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Gas Refueling
or the PFRC
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Princeton Plasma L,Jj&]ﬁ;k; Lab




< Goals
$Methods

%Slmulatlnns
< Experimental Work

@ Setup
© Calibration

@ Preliminary results
@ Models



< We wish to design a procéf‘}jﬁf-e
allows for precise control of the

pressure i the PFRC-2 '



G R=— ;i"j ‘which is analogous to R =
lne the ca"djctame, C as C=

sinulations



& Veeco PV-10 piezoelectric valve
© Control Parameters

@ Outputs
< Peak Pressure

<lLag
< Rise time

<Fall time
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4Thus, we would like to achieve a
fuellng rate of dN/dt=1. 2x1 0

=1.3x1021

P Also, dN/dt=nV/p.
©V=1.1x10%cc
©n=P*3.5x10"3 mol"’
<Therefore, we need P/p=3.4 m



< Fuel needed, N=n_V
& Electron density, n,=2x10"3 particle

Plasma volurme, V=47r2Kr/3 —

T Erenre N—1 2x1 017 partlcles

#The fueling rate dN/dt=N/x, (v,=partic
confinement time)
© We guess that T ,= Te»




Theoretical Underpinnings
Simulation
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Theoretical Un
Simulation

< Model the vessel and pumps

< In a rarified gas and relatively small
container, the particles are assumed to very,
iﬁﬁiy’scatter off the walls, according to
Knudsen’s Cosine Law. This also implies that
the gas particles quickly reach thermal
equilibrium with the wall (
4We use ray tracing and the mean therma
speed to calculate travel distat
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Theoretical Underpinnings:

Simulati j;fu
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the gas to rapidly expand, fiuing':=5-th '
expansmn reglon in 3-4 ms -




Experimental Work
Setup

< SRS345 wave generator sends a pulse tc
MOSFET

it g pulse from the SR$345 i utputs'e
pulse of the same width but with the
amplitude of the voltage of the power
source.

< This signal goes to the
valve.

PV-10, open

b1 B ] _..".!.-I_ 1
N ‘ :#_.l ] 5




SRS345 Wave
Generator

Power
Supply

Voltage to
Valve

Experimental Work
Setup




Experimental Work
Setup

¢ The SRS345 and the signal from the
MOSFET are also attached to a LeCroy

ggal Oscilloscope m
©The valve is supplied by a ga 502

gas reservoir of H, whose ba@k pressure
can be adjusted from -1 atm to +1
atm. This can be read fr‘tl:‘i",'- an analog
dial gauge as well as Eﬁa gital read out.




@ Thermocouples

© The Fast lon Gauge

< This gauge and the convectron a "a"%_;j-_u:; analog
connections to the oscilloscope

© Mass Spectrometer ‘



readout
- Cnnvectmn ‘to Baratron

$ Tn analng out
< Noise

< Range Delays
< B-Field Effect
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Experimental Work
Model 1 Interpolation a

Ee gololy t]G:) h
< We assume that each effect is
lndependent

& We can calculate the individual '
from each parameter (interpolate) anc
added together (superposed) |

©Major Issue

e
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Experimental Work

Model 2: J ession
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< Regression is an optimization technique
in linear algebra

lslsmgMATLAB’s Statistics Toolbox
15 Eegressmn (‘regress’/’regstats’

-

@ Rﬂhust Regression (‘robustfit’)
<R2=92%

©Major Issue

¢ Predicts negative absolute. re”_ es for very
small back pressure and | "e_"-'wjj_:

i ‘--




Model 3: Neural Netwo IF

P s

&A neural network is an algorithm that

U recemng new data lt attem
process it using what it knows of
global or local environment
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a few large outllers and we 5t1ll pré'

gative absolute pressures (though:
1hﬁﬁ‘ be very small)

‘ﬁtne*t’ r'

was the best result, l.e.



©-Our results were giving us a fairly
sparse set of data and our models
@_nmnued to fail
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Experimental Work
Current Issues
<While the new data looks good, whenit

taken on multiple days, it was foun'
tr F;I"E&W&S 10 20% variation.

four days
% Mass spec and temperature readings were
taken and showed almost no variation once

the FIG warmed up i



Experlmen-_aa: | WJ rk

< Determine whether very slight fluctuations
in temperature effect readings

< Determine if the current leak aff
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