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Test verification of multi-point injection air and ethanol gas generator

ZHAO Fang'”®, REN Zebin'® , WANG Fei' |, SHI Yu', LI Xianfeng' , LUO Zhifeng’
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2. State Key Laboratory of Aerodynamics, China Aerodynamics Research and Development Center, Mianyang 621000, China;
3. AECC Sichuan Gas Turbine Establishment, Mianyang 621300, China)

Abstract; In order to effectively solve the shortcomings of the existing gas ejection source, as well as meet the needs of large mass flowrate and
miniaturization of an injection system, a gas generator with multi-point injection structure using air and alcohol as propellants was developed based
on the comprehensive analysis of various gas injection source schemes, and the experimental research under various working conditions was carried
out. Research results show as bellows: the multi-point injection scheme greatly improves the space utilization rate, which effectively meets the
miniaturization requirements of ejection system. Spray performance is good, and the spray cone angle and particle diameter are superior to the index
requirements. Ignition reliability is high, which solves the shortcomings of low ignition reliability of the existing gas generator in the field. The
operation curve indicates a rapid ignition, stable combustion and uniform temperature field of gas generator. The excess air coefficient range for
stable operation is 2. 52 ~ 4. 34 showing a wide mass flow-rate range. In addition, efficient film cooling on the combustion liner inner wall
effectively ensures the long time operation of the gas generator.

Keywords: combustion gas ejection; propellant; multi-point injection; gas generator; excess air coefficient
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Tab.1 Gas generator design parameters
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Fig. 1 Structure diagram of gas generator
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Fig.2 Principle drawing of gas generator
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Fig.3  Spray process of pressure-swirl injector with swirler

N T R B R R A AT AR B A B 4K
PN i/ S10) N BU N F 0 TR g iR 49 A
2 SRBE AL UR AT ELAE R —F- T, RV 9 K
i R SR e = HE ) A Sk e O ik, st R
WA (WP 4 FR ) | a8 22 5 U 9 D7 ORI
BHEA IR 2 51808 ; WO T2 d ARy
Vi RIE AR B LR LA A AR
TR AR T, A — B AL B B4
AHIEIE SRR A CRORRE ) |, 4 B AR L
T B AR AR A s ek
W S AR S

iegn)

P4 R = s iR
Fig.4 3D structure diagram of injection tray
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Fig.5 Cooling structure diagram of combustion liner head
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Fig. 6 Cooling structure diagram of combustion liner wall
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Fig.7 Schematic diagram of spray test platform
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Fig.8 Hot test schematic diagram of gas generator
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Fig.9 Photograph of spray field under design condition
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Fig. 11  Operation pressure curves of gas generator under

30 kg/s mass flowrate condition
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Fig. 12 Start-up curve of gas generator
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Tab.2 Lean ignition test conditions and results
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Fig. 13 Test curve of gas generator under the

lean ignition limit
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design condition
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Fig. 17 Combustion liner temperature distribution
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