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II Summary
1 Characteristics of Wind Resources in Japan

In order to obtain basic information on the characteristics of wind
resources in Japan as a step toward developing a local wind resource
prediction model, the relationship of wind resources to topography was
summarized based on the available literature and data from previous
studies, and a comparison was made between turbulent intensity in
Japan, Europe, and the United States.

Areas with high winds include mountains, headlands, sea coasts,
islands, and valleys. It was found that, in addition to being directly
linked to the dynamics of the upper atmosphere, high winds in these
areas are also caused by effects of the terrain which increase wind
speed and by thermal factors associated with topographic effects. The
findings suggest that the presence of such characteristics as high turbulent
intensity and vertical shear is closely related to the form of the terrain,
such as large surface irregularities. Also, the areas where winds are
relatively stable year-round are thought to be the same as those with
high winds, that is, mountains, headlands, sea coasts, islands, etc., and
it was inferred that, on a macroscopic scale, their topography is
characterized by a high degree of openness.

Further, turbulent intensity was found to be generally higher in
Japan than in Europe or the United States, indicating a high level of

turbulence which may reflect the greater complexity of the topography.

2 Overview of previous numerical models applied for wind resource

assessment

Previous studies on optimal siting of wind power generators and
wind resource assessment for limited area with numerical models are
surveyed. Several types of models have been utilized for these purposes
so far. Some of them are developed primarily for the sake of wind
resource assessment, while others are originally developed for different
purposes. Well known wind atlas analysis programs named WASP and
AVENU are included in the former group. Numerical models included in
the latter group such as mass consistent air flow model, which were

originally developed for investigation of large-scale dispersion of air



pollutant, meso-scale meteorological models, and engineering numerical
fluid dynamics models, come to be utilized for wind resource assessment.
Since wind conditions at an arbitrary site are in general integrated
results of successive deformation processes of synoptic- scale wind
fields by surface topography of wide range of spatial scales, it appears
to be rare that these processes can be treated adequately by a single
model, except for the situation where meteorological or topographical
conditions are quite simple.

Some examples of numerical studies on wind resource assessment
will be shown in this report. Among them, some studies are performed
by utilizing a single model, while more than two models are used in
others. On of the major concern in the studies where more than two
different types of models are used is associated with saving computer
resources. In such cases, meso-scale general wind field over the region
of interest is firstly calculated by a coarse mesh model, and then small
scale feature of the wind field in the vicinity of wind turbine is calculated
by a fine mesh model.

An application of the mass consistent model (NOABL, WINDS) to
winds energy assessment for Saldinial Island, Italy, will be shown in
section 2.2. An analysis of wind fields over Southern California hilly
region with a meso-scale meteorological model and a mass consistent
NOABL model is presented in section 2.3. In section 2.4, effects of
small-scale nearby topography on the characteristics of winds which
directly hit the wind turbines in EVIA wind park, Greece, are investigated
by a two- dimensional k-e turbulent flow model and a meso- scale
NOABL model which gives boundary conditions to the fine mesh k-e
model. A comparison of prediction of wind potential by Karlsruhe
University meso- scale meteorological model (KAMM model, Karlsruhe
Atmospheric Mesoscal Model) and by WASP is given in section 2.5.
Numerical studies on winds over complex terrain conducted in private

companies in Japan are presented in section 2.6.
3 A macroscopic design of a local wind resource prediction model

A macroscopic design toward developing a new local wind resource

prediction model is presented. The design is summarized in the figure



in the form of block diagram. The model composed of some major
components represented by numbered boxes in the Figure3-1. The
main solver of the model is computational fluid dynamics model shown
by box No.4, which is one of the most important component of the wind
resource evaluation model. Since three-dimensional flow field over
natural, complex terrain is solved numerically according to the governing
equation of dynamics of the atmosphere in the CFD model, CFD model
can be applied for analysing wind field over various types of topographical
conditions. Since the topographical feature of Japan is generally more
complex than that of central Europe and western coast of United States
where a number of wind turbines are already in operation, wind
conditions in Japan is considered to be affected by topography of the
much wider area. To take into account the geographical situation inherent
to Japan, a multiple nested grid system of the order of five is employed
in order to computationally efficiently calculate the air flows over
natural topography, whose spatial scales ranges from sub-synoptic to
microclimatic scales. Five areas shown in the box 4 in the figure represent
individual nested grids.

The main solver of the wind resource prediction model (CFD model)
requires both topography data (box 1) and meteorological data (box 2)
as input of the model. Surface elevation and surface coverage are
included in the topography data. Geographical Information System is
available as sources of topography data. Any other data set available in
preparing the input data of the model is also utilized as well. Atmospheric
Grid Point Values (GPV) distributed by Japan Meteorological Agency
are extensively used as meteorological input data set, which is, three-
dimensional, homogenoeous gridded atmospheric data set and are used
as initial conditions in the operational weather prediction models. It is
general that the grid structure of GPV is differ than that of wind
resource prediction model, so some interpolation procedure will be
needed by which variables defined at the grid point of GPV are transferred
to the grid point of CFD model (box 3).

Final product of the wind resource prediction model will be given as
a set of statistical quantities calculated from the output of the CFD

model. Box 5 represents the statistical processor module. Boxes 6 and 7



are related to the future extention of the function of the wind resource
prediction model.

Verification of the performance of the model will be tested through
comparison of simulation results with wind tunnel tests (box 9) and
field observations (box 10).

There remains possibility that linear models such as WASP and
AVENU are used as an option of CFD model in the wind resource
prediction model, although topographical conditions to which these
models can be applied successfully is highly limited. Box 8 means that

the utilization of linear models cannot always be excluded.

4 Study of the Functions of Existing Linear Models

In developing a local wind resource prediction model, as discussed
above, the possibility of applying solutions based on existing linear
models(WASP, AVENU) is being considered as an option in order to
shorten computation time in cases where the terrain is relatively flat.
The functions of these existing linear models were therefore studied to
determine the limits of their application.

In a previous study conducted in FY 1997, the relationship between
topography and the accuracy of existing wind resource prediction models
was examined. The results showed that there are limits to the adaptability
of existing models, since they can predict wind resources on flat terrain
with reliable accuracy, but do not provide sufficient accuracy on complex
or steep terrain.

A study of the limits of application of existing linear models was
therefore conducted in FY 1998, taking into account prediction error
caused by meteorological conditions. At each of three sites (Wakkanai-shi,
Hokkaido Prefecture; Tenei-mura, Fukushima Prefecture; Daito-cho,
Shizuoka Prefecture), wind directions and wind speeds during the
observation period were classified into typical patterns based on the
relationship between surface winds (measured at a height of 20 m
above the ground) and upper winds (GPV data: 850 hPa). The results
demonstrated that, in almost all cases, both the direction and the speed
of the surface winds were correlated with those of the upper winds.

Next, wind resource simulations were carried out for each of the



classified weather patterns using existing models, and the prediction
errors were compared and studied. The results showed that the prediction
accuracy of existing linear models is highly dependent on the inputs of
observed data. There was found to be a strong likelihood of decreased
accuracy when wind resources are predicted based on upper wind data
in situations where the upper and surface wind conditions are very
different, as in the case of a land and sea breeze or other wind of
thermal origin. The study also confirmed the earlier finding that
prediction accuracy is lower on complex terrain (with large gradients

or surface irregularities) than on simple (flat) terrain.

5 Future Tasks

As a preliminary step toward the development of a new local wind
resource prediction model, the macro design of the model and related
items were considered in the present study. The macro design was
considered in terms of both principles and actual practice, drawing on
studies of meteorological characteristics, such as the distribution of
local winds in Japan and differences between Japan and other countries
in the turbulent intensity within the atmospheric boundary layer, as
well as previous examples of the use of numerical models in wind
resource prediction and studies of the problems involved.

The resulting macro design is a set of basic guidelines for the
development of a model able to predict local wind resources with
sufficient accuracy under the topographic and meteorological conditions
found in Japan. It is presented in the form of flow diagrams, and
includes the model components, appropriate methods and principles,
and points to be considered in development. It should be noted, however,
that these basic guidelines for model development are presented in
general terms; only the framework of the model has been provided,
and almost all of the concrete specifications remain to be determined.

Thus, the next stage of development will be to decide the concrete
specifications of the model, including the basic equations and analytic
codes, in accordance with the macro design indicated by the present

study.
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AT —=NVHEEEII RS, Thb, SEFAOEED X — VHEKFERHDE N
WHRTEBEEICREWHR T, ENSGEHKEE IEFKEOM K %2E 2 k1T
o hv, —EOMWEEIL, EEOKFERX T — VI §HMBERA T —IVid105
DIBRETH Y, :nu%fb%méw&@wi&woﬁm%ﬁﬁﬁfumﬁx
= WIIT BEERA T — VORI IS IIKREL 2D, AL 5 ENE% K
FfﬁMT%bkiE%fu&wﬁ\ké&%im@i&wiﬁaﬁ%ﬁﬁéa
V> 2 % (Cotton and Anthes, 1989), RBATEUL FHIE 7V TH Y ) [REIRILE
3121 DESHNIKEEBINIRENTVWAEY, ZR5DIFEA LT, EFHOEH
BAHBIOAT —UAKERFMOZIIG LT LD+ s idev, i
4R 5 R THN D . FHRIRER O —< VR ighldmo M E8), i<
B X BRI, BIIE, OB T HIEMKER TP LENE 25, BEE
DR EHEOBEE TN THEH I N L HEKE LI, Adran and Fiedler (1991)
X AU, AFEFMORFREREE ISkmEEEIZE > TH IR TE BREITK
FHRBAT =V HBPRELGZBFITLTOAFNTH L L W) FEHITH L, HiX
[FEF 2 Yamada (1985) 12 X B8F78 T, BKEGBLOEE HEXIZESCET VT,
KFEETHBLOSkmBBEICE THIKELAE RO VWHRICEA L TwaE 2
EDERLUHEEFERBL TV 5, 29 L-EE,» S, BETERFEE 7LV TIE, K
BlE LTHEDZ, #KELIEHKELOmMBEZR DRI LESD 5,

4) imfE - BREBUE

RATRFRE FVid, BRBRROEKzE O, A VAT — VU TORRR
EHNFELLBRIARD—DTHbE, TNOLOKREHR T, WEHK., B THED &
I NHENIE, R THHBERRLE— T4 7 ¥ FER, FmEERERAD
==l FHIPFBELEEHLZLOVGEEINS, EHII, NHBENED
WD L H)ITERGDORKADEERIBIZL > THIEAEESI BT F L.
BATTD X ) \ZIERBRMBADFETIDFIZ > T B DEDWMENH b, AV A
F=IWVHERH D VIIARBERBEERPERR LR > TWwE 1 R~ 4 KHEETIE,
i - BERBOERIILHTHAHEEZOND, — /., SXREBTIE, BEL
TZER TN FHILEN BB T B0 L DGERBOMHELTEHRL T &
weklibhis,



5)AEF A4 — VLT o umkst: - ik
Y77y RAy — VoigktERe i ow i, 3.34 T 5,

332 B LEORA
CDFET IV TiL, EB) AL LG LAY 5E 5 AR 2L )
DOHETHBAL L TIEW ICHRBES T 52 LEVH L, MEOEEN 272D D
BRI DO HEIZIE, RELGITTANY bIViEEESE L DD 5 (Haltiner and
Williams, 1989),

(1) A7 FVik

ARY PRI, BT RS EARTER SN L BCHER (BEaCK) 12X-
T, ZEFHFEXREER L, BRABHROBHZILEZEET 20D THL, L72h-
T, WA BER PR ERNEEBR LU THEIND LD, AT PV
CHW 2 ERBEHRIE, HEFERETH 5 L I ARMDS, BRETHS L &
WAXEREAAIBIEAS, 72, M THAHLEICE7— ) L - Xy v VEIBADSH W
SND Z LD, DR R FE 7 IVOWASPRAVENUTIX, HARGE
A7 —) T - Ry VEREINTWSE, AX7 MVICERIND HERIH
ETohspai1lid, MEXEECRAREORHEERMBIIFETSE, Wb L
UBREHEDBELERTERTAII LI I - T, YR ZEM 22 BBTHIZ LE
CHIEER eV TES, LE L, MBENTFEOELFEXRIIT, RO
MHEFSINLD, COHEDFHEIILZ LI AXRZ P VERLAED DR —BHESE
BLUTYH2ZEBIZEL T bitbh b, 20720, RAEFHEIZBIT 5AXZ b
EREUA XY MLk LIRIER S,

AR PV, BBETHESEISH L TH L O OFENH B, TT, A
DKERD DIIHEILD KD —ETHHEN) T L THbH, EFHEDOEE. #
DIEE R E OREWEDI D 2 EZTNE SR L EBAHN LR ) HITKEKFT
BAS, ARY PVEIZRFOL I BT 3L v, BEREHRT 2EXEHD
KB 2F DU OAIZI > TRE 5, 70, UIRTECE M ICRET S 72
OIEMEINLE EWA DA ) OREICETRHTE S, 3512, BRHOEKBEESR
ELT, Yayhsa—YavEVEEFORARKZEHwsZ LT, BREICE
HRERHNBNEE I BFERESES IR D, 29 LizFlErsE» L, RED
FETIE, EERORKKBERET N DL HEMETNVICESL $T, AT PILED
ZHENTWD, ZRITOEIKTHE 79V (GMS: Global Spectral Model) % H A5
% 7 ) (Japan Spectral Model) b A X7 b ViEEZ HWTW5,

L L. AXRT PLVEIZRWS O OEFIH 5, T3, TR ENOEKEE



TERERTERSNS O, FHEHEBADORVER TH L 58 E % EOFBHRS
BN B RIC B SN B, F70, lBLBELOBR 2L, RS EET BI5H
Tld. GibbsODIEEPRE L7-DFDMNETORENESL S, BT 5 EEEKD
WHE L, AEREMsERTE S L) 2RELNT, BEETELEYOTRE
PEET D, 72, SHEEBOPIIEEY»H 5561213, A7 PVEICKS
ERALPBO THEMIZ LD, AT PVEOFE L) FCEPTIENTE LV,
RETBRFHETIVTIE, 1KP 56 5KF TCOFTHEEROKE 3 2, HENEH
REDSEPMEREG T HAVAZ R ITATRELIEIIHLLTH S, 72,
5RMEIBICBVWTIIEE L, By BRI LEVH D, —HIZBWTH
BEETNVEZRFETALETIE, 1REE» S 5REEE CHBEBLABTFETHY
HONVLEFE Ly TNOHDORMEBFEST &, AT MVEIFFRRFHET
VMIZIZTBLAWHETHLEEZOND,

(2) =5

XEAHERDBEBIL T, b9 1 DOREW L HERIETETH 5, ZHEIE,
BHERANFZODH TRY —&KNICAVWONLI FETH S, 2ok Tid, XEH
BRICHN MO HrAROESTESRRH5DT, HAOEH % LR T 5D
PEZEHRPKIBIZHLEO N, ELDOTRLNAZERCTEEZEHRTHI LR
o COHRFIARY PNVELHRLTH S,

EGHEICEI B HRADOBETIE, MO OET OB SHEIHEL T, i)
— B M (consistency). ii)¥5FE (accuracy). iii)Z M (stability) % #3535 Z L AVKYIT
bH5b

DO—BMIX, Mot HERENTICESIER BRI, ZFICBITARBAPESD
Rfld 5 VIEZERORAR 2RO %2 /NS L7 3ITEGSHPHDITIET 5 &
IESTERLTH T L TH 5,

HOFEEIIODWVWTIRROEBY THSE, —HIZEWVIZHOT IR L 5HIEHR
T AEBEOEIX, MVEHDOEDTA T —ERTERINDE, EHHEILLD
WOaOERBRDOEEIL, 74 7 - RBREDOKEZMARITEZERT A THRES, X
BEWwIz e, ZH0BEIR—K&IZEXE, LAL, B, REFEVEESS
TERT DL DIZLERIET SBZERG NS 5 IS 25D T, 2
MEMIBWTIEIFTEDEFIIBIT 2 ESKRRDLED, £, BB IZEW
TITRIEE - FOREDRIBE R EHRIE L % 5,

H)DEEMIL., — R IHRIELEEZ ST, MANFZOREKRLERXIL, FHB L
UZEBOMAOWMTEECOT, L EZHOMFIZONTEEOMAEDLY
EWUNIATh e BEATEREZS ZREI T, BEALERT . B 2E
IS AALESRTHL DT, EALERZTI SR §TEME TR, BHO



PO CEtEPHiE L TLE 5,

IhHE, D~iiid. ESELTHVAHEIIRERE/Z LT 2iThid %2 6%
WEGETH B, EEICL BBETIE, TS D&Mt OMICEFR OFEDORE
Bhb, RFELLTIE, BE, EFE, 2 VF— (EBLFLF—, AT
INVF— MMELRNVF—) PHb, EEid, EH0oXz 77 v 7 AR Tk
TAHIELZE > THEMICHEINS, FHREEEKRTO, EFHER T FIVF—
DIRSF Z BB TR S5 12IE, ZMEOIY I TR 5, Arakawa (1972)
3. HKEPEZRE L EROKRAKRBERETVT, ALV F—2 {04
IANF - EEIIRTFTEL) BEFAF—LERBLTVS, LIL. — K
BT, EHFEICBITA ) LAEEEERIIb 2 RETE., —HBoEELRN
ELTHCDT, REFEOMRE L L THEDREMB 2 BEIBEIC SR T LN
OB, FDD, EORFNEFREE L HBREK TOREEZ #EIINT ~
ASEDLIENKRYTHELEEZLND,

333 EERE - FEFHEOFE

CFDETFTNTIE, MHIRHREREML LTRRITOGPVEEBBIT T —7 %
GPVF M7 K2 BBICIERNTA I L 2E2TW5, LAL, ThH6DF—%
DIEFEEIX. BBENT— 7 OATRI2BRBEIZ1 F—¥7, THELZED T
DIWMRIBXIZI T Thb, 2T9) L-EHBBETEZLNENNIIHL T,
CFDE TN THE L TV A ZERBOEIBROPTIE, MGV EEREIZEL T
AUREEE D D RWE B b b, T/, BE 25T TRET HiEERL &
BIRIZ, BRERBEMLZBERETH L, FO7D, CFDETF VL, BHRLEEZ BV
THEMRBDOGZEFET LI IR b LEZOND,, IEEFHIZHNEZ KL
Tk, RBFETRED HBMWTHE, LFEMLREBERENZETIE, RB%LD
bEFMEZ BEBEVEBMIIEZ VI, FRTHEEFHEI» 2Oy A
MEEDL, BENLBERIETRLZLD, EREOXRFIBERDOBEY KD S
FEEFMED EFMEL FHMIITITE ALEN 2V, IEEFMETIE. BEY
MM LB LT, 332THRAR L I ISR EMORELTHETLIRESD
B A TR 2 KL, SRR T v THEOY X EH§ 5,

Zhicxt LERBIE T, A, 5% L T, EEFRE OB L E
BEIZ, #0R LEHEMICEIC S 2 SN 2 RSB NI E6 T2 5D
HBABEL Tw, 2L T, EFREIHONL T THREFIEY RIS, =
DEE, ROBEMERORBIIMEIZ XN, BERWLEFIRED A CHOHMH
Tohs,

wAROEE) AL, BRI WTIRED, ZRIZOWTIE I BBXU2RKD



W ratiy FEXRTH %5, EEHXIOFENXITKROELY L TE), F
BIZIEHEROE VMG BN TH 5,

oXi/ot=f(X1,X2,+ - - ,Xm) (3.3.1)

WE ., B O r BRI AE « O 1 RBEOREMS TERT &, KO X
I B,

{Xi(n+1)-Xi(n)}/ = =f(X1(n),X2(n), - - -+ ,Xm(n)) (3.3.2)

B3I, BERDOEZRIn D, Ot 1IN EHHESE L DIZ, EVEHTH
LRI BI BB EBDAZH T T o TWwh, 2OX) %, FRWZEED
SEFEHHEE V) TR L,

(Xi(n+1)-Xi(n)}/ r =f(X1(n+1),X2(n+1), = - - ,Xm(n+1)) (33.3)

DE I, BEXIOEAEOEEIZBNWT, HISRMTSH 2HELn+1DEEEH
xRV DHEYBRBEREV S BREETER, Bn+r OB EBED T LICH
NAH7D, Xin+)z KD B 7:H121E, BIEEOPTRZ L N )bn+1 258853 % 31
Y EUMSEETFICHET A ERELT B LBV DB, BRI, BHEEICHERT
B E ERMELFREPLETH A2, BRIEICASNS L) ICHBES OB
DR ANED BB L EROR M T T vz, KEZERHAZ B WTEREICHE
BEFELTHILNTE L,

REBESDOHEIZ, ChETELLDMRBFIZL > TERENT VS, ZHHTE
K, T TLMHHRER L AP EBHT LD DT, MY HEXDTHE
PBFENLBEBEICBHCE25DRFAE LR, T2, E5HORLEL, &
MDOTTIZ 7% 5 FRADOWE (2 X0 FREAIIB T 5, B, KR, 5
R L) &, BHEF-ZHZEFTOMAEDEHICL > TRKELEL DL, BEIC
BOTELESEILTLIBENST IV EDERS 2V, Mo et v E5FE T
LT AL, BEILE V) BHEOAIZE > TW L2 0HEFHER S, FILIE,
BERBHREOFERTIE., BEILT2 2 I0E - TEADNEEELNITED LN
DEMEMSEESEHA L, BIERS ML, EEOKREICH L THEF SR
WIZEZDEENRE(M B, T2, A EEMEN T E2BEOREE EITE K
BV, HBIATH L2 KAPEEVE L+ B3ATL L, LITAS»OFRONTE
TGRS, ZORE I FEGEIC S By, L7z25> T, BB L5 HE



WIEIZEEN LX) BT ERBOZREZ LD, LELCGLERESTRAVASZ
ENEETH D, $72. BEESOBRIZ, BRAMICHEESTZ L ). ZRA0
ks EAHAEDEEHVL L, FOMAAEOTHEICEI FHE LY
BEENEENTLIE) . INIE, BHEREEIFEIN D THS D, HELH
BEEHMBEOTLEICETESEELZDIZIENTHE2LDOD, WHRETDHRN
BT 5PN A b L TEDIERPE -0, BHICEITRELS X T
LE)o 20720, BELZBELCRES EL VL ) 2 EZGFEOMAGDOYEZER
ZEWKRYTH S,

FFEFESIIB T, BEEITATED & 9 IR L ERTLRESEI G VDS, £
nid, BEEESIC, BEPER A CETAIEE TR LA B ENH I TH S,
BiziE, ETRRICEBELERA LS 2BREL LOBRAACHEST AL, &
ER2T EEHRESNE S o7k ) BRIRATEVE T5, T2, BEEIARERIC
BRT AL, MHEEINSLS RS, 29 LBEREOWE X, BEFHEZ LT
FIAEN T2, RAFHRIZBWTIE, KEOELT XET 5D HRERELR
FEDL) RERTH A, TNODMMEEEIZEVEEIOMSTH D, ZHIx
L. FHUIH V2 R RICIE300m/s BB IE OMALE E CiET 2 &EEANTE D
BESDFOBRELTETNS, L2L, FHRICE - TEZ ) LABREBEES
HBLRI2METHY, FHICEKHETILENEY, 2070, EFHEXOFTH
B AES AW REEDOD 2 HLBMETHES L, OB BHIETHE,
HEBDHHRE L LENIENTVE, DI HIZ, BREIERE P ELYS
HZRIAEALEHTLE ) OT, RHEEETAREICE—MZIIAr 2w, A
ARBRIRIET S | BRESORAEE HH/MEC LD L I2E o T, MAEEE R
HARB DAL Z /N E(EZ AT ENTEHD, ZOBEIZE TH AIEL/IEL
D ERBREEARATAIE ) PEELONRNICES T A LT ELLADS
Vg TAUIHT L, EEREICBWTIE, WRPHFHE(LT 58 LIIMbIRT, &
KL EFTIREOAVELETH L, 20720, EFIREOFEIIHL UL, B
REOIRHACTHRL (HEEM I LDOTEBTREEIEV,

334 BELIRETFTNVORA

BREHOBEII LD AKBEDLDTH-TH, ZOLEKIARIBREOTES
FTET S, KERBEREAOKELIEZ, WHhYAEHERRTHEM SIS,
KREEFE b OERmE, FICEIORRCEEY &R L OMEER CHER X
M, FHRIC Lo TSN TRBEBRER SICHAT S, BITERTEETVIZE
\TAHCEFDETND 5K, &5\ IT4KFEHTIZZ ) LI2BERBAN OELGE D &)
LEEAPEN R TH L, 2S5 KEHTIE, YWY Lo ZEOEMO e, £l



DRELEEYDOLE., FRPYNTRBIIEITT 5 X O 2 HEHE B O ED
REALPRNICE R 2B 2 E2 EER VBT hid e b%wv, £0729H, 4
R, 5 R TITEMBG D E T NVLIERICEE XTI ) LEDH 5,
BERAED FIZB T BEMHARO BT HEIE, KECHT T3 20HERH Y
(Murakami, 1998), KDE ) TH 5,

(1) DNS (Direct Numerical Simulation)
(2) LES (Large Eddy Simulation)
(3) RANS (Raynolds Averaged Navier-Stokes equation)-€ 7 )V

INHLOHT, (1)DODNSIE, Navier-Stokes FiFERDEIEL I 2L — T3 VL
¥ % F#: T, Navier-Stokes F RO T 2 35 ICBHEM CBERIL L TS
TH5TDHIDTH 5B, 2Q)DLESIE, Large Eddy Simulation & Ff & #L, Navier-Stokes /7
BRICEL 2 KESOERM LR 74V —%L, ZRLULEOKE EDADELH
BEERTAEITETH S, Q)YDRANSETFNVIE, T4 v TIVEE (LA WV
X)) SNz DNavier-Stokes TR ZH VLB HETH 5,

(1) DNS
DNSIZ, & VJ V)V DNavier-Stokes 1 = HAZEMIZBER LT 5 DT, BHEY
WWRRLBRTH S, LrL, BIZEEMEICL > THRWDOEHLZ I 2L -2 3
YEERZITHIICE, AIVETUTORSIEEDEFRIBZ L SR ITNIELR L v,
BB DO FHTiZ, VA IVAEDI0E+06H 5\ 03 Z N EDOBR IR E 4
BDT, 3RTH RN DBEK D72 DITIZI0E+13b DIEFESVLEE 55, BIE,
Wi VANV ORTERE VT T ABATI0E+TD S 10E+8FED Y I 2 b — T3 v
AT TWBE D, LAV AET5000ETHL, LT, BIrodRiE, It
BHLA VXN SAHEROFRN, Fv 2 2V, SHNELRE 2 EOJE
WIZBRONH DIZRoTw b, DNSIZ, BEATIZEHMN LRI OBIT L v
0iE, LLABRKETFTIVORBRLEIZBWT, EBRETUHALERTH v L—
ZELTHWOLNS Z DS EAERE I FRETE R, 1995),

DNSi3, BEDOHREEDFERTHWA- L LT, ERANLHEILZO k%
BHTA2DBIEFICHBETH S, #RITH L. LESIE, ELIDOI RV F— A<
FUVZAROHBZEHEEZFRALT, 5 RKESDLOELEBTERTEL. 1 &
D/ WIBORNRITE FNVAL LTI 1K) (BUERAE I R ER B2, 1995) 41
\2& 5T, DNSTHRHEBMIIATEISEVWE ) ZEV LA,V VAEOFHENLDOED



R ZENTEL, BLRBDOTZANF - AT ML, BB AT = LommodkE
WK L FHHEERIC L o T, REGZAT—VOWMDP /NS A7 — VO
NEZANF=PEIHEL TOE, BHEMIZIEIHEIC L > TR LBANER SN S,
INEZFNVF—ART— Few), GliOxrd RKEviEit, —&ichHmt%x
bOFHRIZ Lo TESNBZDT, KEWIE (Z AV F—RAR) ([TIIHKSHIC
IFEHFUDPBNL, REVIBEIIFRERRIZE T, L YPIR@mNEHR LR
DBELTOL, ZLT, MMDRAT =P/ S LT %5138, IMNAT—IVOH
DR IZEFN 2D DITELS 2D . TOKE 2MOIEF R ILRE IR
Bl hoTL A, 2HIE, aNVETT JORETHORS L VbR, BT
SHUDPHEN L HB L PHERE V), SHITHMDRA T —WH/NE s &M
DRHEVEB LT b, WEHRIE, MORESIPFINVETUTIOREIEEICL
5EBBIIRKELS 2D, FEHEBTIE, SHEEEHAN O X)L ¥ — OfmESITH
BELEFELVEEZLONTVS, TAVF-RAERL IVETOTRI LD,
VA INWVZEDAGDIFICHBALTRKELS LD, L2 >T, LA VEH
THICREWE, PEHEBROPBBEFIILC 20, FEEBONT S EEEHE T
I D T AV F— DRI U THMSIE & A ER1D % WIEEETEE S h
5o THEBM/IERE V),

(2) LES

LESIZ, EMH/PMERI DD REZMEEFRAr—V(GS)DmE L THHEFE L,
%%x#—qu(%77U7F17—w6mn)u KT A — VOERZF-
TETF WML I N B, Navier-Stokes FHER T, EME/NEBEEDO X 75—V DZE/R 7 1
w&~%hbfﬁ%27~w@%ﬁkﬁ?%ﬁhﬁ%*bét\&77bex
TNV OEB)DEED, BRI FR T —VORNIGOETER I L BI5H L
LTHNG, Johid, BARKIIIETFR r — VOEEEEOBEICISTEET
H2bN5, L7z2A> T, LESIZBIT D REIREL/NT X —F I DERD AT
Hbld, MOTHEMTHLIHNRETG 2 5,

LESIZ., I LDWBRENEMTHALAYIT) VAF—FFINTHo 7205,
LESZ k4 2 AUIZHEH LEEE L OISk SN -#HE, MO EE I
WT kR I BIES T+ 551 mh%%ﬁﬂfé&w$W#§<%iéh%iﬁ
2720, BIREDSHENE OB EIZL - THMIZRTIEF4F Iy 7 AT »
AF —FTFIVDPREE I NI (Gelmanoetal., 1991), F 4 F I v 7 AT v XA F—
ETNVIE, ZLDWEBIZL > THALURPIMZ OGN TS,

LESIE, BT ANF A AT — FOUEZ) FLFHETAZ LIZL- T,
LA NVABOIEFEHFEL G ADNS L VI A I KE VTR TH 2 &
ZHREIZL7C, L L, ERTHRIARFEET NV THRDIKRIERDOR T —



BT, FICHECEEYOREEMN A THEICHBE LB AL ELIND,
SRIHEE TR TFABRIMOTRKE (LD, £/, LESTR, BEREHLL T
RETHEME T G ALEVH LD, CHET, XA TOFOFIO L) IZ
FEIAMBE R L4258 T& 5 L) RREEICH L TEICER SN T 72, Murakami
(1998)i%, SR LR 45 L) gL A/ VAR zxt L Tid, A
HHEREAGFOBBHIZIILEALERTHA L 2HBHL Twb, LESIZ, 20 F
TWVOME L, AWohb ETHES5RMEHIHLTTHS EEZEZLOLNLH, &
BOBMLHEBEORMICB W TEHTAEMBLTERFHL L TH 25 LITE
HTHEH LV,

(3) RANSE 7V
RANSE T WViX, ERO~B)DOHT, WEEATIILA VI HEDOKELFERE
OB L THRIEN R ETFTNTH D E Vb, ZORRIIUSELLENT
H59 o RANSETFTNVOMAEL LTIX, k- ¢ ETF VDS 5 (Launder and Spalding,
1974) kB X W e ld, TREFNERZ AN F - BLUHBEETH 5, k-¢ ET N
2, EEHERICBOTHEBEREZ LA I VAFHEINIBEEFN LT
WA T 72 LT, THhORSG 2 EEEL L TERKZ ANV T —kEf@E LD 2
DOWIEHF RN T KD, FHEDOHEFRALEDIIHIDDTH S, k- T
WVid, LESE KRB EEEICETILEN TS, BEENFEHEILG 2 5 EE
. R, IR L L TR ANV F - B L UBHBEE» HLETHE 1
Bo k-e EFNMIX, BNOMTZAr —VOTFHEE»E-2BHdRE L, FhL
TORT—=NVOBEPEEIZETIMMEI N TWEDT, & FRHBEE KE (WA 2
ENTELEVIFEN D b, TD720, BILFOMBELRE, LA JVIEOK
AR ERMRHENOBIICBNT, TRITIHBEEZHINTE S, BLTH# T,
EYE Y DD & ) ICARB 2 WIZAK OB ) D 2 < BERS WA, k-
e BTNV TIIF Z AT —FRM I3 L TS ER T 5 & ) 12BN 2 RuuAaEE
PrHUIB VT, LA OAMETER L HATEE T 2V F — 2@ AFHE S
N5 &) RENH - 72 (5B3.34-1K) , Zhid, AEDOHOEETIE, kS
DEMERIIFEEICREZVCDSDODOFER T AN F—DEREF T EREL LW
EVI)RHFERICAEOSNAEEA ) T {HAL TV RWVWZDTH o7,

ZMUZH L, Kato and Launder, 1993)i%, JT&4 Dk-¢ T7 N (HE#k-¢ EF7)NV)
IZBWT, BT AN F—kDERBEAFEHOUMERLDOATER I N TS Z
CEICRIENH B EVIBEEIIER LT, BT ANVF —HEFEXOEREL T
W2l & M L OM T OMR e & F 5 L) IR L (LKEFV) | BE&E
BEORESIIH L TER T ANVF—0ERTHHTL L) hERLE Lz 29
L7z B & T, AR OBEE = A NVF - OS5 mAKIRICRE SN, T2,



MMMMmM(w%Hi EHIZLKETIVNE LT DOHh O RIRE S % [k
T572010, BURTANVF —OAERIBETIE S C, @A E &= 2V F—,
ﬁﬂﬁt%%%oﬁéﬁ~@%@%%%ai&%&ﬂ%t\ﬁ&@b@ﬁﬁli
NEF—D5A (F3.34-1K) RHEIRE (833.42[K) ICOWTHERRE T L7
FORKRE, LKEFTNVERRTIVHVEHEZB TV,
RANSETFNVD—FETHAD, RBFETILHVLRLETFVIZZO - T v —
E 7 )V(Stull, 1989; Yamada, 1983)0°® %, MNIG LRk ¢ AIEBERE T v H > 7
WL ENDLDTNOBSTIIHRT 256, FHELTRORSDFFN
ZoWTRAE FERX xRN 2FBZLDTE 5, FHLORTFHERIC
X, ThORSD 2RO OMBE T ECHVIENS, THhORSD 2 ROH I,
EHIFNICHTARERZEETTIENTELHN, 2R EHITTHhoE
DI3IXOMEEZECHEIEHNSE, 20X HI2. dAXRBOBRGEHFERICILTF
NE D) SROMEEIBENR THEADH Cev, £2 T, SROMBELY. &EH
TEHERDOHBEROR., drvidth i) ROEXHWTET VL
(T RX=F4LL) | BOFRXRZHEWIIAL ST 70—V v —0
FIBEE VI, k- e EFNL 70— XY —EFNDUEDTH 5B,
REFTIE, kk e DLV IZkEl (REHHE) & AV -gR bbb s,
k-e BTNV EFRRIZ, k1D 5 MM RERLBILERELZEL L8 TE 5, &
RFT, BEEORL Y ICRAHEESH VWO RLDIZ, ELRBHEIIREERE I
BUILLDOPETHY), KADERDOIRBIZAKFEF B L TEHIEH MICIEEISK
ECEIEL, Lo T, BOTRIEDOE V2 RTEWLEHE TH L Z &EHF
@ﬂﬁ@lO’&ofw%oH%?W§ke%?w§ AV AR MR ITE
BB 7CREETH ) . ERMIIZFBROBFNE? S 5,
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0-1000m 1160 1000 160 1240 1000 240

S | 1000-2000m 1440 1080 360 1544.3 1280 264.3 o] 25405 -13333
2000-3000m 1280 1000 280 1300 1080 220
0-1000m 1200 980 220 1080 980 100

SW | 1000-2000m 1400 1160 240 1140/ 1020 120 o 210.00] -46.67
2000-3000m 1240 940 300 1120 840 280
0-1000m 1004 970 34 980 970 10

w | 1000-2000m 1080 860 220 960 780 180 o] 157.33] 120.00
2000-3000m 1040 680 360 800 660 140
0-1000m 980 960 20 980 960, 20

NW | 1000-2000m 1000 820 180 980 900 80 ol 9667] 8333
2000-3000m 860 660 200 920 840 80,
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c. KEDEKE
(1) EHMTOFHEEE
$40238% AFICHIAIRMR/INL— & FAMEORG

2| 98 )8 )] )4 i’ B ]E

Lt .t LB i b (8) (%)

£ | A |&REOFEM-ILER AR EOFE-ILTE A 1 80 6.3%

| B |REA% JEREA g5\ GEIS 48 0.0%

£ | C [#Foithd B VvidTH 40 11.8%

- H 9 RA D igE R 33.3%
D [{LFaE% g5\ 81

HENL LR ORERE HE§HY 263%

¥ | B |dBR k[ dic): A L 49 13.0%

F |REA {RIRJE LREG GEI 29 10.5%

® ) G |£DMd B VIIRE 24 0.0%

554.23-8% 005, 850hPaT — ¥ IZED WA /S Y — 2 B D FRIFEE DN I .
B=G>ASF>CoESDIZHER OGN L, TNHDIF = 2 REDIZTV—TLT 5L,
N — VB, G, ARTFRIBENRC, 239 — UF, C, B FRIKE L@, /8% —
YDGER. BRI TFHBEVEVWI V- TEdiTons, FRRENEEIZ/ SY —
PO EALE, PR EOREL L LFICERICHEEN R (., JAEITH
FERR RT3 2E@FZD SN, $72, BEROBEIFAREIE 2V
e o,

FRBEPRWr —AORWMB AL, 1528 TEMBD43.3%, EFED T — A D
HBIE, 1180 THEMD33.6%, BEIVFE VT - ADHEAKIZ, 81H TEBD
2.1%% 572,

(2) HBEE O FREE
54.23-9% ARIIHTBRM/NNEZ - LBIOSHER TOFRNEE

JEin 850hPa /& 850hPalZ 3£ < 20m® PR
I8y — | BEJEA] REES 20m® FAl{E E BB HxteaE | FAEE

A NW 51.3% 6.9 6.9 0.0 0.0%

B SE 16.1% 4.2 3.7 0.5 13.5%

C A~H§ - - - - -

b NWGER) | 21.3% 5.5 4.1 1.4 o 34.1%
W(FEJE) 21.0% 4.5 1.2 3.3 275.0%

E NW 35.7% 6.0 5.5 0.5 9.1%

F E 18.1% 4.6 4.0 0.6 15.0%

G A~HH - - - - -

423958705, 850hPaT — Y IZEDOV 2B/ N Y — L Bl BT T O TRk
FEDONER 1. BUAI OB ARE L2 N8 — L CEGR BV T, ASE>B>F>DOJEE 4 -
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TWwWab,

(3) #WERF & FOHEIEE
R EEHN OB RS & L. =RE, EFEL FORERE Y -7,
R A HA42 310812777,

$4.23-10R ARICH I HHBRAF & T OBIERIR

g KE BR8] SR (m)  Sm
A B & HHL(F )

F| Ay 2B [RAESmIENMESm)| £RE |[BRAEREm|&R/MEBmM| RRAE |EBEH] EXE | EHE
0-1000m 5 5 0 5 5 0

N | 1000-2000m 9 5 4 9 5 4 0 220  -030
2000-3000m 8 5 3 9 6.8 2.2
0-1000m 5 5 0 5 5 0

NE | 1000-2000m 15 10 5 17 8 9 0f i1.17 -4.17
2000-3000m 10 7 3 70 20 50
0-1000m 10 5 5 20 5 15

E | 1000-2000m 30 10 20 30 10 20 of] 2583 -417
2000-3000m 90 15 75 30 10 20
0-1000m 10 5 5 5 0 5

SE | 1000-2000m 15 0 15 0 0 0 2 5.83 4.17
2000-3000m 10 0 10 0 0 0
0-1000m 5 0 5 5 0 5

S | 1000-2000m 0 0 0 0 0 0 4 1.67 5.00
2000-3000m 0 0 0 0 0 0
0-1000m 5 0 5 5 0 5

SW | 1000-2000m 0 0 0 0 0 0 4 1.67 5.00
2000-3000m 0 0 0 0 0 0
0-1000m 6 0 6 10 5 5

w | 1000-2000m 5 0 5 10 0 10 ] 6.00 417
2000-3000m 0 0 0 10 0 10
0-1000m 10 5 5 10 5 5

NW | 1000-2000m 20 s 15 14 10 4 0 6.42| -083
2000-3000m 10 5 5 9.5 5 4.5
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424 T
PLEDWEHER DS, BAFEEERTFHE T VO TENEED 5 VI EHRFRICD
WTLUTOHR Z1%72,
(1) BERBE T VIEANINEZR 7 — ¥ (HAMHOBGE, JEE DR 5
e OYNDIREEDPFEE GV Lo, Thbb, HEEFTILER
W FHIRE 2 S® 51213, HRBEHEAIZB TS 3RO BSER
T—IDPPETHILLEEZLNS,
(2) EZEF—yORRSAL B EORRGAHEPRKES RLLHEIT, 27—
FIZEDSWTRREFRI LB EOTFEREIME T 32l Em % 5,
(3) M % JEHE T 2 ITRAKEDTR Z V)M T O BT BIE R F A
R RTERT 5,
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E5% SHORE

REFEDORAEMIE TIE, FHBICHET 2 RFERTHNE T VO FHOKRET L LT,
EFNVDOTI OTHA Y BLEERIIHET 5 FHORE 217072, v 70 F7H4
v ORET I3, BNORHBEOSARIL, KAEFBADE NE S OILAE & 5E7LE
EDOMOME R L, REFHOFEICHETAHE, RRFEICBIT2HMEE T LD
FAICET2BREOERS), MEBESCETARAEL L2 Z T CTEEN, ERAMNEY
DEE > HifThb 7,

BEDEREONZBIRRTFHEFTLO~Y 70 7% 4 Vi, BHPEORIERE
REMHIH L THORBEEORRTMEZIT ) ETVERE T H 720D EARN L
2RLIZDDTHE, £TIWE, ETNVEHRTAIER, TP SLREFiE -
FH, AROBIIERE T XSz EpgIin, 70-EXTHE2Zo TS, L
BLEES, w707 L 3, TREEFVREOERNZ HitE2, HLFTH
— W RETRLEZDIDTHE, EFVOEBKRPLAFICIOWTIRIZ L AL ML H
EFELTBLYT, BIIHHADADEZ SN TWAEZITTH S,

L7255 T, EFVORBORDBERTIX, RRENE RSN~ 0T A
T, ETNVOERFRACHFT - Fe &, BERN AR EZ RO TITC 2 L
ThortErLOLND,
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TREM1-2 iR OBRICETIREANR

(1) R(ZD1)

HELZZEH L 2R ClE, I E A e O FFICJEAAT IRV, IO TEIRIZD L A
25, MO L RTELE TIE, Ar EZRThHNE L TR EIN S, WD
T, AHEOHEEO1MECOVomBsl Bl SN 2F2H 5, NEIZBWTHFHl
WZE2o TERB LB S A L, FOXmTIE, MEADOKL Z EAEHHI s Ty
5o

B1-2. 1158 L72WG P e D & 512, Wil X D fl ke WIASZE ] L T w5 gl oz il os
BB LTV LEAIZDWT, M1tsuta(197l):}’o SUHREETAIINIZL ABAITERD
) BEHRENLZ IR TS,

ORBEBHEIPLHTWLIEOBEFROEEL L2 EEDEmIRIGEVATICH 5 S EE
Tid, #BRICEADOR TIIEEDHREIZE LV,
OEEDIEHEDE L\ IGATIE, WokmifiiZE ACBR SIS,
OQFBOT CL@IAEAL I mE&1TmIE, BEHOLEE 2 HOFBIZX Y £
L7k A EBo THE Y, BEIZ/NS CEITKE VY,
OHlEA2@GE 3 2mU EoflEcix, BoEIIREL, BHoflhid/ 3wz &
POWH EOEEATECEEOREBIEIZIT TN,

/ ,{“'\A—\Nﬁi ®h
o~ ii//\/v

uﬂ,rwse el

lkm

A4:69m
A3:45m
A2:32m

Al:17m

=2 jevel

= 100m

X1-2.1  ASFI7BIR D R & AR RIE (L& (Mitsuta,12971)
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(2) IB(Z D 2)

WD Ze i & WA & R BN /- M T DR 2 B L2Bla /R L, T gtz o
Wk %,

Bt 3B E BT AV OEIIVETLE rEW(EESL A V7 —
WBLUIESSEEXRIAEICTH 5(K1-2.2) LIYEICOTEHIE, Iire T
D, BICHL TR B RER EOEvwER L ko TBY) ., AFEFHAXE
R EIRIT B,

Bl % 4T o 72 B LXK X, JLBEE T b B E V- EASIR &1 A 0 EGEIZ 47 1C
TS53m/sxibdk L7z ZAUZKT L T1.5kmiE EEEN /- TOFEE#EIZ S 51258 <
2HED LD 1L4misZ ER L TV B, B2, REOHBIERIZIBOZR TIB IR E L,
X REGE 10m/s A E D HIRFEI1Z45%IE L, 20m/sLL EDOBETH10% 1V (FE1-2.D)0
ZDEHIT, BHIEOH LARETIREDO THWEANSREREIZD: o TR E#ET
AGEaN b, BHIMS TOMEIZ, WIZHEH 27~ 1 OB O R 2 E O B#
DELL EOWMEAR S 726 T b,

7w

2 e .

AR N
S BREL ) ey
N ryucm‘l’rﬁﬁl A%

X1-2.2 A AL B

+1-2.1 BEE TR O HIFIRR

B K EL B A) OB O$
(HEH=FK) 5m/s LA E | 10m/s Ltk | 15m/s LA E | 20m/s LA Lk
By 5 SW~W | 63.6%  |456% 26.0% 8.7%
(49.4%)
% 3 Ak | WSW~WNW | 41.0% 7.0% 0.1% 0.0%
IC (55.5%) ‘

(BRMM:BfM 604 12 A~Bf 614 3 A, AXERAH, 1986)
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(3) HEAF

R {EBROLET, RRSEFNLHEY LM I THLET, JRIIHBREIHRZ 5,
Z OB, B EORVWSETEROBWET»PELSL, KT Yy ViR e RET 5%
SiF, FHE EOBEFREEZBAIIHY 556, HETRE—KED 2HFOEEE 21,
BERO2EOBIDE ZATIIS/AMEE R D, T, DAEAELY L - THE Y S
HNTH, [HETIZEEPEIBR LB 2 WEFTHEAL, BINIHERICHE
AGZMBIITESSIENFEINRTV S, BARRTIZ, BRBEBOZENH L5,
T2 ZRAFPULEEERDOLETL, INEBEPLVELDLTHA I, £
BICIICDE) 22 enEZONS,

Mitsuta(197 DIZE1-2.3D & 9 125 S H700m D R L= EE YO IBEAHE TE &
320mD P TROER 27V, bIrOFEEEOZ(IZL Y, FEB X PEOER
WCREREDHHZ EZHONPIZLTZ, R1220HH D, ED L H1IZ, H T 2040m
BENZ-FRTH PHEETHEOES D ), BLNOTEI TS KELENH D, F /2,

BUIPFHICHE L T/hE KRB L 2R, ALAPHETHEINTE DR — 1
PRSI o/zl b 2EL TV 5,

®1-22 SFEWUBHRFHEOBLED 187
(Mistuta,1971)

B &
LTS 2“: Fry
x| w ]
7 1% | Vm 9050w
me | e[ ms
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G 207 35 320 017 15
F 365 46 45 0.13] 12
E 4710 44 68 009, 14
D 256 4.7 390 019 15
C 136 6.4 41 048, 30
B 305 59 490 0197 16
A 244] 57 39 023 16

1-2.3 FRLUBEMAEICH T2 88x
(Mistuta, 1971)
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