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In plasmas where the turbulent processes are dominated by turbulence, it is not
aways straight forward to identify the magnitude of the experimental transport
diffusion coefficients. Thisisprimarily due to the fact that with turbulent
transport it is not possible to unambiguously separate the convective from the
conductive or diffusive parts of the transport. For the energy transport it is not
just amatter of deciding whether the convection termis5/2 or 3/2 times the
product of the particle flux and the temperature. The expression for the
convection term depends upon the type of turbulence which is causing the
transport. In cases where the turbulence induced stresses cause significant
radial flows, the definition of the conductive term must be modified from the
usual definition.

*Work supported by U.S. Department of Energy under Contract DE-AC03-99ER54463.



In order to have a correct definition of x;,
which is consistent with DII1-D
experimental results, it isnecessary to
Include the effects of the turbulence

Induced stressesin both the particle and
ener gy fluxes.



Start From First Four Moments of General Kinetic
Equati ON (ignore explicit collisional terms and consider only singleion fluid)
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“*Conventional” Approach
Ensemble average, take Steady State and neglect some terms
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Note: conventlonal approach assumes that R is ascalar and ignores Reynolds stress
Thisyields;

(F)O :c<ﬁ(I§ ><l5)/B>:<ﬁ\’7 >[ﬁ with ' =nad

QEm __C<r’( *b)/B) = g<”‘7E>[ﬁ :g”<f‘75>r +§T<ﬁ\’7E>r



The“conventional” approach
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neglects some important terms



For “correct” calculation of PARTICLE FLUX you
must use,

(mn(d M)a)+(Mpr en(B+ ox Bic))=(S ); xb, then

Include Reynolds stress
and gyro-viscous terms
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where FE = AV

Note: FS Isthe flux dueto the Reynolds and gyro-viscous stresses



Compar e appr oximate sizes of <r5>r and <FE>r

It is difficult to estimate the size and direction of <FE>r,
Since they depend critically upon the phase between i and /2
But It Is a reasonable assumption that <FE>r Isoutward and Is

not larger than the total particle flux,
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Thus, <fE>r :<ﬁ\7E>r < <f>r = (nu),

We define nu: asthetotal outward particle flux.



We estimate the size of <Fs>r from one of itslargest terms,
(note: G and dd, /dr are approximately in phase)
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‘correct” ENERGY FLUX

Theenergy flux also has stressrelated terms
Instead of using R (ascalar), we must use,

E—jd v f vouy .

Then theradial component of the energy flux is,
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Analogousto the particle flux, we conclude that

Qs isnot negligible compared to Qg



Steady State Energy Conservation Equation
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Since,
=\
DD%Qs>F PVe (Fs/TE=Sm:
we can write, (using the usual tokamak symmetries)
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TRANSP defines

1
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(In TRANSP the 3/2 can be replaced by any
number, but it isusually taken to be 3/2)
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|f QS and FS =00, then g4 = gﬁ<1-\75>r' (thisisthe “conventional” result)

But if QS and FS dominate, then (by usual TRANSP definition)
_ 5_ _
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and this q can be negative. (See discussion of Experimental Results)
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It can be shown that (j = —:—3 DI’Tﬂ +§f T, (from Drift Kinetic Equation).
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EXPERIMENTAL RESULTS



For Some DIl1-D Plasmas, using the usual TRANSP

L 3_ _
definition for g.,ng (9 —jdVS EFrT),

cond

resultsin negatlvex sin someregions of the plasma
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Thetotal outward ion energy flux is positive, but the
“conductive” part isnegativein someregions
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.. 1 1
Defining ggong @S, dggng Evj’dVSEm = §rrT’
resultsin a; that is positive everywher e and
not significantly lessthan the

Chang-Hinton neoclassical value
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The Chang-Hinton Neoclassical diffusivity may not be valid

near theorigin. X; ,e (Modified) isthe Chang-Hinton value
reduced by the factor (1-(1-r/3r;)%), asderived in:

Bergmann, A.G. Peeters and S.D. Pinches, Phys. Plasmas 8, 5192 (2001)

: : L. 213
where, r, is1.6 timesthe potato orbit width of (2qp|_) F%/?’.



CONCLUSIONS

 The turbulence induced stress makes a major contribution to
the particle flux

 The turbulence induced energy stress makes a major
contribution to the energy flux
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* Goong IS best defined by q___ = v;dv(sgm) -onT



Velocity Ordering in DIII-D

_ 6
Viry 10" m/s
_ 5
Veor 10°m/s
Vv ~ 1O4m/s ~ |\'7 |
pol E

Voq ~ (0.1-10)m/s
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