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COMPUTATIONAL ANALYSIS OF ICE ACCRETION EFFECTS
ON AERODYNAMICS OF SURVEILLANCE UAV

W.T. Lee,' D.I Jang,' G.H. Bae,' S.U. Oh,"' H. Lee'? and R.S. Myong "

'School of Mechanical and Aerospace Engineering, Gyeongsang National University
?Research Center for Aircraft Core Technology, Gyeongsang National University

When an aircraft encounters cloud layers with high humidity and sub-freezing temperatures, such as
supercooled water droplets or ice particles, the aircraft's surface can undergo icing. Icing formation on an
aircraft can lead to various issues, including reduced maximum lift coefficient, stall angle, and decreased
controllability, which can potentially result in incidents and accidents. To prevent and mitigate these risks, the
development of ice protection systems and research on icing phenomena are actively pursued worldwide. In this
study, a three-dimensional compressible Reynolds-Averaged Navier-Stokes (RANS) equation was employed to
perform computational analysis, focusing on investigating the impact of icing on reconnaissance UAVs.
Additionally, a specialized computational fluid dynamics (CFD) analysis software, FENSAP-ICE, was utilized to
predict the icing shapes. The icing conditions were determined based on the representative rime and glaze icing
conditions specified in the continuous maximum (CM) conditions of FAR Appendix C by the Federal Aviation
Administration (FAA). The exposure time for icing was set to 45 minutes. The findings of this study aim to be
utilized in future icing certification for UAV development and the design of icing protection systems.

Key Words : 37] QH](Alrcraft Icing), 7?1 &%7](Unmanned Aerial Vehicle), H2H3%38l(Computational Fluid
Dynamics), 2% Z2l(Ice Accretion)
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Fig. 1 Mesh for GLC-305 Swept Wing
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Fig. 2 Comparison of icing wind tunnel test result
and simulation result of ice accretion
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Table 1 Icing condition for GLC-305 Swept Wing

MAC 0475 m
Swept Angle 28 deg
Velocity 90 m/s
Angle of Attack 6 deg
Temperature -11.35 °C
LWC 0.51 g
MVD 14.5 pym
Exposure Time 6 min

Fig. 3 Specifications of the MQ-1 Predator model
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Fig. 4 Grid distribution and boundary condition of flow field

CType 34 AAE ARSI W Rd=s 29 84
Al BAAO T AME]E Spalart-Allmaras W 222 A3l
©m Surface Roughnessi= 0.0005 mE Z-4-3}3ith 44 F&=
A Al AAe] F7)= AA 2] A7]7F FU3 Mono-Disperse
2 7Pgeielty. F7HAQl #llA Z21E Table 10 YeERASITH
A FsAE Avel Ak alA A wud A, Fig 2
9} o] oF 5% m|Wke] Ice Thickness 22Hs Hold AW &
o] fAret Ads veRdS RISt o8 S8l & AT
15 289 aA 71e BdE dsetlth2s).

2

32 g 2 Az

Fig 3% ¥ A7o)A ARE3 MQ-1 Predator 7|H|15 T3}
slo] REEs CATIA ¥7dolH =] 21 m, 4o] 801 m &
7§% 14.8 m, Taper Ratio 0.48, Anhedral Angle 822 MQ-1
Predator 714 R&S ARGSIGITE AL siAE fIsk Axk=
Fig. 49} #o] A4siom Aze] A7]= Mean Chord
Length®] 300= AAJSISIcE A=} 443 Al v]4E ARz 4
2 AE FH3EeH, AE oF 20005 THE AFE-SIITH
BEREE A WA AR Hole yr ~ 1S WS
Boundary Layer A2} 5 40502 AAdslct. Azl A
Z7AE Velocity Inlet?} Pressure Outlet, 337] Eolli= Wall
Condition, F¥7] @l AXt AZRE AA7]17] $18
Symmetry ConditionS 2}-238}3I T

www.dbpia.co.kr



66 / J. Comput. Fluids Eng. W.T. Lee - D.I. Jang - G.H. Bae - S.U. Oh - H. Lee - R.S. Myong

LWC (kg/m?)

0 0.0001 0.0002 0.0003 0.0004 0.0005 0.0006 0.0007 0.0008 0.0009 0.001

Section A
@ X Section B

B ——e—— C(Casel_SectionA
Casel_SectionB
08 B ——————— Case2_SectionA
L Sheea Case2_SectionB
by ! A
S - i
;g 06 ! X
3 i 1
(a) Case 1 ps L A
= ! !
=) | \
S 04} [
= °r I \
=} | | \
Q i | {
L i \
02 / \
L I i
3 / 1
B .l‘ \
0 - / 1 M
1.2 1.24 1.2 1.32 1.36 1.4

8
Y(m)

Fig. 6 Collection efficiency for each case according to cross section
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