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ON THE SPATIAL STRUCTURE OF TURBULENCE
IN OPEN CHANNEL FLOWS (2)

—— The Convection Process of Turbulence with Mean Flow —

By Hirotake ImamoTO and Tetsuo UeNo

Synopsis

This paper describes an experimental investigation of the spatial structure of turbulence in
a free surface shear flow, carried out at the Nobi agricultural canal, using 4 current meters of a
propeller-dynamo type. A convective process of turbulence is investigated through a technique
of the space-time correlation, with and without frequency filtering, for the longitudinal component
of the velocity fluctuation.

The experimental results are as follows. 1) Diflerent turbulent spectral components of an
open channel flow are convected with different velocity, that is, the large scale disturbances near
the free surface are convected more slowly than the small scale ones. 2) The departure of the fro-
zen pattern in the period of the disturbance is remarkable for the disturbance of long period, but,
in the same distance, it is remarkable for the disturbance of short period.
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Table 2-1 Classification of Eulerian correlation function.

2nd order correlation function R, () =u(fo)v(to+1), u(to) =[u; (t0)]1 7, v(to) =Tu;(to)]lq

auto-correlation TUNCHON  +« v vt retrreetreeeiiteeeeroinecosananneeeannsns P=Q, i=j

two-component corr. 3 T P= Q’ ij

cross-correlation function space-time corr. fun. -« --cceeer e P=:Q
spatial corr. fu. {

simultaneous space corr. fu.---P3Q, 1=0
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2 HMOBEE » %95 2 —2 L L BERHBERRO—RALRLEL DTH58, TORRALNRS L)
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BEOAERE L TC—BoMERE Z0) BB o5, PO RPEEKE LI BEHTIEERPL R
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Fig. 2-1 Space-time correlation of longitudinal turbulent velocity.
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Fig. 2-2 Space-time correlation coefficient. Fig. 2-3 Space-time isocorrelation curves
(from Favre et al®).
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%o

Cx=XTyy Cr=X /Ty coeoreeimii it 2.3
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wur=g ) (o —t)R@de={ (S ) R@df e @2.9)
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band-pass filter function G(s,T;f)
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Fig. 2-4 Band-pass filter function.
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KEE s THRBIZRDONLEKEL L A BET 22 L1CL D, 22 YEBHREMRIELN S,
AERIZHT 5kEEEE Table 3-1 [TRENBHBDTH 5,

ANHACERAEO 7 v 25 ARBRBEEF CEHEEH CM-1B HELRANRE) 4 BHAWL IS
IOWEHO T v T OEREN 128cm LAk K&, FHoMRLE L INEFEO Bl 1Hz B
FORORBEIN TS, FERIE W, HHEGFORBICHEE 4 T CHANLTONIZHEBAN
bhTkh, HEOMBIRKEHVERIIHESINS LI HHNOEESRLDNTWE, 2F, KEFAD

Table 3-1 Hydraulic conditions.

Case 1X22
Depth (H) 86 cm

Discharge velocity (U,,) | 69.6 cm/sec

Friction velocity 2.6 cm/sec
R.=U,H|v 5.1x 108
F,=U,|(gH)? 0.240
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FLUT6cm) TRY, WAFEITH > CTLTHRMO FEFRO BRI KED 1/2, 1, 2,3, 4,8,164%&
%5 &5 BEh T3 (Fig. 3-1)
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Fig. 3-1 Experimental section.
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Fig. 3-2 Mean and turbulent velocity.
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7 4 2 —LELNEE ¥ B e R BB ER o SHlksRo—# & Fig. 3-4 TR+, Fig. 3-4 11,

energy spectrum function S(f) (cwé/sec)

0.01 0.05 0.1 0.5 1
frequency f (Hz)

Fig. 3-3 Energy spectrum of longitudinal turbulence.
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Eig. 34 Space-time correlaton coefficient with filtered turbulent velocity.
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Fig. 3-5 Maximum space-time correlation coefficients with filtered turbulent velocity.
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Fig. 36 Integral time scale of maximum space-time
correlation coefficient with filtered turbulent
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Fig. 3-7 Convection velocity of longitudinal
turbulence (U: local mean velocity).
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