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EFFICIENT SIMULATION AND SCALING OF OSCILLATORY IMPINGING JETS

SI Kim™, S.0. Park!, SX. Hong’ and K.S. Lee’

Present study simulates oscillatory supersonic impinging jet flows using the axisymmetric Navier-Stokes code. To
capture the salient features of flow oscillation and overcome the divergence during the initial transient period, several
tests have been conducted for the grid and time step sizes. The results also show that the effects of the inlet flow
condition at the nozzle exit and turbulence on the oscillatory behavior of supersonic impinging jets are negligible.
Frequencies of the surface pressure oscillation obtained by the selected numerical method are in good accord with the
measured impinging tones for various cases of nozzle-to-plate distance. Two seemingly different staging behaviors with
nozzle-to-plate distance and nozzle pressure variations are found to corrvelate well if the frequency and distance are

normalized by the length of the first shock cell.
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Fig. 1 Computational flow model and boundary conditions
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Table. 1 Various grid systems

101(x) * 51(r) 0.0iD {0.037D

Grid2 | 181(x)x61() | 0.001D [0.023D | 41798
Grid3 | 301(x)x65(1) | 0.001D [0.013D| 78792
Grid4 | 351(x)x 65() |0.0001D |0.011D | 91642

(For all cases, Av , =Ax ..., Ar .. =0.0114 D)
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Table. 2 Oscillation frequencies of cases with and w/o
nozzle, Po/P.=3.0

25 2.6 37 3.8

180 | 222 | 198 | 195

182 | 221 | 199 | 192
(kHz)
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Fig. 4 Comparison of the instantaneous velocity vectors
and pressure contours between cases with and
without nozzle, Po/P,=3.0 & H/D=2.5
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Table. 3 Oscillation frequencies of laminar and turbulent
computations

Laminar 18.2 22.1 15.2 9.8

Turbulent 18.1 224 153 9.9
(kHz)
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