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TURBULENCE

Recent three dimensional computations of electromagnetic drift wave
dynamics are extended to cover the effects of warm ions, so that the
model now covers both branches of low frequency fluid edge turbulence.
In addition, the companion model with drift kinetic electrons has been
extended to the electromagnetic regime. For cold ions, the two models
are quantitatively consistent, more successfully in comparison than are
their counterparts with gyrokinetic ions and adiabatic electrons. Finite
ion temperature does not change the mode structure below the balloon-
ing boundary. Sensitivity of transport to collisionality depends strongly
on beta.

1. Introduction

Previous work in this series has emphasized the importance of addressing the

fact that tokamak edge turbulence of the ExB-vortex type is not collisional enough

to be treated with conventional fluid equations [1,2].   Transport due to electrostatic

collisional drift wave turbulence has a dramatic dependence on the collision frequency,

 [3], since the parallel electron dynamics  in such a model results solely from a finite

resistivity [4]. If electromagnetic effects are considered for Alfvén transit frequency

 comparable to drift frequencies  where  is the profile scale length

and  is the field line connection length, the dependence on  is somewhat

reduced [l]. Ion temperature  dynamics was recently introduced into this drift Alfvén

model, adding the  (ITG) modes to the mix but still feeling the Alfvén dynamics

through the rising tendency of the transport with the ratio of drift to Alfvén transit

frequencies [5]. Below, we find a weakened dependence of transport on  with

the ions present, for values in the edges of present day tokamak plasmas (see also

early studies by Waltz [6]).

An important experimental consideration is that when the anomalous fluxes of

particles or thermal energy are expressed as a diffusivity,  the  rises sharply with

minor radius,  irrespective of the parameter regime [7]. Traditionally this rise has

been attributed to some sort of underlying turbulence process thought to be similar to

resistive MHD [8,9], but tokamak edge turbulence is not within this regime. The rise

of  with  can on the other hand be explained by a strongly nonlinear dependence



of  on the profile gradients. Below, we find  oc  within the regime of interest,

in absolute units (see also [10]).

When treating collisionless dynamics with “extended” fluid models (e. g., [11] ),

one needs careful checking of the models against more complete kinetic ones [12].

We have also developed a drift kinetic electron model, which substitutes the electron

distribution function   in terms of the velocity space variables  and 

for the fluid model’s equations for the electron moments    and  provid-

ing direct checks of the results within the same computational geometry. Although

incorporation of finite-Ti into this model is still in progress, we report a level of quan-

titative agreement between the two models in the cold ion limit which surpasses that

shown by their counterparts in the “ion world” which allows arbitrary  but neglects

parallel electron dynamics.

2. Fluid and Kinetic Models

The fluid model is presented in [5]. It is a generalization of the one detailed

in [1] to finite  subject to the same considerations. The geometry is described

by a globally consistent flux tube , [13] with the curvature operator reducing to the

large aspect ratio model [14]. Drift ordering is applied to the fluid equations, which

are extended to treat Landau damping by incorporating the parallel heat fluxes as

dynamical variables. Normalization is in gyro Bohm units.

Under drift ordering, with the usual normalizations of drift turbulence  to

 and perpendicular coordinates to  the collisionless drift kinetic model ap-

pears as:

  
d

  
dt

e  
            (2)

subject to

II=  -II  - 

where  includes advection by the ExB velocity,  is the gradient along the

perturbed magnetic field, and    is the background Maxwellian.

The main parameters are those controlling the ratios of important frequencies:

giving the relative speeds of the Alfvén thermal transit, and collision frequencies,

respectively. The normalized ion mass, gives the parallel sound time. The other



parameters are secondary;  and  give the relative strengths of V
_
n, V

_
Te,

and    in the background; the strength of the curvature operator

is controlled by  nominally equal to   sound waves are controlled by 2,

nominally equal to        and   

In the kinetic model the curvature operator and  are neglected; they will be added

in the future.

3. Results

We briefly describe three of the most important sets of new results. Unless stated

otherwise,     10,   0.5,          1,

 0.03, and  3600 (speeding up the sound waves), and the runs were arranged

and diagnosed as described in [l].

Following from left to right are the spectra of the free energy source and sink

processes, for the kinetic model, the fluid model, and the fluid model with  = 10,

i.e.,  ideal ballooning with  =  +  = 1.2. Ballooning mode turbulence

is controlled by the largest scales available in the  direction.
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Following from left to right are the phase shift probability distributions, for 

phased ahead of  by angle  for each wave   normalized to  for the above three

cases. Again, the warm ion system has drift Alfven structure for  = 2 (middle), con-

trasted to a ballooning mode structure for  = 10 (right). For ballooning modes the

parallel dynamical coupling between  and  is de-emphasized and so the dominant

modes have phase shifts near  for maximum free energy access.



Following are a series of total thermal energy flux scalings. (left) Comparison

of the scalings with  between the kinetic and fluid models for       0;

transport results are always within 50 per cent of each other. (middle) The scaling

with  for the fluid model, equivalently with  or q (for   10). The 

scaling is similar below  1. Resulting from the strength ratio of perpendicular

to parallel dynamics, it is consistent with the rising tendency of  with minor radius.

(right) The scaling with  for   2 and 5, drift Alfvén regime, and   10 with

 = 1.2. The values of  v for tokamak edges are in the range 0.3 to 2.0.

10 1

101  102    

References

[1] B. Scott: Pl. Physics Contr. Fusion 39 (1997) 1635.

[2] F. Jenko and B. Scott: Phys. Rev. Lett. 80 (1998) 4883.

[3] B. Scott: Phys. Fluids B 4 (1992) 

[4] S.S. Moiseev and R.Z. Sagdeev: Sov. Phys. JETP 17 (1963) 515.

[5] B. Scott: Contrib. Plasma Phys. 38 (1998) 171.  

[6] R.E. Waltz: Phys. Fluids 28 (1985) 577.

[7] J. Hugill: Nucl. Fusion 23 (1983) 331.

[8] P.C. Liewer: Nucl. Fusion 25 (1985) 543.

[9] A.J. Wootton et al.: Phys. Fluids B 2 (1990) 2879.

[10] A. Kritz et al.: “A new version of the Multi-Mode transport model”, this confer-

ence.

[11] M.A. Beer and G.W. Hammett: Phys. Plasmas 3 (1996) 4046. 

[12] R. Sydora and M.A. Beer: private communications, Jan 1998. The work of the

“Cyclone Group” responsible for this is ongoing. It is accessible through

http://www.er.doe.gov/production/cyclone/

[13] B. Scott: Phys. Plasmas 5 (1998) 2334.

[14] M.A. Beer, S.C. Cowley and G.W. Hammet: Phys. Plasmas 2 (1995) 2687 


