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Abstract

The tandem balloon system with a super-pressure balloon and a zero-pressure balloon is a vehicle which can fly
a long duration flight changing the level flight altitudes. This system requires a super-pressure balloon with good
capacity to endure high pressure. A pumpkin shaped 3-m balloon with 20 gm polyethylene films covered by a Vectran
net with diamond shapes was developed and showed the excellent capacity to endure the pressure of 9,600 Pa on the
ground test. A flight test of a tandem balloon system with a super-pressure balloon of the same model and a 2-kg
rubber balloon was performed on June 1, 2011, from the Taiki Aerospace Research Field. It was launched in the early
morning and the flight lasted crossing the sunrise. It was found that the temperature of the skin of the super-pressure
balloon changed by 30 degrees before and after the sunrise and the lift of a rubber balloon at night flight decreased by
5 % after the launch. These parameters are quite useful to evaluate the required capability for the pressure resistance
of super-pressure balloons, and to determine the lift of rubber balloons for future tandem systems. Development to

enlarge the super-pressure balloon will be continued to provide the system for future scientific experiments.
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ZORORKE S, [T ADEFIHE) T ADEESE & B AP BEDHEN DHEET LI LN TE L.
[X] 28 1ZKAUE 90 hPa dL il TORLIFEDRMEILZ K L7725 DTH 5. K DIFERIL,

P = 90exp (441740 XIO’S(t4—8608)> ©)

OMBERT. Z2T, PIIREIE, 1 3FBHETHE. T KDY, 90hPa TORLIEDKMZEALIZ 6.7 Pa/sec TH
. LIhoT, [IKOEREOREZIL AV X, KEREP,, KRAEDOHMZIL AP, BXU, KEKOEME V2 HWT,

AP, 67 _ -3 3
PaV——m~9.56—7.1X10 [m’/ sec] (3)

LRDOLND., NV X—ADOEHRIY, RIHE vIE, KIEKNFTAEKRRILE DELE AP, 25,

2AP 2150
= /=2 = o575 = 120 [m /sec] €y
p 0.18 - 0. 213

EROOND. TIT, pld, TIRICHEDONLAN T LT ADEETH L. B, N7 LT AIEMIERATSH %
A, COBRBETICBI S EEIE 900 misec &EHEIC L SRTHGR WD, NV R —A OEHBOBHDHETH 5.
RO A 12,

AV =

A="" = 0 —=59x10° [m?] 5

LRdDHNS.

A U7z, SEREFHIT 2 — 7 L 53R E DBABCI N D o7z, BEIP B om ITIhTLE -7, Lo 2R
THRELGDLIRESTH L. JIKFHIZCRDBH > TLEARD D LFOTABMN Tz LTH, ZEFELRITN
T T A DFREDID T/RE V2D, F—=FhLIERHITE 2w

17 12H 5 L9112, [IERERPSMOE BT AGHHTF 22— THMICEE EN T h ooz, REAFIZAT SN,
IR T o 72 BATORY =5 L VIS D - Wi D 5. HAFHINF 2—7 %20 TIFMHCEZE L, A
FRICEIZEBRG 5 2 2 WHIEICT 2 LB D o 72 RIVKIROW I AGHIE ORGSR RITH ), SIRKERI
OBEHFIX T T Ly ¥y —GIREF U TH L7290, FEORBEIZA CHEZVA, 29 o /N IGIROY &1
WOV TR BB ETH 5. 2B, HERBRICBW T T AFEAREIZ 1X107! m?/sec LETHEMBL TH
D, ZOWE, ZOREORBHoTLRAIVEVLRXLVORBRTH Y, [EROBEDSORBILT5TH - 72,

SERITFEG AR WO BEL 28812, BRI TLTWwS, FiSAHEBREY AT L2ERIZ 13 kg TH Y, BiF
T3 87kg THAH. MHETHNEIETLLEWVIZT THAA, FEBICEBETLTEY, RAKEEILORKEE T TORK
THEETFYT 5L 57 mmin THo7z. BHE 17 km FTOFIHLEABEIL 360 m/min TH Y, TOHEDITIT 1S5 T
Hb. ZEROLETEHORESHMFCHHAT L T5E, EHGRREUVELZ2HIE-10% OBHFN L > Tw
ol SN S,

SP ZERICARD BT ZP "I o T2k §5 &, KA 92 hPa Tk e 22 ), 42hPa T TEA LTS 720,
HAIT46 % &0, WEIIBWT12kg Ho72F13055kg TTHRAL T2 LHERMENS. Lo T, #iyl
RERZY D EEL 72BOMITF N T6kg b, ZORE, HHFNPS-42%12%5. LML, —10% OHMREIE %
ZI21E, SHITMA T 5.8 % DFNPRIT 20BN H L. FHWRITHEKEE, UTHFEZOLND.

o HIRD H AMPBEAKEIE & D IR, KAMEN 60 C T, FAWMEH-70 C OHf, 711d 6.7 % WA

5. COERPRLENTHL. LAPOT—5 T %A, Shimizu & Hasebe 2010 [8] 125 TH T &5 ERNER
DIMEPKGIMEL D 10K BETI>TWAE I LEAHBEHL TV A,

o T AFIRDIENHRFIENI K LA EICH
TLREDOFN O ESWETE 722 LT, Gk, TLAXRIKICL KPR EZITRIBEOFNERHELCHET S
LN REE o
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Altitude [km]

Temperature [K]

Differential Pressure [Pa]
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Diffrential Pressure [Pa]
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29: IR R E DBFRZEL

1
5.0

28: REDBFHZE(LIEKE

29 12 3 W5 5 BEDSIRBIE DM IE DRI ZALZ /R §. SP XIRDOBEDIMELIL, HAER, L EAZIILD, &

K=20CICFEL7Z. FM 10 OEHH LR,

Zhig,

SZEROMPERIHIS L, EELOFEIIHILLTWDEH 0

RN, REOBERE LARKIEEICHELTWA EEbNS, Kokt ER 0.7 BiE<-30 C 120U
COEEEE T 4V NSO

LHHTH Y, [IKOMEEIL -30 C BEICIRT 20 LHEINL. 514,

5, KREKIRTERSIN D LHEIMTEZRD D Z EHWREE 2o 7z

x4 AT LARKY AT LDET

B2 B50A+NPB10 B15A+NPB3 T2 2 kg+NPB0O01
ZP SRR (m?) 50,000 15,000 -
ZP Sk E R (kg) 120 80 2.0
SP ZUERIRTE (m?) 10,000 3,000 9.6
SP Sk E i (kg) 150 70 23
~ A u— FER (kg) 100 50 3.0
NT A EE (kg) 60 60 0
Fif L (kg) 30 30 0.7
m N ER (k) 180 190 3.7
BRI EEE (km) 35.5 30.1 25.6
IR (km) 31.1 26.5 17.9
SPB 23K} T (Pa) 720 1,740 4,450
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4. FFRETE

Sk, P 24 SEFEIZIZARRE 15,000 m® @ ZP KIERIZARFE 3,000 m® @ SP ZERZ i ) T ORI S & 5 FElR 2 5l L C
W, KREE I, SPRIRONER ZEETERIL, SPXIRDEHOBKTZITV # AT TE=I—FTL5FETH
B, SFREE 25 AEFEICIE, AEEERRE M L 72 T A 2 kg+NPBO01 [AERIC R N2, #EBEORKEZBINT LI LI
X0, ~HREEORMEZFEET S & TRIFHRMOGILTRE L BIEREL MR TLIEREFERTLI L E2MET LT
Wb, I UFLARIKV AT LADBILER 4T LD

5. &8

SP &k & 7P KEk A MA G DLE Y v F LA5ERKIE, RIEERMATETH O, M2 TE BRI X 2 RB AR
WURETH LB EALZRIARTH S, ¥ v F LG FEIT 570121, SPRIRO & V) &ii Ak, RARED SP A
HROENZEADTERAVLETH S, ERIBEOME 2 RELTHICE YV EMEL, BE3ImOXRKEZBESE,
R rBErEmL, EWICBIRL, WEMERELT0,600 Padh b Ll L7z 201146 A1 HIZ, HE® SP &
R 2kg DT L ZMAE SN Y T ARIRY AT LA ORMEAEEE LTHAZEF-WTRMSELERETEML,
BRI E O N LI L 72 5B D SP ZIERDMME L LE KD 72, T2, TARKOFNBWAT 2B L2 WKL 7.
Sk, PR 24 EREICIE, ARFT 15,000 m3 O ZP FAERICHAAE 3,000 m® @ SP AEkE MY TP AT AT, BEkTEOM
R, PHEWET B HEHOFER, SP XEROMEROIGE, 2 EMT L2 TFETHS. 51T, FHIE, ISASJAXA D
T Y s v O—BELTY AT LAORIbZMED, PLICIRMTEX SV A7 4 LTREBELZED, BHEEERA
DEHEATRD) TFRETH 5.
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BIZHlzoTE, UTON42»0MIE, WEORE, BIEOMBI 2 W72 & F Lz, lSEAReH B
S A, HEGRTRA S BARMES A, JAXA/ISAS WIBGESR T S A, JX HELH A ANCI Bt I S A, &)1
HKESA, FHHILER) ZFL UBRAEH THRFAS A, B v shAEH IIH S A, WES A, 3RS M HE
O —7HASH KEEZ A, RRERTATA T4 7 NEFS A, BILEEFHRREHT BES A, BT 3 7
VA FBITES & A ABEEZEIE, FHARBMDELETFE (A) [A— =Ty vy —RIkE¥u 7Ly ¥ v —53k
M AEDE I REHRAZIRONTE] GREHE 5 21686081) Z21F TIToTWE T
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