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Three Dimensional Topology of Vortical Structure of a Round Jet
in Cross Flow
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Abstract

In the fully developed internal flow fields, there are complex transition flows caused by interaction
of the cross flow and jet when jet is injected into the flow. These interactions are studied by means
of the flow visualization methods. An instantaneous laser tomographic method i1s used to reveal the
physical mechanism and the structure of vortices formation in the branch pipe flow. The velocity
range of cross flow of the pipe is 0.7 U6 and the corresponding Reynolds number R, based on the
duct height is 5.6 x 107 diameter/height ratios(d/H) 0.14 and velocity ratios 3.0. Qil mist with the
size of 10ym diameter is used for the scattering particle. The instantaneous topological features of the
vortex ring roll-up of the jet shear layer and characteristics of this flow are studied in detail by
performing flow visualization in rectangular duct flow. It is found that the formation and roll-up of
ring vortices is a periodic phenomenon. The detailed topology of the vortices in the near field of a
cross -flow jet and the mechanism associated with them give enforced hints of vortex breakdown
within the vortex system due to the interaction of the jet and the cross-flow.
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Fig. 1 Configuration of cross-flow jet boundaries.
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Fig. 2 Schematic of the experimental setup.
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Fig. 3 Definitions of laser light sheet and coordi-
nate system.
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Fig. 4 Flow pattern of the near field of the cross-
flow jet in x-z plane (U = 0.7 m, R = 3,
dH = 0.14, Y = 0).
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Fig. 8 Typical subsequent flow patterns of the near
field in cross-flow jet. (U = 0.7 mjs, R= 3,
dD = 0.14, Y = 0).
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Fig. 6 Typical subsequent flow topology of cross-
flow jet.
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Fig. 7 Cross sectional flow patterns at Z=1.0d. in
x-y plane(Uy = 0.7 us, R = 3).
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Fig. 11 Traverse sectional flow patterns at X= 0.68d,
$ =20° in y-z' plane (U.~0.7 ms, R = 3).
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