Folks,
        I spoke to J. Canik about what would be most useful for the design
study and the answer was the parallel current density to the PFCs.  So
that there's something to chew on sooner, rather than later, here's
information for the 142301 shot.

See this PDF:
http://nstx.pppl.gov/DragNDrop/Five_Year_Plans/2014_2018/design_studies/cryopumps/LP_data_142301.pdf

First, there is a natural strike-point evolution during the discharge.
This provides the basis for the sweep over the Langmuir probes.  Example
equilibrium at 600ms is shown on slide 2 w.r.t. the HDLP probe locations
(the IBDH probe is at 0.495m).  The dark red line is the primary
separatrix, orange is the secondary separatrix.  The data is taken from
400-900ms as representative of the discharge since it's fairly quiet.
The resulting motion provides data from 1.01 < psi_n < 1.09 and these
flux surfaces are shown in magenta.  These surfaces do evolve w.r.t.
each other with time, so this plot is just representative so we have an
idea of the spatial coverage of the data.

By the way, the black limiter surfaces are those included in the
NSTX_OEDGE file sent previously and includes the LLD location.  The EFIT
limiter file surfaces are shown in light green.  

Slide 3 shows the extracted parallel current density obtained with the
probes.  Angle of attack is taken from the EFIT02 reconstruction,
interpolating between reconstruction times when necessary for the probe
sweep time at each probe location.  A simple IV processing procedure is
used for all probes.  This will give an identical answer as the
procedure that puts the "isat" number on the tree for the inboard
probes, but I should point out that this is in error, somewhat, for the
inboard probes.  The calculated attack angles are very shallow close to
psin=1 and the result will be an over-estimate of the isat value.
Better processing for these probes is planned, but not complete at this
time.  This is not such an issue for the HDLP probes as the angle of
attack is not as shallow and their geometry mitigates the effect quite a
bit.

The resulting profile shown shows the data from the inboard and HDLP
probes together with each individual time-point in grey and the binned
value in red.  Error bar indicates the standard deviation of the data
within the bin.  If you want the simplest possible approach, I provide
an exponential fit to the binned data as a function of psi_n.  The data
cover almost 3 e-foldings.

There are always caveats, but I think this will provide a starting place
for the design study.

The following files are uploaded into the shared area:
bin_combine_142301_binned.dat and bin_combine_142301_total.dat are CSV
files with the total data sets as well as the binned values and std.
deviations - see their respective headers for more information.  There
is an idl save file which contains much of the same information as well
called LP_bin_142301.sav.  I have some plotting routines already created
for the probe quantities and if you load the following file within idl:
/u/mjaworsk/idl/newProbes/calcAngle.pro you should be able to use the
procedure "plot_binned_set" to make plots if you want to see the other
data.  Te reported in the file comes out of the classical interpretation
for all the probes and Ne is built off of this as well.  If we really
want that stuff, let me know and I'll put more time into firming up the
numbers.

-Mike


Jon, Stefan, John:

The attached are proposed modeling implementations of the 3 cryopump

concepts Jon presented at our 9/19 meeting.  Our initial focus will be

on option "c", but I am including "a" and "b" here since they were

easy to produce along the way.

Based on the photos and drawings Stefan assembled, I revised the shape

of the secondary passive plate support in my boundary model.  An

initial attempt at incorporating this into John Canik's

nstx_csu_walls.ogr is represented by the thin black line.  The thicker

black line is a revised version with some finite thickness for the

passive plate.  I assume that the portion of the tiles below this will

be removed, as in Jon's drawing.

The open red circles in the attachments represent a 10 cm diameter cryopump.

I'm proposing that we use the labeled distances in these drawings as

free parameters that can be varied to optimize the configuration and

assess sensitivity.   Again, referring to the "c" option, the distance

"d" is the amount by which the outer divertor target is shortened.

The gap "g" is the perpendicular distance from the outer target to the

tip of the baffle plate (dark green); "h" is the distance by which the

baffle plate "overhangs" the remaining outer target.  A plausible

starting point for "g" would be the one that renders the baffle plate

parallel to the outer target.

For simplicity, the only "gas seal" to be included in the model is

indicated by the orange lines.  In an axisymmetric simulation, the

passive plate support and toroidal divertor rails will serve as

effective seals.  The shape of this gas seal is specified by the two

parameters h_b and g_b defined just as for the baffle plate.  The

point at which the gas seal surface connects back to the baffle plate

could be varied as well if we felt the need.

The small red circles represent the primary points that would be

transferred to the revised template (.ogr)  file; the other needed

points would be derived from them.  If we envisioned doing a large

number of simulations, one could write a short code or script that

would take as input the values of these parameters and write out a

revised template file.  Whether or not this is useful will depend on

the amount of effort John has to expend from that point to assess the

pump capability of the configuration.

To get the ball rolling, though, what I propose to do is to construct

an initial configuration by eyeball and back out the values of the

parameters.  Iterations can then be specified as changes in their

values.

Cheers,

Daren

On Fri, Oct 28, 2011 at 12:18 PM, Jonathan E. Menard <jmenard@pppl.gov> wrote:

> Here are the action items from meeting #2:

>  

> 1. Get detailed dwgs and pictures for divertor - especially secondary

>    plate supports to define pumping chamber region (Stefan)

>  

> 2. Define pumping chamber outline for John C- (Darren with input from

> Stefan)

>  

> 3. Start dealing (in models anyway) with CHI gap better --> get detailed

>    dwgs/photos of vessel flange area (Masa, Stefan)

>  

> 4. Get started on getting density SOL width scaling (somehow)

> (Travis/Mike),

>    link/compare this to divertor LP data

>  

> 5. Pick shot(s)/shapes/data for benchmarking SOLPS (John C/Vlad/Mike)

>  

> 6. Get first cyro pump results (at least 1 SOLPS calculation) by

>    end of November - John C

>  

> I think we need to get #1 and #2 done in the next 1-2 weeks

> to be able to achieve #6.

>  

> Please share all files via drag-n-drop:

>  

> http://nstx.pppl.gov/DragNDrop/Five_Year_Plans/2014_2018/design_studies/cryopumps/

>  

> Next meeting will be in ~1 month (will send Doodle poll in mid-Nov)

>  

> --

>   Dr. Jonathan E. Menard

>   NSTX Program Director

>   MS41 C-Site LSB B329

>   Princeton Plasma Physics Lab

>   P.O. Box 451

>   Princeton, NJ  08543   USA

>  

>   E-mail: jmenard@pppl.gov

>   Phone: (609) 243-2037

>   FAX:   (609) 243-2222

>  

Jon et al.,

I've taken the sketch sent the other day (attached again just in case)

to the next stage and generated points in DG.  The values of the

adjustable parameters used here are:  d = 268 mm, h = 25 mm (i.e., an

inch), g = 72 mm (renders the baffle parallel to the divertor plate),

h_b = 134 mm (guessed at d/2), g_b = -25 mm (eyeballed to hide the

bottom of the cryopump from the gap).  For simplicity (i.e., to avoid

adding another parameter), I connected the gas seal surface back to

the baffle plate with a perpendicular vector.

The cryopump is centered at (1160, -1401); I tried to eyeball match my drawing.

In case everyone's happy with this, I'm attaching the template in .ogr format that John can use to set up his simulation.  If not, send along suggested modifications.  Note that my response may be sluggish given the uncertain connectivity between now & 11/19.

Cheers,

Daren

I'm looking at probe data for the shots now starting with the one you gave me on the phone last week (142301).  Thanks for the shot-list.  As for plotting the walls/limiters in idl, see the attached files.  The wall_plot_stub.pro is an extract from a larger function found in the chordDefinition.pro file.  wall_plot_stub has some of the parts that will read in a csv file with vertex definitions wherever you want to put the limiter surfaces.  The csv file included is for NSTX as it exists now with the inboard surface corresponding, roughly, with the inboard tiles.  I created the routines some time ago to get an idea of where all the diagnostics pointed as well as error checking of my limiter file I use in OEDGE runs.  It should be very easy to adapt wall_plot_stub for your purposes.  The chordDefinition function has options to read in EFIT data from the tree to plot various flux surfaces, separatrices, what-not.   FYI: chordDefinition.pro likely only works when it's loaded with some of my routines, if you want to see example runs, let me know and we'll talk.

Mike J

First, I owed you (Mike) a list of shot numbers...   The sequence 142305, 142304,142303,142301 goes from a shot that is just a bit more elongated than the standard morning fiducial, to a shot that is A=1.7 and kappa=2.9. This last (142301) was about as close to the NSTX-U shape as I ever managed. There are other shots in the sequence, but these should be enough to get things started.   AND   Attached is a play-study that I did a few months ago...question was what would be the minimum field line angle in the divertor. We tend to make SFDs with an X-point near the divertor floor, so there is almost always a  region of grazing incidence. Anyway, it shows some of the divertors that I came up with. No doubt they could/should be improved.     It would be good to have a little idl routine that sketches the plenum/baffle/pump structures that are under consideration, so that they can be plotted on top of the g-file output. I/we don't have a complete conducting structure model for the upgrade, but can at least plot the coils in addition to the limiter boundary and the pump/plenum.

Stefan

Files and comments from R. Maingi (10/24/2011)

DIII_D has gone thru several cryopump phases: 1) ADP, 2) RDP, 3) Divertor 2000, 4) Lower div. baffle extension 2007

ADP (loower divertor)

The original DIII-D lower div. cryopump ("ADP") was designed with a range of tools; DEGAS was used to compute the neutral transport. A decent overview of all aspects of this design is given in


Menon, et al., Fusion Tech. 22 (1992) 356.

I only have a hardcopy and can't easily find an e-copy - maybe someone else can? The particle exchaust modeling is given in:


Mioduszewski, et al., JNM 176 (1990) 733 (attached)

Mechanical design is given in (ditto - only a hardcopy of this)


Smith, et al., Fusion Tech. 21 (1992) 1658.

An early experimental study before the cryopump, e.g. baffle only, is given in:


Klepper, et. al., 33 (1993) 533 (attached)

Years later, I published calculations of the expected plenum pressure buildup from a first flight model:


Maingi, et al. Nucl. Fusion 39 (1999) 1187 (attached)

RDP (upper divertor)

The upper divertor cryopump physics design was done by UEDGE/DEGAS calculations, with the figure of merit being the reduction in core ionization source:


Allen, et al., JNM 266 (1999) 168. (attached)

There is a reference to UEDGE calcs. by Wolf at the same PSI conf., but I can't seem to find that paper. There is an earlier paper with brief comments on this:


Fenstermacher, JNM 220 (1995) 330. (attached)

Divertor-2000 (3 pumps)

The first overviews of divertor 2000 (upper inner pump, reduced tile-tile misalignment) is given in:


Allen, et. al., JNM 290 (2001) 995 (attached)


Mahdavi, et al. JNM  290 (2001) 905 (attached)

I did pump plenum calcs for each of these new plenums:


Maingi, et al. NF 44 (2004) 909 (attached)

Divertor 2007

I don't think anyone did comparisons of effect of Div. 2007 shape change with models - focus had shifted to other areas. There is a paper on this by Unterberg 50 (2010) 34011 (attached), which is only peripherally related.

Here is a summary of different aspects of the problem, i.e. options, from my viewpoint:

1. UEDGE/DEGAS and/or SOLPS can do the problem in terms of predicted change of core fueling with pumping, including pressure buildup, exhaust rate, etc.; need some method to project new density profile given this, i.e. core transport code

2. Given the SOL ne, Te, and particle flux profiles and equilibria, my analytic model can compute the expected height as a function of plenum gap height, width, flux expansion, etc. - useful for lots of design calcs., and then final can be confirmed with 2-D calcs

3. I have a core fueling model that I previously applied to DIII-D, based on the pump efficiency estimates; that should provide an estimate of edge density reduction.

Regards,

Rajesh

John,

The attached contains two DG files I've used for NSTX over the last several years.  Strictly speaking, you don't need the auxiliary files (equilibrium, etc.) except to keep DG from barfing on startup.

The more complex file, and the more trustworthy, is nstx_28_ex.dg.  This was based on a horrendously detailed file I set up years ago to look at 3-D gas flows through the vessel.  For my diffusive Li evaporation calculations, I dumbed it down to this and added some surfaces for the LiTERs & QMBs.  The other thing I did was to beat on some people and dig through every bit of pertinent information I could find to pin down the coordinates of the outer divertor tiles and secondary passive plates.  

The 3-D information isn't present in this file, but is available via the DEGAS 2 input files nstx_lihe_14_dg3d.in & phi_values_14.txt.  If you want to do 3-D, we should discuss that separately.  

If your version of DG picks up the Variables/Polygon objects in this DG file, you can match them up to the corresponding word descriptions (look for the dg_polygon commands) in nstx_lihe_14_dg3d.in.  Note that the passive plate supports are present in the DG file, but are not treated as solid structures in the DEGAS 2 simulations (one of the simplifications).

I'm including the other file (nstx_25.dg) as a simpler, but less accurate, alternative. 

Cheers,

Daren

Uploaded by SPG on 10/6/11

1: NSTX_CS_Upgrade_110317.xls. This has lots of engineering information about the Upgrade.

2: The folder “ISOLVER Data:. This has device geometry files.

