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Abstract

Combustion experiments of a laboratory-scale hybrid rocket with multi-layered propellant grain consisting of layers

with different fuel regression rates were conducted. The transition speed between two adjacent layers and frequency
characteristics of unstable combustion during the transition were obtained. Also, we propose a new concept of a reusable solid
rocket, in which the inner layer of the propellant grain is solid propellant and the outer layer is solid fuel. The rocket is
basically a solid rocket, however, at the time of landing it functions as a hybrid rocket. The feasibility of the reusable rocket

was evaluated by calculating the thrust-to-weight ratio.
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Fig. 1 Experimental setup.
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Fig. 2 Schematic of the combustor.
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Fig. 3 Propellant grain with two layers.

Table 1 Experimental condition.

fuel UP
oxidizer GOX, AP
Do [mm] 32.8
D [mm] 2.286

D, [mm)] 8

Dp1 [mm]  19.5

Dp> [mm] 255
L [mm] 60
Le [mm] 70
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Fig. 4 Effect of O/F on the specific impulse of the

hybrid rockets
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Table 2 Experimental results of the GOX/UP and

GOX/AP /UP hybrids.
GOX/UP GOX/AP/UP

C*  [m/s] 1361.8 1397.7
¢, [m/s] 1424.8 1489.9
Dp;  [mm] 19.4 19.65
Gox lkg/(m?*-s)]  20.16 21.14
L [mm] 58.5 60
L [m] 0.8 0.8
0/F 3.86 2.90
pe  [MPa-A] 0.219 0.280
¥ [mm/s] 0.349 0.506
Tr (K] 2980 3052
Wy, [g/mol] 30.627 30.215
14 1.1154 1.1137
nes [%] 98.0 93.8
Tr [s] 0.00153  0.00160
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Fig. 5 Time history of the combustion chamber pressure.
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Fig. 6 Enlargement of the pressure transition from

the solid fuel to the fuel-rich solid propellant.

Table 3 Experimental results of the pressure transition.

No. 1 No. 2 No. 3
Ap2[mm?] 4822.7 4830.7 4822.7
Ape [mm?/s] 2765.3 3343.0 1896.4
C* [mys] 1433.5 1382.9 1398.7
Gox[kg/(m?-s)]  15.23 18.15 12.44
L [mm] 60.2 60.3 60.2
Pc [MPa-A] 0.273 0.293 0.281
7e  [mm/s] 34.5 41.7 23.7
Aty [s] 1.744 1.445 2.543
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Fig. 7 Transition speed between two adjacent layers.
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Fig. 8 Growth rate of the burning area of the outer layer

at the transition between two adjacent layers.
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Fig. 9 Short-time Fourier transform (UP).
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Fig. 11 Short-time Fourier transform during the pressure transition.
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Fig. 12 Stability map of the low-frequency
combustion instability in hybrid rocket
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