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Influence of Flow-Pass Shape on Opposing Jet Flow (Mixing Performance)
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In order to evaluate a mixing of fuel with dilution air in jet engine, an unsteady turbulent flow analysis is performed

in a simplified combustor. The flow channel consists of the opposed jets and cross-flow, which are normal to each

other. A mixing performance and mixing behavior are studied using parameters, spacing of jet holes (S), height
of duct (H), jet diameter (D) and momentum flux ratio of jet and crossflow (J). As a result, we find that mixing
performance is estimated by the parameter C=S/H*sqrt(J) when H/D=5 or less and becomes well when C is large.
When H/D is larger than 5, say 7.5 and 10, there exist the conditions where mixing performance becomes worse.
Because the interaction between two opposed jets occurs downstream the potential core, it is considered in this case

that mixing performance by opposed jet interaction is weakened. When H/D is small, the interaction between two

opposed jets occurs in the potential core. It suggested that the mixing performance is sensitive by the positional

relation with a potential core and collision plane of two jets.
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Fig. 3 Geometric parameters of earlier and present study
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Fig. 4 Outline of flow passage configuration

Table 1 Configurations and conditions of calculated cases

S/D H/D Name J

5.0 5.0 S5-H5 4,9,16,36,64
5.0 3.75 S5-H3.75 4,9,16,36
5.0 7.5 S5-H7.5 4,9,16,36
5.0 10.0 S5-H10 9,16,36,64
2.5 5.0 S2.5-H5 4,9,16,36
3.75 5.0 S3.75-H5 4,9,16,36
6.25 5.0 S6.25-H5 4,9,16,36
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Fig. 5 Numerical mesh model (cross section at center of jet)

Table 2 Numerical methods and mesh conditions

CFD code OpenFOAM 2.1.0 reactingFOAM
Equation Incompressible Navier-Stokes
Turbulent Smagorinsky model (LES)

Wall Spalding law

Cell Unstructured, Hexahedron

Blended 2nd order central with 1st
order upwind (9 : 1)

Discretization

Parallelization Region splitting, 100 CPUs
Min., Ave Ax 0.2mm, 2mm
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Fig. 6 Effect of C on Unmixedness at 7, = 0.04
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Fig. 7(a) Unmixedness distribution at C=1.5
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Fig. 7(b) Unmixedness distribution at C=2.0
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Fig. 7(c) Unmixedness distribution at C=3.0
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Fig. 7(d) Unmixedness distribution at C=4.0
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Fig. 10 Effect of S/D on Unmixedness at 7, = 0.04 (H/D =5)
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Fig. 13 Time averaged mole fraction of cross flow on C=2.0 (top:
XY-plane (Z=0), bottom: YZ-plane (Specific 7))
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