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Abstract

A one-dimensional transport model is used to study the impact of the form of the Reynolds
stress on edge poloidal Bow generation during gas pufbng experiments. Gas pufbng at the
edge of the TJ-11 stellarator has been used to control the development of an edge poloidal
velocity shear layer, et al. [1]. Recent experiments have been doneto test for hysteresisin
the development of the Bow. In thiswork, anumerical transport model, et al. [2] is used
to examine for hysteresisin the development of an edge poloidal velocity shear layer due
to amodeled gas puff. The transport model couples together density, ion temperature,
electron temperature, poloidal Bow, toroidal Bow, radial electric Peld, and a Buctuation
envelope eguation which includes a shear-suppression factor and now implements a

modi Ped Runge-K utta with adaptive time-stepping. Two different models of the Reynolds
stress generation of poloidal Bow are examined. The brst model requires agradient in the
product of the square of the Ructuation amplitude and the radial electric Peld shear for the
generation of Bow. The second model requires only agradient in the radial electric beld.
Both models are tested for parameters consisting with the TJ-11 experiment. The impact
on Bow generation is discussed.
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Experimental Motivation

¥ B.A. Carreras developed a simple model to better understand the dependence
TJI has on an edge sheared Row as adensity barrier [3]
! Ramping the particle source will change the average poloidal sheared Bow.
! Ramping up yields different results from ramping down
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¥ Healso Investigated the results of ramping the particle source at different
rates.

| Faster ramp-ups take longer to respond to the change in the particle source
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The Transport Model

¥ The transport model was developed by D. E. Newman [2] to study internal
transport barriers and front propagation
| Couples together :

Density: N =N(r,t)
Poloidal flow: Vg =V(r,t)
lon temperature: T; = T;(r,t)

RMSfluctuations: " ="(r,t)
Radial electric field: E, = E,(r,t)
Electron temperature: T, = T,(r t)

© Alsoincluded in the model (but not discussed here) are equations for
electron temperature, ion temperature, and toroidal Bow
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Model Equations
¥ Density equation:
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¥ RMS Ructuations equation:
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¥ Poloidal velocity equation:
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¥ Radial electric beld:
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Density Control in the Transport Model

¥ Neoclassical (D,,,,), resistive ballooning (Drg), and anomalous /; (D,
diffusivities balance the source terms

¥ Thereisaneutral beam source (S,) Which is zero for T 1 and an edge
source (Sy,)

Sp(r) =5.0! 10 #dc#eng‘o(ro"llZs%

| Thestrength of the edge source term is controlled viathe parameter dc

Flow Generation in the Transport
Model

¥ The generation of poloidal Bow is dependent on the Reynolds stress
parameter (#y,)
| Requiresagradient in Buctuation amplitude (! "%/ ! r" 0)
| Requiresagradient in the radial electricpeld (! E,/! r" 0)
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TJ-II Parameters

¥ For comparison with the T results, we used parameters typical of T3-I
discharges

Major radius (R,) = 150.0cm
Minor radius (a) = 220cm
Toroidal magnetic beld (B,) = 10,000
gauss

NBI power (Py) = 0.0

¥ Thefollowing results are from ramping the dc (density control) parameter

Equilibrium Profiles

¥ Ramping must start with asystemin
equilibrium

¥ After ramping up or down, in order
to check for a hysteresis, we must
use the new probles to ramp the
other direction

¥ These rates of ramping will be HIR
discussed: sz’

Too FAST - 8.9 milliseconds [y

FAST - 98.5 milliseconds

MEDIUM - 0.30 seconds sl *

SLOW - 0.58 seconds
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SLOW vs. FAST Ramping

¥ If the dc is ramped more slowly the Bow has more time to evolve
¥ The goal is to ramp slowly enough that we reach another equilibrium
¥ Differencein the Bow with SLOW and FAST ramping:
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Density & Flow Changes in Time

¥ Ramping at aMEDIUM rate allows some time for the system to react,
but not enough for the ramp UP to reach equilibrium
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¥ When ramped back down the system does not quite reach its original state,
which could be an indicator for hysteresis
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Impact of Density Variation
on the Generation of Edge Shear Flow

¥ Thefollowing results are from runs at different speeds of ramping the dc
(density control) parameter

Ramp UP from 0.5t0 1.0
Ramp DOWN from 1.0to 0.5

¥ The system does not have time to
react if ramped too fast

¥ Thereis an apparent hysteresis
when the particle source isincreased
rapidly

FAST ramping over

Too FAST ramping over 9,900 time steps
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¥ The hysteresis then starts to shrink
asthe particle source isincrease
more slowly

MEDIUM ramping over
20,000 imé siéps

¥ It will take avery long time to reach
equilibrium ~ 6.8E-7

SLOW ramping over
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¥ The slopes of the ramp up and the ramp down are basically the same

¥ The apparent hysteresis decreases as the mode! is given more time

¥ Itislikely that if the particle sourceisincreased slowly enough so that at
the end of the ramping the model is still in equilibrium, the hysteresis will
diseppear

Discussion

It hysteresis does not appear to be an actual hysteresis, but rather a
symptom brought on by changing the particle source (dc) too fast. When the
source term is ramped FAST it appears as though there is an hysteresis,
however, when the system is given more time to react during the ramping the
apparent hysteresis decreases. Thisindicatesthat it is not atrue hysteresis.

This agrees with Carreras8 model: the ramp down differs from the
ramp up, and this could be attributed to the rate of ramping. Not explored
from Carreras(3 model isthe notion of two stable states.

Copies of this poster can be downloaded at:

hysics.umt.edu/plasma/downloads/aps2004_daniels.pdf




