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Fig. 1 Schematic of a liquid fuel ramjet.
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Fig. 2 Schematic of a ducted-rocket.
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Fig. 3 Schematic of a hybrid ramjet.
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Fig. 4 The change ratio of the fuel flow rate as a function
of the gas generator pressure.
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Fig. 5 The change ratio of the fuel flow rate of the hybrid
ramjet as a function of the gas generator pressure.
(The ratio of the solid fuel flow rate to the liquid
fuel flow rate is 1:1 at the gas generator pressure

12 MPa.)
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Fig. 6 The change ratio of the fuel flow rate of the hybrid
ramjet as a function of the gas generator pressure.
(The ratio of the solid fuel flow rate to the liquid
fuel flow rate is 1:2 at the gas generator pressure
12 MPa.)
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Fig. 7 The change ratio of the fuel flow rate of the hybrid
ramjet as a function of the gas generator pressure.
(The ratio of the solid fuel flow rate to the liquid
fuel flow rate is 1:3 at the gas generator pressure
12 MPa.)
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Fig. 8 The Isp as a function of the A/F for a
ducted-rocket.
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Table 1 Boiling point of fuel materials and the oxidants.

Materials Boiling point (°C)  Oxidants  Boiling point (°C) note
B 2550 B,0; 1800 2)
Mg 1090 MgO 3600 2)
Al 2470 Al 05 2980 2)
Si 2360 Si0, 2950 2)
Ca 1480 CaO 2850 2)
Ti 3200 Ti,03 3000 3)
Zr 4900 ZrO, 4300 3)
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Table 2 Solid fuels composition.

(wt%)
No. AP CTPB B Ti Zr
1 40 30 30 0 0
2 40 30 0 30 0
3 40 30 0 0 30
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Fig. 9 The Isp as a function of the A/F for the hybrid
ramjet. (The ratio of the solid fuel flow rate to
the liquid fuel flow rate is 1:1 at the gas
generator pressure 12 MPa.)
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Fig. 10 The Isp as a function of the A/F for the hybrid
ramjet. (The ratio of the solid fuel flow rate to
the liquid fuel flow rate is 1:3 at the gas
generator pressure 12 MPa.)
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A study on the solid fuel for a hybrid ramjet engine

Ichiro Nakagawa

A hybrid-ramjet uses liquid fuel and solid fuel. The high ignitability of the secondary combustion and high
combustion stability which a solid fuel ramjet (a ducted rocket) has, and the high Isp performance and the wide
fuel flow control range which a liquid fuel ramjet has are expected on this engine. What burning rate character-
istics of the solid fuel are good and what fuel composition is suitable are investigated in this paper. The same
burning rate characteristics as the normal solid propellant for a solid rocket is sufficient for the fuel flow con-
trol of the hybrid-ramjet. B, Ti and Zr are good for the fuel composition to improve combustion stability, and
the Isp performance of them are almost same.
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