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Wind Tunnel Test on 3-D Steady Wind Flow Field of Tower
Mast Structure and Numerical Simulation

BAI Hua, HU Zhao-tong, HU Qing-an
(School of Highway, Chang’an University, Xi'an 710064, Shaanxi, China)

Abstract: The behavior of wind pressure distribution on the cross-sea engineering of Hangzhou
Bay tower mast structure under different angles was investigated through wind tunnel test. The
variation situations of wind pressure on tower mast structure were measured and studied under
different directions wind loads. The steady wind flow field of a 3-D tower mast structure
immersed into atmosphere boundary was numerically simulated using FLUENT 6. Two
turbulence models, standard A model and Realizable k¢ model, were used in the numerical
simulation. The detailed comparison between numerical simulation results and wind tunnel test
results was carried out. The results show that both standard k¢ model and Realizable k¢ model
in FLUENT 6 can give the accurate enough results from the view of engineering application. But
the simulation precisions of these two models exist some differences between the buildings.
Therefore, it is vital to determine wind load precisely for engineering design of such important
structures through comparing analysis.

Key words: wind tunnel test; computational wind engineering; tower mast structure; surface

pressure; numerical simulation

0 3 - T P 5 T 45 K R oy 8 1 5 £ 2 4R 15 RRUE IR 4
Hay o TR LASE B0 Dy A R 1) B A 5 4 g oz AR
MG AR M B AL TR SRR T W AU S B B R RAE AR 2

[

%5 B 89 :2008-01-06
EE£mB :EHEKARBF=EASDH(50578014)
fEHE®EA A HA979), B HRPEM A, T 248+, E-mail: baihual 5@163. com,



%14

B AR A M = Y R R R X B R AR A L 61

Gy e v e e n )T BRI A KT B AL LA s
By 1A B BE AR T IS AL s Tl T A A
HOR e HIE AR H R AL

AT 8 o J2 S S B B g Bz — L R
T ol S R i 2 A T Y G e R L KUK A S LA
Do S S ) DD L A58 14 W AR A 3 L RS XU R
(8 FH 7 3 02 « KGR S B (A o R ik
TEAE TG 2% T B T 300 AR ) 2 4 R g
JE IR BT BER A 4R L T R e 2 SR XU
TI BT RAT G K5 AR T DR | v 6 3 2 XU 2K
RN e 2 S SR 4R T 5 AR B

1 IRAB

BNV 5 i LR o 45 & o 11,80 m, &
-G JARE TR AL R MG 3, 8K 2550 130 m, 32 58
2y 50 m, R AU f HE R SR A5 A, WG B &
145.6 m, SRR HEL N 8.7 m (15 R JE W &5 1
TRV 1A Jil LA T 08 8 IS HE S5 JBE R 3.4 J2 4R By » Til
A 3 25 5 A T W 1S R L 385 4 TOUE 1) W A v 24
5 23 m,

WU T 325 T AR 1 I P B R A WD AL T
BN T 5 0 AR R . e M T T A 4 T
e U R I S S O RS e W | ) AR T3 =55 B e7B 1 W)
PR IR BE . 1 A A 205 F XU 28 A i XUFE R Y
DA i 17 XoF G GIE Vv 5 1 5 SO0 B A A it
(22 4 VAT P A PR Ay B

2E# K0 FLUENT 6 X A7 M 725 5 i 1 # 7i op
V-5 5 W6 1 2% 1w KU HEAT T BCE AL e AT T
SR 9 KUHE 43 A o it DRSS B 8 B iz B R
FinWE (RANS) BYFRIE ke BB FI Realizable ke
B K B T3 A 45 S A XU R 56 1 T K
2 KRR IR
2.1 IR

JRUTR 030 2 A 4K 22 R 2 KU SE 38 %8 CA-1 KR
W 2 R R EAT RER B R SE K R 15 m, 58
N3 m. k2.5 me KU 56 AL AT HILBE R i T
HVE 48 Rtk 1 ¢ 110,

Shy ) B 5 4% 37 1T b AS TR R A A 2 T R
FE AT [ LA B T 440 AN, R R R &
3 B AR 28 A8 Ak i) ZR0E R SR A BT 854 ANl
ML AL 1 RTR

ESARIUE =3 ct S eI S /N N I E S K
& A/D #r \PC HLLL K E 4 1915 5 R 2 5 $ids i

BOPE L. SRR R
100 Hz, RAFFEA BN
6 000 ™HCHE .
2.2 RpRHlEIRE

% BB BTN V5 15 9 T
e 1 3 A7 B K ] ]
& HUBURE R i SR T
HLBE B2 28 51 8 9 A 26,
AE A T i 3 A A 2
AT A R I RGE
Pl T % i O R T R R
15 JE W A K i I
JEw WK 2 (8 2 Z
NIPR G BE s Z 9 X

U Oy S B R U B iR
A R R R s T, Oy A Fig. 1 Test Model

At L 568 J5E 5 T 2 52 M Jid
W58 ) I R R R AT G IS I 2R .

1.2r
n R
0.9+ —HRH -
T e
N 0.6}
N

0.3

0.60 0.75 0.90 1.05

u-u;
(a) X3 &1 T
1.2r
[ |
mm g%
0.9 iy -
n - . -
N - l--
. 0.6 [ '- -
N -_='
= =
0.3 n ] n
| ..
™ n
0g 5 10 1 12 13
LeI"
(b)i it

B2 KEREE A LKMRRFESH
Fig.2 A Kind Geomorphology Wind Characteristics

Parameters in Wind Tunnel Test

5 1&g F 5 SR SOUDG S I Ak i X3 B B K
il L 3 S ) 52 ) AR AR AT M 5 25 98 R M AR B4R
22 BERHCA RS MR MR 18] & R i %
Wi g NW~NNW K. FHZ F i 2 K i SE~E
R, Bk ZE B Ry NW ~ SE R, 2 4F it 2 A 1]
SW~E K., 7EE SR NW, SE \E K& NW30°~
NW60° SE30°~E. 4 [ 15"t — > Wi ffr . 72 4F &
ST BB 30° HC— AN T A AT U R 3L
HE17 Fp B0 A SO PR BB - A 48 XU 1



62 EHAFEIETHR 2008
NESO°E 9 15 A 3l T3 WSk . OBy fi CI
pu,)—o (2)
X a UL 3, ox;
S pud 5= > o) = 53%4—
#;iax o)) (3)

B3 X foa NESO B B4 B 75 i K X [g)
Fig.3 Model Direction and Wind Direction in
Wind Angle NE50°

2.3 X HIRELE

PR Fe w0 i e — 0 R REER R N
PP
Cpf - Po _PCK: (1)

o Co o i AR I 7 280 P DA AR I
ALY RT3 Po P 3 53 S a6 I 2 25 8 B Ak ) B
FHHIE

S7 g BT A N 1. 05 m, X R 4 S PR
JENT15.5 m. U6 L I AT A 25 i KU 28 J0HT 2
A% i BE AL B T A S 228 KU o 00 F 3 XU
15mes',

Z: (U VS 5 1 A AR B4R AR 2 2% Bk
CHARZRA) DAY 3. 11 S UAE e ] 3t 57 45 44 i
I ) (GB 50009—2001) , 2 Hit [X 6 B XKL 3 Al
BB XX Y e U A 1 o .

®1 BERFEHSERENSERE
Tab.1 Average Reference Wind Speeds and Referenced
Wind Pressures of Gradient Wind

&P /4R SHERHE/ (m s D) %% A /kPa
30 52.3 1.709 6
50 55.0 1.890 6
100 58.7 2.153 6

A 3R o AR X 36 11 4 38 B0 A B Bk L R
TE 5 B TSR EL B 100 AR H B A P 3 XU

3 HEEHY

3.1 #=HARE

THE TR v i A 28 3 ) A 1 42 o O A 2 %
P AT JE Navier-Stokes 7 2. T HiG
R

Realizable k¢ *ﬁﬂﬂ/ﬂ {ﬁﬁ%ﬁfjJAhk iz i o R S bR
HE ke BETUAHIE], SHEBE c B AR H e 7
PR B kTGO BN O 2 IS T AR IR BRI A%
i . Realizable ke #ERIZEJL | Z Wi sh L4 A1,
41 B W 3l h A5 B Ik
3.2 ¥IBERIMESL
3.2.1 HFagg

BN T 5 Vg K L R T B 5 O 38 U 1
()T R ABE A SR A S 1) S B L AT ROSE 118 3
A 990 mX 2 040 mX 450 m , @AY & T iR
JLEET 1/3 &b, AR AR 200 X100 AN LG, AR
HINE 4 Frs .

B4 HHEEDR
Fig.4 Calculation Model
3.2.2 B RFAFERE
YL AT+ JH R R A 3 R A A AL R AR AR
L TS HO AL R

17 (L.
U—UG(ZG) €]

K. Zo Us 5031057 15 BE RS 2% 1 B AL A R
Ezﬂﬁiﬂzﬁ%f“ 10 m #1124 #1100 4F T B3 1Y X
3L.3 m e s 5 ZU 30 o i b B v BE NN iz 1 SF
P 50 ﬁi&ﬁ*ﬂ*ﬂ“h@t ASrE A 2R X3
0.12,

S 24 R 3 ) T R ) FLUENT #2469 UDF %
5 FLUENT fid 1 528, b 9 1 >R FH R 0 i 1

W1 FR AT o L o TS 0 SR 0T AR 3 AR A A
W T 8 RS A BE T . A S ) A TR TR G
o 1) BE T 2% AF
3.3 HEERRERSH

i FUOLEE ERBcA 3 RS AR s, St



%14

B AR A M = Y R R R X B R AR A L 63

B B o g RO DG AR ) XU L B AT R . AR IS
PR A IR T AU XL -5 DR 4 3 2 B 6 AT L A
EACE AT . ML E WA 5.y TG EE = Xt
PREs e BT LR RO T — . Hoh g S a0 ~as
FEAW KU 0y s 00~ FE T KU 0

/‘él ea,(c) \

b, A CH)

b, cayc))
2 “aycy)
\bs eay(c;)

\\b6 .aﬁ(cﬁ) /
5 MEME

Fig.5 Locations of Testing Points
3.3.1 EAHNK
WL ¥ 2 1 1) - 249 AU M A1 i P 49— 9 [
TFHCL RN IR I E RS 2.3 1R B ab
o %S B E R EE SRR LI 2.,
R2 RBESHERMUERME

Tab.2 Comparison Between Experimental and

Simulation Results
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