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Introduction (1)

 Containment

 Maintenance of the integrity of the containment

 Increase of pressure
 Hydrogen combustion

 Importance of the condensation
 Condensation
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 MELCOR code

 Conservative condensation model for pressure       
(= under-prediction of the condensation rate)

 Problem of the conservative model

 Conflict

 So, the accurate condensation model is required.

Introduction (2)

M.K. Yadav et al. (2016)

Low condensation 
rate

High pressure Conservative

Low H2 
concentration

Non-
conservative
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Condensation models

Model Types Correlation Features

MELCOR Theoretical

- Stagnant film, diffusion only
- Molar based Fick’s law & HMTA*

- hf : film tracking model
- Wide application range**

Liao
(2007) Theoretical

- Mass based Fick’s law & HMTA
- hf : Nusselt film theory
- Suction and fog formation effect
- Wide application range

Dehbi
(2015)

Semi-
theoretical

- Neglect of the convection and film
- Mass based Fick’s law & HMTA
- Data fitting (six experiments)
- Natural convection only
- No local parameter

Uchida
(1965) Empirical

- Simple form
- Partial pressure of NC gas: 1atm
- Natural convection only
- Conservative result for pressure
- No local parameter
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*HMTA: Heat and Mass Transfer Analogy.
**Sherwood number correlation is decided by the flow regime.
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 Selection criteria

Selected experiments for model assessment

Experiment
(geometry)

Air mass 
fraction

Pressure 
[bar]

Steam 
condition [K]

Wall subcooling
[K]

Flow 
condition

Number of data 
sets (points)

COPAIN
(plate) 0.49-0.87 1.0-4.0 7-10 14-45 Natural-

Forced 6 (68)

CONAN
(plate) 0.13-0.72 1.0

Saturated
steam

40-45 Mixed 10 (80)

Park
(plate) 0.20-0.70 1.0 20-50 Natural-

Forced 16 (160)

Anderson
(plate) 0.40-0.86 1.0-3.0 10-60 Natural 32 (32)

Dehbi
(pipe) 0.25-0.89 1.5-4.5 10-50 Natural 42 (42)

Kang
(pipe) 0.1-0.7 1.0-4.0 10-50 Natural 52 (52)
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Assessment results (1)

MELCOR model Liao model Dehbi model Uchida model

 Calculation vs experiment
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Assessment results (2)

Model Mean relative 
error (%)

Standard 
deviation (%)

Linear fitting
Deviation from 
the fitted lineSlope, a Intercept, b

MELCOR Heat flux 34.7 39.2 0.54 1615.8 265.7
HTC 46.6 47.9 0.43 80.2 7.61

Liao Heat flux 28.9 35.3 0.62 2957.8 319.9
HTC 31.0 33.9 0.47 163.1 10.12

Dehbi Heat flux 51.4 63.3 0.69 6510.3 681.4
HTC 32.4 39.6 0.33 350.2 25.46

Uchida Heat flux 56.2 71.7 0.76 6139.0 877.1
HTC 43.3 47.2 0.23 285.17 14.40
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Selected!

 Quantitative analysis



11/ 16PNU, the Premier!

 Curvature effect

Improvements of the MELCOR model (1)

Pipe Plate

MRE 50 % 35 %

	 0.909
1/41 0.3 32tube plate

LNu Nu Gr
D

      
  

- Pipe has a large solid angle (=curvature effect)

- Increase of the heat and mass transfer

- The larger L/D, the greater the curvature effect

- Dehbi: L/D = 92, Kang: L/D = 62

 Application of the factor suggested by Popiel
(2008) under natural convection condition

The presence of effects depending on the shape.

 MRE of the pipe: 50 %  40 %
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 Multiplier

Adoption of the multiplier obtained through the data fitting

Improvements of the MELCOR model (2)

Film

Dry wall

1.71new originalNu Nu

Film

Steam
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 Superheated steam effect

 Degradation energy 
and time

 Adoption of the degradation factor

Improvements of the MELCOR model (3)
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Flow 
regime

COPAIN
P0441 1.0 0.77 3.0 80.0 8.4 307.4 Mixed 

Laminar

CONAN
P10-T30-V25 1.0 0.72 2.6 75.6 0.0 309.5 Mixed 

Laminar

<Example of the superheated steam effect>
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Validation of the improved model

MELCOR model Improved model

MRE: 34.7%
SD : 39.2%

MRE: 46.6%
SD : 47.9%

MRE: 20.8%
SD : 26.4%

MRE: 16.1%
SD : 19.2%
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• The assessment of the condensation heat transfer models

consistently under-predicted 

 The MELCOR model was chosen as the base model for improvement.

• Improved MELCOR model shows good agreements with most of 
experimental data (mean relative error 18 %).

• The improved MELCOR model can be applied to in-containment thermal-
hydraulics for safety analysis, PCCS design, and accident management.

Summary & conclusion
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Q & A


