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Background

Ç Important in a range of environmental and industrial 
processes 

ÁClean air technology, 

ÁDust storms on Earth and Mars (wave of darkening) 

ÁSpreading of pollen and crops diseases by fungal spores 

ÇRelease of radioactive particles in a nuclear accident 

ÁFocus on  resuspension particles < 5microns in size 

Áprinciple adhesive forces ïVan der Waals intermolecular forces

Ç Import of safety assessment of nuclear reactors

ÁDevelopment and validation of computer codes
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Kinetic Models for Resuspensiosn

ÇStochastic models which take account of the  role of 
turbulence in particle resuspension

ÇFocus on resuspension rates as well as fraction 
resuspension

ÇCalculation of a rate constant for resuspension

Áanalogous to the rate constant  for desorption of molecules from 
a surface            (relationship to kinetic theory ) 

ÁComputational very efficicient compared to simulation (particle  
tracking) 

Á Ideally suited for incorporation into severe accident codes e.g. 
SOPHAEROS -> ASTEC          

kTEe /-w
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History and Motivation

Ç Radioactive particles released in severe  accidents

ÁPWRs - steam spikes (primary circuit), hydrogen deflagration 

(containment) 

ÁAGRS dropped stringer ïaccident 

ÁHTRs Accumulation of contaminated dust in the coolant circuit ïloss of 

coolant  accident (LOCA)

Á International Thermonuclear Experimental Reactor (ITER) 

Accumulation of contaminated dust in the vacuum vessel

Coolant-water-ingress or Loss of vacuum accident (LOVA)

ÇSARNET

ÁDevelopment of SA Codes / Sophaeros

Á IRSN 
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OUTLINE

ÇEarly model RRH model

ÁEscape of particles from surface adhesive potential well

ÁRole of adhesive and aerodynamic removal forces

ÁMechanisms for removal 

ÅQuasi static 

Å Energy accumulation

ÇRock n roll Model 

ÇDecay of gas-borne radioactive in a reactor  circuit

ÇModel improvements based non-Gaussian removal forces

ÇExtension resuspension from multilayer deposits
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Reeks Reed & Hall Kinetic Model (1987)
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Resonant energy transfer /energy accumulation

Å p is the rate constant for removal s-1

Å n typical frequency of the deformation with potential

Å Q the height of potential barrier (depends on difference of 

adhesive removal forces)

Å <PE> average Potential Energy in well

Å Resonant energy contribution contribution

Å ɓdamping constant 

Å ER normaled energy spectrum of fR(t)
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Influence of surface micro roughness

Ç Particle surface adhesive force

Ç Distribution of adhesive forces

Ç Fraction remaining after resuspension

Ç Fractional resuspension rate
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Short term Long term

Hinkley B CAGR gas flow 

uŰ= 2.2 m s-1

Ḋf =1.2 kg m-3

ɛf = 1.82 x 10-5 kg m-1s-1

= 0.1 ; ůa=4

ɔ= 0.15 Jm-2
ar¡

Short and Long term Resuspension Rate
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Measurements of resuspension factor

Silt from grass  at wind 

speeds of 5m/s ɞ10m/s + 

in a wind tunnel Garland 

1979
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Hallôs measurements of Lift Force
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Measurements of adhesion
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Resuspension measurements / model predictions

nominal 10 micron alumina spherical particles

No resonant energy contribution predictions  
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RockônôRoll model for particle resuspension
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Rate constant for RockônôRoll model
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Resuspension measurements / model predictions

nominal 10 micron alumina spherical particles

No resonant energy contribuition predictions  
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Decay of particle concentration in a recirculating flow

ÇCAGR reactor coolant circuit

exponential decay

~t-1 
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Reeks-Hall IDF Equation


