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Study of Internal Ballistic Flow in Hybrid Rocket Engines Using CFD Analysis
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Abstract: In hybrid rocket engines, conventional combustion experiments make detailed observation of internal ballistics impossible.

To address this challenge, computational fluid dynamics (CFD) was applied. This study adopted a two-dimensional model that

reproduced previous research!! to validate the computational setup and analyze the internal flow. As a result, improvements to the

setup were identified, and analysis of the internal ballistic flow was successfully achieved.
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Figure 1. Mesh model of computational region and

Engine dimensions
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Table 1. Analysis condition

OpenFOAM version 12 (Foundation)
CFD condition non-stationary analysis
solver multicomponentFluid

Turbulence model

k — € (standard)

Combustion Model Eddy Dissipation Concept
Initial Temperature [K] 3000
Initial Pressure [kPa] 500
Fuel Kerosene (Ci2Hz4)
Oxidizer Gaseous oxygen (GOX)
Reaction Model Data Hycheme®!
Species / Reactions 42 /205 (skeletal)
Fuel Mass Flow [kg/s] 2.4757x107
Oxidizer Mass Flow [kg/s] 7.2504x107
Time step size [s] 1 x107
Total time [s] 0.1
Min Volume [m?] 7.3948x1012
Max Volume [m?] 1.0875x101°
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Figure 2. Pressure distribtion at 0.1 s
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Figure 3. Velocity distribtion at 0.1 s
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Figure 4. Temperature distribtion at 0.1 s
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Figure 5. CO; distribution at 0.1 s

Figure 6. H,O distribution at 0.1 s
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Figure 7. Pre-chamber and Post-chamber Velocity vector
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Figure 8. Mach number distribution at 0.1 s
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