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Background-1

* Dust in fusion devices is one of the most critical issues, mainly
related to the satety hazard.
— Enhancement of the tritium inventory
— Risk of explosion at an accidental air or coolant leakage
* Dust may be an important contributor of impurities
in the main and SOL plasmas in some devices
(€ The impurities may increase radiation loss )

ﬂﬂ:> Numerical simulation is a powertful tool nowadays
for basic understanding of dust particle formation
and its transport in edge plasma condition of

fusion devices. -Ion drag force & dust potential, etc

-Electron emission
-Improved to treat various materials

DUSTT code has been developed by Dr.A.Pigarov, UCSD
cooperating UEDGE code (Dr.T.Rognlien, LLNL)




-Present work

Calculation of behaviors of C dust particles in a plasma
in JT-60U configuration with DUSTT code

-Behavior of individual dust launched
from different wall positions with different initial radii and
different initial velocities.
-Statistical analysis of dust particles
with different initial velocities.

1-100 micron

-Calculation of trajectories, temporal evolution in
temperature, mass, electronic charge, velocity etc of dust
particles in a plasma in JT-60U.

Behavior of ablating particles in plasmas

Other examples:
-Spallation particle flight from polymer bulk irradiated by plasmas
-Evaporation simulation of polymer particle




Underlying physics equations of dust particles in a plasma-1

-Equation of motion of dust particle:

4 5 dv, Spinning effect
—m”dpd_=§(Fc"‘Fo)"'Fa—eZdE"'Mdg is neglected
3 dt += j —F —F
-Ion friction forces T -Gravity
-Neutral particle friction forces ——-Electric field force
— -Shape factor(=1.0 for sphere) due to charging of the dust

-Equation of mass of dust particle:

i 0, ﬂ m,d3 _ _47'””(12 mT, -Mas§ flux due to.
dt 3 « physical & chemical
sputtering, RES,
\ I / thermal evaporation/sublimation
D — I | Uniform mass loss

/ l \ in radial direction

—> Dust shape is always sphere.




Underlying physics equations of dust particles in a plasma-2

-Equation of energy (uniform temperature profile
assumption inside a dust particle):

Rad%

d 4
dt(pd3 j]cpddT) <—F1uxes
+«— ¢,1,a
1"/ l \ 29
I,<T., T <T < :
( d " d) (})klnl kma +I)k1ne pot)

-Liquid fraction [ = 4erd2 /Z (Py+P +P +P_

d 4 N
1 ( pd _md3Hmnﬁ ) + Pevan + P emi)/

dt 3
T T —Heating power transter _Cooling power due to
Iy =T,) -
m from IOHS, eleCtI‘OIlS thermal radiaiton,
For melting process & neutrals in a plasma  physical & chemical
sputtering, RES,

thermal evaporation,

-Latent heat for melting P
electron emission



Calculation of floating potential of dust from quasi-equilibrium (1)

-Quasi-equilibrium condition for dust:

L= +LC"+T%  alvi--

e

(Floating potential of dust)

TeV], _

For negative floating potential of dust

-Electron flux from thermoionic emission
(Richardson-Dushman’s equation):

[T _ [ Ame(kTy)? ]exp(_ &)

e =Ogp

n kT,
-Electron flux from plasma:

2
I, =lne( i J exp| -
4 c

-Ion flux from plasma:
1

I; =ne(2TJ 7 (1+212 L )erf(u)+

mi Uu

um

—_
_—

> Q
—_

Relative drift velocity:

_ |Vi —Vd| _ |Vi —Vd|
=T 1/2

n 2Ti

my;
If T,TE or I ,SEE is high,

the floating potential
of dust can be positive.




Calculation of floating potential of dust from quasi-equilibrium (2)

-Quasi-equilibrium condition for dust:

2
_ TE SEE vie JdileVl _ Zge
1—‘e o I_‘i T re T 1—‘e PalV] . v
| For positive floating potential of dust — Q
-Electron flux from thermoionic emission —=
(Richardson-Dushman’s equation): Relative drift velocity:
Arame (kTy)* /4 _Pi-val _ i-vd]
I " = oy e(3 )" | expl - 2L =T /2
-Electron flux flrom plasma: m;
2 ;
I, = lne ik 1- E X
4 |\ wm, T,

-Ion flux from plasma:

I "(1+ 212 + Xz)Erf(u+H)+erf(u+H)]
u

3

] 8
i +,,,zi/;[u+H>exp[—(u—Hﬁw—ﬁ)exp[—(uﬂ/?)z]

Fi = I’le(




Parameters of background plasma calculated with UEDGE code
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Trajectories of the dust from outer region for different initial dust velocities -#01

C dust@JT-60U,, =10 um
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Vertical position [m]

Trajectories of the dust from outer region for different initial dust radii -#03
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Applied forces onto the dust

-Initially, electrostatic force is dominant,

1x10°; i . .
X™ 1 Electrostatic force and then is ion drag force
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Vertical position [m]

Trajectories of the dust from inner region for different initial dust radii -#13
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Applied forces onto the dust

-Initially, electrostatic force is dominant,
and then is ion drag force
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Trajectories of the dust from private region for different initial dust velocities -#P1
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Statistical analysis of dust behavior-1
-Different position & initial velocity
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-Near the strike point, a dust particle is rapidly heated and sublimated,
which causes short penetration length.

-A dust particle from private zone is slowly heated.




Statistical analysis of dust behavior-3
-Different position & initial velocity
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-Near the outer strike point and outer wall, a dust particle is
accelerated in toroidal direction counter-clockwise.

This arises from ion drag force due to ion flow.

-Near the inner strike point, clockwise acceleration occurs
on a dust particle.




Fundamental study on dust particle behavior
Using polymer spallation particles.

-Polymer Ablation for Application to Arc Quenching
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The present case

Ar thermal plasma flow | Ablated vapor cloud
at atmospheric pressure >=p Rapid /
ablatio:z »

T=10000 K |5,

u=100 m/s ‘ \ -

CI Polyethylene (PE) sphere particle
with d=300 um

The physics to be considered:

-Heat transfer

-Rapid ablation = Rapid pressure rise = Strong gas flow
-Rapid ablation = Energy loss

-Change 1n properties of the surrounding plasma
-Transport of ablated vapor

-Shielding due to the ablated vapor from Ar plasmas



Governing Equations

-Mass equatios
D
£ = -p(v

Dt
-Momentum e
D
bu__ly
Dt P

These equations are solved by the CIP-CUP
method developed by Prof. Yabe.

The CIP-CUP method 1s an unified algorithm
to solve incompressible and compressible flow,
and thus it can simulate multiphase flow.

-Energy equat}on/
DT 1

(V°u)+—

_ Pun

Dt pC
-Mass fraction
DY

pol

1
= p [V .(pgDpolV}/pol)-i-SCg]

*heat
/\

N

[V *(AVT) - =St ~ Eemit T (T4 - Ta4 )5Q]

rad
V

of ablated vapor:

£ : the volume of fraction

Vogtf ti 1 = 2ot

- unction: =

D_f _ g \/ ) VCV
Dt f=1:Solid

-Equation of state (EOS): 7 <0< f<I: containing solid surface
p=p(p,T) _ f=0: Gas or plasma

-
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Calculation space

2D-cylindrical coordinate 9% _,
/| Vs /|
—, / /N
S u=100m/s | Az=A=7.5 um 1
> 7=10000 K /:
. : d=300 um 09 T
. — ~-0
— 0z -1
______________ = //// / //// =
z 99 _ o < // '
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-Kundsen number: Ku~0.03
-Reynolds number: Re~0.65



Gas flow velocity and temperature fields
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Initial temperature: 7=10000 K for Ar plasma, 7=300 K for PE particle
Initial gas flow field was calculated without ablation



Radial position jum]

Gas flow velocity and temperature fields

= 1.371 us
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Radial position jum]

Gas flow velocity and temperature fields

= 3.185us
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Radial position jum]

Gas flow velocity and temperature fields
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Gas flow velocity and temperature fields

= 17.56 us
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Radial position jum]

Gas flow velocity and temperature fields

= 35.71 us
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Radial position jum]

Gas flow velocity and temperature fields

= 91.25 us
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Radial position jum]

Gas flow velocity and temperature fields

= 183.0 us
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Radial position jum]

Gas flow velocity and temperature fields

t= 344.7 us
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Gas flow velocity and temperature fields

= 430.7 us
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Gas flow velocity and temperature fields

= 523.4 us
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Radial position jum]

Gas flow velocity and temperature fields
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Radial position jum]

Gas flow velocity and temperature fields

= 709.89 us
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Radial position jum]

Gas flow velocity and temperature fields
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Time evolution in gas flow and temperature fields
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-Rapid ablation occurs
especially at upstream surface
of the solid particle, which
produces gas flow.
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Radial position jum]

Mass fraction of ablated vapor and VOF function

= 0.000 us
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Radial position jum]

Mass fraction of ablated vapor
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Radial position jum]

Mass fraction of ablated vapor
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Radial position jum]

Mass fraction of ablated vapor
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Radial position jum]

Mass fraction of ablated vapor
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Radial position jum]

Mass fraction of ablated vapor
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Radial position jum]

Mass fraction of ablated vapor
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Radial position jum]
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Radial position jum]

Mass fraction of ablated vapor
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Radial position jum]
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Radial position jum]
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Radial position jum]
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Radial position jum]
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Radial position jum]
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Transport of ablated vapor and shape change of the particle
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-Ablated vapor is transported
by diffusion, and by also
convection due to the external
Ar gas flow and the gas flow
produced by the ablation.
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-Rapid ablation especially around
upstream of the particle decreases
the upstream radius of the particle.

-Lifetime of dust particle

was estimated to be

6 times longer than

the conventional method
without considering temperature
decrease around the particle.
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Conclusions

-The DUSTT code was adopted to a dust particle in plasma
of JT-60U configuration.
-Behaviors of carbon dust particles with radii
of 1-100 um from different walls
were calculated by solving mass, motion and energy equations.

. =

-Behavior of dust particle is dominated by ion drag force.
-Dust radius is reduced mainly by thermal sublimation.

Future work
-Comparison with experimental data
-Statistical analysis of dust particles with other radii




