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Preliminary Design and Analysis of the Small-scale
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Fig. 1 Preliminary Design Process for the Small
-scale ‘Hybrid . Rocket Motor

Basic Decisions

Fuel/Oxidizer PE/ N,0
Total Mass (kg) 5.0
Altitude (km) 13
Velocity Increment (m/s) 200.0
Required Initial Thrust(kgf) 30.0
Burning Time. (sec) 3.0
Fuel Grain Outer Diameter(mm) 45.0
Port Configuration /Number Circular / 1
Initial Mixture Ratio 8.0
Initial Chamber Pressure (psia) 300.0
Density of the Fuel (kg/m®) 950.0°
Oxidizer Tank Pressure (bar) 50.0

Preliminary Design Results
Propellant Mass Flow Rate {(kg/s) 0.1356

Fuel Mass Flow Rate (kg/s) 0.0151
Oxidizer Mass Flow Rate (kg/ s) 0.1205
Final Mass of the Vehicle (kg) 4.5598
Propellant Mass (kg) 0.4402
Nozzle expansion ratio 3.4

Port Diameter (mm) 253
Grain length (mm) 404.3

Table 1. Summary of the Preliminary Design for
Small-scale Hybrid Rocket Motor
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Fig. 2 The Change of Port Diameter and Regression
Rate over Time
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Fig. 3 The Change of O/F Ratio over Time

g8t 8-& 7143t CEA(Chemical Equilibrium
with Applications) ZE[5]E B3 d4dd 2%,
g Fo A9ty EAAE Asien,
g ol&std A A

o)
B e

9 v+1 B)
* vy A1
‘ _{RT;(VH) } ©
Y+ 1 -1
_ 2y 2 -1 |q_ P B
; J;1%+Q [1<R> l @
(P—-P) A
P, A
FcC
L,=——=—7" 3)
mg g
58 e ZAH AgsE dad Y
e Asugdezry 4 (% 2o I
2 32859[3], olz 4 ()& ¥l FHL A
@ & sk
})c = —"(mul +prAb) (6)
F=A\CpPcA, @)
¢ e HFAE B A" ZHY AT
HAEL AANSEE ) Figure 45 A& AT
of e RE F¥ WgE JFF dfolH, &
71 &7 F¥<l 30kgfe] 2H#YES FAT + A
it
35
30+
254
G 2
g 15
£
10
54
0 T 7 T r T 1

. v e v
0.0 05 1.0 15 20 25 3.0
time (sec)

Fig. 4 A Typical Thrust-time curve
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Fig. 5 Calculation of the Trajectories of the Small
—scale Hybrid Motor
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