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Abstract: Solar-powered aircraft has the advantages of prolonged high-altitude flight, operational flexibility, and zero carbon
emissions, making it one of the emerging fields that the global aerospace industry prioritizes. This study investigates the current
development status of solar-powered aircraft in China and abroad and summarizes the development trends of its key technologies,
including advanced aerodynamic design, efficient and low-cost solar cells, high-energy-density batteries, and efficient and wide-
operating-condition propulsion. Based on the energy balance and mass balance principles, this study establishes an overall performance
simulation model for solar-powered aircraft, predicting the development trends of its mass, sustainable flight altitude, and load capacity.
The primary development direction of solar-powered aircraft is long-endurance, high-altitude, solar-powered unmanned air vehicles,
which has important application prospects in the fields of military reconnaissance, environmental monitoring, and communication relay.
Based on the predictive results and key technology research, this study proposes the short-, medium-, and long-term development goals
and key tasks of solar-powered aircraft. Furthermore, it proposes strategies and policy recommendations to promote the sustainable
development of solar-powered aircraft from three different levels: overall idea, technological breakthroughs, and system construction.
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storage battery with high energy density

WeRSH I : 2024-10-12; &MIHBI: 2025-02-17

WIEE: ERR, RS IR K SEEIR 550 ) b %, T E BB b, BT ROMRERA A E) /3R E-mail: ymxuan@nuaa.edu.cn
FWWIH : P ETREEEATE Braediin s KWL ERIETEF” (2023-XBZD-15)

ATFIME: sscae.engineering.org.cn

011



APHEE VIR AR S N A% RIAR

T ﬁ'll_%_

TRk ERE, DEREEFRAS
), ERDEHATIECIE. SRR, Bk
IR O BORIUE . KBHAE CHLIE s —4%
M EARMIAINRE, BAmTSKAEH . RIEE
WA S ANIE B SRS, ATEE S5, A5
W RS S AU S I PN . RIS,
AT R SE R KBURPHBE, e 058 S Ak HE i e L
iy B, X HES LG B B B B
o KBABEYHLMBE R SR, AU E F R
TR i A G FR A T RTINS BT
BRI SRR R N RENEN T .

X FH BE CATLRR 9 Th B8 43 S 6 N RN P 2
. OKFHBETC ANLRIUH B35 AR, Hikg
TANAHLE, B &Hm 0 AT & (20~30 km)
A S i (R AR T L SR VE . T —
FetE, KPHEE T AMLIEMTS IS AL XTI, gk
G R T IZ IR AT R R, I 2 R OK
FHEE C AN 28 “PRE LAY, S5ik5 TLEM
b, B RE. B/ o P, Ak
LR HE AR s PR AR,
TEMLBNPERE . ] 45 P R0 mT [m] 0o T 1D o L 55 4 77
Ak, #OKBHBE CHLIE R ] ®AT . SREIAR K
KBRIZE RN T RENET, RN REISE
BRI TR SR T R, BT iR, KPHEE
ALK AT V2 B T &4, B A AN AL
=Wl P

ITAER, B P AME K FHE CALE AR 5 N 75 T
WA TEELRE. UEE, EE. 8E5EZ R
AR AR KM, 7E AT KA AT R A R
S ARSEAR FSEIL T E R, IR 2 AT R A
FrifE. 2010—2022 4, SEEHZA ., i [ [ 750 55 f
Brja5) T ZBUKFHEE WHLIUH , HEBIHAEME. F
AR E SRR . FIRE, 58 B E T KA
B U AR AT R, R BA AR AL KA B
FHBEE 7l IR . FRE BB, (HIT AR
X BHBE RATLBE AR i 0 ) i A3 A R i, P T
— R bR ETE R . 2017 4E, “RIL” KFHAETL A
MU 56 B I 23 1) RATRREG,  br G TR B 7R 1% 40
WS T ERTM . 4ET, HEMURE TAERA R
AFE] H EBUR R AR A R A =R E L Tl

012

S A PR 2 R A AL IR IR, B B SR it
I AT A ] AT S SR B R T oG . KB fE
HUERY A e AN 3 7 [ B 7 2 R 5 4 A B A5
R FAR O T R, SR A S BRI
HEH bR TR BOR B AR

[ A AME R B BE CHL BB ARTT AR IR 2R T
T LG B, R R AR VR BBl it
RO R HARL it RE R G0 UL HERE R S0
I PESE OB AR AN W SR, FFER Y T 2 A gL Y
BT %, WREAG)E . BRI R
KRR E R GE. ARM, T ORFHEE KHLA
PRTERER R GETI 5 2 M AL, REAlREAER
RVE BETE AL B 1 s B E 7T DA KL Y A 1) 2R S0
X7, st B IRART I

ASCREK I RE CHLA R B BOR 5 SRR RE
MRFE RE B P A o T R B, AR R e 1
R R FNK FH e CHLUARRYERES H (AN dl A ot &
RATREE. AR RELES . IS HETR
BRI R IR S VERETINSE AR, S 7 KA fE
RBLRIATIYT . IR S A H b SN R AR, DA
9 B K BH RE ML A Je AAR SC R T A 5 4
5%,

—\ KBHREXHBY AR RIVK

(=) ERE=

K BH BE WAL R BT T T a8 ) 2 20 428 70 SR AR,
BEE SCRFARTF A R KR, H AT R P
PeFt. 19744, EERHFED AT A RWHE 7R
2R KBHAETC A ML Sunrise I, FLRR ) KAT AR E
KA CHLRETFE R . 19814, K EE K
AL RJR (NASA) % B[] Solar Challenger 3. 1)
T R T R R R RAT, AR R K PH AR KL SE
55 5 UE B Bradt NS B N H IR BB B, B S
Pathfinder. Centurion. Helios 55— % 1] &) 2= K i i)
ARKFRBETAMUAHZEBC K, He Helios ££ 2001 £F 61l i&
T 295 km I RAT R E AL, I T OKFHEE KAHLLE
I 30 2 (B A3k ) B8 7. N 21t 5 E RIS
KBHAE CALEZE g, P50 A A5 440
W R R TR N AT, JF A 4k HE Y Zephyrs
Solar Impulse 55 $L R HLAY, HEB) K BH A8 K HLIA 7] 5K
LI B



PETIEME 2025 F $27% H2H)

VTAER, AR 2 T R AU 3ok ) S AR B 7
AL, 20224210 H, EBRRHAMITHL ICAO)
w7 EE KRR R Hir (LTAG), 2K
AERITOAE 2050 £E S i HEC. B B Rk
v B A S B K R, T 2021 4F 12 A kAR
CFNAH” R RERRD, # “gafs”
PN il R RN E S B bz —, B E s

BUBRIAUE . B b B bR e Ak — S M A8 el
GHEER, 20234E10 A, Tl RS BALES. B2

FARF . B A E RS RGN T (4
i 2 Al R B (2023—20354E) ), B
2 tH N PR B L Bl aE 2 2 1 R A 5 T R A4k
KIE, HRBUKFHBETT AN KL LR .

ABRAT A2 79% FtHE IR B TS R A
RISAE, BT 50 UL SRR R e 2= B ik — AL ik
21315 kglo PLZ % A320 NBI, — K 1647 km [¥]
WL HE KAT T FEBR B2 6332.1 kg, HE — EALTRZ
2.0x10% kg®o DAL, 980/ TS BRI A R ik HE O
SIS BB H AR 0GR . AR, A FEHE SRV
R T 08 e S L M DAV R R PR T R, AR
J 2 Ml T I [ £ 0 REJR RVIR AR 3h 77 B AR 19 i
BRI EX—ERET, RESGERENTHR D
S g i 2 e [ R 2 97 ) 3 A 174 A S 7 1

X BH BE AL IR 58 A AR OK FH RE 3k 3, R B
HH AR [ B AR AR T 1 R BT . K PH BB HR
AR 78 55 £ KBH R CALHL R MR L w, 423
JEHRIN, K BH AE LR K BH Re A% AL A HLRE, B2k
e S R T C AL AT R B B . B, B4k
FEXE K BH 68 HEL 1 N5 A 5 R = 2 78 6 K 55
HE (WED. ARFBRREEER T
RGPS J7, TR0 AR FH ok 45 i A Fi it 70 HL
20 HRAS SR BAE W I, U] E il R H T R A TR
ITieptReE, BEBRHKMEAR, FFaEHHtae
FEFR, AT S IR HF S A [ TR AT o A AL 40 ML,
K PFH g KWLM B AT 35 R B R Ur v, IR e
T KM AT S R T ok, TEEFHpIL., F
RIEAE . AN e A U R AT )
LW 77, ORBHBE CHLHE R & R4t | = 2
5],

(Z) ERSN& RIVIA
AR, KBRS CHLRIBI AL E AN AT | 23

KL
wlig ARG AL
)|— [
El L B
it

1 KPHBE MBI EARRIE

B, 245 K BH A T ML) 8 B T KRS
AT, R AT R AT S T TS T
RUPERR (AR Do EEMREH A 8 51k
AR (ERAST) BiH B fER I ] 1E Sl b X
1T K ERRL 2 R SAT S TN AT HE, 1ZIUH
(1) 565 DU AR A 2 %% Helios 8 A1 K 29.5 km & AT = FE 1)
AT, HZ M, JE 1) Zephyr /£ FF4E AT
WfIE) BRI T S oy R e Re, AT N T
P A0TSR0 Hp gk A5 SR 4 . 2001 4F )3 B LUK,
Zephyr Z2FIKFHAETC AL Z X filli ®AT40 %, WK
FREE RATHI AN 42 d, W KPHAE KL R B WAL T
B IARAT . PHASA-35 5 B I T K PH g L AHLTE
FREAE R R 71 B9 7, HAE 2023 4R 12024 4
R K & 20 km BP0 2 IR Ff, T PAZE AR
Ui N N KA AR Ak, I LY Solar Impulse
THRI O 2 4R BH g CHLIUIE R, 2012 FESE
TP B IR GE A KA R P RE RIS I AT, 2016 4F
SERLT 17N A BIERER AT,

L EAMALG, BRE K AE ALK D 5,
(IR AERABIAS T — @ R “SBT17 Ml “RBIL” R
FIRBARE T AN R IR K, A5 35 B E A 20
I EBERG . “SBTI5” T20194 K, AJLATE
6000~8000 m 1= 2% K47, B AEMIA 12 W “RHT
T5” F 2017 458 il 25 7] ®AT RS, bR IR
E R EE . KEZEE =AEEREARNE
Ko Ko LEEA “JAWES0S” MR SR T RE
TE N2 JEAS M SRR TR B, ks L
eSO N e e NG IR (af e Snte sl b A GRS | YA S K )
AL TR T R “RR A S0 5 Wit i
RAT R 20 km,  AESCIUIELLES B R AT

S5 o0 b P9 A S BE RE TRBLIR R B R T LA
B, BEARETE KR AL IS T —
R, (HEARER AP b T8 B B fE S
WA SRE e S CEMERETEAr b, 5 E R

013



APHEE VIR AR S N A% RIAR

P B AEZ B, RIS R SEBVRAN RATH) T ZUOREBCR KRR e . AT MEAJZ X

R - S K B AE KL O 1R BE 1 SR 88 BOR BEAT R GE A
B, MK AE CPLCEEOAR S LE2). B
=\ KPERE KA RS AR T MR BT RAMR AR R FHRE -t . g

LA RE I . T DA EE BOR 1 K R B
KBS WHLAI PR REAIR el IEAR KRR E B IR BoRAE R IR TT 17

F1 ERSNKBRRE XA S B ITHIRE

B % HE/m JEZ Fift/kg  ARIREIEAE BROR AT A km FESE AT [E]
Helios eS| 75.3 30.4 719 2001 29.5 24h
Zephyr S U 25 19 75 2022 23 42d
Solar Impulse I it 63.4 #)21 1600 2018 8.5 26.17h
Solar Impulse 1T Bt 72 2519 2300 2018 8.5 62 h
UL TS ] 45 — — 2017 >20 >24h
W55 ] 7 — 15 2018 — 19.57h
BTIS I 15 19 45 2019 8 12h

JH R 505 H 50 — — 2022 >20 26 min

(G LR IRAL R R
__ c—— FRCE T AR
oA R BA {kﬁ&~k%ﬁ%%@%¥ﬁﬁﬂﬂ$ﬂé&#
AT Y ST

- JCAER T s AL R RS SRR AR
245 6K Lt DU L B 42 Y6 R FHARFI FABOR

L N Ak ey | | IR ZETR SEAM G AR rL it SR AL ) R B MR T B A
RIEBURBA A G AR it s B R
- AR IR KT B B TR

é ©OEHCAERE T2 A A A

o FEHLPE T ERBE I A

& T A L A L A | BRI AG TR SRR

n K A B 46 5 T Sk b A

é | HL T B R R R A

ﬁ - K AL

MR R L

LS L
| B SRR

| 3 ARSI %k | RERAZAR
p §
R ALRA S ARRRHA FAVAIRERE LR S ARAFERKREAS B

L IRERERR T IR ARG A R

s B
et S - EREEE | skl

EE R BT Jel MEAE MR B HHA
| R ESE A {%ﬁ!ﬁﬁ@%%ﬁr’%iﬂﬁ%i&ﬁ*&*
B R ERA R SRR

B2 KPRRE KA KB AEE

014



PETIEME 2025 F $27% H2H)

(=) FTe#HSENLITEAR

K PBHBE QAT 5 ELA AR AT 3ok A A v 1)
AT, KA P B R R R RO B,
DR K BH A ML AT S O T A B S sl - I
1 7% 5] K BH B8 T8 ALK AT ®AT 55 75 2202 2.0x10°,
EE 3 AT 2K T 40 12 N ECR Y. R UK
T 10°0F, HLE BRI KRR B
TSRS, FE W ERE T,
DR, R R il A I T VA A 1 B AL AL BT R
BN . SR EARE, TR AR e A
A PSRN R, BE RS 15 K PH
REF, SCREWRD PRAR R R A R MRS K. B
1, ARSI ARG R, B T YA
FTKFHEE CHLIAC T W HCE Y, KL BC 3X92 (1)
ST AR R A J I s ) SRR g . Kok,
NG5S RACEIR S5 I0E, B bR AR AR
BNTERE, DA R KM C AT K.

K PFHAE CHLF ZER A A /A CE AR, W
FIAR R H AT B, Wi E (1) Zephyr R 51 A1 E
() “RAL” RAIKBABETCAMNL, (H1ZAT = 9\ Ac
SEARER T B =AWt 7, R BhRER Z 2P
MEZF, CRARELBUEESER, SIS
PR R m R, RN AseE
A R 45k T B . 95 [E 1) Helios KPFHEE T AHLR
FREAR, I T AE S KM AT A R
710 BRI, REAR RGN A AR E A AR R
PEECZE WA, 5 B — AR A s B AR kAT 2%
GER BT A, BBV B A R B IR AR P K
J&, BEETHEEI. FREMR. FERERAR.
g 5 A J 250, X LA R EL S A SR TH R Bh R
FA G 10 BB AT T8 77, (RSB RE v 7 e i
KIARIGIGVE . AR I 7 ) o] A 5T 24 A )
LRGN PERE VRl 45 I B2 AR Ak L S 25 ) T e
PEWFFT, DASZILMEBE SR .

R K B R HL T I Bl R T R, K PH AR EHLTR
BABAKMYLERTA; NEESWRE, @5 K
MR RE A MRS, REIESTR
e U I (EB o iR o 5 G e T 0 R I
ERW AT SRR AR E . R B R R AL
HR B - SRS EAR B BB T ), 8T
ZY 0 B SRR, Rk DR A A s
RERZE M TSV . U, RBh— 454 — i — Atk

BT BORIIN A, AlsEil e Ratth R, &4
e AP BE WL s KU AT RET

T IA ARSI MRS, KEHHE WL
BH EE AR R A R FEAG R . 1B 3 J o T AN[AISR
P2 5 ) O BEL B AT R i B, H R AR i 2
AU K B AT AL THRE B i 30, Z5 &I
R AR B R B A R G AR SRR
B - SR G EEOR IR R, 132030 4,
KPFHEE WHLTHBHEE AT IR 2 35; 112040 4F, B3N
BOF AR R S MR EORE — P sk, THHEEA &
RTFE 405 F20504F, ETENBCRMAFAR LI 4
I B IHES T, THEH AT iA S 45,

(Z) SRR AKXPERER AR

X FH A CHLIT 75 B K BHBE HL MR, S [R] B 3
JELUT TSR St AR . @R
e, REGFFEDIME (FfR 5HLERIEHME) .
PR AEME (i 52 m (IR SRS TR D) DL (1)
LU . NI BORE, KBHAE L A R0 C R
FATH R OKPHAE KL RE R T 5K o (H M SERR B FH S
OUF AT A B 28 9F ORIk B R K
S FERE RS, PR m KRR RS
(ErEES) BTh 3% R L Al 52 e i A 4 g R T
AR X o KKK RETT 1A 72 B R 56 52 96 1 K [H R
M, XK RO R FHBE RLE) ER AR .

U BE, S SR R K B A F v A A
K BH B FRL It A IS GaAs K BH RE FRLIt . AR 55 (B [E
KAl FAE ARSI = (NREL) A AR B K FH BE Fa it
BRI TR, IR L A BOR BR AR SRR
WA T RONEAR KR . Hodr,  diE K BH RE FEh
i AR B H AR, 7E Solar Impulse LA & Helios

ke LR
iiéf;b / % R 6AL

0 200 400 600 800 1000
AT/ (b

El3 EKBM=R[AOFEEL AR EE

015



APHEE VIR AR S N A% RIAR

HERAR) 2 R . AR, LTERE AR, WK,
5l LR NG A2, I A A B P R IE AR
ANHIFEI o B GaAs X BH AE HL it 5 A 5 & 10
WA oR . DIRE MR ENE, HaT 6 v
WU, RERE N & RMENL R KB T K . AR, GaAs
L R R AR AR Gk L B b, AR A s, R
F 2B

AR, B AR BB AR Dy BT A K B e F b 4
AR, BT TR RE . N T TR S5 K FH g FRIB I
Shockley-Queisser % [R!", F54kH S )2 B (8
FEESERE™ / ESERA A BT / RS BT T )
. LR AR K R A H v ) 3RO F i 4
RN 33%, 1M 22 5 A5 ERAT FLth (1 308 o rRL A 6 R
REIE47%, Jeos T X —HARKERE ). WE
PR B B R K BHRE VBB R AT R J&, “ 772
WE” PR GIRT EHERE, R s TR
M ZE O U T SRR, F5ERA™ 28 J2 X BH H vt &
RORERETE . HAT R BEIG. GaAs I A5 ER
WK FH e FL PR BE 40 3R 2 Pl s>, 226 R B 454K
A FL Y B8 % e IR A R K BH B FRL R T R IS R
GaAs KPFHAE ML PFEZ ) 8, R BB
10016 R o 5 R T o7t RIS 5 PRI T, B )
BT —AOKFHEE YA O BRI R .

B RHE BR™ HL L E D' P R RT3 N )
AR, PRI EAR, DA RGN
REIF KN W 7). HE, e FEH SR TE
B FEHLE], RN TEARHON 454 5 S AF Re v UL
BE X R BHYGHIER . BT 70 B S AL T S K 52
FE I A ' v SBCH R A5 AR R vy 1 R R B AL A R
T I VAR 0 R R R R R R G e R, SR TR
RS S8R T BN G AT . R, 125
MR EG P S E M, T ARMIRE BC H R M A
JE B v ot B A A T, T A R A L SR RS

& 2 HutmfcAKPRRER M REIEARXTEL

TERETRPR Finit B2 GaAs  BEEET
WG/ % 273 39.5 34.6
IIREE (W-gD 0.4 2 23
HiliE A/ ($:m™) 50~80 30 000 20~40
Fett %= R I
FaE M R 4F e #*
ZUFE R 4F (T s

016

S BEL R JZ 30 N, B SRS R I S L AR b
PE R 5 S PR BE ek K BRI RN A ) 1 8 A
DL BT, P R R MR AR R BH e L
IJE LR D3R ARG N RE /1, K
FHAE CHLAU IR A R 2. 32 0 IR CR 1R  BL K BH B
LR

ShG SR P R Ht R R AT R BIR, A5
N RTE 2030 FF 2 7, &2 GaAs HLth PR H & 2%
B EA AR R AR, TR # bR
YR b vivk s TP R =Rk 7 T = =2 Lk S N
AW gm, HARBCRSET . FEME AT R A )
IR AE L B, 120404, FETH5ER
(1) B J2 HE I A B A AR SR K P BE KL L A 1)
FERFEMIE TR BETHMEARKRERE,
S5EEERET FIB R F Al S RS S i (L 4) 1)
EHEE AR, Wi E 2030 45, N T K PHAE €L
R ORI IR 3 38%, ThEEE (FH3 7
K F]2 kWikg: #2040 4F, R TTH AT L 2] 40%,
REE (FHEE I3 6 kWikg; £/2050 4F,
Bl & AR RN G R AR g — 2P R, iR
IEE42%, THFRERE (FEED LR 10 kWike.

(

) EREEEEARER IR
fitie b2 KFHBE W HE B R Z B RSB
SRR E RATHIAZOEOR, Rl 2 L E & 1) 3
FORVEZ —, 5N 30%~50%. 7£ KHLTHE P
AR, K ERig e G K PE RS CHLR S
e, RSHE N S R RER T RGN, TR &
TEIR”, i AOKBARE AL TR Ho ™, ik,
BTt B A o RE A AT AE P 77 i 10 i R HL oot
T RBHEE CHLE CATHERE R A EEE . HAl,
PR R R A RR) F T DR A 1 R
B RN BH RS CHLIT 2 B A B IE B

RS T Rh R AR B TEI T A I RE R
JZ R, R K FH g AL Solar Impulse 1T,
SR, L RE B %5 P A DL SR 400 Whikg™, iX — R
il A EE— DT R BH e WALPERE R GBS, AH
bbz R, B FEth R B R e 2 % ik 2600 Whikg
1M £ 52 9EL7, Zephyr S A BHAETE AHLAT K FH 48
fm It , o Aif BE %5 BEIA B 1 350 Whikg, AHANE
42 dIES VAT ISRt T HOR . KT, BRAH
MTE 2 A 5 BT B 1 2 B A 03 B A8 3 B



PETIEME 2025 F $27% H2H)

s SR it Shockley-Queisser AR

CIpT
S

R
BEERR | R

R / SRR 2
B0 ek

- EBRARBAR B 2
— ARG IR it

40
i

* B O %

&%

| | | |
2010 2020 i 2030 2040 2050
Fief )/ 4

El4 BLEA% LK PRAER AV TN

MIEME T, A — M Z A s,  WEN: 2025 4E1LF] 400 Whikg, 2030 4EiE—5 4R
SR m R R R R ARREE FFE 500 WhikgPs X — RN A SR f# B b i) R B
Wik ST, EHREMEA R G R, ReME R4t T B BN E . WE SR, 4 1683 fi
&, HMERGMEBMERENINE BERRARGE  did i 51 Fh e ae a5 8 b T g0t 0, T
DN, AN ORBABE CHLA B IERETT KA s sk st 5 R 1 R R ER 250, B AT B R, 3
FISEA 20304, fif i LI A B B 3 B AR ) 500 Whikg.

A8 e il PRI ) e B PR DR K PHAE RHLYE 3 20132030 48 [ B 525 125 180 1 e 3 i — 25 3

fefie ATk IPTRUA SRR, SV UBTHE gy ) p0a0 45, it i e it g R 1 T R 4R TT
BEHUITE R AMBEFRAORBERINED, K 500 wivke: $12050%F, B 2HIBLHIS . 4875 it
B CHLA BESCIURE FT RIS B KT R BE gy o ooy e e o 1 P
REAHBETE ABLIGSE AL AR, bbb ) e

&, fiifie Fth R B LA B R 1000 Whikg.
1A e B % B ANIG T 450 Whikg,  [7)IsF S 3 78 0 HL IR

b

& (DOD) 1f¥# 8 id 100 XA H #5227 2447,
<Y
[

{3 L 0 05 B 5 o R B A i Bk — 1200 ik R Ry

R, RFELEARG SRR S TR, Aok oo L

R RS SR T A R IE AR . B3RS ~ 00 SRS

7 P PR B 1 A A B AR 1 97 5 2800 e, AN

T, I 28 G A 7 Fh s 5 2 P A S o[ e

TE I3 2% 1) PR o 365 7 R 7, AT SHE T i f i 25 & S00f e

BB AR ER. AR TR0 B o] PR

S i ML B R A X% S PR BEE R RE I B 200 oy O e o

EARTF, HEShHTR B R B EOR 1 P A TGHL 0 BlalliSals:

Qmﬁﬁgr{zmm . 2010 2015 202}%@/4025 2030 2035
MR A EBOARIR], 6 v ) e B A E5 RRI0EHEREEE L RELE

017



APHEE VIR AR S N A% RIAR

(M) S3EILREH A

K BH RE CHL R 5 40 3 2t r LR e 2 40
B, ARG L S E R SEBLR B T . K
FRS RAT AR O 2 . X RA T EAE T 4 LU T IR
FrmRusaT, Frm e lnio 2 M5 R R 7 oK

FEFALT T, H AT RE CHL 2 R K G
R E R AL, Hm 8RN A0 A = B A e T
RGN EREARYERE . B, Zephyr 6 117K R TC Il B
AL R G0 30 18 3] 88.3%, T Solar Impulse 1111
4GBl A DIERN12.8 kW) JH L HCE A
WA IRER, HABAR RF U EIL 94%>. It
b, HELIPLAT Jo AL FH B8l 1) e 45 7K B [
PR TTIE 96.1%", JRIL T B E ke, A
M, 2 E AL G M FEBOR, B #% I A oK
i, [E IS T P S BB S R AR Y. R
SRAEE AL R T R T it RE AL B, B8
HILFH 25 0 IR B ML H 48 4R i B v RO A
R, SiGWEptiE T2, ZEPRIAE = HEE L
H IR 547761, SRR EGH MRS Fis.

AT, BRI CIL90% L F, $&F25 (A
AR, IR AFMLT 60%, it RaEARNE
PEFFI F EEOE 0, M T ORI R 3 %
72, R B & UK, S5
JFRTE . HR. BRI EERRSII R . XL
R B 29 1 BRI e ULA, R OKPH RE
WU AL BT AR A (1) g 4 % P30 B N v kAT, gk
— DI TR MRS . BEE VAT R B D
4] 30 km LA B33, WRHE 3 5054 T I S 2 PR
Pk Joinh 2 K PH e CHLE RS = FE R AT AIIG RE
ZEfLI TR, TREAEZ PR I T T IR THIR e 2R 2%
B ERIFE R, R ORI ST s T
AL 92 BULY S RIEASe P o151 0 K /1t s i o b 1 B4 S o T
s BB AR E B RE . RN X 2k
i, AR AR e Ak HdE Y )T AR T A
KFHBE CHURFESEAR

AR, KPFHAE CHLEZ RS K R LT J7
6 S BG: — BR T I 3i % 8] B AL 1 3 47 1) 2

®3 EHBIMELRES

FELHLIE: RE 20304 20404F  20504F
FLALR /% 96 98 99
LI R E R/ (kW kg™ 8 15 20

018

P, B ARG RS ZIRIER A
P ELIATERE s 2 WEAIE S IR R W o 1
MR e A, 45 & MU 07 15 XU 52 46 S 3 7
PERERAS IR TN 5 52T =R HERE T T O0E N LR
ARIRE, 03 2 A4 L s i 4 41 5 B RE = i) R
gi, LLEMNIER . NS fEAetl. 8228
EIVREASE 955 4% WETE S @M RVIC i5°is% 5 @ N S i
i 2 KBHAE CHLI ZAES5 oK, NIRTH LSRG TERE
B IS HE R

/9. XPRRECHLIERE R A2 TS FIUM

N T FERG B A R AR OROK P BE KL K
B, PN TORKFHAE CHLA S A RE 1 AR
Ao R FH R R G B RSROKFH g kL4
PREVE R A, IR VAT . SRR A
SAUTEASIAL, TR PR AE WL LGB BAR
R AR e WA AR

(=) MREFUNRIE R KA SH

FIR, KBHAE WHLIE I R BH AE HL R K P BE
WourRE, SRAHERE RS, MR RBLIIHFEE §
7o ZETX—Sehrid i, EREN 7RG R KT
JEWRR AR AL, W] DL AN REBIX . H K
AR R LN R B AR IR O, BE T 545 2K BH g
R AT R R R . [N, 25 G RFHAE KHLE A
TR R BEE RGN, KE G, Rk
i 2 FE MR T 2 AR B AT v B T T SR R 1
O MRARE E BT A5 ST RN, ST T KR
e CHLA R VERE O AT, P e BT 1l 2R AE
A ATERE T, KB AE A b AR Y RE RN A2 K
FLER VAT R, BRI LS AR
BRSO E, IS 8HUIRE T LTt
JIAAULEC . KPR AE CHLAE ) 3 2R B KB REH
M. fERER M. HERE RS, UGS S B A . il
MAUTEIE, RERsHImh WAT R L. BERE I TERE
RS 5 RFHBE R . TR Rl R
W ERNHERE R G A L R OQ &, i R
FHEE WHLE AR TERER A RS . KBHAE KMLAI R RE
TR a0 6 s o

FHRBEPARMERIN S IR 4, T 2R
TR, PERESHUN I T X SRR e i 5 2



PETIEME 2025 F $27% H2H)

WXy H R

PN LR R

N3 ) 31t
| B EORGEARSH |

X IR T B T B A O R B

1
I
L

_____________________

X O |

[ PRI 28 P }——————J

A PHABAL 25 AE S AR
CRATRE AR )

Loomo 11D 1 _____________ d

Crmmimics Ak RIEEY )

El6 KPARECHLE A M REFUMRIZE

x4 KEEARHMETNSHK

UMIE 20304F 20404F 2050 4F
THBHEE 35 40 45
IR BH g HLth 3R % 38 40 42
KFHEEHMB IR (kWkgD 2 6 10
fitfe i AE R 2 E/ (Whkg™) 500 700 1000
HALELE /% 96 98 99
LI R E L (KW kg™ 8 15 20

N, FAREE T RE R BRI )3 B J TR SEBR
BRI BT B . R, SR B B BORRE
FRERARAL, BlanTHREEE . K BH e FLit D A 5 L A i
fE FL b AE B SR RERE A TSR T, A 2 R 2 K
U RATAE S 0 R BPERE . REVRA AR AT 2%
GATFEMEM SR A EOR . HEmMAE, REHIH
RFHAE WHLIERES BN N BLIR THSE 45 R, B
2P NEE I EEPS: 5% Stz pus b A
KPR (B AR HE e T e 3 BUX LS MU iR . Ik,
AW TE R 45 R B 22 M S e 1 R SR R HA B R i
S, M ARZERT 1 T .

(Z) KBRBETT AN RETUM

KA BEE AN & W] w2 KU AT =il
RGNS AT S E 2 EIRS, £%F
JHR R P A3 Je B B ) N2 I 00 TR TR

TR RGN KBNS, BEEkg T
FME, BEHE AT BEMSEA, T ANUE S
THD S B B O, T ik B 5 4 S5 S AR 0 e
BEAh,  TRAT I RE AR A L )RR R MR AR A
AT R AR T A B TG s E ANLRIHLEPE, T
B (A A LU U R A8 S RF A AT B 2 4%, ATfT #R
i N FH AT .

g5 6 B 9 A K FH BE E A WL AT AL
KFE, 7F Helios % ik %) 30 km PL4L, PHASA-35.
Zephyr S ML AT B I 7E 20 km A2 47, AT
AR 152 2020 4F K AT = BN 20 kme  7EE A LR FE N
T% %A GRFRET0 kg, AR5 ke,
RKPHREHLMALER . ThERE . R HL I R 2 % B 4%
E—24, HTI—RA AN AT EE . BE T
FERE I, K% ERKS S EEE SR TR,
MG RAT RERE . FEAHRIMIPREE 64N, $8FF K
FH B FaL it R 3R R i i LD A 25 P R 3 5 e AL
MIRERIRELAE 1, SCREEE KT R 2 AT, [RIE
PETFRATIHE o SR o v Dy 26 4% B 1Y) K BH R FL
HEE R G00] A PR AR BT &, DD SRR &
TR R M RE R FE. A, BT B G =
MR ERE, BT B & PRI RATRERE, MiTTsE
DU ) KAT R . ARFE T, #2050 4, KA
RET ML ©AT iR B AL 31 43 km, ®ATIE R T
%368 km/h (JLE 7.

019



APHEE VIR AR S N A% RIAR

45 420
- KT
|

S
(=]
1
I
(=)
(=]

[0%)
(=]
iz

“®AT R E/km
E—
& 8
BE/(km-hT)

25

20 60
2020 2025 2030 2035 2040 2045 2050 2055
I i /4
El7 KAPAEXANYITSEMREMNELES

X % AT v B T 20 km RO BHBE WML, ATAE
9 O R AR 2 A T AR, SR T X3
e, Hh ki@ E SR, [FIN L RE AR RS ER
DURNFRAR K G FUE AT S . BT 2 LRI N &
3K, ORBHBE WAL ZE 45T B R PSR AR %, A
T A m B . i 8 frw, 7E LR HF 20 km
KATE RSN, 2020—20504F, [l Sedd i A
AT HE A, K B fi LV R it B F it ) R o 2 3
TR, T AR R kD LI “AEE” . HART S,
5202040, 22050 4F KFH AR Lt fiff BE LI |
HEBE RS, KFHBESEH] (MPPT) RS AHLIALE #
D5 5K 0 A 2D 98% 91.8% 84.4%. 72.6% Al
21%. Ak b, KFH A ML S5 & 2R R
P 49.7% . FH T K BH g i A i 8 It S R
(RE 0 A0 o B A B, AATRE I HE B8 22 (1) A 5
B, $2H 7 KA CHLRAES R ST MR SR

80

= ARORNE - BURRG wm ALELER
MRS MPPT  wm AN 4 50
026  mm A FFIAE HL it (£ 54 %) —

o 60 20
= 28 0160 0100 |03
™ 40 o7 9 0. =
Wz 0220 0'h00) 143 #@
] e Vo0 (030 =
% 20
20
10

0 0
2020 2025 2030 2035 2040 2045 2050
i i /4

El8 KFHEET AWLZ AR ERE R LL YL iass

70 kg ), A R it & 0] A5 kg $2 T % 34 ke,
BT OB N 7% $R T & 48%. BEE H AT B AR
KFHBETC AN R I ek gt — P i e .

W9 R, F20304F, KBHEETANLE ©AT
H KR TE 2 28 km,  BAT LLIRTE £ 27%, BRAEHS
B & I PR S, N T 9E IS AT S
20404, KA BRI R3S km, #HATHLRT R
40%, W] LA BT ORRIUASE IR M 050 4 AT v S KT
TER, JRAEE PRI IS AT 55, AR DRSS
SR EE AR $20504F, KATEEE SR
Jh % 43 km, #fir LLI2 & 2 48%. BB TR R,
KAT BN 20 km BUHLERCT- 6 1] N ELARZ0 500 km [
M i DX IR S BRI SS, B RITRE IR
30 km, 75 V0EITYRE 22600 kmP, R4 SR
ARTHE, KFHAETGANLAE 43 km =2 ©ATH, H

4 AL ikt
WEMTLERS  WWEA
5 45 42 10 1 000 99 20 43 48 530
»e K55 B i
Wi MWER R
#2040 40 N o N
= PR L SERAR
= UHF & iRl
28 27 3
ol w2 w xR
| NREE AR J ThEems e KAT R BA b/
S %2/33 (kW'kg")  (Whkg") %E/fg (kWkg!)  km % AR R R kg
2020

R

B9 KBRRET AHLAIME

020

Te Nz 4%

RETALETE K N A U



PETIEME 2025 F $27% H2H)

B R SR AT IR 2] 740 km,  [FI AEE “REE
W7 BEARM O PR SE, DUE RGBS

&b
He /J o

(=) FmAKBABEKHLIEBETTN

RN KPHBE CHLAE R I . W BR s 52545
BA— 2 mIwiE 1, A R T R R KR )
KEMERESH. 456 HuTa N KPHBE LI 2k E )
IR (aTa— N, HREBEERERMEE, K&
¥ 2020 44 R0 A LN 100 kgo  7E 1400 kg &5
M 500 m AT S ERFEA R IHTSE T, BEAE KR
AE R BRI R R Ak BE B i A B R R
FHRLER A =15 2P % ERFEMIIRRRT, &
e D2 E I HERE R R ETE /N . 32050 4,
BN K PBH 8 CALI A 2808 A ot & T TE ATk 530 ke,
S 5~8 NHE N ®AT (RS

R, BNKFHEE CHUAHE T8 B C LA
FAEEA R WATZRAEWHER, X HEER
PRERETZ); B ma R, fFatpzE, Rl
DRIRBLTEAS s RFRER, ST e R s i Ak
A e, 14 Solar Impulse 11 A & iE FER 1345, #E
P 1.6143% 0. Kk, BACKBHEE ML R Y6
XA, TR, KRB IRK, A8
YERNF BRI I .

*®5 HAKMHRENEHEFTRELRRED

F. XPREE XM LZRBIR. ERESSX
IE3ER

(—) ZEB#F

BT IR E K H g R A H OGBS AR R IR )
WREF BT, 4G AR EAARPERERI T, 2 HAH R
PR IS S HAr. @UCRH “PUPE” 77 AHs)
KBHBE LA JE o

“CRABET: BB ARIRRN B, Hie
fm RAT A BRI R & UTE R

CRAFIE” (2030 4T B B BCE AR KA
BF, fRRRFSE AT A, A ORBHBE KL B AR L3
RUAT o KAE, Ik B ] N AR

“HIEH” Q040 4FRT): 5 =M Bk HEILTFsL
R, FRAR K BH B FR It AR I 51 N 1y e 5% L A e
HaI, 2354 A AT, AR R AT S5 AN e
4T K BH B8 T8 AHLA AT 208 7%, ig Joik
SRS A

“RSE” (2050 1) : KIJKERBERE AR K
HABSRF MY, MR BR 5 o A A A A o JE AP
WrRE, SE3E A SR RAARHE, ST Ak B
ULE 10

A, MEARFIEOR JZ T K, e 3 E K FH
Ae CHL A H G AR IR BiR (LK 6).

(Z) ERfES

B 20304 20404 20504 JEHT (2030 4E R« H AT 5 9 4R K I A
R R 300kg  420kg  S30kg T AL 2 KA 18], 8 HC R0 38 ik B ) o7 e o
B 34\ 46N 58N TE3X — By B, K B RE FL I T R B A 2 kWikg.
F6 XAPREEXHLREXABERALRER
BB H A 2030 4F 2040 4E 2050 4
Sk TN i/ A 1 4 12
AT km 28 35 43
Bt /% 27 40 48
EE PN ATEE/ (km-h™) 100~150 200 300
o fur Ll/% 21 30 38
KR Ehwt FHRE L 35 40 45
K BH RE HLth e 38 40 42
IRFERE/ (kW-kg™) 2 6 10
fitiBe FLI AER S/ (Whkg™ 500 700 >1000
HLHL e 96 98 99
REE (kW-kg™) 8 15 20

021



APHEE VIR AR S N A% RIAR

20304E

20404 20504

B R BRI A BFBOR, B AR CHLEMT AR AR, HOT ek
St FHAE CHLE AR 2

REEBARRAIHT Hor

IR BOLAETY

RAUBER AR T HE LR

YA s 3t 13 E &R R G FHAE A2 9 4%
PR R TR etk ; o
(BEE) s Wik TOHEA0% \ TR IR 10 kW/k
g JE>6 kW/kg * :
TR / A< it . :
ﬁ%@ﬁ%%%m,% WG, LR REE FIUHR R AR HL It S
fifi B HL it e — B, HE B A, ACTIRBAUR. T, RETES
BB >500 Whkg #6 t J%>700 Whkg BE>1000 Whkg
W& Rk REREAT R, Ak WF sz /48 S HubL, o
- Wik, S S RSB A, Ly
EE,JI‘}L@?@K >96% -~ %m&k$>98% A m$§)§>20 KW/k
T35 fE>8 kW/kg Th% BE>15 kW/ke g

WALRE B, RFER
RO~ R ©T
Rk, FHBHE>35

Bt

D S50, S SARHBATI, REAME
KHLERATAE ST, THRELEL (20404%) >40, FRBHEL (20504F) >45

E10 KPHEECHL R E R L R LZE

BRI 38%, A 1 AE ] A 2R R e & B T
ik 500 Whikg, 7K i #E 3 B HL B R Th 26 % ik
8 kW/kg. RUHRIE96%. 5 B M [ B AR AL HE
T R RO IR BH g F T R R L R R T [
PN AN (£E 50 NS D) B2 S o537 @ S W V1 5 N

(2040 R . H AT AR R ORBHEE |
ML RE S, BRAR KHLEAR A, SEBLURBHEE KL
LA o FEIX — BB, K PH RE HL it D 26 % BT Ak
6 kW/kg. RURIE40%, HLAE / 812 S H it BE B
FE Tt AT A £ 700 Whikg, 28584 S e
MU AR R B EEIR 15 kW/ikg. RUHRIE98%., TR
W SR AR HE . KAV AR 5 R etk
B HE AR mE AR / SR A,
FHARIERA A 5B ASE.

A (2050 R H AT S NHESIE A KA
BE CHLIR Az s ik, SR PH AR TE AL 44
ANTETT ©AT, HEFH RN . X B, K
FH € H b D R 28 Bk 10 kW/kg RUCRIL 42%, fiEfE
HA Yt R % B I 1000 Whikg, iR S 4kt s L
DNZ BEIR 20 kW/kg RUERTE 99%. i EE A I OK
BEHAROFE: KRR mRE MR R E A &

022

RS HEHER . B REERSE.

(=) RREIW

it B IR E K R BE WHLA R, MRS
B BORIR . MARER =R LT A
JE. © HARKHAETLANIBIAR . 780 K
IR BH RETE ANHUAE e 22 A 1) KAT PR A DL K R
AARBREETT T IDL S, HESZBORAE R E G
LA, M2 HURMRE WHUR R 6 M4, 5t
B RS, AT EREEAR TR, 5%
ZRAAESS . RIEBUR XS &, HESIAHOGET].
W7 BUR BRI AL R FRBETE AHL, F7 K13
UL, HESIBRM LR . @ IR AR B e
PUIRHRECAR o IR e AR AR A SR K P g
M FIhEE L R AR . ST S DR
RS ROR . MR EE S TR AR
S, FREHESIRFIRE CHLCH SR RIS ROR . A
BT 5L A E B EORF TR, ABrRTR
FHAE WL A ©AT 7K. O IR BB RE
LR BB HER RGN ER R IR 735
RFHBE CHLAIATIE R BORFRHER R . ALIIE



PETIEME 2025 F $27% H2H)

A&, o5 EPREER, T R R g, T
JEE K BH REMT 2 1L o 8 BOR TSI 78, IniREE LK
BHAE CHLE AT E R R, DN 2 T3 /5 R IK K
At CHLIE AT .

38 5T AR
AT A L W 2 T ANTE AR AT AT A 2 o R s 55 2

Received date: October 12, 2024; Revised date: February 17, 2025
Corresponding author: Xuan Yimin is a professor from the College of
Energy and Power Engineering, Nanjing University of Aeronautics and
Astronautics, and a member of Chinese Academy of Sciences. His
major research field is low-carbon aviation power technology. E-mail:
ymxuan@nuaa.edu.cn

Funding project: Chinese Academy of Engineering project “Research
on the Development Strategy of New Energy Aero-engine” (2023-
XBZD-15)

SE K

(1] . AL B A S & = B b AR AR (D). RATE
H, 2022 (1): 25-31.

Shi Z W. Airlines’ carbon neutrality path: From the perspective of
industrial investment [J]. Civil Aviation Management, 2022 (1):
25-31.

[2]  RiE, KRS, W28, S — UONPE AT A BT Y
TRURFAE [7]. SAEERLE 253, 2017, 37(12): 4492-4502.

Han B, Liu Y T, Tan H Z, et al. Emission characterization of civil
aviation aircraft during a whole flight [J]. Acta Scientiae Circum-
stantiae, 2017, 37(12): 4492-4502.

[3] Noll T E, Brown J M, Perez-Davis M E, et al. Investigation of the
Helios prototype aircraft mishap volume I mishap report [R].
Washington DC: National Aeronautics and Space Administratio,
2004.

[4] Doyle S. The measure of persistent high altitude solar aircraft
(PHASA 35) [J]. Engineering & Technology, 2020, 15(3): 92-93.

[5] FlightGlobal. BAE details latest test success with high-flying
PHASA-35 [EB/OL]. (2024-12-19)[2024-12-20]. https://www.flight-
global.com/defence/bae-details-latest-test-success-with-high-flying-
phasa-35/161180.article.

[6] Boswald M, Vollan A, Govers Y, et al. Solar Impulse - Ground vi-
bration testing and finite element model validation of a light-
weight aircraft [R]. Paris: IFASD, 2011.

[7] Matyas T, Galin A, Suruntovich N. Solar Impulse-2 [R]. Minsk:
BNTU, 2016.

[8] Dawson D. Solar Impulse 2: Pulse on the future [J]. Composites
World, 2016, 71: 36-53.

[91 B AT, “HEFUE T ANLE CRDD [J]. 6%t FE T, 2019
(7): 58-59.

Geng S Z. The first flight of Mozi II UAV was successful [J]. In-
novation World Weekly, 2019 (7): 58-59.

[10] HZMK [ SRR T K= TR S B Bt & 3 [EB/OL].

(2019-03-15)[2024-12-20]. https://www. cnsa. gov. cn/n6758823/

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

n6758838/c6805666/content.html.

China National Space Administration. Feiyun Engineering of
China Aerospace Science and Industry Corporation Limited has
achieved phased results [EB/OL]. (2019-03-15)[2024-12-20]. https://
www.cnsa.gov.cn/n6758823/n67 58838/c6805666/content.html.

[ = R AR B RE TG AL & 6Tl []. vh EEREE %%, 2022 (9): 6.
The domestic large-scale solar drone made its first flight success-
fully [J]. China Environment Supervision, 2022 (9): 6.

W <. WA 2 i I A B 8 T8 AL e A GBS R [T].
R HEFAR, 2016, 59(18): 26-30.

Tao Y J. Development and key technology on near space long
voyage solar unmanned aerial vehicle [J]. Aeronautical Manufac-
turing Technology, 2016, 59(18): 26-30.

Chen W S, Bernal L. Design and performance of low Reynolds
number airfoils for solar-powered flight [R]. Reno: 46th AIAA
Aecrospace Sciences Meeting and Exhibit, 2008.

AR, B, TR, S IR 25 R OK B E TG A ML FHRH B
REZA [1]. i 2243, 2024, 45(5): 193-209.

Li G J, Wang H B, Zhang K, et al. Lift enhancement and drag
reduction technologies of solar powered unmanned aerial vehicles
in near space: Review [J]. Acta Aeronautica et Astronautica Si-
nica, 2024, 45(5): 193-2009.

Vashishtha V, Kumar S, Ashok, et al. Solar power the future of
aviation industry [J]. International Journal of Engineering Science
and Technology, 2011, 3(3): 2051-2058.

LIRAL, 5k R, AR, 5. BT K BA Be 0 AN OGS AR 45
A [J]. M5, 2020, 41(3): 34-63.

Ma D L, Zhang L, Yang M Q, et al. Review of key technologies
of ultra-long-endurance solar powered unmanned aerial vehicle
[J]. Acta Aeronautica et Astronautica Sinica, 2020, 41(3): 34-63.
NREL. The best-research cell efficiencies chart [EB/OL]. (2024-
10-11)[2024-12-20]. https://www.nrel.gov/pv/assets/pdfs/best-research-
cell-efficiencies.pdf.

B, IR, mG, S SRR AL OK B B [T]. BUE R,
2015, 39(7): 1554-1557.

Xue C, Jiang M X, Gao P, et al. Thin film Ga as solar cells [J].
Chinese Journal of Power Sources, 2015, 39(7): 1554-1557.
Rithle S. Tabulated values of the Shockley-Queisser limit for
single junction solar cells [J]. Solar Energy, 2016, 130: 139-147.
FEH, FERTAR, ARAL, A5 5 ERAT K FH L b R B Tk e 5 O
PRAR [7]. FERR EL 254, 2021, 49(7): 1306-1322.

Wang A L, Wang S R, Lin H, et al. Recent advances and critical
challenges of perovskite solar cells [J]. Journal of the Chinese Ce-
ramic Society, 2021, 49(7): 1306-1322.

HuY Z, Niu T T, Liu Y H, et al. Flexible perovskite solar cells
with high power-per-weight: Progress, application, and perspec-
tives [J]. ACS Energy Letters, 2021, 6(8): 2917-2943.

Horowitz K, Remo T, Smith B, et al. A techno-economic analysis
and cost reduction roadmap for III-V solar cells [R]. Golden:
NREL, 2018.

De Bastiani M, Larini V, Montecucco R, et al. The levelized cost
of electricity from perovskite photovoltaics [J]. Energy & Envi-
ronmental Science, 2023, 16(2): 421-429.

Albrecht S, Rech B. Perovskite solar cells: On top of commercial

023



APHEE VIR AR S N A% RIAR

[25]

[26]

[27]

(28]

[29]

024

photovoltaics [J]. Nature Energy, 2017, 2(1): 1-2.

B t, b g, FRIE. &2 KA KB AR WP Feitk e S5 HoR
PRk (7], [EBTRHER 2244, 2023, 45(6): 1-9.

Yang X X, Hou Z X, Guo Z. Development status and technology
challenges of high-altitude long-endurance solar-powered aircraft
[J]. Journal of National University of Defense Technology, 2023,
45(6): 1-9.

Gao X Z, Hou Z X, Guo Z, et al. Reviews of methods to extract
and store energy for solar-powered aircraft [J]. Renewable and
Sustainable Energy Reviews, 2015, 44: 96-108.

Cheng Q, Chen Z X, Li X Y, et al. Constructing a 700 Wh kg-
1-level rechargeable lithium-sulfur pouch cell [J]. Journal of En-
ergy Chemistry, 2023, 76: 181-186.

XU, Whik, B AE. M REAE R HUB B T (7). R AL
2£4R, 2017, 33(12): 2339-2358.

Liu S, Yao L, Zhang Q, et al. Advances in high-performance
lithium-sulfur batteries [J]. Acta Physico-Chimica Sinica, 2017, 33
(12): 2339-2358.

dear gz, PhE G, SO, . OKPHAEJC ABLRE IR R Gt Gt B
RER @ (1. 72324k, 2020, 41(3): 85-96.

Zhu L H, Sun G R, Hu W T, et al. Key technology and development

trend of energy system in solar powered unmanned aerial vehicles

[30]

[31]

[32]

[33]

[34]

[J]. Acta Aeronautica et Astronautica Sinica, 2020, 41(3): 85-96.
R, SRR, 22 RS, 45 BURREI T 13 77 il ™ b % g
PUR 5% (7). BHLE BRI T, 2019, 39(9): 148-157.

Chen J Q, Weng C B, Lan F C, et al. Development status and
trend of power battery industry under the influence of policy [J].
Science and Technology Management Research, 2019, 39(9):
148-157.

Cao W Z, Zhang J N, Li H. Batteries with high theoretical energy
densities [J]. Energy Storage Materials, 2020, 26: 46-55.

TRBE. AP EETC AL o R e e R 2 PR /K [ 22 R ML AT
5 [D]. MRV W R Tl K 2 (24 A2 8 030), 2018.

Zhang X T. Research on high efficiency and high torque density
permanent magnet synchronous motor of solar unmanned aerial
vehicle [D]. Harbin: Harbin Institute of Technology(Master’s the-
sis), 2018.

T, VF O, BAEUR. VR R B L 1 0 R L BOR SRR
[7]. 754303, 2022 (5): 44-48.

Bao J, Xu C B, Zhao H C. Overview of new axial flux motor tech-
nologies for automobile electric drive [J]. Automotive Digest,
2022 (5): 44-48.

Collozza A, Dolce J L. High-altitude, long-endurance airships for
coastal surveillance [R]. Washington DC: NASA, 2005.



