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It is well-known that sheared flows (whether the so-calledrinsic” rotation[1, 2], self-
generated by turbulence[3], or driven by external meanh saiscNBI[4]) can suppress turbu-
lence [3, 5] or even stabilise the underlying linear modeidg the turbulence[3, 6]. This sup-
pression has been well studied in the limit when the norredlgyro-radiup, = p;/abecomes
vanishingly small, in both slab and toroidal geometriesth@p, — 0 (“local”) limit profile
variations are neglected. Local codes often have a simulamain on the order of hundreds
of pi. However, spherical tokamaks, such as MAST, have a smacasptio and operate with
finite p. (~ 1/50). The flows in spherical tokamaks can also approach thie speed. The
combination of these effects means that it is necessarydaalabal numerical codes which
simulate the full 3D domain.

Sheared flows stabilise linear modes by convecting the modetsre in the ballooning
angle[7], rotating from the outboard, “bad curvature” stdethe inboard, “good curvature”
side. Because a rotating mode samples the good curvatuomyétgigrowth rate is necessarily
smaller than one whose ballooning angle stays fixed on thmaud side. Another way to think
of this is that the flow shear tilts the mode structure

Linear instabilies are stabilised when the shearing jatereaches some critical valug”,
roughly equal to the growth rate of the mode without flggv, Numerous simulations[5] have
found 04 < & /y < 2. This current work investigates how the magnitude of tipsession
from sheared flows changes wikh in ion-temperature-gradient-driven (ITG) modes in the

MAST tokamak. We also present some early results from nagali simulations.

MAST equilibrium with experimental rotation profile

We use equilibrium profiles reconstructed from TRANSP (F)g-The radial electric field is
calculated from the toroidal angular frequency profile arghaonical Maxwellian is used to
provide a parallel velocity profile. Figure 1 shows the ckdted linear growth rate spectrum
with and without flow. With the experimental rotation profitee linear modes are almost com-
pletely stabilised, with only some long wavelength modesising (though their growth rates

are smally < 0.01v,/a).
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Figure 1: Left: Angular frequency rotation (red, solid) aedhperature (black, dashed) profiles
for MAST shot #22807. The radial coordinatesis= /{// Jedge and the temperature is nor-
malised to its value at= 0.5. Right: Calculated linear growth rate spectrum with (red)iand

without (black line) experimental rotation profile

We perform a scan ige by scaling the rotation profile in Fig. 1 and calculating therage
shearing rate in the region where the linear mode sits. Negahearing rates correspond to
rotation in the experimental direction (co-current), withunter-current rotation having posi-
tive shearing rates. Figure 3 shows the asymmetry with otspehear direction for the fastest
growing modekgpi = 0.32, and a long wavelength mode,o; = 0.11. The maximum growth
rate occurs age = 0.0624, 10% of the experimental level. This asymmetry is cabyehe equi-
librium profiles (temperature, density) varying over thegth scale of the instability, changing
its local mode frequency[6]. This shear in the frequency acta similar way to flow shear
(Fig. 2), tilting the mode, reducing its linear growth ratéow shear in one direction then has
to “un-tilt” the mode before it can stabilise it, whereasahi@ the opposite direction can start
stabilising the mode straight away. Because this effectus@a@ by profile variation, local mod-
els do not capture it. This is a clear example where a globde echich retains all the profile
variation effects is required to capture the suppressigmasetry.

While the fastest growing linear mode is stabilised as exgukatith yg“/yo ~ 2 (Fig. 3),
longer wavelength modes can ha' /yo > 6. This is surprising as [6] says th#&'™ /y should
go askgp;. This can be understood in an intuitive picture — largerdtrtes would be more
affected by the flow shear and so by stabilised faster. It sderbe the case that actually both

longer and shorter wavelengths are stabilised quickertti@afastest growing mode.

MAST equilibrium with experimental rotation profile and kine tic trapped electrons
We now include the effects of kinetic trapped electrons evktill treating the passing elec-
trons adiabatically. The trapped electrons couple to ti&riiodes, enhancing their growth rates

without flow by a factor of 4 or more compared to the cases wishadiabatic electrons. Figure
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Figure 2: Poloidal cross-section of the perturbed eletdtmspotential for different shearing
rates. Left to rightye = —0.064, = = 0.00, y = 0.064 (Experimental levele = 0.64)
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Figure 3: Left: Asymmetry with respect to shear directiontfee fastest growing mode (orange

diamondskgp; = 0.32) and a long wavelength mode (red squakgg, = 0.11). Right:yg”t/yo
dependence oky ;.

4 shows thdgp; spectrum of growth-rates for rotation in the co- and counterent directions.
Even with flow, the modes are now quite unstable, above the tE#vthe ITG with adiabatic
electrons. There is still an asymmetry in the direction efshear, with counter-current rotation
decreasing the growth-rates to less than two-thirds of toevtly rates with co-current rota-
tion. The peak of the spectrum also shifts to longer wavelengith increasing shear in the
counter-current direction.

Figure 4 also shows the non-linear heat fluxes. The turbalspceads inwards from where
the linear mode is unstabls £ 0.8). Including the toroidal rotation strongly reduces thathe
flux, as expected, and stops it moving further in tean0.4, where there is a strong gradient in
the rotation profile. The difference between the heat flusesdunter- and co-current rotation is
not as great as the difference between the linear growth fatéhe two cases. This is because

the turbulence also transports perturbed velocity, whah cancel the equilibrium rotation,
reducing the shear.
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Figure 4: Left: Growth rate spectrum with the inclusion afiédic electrons for different shear-
ing rates. Right: Non-linear heat fluxes for static and flonesa3 he linear flux is included to

indicate the position of the linear instability only.
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