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Table1 Basic equations and solutions of the potential flow model

U :Windspeed of main stream (m/sec)

Three-dimensional Laplace equation Solutions of windspeed , p=q#0 - .
o 7o oo U o a colBa), o (Thvee.dimensona
Lt 0 u(m,n) = U+—2—2 2, Fpaf-— XP( ; ‘ mp+nq)) Laplace equation) .
9x 9y 0% ) N'p=000 B Smh(ﬁ'h] Y] Make contour map data
Velocity potential , p=q#0 LIRS cosh{Bz i ¢ using digitizer
N g v(m,n)=l2 Z F(p,q)u‘—(ﬁ——)exp(—zg—’(mwnq)) |
¢=Ux+z Z —Zvexp(i'k-x)-exp(i-l-y) N%p20 =0 B Smh(ﬁ'h) ®) Obtain the
p=0 g0 N @ NI N k-sibnh([.’rz) . fundamental solution Transform from contour map|
Topographic function , p=q#0 w(m,n) =-i# > F(p,q)ﬂexp[-%mi*"@) of Laplace equation to digital map data
¥ Fpa) . . p=0 =0 sinh{p: © under sin-cos -terrain
nx.y) =-h+z Z =3 expli-k-x)expli-ly) h - -
p=0g0 N2 @3 |Vhere X _ Perform two dimensional
Wave number u,v,w : Windspeed in X,y and z directions (m/sec) FFT of the terrain

k=28 p 1=28 g h: Altitude of the averaged ground surface (m)
NAx NaAy @) | ®,6(z): Velocity potential Combine the fundamental solutions
Bound: dition: »4(2) - Velocity po with FFT components of the terrain
oundary conditions k.1 : Horizontal wave number (B = Yk?+12 )
(Wh=0= %2] =0 N : Number of FFT terms
2 = . FFT -
0 ®) | Fpa: components of topography | Perform two dimensional Inverse FFTI
_[o®) _;om x=m-Ax , y=nAy
Wh=n= |5;] _ =Uz-
Z )= OX ©)

Draw the wind vectors
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KED Lif (2=0) ROFEESR (z=—h) TOHER
ZfFEA (5), (6) D&kIIKETENTES. U
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£U, 20 2%t 7 —Y) 55 F(p, q) ZHVTHK (3)
TERINS. k, 13z, y FANOWH, i=vV/—1 TH
5, TEBEERT V¥V O(x, y, z) IFHRUEHM
A L 2EED ¢(x, y, 2) KHBELTK (2) Ok

Fig.1 Flow chart for calculation of the
wind field

(Ekman-potential flow € 7')\ & Potential
flow & 7 VIZ $Li)

Fig.2 Definition of coordinate system for calculation
(Potential flow & 7" )\ & Ekman-potential flow & 7 )VIT
E2St))
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EKED R ZKE U Tz 2 IRIED Navier-Stokes HFER
LERRTH D, EREFISHETCORBIL0, EED
BRCRERS S EICHER S 5 2 &, EHRENEDO L
BTRWANZ MVOREEEFIRD YT =7 P OEE
=845 EROREBTHERIC—RTSIEEL
TW3., Z0LEDERN, BRIEROMBITREIL
Table2 ILREINT WA, B, EMEFRBAOEREIX
TEEZZR UT log+linear llc5EA 6N TS, &
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DTHA.

(3) MASCON EFJLiom
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Table2 Basic equations and solutions of the Kao model

Navier-Stokes equations Solutions of windspeed (z > h(x,y)+hs)
ua_u+ Va_u+ du _ f(v vg)+Kﬁ u = G(1+VZexp[-V(z-h(x,y }hs)lsinoc cos{o+3/4m-Vz-h{x,y }he))  (17)
oy oe 2 (10) | v=V2Gexp-Viz-hixyhJlsina sifos3An-z-hxy ) (18)
2
v v 9 o'v woydhyoh
ua—+v$ W= f(u-ug) + K— . ax Yoy 19)
. . an where
Hydrostatic equation
P _ v=Vi2/K , o = Vz-h(x,y }-hs)-3/4r.
oz =-pe (12) | wvw: Windspeed in x,y and z directions (m/sec)
Continuity equation K : Coefficient of eddy diffusivity (m?/sec)
u av oW f : Coriolis parameter (sec™!)
oyt =0 13) Ug:Ve : Geostrophic windspeed in x and y directions  (m/sec)
Boundary conditions ( G : Geostrophic wind vector (=ug+i~vg‘m/sec)
(hottny 5 Vhsting W hoting =0 (14 | P @ Pressure (g/m-sec?)
p : Density of air (kg/m?)
(Ul (Vs Ve (15) | g: Gravity acceleration (m/sec?)
. 9, h(x,y) : Altitude of the averaged ground surface (m)
(U+iV)mn(xy »hi‘ag(“'“‘) 16 hs : Thickness of a surface boundary layer (m)
Table 3 'Basic equations and solutions of the MASCON model
Continuity equation vevo+ ] oA
du OV  ow 20, dy 25
u v w_ (25)
ox dy oz (20) wew 1
Functional satisfying continuity equation 0 20, 0z (26)
. oty (u-up)2+ 0ty (v-vo)+ atp (W-wo )2 " Goverming equation for A
= du  du  du 2 > 2
—_—t — 4 — 2
TS Th, T 0 e 0 B0l
v 2n ax? Jyr ‘®lgg ox 3 27
Boundary conditions where
(W)gh = (u)z=ha—h + (v)z=ha—h u,v,w : Windspeed in x,y and z directions (m/sec)
ox dy (22) | up,vg, W, : Observed windspeed (m/sec)
(uv.w }"~Y=“~"~Y=L'Z="'I =(uo.vo,wo ) (23) | h: Altitude of the ground surface (m)
Euler-Lagrange eg}\iauons A : Lagrange's indeterminate coefficient (m?/sec)
u=ug+5L== o, : Gauss precision moduli
20, ox (4 | @& : Gavss precisi
Table 4 Basic equations and solutions of the Ekman-potential flow model
Three-dimensional Laplace equation Solutions of windspeed , p=q#0
o Io I H ugk2+vekl cosh{Bz; i
R u=ue+%z Y Fpaq )E—V—E (p2) p(-%(mwnq))
ox? J0y* 92 (28) N* =0 g=0 h(ﬁh)
Main flow ; Ekman spiral N (34)
. 2
Ug=Uy (1-expl-2/8gkos(2/8) ko Uy expl-2/8g)sin(2/88) | vavpe-L 5 LYY p(p,q)w cosh(Bz) p( m(qu))
(29) N0 o= B ﬁh)
Topographic function p=q#0 ( ) 35)
N-J N1
. . sinh| Bz
nxy) = h+2 2 Fp.q) -expli-k-x)}expli-ly) W?WE"r\}_zz 2. Flp.q)ugk+ve 1) P{ E(“‘P“‘"Q))
=050 N 30) p=0 a0
Boundary conditions where (36)
OE: Thickness of Ekman boundary layer
(Wh=0= jz_ o a1 Ue=(ug,VE,WE) : Windspeed in Ekman boundary layer (m/sec)
an an Ug : Windspeed of geostrophic wind (m/sec)
(Wh=n = {gL_h: ug(n-h)z-+ VE'(n'h)W (32) | wvow: Windspeed in x,y and z directions (m/sec)
Velocity potential k.1 : Horizontal wave number (B = Yk?+?2 )
h : Altitude of the averaged ground surface (m)
D=ug(z) x+vgz) y+2 2 exp(t k-x}expli-l'y) F(p.q) : FFT components of topography
p=0 q=0 N’ N : Number of FFT terms
(33) | x=m-Ax , y=n-Ay
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Fig.3 Vertical profiles of wind velocity
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(4) Ekman-potential flow €7/
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EFNVTIRILOBRTRICHE T 2HBEL 72/NA T — LD
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Fig.4 (a-1 & a-2) & Fig.sh (a) 7 & Potential
flow ETWVIZRLHEIC &> TR EFEADF ST
AINTVBEZERUEIY DRAIPBRINTNWS I EDD
»a. UL, 2LV HOHREZEZ Wiz ZHT
72V HEAR VR VIEBRE SN TV BRI U T
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Fig.4(a) Potential flow model
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Fig.4 (b) Ekman-potential flow model ({BEIRSMEIRE K=50m?%/s, 2V # ) /3T X —F f=10"*sec™!)
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Fig.4 The area of strong ascending wind (simple mountain)
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I¥ Fig.4 (b-1 & b-2) & Fig.6 IZRT £ ICADIKR S
EEEAY 3 km A S ETRICEM - BEE LWL LTH
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Fig.5 The wind vectors in vertical cross section
(HEx&t zzWHEcHzILEZB2Z 2AOME ERIMBRNY PUVTERRINTVDS., FETNVE bERRILERAINTEY,
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Fig.6 Vertical profiles of windspeed (v #*+v*+w?) Fig.7 Vertical profiles of ascending windspeed (w/U)

(Fig.6, Fig.7 &b FinfglimohiE (Fig.s DAS L) TEtE S hiEZMAWVTWL 5. Fig.5~Fig.7 » 5 Potential flow £ 7L T
WESHOMRHSERS g, Kao EF VTR ERRIZEF IO > THEEL TV, MASCON £ 7))V T i LR EEA BN
HE SN TW5. Ekman-potential flow & F)Vid 4 DDETFIVOHR TS ORRIC L2 LREADOFECHERMCRENL 0 TH S
&%, MEHRRORMESRE L <HRLTNS.)
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5. Ekman-potential flow € 7L & BV THR
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EARFELEHE No.503/ 11-29, pp.49~58, 1994.11
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Fig.13 (a) Observation date : 1991.9.5
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Fig.13 Comparison of results calculated using Ekman-potential flow model with ones observed using VAD method
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WIND FIELD IN MESO-B SCALE CAUSED BY OROGRAPHIC EFFECTS
Tadashi YAMADA, Tadashi HIBINO and Makoto NAKATSUGAWA

The authors proposed a new method for calculating the orographicaly induced wind field.
Several methods to calculate the general wind field in mountainous area have been
compared. We adopted as the model for comparison, Kao model, MASCON model,
potential flow model and the modified potential flow model including Coriolis effects,
which has been newly proposed by the present authors. Using these four models, the
characteristics of wind field numerically calculated for a isolated mountain as a simple case
of topography were investigated, and it was confirmed that only the modified potential
flow (Ekman-Potential flow) model can explain the existence of strong ascending wind at
the right of a mountain, which has been often observed by radars. The effects of complex
topography on wind field were verified, and it was found that the Fourier components with
wave length shorter than about 5 km of the topography has not significant influence to
wind field. By comparison of the results calculated using Ekman-potential flow model
with the observation results using VAD method, it is confirmed that Ekman-potential
flow model can represent actual wind field very well.
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