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Two-Fluid Model
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(I, is viscosity tensor)

Radial profiles of the total electron and ion energy
flux ¢ =g.+q from power balance (shaded area, defined by
the standard deviation), the fluctuation-induced convected flux 1
qé‘:‘,m (filled circles from Langmuir probes, and open circles E + -V, X B -+ —VPE = T]”J” + TJLJL
from HIBP; dotted line is upper bound in presence of 1, mode), C ne
end the total convected energy Aux geon{r) from a neutral-
penetration code and Hq measurements.
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Assumptions

1. Cold ions, T.>T;

2. Two dimensional ion motion

Vil vyl

3. Isothermal electrons T, = const.

4. V| P, term is kept in Ohm’s law
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. Strucrure of density turbulence in the r—@ plane.
{¢) Density flucruarions in the edge regions of the Caltech
Rerearch Tokamek messured using am array of 64 probes i
{see Secrion 2,.2.3); (b} denrity fluctuations caiculated from a
thecretical drift weve model dug to Wallz Sire of Caitech
@rray corresponds to box shown in lower lefc hand cormer
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SvFiIaT—Tou~7THECKEE. (b)Walta39) ik 5 FY 7 FHOEMY T a

L—va ¥R, (XHE[41] &)

Inertial Range Cascade

Single invariant —>» cascade to small scale
Two invariants — dual cascade

Usually invariant with higher power of k& goes to

small scale.

Example: energy = ]vde and enstrophy = [k*v}dV .
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Shooting (Cylindrical model)
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Parameters of nonlinear caleulations

p =170, &) e=1/13, (2%f)

(= p/Supl) = 4x107%, Dy(= Dy /Qpl) = 4x107*
back ground demnsity profile :

n(r) = 0.9 exp(~2rt/a®) 4+ 0.1

or

n(r) = 0.9(1 —r*/a®) + 0.1 .
rotational transform :
¢(r) = 0.51 +0.39r%/a® |

1072 < <107 (or 10° £ § £ 10Y)
energy :
L1
E= [§[n2 + (V1.¢))dv
Ex

enstrophy : En

u = j%(Vﬂ‘_qb —n)%dv .
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Adiabatic parameter :

Q, b
v, R* Kp;

Hydrodynamic layer width :
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(b) TIHE=5.0

Poloidal Flow Profile Evolution

oV 1a 5, . 1 -~
OV L0 e - BBy
at redr Pofg
ad .10
FIG. 1. {a) The density contour and (b) the potential con- + (9;[,‘ ‘,'“T" (7<V;}> )]

tour from the three-dimensional computer simulation of elec-
trostatic plasma turbulence in a cylindrical plasma with mag-
netic curvature and shear. In (b) the solid (dashed) lines are
for the positive (negative) potential contours. Note the devel-
opment of closed potential contours ncar the $==0 surface,
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This means Reynolds stress does not create mo-
O - - -
mentum; however, it does redistribute momentum
along the radial direction.
—orb Note: (-) denotes averaging over magnetic surface.

FIG. 2. Profiles of ¢(r) for m=0,n=0 mode at two
different time steps {dashed and dash-dotted lines) as com-
pared with the predicted profile {solid line} based on the self-
organization conjecture. The predicted curve is fitted at
rfa=05.
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FIG. 9. (a) Dispersion of the drift-Alfvén wave showing the
coupling near w*c-'szA compared with the theoretical disper—
sion calculated from Eq. (17) for ny=5x108 em™, B;=1.6 kG,
T,=4 eV, and k, = [{1/ny)/{dny/dr»)]=1.25 cm . The dashed--
line represents the theoretical frequency and growth rate

for the case of no axial curreat. Qnly the lower branch s Uns
Shable, (b) The segmented lines - - - and -+ - represent theo-
retical values for the case of no axial current (v,,,=V,). Re-
ferring to the growth rate w;/w* diagram, the —- - curve is
0.2 times wyy/w* while the -+ - curve is wy,/w*.

’P !_, (,N) /m J. T. Tang and N. C. LLuhmann, Jr. 1943

Two-Fluid Equations for Resistive

Drift-Alfvén Wave
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Linearized Equations Eigenmode Equations
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Eigenmode equations are

solved with a shooting method.

B.C. )
Alr) = apr™
B(r) = bor™
Afla) =0
$(a) =
(a : plasma radius)
Parameters

n(r) = ngexp—4{r/a)’
1. = const,.
a
By
(m, k)

Local Dispersion Relation

(for J,9 = 0)

where dw, /dr =0, V,, = 0.
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Concluding Remarks

1. Resistive drift-Alfvén(RDA) instabilities
may be relevant to the edge physics of toka-
maks including the L-H transition.

2. When T¢ of 3, is increased, growth rates
of RDA instabilities decrease.

3. VT, VT; and J” cffects will be studied
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~1






