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Motivations: Study of the large sale\low frequency spectra in wave
turbulent systems without inverse cascade

• Do the frequency spectra agree with an equipartition of energy in
this out-of-equilibrium system?

• Can we infer the spectrum at low frequency form the driving
parameters?



• X

Bending waves experimental systems

Thin stainless steel plate
(H=2mXL=1mXh=0.5mm)
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InterpretationResults

𝜏𝑜 = 𝛼/𝜎𝑣

𝛼 a length~𝒪(ℎ)

Most of the studies on turbulence focus on the direct cascade of energy
form large energy injection scale to small dissipative scale. However the
properties of the scales larger than the forcing are also relevant in many
phenomena where they are involved. In 3D turbulence the equipartition
predicted for this large scale has been evidenced only recently.
For wave turbulence, an inverse cascade may drive the large scale
behaviors, but we consider here on the bending wave turbulence where no
fluxes are expected through the largest scales. We focus on the following
issues:
• Does the low frequency part of the spectra of vibrated plates agree with

an equipartition of energy in this out-of-equilibrium system?
• Can we infer the spectrum at low frequency form the driving

parameters?

A thin stainless steel plate (H=2mXL=1mXh=0.5mm) is forced by a
Electromagnetic Shaker (EMS). The perpendicular velocity v is
measured in the middle of the plate with a Laser Vibrometer (LV1).
The force and the velocity at the injection point are also measured to
estimate the injected power I.

Power Density Spectra 𝑆𝑣(𝑓)

• 𝑓 ≤ 𝑓𝑐 = 30 Hz plate’s eigenmodes

• 𝑓𝑐 < 𝑓 ≤ 𝑓𝑜 ; 𝑆𝑣
<(𝑓) = 𝐶𝑡𝑒

• 𝑓 > 𝑓𝑜; 𝑆𝑣
> 𝑓 = C ∙ exp(−𝜏𝑜𝑓)

𝐼 ∝ 𝜖 ∝ 𝑣3

0th law of turbulence

With 𝜖 the dissipation rate. 

• Dimensional analysis:

𝑆𝑣

𝑐ℎ
= 𝐹

𝑓ℎ

𝜖
1
3

,
𝑓𝑜ℎ

𝜖
1
3

,
𝜖

𝑐3
; 
𝑆𝑣

𝑐ℎ 𝑓𝑜≫𝜖1/3/ℎ
𝐶

𝑓𝑜ℎ

𝜖
1
3

,
𝜖

𝑐3
∙ 𝑒𝑥𝑝 −

𝑓ℎ

𝜖
1
3

• Assumption: non energy flux at large scale Equipartition for 𝑓 < 𝑓𝑜
although energy exchange  by nonlinearity possible.

𝑆𝑣 𝑘 =
𝑒 𝑘

𝐿
with 𝑒 𝑘 𝑑𝑘 =

2𝜋𝑘𝑑𝑘

𝛽(2𝜋𝐿)2𝜌𝐿2
and 𝑆𝑣 𝑘 𝑑𝑘 = 𝑆𝑣 𝑓 𝑑𝑓
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𝛽−1 being the energy per mode

• Assuming spectrum continuity at 𝑓 = 𝑓𝑜and with 𝜎𝑣
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Dispersion relation of the bending waves: 2𝜋𝑓 = 𝑐ℎ𝑘2

With 𝑓𝑜the forcing frequency
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