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Effects of impurities on zonal flows In tokamak plasmas
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Introduction Simulation Results

* Recently, several studies [1,2] show that the presence of impurities 1. ZF at the edge p]asma

has a very weak influence on the residual zonal flow (ZF) level driven
by 1nitial charge density perturbations in the long-wavelength limat.
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Theo 'y « the presence of impurities increases the * the presence of impurities decrease the
classical relative dielectric constant, thus amplitude of ZF driven by 6T;(0).
Rosenbluth—Hinton collisionless gyrokinetic model for ZFs [5] decreases the value of the initial zonal
— —> €; .
_J otential.
0cgir+ (b +Vg;) Vgr = FFo,j]oat5¢k +JoSjkFo (1) P
J
e.
J 3.5 — . .
2 ej < _Fn]5¢k + f d U]O(krpL,j)gj’k >FA = ( (2) Wk o 35
j=i,ze J RS R - - —:I;/Cl%fl 7130
————— q proiie ’
LK1 : : 515 TN // 2.5
Here, [gj, o0, Sj] = [gj,k, ors Sj,k]e r". Source term 1s written as[3] : \\ 7 5
g X 20 €
- 21.0 \4 J"?
6n; 1 (0) K 3)67;,(0) 2. ZF at the core plasma P 5
S],k — 5(t) n + F _ E T (3) EO.S ",'/' S~
] J J _ e 1.0
I I 0.0 0.5
turbulent poloidal Reynolds stress [6] turbulent energy flux|[3,4] 0 "
. . . 20 X107 r , r w 20 X107 w . , ‘ b
SOluthIl 1S glVen by Eq.(l - 3) [7], sl (al) main ion: D " _ s (a2) main ion: H - | adl
PMm 2 . 1 m] 2 51.06 ® ® ® ] gm@ﬂ@"""@ ® ® >l
€r 57 ki Spr(0) = > €;6m;,(0) — €, 5z ), kroTjk (0) (4) ¢ | ¢ | | N . s
j=iz j=iz - e e o 05
0.0 — ‘ ‘ 0.0 — ‘ =
. . . . x10° 10 800
e, = 1/(1+ 1.6 g% /+/€) is the neoclassical polarization factor [5], S AP— 3 o PP — 25
. . . 7.5 '
Pm = 2 j=i,Nym; is the total ion mass density. S oeergeeegees-meeo-oy »
N e A A A A 15+ ﬁgiié 51}(03
° e 40 __E-_-égb(g—)z a Zeﬂ-‘ =2 5Tl(0) & 5Tz(0)
Effects of impurities on ZFs: ol 20| 0 Zy=3 OT(0)
1 1.5 2 2.5 3 O Zeg =3  0T3(0) & 67,(0)
. - . . . . Zett e -2.5 ' J l
» 1mpurities increase p,; — enhance classical polarization process 04 05 s 07 0%
— reduce the amplitude of the zonal potential.
> the driving effects of 6T, (0) on ZFs are much weaker than * the qualitative conclusions remain unchanged for non-flat equilibrium profiles

those of 8T; ;. (0), since m, /e, = m;/e; while n, K n;

Conclusion
To compare with the previous theory[1], the initial zonal potential

excited by initial perturbations is considered,

/;_1;1 K266 (0) = z 5114 (0) (5) * In summary, we have investigated effects of impurities on
= mesoscale ZFs 1n tokamak plasmas.
Combining Eq.(4) and Eq.(5), we get * The presence of impurities increases the total 1on mass density
of plasmas, and thus significantly reduces the amplitude of
ey (0) = 5('52‘(0) — piM Z n; %5@,{(0) (6) mesoscale ZFs driven by the main 10on density and temperature
' =iz perturbations.

* The driving effects of impurity temperature perturbations on

. . /ZFs can be 1gnored, due to the low concentration of impurities.
Simulation Tools: NLT 5 p
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