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VELOCITY VECTOR MEASUREMENT BY LASER
DOPPLER VELOCIMETER IN AN OPEN CHANNEL FLOW (1)

By Hirotake IMAMOTO and Taisuke ISHIGAKI

Synopsis

An open channel flow is three dimensional becouse of a coherent motion which originates
in a bursting phenomenon or a depth-scale longitudinal eddy. It is the objective to clarify
the three dimensional turbulent structure of those phenomena by the method of velocity
vector measurement using a laser doppler velocimeter (abbreviate to LDV). This method
is to measure three components of velocity vector simultaneously using two sets of LDV
system. As a preliminary work to accomplish this purpose, this method was examined in
this paper by the results obtained in a two dimensional open channel flow on a smooth

bed and rough bed.
In addition to this examination, three dimensional structure of an open channel flow was

investigated by a traser method using 2 laser light sheet.
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Fig. 1 LDV system for velocity vector measurement
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Table 1 Hydraulic conditions
(a) Velocity measurement by LDV

Depth | Discharge | Slope [Kinematic | Discharge | Friction | Rougnness, Reynolds | Froude

Case viscocity | velocity |velocity | height |[k*= number [number
H Q 7 v ) j Bl URN R e
(em) | (¥/s) * | {em¥/s) | (em/S) | (cm/s) (cm) ‘ ’

Sn{ggh 3.89 3.974 |1/1300, 0.0107 25.54 1.57 — — 9300 0.42

rough 1400 | 4135 /700 0.0106 | 25.84 | 240 | 0.72 |163.4| 9800 | 0.41

{b) Flow visualization
Depth | Discharge | Slope [Kinematic | Discharge | Friction | Roughness|

Reynolds | Froude

Case viscocity | velocity |velocity | height |[k*= number |number
H Q I v 0 ' ks Uyks/v R ‘P
(em) | Us) © | (em?/s) | (em/s) | (cm/s) (cm) ‘ '
Srr‘;%(:jth 3.98 1.478 |1/500 | 0.0121 18.57 3.12 - — 6100 0.30

ough 1404 | 1473 [1/500 | 0.0112 | 18.23 | 3.15 | 0.77 |216.6| 6600 | 0.29
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Fig. 2 Distribution of longitudinal, vertical and lateral mean velocity, U, V and W
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Fig. 4 Distribution of Reynolds stress, —uy, —uw and —vw
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Fig. 5 Distribution of eddy viscosity . Solid lines are calculated by Eq. (7).
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Fig. 11 Fractional contribution to Reynolds stress, —uv, from each event and
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Fig. 13 Distribution of fraction of time occupied by each event with H’=0
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[:> Side wall

Photo. 1 Example photograghs of a flow in a horizontal section at various
heights by moving shot
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Photo. 2 Example photograghs of a flow in a vertical section by moving shot.
{a); at the center of channel.
(b); al the position where distance from channel center is nearly
equal to a water depth.
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smooth bed

Fig. 15 Velocily veclors in a vertical section on smooth bed.
{a); original velocity vectors.
{b); contour of longitudinal velecity component u.
(c); contour of vertical velocity component .

1z kB bursting SIS/ kS E120E 409 50 - ), (DELED & FFRAO (AEDRM SN AT, LENE
W LTHE S, W N HIOLAD bSO LD ER T %,

Fig. 15 13 1 98800 b ie e Bl 2 70 0 I RS o f U IO THE S N fc@liE < o o, (bl NI
GEIERE A w5 K CUOVEN MUY v O BHIEMRITH 5. KL O, Mijulyy A SROBIORENS
IEHEARD [ 5BE L5 C Omipiko FEREALL DA, LINBDH FIiI~OEAsD 3his b K&
EDEI RN D F A, T ORUE FEML D LT - TdH BT ST » TRACHIL O AL AN
ICEZD X TOANC LD Bl SN S E LT &, BRETRE(w -0) T MR (0X0) 978b 5
sweep ‘[0, hole JIRAFLT, (K (e 0) T v 0 L7355 ejection U S LD bursting Bl
Bl EVEINIC— T AR E S B, L LAEASS, GRS O Tl Hl & el B & b - TR 5
DI B o
(3)  REERUEOD 3 OCH ' T

A
PLIofEH S, BBV BUKPEBIBIC I N 2 3 2SS TA g 5 2 & &, Gl o 1L

— 14 —



4K« GE D LDVICK 2BIKBHhO#EE~ 7 bHliconT (1) 485

Fig. 16 Sketch of model of three dimensional structure of depth-scale longitudinal
eddy (Three dimensional spiral model named by authors)
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