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The aim of this work is the determination of phenomenological dependencies of anomalous
ion and electron heat conductivities on parameters of ohmically (OH) and electron cyclotron
(ECRH) heated plasmas on the T-10 tokamak. In order to do this, verified experimental data
base of plasma parameters, heat fluxes, and transport coefficients is made. Two transport char-
acteristics are considered: local heat conductivities assuming a quasilinear form of heat flux and
anomalous volume integrated times.

Heat conductivities are determined from steady state heat flux continuity equation for ions

and electrons:

) 5. o
div (—%e,ine,iVTe,i + ETe,iFe,i) =P, (D

where . ; — heat conductivity of electrons or ions, 7. ; - electron or ion density, 7, ; - electron
or ion temperature, I',; - particle flux of electrons or ions, P, ; - heat sources and sinks. The
required distribution of the absorbed ECR-power profile Pg¢(r) is calculated using the OGRAY
code [1]. The analysis is performed for anomalous heat conductivities " = x. — X/’ ~ X. and
X" = =1

Integral characteristics v{” is inverse to transport times V¢ = (7%

i am) =1 and determined as a

ratio of total anomalous flux to stored energy inside current magnetic surface:
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<’ — neoclassical heat flux of

-
where Q,; = % J Pe ixdx — %T&,-Fe‘,- — electron or ion heat flux,
) O 7
electrons or ions.
Let us proceed to analysis of these transport characteristics in OH plasma. First parameter is

averaged density 71,. The growth of 71, results in decrease of " (common result that was shown
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Figure 1: Dependence of local anomalous heat Figure 2: Dependence of integral parameter v*"
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Figure 3: Dependence of local anomalous heat Figure 4: Dependence of integral parameter vy}
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Figure 5: Dependence of local anomalous heat Figure 6: Dependence of integral parameter vy

conductivities on I,y at p = 0.8 only atp =0.8
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Figure 7: Change of anomalous heat conductivity Figure 8: Change of v’} inside p = 0.8 in compar-
in comparison with OH regime as a function of lo- ison with OH regime as a function of localization

calization radii of ECRH (Pgc =0.4—0.42 MW)  radii of ECRH (Pgc = 0.4 —0.42 MW)

many times) and increase of y{" as it is shown in Fig. 1. One can see in Fig. 2, that integral
characteristics v;" and v{"* sustain local transport characteristics. The region 77, <2- 10" m—3 at
p > 0.8 is unsuitable for power balance analysis due to the large uncertainty in charge exchange
and convective losses. The growth of effective charge Z, ¢, also leads to the increase of x/" and
v{"" as it is shown in Fig. 3-4. Electron anomalous transport slightly decreases with Z, ¢ rise. It is
also obtained that the increase of plasma current (magnetic field preserved) leads to the increase
of anomalous electron transport and the decrease of anomalous ion transport (see Fig. 5-6).
ECRH power injection results in the change in the values of transport coefficients. Thus, off-
axis ECRH (localization of Pg¢ outside saw-teeth inverse radius pSOH ) increases <" in 15-30
times at p = 0.5 and in 2-8 times at p = 0.8 in comparison with OH regime (see Fig. 7 a)). At
the same time, x;" stays at OH level as it is shown in Fig. 7 b). In case of on-axis ECRH (inside
pSOH ) the change of x/" is lower and the change of y/" on the contrary large. Corresponding

changes of v

"} are shown in Fig. 8 a)-b).

The increase of on-axis ECRH power results in significant rise of both local and integral elec-
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Figure 9: Change of anomalous heat conductivity Figure 10: Change of v{'} inside p = 0.8 in com-

in comparison with OH regime as a function on- parison with OH regime as a function on-axis

axis ECRH power ECRH power

tron heat transport characteristics. The increase of Pgc form 0.4 MW to 1.9 MW leads to 5-15

a

times growth of x." and v¢" as it is shown in Fig. 9-10. In contrast, ion transport characteristics

decrease with increasing heating power. This fact is related to the reduction of electron to ion

2

heat transfer due to an intense growth of electron temperature: P,; < (T, — T;)/ Te3/ > :

Demonstrated dependencies of x." and x{" on plasma parameters in OH and ECRH dis-
charges of T-10 correlate with the behavior of electric plasma potential measured by HIBP
diagnostics [2]. According to [2], the value of electric potential is more positive in regimes with

high " /x{". These are low density discharges with Z, s = 1 and high heating power.

Conclusion

Anomalous transport characteristics of electrons and ions demonstrates strictly opposite de-
pendencies on the all considered parameters of OH (7., Z,rr, and I,,;)) and ECRH (localization
and value of Pgc) T-10 plasmas. These statements are supported by local and integral transport

approaches. The created database is ready to be used for testing predictive transport models.
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