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Abstract 
In this paper numerical simulations are carried out to investigate the flow physics and the performance of a 300 N hybrid 

rocket engine burning high test peroxide (HTP) and high-density polyethylene (HDPE) and employing swirl injection. 

The engine design and the results of a previous experimental campaign are reported in [1]. The experimental data include 

tests at three different geometric swirl numbers (SNg = 2, 2.53 and 3.33) and average oxidizers mass fluxes between 30 

and 120 kg/(m2 s). 

 

The numerical approach is based on axisymmetric Reynolds-averaged Navier-Stokes simulations, with sub-models 

accounting for the effects of turbulence, chemistry, radiation, and fluid/surface interaction, and has already been 

successfully employed in the simulation of hybrid rockets with axial and swirl injection, burning both HDPE and paraffin-

based fuels [2,3,4]. The fuel grain wall boundary condition is based on species, mass, and energy conservation equations 

coupled with thermal radiation exchange and finite-rate kinetics for fuel pyrolysis modeling. The radiation code is based 

on the discrete transfer method. 

 

A rebuilding of the experimental data is performed, assessing the capabilities of the model to correctly predict the fuel 

regression rate and chamber pressure. The effect of the computational setup and of the injection zone modeling is also 

investigated: simulations with and without the pre-chamber and post-chamber cavities are performed, analyzing their 

effect on the computed swirl intensity, regression rate, chamber pressure and combustion efficiency.  

Additional simulations at SNg<2 are carried out to investigate the effect of swirl on the fuel regression rate and the 

propellant mixing process.  
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