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Tablel. Reynolds Similarity Calculation

)

Parameters Prototype  Experimental model
Medium oil water

p (kg/m?) 855 1000

u (Pas) 0.0125 0.001005

d (mm) 0.2 2.0

¢ (L/min) 0.45 0.31
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Table 2. velocities and Reynolds numbers
corresponding to flow rates

Q
(L/min) 0.1 0.2 0.3 0.4 0.5
v(m/s) 0531 1.061 1592 2122 2.653
Re 1056 2112 3167 4223 5279
Flow lamin  lamin turbul turbul turbul
state ar ar ence ence ence
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Table 3. Energy fraction of the first 10 modes at
different distances at 0.3 L/min

Energy fraction (%)

No. 2mm 3mm 4mm 5mm 7mm 10mm
24.76 38.62 37.07 46.72 3457 29.99
23.17 1025 6.37 7.15 19.06 17.24

922 734 512 594 481 7.72
6.60 7.06 401 321 452 4.25
571 573 392 252 3.26 3.64
463 284 360 193 282 3.17
446 207 290 171 249 2.28
301 205 235 144 218 191
214 192 207 138 162 1.82
194 159 175 116 1.39 1.61
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PIV MEASUREMENT OF CLOSE IMPINGING JET ON FLAT PLATEY
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Abstract: The Time-resolved Particle Image Velocimetry (TR-PI1V) method was used to measure the flow field of
a jet impinging on a flat plate in two orthogonal plane at very close distance. The effects of impinging distance and
Reynolds number on the flow characteristics and the vortex topology in the clearance were analyzed. The results
show that there are three kinds of typical vortex structure in the clearance, namely, double vortex ring mode, single
vortex ring mode and complete entrainment mode. However, under the condition of turbulent state with large
flow rate, the jet may break through the vortex ring and form random high-speed outflow. The occurrence of each
flow pattern is mainly related to the strength of wall constraints. The energy transportation and flow loss of three
typical flow patterns are investigated by vorticity analysis. The results show that the energy of the jet is
transmitted outward through the vortex-ring mode at close impingement. In the double vortex ring mode, the two
vortex rings have opposite rotational direction. Due to the constraint of the end face, both vortex rings are strictly
constrained within the end face of the jet nozzle. The strength of the primary vortex ring is significantly greater
than that of the secondary vortex ring. Finally, the Proper Orthogonal Decomposition (POD) method is used to
analyze the flow mode and energy distribution of the impinging jet. The first ten modal analysis of single and
double vortex mode show that the energy fluctuation occurs in a paired pattern at a lower order, which indicates
that both the primary and secondary vortex rings have good symmetry. Meanwhile, in the double vortex ring mode,
the primary vortex ring is the dominant large-scale flow structure. The first three modes of the complete
entrainment mode show that the energy of the jet is concentrated in the upstream of the jet and decreases sharply
with the turbulent diffusion.
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