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ABSTRACT

In this research, the initial sizing of a HALE(High Altitude Long Endurance) UAV
which uses solar power and hydrogen fuel cell as an alternative energy was performed.
Instead of a wing box type, a glider type was chosen since it is relatively easy to get a
data thanks to many researches abroad. Maximum takeoff weight is around 150Kg and the
propulsion system is composed of motor, propeller, solar cell, and hydrogen fuel cell
which can be recharged through electrolysis. Maximum takeoff weight was estimated as
aspect ratio, wing span, wing area change while considering energy balance of required
energy which is necessary for flight during the entire day and available energy which can
be taken from the solar cell.
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Fig. 2. Configuration of DAE-11 airfoil[8]
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Fig. 7. Configuration of the SPHALE UAV

Table 1. Aerodynamic Analysis of SPHALE
UAV

Temperature -565 C
Air density 0.1244 kg/m®
Reynold’s number 458,000
Cruise speed 20.34 m/s
K; 0.0506
Ko -0.0492
CL 1.532
Co 0.016

YA WEQl 550 Wh/kgS AH&-3Fith
v @ FEES Faty] A RE 229
He a8 7247+ 0.9, 084i NAsgom, A
S-S 100%2 7HA3sHATH
389 2 (9)~(18)% H] BH 2 2 AEES 7

woE BY 58 ¥ AUA AL 9% 7|
A9 W5 GES Table 20] Ve AT}

4231 Ej 2 5

2] (8)% AMgstel @) Zeol(b) 30 m, AR
25, 27 WZA(S) 36m Y W (Case 1), 3+F F<
of GAWAT HYF AAZRH S F e

EE I

|
FE A& F Ae dyA= 347 kWhol 3
Zruje) Fob "3 Hlgoyx= 155 kWho]
ot o] qUAEY Aol FHIE A 3=
B F oA, & opzHldS s Fxo] 7
gt qUAE Stk ZolvkE AFE oy A<l
19.2 kWhe oFgHd]d) Al Z a3k oA 156

kWhith 27] wjol sh¢ Fke] A&
7FeS &g 4 dtH(Table 3, Fig. 8).
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Table 2. Combined Propulsion system of Table 4. Weight distributions of SPHALE UAV
SPHALE UAV :
Airframe(Structure+Control system) 80.4 kg
Flight date 21 June, 2013 Payload(Weather sensor + Data 50 kg
Flight altitude 18 km link system) '
Flight location Osan, Korea Avionics 10.0 kg
Latitude 37.15° Combingd Solar cell 8.8 kg
Longitude 197 08° Propulsion | Motor & propeller 11.3 kg
Days of year(d_) 93 days system Fuel cell system 40.4 kg
i Total 155.9 kg
Days of year(d,,) 168 days
Days of year(d,,) 171 days FuelCell
dGMT +9 hour e
Declination angle 23.42°
Solar attenuation factor 0.4970.94
Solar cell mass density 0.351 kg/m2
Solar cell efficiency O 13 (13%)
Solar cell fill factor 7 (70%) s
Motor efficiency 096 (96%) p?ifr
propeller efficiency 0.84 (84%)
Energy density of Fuel cell 550 Wh/kg 50':”;9"5
Table 3. Power and energy balance of 5";;‘:'“ W::;::ff
SPHALE UAV i
Transit time 12.5 hour Fig. 9. Weight breakdown of SPHALE UAV
Max. Solar power 3.89 kW
Max. Total required power 2.03 kW a5 Al&H T, fAsts 2 dHAAA
Total solar energy 34.7 kWh 2Hlo] F&, F o|F TS Table 49} Fig. 9
Required energy Ezglt?ﬂfe 122 iwﬂ K olﬂ—ilj]zttlgo 3] 32 Zolo A
: S M= 0}2]0]] O]"l‘ 01_]_'4 O‘j—,L'—H]
3PS st A}olA Eo 7 o| = ok
4233 3 w2 N S8 H D A A
oA AT 43 HE3 WMFES AHE o] nlge 9 Az AR ko] =LA Z7}E o]
3led SPHALE UAV &-3719 714 732 Al of 3 Aoltt
AN2"s 23ete F3FEFS Adtsta Bl g%
A7, RE 2 mzdg AzAAE ¥Ise 42.4 Case 2

4500 00

—Solar power
4000.00 -
/\ — Power Required
AR forfiight
/ \ Power Required
3000.00 for Payload
/ Total Power
2500.00 Reepiired
E / \"-' Fuel cell output
15 2000.00 {——— o
3 |
S 150000 i
1000.00 '"_—'_'-”L.I— e i T e e a1 . s prmmmmmem
y / \, =
500.00 )
L AN
0.00 ¥ i
3 10 15 20 o
-500.00
Time [hour]

Fig. 8. Total power profile of SPHALE UAV

%] Case 13 &L =73l ARS 252
agstar Gl Zol(span)E 30melA 20, 25m
2 HAY A 79 B dUA #FS Hust
A TH(Table 5, Fig. 10).

Wl Ay 2 SPHALE UAVE Y7) Zo]
20~25 mE = FZ3ta 30 mY W HZA "<
AYA7 F HF TR F gs ZHA
Hol oAFd A&ERYS AT 5F Fete oy
A @S WIS & 5 tK(Table. 5).

N dol7t Frhetel weEt ST R(71A ¢
Z 8 AAEFe] TS 42.8kgoll A
60.6kg, 80.4kgo. & Z7latgdom, BlYF A=
Tge 747 3.9kgolA 6.1kg, 8.8kglE F 73
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thFig. 11). 471X 27l Zole fdstEs &
HAo] A2 B9 @hdE QS HXA &
7] W& FEFAstrE ok

Table 5. Changes in design parameters for
different span lengths with AR=25

Span [m] 20 25 30
Wing area [m?] 16 25 36
Solar cell area [m? 12| 175] 252

Max. Solar power 173 | 270| 3.89

kW]

Max. Total required

oower [KWI] 1.28 159 | 2.08
Solar energy [kWh] 1541 | 24.09 | 34.68
Total required

energy [kWh] 26.96 | 28,53 | 31.05
Total Weight [kgl 1129 | 1328 | 155.9

-22.0 -17.0 -12.0 -1.0 -2.0

Iy

Wing area [m2]
W

Solar cell area [m2]

Max. Solar power [kW]

Max. Total required power [kW]

WW// Total Solar energy [kWh]

%Span 20 ®Span 25 7//‘//////
\

Fig. 10. Percent changes in design parameters
due to changes of span length with
AR=25

Total required energy [kWh]

4

180.0

160.0

[
B
2
=]

,_.
[~
o
[=]

B FuelCell System

8
(=]

B Motor+propeller

W Solar cells

Weight [kg]

¥ Payload
8 Avionics

® Empty weight

0.0 —
Span 20 Span 25

Span 30(Std)

Fig. 11. Weight breakdown for different
span lengths with AR=25

425 Case 3

Case 3& Case 13 TYU3 A3t d7)f 2
o] 25mE A3} ARES 20, 25, 30 H3}
Al7IAA T8 9 oyA F¥S vlustit
(Table 6, Fig. 12).

Table 6. Changes in design parameters
for different ARs with b=30 m

AR [-] 20 25 30
Wing area [m? 45 36 30
Solar cell area [m?] 315| 252 | 21.0

Max. Solar power

4.87 . 24
kW] 8 3.89 3
Max. Total required

2.41 2. 1.7
power [kW] 03 8

Solar energy [kWh] 43.35 | 34.68 | 28.90

Total required
v . 29.
energy [kWh] 38.73 | 31.05 963

Total Weight [kg] 164.8 | 185.9 | 1487

i,
Solar cell area [m2] T‘;Z//////J///////J////A
Max. Solar power [kW] Z
Max. Total required power [kW] ’
J@///////////////////////////////A
|
{

-70 -50 -30 -10 1.0 3.0 5.0 7.0 9.0
L

Wing area [m2]

Total Solar energy [kWh]

Total required energy [kWh]

"
2 AR 20 AR 30 |

Fig. 12. Percent changes in design parameters
due to changes of AR with b=30m

160.0

1400
1200
100.0
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20.0
0.0 —

AR 20 AR 25(5td) AR30

B FuelCell System

% = Motor+propeller
3 B Solar cells
2 » Payload

B Avionics

B Empty weight

Fig. 13. Weight breakdown for different ARs
with b=30 m
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Table 7. Changes in designh parameters for
different Solar cell efficiency

Efficiency [%] 13 15 20
Wing Span [m] 279 | 255 | 215
AR [-] 25
Minimum
. 26. .

Wing area [m? 31.14 6.01 | 18.49
Total Solar
eneray [kWhI 30.00 | 28.91 | 27.41
Total required 2090 | 28.75 | 2731
energy [kWh] ’ ' ’
Daytime Excess
energy [kWh] 15.13 | 14.49 | 13,53
Required energy

15.04 | 1433 | 1343
at night [kWh] >0
Total weight [kgl 1458 | 134.7 | 108.7

< 108.7 kgelt}.
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Table 8. Wing area, wing loading, and total
weight data compared with other
solar-powered airplanes

Wing I W(ijng Totak!t

ar oadi wei

[me%1 [kg/mn% [kgg]
Solair 1 22.00 9.09 200.0
Solair 2 17.00 13.53 230.0
Icare 25.70 14.01 360.0
Zephyr 1 27.90 1.08 30.0
Zephyr 2 25.10 2.21 555
Solarflugzeug 27.00 10.37 280.0
O sole mio 24.50 8.98 220.0
Solar one 2415 432 104.3
Sgﬁgﬁmer 57.00 054 | 3084
Case 1 36.00 4.33 155.9
Case 4_1 31.14 4.68 145.8
Case 4.2 26.01 5.18 134.7
Case 4.3 18.49 5.88 108.7
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Fig. 14. Weight vs. wing loading compared
with other solar-powered airplanes
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