‘ [INTERNATIONAL
CENTRE for

“' [CTS | THEORETICAL

SCIENCES

TATA INSTITUTE OF FUNDAMENTAL RESEFARCH

Fluids Da

Lagrangian statistics in rotating
turbulent flows

Priyanka Maity
ICTS-TIFR, Bengaluru
FLUIDS DAY, 20th January 2020

In collaboration with
Rama Govindarajan & Samriddhi Sankar Ray



Turbulent particle transport




Time irreversibility

ou+(u-Vu)=—-VP+uvViu+f ... (1),
V-u=0 ..,

t—>1t, u—>—u

Time reversal symmetry is broken
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Particle trajectories of tracers in turbulent tflow
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Rotating turbulence

Eulerian fluid fields
ou+((u-Viw+2(Qxu)=—-VP+vViu+f+a /N 'u ...(3),

/ V.u=0 T ... (4),

Coriolis force Large scale friction

1 2
P=p-—|Qxr .05,

T

Centrifugal force

Where u(x,y,z,t) = (u1, uz, u3 ) 1s the flow velocity, v is the kinematic viscosity, and P 1s the pressure
field. The external forcing term f is active for k < 3.

Lagrangian Particle

. drp §
u — =V
R€=7 dt p ()
T dv V. —u
St=-L — =2 20XV, - (@xQXry)  ...(7)
T, dt T,
=£ 7,—> 0, v,=u, ... (8)

up 1s the flow velocity at the particle position , Vp and rp are the particle velocity and position
vector respectively.
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Rotational effects
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Anisotropy due to rotation
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Experimental results
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Simulation details
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Effect of rotation on energy increment statistics
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PDFs of energy increment W(z) = E (t+7)-E(7), for time increments Variation of symmetry function S = In(P(-W)/P(W)) as a function
7/t = 2, Ty being the Kolmogorov time scale.
The PDFs have been shifted by a factor of 10 for clarity.

of W(r), /=, = 2 for various values of rotation rates given by Ro.
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Irreversibility and rotation
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Lagrangian Irreversibility (finite St effects)
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Irreversibility as a function of Stokes
number from Bhatnagar et al.
e A. Bhatnagar, A. Gupta, D. Mitra, and R.
Pandit, Phys. Rev. E 97, 033102 (2018).
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Lagrangian irreversibility with
finite St with rotation
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Lagrangian irreversibility with finite St with rotation
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Statistics of Lagrangian Trajectories
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Statistics of Lagrangian power
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(b) A<0
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