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Performance enhancement of gas heat prevention and deicing of wind turbine blades

based on numerical simulation of multi-heat transfer model
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Abstract: Ice formation on wind turbine blades poses dual challenges to the operational safety and power generation
efficiency of wind farms, making it urgent to de-ice wind turbines with severe icing. Air thermal deicing is an active anti-
icing technology for blades, where hot air transfers heat from the inner surface to the outer surface of the blade through a
combination of conduction and convection, melting the overlying ice layer. From the perspective of the heat transfer
process alone, the processes of convective and conductive heat transfer in air thermal deicing are not particularly
complex and can be studied through two methods: systematic experimentation and numerical simulation, to investigate
their flow and heat transfer characteristics. However, the conditions required for experimentation are quite demanding,

and the experimental costs are relatively high. To address this issue, a coupled flow and heat transfer model for both the
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inner and outer sides of the turbine blade is established based on technologies such as the k-¢ turbulence model, velocity-

pressure coupling algorithm, and wall function. This model analyzes the effectiveness of air thermal deicing under the

combined effects of conduction and convection, avoiding the separated defects of traditional numerical models that only

consider unilateral flow and heat transfer. It can accurately obtain the velocity field, temperature field, pressure field

inside the blade cavity, as well as the temperature distribution on the outer wall of the blade under specific operating

conditions, providing technical guidance for the design and operational control of a reasonable deicing system. The

research results indicate that under different air supply velocities, the temperature distribution on the blade surface

shows a trend of being higher at both ends and lower in the middle, and as the air velocity increases, the temperature

imbalance phenomenon is significantly improved. When the air supply velocity is less than 15 m/s, the surface

temperature of most areas of the blade is below 0 °C, but when the air supply velocity increases to 20 m/s, the area with

a surface temperature below 0 °C is significantly reduced.

Key words:anti-ice of wind turbine blades;air-heating de-icing; numerical simulation ; thermal analysis
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Figure 1 Operation principle of gas heat deicing
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Table 4 Statistical table of blade surface temperature
distribution under different air speeds
at outdoor temperature —5 °C
SRR/ B T & 480 %
(mes ) JBEL 0 CLIF 0~2°C 2~4°C 4~6°C 6~8°C 8 °CLI I

BB 57.1 18.3 124 5.2 4.2 2.8
10 hEf 639 337 2.4 0.0 0.0 0.0
JEB 2.8 121 345 384 122 0.0

Wi 249  11.1 235 254 8.1 7.0
15 R 313 204 286 197 0.0 0.0
EB 0.0 51 165 304 27.2 208

M 8.2 126 209 316 157 @ 11.0
20 R 6.3 174 36.6 317 8.0 0.0
5B 0.0 0.0 7.5 214 262 449
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Table 5 Statistical table of blade surface temperature
distribution under different air speeds

at outdoor temperature — 10 °C

R/ T2 T AR L AR B %

(mes™") O 0CLLTF 0~2°C 2~4°C 4~6°C 6~8°C 8°CLL I

BB 81.9 82 53 23 15 0.8
10 hB 959 41 00 00 00 0.0

Jr B 5.0 38.1 384 122 6.3 0.0

Wi 38.9 20.1  20.1 164 2.5 2.0
15 B 50.3 224 236 3.7 0.0 0.0
J5 B 3.0 101 225 324 202 11.8

B 17.2 13.6 289 27.6 7.7 5.0
20 B 183 314 306 17.7 2.0 0.0
J5 B 0.0 0.0 185 324 20.2 28.9
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Figure 14 Surface temperature interval distribution of each section of blade leading edge
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Table 6 Temperature distribution of inlet and outlet and

total heat dissipation at outdoor temperature —5 °C

BERRGEE/ BRGSO EEAD EAmE HukE/
(mes™H) (kg+s™h) ¥R /C Yy /C kW
10 0.6 60 7.5 31.7
15 0.9 60 13.2 42.3
20 1.2 60 15.8 53.3
x7 FHBRE-I0CHERPRESAABALE

Table 7 Temperature distribution of inlet and outlet and

total heat dissipation at outdoor temperature — 10 °C

R/ PR/ EEAN R A WL/
(mes ) (kg-s™h) g/ C i/ C kW
10 0.6 60 —6.4 40.1
15 0.9 60 0.0 54.2
20 1.2 60 4.3 67.2
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