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Assessment of Wind Velocity Profiles in Mountain Areas
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ABSTRACT

The flow characteristics in cases of an escarpment, a ridge and a hill were investigated
systematically to establish the wind flow data base and to assess the validity of the related code in terms
of velocity pressure profiles. In the study, velocity profiles of models were measured in a wind tunnel and
the results were used to confirm the accuracy of the numerical simulations. After the applicability of the
numerical method was assured, a series of numerical simulations were performed to predict the flows of
the three unique topographical cases. Accordingly, not only the flow features were examined in detail but
the validity of the code suggestions was evaluated. Major results show that in the ridge and hill cases,
reverse flow exists in the leeward region due to the occurrence of separation and the local velocity
fluctuations behave in a manner close to a normal distribution. Moreover, the velocity profiles suggested

by the present code appear somewhat non-conservative.

TR e T AR ()7 (=¥ Email: fmfang@nchu.edu.tw)

Professor, Department of Civil Engineering, National Chung Hsing University, Taiwan

U A T R

Graduate students, Department of Civil Engineering, National Chung Hsing University, Taiwan

] 10 [1-5Rfy > 2011 5 8 £] 24 [ 153 63



WG CHSTES | JTT8H] 2011 F 12 5] ¥ U
|

[ ITRIRLIER ), o SRR D o BER O S R0 B e AR
SEE LR IR [ S [W\'&ﬁ E’L@ﬁ?'ﬂ”%ﬁ F%J:I":Ift Jar]ﬁ[ VHEl ’J p%h‘?\ﬁ?’ﬂ NES
FIRESER R PRI R [ N ﬁ;li“ﬁ ’T‘itﬂﬁ'ﬁf[l@lﬂﬁl%ﬁ{vtﬂiﬁ?@%o

RSV e beAUs 7 RN RN Sl [[rg %J’ﬂi%rﬁ?j S R B o [ PR ()
(] 0 T 7 o SRS N o BRSSPI R - U R ST e R ’FT R L[@uu_ﬁ 2
W?ﬁi}ﬁ(voﬂex)ﬂl@;‘/ ZHT E(unsteady) s BATR 4 > TR ] 55 T’TFU{E B FRIT B

E2NAE i[ffijj/ﬁ[j"iwu““' T rﬁi[ﬁj et — /= A%(two-/three-dimensional ) [ = [/ [ﬁ‘ﬁ;ﬁ?ﬁ 1K
[ Ferreira & (Ferreira, et al., 1995)~Kim Z(Kim, et al., 1997)~Carpenter == Locke(Carpenter and Locke,
1999) ~ Ishihara = (shihara, et al., 1999) - %Tﬁﬁi AYED Eﬁffi'r‘f “iﬁ‘fﬂﬁ'[’l@ﬁi}‘ 5 fifi(mean)Jt > élifﬁ ie:>
k2 ﬁnﬁ o Ef%krﬁ [V B9 [ = B (roughness)tf’ﬁ“ﬂﬂp 1V 525 U1 Cao = Tamura (Cao and Tamura,
2006) ~ Takahashi & (Takahashi, et al., 2002) > ’FT“ 7| IT’F',H WY B F VY u(separatlon)%“
ﬁ'ﬁl}’ﬁﬁé@ VYR R RS 1 d5AE - Takahashi 2{(Takahashi, et al., 2005) (5[
%ﬁﬁﬁ??)\[ﬁﬂ I'FL]_: AELS SR AR o Lubitz % White(Lubitz and White, 2007)EJ[JF$TF5F%L[ [ Fl 13637
Ty lp A [T EE L RYA - Miller = Davenport(Miller and Davenport, 1998)5<ei [ ke il 41|
RS SRS Y I%:‘f i il (design wind speed). iy kb |ﬁ,§T YEH 5 Weng 3 (Weng, et al., 2000)F[/#5L
BT e ”,H'[ B R Hlﬁ%ﬁfm s .

PP Hfmufa R PSP 2006)]11F RIS (TR A
B C = FEPp N I 1 ‘ﬁ%[}plﬁﬁrﬁmi(power law)™ =0V [ (ABIERRERCE
(quasi-steady theory)fE5TTN| 1 o HHE[ZET HIE9pY] [ﬁiﬁd » USRI EEPOE R 17 5T [ T - [T e
(topographic factor) » &#-%f§5/=' (escarpment) p [ﬁridge)%‘??’&ﬁ' a“:-ﬁfjp |~ (axisymmetrical hil)Z = 72
WA [%Fkﬁd e ST TR jF‘[ B3 B ANSI/ASCE 4 gt American Society of Civil Engineers,
2002) -y Y B9 R for VISR R O R AR N REIRI N e AR S i
BTJR 1 W, S [ BB > 5 I U e SRR T A E,gﬁgﬁgqﬁ}pgﬁ%ﬁ L
F i Bt R0 Sl e R 4 -

N E llg’[i)

AHETE C B IR R TSR (2 AR SR [P FOE R TR R
IR o3 A o EUp R ?ﬂ%ﬂﬁﬁﬁﬁﬁy%#%ﬁiﬁiﬁl?@@%ﬁ? ﬁ@ﬁiﬂﬁ:ﬁ’??ﬁ”ﬁﬁ'
VR o A O I A RTIRAR T B T B S
R TR 1) .’wytﬁafcf:rlﬁ SR [

A0 SRR (A b ST IR L (SRS = 5 et '[TE:‘EJ&
ra"p B (weakly-compressible-flow method Song and Yuan, 1988)fi’ CFD Ebﬂglij o f' AT

I t5(space averaged)ﬁlﬁki ﬁlj%(large eddy simulation ; LES)Z=7 F[ﬁﬁ‘ F AR (sub- grld scale
turbulence model) f¢ Vet BV FH T > 1) P 55 7 o

64



LBk 7 lﬁ‘ﬁﬁ%ﬂﬁwﬂﬁ?f

= 1
FE o BB A EE EJFTJ"'E’F“[H(along-wind direction)'st |0 VFF BT [# 15 B ASCE 4/
5o T ﬁi@%p@’? “I%ﬁ*ﬁ? Wi (" Jﬁﬁ"}ﬂ@%ﬁﬁr > 2006)f] 1) F—ﬁ@“ﬂﬁ‘*{velocﬁy pressure)
VR BTN 29 SR PR o [MEERR ORI Y R R

4(2) = 0.06K(2) K, [1 Vi, (O)F (1

EH K(z) BVE S (75 TEVH 32 (785 Vio(C) Ebi=— #9 Eli%dr’f“w ' [ I@P it Eﬁ
Y EIFEREEL C K > BEPIE 10 2 N AEISEPET 50 F ISR L 10 5584 Hfﬂh o [Pl EREERI [ 2
S RS U3 C > BERTE 10 2 ) Pl > (A VSR

20
K(z) = 2.774(Z] ; z2>5m (2)
Zg

20
= 2774 i ;v z=5m
Zg

iy o 22z ST IIERESN R IE 1) % (2 gradient height) © 9% - Ko BEE97 Gkl 755 Pl B0
s B Ay - sfrz[ﬂ,@f: H"ET*F}M/EF,J?Z[ TS o B ERUE ] 5753717 |5 ASCE 4
SEEfTE D= AU EIEUES?) — ZAERAE ~ D AR EEE S RS VTS (2 PR DERE **Ww:
BRIk o 3 R0t R~ TR 8 (HDBE ] 3.22 2% B 397 ) 8 By i

EH AT 45 2N OOy 18 2 N (B A FY B) 0 5 PSR R [1FTS S R 100H FY
3.22 RV CRyEAVL D PRREPRIIA R VRGP > 2 H/L, 2 020 » Pl Ka 1" (0 FHET -

Kzt =1+ K|K2K3)2 3

U 2 K S bR BT TR 5 R Ko S o O R 2K,
S = R TJ (B HPREENES T LY B9 (O RERRE TR EEES A
)~ BA B OFFRRAR (/L) - HVE IR K ~ Ko 22 Ky VR =gy -

e~ TR AR
APIEH B A O PORRE  TFER S S AR TR R LR D) o )RR

TR (LT T T 2 5 IR AT o P s 5 LR R el B gL
AT VR SR S 1) LTSRS I R TN SR O AR e
%EJ'Z(Reynolds number)gujt%fr[g?[\?% B 2 % 3 Bl (order) » SIS E ik Ag = [/%%F'JF 1)

[RAHHIS(scale effect)fyd [FRRla VBT » [N > Ry RIPTIASREET et BTG S L et i F—%EIU%
AT E-.Fqévﬂ\il BRI BT [ bl [ SO [ 1S 5 T BB G VPRI ) 832
AR AR TR Y TNE SR = Ve -

65



SYEER | PV T8 W] 2011 F 12 7] ¥ AU

i
it
Sy
fe

g

V(z)

En}?ﬁ[ﬁp;@ b ﬁmﬂiﬁ

X< 0

x<0 x>0 (@ )]
(R ChETD

x>0

[N )]

UG

1 = AT (7 S - 2006)
41 IR

WTLH@LJ]"E_J'E [ERUEANES ’\ﬂifjj%ﬁif‘lj(ﬁi?p: AERRE ~ T A [:ET%?E A B ‘[‘?ﬁiﬁd;[/ H/L,,
ﬁ%ﬁ%ﬁ;%ﬂ@myﬁﬁ@ﬁwngﬁﬁCﬁW{%§WE$ﬁHUUMNmCﬁﬁmﬁ%
(constant temperature anemometer)fic! ﬁ?ﬁﬁﬁﬁéﬁ(hot-ﬁlm probe)Ei VT [ﬁ]égf:lj/ = ﬁ[ i ﬁﬁUEl(Eﬂj 5
MR R ED) o I LTSt fag (M8 o U R 0 AR Akl "“\%T”F? iR
~ AR 2(2)) > 1R RO PAS T VA o bl T T R TR B
ﬂidiiiﬂﬂﬁ\ﬂ]ﬁ » PR ZVARFISR B 1000 Hz » EJ?F'U%JTEWEUF% [ 300 7 o b giBRspl %ﬁlg?ﬁ@“fﬁ
FUBIRER 2 2 3 (HEIFS | b b RORRER.Y RA 10 A 0 R e g
I > [ (R R R 7 -

PERIRERR ]t I S O RS ] 1&}’5'[ fﬁj?;‘/ SEFJ AR AN (spire) = By A
$g7u (roughness element)f i 4+ - qgﬁl 3 g Ry i—i—i[ﬁ“ﬁﬁ[jﬁ-[(%‘}’gﬁi o ffitE 0.14 > 35
P 8 EL 150 5T TR R Us £ 14.01 mys)E AL (root-mean-square) 2 < £l 1
W'V W OIRIEVEE x bl TRy B 2 e USRI« & R T
S IR (T AP C B e -

42 YefpE-

RN HefiEt pr b AR R B R RSy CFD Beff HiF F'ﬁ«[\l;ﬂfﬂﬂj‘ SRR
fﬁ}@)’ﬁﬁiﬁﬁ%f‘? BB VEET ) PES DRI PSR AT o 4 JefiiASE % (Song and Yuan,
1988) L3 [ F | ISR (finite volume method) VP BIJIHL - »1 iV s frkl AT

9P L KV.V =0 )
ot
‘Eﬂ?-v?:- P oivi(viv)VV] ®)
p

66



L1 3 Ve B 1 ]

(a) RRE
Y,
6=120 cm
z
1 YlTHiES USEE: R
N TR EEAR 15cm 15cm I —
60cm 120cm L 100cm i
—» X
®) F =
x Uo,
3=120 cm
X
L
LU s Jisen~JHIE
‘T 60 cm 60 cm T

[ﬁl 2 HERE ﬁgﬂl

(a) (b)

2 2
175 175
[m] Experimental 4
power law o= 0.14 o u/Uu
15 1510 o
v v'/ Uy
cel o w'/ Uy
125 125 @
2]
w
Z/5 1 7Z/S 1 o
@
0.75 0.75 @
<«
05 0.5 x>
>
0.25 025 %@O
v <o o
v Co
0 | | 0 | | | |
0 0.25 0.5 0.75 1 125 15 0 5 10 15 20 25
0
U(2)/U; ms/Uy (%)

3 TREED RSAIE @ BRI ORI

67



bt

EsT CRSTE ) STI8 W] 0 2011 F 12 F] ) S
|

Efrop = Vo LA AT SR VRS R [ R KSR p ST IR A s I BRI AR R (bulk
modulus of elasticity)=* % ; t tr';,Eﬂj‘ s vEE vl [J“ ifﬁ?ﬁ" A i (laminar) == %37 Eﬁﬁf % (turbulent
viscosity) o =9} » E f’ﬁﬁ“”‘" (" | Germano & (Germano, et al., 1991)Hd! L[‘ﬁl‘iéﬁﬁiﬁﬂﬁﬂ‘ﬁ%%’rﬁﬁj
(dynamic subgrid-scale turbulence model) » [ﬁ%\v [ (6)=V&IH -

V= (CSA)Z\/‘?‘SU S; (6)

EH1 > Co= A 5T [|5% Smagorinsky ﬁf’gﬁ?i'ﬁfrﬁ NUE (filter width) S, F3ER#IRE! (strain tensor) ©

BTl 2 ZRY E(unsteady) R (turbulent) 5 2 TR 1 (4705 (5)78 I T AR
ﬁ%i‘}ﬁiﬁ (finite-volume method) & ;:#f‘[ =F BT n\ﬁﬁr‘,f H| MacCormack (1969) . 2[R ““ ) f[
Crank-Nicolson 3% (Crank and Nicolson, 1947):% =
4-2-1 B IR R

T SR R E A G (D SR T SRS Y (stationary boundary)p s SR A EEET

BRIt V%«HEﬁphantom pomt)q’H uﬁ’g PUREIRY S T R R [;g Vﬁj[f& TR
P R SRR R A G T A AL A T B SRR R
(F (no-slip condition) » [y £ {4 4% * b Frrl( FE R~ RRE P ) J«HE’!JE[]JW]%?\%JW' NG
f{*l{ljﬂj [ﬂ:'T/\D[QJ/ o ,i’EPt]m{j[q ) ﬁ%}{ﬁj’ﬁigﬁg‘,w V2 PR sV s g K ERIE R VB
V/\I‘\L_fdfrufl\zﬁJ@ EEELH (I L6 I
422 THRE A

RN R RSSO T S s e S s PR
“/TEJ/ '[%HUEJ&&%’ [ QTR IR Sy A JJI/F*"EHJ‘:’ ok R A TR R ‘lj?fj 5 {ifi(mean)
'Hfu‘Jr‘% f}‘dﬁ}gﬁ I (fluctuation) o £ 5" BLERH |~ IE@‘W [IW?[F] &AE“E[IJTHJL fﬁ’?‘ﬁﬂ, ?FI':'JEH[
FRA]7” Kondo Z{Kondo, et al., 1997)g 1 %“ i"ii (spectral method) » I') & & 5 "TF i ZEY I p R
PRI o SR AT RES C %?FH\W%UPI VI RENH G S BRI i AT
T;H}‘E {8 I (cross-spectral density matrix) » #3FAZF 1R ﬁ}zﬂ}g{j\{[ﬂ‘iﬁ" e ﬁ@*(y)ﬁd&l‘?g
@[ & PFE'FT‘JI%(Spatlal correlation) g =7 1 rf“ﬁ‘ﬁ[]pl PIES AR BT e kg il 1
ﬁ"ﬁﬁj e e
4-2-3 PTPRF TR

?Jré“éf%‘vb‘ | mﬂi"ﬂ s I?iﬁd » AR H/L=0.5 ERF)D B F TG I8 (computation domain)

lE'qéﬁ' 4o = [ P9V Bt [~ 151 }ﬁ?”(cosme)ﬁ[h&«}””u_o xi”ﬁl(z)ﬂb il RSN Vﬁ 5V 10H(H
«..vi’iplﬁl @) AT (] > BB A BB SRRV LR G
8H=* 25H) ; [fy 7‘i”J‘j‘ﬁ3W(y)“‘J [fil > FF T PRIV 16H » IR [N3E i 9 [0 R [ = A S i
4 B T R R q"’I'J“hET’r*‘?[ﬁ b =) F‘wfﬁ VAT B 0.05H » v 2 RIS ERGRFEETEAE
=N AN EJJ? fE5E7El (time increment) ) 2.7x107 > S EF TR VA P E\ijf(real time)#=E% 800 °

4““[ I faﬁjﬁ;}é{“&j AT BT R &= o

68



TS EL RN s

g

W

(a) K&

Escarpment

(b) | [FT 15 (1A

Ip 4 A B T e A

= Eﬁ*ﬁﬁ\lﬁs—ﬁ

[l S BT H/Ly BE 0.5 [ » BRE ~ | [FTER0 5 = (i e O *d’ﬁ‘ﬁﬁﬂt' /A
FUR 7 RS T b (' Sa). BiETr=ss B e 1 ﬁ'ﬁ T "P” e b R F S I
bé’?ﬁ%ﬁ' 5c)fl 1 Fs T BTE i R 55 i (separation) ) ENOEC E"iﬂ’J[E[T‘ FE A (reverse flow) 7R 54
GE~ WM R 2 g (=B pl kB 4 G i) o 0 RSl B 5 R
[R s b 53 PR /A ) gl o PN e PRI g b B N ] e TR R
BB D (5 8 o ARSI » BBty IF=om B g e B g s I 1 i o Hlﬁ%ﬂ SbE*”an 5c i bl
T AT B L i §€‘|;EIE'*EI THIR N R E 7 QF [/P”J/\@

(a) W= o 77

& n )
x/1,=-38 2 -1 0 1 2 3 x/L=2 - o ]

(©) L[ IE (H l'i"‘/%fﬂ__'%%f&.[)

q‘%“[[ 5 gh’z@ﬁl}%&?@hﬂﬁ% EE}?EHJ i—ajﬁnjﬁﬁuﬁ']fﬁﬂ%[

69



bt

*

3 —fiFf"a CHEEEIE | ST 78 W5 2011 F 12 ] > ¥ HBE

A (B g

£ %lﬁﬁJﬁlﬁl,?@ﬁ?Jp#@%:f*fJﬁF]I%ﬂé[f@rl/y_j;_&];@,ft—' lﬁlt[ﬁﬂr , fﬁ@ﬁ@@?\\;‘/
EU(&FEH:”‘E—{ % B PIAEY AT 'PHE’VUO N 3 5 755 VR B
R 1T 2 AR AL SO (T B g p
e IT?FEJF.! AR M SR A o SRR T 5T ] R 0 SR
ARG AP B AR 4. [ R (HE R 100 22 PR S
B C BNV ) A5 e B (8)FE 300 F RIS 3 FEEY(C AERRE T AR
FET 5 )2 6 [l F(H/L=0.1, 0.2, 0.3, 0.4, 0.5, 0.6) « WSl k™ C #3p g o po = e 4
[l 6 Fr o T ’rdfﬁ‘ﬁf[]p[ﬁl% DYl IR 015 0 S RIRFIEAIEL 14%

(a) T fgfgﬁlﬁiﬁ”fﬂ (b) i‘%‘ﬁf{rﬁnﬁgﬁﬂpl
12 12
10f Territory C a=0.15 10~
0.8~ 0.8~
z/5 )
0.6~ 0.6
0.4 04l
0.2 02|
Yo o7 o5 05 o 12 00 n 8 12 16
U(z)/U; u' /Uy (%)

[p 6 BTTEASR . E E
6-1 Ak [~ fASLRE i
6-1-1 KRV 2 S AR

(EETTRET FTAE N [ 7 557 AERRE T C P T HW@%UP ﬁ’tﬂﬁ‘cﬁ”’ﬁgﬁﬁ:ﬂpl VA o KT
ol R i Ab TRE I/YF‘;@SFFUE||f]7f<~];%dr“ﬁ’§ﬁn—~[-gf:h((l):k) FIRE 3 (T e 1 [?9154@
HET| i1 o 0 SRR PR TR B R R A - - SRR R
EEUE(x=-2Ly) » PRSP U SRR TR [ (x YD TR VRN P Sl
ﬁUE'ﬁ‘i TTRIE Y ﬁ@iﬁ@ SR o (BT g ’*Aéﬂe EE, il AV IEL57#FE (contraction) * Ji. &7 I(Fang, et
al., 2001) - F”ﬁ%ﬂ 7T 5L gﬁ@ﬁiﬁpqﬁg\lygww TR - | ﬁjfj:i\f@ﬁ@%ﬂ@{[lﬁﬂﬁi o %»Eﬁ/p
= ElWé‘[ﬁ“ﬁﬁﬂ?@l}%&ﬁg{;l;[ﬁﬂﬁgﬁy;ﬁ@m iy o M AR SE N YRR

PRS- WP IR L Bt e Jad 28 SR 0 A o [ 8 B C g EGiis
AL TSRt i - A i’ﬁ@?rlﬂ"ﬁw [ AR (R )T i fR Sy A
x=-2Ly B[V SRR = R [T (5o S TN 3 TR LR ORI | o BRI PP o
FEPLTEI » RO VAR R [ R [ @w 1|73 %1 BRI T -

70



H/L =01 Territory C (a=0.15,8=3H)

Calculated W o Code

1 2 3 4

H/L =03 Territory C (a=0.15,8=3H)

Calculated © o Code

1 2 3 4

H/L =05 Territory C (a=0.15,8=3H)

Calculated © o Code

1 2 3 4

LBk T lEﬁ‘ﬁEﬁﬁHEwﬂﬁ?ﬁ

H/L,=02  TerritoryC (a=0.15,5=3H)

Calculated ¥ o Code

2 3 4

H/L, =04 Territory C (a=0.15,8=3H)

Calculated @ o Code
2 3 4

H/L,=0.6 Territory C (a=0.15,8=3H)

Calculated @ o Code
2 3 4

7 R NP A SR e

10% H/L,=0.1  TeritoryC (a=0.15,5=3H)
—
Calculated u
x/L,=-2 -1 0 1 2 3 4
’%‘ H/L,=03 Territory C (a=0.15,8=3H)
Calculated u'
x/L,=-2 -1 0 1 2 3 4
10% H/L,=0.5  TerritoryC (a=0.15,5=3H)
—
Calculated u'
x/L,=-2 -1 0 1 2 3 4

W

10% H/L =02 Territory C (a=0.15,8=3H)
—

Calculated u'

x/L,=-2 -1 0 1 2 3 4
’l%‘ H/L, =04 Territory C (a=0.15,8=3H)

Calculated u'
x/L,=-2 -1 0 1 2 3 4
o H/L,=0.6  Territory C (0=0.15,5=3H)
Calculated u'
x/L=2 -l 0 1 2 3 4

8 R B R

71



%

Sty T HISYSeR | 5V 78 1 5 2011 &F 12 F| » BB
|

6-1-2 [I[FTIH = S2 s Bt A

9 B i FTINDT EOIAIERER L BT ER  R AERALY
T PP o TP » TR RIR 1 10 SV R i R R -
S S AT R BE GULy=O) T E RV 85T SR B
(ASHRIREL * Wiy - AR S G LY ] ULa<OY SIS R E TR »
X/Lyp>0 s A 2 BRLy dij,H[j ﬁbd[i\}'[/JE[T _LI;[%JFE‘I':_LFI&}’

Calculated W o Code H/L,=0.1 Territory C Calculated T o Code H/L, =02 Territory C
sl D
4 3 4
Calculated W o Code H/L, =03 Territory C Calculated T o Code H/L, =04 Territory C
o /j Q 5 s Jo; < Q
1 2 3 4 1 2 3 4
Calculated W o Code H/L, =05 Territory C Calculated W o Code H/L,=0.6 Territory C
q
4 g 8
- g ¢ S J 8 s ¢
2 3 4 1 2 3 4

B9 [P IRBI A e
6-1-3 1.5 ffjibl L = S AR I

ﬁnﬁﬁzﬁmsﬁmw%m%@yjﬁ@ﬁﬂ@ﬁ%o&mgﬂpfﬂ§@<wu<m,
T 0 U PR R R B 2R R 2 7% S 5 TR P
Bk (AP  hIREBO A[F A -

%uzﬁﬁ&vﬂmmﬂﬁﬁwﬁﬂﬁﬁ%°d'%%PVWWMQ)WﬁHWﬂ@ fel i
PSR i 5 L0 o BTSSR R [ 2 R e -
1= x=4Ly > RS A E ) T WA i -

72



L[ 97 ] Vel B 1
I 1

10% H/L,=0.1 Territory C 10% H/L, =02 Territory C
— —
x/L,=-2 -1 0 1 2 3 4 x/L,=-2 -1 0 1 2 3 4
10% H/L, =03 Territory C 10% H/L, =04 Territory C
— —
x/L,=-2 -1 0 1 2 3 4 x/L,=-2 -1 0 1 2 3 4
10% H/L,=05 Territory C 10% H/L,=0.6 Territory C
—t —
x/L,=-2 -1 0 1 2 3 4 x/L,=-2 -1 0 1 2 3 4

it 10| Fﬁﬁiﬁ@ﬁ@?#ﬂﬁﬁﬁj;F;Lrﬁnﬁﬁﬂf&.”:»jﬁq%l,

Calculated T o Code H/L,=0.1 Territory C Calculated T o Code H/L,=02 Territory C
1 2 3 4 1 2 3 4

Calculated T o Code H/L, =03 Territory C —— Calculated T o Code H/L,=04 Territory C
1 2 3 4 2 3 4

H/L,=05 Territory C H/L,=0.6 Territory C

/j s j
2

1L 1 R R =P T S0 S e

[N]
w
o

73



= Hbr
tE s g S | SYTR I 2011 % 12 6] XY
10% H/L,=0.1 Territory C 10% H/L, =02 Territory C
— —
x/L,=-2 -1 0 1 2 3 4 x/L,=-2 -1 0 1 2 3 4
10% H/L, =03 Territory C 10/ H/L, =04 Territory C
—
x/L,=-2 -1 0 1 2 3 4 x/L,=-2 4
10% H/L, =05 Territory C H/L,=0.6 Territory C
—
x/L,=-2 -1 0 1 2 3 4 x/L,=-2 -

[ 12 I pl A e e s AU e e
6-2 = A& [FEES AR S TR ARG PV B HE O

Pt e b (B8] e A T = AT VR e e TR g 2 TR RS
Yt o P i B FSLRER F SS  o HERR BS PR R
SR BV YISO SR o ST TN RO DI+ o BB S e
[ FeRgR ] fo o PR Ve R T [P = AT (T RO S g 2 O [ S T ) B
AR D A5 PR (probability density function ; PDF) o [AMSE{EAHERH - q%ﬁ' 13 B =
A FTE S A ’[ﬁi[?di[’ifgjj/%%'(H/Lh:O.S) o MEE ?‘,Eﬂ,ﬂ/ iﬁ”ﬁ%‘]“'%@%'ﬁjﬁ:ﬁ HREY ol

() =R (b) =7l =
1 1
0.8 0.8
0.6 0.6
= =
=] Q
~ ~

0.4 0.4

0.2 0.2

(u-u)/u

[ 13 AR RS A P S [ RS ) (H/L=0.5)

74



LBk T lﬁ‘ﬁﬁ%ﬂﬁ@ﬁﬁﬁ

= I R A

PO S R B BT Pk #ﬁ*@ﬁwwﬁ”ﬁﬁ?”"’ggﬁ'
Tl SEFZE (displacement thickness 5 &) » [BELABCRRAIF BRI VIR R g ) (AR
AP - A

) _
5, = jOH (1—%5)dz )

R UskR3 e e g > 0o 25 [ B iU 1 H=100 m

qgall 14 ELERE' [?Ewm %ﬂfaﬂﬁ’%ﬁul}l(u) N | f*:ll;gj pt -2 [sftlir:ﬁﬂf‘{[gw%@ﬁ P[(u+2u ) biﬂﬁnﬁ@
%@“ﬁfﬂp[ﬁ":@ (PFLRIR A [~ L - 7 C fﬁiﬁdmﬁx; BRI 1(-2 < x/Ly < 0) > 27 75 REE [ FE 1
I8 (-2 < x/Lyy < -0.7) 5 A iy 3 LB U R g 1*7+ » B PR BRI [ T B S A
il 15 £ [FTIR A R e - g[f&’iﬁﬁH/Lh)E 0.1 5 » A P ) - SR
Bl P2 g o S B G/ L=O) IR U d 40 e 330 sl U o ey PR R RS 1 5T i
S EEZEIUS [??Ed(qu%ﬁ' 16) » AHRSE R T ST VAR SR R RO
(SRR -1 <x/Ln <t P[] S SLFIRT I8 - CSGAORR% L= 0 TP R R -

25 2 25
Escarpment H/L,=0.1 Territory C Escarpment H/L, =02 Territory C Escarpment H/L, =03 Territory C
' ' ' ' ' '
2 ‘ b Calculated @ 2 ‘ O Calculated @ 2f ! S Calculated @
—w=v=w=s Calculatedu +2u' === Calculatedu + 2u' === Calculatedu + 2u'
Code Code Code
151

T T 2 3 2 T 1 2 3 2 T 1 2 3
x/L, x/L, x/L,
25 2. 2.
Escarpment H/L, =04 Territory C Escarpment H/L, =05 Territory C Escarpment H/L,=0.6 Territory C
\ \ \ \ \ \
2 } } —————————— Calculated @ 2 } ———————— Calculated T 2 } """"""" Calculated T
| | —w=v=w=s Calculatedu +2u' | === Calculatedu + 2u' | —w=v=n= Calculatedu + 2u'
| | Code | Code | Code
15[ 15 15
§/H 8/H 8/H

\ \
\ \
\ \
\ \
\ \
\ \
\ \
\ \
\ \
| I
I [
Lo P
T p
\ \
\ \
\ \

o5t [ S NN 05f | N
of _ o R It ob | RN I
L L L L I L L L L I L A — L L
B T 2 3 2 EY T 2 3 2 EY T 2 3
x/L x/L, x/L,

[ 14 SR G T A PSR P

75



25 25 25
H/L, =0.1 Territory C Ridge H/L, =02 Territory C Ridge H/L, =03 Territory C
. . . .
_ | _ | | _ |
2 - Caleulated ™ 2 | ceeeeeeees Caleulated T | R Calculated W |
=+ Calculatedu + 2u' | =w=e=e=e Calculated U+ 2u' | | =w=e=e=e Calculated U+ 2u' |
Code | Code | |  ——— Code |
151 151 } } 151 } }
| | | |
8/H | | | |
1 | | | |
| | | |
IR L L. e
N [ b |
os|- | | | |
ol
| | |
0 1 3
x/L,
25 25 25
H/L,=04 Territory C Ridge H/L, =05 Territory C Ridge H/L,=0.6 Territory C
. . . . .
— | | _ | | _ |
2 Calculatedu | 2 [ Calculatedw | 2 |- - Calculated |
Calculated u + 2u' | | —we—e—eme Caleulated U+ 2u' | | —we—e—e—e Caleulated U+ 2u' |
Code | | Code | | ———— Code |
| | | | |
151 15 15
| | | | |
| | | | |
8/H | | | | |
1 | | | |
P | o
| U ™
| | |
05|~ | | |
ok
25 25 25
Hill H/L =01 Territory C Hill H/L, =02 Territory C Hill H/L =03 Territory C
. . . . . .
2k } -- Calculated @ } 2F } - Calculatedw } 2F } """"" Calculated @ }
[ —+ Calculatedu + 2u' | | Calculated u + 2u' | | Calculated u + 2u' |
| Code | | Code | | —— Code |
| | ! | | ! | | !
| | | | | |
8/H } } 8/H } } 8/H } |
o I o I o
| | | -t |
| | | I~ |
| | | | I..
[ | [ S
| | | |
| | | |
oF | | | | or
Il Il Il Il
2 1 0 1 2 3 2 E 0 1 2 3
x/L, x/L,
25 25 25
H/L =04 Territory C Hill H/L =05 Territory C Hill H/L, =06 Territory C
. . . . .
2f - Caleulated @ } 2f } “eeeeeeees Calculated W } 2f } rrrrrrrrrr Calculated @ }
Calculated u + 2u' | | Calculated u + 2u' | | Calculated u + 2u' |
Code | | Code | | —— Code |
151 } 151 } } 151 } }
| | | | |
8/H | | | | b
1., | e | |
i | | | | |
| | | | 1.
4 | I | |
| I | L |
o5 | | | | |
ok

q‘z'ﬂ 16 1]

76



LBk T IE‘ﬁE%HE-IJ/ﬁ%ﬁ

N ;"EF'%

FAPIG B Vﬁtﬁﬁﬁl E| T;J FJB = R AR RS TR o) AR C B
BB BRI B T 1 AR RO o R
N - ST RSP P P e R 01
Elrp@rl?iﬁﬂfrﬂww 4 e o T BV RIS N R 1 BLYE o Rt e B BN AR
OB TR T G0 R SRR I SRR A e
S+ A AR BT ] ST B E R 8 MY 2 B -

[IJE/‘IELﬁ?FE'ﬁFJiEﬁfh e J*]Fﬁ‘ﬂ@?{‘(prehmmary demgn)ﬂE‘F&F’?lﬁl“ » A R
%'ﬁg_@g’%ﬂﬁl g [~ SHEISES M ol T (minor factor) i 4 1 B < 5P iﬁj‘a%:ﬁ VTR HEE
ETJ TP I B PRGN DR i~ 3 PR gL RE ™ S8 - 3 LR o) Mo R e
H?}TT‘P tﬁlﬁ% SRR E ol BRI B R S B A (PR S 2000)
SYZ F@WJJ/['”T@F%% R R R 2 R R Jﬁ&iﬂ]‘?‘}ﬂ@%
Prl R RSB RO L Y e VR

ﬁ%%%ﬁﬁ%%ﬁ%§§ﬂ?ﬂ@@Vﬁ@3%%Wmﬁj’ﬂﬁﬂ@?gﬂ?wﬁz
Lo B T[T O EURT U [0 g 2 R TR G - i T e e

Lr'%&ii]’f}fiﬁ&“; T o

2 (SYRTBIEERER » FRIGERT C BN ~ || [T S AT

3. FJII .+V§J@]hﬁwlﬁ;§fﬁ[jp|§@ R l/st:g@ﬁ@ﬁ [ E rﬁw—* [ﬁgj,j[&ﬁﬂz{%ﬁ/ =]
BSHIE > T I PIAVBISS E  S B POERRAR - P SLBSRRERD AL I#JEEJH'EJ%%‘%
Iﬂjpl VRS W ST TR ﬁlr%‘@r?%' S FIST K F,

£ TR R DR R R U, ~ K K (SR | iy
A PR Fsh el ¥ xwfﬁ%mu@ﬁ ViR
e B

¢W§j§<%ﬂjflfﬁﬂ¢$ SEPATTPAE ) 098301070000G 1014 H AR - Fy 1l ) -
YUY
[ PR P A(2000) CRSFPI R LR R AESL) o G ERRTEARH] > 7
American Soc1ety of Civil Engineers (2002) Minimum design loads for buﬂdmgs and other structures,
ANSI/ASCE7-02.

Cao, S. and T. Tamura (2006) Experimental study on roughness effects on turbulent boundary layer flow

over a two-dimensional steep hill, Journal of Wind Engineering and Industrial Aerodynamics, Vol. 94:

77



ll.kf_ﬂ[L

HEE

%

¢ TR BYT8 W 2011 12 5] ¥ 5
|

1-19.

Carpenter, P. and N. Locke (1999) Investigation of wind speeds over multiple two-dimensional hills, Journal
of Wind Engineering and Industrial Aerodynamics, Vol. 83: 109-120.

Crank, J. and P. Nicolson (1947) A practical method for numerical evaluation of solutions of partial
differential equations of the heat conduction type, Proceedings of the Cambridge Philosophical Society,
Vol. 43: 50-64.

Fang, F. M., J. Chen, and Y. Hong (2001) Experimental and analytical evaluation of flow in a
square-to-square contraction, Journal of Wind Engineering and Industrial Aerodynamics, Vol. 89:
247-262.

Ferreira, A., A. Lopes, D. Viegas, and A. Sousa (1995) Experimental and numerical simulation of flow
around two-dimensional hills, Journal of Wind Engineering and Industrial Aerodynamics, Vol. 54/55:
173-181.

Germano, U., P. Piomelli, and W. H. Cabot (1991) A dynamic subgrid-scale eddy viscosity model,
Physics of Fluids, Vol. 3:1760-1765.

Ishihara, T., K. Hibi, and S. Oikawa (1999) A wind tunnel study of turbulent flow over a
three-dimensional hills, Journal of Wind Engineering and Industrial Aerodynamics, Vol. 83: 95-107.
Kim, H., C. Lee, H. Lim, and N. Kyong (1997) An experimental and numerical study on the flow over

two-dimensional hills, Journal of Wind Engineering and Industrial Aerodynamics, Vol. 66: 17-333

Kondo, K., S. Murakami, and A. Mochida (1997) Generation of velocity fluctuations for inflow boundary
condition of LES, Journal of Wind Engineering and Industrial Aerodynamics, Vol. 67/68: 51-64.

Lubitz, W. and B. White (2007) Wind-tunnel and field investigation of the effect of local wind direction
on speed-up over hills, Journal of Wind Engineering and Industrial Aerodynamics, Vol. 95:639-661.

MacCormack, R. (1969) The effect of viscosity in hyper-velocity impact cratering, AIAA paper No.
69-354: AIAA Hypervelocity Impact Conference in Cincinnati, Ohio, American Institute of Aeronautics
and Astronautics, Washington D.C.

Miller, C. and A. Davenport (1998) Guidelines for the calculation of wind speed-ups in complex terrain,
Journal of Wind Engineering and Industrial Aerodynamics, Vol. 74-76:189-197.

Song, C. C. S. and M. Yuan (1988) A weakly compressible flow model and rapid convergence methods,
Journal of Fluids Engineering, Transactions ASME, Vol. 110: 441-455.

Takahashi, T., T. Ohtsu, M. Yassin, S. Kato, and S. Murakami (2002) Turbulence characteristics of wind
over a hill with a rough surface, Journal of Wind Engineering and Industrial Aerodynamics, Vol.
90:1697-1706.

Takahashi, T., S. Kato, S. Murakami, R. Ooka, M. Yassin, and R. Kono (2005) Wind tunnel tests of effects

78



L1 3 Ve B 1 ]

of atmospheric stability on turbulent flow over a three-dimensional hill, Journal of Wind Engineering
and Industrial Aerodynamics, Vol. 93:155-169.
Weng, W., P. Taylor, and J. Walmsley (2000) Guidelines for air flow over complex terrain: Model

developments, Journal of Wind Engineering and Industrial Aerodynamics, Vol. 86:169-186.
REFERENCES in English

American Society of Civil Engineers (2002) Minimum design loads for buildings and other structures,
ANSI/ASCE7-02.

Architecture and Building Research Institute (2006) Wind-resistant design code, Construction magazine,
Taipei.

Cao, S. and T. Tamura (2006) Experimental study on roughness effects on turbulent boundary layer flow
over a two-dimensional steep hill, Journal of Wind Engineering and Industrial Aerodynamics, Vol. 94:
1-19.

Carpenter, P. and N. Locke (1999) Investigation of wind speeds over multiple two-dimensional hills, Journal
of Wind Engineering and Industrial Aerodynamics, Vol. 83: 109-120.

Crank, J. and P. Nicolson (1947) A practical method for numerical evaluation of solutions of partial
differential equations of the heat conduction type, Proceedings of the Cambridge Philosophical Society,
Vol. 43: 50-64.

Fang, F. M., J. Chen, and Y. Hong (2001) Experimental and analytical evaluation of flow in a
square-to-square contraction, Journal of Wind Engineering and Industrial Aerodynamics, Vol. 89:
247-262.

Ferreira, A., A. Lopes, D. Viegas, and A. Sousa (1995) Experimental and numerical simulation of flow
around two-dimensional hills, Journal of Wind Engineering and Industrial Aerodynamics, Vol. 54/55:
173-181.

Germano, U., P. Piomelli, and W. H. Cabot (1991) A dynamic subgrid-scale eddy viscosity model,
Physics of Fluids, Vol. 3: 1760-1765.

Ishihara, T., K. Hibi, and S. Oikawa (1999) A wind tunnel study of turbulent flow over a
three-dimensional hills, Journal of Wind Engineering and Industrial Aerodynamics, Vol. 83: 95-107.
Kim, H., C. Lee, H. Lim, and N. Kyong (1997) An experimental and numerical study on the flow over

two-dimensional hills, Journal of Wind Engineering and Industrial Aerodynamics, Vol. 66: 17-333

Kondo, K., S. Murakami, and A. Mochida (1997) Generation of velocity fluctuations for inflow boundary
condition of LES, Journal of Wind Engineering and Industrial Aerodynamics, Vol. 67/68: 51-64.

Lubitz, W. and B. White (2007) Wind-tunnel and field investigation of the effect of local wind direction

79



i

BTG T SER | Y78 W] 0 2011 F 12 7] » ¥ B
|

on speed-up over hills, Journal of Wind Engineering and Industrial Aerodynamics, Vol. 95:639-661.

MacCormack, R. (1969) The effect of viscosity in hyper-velocity impact cratering, AIAA paper No.
69-354: AIAA Hypervelocity Impact Conference in Cincinnati, Ohio, American Institute of Aeronautics
and Astronautics, Washington D.C.

Miller, C. and A. Davenport (1998) Guidelines for the calculation of wind speed-ups in complex terrain,
Journal of Wind Engineering and Industrial Aerodynamics, Vol. 74-76:189-197.

Song, C. C. S. and M. Yuan (1988) A weakly compressible flow model and rapid convergence methods,
Journal of Fluids Engineering, Transactions ASME, Vol. 110: 441-455.

Takahashi, T., T. Ohtsu, M. Yassin, S. Kato, and S. Murakami (2002) Turbulence characteristics of wind
over a hill with a rough surface, Journal of Wind Engineering and Industrial Aerodynamics, Vol.
90:1697-1706.

Takahashi, T., S. Kato, S. Murakami, R. Ooka, M. Yassin, and R. Kono (2005) Wind tunnel tests of effects
of atmospheric stability on turbulent flow over a three-dimensional hill, Journal of Wind Engineering
and Industrial Aerodynamics, Vol. 93:155-169.

Weng, W., P. Taylor, and J. Walmsley (2000) Guidelines for air flow over complex terrain: Model

developments, Journal of Wind Engineering and Industrial Aerodynamics, Vol. 86:169-186.

80



