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ABSTRACT

A feasibility study of thrust control of hybrid propulsion system for lunar exploration is presented.
The thrust control experiments were performed by controlling the oxidizer mass flow rate where the
thrust modulation is carried by using a ball valve and a stepping motor. The gaseous oxygen (GOX)
and the HDPE (High Density PolyEthylene) were used for the oxidizer and solid fuel, respectively. It
was found that the thrust levels were stable without much fluctuation during the modulation period,
and that the thrust was exactly controlled with target thrust modulation ratio of 53% and 32%.
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A, ., : averaged fuel port area

A, : nozzle throat area

Cp  : thrust coefficient

C., : experimental characteristic velocity
Gy., : theoretical characteristic velocity
F : thrust

Gy © @veraged oxidizer mass flux

m;  : fuel mass flow rate

m,, : oxidizer mass flow rate

m,  : propellant mass flow rate

n : regression rate exponent

P, : chamber pressure

r : regression rate

s : fuel density

n: : characteristic velocity efficiency
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Fig. 2 Schematic of experimental setup.

Table 1. Specification of combustion test.

Oxidizer Gas oxygen
HDPE
Solid Fuel (High Density
PolyEthylene)
Oxidizer supply pressure 30
(bar)
Total combustion time 15
(sec)
Initial port diameter
20
(mm)
Outer diameter
50
(mm)

A (high density polyethylene)S
F71L& Table 13 Zt}.
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Table 2. Parameters used in internal ballistic.

Solid fuel port diameter 20
(mm)
Solid fuel length
200
(mm)
Nozzle throat diameter 9
(mm)
Nozzle exit diameter 13
(mm)
Thrust coefficient (Cr) 0.9
O/F 8
Characteristic velocity (C¥)
1400~1420
(m/sec)
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Fig. 6 Oxidizer mass flux vs regression rate.
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Table 3. Design pressure vs experimental pressure.

Table 4. Results of hybrid

rocket design.

Thrust modulation Solid fuel port diameter
. 100 53 32 20
(%) (mm)
Design Pressure Solid fuel length
8.56 4.50 2.80 150
(bar) (mm)
Exp. Pressure Nozzle throat diameter
9.10 5.03 3.25 7.7
(bar) (mm)
Design Thrust Nozzle exit diameter
5.0 2.65 1.65 11.6
(kgf) (mm)
Exp. Thrust . .
5.70 3.02 1.88 Nozzle expansion ratio 2.25
(kgf)
Thrust Error (%) 14.0 13.9 13.9 Thrust coefficient (Cr) 1.24
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