54% 1M #AHAE Vol54  No.l
2025 4 1 A THERMAL POWER GENERATION Jan. 2025

DOI:10.19666/j.r1fd.202404139

AT 2AL@BA#BTAR L g
W SRR AT

WRHL & ®wl o K3 M T2 saR#E!
(LAHKFR RIS BB L IAMNIZHFIREEFHT, 2 &% 210096;
2. AMBEFT B KA MR8, L #AM 038500)

i Bl Wk T AL TS LEROSA 25 ABRTARCIMN T AETIES], SHlawhETt
IHERNTOBABRIT AL 2/ MABITHREFHZEAELFFOY R, Ak, @
FABE AT AWK ) FEAF A B Z HiB R RIS AAER, PR T REIREKR
)RR T & A B IR MAT R . SAE UM ERA AL R 2 MV AT 2 M %
BRA R, ARKI: AE—R@TF, @REZAETBABAAFEER Z Bk B, " TH
R R T RAT L RN ] MR R E D AN A & = AT W
BRTAMEAF LA F L ZRE, AN MR T APLEAE LA R—5
—I&, THMEFT L S ERAEE 0 mis ¥ K 12 ms, & 100%THA 7 # T &
AR REE T & 2.46%, #4638 K 15.91 g/(KW h), @7 30%THA fi & F, ALK ®
HE T 1.24%, A HE4£38 K 8.65 g/(KW h); b M) K A=t 5T ML ) AUEARIE 1T 2 50148
U, ELAK BT F BB ALIE AT 69 A S A O Rk A 69 SR B AL AR St BN,

[X $# @] A=hiia; 245 BRKKRTA; AR, REFH

[SIAATER] #EHE, DR, &K, . FHAT 24 L BRMMAT AT K EAEREZFHGZ R[] & KE, 2025,
54(1): 108-119.  XIE Jiagi, MA Huan, TONG Bo, et al. Influence of flow and heat dissipation behavior of air-cooling island under
ambient wind on thermal economy of power unit[J]. Thermal Power Generation, 2025, 54(1): 108-119.

Influence of flow and heat dissipation behavior of air-cooling island under
ambient wind on thermal economy of power unit
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Abstract: Air-cooling island platform in power station contains arrays of air-cooling cells with two direct
air-cooling power units, and the flow and heat dissipation behaviors of air-cooling cells in each direction
interacting with each other will have a direct and dissimilar effect on thermal economy of operation of the two
units. Therefore, the thermodynamic model of direct air-cooling unit and the three-dimensional flow and heat
dissipation numerical model of air-cooling island are coupled to study the correlation between the flow and heat
dissipation behavior of each air-cooling cell, the cooling performances of the air-cooling cell groups, and the
operating thermal economy of the two units in different ambient wind directions and wind speeds. The results
show that, in any wind direction, the flow and heat dissipation behavior of the air-cooling cells on the windward
side are poor and deteriorate rapidly, while the downstream air-cooling cells perform well and are less affected by
the ambient wind. The phenomenon of hot wind reflux tends to occur on both sides and the windward side of the
air-cooling cells. The cooling capacities of the two air-cooling cell groups in wind direction of -90<are equal and
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the worst, while the cooling performances of the two air-cooling cell groups in wind direction of 0<are one high
and one low, and the downstream one is better than the upstream one. With the increase of wind speed in —-90°
wind direction from 0 m/s to 12 m/s, at 100% THA load, the power generation efficiency of the two units
decreases by 2.46% and the weighted coal consumption increases by 15.91 g/(kW +h), while at 30% THA load, the
efficiency decreases by 1.24% and the weighted coal consumption increases by 8.65 g/(kW h). The overall
operating economies of the two units in wind direction of 0<and 90 <are similar, and the sensitivity of the thermal
economic parameters of the two units to the change of the wind speed at the low load is also relatively small.
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Tab.1 Main thermal parameters of direct air-cooling unit at
THA condition
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Fig.1 Water-steam flow chart of the direct air-cooling unit
RV B R R TN [ 9 5 R ek B AR AE — — X
MR ER, W@)FR:
t, +100)7.46

=0.00981x 1
Pn ( 57.66 @

e po ABHRAABE T, kPa; th NEHTA 2R
REERIE, C.

ZIRAE VB RS N AT, IO E
@)1 :

Q, =1000D, (h, -h,) @)

b Qe NZIRIMBIVE, Kilh; De NHEARHR 28
M =R, thy h AZIRMILLES, kilkgs he Judtsh
IKETECES , kIlkgs
1.2 =4 BIERAA S S REER

6 AN ARAIRSEE T 8 HF 8 7
AN TT, WE SSRGS 5 RS ar JLT R
N REA A By Hbp s RS ML 5 25 B,
ARSI A B LR R 2 foR, 5%
HIF RS 2 100 m>R 800 m>&00 m (xy>z). &
BRSNS R 2 LD R, R 3 Flxml, JF
XF % KU 725 ¥ By IE U T AT 7. 1 S LA
RHIGH 18 41, 2 SHLHTAHIT N 9—16 4.

©)
®

2 =R BILIAEEH RINER 6]
Fig.2 Geometric structure of the air-cooling island and
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Tab.2 Verification results on thermodynamic model of the
direct air-cooling unit

T B AR/ TR/

(k3 (kW h) 1) (k3 (kW h) 1) RES%
100%THA 7759.0 77525 0.08
T5%THA 7900.0 7874.8 0.32
50%THA 8186.0 8137.2 0.59
40%THA 8409.0 8345.5 0.76

Y B BBV R A Bk TS
BOGUE, WIFAEIRGE N 4 mis, BERS LA S
B ER N 858.58 MW, #5784 1147 45 1 0 854.80 MW,
FHZE 0.44%. [RINF, AALAG 200 XA 7] R 2% A4
NI A BB E IR AT R BN, B
RECHR[26]4E Rt —3, BAwWE 3 s, H
B3I, v BB AR PR

x3 BEERTRNAS

A

|- A S
o A SCHLAL T R
- AL R
-m TR R
6 [~ SCERHLAL LA
<& SCHRHLAT2 B A

0.8

yRae A C oty
=1

73 6 9 12 15
A/ (m-s ')

B 3 MAKFHT= A DRRERERIGIEER
Fig.3 Verification results on flow and heat transfer model of
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Tab.3 Verification results on the coupling model of the direct air-cooling unit and air-cooling island
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FH ] 8 T 9 Wy L, B AR 4% A XL )
T, FNATA It EERE. SEENZRS
BER I ZEA KR TETCRGFAM S 100%THA £ faf
THF, B 1A I E i E 43 032.9 m¥s,
MEHVE 838.3 MW, Z iR B 58.77 C. #l
YH 2 VAT IEI BN 42 799.6 md/s, SLHLHA
N 837.7 MW, Z VKA EHRE N 58.87 C. 4
B 2 30%THA i, ML 1 =A% IcH BT E
9 41 355.6 m¥/s, S EFVEN 280.9 MW, =54
BHRE N 41.09 C.HLA 2 24 BT BB EN
411943 m3fs, SEFAVEH 280.9 MW, =574 Hki
[N 41.14 C.

W JE KR IRLE B b 5 FIR B ML I 77 TE 1R
e HI 58 R FITHE R, EEHLAH 1. LA 2 4
BTG EE R RN AR 5 XGE 8 m/s B [ 2 5 ),
7£ 100%THA 115 5 30%THA fiif A 24
BIREAR 19% 75 45 . Bl KUR ARS8 0, B2 i DX &
PRIFFHAFEZ WA I, FEWA 1. Al
Y2 VA BTN R I B S A XU PR G i 1
Ko fE 12 mis g RaEAE T, BT RO el ™ Hi
M, Z/NA BT R e HAAE 2, R
AT B E KA R, FEWLIA 1. b
M 2 AT Z PRI R T i, AT e XS
1E 100%THA 1 fif T~ Z 75 &6 E 2 5 7+ &
20.12 ‘CH120.01 C, 7£ 30%THA fifij ~, #HE5
T 8.15 “CAHlI 8.58 Co

TSGR T, 2 EALAE A BT AR R &
MEBEAESMZERR, BEXHLA 174 R oodii6e
J1E TN 2 SR oG, FEWLAH 1 ZRA 5
B RFMTHA 2. FEMREPMREET, Hl
1 A HITIB TR e BT T, BEE XGE4E
gErgin, M4 1SR RoTRRER VR N =
TR TR R R T . R IR R, ALl
2 A RITETA SRR TR Z VR BHR SR
FrEm, YRGER RS 12 mis, 2 B Tl R L4 2
2V HLTIE R Y R I 33.9%. 7 30%THA it
T, HLE 1 A FITHIBR A /1 5 HAE 100%THA
fufef AR, BEE RGE R I BT e R, (H
VA BT B A A X () 3 iz B otk
Gb, FEIPINREZI R, HLEL 1 A R oTiLA 2 2
A BT TR R R AR A MO SS KT 2 EY K, &
FOPINLAL Z VR4 Bk il 2 72 ol XU 386 KT .
Pt HIRBEKE 4 m/s i, 7E 100%THA Fifaf |,
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PINLZ IR AR FE A ZE 4.99 °C, TMTE 30%THA 1
FiR, PiIEAHZE0.78 C; HIABIXGE 12 mis i,
100%THA fifif FiZZFEH K% 10.19 C, ME
30%THA fifif NiZZERANIE KZE 248 C. [H,
TEIP M RAGEAT T, IR S fr Ie AT I 259 BT )
PE A 22 PE B 52N T B ALZELAE & S as AT I

FESFRTRGEAT TS, A KU R3ghn, Pl 1.
MU 2 574 TR S IB R EZH T R, B E A
ZARAEER FEZWT L, 52 PR XA 1 52 M A X
T JE R O BE BN, B R A b AR A e
AR N T XG0 m/s 38K F] 12 mis
i, 2 A T R ALAL 1. HL4L 2 =4 Fot Rl
TR A L 26.8%F1 25.5%, 7F 100%THA
B, PN ZRABHRE /30 7T 1049 C
F19.87 C, MifE 30%THA fifii v, PIHLAZIRA
R 7 LT 3.21 “CHI13.02 C.

SRS, EEXELT, WA A R
AERE RS B3 22 R MREAE TR, 1dRAL
4 2 2B FITAEIERE A B9 T FHHLAL 1 4%
TCAEIVERE, HLE I ZERERE A RS K K.
BEAL, IR REAE FHLAL 1 25V T4 E06E )1 BT
TIPaT R I LA 1 BRI 2 ¥ 5T A H e
77 DRIsE I XL, KT 30%THA Ll Mg &
BLZH 2574 B e @ s A L s i L00%THA T30
THIBEIRELN, AR P S E DL R =S
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BIZH 2 B B R 44.85%, JREFEN 274.22 gI(KW h),

HIAUBERE Sy 274.18 gl(KW ). 7 30%THA 17 PA K
TG, HLA 1 IR ERCR N 42.67%, JHEFEH
288.23 g/(kW h); LA 2 [k LR 42.66%, K
FEN 288.29 g/(KW h), IIAUERE Sy 288.26 g/(KW h).

FER G R ] SRR AT IR 3 Foft 4 28 IR [ o

WE RS HLA M K. 7F 100%THA Fifi K, 24
W IRUXGE B 0 m/s 35K 3 12 mis, #L4H 1 FIHLA 2
REAENS T T 2.47%F1 2.45%, JEEES 5142
F+7 15.95 g/(KW h)F1 15.86 g/(KW h); 7E 30%THA
g R, M4l 1 LA 2 R BRI B R T
1.21%F1 1.27%, HEFEHHEF T 8.43 gl(kw h)Fil
8.88 g/(kW h), X T-AE—7i & XU, 47 f5 U AL 1.
BUAH 2 (R R ) A B e i EH
MR R, LA 2 239 BT T30 XU, - [RtBE
FHIREERGE I, YA 2 RAEFCRERITIEE, B
FERE BT, I HSO T LA 2 Bl R RN I
MU TR HLAE 1 FERIUA R AL T8 A, 25
JCBTBERERT, ML 1 R HEACRAHLLTHL4L 2
(P, BEE NI XXESE INE] 12 m/is, 7E 100%THA
it . AL 1 R BRCR AL 2 (I 1.25%, HEFE
ik 8.20 g/(KW h), {HTE 30%THA fifi N, ML 1k
HSCR FUHLA 2 AIAY 7 0.37%, HEFEAIK 2.57 g/(KW h).
FEIPRT XA, HLAL 1. HL4L 2 % 380 Bl X
HEINAE XS SR08 R R Ml ar KU B 0 m/s 3 KE
12 m/s, 100%THA fifii FALA 1. HLAH 2 KRR
I3 TR 43.58%F1 43.65%, KEEES MG K=
282.19 g/(kW h)F1 281.78 g/(KW h). 7E 30%THA fit
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fE A7 Btb S R FH 0 m/s 39K 5] 12 m/s, 100%THA
fgef N AL R R 2.46%, T HT XN %
1.24%, MR, HL4H 1 FF% 0.87%, #lLA 2 FF&
2.11%; 4 30%THA i it fg X P HLZE & HL Ak
RIS 1.24%, TR ETAT FEIEA 0.46%, X
T, ML 1 FB& 0.40%, HL412 FF%0.76%.

3) I E KR AR e AR AR, AT — XU,
WG REEI 1K 2 ST INBUEFEGR 4R T oM 2 4>
AR, ELREE KGRI, HLAL AU RE SR B
F, i JE RRGERE K ZE 12 mis, 100%THA Fl
30%THA fifui FIIABUEFE S 534K 15.91 g/(KW h)
F18.65 gl(KW h)o il AR /i R PRI HLZH 324402
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