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Characteristics of Solid Fuel with Added Polymeric Fuel for Hybrid Rocket

Kenichi Takahashi™', Yuki Matsumoto ', Kaito Kinoshita™

ABSTRACT

In this study, Microcrystalline wax (WAX) with fuel regression rate about 4 times that of Hydroxyl-terminated polybutadiene
(HTPB) was used as a main ingredient of solid fuel. However, WAX has lower mechanical performance than HTPB, and cracks
may occur when solidifying from liquid state. Therefore, in order to improve the mechanical performance of WAX, we attempted
toimprove by adding a small amount of polymeric fuel. Polymethyl methacrylate (PMMA) was selected as a substance of polymeric
fuel that also functions as a fuel with consideration for propulsion performance. In this report, we investigated the characteristics of
WAX-based solid fuel with added PMMA powder, and clarified that although the mechanical performance improves, the propulsion
performance decreases. When the addition amount of PMMA is 30 mass%o or less, the performance of WAX -based solid fuel can
be improved.

Keywords: Hybrid rocket, Microcrystalline wax, Polymethyl methacrylate, Tensile strength, Regression rate

B

AMFZETIIEABREIO T LT, kR Y 72 (HTPB) O 4 [208REBHIBEEE D
~A7usYAEY Ty A (WAX) ZfH L7z, LavL, WAX T HTPB & HesirrEaenMi <,
BRREEN D E LT 5 & X2, OUENDEET D Z DD, © 2T, WAX O HIMEREZ 7 B S5
7, VEOESTE AN LSEE R T, HEEERICOEEL, &0 TWEIZITEERBREE LT
HERET DM L LTRY A X 7 UL AT UEE (PMMA) %38 L7-, AMETlE, PMMA 230
72 WAX REAREFORF: 2T U, BSEIERED M BT D 2MEEMEREME T35 Z & 2o MIT LT,
PMMA OFNEAS 30 mass%ll FD & &2, WAX REAHEEROMREZ M LS E5 2 LN TE 5,

1. i

NAT Yy Rady MO, MZ2eEREe, TBREICKHT 2 AR 7en ), THETTHIE 2N FTHE ],

(42 - HEKNARE] E W) X272 v bRH Y, FH3IoFHEEHA 7y v b & L TERSHE
%~ WFFEBAFE D EBERIICIE R I T il T\ 5,

NAT YUy Faly NOBERBEHI AT 7 00 Uy 7 2R LTz L &IZ, {EROHTPB & b L
THIMEDBREMEIBRE L2 Z LB oTWVBY, RT7 400U v 7 A%, @M<, TR
BLTWAEMETH D720, G AFHICBWTENRTWS, XT 7 4 U v 7 A%, KRl
TIEKECTH D720, MEER OO 2MEZIRINT 2 2 L AETH 5,

IRT T 4T 7 AOBREMEIRIEE NS WE L, 3T 7 4 U v 7 A TREERR (AP
FCHE AR L, ELIRIC X DB NI v, HiEAE & B S, RN S TRER LBREE
T5ZEICH D, ARWFFETIE, BEEBREIO EAMELE LT, RT 7 4 2T v 7 AL [RIERITREERE ik )E

*1H AR TS (College of Science and Technology, Nihon University)

This document is provided by JAXA.



R L, S OITEBOMTRENMEN TSI~ 27 a7 JRAZ Y Uy 7 X (WAX) ZEH L7,
— A WAXIZ SRR MK L, BUFIERNE WO T, K10 X 9 ICWAXDELT 5 & & (Z[HEE
REHZ O EI NN AT D, 20X HRMEIX, "M 7 Vv Rary b oo zilgd s xic
FEARREL ORI 28 E L < 55, F7z, OOERRUL, BRIELZ Pl S8 72 & ICTERBREIRm 25 L X
HRAETHRREMENH Y, REERm N 2IRICHI R L, BEEENORF AL E2FHET 570 8, BARRRE
DERA~DRERBEE 705, LIER->T, WAXDOSIEMEZM ESEHZ EN/NE LR D,

Solid

Thermal stress Liquid

X1 WAXGR[EAEREFO OOV U

SRR 2 E S LR E LT, BERBREHI &S FWE 2 IINT 28037 s, BEE
DOWFFETIE, BEERBREIOEMELE LTRT 7 4 0 Uy 7 A, @ tEE L T F L UEIRE =L
HEAR (EVA) 2N LIz & 25 EMRE OHEMNHEGER I, @o B IR 5 2 & CTolEM
FENA BB AREME N R E T, £72, WAXHEVADOEAIZIE, EVAZ20mass%iisid 2 Z L2 k-
T, BREMZIBEERRIB5%ID 35 Z L BRI T 5P,

AWFED HENX, @50 98 2 BN U 7 WAXGR BB O Bt i) Rt S OV BERFME O BUS 2170,
Bk 2 2 USINANZ DWW T, BEARBREIO LG 71k, HrrEee, HEEMRR EZRET I Z Lich D, F
7=, WL rWmE DA 7Yy Rarry SOEEREIORIM E L ToOwEEE=35%379 5,

2. ER

AHETIL, 5IERBRSREERBR 21TV, B0 T 230N L 7= WAXGREABREFO VERE 2 54 L 7=,
~A a7 YVAREY Ty A (WAX) 1L, XT 740Uy 7 AL VBEBENEL, @A EmD
DT, "M 7V y ety bOREERBKREHZE L T\, WAXIZER CTIXHL AR, @iffds & I1xiEE
HIZ72 %, 72, WAXDIRFEEE D TEIINNT 74T v 7 AXDE,

WINT2E 0 TWEX, ~A7VyRary O EERBREIE L CHEHFEEDOHLHDO D H T, iRz s|
ARIREE LEMROE RN Y A X 7 U LEEA FOUEHE (PMMA) % ELT-, PMMAIX2FFEH EL,
A IFTNT YT, NI RO CTHEMEL 7= 7 T AT v 7 O EE a7~ 3 AV 7 a—L —k3 5V O GE-P
&, BIIEMEE N EVWHR-LPA B LT,

WAXEPMMAD GG LA EINE TR ER 2T,
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Manufacturer NIPPON SEIRO CO., LTD.
Product name Hi-Mic-2095

Molecular weight 500-800

Carbon number 30-60

Density (120 deg. C) [kg m™] 780

Melting point [deg. C] 101

Flash point [deg. C] 310

Thermal conductivity [W m™ K] 0.325
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Manufacturer NIPPON SEIRO CO., LTD.
Product name Hi-Mic-2095

Molecular weight 500-800

Carbon number 30-60

Density (120 deg. C) [kg m™] 780

Melting point [deg. C] 101

Flash point [deg. C] 310

Thermal conductivity [W m™ K] 0.325
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Testing system Instoron5500R
Load capacity [kN] 100
Tensile speed [mm min™'] 0.5
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