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Thermal CharacteristicsAnalysis of Stratospheric Airships Envelope
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ABSTRACT: The paper aims to analyze the thermal characteristics of stratosphere airship envelope under different speed, and
provide reference and guidance for the selection of the stratosphere airship envelope material and its in-empty performance.
With the CFD method, the environment thermal model was built. The natural convection and forced convection analysis method
were used comprehensively. Through the thermal analysis of envelope of general stratospheric airship, the characteristics of
thermal change of envelope were obtained. It was resulted that the average temperature of helium in the airship capsule changed
periodically with the thermal environment. At low airspeed of 1 m/s, the helium average temperature difference of the airship
reached 46 K. The envelope maximum and minimum temperature were 180 K and 280 K, which occurred in the evening and
noon respectively. The average temperature difference of helium was 29 K at 10m/s of airspeed. The maximum and minimum
temperature of the envelope was 190 K and 280 K respectively. In design of airship, the influences of temperature should be
taken into consideration in selection of envelope. The thermal characteristics analysis method and the conclusions can provide
reference of the chance of envelope material of airship.
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Fig.1 Thermal environment of stratospheric airship
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Fig.4 The change of helium average temperature over time
(Airspeed:1 m/s)

T/K  220225230235240 245 250255 260265270

—-100 -50 0
x

Bls 12 s g A sl IR A = 18] (=55 1 m/s)
Fig.5 The helium temperature distribution at 12:00 at XY
plane (Airspeed:1 m/s)

MIEL 7 Al A, H TR P AR IR G (] A AR X7
B, WM RS S A B R TR A AR b
5¢ B 1Al B A B 5 A BH A A 2 ) 22 A i 84



.16 -

2020 4F 1 H

~J
SNOSONSNOSUNO NS

BRI DI DI
DAV BN I

ax=—10m bx=20m

cx=—30m dx=-50m

z

x ™y
temperature

ex=—70m fx=90m

x "y
. temperature

gx=—100 m

Bl6 12 SRANIASREEARFBBTSE (S#: 1m/s)
Fig.6 The helium temperature distribution at 12:00 at different XZ planes (Airspeed:1 m/s)



LIAVECIIC R

ERESESE PR R R G 2 5 IR IS <17 -

y

T [ T ] [ el
T/K 220225230 235240 245250 255 260265 270 275 x
z

K7 12 SR EIRE B (23 1m/s)
Fig.7 The envelope temperature distribution at
12:00 (Airspeed:1 m/s)

WP 8 FrR, ERASEE R 18 km, KAEE N
0.121 647 kg/m®, Z3H 1 m/s BIARMET, SRR
fe/MEEE HEAERE b, 297 180 K, Fe KB H A
EAREAy, WREEZ R 280 K, 5% e 14 fi KR 5 /)N i
HZEZ 100 K, R EAE IR, S8 p R
NEFi-S A EqiAT

300

280
260
240
220
200

Envelope temperature/K

180 -

—— maximum Temperature

160 - — minilmum Terrllperamre |
1 1 1 1 1 1 1

1 1 1 1 1
0 5 101520253035 404550 55606570 7580
Time/h

K8 52 Rl R/ NEERERT A Y2840 (2553 1 m/s)
Fig.8 The change of envelope maximum and minimum
temperature over time (Airspeed:1 m/s)

2.3 TkfEFE 10 m/s TiE TR

10 m/s AT, WREBEARNIRA AT
TR FEBE R IABE I ARk, & AR R 1 AR 1k
WKL 9 R o CRELETR [H) 22 1R P38 19 20 B A BRI
W, AR THEEIRIEZ 6 K, BEE K THESREN
AR SRl N, SRS IR T 2 Wi, i
LAEIEFIRF) 239K, Him TEIREEIR AL 23 Ko RS
MERASILEIEF 29 K, WA, BABERNIE
ASRE, FEARFR B2 BA AR FE RS, I
PR 5 1 m/s 25 BRI, W 10—12 i,

WE3 s, EHESEER 18 km, #2410
m/s BT, S ERE/NREZ R 190 K, &K
TREE N 280 Ko FfiE2S sl , 58 5 i de/ MR 25
B, T 5% B2 AR IR SN, Ak, 2 BB R,
SRERER AR ZE . SHE 1 m/s 53] 10 m/s
m, BRASIKEESH 46 K 28 29 K, &KL 17

Ko ez s g AU RO 22— FB, M
11T ) 9 % 2l 22 ST 5 A AR v X A 8 T 1Y

=
o H@ o

240 |

Temperature/K
NONONN
[\ N w w
S [ (=] (V]

T T T T

N

—

W
T

210

5 10 1520 25 30 3540 45 50 55 60 65 70 75 80
Time/h

Ko #NEACF R BERER A A2 (2553 10 m/s)

Fig.9 The change of helium average temperature in capsule
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