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Turbulence in open-channel flows over granular low-tortuosity beds
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Motivation

the wall-normal distribution of the longitudinal velocity

20
5| 20, {U} = U.A
3
~ 10 A is empirically determined;
= Re independent? universal?
5 O
. 20, {U} = U.A
10’ 10' 10° 10°

x =1/ A von Karman parameter

Drag reducing flows: A = 1/x is larger for the same normalized shear
rate (lower u.)
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Motivation
Ferreira 2015: why would the von Karman parameter express

drag reducing flows in flows over rough mobile beds?

influenced by flow anisotropy

k — turbulent kinetic energy
1 m w? — Wall normal turbulence intensity
K oC — @ Loy — transverse integral scale
8 C,,,— constant of transverse 2nd order
structure function

1nﬂuence by larger flow scales?

Landau remark concerning C,,,

the Landau remark: C, is not flow-independent when the production
range is modulated by a wide range of (roughness-influenced) scales
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Motivation

Ferreira 2015: why would the von Karman parameter express
drag reducing flows in flows over rough mobile beds?

whatever the change in the structure of turbulence
(very large scales and/or RS anisotropy)

there must be a cause for that change
in this work we investigate

the role of surface-hyporheic

2
exchanges that should depend on K oC E( Low(2) )[ ui Tk Czw)
hydraulic conductivity of the bed 8\ z K/ w'*

k — turbulent kinetic energy

w? — Wall normal turbulence intensity

low — transverse integral scale

C,,,— constant of transverse 2nd order
structure function
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Obijectives

The general objective of this work is to study the effect of the hydraulic conductivity on
open-channel turbulent flows of viscous fluids over mobile and hydraulically rough beds of

cohesionless sediment.

In particular, we:

« characterize the constant of the 2 order longitudinal structure function
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Macroscopic properties of granular beds

Two databases in a similar flume:
*Under same range of values of Shield parameters

In the mobile bed cases, under equilibrium transport conditions

In all cases, under uniform flow conditions
-approximately the same dg,
Different porosity (n), tortuosity (7)),
permeability (k) and
hydraulic conductivity (K))
High
conductivity
bed

(lattice-
ed

High Low conductivity
conductivity bed

bed (Existing
database)

(random)
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Mean flow variables characterizing the experimental tests
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Q slope
(I/s) (-)

14.98 0.00317 0.0714 0.518 0.0528 1.639 0.041 0.00 1.603 0.040
The Laboratory
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Conclusion, Impact

The main findings can be summarized as follows:

1) The coefficient of the second order structure function seems to be well

described by the classic value 2.17 throughout the flow depth except in the

roughness layer where homogeneity conditions are not valid

15
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Conclusion, Impact

The main findings :

iv. So flows over high conductivity beds appear drag-reducing even if
geometric roughness parameters do not change appreciably.

v. Within the high conductivity case, higher tortuosity leads to different

results — lower value of VK constant, lower overall roughness.

Impact

i) Modellers need to incorporate properties of near-bed turbulence in their
wall functions

ii) Sheds light on why simple granular beds are more mobile — forces on the
bed particles (scale with U?) are larger in high conductivity beds for the

Same u-.
16
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