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Introduction

Severe Accident Code Development

● The severe accident analysis code, so called CINEMA, is being developed 

in the Korea

● Among various modules, SIRIUS tracks the fission product behabior in 

the plant. The key role of this code is to provide the quite accurate 

information about the radioactive materials such as the mass, size 

distribution, decay heat, activity and so on.

● The SIRIUS code has been developed to predict the behaviors of the 

radioactive materials in the reactor coolant system and in the 

containment under severe accident conditions.

Aerosol Form of Radioactive Material Released from Core

● In the situation of severe accidents, the radioactive materials retained in 

the pellet inside of the cladding can be released to the outside.

● The radioactive materials have tendency to transform its phase to aerosol 

from gaseous form. Hence the transport of these aerosol is very 

important to analysis of the safety of the nuclear power plant.
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Introduction

Two Approaches for Aerosol Dynamcis
● Sectional Method

– Approaches to the exact solution as the number of sections is increased

– Generally considered to be more accurate than the log-normal codes(MAEROS, 
CONTAIN)

● Lumped Model(or Log-Normal Method)

– Used in the early stage of the development of the aerosol dynamics

– Initial Source and Size Distribution are approximated as log-normal distribution

Dimensionless Numbers for Aerosol Dynamics
● Capture both Advantages

– Computational Benefits and Sufficient Accuracy

● Correlation Approximation

– The baseline idea is approximating correlation between integrodifferential equation of 
equation of aerosol coagulation and deposition such that the instantaneous rates of 
particle deposition are expressed in algebraic forms

● Two Special Limiting Situations Considered

– One in which the aerosol cloud achieves a steady-state in the presence of a source and 
another in which the aerosol mass concentration continually decays by deposition in the 
absence of a source
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Procedure for Calculating Dimensionless Mass and 

Removal Rate

Two Major Dimensionless Numbers

Actual Removal Rate in the Continuous and Discrete forms with 

the Effective Height
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Procedure for Calculating Dimensionless Mass and 

Removal Rate

Functional Relationship between dimensionless removal rate 
and mass
● For Steady State with Source

● For decaying aerosol without Source

0.282 0.8 0.6950.266 (1 0.189 )SS

SED    

0.235 0.754 0.7860.528 (1 0.473 )D

SED    

Modeling of Aerosol
Graph of Correlation by 

Epstein
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Procedure for Calculating Dimensionless Mass and 

Removal Rate

MAEROS Utilization
● Based on the sectional method which is dividing the size spectrum into 

finite number of groups. The MAEROS code will provide us with the 
number density for each size group and system total mass for each case.

Sample MAEROS Output
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Dissection of Removal Rate

Decay Constant Definition

Discontinuous Form of Decay Constant 
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Summary of Experiments for Numerical Simulation 

of the MAEROS Code

MAEROS Input Preparation

ABCOVE 5,6,7 and Additional Case
(Case 1,2,3,4,5 and 6)

α 1.000E+00

μ (kg/(m*s)) 1.565E-05

εo 1.000E+00

k(J/K) 1.380E-023

Cm 1.370E+00

g(m/s2) 9.800E+00

B 2.222E-01

b 6.667E-01

Table I: Common Input Data for Sample Cases

Table II: Different Input Data for AB5,6 and 7

γ
h

(m)
χ

V
(m3)

AB5,6,7
(Case 1,2,3,4 and 5)

2.25 9.649 1.5 852

Zero Source
(Case 6)

1.0 10.0 1.0 1000
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Summary of Experiments for Numerical Simulation 

of the MAEROS Code

MAEROS Input Preparation

Case Identification

Initial
GSD

Initial
GMD
(μm)

Initial
Mass

(kg/m3)

AB5,6,7
(Case 1,2,3,4 and 5)

N/A N/A 0.0

Zero Source
(Case 6)

1.05 0.5 8.6487E-03

Description

Case 1 ABCOVE5

Case 2 ABCOVE6 NaOH

Case 3 ABCOVE6 NaI

Case 4 ABCOVE7 NaOH

Case 5 ABCOVE7 NaI

Case 6
Values taken from the thesis of Epstein, ‘Correlation of the Rate of 

Removal of Coagulating and Depositing Aerosols…’. For simulation of zero 
mass generation rate case

Table III: Initial Aerosol Data

Table IV: Case Identification
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Summary of Experiments for Numerical Simulation 

of the MAEROS Code

Range of Size to Simulate
● Before Modification : From 0.01E-06 to 10.0E-06m

● After Modification : From 0.01E-06 to 250.0E-06m

Effect of Changing Aerosol Size Range

● If the upper limit of the size range is below from certain value, the 
missing particles occurs although actually the particles which have 
bigger size than value of upper size limit exist. 

Before Modification After Modification
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Summary of Experiments for Numerical Simulation 

of the MAEROS Code

Material Densities for Cases
● The material densities, ρ(kg/m3), for cases are 2500, 2450, 3670, 2130, 

3670, 1000, respectively. In Table III, it can be found that there are no 
aerosols for ABCOVE experiments at the beginning.

Calculation Flow Chart
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Summary of Experiments for Numerical Simulation 

of the MAEROS Code

Numerical Result
● By using the MAEROS outputs and definition of dimensionless number 

of Epstein, the pairs of dimensionless mass and removal rate could be 
calculated. Also, the MAEROS outputs are compared with the MELCOR 
simulation. As a result the consistency was found for both result. 
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Summary of Experiments for Numerical Simulation 

of the MAEROS Code

Explanation
● All ABCOVE experiments have no initial aerosol and it is supplied by 

some mass source continuously for certain duration of time. Then after 
some time elapsed, each experiment reach the steady-state which have 
fixed size distribution shape and no change in system total mass. So 
every case approaches to the steady-state owing to the mass supply. 
Suddenly the source turned off. Then the particles which have large size 
disappear very fast. Then the removal rate decreases with the 
decreasing system total mass. This start with the aging aerosol line in 
the figure in the previous page. So the line of aging aerosol means that 
the line itself is turning point that the removal rate is decreasing, 
conversely.

● It was found that all of the experiment is following the previous 
explanation. Also, by just changing a few variables such as collison
shape factor, effective height, particle settling shape factor and material 
density.
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Summary

Conclusion

● The Epstein’s correlation was confirmed from the sample runs. 

● The most important factor to identify a case from the other 
cases is mass supplying rate(or source strength). Although the 
ABCOVE experiments have almost same condition except for the 
material density, initial source distribution, source strength, the 
results are much from each other. With this fact, it can be 
concluded that the most effective factors are distinct from each 
other.

● The dimensionless removal rate and system total mass have 
correlation.

Future Works

● Take dimensionless time into account.

● Utilize this result to predict size distribution as well.

● Literary reviews
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Appendix A. Sample MAEROS Input for ABCOVE 5


