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Introduction Local (OD) transport analysis
It is well known that the performance of fusion devices is limited by heat fluxes arising from Start with model turbulent fluxes: 150 | | |
small-scale turbulence driven by large-scale profile gradients. The presence of this turbulence is
not inevitable, as demonstrated by the formation of transport barriers in H-mode and advanced Q, = vy [ R R (VEﬂ I, — _Pr, R g qRQt R/L.=55,7,8.5,11,13
scenario discharges in a wide range of experimental devices. A common feature of these barriers Lt Lt vini B/ L 7 100
is the favorable role played by mean flow shear and zero or negative magnetic shear. Previous Q)
numerical studies (Cf. [1]) have shown that the ExB component of the flow shear is stabilizing, 1! (vg) = aypRo/vpni + K 50
but the parallel component is destabilizing. Key questions are: 1) Is the optimal level of flow L. 1+ 047]23/(04 + 2k)
shear for confinement finite? 2) What is the temperature gradient associated with the optimal
flow shear? 3) How can the optimal flow shear be achieved in experiment? Finite neoclassical fluxes necessary for transport % 0.5 1 15 2
bifurcations (see figure below): Ve
We address these questions here. First, we present results from local, nonlinear gyrokinetic 0, — E R g qR
calculations with GS2 to characterize the turbulent fluxes as a function of mean flow shear and n = Xn Lt I, = —Pr, vini R/LT 7 Qn Q=Q¢t+CQn, II=I1+1I,

temperature gradient [2,3]. These results are used to develop a zero-dimensional theory for the
existence of transport bifurcations [4]. The existence of transport bifurcations is verified using
the GS2 simulation results. Finally, the model turbulent fluxes are input in the multi-scale
gyrokinetic transport solver TRINITY to conduct a one-dimensional transport analysis in which
core temperature is determined as a function of heating power and applied torque.

Dashed lines: constant-Q, Solid lines: constant-1N/Q
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Properties of turbulent fluxes

We consider Cyclone base case geometry (unshifted, circular flux surface with q=1.4, r/R=0.18) Multiple solutions for (R/L;,y¢) possible only when
for zero and finite (0.8) magnetic shear with electrostatic perturbations and a modified turbulent and neoclassical fluxes comparable
Boltzmann response for electrons. Simulation results obtained with local gyrokinetic code GS2.

In particular, must have
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Linear growth rate (averaged over
for ble i 4 c Floquet oscillations) Multi-scale gyrokinetic transport code TRINITY solves time-dependent transport equations for
orA s =0 case, no unstabl € glgenmod es;c or 0.4 Y} Py R —— density, angular momentum, and pressure. Multiple options for turbulent fluxes, including
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Conclusions
Turbulent Prandtl number approximately unity, independent of R/L; and y, for moderate to large y;
12— 1 — *The optimal flow shear for confinement is finite and limited by subcritical turbulence driven by
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s =0.8 VE e (veni/Ro) 5s=10 *One-dimensional transport analysis with model fluxes predicts that core temperature is
optimized at a finite ratio of input torque to power that is a factor of approximately 2-3 above
. ratios achievable on JET. The optimal ratio is dependent on input power, shifting to smaller
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