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Measurements of Velocity Distribution Function in Circular Open Channel
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ABSTRACT: For the first time, the present study has measured the velocity distribution function
in circular open channel flow in a three-dimensional shape using a stereoscopic PIV system. For
a given channel slope, water depth was varied from 30% to 80% of the channel diameter. Then,
the characteristics of the velocity distribution function was compared according to the change of
the water depth. Unlike a rectangular channel, the present experiment exhibited quite different
shapes in the velocity distribution function whether the water depth is higher than 50% or not.
Especially, the position of maximum velocity in the central and side wall regions changes in a
different manner for the water depth above B0%. By differentiating the velocity distribution
function, local wall friction coefficient was evaluated as a function of wall position. If the water
depth goes down, the difference between the maximum and minimum values in the local wall
friction coefficient increases, and the averaged value also increases.

Key words: Circular open channel(9 ¥ 7|52}, Stereoscopic PIV(&H#l 2 PIV), Velocity
distribution function{Z =8 E <), Friction coefficient(v}2 A4), Manning
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Fig. 1 Experimental apparatus to measure the circular open channel flow by the stereoscopic

PIV system.

(a)

Fig. 2 Schematic of the circular open channel flow in the (a) cross—sectional and (b) side views.
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Fig. 3 Configuration of the stereoscopic
PIV system; (a) Scheimpflug

arrangement, (b) three-dimensional
image calibration.
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Fig. 4 Three-dimensional velocity distributions measured by the stereoscopic PIV for the
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water depths (a) 309, (b) 50% and (c) 80%.

80%% wlmality. #el 714717 ngE Aol
A 97t BTketE B HEE S SER
Lo 4L mustad Fig 408 Brsre
TAAE SEEEE AANGAT RE F9elA
8 2AZ Asi FARI Jud AP o
FEEEY GHE uolth Ao 59 X B
T AFEARG ofo] fAE e Aoz 1
Ehteh 917 50960 Gom Hu) HEb A
B FANA HAGAW, $97} 50%H0 T EO
WA F2e A $9sh $A et Aol
shulet e 340 ¥l vy 2w e AL ¢
q 4

B ATA 83 Be dolEE o83t 3
T HE4E 5RO AR FEREI} 3
wa/] Wi gae Ao el 44 2ol
ot wd ¥ 22 He Pyt g ane A
A el Be 24 doleg ngos Hua
S8 5 uY A £% SA4S 9dsl welvlel s
A7 Ak Wb 2 el Az ed s PIV
24 dolHE nygon AY 5T 459 S5
T @48 Faunh £EEF F5E Chin®t
ol G wie bl ASe fEol da Ao
@ o A st

ul€ 1

U

Y=(y+3,)/(D+5,~h)
Z=:/(B+34,)
E=Y(1 -2 explpz— v+1]

£—6&

= —In|{1+(e"=1)
M é‘max - §()

max <

&)
(6)
(D

®

= )

k4

Fig. 5 A curvilinear coordinate system
applied to the cross—section in the
circular open channel flow.

Table 1 Least-squares fitted parameters of
the velocity distribution function to
the stereoscopic PIV data

Depth(%) | 30 50 30
Re 5,693 13541 18974
Fr 0.396 0.499 0.454
u(m/s) 0.152 0.247 0.284
Upyax (M/S) 0.232 0.349 0.401
h(mm) 2.40 6.29 20.11
M 1.99 2.79 2.85

J¢] 1.30 1.18 0.95
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Fig. 6 Velocity distribution functions fitted to the measured data for the water depths

(a) 30%, (b) 50% and (c) 80%.
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Fig. 8 Positions of the maximum velocities
on the velocity profiles at various
z-coordinates and its variation accor-
ding to the water depth.
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Fig. 9 Wall friction coefficient along the
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depths.
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Table 2 Averaged wall friction coefficient
according to the water depth

Depth(%) 30 50 80
Re 5,693 13541 | 18974
Measured by
Stereoscopic PIV 0.0232 | 0.0142 | 0.0079
Estimated by
Moody chart 0.0091 | 0.0073 | 0.0067
Error(%) 60.8 48.6 15.2
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