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Improving performance of WAX-based hybrid rocket solid fuel with adding AN
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*lkuya Yamazoe!, Tatuya Kitagawa?, Yuki Nagatuka?, Kenichi Takahashi®

Abstract: AN is used as an oxidizer for composite propellant of solid rocket because it does not emit toxic substances like AP and
particle size does not influence burning rate by melting at combustion surface. Addition of oxidizer to fuel makes it possible to
improve combustion efficiency. This paper ignition characteristics added ammonium nitrate to WAX type solid fuel were evaluated.
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Figure 1. Theoretical calculation results
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Table 1. Composition of sample [mass%]

sample name WAX AN
ANO 100 0
AN5 95 5
2 XU & H 2 KGR
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Wi 99% L1 1
FEE : 1780 kg/m® (120°C)
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Figure 2. State of combustion flame (ANO)

Figure 3. State of combustion flame (AN5)
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Table 2. Measurement results of ANO

ANO
No.1 No.2 No.3 No.4 No.5 No.6
Starting temperature [°C] 394.83 | 411.78 | 410.77 | 407.46 | 41248 | 412.69
Maximum temperature [°C] | 434.82 438.09 454.03 438.18 456.40 44437
Temperature increases [°C] 39.99 26.31 43.26 30.72 43.92 31.68
Total time [s] 51.13 45.10 54.00 47.94 48.47 43.90
Ignition time [s] 9.71 7.46 7.74 7.27 6.43 6.14
Burning time [s] 4142 37.64 46.26 40.67 42.04 37.76
No.7 No.8 No.9 No.10 No.11
Starting temperature [°C] 414.02 405.47 411.08 416.67 403.93
Maximum temperature [°C] | 450.87 443.78 452.11 462.71 452.40
Temperature increases [°C] 36.85 38.31 41.03 46.04 4847
Total time [s] 50.00 42.65 55.03 46.06 50.12
Ignition time [s] 7.64 7.86 9.55 6.27 9.36
Burning time [s] 42.36 34.79 4548 39.79 40.76
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Table 3. Measurement results of AN5

AN5
No.1 No.2 No.3 No .4 No.5
Starting temperature [°C] 376.74 390.68 397.31 390.96 390.74
Maximum temperature [°C] | 438.66 421.75 445.46 447.26 442.32
Temperature increases [°C] 61.92 31.07 48.15 56.30 51.58
Total time [s] 44.38 36.03 39.25 35.37 50.60
Ignition time [s] 3.86 2.02 2.43 1.64 11.37
Burning time [s] 40.52 3401 36.82 33.73 39.23
| Nos6 No.7 No.8 No.9
Starting temperature [°C] 405.42 399.52 405.97 405.54
Maximum temperature [°C] | 429.58 435.72 435.87 441.19
Temperature increases [°C] 24.16 36.20 29.90 35.65
Total time [s] 4047 40.12 41.47 41.38
Ignition time [s] 227 461 5.52 4.59
Burning time [s] 38.20 3551 35.95 36.79
Table 4. Average results of propellant samples
ANO ANS
Starting temperature [°C] 408.34 | 389.29
Maximum temperature [°C] | 444.32 | 439.09
Temperature increases [°C] 35.98 49.80
Total time [s] 48.42 41.13
Ignition time [s] 7.46 4.26
Burning time [s] 40.97 36.86
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