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1. Introduction 

 
Korea Atomic Energy Research Institute (KAERI) 

developed a computational code, Simulation of 

Radioactive nuclides Interaction Under Severe accidents 

(SIRIUS), for predicting a radioactive material behavior 

in the reactor coolant system (RCS) in a nuclear power 

plant during a severe accident [1,2]. A thermal-

hydraulic data needed in the SIRIUS calculation was 

provided through a coupled calculation between the 

SIRIUS code and the CSPACE (COMPASS-SPACE) 

code [3]. A SIRIUS validation for an aerosol deposition 

owing to an inertia force and a turbulent flow during its 

transportation in the closed loop was performed using 

the LACE-3A test results [4,5].  

 

2. Aerosol Removal Models in the SIRIUS Code 

 

The gases and aerosols of fission products are 

transported through the RCS as loaded into the carrier 

gas or liquid. If the RCS and containment are simulated 

as nodes and linked by a general thermal-hydraulic code, 

the fission product transport equations for the gas and 

aerosol phases of the i-group can be designated by Eqs 

(1) and (2) at the given thermal-hydraulic node n [1,3]. 

In the Eq. (2), an aerosol removal rate (   ) consists of 

gravitational settling (sed), inertia deposition (imp), 

diffusiophoresis (diff), and thermophoresis (th) [6].  
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Aerosol particles in the mixture of steam and 

hydrogen flow in the RCS loop during the severe 

accident can be removed when the aerosol collide with 

the bent wall due to their inertia force. In addition, 

aerosol particles in the RCS loop may also be deposited 

owing to a turbulent flow effect (Fig. 1) along the wall 

of the interface system pipe when the mixture gas flows 

with a high velocity into the interface system during an 

interface system loss of coolant accident (ISLOCA). For 

modelling the aerosol removal by the turbulent flow, we 

also use the dimensionless aerosol removal rate 

constants (Eqs. (4) to (8)) as function of dimensionless 

suspended mass concentration following Epstein and 

Ellison [6]. In Eq. (8), S is the particle stop distance 

shown in Fig. 1 and f represents the friction factor for 

the turbulent flow [5]. 

 

 

 

 

 

 

 

 

 
Fig. 1. Schematic diagram of the turbulent deposition [5] 
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3. Numerical Analysis for the Turbulent Deposition  

 

3.1 LACE-3A Test Condition and Results [4,5] 

 

The test was conducted by injecting the aerosol 

sources of MnO and CsOH into the LACE-3A test 

facility (Fig. 2). The injected aerosols were transported 

with the N2-steam flow from the injection pipe to the 

discharge pipe. The mass of the aerosol deposited on the 

wall of the pipe with the diameter of 6.3 cm were 

measured in the test. The test conditions are 

summarized in Table 1. The test results showed that 

approximately 70% of the injected aerosol mass is 

deposited on the pipe wall of 6.3 cm diameter.  

 
Table 1: Test Condition at the Injection Pipe [4] 

 Injection Time (s) Flow Condition 

N2-Steam 0 - 3600 298 ℃, 75 m/s 

Aerosol Injection 

(MnO, CsOH) 
0 - 3600 0.6 g/s 

CsOH/MnO 0 - 3600 Mass Fraction 0.18 
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Fig. 2. Schematic diagram of the LACE-3A test facility [4] 

 

 

3.2 CSPACE Calculation Results 

 

A flow and heat transfer phenomenon of the N2-steam 

mixture from the vertical pipe to the discharge pipe in 

the LACE-3A test facility was simulated by the 

CSPACE as a transient case for 3600 s with a time step 

size of 0.0001 s to 0.01 s. A nodalization for the 

CSPACE calculation was constructed with a total of 38 

cells. In the nodalization, the elbows located in the bend 

regions of the piping system were simulated with 1 cell, 

respectively. The velocity and temperatures shown in 

the injection condition of the N2-steam flow (Table 1) 

were given as the inlet boundary condition for the 

CSPACE calculation. The initial pressures for the pipes 

in the CSPACE calculation were given on the basis of 

the MELCOR results (Fig. 3) because the measured 

pressures were not shown in the test report [4,5].  

 

 

 
             Fig. 3. CSPACE Calculation Results 

 

The calculated pressure and velocity by the CSPACE 

are shown in Fig. 3. The CSPACE accurately predicted 

the pressures and velocities predicted by MELOCR with 

an error range of approximately 10%. The predicted 

pressure and velocity of the N2-steam at the discharge 

pipe are approximately 1.3 MPa and 85 m/s, 

respectively. 

 

3.3 SIRIUS Calculation Results 

 

The SIRIUS analysis was simultaneously performed 

to predict the deposited aerosol mass on the walls 

during the aerosol transportation from the injection pipe 

to the discharge pipe in the LACE-3A test facility using 

the thermal-hydraulic results at each time step by the 

CSPACE calculation. The aerosol removal models of 

the SIRIUS code applied in this calculation were the 

inertia impaction and the turbulent flow. In the 

calculation, the hygroscopic model for the aerosol 

CsOH was not considered.  

 

The SIRIUS results (Fig. 4 and Table 2) show that 

the calculated aerosol deposited mass along the pipe of 

diameter 6.3 cm accurately predicts the measured data 

with an error range of approximately 10%. In particular, 

the predicted aerosol mass retention fraction on the pipe 

wall of 6.3 cm diameter shows good agreement with the 

measured data.  

 

 

 

Fig. 4. Comparison of the Deposited Aerosol Mass on the 

Pipe Wall between the SIRIUS Results and Test Data 
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Table 2: SIRIUS Results for the LACE-3A Test 

 

 

4. Conclusions and Further Work 

 

A numerical analysis by the simultaneous calculation 

of the SIRIUS and CSPACE codes was performed 

against the aerosol transport test, for measuring the 

turbulent deposition, conducted at the LACE-3A test 

facility. The SIRIUS code accurately predicted the 

deposited aerosol mass on the walls with an error range 

of approximately 10%. As a further work, the SIRIUS 

calculation for the LACE-3A test will include the 

hygroscopic model to account the size variation of the 

aerosol CsOH. 
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