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Abstract: Facing supercooled large droplet (SLD) environment, an effective ice detection method is a
prerequisite for implementing the avoidance strategy and leaving the icing environment of SLD as soon as
possible. Based on the dynamics model of SLD, the water droplet collection characteristics of the double
impact surface probe for SLLD environment detection requirements are simulated and analyzed to study the
parametric design of the probe shape. The key geometric parameters that affect the distinction of SLD
environment are clarified, which provides a theoretical basis for the probe shape design. Typical detector
shapes are selected for simulation calculation. The simulation calculation results show that under the normal
water drop condition, the icing mainly occurs on the first windward side of the detector, and the icing
thickness on the second windward side is very small, which is obviously different from that on the first

windward side. Under the condition of SLLD, the ice layer accumulates on the first and the second windward
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surfaces. The water droplets with different diameters can hit the different positions on the probe and form

different ice accumulation characteristics. The results verify the effectiveness of the parametric design method

of the probe shape for SLLD environment detection.
Key words: icing condition detection;

characteristics; water droplet size
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Fig.1 Design principle of SLD ice probe with double impact surfaces
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Fig.2 Parametric design of SLD probe with double impact surfaces
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Table 1 Parameters of probe shapes

R,/ L/ L,/ L,/ L,/ Ly/ L/

/0 8/ 0) I[rilrr/l rlrem/l flir/L Iii‘fl mm mm mm mm mm mm mm
1 35 12 6 3.5 1.5 3.5 6 46.00 12.00 24 10.0 4.50 1.34
2 50 12 6 3.5 1.5 3.5 6 46.00 12.00 24 10.0 4.50 1.34
3 35 12 6 5.0 1.5 3.5 6 46.00 12.00 24 10.0 5.17 1.34
4 50 12 6 5.0 1.5 3.5 6 46.00 12.00 24 10.0 5.17 1.34
) 50 12 6 3.5 1.5 3.5 6 39.60 8.50 24 7.7 5.17 1.34
6 50 18 6 3.5 1.5 3.5 6 46.00 12.00 24 10.0 5.17 1.34
7 35 12 6 3.5 1.5 3.5 6 47.57 14.60 24 8.9 5.17 1.34
8 35 15 5 7.5 5.0 12.0 ) 145.00 29.35 69 42.0 15.65 6.50
9 35 15 5 7.5 5.0 12.0 5 145.00 29.35 71 40.0 25.65 4.50
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Table 2 Calculation condition for NACA 23012 standard example

s MVD / ym LWC /(gm*) Gk /(mes ™) s /) K3 A AR S A
K i 40 0.73 77.8 2.5 Langmuir D
BURCSy S ] 111 0.73 77.8 —10 10-bins"™®




55 6 3] M, S LT K W AR B SLD 3k AME 2 8 5 05 B 1087

P13 NACA23012 F Y 4 K4 Xl 43
Fig.3 Meshing of NACA23012 airfoil

1.0
—Z83CMVD=40 pm

09F ~Z&TMVD=111 pm

08t — X EMVD=40 um

—CBAMVD=111 pm

160 800 80 160 240 320
PHATZRPE RS / mm

P4 SEGI7 FOF SR A5 R T

Fig.4 Comparison between simulational and calculational

results
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Table 3 Comparison of droplet collection coefficients at
different positions of conventional droplets

(MVD =40 pm)
PRI LA B /mm SCiHk[21]

AIHR AR

—13.4 0.3725 0.414 0 0.041 5
9.00 0.837 9 0.846 5 0.008 6
15.80 0.610 3 0.668 9 0.058 6
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Table 4 Comparison of droplet collection coefficients at

different positions of SLD (MVD = 110 pm)

PEATR RN /mm SCHR[21] A %5
—13.4 0.537 3 0.563 5 0.026 2
9.00 0.756 9 0.7501  —0.006 8
15.8 0.614 4 0.737 6 0.123 2
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Fig.5 Meshing of probe shape
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Table 5 Parameters for water droplet impact simulation

F5 MVD/pm LWC/(gm™) W#/(ms™") HE/C

1 40 0.5 100 —10
2 70 0.2 100 —10
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KW R B B K T 4 T8 K B MVD
40 pwm B UCEE F B, B K AE 43 3 R 0.098.,0.038
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Fig.6 Distribution of water collection coefficient of probe
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Table 6 Icing simulation condition

LWC/ A/

TH MVD/pm (gm-) (mes ) g /C
1 15 0.60 70 —10
2 34 0.24 70 —10
3 70 0.15 70 —10
4 250 0.20 70 —10
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