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Scale of Vortex Structure and Turbulence Property in Impinging Jet

Yuta KAWAI, Yoshiyuki TSUJI*® and Yutaka KUKITA

** Department of Energy Engineering & Science, Nagoya University,
1 Furocho, Chikusa-ku, Nagoya-shi, Aichi, 464-8603 Japan

The flow field in a turbulent jet impinging on a flat plate is studied. When the two dimensional
free jet impinges on the wedge object, so called the edge tone is generated. This accompanies a loud
noise and coherent motions. Although most attention has been paid to reveal its mechanisms and
control the coherent motions in order to reduce the sound noise, we are interested in the effect of
coherent motions on the typical length scale. Adopting the three-component analysis, it was found
that coherent motion has a great influence on the integral scale and Taylor micro scale, but has little
on the Kolmogorov length scale. Also we focus on the area where the coherent motions survive after
impinging on the edge of flat plate. By way of conditional sampling procedure, both the periodic
component caused by coherent motions and the non-periodic component are analyzed. The periodic
component remains close to wall even far from the top of the plate, but the non-periodic component

indicates the large values only around the edge.

Key Words: Edge Tone, Three Component Analysis, Conditional Sampling Method, Integral Scale,
Taylor Micro Scale, Kolmogorov Length Scale
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Fig.2 Relation between frequency /1 and mean velocity
at nozzle exit U;. The circle indicates the exper-
imental result and the solid line is the fitting line
by Eq.(1)
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Fig.3 (a) Mean velocity profiles and (b) Root mean square profiles normalized by centerline value and half width.
Solid lines indicate the distributions for two-dimensional free jet®, broken line the theory by Goertler®, and

dot-dashed line Bradbury’s experimental result®®
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Fig. 4 Typical example of #-component spectra mea-
sured at x/b,=15 and y/b;=0.5
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Fig.5 The contour of peak frequency in the #-component spectrum. Two different peak frequencies are observed.

Broken line indicates half-value width position
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Fig.6 Example of three component analysis at x/b;=15
and y/b;=1.5 (a) instantaneous velocity « (b)
periodic component #s (¢ ) non-periodic compo-
nent s
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Fig.7 Root mean square distribution across the y-
direction at several streamwise section. #’ is
instantaneous velocity, #«sis periodic-component
and s is non-periodic component
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measured at x/b;=15 and y/b;=1.5
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Fig. 10 Distribution of typical length scales: (a) inte-
gral scale, (b) Taylor’s micro scale, (c)
Kolmogorov’s length scale (O: impinging jet,
® : tow-dimensional free-jet, © : scales
computed by non-periodic component)
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Fig.11 Root mean square of velocity fluctuation. O:
periodic component #s @ : non-periodic com-
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indicates Abrahamsson’s result!® in is two
dimensional wall jet
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Fig. 12 Contour map of root mean square of each com-
ponent on the flat plate. (a) periodic compo-
nent #5 (b) non-periodic component us
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Fig. 13 Contour map of #s conditioned by edge-tone
frequency. (a) T/8, (b) 2+T/8, (c¢) 3-T/8
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Fig.14 Contour map of us conditioned by edge-tone
frequency. (a) T/8, (b) 2-T/8, (c¢) 3-T/8
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