Chapter 1  Introduction

1. Current Problems or Issues in Nuclear Thermal-Hydraulics
☛ TMI-2 accident highlighted code deficiencies 

; More physical phenomena were involved in the treatment. (e.g., core 

heatup, pressurizer discharge, secondary side voiding and filling, etc)
☛ Advanced and new nuclear reactors are under development in many countries.
(1) Code development
- Improve and maintain reactor safety codes
       - Lack of data for development of models/correlation and code validation
            ▶ GEN-IV reactors
- Uncertainty evaluation and methodology development for existing and 

new reactors
- Development of multidimensional and multiphase system code

▶ TRAC, MARS, or MARS/MASTER(coupling of T/H and neutronics)

▶ GAMMA, MARS-GCR    

- Development of system codes for new reactors
- Application of CFD codes and combination with system codes

         ▶ quality assurance for CFD codes and identification of the weakness of 

CFD techniques

(2) Experiment

- Small scale experiments to improve two-phase flow formulation and 

constitutive relations

- Maintain experimental facilities and conduct experiments for code 

validation and better understanding of thermal-hydraulic phenomena
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                              Fig. 1.1 Overview of Process
(3) Goal of NRC TH Code Development

● A state-of-art TH code capable of performing accident and transient

analysis for operating LWR as well as advanced passive reactors

● Must have capabilities suited to address safety-significant issues

that pose challenge to current codes, which require;

- coupled RCS TH and containment feedback

- coupled RCS TH and neutron kinetics

● Evolutionary improvement in current capabilities

☞ ease of use

☞ accuracy - improved two-phase flow and physical models

☞ speed

☞ robustness

2. Current Research Activities in the Field of Nuclear Thermal-Hydraulics

       ☛  Researches on existing NPPs 

         • focused on safety

· to resolve safety issues

· to ensure NPP safety due to power uprates and continued operation for operating NPPs

· to ensure NPP safety due to new safety features for new NPP designs   
☛  Researches on next generation NPPs 

         • development researches to makeup technology gap

         • safety researches for NPP safety

    (1) System code application and development 
- Computer simulation is the only way of knowing how the plant will respond to normal and accidental conditions.
      ● Modeling Philosophy
☞ 1970's Appraoch

- use more complete set of field equations

(Ex: replace HEM with two-fluid model)

- model physical processes from "first principles"

(Ex : bubbly flow interphase drag computed as drag on sphere with diameter from Weber # criteria.)

- use generic volumes & junctions

(i.e. a volume in a pipe is treated the same as a volume in the core or a volume in the pressurizer, etc) 

☞ Proposed Approach

- Constitutive models should be physically based.  

․ empiricism is used two-phase flow in complex geometries

․ component specific closure relation.(eq. interfacial shear in a tube does not represent that in rod bundle nor in the downcomer)

- Component Models:

․ accumulators as an example (See Model and Correlation) 

- Explore inprovements to two-phase model:

․ addition of droplet field(annular mist & reflood)

․ dynamic flow regime model(interfacial area transport)

● Model and Correlation

☞ "Zero-D" Component Models

- Code accuracy, efficiency and simplicity can be improved by using single volumes with special analytical/empirical models to better represent the physics (eq. accumulators) 
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● Improve Constitutive Relations:

- Accuracy : systematic program by detailed experiment, better use of current data base
: component specific relations & development within two-fluid framework. 
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(Ex) Pipe vs. Rod Bundle interfacial friction

coefficient

- Consistency : the treatment of flow regimes and constitutive models should be consistent (eg, interfacial friction & heat transfer should use same flow regime)

- Numerical Characteristics : remove unphysical discontinuities, base correlations on integral variables when possible and build-in physical time scales.

● Model Selection Process:

- Use PIRT (Phenomena ldentification & Ranking Table) to guide model selection process (focus effort).

- Review of current codes (NRC & others) and literature 

- Assemble suitable data base

󰋯 may require separate effect testing 

- Perform quantitative model comparisons 
- Select best overall model (or develop new model)

󰋯 peer review procces

󰋯 data base & computational results -> model documentation 
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   ( Activities for system code development
1) Korean Activities 
▶ For the existing reactors
o MARS code consolidation (KINS)
- DVI model for APR1400
- Validation of 3-D capabilities
- Code coupling 
o Development of numerical technique with a high 
precision (KAERI)
- Multi-dimensional models for two-phase flow and interfacial transport phenomenon                  [KINS-REM]
- Numerical scheme
- Multi-dimensional component modules (RCS, SG, etc)
o Development of domestic design code system (KHNP)
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- Secure his own property
▶ For new reactors
o A current focus is to modify LWR 
safety codes.
o Extension of MARS code to new 
reactors (KAERI)
- MARS-SMART
- MARS-GCR
- MARS-LBE
o Challenges
- New fuels, Different coolants, Higher temperature operating conditions,

- Events relevant to high-temperature gas-cooled reactors differ from those in LWR’s
- New severe accident models are needed to describe phenomena peculiar to the future reactors
     2) International activities
· Very similar to Korean activities
· Code application to evaluate safety issues

· Code application to check the existing code applicability for new reactors

  ▶ For the existing reactors
o TRACE code development (USNRC)
- Spacer grid models
- Droplet field & entrainment modeling
- Interfacial drag models
o NEPTUNE project (France IRSN)
- Multi-scale and multi-disciplinary calculations (CATHARE + CFD)
- To prepare the new generation of industrial two-phase flow codes
- To structure and coordinate the R&D works around two-phase flow
▶ Activities in the States for New Reactors
- Gas-cooled reactor codes ; GRSAC
- LWR codes ; ATHENA + FLUENT + CONTAIN, MAAP4, MANTRA,
MELCOR, RELAP5-3D, etc
· Experiment 
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   (2) CFD Code Application

· CFD codes are mainly capable of
 obtaining at a lower cost, valuable
 information on some physical
 phenomena.
· Problems 
· How to validate CFD code and make results reliable?
· How to apply multi-component and multi-phase problems?

· Single-phase problems for the existing reactors
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Boron dilution
· Mixing of cold and hot water in Steam Line Break event
· Hot-leg temperature heterogeneity
· PTS (pressurised thermal shock)
· Counter-current flow of hot steam in hot leg for severe accident investigations of a possible “Induced Break”
· Thermal fatigue (e.g. T-junction)
· Hydrogen distribution and combustion in containment
·  Two-phase problems where CFD is recommended
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☛ Two-pahse CFD tools are far less mature
 than single phase tools. 

· Identification of the relevant basic phenomena which need to be modeled for a given application
· Assessment of the model including verification, validation and demonstration tests
· Definition of new R&D work for a more detailed validation, for a better numerical efficiency, and a better accuracy and reliability of predictions
   (3) Experimental researches
· To investigate real phenomena and/or prove system performance
· To provide technical basis for the development of models and correlations
▶ Status of Korean experimental technology and infra
· Separate Effect Tests
- world-wide top level of high-temperature/high-pressure test and 

measurement technology
- conducting researches with several test facilities for development of critical models in thermal-hydraulics under the long-term nuclear R&D program
- produce in earnest the detail data to assess the code models

- partly develop the local models to describe the characteristics of 

Korean reactors

- But, still dissatisfied development of localized model by our own
 experiment 

· Integral Effect Tests 
- Construction of ATLAS secured the IET system to support the regulation of Korean nuclear design and construction. 
- simulate most accident scenarios for APR1400 and OPR1000 which are hard with foreign data 

⇒ secure the compatibility of design and regulatory code 

- But, need new IET facilities for new reactors such as SMART which has different design characteristics. 
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Large Eddy Simulation of flow across in-line tube
bundles.

Afgan et al. NURETH-11 (Nuclear Reactor
Thermal-Hydraulics) Avignon, France, Oct. 2005

- Several configurations: inline or staggered; pitch
- Continue with heat transfer analysis
- Not in KNOO WP, but spin-off PhDs
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(4) Thermal Hydraulic Issues in the development of SMR (Small-Medium 
Reactor)

● Natural circulation for core cooling 

- 3D phenomena of local as well as global scale

- optimizing component arrangement

- under low pressure of normal operation

- decay heat removal under accident conditions

✓ interaction between heat source and sink

✓ turbulence mixing

✓ buoyancy effect on turbulent flow
✓ natural circulation CHF mechanism

✓ thermal stratification

✓ non-condensible gas behavior and its influence on condensation

● Thermal hydraulic instability in helical coiled team generator
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