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Experimental study on aerodynamic performance improvement of
airfoil/wing based on plasma ice shape modulation
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(1. Science and Technology on Plasma Dynamics Laboratory, Air Force Engineering University, Xi'an 710038, China;
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Abstract: Aircraft icing is one of the potential hazards that seriously affects flight safety. This paper
proposes a plasma ice shape modulation method to ensure flight safety under aircraft icing conditions. This
method was verified on an unmanned aerial vehicle (UAV). An ice wind tunnel experiment employing the
plasma anti-icing ice shape modulation was carried out to explore the ice shape modulation law. Results show
that the plasma ice shape modulation can prevent freezing according to the designed layout and obtain desired
modulated ice shapes. The ratio of single ice shape width to chord length, namely the dimensionless ice shape
size, and the ratio of single ice shape width to single ice-free gap width, namely the dimensionless modulation
ratio determine the control effect. For a fixed dimensionless modulation ratio, the optimal lift coefficient can be
obtained with the dimensionless ice shape size between 0.1 and 0.2. The lower the dimensionless modulation
ratio, the higher the lift coefficient. The flight test indicates that the ice shape modulation strategy can improve
the aerodynamic performance of UAV. Compared with the full icing on the leading edge of the wing, the stall
angle is delayed by 4° after the ice shape modulation. Lift coefficient has generally recovered by 20%-30% at
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high angles of attack. In summary, this paper provides the method and law of ice shape modulation. Choosing

appropriate dimensionless ice shape size and modulation ratio will help to obtain the best aerodynamic

performance under icing conditions. As research continues, the effectiveness of this method is verified by the

flight test of UAV.

Keywords: plasma; ice shape modulation; dimensionless ice shape size; dimensionless modulation ratio;

aerodynamics performance; flight test
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Fig. 2 Installation and layout of various systems
in the ice wind tunnel
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Fig. 3 Airfoil and wind tunnel force measuring device
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Fig. 5 Plasma actuators with different modulating spacings
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Fig. 6 The temporal evolution of ice shapes modulated by plasma actuators spaced by 1 cm
Awe=0.5g/m’, dyyp=25pm, T=-5C, v=65m/s)
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Fig.7 Top views of the temporal evolution of ice shapes modulated by plasma actuators spaced by 1 cm
(Auwe=0.5g/m°, dyyp=25pm, T=-5C, v=65m/s)
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Fig. 8 Temporal evolution of ice shapes modulated by plasma actuators spaced by 2 cm
(ALwc =05 g/ms, dyvp=25pm, T=-57T, v=65m/s)
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Fig. 9 Top views of the temporal evolution of ice shapes modulated by plasma actuators spaced by 2 cm
Awe=0.5g/m’, dyyp=25pm, T=-5C, v=65m/s)
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Table 2 Force measurement scheme under the
glaze-ice condition
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Fig. 10 Lift coefficients under the glaze-ice condition

I3 F AR E] 13.2% F1 50.7%C WL 11(a)) o

TERJE 330 £ Ca=18°) T, JL k. 4 vk AT 1
VORE W R B ZEMNA K. AT LLAE T xR
— /NS, AIFERT A X S LT, i3l 6 — 9 A 7R
RMAGn &, LWIKERE S5, eS8 ERE
770 I HRAE A [F] 1A 1) 2 80N 3RA5 1 BH 0 &
2R, A DLAS H 4598, KRR R ] P ek BEL I B 2 O &
VKT ST BN 3 0, 3F LTS5 B & i L
BILRFEAAE o

T EAL VKT I8 ] ) B AR S [y Omax] =

[0°, 22°7 Y FBl A P 20 0 0 R B Bk S T

amﬂx
ACL = L (Crm—Crp)da (D

Omax — Omin ¥ Gmin

0Tk
—— 22K
——d/c=0.3
—v—d/c=0.2
—+—d/c=0.1
—<—d/c=0.05

025+
020
S 015}
0.10}

0.05}F

0 5 10 15 20 25
a/(°)
(a) TLEANIKIE R d/c )52

0.30
—— Tk
025+ %ﬂk
——d/I=2:1
020 ™ d/l=322
——d/I=1:1

S 0151
0.10¢

0.05}

(I) 5 1I0 1I5 2IO 25
/)
(b) TR AT L a6 30
B Bk FRAES R

Fig. 11 Drag coefficients under the glaze-ice condition
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5 d =10 cm =25 cm 0.28 0.4 1.20 14° 0.103 0.073
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Fig. 13 Flight trajectory of a UAV
in the stable hovering phase
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