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Numerical Simulation of Chemically Reacting
Shock Wave-Turbulent Boundary Layer Interactions

Suyeon Moon, Choongwon Lee and Changhyun Sohn

Key Words :  Finite Element Method (+3 8.4%), Mixing(Z §), Reaction(3}3} ¥+-§), Shock
Wave(=24 3}), Generalized Taylor Galerkin

Abstract

The flowfield of transverse jet in a supersonic air stream subjected to shock wave turbulent boundary layer
interactions is simulated numerically by Generalized Taylor Galerkin(GTG) finite element methods. Effects of
turbulence are taken into account with a two-equation (k-g) model with a compressibility correction.
Injection pressures and slot widths are varied in the present study. Pressure, separation extents, and
penetration heights are compared with experimental data. Favorable comparisons with experimental
measurements are demonstrated.
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Table 1 Various example cases

Siot
M | ToK) | P/Py | Injectant | width
(mm)
Case 1 0.25
Freestream | 3.81] 283
Fuel slot 1.0 283 Air 0.5
Case 2 0.53
Freestream | 3.81 283
Fuel slot 1.0 283 Air 0.5
Case 3 0.18
Freestream | 3.81 283
Fuel slot 1.0 297 N, 1.0
Case 4 0.31
Freestream | 3.81 283
Fuel slot 1.0 297 N; 1.0
Case 5 0.44
Freestream | 3.81 283
Fuel slot 1.0 297 N, 1.0
Case 6 0.007
Freestream 5.0 1300.
Fuel slot 1.0 300 H, 2.0
Fig. 2 Computational grid
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Fig. 3 Surface static pressure distributions for
transverse air injection in  comparison
with Fujimori et al. experimental data,””
w=0.5 mm, M, = 3.81, T,=283K:
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(d)
Fig. 5 Samples of flowfield calculations for w=0.5mm,
Moo = 3.81, Too=283K: Mach number contours
near Injector, (a) Pc/Po=0.25, (b) Pc/Po= 0.50
(c) velocity Vector of Pc /Po=0.25, (d) velocity
vector of Pc/ Po= 0.503 near injector
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(a) Pressure contours  for reacting case
(Max=0.4053, Min=0.001735, A=0.025 Mpa)

(b) Temperature contour for reacting case
(Max=2982, Min=254.5, A=195 K)
Fig. 8 Pressure and temperature, contours transverse
H2 fuel injection, 9.5% oxygen main flow,
isothermal wall (300K)

H, Mass fraction
(Max=1.0 , Min=0.0, A=0.02381)

0O, Mass fraction
(Max=0.09503, Min=0.0, A= 0.00226)

OH Mass fraction
(Max=0.0602, Min=0.0, A= 0.0024)
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H,0 Mass fraction
(Max=0.00813, Min=0.0, A=0.00032)

Fig. 9 Mass fraction contours for 9.5 % oxygen
main  Flow, isothermal wall (300K),
transverse H; fuel injection 18 step model
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