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Solar radiation intensity distribution combined with

stratospheric airship flying gesture

WANG Xuwei'” , LI Zhaojie' , ZHANG Yanlei' , WANG Yan'?

(1. Aerospace Information Research Institute, Chinese Academy of Sciences, Beijing 100094, China;

2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract; The distribution of solar radiation intensity on the upper surface of the stratospheric airship is an important factor affecting the output

performance of photovoltaic arrays. In order to analysis the influence of the dynamic change of the flight attitude of the stratospheric airship on its

upper surface solar radiation intensity distribution characteristics and establish a calculation model of interactive coupling between the airship

dynamics model and the solar radiation physical model was established. By using this mode, a certain airship example was calculated, the solar

radiation intensity distribution on the upper surface of the stratospheric airship was also proposed under flight yaw and pitch angle change, and the

characteristics of solar radiation intensity affected by airship flight attitude. The result can be used to guide the optimized layout and array

configuration of the solar array on the stratospheric airship.

Keywords: stratospheric airship; solar radiation; flight gesture; layout optimization; solar cell array configuration

SRR TR AR AER LT 20 km 2545 1
SRR TR, T A — 5 A0 AR TE 2 e 2
TAEBR R 2 N A T2 R 52 1 — o 2
HEEEN T HAT, FRZ W L B & it
NI TR Y BE, TT S BB+ R DL B B s
&7,

P RS B I ()3 28, 7 B R
W RETE LR o BRI, SR DGR 6 2 T2
AT SEL AR 2 — , B 4 K RO 2 B
28 RAT TR TR REIRAE R 7 28 o A P Hit e P — it
A J5 T GAE 1 22 T R DX, e R £ i o
R 5 AN A A PR S 008 BTG . X T
SE R HE , 7E GBI AT 0T PAT, H o T
(4 S 5 S R RAT RS A G, T

«  WrFs HHE:2021 —01 -06

I, P R T A T 28 285 14 K B o A
RO T L R A A Joy S EAf i A F T
I i S R (Y T4 ALt

BRI B, A5 57 2 X8 A B i i J8E A R
HIBIF ST 220 3k T i S 9 RS AE , A58 K FH
A it LA 3R 10 0 A AN — Bk L 2 R T
{149 A B Rt 4 A1 SRy e A KB o Tt AR R o
BT L B R BT e e ) B b 2 T2 ke
P8 2R R AT R S B SR 8] E AT
R, R B AT 2 A R 2 2l 257 A 0 K B e
SRPE IR T o SR, SEPR AT IR B R B
R RIEIR e M EEAS A S, HA AT 2 A e £
Seah ALY, R B R 1E 0° ~360°Z
[BIZh A2 AL, CREIRAT A 7E 0° ~ 10° Z [l B 25742

E&WE: ERARFAREETRIIH (51707189) ; hARHEE f6 T A ¥EBIIH (XDA17040400)
TEER N FIHEE(1988—) , 8, L E A, 07584, E-mail ; wangxw100854 @ aircas. ac. cn;
k2 GEEEE) B, S LA, 1, E-mail; zhangyanlei@ aoe. ac. cn



%56 4]

FAUEE, S5 P2 S R PH 8 S 1 A - 31

o AT S AL T 00 CAERR ifi K FH R
SFaR AR E R R AN BRI Y . TR
LA TOCHE S 1 CAE it T SN BO4RE, S
SEHEINT K B 8 5 5t J3E A eI S 0 A B SR
21k

ARSCHE TS G Y b TR A
RATHE AT R B S 8 23 A AR IR ST R
PR ARV E i A B EL S AR A A
AT R T K P S5 5 BE 3 A (9520 . AR SCHY
THE AR Al AR 5 2R R RAT A KA T A
AR N SRR T R BH 5 i A B S A
FHVA$E 53 K BH o b B A7 Jo A R A A B3

1 #&REEST

AT BT CRELATAME I &l 1
PR o e — P BR U B i it 1 SN 254, H
H S XA T K I AR e R K R
R AT AN b R K B AR S B 9 A 1
S S SRR O SIENAY SIS TN
PR BT R R BH AR ST P AR Y R AR AR &R
LUV b 2R B AR R G R AT AE o T
JUTRERY, SCHRL 6 ] 57 7 & 1 fiv s i = 4 by
T A% S S AT, SCHR [ 8 T 57 1 B AL 3
CRETE

1.1 XAEEzhFER

RS A bR AR BEAT TME R AR SC T, A4 TR
AR R KAEIS B FATAL bR R BT BT Ak bR
AR E IR U 2 FroR o

K2 Aetn &AL S 250
Fig.2 Coordinate system and motion parameter map

TREARBR AR oxyyz, ST CAEIEIR, ARAR R 1Y
JEURL o BUAE RISk« Bl (o, Jil) T R AHIZK
R 16 HESE = % Coz, Hh) £ CAEAXT AR ET A, 5
ox, JHIE EIFAE R ET7, v il Coy, i) TR BT CAE
YRIFRIAT, 5 ox, Bl oz, A RAT TR

KHEIZ B (AL AR R ox,y,z, AR CAE
BB TE R AR e W8 155 3 )5 e
IR ILEA TR R o AR R IR o HUZE KA
FESk o Jt Coxy Bil) 87T 24 MUK P IS 1) 1E DY 18], 2
fih Coz, ) 31T o AUAYHTHELR (WABKIHIVAZE) 45
6] EJ7,y il Coyy i) 5 ox, B oz, HAN AT T
L35 G IER 1]

TCHEALAR R ox,y,z, AHXS T CAES B A AR R
ox gy 2, ZIBDRER T CAERALA o SIS B IR
Fefix Fon. WEIBBIIRR ox,y,2, 1 a(BE2,)—
B(5E y)—x (58 x,) WP 22 = e 5l J5 5 AR
PRER oxyy,2, A, B ZAIAYSAGEISC RN -

0x, ox,
oyd]—Af(w,e,f) % (1)
K1 R 0z, 0z,
Fig.1 Calculation model Horr
[ cosa sina 0 cosB 0 —sinB1 0 0
Aj =| -sina cosa 0]|: 0 1 ]|:0 cosy sin)(]
0 0 1lLsinB 0 cosB JLO —siny cosy
[ cosacosfB cosasinBsiny + sinacosy — cosasinfBcosy + sinasiny
=| —sinacosB - sinasinBsiny + cosacosy  sinasinBcosy + cosasiny ] (2)
L sinB — cosPBsiny cosf3cosy




<32 (FE TR SR S AN S

544

X, o B Fl x BU(E HI " RAE S (Y150 e 4 DU 4
ot B I RAT R AR U SRR ) AT
VERTH R ASECT |, FEAR IS B e 57 1) AL AR
WK R AT
1.2 RREARFR PR KRR IR
PNIENEEER EE L M EP S N W o o N B
SFORIE Gy 5 R PH B R S R R A 7, O TR
G=G, * Ty (3)
PRk WA [ 2 % Werner!' [ 437 45 5
FISEE 1976 LERFRER <,
N7 TR R I AR AT AT T4
WAC A OIS R ST 5 B, A N7 R AR R R YK PR A
UIE7BLy R
TRATIT [ R S v A B i R s
[F) 60 5 32, xR AT ) A A AR KR
PR 33 AT e M0 A0 R PR S5 i B8 N 2 AR
AT ] RIRZ I, R M AR AR 2R T AR K BH A )
PR AR B AR AR R N AT
e k3 o A N7 G A B AR v oK BH ] 1)
it S S EFARAR F I K B 7 e S LA
KERLBAAR 4, 1 BT i) KRG BRI
JUMIBEHY B S T RAE AR AR R R T AR AR R
FESCT RFATT 1 A SY o S HOSR A ] i i G
MR FR O AR bR AR I A OC R AL KT
i
H LG AR FR S 480 5C 25 AT A5 REARBR 2R R B R FH
pARIEEE
S\ =S"-A4] (4)
1.3 EfmzIEEMETEEESENITERE
AR 221 FL A o0 5 H SO B A 5 5 B P A/ )
5 P NS LA R BH AR ) AHOG o
G, =G+ E - coso, (5)
Ho £ @) S CHEAR AR Z TR K FH T o) 1o 5 A%
HINE ) i 22 W] I Sy, R SCH R A R BH AR A
cosg; = (S, « N) /(IS |- [N (6)
AP, ST R TR AR R 2R R 25 I 220 A oK B 7 1) 1)
i, N, TR IR AL B AL R INE )
N 22 5L A T R WA S AR R R Y
FAA A SPF I T QU RAR TEIAR A, ARG, Hat 5
A
Q=G - A, (7)

|-

A% T A

p - 1 Y= %4
i 2[

Y3 =) %%

+

Y3 =N %74 Ya =Y %74

2 T2 Xy T 23 =% X3 X

2
2,172

[ ]} (8)
A3 =X Y3~ N Xy =% Yo =)

SRR S A A AR A PS5 AR BR ARG,
NPT Frs i i AR DA KO8 PPy Py
i Pﬁﬁﬂé*ﬁ‘ﬁ'%”ﬁ P (xl NARYS ) 3Py (x2 NIEIN
2) 5P (%3.05.325) 5Py (0 9420 o
1.4 TYEERERZEABESEENITERE
He CME R T B> A% ST TR EAT 2,
ARIBCR M T TR WAL ) R B i A R
1) E Rk ) Y E 3 T 3 WAC O B 4 5 o B2 1) 3
BETT W5 o W AR ST DA F e S i 2 o A D
A B 5 R 2 R A RO R T AT 4 WY e

&0,

23 =Z; X3 =X Zy =2 Xy =X

Xy =% Y2 =N X3 =% Y3 =N

Q, = Z,QZ (9)

Horb n 9 73 1) DU AR B

R AP TIEE R, B TR gL | K
FIE 114338 T X358 G 3 T 42 W A B 55 5 5 5 14
JUAT AR 45 PR 3R B 5 0, 2 1 45 350 2l
AN ] BE [R) I RSB R AR S o % TR L S i
2 E AR, 1] DUARDE Z AR 1) R BHA S A @,
EERTHS . HANM o HB M, %M
B AT LB BH IR 2, 24 S £ 2 B A BB A I,
PR BV S P, AN BE 5 W B K PH AR G
PR g R S T D' 0 B o T, 0 2R 1 AT LA
P AT PR AR O3 B BRI SO T i B
KR

2) UBE 2 v 2 DR A WS A B e A i ) 3B
Jrid o R I 22 V2 T R AT A A 5
PEATIS R B (B H 2 % g0 R A Be) B iy
AR T4 2R 1 4 K AR AR Q.

"= 1 sunset

= > 0N (10)

S AR A R RS 0, MR K
T 5T TR S T

2 BHhg

AR ) T RE A T IO, SR SR
e A R Bt B, B E, BT RE N
73 m, (AR 14 158 m’, fif B B b 2 75
40 kW - h, K PHHL I FERUE DR 15 kW, %
HHREASEIR 1 Fs.



56 ] FIUAR, 55 A5 IR L 25 00 K BH R S B2 70 A - 33

x1 ETEHASH

Tab.1 Main input parameters

i H BitSH

ABY/m’ 14 158
K /m 73.1
Hf#E/m 21.3
E A5 YA R E/ km 18.3
HESE AL/ kW >2
fEREHE ML 2 i/ (kW - h) > 40
IR BH L Y T 32/ kW >15
AT L/ (m/s) >10
JEAsm/d >15
TAELEE/ (°) Jeh 41

3 HEERSH

BERS BTG , 45 5 R K B S 4y A R
PV EE 2 TR MAC A ) 4 S i JRE A 2 1 A 7 1
SN T AB) Y L 3 i R WA B A S o B )
I AL CREAS [A] AT 28 2500 L B AR TR
P 8 3 58 B2 23 KL RS 45 2R

PITE CAE AT FE b, IR M A A 2
P, AR R T A S 2R RAT
& (IRAD AR A AT A 3 878 40) PERA TR] E 25
AR TR 3 T A BH i A R o A LY R
Wi BEAT TR A AT BERE TRRE R TRAT H B 3
H 21 B BEZS S LS 25° 35 0 M &b
R
3.1 AN R LREREREKRERES

Zi:oA b gy

BEXTRAEIEZR (IEPY | IE R ALEAL K RATARY
T, Ay T HAE 8:00.10.00,12:00,14:00
1116:00 QA - 2 ThT 1) K FHAR S 3 B2 23 A1 = 1
3 ~6 fs .

1200 800 400 0
RFEHERE/Wm) I

1200 800 400
RFEFRARE /(W) I

x10*
x/mm

(b) 1000

1200 800 400 0
O R 5 38 1 / (W/m?)

0 1 2 3 4 5 6 7><104
x/mm
(¢) 12:00
1200 800 400 0

AREEHERE/ W) T T

0 1 2 3 4 5 6 7
x10*
x/mm
(d) 14.00
1200 800 400 0

R PHAE BRI/ (W/m?) pe e —

7><104
x/mm

(e) 1600

K3 e 25° 3 A 21 HAKFIER 7
PNEETE I PN
Fig.3  Solar radiation distribution map of

level due east flight on March 21, 25° N

1200 800 400 0

PR AR/ (Win') T

x/mm
(a) 8:00

1200 800 400 0
RFEFRARE/ (W) I T

x10*

x/mm

(b) 1000



.34 .

e PN

544

1200 800 400 0
AREHRE/ (Wm) T

y/mm

x/mm
(¢) 12:00

. 1200 800 400 0
R R 38 S / (W/m®)

y/mm

0 1 2 3 4 5 6 7><104
x/mm
(d) 14.00

1200 800 400 0
O R 5 38 1 / (W/m?)

y/mm

7><104
x/mm

(e) 16:00

K4 e 25° 3 A 21 HAKFIER 7
KBRS A = B
Fig.4 Solar radiation distribution map of

level due west flight on March 21, 25° N

R 1200 800 400 0
K P40 56 0 JEE / (W/m?)
g 5000
E
= 0
—5 000
"
x/mm *10
(a) 8:00
1200 800 400 0

AR E/(Wm) ET

7 4
x/mm *10
(b) 10:00
1200 800 400 0
HET — .

R R 5 38 1 / (W/m?)

£ 5000/
E
2
=

—5 000+

Time
x/mm <10
(¢) 12:00
1200 800 400 0

R PHAR A58 B/ (W/m?) T T

y/mm

x/mm

(d) 14:00

1200 800 400 0
AR E/(WmY) I

y/mm

7
10*
x/mm *

(e) 16:00

BI5 dt#h25°3 A 21 HAKFIER &7
PN LR P (T
Fig.5 Solar radiation distribution map of

level due south flight on March 21, 25° N

1200 800 400 0
NCERE NS aEma——

x/mm
(a) 8:00

1200 800 400 0
KmmsRE/ (Wm) T

1104

x/mm

(b) 10.00

1200 800 400 0
RFEHEE/ (W) I .

x/mm 1104
(¢) 12:00

1200 800 400 0
R PR3/ (W/m?) I T

x/mm
(d) 14.00

1200 800 400 0
O R 5 38 1 / (W/m?)

%10*

x/mm

(e) 16:00

Bl 6 Jb£h25° 3 J] 21 HAKFIEIL /AT
KBRS A = B

Fig.6  Solar radiation distribution map of

level due north flight on March 21, 25° N



56 ]

FIOH, 5 A5 FIZ IS 25 K BH 4 5 i B2 2 A " 35

WE 3 iR, KV IEAR ®ATROEAS K FH R 5
SR A 8:00 £ ME Sk A7 M A B LR AR 1Y
Gy (28, X ) 32 ) iE S i, & 1200
FEAS 5 T A T A S 43, B (] HE R
K B8 553 4 5 1) 3 A 28 B0 2L, &8 16: 00 A i
AT B A 7 /D e R B 4 A o AR 4 IR,
KO IE DY AT A, K BH 4 5 5 B2 43 A 1 8:00
FE R RS 22 9 7 ' B 1 A A (B AL 81X
) A SR, 31200 FEA S TR L
FE T 22T 43, W B 1] 44 % K B 8 G A 5 119 43
A B, 216 .00 {UAEAE Sk 22 7 B A7 A /D
AR A . NS FR K IE RS AT %
A, KBRS BE 404 8 :00 7E G b2 1w A )
SET AL E BB B o3 A (B P AL A X ) &
Wi AE P, 2 12:00 FeA 85 T RA L Em
() 5, BB TR K BH % S 25 58 1) 3 A 38 T U
D, Z 16:00 FE KR b 308 A R AR AR — Le 8K
SRR . WE 6 FiR , K- IEJL RITHES, K
PHAR ST 98 B 0 A F 8:00 76 KAE b i Ay Ml 5 T
(AN B B iR 1 A (] e 20 X J) 38 W )
FESHY e, 2 1200 HEA 85 T84 ER1E M E
P15, I s 0] 6% DA B 4 S 5 B8R 1 3 A S i b, 22
16:00 78 QAE b 2= ] A2 U F 3 A7 A — S 500 1
G341 o

SEEULFEL 3 ~ 6 (14K 4 S B o A A
FEEIULT JLAFRIE :

1) WA I 2 T ot W i 2 il A2 R
M), A 2 S 5 8 A G b 3 1T 43 A 5 1) DX =
G313 553 1 DX 3 b B s S B {1 S I 2R A
FEE

2) RAT T I 5 M A PR S5 8 AE T 2 T
(R 50 A IR 2, 78 R — B 20, R R AT O i
T, 3% G R A [ B K PH A S A AR AR
S, K B 4 S0 58 3 M 2R T Y 5 55 43 A X
AT A B S 1% 25 1], 2R 3R K PH A S R R iR 55
A3 A DX R A A A ) R A 551X 8K e AR L Y
A,

3) AT 25 e K PH A S R AR R SR A
o AR, [l — "RAT J7 I, A [a] 6 A 7 B Z15
T, 32 K BH 5 B AR AR A 5 e, A BH R S5 B A
M T A 5 5 0 A XA B B 220, K
I i S P8 5 i ) DX 3T R b R BB KR
W ER (B —P R — N R BN o

4) FHER AT 7 RN AT 20, 76 A o

PE (AR 1/7 CREK B 2 1 B i Sk

6/7 CRERKFEEYEEIN) , Wy CRE FE 5 1), A [A] y

AR DX B (O A A AR R ) 5 A% 118 3 o) e

AR AR ), A [ — e 220 %6 7 1) 2K BH A5 £ JE A A

S, PRI, 33— DX I 119 4 K SR ARUK PR A S 5

HHEA B (EENT2%) .

3.2 fiHMIABEREMADISTANELRE
U A BRLE ST 3R 4> T B RN 45 4T
ABE W RITHMION 3 H 21 H, &7

i Ak 25°, XFELARSE T OCE K RAT (I

AR 0°) S FA AT H 1041/ ©AT oL T

R R O B 4 5 o 3 7R R b 3 T 43 A1 Y

R
RN — W, %k T B A RAT IRA AR R

1700 B A A 1 A ARk 0° ~ 360° P gl 2%

AL (5% /AT ), BoE HABR AR B 15 min

SER0° ~360° [ ff FE AR Ak — K (4F 15 min % —

).

BB A 4351 0° 5°F1 10° AT T, it
A PTG I R PH A S ok B A R 3 T 40 A ) 5 559
Ak 2 B A4 R B WO PR A S 3 i D A fh il
LEE 7 ~10 iR,

XF ELATHT AN 7 ~ 10 7 7 19 2K PH 4 55 568 12
AT, B R ILL R JLANRHE «

1) b AN [] QAT IR £, O BH 8 53 i B - A
LB H WA 2 AP DX I A ] X A T 5
(AR HA, 42T R AR K PHR S i 3 A R R 1T 19
I3 AT A B R S 4 X

2) XA ) CAE IR A1 , 72 R rp i 4o B
(AMEEAESL N 1/7 CREK JE B gLl 6/7
TCRE BB W R B Ty ), AH Ry As bR
DX 3l (6 R RAEAR TR R ), 2% A 1) 325 ) o AR AH
[F] , LA [ —Bsf 20 %68 7 114 K PH A S A A 45, 1A
L, 33— D3N 7 ) 4 TR SRR K BH 4 S 2 3 {1
A—F( ZMHNT2.5%)

3) 4N 10 7 X FAS[R]RA TR A A X R
A RATSOR BH 4 S5 i B ) 388 AT 35, 7E 6:00—
12:00 BB, RAE b 2 T 2 050 K F i S 2 2%
FEXFFCAEATE A Al K Z= /N HEF 2 10° .00 A
5°;7F 12:00—18:00 BF Bz P, ®AE I 3R T Hz 0011
K PR 5 Dl 238 AR T CRERAI A7 Fh K 2/ N HE ST
hy 5°.0°F01 10°,



- 36 -

y/mm

y/mm

AR /W

EE TS A5 N o i 55 44 45
9
2
i
6 B
:FR
s B
4 K

x/mm

BT ISR 0° T 00 G b 21 4 K SRBURR ST B 73 A 2= 14
Fig.7 Cloud chart of the whole day cumulative radiation intensity distribution on the upper surface of

airship at a pitch angle of 0°

¢ =
g
7 <
&
.K

4

+/mm <104
K8 AR 5o LB A b2 im 4 K RBUE ST BE A 2 14
Fig.8 Cloud chart of the whole day cumulative radiation intensity distribution on the upper surface of
airship at a pitch angle of 5°

=
g
=
=t
E
=
=
.K

x/mm

O RE A 10° L00 AE F 311 42K SRR ST 8 20 A1 2 4]
Fig.9 Cloud chart of the whole day cumulative radiation intensity distribution on the upper surface of

airship at a pitch angle of 10°

—IRFHIT S AT 10°f f %47
1 400 -
1300 -
1200 -
1100 -
1000 -
900 -
800 -
700 -
600 -
500 -
400 -
300 -
200 -
100 -

0 L L 1 1 1 1 1 1 1 L L L ]
0:00 1:50 3:00 450 600 7:50 9:00 10:50 12:00 13:50 15:00 16:50 18:00 19:50 21:00 23:50 24:00
gl

P10 AN [ 710 0 X 07 AE - 3 T 48 R 3 WSO OA I o S e 2 304 el 2k

Fig. 10 Power curve of the whole day solar radiation intensity received on the upper surface of

airship with different pitch angles



55 6 18] FABEE, 5 455 T U2 LS I K P4 S 5 e 43 A 37
system[ J]. Acta Energiae Solaris Sinica, 2022, 43 (8):
4 Zig 50 ~57. (in Chinese)

AR A SO 55091 e L 2 T A B A o 2
AR BT RAER 1 DU R

D)7 QAR AR, W R 5 18], AT
AR Ao DX 3 (O 07 A AR 2R ) XoF 7 £ K I 4 25 5
JE LA —E

2) DAL A 14 72 A TR 2 T K FH A S A
TERCRFZ R, 27 KM AT 3 1 18] 7 (5 a5 RAT 4%
PRI IRUIRZS ) B 25 & RATAT 55 16 DL AT
et

3) DR A 68 72 A 3 3 TR BH A S IX
Sl o3 A 55 55 o XN R, A RE AT R 1] AN [
(DX IGR AT 2% 1F 5 el AT ) WA I A I x4
R AR FH 8 9 558 P D) R A7 AE— RE R

NS 3A OK BH e S P A R A, AT T
5 R PH AL AL R b 2 1 A Jey X S ) 2 4%, 15
IR AN DT T S5

1) X A BH R 1t 4 £ R AL 5 R R T 7,
AR SO A LU — B R A AT R
e, 8 AT L — By s i LR AT IR IR 3
713 A 46 55 5 B2 14 3 A1 5 B i e s 4L 9 A
LU, PR, %o T R, T QR B 7 1), AHH ]
y ARAR DX O6F iR AL B %) A1 Jey AR B ER IR P HE
MWL, PR U AR A 7 5

2) RE RATAE 55 F R I RAT S HiLfh , 315
K AR S0 BE 23 A1 J L BEXT AN 383 BEA T LA, T
T3 R 0 A A v 5 S BBA SR T 5 o

2 % 3R ( References)

[1]  COLOZZA A J, DOLCE J. Initial feasibility assessment of a
high altitude long endurance airship [ R ]. Ohio; NASA,
2013.

[2]  SCHMIDT D K, STEVENS J, RONEY J. Near-space station-
keeping performance of a large high-altitude notional
airship[ J]. Journal of Aircraft, 2007, 44(2): 611 -615.

(3] @M, RET, £4, % FiECERR RS S/
o REALI]. KHAEEMR, 2022, 43(8):
50 -57.

GAO Y, XU G N, WANG S, et al. Modeling and small

signal stability analysis of stratospheric airship energy

(4]

(5]

(6]

(7]

(9]

[10]

[11]

[12]

RINAS, WAk, BRORT, % ViR VR R RS
FRRE A AT (U] B A RCR 22, 2019, 41 (1)
13 -18.

ZHU B J, YANG X X, MA Z Y, et al. Power analysis of
stratospheric airship’ s solar array system [ J]. Journal of
National University of Defense Technology, 2019, 41 (1)
13 —18. (in Chinese)

ZHU W, XU Y, LI J, et al. Research on optimal solar array
layout for near-space airship with thermal effect[J]. Solar
Energy, 2018, 170 1 —13.

AT, IR, A, S PUUZR R FH AR HL A B
KA SO ELT]. PR, 2011, 28(8) - 76 -
79, 371.

ZHANG Y L, LI Z J, WANG S, et al. Calculation and
simulation of thin film solar cells region arrangement on
stratosphere airship [ J ]. 2011,
28(8): 76 =79, 371. (in Chinese)

AL, KB, 2253, 45, VU2 TCRER FH R I 2 H 2 AR
TR BT FHAR, 2010, 31(4) : 1224 - 1230.
ZHENG W, SONG Q, LI'Y, et al. Computation and analysis
of power generated by the solar cell array of a stratospheric
airship[ J]. Journal of Astronautics, 2010, 31(4) . 1224 -
1230. (in Chinese)

AT AR, ZRIRAR, K. SFRE DGR REI R L EA
R 5IFE ] R, 2013, 34 (2):
283 -288.

ZHANG Y L, LI Z J, ZHANG X Q. General parameter
design of PV power energy system of stratospheric airship[ J].
Acta Energiae Solaris Sinica, 2013, 34(2) . 283 -288. (in
Chinese)

R, R, FERNI. oK BH s T2 i AR
AEAATLI]. TR, 2010, 31(3) @ 925 -930.

CHENG X T, XU X H, LIANG X G. Analysis of the
performance for the solar cells in near space[ J]. Journal of
Astronautics, 2010, 31(3); 925 —930. (in Chinese)
WBREE, KR, RA, . I Es (A% HOWL I - 5 1) 2%
et R RS e YA A (1] [ By B R % 24, 2011,
33(3) .28 -32.

YANG Y N, ZHENG W, WU J, et al. Vector modeling and
stability

Computer Simulation,

analysis of a near-space earth observation
platform[ J].
Technology, 2011, 33(3) . 28 —32. (in Chinese)
WERNER T. Physiological climates of California [ J ].
Yearbook of the Association of Pacific Coast Geographers,
1996, 28 55 -73.
KASIMBEYLI R, KARIMI M.
nonconvex sets and application in optimization [ J ].

Operations Research Letters, 2019, 47(6) : 569 —573.

Journal of National University of Defense

Separation theorems for



