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Scaling of Energy Injection Rate in Two-dimensional Turbulence with Drag

o Nonlinear interaction (energy redistributed)

o Dissipation (energy removed)

e = Power Input = Force x Velocity ‘

Question: How does € depend on the control

parameters of the systems?

{ Example 1: Block on a rough surface j
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Newton’s second law,
dv
F—pv=m—
T

Steady state velocity,

v=—
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Energy injection rate (Power input),
F
e=Fv=F (—) N/fl
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[ Example 2: Forced Harmonic Oscillator j

i+ wie = —pi + Acoswt
instantaneous : ipy(t) = (t) Acoswt

1T N,
T 0 eint(t) dt

averaged : €=

I~

(@) u

Navier-Stokes Equation
G+u-V¢= f(z,1) — vV, u= (u,v)
(=vp—uy= v
Energy injection rate
e=—f)
Conservation of energy
0,2 2 2
€= y(ug;rv) + %%Z

o Prescribed small-scale, steady forcing:

f=cosz, boxsize > 2r

e Drag is the main dissipative mechanism: €, > ¢,

[ Simulation Results j
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Eint(t) = é// ((z,y,t)cosx

nt(t)
standard dev

0.2

mean =0.154

019

0.2P 4
0.1 4

0% 1000 3000 3000 15

20

510
z/r] Probability density function of & (f)

Forced-Dissipative Systems J [ Two-dimensional Turbulence ] [ Energy Injection Rate vs. Drag ] [ A Closure Model J\
e\ Conducting fluid __ Soap film 1 t1 o C(z,y,t) = A(t) cosz + B(t)sinz +C(x,y,t)
: % . ﬂ [P T4 /to sin () dt forced mode, ¢ ()
. E o ‘ ‘ ey &= (Ceosz)
= - - Random Sweeping Model
e y G+ UG+ Vi =cosz—pC—nC (1)
o Forcing (energy input) Paret and Tabeling (1998) Burgess et al. (1999) ‘ ] e m (U2 + V2 ~ 2(Upyms)? @)
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Scaling Law in the Small-drag Regime
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Hence as the drag coefficient g — 0,

50(@1/3

o Weak drag affects only the largest eddies

e X ul/ 3 = drag controls energy injection at

small scales: spectral nonlocality?

o Yet, E(k) ~ CK52/3]§*5/3 |

o advection by large-scale eddies (U, V)
—isotropic: (U2) = (V%) = (Upms)?
—slowly varying in space and time

e nonlinear energy transfer out of the forced mode:

NS> u>v

Solution of the Model

e — ¢ U
Tt R,
v+ U2 n
=» small U = large U
. ¢—-0 ¢—=m/2
C
Forcing
Scaling of &(u)
Taking ensemble average over U,
1 n
e=- | ———=PU)dU
2 / 2+ U? )

Assume P(U) = P(U/Urms)/Urms and Uppms >> 1,
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Energy injection is mostly due to “slow” regions.

(Urms)71 o #1/3

small ¢
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e Nonlocal interaction between the large-scale

(U, V) and the small-scale forced mode ¢

e No nonlocal energy transfer between the large

4

and small scales as (U IZ)éﬁ =0




Table 1:

Fig. 1.—

Fig. 2.—

Fig. 3.—



