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ABSTRACT

A study of gas generator Fuel-Rich propellant for air-breathing propulsion system was performed in
this paper. General solid propellant comprises a mean of 60% or more oxidizing agents. but, to
develop the fuel-rich solid propellant increased the content of the metal fuel and reduced the content
of the oxidizing agents by approximately 30%. Very high amount of heat per volume of fuel into the
metal having the Boron was used. Amorphous Boron Powder was applied to propellant as beads type
and it allowed to design more amount of metal fuel in the fuel-rich propellant. And the Combustion
characteristics and properties of fuel-rich solid propellant according to the Boron-bead sizes were
confirmed.
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Fig. 1 Amorphous boron powder particle size
distribution.

Table 1. HBB(Hanwha Boron—-bead) formulation.

Ingredient Weight %
PMMA 5~15
AP 35~45
Boron 40~50
Additives 0~5

(HBB)Z | Z3}5ich.

BHIEL Ax HHe fuE ALste
MC(Methyl Chloride)®] #=3S& 1#3td &
7l =% 35TE FHIE Vertical Planetary

Mixer& ©]&3te], dAFe] HItE MCol| ¢
A3l gt 1 F APS Hrlste] 3023
FH3| E3leta, BAE Hrkste] oAl 3083

10483 2F FejolA E3sted HF MCE 3
HAZITh oo ¥8 ERES 1AFHo=
1,700 ym AA =719 AE o]&3sle 1,700 mO]
ste) BYPEAE ANHst FA A HE5A
o BHEE A YA gE F34 5EAS
gelst7] s 1,700 gm, 1,000 pm, 600 pm A=}
aziel AE  ol&ste] AT 0~600 pm,
600~1,000 m, 1,000~1,700 m=z F}g3}E A9
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Table 2. Propellant formulation.

Ingredient Weight %
HTPB Polymer 10.2
DOA 55
AP 6.8
Al 8.0
HBB 60.0
Additives 9.5
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=

sy
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>
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Fig. 2 Boron—-bead particle size distribution.

Fig. 3 HBB SEM (x50).

Fig. 4 HBB SEM (x3,000).
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Table 3. Viscosity of fuel-rich propellant on boron-bead size.

) Viscosity (kP)
Propellant No. Bead Size (um)
1 hr 2 hr 3 hr 4 hr
HBB 1 0~1,700 8.0 124 16.4 23.0
HBB 2 1,000~1,700 124 16.0 24.0 -
HBB 3 600~1,000 22.0 304 34.8 -
HBB 4 0~600 30.0 - - -
50.0 FAA NN 7HE a7 BEAHoE o7a e
ABead Size(0~1700 um) _i[_;ﬂxﬂ @i%—E(Burmng rate) ‘;l ﬁ-rg‘ X]“/l:
s0.0 - Bead Size(1000~1700 um) ol 1 3 2 gArL:T
® Bead Size(600-1000 1) (Pressure exponent, ¢8R ME ALrEE
40.0 ><BeadSize(t)--ﬁOOum) Eﬂii]—)—g_ i%—}—sﬂ E?}E}
) o Table 19 7|8 =XAo= F4E HBBE
g " A Table 201]/\19} o] Z=AA ZAWel 60% I
B <= F7bst FAE EFsidd. F3A4 &9
20,0
of 8% HBB =7]Y 234 ArsE
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=
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Fig. 5 Effect of viscosity vs time on bead size.
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Table 4. Burning rate and pressure exponent of fuel-rich propellant on boron-bead particle size.

) Burning rate
Propellant No. Boron-bead size (¢m) . . Pressure Exponent (N)
(mm/s @450 psi, 20TC)
HBB 1 0 ~ 1,700 8.69 0.5978
HBB 2 1,000 ~ 1,700 9.92 0.7249
HBB 3 600 ~ 1,000 8.93 0.5802
HBB 4 0 ~ 600 8.65 0.3148
12 w3, HBB 2, HBB 3 9| 7% HBB 1Xt}
A1 Bead Size(0~1700 ym) 257} 2o AFS Holw 9t} o): wt
2. Bead Size(1000~1700 ) ) o = )
B 3. Bead Size(500~1000 um) HHgeas FAAN AR Ay Aok
4. Bead Size(0~600 pm) g S7HE & S 9ugiy. gEA|ge
10
09 % Fig. 7914 E= vish o] HBB 15 A&
5 . FRA A5 FHAFE 059788 HEI R

8.93
8.69 8.65

Burning Rate (mmjs @450 psi, 20 °C)

0 1 2 3 4
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Fig. 6 Effect of bumning rate of fuel-rich propellant on
bead size.
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0.5802
0.60 A -
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0.40 0.3148

Pressure Exponent

0.20

0.00

0 1 2 3 4
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Fig. 7 Effect of pressure exponent of fuel-rich propellant
on bead size.
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