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Numerical Simulation of Combustion Performance of an ATR Engine Annular Fuel-Rich Gas Generator
SU Zhan—chao'?, HU Bin**°*, SHI Qiang“, ZENG Wen', ZHAO Wei**?®, ZHAO Qing—junz'“'5
(1. School of Aero—engine, Shenyang Aerospace University , Shenyang 110136, China; 2. Institute of Engineering Thermophysics ,
Chinese Academy of Sciences, 3. National Key Laboratory of Light Turbine Power, 4. Beijing Key Laboratory of Distributed Combined
Cooling Heating and Power System : Beijing 100190, China;5. School of Aeronautics and Astronautics, University of Chinese Academy
of Sciences , Beijing 100049, China)

Abstract: To achieve the best aerodynamic match between the rich combustion gas generator and the turbine components of an air
turbo rocket(ATR Jengine,an annular fuel-rich gas generator is an inevitable development trend.Taking a liquid oxygen/ RP=3 annular fuel-
rich gas generator for ATR engines as the research object,the effects of different local mass flow rates and local mixing ratios on combustion
performance under the annular cross section were investigated by numerical simulation.The results show that when the total mixing ratio of
the nozzles remains unchanged,increasing the mass flow rate of the central combustion nozzles(or decreasing the mass flow rate of the side
combustion nozzles)causes the high—temperature region downstream of the nozzle to primarily expand along the flow direction. Under differ-
ent conditions,the low—temperature jet zone with the shape of an "inverted cone" changes little;Under the constant condition that the mixing
ratio of the central combustion nozzle is 0.8 and that of the side nozzle is 0.5,the combustion efficiency reaches an extreme value of 83.94%
when the central combustion nozzle mixing ratio is slightly higher than the side nozzle mixing ratio;When the total flow rate of the nozzles
remains unchanged, increasing the mixing ratio of the central combustion nozzles(or decreasing the mixing ratio of the side combustion
nozzles)causes the high—temperature region downstream of the nozzle to expand primarily along the flow direction and radial direction.The
low—temperature jet zone with the shape of an"inverted cone" increases along the flow direction with the increase of combustion nozzle mix-
ing ratio;under the constant condition that the mass flow rate of the central unit nozzles is 0.108 kg/s and that of the side unit nozzles is
0.144 kg/s,the combustion efficiency reaches an extreme value of 83.37% when the mass flow rate of the central combustion nozzles is
slightly higher than that of the side combustion nozzles.

Key words: annular fuel-rich combustion gas generator; air turbo rocket(ATR )engine; local mass flow rates; local mixing ratios;

temperature distribution;combustion efficiency;combustion nozzle
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