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ABSTRACT

The main purpose of this study was to analyze the performance of a medium-altitude
long endurance unmanned aerial vehicle through reverse-engineering method. The external
configuration data of the RQ-1 Predator was reverse-engineered from related photos and
specification data available on public domains, which also were used to generate the
CATIA modeling and weigh distribution data of the UAV. The aerodynamic characteristics
of RQ-1 Predator were mainly predicted the vortex lattice method and an empirical
method, which the propeller performance was analyzed by the empirical method proposed
by Howe. The rate of climb, service ceiling, range, and the loiter endurance of the UAV
was analyzed, which showed good agreement with the reference data.
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Table 1. RQ-1 Predator Specifications[4]

Detall Dimension
Span 14.80 m
Reference Area 11.49 m?
Root Chord 1.158 m
Wing Tip Chord 0.396 m
Aspect Ratio 19.06
MAC 0.84 m
o Tip : Drela GW-27
Airfoil
Root : Drela GW-19/25
Span 439 m
Area 2.89 m?
Root Chord 0.66 m
V-Tall
Tip Chord 0.66 m
Aspect Ratio 6.65
Airfoil NACA 0013
Length 822 m
Maximum Cross 2
Fuselage Section Area 0.856 m
Fineness Ratio 7514
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Fig. 2. RQ-1 Predator
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Fig. 3. Lift Coefficients of Airfoil
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Fig. 4. Lift Coefficients
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Fig. 5. Drag Polar of RQ-1 Predator
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RQ-1 Predator= 4373 %E7]3#2 Rotax-
912UL A& ARgSth o] A& o]F Al 59.6

kW, Hol A& 22 580 kwelth A& At
3] A4 5 (Max. continuous RPM)& 5,500 RPM©]
o, IwEAe AHxo] sbA ¥ X (variable
pitch) T2 2 dAF AE=E AL F
ATHI2]. A% = =Z=zHo MG ALS of
2 Table 20 YeERHATH

Rotax-912UL X2 #7F7](supercharger)”}
e Aoz drof W me Y& T2
Askstelop ek ole] 4 (14)= =2 W3l
weh Axle] mhE e AMHE Ao,

—p/po )]

7.55

A7NM p/p,E REHE YERATH 4 (1
|

o] g3 A a&el e
Ak A ¥y A, F9

bhp = bhp%[pi - ( (14)
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Table 2. Specifications of Rotax—-912UL
Engine and Propeller[12]

Detall

Dimension

Type

4-cylinder
non-turbocharger

Maximum Power 81 hp (59.6 kW)
Maximum RPM 5,800
Max. F)Contlnuous 79 hp (58.0 kW)
ower
Engine | Max. Continuous
RPM 5,500
ldle RPM 1,400
Width 0576 m
Length 0.561 m
Specific Fuel 285 g/(kW-h)
Consumption 0.47 los/(hp-h)
Variable-Pitch Pusher
Type
Rear propeller
Diameter 1.52 m
Propeller
Number of Blade 2
RPM 2,420
Activity Factor 64

Table 3. Density ratio and horse-power

)\]0 J.Li.ﬂfﬂ

U},]

[ele]
==

with altitude
1= (m) Uz ot (hp)
0 1.000 79.0
1,524 0.862 62.6
3,048 0.739 55.6
4,572 0.629 418
6,096 0.533 37.2
7,620 0.449 29.7
geiclol oidl, Zedd BE ALE A9
Howe?2] 7:]}4.’—‘.% 28319 TH13]. Howeo] 4H

(¢]

ofz] 2] (16)ll A= d

drE 2@

n = 0.82.J%4 (04 < J<10)
n = (0.82J°19)/(10/) (J > 1.0)

4714 0-3(logs)**telw,  J=  AxH]
(advanced ratio)E WEFATH
dutxow Zady Ao F&o|
T2 d#A 9lom, Howed A4S &3

=
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Fig. 6. Thrust Analysis
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T—D— ?E - WSZTL(’y)

T—D
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RQ-1 Predator?] Js&S FdHE vlygoz
ALFstom, 8453 (service ceiling) = A
AT dutd o2 JEANE AHeste IdF
719] A dsEl 305 m/minol HE 1EES
Agdsdtze 5. AS4SITE ALkst
71 S e 1= S52d o

power)< Atste] Hoj JofwiHol
E£55 WA Fojof gt ol i =S} &
EE WA A 7MHA o] &rtE(available power)
7 I g ulg(required power)% ALkt 4
AT E AN A dAEFTES gExo=
50~60% FH< &3, & °4?L°ﬂ A= 50% <
5 THS A&k oA A5 FFEY
2 Table 49| Z1 A v w3}
A RQ-1 PredatorQ] dlole el Hs=3 A}
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a2 re
A i
+ om

E5H(TFTY 350 kg(772 lbs), AEFTHF 295
kg(650Ibs), #4315 204 kg(450 Ibs))S # &3}
Atk durH o %&%—71 01‘2 Aele A FF

3 eA o). we
M RE 258 %H*ﬂ aAl oI5 Bl e
2 dAsgen, 154 wE
3} %%E—, Tel3 AS7he Aabsied

Table 59 LFERRSICH

Table 4. Comparison of Climb Performance

Present
Ref 4
eferencel4] Prediction
Max. Rate .Of Climb 008~04 090
(m/min)
Service Ceiling 7,620 7,468
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8000

Altitude : 7,620 m

6000 |-
50% Fuel Condition

4000 =

Altitude (m)

2000 =

RC : 30.5 m/min
TR S | L | IR | n 1 n n - n

0 50 100 150 200 250 300
Rate of Climb (m/min)

Fig. 7. Rate of Climb and Service Ceiling

Table 5. Analysis of Climb Performance

Rate of Climb Angle
i =zt )
2= M EFE D | e mis) | (deg)
0 8237 29 4.07
990.6 822.1 24 32
1996.4 8202 19 238
3002.3 818.1 14 1.66
40081 8153 09 1.01
4572.0 813.1 06 0.68
2.6 5 HA AN

RQ-1 Predatore A AZS FHOE 3t
TULER7IAE FAFE7Io. ol# e A4
28 I AFFEe oFAe-od-AF-
=g-ag-A5 0w FAH k. FuEH|
°]3 500 nm(926 km) =& F, oF 35~40A 7k
o AFo] 7Hestvtn EH A UTh4]

olg] Table 6°] RQ-1 Predator® 4% dl°]H
5 AHysldon, AFYFdd e A5 LEF
S AxEla HEHoE AF AT g HE
< A gk

25 AoA A

Table 6. RQ-1 Predator Performance Datal4]

RQ-1 Predator Reference
Take-off distance 808 m
Operational altitude 4,572 m
Operational radius 926 km
Cruise speed 157 km/h

Loiter speed 130 or 135 km/h

Max. endurance 40 hr.

Landing distance 701 m
o wetA JA =3 At AF AE AL
Gl Qol, e

np CL VVbeqi,n
= 39262 —= ¢
R 520 Cp CD ( VVend (21)
3/2
np L
E=T778— S,or
Cp CD !

X

1 1
V VVend V VVbegi,n )

<& At A, HAYSZHE ARESHH, 75%
99 =24 A 3AE=] 90% 3
2 F AH5S AP Table 694

159], RQ-1 Predator®] &8 WH3
4 A Ao 25 oA s A
g ol FAIE oF 130
glstgen, UmA 796 kmel AEE
= =

il

FeoE An® ASE 1yt &F AF
813 kg(1793 1bs)= A A3
Table 70 zt 7308 Fanlel FHFHE e

5 A9 FTHW)E vt 7HEA AF
A 7rE AALEE T Table 80 A8 AX o) w
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Table 7. Weight Fraction of Cruise Segment

T2t 2+thH| SH(W/ W)
1 26.05 0.993
2 26.06 0.985
3 26.06 0.978
4 26.07 0.971
5 26.00 0.964

Table 8. Fuel Consumption versus Loiter

Endurance

W, cir A2 zho

(ko) c, AlZE (hr) | AZZEH%)

682.6 27.2 20.2 44%

660.0 25.4 251 36%

637.3 25.4 30.3 28%

616.9 25.4 35.1 21%

603.3 25.4 38.4 17%
& AF A HIE UEUT 95 AR
< EOE AF ARE AT & doeH, o
= %3] RQ-1 Predatord AF AL At
o gRtge g &gFrie FAE T AA ds9
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