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ARIFFETEEL, FIRACIE (—4h) KEZROMIEHIE L THED TE TWD. BEEmT R F—
B7rvE=UALY=173F (Ammonium dinitramide, ADN) % JLH| & U 72 @ = F L ¥ — A & K
(Energetic ionic liquids, EILs) % MW7 HEMER DRFFEBASE & F.0T, BEUARHEEIE O SRk 2 B & L7208
BRALAIROR ) ~—OB%E, &3 F —WE ORI ERT 72 SIRRVIFREZ E L T 5.

ADN 3% ElLs I, E{EDE =RV X —B{LAITH S ADN & FrE OB IR AR 2 IR A L72BRITE 2 5 56
FHOMEERICEVELNEAIBEORKTSHS. EERRAETORAEDOATE LR, FHEICHEIKORA
AW, 2SR BRI AF—FEN SR Bm ORI L DR T vy LB Y,
/N R OB 2 I L TV D,

AAEEIE, ADN R ElLs Z#EER & Lo AT A Z O ZRT 2 L2 ERAME LT, e L1
HTET. £, BRRBRBEOIGES L OEARF ORGSR, MR OB O D720, BEAFHEMER C &%
DD HRERNZAT AL ZRIEL, KED 3 AL 10 AICJAXA b X 2 T Lz T o ERBERER &
FEfi Uz, AR ER L2 2 BRSSO TE, #ERIOBKEHRT 52 LN TE. —H T, ElLs
OPPE (FEVREEECRBEREE) (TERT 2 & A b D R BIABII S h, BEFEFROBRE &
IZ EILs FHOHINBAFE GHRERLSOHHA T A% o 27 ABR) OEBEEDHERINTZLZATHS.

ElLs FHEMT OB & LTiE, RACROMFERFICE) Uiz, AT, BEFEOMBS AT 2 T#
2 E MERCPRIEIRLEE 23 8 Y EILs (26 L7z L — W —, BAC K 2R AGRICER LTS, ZHVE TOYE
T, HEFREICLDRKRENAT—VORBRTHER L THRY, KEETRGOFEMIOWTORFEL L
12, RAKRIZAEDETMIEGROMNZ B LIFRAED T D, IREELIBFEOME CTh & 2 B LR ©
DFHAMOEFTEZ B L WD, Fio, RAFROMELIATLTC, JZEHE 2 D mT= ¥ —#'E (ADN)
DR A MERFZE, A A AR OUGE, RBESUE ORI bitED TH Y, A A ikiEDZe<T, i
WOFWY, TN, EYERR T H DR A B RIS A D LT T HHEER & HEtE > 27 A0 EBUZF FEIZ
TBNTETNWDLERD. SBRITEBINOIMEEML L T L L BT, AT R RIS < HE
HEMEREDOFFEEITV, FEHAAT AZ L L TORSMEEZH S NCT 5.

LA EORTFERSE A0 LT, /Nl R CORM 2 AR 2 72355 2 7 2 7 OFER L OSBRI N
HEIR, BMABER SN, SO IRMEREMHT & 3R A BT AR BT TH Y, ABFSEEENC X VK
REERIBEHLTETND., SHROEIIIHWVTH YOI RE 2EEL RTT Z EAMFInD.

SF64E1H

BT — AT

FUmE EmEEAR

This document is provided by JAXA.



Bk

/N R 2 AR 2 T RV — A A R HERE SR O BIFSE A 3
FAJk W8, ORI R, AR SERER, HHE FRA, OHH 81, B R,
PETZEN, BFH B, S TEDL sttt 1

R AR — A A AR IHEER 2 L2 LR T A 2 DBR%E
FAASERES, Bes iz, OV, K BEE, PEZAN e, 5

B R ALER T H S\ T2 kb P — R HEE A O ORI L BR SR D 5 22 [ 43 A
GRAL %, ok oa, Pk a8, Wa Rz, AR B, ARJR IRER s 9

g

AR FRME — IR HELE A O b SR REME ] 0D 72 6D D IR E |2 B9~ 5 SEBREUBF ST
Ok e, Jlom fl, FE 2, @), /SAARE, B B, PR B 13

ADN %A A AR O VIR BE S 2 PV T2 R BERER
RERBEST, OO, HEH A, PR A, ZTIHE s 17

TUEZULY =TI R/ TERT IR/ E AFUT I UHERIEIRS T OBREE
T I L OVRBEIRE O JE Sl 171k
W, MM A, OTE A B, K EEE, R EL, ZEVED e 21

This document is provided by JAXA.



/N R 2 FUHE 2 T i RV — A A IR R HEE R O MR ST %S

Fazk PEET, OYRIL BT, R SEKRRS, ML SR,
FFE A—H7, s Bz, P4 ZAT, BFE 'Y, =% HET

Research and Development of Thruster with High Energetic Ionic Liquids for

Micro Propulsion System

MATSUNAGA Hiroki”!, ITOUYAMA Noboru™, MATSUMOTO Kotaro™, SHIOTA Kento™,
IZATO Yu-ichiro™, KATSUMI Toshiyuki*®, HABU Hiroto”’, NODA Masaru™ and MIYAKE Atsumi™

ABSTRACT

We are conducting research and development of chemical propulsion systems for satellites using ammonium
dinitramide (ADN)-based energetic ionic liquids (EILs) as propellants. They are expected to be used as propellants
for high-performance and safe nano-satellite propulsion systems. The project aims to demonstrate the EILs in orbit
within a few years, and this year, in parallel with the development of new thruster systems using laser and
electrolytic ignition, and the advancement of new EILs-specific technologies such as the design of highly reactive
ADN-based ElLs, a prototype thruster using a simple method was built and a ground combustion test was conducted.
The thruster has been tested in ground combustion tests. In the future, we plan to demonstrate the thruster's
propulsion performance to clarify its feasibility as a chemical propulsion system, and then proceed with the

fabrication of a thruster equipped with each new technology.

Keywords: Monopropellant, Thruster, Micro Propulsion System, High Energetic Materials, Ionic Liquid
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ELTHEBLTWS. ADN R EILs ITFHROER L S OB LT, A4 A U MLE WG O EE - REKE - L ENEIC X
D, BFHERITHDIE FT TR0 OREBEM & i LT, Bkt v 7 o/RlE, BdbEom L, SR UV U =
7 OIRBEAFFFTE S, ZHE TSR LR O — DL A ADN ICHIBRAIE 2 A F AT I g (MMAN) B X
WRFORAIZEVELND ElLs (AMU, 1 X) 9 ThDH. AMU LR EN DM ERE &1 D2, NASA-CEAY
RAWALEEEFE T e F7 O URENAOHEAIEM L D b WEELMEN L 2D Y LRI TN,

I ETH A& X ADN % ElLs ZHEtEAl & U CEMAT 5720 OEREINRE 21D TX 7=, ADN % ElLs IXiRILIZEE
A WD 2 DR R IMECRISNE (BVESEE, BEEM, KRIEE) Z2HLTRY, WHIATAZ~EHEL, &
KBELORBES 200V EEZRFETH LS. I, KX b - GHECHEI G LiIFE A2 5 &, ElLs 2T 5
W8 (H:Z ADN) OfLGEa 2 M REWI L bETH D, TR HDOMBRIZAET T, HHEHR, HAREVWSZATFT ALY
25 LAOHHUL, ElLs OFMEOTIKIC L 2 WrEtks, ElLs OZEMFN, LT ADN Ofk= 2 NARkE B L2058
BAZE A FHE L C &7z, & DICHERERD b FHMZEM MR JAXA) HE 2HERIMRICBNT, AT AX DKL
PEZ LT 720 O ERBERBRZBRIA L7, AR TIII NS D ) bAEE TR 5 EEARMFER R 5E 5
DNTOMELERETD.

2. Ells OREICA T -FREEDOIREH

2.1 Ells A5 X2 DS & Uth ERGERHER DR

AMU x5 L LT, ZNETOYME - JOSHEREOFERZIRICLTAT
AHERE L, FHMZEUB RS b & 2 B B 12 C L R RAERBR
L. AT AZFETHERICB T EEOH D (b —F — %2R
L3 2) FREL, HEIK SN, REHABEET) 04 MPaA & L7, EBRTIT,
PRBERRN ~OHEGER Ot 72 AR KL ORI L, BERMREE (4EIX 10s)
OFEEER L OREMHA N TH 5. FEBRIZE 1 1% 2023 3 A,
%52 [\l% 2023 4F 10 ACEM L, %2 BRBR CIIRRJEREHK TAT A4
WG L7 HEERI O KR Le (B8 3 X)) . 8 3 BEIRABRIIAEE I
HELTRY, ZZETICHHSEEEZEICLT, RREFRHEKTO
RRRHRBED ERL & 57

2.2 Ells MHHBVRASI RIS R TLOEE

ADN 3% ElLs O @& WV E M, BRBEIREE, I3 L, BT R L ¥—
EERAT D& ERKRIEHTRERE KT, #46 H NoFJEB 5% & i
HTWD.

—OHOFEE, MBS X OBRICE 2 SAkEAVEATAZTHS. A
vV x 7 X THRIAL U7z EILs 2 NEL U 7= il 1ok & 1T 5 2 & THORE
FOBBEZR B SR T HANTH D, MEREFE TS, JIED 2T AMU IZi#ER
{EARFRERINT 2 Z & THBALRFREL 720, TEAALT-ASMBE~DOME  mam #AkoT (2023.10 4 2 [3B)
FTHEATDLZE AR LI, £, GHRILS 9% AMU B & OFRENGiE 5

RS 2 RO TR & M R FAERA BT (TGDTA) IR DML, RhME > pmmor 1
B X DIREDSIE TH D Z & 2T L. AFEEIEL, AMU O B, ™' w60 Y ]
KEES) PEBRIMCRIETEBENOMCT AT A AMEL, AMU T EES e 4
ERUE LTS U U A LR A ORI A Lz, 2 L g R o ]
ORER, BUEE TITRBIEAZ 2 AMU TR g onc 3 L oomedm A T T ]
WL OO, BEILEAT S R OREEBH T ERTEE. T, Ml § L seo T e ]
AMU OB 5 2 2 BE W ST 5700, FHRIEOAERY 2% ol 40000 | ey ]
BOWRA 27 0~ | 7T T ERAHER (Py-GOMS) 12 THNF Lo, Rhfilt b B00W o ]
BETRATAORI T, MMAN OB A 25 £ O H0, No DAERATHT oy *
720, RhEIT X % MMAN OSSR, HNOs 7595 5 % S BASUIS O e mefst e j
RS (545 . ARSI F L, BRI P NBEE
L7&ZA, AMU KVIRVFIRTHEANRFRRTH D Z & bR ST o Te1:1:peratu2:eo/°c B0
(5 5 ) 12 BUERRMEN BOFIICONT, FRINC ORI AZED TV ) M UassGi0 s - O Rb TS
HBWEZATHD. (EURELL 75125, SEADO I R AR E) 10
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BTN =N ARSI FE R R 3

—7J7C, £V BILs IZEHE LT AT A% & AT LOREITHT, ElLs D4F —
PE(EVRENE, BRBEIREE, EEM) IR L, BEFEOTEICE S (350°0)
LW R, Sk FRIZ O T OB EZED TND. EDO—DONRAT
A B NIRRT Lo — R A EILs 2R~ ICRBSETNE, £2IZ
HERE (CW) L—V—% MK L TS Ak T2 5 0THD (F6X) .
ZOFKTIE, AV ZICEDWRALE LI E LIRNWZ &N EERET Lover i - 0
H5 ElLs ICHbBEHATE, L—Y—IC X 2E= %X —HEENSIERMON toniten 9

B, BVZEMEOE ElLs THBREOFAXNRHRETH L Z &, MWVBBEIR 45K Rhimc ks AMU 0kt 12
EThHo THEROBEREN RN ERHIFFCX 5. MEEIL, AT AKX RIE
FITERIE LT — R U HEI IR 2 A £ 72405 mg A — % — D AMU %,

L—P =280 TR LU CRBES® 5 Z LI Th Lz 19, AR TERAIC
AMU % 1 — R ABHERE ST ARG RE B O AT A X OME LD 5
EBIL, LR kRBRE L OVRBERAT O OO L—F—HERB IO
RAROYE BETR) #2FMLTNDHEZATHD.

F 72, ElLs DEEM 2GR LIZBRIC L 28k A NEMCcH 5. BRI
JNENRFIZHET T3~ D BN iR & V72 D SOGRRIE & 72 5 2 & T, BV EMED E
EILs BB L U HIRNZ R A =D THKICED Z LI TE 5 10,
INETIE, WLV TORBREI T ZABFKREMRRL, K HES
TENRTA—FZOEMEMED CTEZ, S5, EEER, 3D 77U &7 TRk
VELUTAR A T A ZIZBWTC, B mL 4 —% —® ElLs [ADN/2-t Ku %=
Fe F7 V=0 MEsE (HEHN) ] 2&FKSE5Z LTl D K
Y, RFEEOMNNIEETE & ik U CE BN O MG ATRET
5 &X ElLs HOKRGITHEEIEREZ KT & 5 —J7 THKENZ 5EHET
DI LR ENRERMIRB SN B, BEIZ AL ERIC LB KICLE
7RREERUNG R D ff, & L TR 7 2 21281 DRBENNT A —F DL
5 0EHEDTND.

Not ignited

I
gnited (Only decomposition)

(1) Filled propellant into osmotic-injector

(2) Oscillation of CW laser,
heating edge of the injector

2.3 ADN % ElLs iR &E1L

AMU [ ZREFHERER & TN E AT 5 T, BgEroE S
W RGN L 2> TRY, SAFROKRE LFITLT, ZHE TOH
2L VWS ElLs {lARTERR O A 1 =X 2 20, ADN D4yttt 229,

ADN & OISHEIZ ZIE T TR OB 25202 FLIC LT, mE kM, EEfETdh 5 ADN R ElLs OB & 1D, Flix Ok
fHLAR &2 R LT 5. ADN 5% EILs OBRBEMEICIE, ADN OBV TA U5 NO2IZ X 5 a[RFI DK F G| & & RNEd
LZERHEENTVWD. ZRETORRICEY, TERT7I R, ATk RTYRD, HEHN®IL, AMU OJRFE &
AT NO2 & S LT WA TH 5 & & B1Z, ADN ° ADN/MMAN E&%) & OG-8 TLRER ElLs Z UL L

TERNTINR, FEE RT Y RTEMNEE, HEHN TIXEEMZITI & AMU KD @0EEEZGE T2 L2 Al L
2. Zhbid, M ECRERBERVAARETH U 223 5, AR IIINECE LA XV BRREC = 2L — & flcH vl RE
THDHIEEREL TN D, BEITRBES G OFEHIAENT 3030247\, 25 KIMECIRBEREE 72 SN ST 9 A O e 4 dk B
LTEY, 5%IL221CBT DBk R E OEAMEZFHE L, RiEZ2HAEDEER AT A X ZM LT
e

BT BRI L— P — kR BR

3. ¥ & B

TAET, TV, Z2fli, @R THIHEERIE L CHIFFEiL5 ADN % ElLs &8/ LFAHEE R ISR T 5729
ICHED TWABIFED 5 b, AEEOEEefiRE2 F & o7, o FREEERBRICRIT 2 2 7 A% v 27 AOKEFE, BEFEH
K& bWty 27 LAOB%, EEHENEEE $T 2 —4& L LTz ElLs MU ORELIZOWT, T— 4% OEM[E
L OB OEEL A ER S 7=, £72, ADN % EILs D2 & F &L 2MEHEIC ST b BT — # OEER LR
ikt L Cn5. 5% EBERBRICE 52 AT 22 & LTORRNMEERTZ &, ElLs A7 A X FICHBIRE 2D
TWAHHFAR, RAKR EHEEAF R O RE R AEDEEWH LT 5 2 L2 BT, BRI NS oz HKEe
L, ElLs DFFRZHIEHETEDLRAT AL LHEETD.

AN L D E =X —WEFTRIEENX, 2009 FEN DKL TEMML TETEY, TOEIT G ¥—
YU RFZE SRR WA ) & LT 2010 EEN SEAERSE LT 5. £FESIE, AUFFEAUR TN - 2 KiE 2~
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Development of Chemical Thrusters applying High Energetic Ionic Liquid
Propellants

MATSUMOTO Kotaro*l, KATSUMI Toshiyuki*z, ITOUYAMA Noboru™ , MATSUNAGA Hiroki™
and HABU Hiroto™

ABSTRACT
Ammonium Dinitramide (ADN)-based ionic liquid propellants are promising new liquid propellants with
excellent propulsive performance, stability, and ground handling characteristics. There have been studies on the
properties of ADN-based ionic liquids alone and on thruster element technologies such as ignition systems and
injectors. Our research group is currently studying chemical thrusters using ADN-based ionic liquids as propellant
and is conducting ground burning tests for future space demonstrations. This report summarizes the status of the
ground combustion test and the development plan up to the space demonstration.

Keywords: Liquid Propellant, Ionic liquid, High Energetic Material, Chemical Propulsion

BT RV =W IR TlE, RERTOWAHEEA & bl U TR 4 - 1B - 22l - VB MERE & 3k L 9 D FiiiA
HEER TH DB RV X — A A R IREILIZ BT 2 HF5E 2 D T D D, EILs 13— %70 A A L iRIE O R T & 2 K4
HKEER L, (LEORIZE > CRIEBN AZERTIRIETHD. £/, AFFEIN—TTHP®-> T2 ElLs 1%, 7%
= ALY= 7 I FADN)ZHEM & LT, FEDILTWEAZIRET 52 L THENWRETH Y, A2 LI L LRWIERE
BEAHEER T D, ADN LISMTIRAT2WE L LTIE, ®/ AF AT 2 VIR (MMAN)R R #E (Urea) N % < BFZE ST
WA, ZOMIZTE T 2 FAAZE DERE L2872 ElLs I OWTHFENMThiiTna. Eikod ADN 25546 L
7= ADN % EILs I3 OB HENE L, BT 5 VAT JIOG UM ZE B 28 al fE 22 iR A HEERI ©H 5. ADN %
ElLs (X 2010 % X 0 BREBIE G E 0, HUEDOWIEIZBET 22803 Tiodu T & 7. ADN % ElLs O H Tie b BV A%
7% AMU442 (ADN/MMAN/Urea = 40/40/20 wt%) 1%, BOHTRBRORER LV, BRI A 130 Co 0l % EFIC
KDERNIRNZ LD TWND I Fie, BHECEBREORTRERBR L EMINTEY, AR ik U Tl T
HB. ZDLHIZ, ADN R EILs O—ERFLE T, BEICH BEARFOTHRWY A7 2R S5 Z & 2R3 - T
W %. ADN % ElLs D& FEMERRIZOWTIE, EWNSOFHRIRIEHEER B & o ki 9903 T Tl Y, & ik L
TEWHEEMREZ A5 2 N> TW5. ERd & 52 ADN F ElLs (3 H# WS K OMERE O i TR 7= IR HEE A
ThY, FHAFrE D ORI ORE DD L 5 HEER R DRI D B2 63, A ¥ =7 ZUEHRE 90 L —
FRK OFEDAT A X OEFRHIFICBT 58 L 0 TIThIL TV A, BIE T, BRHEE & LSEHEE O B e ik iR
HEHER & LT, ADN & ElLs & [P RFH A AICERHEE L b HEE 2/ E Lt > A7 A2 2 L 2 HEEIC A
T AL DERFFEE TR L TN D, BT NV —T 13 FEA T A X T 2 RF 280 TRV, KEHFFEEN T O /NI
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RERRC JAXA & & 2 B EBfiRR TOMRBERER 2 FHil - 525 LT\ 5. AR Tid ADN % ElLs ZHEEAI L L7fbE A 5
A5 ERRBERRER 0D FE MR DL My OVFZRERHEIZ DUV THED 5.

2. EER S50 LRGSR

i ERRBERRBRIL 2023 A2 3 ARV 10 AOFF 2 [HIFEML TEY, WINLRKKETTORBRTHS. FRBRITBNT,
INFETICERMENT ADN 5% ElLs [ICBT 2R ZTIC LT, HIICRERZEEL TS, B 1 KICBRERBR AL
TR E RS, 2, 2 ISR CAW BRI R ORI 277, UKL SUS304 CH b, BREEZRINE D
SHEIZPEE 024 mmx 2R 80 mm TH D . RAHEERICIT AMU442 2 L7z, AMU442 (355 2 IR HEER] &7
THRIZHERENTEY, ERASDO N HZAMFEIZ L 2 TA V=7 Z 24 U TREERICHES SN 5 W S 372 AMU442
W, RBERSPICHAT I BN T 7 7 A MEGSKBCEEM LB KT D, 777 74 MK TH L /0 —7F
ZNZ X2 CTHI 1000 °CLT B U 72, JRBERR PRI IR BERR IS 510 X 258K F 2 Ml 2 7= o iclid 2 i . L <8
D, WEICHZ v Z/W(Ta)fR AT AT % 2 & THEWF~D AMU442 DRFEEHVTWS. 7238, e LT/ XL
B A 2 TB Y, BREERRINELK 1.6 MPa IZ 72~ 2B AWML L TRIET S

nEEER
0.9 MPaG Y ENELR
(IMPaAfER)

(1) () Hv-308
fﬁ% &
A O % HERI 2
HY-307

hOEESBE
0.6 MPaG

i
——

GN, 17471 1/8"

N2HX—25 4
(B0 HEES R

IR RFRZBAAEDNERE | REEH) %2 ADN % ElLs t#4 S X 7 LR R
(HEHEH] : AMU442)

2023 4 3 AIZSEM L7258 1 BT A LV — 728 T 29D TO
i LIRBERRBR CH v, HEMER OPRBERFECGE KIEEAURERH, RBEZNRE)O A
T AZRFHCBIT D HEATRAE K R EIT oA 2B E LT
JAXA & & 2B BRI CHEM L7, RERGIHT, HENK SN, REMREE
J£77 0.4 MPaA, ABERRD 1s XN 10s THD. REERR 1s OF KRBT
i, KRB TR LT\ D TaB & OERZ 1T 5 . BB 10s DR
BERRBR D HAIE, K% TEMBHEEELR RFRERIERED X 7 2 2 il FERRBERE
OB TH . HREFER L LT, AMU442 ONMRT A DIENPTHER T
oW, AT AL EKIITE S R h- 1. B FERS OMGFEIC L 0, AMU442
DK T T FTRICHEH LT LE -2 L BREROERTH S
Lo B, BRIO—DTH DR FEM_E R R sk
TEY, 5%ORBRICHOVTHRER S ETARETH 5.

2023 4F 10 AICFEM U725 2 ISR T, 5 1 IRRBROFE R 2 JeIs b
PENE DWW E & R O K ETGIR DO EFE 24T~ 7=. F7-, RERFIMIZHE
NG, FAT TR RBRRPERFH] 0.5~1s)Z 1TV, AMU442 D3RBEZRIN TH5 K
WAHET D - L AR L 9, JAXA X DB ERMH CORBRICH L. F2  FIB ATRIBRAXKRORFE 2 RHB)
WRBRTIE, E3IRNTTTEOICATRAEZEKITRII LT-. —F, BEXBITEHDOEMERNS BN NFAEL, Lok
DMERY L7270, MBEN RO BIHCE S 22 b o 7o BRI 2 E ) - IBES O KT — 2 XM R < FHl S h TR Y,
FEAIARMT 2 EME LTV DL SR, FEART OSSR 2 RIS ERSIR AL, ARBREERT S, £, FHEBICHES
ZIBINL, HEEROFMEZ EM L T, 51T, BB L Ei L, HZEE T CORMENMEAL I - 5+ 5
Z & CFEHEEE~ED. B, 250 ERBRITE T IAXA HE D HERIER CEMTH L EFHBE LTS,
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B RIORT LD, IRIN—TBIRTA V= 7 FIEFEC KRS O BRI BT 2 e & ik Lo, 2023
FEFEPIZES 3 IRFABR(TRL-4) 2 EiE T 23 TH 5. 5 3 WalBidsE 2 kB & T2 £ 2 ¢, KM coHRIT
R A T o7z ECEMET 5. £/, FRBRAEFE L T FC, Blllla v NERAZTIIEMAICSE L T FE
ThHDH. 2024 FHEFKON 2025 FELEIE, H2ZEREE F CORBR(TRL-5)Z .01, Blillle 7> b COFHEEZE IR 2 72
AT A K FFE KO PEM #RBR(TRL-6,7) %247 -> T\ < . 723, ADN 5% EILs BLAD BLFEAFTRIC DT b EHRFAHISE & i
L7223 Hfffse L CHEM LTS F£72, FIROBAREE &7 L ThF A 7 A X FIROREREIZ OV TORF bitED Tk
0, FRCE e oy NEBHIBEEEE TH D ST VAT A~OEMIZEH LT R L— KA TEHl Ve E x2S TS, Lk
DXL, FERFHEERORAHLE L AT LA~DOBAEREKEIEE LT, H EBRERBR TLEA 7 X X Hifli 2Rz L,
By ML DFHELZED COLFHETHS.

4. E & B

ARG T N—TTILZ A E TICEM L72 ADN % ElLs IZB3 M2 HKITLFERA T A Z B EZ LR L TR Y, ARG
TP SN DL AT A XL ADN % ElLs Z#HEEAIE LTRIH L7 AT A X ORMERFH e 1G5, Thbb, BITEMF
ERHEA TV D ERHEWMEZI ANTHEIRET 27200705, 2LC, Bl y VEBRICK2FHSE & 13
FRAOBEH ] 28 LT, HEFHEEICHOD ZENTREREFEAT AZ OBRBENER T EE2 5.
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Time-Space Resolution of the Atomization phenomena of
Viscous Monopropellant Based on Image Processing

ITOUYAMA Noboru™!, SATO Tomoki*?, ITO Hisayoshi*}, KATSUMI Toshiyuki*, MATSUOKA Ken"
and KASAHARA Jiro™!

ABSTRACT
The atomization of monopropellants is an essential factor to attain their reliable and rapid ignition. High energetic
material-based monopropellants have higher viscosity than conventional one, hydrazine. The property affects to the
difficulty of effective atomization. Focusing on SHP163, a high energy monopropellant, our group has
experimentally investigated the atomization mechanism based on high-speed camera observation and the image
processing. The present study would like to introduce the outline of our activity, the methodology of the image and
considerations obtained through such activities.

Keywords: green monopropellant, hydroxylammonium nitrate, atomization, image processing

1. 1 C & I

BT RV —WE & O T2 — e R (High Energetic Green propellants, HEGPs & 350) (3, 1K#FM: - & E LA N
HFShD Z 00 1~20 NfkZEHF.OIZ, IR TZAE AT A~O#EABNR BTSN T 72D, 1 TH HEGPs D
K- %kixix&@mgﬁhtﬁﬁﬁékw,x?x&ﬁ%ﬁéﬂéﬁ%@iyVHV%f:%%%ﬁzé.:@&5

A FDND, HEGPs IZ[R D3 —HEERI D UK - BKIZA T A X BFNIR T 2EERFNO—2TH S.

—R/ATAY Tl b IR A S D ki & Uil sk 8 T%é._niﬁ@ﬁ&%ﬁk@%ﬁ%@%%ﬁﬁm
HEHERI SR TR E TRV A I Z 92 & T, BIRREO T 2 2 /AE S 2HBICR 5. INEMNRRL, ¥
BIPED T HEGPs O gk & EER T H1C1E, HEERI 2SR B CRR L S BV iR - BRBET D Z L REIE L /0D, 2D
%, HEERIZIETE - kb L, hEREEEM ESES 2 LT, BYREHTBVREL T ST D 2 LR RDER.

A% HEGPs 130 BOKICEZ RNV X —WEEENLIZE 92 bONEL, HEkO—iEHatEA & i L Tz 3L X—
T (SBOMCHINT 23X — R EIRBEEOR) BRSNS 5 —7F, FER 10 G EEmnZ EAm b Tn
L. O, BESERMED (Sva 08, BEAEEEEN (Svo—n—%) , KlEhERRmEN (54—
*Ywﬁﬁ)@mkmok,ﬁMM%ﬁm#éﬁ&nﬂ7% ZREACT DD, FEEPOBED BRib ORI X
R % 3L T 5 EHR ORISR BN D.

Ubodzly, E£85 5070 —7Tlk, HEGPs D—>T&H 5 SHP163 ORAFKIAL Z BT D HHE) T A —X
DN L& BRI, ERGENRA ¥ =7 ¥ & FViz SHP163 DMEZEETTW, A4xt~bﬁ%7%%wtﬁ <A g0 L
T2 29, HEFSE CIEMEZE LA D AU RE O PR (break-up point) ZE|ZVER L, MWEFHEBREIESS SHP163 ~DE%
MW E O, A & EFEREEEOZ (pressure drop) NI N H/XT A —XIT 5 2 2 FBIZ O CHEBRIZEEBLL /-,
L L7es s, Sigffse cs i 455 - %%Ti?%%&ﬁﬁ&bf HDHRETOmBGE AW, 2 b OfEOZY

EF

T 2023 4F 11 H 30 A3+ (Received November 30, 2023)
A RKE RRARE -+ AT BHGERT
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2 AR TERIUR Mz T TR
(Department of Aerospace Engineering, Nagoya University)
P R BRI RFBE B A% L
(Department of Mechanical Engineering, Nagaoka University of Technology)
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P2 BATT 21213, A A — RO A ZRRgR S, D7a < &b EH ITHEERIE T 23 72 S T ] T OB Chiim
TORERDD. £lo, "AAE—= U AT OREND, HHERO—EAY TIRET A28 Sz, Z ONRE)NHR
R LEMITER L, BRUL 2RO T 2R H 5. SF 0, WRHLBRRORZEM BRI ENTH L.

AWFIET N—T" T, BERO A 28— B A T OBZRERITH U CTEGIT FIE 2 EAT 5 2 L T, MEEROIRE 2
T U LT DWRULFIEICH T 2 BREBUEED TV D, AR TIIEOFEDRE, BUEE TOBERELHENT 5.

2. RERELEAFE

REBOZEANZ OV TIIEER V%2 B2 & 70, REBRCIHEEAI LT L BT (BHEOTHITES) D250
DEFE &4 5 Pressure drop & 0.7MPa [ZEEL, N> 7 F A4 b A — KA AF (SAS, Photron, 20,000fps, 704 X 520
pixel) ZHWT, BREEAEEAET L7860 SHP163 OWEZREABE L. vV =7 ZITTERRAA v V=T &
(B1/8HH-SS1 SUS303, Spraying Systems Co.) %\ 7=.

A A= RH AT LN REEEE X LT, BLTIRT 6 AT v 7 OMB{RMNT 2 F25 L, HobibIkieorz2 ]
SfRER ST K CEEOMBETN OISR EZ £ L 5. B —EOEEAEIZIE, python3.9.1,0penCV 4.5.5, Numpy
1.21.4, Scipy 1.7.3 Z V7=, EFEWOFREICIE, B A 7T AMEE S0 ICRE L.

().  EhiE o EgEk L

(D). Mo ARKiE

(iil). FG)THONTBEBO Ny 7 75T FRHE

(iv). ALER(i) T D BB T 2 RFE DR y MBI T A x FRoe 2 7T A, BEIORRH-v7
Bb A NS T AD B —KOVER

(v). BEHIEICEDSNTEREROEE, B L OREF-EEROFRFFBER OER. (v THRE L y ERA Y=y
S~ RO BRI 72 D728, = A BEE -V TIRA O A OE A ATEE)

(vi). FF-EBIEDN Y A7 my Maxt LT, @7 — U =B E1T, IRBIEA Y VA,

(ii) (iii)

(iv) | v) (vi)
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=
250 : ol j
: A
o i Vi
| ~ V‘V\'“
Fw i
H | w0
H | Threshold
I | 100
0 e m™ w e w m w N
: T

111111
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3. WRBIUBE

X 2 |ZBREE/E 100 kPa.abs 33 J U8 20 kPa.abs (2331 5 SHP163 OMEFRBR OMEMTHE R A 7. ()OMEEBATE 0.5 s Hiix
OWERE T2 &, BRETEOBEWZLVEZORER 2D Z LN bd. Eiz, BEEROIMIERIZEE TS &, 100
kPa.abs 4ot Cl, MEZHNT FICHETIZ SN TROWRRAENZRELNAS R 515728, 20kPa.abs BE5E ClIbieny il 7e <l
2y B TREMRICGEWEIR CEZE SN TWA Z ENAEZIT b,

DONT, K2 FENRTEZA ORFBREICER 35, REHO T 7 v SBEZERRLEHE 0.5s 20D 0.75s £TOWY)
il, FRAAR - WA TROIEIRS EREZ PO & T 2 EEREOHE (1o) ITHYT 5. EERKE 05s 225 0.75s
R LB, EEFREFNISCIE B S Z OIS EFIREOEENEITL TV D LHB SN ThD.
ZXA FIORTEEB IO 1o 2T 5 &, BREIE 100 kPa.abs [ZBIT HMEHEM S HEMEFEZIZE B S LERELE 20
kPa.abs DFER LV b RE S RHBIMIC o7z, HERAIIIEMEONBMOESWERT T2, 2 OFEERHERT 2 R
RWREN & ST BT A—F L2 B, E77, BRBEE 100 kPa.abs TOWEEE TIIMEE A B L OMEHERZE OE N BREEE 20
kPa.abs L0 b K& R MM, X2 FOOERLE S R S EFRENRINO R NOBEFRE b —ET 5.

IREH D K& STV TIIMELERZE Tl T 9 2 HHEMEN D2 D238, O BB b kil 2 Bk 9~ 2 iR R 2 e i
Himd D L CEETHD. T 2T, FEORMHEIEIZR T 2 EEA OB LT, @il ~7 — U =2t (Fast Fourier
Transform, FFT) &9 Z & C, FAEBALT FAEEH Lz, K2 Hdiie, "EERGE 0.5 s 05 0.75 s DMEFEM DO
MR35 FFT WS R L LT, &4 OFEFOREEARY MVvERT. AL T, 77— 25035000 &, 7—X
DOEFE I EEEDS 500 uys TH o7, LD, WAL SO HEEIL 4 Hz, JEIREROH IR 1T 10,000 Hz
Thoto. KEAKERIZER TS L, BREIE 100 kPa.abs TiE 8 Hz ik, BRBEE 100 kPa.abs Tl 12 Hz BifE D3 e K D2
TEGREE & 7o 7o, EEEANIE S & & EREHIN & & b ITIRERE OBAMEm ABE S, 2 OB R XEREEE CH
IR 5Tl Y, BREZE 100 kPa.abs D505 ANV RN 23RS S e, TRISHRZ EMEIXE BNl s D
TENEL, FWRBRF OB BT . AREART FAOEWKER SN ENS, EEEROREIREOJE
P ETAENT © BORL L R D IRFZE R 3RO A B 72 FALCE L TEHTE 2 AMREENR H 5.

PLED XS, ™A RAE— R AT BT 5R 4 s & 9 5 S FEEGE AT & RS0 fRIZ L D, BREEDOE NI
X % SHP163 ORI DR D72 Z2 BUEAICFE T D ICE - 72, L 0 BEESMROFEBRSLM:TIE, BE OIEERE A K &
72D Z ERBMEDEFEHENRKEL 78D 2 LT, MBEAMAALOEENIREL RDHIERTRIND BOD, EEE
ORI TN LI DB 2R LT, BHEMRZ SR L, ZOBERICHOWTHEICELR L THL. AV NV—F OB
HTIEY = — =TI, LA 2 VRE 0 LA — 3 YV BUS K AR O BRSRSEIR O ERZ N G2 TH 5 whe
PEZEE L2 2, Zhud, BRHBICKPEA DB 2T D & W) 22 ThD. §RIE LIk L2 — g cah < ik %
HBET A5, HIETEEAR & OMAEERIZLY, FRGO®|Y Icx L CEANIG 28 ESE 5. ZOEAWIET
WEFAR & IR O 7 Il &, ERENDR7 MV EAERIET A E 2D, 2o T, —~EEDOKIAFIZ SHP163
BEFEINTHEERET D L, [URBERE CIEf L LKk s —EEEOEBARBENNT L LD, ZORBRIRET
BB TNERAEORNEAR R & EE AR O TR I NI, EEARNEC L TRES B LRV ERET D
&L FABNISINTREMELREC L3 5 . REIERE T E MR TISHE TR LT L 7280, HAWHE I b IE B 2 iE - T
B> LT FER, 20T kY, ERERERYIHIOECTREDS TR HE ST, EERARTOR L EME R
SHBLL e oletBEZ bz, 225WTC, BEEEISKHT 2EFEM OB ONTERT L. HHOEKN LI B D
ATz BEROTZREREFZE TR, HOEHEIL O S EFEDBIOREE L5 5 H S 7R & 525 Uik
i WA A TR, T OBMCARASAZ B E AL, WTH LIAD HNZRENEEFE RS DOEE 2 o2 & THIEN S
OBREEL VKL 222 LT, BEENOIFINTEZAN/NILRDIEIMPREINTWS., gk LicE By, A
WG AR T35 2 &, MEERFELOBR A% O - HEOMIEIZEZ v 35<720, LA bNZBRESEOH)
JEER & ZNICHE BHEIR TARAET S, IS K 2EBEAORMENRAE LT aMREMES R Sz, L L s, K
BEICONWTIE - EmIcE > T, 5% OBIMFERCHERN RN EE L 725,

4. F &£ 0B

ARG TIE, BkED I HEER] ORI 22 BRI L AR 2 11T 72, BRI LR G DRGZE R i TIE OB 2B L, FiL Ok
Rl EBEEF LD, YSTIEB LOE LN RIL SHP163 ORERIFERA > ¥ = 7 7 & ATkt O XAl % & 5%
Y2680 — N7 =2 LURHTE L REENDH D, £, FREOERMBIT TIEE RS2 2 LT, 4FHER
1ToTEHFEMATT TiE72 <, break-up point DFFER ENMAFHFTE 5. 7272 L, AR Tl 725 5870 L3 F I5RGEEN A5
ThbHeH, S%DOBIMFERLEIN LEROFEBRDHND.
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(a) 100 kPaA (b) 20 kPaA

(i) pics at 0.5 s
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(ii) Injection angle
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%5 2 X, kb mi{GOfENTFER. (2) BR5EE 100 kPa.abs, (b) Ei5iT 100 kPa.abs,
() "EFEBIAT 0.5 s 23T DML ORE T, (i) MEZEBIAAT 0.5 s~0.75 s |2351) HMEZEMA OIFRIEE, (i) () FFT 1T 5.

E 2
FEEROEMIZHIZ Y, REBIFFARY REHMBROSEZTEAN. KTOFERICIE, AEBRY: TR
Bt MiZETH LA ER BEERO SR ETENC. 25 CTEHP LTS,
2 F XM

1) R. Masse, 52" AIAA/SAE/ASEE Joint Propulsion Conference, AIAA 2016-4577 (2016).

2) gz, BEWSE, RIS, R EH, BaRs, MR, &L X —WEIER ST 4 FEHREE, JAXA-RR22-006, pp.25-28 (2022).
3) H. Ito, Proc. 34™ International Symposium on Space Technology and Science, 2023-a-52 (2023).
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Experimental Study on Improvement of Catalytic Ignition Characteristics of
Green Monopropellant by Additive Materials

ITO Hisayoshi*!, KAWABATA Kenshin"!, HAYATA Kazuyoshi*!, NIGORIKAWA Jun®,
TOKUMARU Shohei™?, KATSUMI Toshiyuki™ and KADOWAKI Satoshi™

ABSTRACT

This report introduces the experimental study on improving the catalytic ignition characteristics of green
monopropellants for RCS thruster systems conducted at Nagaoka University of Technology. Our group focuses on
two candidates for green monopropellants: HAN (Hydroxyl ammonium nitrate)-based SHP163 propellants and
ADN (Ammonium dinitramide)-based AMU propellants. To improve the catalytic ignition characteristics of those
propellants, some additive materials are tested. Acetone was added to SHP163 to improve its atomization
characteristics, and hydrogen peroxide was added to AMUG631 to improve its combustion efficiency. The injection
test of acetone-adding SHP163 revealed how the ambient density and the saturation vapor pressure of the propellant
affect the breakup mechanism of propellant flow from the injector. The thruster combustion test of hydrogen
peroxide-adding AMUG631 revealed the influence of additive material on the combustion characteristics and
appropriate hydrogen peroxide additive ratio.
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Lo : PRES (mm) , Po: FARIE (kPa) , R, : fAFNZRSEL, M : EBh&ERERE, P RBEE] (kPa) |
Toha : TEVB LESIREE (°C) , Thac : I FERAFLNEE (°C) , Todo @ AREE FESAMANEIE (°C) , Thozze : / A/RIE (°C)

mrERE R EME, K2 X TR N7 VU AR AR R R B IR OB I R 2B L E L 2o T D D K
W7 V—7"Tlx, M=V ¥ —¥HE TH % Hydroxyl Ammonium-nitrate (HAN : NH;OH"-NOs") %Al & L7- HAN Z—
WEHEREA], Ammonium Dinitramide (ADN : NH4"-N(NO2)2) % HAlL L7z AMU R —i&HEEAID 2 FifEICE B LIS 21T
STHEY, HAN R—IRHEHER & UCHAN, MEiET =T A, K, XX/ —1VD 4555025725 SHP163, ADN R—iK
HEHER & LC ADN, £/ A FILHEET »E=7 A (MMAN), JRFED 3 5305725 AMU RHEHEA] 2 4K 83— ik e Al
DO E LTS, 2 b OHEERIITE BT 2 AR TRFEED D SUSEPMENZ 2B TH 5 DH72 5T, HHES
ZIIUOE LIMREHE CHOENREZ AT 5. SHIIEIESR 2 V2R e/, JUOSHEDORE 1T A T 2 & BREERE O i
PEDORE L VIR ORI E H 725720, BlEmlR 0 OMEREEZRIET 2 Z LIXREECTH . 07w, BRI CILKEE
—IRHEHEAN A T A 2 IIEEOMEE, B¥EIC X D FEEFEROBEBICHE - TEY 49, b RIVUHERIZE XX 5121
FEo TR, HEHERIZ X U & LIEIRREIOBMBERFE 2 B ST 5 TIEE LR, A V=7 2% 5 AW BERRIE
DOIRAERIE b TS, L L, REE—IRHEERIGA & 2 2MEIXO TS RERE <, ABE OB %
W= RACICIZR A A H 5. HEERIEMHE TH D SHP163 & AMUG31 ZNENOREDOE KTV L O EH 1
RITRT. UL EOEREN ORI V—7"Tlix, HEERIOMRALEHED R EO o0 FiEE LT, IRIMOTINCER L
Jo. HEEANZHIZINZ 5 2 & T, W X DR O T4 O O ZE I & o THEERI OB LA E 2 S L,
AT A B PRIEE~OBAZIZIBN T LY BAF R HEER DM 245 2 2 & TSI eh3 2 SO E % ) B S 23 R Hifs
TEX 5. ZOKME, WA D BEERE O, MHEEOZEDER Lz &30 ORNR Z MR LRSS OGS FFEIC b 72
ST ONE I MIZONTIFERHEOATIETRIL E N2 W0 RN H 5728, ERIOFRICE > TINZHERT 505
BdHDH. RUR—KNTIE, SHPI3 IV EDTE M 2L, FEK TR L ONBRSGROMAMASE EFICL - T, M
JFEFPRIREE FICBIT 277 v oo 7 (BEE)IC L 2L 9% BrYE L7277 & kRN SHP163 DM FE, 7o
NG, FEEAR FIC K DR LARHE D 7= D12 AMU631 (iR LK FE K 2RI L 72356 OfMBRBEREERS L OVA T 2 X 5
HEDZELDOFHAE & B & LB LK F KT AMU631 Ofitfit 2 5 2 Z BBEFEBRD 2 DD EER & Z OfERIC OV THE
T 5.

B R RN IR HEE R RS i — e
N>H4? SHP1634® AMU6318)
Viscosity u [Pa-s] 9.7 X107 0.010 0.024

2 7 & F v F M SHP163 BE § £ B

SHP163 OWEFHHEED =0, 7 & b 2RI L 7= SHP163 0O R/e 2 FPH A EREE FICH 1) 2853254 £ L 7-.
7 N CEIMOERIE, SHP163 1Zxt L TS E DR afZAKEOIRM A N2 5 Z & T, FEIRTIC L 2k ke
WWIMZ T, AT AXOMIEREETH 2 IKE~EZEFHEKIERE FICBW CHEERIA S ORI b KHE~OHEBERIC X 2R
AR RE L, HEREN DT Z > v L 2WRH L Y% RET 5720 Th 5. EFROMISNE S 1 K2, ER
SMEAE S 2 RITTRT.

B 1K 7 bW SHP163 M SR NS 23K Tk b U SHP163 MEs EBR FE i St — B
Reduing Valve i, 3
Hand Valve Propellant SHP163
- Fctmanmelc e (§ [Temocoupe Additive ratio 0,2, 5 (Acetone: wt %)
- T ngels) e Feed pressure 800, 720, 700 kPa
b + Propellant temperature 20°C
High-speed injector Ambient pressure Pa 101.3, 20, 7.5 kPa
(1_I]1J { Light source Nozzle orifice diameter ¢0.79 mm
Compressor e Injection time 1.0s
Liquid receiver Frame rate 20000 fps
s sl Injection amount 7.81 mL (Average)
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PRRALFFE DR T & LTI, B SNZRIEO S RE S 2 AWz, @l EREEGROMITIC L Vo nRE S
DEFMZR T 5 FHEEORAKE, @77 v 7 ORBOFIEETHh L ffAKIEL 19, @KIKH D) FHIR
BOFAGEIE CH D EEEIRAL 1D, O 3 DOEMEIIENEIE L-HEREE 2 KIOrRT. ZhbofRiy, FRERE
& TFICE> TR 7 Lo SHP163 DAELRE SITHEERIT DA % ) — VS D T 5 v v T DB F M L. +D
K, 7 b SHP163 Oy 3R SIIRATERE FCTIE7 & MR MEDIK TFIZ L > THIM R Lo b o X
DH 10 mm~15 mm BREH 25 —F T, MEFRESERERE TICEW TEBICHEK LI Lo SHP163 LIFFEDL L
RUVERZR LT, ZONREESHEKIE, DRA D =X LOELE T DRESHROBAETIEES LTIRBE
NTVD Mai=0.5 ORI WTRAELTWZZ 2D, 78 b EI SHP163 D43 A I = X KITBWTIE, HEOKT
WK O ) O B E NI 72 L O SHP163 IZHE_THNM L, ZONRA B =X LB OFELE X DR 2T
EEBZDND. ZOZ b, ERRTAT AL VAT APENET 2 BIE~BEEFFSRE TIZRBW TR 2SR EE A
T L EEEHEER OFHF DI DIZ, ZO X 5 &M T TOHERMIRO R, R L A B =X LD T XD FEI7R 5
HIRFgE & i 5 = L OBRBHAR LR o7,

i . % 4z . 0% el . 0%
® 2% . 2% ® 2y
404 % * 54 an % * 5% 40+ & ® 5%
35 % 35 % 354 {
IR - ] 1
E 30 E { é 304
- 25 s % S
254
H 3 |
20 t % 20 t % 20+ s %
154 15 15
o 20 40 60 80 oo 120 -2 0 2 1 6 8 10 00 05 10 1S 20 25 30 35 40
P, (kPa) IR, M.,
O HHEHES—FAKE @ HRES—fafAKIEL @ HHRES—EHERRIL

FoX FEHKERNT & N WIN SHP163 ME 5 =i R
3. B B i K £ K &= M AMUG6 31 fib ¥ X 5 X & # & £ B

AMUG31 IZHEFE 60wt.% DR /K #E K Z 15wt.%3 L T8 25wt.%IRIN L 72 2 SfEIc W T, FTHEM AR L - EZ2/ N
TEER T 2 Z RBEEBR A £ L7z, RBRCHER L7tz o 2 2 25 3 RIS, MR BREt 258 3 RITRT.

LORE eSS

Propellant | . Items Conditions
_ =" Capillary AMUG631+ AMU631+
Injector || ’mm“"s port Propellant type 15wt.%H20;" 25wt.%H202"
W, [~ water water
T Propellant mass-flow rate ~ 5.50 g/s 4.50 g/s

Alumina honeycomb Catalyst 0.5wt.%Pt / AlO3 (Grain)

Shc‘:*:::j:r ‘ (Propellant preheating layer) Preheat layer material Alumina Honeycomb
o = “‘l“'-‘*‘lb“" Catalyst temperature 450 °C
| | Supplying pressure 1000 kPa(Absolute)
= S B Injection duration 0.5s
Swirling flow nozzle Nozzle diameter ¢ 3.7 mm
3 fift 2 5 2 & Atmosphere Vacuum (< 7 kPa)
Number of Tests 2 shots

2 5 2 Z RIERBR CHIS LIZBIET — 4 2% 4 MIORT. ZOHEET —# 2 BICHH Uz DR E X OYREEE )
FREE A 4 FIORT. WRDERITIHEEAISEHEA S 5 B ORIEE 25 B U7z IR0 FERIE & #5618 TR
L CTROTAET, BRBETERE DO FMIEIE & 72 5. PRIEE ) L F 8 I THEE RN BRAG ) D A& T E COBRBEE ) O LA F %0
SR CRR L CROTEET, ISEMOFTEFRE L 72 5. LU 2 S OHEEZREENT AN L CREESMEOFTTE + 5. F4
HMICERTD L, HEAEEZICBO T TR EMOBREMET L TS0 L, MEETHMOEREZEF LTS 2
EDRIMD . ZHUTTEVE THEEAIDS I PRSI, S Ko TRIEDMEES NI Z L 2R LTS, oY, i
FRAL K F AR DTN X O B b 2R L2 2 & T, #ERIN PAE 2 @R 2MICPENET Lz s #EllEnS. 2oz
W, TDIZ L OBRALZRET D2 LT EDAY v FBRH D LW TE 5. 8§ 4 RN L IRESHE LIREET ) - 5-
HWEIZERT S &, @BBILKFKRDOTIMEDN 15wt.%DEE DTS 25wt % DA, WIEH & HITEN TS Z &0
inodo. T2 L, ERMBIZHET TUIMEE & HICWELMBELEWIRBRTH 72, 0K 5 i I dH 508, HEEHR~
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OBBEE L WO ME TIZT—EDA Y v "3 H D Z L U L2729, TIMEIN AMU HEERIOBFFEIE45 1% b ik L T
ABEAN B 5 .

180 —Pc 1800 180 e 1800 180 —Pc 1800 150 pe 1800

160 ~—Tphu 1600 160 o 1600 160 Tohu u 1600

140 _:zt‘ 1400 - 140 . :{:’h:] 1400 - 140 Iphdc TEK 100
g0 —Tnozzle [ 1200 £ 2120 Ibdo 1200 ¥ 2120 I'bdo I'bdo 1200 ¥
-;'4: 100 1000 'E': —Torzle 1000 é"f' 100 —Tnozzle —Tnozzle 1000 &
2 %0 s00 &3 800 & ER ]
z £7 £ Z
£ 60 600 5 600 X §

10 400 B 100 a -

20 200 200

0 0 0

0 1 2 '] s 0 1 2 3 '] s 0 1 2 1 s 0 1 2 4 s
lime (s) Time (s) lime (s) Time (s)
(a) Shot 1 (b) Shot 2 (a) Shot 1 (b) Shot 2
(A) AMU631+15wt.%H202-water (B) AMU631+25wt.%H202-water
Ha WET—H
HAR IR L OWRBEE ) LA
(A) AMU631+15wt.%H202-water (B) AMU631+25wt.%H202-water
Injection time  Impulse Combustion- Injection time  Impulse Combustion-
t efficiency pressure rise t efficiency pressure rise
n rate P.rate n rate P.rate

Shot 1 0.600 s 471 % 125.6 kPa/s Shot 1 0.496 s 43.5% 88.6 kPa/s

Shot 2 0.394 s 39.5% 151.3 kPa/s Shot 2 0.494 s 38.0 % 92.7 kPa/s

Average — 43.3 % 138.5 kPa/s Average — 40.8 % 90.7 kPa/s

4. B H Y I

TN —IRHEER O SUSPEN LD 72D ORI X 2P0 LR EUGE O ERAIAFJE & LT, 7 & b il SHP163 DI
SEEER LR oK EAKIRIN AMU631 Ofilt 2 Z 2 2 PRIBEFEER D 2 DD FEEREZ I L=, 7 & ~ i SHP163 DOMESHE
BRZRBWTC, IINBOERIC L0 HEERORE 2 KT S5 2 & TRREFEBARERE TICB W ThIb 2 RE S 5
DT ENFEES NI, —H THERAKERE FICB W TIE, FER NICE o THORA T = X A5 D 5T D803
MUT=Z &C, WIS X 2 FREEEOK TICEK T 2[R OEE B UK T OB Z k< 20, SRBIIH S D
EWIORERAETRLE. XY, AB%ITEEFREKEE FICB W TIEA L2 RET 2 72O D FIEZHONWT, 7T vy
DB LEHERILOREON T BB L CLV A RFEEZRER L TN HETH L. mELAKFEARRIN AMU631
DOfiflE A Z A 2 PREEEBRIZ N T, WII ORI £ 0 R L 22135 2 & T, HEEFICEBIA Y T R5 AU v b
DD LN L. —FH T, SERIOFEMTIEEREAREICADBREEREIIR Do oo, S %ISR O KR
PR ST L VBRI E O E LK > TV FEFTH .
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Combustion test of ADN based ionic liquids using electrolytic combustor

OMORI Ryosuke"!, ITOUYAMA Noboru™, SHIOTA Kento™, IZATO Yu-ichiro* and MIYAKE Atsumi™

ABSTRACT

Ammonium dinitramide (ADN) based energetic ionic liquids (EILs) has been expected as a next HEMs. Since
ADN-based EILs are thermally stable, it is difficult to control ignition phenomena using thermal ignition methods.
Our research group focused on an ignition method of the EILs by applying a voltage. Previous Studies have
theoretically reported the possibility of ignition of ADN-based EILs and experimentally demonstrated the ignition.
In order to demonstrate the feasibility of the thruster, it is essential to design a voltage-applied combustor concept
and to confirm the generation of thrust. In this report, a conceptual design of a voltage-applied combustor based on
the voltage-applied ignition mechanism and combustion tests of EILs using this combustor were conducted. The
phenomena that occurred in the voltage-applied combustor were discussed based on the existing voltage-applied
ignition mechanism, and the changes over time of the current values obtained from the current measurements
conducted simultaneously with the combustion test were also discussed. Furthermore, the feasibility of the thruster
concept was discussed based on the thrust measurement results.

Keywords: High energetic materials, Ammonium dinitramide, Electrolysis, Ignition

1. X U »

TYE=ZUAY=RT I K (ADN) ZHHFE LIz R X — A F WK (BILs) 13,
B tEs @ < e 2L ¥ = & LTI S Tnd 12, LarL, ADN % ElLs
X, EROBMILE X FIETIEIEKHEIRECHD & WIBERD D, RAF5E
TN—TTIE, FBEOXA IV T TEHERSEDLZ L2 L TELEAIMC X 0 HedkH)
iR - HASEDLFE (BEMEATE) 2R8EL, BEAMEKARAZ A X OMR
FEANZTANT To AP & 5l L C X 7. JeATARSE CIE, BHEMRRGI S ADN % ElLs
BEXT DR Z R LY, FROICEKT HMEOFEARA LI L TE 4. &
HIZ, BIRIIRT LI, AT AXBREEERRBIC LY, EBILs O CTH AL
ToHDH ADN Lt FrF i =T Lk KT V=0 AfEisE (HEHN) ORGRTH D
ADN/HEHN D75 K « BREEDREZBICE o 72, YEA T A X OEBAREM: 2R3 729121
B FVINBUREE SR OB G R OHEN R AE DO RER A LR AR T D, ARIEETIL,
EIEFNE K A B = X DS < BIEHINARBERR OMEEFE 5T L OV M ik ieas 2
V72 EILs ORRBERBR % Fhifi U 7=, BEEVINAREESC CTA U B S %, IR & [
WFZAT » 7o BIRE S THUG L - BRI ORI AL Z BEE O BEFMAE KA 71 =X

DD TEE L. S5, HEARERREERICA T A XSO SLEIZ W T
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2. £ B 5 B

2.1 ADN % EILs DF KA J = X LRI 18T 72 BERINBRZ I 2B - RE - FIHRRRHE

EILs #I2 1%, ADN & HEHN O%E /LEA % (ADN/HEHN) % v 7=, ADN (3l k THo b o % vy, HEAN (7,
Sigma Aldrich ¢ ¢ 2-Hydroxyethylhydrazine (98 wt%) & & 17 « /L ARSI OREEE (60 wt%) % ZHE/L L THER LT,
wa R FINGRER OWERS B A 55 2 K2R %@iﬁ%ﬁﬁﬂ@héé&%(¢wnm)&%ﬁb,:y7H%3mmLﬁ§
AE— D —OFRERIZ, 2 AROERPNATIZND &5 ETFICERE L2, MEMICEAMT 2 L9, 2 ROEMOMIZ 3L

DOFE A PR E U7, BRI 1.5 mm IZ3%E L. BIREREEIIRE T L ¥ g Vo POPFI120-2.5 i L7-.
TBIEEIN L 7= B O3k O+ % Photron 8O3 E A & FASTCAM Mini AX 100 %z AV, #RESEE T 3000 fps, fRfg
I3 1024x1024 & U7, TBIRMEIZEEADINGEE & EANCEe: LIZHH 22Q) Wb BEET —X a W —ICTHRE (I
TV VM@ I ms) L, A—2OERINSREH L. IRENEIX OMEGA # K BUZVE X CHAL-002 (##£% 0.05 mm) %
AL, BB PLEICHEE L CRIE Lz, 28, SEED A TICLVIRE Lz s Hh S5 EiR - RET — % OfF
ME LB, BERMET—FV TV TROIATREIININAL vFERNT NI —FE25252LT
HEXRFIE L. Fo, BEMOHROTOELEAINRRAESRZ EJIFEHERITOT v r— 2 NICHRE L TEREITo 7.

2.2 EBEFIIMAYABER ORF K OB - BIE - H) RRHIE
ElLs #ApiE 2.1 EERO D EH W, 2.1 OFERN G, BIERIE KA D =X L0 6, 3EE BROBAL)A S 23D
LEL, WHEME T LT WRBERR X DA R OMIT A BT 2 Z L BN o7, Fiz, BHEOTY AT
THEMR & B ORI A 2 E L TRE ST 2 2 & CRUBHERIME T U, BIRES ER7 L, BUEIZERTH 2 LA
O o TNA O LI EX Y, 83 KICRT L 5 ICHMEEm L AR B FLL RO 1 mm OFREAHNRS X 5 I3 E
U 7= BEIEFINE R BE R 2 33t Lz, &5 4 U EIERINRRNERR 2 AW T2 R BERR B R 2 /- 7. BRI BERSR O BB 1<
ADN/HEHN #~ A 7 Xy bEZHWT 100 pL Y, fALZ. ZAr— FOERIL25mm & Lz, EREEIXEE
PEEEAFEAL, EEZ30V & L. EiiEER7Te—7 (GWINSTEK GCP-100) Z#HWTHIEL, ikt - BIE - #E)
THIA v A a—FIC itk Ls., BERBROBE T E2EEREI A TICTRE L. & 5 RICHDRIERZ7T. 3D
7Y TR L LB O A $h (1X77E48:0.5 N) TX X, Jﬁsk%%%ﬁx%%éé L7z L » TR AZIZhoOE S
% L——ZNF (Omron, ZX2)% AWTESE Lz, RIEOHERE & L ICHBUS LB & HE ) IE LT,

= 79 UILIR
'

avoftE
300 mLE—A—
Eings
(220Q)
F—sOfi—
%2 X B -
HOWER
BRIA—7
"’ Cr’
I?
=8
= o
Fiozxa—7 EABRER RILRA F
oA Ty AR TR R e B, - s 5 N
%4 X EEHIIAREER 2 T Fo5X HEITHIESR

TR - A - HES R E R OB
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3. B R - B £

3.1 ADN % EILs ®3:k A 7 = X AR AT - EEENERCB T 2 ER - 5% - AIRREERE

200 1 300

a 1 :
: é {1 20
150 fi i i
—_ : : 1 200
Rk : )
E@loo : ; 150 EE
S i i g
it : ! 100
50 | :
i 50
0 ; N ; s 0
0 200 400 600 800 1000
B [s]
%6 X EEAIINC X 2R - EHHIE RS %7 X EJEFINIC &5 ADN/HEHN 075 ki

% 6 [X1Z ADN/HEHN OFELEFIINC L AIEE - EimlER 2 rd. JE L2ER - BET—% X0, BERMCL S
ADN/HEHN D55 fif « F KB % 5 5D AT — B L. & 7 BUCEERNC X 5 ADN/HEHN 0% KiEfe % 7~

Stage I TITEMLUGNNZ L D RIBDEMNA T, Stagell TIEY = — VB OVEMA KWE L O SSEWZ X HIEE A

IR RS A A VIR OBRBEED EFIC L 5ERMO LA, KIaAERSE O FRPHERE L7z, Stagelll Tik
FEHEEE 2 ADN/HEHN O#VSFRBRAGIEIE TH 5 170 ‘C% Lo 0 BV OGS BAA L, 2% E5 R OV LnWAiE
DR « BRI U=, StagelVIC TR 2 AMEAE T, StageV TIFEMO fRMRATICE KL, HEOETHK
BeLic. LLEX Y, REGUIEM - BN EMICHAEIER LN GRS 2 Z &, Bt - WG RE 2 3Xf 5 5
INTGA—=HTHDHIENHALMNI ST

3.2 BIEAUMZUREEERORE R OEDR - BIE - #0 FRRE

55 8 XIZEEFINIRGERR 2 331F 5 ADN/HEHN OIRBEDOAE T2 7~3. EIERMNA 54 0485 s thIZ A m— b H Al
DR EH LI, 1.590 s BICHF AL, [RFHTAKRSIEH L. KRIZ 300 ms ORFIMEH Ui, 1.891s tRicild Lz,

%9 KUZEEHINBALGZ 0s & Lz & E0ER - BEOKRRELZ AT, PRI TNWDAREDO~—27 OFPHICT
KREMER Lz, EIMEIXEEMMEELDS 0.144 s 0T THRAMETH 5 0572 A ETHAD L7z, £0DFK 05 s %225 A
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Pressure dependence of burning rate and temperature of ammonium
dinitramide, acetamide, and monomethylamine nitrate mixtures

FURUNO Gaku"', SHIOTA Kento??, IZATO Yu-ichiro™* MATSUNAGA Hiroki”, KATO Takafumi®
and MIYAKE Atsumi*

ABSTRACT

This study analyses the effect of ambient pressure on the combustion properties of mixtures of ammonium
dinitramide (ADN), monomethylamine nitrate (MMAN) and acetamide (AA) (AMA). This study focused on
combustion behavior, burning rate, and combustion temperature as the combustion properties. The mass ratios of
AMA samples were ADN/MMAN/AA = 40/40/20 (AMA442), 50/25/25 (AMA422), 60/10/30 (AMA613) and
67/0/33 (AMA201). The combustion behavior was observed by high-speed camera imaging and temperature
measurement. The burning rate was calculated from the images. The burning rate of AMA increased with increasing
pressure and the dependence of the burning rate on ambient pressure was lower for AMA containing MMAN than
for AMA201. The combustion temperature did not show a simple increase with increasing pressure. It was also
found that the behavior of the combustion temperature was different for each AMA at pressures above 3 MPa.

Keywords: Ammonium Dinitramide, Monomethylamine Nitrate, Acetamide, Burning Speed, Pressure Dependence
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2 R B A &

ADN & MMANITHIAS A THLZ W, AAIZY <7 0 KU o FOMEI%NOREEHFH L-. REHIRAREF D
ADN L AADBE R Z2: LZETE L, MMANO E &L A2 2 ¥ L 72 ADN/MMAN/AA=40/40/20 (AMA442) , 50/25/25 (AMA422),
60/10/30 (AMAG613) 35 X 1%67/0/33 (AMA201) % Fv 7z,

A RNT v RRBERBRIY, ERZ2 TR UHIECHES LiaR 7 2% (W9 mm, A1 mm, & S50 mm) (ZHEEEA
RS mLFEH LTz, HEERIOWIEICRE DB ICEE LizaA VRO =7 o A8t (¢0.32mm) ZMEA4 2 Z & TilkH%
Ak UTe. BAEEHIARAR0.1 mmORMENGE ot & I 70 & BT 7 A 9938 1238 L, #EERE 2 6 10 mmO S AT ISR E L7z
BRI B R L OB OF T2~ d. BVEXHIT —4% v % — (GRAPHTEC GL980) (ZHifki L, 500 usfHlfE

TiogR L7z, RBRENCB LT, BRI SN D ER T ADOFNE RS LR OA Y 7 4 A TR D 2 & THREEZRN
DENEET LT, BN OIE N N7 O ZNVERRBEOMENRELE N/ D L 51T, BRERITARNTEHRINLT
WD EITFREE SV T & B2, BEE I3, 4, SMPa (MaxtE) & L7z, /A AE— K4 A Z (NOBBYTECH PHAMTOM
MiroC110) DFREREMN HRBEFEN Z TG LT, " AE—RKIATD7 L—AL— R, sooi 72131000 fps & L 7. EhmifiE
s & IR A4 B 2 BRBEE S, (mms!) & LTR®D, VieillledR (1) (alZbbfiliEsk, PIXFEMSIES (xHE) (MPa)
PHOVTHBEBALROEEEnEHH L=, 1, 2 MPadRBEEE B L OWABERE :tﬁ‘aﬁﬁ °> DIEA W=, AMA613,
2011%1 MPaTIFBRBEMRE L7228, AMAG613, 201 T2 MPad s Bt 1 f L 7=.

r=aP’ + - (1)
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. B R B & U B E

2 KITIE, ENENDOIES TORKIRARICET 2 HHEENORIFLE OALE 2 Wil RO BREEORE T 2777, T X3TOBK
J:;s BOTATNVEETER LR GEREENEEIT L7, 3 MPa TiX, AMA442 ZRWTATAVBORELZN/NE L o TN
%. AMAGI3 X EDENTH AT VBORELZI/NS L, HEN D0 72N BRIENHEIT L. MMAN QRS ER—%FS
VY AMA442 I TIRBEHEFTRE D ST VB O R FAFBER ~DF Y LN N EZELTEY, 1-5 MPa ECTRIL L 5 7228 % LT
W5, RNTNVEORZRLIEE DML TTITIE MMAN HROKISIZE S L TWb B X bivd. ZOEB D TIERIEDO KR =
SICHEVEVTIRLNT, ME— AMA442 O 1 MPa D H T 2 IZK & RIS HERR S iz,

% 3 UK IRA L ORI O & LS OBIRE L OKIRA LOIE e Z R, EOREHD AMAIZBW T
FEJ) % BT 5 &R BEs B 1IN S m & Ap o 72 FEFRECTIEL, MMAN 28 A - TV AMA201 ORGSR IEM & g
LTE<, MMAN 2 A5 Z & CIEIREMERT 2 Z L3 0hhot-. £/, EH%E EFZ L2k, AA R MMAN
DIBMEEE L 72 BRIC AR T D E ) A TF AT I OERBEPIH S AVRESR D FE O TR, 2 b OB R TG
THZLETEUDRBICL > TRFBEEENIN L2 LB HN5. AMA442 & AMA201 TiX, 4 MPa 1L CZ D%
ERREBICR>TWD Z LR ENT-.

4 FIZHRA LD AMA @ 3 MPa FEQRBEIC 1T HIRIEEIEZ 7R3, t=0sT=7 7 AR L HINEE BAA U 7o REZ)
Thbd. FORABLD AMA HRIU & 9 258 2R L7122, AMA442 DA OMAL TIE 400 °C AT TR R OME & 12
FEAER A STz, B SR O RREERA T %2 KA TH D 3T IVE D bR RIG~ & 2 Doy TIE X AZE(LR A5
NiceBz 5. MMAN OEND 2T EMHE OB ICHER S 1L, AMA442 TIHRBERE AR 7o oDl & Lhiig
THEEMNRRZ S RoTNDEEZLND.
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1 MPa 2 MPa 3 MPa 4 MPa 5 MPa

AMA442
AMA422
AMAGI3 Not
Measured
AMA201 Not
Measured

%2 K #5EFTTO AMA ZOREEDRE
%5 BUCIE, PRBERE ORI A R, FeATIFE 9% FEIT, 35S IKNTR LT BRBEIC B T DIRE T 1 7 7 A L TREHEIC
B LUTCIREARBRRE & U7z, JRBEIRE TIRBEHRIE D 1 5 ([T HM R E KR S 720> 72, AMA201 Tid 2 MPa
TR & L, 3-5MPa TIIABEREZMET L, REREWVIIRONRMNoT. ZOHERD—DL LT, 3MPall ETIX AA
DAEFEDIE S VARBOS CHE S5 2 & TRE LFICHL T 2KMEE~D AA OBERETT2 2 En3% T oh
L. FNUAOHME TS 3 MPa THREEIRE MR T I 2 BM 2SR S 722, AMA442 Tid 4, 5SMPa TEOMLE Y mWn
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BEZRLE., ZOERE LT, MMAN OBENRZWH, K[IERIZIEV T MMAN 5 6 ZMiEEED & A Bk S 2 fEBE
e EOERLHIRSY (OH-°NO2-) &, MMAN OBFREEN LA U DE ) AT VT I v G T alHIRY & ORISR
FRICHEEDILTWA ZERTHENS. uiib,%ﬁﬁﬁfﬁ3MhHﬁiFAAm%@%%ﬁ%%ﬁﬁﬁm@%%
ERELIZT BN, TRLLEDEIITIE MMAN OIRE LEOEWIZ X5 MMAN B3RO KAE I b s B IR ~ S
LERDO—2ELTEZLND.

4. & ]

ARRFITIE, AMA ORRBERFEOBREZ RS 572, Mk Z AT Lz AMA X L CHRBSAE% 3, 4, 5 MPa (ffaxt
E) & L7z AMA OBMERBR 21TV, A AE— KB AT TORY, BERTE L OETIFREOREE & bW TREESET)
BT U=, REEZEEH-CIR B IE 12 MMAN HSRO RIS DB G B AT VB O K-LIHEEIOE VAR 5N, [Eh%E
FFCREERAT O &, REBEEEE TN L, BREEEFEIL 2 MPa £ CIFBEMEITNICH 57243 3 MPa TIHE T L, ZLIKEIT
AMA OFEE TR DM Z/R LTZ. AMA442 Tit 4, 5 MPa TZOME D EWRE L 2o 72, FEHKEINEL 25D
1221, AA R MMAN OEEBENGAE U DE /) AF AT LV ORBENIHI S, TR 6N TREASICHER S
TR o TRBERENEM L7 LB X oD, £, WIS TING OB PEE SIS Z LIk, IRE R
FACHFGT 2 RIS IH S 7= ATREME % B, FREHRE /AN U 72 BER L 121X MMAN OIRGHNFEREL T 5
EEZZ BT, MMAN &Nz % Z & CRREEHREE 23S 2 E 18500 ADN/AA IZEER TR 32 2 & X0 3 MPa fHilr & 5%
WIRBEIRE I 5 2 % AA & MMAN O DE VI HOW TS BB AL ETH D.

HRE - ARBFTE D —ER1L JSPS BHiFE 20H00287 35 £ UME ] K% SK2201, K22005, GR2307 OBz 13725 DT .

2 F XM

1) Matsunaga, H., Habu, H. and Miyake, A. : Preparation and Thermal Decomposition Behavior of Ammonium Dinitramide-based Energetic Ionic Liquid
Propellant, Sci. Technol. Energ. Mater., 78 (2017) , pp.65-70.

2) Matsunaga, H., Habu, H. and Miyake, A. : Study on Ionic Liquid Propellants Using High Energetic Materials, JAXA Research and Development Report,
JAXA-RR-14-005 (2015), pp.1-10.

3) Matsunaga, H., Katoh, K., Habu, H., Noda, M. and Miyake, A. : Thermal Behavior of Ammonium Dinitramide and Amine Nitrate Mixtures. J. Therm. Anal.
Calorim., 135(2019), pp.2677-85.

4) Shiota, K., Itakura, M., Izato, Y., Matsunaga, H., Habu, H. and Miyake, A. : Effects of Amide Compounds and Nitrate Salts on the Melting Point Depression
of Ammonium Dinitramide. Sci. Technol. Energ. Mater., 79 (2018), pp.131-136.

5) Shiota, K., Izato, Y., Habu, H. and Miyake, A. : Reactivity Analysis of Ammonium Dinitramide Binary Mixtures based on ab initio Calculation and Thermal
Analysis. J. Therm. Anal. Calorim., 138 (2019), pp.2615-2622.

6) Shiota, K., Nishimura, M., Ueda, N., Izato, Y., Kato, T. and Miyake, A. : Combustion reaction analysis of ammonium dinitramide, monomethylamine nitrate
and acetamide mixtures based on temperature measurements, JAXA-RR-22-006,(2022), pp.15-18.

7) Itouyama, N., Izato, Y, H., Miyake, A. and Habu, H. : Construction of detailed chemical reaction model for ADN-EILPs in gas-phase. JAXA Research and
Development Report, JAXA-RR-18-006, (2018), pp.33-39.

This document is provided by JAXA.



BT —EAITE R SIS TE R 25

TMOEE HREREH—KE

¥ (51F)

1) FERILE, —FEEE KIS 2022 EERKEMER RS BHHEE, R X A 3 URIKD L—YE Ak E IR
A LTo AT 2 2486 & FpEEBRRE, 2022 45 11 H.

2)  AKIEE, —MEENE KRS 2022 R KIEFREINE, T UoE= v AV = T X RRA A URIROEE S R
L O RS ARAT, 2023 425 1.

3)  RARBES, —RMARENE A KEEF S 2023 FEEFHERES BHBHEE, =¥ —A 3 RIKOELEIMIE S
OyfR - HKRBIRITE 2 2R FEL DR, 2023 455 H.

4) BN, —RARENE AR 2023 FERSFHIHERS BEFHEE, ToE=U LAY NI IRN/TEITIN
RARORIEICKIETE ) AFNAVT I BRI O, 2023 425 1.

5)  BEEBECOR, —RAEENE AR 2023 FEEFEMERRES BH#EHE, 7o E2U LAY R I FRTRLF—
A F AR OBREEIZ KFET T I MeA o2, 2023 4£ 5 A

EF BRI (514F)
1)  Orgkmse, FIREw, SO0, Jlmi@l, FEME, Bars, MG S0REKES 2 HAN SRR TE—#HE
RN OMETE & AhIRBEIZ 5 2 5 BB T D98, HAMIZETH FaimoUE 71, 4, 168-173 (2023)

2)  Yu-ichiro Izato, Akira Matsugi, Mitsuo Koshi, and Atsumi Miyake: Computation of entropy values for non-electrolyte solute

molecules in solution based on semi-empirical corrections to a polarized continuum model, Physical Chemistry Chemical
Physics, 25, 8082-8089 (2023).

3)  Hiroki Matsunaga, Mamoru Hayata, Hiroto Habu, Masaru Noda, and Atsumi Miyake: Preparation and thermal behavior of high
energetic eutectic mixture of ammonium dinitramide and hydrazide compounds, Journal of Evolving Space Activities, 1, No.41
(2023).

4)  Noboru Itouyama, Asato Wada, Hiroto Habu, and Y. Sago: Conceptual design of small-size thruster using laser ignition of high-
energy monopropellant, Journal of Propulsion and Power, 39, 415-425 (2023).

5) Noboru Itouyama, Asato Wada, Hiroki Matsunaga, Jiro Kasahara, and Hiroto Habu: Screening of effective catalysts for the
ignition of high energy ionic liquid propellants: Narrowing down of candidate catalysts and its investigation based on thermal

analysis, Science and Technology of Energetic Materials, 84, 33-39 (2023).

EEAaRE (1110

1)  Hiroki Matsunaga: Development of Next Generation Green Propellant with High Energetic Ionic Liquids, The 34th International

Symposium on Space Technology and Science, OS1-1, Fukuoka, Japan, June 2023 (Invited).

2)  Hiroki Matsunaga, Kento Shiota, Katsumi Katoh, Hiroto Habu, Masaru Noda, and Atsumi Miyake: Reactivity of Ammonium
Dinitramide-Based Energetic lonic Liquids with Metals and Metal Oxides, The 34th International Symposium on Space
Technology and Science, 2023-a-47, Fukuoka, Japan, June 2023.

This document is provided by JAXA.



26 FHIMZE W IE B AR AT ZE B s s JAXA-RR-23-005

3)  Kenshin Kawabata, Daiki Kamatsuchi, Hisayoshi Ito, Kazuyoshi Hayata, Shohei Tokumaru, Toshiyuki Katsumi, and Satoshi
Kadowaki: Firing Test of Hydrogen-peroxide-added ADN-based Monopropellant Using Catalytic Thruster, The 34th
International Symposium on Space Technology and Science, 2023-a-48, Fukuoka, Japan, June 2023.

4)  Hisayoshi Ito, Kazuyoshi Hayata, Daiki Kamatsuchi, Kenshin Kawabata, Jun Nigorikawa, Toshiyuki Katsumi, Noboru Itouyama,
Jiro Kasahara, and Satoshi Kadowaki: Improvement of Flash Atomization Characteristics of HAN-based Green Propellants Using
High Saturation Vapor Pressure Additive, The 34th International Symposium on Space Technology and Science, Fukuoka,
Japan,2023-a-52, June 2023.

5)  Ryosuke Omori, Noboru Itouyama, Kento Shiota, Yu-ichiro Izato, and Atsumi Miyake: Ignition of Energetic Ionic Liquids
Electrolysis Ignition Thrusters, The 34th International Symposium on Space Technology and Science (ISTS2023), Fukuoka,
Japan, 2023-a-57, June 2023.

6) N. Itouyama, R. Mével, X. Huang, J. Kasahara, Steady Detonation in Gaseous Pyrolysis Products of Ammonium Dinitramide
and Its Related Ionic Liquids, The 29th International Colloquium on the Dynamics of Explosions and Reactive Systems
(ICDERS), 87, Siheung, Korea, June 2023.

7)  Ryosuke Omori, Ryota Isoda, Kento Shiota, Yu-ichiro Izato, and Atsumi Miyake: Thermal Properties of Ammonium Dinitramide
based Multi-Pair Ionic Liquid, 26th IUPAC International Conference on Chemical Thermodynamics (ICCT2023), Osaka, Japan,
August 2023.

8)  Kento Shiota, Yu-ichiro Izato, Hiroki Matsunaga, Takafumi Kato, and Atsumi Miyake: Thermodynamic Analysis of Liquid
Structure of ADN based Multi-Pair Ionic Liquid and Mixtures, 26th IUPAC International Conference on Chemical
Thermodynamics (ICCT2023), Osaka, Japan, August 2023.

9)  Hiroki Matsunaga, Noboru Itouyama, Hiroto Habu, Masaru Noda, and Atsumi Miyake: Influence of catalysts on the thermal
behavior of ammonium dinitramide-based energetic ionic liquids, 26th IUPAC International Conference on Chemical
Thermodynamics (ICCT2023), Osaka, Japan, August 2023.

10) Tomohiro Omura, Yu-ichiro Izato, Atsumi Miyake: Calculation of Thermodynamics Data for Reactions of Monomethyl
Hydrazine and Dinitrogen Tetroxide in the Liquid Phase using Quantum Chemistry Calculations, 26th IUPAC International
Conference on Chemical Thermodynamics (ICCT2023), Osaka, Japan, August 2023.

11) Hiroki Matsunaga, Yuki Yano, Katsumi Katoh, Hiroto Habu, Masaru Noda, and Atsumi Miyake: Gas generation behavior in the
decomposition of ammonium dinitramide and hydrazide mixtures, 7th Central and Eastern European Conference on Thermal

Analysis and Calorimetry (CEEC-TAC?7), OP1.16, Brno, Czech Republic, August 2023.

EANFELER (2 44)

1) RakyEE, WA, ERESE, WAEZA, FEE, =FEL: 7VEFE=U AV RRETRLVX—A 4 UK
ROBEH) I RTTEEE OSBRI O, S 4 FEFHRXE S RN YT A, STCP-2022-052, HHIR, 2023
F1A.

2)  ARARSERER, PR, MOKIES, BE R, mEEA, FHRA -, PERN: ST X — A F R A HEER
LT B/ S) AT A OIFGE, Blllery N URY Y A 2022, -6, FHME, 2022 422 A.

3)  RKIEE: TUESUAYZ MT I RRA A RIEOEGEA R K O RSRERENT, KIETF e 2023 FERFIFRE

2, B, 2023 45 5 H (PR B ERH).

4) ki, FAROILE, PAERA, BHE, R0 MEAIRINMLET VRS U ARE T RVE — A A ARIK O 53 i
T AERREE), K 2023 FEERFIIIIERS, No.5, HUR, 2023 /F5 H.

5) KA, AREEL, PRI, EEGRA, DR, SEEE SR —A A IR O BN ARE S i -
HERFRIG 2 DR EBE DL, K2 2023 FEREFNIEIEE S, No.6, HIL, 2023 5 A,

6)  KARFEST, MR, ARBS;, PRI, WHEEA, FRA—Y, ZFF0: =X — A 4 RIKOBEEIN

This document is provided by JAXA.



BT —EAITE R SIS TE R 27

IR DEKATN=ALIE 2 DK DB, KIEFE 2023 FERFIEIEKS, No.7, BA, 2023 F 5 A.

7)) HEEBRA, okiEE, FFERA M, MEEEE, ZEEE: TR AY= T I R/TE T X REGROBEEIC KL
E9E S AFLT I B OB, kIR S 2023 HEEHEFHIERES, No.14, HAT, 2023 4£ 5 H.

8)  REFHiM, MkihE, WEZRA, BHE: 7oET=v ALY = b7 2 RARLEE TV REREIT T —A 4 IR
DRLRREAL, KT 2023 FERFNILIEFE S, No.15, HIT, 2023 45 1.

9)  FEMIAK, KRS, HHA, FERA M, ZFEE: 7oT=UAY= b7 2 RRZINVF —A F RIKO
PEICRIZT T I MEAEMORE, kIETe 2023 FEEFIIFEES, No.16, BA(, 2023 F 5 A.

10) KA, HHEA, GHRE 8, ZEEE: =3 — A UKD @R E K ET 28 i EERM oG, 1k
FLYE 854 MIKFE RS, PB229, R, 2023 459 A

11) HEHFEA, TWE, PR, IEER, ZFEE: 7020 LY = T 2 RRRALF T A T UHIEDIEAIC
FOET MR DR, 5 59 RIBVIE R TR, P8, HAT, 2023 4 10 A.

12) SARKER, BAINER, GrlLg, I o, fahifd, S5RKES, ERIZEIA 7 % FW T #E ) rf 2 8V — ik A2
T A B OEGMTE, F 67 MFHE A HEATE A, 1L07, &1l1,2023 410 A.

13) KA, FORIL%, HEA, FRA—H, “BEE: = 3VX — A 4 RIEO BRI EESS 2 O 72 R BER
B, k¥ 2023 RERKERAFESE R 22, No.2, i, 2023 4 11 A.

14) HEE, HHEEA, WokisE, PR, IEESL, ZEEE: ADN/E/ A F LT 2 B/ 7' R T 2 RIRE %R
DIRBEZ FAET RFARIE S DR, K32 2023 FEEKEFL I FES, No.3, fali, 2023 45 11 A.

15) ORI, fRokid i, FHBAE, EEAE, i, SRR, PAERAN, SEMEE VoS s 2, 4 i o
BRI 5B, SO PRI, No. 19, f@f, 2023 42 11 A.

16) GHHEA—H, H7, gL, =20 &P atRE vz = b et n — 20 EERERIT, kYR
2023 FFEKFIFIEFEER S, No.21, &, 2023 4 11 A.

17)  BoEfnd, LR, SEHEFA, rREK—, INEESESE, ZFEE: ADNME/ A FT I UEBRIEIR G R OBEN
HKFTN T B DR, KIKF 2 2023 FEEKTEM IR E S, M, No.28, 2023 45 11 H.

18) RETRA, MAARSERER, PAEZA: AfIEZ RN U7 HEERKIC X 2 ER e 7y MEEERROm L, P2 2023 4
FERKTEMFFE R 22, No.32, 1R, 2023 45 11 H.

19) HEHEFRA, TEHE, PERA—W, EESL, ZEEE: ADN/E Ra$ oS F7 970 AMBEIRASROMER
FONMEERNE, kTS 2023 FEFKFHIEFEE S, No.35, fEhd, 2023 4 11 A.

20) RERARE, BEGRA, RkIEE, PAEZA, BHE: B EPHEZ AW ADNALVEE KT Y RIRGROTKMAK
IPERRET, KFEF2 2023 FERKFMIERE RS, No.37, &I, 2023 4F 11 H.

21) CHEAK—BA, K&, BERK, 8 &, ZFEE: aREREB LOHMMGY 22— a vy EA0nze R
TV B TR R O B KEEIEMEAT, KRS 2023 RSN RS, No.4l, &, 2023 4F 11 A.

22) RAARTERER, HAHEL, PIAEZIAN: ADN SRA A ARIREHEHERI L LIz A T A ZIBT D050, KIEF4 2023 FEFKSE
Mgt Fe 2, No.42, t&h,2023 45 11 A.

23) FAKTEE, FERILE, PEZEA, BHE, ZE2EE: 7UoESULAY =TI R/e R Y NEAYORBERIC T
TR, KIS 2023 FRETKFATIEIER S, R No.43,2023 42 11 A.

24y WERE, MEHBRA, kg E, HERA—M, MEEET, ZEEE: T E= U AVS T I RRA IR HEER O
PRIEZEENC RIZT 7 X MES W OEE, B ARMIZE T 7V 3O 2S, JSASS-2023-S024, FlAF, 2023 4F 12 H.

This document is provided by JAXA.



FHMEMAZEEEBAERERERE JAXA-RR-23-005
JAXA Research and Development Report

SR —PEMRE SHSFEEMRRRHES
Technical Report of The Research Activity for High Energy Materials (2023)

% i
£ 7 A
B T R

E LR E AN FEMEZ MR ZEERE (JAXA)
T182-8522 WRANEHTARAIFRE]7-44-1
URL: https://www.jaxa.jp/

2024%1H30H

IRk =1t

MABD—EE /-3 2E % BUTEE - &8 - EFHEAZICNI I3 22U %7,
Unauthorized copying, replication and storage digital media of the contents of this publication, text and images are
strictly prohibited. All Rights Reserved.

This document is provided by JAXA.



FHEMZEMRRFEHE

Japan Aerospace Exploration Agency

This document is provided by JAXA.



	表紙
	目次
	超小型衛星を見据えた高エネルギーイオン液体推進系の研究開発
	高エネルギーイオン液体推進剤を適用した化学スラスタの開発
	画像処理に基づいた高粘性一液推進剤の微粒化現象の時空間分解
	低毒性一液推進剤の触媒点火特性向上のための添加物選定に関する実験的研究
	ADN 系イオン液体の電圧印加型燃焼器を用いた燃焼試験
	アンモニウムジニトラミド/アセトアミド/モノメチルアミン硝酸塩混合系の燃焼速度および燃焼温度の圧力依存性



