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Fig.1 Relationship between flame temperature and oxi-
dizer to fuel ratio for HTPB/AP fuel rich propel-
lants
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Fig.2 Relationship between specific impulse and oxidizer
to fuel ratio for HTPB/AP fuel rich propellants
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Table 1 Density of oxidizers®’

Oxidizer Density (kg/m°®)
LOX 1.14X10°
N,O, 1.45X10°
N,0 7.85%10°
IRFNA 1. 63X 10°

Table 2 Density of fuel rich propellants

Formulations of Density

fuel rich propellants (kg/m®)
HTPB/AP=50/50 1.26X%10°
HTPB/AP=60/40 1.18X10°
HTPB/AP=70/30 1.10X10%
HTPB/GAP/AP=48/12/40 1.23%10°
HTPB/GAP/AP=36/24/40 1.28%10°
HTPB/GAP/AP=24/36/40 1.34X10°
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Fig.3 Relationship between flame temperature and oxi-
dizer to fuel ratio for HTPB/GAP/ AP fuel rich
propellants
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Fig.4 Relationship between specific impulse and oxidizer
to fuel ratio for HTPB/GAP/AP propellants
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Table 3 Formulations of fuel rich propellants on which
strand tests were conducted

Formulation | HTPB | GAP AP Fe,0,
A 60 40 0.5
B 60 40 1.0
C . 48 12 40 1.0

wt%, values of Fe,O, are external parts

NHGAPESTHERD HOMNELS > TS, Fi,
HEHDORRBEDETFTTIRSHIMNMETL TS, GAP
ESATHIERE>TREOI L I KRB
A%, BALKFRORMED L 3G RERORBA:AE
<HEAHH, BROICEFTIXHSHIUBMBESEIsp
DETIZORMN--EFASND, HHEERZON
47Uy RFayy bOXITRRMLAINFTEHICHE T E
BV AT LTIIGAPOERIZ L BlspDNKITMGT
LW, 127U, GAPEIO%ERTH I LILBIsp
DETFHHT N 2 BBETH DD UIREIOEEEN
10%ALHLLHDT, BELENHIVIZIRLF
FEDOHRTRIEMNARTHSHLENVA S,
3. MELEEE
3.1 REHE

PREHBSHEEEE 7TmmX 7T mmX80mmD Kk & Xz
ML, FAS-BRRA S RRBERBREREERAL
TRHEZEZT T 1 ~12MPa0E HRIE TRFRR %
TOBRRSaRE 2T L 7=, BERBICEIDFEELL
BRELBSHEREOHAR ZTable 3 IR, @RAELBE
HET 32 EIZEK DAPRMRELASHERIZH T B1R
podigm s L TOREK(M ORREMBL .
7o, BRBLCEHRTHILIZEYD, GAPESHT
AN Y ERLBEORFEEEOTILZWAL

- Fze RPITRTHTIPBBLUGAPORIZENENIIH

THEEADESDEHLOTH S,
3.2 REERBLUHR

Fig. 5 CERABLUBORMER ERT. RULE
BREBETH D DICHBDAPRI VRS v b
S & BT B EIERITE S MBENIOMPalc BN T
MUEEET 1 mm/sBETH D, il semist
THHARIK(D ZSHTIHROMTH S, #MKA
EBTRE(LS (M DRITEND D4, MEEEDOE
RHEDREL RN, ZNIZRIGHERBYAERT 2
HETHIAPOSHBMSER OHERIZLH< 2N

CZEN-ETHHEEASND, Fik, BHESK(DIIR

BBk R 2 REREITIE TN B T &Ik > TR
ERDIPRND B LBEINTNHON, BHBS
HEROBCRERBMNBAROMEEREL D b/AT
DIZEDHBRBNERDZLEBDND. HEOMPEE



o
<

o8

[a—
S
[=]
]
[

Burning Rate (mm/s)
»
[
T IR T

»

Ferric Oxide 1.0%
Ferric Oxide 0.5%

10'1 P | .
10° 10! 10
Pressure (MPa)

Fig.5 Effect of ferric oxide on burning rate of HTPB/AP
fuel rich propellants
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Fig.6 Temperature sensitivity of HTPB/GAP/AP fuel
rich propellants
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Burning rate characteristics of fuel rich propellants (1)

by Iwao KOMAI®, Kazushige KATO® and Tadashi SONOBE**

Theoretical performances and burning rate characteristics of HTPB/AP and HTPB/GAP/AP
fuel rich propellants were evaluated. The theoretical specific impulse (Isp) of Hybrid Rockets (HR)
which use fuel rich propellants is not largely affected by the fuel rich propellant formulation. By
replacing a part of HTPB to GAP, the Isp decreases slightly. While, the increment of density of the
fuel rich propellant is much larger. Consequently, the use of GAP improves the energy density of
the system. The results of strand tests revealed that ferric oxide has only a small effect on the burn-
ing rate of the fuel rich propellants which contain substantial amount of AP. It was also revealed
that the burning rate of HTPB/GAP/ AP fuel rich propellant is much higher than that of HTPB/
AP.

(*NOF Corporation, 61 —1 Kitakomatsudani, Taketoyo, Chita, Aichi 470-2398,
Japan
**Nippo Kogyo Co., Ltd., 1838 Chabatake, Susono, Shizuoka 410-1121, Japan)
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