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Abstract
Oscillatory combustion with bumping was often observed with low-melting-point fuels such as wax fuels in laboratory-
scale hybrid rocket motors. The pressure oscillations were primarily caused by flames oscillating back and forth along the free
stream. Visualization experiments confirmed that bumping of liquefied wax fuel often occurred during the flame oscillation, and
it was found that the flame oscillation and bumping are strongly related. The bumping temporarily supplies a large number of
droplets to the gas phase, which can cause pulse combustion in practical hybrid rocket motors. In addition, we investigated the
relation between the liquid layer thickness on the wax fuel and the combustion instability caused by the flames oscillating back

and forth along the free stream.
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Fig. 1 Schematic of the 2-D combustor.
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Fig. 2 Schematic of the experimental setup.

Table 1 Experimental condition.

Ap 675 [mm?]

D¢y 4 [mm]
D; 2.54 [mm]
D, 8 [mm]
h 27 [mm]
L 80 [mm]
w 25 [mm]
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Table 2 Experimental results of the 2-D combustion chamber
(with cylinder).

U 0.047 0.049 0.052 0.063 0.065 0.069 0.062

W 0.659 0.663 0.658 0.659 0.623 0.619 0.655

p 0946 0.834 0.859 0.990 0.895 0.839 0.846

g 0.088 0.104 0.189 0.149 0.209 0.205 0.146

Table 3 Experimental results of the 2-D combustion chamber
(without cylinder).

No. 8 9 10 11
B, 3.11 17.65 7.96 4.69
¢ x10° 446 1.39 2.49 3.53
¢ 557 649 579 535
A 791 967 888 830
Gox 10.2 14.2 10.6 104
0/F 52.5 29.3 275 453
Pe 0.12 0.16 0.13 0.12
7 0.34 045 0.37 0.34
7, 0.089 0.220 0.132 0.107
T 562.6 570 563.5 562.5
t 3.10 3.14 3.16 3.20
U 11.7 17.0 12.5 11.0
Y 1.30 1.27 1.28 1.29
AM, 0.48 1.19 0.71 0.58
5 0.204 0.390 0310 0.258
e 70.4 67.1 65.2 64.3
u 0.051 0.065 0.059 0.054
1 0.658 0.624 0.654 0.659
p 0.873 0.838 0.836 0.948
0" 0.156 0.169 0.149 0.119
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0.25

N
N
T

ot
=
o

g
=
i

Chamber pressure, MPa-A
=3

1 2 3 4
Time, sec

Fig. 5 Time history of the chamber pressure (No. 1).
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Fig. 16 Stability map on the §;-U plane for pressure oscillations
caused by a flame oscillating back and forth along the free stream
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Fig. 20 High-speed camera image of the burning solid fuel (No. 7).
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