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Injection and Mixing Performance in an
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Abstract: In order to optimize operating efficiency for a scramjet combustor, different injection cases in
an elliptical scramjet combustor were numerically investigated by using Reynolds— Averaged Navier— Stokes
(RANS), and effects of wall curvature of different injection positions, injector diameters and reflected shock in-
teraction on injection and mixing performance of transverse jet were analyzed. Results show that effects of wall
curvature of injection positions on mixing performance are highly related to injector diameters. For the case with
larger injector diameter, decreasing the wall curvature enhances mixing efficiency of the fuel, but damps out the
total pressure recovery. However, for the smaller diameter case, variation of wall curvature rarely affects the
mixing performance and total pressure recovery. At the same momentum ratio condition, similarities of different
diameter cases are found regarding the flow characteristics, injection and mixing performance of different diame-
ter cases. To reduce the injector diameter can effectively improve mixing efficiency of the fuel. For the cases stud-
ied in this paper, the mixing efficiency at the combustor outlet of 4mm injector diameter case is higher than that
of 10mm case by 46.7%. Additionally, interaction between reflected shock and mixing layer in the combustor
substantially reduces penetration height of the jet, but enhances mixing efficiency due to the intense shearing mo-

tion induced by the interaction.
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Fig.1 Schematic of the elliptical scramjet combustor (mm)
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Table 1 Injector parameters for different injection cases

Case D/mm al(®) K/mm™
D4-A0 4 0 0.032
D4-A90 4 90 0.0078
D6-A0 6 0 0.032
D6-A90 6 90 0.0078
D10-A0 10 0 0.032
D10-A90 10 90 0.0078
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Fig. 2 Grids on the symmetry plane of the combustor

Table 2 Flow parameters of the combustor

Parameter Main flow Jet flow
Gas Air Hydrogen
Mach Number 29 0.1
Static pressure/MPa 0.14 297
Total pressure/MPa 4.52 3.0
Total temperature/K 1917 1233
Reynolds number 2.34x107 3.17x10’
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Fig. 3 Geometry of the experiment case (mm)
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Fig. 4 Experimental and numerical results of wall static
pressure ratios along the symmetry axis of the flat plate
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Fig. 5 Typical flowfield features of the transverse jet
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Fig. 7 Total pressure recovery distributions of different
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Fig. 10 Near-field flow features at the symmetry planes of
the different diameter cases
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Fig. 11 Penetration heights of the different diameter cases

Fig. 12 Mixing efficiencies of the different diameter cases
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(a) D6-A0

(b) D6-A90

(c) D10-A90
Fig. 14 Shock interaction phenomena in the combustor

(a) Comparison between D6-A0 (left) and D6-A90 (right)

(b) Comparison of before (left) and after (right)
shock interaction for D6-A90 case

Fig. 15 Hydrogen mass fraction contours at the X-direction
slices
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