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Fig.1 Ramjet powder supply system
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Fig.2 Electron microscopic image of silica powder
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Fig.3 Real-time calibration device for powder mass flow rate
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Fig. 4 High back-pressure simulation test system
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Fig. 5 Equipment for the study of powder injection

characteristics
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Fig. 6 Mass fraction of condensate products and the

temperature of combustion under oxidizer to fuel ratios"®
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Table 1 Experimental conditions

Case v/(mm/s) k P /MPa m,J(gfs)
#1 0.00 0.64 1.10 4.01
#2 6.46 0.64 1.51 5.49
#3 6.48 0.64 2.49 9.06
#4 11.7 0.64 1.58 5.75
#5 5.46 0.64 1.59 5.79
#6 7.01 0.56 1.01 3.64
#7 7.01 0.56 1.41 5.12
#8 7.01 0.56 1.83 6.64
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Fig. 7 Relation between piston displacement and mass of

powder during calibration (case 4)
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Fig. 8 Carrier gas pressure and gas-solid two-phase flow

pressure (case 4)
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Fig. 9 Result of unsteady mass flow rate calibration

experiment "
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Fig. 10 Simulated combustion chamber pressure fluctuation
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Fig. 11 Carrier gas pressure and powder injection pressure

during the combustion chamber pressure fluctuation
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Table 2 Powder flow rate calibration results

Case Calculation/ Measurement/ Relative
(gfs) (g/s) error/%
#2 11.42 10.88 -4.8
#3 11.46 10.92 -4.7
#4 19.41 18.62 -3.4
#5 9.06 8.74 -4.1
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Fig. 12 Effect of carrier gas mass flow rate and piston

speed on powder supply
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Characteristics of powder fuel supply for Mg-CO, ramjet
WANG Xu"?, BU Yanpeng’, XU Xu', YU Yang', GUAN Ming*, LIU Jiaxun', YANG Qingchun'
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4. Research and Production Department of China Aerospace Science and Industry Corporation, Beijing 100038, China)

Abstract: In order to study the powder fuel supply system characteristics of Mg—CO, ramjet, a real-time
monitoring system for the flow rate of powder, a high back—pressure simulation system and a powder injection vi-
sualization experiment system were built. The accuracy and stability of powder supply, powder supply state and
powder injection characteristics under different carrier gas flow rates were analysed. Results show that the gas—
solid two—phase flow cocked supply method ensured a stable and accurate supply of powder in the high back—
pressure during simulated engine operation. The maximum measuring error of powder mass flow rate compared to
the theoretical prediction is 4.8%. For the stability of the engine, the combustion experiments should be carried
out in the stable stage of the carrier gas pressure. During this process, the mass flow rate of powder supply is only
related to the piston speed and powder packing density. Within the studied carrier gas mass flow rate range, the
carrier gas mass flow rate has no significant effect on the powder supply mass flow rate, but has a significant ef-
fect on the powder injection characteristics. Powder injection velocity increases linearly with the carrier gas mass
flow rate, while the injection cone angle tends to decrease first and then increase with the carrier gas mass flow
rate. Factors such as powder mixing, dispersion and engine combustion organization were considered. In order to
improve the theoretical combustion performance of the model ramjet, the ratio of carrier gas flow rate to powder
flow rate should be chosen to be around 0.68 in the later combustion experiments.

Key words: Powder ramjet engine; Powder supply; Powder fluidization; Supply characteristics; Magne-

sium powder
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