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Numerical Simulation of Ice Ridge Formation and NSDBD Protection

NIU Junjie', GUO Qilei*, SHI Miaoxin®, KONG Manzhao®, SANG Weimin'
(1. School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China;
2. Aerodynamics Department, The First Aircraft Institute of AVIC, Xi’an 710089, China)

Abstract: Ice ridges can cause degradation of wing aerodynamic performance, which is an important factor
endangering flight safety. The air flow field is obtained by solving the N-S equations using the structured mesh
and the central finite volume method. The Lagrange method is used to obtain the impingement characteristics
of the water droplets. The ice accretion of NACA 0012 airfoil is numerically simulated based on the
Messinger icing thermodynamic model. The ice shapes are in good agreement with the experimental data,
which verifies the accuracy and feasibility of the calculation method. Based on this, the anti-icing zone is set
on the NACA 0012 airfoil and the anti-icing thermal load is considered. The formation of ice ridges under
supercooled large droplet (SLLD) conditions is simulated. The effects of ambient temperature, the liquid
water content and the thermal load on the formation of ice ridges are investigated. Besides, the effects of
nanosecond dielectric barrier discharge (NSDBD) plasma actuator on the formation of the ice ridges are
numerically simulated by placing the NSDBD over the ridge locations under the SLD conditions. The results
show that in the case of SLLDs, the growth of ambient temperature results in the extent of ice ridges is

increased and the height is decreased; the increase of liquid water content leads to the increase of both the
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extent and the height of ice ridges; improving the anti-icing thermal load can promote the evaporation within

the anti-icing area, and then reduce the ice ridges formation; in the case of the SLDs, the droplets may

impinge on the position outside the anti-icing area of the lower surface, which may result in the ice ridges; the

heating effect of the NSDBD on the air promotes the evaporation, which may keep the ice ridges from

forming at the small liquid water content level and push back the formation position of ice ridges under the

high liquid water content.

Key words: ice ridge; Messinger thermodynamics model; numerical simulation; anti-icing; nanosecond

dielectric barrier discharge (NSDBD)
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Table 4 Calculation parameters for effect of LWC on ice

ridge formation
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Table 5 Calculation parameters for effect of anti-icing

thermal load on ice ridge formation

K R/ Mg LWC/ R4k
(mes™) Mg/ C (g'm ™) EPR
67.05 —19.4 1.0 300
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Table 6 Calculation parameters of ice ridge

KW E/ HE LWC/  Bivkiaifs/ e/
(mes™") WE/C (gm ™) (kWem %) s
67.05 —13.3 0.5 30 60
67.05 —13.3 1.0 30 60
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