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Effect of Crosswind and Non-uniform Packing Arrangement
on Cooling Tower Performance

WANG Bo',LIANG Hongli*, YI Jinhao®, LIU Hu’
(1. Huadian Electric Power Research Institute Co. , Ltd. , Hangzhou, China, Post Code: 310030;
2. School of Energy and Power Engineering, Xi'an Jiaotong University, Xi'an, China, Post Code; 710049)

Abstract: Cooling tower is an important cold end equipment in power plant, which cooling performance
directly affects the cyclic efficiency. Crosswind is a very common natural environmental condition in the
working process of the cooling tower. It may harm the ventilation of the cooling tower, and affect the dis-
tribution uniformity of the aerodynamic field in the tower, resulting to the deterioration of the working per-
formance of the cooling tower. Reasonable non-uniform arrangement of the fillers in the cooling tower is
helpful to give full play to the aerodynamic field in the tower to optimize the working effect of the cooling
tower. A natural ventilation countercurrent wet cooling tower of a power plant is taken as the research ob-
ject, and the influence of non-uniform arrangement of the fillers on the performance of the cooling tower
under crosswind conditions and the influence of different crosswind speed on the performance of the cool-
ing tower under the optimal arrangement are analyzed by numerical simulation. The results show that the
non-uniform arrangement of the packing area can effectively improve the ventilation in the tower under cr-

osswind conditions and reduce the outlet temperature. Under the premise of a partition radius of 36.77 m,
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when the packing area is arranged with equal spacing and unequal height, and with unequal spacing and

unequal height, respectively, it is calculated that the outlet water temperature is reduced by 0.5 K and

0.7 K, respectively, compared to that when the fillers is uniformly arranged. At this partition radius, as

the crosswind speed increases, the cooling tower’s outlet water temperature shows a trend of first increasing

and then decreasing.

Key words: cooling tower, crosswind, non-uniform arrangement, numerical simulation

51

[l

VRIS R TR B IR A, L T AERICR T
PLALETTRCRA g m 2 R & LA b
B LAV HIRE 2Ry [ 4838 K i e 2085 5 X
KIS B X W 26 1 5 IS 60% ~
70% 70 R LR HRE M EE X, H
I, [ V2 H 05 SEURH SR FH A TR SR X 50
A B 2R RE T4 R ORI S T RE 0
XPIFORHX SR FHIE 2 AR 5040 BT DAL — e R b
BRI HEE W TAEMERE, Gao A Lyu 25 A
N E gD B ST T ORI 45 5 A X8 A3 g
(S, Chen 45 A0 b PF A5 0S8 JR M 45
AU T R R AR S B L DL R R
B FH LT ORS00 B 36 Y AR50 10 B A A
TFREARH KRR S22 205 e JPERe . SRS
PSSR 17 R 38 P8 20 3% 1) 38 XU O, S SO )
PERE TR AR B TR T R
B, 4T 600 MW HLZH , ¥ E1 35 1) H K 6 A1 4R =5
1 °C, KHIEFERIIN 0. 462 o/ (kW -h) . HI, {F3F
MRS TR HIE LSBT A EER
SCo BREAE NS R R R, RS E R, SR A
SEORH A5 (R FE AT 0] DUA R TR A PR BR AR
HKIREE . &R N0 AT IR I B 5T S T, 20K
(A1 45 e A A R TV IS AR XA E T T X
AT, Zhou %5 N1 3 i S 06 i 5 45, UK
MY 5140 B 5 S RE A AR TV 203 B B XL fig
F1, 57 BILAHR v EVRCR AT K A B 0 B AR SRR
3850 1 B 5 A AR, Yang 48 AN 058 &
B, TG B AFFE R BT MR, v ENHE SR FH IR E 25 ()
P 7 ST 8 3 XL A () P A A T R e (e
HIE R ZE R K RIS T

LG RS AR AT BT XS TR R A
P AR BE T 0 B T H R AH S 5T S8R K

MREEAE T Z R BURHARE Y 240 75 KA 6T 2
Wi, PR, A SOR FPBE AU R B 5207 35 85T T 31
b AR = A5 v A R S5 TR A IR (8 FH O XL 2%
PF R ENEEVERERY MR, I T AN TR XU T v 4
PEREAZ LAY JEA

1 RIS

TR [ PG e s X R EL T 600 MW &% FELHLZH T i
2 L8R8 X i 200 H0IE A ISR 4 xR HE
SEFGANPE 1 iR, S T OLR 18 NS G FR K B
66 035. 18 t/h, FEEEIKIR 2 309 K, S0 LR 7K i BE
J5297.1 K, SJEH 87. 64 kPa, T-BRIGEE J 293.3 K,
AN Ry 62. 11% , V2 JN & BT LA RSF an ke
1 FiR.

B1 RIELN

Fig. 1 Cooling tower structure

x1 RAFZILERTICEE

Tab. 1 Summary table of cooling tower geometry

Z OH
Bk R/ m? 7 500
P& TbR 5/ m 134
HERA B 5/ m 9.3
M FRAR 55/ m 100.5
MR A2/ m 58.79
I EA/m 63.048
B K48 Ul B R/ m 12.46
HURHTURR 5/ m 11.358
HUEHE E/m 1




12 +

B, 5 A ORI R 2041 07 SO A PERE A2 - 121 -

2 PEERBRHETE

2.1 IR

HENL 12 LAV AR Y BRSOy T A R (R AR AL
RS BLER LM AL, 7208 S A1 B S 1 RS T B AR
800 m {54 600 m (I AMIIALL 184088 S 41
TMAIRANIE 2 o, FERUE A, AL Sh A
S 180 T — 2 D g S PR T S — 200 v A T
BRI T i g R R AR RS
Ve MBS AR PRI AN [l 56 B2 A AL

Tenun
— T

iV hal

— L
\//

B2 RAERIMREHETEER

Fig. 2 Schematic diagram of cooling tower

and outer fluid domain
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Tab. 3 Filler non-uniform arrangement mode

2 MBI R OB B/ mm
Tab.2 Grid independence verification Lo L3 ES X HX IHCEAR m
= Clie% P b R 1 Gl PR 30 30 12.22
Vil KiE/K KiIE/K K i/K 2 A AR 30 30 24 43
! K 309 271 298.1 3 S IH] BE AR A = 30 30 30.50
2 1 0 271 297.6 4 S RIBEAR S 30 30 36.77
3 232 309 297.1 297.6
5 B ek (e 30 20 12.22
2.3 EshpEm 6 [ R e 30 20 24.43
2.3.1 BEOKIXRIRTIX AR 7o EEEEESE s 20 3030
Y EIE RN K LK DRI X LR Mo L Sl




<122 - W 3 TR 2024 4
SCH R B 3 R SEORE O 243 0 Sk s R N KIBE T! N,
1 m (B8 30 mm S P3RS 2) 40 B X m N o (qun +qu) (12)

1.25 m 81K 30 mm DL R @ BE R 1.25 m A1 E N
20 mm S PIECRLAYAES )R BT, 3 FRECRHR ER
TIREA AR N,

Me,, somn = 1.852% o)

Me, 5 30mn = 1. 861" o

Me, 35, 0 = 2. 1A o

A =m/m, RIS SR E R m, 5/KR
B m, LA

B 1 TR R AR

Me:ﬁf (5)
K oh, —HBUL TR RE kg/ (m’ -5 ) s A—FN AR T

BRI AR, m®/m?,
e R BT RRTER M Lewis KR X
.

Le, = hm};‘a (6)
o, Le—Lewis £; h—% UL A R B, kW/m’;
¢, 2 UHE TR K/ (kg-K) .

Lewis A #34E Bosjnakvoics A3 155

. +0.6 o, r +0.622
Le, =0. 8653 ( 0.6 —1)/ln(M)
(7)

R 0 — R EOR T 25 B 0, —4
2 S0 4K TR S M 8

YUK 28 HORY X 45 2 1 195 5k Bk, 3
AT

My = h A( )(wsm,rw - ) (8)
AL ﬁﬂmrAL—tFMﬁﬂmﬁZK
CHH0.25 my

R n ERHK BRI R m), A4

mi o= my" = m, (9)

VMK A SR AL (Y AR g, FITEEEA g,
G

g = hA[ (D T T‘f”; T _p, (10)

Qe = mevapifgwo (11)

i, —0 C KB E, k) kg,
S5 n RIS )2 T RN Y

cp S Wiy

S e, KRR K/ (ke K) .
R4 SR G 2 5 S BR

P2 R E IR ZE TR A AN, 28 SR TN BEAK 7
O Kz R BEKFIRE B I3 531
chap = mf‘vap/ALﬁ (13>
Smist = 0 (14>
. T\:Hl + Tn
Sq = { 1 AT + me\ap X ( 2
298‘ 15)01),\: - ifgwn ] }/ALﬁ + Smisiifgwo (15>
Krfrie, ,—/KZERHE B k) (kg-K) .
BBHX 1) g BRI AT
_ v AV
Sv - Lﬁ (16)

Aoy, — B I E, kg/(m? - 57) 54, BAR My—
I SR AR P B S B R B S v —a R
H,m/s,

. WA

Yo = P8
K g—E I m/s°,
A, FU M 38 3 S5 B E Y 28 5 8 AT

N

(17)

B ARSI 3 R IR R S R e 50 A 3
I3 R
A, 125wz wm = 0.000 8¢° +0.012 2 +0.740 5
(18)
My 25 m-30mm = —0.00 15¢° +0.015 2 +1.995 9
(19)
A, 0w =—0.000 1¢° +0.042 2¢ +0.778 2
(20)
My, . 0 = 0.000 44> —0.006¢ +2.004 3
(21)
A, o5 w20 mm = 0. 001¢” +0.029 9¢g +0.95
(22)
My, s a0 = —0.000 5¢* —0.012¢ + 1. 92
(23)

A g — R BB K
2.4 FEEIWIE
RS i V& A S A 5B A T IR0 S0 2

B tv/(m*+h),



12 +

B, 5 A ORI R 2041 07 SO A PERE A2 - 123 -

BOGH I N7 B AR R SR A HEA T I, FLAA
RS RS I BRis T S HOT LR 4 R
R4 EHHAGETRBIELR
Tab. 4 Verification result under operating conditions

of uniform packing arrangement
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Tab.5 Calculated results of various non-uniform arrangement

modes at 3 m/s crosswind speed
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4 297.5 9 424 16.04
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8 297.3 9231 16.22
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Tab. 6 Calculated results of uniform packing

arrangement mode at 3 m/s wind speed
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Fig. 3 Variation of ventilation rate of cooling tower in

non-uniform arrangement mode with partition radius
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Fig. 4 Cloud charts of air velocity in cooling tower with 36.77 m partition radius in uniform and non-uniform

arrangement modes of packing area
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Fig. 5 Variation of calculated outlet water temperature

with wind speed in non-uniform arrangement mode
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Fig. 7 Cloud charts of air velocity under 1, 4 and 7 m/s crosswinds in an equal spacing and unequal height

arrangement mode with 36.77 m partition radius in packing area
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Fig. 8 Cloud charts of air temperature under 1, 5 and 7 m/s crosswinds in a unequal spacing and unequal

height arrangement mode with 36.77 m partition radius in packing area
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Fig. 9 Velocity vector diagram of upper cooling tower under
1 m/s crosswind in a unequal spacing and unequal
height arrangement mode with 36.77 m partition

radius in packing area

4 4 &

DIEER B AR 8 R 58 A FIE o 42
3 2 SRR 8 T o ) IR 2% A2 A T) 0 XU
NTRISEURH X 1 50 47 5 2RV 2184 (P RE ) 52 il
PEAT TR, i X AN ) T80 R A BUIE R AL 45 SR 1
M AR AT S E

(1) 3 m/s WM RS AE T, 46 45 () FE 3 E 45 = A
RS AR S R PR R 20 A6 E 7 X ,36.77 m
B T i e A X AR R A 115 3
IR, B IERL Y ) A5 B I BE AR T 0.5 Al
0.7 K,

(2) LIRS A4 B 7 =, R EORHEEY &)
Aii 8 7 AR KSR TR v E03E P XA,
MO KU, EAE Y X AR R, SRR A1 A
AT DA v A T KSR A, 38 XU, TSR A
RHIE VR EITERE . FEIE5E A B LRl _E TR
AR FHEE /N (R SEURE I (o) B A — 2B BRAIR T8 203
KRB PR T T R A PERE

(3) FURHEES S E 7 Ok 36,77 m 43 X
TR, VA HIBE H 7K R FEE it ) XU DR 5 5 188 K I U/
R B TR R A T Bt o ) XU XL 8 388, T X A v )
SRR T, 4 WU 7 SRR A5 18] FE =l 45 5 AR i
PETFE 4 my/s BAEIRURIEE S (R PR A5 & A R T
5 m/s i, WXV EIGE 7 A 398 5 T LR AMEDR} X
7K X HIRE 7 AU

(6]

BOGTE, B L W, AR BURHAR S 2 X OB B
AptERRAY SR [ D], b AL LT R A 4, 2013,33 (20) 196 -
103,17.
ZHAO Yuanbin, YANG Zhi, GAO Ming, et al. Impact of non-uni-
form layout on cooling performance of large-scale cooling towers
[J]. Proceedings of the CSEE,2013,33(20) :96 —103,17.
AR, 4 B B AR SR E ARE XS A PO MR
W= [ T]. PRS2 4 (A AR BE 22 R , 2013,
44(9) :3898 —3903.
ZHENG Shuihua, JIN Tai, LUO Kun,et al. Three-dimensional nu-
merical simulation on thermal performance of counter flow natural
draft cooling tower [ J ]. Journal of Central South University ( Sci-
ence and Technology) ,2013,44(9) :3898 —3903.
Fxdt. BT =4 EUA R B AR KR e A M RE I L
W[ D]. bt L sciE K, 2016.
WANG Jiajin. Optimization of natural draft wet cooling tower based
on three dimensional numerical model [ D ]. Beijing: Beijing Jiao-
tong University,2016.
AR Ve FIE [ M. Jbat . KRR L R, 1997,
ZHAO Zhenguo. Cooling tower[ M ]. Beijing: China Water & Power
Press,1997.
CAO D,GONG X,WEI D, et al. Nonlinear vibration characteristics
of a flexible blade with friction damping due to tip-rub[ J]. Shock
and Vibration,2011,18(1/2) ;105 - 114.
BG . ROR A HUBME AL BRI SE [ D). M A
TR ,2022.
LI Zhifeng. Research on heat and mass transfer characteristics of
cross-flow cooling tower packing[ D ]. Guangzhou; South China U-
niversity of Technology,2022.
EBE IR R X L R EURA O AT T HERERY
R[], 1%L, 2018,47(3) :82 —87,93.
WANG Mingyong, LUAN Jun,LIU Jiang. Impact of non-uniform fill
layouts of the cooling tower on thermal performance[ J]. Thermal
Power Generation,2018,47(3) :82 -87,93
GAO M,SUN F,TURAN A. Experimental study regarding the evo-
lution of temperature profiles inside wet cooling tower under cross-
wind conditions [ ] ]. International Journal of Thermal Sciences,
2014,86:284 —291.
WILLIAMSON N,BEHNIA M, ARMFIELD S. Comparison of a 2D
axisymmetric CFD model of a natural draft wet cooling tower and a
1D model [ J]. International Journal of Heat and Mass Transfer,
2008,51(9/10) ;2227 -2236.
GAO M,ZHANG L,WANG N, et al. Influence of non-uniform
layout fillings on thermal performance for wet cooling tower[ J].
Applied Thermal Engineering,2016,93.549 —555.
LYU D,SUN F,ZHAO Y. Impact mechanism of different fill lay-

out patterns on the cooling performance of the wet cooling tower



12 +

B, 5 A ORI R 2041 07 SO A PERE A2

- 127 -

[13]

[14]

[15]

[17]

with water collecting devices[ J]. Applied Thermal Engineering,
2017,110:1389 - 1400.

CHEN R,ZHANG D,ZHANG Z,et al. Numerical study regarding
cooling capacity for non-equidistant fillings in large-scale wet
cooling towers[ J ]. Case Studies in Thermal Engineering, 2021,
26:101103.

EHPRRH X U, R BT, AR ORI A [R] BE A S XS A e
HIBCRBIEIR [T ], REEHLEAR ,2017,59(4) 1253 - 256,244,
HAN Danyang, LIU Jiang, WANG Mingyong, et al. Impact of fill
unequal interval layout on cooling tower cooling performance[ J].
Turbine Technology,2017,59(4) :253 —256,244.

AJOME  PNELE VL), S ORI R A0 A B A S XK
XY I AT MR RS R [T ], 3 0 TR A 4, 2023,
43(11) :1413 -1420.

BU Zhaobin, SUN Gengsheng, JIANG Guangxu, et al. Effect of
non-uniform layout of packing coupled with partition water distri-
bution on thermal performance of wet cooling tower[ J ]. Journal of
Chinese Society of Power Engineering,2023,43(11) :1413 - 1420.
RAEDE, OURUT 55 ) 3 UK A Ve 2R v A RS
HIBLUBESE [ D], e IAR R, 2022.

ZHANG Deying. Simulation study on the effect of forced ventila-
tion on the cooling performance for the super-large wet cooling
towers under crosswind conditions[ D ]. Jinan ; Shandong Universi-
ty,2022.

CHEN X,SUN F,CHEN Y, et al. Novel method for improving the
cooling performance of natural draft wet cooling towers[ J]. Ap-
plied Thermal Engineering,2019,147.562 —570.

JEAF U BT 5L 38 KUK v A5 1 RE 52 1 F A 4L
WS D] Bred 1L AR KA, 2023.

ZHOU Zihao. Simulation study on the effect of forced ventilation

on the performance of wet cooling towers under summer conditions

[18]

[19]

[21]

[22]

[23]

[ D]. Jinan;Shandong University ,2023.

B s skAESE B AR DN KU SEORLEE A R BEAR X
RV HIIE P BE 52 W ) BE RS [ 7). b L TR A A
2022,42(9) :3338 —3346.

CHEN Rui, ZHANG Deying, GAO Ming, et al. Numerical study
regarding performance impact for non-equidistant fillings in super-
large cooling towers under crosswind [ J ] . Proceedings of the
CSEE,2022,42(9) :3338 —3346.

Wi 3. DU KT SEORHA R S3 DXBE K 3 a0V 28 V2 201 Ak
SRR S [ D], eRe : IIAR K%, 2022,

CHEN Rui. Numerical simulation study on the effect of fillings ar-
rangement and partition water distribution on the cooling perform-

ance of wet cooling towers under crosswind[ D]. Jinan: Shandong

University ,2022.
IE T (| P K P A 7 = R 1 DS N B R i W s
HEREE IR ST [ )], #1407k H,2020,49(6) 1144 - 151.

TANG Lei, LIU Yanxue, HE Suoying, et al. Experimental study on
effect of ambient crosswind on performance of large counter-flow
cooling towers [ J ]. Thermal Power Generation, 2020,49 (6 ) .
144 - 151.

ZHOU Y ,WANG K,GAO M, et al. Experimental study on the drag
characteristic and thermal performance of non-uniform fillings for
wet cooling towers under crosswind conditions[ J]. Applied Ther-
mal Engineering,2018,140:398 —-405.

YANG J,JIA Z,GUAN H,et al. Influence of three different pit-
ches fillings on the cooling performance of wet cooling towers under
crosswind[ J]. Applied Thermal Engineering,2023,220.:119760.
AL-WAKED R,BEHNIA M. CFD simulation of wet cooling tow-
ers[ J]. Applied Thermal Engineering,2006,26(4) :382 -395.

(R W )

(E#EE 112 W)

[19]

[20]

[22]

DAGAUT P,CATHONNET M. The ignition, oxidation, and com-
bustion of kerosene: A review of experimental and kinetic model-
ing[ J]. Progress in Energy and Combustion Science, 2006,
32(1) .48 -92.

PFAHL U, FIEWEGER K, ADOMEIT G. Self-ignition of diesel-
relevant hydrocarbon-air mixtures under engine conditions[ C].
Symposium ( International ) on Combustion. Elsevier,1996,26 (1) :
781 -789.

BIET J,HAKKA M H,WARTH Vet al. Experimental and mod-
eling study of the low-temperature oxidation of large alkanes[J].
Energy & Fuels,2008,22(4) :2258 -2269.

ALEKSEEV V A ;SOLOVIOVA-SOKOLOVA ] V,MATVEEV S

[23]

[24]

[25]

S, et al. Laminar burning velocities of n-decane and binary kero-
sene surrogate mixture[ J]. Fuel ,2017,187:429 —-434.

HUI X, SUNG C J. Laminar flame speeds of transportation-rele-
vant hydrocarbons and jet fuels at elevated temperatures and pres-
sures[ J]. Fuel ,2013,109:191 -200.

ZHUKOV V P,SECHENOV V A STARIKOVSKII A Y. Autoig-
nition of n-decane at high pressure[ J]. Combustion and Flame,
2008,153(1/2) :130 - 136.

DAGAUT P,EL BAKALI A,RISTORI A. The combustion of ker-
osene ; Experimental results and kinetic modelling using 1-to 3-
component surrogate model fuels [ J]. Fuel, 2006, 85 (7/8 ) :
944 -956.

CIE Y )



