45 4 Journal of Solid Rocket Technology Vol.45 No.4 2022

©)

1 1 1* 1 12
(1. 100190;
2. 100049)
3.0 g/(em® * s)
o ABS
ABS o
1 V436 TA : 1006-2793( 2022) 04-0506-06

DOI: 10.7673/j.issn.1006-2793.2022.04.003

Study on influencing factors of combustion characteristics
for the nested helical grain
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2.School of Engineering Science University of Chinese Academy of Sciences Beijing 100049 China)

Abstract: In order to further explore the influencing factors on combustion characteristics of the nested helical grain the firing
test was carried out. Using oxygen as the oxidizer with initial mass flux about 3.0 g/( cm” * s)  the effects of the number of blades
blade rotation angle and the difference of basic regression rate on the combustion performance for the nested helical grain were com—
pared and analyzed mainly including regression rate and characteristic velocity. The test results show that moderately increasing the
number of blades the rotation angle of the blades and the difference in the basic regression rate between the component fuels are
all beneficial to improving the regression rate and characteristic velocity of the grains. However due to the low regression rate and
characteristic velocity of the ABS helical matrix excessive increase of blade number will decrease the overall combustion perform—
ance of the grain. Meanwhile affected by the blade-guided swirl strength rotation angle of the blade has an optimal value for im—
proving regression rate of the grain. Increasing the difference of the basic regression rate between the fuel components of the nested
helical grains can help the formation of the characteristic helical structure further increasing the characteristic velocity. In addition
the regression rate of the nested helical grains filled with pure paraffin fuel is not improved possibly because ABS blades inhibit the
entrainment of paraffin droplets.
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Fig.1 ABS/paraffin-based grain with nested helical structure
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Fig.2 Schematic diagram of ground experimental system of hybrid rocket motor
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Table 1 Results of the firing test
Structure Initial oxygen flux/  Pressure/ ;
No. Fuel s O/F € /(ml/s)
Number of blades  Rotation angle /( °) g/(em” * 9 MPa
1 Paraffin-based /ABS 6 38.4 3.2 2.0 34 1366
2 Paraffin-based /ABS 12 38.4 3.1 2.1 3.0 1428
3 Paraffin-based /ABS 15 38.4 3.0 1.9 3.5 1333
5 Paraffin-based /ABS 12 49.9 3.1 2.2 2.5 1409
6 Paraffin-based /ABS 12 57.7 3.1 2.1 3.0 1396
7 PP /ABS 12 38.4 3.0 2.1 1.4 1164
8 HTPB /ABS 12 38.4 2.7 1.9 3.7 1383
9 PP 0 0 3.0 2.0 2.8 1144
10 HTPB 0 0 3.0 1.9 3.6 1345
e, % <1 =<1 <2 <2
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o ABS
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Fig.3 Effect of the number of blades on grain structure
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Fig.4 Comparison of regression rate and characteristic HTPB/ABS
velocity for nested helical grains with HTPB
different number of blades o ABS HTPB
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Fig.5 Effect of blade rotation angle on
the structure of the grain
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Fig.7 Effect of the difference of regression rate
on the grain structure
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Fig.8 Comparison of regression rate and characteristic

velocity for nested helical grains with different

fuel composition
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