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Baseline Design and Flight Capability Predictions
for a Reusable Winged Hybrid Rocket System

Kazuhide MIZOBATA, Jun NAKAYA, Shimon NARITA, Hiroshi YOSHIDA,
Hiromu SUGIYAMA, Harunori NAGATA, Ken'ichi ITO,
Ryojiro AKIBA, and Yooichi OOWADA

(FfeseftH PBI3ES H7H  XXEH FH134 8 A31H)

Abstract ‘

Hybrid rocket motors, propelled by a combination of a solid fuel and a liquid oxidizer,
are best suited to development of small launch systems in university laboratories,
because of their advantageous characteristics such as safety, easy handling, and low
costs. The performance of hybrid rocket motors of three classes of thrust — 10tonf,
1tonf, and 200kgf — is estimated. The feasibility of reusable winged launch systems
based on the three motors is preliminarily analyzed for suborbital micro-gravity
experiments. The results tell that a system with a 10tonf-class motor by a coolant bleed
cycle with polystyrene and LOx fed by an LE-5B turbopump will be capable of exposing
a payload of 360kg to a micro-gravity environment for three minutes. It is also
predicted that a system with a 1tonf-class motor will be moderately capable and that
with a 200kgf-class motor will not be feasible for micro gravity missions mainly because
the weight of its helium pressurization system for feeding LLOx will reduce the mass
fraction.

Keywords: Hybrid rockets, Reusable launch system, Flight trajectory analysis
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Fig. 2 A colliding-flow-type hybrid motor for
ground firing tests.
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Fig. 3 A ground firing test at a university
laboratory.

Mean oxygen flow rate: 80.3 [g/s]
Mean fuel flow rate: 41.8 [g/s]
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Fig. 4 Measured history of chamber pressure and
LOx flow rate.
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Fig. 5 Estimated history of specific impulse and
thrust.
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Table 1 Estimated performance of hybrid rocket
motors.
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Thrust class [tonf] 10 1 0.2
Thrust at sea levellton] 10.08 0923 0.185
Thrust at vacuum [ton] 12.01 1.117 0.233

Isp at sea level [sec] 266.6 2669 266.9

Isp at vacuum [sec] 317.8 3227 3227
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Fig. 6 Vehicle Configuration for three-degree-

of-freedom flight analysis.
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Table 2 Dimensions of the proposed vehicles:
initial design.

Thrust class [tonf] 10 1 0.2

Length [ml] 10.7 3.38 1.51
Wing span  [m] 8.0 2.53 1.13
Wing area [m?] 47.25 4.725 0.945
Nose Radius [m] 0.1 0.032 0.014
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Table 3 Estimation of weights: initial design.

Thrust class [tonf] 10 1 0.2
averge Jyp [sec] 282 289 289
A VIm/s] 3000 1500 1500
Structural coefficient 0.3 0.45 0.45
Dry weight [ton] 1.88 0.2 0.0666
Fuel weight [ton] 4387 0244 0.0814
Payload [ton] 036 015 005

Total weight [ton] 6.627 0.594 0.198
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Fig. 7 Taiki launch/landing site.
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Table 4 Vehicle specifications revised on the basis

of flight analysis.
Thrust class [tonf] 1 0.2
Structural coefficient 0.34 0.42
Dry weight [ton] 0.31 0.072
Fuel weight [ton] 0.6 0.10
Payload [ton] 0.1 0.05
Total weight [ton] 1.01 0.222
Wing area [m?] 3.0 0.5
=== == —————— == == —————— "

Table 5 Results of flight trajectoz analysis.

Thrust class [tonf] 10 1 0.2
initial revised initial revised
Lift off distance [km] 05 0.5 0.65 0.3 0.8
Max altitude [km] 167.0 19.3 88.6 14.6 19.9
Max mach number 46 1.4 2.8 0.8 1.0
10%G duration [sec] 195 0 23 0 0
103G duration [sec] 217 0 47 0 1
104G duration [sec] 229 0 94 1 2
103G duration [sec] 252 0 134 3 7
102G duration [sec] 274 0 155 8 21
Max acceleration [G] ¢ 9.8 3.3 6.0 1.6 1.8
Max temperature [C] 596 — — — —
Max altitude: 167 [km]
micro-G duration: 195 [sec]
\/
\ 1 40 -

1st dive

Engine burnout

Take-off |
e-0 NS
Approachllﬂ-/
(a) Flight trajectory.

Max acceleration: 9.83 [G]
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(b) Abort flight trajectories from the points where
the flight Mach number reaches 1, 2, 3, and 4.

Fig. 8 Flight trajectories of a winged system with a motor of 10tonf thrust.
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(b) Abort flight trajectories from the points where
the flight Mach number reaches 0.8, 1.6, and 2.4.

Fig.9 Flight trajectory of a winged system with a motor of 1tonf thrust.
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(b) Abort flight trajectories from the points where
the flight Mach number reaches 0.7.

Fig. 10 Flight trajectory of a winged system with a motor of 200kgf thrust.
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