
UNCLASSIFIED

Defense Technical Information Center
Compilation Part Notice

ADP015046
TITLE: Aspects of Turbulent Transport

DISTRIBUTION: Approved for public release, distribution unlimited

This paper is part of the following report:

TITLE: International Conference on Phenomena in Ionized Gases [26th]
Held in Greifswald, Germany on 15-20 July 2003. Proceedings, Volume 4

To order the complete compilation report, use: ADA421147

The component part is provided here to allow users access to individually authored sections
f proceedings, annals, symposia, etc. However, the component should be considered within

-he context of the overall compilation report and not as a stand-alone technical report.

The following component part numbers comprise the compilation report:
ADP014936 thru ADP015049

UNCLASSIFIED



Aspects of Turbulent Transport

V. Naulin and J. Juul Rasmussen
Association EURATOM-Rise National Laboratory

Turbulence is an ubiquitous phenomenon in plasmas, which have usually large amounts of
free energy available that can drive the turbulent velocity fluctuations. Universal properties
of turbulence are its abilities to mix and to transport. The turbulent transport is often
found not to be described by a transport coefficient, as Fick's law suggests. We discuss the
consequences of this and the relationship between passive particle and plasma transport, that
is mixing and transport.

1. Introduction than the Lagrangian correlation time the particle dif-
A characteristic feature of turbulence is the ability fusion will thus be normal. However, there might be
to disperse and mix particles and heat. This process large intermediate ranges depending on the correla-
is rather complicated even under idealized conditions tion times and scales, especially if the correlations
of homogeneous and isotropic turbulence and is af- reach the spatial or temporal extend of the system.
ter many years of research still far from being un- 3. ... and Transport
derstood in general. Covering a variety of important The question if test particle transport is connected
areas from the diffusion of pollutants in environmen- to the turbulent radial transport of plasma
tal flows to the particle and heat diffusion in magne-
tized plasmas this topic connects basic research with F (nVr.
applications, by the E x B velocity (vr = -8$) is far from trivial.
For magnetized plasmas it is agreed that the en- We consider the Hasegawa-Wakatani equations
hanced levels of cross-field transport (anomalous (HWE) [4] as minimal model for drift-wave type
transport), observed in a wide variety of devices plasma turbulence:
including tokamaks and stellarators is due to low-
frequency, electrostatic, micro-turbulence, with the 9tn + ,9. + {0, n} = -C (n - ,) + jV 2n , (5)
E x B-drift as the dominating velocity. A good 0tV20 + {¢, V201 = -C (n- )+ PV40 (6)
candidate to understand and explain the anomalous
transport from first principles is drift-wave turbu- The deviation from adiabaticity, given by the param-
lence [1, 2, 3]. We investigate turbulence of magne- eter 1/C, leads to an instability. The HWE Eqs. (5,
tized plasmas and discuss the influence of structures 6) contain two limits: i) C -+ 0, where the density
on the transport. and potential decouples, thus the system describes
2. Particle Dispersion... standard 2D Navier-Stokes turbulence with n pas-
The mean square displacement of an ensemble of par- sively advected. ii) C -+ oo, which corresponds to
ticles in a velocity field i(Y, t) is given by [5]: the adiabatic density response 0 ; n and the HWE

t reduce to the Hasegawa-Mima equation (HME).
(Y2 (t)' =2t (u2) (1 - ) RL(-T-)d (1) The evolution of the energy E = f((VO)2 +n 2 )dVand generalized enstrophy W - f(w - n) 2 dV is

with (i!ZQ(t)) . il(g(t'),t')) = RL(t - t') (u 2) . Here governed by

RL is the normalized Lagrangian velocity correlation. f -niy,-C (n _ 0)2-A(W2+(Vn)22)d2r (7)
For very short times the correlation is close to unity dtE d
in the so-called ballistic limit:

(2(t)) = t2 (U2) . (2) dtW = J -nay -/u(V(n - ))2 d2 r. (8)

For very long times the integral evaluates to the La- Here w = V X v = V2
V is the vorticity. The driving

grangian integral TI term is the integrated E x B-flux

RL(7)d- 0 RL('r)dr =: TL . (3) F0 = I dr = Jnuc~d2r = I-nOycpd2r,

and provided that 7-L is finite we obtain which mediates the instability when n i ¢. In the
inviscid limit the HWE has a Lagrangian conserved

(i 2 (t)) = 2 tTL (u 2 ) = 2 TLD (4) quantity II = (w - n + x). We employ the conserva-
tion of H to estimate the radial dispersion of the fluidThis limit (t »> F'L) is often called the diffusion eeet.Fo 0 =-( owee~=w-n

limit. Note that TL differs from the Eulerian correla-

tion time available to laboratory measurements. For We obtain:

homogeneous, isotropic turbulence and times longer ((x - X) 2) = (2)p - 2( )p, (9)
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the averaged flux reflects thus the existence of long

2.5 range correlations in the system, respectively that
the turbulence is intermittent. Correlations that can

X Dý manifest themselves via the occurrence of coherent
2 0 r structures within the turbulence.

5. Turbulence and Structures: The

1.5 quest for correlations
L Two dimensional turbulence, as the turbulence of

nmgnetized plasmas, is characterized by a dual cas-
9 Qcade: of enstrophy to the small scales and energy to

large scales. Moreover if the vorticity is a function of
9 the potential, then the convective non-linearity van-

0.5 9 ishes and thus turbulent de-correlation mechanisms
are no longer very effective. The regions of reduced

0 nonlinearity and correlated potential and vorticity
0 3 6 are also known as coherent structures. These struc-

C tures form out of the turbulence and can survive for
Figure 1: Diffusion coefficient and Flux for various long times compared to the turbulence de-correlation
values of C. time. Tracking particles in the turbulence and stat-

ing if they are trapped inside structures we could find
where the average (.)p is taken over all fluid ele- that this introduces an intermediate regime for the
ments/particles. If the turbulence is homogeneous, transport [6].
we can replace the averaging over the fluid elements 6. Turbulent Equipartition
with averaging over the fields ((.)p = (.)f). In the Usually turbulence takes place in an confined vessel

time asymptotic limit we may then assume that the with boundary conditions and the plasma is contin-
last term on the rhs vanishes (this designates the uously driven. The arguments used above are then
correlation between the fluid PV and the initial fluid no longer valid. Indeed based on the conservation of
PV). Taking the time derivative and using Eq. (8) Lagiangian invariants we could show, that the turbu-
we obtain: lence sets up characteristic gradients, independently

of the magnitude of the flux generated. Clearly this
dt((x - xo))p = (ý)f = 2dtW. (10) breaks Fick's law. Moreover it leads to a bursty type

Finally we arrive at of transport, where plasma is pushed outwards in
large structures [7].

D. = Fo, (11) 7. Summary
It is found that as long as the spatial/temporal

what is confirmed by numerical experiment see Fig- extend of the plasma is close to correlation
ure 1. times/length scales the turbulent structures induce
4. Transport PDF a power law tail in the PDF of the transport. This
In models where the fluctuations are driven by a local transport is then not described by Fick's law on dif-
instability and the density fluctuation-level is small fusion and turbulent profiles might be sustained at
compared to the background density the probability various levels of flux through the system.
distribution function (PDF) of as well density and 8. References
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