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Coupled Calculation between CSPACE and SIRIUS

 SIRIUS module for predicting an aerosol transport

 CINEMA code development (2011. 7 – 2017. 6) : Separated calculation

 2017, KNS Autumn Meeting, H.S. Kang,et al.

 CINEMA code improvement (2019. 5 – 2023. 4) : Coupled calculation
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Marviken Test-202b (1)

 Test Procedure & TH Results

 Test duration : 118 min.

 Steam injection to Facility : 40 g/s, 400 ℃

 H2 : 0.015 g/s, N2 : 1.4 g/s, Water : 3.1 g/s

 Aerosol injection to PZR  

 Cs : 9.65 g/s, Te : 1.62 g/s, I : 0.83 g/s

 CsOH (70.11 kg), CsI (11.07 kg), Te (11.07 kg)
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Marviken Test-202b (2)
 Test Data

 Approximately 50% of the injected aerosol mass was discharged to the relief tank.

 Approximately 10% of the injected aerosol mass was not recovered.
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Structure of SIRIUS Code
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Transport Equation in SIRIUS Code

 FP gas & aerosol transportation
 Role

 Calculate FP transfer to nodes
 Major parameters

 Carrier gas mass transfer rate (T/H module: CSPACE)
 Modeling method

 General method
– Based on the carrier gas mass transfer

 Current method
– i-group FP gas transfer
– i-group FP aerosol transfer

 Required input

 T/H module
– Link properties: carrier gas mass transfer rate
– Node properties: carrier gas mass

 FP : N/A
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Aerosol Deposition Model in SIRIUS Code 

 Aerosol deposition model

 Ref : NED, Vol. 107, pp. 327-344 (1988), Michael Epstein

 𝜆𝑡 = 𝜆𝑠𝑒𝑑 + 𝜆𝑖𝑚𝑝 + 𝜆𝑑𝑖𝑓𝑓 + 𝜆𝑡ℎ + 𝜆𝑡𝑢𝑏

 sed : sedimentation

 imp : inertia impaction

 diff : diffusiophoresis

 th : thermophoresis

 turb : turbulent flow
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CSPACE Input

9

Unit: mm
Pipe ID: 300

46.9 

m3

2.49 m

PZR

heffective : 10.5 m

L04

L05

L06

Elbow1 Elbow2  CSPACE Analysis Model

 Nodalization (Total 30 cells)

 PZR : 5 cells

 Elbow : 1 cell

 Pipe L04 : 4 cells, 

 Pipe L05 : 10 cells

 Pipe L06 : 9 cells

 Time Step Control

 1.6E-06 s – 0.1 s

 Steam Injection

 0.43 g/s, 400 ℃

 Wall Temp. 

 Test data

Condenser
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CSPACE Results
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SIRIUS Input & Model
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 Marviken Test-202b

 PZR : 5 Node

 Aerosol injection rate
 CsOH : 9.9 g/s (0 – 7080 s)

 CsI : 1.69 g/s (60- 7080 s) 

 Te : 1.62 g/s (240- 7080 s)

 Model constants 
 Collision shape factor(γ) : 1.0

 Settling shape factor(χ) : 1.0

 Density correction factor(α) : 1.0
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SIRIUS Results

 Airborne Aerosol Mass in PZR

 Calculated results accurately predict the test data with an error range of 
approximately 3%. 

 Deposited Aerosol Mass

 Calculated results predict the test data with an error range of approximately 30%.

 In the SIRIUS calculation, there is no disappeared mass during the transportation 
as shown in the measured data.  
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Conclusion and Further Work

 Conclusion

 We performed the coupled calculation between the CSPACE 
and SIRIUS codes against the Marviken test-202b to validate 
the improved CINEMA code.  

 When considering the approximately 10% loss of the injected 
aerosol mass in the test, the prediction error range of 
approximately 30% is not high discrepancy.   

 Further Work

 Coupled calculation between the CSPACE and SIRIUS codes 
should be applied to other test data to increase an 
applicability of the CINEMA code.
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