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Reliability Analysis of Hybrid Rocket
using Monte-Carlo Simulation

Keunhwan Moon* - Wanbeom Kim** - Jungpyo Lee*** - Jooho Choi**** - Jinkon Kim****

ABSTRACT

In this study, probabilistic reliability analysis was conducted for hybrid rocket performance
using Monte-Carlo Simulation. For the accuracy, reliability analysis was performed with
experimental data. To simplify the analysis process, the oxidizer was supplied with constant
pressure, so that pressure variation with time can be eliminated. And time-space averaged
regression rate model was used. The regression rate is obtained with a series of experiments. For
reliability analysis of thrust, constant exponent of regression rate is assumed that has
probabilistic character. So, the efficiency of characteristic velocity has also probabilistic
values. As a results, probability distribution of the thrust is obtained by Monte-Carlo simulation

using random samples of the input parameter and validated under the 95% confidence level.

Key Words : Hybrid Rocket, Monte—-Carlo Simulation, Probabilistic Design, Constant

Pressure Feed System, Regression rate, Normal distribution
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a Regression rate coefficient C  Capability factor
A, Fuel bun area (m?) C"  Characteristic velocity (m/sec)
A, Fuel port area (m?) Cy Thrust coefficient
A, Nozzle throat area (m?) D, Fuel grain port diameter after combustion (m)
D;  Fuel grain port diameter before combustion (m)
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Fig. 7 Fuel Port Configuration of Hybrid Rocket
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Table 2 Constants in the Hybrid Rocket Analysis

Parameter Value

Solid Fuel Density (kg/m?) 950
Solid Fuel Length (mm) 200
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Thrust Coefficient, Cr 1.15
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Table 4 Input parameters of Hybrid Rocket

f (Thrust)

f (Thrust)

0.08 4

0.06 4

o
o
&
!

0.02 4

Case 1 | Case 2 | Case 3
D, (mm) 15 15 20
m,, (kg/sec) | 0.04247 | 0.05313 | 0.05222
Ly, (mm) 200 200 200
o0 Case 1

Il Distribution of Thrust
95% Confidence Level
| 95% Confidence Level

70
Thrust

Fig. 16 Thrust distribution of Case 1
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Table 5 Probabilistic Characteristics vs Experimental

data
Casel Case?2 Cased
Mean (N) 68.3 82.9 80.3
Standard 5.6 6.8 6.5
deviation
. ?%% 57.3 69.6 67.5
omieence - _ 294 | ~ 96.3 | ~ 93.1
Level
Exp.
Thrust(N) 59.1 74.4 69.5
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