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Background

C Important in a range of environmental and industrial
Processes
A Clean air technology,
A Dust storms on Earth and Mars (wave of darkening)
A Spreading of pollen and crops diseases by fungal spores

C Release of radioactive particles in a nuclear accident
A Focus on resuspension particles < 5microns in size
A principle adhesive forcesi Van der Waals intermolecular forces

C Import of safety assessment of nuclear reactors
A Development and validation of computer codes
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Kinetic Models for Resuspensiosn

C Stochastic models which take account of the role of
turbulence in particle resuspension

C Focus on resuspension rates as well as fraction
resuspension

C Calculation of a rate constant for resuspension

A analogous to the rate constant for desorption of molecules from
a surface pe E'*(relationship to kinetic theory )

A Computational very efficicient compared to simulation (particle
tracking)

A ldeally suited for incorporation into severe accident codes e.qg.
SOPHAEROS> ASTEC
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History and Motivation

C Radioactive particles released in severe accidents

A PWRSs- steam spikes (primary circuit), hydrogen deflagration
(containment)

A AGRSdropped stringer i accident

A HTRSsAccumulation of contaminated dust in the coolant circuit i loss of
coolant accident (LOCA)

A International Thermonuclear Experimental Reactor (ITER)

Accumulation of contaminated dust in the vacuum vessel
Coolantwater-ingress or Loss of vacuum accident (LOVA)

C SARNET

r

A Development of SA Codes /Sophaeros
A IRSN
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ASTEC

ASTEC integrates the technical knowledge in

L) 0, 0 0, O 0, 0, 0, 0, 0,
[ 0% 85%8% 05% 84" T[s%e% 85%¢% og%
CPA-THY SYSINT
“« Containment Safety system
Thermal hydraulics
e management d
e i
™| Aerosols and FP in m s t
containment ISODOP
Rgdioa(_:tivity in
SOPHAEROS ontainment —
Aerosols and FP ELSA (:43
In the reactor circuits FP relaese GRpO0n0D
VA DATABASE Dt
Core degradation
2 7 CESAR d
LA N Circuit
v Thermalhydraulics t
MEDICIS/WEX RUPUIC'TJV -
Molten core ejection
MO“‘*_" core concretd 7] And direct heating
interaction Of containment <«
O T Y

Newcastle

European Aerosol Conference, Tours, Fran&ept 49, 2016 University



OUTLINE

C Early model RRH model

A Escape of particles from surface adhesive potential well
A Role of adhesive and aerodynamic removal forces

A Mechanisms for removal
A Quasi static
A Energy accumulation

C Rock n roll Model

C Decay of gas-borne radioactive in a reactor circuit

C Model improvements based non-Gaussian removal forces
C Extension resuspension from multilayer deposits
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Reeks Reed & Hall Kinetic Model (1987)
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Resonant energy transfer /energy accumulation

A pis the rate constant for removal s

— nexo| — 0 A n typical frequency of the deformation with potential
P= P 2{PE> A Q the height of potential barrier (depends on difference of
adhesive removal forces)

A <PE> average Potential Energy in well

n =Y A Resonant energy contribution contribution
n= 2_ﬁ o E (W) A b damping constant
A Eg normaled energy spectrum of f(t)
a
e
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adhesweforcef =32 p Y(IKR, g =surfacesnergyy = radiusof curvature,

h - 0 quasistatic h>3 resonanenergy trasfer

|_\

1 2 2 élfa'FR26. 1fa~
P:5<ﬁ>’<fR>eXpZ£§( | >)§_' p_W §z< >§

Newcastle

European Aerosol Conference, Tours, Fran&ept 49, 2016 University



Influence of surface micro roughness

C Particle surface adhesive force _ | ,
. =3p g JKRr, =asperityradiusyj=-2
r
C Distribution of adhesive forces  _
rj ~ 0.01reductionn adhesior

Py ]2
Ny _ 1 11 _[ln(fh/ ¥ )] for smoothcontact
o(r,) F T SXP 2

N2x F, Ing 2(Ina) sj~4

C Fraction remaining after resuspension

o}

fo = 7 7Y (rj)ar
0
C Fractional resuspension rate

A@ = [ pr)e 2 o(r!dr!
0
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Short and Long term Resuspension Rate
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Measurements of resuspension factor

Resuspension factor (m ') e A (t).
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FIG.1. The Mean Lift Force <F >on a Sphere Near

to a Surface in Turbulent Flow.

En) = (lz)y(m).

Uz
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Measurements of adhesion

FRACTION REMAINING
Table 2 1

Fitted values for the adhesive force distribution -
Particle Force Measurement Spread o, Reduction i
alurming . 0.8 |-
10 pm alumina Normal Set 1 49 592
10 pm alumina Normal Set 2 208 56 |
10 pm alumina Normal Reed and Rochowiak (1988) 2.55 37
10 pm alumina Tangential Set 1 104 848 0.6 -
10 pm alumina Tangential Set 2 295 1053 .
20 pm alumina Normal 78 56 |
Graphite Normal 489 1.55
Graphite Tangential 19 16 0.4 -
Material properties required to calculate particle resuspension using the RRH model i
0.2
Material Graphite Alumina
Interfacial surface energy, Jm ™2 0.15 0.56
Substrate density (steel), Kg m ™3 7830 7830 0
Substrate Young’s modulus, Pa 2.1x 10! 2.1x 10! 0.5
Particle Young’s modulus, Pa 2.0x10'° 3.5x 10! RPM
Substrate Poissons ratio 0.29 0.29
Particle Poissons ratio 0.3 0.3 Thousands
Particle density, Kg m ™3 2300 1600
TANGENTIAL NORMAL TANGENTIAL
SET 1 SET1 SET 2
— - —— —_

NORMAL Reed and Rochowiak
SET 2. NORMAL
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Resuspension measurements / model predictions

6 3335790

09} £ 007 :
. B

0.8 * .
@ :
E 07 B =1
< 06+ #  nominal 10 micron alumina spherical particles "
ig No resonant energy contribution predictions
]
a 05 : =
= |
o
S 04 F © Run-9 7
% + Run-10
@ 03 ¥ Run-15 )
vy + o

02t < RRH model M

o1} ¥ © ]

? ©
0 - 1 ! lo 1 ]
0 1 2 3 4 5 6

Friction velocity u_(m/s)

Newcastle

European Aerosol Conference, Tours, Fran&ept 49, 2016 University



RockonoRol | mo d e | f or
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Rate constant f or

A -
£
5- aclhesine 7 .[ VW (V, yd‘ )dv
3 e 7 g”j"“““‘““* rate constant 7 = —o .
: ux J'_m J_m, W (v, y)dydv
:é: number of particles released per sec
€ / number of particles attached to surface
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[ angular
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Resuspension measurements / model predictions
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Decay of particle concentration in a recirculating flow

C CAGR reactor coolant circuit
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FIGURE 11 The variation in concentration of 40um graphite
particles in Hinkley Point B at full flow.
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