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Research on critical operating parameters for freeze protection of indirect
air-cooling radiators in power plants in winter
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Abstract: Under low-temperature conditions in winter, the fin-tube bundles of air-cooled radiators are prone to
freezing. Exploring the variation patterns of the critical anti-freezing ambient temperature and critical anti-freezing
circulating water flow rate of the indirect air-cooling system at different wind speeds and directions is of great
guiding significance for ensuring the safe and stable operation of power plants. Taking a 2 X 350 MW indirect air-
cooled unit as the research object, this study adopts the numerical simulation method, combining with the louver
opening adjustment strategy, to investigate the critical anti-freezing characteristics of the indirect air-cooling system
under different operating conditions. Through the analysis and calculation of the variation patterns of the flow and
heat transfer performance of the indirect air-cooling system under different ambient meteorological conditions in
winter, the variation laws of the critical anti-freezing ambient temperature and critical anti-freezing flow rate of the
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indirect air-cooling system at different wind speeds, wind directions and louver openings are revealed. The results
show that an increase in ambient wind speed leads to a decrease in the critical anti-freezing ambient temperature
and an increase in the critical anti-freezing flow rate. Reducing the louver opening can lower the critical anti-
freezing ambient temperature, while the critical anti-freezing flow rate shows a trend of decreasing at first and then
increasing. However, under the condition of high wind speed in the 270°wind direction, the critical anti-freezing
flow rate decreases continuously with the reduction of louver opening. The research conclusions can provide
operational guidance for the safe and stable operation of indirect air-cooled units in low-temperature winter

environments.

Key words: indirect air-cooling system; winter freeze protection; critical ambient temperature; critical circulating

water flow rate; numerical simulation
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Fig.1 Schematic diagram of spatial distribution and
ambient wind direction of the indirect air-cooling unit
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Tab.3 Steam turbine exhaust parameters of a single unit
under blocked back pressure condition
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system at 90 °wind direction and full louver opening
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system at 270 °wind direction and full louver opening

5590 A i I FR 455 X B BR300 XU DX A
], 270 I i B X T 48 R SR A SR A L S R
X R B = A s, ELgE S (R R AN KT 180
R WAL, BN R AR,
Tl 30 A A X IR BN 2 L, (RIS R
A3 AR RTAL T 90 M1 180 T[] . 15 A e [X 3 5 /)8
MR X “ 2852 X7 SIS AN, 300 RS X 1 3k R i
REFK. EREEm L, SRAE R PO,
300 AL DX 3 XK P9 0 1) s 1) 2808 B SRS, %
Jt DX TDE XURE S R R PR BB V) 22 S 4 /N . BRI
PR = A2 T A UK (R RN, 7T DA (] ¥4
PR3 ERE, TREBTVRBE D

W IR PR R 50%)5 [ A RGN
TR BE 3% o A = B ] 10 Bz« ARECT 90 R
180, 7 270 TR S5 A T BRAIK i B 2, %
P R LR RE B, 3 P X ekt /)N HL B S

http://rlfd.cbpt.cnki.net

LB, B N O B ARG 1 B 0 X
o FEREEA L, PR KU X 8 H 2
SIVEEELF; AR b, R)ABE A & B X TH) 23S
IR FE AT S], ANIE] B X 22 5 R
IR X R LN T 5300 2 DAL . SR
B, EARIRISRAE TN, 270 A I [ H 5 18 R4
(IR ¥R P RE o

||
HIE/K 260 263 266 269 272 275 278 281284

0

Y150 -100 -50 0 50 100 150

x/m
a) 4 m/s X3t B A T
H | = - N

i /K260 263 266 269 272 275 278 281 284

-200 -100 0 100
x/m
b) 4 m/sXUH I 7K T 3 T

| ]
/K 258261 264267 270 273 276 279 282

0550 =100 -50

x/m

) 10 m/s XU i U P 4 i




136

kAL R

2026 4F

 mm  wow wE
i E/K 258261264 267270273276279 282

y/m

-200 -100

x/m

d) 10 m/sXUi I 7K T 4 i

B 10 270K.[5, B EFFE 50%ATE)4 R R IHFIRE IF
Fig.10 Flow and temperature fields of the indirect air-cooling
system at 270°wind direction and 50% louver opening

2.2 [B¥E=R ARG IR RS
[F) 2 75 1 22 4 1) s T 7 14 T 00 A2 4 L ZH 76 P
FET R NIBAT, W R BIRE SR INIE AT %M. fEitk
AN, AUl HEERIE, K T AFRMER
K] JRGE R T T B A TR B AR
BRI R S K Im &
2.2.1 90 18] F I 48 = 4 & Gty i s & 41
MIAEE RN 90N, [RIJCHEE SIS, [Ak:

I 5 I v B4 455 3 )%

0

100

%

2 VORI XU [X SZ IR R E AR, VR 45 XU
SEFETHMXE. B 11 8 00a%sE T, i
JAGH 5 I T I B R A B R R R
FIG ARG KR R . i 11 wT 2, 8 E i
T IFEES o R0 I 7 R R38R T X
HTH, AX MR KRG, X2&H TN
JASE FHI , Baas i DX Rl A 57 L e e Re St »
RERS LU /NS IR /K I B AR 2 AR PR SR B, )
A BRI VR BE S B . BE B R RERRAG, I
SRR B R AL N R, X NG PR 7K AL B T 4

K, LI AR BT AT DA R v B

) 7 4 i

M RAFTERT, s SR SR P i XU 3
KT BEARG R LA A 7K i 22 B X P 8 KT 34K
[ KU TOL R, B &R, I SRS
TG BT B P52 B P82 PRt/ N T 38 Ko 437 XU Ay
4 m/s B I FEER 5T 5 BE v R R AR
4354 3.00. 3.30. 9.00 C; I FAIEIF /K EFE
B R RN B T, A2 T4
FFLBLAE. Ak, BEE B & RN, 65
FEIR 7K I Bt PR 3G R T 38 K s P A B I . /1
TN 100%. 75%- 50%. 30%H}, EIF/KifE:
i A 553 X [ fe R AR AR B 43 iR 12,83, 7.72,
522, 5.21kg/s-

Wi 5 I3 5 0 34 2 3L ik

- 100%TFE  —e— 70%JTF% [ 100%7T /& [ 70%TTF
—A— 50%JT i —— 30%JT I T 50%JT C30%J1 )
sk B 130
L = o T
o ot " IR E,
2 k//é“““*—zd 420 =
m —12r N N e 20w
= -15F =1 [ [T] E
-y ] 15 g
= o8t ¥m
= L~ T ——1| =
B -21f {10 =
B =
- -24f B
45 &
,27 -
,30 0
0 2 4 6 8 10
g/ (m-s ")
[& 11 90 X [E N EIIEZE 4 R G IR B R T %

Fig.11 Critical anti-freezing characteristics of the indirect air-cooling system at 90°wind direction
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Fig.12 Critical anti-freezing characteristics of the indirect air-cooling system at 180 °wind direction
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Fig.13 Critical anti-freezing characteristics of the indirect air-cooling system at 270 °wind direction
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