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Improvement on airtightness of the super-pressure balloon
by double-layer gore

SAITO Yoshitaka™, NAKASHINO Kyoichi”, AKITA Daisuke”, MATSUO Takuma

ABSTRACT

The super-pressure balloon is a balloon keeping its absolute pressure higher than the atmospheric
pressure to keep its lift constant, without depending on the sun irradiation. In addition to withstand the
differential pressure, the alloon envelope is required to be airtight. Since the airtightness is also broken by
decits in the envelope, in addition to its gas permeability, the high level of the quality control of the envelope
material and its manufacturing process is required. Here, we propose to use a double-layer film as the
balloon envelope to make it airtight. It is considered that the airtightness will be improved by the following
mechanism; the inner layer is pressed to the outer layer by the gas inside the inner layer to make small gas passage among
the two layers where is the flow channel of the leaked gas through decits in the inner layer. After conrming its principle by
experiments using polyethylene bags and rubber balloons, we applied the technique to a 10 m’ super-pressure balloon with
a polyethylene film by inserting a rubber balloon inside the balloon. Originally, the gas leak rate of the balloon was the level
0f 4,000 Pah ', when applying the differential pressure of 1,000 Pa. After inserting the rubber balloon, its gas leak rate was
suppress to the level of 3 Pah . The leak rate is slightly smaller than 7 Pa-h ', which is the leak rate expected from the
permeability of the rubber. The effectiveness of the method as the application to the super-pressure balloon was conrmed.
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KEL B EHEEIND D, BHROIMFMEIZ. a=2x10"° Pa—! & X D KE WEBEEZRGREDMED 17 H3
W, TOMEZEMNIT TS,

COFERE TLEIEDO N AFEWEHRE IR L TA D, AT, Hik (23°C)Ic8 75234 —F
DZRLEERZHE L& Z A, 8.98 x10713 cm3-cm-cm™2.s71.Pa~! TH o7, RHTD T LRIRDE
A3 100 pm, K13 1.7 m TH %, NPB0O01-8 DEGFTFHE (R1OERK)1E3.97TmTH 206, ¥
=IO B LETEE, RSDRT—NT245, MEDAT— NV TE55E7%D, T LDEBEIRE L %
BOEBET 2 EIEAIZL/55 %D, 18 um 745, 7. 20194 1 H 9 H DRZREERR 1213 5BRD
SEE AN I S 4, IIRIFICIZIGD T L DRI D 451k > Tk, ZORREZHV 3 55k
DD T LDIERIE 6 ym £ 725, TR, MZE>TI0 pm EAE TN EEZ LI LITT
%, NPB001-8 XKD LM Z 22 m2 TH 205, 1,000 Pa DL 7 B0 1 FiEldH 72 h D H A
LRI, 71074 m3 TH 3, E 512, NPBO01-8 ZERDMAEMESY 10 m3 TH H, KXED 10° Pa TH
2L BRETLE, AARWNEIZTPa-h—t ERkFE S, SHOFETCORNKRIZIZOME YIS,
LEZFTHEL, RVZF LY 7 4 VADPREEICHF LG L COHENERZTVWS, 28, 10 um JEDO R
YIFL YT ANLDHTAERREZRESAICTHELZZEZ A, 8.36 x107% cm?-cm-cm™2.s71.Pa™!
Thol, STHEFRAILEADITLY —FDIED I % TH S, £z, SHOKIRO T ARNEKE R = F
LY 74 INVLDHAERREEKT 2L, 55 THD, a7 —ATON RAEBRD % X 21 12 F
L7,

RYIZFL Y74V AI2K 6R, SHDOKIKOT ARSI KREN LiE, RV ZFLURIRETL Y —
FEDEEENRHED LBV EEZEKL TWw5, NPBOO1L-8KEKIZR Y =F L v 7 4 L ADTFHHR
E2MMELD L3I TR LED, 74 VLR FIE G TH LD, 7 4 VAITHEDIFE LE
HENEL o> TOAAEEERH 5, RYIZFL V7 4 IV ADOFFHERZHEEREICEN TS 2 LT, %
HEZRETELIbDEEZONS,

[¥] 16~20 DFED RAIETHT 7R Z R T, K20 TRONZ E—271F, MR 7TRICERLTwa, 2
DOEZNE, [ TR S ERANEL 294 I v 71N T35, E—270%EREE LT, [ERO» ZAME
DB X ) b T2 > T A AHEREZ 5 b,

5.3 LEBDOERE

LIRDOBEZ b T 5 2 LItk > T, K& LT 2R FE L 2, £9, filkor Y =L
VERIZ T LRERE AN FEERIC L D JFEE AL 72, KISEEE 10 m? TH ARIUEDO K E % NPB001-8
SIERDNMNC 2 L8R %E AdL s 2 12Xk > T, 1,000 hPa DXIEDICT. 1,000 Pa D% 51 7 BRI,
3Pah™ ' DX AWNKEZTA LI LI ENTE S Z LRI N,

A 100 m3 BED/NID 2 — =T L v ¥ v —5BkIE, KREFEERIFEREIC=—A2H D [11],
REOKIROBFESIEF I N TV 2, A5 100 m3 TREIE 60 hPa 2 AT 2 5ERO BRI, 74
JVLERED 2.0 kg(20 pm JEDO R Y TF L v 7 4 )V A %E), MEED 2.7 kg, BHHER £, 2 Ofih
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N2kgBRETH L7720, £EHEIZ6.7T kg EBING, TLKIRELT, 1.2kgDbDEFHT S L
T2, REEIITIKkg LD, IS%OWINTH S, ZOHEBHEMDO, [IKROFGESGE X, K
LCT18 %mik, MEIC LTIl km &S &% L) MEIRAET 2D, 2z KRELTELILTESIC
R CE 2720, TL5RE ANS 2L TREEEZEO L HEWBEHTEL LEZ TV, 5%, R
IFLYT7ANLETLRIROEEE % LS AEE 100 m2 7 7 AD/NHA— =T L v ¥ v —5
BROBFZHED 2P ETH 2, BB, HROTLEIROI A ZFRATH 3kg TH Y. %100 m3 L E
DRIROLEEZ M LI 2ITE, TLRIRTHRL, FVZF LY 74 VATl ET 5, LRt
WENTH 5,

P

LERDIIRERIC B 72 > Tld, BREWEERR AL 4 B TR Bl - 1A TPt 3 Kl
FEX A, HIBERFETEHORER 5ER S AITBMERICR D £ Lk, A%, RlAsegiilinh S L s mrss
(A) TR % 58 2 RRFFIRAIH A — = 7L v > » —KIROBFE ) GREERS 24246138) 2321}
TfT>TWVWET,
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HEA SIERNTROT =T EEE L RHRE

RIERICT7 VBT A AZRIET 281X, HEAT 2 RBADOBKICT7 VBT KARZREL, 7Y E=
TRBED S ARICEILT 27 Vv E=72REL T3, ZOBO7 vy E7IREZ#EE L 2,
WS TWE 7 VEZZKIERIZ 500 ml AD DE VI A>T 28 UD/KIEKTH %, HAFEIC L T 200
ml BEN—HOFRBETHHAIN TS, RICEBD TV EZTRERELLELEGADOREZ KD T
A5,

200 ml D7 Y EZTARKPICEENL T VEZTOERIZ, TYEZTAKOEED 0.9 g/cmd TH S
ERERT S L,

200[cm®]/0.9[g/cm?] x 0.28 = 62 [g] (7)

ThHb, TVEZTDELRIZITTH S5, 25 °CIlTBIT 24E6F1F.

273 + 25[(K]

22.4 x 1073[m? /mol
X [m°/mol] x 273[K]

x 62[g]/17[g/mol] = 0.09 [m?] (8)
THb, KREROBEP10m? H2 I L2FBET 5 L. 0.9 NDIREIHNST 5, JIS 2333:2002 1T LU,
EEIFE 10 D7 v T T H A%V & 1x1077 Pa m?3/sec DIFiLE 995 B ORKIEIC & > THEEE 1
mm DARY & LTHRHAMREE DI & TH S, FRIOMEETIZ, REX1/10 TH Y, KHEIZLT10
MREORE T IS > Tzl d, K2 1/100 TH %720, 1x1071 Pa m? /sec FREDINIUCIEED B >
TEHEEI NS,

BE R
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