CONFERENCE REPORT

The 11th Meeting on Advanced Nuclear Reactor Thermohydraulics

July 5-9, 2004, Obninsk, Russia 
The 11-th meeting of the IAHR Working Group on Advanced Nuclear Reactor Thermohydraulics was held at the State Scientific Center of Russian Federation - Institute for Physics and Power Engineering named after A.I. Leypunsky in Obninsk, Russian Federation, from July 5 to 9, 2004.

The general topic of the meeting was “Hydrodynamics and Heat Transfer in Single and Two-Phase Flow of Liquid Metals”.

The objectives of the meeting were on to discuss new results in the research performed in the field of liquid metal coolant thermohydraulics, and to recommend lines of common physical and applied thermohydraulic research for existing and developing liquid metal cooled advanced nuclear reactor of the new generation.

The meeting was attended by 62 participants representing 6 different countries (Japan, Netherlands, Spain, Korea, India, Russia), as well as IAEA from the following institutions:

Research Centers:

· State Scientific Center of Russian Federation - Institute for Physics and Power Engineering named after A.I. Leypunsky, Russia

· Russian Research Centre “Kurchatov Institute”

· Indira Gandhi Centre for Atomic Research, India

· Joint Research Centre of the European Commission, Netherlands
· Japan Nuclear Cycle Development Institute, Japan

Universities:

· Seoul National University, Korea
· Tokyo Institute of Technology, Japan
· Technical University “Moscow Power Engineering Institute”, Russia

· University of the Basque Country, Spain
· Technical University “Moscow Engineering Physics Institute”, Russia
· Obninsk State Technical University of Nuclear Power, Russia
· Nizhny Novgorod State Technical University, Russia

Design Organizations:
· State Unitary Enterprise OKB Mechanical Engineering, Russia

· Research and Development Institute of Power Engineering, Russia

· Company “Simulation Systems Ltd”, Russia

Over three days a plenary session and two technical sessions were held, with one further day devoted to discussion of benchmark calculations. 

Meeting was opened by the Head of Working Group on Advanced Nuclear Reactor Thermohydraulics Prof. A.P. Sorokin, who presented an overview of the activity of IAHR, the history of creation and activity of the Working Group. The Director of the Institute for Heat and Mass Transfer in Nuclear Power Engineering, Prof. A.D. Efanov, greeted the participants.

Most of the participants were involved in the presentations and/or in the benchmarking. It was agreed that the size of the meeting was nearly optimal for active and constructive discussions and fruitful information exchanges. Participants agreed that the spirit and philosophy of the WG meeting was successfully maintained: active participation by the attendees and informal and fruitful exchange of technical information with an emphasis on discussions. A visit to the first Nuclear Power Plant in the world and the liquid metal test facilities of SSC RF IPPE was organized on 7th of July. 

Plenary Session

At the plenary session an overview of experimental facilities was presented by Prof. A.P. Sorokin, as well as results of investigations in the field of thermohydraulics of liquid metal coolants obtained in the Institute. 

Dr. A.A. Rineiskii from IAEA presented a summary of knowledge on fast reactors operation during the latest 50 years.

In the paper by Prof. P.L. Kirillov information was given on the ISTC Project for generalization of data on hydrodynamics and heat/mass transfer in liquid metal cooled reactors. Prof. V.G. Sviridov presented recent results of research on heat transfer in a liquid metal flow in a tube under exposure to magnetic fields. Prof. M.N. Arnoldov devoted his presentation to the features and trends in the use of lithium as a coolant in advanced nuclear power installations. 

Technical Sessions

The papers were grouped into two Sections:

· Thermohydraulics of fast reactor cores cooled by liquid metals

· Hydrodynamics and heat and mass transfer in liquid metals

In the first Section approaches to experimental and numerical modeling, as well as the results of research into fast reactor thermohydraulics with sodium cooling were discussed. Also analysis of the influence of geometrical and flow parameters was presented. In the framework of this Section the thermohydraulics of heavy metal-cooled reactors were discussed. Results of investigations into specific features of heat and mass transfer in heavy metal-cooled pin bundles induced by the availability of spacer grids were also presented. It was noted that new methods of numerical modeling of thermohydraulics have undergone further development.

A wide range of issues was discussed in the second Section “Hydrodynamics and heat and mass transfer in liquid metals”, namely:

· Features of hydrodynamics in collector systems in fast breeder reactors and effects of large-scale circulation of liquid metal coolant in head chambers of NNPs

· Hydrodynamics of pipelines of combined form

· Models and methods for calculations of multi-dimension turbulent flows for different regimes including natural circulation

· Modeling of two-phase flow in liquid metal loops, mass transfer of corrosion products, interaction between corium and liquid metal coolants.

Issues of heat transfer in the target system of cascade subcritical salt reactors, in liquid metal heat pipes for space nuclear power facilities, including lithium heat pipes were also considered.

Special attention was paid to the modeling of combined hydrodynamic processes in turbulent flows in channels, as well as to verification tests for numerical codes.

Benchmark Problems
In the framework of the 11-th international meeting of the IAHR Working Group on advanced nuclear reactors thermal hydraulics a standard problem entitled “Hydraulics and heat transfer in the model pin bundles with liquid metal coolant“ was presented. 

Results of experimental studies of thermohydraulic characteristics measured in pin bundles cooled by liquid metal coolant as applied to the core of the BREST-type reactor were used as a specification for the benchmark. The experiments mentioned were carried out in the Host Institute.

The Benchmark Problem was conducted as an “open standard” problem, i.e. as initial and boundary conditions, as geometrical and flow parameters of the experiments, measured data on temperature and velocity fields in the model subassembly, i.e. the complete set of the data were given to the participants for calculation.

The general goal of the benchmark problem is to analyze thermohydraulic characteristics in the model pin bundle under different conditions (irregular geometry and thermal conditions with square arrangement of the pins; availability of one spacer grid in the bundle; variable heat generation in subzones), as well as to estimate reliability and accuracy of the codes applied in thermohydraulic calculations.

In the Benchmark Problem the following experimental and calculated parameters were compared:

· Coolant temperature in channels under non-uniform geometrical and thermal conditions
· Temperature of external surface of the central (measuring) pin over perimeter at the heating section under non-uniform geometrical and thermal conditions

· Coolant velocity in the channels around the measuring pin simulator

The Agenda of the 11th meeting included discussion of the benchmark presented at the previous 10th meeting of the Working Group, which was held in Obninsk on July 17-21, 2001. The last benchmark was devoted to calculations of thermohydraulic characteristics in the thermal model of ADS target. Participants presented results of new calculations and new approaches to the modeling of thermohydraulic processes in combined geometry with very specific power generation. Also, a comparison of calculation results performed by specialists from different countries and with the use of different codes was presented.

Proposals to the next 12th meeting and a new benchmark

Participants at the meeting have noted the increased activity in experimental works and calculations in the field of hydrodynamics and heat transfer in liquid metal cooled nuclear power facilities, a significant progress in research such as the study of hydrodynamics of piping and mixing chambers, modeling of reactor core thermohydraulics; investigation into heat and mass transfer in two- and multicomponent liquid metal systems.
New results has been obtained recently in the following lines of research: 

· Hydrodynamics and heat transfer in fuel subassemblies of liquid metal cooled advanced fast reactors of new generation with square arrangement of fuel pins
· Hydrodynamics of head chamber and pipelines of combined form

· Modeling of mass transfer of corrosion products in sodium loops

· Development of numerical models and algorithms for modeling of natural circulation in the chambers and circuits of nuclear facilities

· Thermal effects of interaction between corium and sodium or water

· Modeling of two-phase flow in the channels of nuclear facilities, including natural convection conditions

It was marked that in future research considerable attention should be focused on the following points:
· Improvement of the models of turbulence transfer and development of codes of thermohydraulic calculation applied to the systems of combined configuration (reactor core, mixing chamber, ADS target), systems with vortex structure of flow, flows under conditions of forced and natural convections

· Further study of heat transfer in boiling liquid metal in the channels and natural circulation loops; interaction between corium and coolant; mass transfer in liquid metal cooled loops

· Generalization of results of numerical and experimental investigations; creation of a  knowledge base and data bases in the field of thermohydraulics of nuclear power facilities with single and two-phase flows of liquid metals

Special attention should be paid to  further information exchange on more extended circle of issues, including supercritical water and others.

Participants of the meeting have marked that benchmark problems are of great importance for improvement of codes and numerical models.
Participants agreed that the new benchmark should be presented in the framework of the Working Group. Proposals concerning to topics of the next meeting and benchmark should be directed to Prof. A.P. Sorokin. All suggestions will be agreed with participants of the Working Group. A.P. Sorokin will be responsible for defining the themes and the location of the next 12th meeting, as well as for preparing a new benchmark problem.
Sorokin

A full report of the meeting including the Agenda and a list of attendees can be found in the Fluid Phenonema in Energy Exchanges Section of the IAHR website www.iahr.org
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