation of the later means (standard deviation at Site 1 is
7.54 mph).

Limited sampling was performed at five other locations during 2
days in October (1974), 8 days in November, 5 days in February, and 1
day in March, Despite this relatively small sample, the ratios of means
for Sites 4, 9, and 10 are reasonable approximations of the ratios
calculated in this report. For Sites 6 and 7, the ratios in the earlier
report indicate lower speeds than those at Site 1, whereas the ratios
computed in this report indicate speeds of about the same order.
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Table 6~1. Comparison of Wind Speed Statistics

Mean Wind Speed, mph
(Number of Observations)

Site
Number - -
Jan. Through Dec. 1975 Sept, 1966 Through Aug. 1967%
1 10.75 9.97
(7780) (3387)
2 11,45 10.94
(8307) (3480)
Ratio of Mean Wind Speed to Site 1
(Number of Observations)
All Data, 1975 16 Days, October 1974
Through March 1975
4 1.43 1.52
(5913) (384)
6 0.94 0.739
(11867) (360)
7 0.94 0.846
(4040) (384)
9 1.34 1.24
(10416) (312)
10 1.43 1.47
(12847) (360)

“Reported earlier in TM 33-802
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SECTION VII

SUMMARY

The following points summarize the results of this report:

(1)

(2)

(3)

(4)

(6)

(7)

Sites at lower clevations (1, 2, 6, and 7 have mean and
cubed speeds of roughly the same magnitude, while Sites 3,
4, 8, 9, and 10 have higher speeds. Site 9 has the highest
cumulative means and cubed speeds.

The monthly variation of wind is similar at all sites. Correla-
tion with Site 1l decreases with increasing distance. At a given
location, the correlation of the lower anemometer with Site

Ll is stronger than that of the upper anemometer.

Because of the short period of record, only a general
degerviption of anv geasonal pattern can be made. MHigher
mean speeds occurred between February and May, and cubed
speeds were higher between January and July. Mean and cubed
speeds were also relatively high in October.

Diurnal patterns apparently vary with elevatfon. Sites 1, 2,
and 6 have higher speeds in the afternoon, whereas Site 10
anst presumably the other higher elevation sites have higher
speeds at night.

For Sites 1, 2, and 6, wind speeds of 10 mph and less
ocecurred more than 50 percent of the time. At a windier
location such as Site 10, the frequency of these lower
speeds 1s rveduced to about 36 percent.

General agreement of the ratio of means with Site 1 and the
ratios given {v JPL IM 33-802, despite the small sample size
of the earliev data, tends to e¢liminate the need for further
sampling to detr semine available wind energy at Goldstone,

Because of larger mean and cubed speeds and because of
accessibility, the three locations of {ites 3, 4, 8, 9, and
10 are considered to be the best possibilities for a
demonstration windmill project.
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