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1. Introduction 

The overall objective of the CRP is to improve the Member States’ analytical capabilities in 

the field of fast reactor in-vessel sodium thermal hydraulics. A necessary condition towards 

achieving this objective is a wide international validation effort of the data and codes 

currently employed for the simulation of the various physical effects involved in this field. 

Therefore, in providing the required wide international basis of interested Member States, 

each applying different methodologies, the CRP will contribute towards achieving the stated 

objective with the help of benchmark exercises focusing, in a first stage, on the numerical 

simulation of temperature stratification of sodium observed in the Monju reactor vessel at a 

turbine trip test conducted in December 1995 during the original start-up experiments, and 

with the help of a thorough assessment of the calculation versus measured data comparisons. 

The CRP’s specific research objectives for this first stage are to 

— Review of the detailed description of the boundary conditions of the above mentioned test, 

as well as of all the experimental data obtained and specification of the benchmark 

models. 

— Validate multi-dimensional fluid dynamics codes in use in Member States through 

simulation of sodium cooled fast reactor upper plenum temperature distributions and 

comparison with measured data. 

— Identify weaknesses in current methodologies and of the R&D needs to resolve the 

identified open issues. 
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Based on the outcome of the first stage of the CRP, the possibility to extend the activities of 

the CRP to benchmark analyses of similar tests planned during the upcoming start-up 

experiments of Monju will be discussed among the CRP participants, the TWG-FR members, 

and the TWG-FR’s Scientific Secretary. 

At the kick-off RCM of the CRP (Vienna, 22 – 24 September 2008), the JAEA colleagues 

shared with the CRP participants the detailed Monju plant description, the turbine trip test 

conditions, as well as the type of data that were measured in the 1995 turbine trip tests. 

Moreover, the participants defined 10 CRP work packages, the participants involved in each 

of those, as well as the Lead Chief Scientific Investigator (CSI) responsible for the timely 

implementation of the respective work package. 

The objectives of the 2
nd

 RCM (this meeting) are to review the status of the agreed upon CRP 

tasks and to discuss and agree upon the future (possibly adjusted) work plan. 

CEA welcomed the participants and made a brief presentation on overall mission and status of 

PHENIX 

The following experts attended the 2
nd

 RCM: 

 

Mr Ulrich Bieder 

Commissariat à l’Energie Atomique (CEA) 

17 rue des Martyrs 

38054 Grenoble 

France 

Phone : +33 4 3878 95 14 

Fax : +33 4 3878 51 95 

Email: ulrich.bieder@cea.fr  

Mr Laurent Martin 

Commissariat à l’Energie Atomique (CEA) 

Marcoule, France 

Email: laurent.martin@cea.fr  

Mr Alfredo Vasile 

Commissariat à l’Energie Atomique (CEA) 

Cadarache, France 

Phone : +33 4 42254593 

Email: alfredo.vasile@cea.fr  

Mr Perumal Chellapandi 

Indira Gandhi Centre for Atomic Research (IGCAR) 

Kalpakkam 603-102, India 

Phone: +91 44 274 80 106 

Fax: +91 44 274 80 104 

Email: pcp@igcar.gov.in  

Mr Shinji Yoshikawa 

Japan Atomic Energy Agency (JAEA) 

2-1 Shiraki 

Tsuruga, Fukui-ken 919-1279, Japan 

Phone: +81 770 39 1031 

Fax: +81 770 39 9103 

Email: yoshikawa.shinji@jaea.go.jp  

Mr Takero Mori 

Japan Atomic Energy Agency (JAEA) 

2-1 Shiraki 

Tsuruga, Fukui-ken 919-1279, Japan 

Phone: +81 770 39 1031 

Fax: +81 770 39 9226 

Email: mori.takero@jaea.go.jp 

mailto:ulrich.bieder@cea.fr
mailto:laurent.martin@cea.fr
mailto:alfredo.vasile@cea.fr
mailto:pcp@igcar.gov.in
mailto:yoshikawa.shinji@jaea.go.jp
mailto:mori.takero@jaea.go.jp
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Mr Yury Shvetsov 

Institute of Physics and Power Engineering (IPPE) 

Bondarenko Sq. 1 

249033 Obninsk, Kaluga Region, Russian Federation 

Phone: +7 48439 98412 

Fax: +7 48439 68225 

Email: shvetsov@ippe.ru  

Mr Mikhail Semenov 

Institute of Physics and Power Engineering (IPPE) 

Bondarenko Sq. 1 

249033 Obninsk, Kaluga Region, Russian Federation 

Phone: +7 48439 94407 

Fax: +7 48439 68225 

Email: abbn@ippe.ru 

Mr Tanju Sofu 

Argonne National Laboratory 

9700 South Cass Avenue 

Argonne, IL 60439, United States of America 

Phone: +1 630 252 9673 

Fax: +1 630 252 4500 

Email : tsofu@anl.gov  

Mr Justin Thomas 

Argonne National Laboratory 

9700 South Cass Avenue 

Argonne, IL 60439, United States of America 

Phone: +1 630 252 4850 

Fax: +1 630 252 4500 

Email : jthomas@anl.gov 

Mr Thomas Fanning 

Argonne National Laboratory 

9700 South Cass Avenue 

Argonne, IL 60439, United States of America 

Phone: +1 630 252 6715 

Fax: +1 630 252 4500 

Email : fanning@anl.gov 

Mr AlexanderStanculescu 

IAEA 

Wagramer Strasse 5, PO Box 100 

1400 Vienna, Austria 

Tel: +43 1 2600 22812 

Fax: + 43 1 26007 

Email: A.Stanculescu@iaea.org  

 

2. Summary of the Completed CRP Tasks 

2.1 Description of the CFD Models and Analysis Results with the Simplified Model 

2.1.1 CEA 

CEA has established the porous body model for the region between the top of the core and the 

upper core structure (UCS). It has also tested the model for a reduced region [ model of the 

Flow Guide Tube (FGT) and Honeyweb Structure (HS)], by comparing the flow distribution 

predicted by the model with that of a fully resolved calculation. Salient features of the model 

are: use of directional pressure losses to simulate the impact of the solid structures on the 

global flow field, use of axial and transversal pressure losses for tube bundles with a circular 

pitch, use of singular pressure drop, and explicit (meshed) treatment of the control rod guide 

tubes. Detailed results can be found in the CEA presentations, see Attachments 1 and 2. 

mailto:shvetsov@ippe.ru
mailto:abbn@ippe.ru
mailto:tsofu@anl.gov
mailto:jthomas@anl.gov
mailto:fanning@anl.gov
mailto:A.Stanculescu@iaea.org
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2.1.2 IGCAR 

The results of the IGCAR two and three-dimensional steady state, as well as of the 

preliminary two dimensional transient analyses are summarized in Attachment 3. 

 

2.1.3 IPPE 

IPPE performed steady state and transient analyses using the code GRIF. Attachment 4 

contains the detailed description of the modeling approach and preliminary results of both 

steady state (temperature distributions and flow balances) and transient analyses (velocity 

distributions, temperature distributions, flow distributions, flow balances, and energy 

balances). 

 

2.1.4 ANL 

The objective of this IAEA Coordinated Research Project is validation of CFD methods and 

turbulence models using test data from the primary coolant system of Monju prototype fast 

reactor. The project involves the analysis of Monju turbine trip test conducted in December 

1995. ANL’s specific responsibilities for the first year included: 

— Development of a web-based archive for benchmark specification and analyses results, 

— Characterization of turbulence at the plenum inlet, 

— Development of a simplified symmetric upper plenum model as the common geometry for 

the first phase of the evaluations, and 

— Completion of benchmark analysis with the simplified model. 

The first task on development of project archive was completed by the end of 2008 well-

ahead of the agreed deadline to facilitate communication between the benchmark participants. 

Characterization of turbulence at the plenum inlet was based on various CFD models for 

sodium cooled fast reactor fuel assemblies with wire-wraps evaluated at ANL under a national 

program to provide guidance on turbulence intensity and mixing length at the Monju upper 

plenum inlet. Due to significant differences between various models and flow rate mismatch, 

however, a general inlet turbulence BC recommendation for this benchmark participants has 

not been practical. Based on the closest configuration and flow rate combination, 5% 

turbulence intensity and 0.5 mm mixing length was used for steady state to guide Monju 

simulations performed at Argonne. Turbulence intensity and mixing length are specified as 

proportional to the initial flow rate for the transient phase of the simulations. 

Simplified model is intended to serve as the baseline model for evaluation of the candidate 

CFD software and methods to capture thermal stratification and bypass flow for natural 

circulation, to estimate the computational burden for full scale models, and to determine what 

additional information would be needed for successful completion of this benchmark activity. 

The simplified model developed includes a 60º symmetric segment of the Monju upper 

plenum between the bottom support plate and top dip plate excluding fuel handling and 

transfer system. The large cylindrical main body of the upper core structure and the control-

rod guide tubes with large diameters are represented explicitly in the model. Other upper core 

structure components (flow guide tubes, honeycomb grid, and fingers) are left out for porous 

media models. The holes on the inner vessel barrel are represented explicitly as alternate flow 

paths to the down-comer region. These holes stimulate natural convection in Monju bypassing 

the impediment of thermal stratification in the upper plenum. The CAD model files for the 

simplified upper plenum model are provided in various formats using the project web site 

with password restricted access to the project participants. 
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Initial evaluations are completed using a volume mesh with trimmed hexahedral-cells using 

commercially available STAR-CD CFD software. Decision on mesh type was based on 

evaluations of various meshing options for the initial steady-state conditions (before the test 

starts). Trimmed hexahedral and polyhedral cells were evaluated, both with coarse and refined 

grids,  total computational cells ranging from 0.4 to 3.5 million. Base cell size of 200 mm is 

specified for the hexahedral grid allowing to grow by a factor of two in the interior parts of 

the upper plenum. The volume mesh also includes local refinements around the upper core 

structure, in the outlet nozzle, and around the flow holes on the inner barrel: The maximum 

cell size is 50 mm in the region just above the subassembly outlets, inside the outlet nozzle, 

and in the porous region representing the upper core structures, and 12.5 mm around twelve 

flow holes to assure accurate representation of the pressure drop for bypass flow. A medium 

growth rate is specified to assure gradual transition between the bulk mesh and the regions 

with local refinements. 

Four layers of prismatic cells are used near the wall boundaries with 50 mm total thickness 

and 1.3 as the ratio of the thickness of consecutive layers (about 8.2 mm for the thickness of 

near-wall boundary layer). Eight layers of prismatic cell layers used inside the outlet nozzle 

with 12.5 mm total thickness and 1.2 as the ratio of the thickness of consecutive layers (about 

0.75 mm for the thickness of near-wall boundary layer). 

Final mesh has just over 450,000 CFD cells as a reasonably sized coarse-mesh suitable for 

simulations of the several hours long transient. 

The porous media representations of the UCS components are based on the models 

recommended by CEA with unique directionally dependent pressure loss coefficients to 

approximate their distributed resistance to flow. Pressure drop through flow guide tubes and 

fingers are characterized via well-established friction factor correlations for pin bundle 

configurations using orthotropic resistance models implemented using specific dimensions for 

each region. The resistance of honeycomb grid to axial flow is represented in via a porous 

baffle with a characteristic loss coefficient based on orifice plate correlations. 

The liquid sodium thermo-physical properties are based on the temperature dependent 

correlations used in SASSYS-1 LMR safety analysis code system. These correlations were 

compared with both tabulated values listed in INSC Database and the correlations used in an 

earlier JAEA analysis using AQUA code, and good agreement is observed in the temperature 

range expected for the Monju turbine trip test. 

Inlet boundary conditions at the core subassembly outlets are based on the benchmark 

specifications provided by JAEA. Time dependent values for sodium flow rates and 

subassembly outlet temperatures are linearly interpolated between the tabulated values. 

Subassembly mass flow rates (in kg/s) are converted to velocities (in m/s) by taking into 

account the proper density at the specified outlet temperature of the corresponding 

subassembly. Converted superficial velocities are applied uniformly at subassembly outlets 

neglecting the effect of the reduced cross section flow area. This approximation is consistent 

with the porous media representation of UCS but expected to underestimate the pressure drop 

near the subassembly outlets. The end of the extended outlet nozzle is modeled as standard 

outlet boundary to avoid any inflow due to temporal pressure fluctuations. Other than the two 

symmetry planes, all other boundaries are treated as adiabatic walls. 

The standard high-Reynolds number k-ε turbulence model is used in conjunction with 

logarithmic wall-functions to simulate the viscous sub-layer on the inner barrel and reactor 

vessel surfaces. Second-order proprietary MARS spatial discretization scheme is used for 

both the initial steady-state and transient calculations. In first round of calculations, the Semi-
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Implicit Method for Pressure Linked Equations (SIMPLE) solver is used in conjunction with 

a first-order, fully-implicit Euler scheme (instead of more conventional PISO solver that 

involves predictor-corrector stages for each time step). 

Algebraic multi-grid (AMG) solver is used to accelerate the convergence. 

Initial steady-state and transient simulations for Monju plant trip test have been completed 

using the simplified model to calculate the flow field and temperature distributions in the 

upper plenum. The initial steady-state calculations are performed in two stages to achieve 

convergence: First, stead-state calculations are run to force the solver to achieve a time-

averaged flow field and temperature distributions with limited convergence. Then, a time-

dependent null transient is computed for an additional one minute of simulation time to reach 

a converged solution by means of time steps and allowing the solver to settle into one of the 

common modes of fluctuations typically observed in mixed convection flow regimes. The 

steady-state results indicate large annular recirculation zone in the upper plenum with upward 

flow along the inner side of the inner barrel and a down draft along the vertical surface of the 

upper core structure main body. Flow field between the inner barrel and reactor vessel is 

uniformly downward, converging toward the outlet nozzle. Small holes on the inner barrel do 

not play a significant role on mixing of the fluid on opposing sides of inner barrel for the 

initial steady-state conditions. The steady-state results suggest considerable thermal gradients 

on the upper core structure but otherwise fairly uniform temperatures for the well-mixed flow 

in the bulk of the upper plenum with some stratification below the elevation of S/A outlets. 

Transient calculations are performed on a 128-node Linux cluster using only 5 nodes (20 

cores) in three stages. The critical first minute of simulations when the flow rate nominally 

drops down to 1/5th of the initial, steady-state value due to primary pump trip is completed 

using 5 msec time steps. Following four minutes of the tests, when the core outlet temperature 

drops >100 K on average after shutdown and the flow rate coasts down to the natural 

circulation levels, are simulated with 10 msec time steps. The remaining transient 

calculations, are performed using 50 msec time steps. 

Despite a sudden drop in flow rate, temperatures in upper plenum decrease at a slower rate 

primarily due to thermal stratification. Before the transient, bulk of the primary sodium in the 

upper plenum (except in lower elevations below the core outlet) is estimated at 755 K. When 

the core outlet temperature drops due to reactor shutdown, the cooler (more dense) sodium 

stays near the bottom and hotter (and less dense) sodium at the higher elevations stays largely 

stagnant. Resulting thermally stratified mixing pattern prevails for about ten minutes into the 

transient, posing an impedance to natural circulation.  Holes on the inner barrel provide 

alternative flow paths between the core outlet and outlet nozzle, bypassing the thermally 

stratified region of the upper plenum. Average temperature through the outlet nozzle starts 

going down in a few minutes into the transient. Once the colder sodium fills the annular gap 

between the reactor vessel and inner barrel below the outlet nozzle, the average outlet 

temperature follows the average core outlet temperatures fairly closely. 

Because of the reduced resistance for bypass flow through the holes on the inner barrel, the 

flow rate throughout the transient is significantly higher than otherwise expected. 

The higher natural circulation flow rate in turn results in an enhanced thermal mixing in the 

upper plenum, overcoming the impedance of thermal stratifications much sooner than 

otherwise achievable. Due to inadequate grid resolution in the upper plenum, STAR-CD 

predictions likely show higher turbulent mixing than what was observed in the experiment. A 

grid sensitivity analysis and turbulence model evaluations will be performed in the second 

year to assess these effects. 
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The ANL presentation is given in Attachemnt 5. 

 

2.1.5 JAEA and CRIEPI 

The Japanese presentations (see Attachements 6 and 7) described the analysis approach and 

the codes and methodologies used. 

JAEA reported the status of its participation in the benchmark analysis. JAEA is reviewing a 

number of commercial CFD codes as its own analytical tool for participating in the CRP. 

JAEA needs to be ready for 3D thermal hydraulic analysis in the Monju reactor vessel (RV) 

upper plenum primarily for the scheduled system start-up tests, in addition to necessity for 

participation in the IAEA supervised CRP. 

Mr Yoshikawa then reported the status of the CRIEPI (Central Research Institute of Electric 

Power Industries) participation. CRIEPI will perform the simulation calculations after 

converting its in-house CFD code CERES into a Windows version. CRIEPI interest is focused 

on predicting the RV outlet sodium temperature changes, rather than detailed temperature 

distribution inside the RV upper plenum. 

 

2.2 Additional Information for the Monju Plant Trip Test from JAEA 

JAEA provided a set of additional information as requested at the first RCM, namely 

— Sodium flow from the control rod drive (CRD) tubes into the upper core structure (UCS) 

main body 

— Sodium mass exchange across the UCS side wall 

— Heat loss through RV wall, and 

— Thermal model of the UCS. 

The additional information provided by JAEA is included as Attachments 8, 9, and 10. For 

completeness, the Monju data provided by JAEA at the 2008 CRP kick-off Research 

Coordination Meeting is repeted here (Attachemnts 11 and 12) 

2.3 Summary of National Presentations and Conclusions 

I. The simplified models adopted by each participants have some variations in terms of 

geometrical details 

II. ANL and CEA focus on the simulation of flow distributions in the upper core zones by 

providing more details of the associated structures, realistic porous body formulations and 

turbulence models. Further flow and pressure distributions around the outer core barrel are 

detailed with adequate meshing. 

III. IPPE basically developed computational model for the simplified geometry to comply the  

in-house code for the system analysis. As per this, larger computational cell sizes were 

used, turbulence is not included   and the focus mainly on the complete process 

parameters such as flow, temperatures, pressure drops, energy  balance etc. It has been 

observed that the flow patterns are somewhat different compared to the results obtained by 

ANL and CEA. The origin of deviation: whether due to mesh size or physical 

phenomenon, is to be analysed by IPPE.  IPPE will analyse the simplified model as 

specified under CRP and results will be compared subsequently. 

IV. IGCAR followed philosophy of getting results in sequence starting from developing 

simple axisymmetric  model preserving broad geometrical parameters and subsequently 

with 60 deg sector for the same symmetric geometries. The analysis is continued from 

steady state to transient and depicted the evolution of flow fields during transients up to a 
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limited time of 5 minutes similar to other participants.  Based on the experience, the 

simplified model formulated in the first phase is being  analysed. The results are to be 

processed and submitted to have the comparison with CEA and ANL results. 

V. JAEA presentation brings out the some minor revisions on the data and observations of 

analysis results through by AQUA  by JAEA and CERES code by CRIEPI.  Participants 

have taken note of these observations for considering revisions in the future analysis. 

VI. During discussions the following difficulties have been brought out by the participants, 

which called for the revisions on the scope of the work packages and schedule. 

 The efforts and time required for the  geometrical discretisation are unduly high 

that many parametric studies to  understand and quantify the sensitivity of 

certain key parameters  could not be completed by the participants. Hence, it 

was suggested to concentrate the analysis on the simplified model identified for 

the first stage. 

 Thermal response time of the pool appears to be small compared to the 

experimental observations. Various parameters that can influence this, have 

been identified. Accordingly, new  work packages have been defined on the 

sensitivity studies and responsibilities have been equally shared among 

participants. 

 In view of handling quantum of data involved, necessity arised to concentrate 

on certain key parameters which are essential for understanding underlying  

physics as well as to generate the data to have one to one comparisons with the 

experimental data supplied by JAEA. In this exercise, JAEA was asked to 

provide a few more data on the IHX primary  sodium inlet temperature and 

vessel surface temperatures along with respective locations. 

VII. The participants have indicated firm commitments on the activities to be completed, 

with out affecting the targeted duration of the CRP. 

VIII. The technical contents and overall format of the final report was discussed and it was 

decided to involve the key persons among the participants to jointly prepare the final 

report. Preparation of an interim report to bring out the issues and aspects which help to 

understand the hydraulic analysis of hot pool of SFR was discussed.  Towards this, 

IGCAR was requested to list the technical contents of the report by December end 2009, 

based on which decision would be taken. 

IX. It was felt necessary to have next CRP meeting after completing the entire analysis 

planned, probably during Oct 2010, to have in-depth discussion of results for the final 

consolidation and documentation. Participants have indicated to have the forthcoming 

meeting at ANL, which will be decided, consistance with the other CRP on Phenix-end-of 

life tests. 

X. The benchmark participants thanked to IAEA, CRP sponsor (JAEA) and the host of the 

meeting (CEA) for facilitating fruitful project meeting and in particular CEA for 

providing excellent hospitality. 

 

3. Updated Work Packages 

The participants discussed and agreed upon the updated work package list given in Table 1 
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Table 1   Benchmark Analyses Work Packages 

# 
Work Package Participating 

Institutions 
Specifications 

(available or not, 
what’s missing) 

Responsible for 
Specifications 

(Contributions) 

Lead Chief Scientific 
Investigator (CSI) 

(Final Report 
Coordinators) 

Deadlines 

1a 
Compilation of material data 
(sodium, steel and insulation) 

JAEA Not available S. Yoshikawa S. Yoshikawa Completed 

1b 
Provide surface geometry data, if 
available 

JAEA Not available S. Yoshikawa S. Yoshikawa Completed 

1c 
Provide surface temperatures for 
reactor vessel and measurement 

locations 

JAEA   S. Yoshikawa 31 Oct 09 

2a 
Characterization of turbulence at 
the plenum inlet 

ANL, INL, 
IGCAR 

Available N/A T. Sofu,  
R. Wigeland,  
Juby Abraham 

Completed 

2b 
Definition of simplified model for 
benchmarking 

ANL Not available T. Sofu T. Sofu Completed 

2c 
Porous body formulation for the 
region between core top and UCS  

CEA, IGCAR Available N/A U. Bieder,  
K. Natesan 

Completed 

3a 
Perform benchmarking on 
simplified model  

CIAE, CEA, 
IGCAR, KAERI, 
IPPE, ANL 

See #2 N/A U. Bieder,  
P. Chellapandi 

1 Dec 09 

3b 
Compilation of Analysis Results 
for bulk parameters, point checks 

and code performance 
parameters 

CIAE, CEA, 
IGCAR, JAEA, 

KAERI, IPPE, 
ANL, INL 

  P. Chellapandi 31 Dec 2009 
(participants 

submit their results 
by 1 Dec 2009 . 

3c 
Compilation of Analysis Results 
for Distributions 

CIAE, CEA, 
IGCAR, JAEA, 
KAERI, IPPE, 
ANL, INL 

  T. Sofu 31 Dec 2009 
(participants 
submit their results 
by 1 Dec 2009 . 

4a 
Assessment of various turbulence 
models using the simplified 

model 

CEA, KAERI See #6 N/A S. K. Choi 31 Dec 09 
(guidelines) 

30 June 2010 (final 
assessment) 



12 

 

4b 
IGCAR will study the effect of 
heat capacity of the UCS main 
body (steel and sodium) and 

core barrel on the thermal 
response time to hot pool. 

IGCAR   P. Chellapandi 30 Nov 09 

4c ANL will run 10 min simulation 
with laminar flow and a grid 
sensitivity analysis 

   T. Sofu 15 Dec 09 

4d 
CEA will run 10 min simulation 
either with modified turbulent 
Prandtl number or with reduced 
core outlet flow rate. 

   U. Bieder 15 Dec 09 

4e 
JAEA will find out if IHX inlet flow 

rate measurements are available 

for confirmation of core flow 
rates 

   S. Yoshikawa 15 Dec 09 

4f 
IPPE will study the effect of 
thermal conduction through the 
inner barrel and the influence of 

BC on the support plate at 
steady state 

   Y. Shetsov 15 Dec 09 

4g 
Synthesis of the sensitivity 
analyses and recommendations 

for next stage 

   Y. Shetsov 31 Jan 10 

5 
Development of the 
computational model for the 
second stage 

CIAE, CEA, 
IGCAR, JAEA, 
KAERI, IPPE, 
ANL, INL 

Available N/A  31 Mar 10 

6 
Steady state calculations for 

transient initialization 

CIAE, CEA, 

IGCAR, JAEA, 
KAERI, IPPE, 
ANL, INL 

JAEA; mostly 

available; 
temperatures at 
thermocouple 
locations needed 

S. Yoshikawa  30 Jun 10 
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7 
Transient analysis CIAE, CEA, 

IGCAR, JAEA, 
KAERI, IPPE, 
ANL, INL 

JAEA; mostly 
available; missing: 
vessel surface 
temperature, hot 

sodium outlet 

temperature in the 
three outlet pipes 

S. Yoshikawa  30 Sep 10 

7b 
3rd RCM CIAE, CEA, 

IGCAR, JAEA, 
KAERI, IPPE, 

ANL, INL 

  A. Stanculescu 15 Oct 10 

8 
Inter-comparison of results, 
evaluation, assessments, 
recommendations, and 

identification of unresolved 
issues; results to be included in 

the final report 

CIAE, CEA, 
IGCAR, JAEA, 
KAERI, IPPE, 

ANL, INL 

Experimental data 
(temperatures) with 
uncertainties 

S. Yoshikawa T. Sofu,  
S. Yoshikawa 

30 Nov 10 

9 
Sensitivity analysis CIAE, CEA, 

IGCAR, JAEA, 
KAERI, IPPE, 
ANL, INL 

Based on “blind” C/E 
results   
(item #8) 

N/A T. Sofu,  
S. Yoshikawa 

31 Dec 10 

10 
Documentation CIAE, CEA, 

IGCAR, JAEA, 
KAERI, IPPE, 
ANL, INL 

 U. Bieder,  

K. Velusamy,  
S. Yoshikawa, S.K. 
Choi,  
Y. Shvetsov,  
R. Wigeland,  
T. Sofu 

A. Stanculescu, 

S. Yoshikawa 

31 March 11 
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4. Parameters to be compared with the simplified model 

 

Bulk Parameters 

 

1. Overall energy balance as a function of time (total energy entering into pool from the 

core outlet and total energy leaving the pool through outlet nozzle) 

2. Flow splits between three flow paths as a function of time (integrated flow though lower 

set of holes, upper set of holes, and through the top of inner core barrel--in kg/s). 

3. Minimum, maximum, average (in kg/m
2
-s) and total flow (kg/s) at two heights (plane 1 

and plane 2 below) in the porous region above the core and below the UCS main body, as 

a function of time. 

4. Mixed mean temperature (mass-averaged) at the end of outlet nozzle. 

5. Total pressure loss (net pressure difference from inlet to outlet) in Pa. 

Fingers area

CRD Guide Tube

FGT area

HS plate

Fingers area

CRD Guide Tube

FGT area

HS plate

Fingers area

CRD Guide Tube

FGT area

HS plate

 

Distributions: at 0 sec, 1 min, 5 mins, 10 mins, 30 mins, 60 mins. 

 

1. Temperature distribution at the outlet end of outlet nozzle (define the distance from the 

vessel)  

2. Velocity vectors, temperature, and turbulent viscosity distributions on the symmetry 

plane through the outlet nozzle (0-degree) 

3. Velocity vectors, temperature, and turbulent viscosity distributions on the other symmetry 

plane (60-degree) 

4. Velocity vectors, temperature, and turbulent viscosity distributions on the horizontal 

plane that cuts through the centre of lower set of holes on the inner barrel.  

5. Velocity vectors, temperature, and turbulent viscosity distributions on the horizontal 

plane that cuts through the centre of upper set of holes on the inner barrel. 

Plane 1 (bottom plane of FGT) 

Plane 2 (honeycomb grid) 
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Point Checks 

 

1. Distribution of time dependent temperatures at measurement locations along the 

thermocouple tree. 

2. Vessel wall temperatures (locations to be specified by JAEA) as a function of time. 

3. Peak vessel wall temperature and its location (z,) as a function time. 

4. Flow rate through the individual holes as a function of time. 

 

Code Performance Parameters 

 

1. Name of code 

2. General description of the modelling approach (turbulence model, porous media 

formulation, solver and discretization options, etc.) 

3. Mesh size and time step size combination. 

4. Computational platform (serial, parallel or both, …) 

5. Computation (CPU) time and elapsed time 

 

5. Action Items on Sensitivity Analyses 

 

1. IGCAR will study the effect of heat capacity of the UCS main body (steel and sodium) 

and core barrel on the thermal response time to hot pool. 

2. ANL will run 10 min simulation with laminar flow and a grid sensitivity analysis 

3. CEA will run 10 min simulation either with modified turbulent Prandtl number or with 

reduced core outlet flow rate. 

4. JAEA will find out if IHX inlet flow rate measurements are available for confirmation of 

core flow rates. 

5. IPPE will study the effect of thermal conduction through the inner barrel and the 

influence of BC on the support plate at steady state. 

6. Assessment of various turbulence models will be completed by KAERI as originally 

planned. 


