e Mk M

W45k 12 Vol. 45 No. 12
2024 412 A Chinese Journal of Scientific Instrument Dec. 2024

DOLI: 10. 19650/j. cnki. cjsi. J2413214

T 60 75 B R AR K MOk S R A A TR 5

}gj ﬁ-l,gﬁl?j:\z,ﬁﬁ: }%],3’%4§;€ 1,3",_1. 7}: 1,3
(LR R N TR RS A itktle I 430074; 2. P TP DUIRZS INE A BR ST ARl R 430074;
3. Bk E R R EFEENLEE  RIL 430074)

& A L I BR VKA UK ES A RS ISR AIMERS 3 0 T 38 T oth B AR A0, ) SR A (R 72, B 5 48R T ARAS AN
G3F NGB B0 PO B FH 0 52 i AL B B T 2T 5 BHATCI = 0 4 Fhok S5 GRS IORALEE . SR)E &0 T — R BR vk — 1Rk
TR wRSE , I-7E Rl vk S 50 ok O AR S 1 S A AR AL BT T 3RAE, B8 T UK A RSB AN A DR IE  F T ST T UK &
RASHF AR UMD, A8 08 7 UK S 58 w120 D) AT A 000 e 7 DK A 7 1) EF 05 R, B 0 4R T el A SR vk B ok & Btk
BRI BTN ZR  FE AT 2S 35 150 BE AN ER PR VKR S AR S 7

RARBIA . 5 VKI5 52 BB AS VKB s DR ES A RS s BRBR VK — 144k

RE4#ES . TM934.73 TH73 XERFRIREE: A ERGEERSERD: 460.40

Research on ice bonding state sensing method for
energy-efficient electro-thermal de-icing
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Abstract: To address the difficulty of sensing the ice bonding state during aircraft electrothermal deicing, an in-situ in-body detection
method based on the relaxation polarization effect is proposed. First, the mechanism of the influence of the phase state and molecular
thermal motion on the ice adhesion effect is revealed, and the principle of detecting the four ice bonding states based on the complex
impedance measurement is elucidated. Then, an integrated functional film for detection and de-icing is designed, and the dynamic
change process of the interfacial phase state is characterized in ice melting experiments, which identifies the key features of the ice
bonding state sensing, and then establishes the recognition method for the weakening of the ice bonding state. In the pre-stressed de-
icing experiment, the method can effectively determine the time range of the ice shedding, which is expected to significantly improve the
accuracy of the ice bonding state sensing in the electro-thermal de-icing process and provide key technical support for the energy-efficient
electro-thermal de-icing of aircrafts.
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Fig. 1 Schematic diagram of ice crystal microstructure
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Table 2 Relaxation polarization parameters of ice,

water and air at 0°C
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Fig.3 Equivalent RC circuit model of dielectrics
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Table 3 Relevant thermodynamic parameters of ice
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Fig.4 Temperature-frequency characteristic curve of

the real part of the complex dielectric constant
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Fig.5 Temperature-frequency characteristic curve of the

imaginary part of the complex dielectric constant
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Fig. 6 Detection and deicing integrated structure design
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Fig.7 Ice detection and deicing integrated functional film
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Fig.9 Physical representation of an external stress deicing device
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Fig. 10 Workflow of the integrated upper computer control

platform for ice detection and heating deicing
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Comparison of temperature between continuous

heating and intermittent heating
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