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Study of environment analysis and thermodynamic on Venus balloon

LEI Yanpeng, YANG Chun-xin

(School of Aeronautics Science and Engineering,
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Abstract: The Venus atmospheric environment was described with mathematical model.
The Venus balloon thermodynamic model was established. Then, the floating process of a
helium prototype balloon, of which the floating altitude was designed as 35km, was numer-
ically designed by this model. The results show that when the Venus balloon is released at
the altitude between 30 km and 40 km, it can reach floating altitude quickly and keep long-
term floating, the balloon system should endure the temperature between 440K and 520K,
its instantaneous maximum speed is less than 10m/s. This research would provide basis for

the further development of Venus balloon further development.
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Fig.5 Floating process of Venus balloon



2508 27
. d . dT
E, = (’mPaVT; 1D mu.Che dz‘H = hin (Ty — Tu)S —
d= M,y Thie g vens dz
dz T M, QU (17
Fdrag CHC 5 Ma
1 dz | dz
Foog = ?Pacd | de A (12)
3.3
Cq A ,
A = zR*.R 6(b), ’
s 6Ca),
’ (18)
2
(s + Copu V) % - ’
e 1 de|de :
((OaV mlol)éVcnus 2 (/d d[ dZ A (13) ,
Ca 31 .
- KIS miC, % — D (Ty — Ty S +
i KA FHIL MRS !
BRI RS Bow (T, = TS + o (Quon + Qu) A —
f g2 r e A eo(Ti—Ti)S (18)
i N C P Qo Qu
U= 5 RO T 42
2= .
=S o (1) (2) ar s
)51 @m-b«;fmmaqmrﬁm + e
.0 -
(a) 11 V-1 (b) A fiif
. &f . Tbl)
6
Fig. 6 Venus balloon dynamic schematic B i
3.2 hew = Nitew % (19
’ 35km , 10
’ ’ m/s Re==107. [12]
’ Nu . = 0.56Re’’
(Re > 250000) (20)
3.4
’ Qim
Qim - him(Tf - THC)S (14
T; i S s S = N N
4R s hiy 4 ’ 7
_ Kile ’
him - Nu int L ( 1 5 ) (
KHe 5 L ) s
) L == ZE.
[12], Nusselt ,
Nuim = 2"70.6((}7"HePT‘He)OAZ5 (16) H
, i) ( ) ;

2) ;



11 2509
3) H ’
4) ;
5) .
3.6
[k B e ] (SR oA [ARBIE TS o + + o 35t
i [ T I L
FE I A s 34}
itk 2 | BB R :
| = 33}
A
‘%_;—[ = [ %U: 3'2 B
1 Ty FRRT | &
}}fﬁf%[m, SRSERER SRR a1l
[ [
oy 3.0 1 L L 1 L 1 L
Wbk i ’ — A 0 1000 2000 3000 4000
— g [ ;
T sl BEESS AR s
1 .
el e SHIEERE
llanmhl [k LD J : ‘0
R T AT ! -
1
| AT [T 50l
1 | o .
! FRERGIEE] o« o 0 v e s : "é 15+
“______I _______ gl.ﬂ
0s
il‘ﬁlfﬁﬂﬂ ol
[ [ [ \ [ M1 -0.5 . . ' . . . .
o | [mrr ] [ @80 | [Bedomsy] [t simmg] - - - 0 1000 T
RIS
7
Fig. 7 Thermodynamic simulation platform 500
for Venus balloon
510
500
v
4 #
T8 490
30 km
480+ R
b
470 1 1 1 1 1
s 8 0 1000 2000 3000 4000 5000 6000
1m/s , i} [a)/s
b b 8
Fig. 8 Thermodynamic simulation results
’ of Venus balloon
b
, , D) ,
) 2)
3)
, _
, 4) s
b b
b
, 5) y
0,



2510

27

(1]

[3]

1) 35km
2) 30km , 1lm/s
3) s
10m/s.
4) 440~520K.

Landis G. Low altitude exploration of the Venus atmos-
phere by balloon[ R]. ATAA-2010-628777,2010.

Sagdeev R Z. An overview of the Soviet vega balloon ex-
periment and studies of the atmosphere of Venus[ RJ.
Washington, D. C. : NASA center for aerospace informa-
tion (CASI),1986.

Van den Berg M L,Falkner P, Atzei A C,et al. Venus en—
try probe technology reference study [J]. Advances in
Space Research,2006,8(11):2626-2632.

Titov D V, Svedhem H, Koschny D, et al. Venus express

[5]

[10]

[11]

[12]

science planning[]]. Planetary and Space Science,2006,54
(13/14):1279-1297.
Hall ] L,Kerzhanovich V V,Yavrouian A H,et al. Second
generation prototype design and testing for a high altitude
Venus balloon[ J]. Advances in Space Research, 2009, 44
(1):93-105.
Hall J L, Fairbrother D, Kerzhanovich V V, et al. Proto-
type design and testing of a Venus long duration, high alti-
tude balloon[J]. Advances in Space Research, 2008, 42
(10):1648-1655.

, ) , . /
L1l +2010,36(1) : 61-64.
MA Yunpeng, WU Zhe, LU Mingyun, et al. High-altitude
balloon integration/opening design system[ ] ]. Journal of
Beijing University of Aeronautics and Astronautics, 2010,
36(1):61-64. (in Chinese)

[Jl. ,2007,28(3) :603-607.

YAO Wei, LI Yong, WANG Wenjun,et al. Thermodynam-
ic model and numerical simulation of a stratospheric sirship
take-off process[J]. Journal of Astronautics,2007,28(3):
603-607. (in Chinese)

, , . Lyl

,2007,28(2) :5-9.

FANG Xiande, WANG Weizhi, LI Xiaojian. A study of
thermal simulation of stratospheric airships[J]. Spacecraft
Recovery & Remote Sensing, 2007, 28 (2):5-9. (in Chi-
nese)
Bachelder K N M H, Hall J, Jones J, et al. Venus geosci-
ence aerobot study (VEGAS)[R]. ATAA-99-3856,1999.

[M].
Carlson L A, Horn W J. New thermal and trajectory model
for high-altitude balloons[ J]. Journal of Aircraft,1983,20
(6):500-507.

,2003.



