>
iifﬁijcﬁ COVER STORY

i 22 % T SR A FH B e A pL
e B R B AR

BTs

(b T K F AN, B % 710065 )

[HE]

6 25 22 18] A K ALK K8 AE RADE B 7 B I LAF 06 AT & 7 @, B R T B A7 B S e 48 18] K A A8 RAALE

RAR DL, IR SH AT T KRG 72 8] KT8 A AN A i e 0 SR S BOR S 216 22 2 18] K B AR RAHULEG R R AS Bt

ITTRE,

KR 16U TN A KATET 5 K8 AR AL
DOI: 10.16080/.issn1671-833x.2016.18.026

L

7

BT WRZXANFERTITRE
i, KM BT AWK R AL ATRE &
ARG BEBIE T ANTEE BE
ST EANTHES ¥TRER

HRo

It 3 25 8] K BH B8 Jo A HL( Near
Space Solar Unmanned Aerial Vehicle )
S LUK FHBE M e &R IR RAT
20000m VA FRYHLEHTC N ®AT AR, H

26 MiAlEEA - 2016 458 18 1]

EER AR TR, LT RA
L) T , AT AN 32 KR
BRI B A ], Al
PEATROAROR EE 2 TR AN ]
Wi AT AR L A S X5 AT A
F, RTARIE 5 2 BRI [ A T 4B
S AT 5 R e (H B
AR TAERU IR ;s ARAL I R 90 , BE
ATEFE A X I (B A RAT R,
AR A B AT AL LA
PRk IX e i A EATLAT L 2R
FFRE S, /AT R — B
S} AL — B i By 2 5 A T
i, A5 2 2|8t

I 3z 245 1] A BH BB TS AL IR H: 58
RO/ T TA RS TS A P €2
B PH AU, ) A7 e 2 ) R
TR FREE LK W A2
A ) A 00 R o AR 55 R R A AR 5
S5 AR A AU, w] T a2
fif DX AT I Sl A TP Ak L R X A
o ANEIRAEE N BUGE SETE ]
UK, e 30 3 18] K FH BB TE A ML AT
I B4 ST RIS, gl o RRURTE
B

ABARECHL / iR = AR <
AnEt KPABETL A HLER R 1E R

NG NN N Rl CT DN
FH BE T A BLBE 5% A 5 1 [ 502 56
[, 3¢ B 7E K B B8 K AL D7 Yy 4R
AT 6 W) 3 20 HiE 242 70 4F AR A,
1974 42 11 H 4 HE A B35 — 221
K FH BE 9K 35 19 “Sunrise 17 78 Ji M
WL B T 1977 AR R JE T
“Gossamer Condor”, 1979 =Wl hk
T “Gossamer Albatross”, 1980 4F
HEH T “Gossamer Penguin” 1 “Solar
Challenger” %% JTAF, B L #H AR
5 T S R PEIR5 1 SRR B T2 B
(EPFL) #5590 2 £ #5 G iR %
FIASL T FROGEN A% O HAR AN, Ty
B 13 4FEFERE 1.6 1250 1L HE (2 1.6
{¢3TT) Bl T B4R w7 hE
1) PR3N 257 KREARE RAL, H
RATHIE A 1500~8500m. HiZ KHL
HBELEh 2 /AT, SRR I
R, RATL VAR, W H AR & HIE
A BRI AR RATRE ST, LI
R A R



CWRECEN
COVER STORY ﬂ‘ﬁi—?‘

KIHAE CAT# el KRR S
o7 2 i 3 25 1) K A B T A AL
Ml 7E3EEEZM= AT KR (NASA)
“EA B 5T 5 AL IR A% B R ERAST
( Environmental Research Aircraft and
Sensor Technology )” 5T 11X A
T, XEEZRMEMKIH(NASA)
FR 2 35N 5] ( Aero Vironment )
FEJa Tl 2 (8] K BH B Je AL
K, MAT, B2k R T AR (G
B TR B, o g — (RO 98 %
# (Pathfinder )7, 55 —ARH “BHH
+ (Pathfinder plus)”, % =tk “H
A BA BN K ( Centurion )”, 55 UL A
“KFAM(Helios)" o “Helios” TG A
HLIE J'& 75.3m, 7% K 2.4384m, B3
1] 1 183.576m’, %% H 599.6kg, kb H
928.973kg, # 17 329.3kg AT 551545 M
45.36kg (30480m = 25 AL 4 K ) il
272.16kg (21336m 7 25), #Edk R 40
J 14 Gk EETCR B, B A
ML R iy % 1.47k W, 3K 3 2 1
BN 2.0m 1Y T8 5% )22 Ui Iy 25 12
JEH . “Helios” AL KT ER
IKF] T 30000m %S H R R K
ik 6 A ER ' AT P

U F I 30 2 [R] R K A B R PH A
G| T A
A BT A M ey i EE L & R g
FHHT S, R AL T KIHAE
Te ANHUMNAR R AE ) 52 F Ak i iE 72
Facebook S5 MK/AF HAjIEEU F
BT =7 BE A 20000m 3% 11K AT

W EABL

NEPNIN S W

] A % Z A Solara RAITCA
MLCIN & 2 fir 7 ) & J&, 0L 2 44 2%
HFRA , WRZS [0 P RS o4
5, DN AS E 7 55 4 BR 0 Jo 2k N 265
R 25 T % 2 B 55 S5 A R 2wl E AR
K& Zephyr Z¥)KIHAE T AL, 7E
20000m (=525 L KAT 14 K, Al T
BT R 20 5%

E2 &/ FESolarakFHEET AHL
Fig.2 Solara solar unmanned aerial
vehicles of Google company

FLAE 20 142 90 4EAX, b 75
TR F A m A st ih 7 KA AE
MHUFRERER . AR, TR E R
DAL U N N A AN
T4” KFHBETC AN TE I FFEzit 2
P s 2 TR [ I 30 2 () 68 R D B oK PH
RETC AMLIRAIF 5T B et e

Il 3F¢ %3 (A8 1< A B+ X B &
ANKXEREARS
I 3 2 [ A< AU s A B i
ML SRR, BAR A ATE &
S TSR BCR, BRR T —E
22 50, (H SRR U,
HAE S Lt A Bk
YR, — L8 RO i

U
CORBERE” TE AHLCRFALIA)

e
CRBEAT T AHLCRTLED)

ey s s s o i

HoAR ) R A i ok — 2

RS R

1 ETEREETE
B AL SRR

!!l!!!!!!!!!l!!!!!l!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!I!I!!I!!!!!!!!!!!I!!!!!I!!I!!I!!!!!I!!l!!!!!!l!!l!!l!!l!!

BAR
e RE IR B ) &

E1 NASAlREZEXMEEEL AN RIIREE

Fig.1 Near space long voyage solar unmanned aerial

vehicles of NASA

fIRR R
TR R

EINESSEn e Wl 1B ey T N e
M BB R G AN ERE L,
HERERS . L3 AU AR
R ABIPEREEOR 1 HL-S5 7 28U
R FHRER UIAHSC , R BB ik A
MLz RBHAERE IR K FHBEFL L / i
RERGE R SRCRENR. 75,
SRR RIBH T AT, B R
FHRE FL il 7 2 480 R ek Y — 8 2075 ik
FEE R, DL R B TE] AT RE B R
B REEPETAYE ANk 3 s,
Y Py /S 7R FAL T AR FH E L i
MR, P, /S Fm B el ©AT
[ChTRIE S SO E LA AN i 2
MWD, A, g B T UK FHBE
W8] ] TAEAF AU RE RS, A, N BCIH]
PLR R BHAEAS 2 I TE AL FH RE At
SR B T RUK FHAE FELIR A RE

e P e n.A,=24,", H
H, m IERE RGUAE A BE R 5 R
B AR ARCR . -7 72
Fe R F e 5 s T B G
PSP P e I ) WA B N Rl
REVR K PHBEFEL b R BE R LA T 25
BB LR

BT R AE B A RALEA
BB A5 BT R FHAE
REVR Ak BE S5 2~ ML I 5,
AR PR R 5 F T
SR L - SRR DT RO 5
(LS a ) W =) WE S SR TP N
RETHR IR AERERCE / B IR
Be RATHERE PEITE A R B 2 24
AR AT LA K % 2 B Al K4l
S BT H A Ll A v e
AR PERE A IR, MR A A8 e 4
it 2 RATPERESE bn 2K, B o i 4%
FRIBOTEOR, L BRI S EU
RATIHRM
2 RimRARMEREELES

;AR SIRERAR

T TRAT R e I
AT 7S [6] K BH BEJC A HLIKAL AT H
WA N 2.0x10°, H % AT 4
iR T 25 12 DR 2R, IE AL TR

2016 4E55 18 19 - Bl A 27



>
iif@jcﬁ COVER STORY

) SRR W X I (1] 4 ), 12
JE 2 H T Y M R R BCE AR, R
2.0 x 10°~4.0 x 10*, [&] B} 24 Ho Ma ik
0.7 LU, C I 5 & S X, S 8 4
P BEONE B8 o I AT S [R) R A i Tt S
ARAR, B AR P 38 1 2 O A7 L (L
L T T AR R 2 IR R T )
BSR4 2 RZ T 5

ARt L S5 A T v T T 7 B
PRI / 2 3 AR M A 2% O AIG B i 80R
Y/ WL B) IR S AR AL /
Bl R S IR R B R R AR S
KB — 25 H A AHE S, 1%
Gl A S8 S 2o R AE TS
T/ R B AR DK X I TR E
SO, BT RS R
75 G B VAT AR B AN T AR
I AL B 2 . B XTI R
e B R B sl 8 vk 5t
TR AN DI A T B R MBI

JHE 2 B 1HT 2 R 5 o B B S T
T, R A A o s 2 R L e
LSS A

RHE B SIS 514
FBOR R, KRR 25 1 ke =
AR 1 S sh T 5T Rg
FFHBELEL , 1300 2 8] K BH RE TG AL
KRB R B KR 5% LML A
Jei DR 3 3 457 O ASE AR A e 1 XL
RIGH -3 WM. 540, BRTHH
JE XU 38 TR 347 LA 5 g R e v
B B% 1 B bR, SR, I 3T 2 (8] BH
A TC AL XU 38 56 1) 22 SR 0] 1 A
S, T BEASFOLIN 3 A 2 A i I A1
WM T AR, X
ICFR AR 10 WV AR (R e 2
I, H A4t 5 i A — 88 R
AT A SR SR A 2R, BRI I 3 2
[) A B BE JE AL R B2 1 2= < 3
IR PE IR T B R i SR S
o A, FEE NASA B E

-+ /S

P
S

W/m?

1 Rk R 5
T BRI B I i %
1 SRR A R R E I
5t

3 BUBARPARGHA

At /
E3 ERETEREE

Fig.3 Energy balance diagram at day and night

/

4 LR 32.92km )

I 35 2 5] K BH BE T A ML 5
RGBT R R ERE R, DAy
KA RATIIHR L, B ) RGBT
AR B AT SEPE AR i S )
23 S, B 7 AL 2 —
SRR AL, R Ik A W
AIBAR, — IR R IEROAR, B I
S AR BHAETE AL — BRI Z 6
HLAL A L, DUETERR 43 LR
BT MR BELERE WHLAY SN )
LA G oK s IR IR
JEE s A B0 ) R G SR O, A b
SR PR 3/ RHH R A o 1 Il
BT AL, FBLS IR A I,
A FHIBGHE A b 2 28 9 AZ AL

I 3z 25 8] K BH BETE AL R AT
JERSER (B AT R b 2 2 g
JET: i &AT AL 1 E 2 FR
A&, E IR G A TR AT
HLA 2 e AT 3 R DT AC + 23 I
ME o i DRIX — A B RO RS AR
i RAT R Y /N AR SR AR
LY SESUNIGE-S N LR EPILE
PLEEH, S LR 2 e st A
SEBLAShRAT IR IR e 2 2 AR 5k
HRIIVLHL

kAT s,
10°F S 2 L B

: Je g eIz WL K
=" J— R
R — BRI B
I 10 F *

: - 0.5~1h J

ok IR 7
L T A NN B A R | Ll
10* 10° 10° 107
TR 990000

E4 FHEEEEESTUNSBRRERER
Fig.4 Sensitive areas schematic of lift—to—drag

ratio with Reynolds Number

28 FiAtHlEEA - 2016 45 18 0]

E5 REEHSIFESTFRIETER
Fig.5 Flight demonstration for aerodynamic characteristics at

low Reynolds Number



LIV
COVER STORY ﬂ‘ﬁi—?‘

4 BHESHEZTEDFEEIR
ARG A

Il 35 23 1] A PH BB 6 A ALY BE
F G0 K BH g r L RS i RE R A
REVRE HL S ) I R G AL, e R AR
mE 6 s .

TCHLEAR S ES K PHAE H T
G BEIRFLUL / F A s8R B YA G,
ML P ELESE . I T
P K FHRETC AMLYERE K, — 7 T
A Ry AP 1) K FH A6 FRL Tth R T RE
(ELHG T & RO AT ) SR O N
R, 55— 7 K PHRE FL b [ 1) 2
SR PH E HL b AT 2S T AR FH 1Y
KHEVERRTT . K BHAE A Tt B 220 %
JEHLHL) Z et Bt Bk T
PRENAFZISR A BHAE H R3] ) A7
VRS N3 R AR ATTY R A
WA AL AR IE HL3h AT
25 P HOK P BE L Tt B 51) 45 XK FH
TR AS AR RS, A H it
JCH LR RIS, R K P B
b4 H R RE A P — T A A 1
FeAR M,

T RE RGMEAT | FEICRE 0
B RE L AOCR e R EIR K
R FoeE TR AN ERE. W
“Helios” & AHLAGRE R 5t HE & ik
420kg 247, 29 i EHLE 1Y 45%,
N R R BRI RS, X N
H i I 2R 0 M i 2 R I AT 25 )oK

PHAE TG AMLRE 75 5K
1) 5

e S M 5B R4 (PMAD)
R A A BH i L Tth i B 5 45 D) R AR Ak
I ZR G 3k n Ak, % e RE A 7 S
SYFECAE B, 24 H K B AE H vt = A
[ FELBEAE T RATRE T B & M
i, il RE R fERE I 4 i K PHBE
FEL Ith = A ) L BEAS A2 AT R A T
R ERE R G e R, Bl
A B A T RE A B A e S B
IR RAT Y B
5 BARZLEMUEERZITS

SRR A

—J5 1T, WG 2 6] R BH RE TG AL
S AR/ O 5m A T A ML+ L
32—, A B ) AR RE
BUR G R BOLATREAR; 59— T,
A R 38 VT SHR KR % LU S A /AT
T FEAS RSB GR  A Rpe EAR I (I
Kl 7)), K shsibk s, Rk
SERE VT AE AR IR i B LR R AT g
i 2 25 R I B f R T A AR T T
TG BRETE RS ERER G
PRI A AR R T R s M RS
YAk i T2 0 253 1) A BH g T AL
i} 2 SISt (AL s N [H1 1

H A, fig a5 408 1 S sl i obE Tk
Ay BT R B R R Y R
Sl ], ASTE T I AT 45 [] A B
AE TC ML AR MLEL AR 2P LA AR
FE 3 sh s [ gt 71,
DA I, 0 201 2 R T 1 S

B U P RE

e 5Tk

KM | 6 BARZILERMMET

i TR TRERA

= — llﬁi&fﬁlﬂiﬁl‘ﬁﬁ%
p—— JBL AT 4 A
e Pl = R VT Ay
T, — g IR R i K
Pt s P A7 iR AT R 1 RHLAR A
) figf7 o W iz Zh 47 S ek
He AMAEEANBREBTIEE ) E‘E‘f’ " “H"‘li"iiﬁ
Fig.6 Energy-flow schematic balance diagram of solar AL 11, 30000m 5 =5
unmanned aerial vehicles round-the—-clock flight S FH JEAN Ry v T Y

E7

( KPR ) KPHBET AHL
KIRESHRETR
Fig.7 High wing dihedral of “Helios” solar
unmanned aerial vehicle

“Helios”

12% , NIAIZ SRR 25 5 TR s
KAWL, I E B A Y — X &
(¢ =-0.6430 +j0.2234 ), — 2%
PEALFE S By 4 ] (], FAIL
PRNIYE 7 S50 A IRAIRAL, AR
FER AR T T 8O S R R B
Ak i HLRBLAARRINAIZ ) F A5
R R A IRBCRAAAE R A
“Helios” JGAMIHLILEE R — s
TS L TS H IR H
4 0.097.0.552.1.407Hz, 475X i
2 RATE R R R, 2
ARG KRR S 15 R GRS
PR3 DL 2 F PR3 & 1, X S 2003 45
6 A 26 H “Helios” TCAMLES HrfEia
e E R M AR, 201545 A 1
H AN ] Solara 50 T AMIHLIRZE
LAY IR 2 A B AL

I 35 25 [1) A FH 8 T8 AL 75 22 i
b QI E T N e R i VAP NSNS =
JEVERY C AT R AR KL
FEPERTAPE [ AR R R
P AR R R KR
% L IR R A BB AR

ARRE

R, I 10 2 [ A R BH
TS ELIE Rl b AT — Bl ey
K FHAE R MR R R SRR / fiE
AR,
FEAR R TR/ T BT S
R ORI / s L LI < Bl i
P AT ) AR AR [ v R 1)
figp ko DA I A = [ K FH BE JC LA

2016 4E 55 18 W] - LAl 29



>
iifﬁijcﬁ COVER STORY

FEIR TR KT | I k2 (6]
KPHBETCAMLEAT R0 & i

(1) bt KPHBE B HRCR it
RETRE I % B 5 SRS A kL
1 O B/ 5 AL A T R K T AN
PETE BRI 2 (B K BHAE TC AL
BIRMERE KT MFr S k. BT 5
Bl ] o R ) e B AL S
(i) 368 L s K FH B TE A ML A e i I
HITS, 25 A H 3R IR A5,
MR T Z BTSN T 0 R AR
FHAHE By Tl 35 2 ()R AT R FH
RETC ML ERE , # I8 H R
K, 0] LLHUIN R K 5~10 4F P9, i
I3 [H K PH B TC AL AT LAFE 30000m
fm 25 A TR B 6T

(2) K BHREHL b I ) = 2850 b ik
L i H 5y S 58 K Rl 1Y
TR PR R RO = 25k A P
T A AL RE 25 5 ) K i o A
K BH filg Ll S 0 S AR SRR IR F T
40% LI, S 241 TAREAL B AR 1)
2 4%, OB R KA E I 3 2 18] K FH fE
TAH AR, — BTN
HF 2 B K FHRETC AL, AT
PABE e FHRE ORI, i B o] LIk I
7S (B K FHRETC AMLRLEL NRUAL
R&E Bt /st 5 e el
MEREHT R T RE

(3) 7E I 3 23 5] K PHRE JC AL
TR, AR 5~10 47T FAE
R T B £ 2% BERE . 450Wh/kg 1
1= 2l 600Wh/kg BY7KF-, M TTT 5 211G

AT 2 8] A BH HE TG AL b A ) S A
TR BRI Al 1k 3 1 K
J& 800Wh/kg'™, Fifi 5 £1 58 HL b 1
ARB I K RIS 7S ] K BHBETE A
B RE RGP HLBT 15

(4) etk fie DL 3h ilE—H Ak 4%
e AT B R e e A
M, R R A it e 7 2 O & it g
+ WIBRAERE ) H i i A ) R ) B
BRE I,

LRiE

i 3z 2 [ P S BH B TE N
PV — Pt o e, PERE DL
B3 R BRIk R
WA AR R DL ] K
PHREFLIML A RE AL T S22 ORI,
AR 2 H Rz SUs 2= A
L, TREAEHT ] B A EAR K. {5
BB AR K S 598 WAL , Bl =
SR BRSO SRR M T R BT ALK
BHAE R b B HL it T B A5 I T i
USR] FHBETC AN, i 1 23 (8] A FH
RETC AN LKA K

& £ X M

[1] NASA. ERAST: environmental research
aircraft and sensor technology[R]. Washington D.C.:
NASA, 2002.

[2] NASA. Helios prototype: the forerunner
of 21st century solar—powered “atmospheric
satellites” [R]. Washington D.C.: NASA, 2002.

[3] COLOZZA A J, SCHEIMAN D A,
Brinker D J. GaAs/Ge solar powered aircraft|R].

Washington D.C.: NASA, 1998.

[4] CURTIN B. Solar-powered UAV
development for NASA[C]. International Technical
Conference on “Unmoanned Aerial Vehicles” ,
Paris, 2000.

[5] COLOZZA A'J, SCHEIMAN D A.
Effect of power system technology and mission
requirements on high altitude long endurance
aircraft[R]. Washington D.C.: NASA, 1993.

[6] HALLD W, WATSOND A, TUTTLE R
P, et al. Mission analysis of solar powered aircraft[R].
Washington D.C.: NASA, 1985.

[7] ROMEO G, FRULLA G, FATTORE L.
Heliplat: high altitude very-long endurance solar
powered UAV for telecommunication applications.
fem analysis, manufacturing and testing of 21m long
cfrp wing box[C]. Applied Vehicle Technology Panel
Symposium on Unmanned Vehicles for Aerial, Ground
and Naval Military Operations, Ankara, 2000.

[8] ROMEO G, FRULLA G. Analysis
of an advanced composite wing structure for a
solarpowered airplane[C]. XIII AIDAA Congress,
Roma, 1995, 2: 965-976.

[9] ROMEO G. Numerical analysis,
manufacturing and testing of advanced composite
structures for a solarpowered airplane[C]//
DIMEAS-Dipartimento di Ingegneria Meccanica e
Aerospaziale. Proceedings of XV AIDAA Congress,
Torino, 1999, 2:1001-1012.

[10] HALL D W, HALL S A. Structural
sizing of a solar powered aircraft|R]. Washington
D.C.: NASA, 1984.

[11] NOLL T E, BROWN J M, PEREZ-
DAVIS M E, et al. Investigation of the helios
prototype aircraft mishap: Vol. I, Mishap Report [R].
Washington D.C.: NASA, 2004

[12] SCOTT W B. Cuts endanger airborne
research[J]. Aviation Week and Space Technology,
1994, 140(19): 28.

Development and Key Technology on Near Space Long Voyage Solar

Unmanned Aerial Vehicle

TAO Yujin

( Research Institute of Unmanned Aerial Vehicle, Northwestern Polytechnical University, Xi’an 710065, China)

[ABSTRACT] Near space long voyage solar unmanned aerial vehicle is a front direction of aircraft investigation all over

the world. The development of the NSSOL UAV is introduced briefly, and the key technology to research and develop such

aircraft is proposed and analyzed. Then the development tendency of the near space solar UAV is prospected.

Keywords: Near space; Long voyage; Solar unmanned aerial vehicle
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