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Abstract; Aiming at the application of stratospheric aerostats filled with gas helium, the natural convection of a
low pressure gas inside a huge ellipsoidal enclosure is simulated numerically. The natural convection is induced
by the combined thermal conditions of the airflow and radiative heat transfer outside the wall of the enclosure.
Using the user-define feture (UDF), the combined thermal conditions are introduced into the numerical simu-
lation by the Fluent, and the dependence of gas density on its pressure and temperature is considered. Thermal
and dynamic characteristics are analyzed, such as the temperature field, the heat transfer coefficient distribu-
tion as well as the velocity field, the pressure field and the centroid. A correlation is presented for the local
heat transfer coefficient by analyzing the numerical results. The investigation demonstrates that the varying

non-uniform thermal conditions of stratospheric surroundings exert significant influences on both the thermal

and dynamic characteristics of the natural convection of a low pressure gas inside an enclosure.

Key words: natural convection; ellipsoidal enclosure; low pressure; combined thermal conditions

B N B SR I AE LT 10 K BH fiE
IR RAT AR A ] S A T R . X
BT VF 2 22 54T T ESE IR BTSSR 2 % 18
T3 B0 100 5 A 4 R 2490 1) B T PR s BE L 3
AR o STAR R T U R A R BRI AT
SURE ST R R ;iR A 4 A8 [ 28 X
4 73 M7 22 A1 68 [ R 180 45 T DR 5 T B 1) L AT 45
Ha s SR IR S e g

RIS 02 7 25 o — BB AT AU Bk R AN E
LA FAER S5 A 45 S0 I 49 A L K B 5l Bk
ZUANGE I B S RO Z RS R . X Bl A

rim B EI: 2009-01-14; f&iTHHA: 2009-03-26

EE£TB: HKH KR %K 4 (50776026 ; 3 ff B #F 50 H
(A2320061290)

BIRMEE . ZEHAM E-mail: xiaxI@hit. edu. cn

PR PATR BT X 9 25 g A AR Y B AR X T
SR AR 2] IRAE T L IR BE I ) K A2 AR AL . X
AT TR ISR R R R S5 1A Jis AR MR i B 48
Xt B = AN S BE T . 5 — O i, LA RS
FI AR ) AIE 5T U T e BRI AN 5 R T
[ A Bl 12 R R A AR AL

AR SCLAB I8 S M KRB 37 2 7 25 48 O oz
GESBIBOR SR SV IIEAN R/ i eyt SUR oS S C
ROROS A ok T8 s AT J A A L AR 1) 11 9 0 9 480 44
Rt 5 3y 2 R AR R AR,

1 Py AL R 5 4 il 7

% S8 LS B R A — A U Bk 2R 3 5 1]
A 1 TR . J A RS E B SRR R
5T P Ak v BE R FRIR R o IR AM U IR AR A



454 =

e

Eird 531 %

AR DA E B4 38 1 i 2 O A B T o LK R A A
D7 TATE—K N ZA8 A Al .y T BE T AR S 2200
FARE o PR A A1 R B S5 L e A FH T M Ak P BE I
T2 BB I 1] 2 £ 14 A 24 20 $ad A L 5 1R i A
SR ZNDNE AT N i I o G 2 B2 B R o L
JE A Y B ] B P (1~ 2 h) i A BE B 5 4% 1F
AT AL T A SRR I T U0 e IR B 1 B
e E AR AR DL . PR TR — B R TN Y
AR I 1 i S WO AN Rl Gl R R I 2 A AR
AR AR AT G T S PR R ik
(9224  WIBUH BR T 25 DA e P9 = 47 25 T IR 4 A
SROX YL FH 9 1 5 A

div(pUg") = div(I'grad ¢) + S D
Ko R U R EE R A5 ¢ Ry B T
N SRR RGS D) PRI (D A4S
AAEIER LR 1. £ uvw HEELE 3 A
M AR iR T D9 s Pr o9 B B ¢ W
T3 BE 5 e it UL B T3 B 5 e AT BB ) B
5o Nim w56 p HET.

LR

R L
" iy YO
x(F)
BT A A
Fig. 1 Physical model
*®1 BRAAERPEARSHEGER
Table 1 Expressions for universal equation
B¢ r S
pUe 1 0 0
22, 1 2 .
u /10[[:/z+/u *ng?g(#uudlv U)
ik v et =pt *%ﬁ+%%(;;mdiv 10p)
90, 1 2 .
w /1‘,[[:/1+/L‘ *ngTg(#C“dw U)*Pg
£l RARN
RE T Pr + Ot 0

i IR A 2 B AR SRR S T R
p = pRT
i R I
ST L o NHS A A, BRI T,
A5 Ak 2 o
pe = 1.895 X 1077 X (T,/273.15)*%7

(2)

(3

Ag = 0.144 X (T,/273.15)"7 1)
R4 Fis ) L Ra W 7€ WA - i i K ) RNG &
e Tt A B AE . 3 Ah . 2 PR N BE T A AR AT

2 FAEREE TS %

2.1 BR&EH

WEERIE £ A1 15 A1 E8 AE 242 1) % i -6 5 4 5
P A A 2R LS« K P B 4 4 5 L
R BECRR SR M -ASOL A R S B BE A 3K T e Sk AN
SRR e B TR 5
q = OsastEscos B+ asEsp,tsF.. +
a1 Temq Foe —er06Ty +0 (T, —T,) (5
23 A BE T 56 70 B 90 16 A B8 5 s S B T G
B 8 S R S 238 5 ¢ A DR AS0RE A B 6 S 114 325 33 32 5 Es
R R BH R 5 0 B o F T AMIE 2R S R DB Y
Je s o, JHUER I AR s oSN BRI BB O 28
BEH R F, RN HER 1 R B a0 AN
(SRR SR b N G B L AR .
SRR S 5 g, O U IR- DR AU £L AR S s T
K BETHRLEE 50 A AP R K %50 O Stefan-Bo-
ltzmann ¥ hy AP AR R B T, AR
SR
K BH 5 50 e e BE ff 6 R D5 B FA o B E LT
ORI SCEk12],
R B BRIE Jat AT s S0 750 J 70 e il o 37 48 B R
BT DAR G QT A
0. 332ReY2Pri)/1 Re << Re.
Jhc + (h'—h)(Re —Re.)/(Re.— Re.)
l_l Re. << Re << Re’.
0.029 6Re”*Pr”*2/l Re = Re..
(6)
s Re S 1514 50 L A I AT o 21 BT 1 55 SO0 1Y
2 B s A TR he TR0 30 R e 5L 7 4 A
Re. Fil Re' XF i 14 Xt % e #4880 Rec = 5 X 1075
Re!=Re.+60Re*? ,

2.2 HEFRE

SR FH AR 5 4 1 T s o B T ) A 5 P 50 1) A% DT
B, 33 FH P H o R (UDE) B e FE AR 51 A
HPERAR 1 57 B R I3 - SR S B A R . P R
TET s S ) 8 A i A

K RNG ke i P55 7Y, 3 BE FH 3 58 RE 18] Ak
B (y'~1.0), % BT Ideal-gas 7Y, ) & |



%3

AEAE L e g B T K49 2R T 3l XU =
3 IRANR S

HH KA 150 m, | KHAN 37.5 m, it
BN H:as =012, a
0.35, LB R 10 m/s, I N 216. 65 K,
SHH 5 500 Pa, B4 T ALZR 40° KM |25 20 km
Wb Gy FVEL 3 B 0 e N B SRR

F R B 2 R BT AR AR R R R
BH &5 BE A RN 7 0 FA . BE AR KPH BT A = il
Tl B9 Je . T3 6 A Ry oK BH B S A5CEE 7K T Y 4%
55 1E H 7 1) (o T 1)) BT AR 2 £

=¢ =0.53,p, =

x(Fd)
(b) i fi
&l 2w B AR TS
Fig. 2 Altitude angle and azimut angle
FE SCPN 2R DO A A R BCR
— ‘ qlol T qrm] ‘
‘ TW - Trc[ ‘+C
e, B g, BRI T S % R
BRI E) 5¢=0. 01 K, | T804
WL Ty — T | <<0.000 1 K U150 CGEEH /N,
A BT A R BAE R BIA ¢ AT AT BR X
FREL G o (H SR AT 1 4 R B8ORS M /)N

(a) FiE A

h D

3.1 REIF

hy B UE AR AR 1 ] i 1 xF e A R AR BRI 1L
T ERERL B AT TS LE L ANIEL 3 B s . AT
H—mEPNIERL ML RS RERS
A S R . B — )2 IR AR 200 2B )

SRS RILFES. A LK —
242 +
238 -
o
t 234
E
e e NPT 410025
—— AR IAE%4820025
226 R
222 T S
5 6 7 8 9 10 11 12 13
t/h
(a) BeAIGHEL

SUBMRAE S ISR TR W BRI 358 1A s AR AR 1 ) SRk 3 455
275
270 F
265 S )
) —— BRI ILAR10050
%60k —— AR AE %5 4020025
5 260 o Rk
255
250
245 i y : 3 . . .
5 6 7 8 9 10 11 12 13
t/h
(b) f il BE
3 AR AR AT
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steady states
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Table 2 Comparison of average heat transfer coefficients
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Fig. 4 Variation of altitude angle and azimut angle
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Fig. 5 Variation of maximum and minimum temperatures
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Fig. 11 Local heat transfer coefficient varies with di-

mensionless temperature difference
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