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A Study of Thermal Simulation of Stratospheric Airships

Fang Xiande' Wang Weizhi” Li Xiaojian'
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(2 Beijing Institute of Space Mechanics & Electricity , Beijing 100076)

Abstract This paper analyzes heat sources and heat exchange patterns that affect thermal balance and thermal per

formance of airships flying in stratospheric environment. Heat transfer models used for stratospheric airships are built , irr

cluding those of solar radiation and long - wave transfer as well as convective heat transfer. Based on the mathematical

nmodels , thermal simulation program is developed. Simulation of a concept stratospheric airship is carried out , and the

temperatures of the cold spot , hot spot and inside air are calculated.

Key Words Stratospheric  Airships

1 5§

FiiE R —FREB T Z AME S F R A
HAFE . TR AR B HXKEK B ZEERK.
AHLEhE M HIE S TAE W RIGHLEN 5 Ti#0%F 7
HEFREST IR AR T EE A RO
G GBS Pk 7 M T R BR AR O KRR R
M FATENL A Al E H ER ST E ZH
R JE L MR 2 Kk E s Bl E R H
A FE% EEMBEHRIT K T/ EFREZE CE
MBFFEREA T tRiBA RETH o P EXSFRE CEE

Wk H 3 2007 - 02 - 27

{5 B ETIIT 3

Thermal simulation Thermal balance

AR tREE IR & IR & B F A BR IE A AR AR
TR T/E. (B2 FRE BTG
KEIRZ & F R AR B4 1 2 RERARBFEFI
KO ERSESLTE .

RPN B BT KA AR N TXRER ,
HFHRET RN SRR E SRS S ia )
ZH . MAEFIE ,E 14 5. 53kPa , 12 1 Hb TH Y
1/18 25 E 77 0. 0889kg/ m’ , 1 VT M 1 F H & 1Y
1/ 14 JRERAL LSRR ER K X TFiRE
AR T R Z A PHFE S FIAR ARG A X i (e
15 KA TR T8 . Bl XTF—1TEXE
JEMIE LSt B RIEER B AT 2 AR EE AT %
M STEH#THROT OO E .. X—EMREE
EY T KRS IETT AT RATIES] 2



—

6 Wt K & [0l 5 &

2007 -5 28 4%

FIE CHERFH PR BT R BERORZ — .

XERECE[1][3 1R B T CRERIE
PECEER BRI E TR ERERREST K/
Stiast HhE RSTES SR EHRKEES RN, S
TE A HC I R AT Hdhy 5 R AR SR B X i R 74
DARCKAE A SR THS AE 4 M B 2 [R) B SR AT 3 A 5 o
TEREEAE b X PR E B TEHITE EHT
o KT RS S AR REN SR HHRE

2 EARIR R EMA-TE TR

SR KRR IACT 1 Y B AR R AR AGE R A
TKAESE BRI ) B K PEEE ST Qon s
KRS R R ZE RO RS Qa;
TKAESE B B TR R ST R ST Oy

QiRa ey

KRR 5 KRR R Oraos;
KRS S S HUE HH TR ST IR A ORaog s
KRR 5 IMR K THIRT TR 0w ;
KRS LSRN SRR IR O ;
TKAESE B PR 3R TH W #AGER 43 FH B 2Z (8] B FR A R
A Oro
{BUE R BHAE X T R A Y 5 B A (LA fai AR 9 K B
EEA) ATE . U—BHE/KFEEE CESR KT L
PIFF e B TR ERS I 1 R ZBR S A IE Y
AR RN | CAE SR RIIACFE TR -
Opon+ Qd - ORass = Qo= Qeit - On»2=0
KT R ETTREN
Qg+ Qd+ Ociz + Or1 2 - ORasg- Qoo =0
FEN AR A8 T RE Y
Qcit = Qciz
Qpn

(D

(2)

(3)

Qq o o

Qq

K1 PR

3 ESBRASEEE

3.1 KFHESEHERE

FEEE TR 4 BAR R L B EFR
{57 B[] P9 3R A5 A K PH B S R 5 RE R AR 9 KPR EL AT 48
BHEE . A TPHEENLHET WERKKEL
1 A E T FE Y652k B SR AL SR AT AR B AL A (]
PRSI KBRS RERL R A KIS A 1 R,
I=1353 W/’ o 73— /7T KRS S HHEE A
* EMAET H s AER B S 0 KRS EE S5 K
FHERA —EER

BEA z M CEREFKHES R RE ic
N Ion,

IpN = Tam o (4)

K A KRB AR R RRIE R
FERIATRE o Tam(ELARTENT 1,30 B RS MEIH L, PHOE

FHASEN R EREEB D o tyme m (K
AR HIBREL
m=f(Ps,Ps,Cn,H
P, — KERBMKSES,
P, — HUERFRIEK R E _EHIRREST,
Co— KRFEBEBERY ATERERR
GIAFE =R
H —XKHEEEMA .
K FHE R RHE SRS IR Dh AT T 0T
(6)

(5)
S

& Iph = Ipnsin H
3.2 REWSEHERE
KEHaHES 2 KRS LEd K]Z0 BT
ASPREFRS GTFFHIERARE . EELEKFESM
RS WIVER JELm & 77 ST ST B AR
— P HENKREBEMEHEDL. Z2aKXKR K=
B iR %2 T R BH B ST R ST AR R 9820 o
xRS TR SR B R R o XTI



52 34

IR SF Ve KR OT IR R T 7

K JKFE_ERIRZS A RARE 1A FUTE

IOSiDH M(l = ratm)
= e 1.4 )

XFFAE—WAN 6 B~ AE RO A%
FIMAREHETRIRE 1o

I = ]dhCOS

3.3 MuERGTESRE
KFHGHREE H B R H f5 |, H P — &5 # b Bk
FKHEFTRG o —RRIBEHLT AT IA N HEBR SR T 2 4E
MR , TRE M R E RS T H EF’%E‘?BE?E
JJ*ZE'J% FPRFH B GT SR ST, FR A A R SRR 8T o
o5 K T B2 2 B W T R SR ST 180
Igh = g (Ipnh + Idn) 9
E—Hf N 0 B9-F1 2 2 8 E R ST RS e

H
I = pg(Ipn + Ian) (1 - cos’ —2Q) (10)

X oy AR GRS AT — MK
A[EY pg= 0.2 ASHATEL pg= 0.7
3.4 EEZRY cr

LA B KRS R T E RS IR AT R A
KEXERTE . zEFHBHEE X T LES
FRABSTRER) A WER AR K M X Fh & i a]
B RBINLUEE . ES R cFEXLARZW
B2 L e o

FREWEEZEZ L, RAKETEEEK
RS RERFELSECERRIER . BEZEE
FABS X F i A Gt 4R At i B AR T it B 7
B o X BiR B B B R M I R SR T A
EEARXA

5 (8)

7o=(1-
3.5 KEERHE RS
AR MAREXT KRS Rt ER NS
XU 4R S /Y 6 5 I M A R AN R R o
Xt K BH AR S IR MR 5 XK T i S A IR 3R AT
K o A B A D3 TH XS B 58 5 RO E 2
0.8 (EXI KFRIES IR N 0.3 £ « KREFE K
—RAEANE T BIR CHEER K 2K BTEXH
WARST R R E T HEG R .
KAERE R AFHE SRS o FTH TR
OpN = %4N Ipn (12)
N« — RS X KRR ST B A R ;

hy

CF) I, (11)

An —BAETE K BHGT 2607 A B F2 THIAR o
KA IR R ZSHICHTREST o FTAH PO
Qa=0odaly (13)
AF 4. —HEHER .
KR T SR IR A Hb T R SRR ST 0 T TR R
iHE.
Qg = 0daly (14)
K EFE SRR E RS ERA Ora »s
ATXitE:

Ditigess= eyl T~ T3 (15)
AV SR KEF I RS ;
o—HhiE - WEZEHE R, 5.678 X107 °
W/ (m®> ‘K ;
— KSR R HIRE ;

‘S f’”ﬁ% S AR o
KA T 5 B S R R BRI RIAN Ora M
ATRITE:
ORasg = €ada o 25 -
R T, HHREERE .
TatmiR = f ( Pa , Po) (17)
T KSR R SR TH 2 (A SR ST R A i
WHETHEEEEFE-TEIE @A 1.2 %
) IR B RS FEHRERR o XFF KHE L
TREAREZ ERESRN on AT FUTE
er—>2=6iA;Zo:(fl/:427g2) (18)
AHF o AEKARERIE S Z RN R % 5D
7 RAT R

4 FFRBRAIANRT

TR XTI A EL R KA SR T XA AR
FEP R EX IR A . KAESMR B IATE CAESD
FHE B RSB HIRHA . KRN R X R
8 KR R TE S RER SRR A
4.1 FHRBAR—RAK
X at oc B—MIHE A
Qc=AhWAT (19)
X 4 — XA ER
A T— R RERES BB RIREZ % ;
h — X RIRINREL AT RN

h= Nu I (20)

TatmIR Tg) ( | 6)




8 fii K Bl 5 @ K

_2007 £ 28 4%

P Nu —FZEIREL;
A —ES R FIRERE

T
Re ='EL (21)
3
Gr='g"'€& (22)
X v —EBE;
v — SRS

gn — = NIHINERE ,g,=9.8 m/ s
p —AMEE;
B—/ 7. B HF 17 AEHRE;
AT— R HRESFABRSARREZE
H 2B XFHE o
X (21) - @) HHEHRE R HETDRES
R Bl AR B FME - 1BBhAEE v #n A

_ A
y= 2 (23)

A« — SR IREE
p —MREE o
4.2 ZERNAKHIPHEAK
SR SIREE hair ~FIRREL g LAK S B
B Pra I A TR A KT ES (P RERA
K
1.458 X10°° 12
Tair +110.4

Lair = N s/ I'I'l2 (24)

T.. 0.9

Aair=0.0241[2—73ﬁ-;] W/ (m 'K) (25)

Prair =0.804 - 3.25 X10™* Ty, (26)

R[EWNIHE wne FHRERE A AT AR

¥ Pl 2 BIA T AKX ES (K RE R
MK :

T 0.674
fpe = 1.895 X10° SE—H‘—J N s/m> (27)

273. 1
[ T J 0.7
> - e r
ar =0. 144 250 W/ (m ‘K (28)
Prie=0.729 - 1.6 X10™ * Tie (29)

4.3 KRERFEE X TREAREZE/RE

T KENEENEANR TUATHITE
=®P.

Nu=0.15Ra"’ (10’ <Ra <10") (30)
A Ra RAEGRIEL ,E LN

ol
¥

Ra= G Pr (31)

5 MANSMETEHRE T,

RIEREA UK A-FE TR ) SRE 1 ,A[1F
Aih(Ti- Tiw) =A2hy(Tin- T2) (32)
=0 Q0) I (31) ,AI1SE hy = hy. INER 4, =4, 0

"
Tin=(Ta+ Tp)/2 (33)

6 “FHE WERTEITHE

6.1 BESESEFM
BN EZESHT
EBITEE J21T7E & > 20km , 5 K 22km;
SN R SF K 220m B K EL1E 60m H 1 [F] Bk
%
TKARIAFN 1400000 m’ ;
i 12 32000kg o

6.2 IHEHER
HEXHANEARRNT (Hr285%
NASA FHEX AR AL

20 km ZLINFIRE = - 56 C;

TKAEFEHE K ST = 0. 8 X A FHER ST A e
=0.33;

SN FETHE XTI g ) KE =24 o/ s (KUE =20
m/ s, KIEEE =160 kmy/ h JIHX) ;

R FREL CF=0.3 KEREIERE=0.95-

WEERME 1 Fir.
F 1 RERPETTESR C
i [ i & 117]
W% 13.6 =529
F&K 4.5 - 47.4
FIE A AR 9.0 - 49.8
7 Wi

NEMEREREAFEAT E 7 RN
fEHRBUEEER] AR RCEE TR B RRES K
SRETRST M R ST ST, 5 X MR IR A iR
e SHITE R SRR SR XS
TR | AR G P R TH VS P 2 A L (R Y S
Hah o FTER S, ISR F R MEIE R T Z



52 W

JUTE  SF PR KRR LI 9

HE X TRE KR EEE A - FHLXEARZF
i CERA DRI EERARAR

P BT B A AR X T2 KA R s i 4 2t
TTT RS ETE S T RHERRE SR AL
RER SERRE « X T VSRR B AR
TREZFEME

XFFARE KBE T ERIERR A E = AR
P8 IE R AR X — T HEREZRMRE . =
RS T B A RRHE— P

KAERS Y R P RER SR o RUEE TS
FEANENHER TSR EMERZER . ATl &
MR HBGRERBOR TR CERFHEZX
B4R/ 0 KR TAERIASEME SR ) AL,
A LEX WS S AT I E T B

2% W

(1] AR 70 SRR, P2 A R PR 3 4
BRLCY. o % A AR T 5 5 A0 2 ) 0086 S B (—) b

A YLy 8 A £y L é _" : - 7 .;l F o £ i, T rds 7 ane i ¥ P
3 {33 4 ¢ fsden. o 4 T Insrmeri I ity Frronficirirer Fos
;‘/’if'-."n,‘!-:" { FREotes ACGHIENIIC JOUNGE Daidoiboniid & FINFEFTE LT SR MY

5L EH 2 RIERWFFEEE 2006.

[2] J7 008, m ORI R R BT 7S [ C) . 1R 25 4
K 5 NP AR SE 218 SCEE | 2005.

[3] /sl /g, FHlZE CEHAC%[D].NH - 39, 2006.

[4] Kreith F. Kreider J. Principles of Solar Engineering [M].
Chap. 3. Hemisphere Publishing Corp. 1978.

[5] Momis A. Scientific Ballooning Handbook[M]. NCAR TN/ 1A
- 99, National Center for Atmospheric Research, Boulder
0. 1975.

VEZRTA /i 548 5 1954 4E4E o BUR W1 E S0 . 1
SRS RIR A+ TR AEM A | B R AR A
++ o I TAETRISRZS LR KA T2 T W B ARLERSS T
R SIS EEEAM &AM EE TR ER L E . K
SN K AT 28 BREER ) 5 A AR B 1] (AR SZR ]
I 73 P A A S A BRI A 7 25 1 I F R

TGS B 1973 44 o WL SR TR . eI L
HLBIFSE T AN S8 IR L RS 1A%

AN T 1984 4E2E o R RTIRZS IR K 2 2 T
B AFLERSE TRE b Fge4: .



5528 3 1 1Y AL KR 8] 52 5K
2007 & 03 f] SPACECRAFT RECOVERY & REMOTE SENSING 7

1 3L

v <-4 BECE [l 5 R A

gt

%& /:\*ifi)%'

(BRI NIR A ZENZE F B AN S TR A F AL 210016)

# B BESEEREGEAREETZES FEEPH —F e Z R A  ZHEARE
LRIt 2 B R WAt e e S ) R (B [ Z= 1)) AR s R BE YR R
EET R  SEBCERS « ST+ 25 WL T /LA B M R R 8RR 1T R TEZE - WRAEIES D
& - B GEE ey  UARCSBINREESS o B BTSSR P AR S 10 A 75 T, 25 15T b AR IE B B B L+
i B KRR 9100kg FFSEHL T HREAED o 1ENIBNIRGHE R —FPSERERIR % 48 BEHCE FERARXT T4
Kz EWSEM AR R AEEENSENE FRABEN N HTEE . LEATEERHIERERMA
HIB 5 A SRR L LA K LA BB T+ T T 48

REIE FEESe gEE WEM TR E

Research and Development of Parachute Retraction Soft Landing Technology

Fang Xiande

(College of Aerospace , Nanjing University of Aeronautics and Astronautics Nanjing 210016

Abstract The parachute retraction soft landing technology is an advanced aerodynamic decelerating technology
studied in the United States in the past decade. The parachute retractor placed between the payload and parachute conflu
ence point is activated to pull the parachute and payload together prior to ground impact , decreasing the payload impact
velocity , thus realizing soft landing. There are several typical retractors developed , including piston - pulley retractors ,
air motor - winch retractors , and pneumatic muscle actuator retractors. The past studies have been focused on their appli-
cations in airdrop systems. The payload have been increased from tens kilograms at the very beginning to 9,100 kg with
rapid rigging/ derigging now. As an advanced aerodynamic decelerating technology , the parachute retraction soft landing
technology has potential value in spacecraft recovery systems. This paper provides a review and the state - of - the - art

developments of the parachute retraction soft landing technology.
Key Words Parachute retraction Soft landing Airdrop Spacecraft recovery
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