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Effects of Characteristic Structure on Combustion Characteristic of
Composite Paraffin-based Grain
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Abstract: The characteristic structure consisting of grooves is an important factor in improving the
combustion performance of the composite paraffin-based grain compared to the conventional
paraffin-based grain, which results from the different regression rates of the helical substrate and
the paraffin-based fuel. The effect regulation of pre-characteristic structure with Omm and 2 mm
scales (the depth of grooves) was investigated, including the combustion chamber pressure,
regression rate, and characteristic velocity. The firing tests used gas oxygen as oxidizer with
average flow rates of 11.6, 18.5, and 23.1 g/s, respectively, and the conventional round-hole
paraffin-based grain was selected as a baseline test. The tests result show that the 2mm scale pre-set
characteristic structure composite grains take the shortest time from ignition to pressure
stabilization and have the highest regression rate and characteristic velocity at the same oxidizer
mass flow rate. Computational fluid dynamics (CFD) was used to analyze the effect regulation of
characteristic structure with different scales on gas flow characteristics. The cold flow results show
that the larger scale of the characteristic structure guides the swirl flow field with higher intensity,
and influences a wider region.

Key words: Hybrid rocket motor; Composite grains; Characteristic structure; Scale; Combustion
characteristic
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Fig.1 Operational principle of the characteristic structure
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Fig.2 Cross profile of three grains

2.2 R ERS

S A5 010 [ YRR 45 KT R B G AR G
3 fw, WERGEEBREMN RS KL
Mz ARG =HB R AP R SR DU 26 %

MF R UK R, mKEER, BT S R

HIKAEZE SR H e 55 S SRR 5 SR HEAT R B
Ko TEBME S R AR, E
R SR I Sk AR NG S [ AR R A
BIRIAGE, MR E R KR R s N2 AR SE

ISR RIS . S ARG EEAR NIRRT
WA ENFIRIRES, e ENL B0 A 3 s
Jr I AR R B S8 TR IR IR . AR ol
I B 2% (Bronkhorst, model F-203AV) k¥
M5 RE, AKX KB RSEXN
11.1~23.9g/s ;. fir T 8/ J5 BR R == 1) e T A% I 2
(Meikong,MIK-300) FFHU5k ShpL TAE i 72 o
(2 A5 2 B R A2y 1000 Hz,

Fig.3 Hybrid rocket motor experiment system
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Fig.4 Cross profile of three grains after combustion
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Table 1 Results of the firing test

No. Grain Average oxygen flow rate  Pressure Regressionrate O/F C*
gls MPa mm/s — mls

A/PC_2mm 11.1 1.17 0.71 2 1374

1 A/PC_Omm 11.9 1.19 0.72 24 1384
PP 11.9 1.12 0.63 2.6 1338
A/PC_2mm 18.4 1.89 0.96 2.3 1413

2 A/PC_Omm 18.3 1.73 0.88 29 1377
PP 18.9 1.60 0.76 3.4 1294
A/PC_2mm 23.1 2.27 1.09 2.6 1415

3 A/PC_Omm 23.9 2.20 0.93 3.5 1409
PP 22.3 1.91 0.80 3.9 1342
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Fig.5 Time histories of combustion chamber pressure
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Fig.8 Geometric models for calculation
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Fig.11 Streamline of A-A section for grain with different groove depth
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