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Numerical analysis of turbulent diffusion combustion flow

inside a chamber of hybrid rocket motor using a pressure-based scheme
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ABSTRACT

The greatest advantage of hybrid rockets is that they are safe to manage and operate with little risk of explosion and
combustion, thus reducing costs. Numerical methods are considered to be the best for understanding the internal ballistic
characteristics of hybrid rockets, and combustion analysis is often performed using density-based CFD for low Mach
number flows. Although pressure-based CFD is originally suitable for low Mach number flows, it is not used in the
combustion analysis of hybrid rockets because of the incompressibility assumptions used in coupling with heat, etc. Even
if a pressure-based solution is used, the contents of the existing CFD are black-boxed. The accuracy of this method is
unknown. The objective of this study is to construct a numerical code using CFD of pressure base suitable for the
combustion chamber of a hybrid rocket, analyze the flow structure in the combustion chamber in detail using the code,
and obtain knowledge that leads to the clarification of physical phenomena inside the combustion chamber. To this end,
the TCUP method, which is a pressure base solution method, was used to compare the validity of the CFD that can
account for turbulence with previous studies, and then a numerical analysis of the hybrid's combustion chamber was
conducted.
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Fig. 1 Schematic of hybrid rocket engine.
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Fig. 3 State of combustion. (Upper: PP, Lower : Paraffin WAX)
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Fig. 4 Experiment Result.
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Fig. 5 TCUP-method scheme.
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Fig.6 Comparison of R-CIP and CIP method. (Left: R-CIP, Right: CIP)
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Table. 1 The coefficients of rational function.

Coefficient Value
Ago fuj
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Table.2 The coefficients for R-CIP method.

Coefficient Value
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Fig. 11 Calculation grid of Chamber.
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Fig.12 Numerical calculation result[(a):1n = 1.51 x 1073kg/s, (b):1h = 2.30 x 1073Kkg/s, (c):th =
2.95 x 1073kg/s, Left: Temperature field, Right: Mixture fraction]
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Fig. 13 Comparison of experimental and numerical results.
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