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Characteristics of Particulate Cooled Fusion Reactors

Material Loading Outlet Type and  Maximum
: ateria ratio Of | yempperature | pressure 1st wall
Type of design | and s'1zle of ;r"’l“’fne of blanket | ofgas | Temperature
particies action oy ' 9
won | 0 | ™) | (O)
Tokamak
(moving bed) ‘
UWMAK-II . \ He,
(1976) Li,O 60 % | 600 ~0.01 300 |
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ICF
(moving bed)
Li,0 He,
Corn | 100~ | 60% 600 | ~001 | 1800
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variant S~10pm | (10.6) 200 | He3 354
Li,0,
ITER'T?letvam LiAlO, | 1~5% | He, 2~3
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ARIES- 1 SiC 41 700 €0, 0.5 946
relevant variant | 5~10pm
, SSTR-2 SiC, 50um| 13 700 He, 5 800
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- What we can eesizibute to or collaborate with APPLE is ...

Particulate Flow Simulation
| and
Its Experimental Demonstration
under high heat flux

o Feeding Hopper (Ejection or Recovery)
e Particle Transport
@ ﬁneumatic conveying or mechanical conveyer ?
@ erosive damage of wall material (vessel wall, pipe line, etc.)
and particles itself
@ coagulation (adhesion Qf particles)

attrition

@ collapse of particle — uniformity of size distribution
by mechaml erosion
¢ Heat Removal by solid particles o newlion damage

e Heat Recovery from particulate flow or suspension flow

o P(Mif{coft'ov\, 4 ° F*mﬁmn’tg ot Var Cc(e — Clwm‘%ﬁ,{ﬂ 'V-%S”\

a DicfeihaTon o Procure Droo  { Pumpima Power )
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Vacuum Pneumatically Transportation System

@ The system function as follows : (1) powder stored in a hopper is transferred into a
duct, where minus pressure becomes dominant through a specially designed valve.
(in-take valve ) (2) powder in a dust is then transported to the destination through an
air flow which is induced by an air-intake valve located upstream.

@ Due to minus pressure with in the duct there is no possibility to allow powder to

leak.
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Positive Pressure Pneumatically Transportation System

Also called Transmitter System or Blow-Tank System. This system receives
powder into its blow tanks (Transmitters) from hoppers, silos, etc. of the plant,
fluidizes the powder with compressed air, and transports the powder intermittently

‘through the piping. Comparatively, this system can carry powder over longer

distances.

Mechanical Conveying System -

This type of machine is specifically useful for discharging and transporting powder
from E.S.P’s (Electro Static Precipitation) hopper and is operable in conjunction with
vacuum air-and high concentration forced air flow systems.

BAG
TARGET FILTER
BOX

#1 1 7

= = DOUBLE g—g

- DAMPER
CHAIN CONVEYOR ¢
x 2

g7 | RANSMITTER




Flow

Cohesion onto Cooled» Surface

Gas : air
Hot gas temperature = 318.1C
Cooled wall temperature = 36.1°C
Temperature difference = 282.0C
Flow velocity = 75m/s
Reynolds number = 7880
Dew point = under 0°C

Particle : graphite

mean diameter = 10 um
density = 2250 kg/m’
Surface roughness (R,) = 27

After 10 minutes circulation.



Dilute Particulate Flow (Gas-Solid Suspension)

Particle Trajectory Model | Two-Fluid Model
(Lagrangian Scheme) | (Eulerian Scheme) |
Morite Carlo Method Discrete Vortex Method Direct Numerical Simulation
One-way coupling One-way coupling
Two-way coupling Two-way coupling
Large Eddy Simulation

One—way coupling

Two-way coupling



;I)ense Particulate Flow (Gas-Solid Suspension)

Particle-Particle Collision

[

Fluid Dynamics Model

(Eulerian Scheme)

O continuity eq.
O momentum eq.
O energy eq.
(granular temperarure)

Molecular Dynamics Analogy
(Lagrangian Scheme)

Distinct Element Method
(Lagrangian Scheme)

- multiole collyscons

O binary collision problem

O infinitesimal At, (hard particle)

O effect of inter-particles fluid
on particle’s motion

QO drag force, lift force,

irregular collision

hinife ste 1 Limitafion of gf

Smoothed Particle
Element Method
(Lagrangian Scheme)

l Limitation of ?u’tﬁ_%aw\oer 2} poricles

Direct Simulation Monte Carlo Method
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- :DEM Simulation

< The calculation performed in the DEM alternate between the
application of Newton’s second law (F=ma) to the particle i and a
force-displacement law at the each contact (1 to 4).

— <4 Netwton’s law gives the motion of a particle resulting from the force
acting on it. The force-displacement law is used to find contact forces

from displacement.

<{ The particles are allowed to overlap one another at contact points. This
overlapping behavior takes the place of - the deformation of the
individual particles. The magnitude of the overlap is related directly to

the contact force.

Equations of translational and rotational motions
mi = fc + fp +mg

To=T,
r : position vector of the center of gravity of the particle
m : particle mass
g :gravity acceleration vector
I : moment of inertia of the particle
fc : summation of contact force

fp : fluid drag force
T, :summation of torque caused by the contact forces



Modeling of contact force / Voigt Model

e’

( rﬁw/og y ) |

Frictional Sﬁder J7A -

Compressive force Shear force

f Chnij

fe
Km Ks :

s 7 -

anija 5tij:
vV, :

=
<
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me‘j = (— K, é;lij — .V

fCtij =—K; 5tij "ﬂsl.vrij —(vrij”zj)nzj +’,'s(0? X wj)x nth _

: normal component of the contact force acting

on the particle i

: tangential component of the contact force

stiffness —> Jeduced from Herlzian conlact Theory
damping coefficient —> deduced from sTvff ness

- friction coefficient = measurable

particle displacement caused by contact force

: velocity vector of particle i relative to particle j
- unit vector from the center of particle i to that of particle j
: radius of particle /

7,,1 = of ( W'fém)‘/?nr‘,]'
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Two-Dimensional Particle Eleme )Method (Sphere Model)
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Example of DEM Simulation

... Ejection from particle hopper

without obstacle with obstacle

ejedfon of par‘[l‘o(es uniform mass Fow
erist near conler(ine
5 promoted.
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" DSMC Simulation

Boltzmann Equation

¥ ,EES g,
ot or m Ov

Probability of Collision

N
P, =Zsz
Jj=1

P, : probability of collision between particle i and particle j
per time step At

4 2 no 2 4
P, = f/—”Dplupi — uplet = ——J\;nDp‘upi - upj\At
C
y . sample particle/real particle
N : number of sample particles in cell V¢
n : number density of real particle in cell Ve

for calculation of rarefied gas simulation (Bird (1976))

= apply to the dense gas-solid flow simulation



Motivation

® G-C(H/D=1)
® G-C (H/D=3)

® Graphite (H/D=1)

Obtained heat transfer coefficients of gas-solid suspension impinging jet

Experimental Parameters
Particle Glassy Carbon graphite
Mean diameter 26um 10um
Non-dimensional space
between nozzle and test plate, 1 3 1
__HD
70000 55000 78000
Nozzle Reynolds number ~98000 ~100000 |  ~240000
Thermal loading ratio T, 0~5 0~8.55 0~3.55
“ Maximum heat transfer 14900 9740 21000
coefficient, A for [;=5.13 for I'y=4.09 for I'y=3.51

Zf’f'W—/mz = &T=400K
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Multi-nozzle Gas-Solid Suspension Impinging Jet Simulation
(Particle motion for I'=0.1)

7

SR
L gt S
Ny, £

0% .5.5?--. K
R R

o K
(T L R

§oury

.
N
-
.




| 1
\ ] 50mm
A < N
. 1 I
! i
1
i Specimen
N Pl
s
\ Upper  Wal
W\ I #7 #8 #9 #10  #H1y/
e, \ 1 i I 1 I 1 1
KSR \
Um:mo_m/ p 30mm
A.f “ 1 I I I I T
ICR A _u #1 #2 #3 #4 #5. 46
L] w
L L Lower Wall
m R (b) .
-
!
g
| b
! " Pt
BN
o —ER- - _
| } 1 —f3
s v lalat | ininlsiinliniaint === i 1
g oy

n
1

118

e | I ,
P i

1411

) | Test Section f Duct Erosion )



3.0 7 |

=) ] L —{ Deformation Wear
£ 2.5 :
-~ ] Cutting Wear
@ 2.0
0] ]
= 1.5 -
B 10
T
505 ]
0.0 - 7 : R : ;
7 ' #8 #9 #10 #11
B Experimental Stochastic [ Deterministic
(a) Upper Wall
S 7 Deformation Wear
. 1 Cutting Wear
=
<
D
©
o
17)
T T T v =
#2 #5 8
Experimental [1 Stochastic [J Deterministic

(b) Lower Wall

Comparison between experimental results
and numerical predictions of duct erosion
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0.0 5.0 100 150 200 25.0
pdp(kgm:s)

(a) Large gap case

Mol

00 50 100 150 200 250
pdp (kg/m3) -
(b) smalll gap case

Effect of gap width on particle concentration
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