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Fig 1. The effect of MCCI on containment integrity

Pending Issue: Assurance of Long-Term Coolability of Internally Heat Generated Bed
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Necessary to supply the water into the bed continuously
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Fig 2. Schematic of ex-vessel melt coolability

Need to understand pressure drop mechanism according to the characteristics of
particulate bed and its effects on coolability
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Characteristics of Particulate Debris Bed at hypothetical real situation

100

3
< Debris Bed Layer Stratification (Axially / Radially) W
80 |
» Inner region (Large particle, High porosity) ¢t
"g 60 - A - ]
> Crust region (Small particle, Low porosity) % 50 5 (ARG
o R o coms
» Channeling in bed € 2 o coms
6] < MIRA-20
20 —&— DEFOR-A
of B i
00 . 2 I 4 é . é I ‘IIO . 12
% Heterogeneous bed BRIl )
Fig 3. Particle size distribution from FCI

> Particle size distribution tests [1]

» Multi-grain composition

/

% Irregular shape

Fig 4. Debris beds formed in DEFOR-E
test [2]



Models 6

Ergun equation, 1952 : to predict the pressure loss of single-phase flow in porous

media composed of single sized spherical particles

u : dynamic viscosity [kg/m-s]
oy density of fluid [kg/m?3]

dp CL;U(].—E)Z Cz(l—é‘)pf ’ d,: particle diameter [m]
— —2aae 2 V, 4= T V, £ : porosity
dz 8:‘d 0 & ::dp V; : Superficial velocity of fluid [m/s]
(G, : 150 G :1.75 (Ergun Constants)
(1) Mean diameter for non-spherical particle (2) Ergun constants modified
(Sauter mean diameter) Table 1. Modified Ergun Constants
o 6V, C; Cz
LS T T Ergun, 1952 [3] 150 1.75
ann® p
Leva, 1959 [4] 200 1.75
(Shape factor)
) Handley and Heggs, 363 124
_ Surface of sphere of equal volume of the particle | 1968 [5] ’
Surface area of the particle Visadezlle @ 2l
. . 1979 [6] 180 1.8
(Equivalent diameter)
..... Foumeny et al., d, /d,

S 130
egi= g 1996 [7] 0.335d, /d_+2.28



Objectives 7

To study the effect of particle shape on frictional pressure drop in particulate debris bed

» Which mean diameter is more useful to predict frictional pressure drop in particulate

debris bed composed of non-spherical particles ?

Sauter mean diameter (d,,) or Equivalent diameter (d,) ?

To investigate the adequacy of using the mean diameter for non-spherical particles as

the effective particle diameter

_dp _ Cl,u(fl.TE)2 Vo4 CZ(]-_E?‘Pf V2

LN S " S
dz 83'd p?' E%ﬂp



Test case 8

Table 2. Test case

Particle Particle Size [mm] | Total mass . Shape | d_,
Bed Shape [ of POroSIY | Factor | mm]
P Diameter  Length particles
1 2

1 Sphere 2 - 2
_ 26.08 kg 0.400
2 Cylinder 1.98 4.95 0.805 248 2
SUS304
3 Sphere 5 - 1 5 5
. 26.37 kg 0.393
4 Cylinder 498 139 0.789 6.34 5

[1]

Fig 5. The sample of particles in each bed



Experimental Facility (PICASSO) g

Pressure drop Investigation and Coolability ASSessment through Observation
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Fig 6. Schematic diagram of the experimental facility

[Test section]

Inner Diameter : 0.1 m / Length:0.7 m
Distance between pressure tap: 0.5 m

[Experimental procedure]
1) Total mass of particles is measured

2) Particles packed in water-filled test section

3) Downward water is injected at the top of the
test section (top-flooding)

4) The water flow rate and the pressure drop
are measured when steady-state condition is
established

5) The water flow rate is changed to another
value, and immediately above step are

repeated
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Results (Bed 2: cylinder, D:1.98 mm, L:4.95 mm)
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Table 3. Mean deviation between the experimental data for Bed 2 and the models

Ergun, 1952
Leva, 1959
Handley and Heqqgs, 1968

Macdonald et al., 1979

Foumeny et al., 1996

Most models predict the experimental data for Bed 2 within 22 % except the
Handley and Heggs model when ED is applied rather than SMD

dsd
30 %
16 %
26 %
21 %
24 %

oy
3.8 %
22 %
88 %
14 %
6.9 %
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Results (Bed 4: cylinder, D:4.98 mm, ;139 mm) 11
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Table 4. Mean deviation between the experimental data for Bed 4 and the models

Ergun, 1952
Leva, 1959
Handley and Heqqgs, 1968

Macdonald et al., 1979

Foumeny et al., 1996

dsd
36 %
28 %
13 %
30 %
32 %

15 20 25
V (mm/s)

0oy
10 %
4.1%
35 %
3.1 %
4.2 %

Most models predict the experimental data for Bed 4 within 10 % except the
Handley and Heggs model when ED is applied rather than SMD



Results (Adequacy of mean diameter)
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[Bed 3 & 4] d,: 5 mm, £: 0.393
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0.24 kPa/m (20 %)

Pressure drop in non-spherical particle bed is lower than that of spherical particle
bed, but its deviation are within accuracy of models



Summary 13

Cylindrical particles (Bed 2 and Bed 4), the models predict the experimental data well
within 22 % except the Handley and Heggs model when ED is applied to the models

» However, the well matched model may differ slightly depending on the beds. The
measured pressure drops in Bed 2 are well predicted by the Ergun equation (3.8 %) in

comparison, the measured pressure drops in Bed 4 are well predicted by the

Macdonald et al. model (3.1 %)

Pressure drop in non-spherical particle bed is lower than that of spherical particle bed,

but its deviation are within accuracy of models
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