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VELOCITY VECTOR MEASUREMENT BY LASER
DOPPLER VELOCIMETER IN AN OPEN
CHANNEL FLOW (2)

By Hirotake ImamoTo, Taisuke IsHIGAKI and Atsukuni KAjIMA

Synopsis

LDV measurements of the all velocity components were carried out in an open channel flow
over hydraulically rough surface of which roughness Reynolds number was 200. Using two sets
of LDV, three velocity components were measured simultaneously. Secondary currents were
measured, and these data showed the existence of depth-scale longitudinal eddies. Profiles of
the Reynolds stress, turbulent kinetic energy, turbulence-kinetic-energy production, and the
turbulence-kinetic-energy dissipation are also given. These results in an up-flow-part of longitu-
dinal eddy were compared with those in a down-flow-part. The u-v and u-v-w quadrants method,
and the VITA variance technique concerning with accelerations and retardations of u was
employed to detect the three dimensional turbulent structure,
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Fig. 1 Sketch of model of three dimensional structure of depth-scale longitudinal eddy.
(Three dimensional spiral model named by authors).
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Fig. 2 Experimental set-up for a tracer method using a laser light sheet.
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camera with a bore scope.
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Fig. 3 Pass lines of neutral tracers in a cross section observed from a moving video
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Table 1 Hydraulic conditions.

"Kinematice Discharge

I De is . Slope
i Depth lecél;argg Slope viscocity \clouly

Case : 7 Y
, {em) (17) le (cm?/s) i (Llﬂ/s)‘
Flow visualization A % 3. 08 [ 1. 478 ] 1/500 0.0121 ' 1857
Flow visualization B % 3.08 1. 473 i 1/500 ' 0.0094 ‘ 18. 49
I 4.00 4. 354 1/590 - O 008{) 27.21

LDV mecasurement

1
| SPET il
VR SRR g o
(cnl1 J/s) . (mn) i v | Re ‘ r
Tlow visualization A 2.79 — - 6100 0.30
Flow visualization B ' 2.79 0.73 220 7800 0.30
LDV meusurement © 2.58 | 0.67 200 12700 ‘ 0. 44
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Case B

Photo, 1 Ixample photographs of pass lines of neutral tracers in a horizontal section near the
water surface obtained by a moving camera (y/H=0.9, F=1.2, T=1/4 sec, ASA400).

Photo. 2 Example photographs of pass lines of neutral tracers in two horizontal sections
obtained by a moving camera ((a); v/H 0.5 (b); y/H=0.1).
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Case B

Photo. 3 Example photographs of netural tracers in vertical sections obtained
by a moving camera. ((a); z/H =0.0, (b); z/H=1.0)
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Fig. 4 Experimental procedure of LDV velocity vector measurement, measuring
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Fig. 10 Distribution of longitudinal, vertical and lateral turbulent intensities,
v/, v/ and w’.
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Fig. 15 Lateral distribution of turbulent intensities, Reynolds stress, turbulent kinetic energy,
turbulence-kinetic-energy production, and turbulence-kinetic-energy dissipation.
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Fig. 16 Fractional contribution to Reynolds stress, —uv, from each event and fraction of
time occupied by hole event obtained from the u-v quadrants method.
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Fig. 17 Fractional contribution to Reynolds stress, —uv, from each event and fraction of

time occupied by hole event obtained from the u-v-w quadrants method.

Table 2 Probability of velocity fluctuation between each quadrant on u-v plane.

point A point B
(y/H=0.1, 2/H=0. 25) (%x107?) (y/H=0.1, 2/H=1.50) (x10-2)
© | @ | @] o ®  © | ® | 0
® 6. 77 3.26 1.58 7.78 ® 6.31 ‘ 1.99 1.29 5.94
® 3.34 | 22.49 ' 5. 50 4.52 ® 2.36 | 21.78 6. 40 3.61
® 1.44 5. 86 ' 4.19 2.17 ® 1.28 6. 85 6.35 2.76
® 7.83 4.25 I 2.39 | 16.64 @ 5. 59 3.54 3.20 2075
(x10-2)
oint A 7.7 7.83 6.77 3.26 550 586 2249 4.52 16.64 7.83
P — D —> o0 — Q@@ — O — — @O — Q@
oint B — D—> 00— D@ @@ —>@ > D> @ —>
P 594 55 631 199 640 6.8 21.78 3.61 20.75 559
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Fig. 18 Velocity signal and VITA variance.
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Fig. 19 Bursting period Tb for various averaging time Tm and threshold parameter k.
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Fig. 20 Conditional averages of VITA variance {var), longitudinal, vertical and lateral
velocity, <ud, {v>, {w>, and Reynolds stress {—uv) with positive slope (——),
and negative slope (------ ).
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