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Fig. 1 Schematic of a hybrid ramjet.
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Fig.2 The direct connect combustion test facility and the small ramjet engine used in this study.

Table 1 Tests conditions.

Fuel

Test No. No. Type*! Port*? Din (mm)*3 Dt (mm)*4 A/F*3
1 1 1 1:0 75 55 M
2 1 172 1:0 75 55 L
3 1 1+1/72 1:2 80 55 S
4 1 1 1:2 80 55 M
5 1 172 1:2 80 55 L
6 1 1+1/72 1:2 90 55 S
7 1 1 1:2 90 55 M
8 1 172 1:2 90 55 L

*1: 1 is base size. 1/2 is half size.

*2: “1:0”means no rear port. “1:2” means that the rear port total area is twice of that of the forward port.
*3: Din is the inner diameter of the forward part secondary chamber.

*4: Dt is the nozzle throat diameter.

*5: S is small. M is middle. L is large.

Table 2 Tests results.

Item* Unit 1 2 3 4 5 6 7 8
by S 6.97 6.88 6.56 7.47 8.38 7.16 7.46 8.16
Pp MPa 2.52 2.58 3.68 2.64 2.16 3.13 2.53 224
r mms! 2.8 2.9 3.0 2.7 24 2.8 2.7 24
my gs! 111.5 55.7 178.8 105.0 46.6 163.7 104.4 47.4
T, K 512 515 525 520 501 503 507 511
My gs! 1354 1751 1467 1342 1250 1418 1252 1259
A/F — 12.1 314 8.2 12.8 26.8 8.7 12.0 26.6
Py MPa 0.620 0.566 0.759 0.635 0.470 0.753 0.629 0.498
c* mst 1058 787 1149 1098 899 1180 1134 956
C*in mst 1161 910 1265 1151 945 1242 1163 950
T % 91.1 86.5 90.8 95.4 95.1 95.0 97.4 100.6

*1,: burning time, Pp: primary chamber pressure, r: burning rate, my: fuel flow rate, T»: air temperature, m,: air flow rate,
P.,: secondary chamber static pressure at the entrance of the nozzle.
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Fig. 3 The typical primary chamber pressure curve
and secondary pressure curve, and the analysis
definition.
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Fig.4 The solid fuel burning rate as a function of the
primary chamber pressure.
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as a function of the A/F.
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Fig. 8 The combustion efficiency (7.+) as a function of
the equivalent theoretical combustion temperature.
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The combustion characteristics of 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 com-
bustion 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. The liquid fuel is injected into the second-
ary burning region of the gasificated solid fuel. That is why the secondary combustion characteristics depend on that
of the mode using only solid fuel. Solid fuels, which contain B, were made. It is considered suitable material for a

hybrid ramjet engine solid fuel. And combustion tests were conducted with them using only solid fuel. Both primary

combustion and secondary combustion characteristics are good. The secondary combustion efficiency was improved

by the air induction method change etc.
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