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Ducted Rocket Engines for Spaceplanes
Effects of Gas Injector and Recirculation Zone on C” Combustion Efficiency
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Abstract: The landing area of spaceplanes is limited by the re-entry point. The re-entry area can be expanded by using ducted rocket
engines. When ducted rocket engines operate in high air-fuel ratio, the fuel gas is cooled down by the amount of ram air. The
temperature in the secondary combustor decreases and the combustion efficiency reduces. To improve the combustion efficiency, we
set the multi-hole gas injector and expanded the recirculation zone. The effects of them on the combustion efficiency were examined
by experiment. As a result, the combustion efficiency is improved by multi-hole gas injector and expanded recirculation zone. It is
considered that the multi-hole gas injector and expanded recirculation zone make a high temperature region forward in the secondary

combustor, and mixed gas is able to burn easily.
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Figure 1. Fundamental structure of a ducted rocket engine
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Figure 2. Direct connected pipe ducted rocket engine

Table 1. Experimental Conditions

compositions ofthe | p.7pp:B=75:25:10 [parts]
gas generator
Sample weight 15[g]

Pressure in the
secondary combustor

0.25~0.35 [MPa]

Air temperature

280~300 [K]

Air flow rate 170~185 [o/s]
Fuel gas flow rate 15~6.5]gfs]
Air-fuel ratio 20~100[-]

Table 2. Simplified sketches of gas injectors
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Figure 3. C* combustion efficiency to air-fuel ratio
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