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Sawtooth instability Hybrid discharges M3D-C1 Code Simulations
e core relaxation-oscillation instability Soft X-Ray Signal #25854 o sgwtooth-free discharges, e.g. [1-2] (a) (b)  non-linear 3D two-fluid MHD code e single-fluid full MHD model
in tokamak plasmas soi | | 71+ generated by additional heating during - 30l ~|10_ . developed by S.C. Jardin & N. Ferraro [3] — 1 3D non-linear (& 2D non-linear for comparison)
e occursifqo<1 S current-ramp phase 2 o 10.88  toroidal geometry, fixed boundary, 8 tor. planes
g 204 B | S < high-order finite elements:
e sawtooth cycle: 2 e central g-profile flat & slightly above 1 o 2.0 0.6= - poloidal plane: reduced quintic e focus on long-term behavior

- toroidal direction: hermite cubic

1e4 |
- core temperature and density ! , , ,V. transport simulations predict qq to - determined by sources & diffusion coefficients

increase slowly © 1 5eq | _ drop below 1 | 1.0¢ e fully implicit time stepping e varied parameters:
- (1,1) helical magnetic perturbation g tod | | e current is redistributed by unknown 0 | 0 03 i 0'0 2 | | | B3, k. & heat source St, shape of St
arises % 5o3 | | mechanism (“flux pumping”) 0.0 0‘2 0‘4 060810 ' 0 """" 1 """" 2 """ 3 ““““ 4 ' * highly versatile, options for:
- core pressure is suddenly expelled | ) R .ppoI. o Time (s) - linear, 2D & 3D non-linear e Spitzer resistivity scaled to be similar for all runs
2.70 2.75 2.80 285 e relevant for “advanced tokamak” - straight cylinder & toroidal geometry e comparison with experimental parameters:
e can be detrimental through NTM time [=] scenarios Figure taken from Ref. [1] - various MHD models, from reduced n~4-107°0Qm =~ 10% - Nexp
seeding resistive to full two-fluid MHD K1 /N~ KL exp/Toxp
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Current flattening mechanisms [4] Varied parameters Regime of sawtooth-free states Which mechanism is dominant?
VL . . . .
0B=-VxE and B=VxA = 0GA=-E-V0+_ -V neN2 / dp linear drive of instability The dynamo effect is more important for stiffer temperature profiles
= / (E) ( dr) dr =g that enables current Sawtooth-free states occur if beta is high enough... - totr
insert A =R?VéxVf+UVhp—-FylnRZ and E=nJ—vxB 0 flattening ol : o
take toroidal component  R*V¢ - [ ] % g\ 1007 [
. (=] 1.5e-07
perpendicular heat diffusion 3 stiffness of temperature - -"n %__ Be-08 |
= 0;¥ = —RnJy + Ro - (v x B) — Ré -V + Vi coefficient v, & heat source S profile 3 Q@ E ey
T © a v
. . . : &/ > 2e-08 -
write in terms of n = 0 and n = 1 components and take toroidal average how strong the current ;;_ ~ 1
(vo =0, V&g =0) flattening effect needs to -
ked f heat S . =
y peakedness of heat source - be in order to keep g, at -
= 0¥y = _RUOqu,O — Rnqub,l + Ro - (V1 X Bl) + 2—L <3D> Unity c:— . . . o
d - Oscillating behavior tends to occur when dynamo effect is important
—_— ]_ — —_—
linearize the (3D) equation around the 2D solution: 1Js.0(90 = 1) =nJ5.0(90 = Go.20) 25007 ' ' ' ' ' 25007
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