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Wind Tunnel Investigation on Wind Load
Characteristics of Triangular Guyed Mast

SUN Yuan', MA Renle, QIU Xu
(College of Civil Engineering, Tongji University, Shanghai 200092, China)

Abstract: Two models of triangular guyed mast were tested by high frequency force balance (HFFB)
technique under uniform and turbulent flow with different turbulent intensities, respectively. The mean
and RMS force coefficients and the force spectra in along-wind, across-wind and torsion direction were ob-
tained from wind tunnel test. Some existing codes and standards for the mean drag coefficients for guyed
mast and ancillaries were employed and compared with test results, with emphasis on the influence of
Reynolds number, turbulent intensity, wind incidence angle and ancillaries on wind force coefficients. The
force spectra in along-wind direction are similar to the spectra of fluctuating wind velocity, while the force
spectra in across-wind and torsion direction consist of the wind turbulence spectra in low frequency range
and vortex shedding spectra in high frequency range. The vortex shedding spectra of the guyed mast with-
out ancillaries have one peak, and the reduced frequency of the peak is close to 1. 8. When the attack angle
reaches 90°, the vortex shedding spectra of the guyed mast with ancillaries have two distinct peaks with the
reduced peak frequencies closed to 0. 9 and 2. 2, respectively. The characteristics of the vortex shedding

spectra for lattice mast and the influence mechanism of the ancillaries were discussed.
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Fig.1 A two layer and three direction guyed mast
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Fig. 2 Test models in wind tunnel
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Fig. 3 Reference system and wind direction
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Tab.1 Mean velocity and turbulence intensity
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velocity in wind tunnel
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Fig. 6 Variation of drag coefficients
with wind direction
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coefficients with wind direction
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Fig. 8 Variation of RMS drag coefficients with wind direction
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Fig. 9 Variation of RMS lift and torque coefficients with wind direction

2.3 XL e X 7e

S R A LK 1) IR 28 S — ol L 252 %) O XL i
Wi i P 10 45 T AN TR 2 U R T i St LB
IEN @RS SN CEIEDE SRy E S S e
Ui JEE 8 R T 38 O A FH T MG A AT B8 A9 XL i IR g
A3 2 R T 250 T AR XL e XA 2 G
O HYBT L B 0~25 Hz, [ 11 45 TAE A 75
0%, 30° Wi ff1 T~ AT B AE 0, 90° KU fi ff5 T~ 14 T JAL
T AT 280 — A 3. AP rhnl DA S AN [ AU ffs
(19 i pHT 2 T BRARARA [ ST XL i ik 3l XLt 3 ) 2 A o
LA TR] » Shy B UG % o 0 L 65 W 9 Fr 0800 AR A 0. 1 JfY
AL+ 806 A1 15 0 ZE I HE T AR ALK i JXL A 28 09 — £k 3%

1 28 HL B 2T L 0 ) 58K T 1 T e ML

107 e ST
J 8% i i
10%f —— 15%

. 10°F
< 10*
a

“’10°
10°F
107F . ‘

102 10" 10°
fB/U

H10 RREZTRETMA Z I E#E
Fig. 10 Power spectra of drag coefficient
for different turbulent intensities



44 W R R 2F2E 4 CH SR B2 D 2017 4F
10% 102, — EWiHI
L H2
10°} SERERN 3 b/ %/
oy 107F
&% @, T I
= / Q10%k-
© 2| . < N |
< 107°g SRR = 3 b 17 .
————— 8% i 0
— 15%F i .
10° - - 107¢
10 10 ) , i
fB/U 102 107 10°
Ca)BETE AL 0°JRLI] £ fB/U

e
S
> 2
v 2| A1y
210 SERRRRR 21 1o Fi 7/
----- 8% XKUY
15% %%
10° : .
102 10"
fB/U
(b)Y BERL AL 30° K [i] 1
10%
N\b 10"
S !
2 A
2102 R e B Vil
fffff 8%y W
— 15% X
10° : .
102 10"
fB/U
() FEFS B, 0° K I £
10%
E1o“
S B
2 e
2107y e B
----- 8% E Y
— 15% &R
10° - .
10 10"

fB/U
(DR B,90° K 1 £
B 11 )3 — )RR & AT 3R 3
Fig. 11 Normalized force spectra
in along-wind direction

2.4 X [E X7 B

A8 DR i) XA 28 e 2 A9 DRI IRE i I 7 98l
FRATR AL R 12 Gy TR A SRR R
i M Y T g R A N AT DUE T R R
T B P I 0 RO (BT O RN T D R i
FE AR [7) BH g 28 B A AB) » 335 e 47 ok A3t 2% 0. 1, 3 f
Wit 2 30 B 3 R 3 K I ST T B R (EAR /N L AT LA
W% e Sy Z R 5 RS R A (TR R R
T 103 9 L R R 32 30 S A B W /0N L AN TR 3
T BE T TG VTR [ RS AE 1.8 Za .

B12 FRAFARETHA RSB R#
Fig. 12 Power spectra of lift coefficient
for different turbulent intensities

AR S Ui e i 5 7 91 5% ) XU B IE LE L P 13 45
TS TR KGE T B T 2R B A 1 e B e R
M AT AR R T o A B 5 A U ) 0 fE 3T
PRI S 5 A e i Jd 7 31 P

10°¢
L, 107k
S
£ 10°
10}
102 10" 10°
fB/U

B 13 RER®ETFHARHKSDEHE

Fig. 13 Power spectra of lift coefficient for different velocities

B AL B R ) R ey 2000 — fb % L & 14.
M R DL Y B A 2R S K EK R S B
T EE R THE TP O T T 2% T R 0 B R R R ) XL A R
FF ZE U 1Y) DT R B 2R U R ) 1S R 3G R T E 16 R
U 1 BT R D00 AE I 98]

FEAS A FEAS 6] XU ] 19 i O 7 3 0 i
A5 (& 14Ca) s (b)), TC BT e 25 48 Ay A5 1Y 44 4 A & R
W) A 2 RS ST B R 2 8 K5 T 10 JId 7 A %6 4 w7
— BT TR P 0] LI A 5 R R L — A e TR
JIE V8 A R B Ry — 1 TR 1 T R I i 0

HERL B AE 0 R ] 1 T A9 A8 IR ] IR A 28K 3 ) A
A KT (B 14 (o)) o B TR &5 #4 %) T i o6 7% 5% 1) 5%
ML AR 7N 4 90° KL ] £f B I 14 (D)) o 8 XL g XL ff 28K 3
HB B A BH S T RO S 06 o 6 (L BT U0 3 43 il
FE 0.9 F 2.2 A4, [A) BE— R AT S8 0 A ] L A 4 2 45
) 45 ¥ 1 R O AR e, 90° IR 1w £ Bt XU 3 1) ~F
AT FCH o 2 - 1 » B} a8 445 ) S JEL B 3 449 1 10 K 3t
7 1) () i J () B /MR 220 8 U T PR 8500 d5e o BH &
JHE 103 ot % A 5 e 7% o A Dy B2 0 I () A ) 4 T 8
VE AR B I X 43T H B A R B 9 2 A R L AT
TE 8P 1 TE 10 5 7 i 0.



%1 PN S5 - = TEMEFF AT B KR 24 1 KGR 1 3 BF Y 45
10 e BSRE § fe1s 7 2 5 UG 15 B Y Strouhal 3 [ AR 4. %
----- ot | I ok T £ 045 H . St~ 0,18 ~

10°k — I5%E T |

#
X

102
10° . : ;
102 10" 10°
fB/U
(OB A,0° KU1 £
10'¢ e WY
----- 8% 3
10°k — 15% XY
e 7
10"
oF
8~
102F
10 Lo : :
10? 10" 10°
fB/U
(b FEAL AL 30° K 1A] £
10'¢ e T
fffff SNENY

100 L I 15%%Y)ﬁiﬁ “

107 10 10°
fB/U
(OB B, 0" WL fi
10" - Y
AAAAA 8%EMY - =
- ¥, =u. _2.2
100l —— 15%& i f“? @ﬂ

1

10°

107 10" 10°
fB/U
(DRE B, 90° R[] £
A 14 )3 — 1R R & R AT &5

Fig. 14 Normalized force spectra in across-wind direction

Strouhal 2 5 3R € it I 7% B0 42 1) TG 1 4N %K

St = f,.D/U (6)
Krps f0 NI I 7& AT 35 D O Re R RO, BEAL A
S5 AR A7 R KA 2 A — AT i T AR R
TIE IRUBE JRURE) 1 AR ) °F- 24040 s B AL B 3G i 1 B ) 4
o A RO R 2K 28 S AR K R A RS AR M
ELTETHE R BB A A, A E XA £ R Y
Strouhal L3 3,4 A 1) Strouhal (7E 0. 13 F|
0. 15 Z[8] , [d] SCHR 13 o0 4 152 T 5 2 45 A4 6 XL [n]

0.20 ;X454 . Sta<0.20 ~ 0. 50 , U 3% 45 [a] X
AR B RO A A 5 4 T B U SR T
K WG . P IE 75 31 Y Strouhal B8 SCik[ 14 10
& /N

& 3 Strouhal #§
Tab.3 Strouhal number

i R A R B

i 0° 30° 0° 90°
W% 0.15 0.15 0.12 0.06,0.13
8Ny 0.13 0.13 0.09 0.05,0.11
15%Z i 0.13 0.13 0.11 0.05,0.12

2.5 HF @KL

FIFG A A 28 =2 B 2 vy 295 4 & T XU 9 A X
A1 3 B S S50 R A XL KRR R R N R A
K AT AL B 1) RUer 2805 —fb ik DL 1 15, A
B v el DL Y (R ) XA 28335 A B FHL 5% 1) XU AT
T AL F 2 A il R E R G T TR Dl T S o A R B
B ZR U BE R HG T 2 U il 1 U (% T K T E 16
B8 5 U {1 D) W A K /DN 5 X6 4 2 1 XA 2 T i
I8 7% 5% il FiE 2 o R UT o B 481 5 A IR ) XU A 2K P E T
J 7% W Dt BT 5 EE A B R R

iR A 15Ca), (b)) A1 0° XU £ T L% B(&]
15Co) ) 1R 1 2 A 28 35 A — A8 168 8 7% 5 1, 90° XL
]l T AR BOE] 15Cd)) 1 4L 5% X Ao 38335 A7 76 P A
HE TP Mt % i W i 0 (L T 9 AT 3 () A AL i) IR ey K
{14 A ).

10'f e WY
----- 8%EMI |
100 L — 15%%/}%)5]‘

09

10? 10° o
fB/U
() BERL AL O fh
10 e WS
_____ 8% X Uis il
- — 15% i i
. ,
S
VJE
<
0% :
102 10" L
fBIU

(Y BEAS AL 30° K Im] F



16 K22 0 AR O

2017 4F

10'¢ :
------- CEr
----- 8% EUi |
10 —— 1% B,

10
1

1073 b : :

1072 10" 10°

fB/U

(M B,0° KL

10" ... waws o, g2
----- suE AL

1000 — 15%Z% R ?‘ é

10°

107 10" 10°
FB/U

(BRI B,90° KL [7] £ &

B 15 )2 —4tdn 5k e AT 8%

Fig. 15 Normalized force spectra in torsion direction
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