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Abstract

Unsteady open-channel turbulent flow properties were theoretically and
experimentally studied in circular cross section channel with fixed sediment
bed. Hydrographs under investigation were generated as complete dynamic
waves. Firstly, the vertical distribution of the horizontal and the vertical
velocities was analysed. Secondly, fitting the horizontal velocity data in the

inner region of turbulent layer temporal variation of local friction velocity was
estimated. Finally, based on de Saint Venant equations, the friction velocity
time behaviour was studied using both, the kinematic and the dynamic flow
principles. Results validated the ability of the mentioned aproaches to
appropriately describe given unsteady flow characteristics.

Methodology

unsteadiness(Fig. 3, Tab.1).

I flume with circular cross section made of plexiglass (Fig. 1).

I instantaneous velocity profiles u(y,t),

]
I flumelength L= 17m;innerdiameter D = 0.29 m; bottom slope S.={. f Z&.
I sedimentheight hy= 52mm, grain size d,,= 12 mm.

I measuring devices connected to data acquisition system

]

I hydrographs generated as dynamic waves with high level of

v(y,t) measured using UVP (Ultrasonic
Velocity Profile) Monitor.

I 2 independent UVP transducers
placed out of the flow field (Fig.2)

I time-average values obtained by FFT
(Fast Fourier Transform) and IIR

Fig.2- UVP transducers setup and velocity components
decomposition

(Infinite Impulse Response)

. ) Butterworth filter.
Models of thefriction velocity

Time-varied friction velocity, as a fundamental parameter in the hydraulics of open-

LEGEND: 1 - UVP Monitor; 2 - UVP transducers; 3 - Data acquisition system; 4 -Ultrasonic water level
gauges; 5 - MID flowmeter; 6 - Valve; 7 - Tank

Fig. 1- Layout of experimental setup

channel flow, was estimated as follows:

(1) de Saint Venant equation of motion using kinematic u.,,, and dynamic U.,, flow
principle

(2) applying the law of the wall on measured velocity distribution in the inner region of

turbulentlayer - u. .

(3) steady flowformula - u., = (gRS,)"**

Results

I temporal variation of time-average horizontal or vertical velocity
components u(y,t), v(y,t) and flow depth h(t) are shown in the Fig. 4
i.e.the Fig. 5.

I applying above mentioned models on measured flow velocity and
depth data one can estimate the temporal variation of the friction
velocity u. i.e. the bottom shear stress t .

I dynamic values of U. osown Significantly exceed those values of
steady flow (U.g;) with equal depth h (Fig. 6). However, there are
slightly lower dynamic values in the falling branch of the hydrograph.

I comparison of both the kinematic and the dynamic flow principle
shows a goodness of fit in the rising branch of the hydrograph. On the
other side, the values of u.,,, are completely underestimated in the
falling branch of the hydrograph (Fig. 6).

I moreover, the significant difference between local values U. o t, o6
and those averaged over wetted perimeter P (U.,y ) Was observed
(Fig. 6).

I substituting the average velocity in a cross section V, the hydraulic
depth H and the hydraulic radius Rwith the depth-average velocity U

and the flow depth h one can solve the governing equations (1) for 2D
flow in the plane of the pipe symmetry (Fig. 7).

Tab. 1 - Hydraulic characteristics of basic hydrographs

U oo, w
[mnvs] [
191 157-66.9 1290
192 161713 ni12
193 159-68.1 854

Legend: S, = bottom slope; T,,= duration of rising branch; T,, = duration of falling branch; h= flow depth; Q = discharge; Fr = Froude number; Re = Reynolds number , T = water
temperaiure; U, = friction velocity estimated from log-law (2); W= unsteadiness parameter (Qu, 2002); h, Q, Fr, Re, u, .. values describe those of the base flow and the peek flow

Fig. 4 - Visualization of horlzontal time-aver age velocity components t(y,t)
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Fig. 3- Looping rating curve (HYDR1)

Fig. 5 - Visualization of vertical time-average velocity components v(yt)

Fig. 8 - Veertical turbulent intesity distributionv€(y) for equal
depth (HYDR1); t, = timeinstant at rising branch; t, = time instant
at falling branch

Fig. 6 - Temporal variation of U.,,, U.ons
Usios, Ussr (HYDRL)

Fig. 7 - Temporal variation of U.,,, ,.on
lllll «(HYDR1) in axes of sediment bed

Conclusions

Unsteady turbulent flow characteristics have been studied using series of

hydrographs with high level of unsteadiness. It can be concluded that:

I temporal and spatial variation of the horizontal velocity u(y,t) were
observed in accordance with general meaning of looping rating curve.

I vertical velocity profiles v (y,t) achieved negative values in the rising branch
of hydrograph - the flows are accelerating ones.

I vertical turbulence intensity distributionyv€ (y) is significantly higher for the
rising limb of the hydrograph than the in the falling one.

Listof symbols

B water (sediment)surfacewidth S bottomsope

D inner diameter u  horizontal vel ocity component

Fr  Froudenumber U  depth-averagevelocity

g gravityacceleration u. friction(shear) velocity

h flow (sediment) depth v vertical velocity component

H  hydraulicdepth V  averagevelocityina crosssection

P weted perimeter V,, radial velocity components measured using
R hydraulicradius " UVPtransducers

Re Reynoldsnumber t, bottomshear stress

I friction characteristics of given unsteady sewer flow can be appropriately
described using the dynamic flow principle. Other solutions lead to
significant errors.

I the shape ofthe cross section and presence of bottom sediments influence
distribution of bottom shear stress over wetted perimeter.

I applicability of the UVP method in the non-intrusive measuring mode was
confirmed. However, presented geometrical setup is not applicable onruns
with bed-load transport.

References

Knight, D. W., and Sterling, M. (2000). Boundary shear in circular pipes running partially full.
Journal of Hydraulic Engineering-ASCE, 126(4), 263-275.

Qu, Z. (2002). Unsteady open-channel flow over a mobile bed. PhD thesis, No. 2688, Ecole
Polytechnique Fédéraledel ausanne.

Takeda, Y. (1999). Ultrasonic Doppler method for vel ocity profilemeasurementin fluid dynamicsand
fluid engineering. Experimentsin Fluids, 26(3), 177-178.

Acknowledgements

Thiswork hasbeen supported by the Ministry of Education, Youth and Sport asapart of the project no.
MSM 211100002, by Grant Agency of the Czech Republic as a part of the projects no. 103/04/1350
and 103/02/0243.



mailto:kurova7,Prague6,16629,CzechRepublic,phone:+420224354350,fax:+420224355445,e-mail:bares@lermo.cz

