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Abstract 

 
In recent years, there has been growing interest in satellites' commercial and scientific use, especially in the smallsat 
segment (< 500 kg). The fast development of small satellites in large numbers resulted in high demand for dedicated 
propulsion systems to perform various maneuvers such as orbit change, constellation deployment, station-keeping, 
formation flying, CAMs, or attitude control. Miniaturized electric thrusters enable high-performance, low-thrust 
maneuvers, but traditional chemical propulsion cannot be easily adapted for small satellites' needs. The major 
requirements are to be green, safe, reliable, low-cost, and, simultaneously, have high performance. Hybrid rocket 
engines, usually used for sounding rockets, may offer these benefits. 
 
An end-burning hybrid rocket engine is a concept first proposed by Rice et al. [1], in which the fuel disk is placed on top 
of the combustion chamber, while the oxidizer is injected tangentially to create a so-called vortex flow field or swirling 
flow. The exposed fuel area is kept constant throughout the burn, which should translate to the constant thrust and OF 
ratio in theory. Some variations have been studied by Hayashi et al. [2] and Paravan et al. [3]. A significant amount of 
work has been done within the HYPROGEO project, whose goal was to develop a constant 250 N thrust, long-burn hybrid 
engine using an end-burning, swirling-flow design [4]. Different ignition methods have been used, such as pyrotechnic, 
torch ignition, or catalytic decomposition. 
 
In this paper, we develop the 20 N end-burning, swirling-flow hybrid rocket engine to study ignition, internal dynamics, 
and thermal aspects of the thruster. The thruster uses nitrous oxide and low-regression rate polymer fuel, which can be 
readily used in space. The results provide useful information for designing and developing the hybrid rocket engine for 
space applications. 
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