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1. Introduction 
 

Cutting process occurs during decommissioning 
for radioactive waste management purpose. 
Decommissioning workers will cut activated 
materials in the closed workplace. Radioactive 
aerosols can be inhaled during this process. When the 
inhalation of radioactive aerosols occurs, the 

evaluated. For accurate estimating committed 
effective dose by radioactive aerosols, the intake of 
radionuclide, the absorption parameter, and the 
aerodynamic diameter have to be defined [1]. 

The aerosol measurement system in KAIST 
Nuclear Fuel Cycle (K&FC) laboratory enables to 
characterize aerosol from metal cutting with plasma 
arc torch. In the system, less distorted sampling is 
critical to analysis aerosols. This study focused on 
aerosol sampling technique which used in the aerosol 
measurement system in K&FC. 
 

2. The System for the Measurement of 
Characteristics of Aerosol from Metal Cutting 
 
2.1 The Aerosol Measurement System in K&FC 

 

 
Fig. 1. The aerosol measurement system in K&FC. 

 
The aerosol measurement system in KAIST 

Nuclear Fuel Cycle laboratory (Fig. 1) is composed 
of an aerosol chamber with HEFA filter inlet, a 
plasma arc torch (powermax125, Hypertherm), an x-
stage automatic cutting system, an isokinetic 

sampling system and a  high resolution electrical 
low-pressure impactor (HR-ELPI+, Dekati). 

After the measurement of the aerodynamic 
distribution of aerosols from cutting experiment, 
collected and size classified aerosols were analyzed 
by ICP-OES to measure the chemical element 
distribution.  
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Fig. 2. Particle size distributions of nuclides for plasma 

cutting of SUS304. 
 
2.2 K&FC Isokinetic Sampler 

 
To minimize distortion aerodynamic diameter 

distribution and aerosol concentration during the 
sampling, isokinetic sampling is significant. In order 
to meet isokinetic sampling, the velocity of carrier 
gas at the sampling point in the sampling pipe and 
sample flow velocity must be matched [2]. 

K&FC isokinetic sampler are composed of 
sampler body and sampler head. The sampler head 
has six different diameters from 5 mm to 10 mm, at 1 
mm interval. For matching the velocity of air during 
sampling, we measured velocity at the sampling 
point with hot wire anemometer (Testo110, Testo). 
According to the measured velocity, we choose the 
sampler head diameter depending on the flow rate of 
the measuring device. 
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Fig. 3. (Left)K&FC isokinetic sampler, (right) sampler head. 
 

3. Simulation 
 

The K&FC Isokinetic sampler was simulated with 
COMSOL Multiphysics 5.2a simulation software. 
The gas flow inside the sampling pipe was calculated 
by using the Incompressible Navier-Stokes model. 
The density and dynamic viscosity of air were 
assumed to be constant. The inlet flow of the 
sampling pipe is 895.27 l min-1 and the sampling rate 
through isokinetic sampler is fixed to 10 l min-1 equal 
to the ELPI+ sampling rate. 

Particle tracing module was used to simulate 
aerosol particle motion in fluid flow. Stokes drag 
with slip correction factor is applied for particles 
which have a relative Reynolds number much less 
than one. 

A ten thousand same diameter(0.01, 0.1, 0.2, 0.5, 1, 

intervals. Thin-wall isokinetic nozzle, K&FC 
isokinetic sampler and without any sampler case 
were simulated and calculated number of particles 
pass through the sampler. 
 

4. Result 
 

The thin-wall nozzle and the K&FC Isokinetic 
sampler with 8mm sampler head simulated by 
COMSOL Multiphysics 5.2a. The number of 
particles which pass through the sampler is similar 

not much different from the thin-wall nozzle which 
was widely used. 
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Fig. 4. Sampled particle number with particle diameter 
simulated with COMSOL Multiphysics 5.2a. 

 
5. Conclusion 

 
The sampled aerosol that is representative is 

important to know the characteristics of aerosols. The 
aerosol measurement system in K&FC is used to 
analysis aerosols from metal cutting with plasma arc 
torch. In the system, K&FC isokinetic sampler was 
used. To identify the effect of the sampler, it was 
simulated with COMSOL Multiphysics 5.2a. The 8 
mm diameter thin-wall nozzle and the K&FC 
Isokinetic sampler with 8 mm diameter sampler head 
both have an impact on fluid flow than ideal pipe flow. 
But the impact is not significant, and there was no 
significant difference between the existing products 
used and the sampler we made ourselves. Our K&FC 
isokinetic sampler has six different diameter heads; 
thus, we can apply our system to various measuring 
devices without sampling error for characterizing the 
aerosols from the metal cutting process. 
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