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The determination of the velocity gradients provides valuable information in many aspects of fluid
dynamics (dissipative structures, boundary layers, drag, etc). In particular, the norm of the strain rate

tensor \% = \/ >[5 (v + 8]-%)]2 gives the viscous dissipation rate nI'? of a Newtonian fluid flow.
However, it is difficult to measure I" to a sufficient level of spatial and temporal resolution. A promising
technique, called Diffusing-Wave Spectroscopy (DWS), allows for its direct measurement. It exploits the
diffusive nature of multiply scattered light in a turbid colloidal suspension. In a DWS measurement, the
time autocorrelation of the scattered intensity is measured and decays because of the phase shift of light
in time at each scattering event [1]. This decay is due on the one hand to the Brownian motion of particles

and on the other hand to the fluid motion and more specifically to I', which can therefore be deduced [2,3].

We recently reported [4] the first spatially and temporally resolved measurements of the boundary
dissipation using DWS with commercially available high-speed cameras. We demonstrated the method on
a Taylor-Couette flow, characterizing the spatio-temporal dynamics of the boundary dissipation rate up
to the wavy vortex flow (see Figure 1). We now perform such measurements in a wall-bounded turbulent
flow, up to R. = 3 x 10°, allowing the study of the dissipative structures and the temporal fluctuations
of the boundary dissipation rate.

T2 s 12 3% 12
y/2L y/2L y/2L
(a) (b) (c)

Figure 1. (a) Snapshot of the speckle pattern directly measured by the camera (arbitrary units of intensity).
(b) Spatially resolved map of I" in the linear regime (T'a = 188), and (c) in the Taylor vortex regime (T'a = 3012).
(d)(e) Two spatially resolved map of I (0.25 s apart), in the wavy vortex regime (Ta = 4706).

References

D.J. PINE, D.A. WEITZ, J.X. ZHU & E. HERBOLZHEIMER, Journal De Physique, 51, 2101-2127 (1990).
X-L. Wu, D.J. PINE, P.M. CHAIKIN, J.S. HuaNG & D.A. WEITZ, J. Opt. Soc. Am. B, 7, 15-20 (1990).
D. BicouT & G. MARET, Physica A: Statistical Mechanics and its Applications, 210, 87-112, (1994)

E. Francisco, V. BoutLLaut, W. Tu & S. AUMAITRE, Ezp Fluids, 64, 156, (2023)

= Lo =

© Non-Linéaire Publications, Batiment 508, rue John von Neumann, 91400 ORSAY



