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The Increase in Regression Rate due to Helical Grain in Solid Fuel
of Hybrid Rocket

Young-Chun Hwang* and Changjin Lee**

ABSTRACT

To understand the role of helical geometry on the regression rate enhancement, two
competing underlying mechanisms such as turbulence enhancement and swirling motion
production were studied by numerical calculations. Experimental results showed that the
enhancement of heat transfer rate has the very close relation to the increase in regression
rate even though the percentage of increase in heat transfer rate is different from that in
regression rate. This discrepancy is presumably due to the change of turbulent flow
feature caused by so-called "blowing mass flux" from the fuel surface. In this regard, the
results of RANS calculation show that the blowing velocity is responsible for the
reduction of the swirl generation and the increase in the turbulent kinetic energy. And
the dominancy of one of the mechanisms causes the increase in the regression rate.
Meanwhile, the increase in turbulent kinetic energy due to the mixing of blowing flow
and free stream flow does not contribute for the enhancement of the heat transfer rate to
the surface because the blowing flow pushes boundary layer away from the solid surface.
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Fig. 1. Geometry of spirally fluted tube
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Fig. 2. Helical fuel grains used for combustion
test

Table 1. Summary of flute geometry and Nusselt
number enhancement of test fuels

* * *

e D 2] N D, Re Nu/Pr™ E,
pitché 0.157 0.270 0.945 2223 53065 53554 3.65
pitch12 |0.166 0.567 0.886 21.15 50477 48832 3.33
pitch18 {0.169 0.867 0.829 20.77 49582 47691 3.25
pitch30 {0.171 1.466 0.722 20.47 48854 482.03 3.28
pitch80 |0.168 0.767 0.437 20.87 49818 71236 4.85

pitch1000.166 0.592 0.373 21.1 50367 814.88 555
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