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Evaluation methods of the fuel mixing efficiency for Scramjet
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Abstract: Three commonly-used evaluation methods for scramjet were summarized and
analyzed, to improve the precision and objectivity for mixing evaluation, three new methods
were imposed: the flow-field mixing efficiency, the flammable mixing efficiency and the
flammable region percentage. The flow-field mixing efficiency can estimate the mixing per-
formance of the flow structure and the effect of the mixing enhancement measurements. The
flammable mixing efficiency and the flammable region percentage that took the flow-field
blowout limits into consideration can connect with the ignition and combustion directly, ob-
jectively estimate the mixing efficiency for different lean and rich regions, and predict the re-
gion that combustion may occur. Then the three methods are verified and compared with the

existed methods by two-dimension computational cases.
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Table 1 Results of mixing efficiencies and flammable region percentage for wall injection (the section at x=490 mm)

o Flow-field =~ Flammable Flammable region Flammable
) ) Rogers mixing o o )
Case Configuration  R. o mixing mixing percentage region percentage
efficiency
efficiency efficiency R(0.5~1.5) R(0.5~2.0)
Casel-1 0.1 0.7254 0.3372 0.2945 0.0535 0.3137
Casel-2 0.3 0. 3663 0.3202 0.2483 0.0339 0.04456
Single cavity
Casel-3 0.5 0.2327 0.2736 0.1657 0.0303
Casel-4 1.0 0.1404 0.2050 0.037 0.0321
Casel-5 0.3 0.3605 0.3249 0.2498 0.0347
Casel-6 Dual-cavity 0.5 0.2370 0.2805 0.1732 0.0330
Casel-7 1.0 0.1425 0.2101 0. 048 0.0339

51.2%, 0.
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Table 2 Results of mixing efficiencies and flammable region percentage for strut injection (the section at x=490 mm)
Case Amount of R Rogers mixing Flow-field Flammable mixing Flammable region
injectors ¢ efficiency mixing efficiency efficiency percentage R(0.5~1.5)
Case2-1 0.5 0.9815 0.6086 0.4381 0.4456
Case2-2 Three 1.0 0.6966 0.6119 0.5929 0.3620
Case2-3 1.5 0.4893 0.6059 0.5782 0.2105
Case2-4 2.0 0.3707 0.5944 0.5324 0.0380
Case2-5 0.1 1.0 0.7296 0.0857 0
Case2-6 0.5 1.0 0.7812 0.4414 0.5101
Case2-7 Seven 1.0 0.9100 0.7857 0.7803 0.7469
Case2-8 1.5 0.6227 0.7898 0.7604 0.2674
Case2-9 2.0 0.4728 0.7889 0.7346 0.0410
Case2-10 Nine 1.0 0.8046 0.8399 0.8074 0.6898
Case2-11 Eight 1.0 0.9078 0.9186 0.9070 0.7701
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