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Experiments on hydrocarbon fuel ignition for scramjet at Mach 4

ZHANG Wan-zhou"?, LE Jia-ling’, YANG Shun-hua®,

CHENG Wen-ming', DENG Wei-xin"*, ZHOU Hua-bo*

(1. School of Mechanical Engineering,
Southwest Jiaotong University, Chengdu 610031, Chinaj;
2. Airbreathing Hypersonics Research Center,

China Aerodynamics Research and Development Center, Mianyang Sichuan 621000, China)

Abstract;: Hydrocarbon fuel ignition experiments were performed on directly connected
pulse combustion facility. The test inflow parameters included stagnation temperature of
935K and the Mach number of 4 at the entrance of isolator. Gaseous ethylene was ignited

successfully and combustion was maintained stable by employing three combination assistant

ignition methods: torch igniter combined with pilot hydrogen, self~combustion of pilot hy-

drogen and air throttle combined with pilot hydrogen. The experimental results indicate that

when employing self~combustion of pilot hydrogen, the mass flow rate of hydrogen should be

ranged from 0.43~12. 61 g/s, and higher mass flow rate of hydrogen isn’t helpful to igni-

tion; for air throttle combined with pilot hydrogen ignition method, the injection pressure of

hydrogen should be set at 5 MPa, and the throttle mass flow rate should be 10% ~30% of

inflow mass flow rate. At last the lean blow-out limit and rich operation limit of scramjet

were researched with ethylene injected from upstream of cavity or cavity floor.

show that two injection schemes have similar lean blow-out limits at equivalence ratio of
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The results
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0.077, and the rich operation limits varies a lot at equivalence ratios of 0. 327 and 0. 471 respectively.
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Fig. 1 Directly connected pulse combustion wind tunnel facility
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Table 1 Experimental parameters of wind tunnel facility
/K /MPa
4 2 900 0.8

4 2.1 935 0.8
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Table 2 Ignition experiment conditions with self-combustion of pilot hydrogen
No.
/ (g/$)
080704 0.452 0. 005 F 0.791
080804 12.61 0.142 B 0
081403 0.43 0.005 F 0. 806
081502 17. 27 0.194 B 0. 806
081503 6.68 0.075 B 0. 806
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Table 3 Ignition experiment conditions with air throttle
No.
/MPa Mirorde/ Mie /26
080902 A 5.4 0.281 0.8 G 5
080903 A 5.0 0.281 G 30
081002 A 5.0 0. 281 0.8 G 30
081003 A 5.0 0.281 0.8 G 20
081004 A 5.0 0.281 0.8 G 15
081201 A 5.0 0.281 0.8 G 10
081202 A 5.0 0.281 0.8 G 5
081203 A 3.0 0.168 0.8 G 10
081204 A 4.0 0.224 0.8 G 10
081001 A 2.0 0.112 0.8 G 15
3 s
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Table 4 Experimental parameters of lean limit and rich Table 5 Experimental parameters of lean limit and
limit for ethylene injected from rich limit for ethylene injected
upstream of cavity from cavity floor
No No.
072801 0.184 072301 0.115
072803 0. 241 072302 0.143
072804 0.327 072305 0.163
073101 0. 077 072401 0.077
073102 0.076 072402 0.325
072403 0.535
072404 0.471
b ’
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Fig. 9 Lean ignition limit for ethylene injected from 5]
upstream of cavity and cavity floor
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