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Abstract:
One of the critical challenges in high-Mach scramjet technology is achieving efficient

mixing between fuel and incoming air within the shortest possible distance. Building on

the conventional alternating-wedge strut(AWS) injection system used in scramjets, this
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study proposes a novel two-stage injection configuration to address the rapid decline in
mixing efficiency as Mach number and equivalent ratio (ER) increases. Large Eddy
Simulation (LES) is employed to perform a detailed numerical investigation of the fuel
mixing process under a combustion chamber entrance Mach number of 2.5 and 3.5. The
flow field structures and the mechanisms of mixing enhancement are thoroughly analyzed.
Results indicate that as the Mach number increases, the streamwise vortex pairs generated
by the alternating wedge fail to merge effectively, leading to a reduction in mixing
efficiency. The lateral injection introduced by the new two-stage strut promotes the
merging of streamwise vortex pairs generated by the alternating trailing edges; the induced
large-scale coherent structures also making it easier for the streamwise vortices to deform
and break apart. Comparing to the alternating-wedge strut, the mixing efficiency is
enhanced by 15% to 30%. The mixing efficiency of the novel two-stage strut is also
influenced by the flow rate fraction of the lateral injection, with the optimal mixing

efficiency occurring when this fraction is around 50%.

Key words : Scramjet; Wide-operating-range; Mixing enhancement; Strut injector; Large eddy
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Fig. 1 Schematic of combustor (mm)
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Fig. 2 Schematic of Alternating-Wedge strut!'*(AWS) (mm)
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Fig. 3 Schematic of Two-Stag strut(TSS) (mm)
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Table 1 Parameters of fuel inlet

Parameters Symbol Value
Mach number . 1.0
Temperature (K) 233

™

AWS 1972 (ER0.45) 306.6 (ER0.7)

Pressure (kPa)
P TSS 98.6 (ER0.45)  153.3 (ER0.7)
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Fig. 4 Comparison of standard DLR experiment!'?) and numerical calculation results.
(a) Schlieren diagram of flow field, experimental (top) vs. numerical one(bottom)
(b) Pressure of the lower wall
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Table 2 Simulation conditions of AWS

No. Combustion chamber entrance Mach ER
Case 1 2.5 0.45
Case 2 3.5 0.45
Case 3 3.5 0.70
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Fig. 5 Numerical results of AWS, colored with mass fraction of Ha
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Fig. 6 Mixing efficiency of AWS
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Fig. 7. The same as Fig. 5 but for TSS with Mach 3.5, ER 0.45
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Fig. 8 Distribution of stream lines after trailing edges of struts, colored with mass fraction of Ha
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Fig. 9 Vortex structure displayed by the iso-surface of Q = 108, colored with density
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Fig. 10 Contours of vorticity magnitude on combustion chamber A-A section
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Fig. 11 Contours of mean mass fraction of H> on combustion chamber A-A section

Fig. 12 Contours of mean mass fraction of H> on combustion chamber sections
(At y=63/133/203/273/343/413mm)
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Fig. 13 Mixing efficiency of different struts, entrance Mach 3.5

Table 3 Drag forces of different struts for Mach 3.5 N)
AWS TSS FH /1% (TSS-AWS)
BRI -46.22 10.71 -47.93 11.03 -1.71 0.32
ER 0.45 SCHEm 41.70 331 4237 3.74 0.67 0.43
A7 9.50 9.21 -0.29
REER 4732 12.03 -49.55 11.63 223 -0.4
ERO0.7 SCREM  42.10 3.30 42.22 3.62 0.12 0.32
G 10.11 7.92 2.19
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Fig. 14 Mixing efficiency of TSS with different distribution of fuel , entrance Mach 3.5, ER 0.45
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Fig. 15 Vorticity magnitude(left) and H> mass fraction(right) of TSS with different distribution of fuel
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