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In-Flight and Numerical Drag Prediction of a Small Electric Aerial Vehicle

Won-Jin Jin* and Yung-Gyo Lee**

ABSTRACT

This paper presents the procedure of drag prediction for EAV-1, based on a numerical
analysis correlated to an in-flight test. EAV-1, developed by Korea Aerospace Research
Institute, is a small-sized UAV to test a hydrogen-fuel system. The
long-endurance test flight of 4.5 hours provides numerous in-flight data. The thrust and
drag of EAV-1 during the flight test are estimated based on the wind-tunnel test results for
EAV-1's propeller performance. In addition, the CFD analysis using a commercial
Navier-Stokes code is carried out for the full-scale EAV-1. The computational result suggests
that the initial CFD analysis substantially under-predicts the in-flight drag in that the
discrepancy is up to 27.6%. Therefore, additional investigation for more accurate drag

cell power

prediction is performed; the effect of propeller slipstream is included in the CFD analysis
through “fan disk” modelling. Also, the additional drag from airplane trim and load factor
that actually exists during the flight test in a circular path is considered. These
supplemental analyses for drag prediction turn out to be effective since the drag
discrepancy reduces to 2.3%.
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A FEEAL 3 e o= JE7 Zad Table 1. Specification of EAV-1

3, b oz A A (CFD)S 53t 7]

Ao FE5He FRIT aHY AL Specification

ggte] A()EelEzsy FAolM HaApsh= = Length 172 m

2AYF £FFA7) AS S-9F Hol5A Size Span 2.72.m

3 2y FF(slipstream)e] ¢3Fo] Athsl= Wing area 0.68 m

2[3] o8 FE3 nHAA e Wasld A Aspect ratio 85

£ 4Pe oe Bue 5 Aok okgd, A4 Avionics 11 kg

o] aTEE 2EW WA AN F w | Structure 29 kg

de o] Tase oato] Autdozm AjerE A Weight Power system 2.2 kg

94 Fe YIS UG dAS Motor / Prop. 0.5 kg

e B ATlAE EAV-e] MANES Fo o 170 o7 &9

o waFe A4 FI FAL pFe, ol ool speed 30 kb

272 EAV19] A 7{%] xv;riﬂ ;H“ﬁﬂ;f“— N Performance Cruise speed 50 km/hr

= = b == Endurance 45 hr
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(a) Side view (b) Top view

Fig. 1 KARI EAV-1
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Fig. 2 Flight trajectory of EAV-1
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Fig. 3 EAV-1 propeller performance chart
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Fig. 4 Comparison of measured power
(Wind tunnel test vs. flight test)
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Fig. 5 In-Flight Drag of EAV-1
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Table 2. Input parameters for fan model

Input parameter Value
Fan disk Diameter 0.356 m
Total thrust 59 N
Total pressure jump 61 Pa
Induced velocity 5.93 m/s

Fig. 6 Fan modeling for slipstream effect

With Slipstream

Without Slipstream

Fig. 7 Pressure coefficient distribution
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Fig. 8 Comparison of EAV-1 aerodynamic

performance (Re=2.8x105) Table 3. Estimation of trim drag (AAA[9])

Control surface AESTLeC(E:iIgg.) Cp

5. Z1 EA Rudder +3 0.0003

Elevator -4 0.0051

HPA oA 2tEH EAV-1 o2 (a=5.6) Aileron -6 0.0025

oA} FeE AT (C,=0.78)F F=H A F(C,=0.0736) Total  0.0079
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Table 4. Comparison of drag coefficient

Flight test| Numerical prediction | Deviation
CFD 0.0533| 276 %
CFD+slipstream 0.0630| 144 %

0.0736 .
+Trim 0.0709| 37 %
+Load factor 0.0719| 23 %
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