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Experimental Study on Combustion Mechanism of 3D
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Abstract: Aiming at the issues of poor mechanical properties of paraffin—based fuel grains in hybrid rocket
motors, the method of embedding 3D printing polymer skeleton into paraffin—wax was used to enhance the struc-
tural strength of paraffin-based fuel grains. The influence mechanism of direct flow/swirl injection on the combus-
tion performance of 3D printing skeleton enhanced paraffin fuel was investigated. First, through SEM, mechani-
cal performance test, thermodynamic analysis and combustion test under pure oxygen conditions of seven types of
skeleton materials, their microscopic surface structure, mechanical properties, thermal decomposition perfor-
mance and combustion performance are obtained. Then, using the direct flow and swirling solid—gaseous hybrid
combustor system, combustion experiments of the helical and hexagonal skeleton enhanced paraffin fuel grain
were carried out and compared with the ABS grain. The results show that among a variety of skeleton materials,
ABS material has good processing properties, mechanical properties and thermal decomposition properties. Dur-

ing the combustion process, skeleton enhanced paraffin fuel grain has good structural stability, and the paraffin
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droplets mainly appeared at the paraffin—skeleton junction. Swirl injection and spiral skeleton promote the phe-

nomenon of paraffin droplet entrainment. In direct flow condition, the groove structure of skeleton increases the

contact area between the fuel and the oxidizer, and the tail skeleton has a flame stabilizing effect, which can pro-

mote the combustion in the post combustion chamber. The regression rate of paraffin fuel and skeleton is quite dif-

ferent, and the internal ballistic performance of the motor may be affected by this.

Key words: Paraffin—based fuel; 3D printed polymer skeleton; Swirling combustion; Diffusion combus-

tion; Hybrid rocket motor
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Fig. 1 Flame propagation speed test device
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Fig.2 Schematic of experimental set-up for the

visualization system
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Table 1 Basic information of 3D printing materials

D Name Raw material Method Density/(g-cm™)
M1 High—toughness resin Godart®8228 1.18
M2 9400 resin Godart®8118 1.18
M3 Heat-resistant resin Godart®8318 Stereo lithography apparatus 1.19
M4 ABS Godart®ABS8228 1.14
M5 Transparent resin Godart®8001 1.12
M6 Black nylon HP®PA 11 1.05
M7 Glass—fiber reinforced nylon HP®PA 11 + 30%wt glass—fiber Selective laser sintering 1.22
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Table 2 Mechanical properties of 3D printing materials

ID Tensile strength/MPa Elastic modulus/GPa
M1 65.52 2.52396
M2 50.73 1.85881
M3 52.83 2.55164
M4 57.55 2.22974
M5 51.11 1.98917
M6 40.95 0.81653
M7 27.23 1.23781
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Fig. 5 Surface structure of different 3D print materials(50000x )
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