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Numerical simulation of distribution characteristic of wind

fields and terrain’s influence in mountain canyon

HONG Xin-min, GUO Wen-hua, XIONG An-ping
(School of Civil Engineering, Central South University, Changsha 410004, Hunan, China)

Abstract: In order to reveal the spatial distribution characteristics of wind fields in mountain
canyon and the effect of canyon topography on the distribution characteristics of wind field in
valley, according to the topographic features of mountain valleys, the digital geometry of canyon
was discreted into elevation points in AutoCAD, and the elevation points were used to synthesize
the canyon terrain and surface by using reverse engineering software Imageware, which were
imported into Gambit to generate computational models that meet the requirements. The
Realizable model suitable for mountain wind field and the SIMPLE algorithm with good stability
were selected to numerically simulate the wind field characteristics of canyon by FLUENT

software. Finally, according to the characteristic of canyon topography and influencing parameter
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velocity amplification coefficient mathematical formulas of canyon wind were put forward, and its
validity was proved by multiple calculating examples. The results show that the contour line of
canyon wind profiles can be divided into three segmentations, and it cannot be simulated by the
power function model that is frequently used in plain area. Moreover, the contour of canyon wind
profile has obvious inflection point, and the contours of wind profile in wind increasing section
should be simulated by linear function and power function. The maximum wind velocity of wind
profile in middle of the canyon is greater than the maximum wind speed at both sides of the
canyon, and the corresponding wind speed inflection point’s height is also higher. The wind speed
at the same height observation point in the canyon is parabola in the cross section of canyon, and
the wind speed reaches the maximum value at the distance of about 60 m between the two sides of
the mountain. The smaller the canyon width, the higher the peak in both sides, and the more
obvious the “valley effect” of wind fields in valley. The wind speed inflection point height of wind
profile is inversely proportional to the canyon depth-width ratio, and the greater the depth-width
ratio of the canyon, the smaller the inflection height. The formulas in this paper can be used to
calculate the wind speed of any height point in mountain canyon, and it provides a simple method
for calculating the wind-resistant design wind speed of bridge in mountain canyon. 5 tabs,

13 figs, 28 refs.
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Fig. 1 Configuration of canyon model
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Fig. 2 Wind profile in canyon
3.1 BEAXIENSESR
e B 2 AT T, e 2 e X T B o TR A A
Ao 3 B, RO HE KB 46 v B AT Be . H i XU
T H XS R B 4 s B R R R BOR S G A R
A TE 5 RGHUE O B ST R R B G U AT
RE- AR IR 22
X RS K B i 2 B Bl A
(DR R R BOE XA B
V,=Vyu, (h/H)* 0<h<H, €Y)
()5 Bl A B
(kA 0<<h<_H,
V”*IV”Z (h/Hp* H,<h<H,
T sk S 2P oR B R 5 o iy IR THD SR o ER R 4
Bs Ho Sy RCH TR 2 Ve ek 8RB 5 R bR B0 B 1Y 0 Ot
1 B 5 Vo, Sy KU T 1 e KRV 5 H, g AU 45 6
BE 5V A EE b Kb XU
XoF &L 2 e XU T R 3 R B A il 4 R (4D
M GO PATRIA R WE 3 fra ., IO B
4 HFEBR RV, =23.509(h/362. 7)%2%, 552 R
SER B AR B O LA B R B N
(0.357h 0<<h<<59
" 123.509(h/362. 1) 59<h<{362.7
3 (5) B A A JRU ] T iy £ JE AR 5 e 23 op 2 R X
VT A T D A DR K B XU T R 2% R
(5 43 Beabh & H XU T 7 eR B0 15 %y 0. 05,0
ANFSCHRLI8 ] C 28 b e XU T 48 4 0. 22, it
AT B A v g AU T AT A3 B R A () SRR

€))

500 ;
400r — ey o S L B ;
Sy Be & R i g
wol 8 0 4 0 j
g A
# i
¥ 200t A
100} !
0 5 0 15 20 25
R/ (m 57"
B3 A RE
Fig. 3 Fitting of wind profiles
kh 0<h<<H,
(V/,(kH])(h/Hg)a H1<h<H2(7>

V,(kH\)(H,/H)*(H;/H,)* h=H,
A 2 3 oAy XU ) T R T 4 Dok B oK K 1 5 R Hs oA
JREE 245 ok B 55 ) T B 11 73 S B
3.2 REEBRAEKESEEAENSH

DA RIF 5 XA TR e A 4 BE T 1) Cy kD 45 5 1 5
I Cao Jl) 19 728 A 5 A A DR A A b SRR T Al A
5 AN T S [RIB 2 750 m, £E W A5 A B JFUA T o il
A B3 A R T 6] B Ok 100 me, U] I e A K
JETT 1) o3 A W& 4 Bz o fl BT 4 AT AL i bk A I RE
77 1) RG] THT ) 8 B AR A AN R o e 4 538 )% 7
% B A T (R Y & Rl N B S T E DA
ARRAE (AN T B3k 1 o .

_IV,,(/zH] Y(H,/H,)*(h/H,)? H,<h<H,

2000
—»=—1500m
1600+ ---y=—750m
....... y=0m
I y=750m
é 1200 -—3=1500m
g0k
400t
0 3 10 1I5
RE/(m + s

B4 e A K HE 5wl A X T
Fig. 4 Wind profiles along the length direction of canyon
P 1 AT A« I et 2 ) L e 3 R TR
P R BB 55 eRRRCB I 4 B S B HL B X N
Y G V7 gy OB 5 17T B 8 e A O S0BRE  XL 1 T
R d5e R KGR V) 55 8, AR L 1 XU 455 A S H
QUR L=



60 KZXFFHRARFF R

2017 4

2000
1500}
—x=0m
---x=100m
= x=200m
2 1000F
iz
500}
0 5 10 15 20 25
A JE/(m * s7h)

5 IR A 58 BE Ty ) iy IR T
Fig. 5 Wind profiles along the width direction of canyon
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Tab.1 Height and wind speed of key points of

different wind profiles

R = Aadk/m| Hy/m Vi, /(mes™D) Hy/m |V, /(mes™D

0 54.8 20.9 362.7 23.06
100 93.9 21.9 266.7 22.92
200 131.7 22.4 183.6 22.54
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Fig. 6 Location of wind speed observation points
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Tab. 2 Functional coefficients of wind profiles with

different peak heights

H/m Hi/m H,/m H;/m k a B
200 64 501 1223 | 0.264 | 0.092 | —0.034
300 62 432 1526 | 0.302 | 0.069 | —0.062
400 59 362 1732 | 0.357 | 0.058 | —0.099
500 56 296 1899 | 0.403 | 0.057 |—o0.127
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Fig. 9 Wind profiles of canyon with different widths
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Tab.3 Functional coefficients of wind profiles with

different canyon-widths
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Fig. 10  Wind profiles of canyon with different lengths
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Tab. 4 Functional coefficients of wind profiles with
different canyon lengths
L/m H|/m Hz/m H;;/m k a [Q
3 600 59.0 362 1732 0. 357 0.058 | —0.099
5 600 63. 2 359 2 407 0.323 0.055 | —0.092
7 600 70. 6 354 2778 0.292 0.058 | —0.072
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Tab.5 Relationships between high-width ratio of canyon and

B Ho/m Ho/m He/m k - s height of the maximum wind speeds of wind profiles
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4.3 EAKE 300 650 432 0.461 2
WL EREASKEIEN S W, EESK L K 400 750 403 0.5333
3 600 mpFEm L3I L A 5 600.7 600 m X 400 650 362 0.615 4

2 Fh ALY AT K. BT 10 O A ) A8 KA e A5 XL
P T HHT 2 35 4 9 AN TR] A B KU T pR BCR B, i
B 10 A 4 m] A1 AN [ 25 4 A9 XU Tl 2k 2k AR
s WA BE AR AR I ke A3 IR T A 2R [ 57D TR iy
H \H, Hy R b DL LR R 95 B o T B BEA
ANEHEWAE .

Li B PIR W 23 rh O G TG XU £ 5 R H
U e 43 1y e i 2 LAY 8 A O AR R 2R R 3

4.4 KEBKRY

e A 56— e B AU 119 P 24 4655 A 10 AR A ) g B2
JRGE F) EEAELFR Sy e 45 XU TR R 2R 2. 28 5 i v )
B 2 ) KU JOR 2R 5805 k A5 T Z 50m K AR il 4R
SRR R 11~ 13 BR .,

Hﬂﬁf%ﬂ,%I%TNﬁﬁijﬁ%ﬁﬁjﬁTl &
W A 30 XL 2 o e A B XU A5 31 1 i o L O T e AR
DRI o AR F X 2 2400 XL ﬁﬂlﬁ?ﬁ( 5 ey 4



62 KEZERFZFHROARHAZR 2017 %
son S 3 MNIMNESE L B2E A 5
' — H=200 mit & {& A _ - h\P
. ---H=200$¥ﬂé}ﬁ V/;/VSZIWL 0-0476 (ﬁ)
L Hi300mﬁ'%ﬁ 9
= s e A=3.671(1.08-+0.000 2H)
W& L N —— k
RUT N - D=0.000 05B—0. 000 2H—0. 46
= - H=500 mftl & {4 . N L \ NI
21.4- A VNEE LA A ORI ;AD R
Ll 4.5 WREFRFRAGITREAENEES
(D BEZE KB 2 T 180 e W0 P8 A 36 M 35 1 e X 1
1.9 100 200 300 400 500 DX e 2 v B O TR A IS R B 2 340 m, AR A
i F/m

B1L TR A g B 1 XU R R B
Fig. 11  Wind speed magnification coefficients of

canyon with different heights
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canyon with different widths
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Fig. 13 Wind speed magnification coefficients of

canyon with different lengths
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