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Abstract: Based on the Fluent software, we used the standard k-emodel to close the Reynolds average equations and analyze the heat
and mass transfer process in the three-dimensional of the natural draft wet cooling towers (NDWCT) for the specific project . We cal-
culated the fields of air velocity and temperature inside and outside the cooling tower and established the relevant equations and gas-
water two-phase heat and mass transfer theory models. Combined with the actual situation of the project, we deeply analyze the Flow
Field of the cooling tower: 1) the existence of windshield board reduces the air flow around the tower side flow rate and increases the
symmetry of the cooling tower inlet flow field, so that the uniformity of tower aerodynamic field was increased. Installation height
and length of windshield board have a greater impact into the air flow field. Especially, the 11m high, 8m long windshield board im-
prove the performance of #1, #2 cooling tower mostly. 2) Installation angle and blocks number of windshield board have certain im-
pact into the air flow field. When the windshield board angle change from 0° to 20° and the blocks number change from 60 to 90,
there was little changes of cooling performance between the two towers.

Key words: cooling tower; numerical analysis; windshield board.
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Fig. 1 Arrangement Schematic Diagram Between the Towers
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Table 1 1 000 MW Power Plant Cooling Tower Meteorological
Parameters and Operating Conditions

e Hfl
A JE/kPa 1.009.5
FERIRE/ T 18.9
IBERIR /T 15.8
AAXHREE/ % 73
AR E/ (m - s ) 2.0
AT N
TE¥F KR/ (m®> -h™) 101 454
TFFKIRT/ C 9.16
KR/ C 32.16
HKE/C 23.0

2.2 WREFGRIUHEFE

FHARH B a0 XA 2t 45 ) 7 R A T R £ 7
B, SRR B AUk AT K G, R
SIMPLE HH0A H 0 Flk B tEA 72648, ok 22 008K
10 B, SRS

3 IfRitEWIr

RN 1 000 MW 1) #1. #2 BHIEEERE
Fr g = EEE AR, LLE R 1 000 MW #L
ZH R TR YA I S KR Hl Sk B e A, T AT R
T B T B0 A X A R R
DL IE A 28 B % 2 B AR M R R, ARIE i
KELT #H, #2 WIS = A T AR A
RIERYE
3.1 ISIEEBRHITNIR

ZIRUERE BN BT 1 000 MW R K R ATLZH
Ji4 12 000 m® KA [ SR8 Kk ik K 2 218, 0.0
m pRE N FRE UL AR D S 133,21 m, B AIE
165 m, FERU R 11,64 m, #EXUC RIS
124,794 m, BRZEFRE 12.39 m, B K%
AT B AR IR, BURR BB 1.5 m, RS
) 127.05 m, MEHSE AR 75.21 m, B O EHE
80. 08 m,

2 W TIZMOKIE R R 12 000 m* KA H)
P& B S T o
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Table 2 1000 MW Power Plant of the 12 000 m? Cooling
Tower Found Condition( the Verify Tower)

. Pa 0 T Qw Lyo Lye i%é
T
/C/(m®-h') /T /T /C

/hPa /C
Ct 1002 29.91 25.26 77 410 30.17  30.42 —0.25

C2 1002 28.48 25.4 77 410 30.18  30.14 0. 04
C3 1002 29.18 25.47 77 410 30.43  30.35 0.08
C4 1002 29.33 25.65 77410 30.52  30.49 0.03
C5 1001 30.13 25.65 77410 30.5 30.69  —0.19
Co6 1000 29.45 25.64 112294 32.4 32.63 —0.23
C7 1000 28.24 25.37 112294 32.32 32.21 0.11

C8 1000 27.96 24.98 112294 31.99 31.96 0.03

C9 1000 27.68 24.97 112294 31.87 31.88 —0.01

C10 1002 29.18 25.47 77 410 30.43 30.35 0.08

A A, S B KR S A R B KR R
ZRHRE R —0.25C, RER/IME N +0.03T, 4
A MR 9. 16°C I 2. 7% F10.3% , HiH 2
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A& B HERfR M
3.2 HHEIWIEEE
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# d,y /3. 25 mm T4 mm; 38R 6] 58
FRENH L, #2 BB ORI B R /ME N
500 m  JH R 5 &5 S 900 m,
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BEERIIERT, SR # 1 F0#H 2 ¥ B A1 20

PEfiE. TEFREE A SR KB 43 5] 0. 97 ~ 40 m/s T,
T3 TH, #2 B A K MACE 7K R
BBk IR DL Re# 1 | # 2 B ED IS WIS B K IR iy i
B2, Hr0.97 m/s [ AR KGE XTI E 2= 10% 1]
REGZM T AL HARRRGE, 19 m/s Ry R
10 min PR KRG, 40 m/s Ry BTk £ RXGH .

#*3 MMEFFHTR, BAKRGE(XE N) 341,
#2 R AR SHAIRIT
Table 3 The Annual Average Conditions, N to Effect of #1, #2
Cooling Towers Performance Parameters

N [q] HIEIKIR N Iq) HIE KR
EEN " EEN
pis
R g1 10 #”}“ W 1 B 1 #”'i't
i 7

/s #2 % /s #2 15

0 22.918 22.912 0.006 8 25.269 24.862 0.407
0.97 23.095 23.088 0.007 9 25.163 24.753 0.41
2.0 23.617 23.473 0.144 10 24.916 24.590 0.326

3.0 24.095 23.952 0.143 11 24.682 24.385 0.297

4.0 24.529 24.658 —0.129 12 24.459 24.190 0.269
5.0 24.860 24.895 —0.035 19 23.168 22.855 0.313
6.0 25.142 24.985 0.157 40 20.262 19.940 0.322

7.0 25.311 24.936 0.375

3 ATH, #1 B8 hE KR, v, =7 m/s
WEE AR AT X, 7E v, <7 m/s B, #1133
T B 3 IR B ) XU P 38 i3 n s #E v =7 m/
S EF, #1 ¥ H I Hh 3 KU B A0 JXU DR T 38 A T 9
AN TI#2 BHIBEMILL v, =6 m/s F55 3 IR KR 4T
Kk, 7Ev, <6 m/s i, #2 BHIEE HEE K IR B0 R
G P3G #E v, =6 m/s B, #2 BHIEH
S 7K 5 i A IR R ) 38 M Tl 7N o VPR 3 2 XLk )
AN, FESE TR X PR N 2s SBh
155 0 R AN [R) 38 1 o

TESESNGKul BAGIA K E P fs2ma T, s o
FAR KU A, #1035 B KR K T#2 B
BRI, KRN IR AR, ikt X H
R 1B HIE S PR RE (AN R SE B, i
A Ty # 2 85V FPEBEAS I 52 I AR XT3N
4.2 HFEXESRm@ N @EBEARTSRRIERD

Pimi1t m, K8 m (WA B, TR
MO # 1, #2 PRI I RS AKIR A SE A

G553 ~5 AH, TERTHFR R ETE BN (0 ~
40 m/s), FRUBRAT#H L, #2 PSR AR 2
AR AE L, i S KR R R SR A KU
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Ja, MBS kAR, E RS APEGE
ey AR E A T2 s 2 m/s AR PR R AT,
TR # 1 SV EIPE BRI RZ I R, #1 iA'L‘HiAﬂ(/Jm
J/N0.253 T, #2385 KRN/ 0. 192C
Ws@%ﬁﬁhﬁmﬁ? FHRRMRFTAG, #1
P& KR i T4 2 S K. (35 KU R
I, AT PSR R 22, 38 /K I w25 Hh o=
KR 0. 144°C , Jl/NHR 0. 083C

&4 (BN m, K8m)SRIRMERATHI#1, #2
REEHE KR
Table 4 #1, #2 Cooling Tower Water Temperature with
Windshield Board(11 m high, 8 m long)

N [ HEE KR N [a] HEE KR
EE/S EEZS
R #1 . #1
M #18 g1 e M g1 g1t o
m/s “H2E s —#2 I
0 22.846 22.856 —0.01 8 24.246 24.188 0.058
0.97 23.031 23.009 0.022 9  24.249 24.047 0.202

23.364 23.281 0.083 10 24.109 23.894 0.215
23.683 23.606 0.077 11 24.023 23.722  0.301
23.992 23.970 0.022 12 23.896 23.523 0.373
24.191 24.126 0.065 19 22,509 22.212  0.297
24.304 24.252  0.052 40 19.941 19.833 0.108

N o RN

24.286 24.279 0.007

®5 B m, K8 mERRI#1, #2 $HEHIEKE
IR0 ( T SRR H B KR - SRR HEKE)
Table 5 #1, #2 Cooling Tower Water Temperature with 11 m
high, 8 m long. Windshield Board ( The Water Temperature
without Windshield Board Minus with Windshield Board)

NmBEsg  WEKERE/T  vmag HEKER/T
W m/s g1 g% #odk  MEmss g #1
0 0.072 0. 056 8 1.023 0.674
0.97 0. 064 0.079 9 0.914 0.706
2 0.253 0.192 10 0. 807 0. 696
3 0.412 0. 346 11 0. 659 0. 663
4 0.537 0. 688 12 0.563 0. 667
5 0. 669 0.769 19 0. 659 0. 643
6 0. 838 0.733 40 0. 321 0.107
7 1.025 0. 657

K2 T2 m/s B AARKAERTR, SR
XfHL, #2 BHIBE 2 =4 m BRIE = 8 R
M .

M 2 ", 2 m/s,

N HARXUR, S KR

s
o NI
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27esm Fa #ltg

153xem
12500
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ezl
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B2 2m/s, NaEEHEARETFSREN z=4 m
HMEEZESI NN
Fig. 2 Cross-section of the Air Force Field (Z=4 m)
with Windshield Board of 2 m/s and N direction

B AE RS T IS S i ok, K TR AN X O
T X FRYE, 5 25 S8 1 5 i 35 5 A 3
e

B3I T 2 m/s, N[ H AR KR SRR G
Bk b K KRR . B 3 AT, AT e
AR, KR BT RRAR, # 1 35 K IR AL
0.253C , #2 KRR 0. 192°C

27Eeem
27eeem
27 tem
20t
= 2heeet
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B3 2m/s NEaEESHERRGET SRRkt
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Fig. 3 Pool Water Temperature Field with Windshield
Board of 2 m/s and N direction

4.3 FEFKE N @BARTSXRERSH
ﬁﬁ*ﬁ%ﬂ*ﬁﬂ‘]‘ﬁ?ﬁﬂ*ﬁfﬁﬁﬁ R, %6
TEH WIXETLE N, g5 T SRR X #1, #2
Vo HNIE B K 5 ﬂo
HIZE 6 AL, BT i 50 R 3 5 XU 2 ] %
1, #2 AR HIVERE R B SCEAEH] Fr it &
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Table 6 The Normal Wind Speed Conditions, Effect of #1, #2
Cooling Towers Water Temperature with Windshield Board

, & 11m 5 9m
gz SR " om ¥ om
K m/s #138  #2  #13 #23F  #1E  #2%
2 23.617 23.473 23.364 23.281 23.376 23.301
4 24.529  24.658 23.992  23.970 24.053 24.062
6 25.142  24.985 24.304 24.252 24,421 24.377
8 25.269 24.862 24.246 24.188 24.416 24.322
10 24.916 24.590 24.109 23.894 24.316 24.028
= 11m B 1lm
K 5m K 3m
2 #1185 #2Bs H1E #2 B
4 23.414 23.328 23.439  23.346
6 24.105 24.108 24.235 24.216
8 24.453  24.431 24.603 24.557
10 24.478  24.435 24.677 24.568

4.4 HmEMULICANEHNOS KRN
R RR A PREIERN BT TR SR 1L A
AN, ISR E I TA AR, fEixd ) #
1, #2 W R E 7 AN 1, AR
LTV BN AT 5 KU R B 2226 75 sU Ak
441 MM
T T AL A RS PRV BN BERY
W W7 AIH, AR R A N 10°0F, #
1 B BRI/ 0. 253°C AR T A 222 A 2
W/ NRZ s TR R M 15°0F, #2 B %
KRB /N 0.196°C , AHXF T Al 2 3% Ay /)N die
%, FZIEBNSAREIE X O U 1000 A A 2
SEREE T IR APERE R 28 B A1k, B LAP IS -2
KR fe K/ N FAR pRE, A AU 22 3 A JEE
10°/F, #1 BEFI#2 85 KIS /s 0. 223T
FRRS T A 22258 A1 /N 22
K7 SRURRERERS 1. #2 S M H KRR
Table 7 Installation angle of Windshield Board for the Effect of
#1, #2 Cooling Towers Water Temperature

T BEBOKIR #1 BRIOKIR #1. #2 BPF
/T e/ HKif A/ C
0° -0.247 —0. 186 -0.216
10° -0.253 -0.192 -0.223
15° -0.229 -0.196 -0.215
20° -0.237 -0.187 -0.213

PRI TE Y Mo SR BRI T, # 1 S5 FI#2 B st
Rt sr G ufb)a, AL 3 M B R 10°,
DU RS 7K TR 3430 N 0. 223C
4.4.2  FRURIEUILIL

8 5 T R XML A B XTI e HI M g
HIsENR . FHER 8 WIHN, 7E AT oY S KR E 60, 72
80 190 HPEEIN, FHMIEZ, #1, #2 W
PEHIE KR TR Z . 75 XARIECR 60 BB, #1,
#2 BEPEPKIRIE/N 0.2C 5 72 RS H 60 Hedid
Sk 72 S, #1. #2 3B KRR/ 0.023C ; 7F
XM R 72 HIEAICA 80 BNt #1, #2 5 FHEK
VBN 0.008C 5 7ESXURBE A 80 Bk hn ok 90 He
i, #1, #2 BEEpKIEREN 0.012C

#8 EBXURRFEHHEIH T, #2 B AEHIEKENZM
Table 8 Installation Blocks Number of Windshield Board for
the Effect of #1, #2 Cooling Towers Water Temperature

SRB #UEEIEOKIE #EIREKIE #1. #2 T
Kkt e/ i/ T KA/ T
60 -0.215 —0. 181 —0.200
72 —0.253 -0. 192 -0.223
80 —0.263 -0.216 —0.241
90 -0.277 -0.228 —0.254

DV TR E], XPRSF 11,5 m X8 m &
I 1 2226 £ B R RBGHE AT T Ak 65 KU 2 2
FARE R 002 20°484kIst, # 1 W HIE I 2 B E8
BRI 32540 0. 01°C 5 76 T KU 28 e Bk
H1 60 H 28 90 HARfL i, WG H 3B KR T3 A8 fk
0.054C . XERWEFLHILHKMHT, FRMELE
FEEXT TG E TR #1, #2 B HIEWIELRA)
PEREBYZ AR/
4.5 SRIRMKESD

XF1 000 MW HLALT &, 638 K 5 B 4 B
1C , BEAATRREAL 0.5 kPa, ARETT H AT
MR, FERIHT EMT, 75K 0.5 kPa, )
B RGN 2.5 MW, GBS ARE R S0, AT AR B
IKIREEZBEAL 0.7C |, BEVRAR T RFEAL 0. 35 kPa,
G 3T 1. 75 MW, 32 BEFREEM A% 800 JT/t 1
B, MAERTREEL N 220 T, SFRRWITLE L
980 Jiot, Uit 4.5 AR R .

5 Hig

D)X R HLT 2 X1 000 MW 37 £ T84 5
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A RIAT T YR BUF L, It [ AR E AL
LV ENIE SN T B AR T T el — e gl R AL T
WA 43O . TR IR . W Y B
A,

2) R UEIE R A ) # 1, #2 B
RAFL ffif, IR LS5 B HIK &SR
PE, AR I T 50 UEIE R A s R SR 4
AR T BE bR e, ENIZ KT #1, #2 B A
P = AE BB AR R TR 2 SR 4 X R 24
BN R R B 38 M, 5 XU K
EITRRTH L #2 Ve HIE S FNMEREAE FH 2w 0 A
REESR/N

3) LSRR N ] B 4135 T 00k 56 3
R REIEA T AT, FEIE AMFK Sl R AR 3R K 5
Drtsgmn I oy H AR KURGEE B N, #1 3
PR A T4 2 B KR X R N [ 5%
AT, oKl X T KU # 1 7% H1E R 214 fE
AIASRISEMR A, TRE A Ty # 2 358 H PR REAS
SRR/ e UL A SR KR N, JE5% B
SRIAES A ZNIE V8 HIPE R I =, AH N 3B /K IR SR A1
H SR KB AEAEXT PR V2 20 P RE R BRI B9 VE o

4) FRMUAELERRAR T M 2 R Ge g, 1
KT AR R FR M, HIENas<shh
Yl 35 R B S8 . 6 I AR5 XU B PN (0 ~ 40
m/s), ERATH L, #2 PR AT RE R 24 A
IBEEVER, (AR TR RASKWRE, P
WS ik A8k, A PIE R M RR I T X
AR AT A, FTFSE G WA RSN, DL
11 m, K8 mFRMTHT, #2 BHEEERE MG
YRR

5)RFRSE A 11,5 m x8 m 3 UM Y 22206 £ 8
YBGAT T A 785 KA B A B 0° % 20°748
fRRE, #1 AEIE R 2 W EIE WIS IS KRS 2 AR
f£0.01C 5 5 R 2R BB 60 HF 90 HeAs
fers, P S K IRSE 37846 0. 054°C X FRIAE
FBIRGHRMT, MRS T4 16 A BT
F# L #2 BB R EITERR A AR /N

6) P HIEE 1 XU Jin ke 3 RUBR AN AT L RE FH 158
R K TR RIS FAZ R, o m] A
HATEAR) BEmH, ST #EPLaseR. %
RERE A WA TS, A Y HAE 3 KU AR
(V=2 m/s), MIZBakas i i .
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