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ABSTRACT
Keywords: When an unmanned aerial vehicle(UAV) encounters cloud layers with high humidity and
TRa7} dj& 97(Supercooled large droplet) sub-freezing temperatures, such as ice particles or supercooled water droplets, the UAV's
-27] A9 (Aircraft icing), surface can undergo icing. Icing accretion on an aircraft can lead to various issues,
F217](Unmanned aerial vehicle), including reduced stall angle and decreased controllability, which can potentially result in a

AT S e Computational fluid dynamics)  direct threat to safe flight. In this study, a comparative analysis was conducted on the ice
accretion occurring on UAV under the non-SLD condition, which is the continuous
maximum(CM) condition of FAR Appendix C, and the freezing rain SLD condition of
Appendix O by computational simulation. More ice is accreted in the SLD condition than in
the non-SLD condition, but aerodynamic performance is reduced less than non-SLD
condition. This is because the ice shape of SLD conditions is created streamlined along the
UAYV surface. In the future, this study can be extended to the design of ice protection
systems and utilized in icing certification for UAVs in SLD conditions.
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Fig. 1. FAR Appendix O[10], freezing drizzle environments(right), freezing rain environments(left), LWC
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Table 2. Comparison of non-SLD condition and SLD condition for MQ-1 Predator icing simulation

Non-SLD Condition SLD Condition
* Distributed over a narrow range (Fig. 6) * Distributed over a relatively wide range (Fig. 6)
Collection efficiency ~ * Lower collection efficiency due to smaller droplet * Higher accretion rate at all locations compared to
size compared to SLD condition non-SLD condition
Ice shane * Irregular ice horn on the leading edge * Streamlined ice shape along the surface
P * Low ice limit (Fig. 10) * Higher ice limit than non-SLD condition (Fig. 10)

* Case 2: 7.729 kg (Fig. 11)

* Case 3: 17.61 kg (Fig. 11)

* More than twice the total ice mass than non-SLD
condition

* As the MVD becomes larger, ice mass increases.

* Case 1: 3.764 kg (Fig. 11)

Total ice mass . . .
* Less ice formation compared to SLD condition

* Flow is similar to that of the clean case because of

Flow separation occurs on the wing upper surface the streamlined ice shape (Fig, 13).

. (Fig. 13). o . o) [
Aeroqynamlc effects of Maximum lift coefficient decreases by 26.04% Lift coefﬁcm?nt df:creases by 6.3% (Fig. 15).
ice accretion (Fig. 15) * Drag coefficient increases by up to 10%.

* Decrease in the lift coefficient is less than non-SLD

* Dr fficient i 13.69%. .
ag coefficient increases by up to 13.69% condition.
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