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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, et al.,
Phys. Plasmas 5, 938 (1998)] couples together density, 
ion temperature, electron
temperature, poloidal flow, toroidal flow, radial electric field, and a fluctuation
envelope equation which includes a shear-suppression factor and now implements
a modified Runge-Kutta with adaptive time-stepping.  
 With the inclusion of
diamagnetic flows, both critical and subcritical flows are possible.  For subcritical
flows (i.e., flows that do not trigger transition to a higher confinement regime),
there is no true hysteresis in the flow.  An apparent lag may be observed if the rate
of ramping the particle source is rapid relative to transport time scales.  For
critical flows, a local transition model that does not include diamagnetic effects
also shows the lack of a true hysteresis.  We will report on ramping tests done for
critical flows in the full one-dimensional transport model.
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Abstract

Edge Shear Flow Generation
• Edge poloidal shear flows are found in most toroidal

confinement devices
• Recent experiments on the TJ-II stellarator have found a

critical density threshold for the edge flow generation
• C. Hidalgo, e al., Phys. Rev. E (2004)

• By ramping a gas puff particle source, the dependence of the
flow shear on the fueling source can be tested

• This behavior can be modeled using a transport code and the
dependence of the edge poloidal flow shear on the particle
source strength can be examined

• We use a transport model initially developed to study ITBs
and front propagation

•  D. E. Newman, et al., Phys. Plasmas (1998)
• The model couples transport equations for mean quantities

with a fluctuation equation:

• RMS fluctuations equation:

•  Radial electric field:

An edge-local ized part icle source

For subcritical flows, there is no hysteresis
in the flow shear due to a ramp in the

particle source

Beginning studies of critical flows

Discussion

Copies of this poster can be downloaded at:
www.physics.umt.edu/plasma/downloads/aps2006_ware.pdf

• Density equation:

• Poloidal velocity equation:

• A gas puff particle source is modeled with an edge-localized
Gaussian profile
• Amplitude is scaled with dc

• Width is set by wgp ~ 0.18a

• We used parameters typical of TJ-II discharges

• Typical profiles for two different gas puffs (dc = 0.5 and dc = 1.0)

Increased energy input  to the ßuctuat ions
produces a Reynolds st ress driven ßow

Edge densi ty proÞles t rack the part icle sourceÉ

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

• Three different ramp rates are tested:
• FAST = 0.0985 seconds
• MEDIUM = 0.30 seconds
• SLOW = 0.58 seconds

• For each ramp, the particle source is ramped either up and then down,
or down and then back up
• For each case we examine the poloidal flow shear at r/a = 0.9

• Starting with an equilibrium at dc = 0.5, the particle source is doubled
over…

• Starting with an equilibrium at dc = 1.0, the particle source is halved
over…

• (a) Poloidal flow shear and (b) poloidal velocity vs. density gradient
at r/a = 0.9 for ! t = 98 ms (solid), 300 ms (dash) and 580 ms (dotted)

• 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 Te
(resistive-ballooning growth rate scales inversely with Te)

• Increased ! 99 (increased from 10 to 100 between these two runs)
• Weaker flow damping rate

• µ ~ 105 s-1 (previously 106 s-1) more consistent with TJ-II observations
• A ramp up at two different Reynolds strength magnitudes

• 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

The Transport Model

As the ramp t ime is increased,
the apparent  hysteresis decreases

Density: n  =   n(r,t)

Poloidal flow: V"   = V" (r,t)

Ion temperature: Ti  = Ti (r,t)

 RMS fluctuations:      # = #(r,t)

Radial electric field: Er = Er(r ,t)

Electron temperature: Te = Te (r ,t)
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Major radius (R0) = 150.0 cm
Minor radius (a)  =   22.0 cm

We have obtained transport equilibria
with TJ-II parameters

and so do edge poloidal  ßows

! t = 98 ms ! t = 300 ms ! t = 580 ms

! t = 98 ms ! t = 300 ms ! t = 580 ms

Ramp up

Ramp up

Ramp down

Ramp down

Magnetic field (B0)  =  10,000 gauss
NBI power (P0)    =        0.0

Poloidal flow:

Epsilon:

Density:

! 99 = 10 ! 99 = 100


