On thegeneration of poloidal flow as result of an increased edge particle source
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Abstract
A transport model is used to study the impact of ramping an edge particle source
on the generation of poloidal flow. The motivation for this work is gas puffing
experiments conducted on the TJ-II stellarator [C. Hidalgo, et al., Phys. Rev. E 70,
067402 (2004)] that demonstrated the development of an edge poloidal velocity
shear layer. Recent experiments have been done to test for hysteresis in the
development of the flow. In this work, a numerical transport model is used to
examine for hysteresis in the development of an edge poloidal velocity shear
layer due to a modeled gas puff. The transport model [D. E. Newman, etal.,
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An edge-localized particle source

For subcritical flows, there is no hysteresis

in the flow shear due to a ramp in the
particle source

® If the particle source is ramped up quickly, there is an apparent

hysteresis

® Three different ramp rates are tested:

Beginning studies of critical flows

® If the energy input into the fluctuations is larger, critical

poloidal flows develop that can cause turbulence suppression
« Larger Reynolds stress flow drive due to

¢ Lower global T,
(resistive-ballooning growth rate scales inversely with T_)
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Phys. Plasmas 5, 938 (1998)] couples together density, ion temperature, electron FAST = 0.0985 seconds o (m(':reased UL A I r L)
temperature, poloidal flow, toroidal flow, radial electric field, and a fluctuation . . ) . * MEDIUM =0.30 seconds * Weaker flow damping rate
envelope equation which includes a shear-suppression factor and now implements ® A gas puff particle source is modeled with an edge-localized . SLOW ~ 0.58 seconds e~ 105 s (previously 106 s-!) more consistent with TJ-II observations
a modified Runge-Kutta with adaptive time-stepping. ~ With the inclusion of Gaussian profile " ® For each ramp, the particle source is ramped either up and then down, ® A ramp up at two different Reynolds strength magnitudes
diamag.netic flows, both critical f\nd subcril.ic.:al flows are possible. For subcr.itical « Amplitude is scaled with dc s (r) =5 de! a(pf}a (r " a) f or down and then back up
flows (i.e., flows that do not trigger transition to a higher confinement regime), J $ ng b K X 199 =10 199 = 100
there is no true hysteresis in the flow. An apparent lag may be observed if the rate * Width is set by w,, ~0.18a * For each case we examine the poloidal flow shear at r/a =0.9 - -
of ramping the particle source is rapid relative to transport time scales. For z z i ici , y
critical flows, a local transition model that does not include diamagnetic effects | ncreased energy input to the Ructuations thAS the ran:pht I;tne IS .I nzreased’ ! ne ! e
also shows the lack of a true hysteresis. We will report on ramping tests done for . 2 ap paren y eresi s aecreases
critical flows in the full one-dimensional transport model. prOduceS a anOI dS stress drl ven BOW
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Edge Shear Flow Generation We have obtained transport equilibria o
® Edge poloidal shear flows are found in most toroidal with T]-II parameters B
. E-
confinement devices ® We used parameters typical of TJ-II discharge: S
® Recent experiments on the TJ-II stellarator have found a Major radius (Ry) = 150.0 cm | Magnetic field (By) = 10,000 gauss 1107
critical density threshold for the edge flow generation iy eiiis@) = 220cm | Napwwer@) = 00 ,
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® This behavior can be modeled using a transport code and the £ NE e ) ® ©
dependence of the edge poloidal flow shear on the particle = Y. 5107
source strength can be examined = \/
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The Transport Model ] i , . )
Edge density probles track the particle sourceE Densitys
® We use a transport model initially developed to study ITBs 1o w7 s als{os do o7 ws e 1o o o7 _oF s i
and front propagation
+ D. E. Newman, et al., Phys. Plasmas (1998) Rempin Respdlmn ® (a) Poloidal flow shear and (b) poloidal velocity vs. density gradient
® The model couples transport equations for mean quantities atr/a=0.9 for | t = 98 ms (solid), 300 ms (dash) and 580 ms (dotted)
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with a fluctuation equation: Discussion
Density: n =n(rt) RMSfluctuations:  #=#(r.t)

® An increase in an edge particle source can generate an edge
poloidal shear flow

® For weak Reynolds flow drive (smaller fluctuation level),
« the flows generated do not suppress the fluctuations

* There is no actual hysteresis in the flow shear as a function of the
particle source strength

® For larger flow Reynolds flow drive, a transition occurs

Poloidal flow: V. =V.(r,t)
lon temperature: T; =T, (r,t)

Radial electricfield: E, = E/(r,t)
Electron temperature: T, = Tg(r,t)
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* RMS fluctuations equation:
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* Radial electric field:
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