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LATERAL SPACE CORRELATION OF WIND
TURBULENCE OVER COMPLEX TERRAIN

By Yasushi MITSUTA, Osamu TSUKAMOTO and Mitsuru NENOI

Synopsis

Wind turbulence data were obtained along the test line of about 700m on the ridge.
The distribution of mean wind speeds and power spectra and lateral space correlations were
analyzed. The distribution of mean wind speed is largely affected by the local topography
and it is found that wind speed increases on the ridge. The peak wave number of power
spectrum is much smaller than that on the flat terrain and the universal form of the spectrum
may be expressed by the wave number with spatial mean wind speed. The lateral coherence
was obtained and the decay constant was larger than that for the flat terrain, which
suggests that longitudinal scale of the eddy is elongated due to increase of wind speed on
the ridge.
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3 Detailed map around the observation site. No. 1-No. 3 towers are main towers of the test

line. P1-P12 are anemometer poles located every 50 m below the test line. Heavy dashed
line shows the ridge line.
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Fig. 4 Profile of topography from the south. The heavy line indicates the ground level and
the location of anemometers are marked on the figure with closed and open circles
and triangles. HP is the height of the anemometers from the ground and HG is the
height of the ground from the mean sea level
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Table 1 List of observations

Wind Wind Direction (deg)
Run DATE TIME Speed

(m/e) | TIH P3  T2H P9H  T3H
N1 1982.3. 2 13:00—13:10 12.1 346 336 345 335 —
2 13:40—13:50 11.6 350 345 354 344 —
3 14:20—14:30 10.6 338 340 350 339 —
g 4 14:50—15: 00 11.2 2 345 2 346 _

= 5 15:20—15:30 11.7 353 336 351 329 -
ﬁs N6 1982.9.12 17 :45—17:55 26.2 1 349 349 355 0
2 7 18:20—18:30 26.2 0 349 344 352 355
8 18:40—18:50 | 26.0 357 347 342 354 353
9 19:05—19:15 | 27.4 1 348 345 353 354
‘ 10 19:15—19:55 | 27.8 359 348 345 353 0
< | S1 1982.9.25 7:15— 7:55 13.6 179 180 — 183 139
§ 2 9:20— 9:30 13.9 178 190 — 177 143
o 3 10:00—10:10 12.9 177 176 — 181 140
g 4 10:20—10:30 12.7 180 176 — 179 140
5 10:30—10:40 12.3 173 178 — 178 141
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Fig. 5 Some examples of 10 minutes mean wind speed distribution on the array for north
wind cases. The distribution of rms values is also plotted on the lower part.
The dashed line represent the line averaged value.
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Fig. 7 An example of power spectra on the array for north wind case as functions of
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Fig. 8 Same as Fig. 7 except for south wind case.

e - A - R BN B B BT B R, 0 ZEREE 369
Run 82
102 103 103 10 103 10%
. Tw \ TIE 4] P2 P3 P4
L S Lo NI S Lo, 1L
O s, O e [ S T L U L) St O s
10% iy 0o 10%: . %" 10% - 100w
A . " N
10 - w0 - 0'L ~ 0'E w0 - 10'E %
2 -2 2| -2 -2 2
10 | gl s aind 10 dgsad il asid 10 dgalpsdonl 10 gt 10 Lol 10 I
& 168 107 107107 % 16 100 102100 K 160 10° 162 100 & 167 10° 167 10" K 107 16° 102 10" K 0% 10° 107 107 K
2 2 2 2 2
10 10 10 10 1
K P5 76 oW . TeE |° p7 " P8
E 10'F - w0'E - 10'F "~ 0'F w'f 0 .
R oh. of+ o T of L of 7,
w 0BT 0% . 0k T Wk N L1 -,
= vt R s 't etk otk RO -
L RS SOSRNURVIION 07, . SUWTUWINRINN LY. . SO [y TUTRIIINTION 1Y SUWEUNIUIRTUN Iy SUNBUNTIUNI
ax 0% 107 107 107 K109 109 107 100 K 10% 109 102 107 K 10% 10° 10% 107 ¥ 10° 10° 0% 10 x 10° 107 07 107 «
102 107 103 10 102 10?
P9 P10 P12 T3W T3E
0L . 'k . 10'F . 0F 10 [
R s - en - el e
109 . 109 . 100F " to"EE_- \‘., 0% " 10057 =
107 N 'L i 10! 1w'k 10'E 10’k
163 g 5. TORUUUIN bty SOUTDIUNUON 1y SOVOU DROUN bty SUEUN RSN §',y SETRR
16% 107 102107 * 107 105 107 107 & 10° 167 167 107 & 107 16° 167 10" K 10° 16° 162 10' & 10° 10° 107 10

b, b ULILOKEETOENDEMKIEA r —v
MENFEBFICL > TEMAT I EBRNETHE
DT ERFANPSRFSFHRETRENTVED
TR, KVEEASEHNESEETHRINTVS
LEZIFDPEBTHBCEERLTVS, 2T
W& UTREMARBREARTOERETE - £
HDOEUTERHELIEOE—s O 2R Lo B8
Fig. 9 (b) ThB, ZDLAITHEE—7 O
DT OERERE S N6~N10 T3, 0.00028~
0.00039m™ &72D), SEORFHIEEHEATEEE
e L7 Fig. 9 (a) OEFAD 0.00038~0. 00061 m™*
F0T o LML TNWB L EMSDRD, E—7 D
MBIV THESERID—FEICAE T fE-
<, HOLDOENDARY b v E—7 OERKIA Y —
NMEEFRSBEREICER INT, EhosERYs
BEC L > THINTVDEEELZHBABENTD
%o COEA, ©—7 OEROLKOTEHEIZEHT
b5 0.0010m™ SN, TIbBEY
R BRI NMEE TERAINS DS, ENDARRYS
P EAD LRSS OBE OB X > THAR
haEEZOND.

Fig. 10 (a), (b) 3% % Fig.9 (), (b) LRHEU
t D% Run S1~S5 OEAICDVTHEWVSDTH
3, R EHIRETEREEL RO —7 DR
FOBRREEI 0. 00071~0. 0010 m™! THY, HEEE

-7

Peak Wavenumber (m™)

Pesk Wavenumber (m”)

00010
(une average)

00: mean wind speed

P "

WE WE WE
neA FZPSNPSNT;WBPSPIOP’IP‘ITJ
b

Fig. 9 Distribution of peak wave number of

power spectra on the array. Wave
number is defined by local wind speed
a), and by spatial mean wind speed
b) for north wind cases. Solid lines
show the ensemble average of each
point and dashed lines show the line
averaged values.



370 SONBSEWEIRIT At 45260y B-1 (IM58. 4)

local wind speed RODTEIA IR T 5 A 7285512130, 00041~0. 00058
RN N AN I 1 RSN 1’1’4{1\17)*0 0015
oo mt 2S¢ C?f v 5 b ALALATENT R A
Uine average)  TIEXNTINE EHEZ D EBGMNTHS &75%)
v
e LR OB ST OB ERIRT B &, 27 b
U — 7 OPEFEAENET0.0010 m™t & 0.0015m™ T
T P P2 P3 P4 PS P‘Gv'vl; P7 08 78 PO P1 PI2TS HO RO RN T8 - Tn D
a 3.11ZHINT, AR | owjfr fHETRE S
TNBC %L, AU THINLTH D &
Zonbdns, il T TR s ] &
FEANTODTEMRPRENS. T =27 P
DOTRAUE T 5 v E =R BE M~ E 55
rl_‘ WH T EITED
O WA WNIE/ T — A7 O — 713k
LT&WD 14750, 0010m™!, IR TO0. 0015 m™! TH B, Vi
D& LT Davenport 8 b7z diilF DA< b
vﬁ;‘ P2 ;3 P‘l- Pls P‘s\‘“rlazé e7 r‘:;r.:_“a ri P‘IZ‘;JTé Wik b E, ZDE—71(30.0014m™ 1Z2H B EENT
b) WAM, ARSI, lbHoBgicE 0){\'[{?!"J
Fig. 10 Same as Fig. 9 except for south DAk E LTI - TS - COC &bk
wind cases. Dy, AR | COMED AR E D = &y JJ i
LTWAEEADTENTES . ZOT LRIERENOMHEAT DA 7 P ZRE EOETAIZE=Y
e L, bl KJ/AU&EO)M%;WJJB T b AEI SIS PO HUBAZ S I DAL 6 IS LT
BT 2 — VSRR T B 7S TH D EDH LGN TS5
3.3 AR R OERBE

[
0.001

Peak Wavenumber (m')

0.01

1 0onls x0.000a10] mean wind speed

- 0.0015
0.001 | tine average)
o %

Peak Wavenumber (m")

Fig. 11 (2 Run N10 (2O TRIINZ WL TRENTO A l“J,u\&fLw 5O JELSE & DN oD AP ER KR £2
PHLtzbOTHA, PI~PI @3 5% LD, 4[4{[%]1%{:4&@1[\[?3‘ E FERMET EbSINb ELThirAr
— VT A E30m &8 A, R ot "fzh% P5~T2E O 4 ,r“aﬁw)&é}x v T A E63 m

L0, RO AT S P8 ARETRMM MIZHATHINOEAND 27 = Ay S {18 T
WH T EMDMD .

WO Run S1 20T &ML bOAEfi-» e Fig. 12 TH5 ., T2 MLiakrd U TREHIO 57
CEORIEA G (T 2 M2 H 5 CAUTHIE D, JESHROM FMHIZ S B0 DT BIcdIT/EL
FehOmb LIS, T ORI S S A D 2 ORMTH 5. FHADAT — b LEOY;
HIZHEARTT - ERELTE TS

ST BRSO A LB 720z E— L Y R ET < 4 ZIIDWTINTAHT. 2 0HTOaE—L v
Coh (n, L) 12 VHITIZ

V Cohln, L) - exp( b ”Zl; ) ............................................................................. 4

TADEIND T ERLINTNS T IT L2 4NN, k13 decay parameler ENEE AL A L
BHTH DD, JHATOWE D S VTR 8 IV ER &5 2 EAkoN TS, $72 Ropelewski el al.?
12, VRS RSk BNKOEEEINIT X » TR D, FERRIRE RELEENT0 S

Run N10 25 E7% Run S1 1200 TikAis P5~T2E, P7~P9, PU~T3E @ 3 OBTA~Y b




SPACE CORRELATION COEFFICIENT

SPACE CORRELATION COEFFICIENT

JeH - BA < A 2 hEdic ks W 2 REE B o AT O & EE

TIE

' 1 Run N10
T2W T3E
P—se— e NNy
P6 T3W
N/)WVM‘
S TRt T R AT T T ‘l' T e B T
P5 P12
e [}
»“//\,\\ P4 it
el 0’
'f BT S S e M ST I S R B R A W
P3 P10 N/\\_’
Pt
P2 P9
VR A A W W W o W 9 T T A
) " h/\,
B SRR T ?

) ® momon:

R R A N b R N DG
W T2E
o " ” ” " 3 " ] ” ” e MmN o L ” o ) " n ” ” ” LU I T 7
. . SO} wm
Fig. 11 Space correlation coefficients between the points marked in the figure and
other points for north wind case.
1 1
//\ T2W TIE Run 81
R e
° .. G S T ST T B S o T ST
///\\ P6
R S T W S T T e
/_//\\ P5
R g A A Seg ST
P4
o] 0
oo oR o m A A s W na a P e I BT R w0
y//\\\ P3 P10
‘I’. DR N B = A= ‘I’w'.. R
.//\\’\-\1 P2 P9
[} N
A S . ) O R
_/\\\ P1 P8
0 e o
O BT 2 i) R LR CRC T ST
/\\‘H TIE P7
'13 R o ?. D e s ST BT R R e
\\‘\ TIW T2E
L e I s = C T e 0 R R R B

Fig. 12 Same as Fig. 11 except for south wind case.

_.9_



s

SURBSEPRATH AL 726V B-1 (1458, 4)

P7-PO

P11-T3E

ln,/Coh o
0

X:P5,P6 A PS,T2W X Po.pg O:PT,PY X PIlLPR A PUTSW
4+ P6, Tiw V:P6,T2E P8, P9 a + Pi2,T3w V.P12,T3E
0:T2W,T2E X:PS,T2E a Xy O T3WT3E X:Pii, T3E

k=15

k=19

k=19

-2
0

0.05 01 0

0.05 0.

10

0.1
nL/U

0.05

IPig. 13 Root-coherence of wind speed between two points marked in the right upper blank in

the regions P5-T2E, P7-P9 and P11-T3E as functions of normalized {requency.

Lines

are drawn by eye and the value of decay constant, & is presented in the figure.

P5-T2E

P7-P9

P11-T3E

0
a TN Ko7 s Ol rr.Ps - SN
1P6,T2W 7 Pé, 126 +:P8. P3 g° [ P12 Tow @ P12, T3
as o g e o [OTwTIE X PN, TIE
+
< o x
< e w ¥ . 5 o
O o +
c| o + + + +
. x * [ v
* ° AN
x x + + v
x
v . x x
-1t -1f -1 *
-
x
« . 3
+
v x
L d
v a
k=8 k=11 k=11 +
-2 1 il 1
0 0.05 01 0 0.05 010 005 01
nL/U

Fig. 14 Same as [ig. 13 except for south wind case.

- 10 - -



M - A - R LEMIC BT 2 RSB o R F RO EEE 373

-7 IGREOEERICOWT al/U ki LTa e — v Y 2OELFBOMKETa v + LD Fig. 13 &
O Fig. 14 TH5, BULANBLEKNCEEEREC X > THENTVS L0 5 HIBTO fmicE S
T, U L LTRAESROEHREZA TN S, HoDEBREVEITHEL, 2k UTERAEE
AEBICEAENEZRLTHNS, BTRTHEREE S, ZOMEEND decay parameter, & %R I HHK]
HCRINTV S, LRDBAOVTIEZOMEIFI~IITHYD, BROBEAE8~11THS,

BEEH n THAHIRSOEHEDR r—v Y(n) i3,

Y(n) = S:‘/mdl' .................................................................................. )

THEALLNEEEALNEY, ChICWRERATS L

Y(VL) =S:exp(“k . %)dL .............................................................................. (6)
- U
kn
-3 6=9)
iR ib,kr -

Lis3, 2 BAREE » OENOBEETHIY, h%k eddy ORAFMOEI Ay —vEEZ UL kI3 eddy
OHEERED A — W EEZ BT EWTED, E-T bk PEER n KWEBRIK—ETHE LN T &I
eddy OFEBEMESOMEEDAr —VEDBRLUTHS EVI T EEEKR LTS, DT &3 Davenport
& - THESN, EHICBT 2R NO-EZRTOLEDOEREEL > T,

k OEIZ, FHTIRIGENEEE S LS CEREBICDBRIY, BRERZCNIOREDOEE L
STHBY, - TARY P AE—7 ICHEYTSARKMEED eddy MRERICIE > TV EERLTV S,
rDCERNRT RS P DE— 7 BERBIA~BEH L TOAT EEMIELIbDTHE EEZ LT &M
<&, AEBMAREOREDRILOIDICENBRIMICERE L TN B EERLTV S,

4. & E ]

P 1 1 KERRRETOOM I b7 » T50 M 35 X CECE & N7 B T OBIANC X » TSI » BB 2
#H, HAOT —Z7 F O, BIUBEHAROD ¢ -V Y REHE Ui, FERBEOIMHIER A
BAONNIFIC X > TRESKEINTOED, /27 =27 b vOE—y BE4 ORORBEICISHEDE
HEINT, SAMCERICHENTERBRNEEHLTED, BhOoR sy —VvORBHBREE->THE T
Shibhotoe CAUE, FEHRENSEAE UTRRBETAKEL B> TVEZ EHLOEANMBRINHITICO ED
AN RTHE EELBCENTES LEDNS, TI0hLEEEARBD TMNIRISHFIC S ER S
NBH, A7 b VREIDUKERAY — VORI L > TERISNT 5. TOHFITORR LORHR
(LR, {LtRDEALEROBA LT, 4EETET > REATRAE SR ->TED, LEOFIE
B TOREORFHBANT » LREL, BRICOWTHE DERIBDoNLEP- T,

Bigic, ABERERSICH 0 BHBICE > EREIMRSHKOERE LRI 0K # KHBEEH
LETo

g E X W

1) Jackson, P. S. and J. C. R. Hunt : Turbulent flow over a low hill, Quart. Journ. Roy. Met.
Soc., Vol. 101, pp. 929-955, 1975.
2) Mason, P.J. and R.1. Sykes :Flow over an isolated hill of moderate slope, Quart. Journ. Roy.



374

3)

4

5)

6)

7

FABKFIEFTER 265 B-1 (1858, 4)

Met. Soc., Vol. 105, pp. 383-395, 1979.

Bradley, E.F. : An experimental study of profiles of wind speed, shearing stress and turbulence
on the crest of a large hill, Quart. Journ. Roy. Met. Soc., Vol. 106, pp. 101-123, 1980.
Panofsky, H. A., D. Larko, R. Lipschutz, G. Stone, E. F. Bradley, A.]. Bowen and J. Hgistrup:

Spectra of velocity components over complex terrain, Quart. Journ. Roy. Met. Soc., Vol. 108, pp.
215-230, 1982.

Mitsuta, Y. : Characteristics of airflow over the barriers in the storm, Proc. 3rd Int. Conf. on
Wind Effects on Buildings and Structures, Tokyo, 1971

Mitsuta, Y, O. Tsukamoto and M. Nenoi : Wind over complex terrain, Preprint of 6th Inter-
national Wind Engineering Conference, Auckland, 1983.

Ropelewski, C.F., J. Tennekes and H. A. Panofsky : Horizontal coherence of wind fluctuations,
Boundary-Layer Met., Vol. 5, pp 353-363, 1973.



