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Effect of Blackening of Wax Fuel for Hybrid Rocket
OYuto KOINUMA and Ichiro NAKAGAWA

Abstract

Hybrid rocket has lower thrust density than liquid propulsion systems and solid propulsion systems. Specifically,
it is difficult to increase the thrust by low compared with solid propulsion, which hinders practical use. Therefore,
by using wax having a low melting point as a fuel, it is possible to obtain regression rate 3-4 times as high as that of
HTPB or PMMA. When burning for a long time, if the fuel web is heated deeply by radiation heat transfer, the
strength lowered and there is a possibility of collapse and supply instability. In contrast, by adding carbon black to
the fuel, it prevents radiation heat transfer to the deep part of the fuel web. This paper describes the study on the
effect of the regression rate caused by blackening. As a result, as the addition rate increased, the regression rate
showed a decrease and viscosity an increase. Furthermore, it was shown that the sensitivity of the regression rate to
viscosity change is higher than other fuels. Also, the temperature distribution of solid fuel was measured. In this
experiment, it was shown that the temperature distribution of the melting layer is higher, and the solid layer is lower
as compared with the fuel without addition. Temperature distribution in the solid fuel was the calculation value close
to the measured by adding carbon black. And for the fuel without carbon black, the temperature distribution was
higher than the heat conduction calculation value. From these results, it is considered that radiation heat transfer can
be prevented by blackening.
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Figure 1 Hi-Mic-2095 (left side) and carbon black
(right side)

A=AV 75y 7 DFRMRIIZEEB TR VEEOE
LA B 2 8 (BiRo 22 2BI N ITEWT
13, BROETL 5, 10%E L CEE2T-o72, gyt
SO BREHE Hi-Mic-2095 12 = F L VS © = L L E &k
(EVA) 22577V VBEHNL BB ofhiz, HARE
B S5 7 4 7w 7 A FT-0070, FT-105 IZ EVA %
MUZBRTH 5, sy BE2EMIE3 R
DI PE R ET20%RMENHDTH 5.
ESHOFHIcBTA—Rr 75y 70 MLIIRG
fEnnsnniZ i vk, BOcREBELIETHD,
BEMD B Iwt% E LTWw 5,

2.2 BRBMBOR RS &R IC B3 % RS
9, HRICE T 2 BB ¢ 12 DT 0B
kotTEzo6N 5,

. n
- Gn — mox
r =aGg, a( /Apmj (1)

2Ty, FERCAVERINE, Aporld A — b NBTHIE
2T, RO E NI, BRI E X BLEIE
BREBICLSD TR ENLERNIA=FITHL, £oT,
EipRicik 2 omLAEEREZ B, Boni
BB EE L BAEERRABE TS LIk T
AR n BEEIB T EICkS, ZoLE, B
HEERERF a2 -2V 74 AL EICL>THRET 3
TEMTELD, K—MRIIBREBEE EBICHBKRL, B
A4 LBV ZELT 5. EEERIIZOTD R TEl
HLARAETHZ, 20700, BREEMEDO R — FBiEE
Xy, MERMFPOFE R - FHEEL2EHT 5 FE%E
Avg, 2oL EHATMERTHRDE— FE Dpont
&, RBERIR OB E AM, BB p, BREE S L, W
R— ]‘% Dport,i %FHD)“CU\T@ﬁ“C%i%?h%

M| e

Dport,f = 2L port, f (2)

B L 7e k9 ic, BBEh o PR — FHEZ )
5, REBRTEEL T2 BREMEREE LT TH
BER T O FETH 5 2 LIER I L,

KA, RBHR B E BE ST 7> & [6] 8 ~ o B 73 43 S
Tharel, BiEZMWTER2IT). ZORRIC,
W] (A BRRE b C IRl U 72 2 S MR B o Jaj At B0 2
Fhld, WEORNBERTH % L IRE L BRICRKAT
x3Ins,

h 03322 pr/? [U= @3)
UX

2T, ARAMBER u 3B DOTE, v 3B
Ba#RT. £/, Prandtl 2 Pr ZKE 1 & EFIELECp %
Fﬁlf}f,

HCy

PrZT (4)

L, RQO)NMATEZZELTUTORER S,
m:a%y%cwﬁéﬂ%imfn) )

IIT, pREBOEEEATRYT. S5, EEBEE
HICE T 3 ETPHA WX, BVEERIIRERE T, @
PRI RIS Ts, EARBRRIIHEEE To, BE{&IRK D%
EpZHWT, UTORXRTRTZIENTE S,

This document is provided by JAXA.



h(TI _Ts) = rpscp(Ts_TO) (6)

A(@)2AG)NMAL, RIENWIZUTOAZRES.
Q%M%qp%-%?mflhﬁﬁ%mfﬁ) ()

2T, AR NIRRT TR 3 RENE T v o
ABERSTTHY, GNP ENZ B S EicEqL
BOLEVWERERZEL., TORELD, BVMEER, EE
FeEh, R, BB SR, WEIREE, e
FEE, BEEREIHEEREDBREHC BV THIH LV
ET 5. Fl, A—BROBELTH 570, BILAVEE
e EBAABESE-BETdnERoR LD, &
— PN R & @ T 2 BRI IEIEE L kD k
SA5. X5, WA X—%TEMT 5 EHE TR
HIFE L WERERLE L W EIRERITI 2 & T, WER
HWHEBRELTHEI 2N TES, 2o REZA®D)
WHEIRT 52 T, UToBREZSS.

oy o (8)

ZoMBREACT, WNEEEBLILLBBICEL 28
FEDEACITH T 5 B IREL D AR IR 0 2 & FE BRI
Lo THMT S, LarLl, LLoBBRRIIBHAEED
BEEZERL TOEWRD, BELL ZBRECIRTH
FEERPELC S EEZoN S, IniE, BERBEHRE
DRESA OGN %2 £ LB E %2 5Eli$ 5.

2.3 WA Gl S B

AR L&D, MELREBEEEOBERCIIERE
{BIZHE D BUR BV O R 2 51 L & e » iz Bl {(RR
BIANOEES AR ZERmL, BEBERE~NDPED
Al % 479 .

BERHEERNA 7 U v FHEEICE T 2 BERAEER
7R E AR RBEIC X > THEIRDBRBED 2 2 F 4 3 ¢
5, ZIZTHRAEL O -FIERBOEEEAN7 4 —F
Ny 73N5 LT, RRIEER OB RPHERMZ I
HIEICRD, Ty o R EOKBUEBREZ 2 HR
TRBBEEZ Fo 70, BEETHEL 80— 375l
WE oML E AR OMEIC 7 4 — F Ny 7313,
COMBED 7 4 — RNy 212 X o TNEE 1 5 B IR
RLOREIEZ KT 210870, BEBMEEMTE
UCaE\BE*2BT20ERH S, £7, EEMHBY
AEBENI L RN FMRERLLOUTOLHIICEHT I L
TE 35,

dT dT
-puC,—=0 (9)

A
dx’ " dx

CCTHMATAREE 22 LT LD LRMETH B,

AP —EPEEIC L 28 BEH 2, FHIRNICLS
BB#E2RT, 22T, pu BEFRETHIET 2EHES
L, BEHRIBHTEA S &

pu=pf (10)

ERTIEWTEL D, ROBUTDOX I IZERT
52 EMTES,

d’T . dT

im—psrcpazo (11)

NADICEREGF L L T,

T=TyX=—0
T=T,..x=0 (12)
ZHEAL, MOT22LTUTORXR%2E 3,
dT .
l(al_ = psGC(Ts _TO) (13)

A(13) TR E 2 & HAEHN N DO BB B 2777,
7o, [EAM ORI 1

C i
T(x) =T, = (T, _TO)EXF{— psﬂpr X] (14)

L3, ZoR)EHWTEL L ZEEHEANORE
EEBORESH O KA T 2,

2.4 FBAE
AFFETIERG)DBERMEE NG T2 720, B ER
FE T OVRE B2 o> A5 2l & SR L 7

PRRMZ IR EE O BG ER A 7 2 ZEREEMEN
#LIT o Figure 2 v ¥,

GORX Bonile
G Boiile

Figure 2 Experimental device to acquire regression
rate.
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Figure 3 Standardized specimen. (Bonded wax fuel to
the PMMA cartridge)
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Figure 4 Shows the experiment using of analog-type
visco tester.
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Figure 5 Drawing of fuel cartridge for thermocouple
embedding.
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Figure 6 Fuel plug with an embedded thermocouple.
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Figure 7 Shows the regression rate which changes with
the addition of carbon black.
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Figure 8 Shows the viscosity which changes with the
addition of carbon black.
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Figure 9 lllustrates the sensitivity of regression rate to
viscosity in carbon black add fuel.
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Figure 10 Comparison of temperature distribution
from melting liquid layer to solid layer.
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Figure 11 Difference in temperature distribution w/ or
w/o carbon black.
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Figure 12 Comparison of temperature distribution in
solid layer w/o carbon black and heat conduction
calculation result.
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Figure 13 Comparison of temperature distribution in
solid layer w/ carbon black and heat conduction
calculation result.
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