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Abstract: To solve the problem that the cooling tube bundle is prone to freeze and crack in the
direct air-cooling island under severe cold and strong wind conditions in winter, a kind of anti-
freezing shutter device installed between the steam distribution pipes on the top of the air-cooling
island was proposed. Through establishing the overall model of the direct air-cooling island and
the local model of the air-cooling unit with top shutter, and using Fluent to conduct flow heat
transfer calculation, the anti-freezing performance of the anti-freezing shutter in winter and its
influence on the performance of direct air-cooling island under opening conditions were studied.

The results showed that when the ambient temperature was —20 “C, the wind speed was 20 m/s
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and the inlet of the fan was blocked, the air flow rate and air temperature in the direct air-cooling

island significantly decreased, and the overall heat transfer of the direct air-cooling island was

reduced by 52. 7% after closing the shutters at the top of direct air-cooling island. When the

ambient temperature is 15 °C without ambient crosswind and the fan was operating at full power, the in-

fluence of the opening top shutter on the performance of the air-cooling unit was negligible, in which the

air flow loss of the air-cooling unit was 1. 2%, and the heat exchange loss of the air-cooling unit was

2.2%. In addition, the opening state of the top shutter had no significant impact on the flow field and air

temperature inside and outside the air-cooling unit. The device can effectively improve the operating

safety of the direct air-cooled island under cold and windy weather in winter.

Keywords: direct air-cooling island; anti-freezing; top shutter; numerical simulation
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Fig. 1 Geometric model of air-cooling island

Kl 2 B R A B BN T A S R
TUER 19 28 1353 L 45 =2 [, 7 O PAT A ] i 3 BHL 24 T 25
SN RSV By R A A ZER B B AR AR I
1.2 HEEEMNEX S

23V I DR AR B B R R AT SR I ] 3L A 4
PR 259 B AT U TR 9T B R A I AR A
ZET T BB R AR I RR F R 1.0 km X
1.0 km X 0. 6 km, %% & i Bl 88— i Bl 2=
W DX, T 20 s 3 Tk 3 LA B s g e R R
B SN B S SR R R R, BT
hk b XA R0 3 T U] R AR R il s v B R AR T
49 XL i) 3 B A AR XL

& 2

ML

THRHIT

B s U B 25V 8 JR) S LA A A

Fig. 2 Local geometric model of air-cooling island af-
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Table 2 Mesh independence verification of local computing

domain
W% /01 et/ MW WeshE s/ %
63 11. 862
84 11. 859 0.03
105 11. 831 0.24
120 11. 822 0.08
160 11. 819 0.03
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Table 4 Boundary conditions for calculation of anti-freezing

performance
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Fig. 5 Streamline and velocity contour of air-cooling island

under different shutter states
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Fig. 7 Streamline and velocity contour of air-cooling unit
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