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Abstract: Numerical simulation methods are usually time-consuming when predicting the impact
characteristics of water droplets on the airfoil. In order to quickly and accurately calculate the droplet mass
caught near the airfoil under icing conditions, a rapid prediction method based on proper orthogonal
decomposition (POD) and the surrogate model is proposed. First, the optimal Latin hypercube sampling
method is employed for the continuous maximum icing conditions in FAR 25 Appendix C, and the
distributions of the droplet mass caught at each sampling point are obtained by means of numerical simulation,
so as to construct the sample space. Second, the POD method is utilized to find basis modes and the fitting
coefficients needed to express and reconstruct the droplet mass caught. Finally, a surrogate model between
each sampling point and the fitting coefficients is established by the Kriging model, the rapid prediction of the
distribution of the droplet mass caught on the airfoil is developed. The validations of this estimation method
show that the proposed method has an outstanding performance on accurate and rapid prediction of the

distribution of droplet mass caught. Compared to the numerical simulation method, the time-consuming of the
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estimated method drops significantly, which will provide helpful support for unmanned aerial vehicle (UAV)

anti-/de-icing design.

Key words: unmanned aerial vehicle (UAV) ; anti-/de-icing; proper orthogonal decomposition (POD) ;

surrogate model; droplet mass caught
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Fig.11 Change of maximum error of droplet collection with

cumulative eigenvalues
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Table 3 Verification condition list

MVD/ LWC/  V/ = 45K
Cas T/K H 5 s
Case T/ /m m  (gm °) (mes') JeAl
1 258.00 3000 15 0.4455 50 FEUK
2 268.00 1200 15 0.697 0 55 B VK
3 243.15 6700 15 0.200 0 60 K
4 268.15 1200 25 0.402 7 65 Bk
5 25800 3000 25 0.2277 70 GERUN
6 243.15 6700 25 0.099 5 75 Fa vk
7 268.00 1200 35 0.206 7 80 B vk
8 258.00 3000 35 0.117 3 85 FH UK
9 243.15 6700 35 0.049 8 90 FEUK
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Fig.12 Comparison of droplet collection coefficient be-

tween simulation and fast prediction
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Table 4 Verification condition error analysis

(30)

Case MAE RMSE MAPE/%
1 8.27c—4 9.22¢—4 5.22
2 5.78¢—5 7.24e—5 1.44
3 1.88e—4 2.24e—4 19.44
4 1.56e—3 2.02¢—3 4.69
5 9.96e—4 1.74e—3 3.83
6 6.98¢—4 8.86e—4 3.84
7 3.77e—5 4.99e—5 1.05
8 1.19¢—4 l.4le—4 3.97
9 1.76e—4 2.30e—4 7.08
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