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Ignition of Metal Powder in the Chamber of the Hybrid Rocket Engine
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Fig. 1.1 Flame temperature vs. Ignition delay time.[
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Table 1.1 Ignition delay time and residence time.[!

Ignition delay time of Al ty; 0.49 s
Ignition delay time of Mg ¢y, | 0.34s
Residence time 7 048 %1073 s
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Table 2.1 Properties of the microcrystalline-wax.

Supplier NIPPON SEIRO CO., LTD.
Trade name Hi-Mic-2095
Density 780 kg/m? (120 °C)
Melting point 374 K (101 °C)
Flash point 583 K (310 °C)

Table 2.2 Properties of the Al powder.
Supplier KOJUNDO CHEMICAL LAB. CO., LTD
Mean particle size | 3 pm
Density 2.6989 g/cm’
Melting point 933.47 K (660.32 °C)
Boiling point 2740 K (2467 °C)

Table 2.3 Properties of the Mg powder.

Supplier KANTO METAL CORP.
Mean particle size | 75 pm

Density 1.74 g/cm’?

Melting point 923 K (650 °C)

Boiling point 1380 K (1107 °C)
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Fig. 2.1 Solid fuel of the hybrid rocket engine (WAX 90 mass% +
Al 10 mass%).
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Fig. 2.2 Hybrid rocket engine.
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Fig. 2.3 Solid fuel of 2D visualization device (WAX 90 mass% +
Mg 10 mass%).
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Fig. 2.4 2D visualization engine.
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Fig. 3.1 State of combustion (WAX 100 mass%).

Fig. 3.2 State of combustion (WAX 90 mass% + Al 10 mass%).

Fig. 3.3 State of combustion (WAX 90 mass% + Mg 10 mass%).
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Fig. 3.4 Regression rate vs. Oxidizer mass flux
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Fig. 3.5 Characteristic velocity vs. Oxidizer to fuel ratio.
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Table 3.1 Mass flow rate 11 and combustion pressure F,.
m p. | o/F | c*
[g/s] | [kPa] | [-] | [m/s]
WAX 100 mass% O | 27.9 | 489 | 2.67 | 882
WAX 100 mass% @ | 27.4 | 490 | 2.97 | 897
WAX 100 mass% @ | 27.6 | 492 | 2.91 898
WAX 90 mass% +
A110 mass% O
WAX 90 mass% +
Al 10 mass% @
WAX 90 mass% +
Al 10 mass% @
WAX 90 mass% +
Mg 10 mass% @
WAX 90 mass% +
Mg 10 mass% @
WAX 90 mass% +
Mg 10 mass% ©

253 | 450 | 2.60 | 893

25.9 | 477 | 251 | 925

27.7 | 496 | 236 | 898

223 | 391 | 222 | 879

26.8 | 496 | 226 | 932

30.0 | 550 | 2.30 | 923
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Fig. 3.6 Combustion visualized in 2D (WAX 100 mass%).

Fig. 3.7 Combustion visualized in 2D (WAX 90 mass% + Al 10

mass%)).

Fig. 3.8 Combustion visualized in 2D (WAX 90 mass% + Mg 10

mass%)).
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