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NUMERICAL INVESTIGATION OF CROSSWIND EFFECT ON
AERODYNAMIC FIELD OF SUPER LARGE COOLING TOWER

DONG Guo-chao , ZHANG lJian-ren , CAI Chun-sheng , HAN Yan

(Key Laboratory for Safety Control of Bridge Engineering of Ministry of Education and Hunan Province, Changsha, Hunan 410114, China)

Abstract: The effect of prevention measures on seven kinds of deflector under crosswind is simulated by CFD
method. Based on the computational fluid dynamics method, and by ignoring the process of heat and mass
transformation, the draft of the tower caused by hot steam is simulated by the boundary condition of fan. The
resistance of tower and the ventilation rate of filling zone are simulated by porous medium boundary conditions,
and the resistance of rain zone and the filling zone of the tower are calculated by the UDF source program. The
rectifier effect of various types of deflector under different crosswind conditions and the quantitative analysis of
the impact of crosswind on the flow field are obtained. The selection principle of crosswind defensive measures is
presented so as to provide a theoretical basis for the selection of cooling tower deflector.
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Table 2 Velocity in fill zone of different cross wind
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Table 3 Mean square error of velocity in fill zone
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Fig.5 The radial velocity with no cross baffle and cross wind

MR 0o FEREIEE, 4nys AR, &
ALk PR A 10 3 S8 5 A o it I e K X TS B AR
s ARE T (B 6(a)) 42 )3 B2 il 4 2 B R 23
A, £ 90°~270°tH I — P H X, KRBT +rRe k%
FE 4 m/s DU XU AE T XX BB A s i B e
KGE RGN 6(b)), ~F& X HIREL, TRk
T XX AR )l B2 IR 0, AR 900 T FRREE T
e o B IR -3.72 mis.

A+ S MRK 4500, HAERACR B
B . A AL BOAR A EAE 4 m/s I ORFEXS ARy
i, FEHAE 10 m/s FRRFEE A 00k

—=— 3mEE
—e— 6mi ¥
—A— ImE ¥

8
7 4
6
54
44
34
24
14
0
-1

72 T T T T T T T T T T
0 40 80 120 160 200 240 280 320 360

FEEI(°)
(@) T FBEdE. 0°fX 4 m/s

TR FE /(m/s)

12 4 —— 3mEE
—e— 6mEfE
—— ImEE

T T T T T T T
0 40 80 120 160 200 240 280 320 360
FEN°)

(b) FFFEEE. 0K 10 m/s

—a— 3mEE

—o— 6miEfE
g
@E
=
T
I
T T T T T T T T T T
0 40 80 120 160 200 240 280 320 360
FATE/°)
(c) TFkaks. 45X 4 m/s
12 - o
—a— 3miEfE

10 —e— 6miEfE

g —a— OmE
E 6
1
8 4
=
@ 2

0_

-2 4

-4

0 40 80 120 160 200 240 280 320 360
FEC)
(d) +FFEHE. 45°M% 10 m/s
Ko . JCTrhahi R & A
Fig.6 The radial velocity with and without cross baffle
/N, AHEITE 10005 26047 B T s L ffl, 3=
FHEBAL R XL T “HFEERT, CEERT &
SO Y [ SR T8 XA A B A v R ROCR
Pl 7 S AR ) RIT] i) P A SR Py A i 3
FEARZRAL, BEEAR DL DDA o R B A
RORFEAAAE 5 T3 -7 BEG 45 ) d 5 EAE XL
B 10 my/s HH I T AR AR FESUE, LA A AR
ANFERIANK T RGBROR, Rl & DOBGRRL;
EAAR A AN ) SR R AL S B 7 B g T
KA, BRTRIEA— 5128



T ®/ 4L % 81

12 1 —— 3mEfE HHEMTFEX, B, kS5 s
—o— 6mEE
LBIN Nt AR T H T BT SR AT
8_
2 91 —— 3m@EfE
é 6 1 g —o— 6mE/E
@ 4 7] —A— 9mE
pes)
= 24 61
i Q
0 £ 51
] 4
2 2 ]
-4 1 =
T T T T T T T T T T :(\)j 2'
0 40 80 120 160 200 240 280 320 360 1]
FAEE°)
0-
(a) FFBEREIM A MR 10 m/s ]
84 —a— ImEE 0 40 80 120 1'50 200 240 280 320 360
7] —e— 6mEE FEN°)
61 (a) EMZHMF . MK 4 m/s
Z 5 i
E’ 14 —a— 3mEE
4] 12
iaé) 3] 10 -
@ 27 > 8-
1 £
0 = 07
H 4y
_l T T T T T T T T T T E
0 40 80 120 160 200 240 280 320 360 CEp R
FHPE°) 0
(b) DIFBERAM K 4 m/s ]
- ey -4 4 T T T T T T T T T
2 " 3m§’§ 0 40 80 120 160 200 240 280 320 360
10 :::gmﬁi FRE/C)
mi= %
~ ¥ (b) BEELGHMF L UM 10 m/s
E 61 9~
{ﬂ ] ] —a— 3mEE
@ 2] 7]
0 % 61
2 £°7
21 X 4]
% 4
-4 - T T T T T T T T T F 3
0 40 80 120 160 200 240 280 320 360 @ ]
2/ 2
(@wm%ﬁﬂwﬁ 4, 10 m/s ;
3 A 1 N 7 1 =15 710 v [ I R Y [ B 9 1

Fig.7 The radial velocity of various types of deflector 0 40 80 120 160 200 240 280 320 360

T RS (]8R 8D E A o
) . e = (c) T MUK 4 m/s
CUF SRS, B, 8RB TR i

S, AR E I TR R B A Y 1(2)(5) :2::25
MXGEREN 10 /s B, £ 80°5 120°L &% 240°5 0.0 W& —+— om
280° A A BEIX (] HH B 1 430 [ el B A, LA E;i
B EARFE SR RGE AR AR 3 5 45
B SR AL SR R AR 4 m/s B AR AR %??
FEFEARAL, e RH B H IRAE R R 7 R A & 0.0 ]
#RTE 90°~270° tH L — M IEH LT & X o MiIfE 10 m/s -15 1
KOE T, MR 5 E o A 3 AR X A B S T o B0 10 160 200 240 280 330 360

L)

FEF I, W i/ MR AR EE AR, TR Al @ EIE. MR 10 ms

B RUX A IE- 6 XN R, 7 e A B



82 T 1%

¥

12 1) 3 /(m/s)
[ oW EN N 2 e

80 120 160 200 240 280 320 360
FHIEN°)

0 40

(e) FEMARAL. MK 4 m/s

—a— 3mEE
—o— 6miE/E
—a— OmEE

12134 (m/s)

80 120 160 200 240 280 320 360
FHREN°)
() &R DX 10 m/s
KIS MR S AN [ e B2 b A v o 2 [

Fig.8 The radial velocity of various types of deflector
33 BERXPEEHEEE S HHR

SR DX B3 KA e e o3 A (0 38 S AR KR
FEDRTE TR HIBE I JIBOR . AR X i a]
AT L ATIEAT 20T o

ot R, b A A AR 2 2T
(B, HBIL T WY AR T8 R A oo ) 7 XX i 25 £
PG, JFHAET XX ER T e e RO 5 0 17 45 1502 152 A2
WK o 00+ REBEIT,  SEORFDCH B2 73 A7 48 7 1 AR
PAAS DX, 300 R R v, T R DR E R I 45°
BRI, SURX A T YA R AT AT AL
DR, b T X IR BEAH R BOR, A P X 5k
R FEAE A S A I BLZE A K o

BN A A IR XSS S, RN X
FEAA AR RO I, S A B4 5T, A I
WAL . BB LRSI A I RCR TR, 42
ENERE L W N 1)/ ke s BN 7 TN = 2 R AN
I i B i DA K 3R S RO iy AESEORHX T
i L B R 3 JBE 73 AT A — S B R 3 A Y 2 X
s, iy ELE AR RN ZEROR, B DU T RS
TR AN R, AR AR SR P R X
FE A A5, M MR B R RCR St 1%

T
0 40

BMBCR M X 70 KSR T, HKE 1
R SICRE ¥ 7% 4 SR T e CTN= 2 ity o S NI e 1] 3
R B DI R A R e i A A iRz
AN A ORI R 2%

4 #ZEig

AR RS S5 0718, FEAF IR
BE AR IME RIS OL T, 8L 5] T AR
BRI IRl A0, JFAERT XASEORL X/ ] UDF 4
PERMEA BB Ay, BIF 5T b B XU Bt AE AN
[ SRt WG I 85 N )23 <3l Jidm o A, o3 v Al
B A SFORHIX P IR . BN 1 A A i 3 P2 AN S0
DX v [ 88 T 32 B2 o A = AN 5 T T EARBTTT, gt
T AR T A [ S A AR

(1) FRELO R IAFAEAEAT B R 0 A A,
s AN VERE ST, BRI T ¥ JNEE ¥ 2 fE

(2) ANTR] AN RIS 5% $ Ji Xt #4021 55 15 P9 ) 2
TRERAS—HE5 0 m/s MU, TE 900 F I 55 R 7
SR ARMIE (4 mys)iS, AR TR ELZR AL SR
FrRE AR i s v AR (10 m/s), R AbAR £ it
HPBRBCR A, BORRZE M 45°+ 7 Wi %,
JH S P 8 it b 2 R B Al ) - B s 11 2R
R

(3) M PRS0 475 it P 22 TN AR A #4215 e AR £
BB TRFARIGE . X TIYIE 2 6 K
(I E T, T DA RECR P R AR B0 P 78 3
R AR B RS T, TR T L6 K P 3 XU A
4 m/s LU RIS GHIX, U] DA FER AR A o

EEPEE

(11 EESR, Ko, FAf. B R B 2R XA 2 0

P& SR S AR SIS W U], S8 0%, 1997,
12(2): 306—311.
Zhai Zhiqiang, Zhu Keqin, Fu song. Model experiment
for the Influence of cross-wind on the air flow field in
natural draft dry-cooling tower [J]. Journal of
Experimental Mechanics, 1997, 12(2): 306 —311. (in
Chinese)

[2] A F du Preez, D G Kroger. The effect of the heat
exchanger arrangement and wind-break walls on the
performance of natural draft dry-cooling towers

Journal of Wind
Engineering and Industrial Aerodynamics, 1995, 58(3):
293—303.

31 EEE, K, KFH, Wi BN IR
R A A R R ()] TR 5, 2016,

subjected to cross-winds [J].



2 83

(4]

(3]

(10]

[11]

33(4): 77—383.

Dong Guochao, Zhang Jianren, Cai Chunsheng, Han
Yan. Study on internal surface pressure coefficient of
super-large cooling tower with different internal main
components [J]. Engineering Mechanics, 2016, 33(4):
77—83. (in Chinese)

Yuanshen Lu, Zhigiang Guan, Hal Gurgenci, Kamel
Hooman, Suoying He, Desikan Bharathan. Experimental
study of crosswind effects on the performance of small
cylindrical natural draft dry cooling towers [J]. Energy
Conversion and Management, 2015, 91(5): 238 —248.
Xuebo Wang, Lijun Yang, Xiaoze Du, Yongping Yang.
Performance improvement of natural draft dry cooling
system by water flow distribution under crosswinds [J].
International Journal of Heat and Mass Transfer, 2017,
108(1): 1924—1940.

VO, 7 E, BESCIR, PMPITRE. M)A SN ()
BB RE RO, TR, 2012, 29(8): 123—
128.

Shen Guohui,
Bingnan. Analysis of tower shape factor in the collapse

Wang Ningbo, Lou Wenjuan, Sun
of the ferrybridge cooling towers [J]. Engineering
Mechanics, 2012, 29(8): 123—128. (in Chinese)

AR, MG, RO SR KA B R D
B2 I ERE A M[I]. LRSI, 2008, 25(7): 79— 86.
Zhao Lin, Li Pengfei, Ge Yaojun. Numeical investigation
on performance of super large cooling towers under
equivalent static wind load [J]. Engineering Mechanics,
2008, 25(7): 79—286. (in Chinese)

Al-Waked R, Behnia M. The effect of wind-break walls
on the thermal performance of natural draft dry cooling
towers [J]. Heat Transfer Engineering, 2005, 26(8): 50—
62.

Rafat Al-Waked, Masud Behnia. The performance of
natural draft dry cooling towers under crosswind: CFD
study [J]. International Journal of Energy Research,
2004, 28(2): 147—161.

Tkw. BRI R A A =g R
ES MR FLD]. Fred: iARK, 20160 17—
44.

Zhang Lei. Research on the methods and evaluation
models of three-dimensional thermal performance of
natural draft counterflow wet cooling tower [D]. Jinan:
Shandong University, 2016: 17—44. (in Chinese)
PR, XK B SR8 R 2 20 B8 1 i 5 I ) = 4
HUERTFE[D]. Abat: JLasZiE R, 2015: 55—61.

[13]

[14]

[17]

[18]

Liu Demin. Three dimensional numerical study of
crosswind effect on the performance of natural draft wet
cooling tower [D]. Beijing: Beijing Jiaotong University,
2015: 55—61. (in Chinese)

BT, IR, L, BRAR, &Y, EEE, LA
V. TR RE IR e JN R AR BUE T ).
AL T RE2E3H, 2009, 29(8): 6—13.

Zhao Yuanbin,
Youling, Gao Ming, Wang Hongguo, Shi Yuetao.

Sun Fengzhong, Wang Kai, Chen

Numerical analysis of the cooling performance of wet
cooling tower with cross wall [J]. Proceedings of the
CSEE, 2009, 29(8): 6—13. (in Chinese)

TKRZERE, BOREHE, AR, HEEE AT BN A A B AR X A
ORI B B A F T PAN[T]. AR A%, 2017,
33(8): 15—23.

Zhang Junfeng, Ge Yaojun, Zhao Lin, Interference
effects on global wind loads and wind induced responses
for group hyperboloidal cooling towers [J]. Engineering
Mechanics, 2017, 33(8): 15—23. (in Chinese)

TKZERE, WA, B, MIHEE. XA NI R T =4k
SR R R B R AR SG MERE AL [0]. AR J1 %, 2013,
30(9): 234—242.

Zhang Junfeng, Ge Yaojun, Zhao Lin, Ke Shitang. Wind
tunnel study on the three dimensional flow and spatial
correlation properties of wind loads on hyperboloidal
cooling towers [J]. Engineering Mechanics, 2013, 30(9):
234—242. (in Chinese)

Kloppers J C, KrOger D G. Loss coefficient correlation
for wet-cooling tower fills [J]. Applied Thermal
Engineering, 2003, 23(17): 2201 —2211.

Kloppers J C. A critical evaluation and refinement of the
performance of wet-cooling towers [D]. Department
Mechanical Engineering, University of Stellenbosch,
2003.

AR E . A EEEM]. b5t A E KR K AR

2001: 23 —45.

Zhao Zhenguo. Cooling tower [M]. Beijing: China Water
Power Press, 2001: 23 —45. (in Chinese)

FHL BA T MR B AR IE KRR 24 A8 2 XU
Tt T R EREMAGID]. Brrd: (AR, 2009: 38—
65.

Wang Kai. Research on flow resistance of inlet air and
performance optimization of natural draft counterflow
wet cooling tower with air deflectors [D]. Jinan:
Shandong University, 2009: 38 —65. (in Chinese)



