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Agency.

The mission of the NEA is:
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THE COMMITTEE ON THE SAFETY OF NUCLEAR INST TIO
The Committee on the Safety of Nuclear Installations (CS S ponsible for the
activities of the Agency that support maintaining ang™s i ciemmtific and technical

knowledge base of the safety of nuclear installations, with Qe a1 ing the NEA Strategic
Plan for 2011-2016 and the Joint CSNI/CNRA Strategic-Rlan 2011-2016 in its field
of competence.

The Committee shall constitute a foru
collaboration between organisations, which cA

» of various sizes in order to keep
nical safety matters.

ensure that operating experience is
efe and conduct programmes identified by

The Committee shall focus prims
nuclear installations and A% 9 Rew Hower reactors; it shall also consider the safety
@ elopmeiits of future reactor designs.

matters referred to it Committee. It may sponsor specialist meetings and technical
working groups i Hjectives. In implementing its programme the Committee shall
establish co-op shamgms with the Committee on Nuclear Regulatory Activities in order to

work with tha

ies o > i
matte i cO i i"n interest.
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EXECUTIVE SUMMARY

Background

The last decade has seen an increasing use of three-dimensional\Cowgputgtiopal Fluid
Dynamics (CFD) and Computational Multi-Fluid Dynamics (CMFD) codes inyredicting gingle-phase
and multi-phase flows under steady-state or transient conditions in nuclear reactors—fhe reason for
the increased use of multi-dimensional CFD methods is that a number of impohermal—hydraulic

¢ codes with the

required accuracy and spatial resolution. CFD codes/c0 ical\models for simulating
turbulence, heat transfer, multi-phase interaction and Chgmic\ * . Such models must be
validated before they can be used with sufficient fidehsg i gar [ reactor safety (NRS)
applications. @

The necessary validation is performed by
data. However, reliable model assessment requj
over numerical errors and input uncertaintie
requirements have prompted an OECD/NEA
specific task of assessing the maturity of

Scope
‘ Mg, Germany (Sept. 2006), Grenoble, France
(Sep. 2008) and Washington D.C., USA 2010), this Workshop is intended to extend the
forum created for numerical ana and Sexpest entahsts to exchange information in the
application of CFD and CMFD to tsgues and in guiding nuclear reactor design thinking. The
workshop includes single-phase haye CFD applications, and offers the opportunity to
present new experimental data fo gtion. Emphasis has been in the following areas
. i i e_experiments, especially on two-phase flow, for

techniqués (LDV, PIV or LIF), hot-film/wire anemometry, imaging, or other advanced
easuring techniques. Papers should include a discussion of measurement uncertainties.
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Results and their significance

There were over 150 registered participants at the CFD4NRS-4 workshop. The
consisted of 48 technical papers. Of these, 44 were presented orally and 4 as posters/An addi 'na

posters related to the OECD/NEA-KAERI sponsored CFD benchmark exercise oy tiy
in a rod bundle with spacers (MATiS-H) were presented and a special session {wa! 3
. i’ . TR xpots

record compared favourably with the second Workshop in the series, X , held in
Grenoble in 2008, and a two-fold increase compared to the first Workshop, - Garching in
2006. Factors influencing the slight fall in attendance are: (i) fewer dome tudents; (ii) the
NUTHOS 9 conference being held in Taiwan at exactly the same dme; (i th ense involved in

research following the Fukushima disaster in March 2011.

The papers given at the Workshop covered differ@
some reactor-design issues. However, the ratio papé s/Cxperimentation to those
Q with too few experimental

£ use of the Best Practice

appropriate.

As is customary at the paxel se@, which in this case was led by B. L. Smith (PSI) and D.
Bestion (CEA), summja i i i

that were given durifg the wral §essions, and comments invited from the audience. To open the
session, A. Ulses (IARKARexpressgd satisfaction with the organisation and smooth-running of the
Workshop, and gomplithented the staff at KAERI on their efforts in this regard. The level of

attendance conj{sang ational level of interest in the theme and objectives of the Workshop,
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General

Specific

Delegates appeared satisfied that the subject areas covered by the Worlg
comprehensive within the nuclear CFD community, and that leading exper?
field adequately covered the present state-of-the-art or projected future trends,a

The current format, length and interval between CFD4NRS Worksho oxneally
considered appropriate, as was the rotation of venues worldwide. ‘
were proposed.

visit the test facility on which the exercise was based. This practice will therefore be
continued as far as possible in the future.

Considerable interest was raised in the proRosed } FD benchmark on
containment modelling and analysis, and to_lin CFD4NRS-5, giving
people the opportunity to visit the PANDA f.

The Panel chairmen, B.L. Smith and [) lf of the organising committee
promised to pay more attention to {he]s papels ahead of the CFD4NRS-5
workshop.

The nuclear CFD communily ' 3 3ged to apply and further develop
Uncertainty Qualification (UQ) in rddard to their simulations, including
uncertainties arising from the the physical models
employed, and in the initial and

hydraulic phenomena invglved in ths particular numerical analysis being undertaken. The
quantify the complex interplay between the various

of Best Practice ANuidelines 4 ducin? CFD simulations, including the use of higher
order differenc{ug \metho r theY fundamental equations. However, in reactor
for grid sensitivity studies still has to be balanced against the
dcomputational resources.
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CONTENTS OF THE PROCEEDINGS
(Full text in electronic version only)

Executive Summary
Keynote Lectures

*  The Difficult Challenge of a Two-Phase CFD Modelling for All F lowﬁimes, Dominique
Bestion

¢, §hul-Hwa Song

€y

»  Using CFD to Analyse Nuclear Systems Be . Defis lidation Requirements,

Richard R. Schultz
*  Advanced Flow Visualisation Technig/e ng Joon Lee

*  CFD Application to Advanced Desigy , i ¥pacer Grid, Kazuo Ikeda
Poster Papers

Poster Paper Session 1

* A Highly Scalable Hybrid Mes| fes Method for MATIS-H Problem,M. A.

e  CFD (Computational Fluid Study of Isothermal Water Flow in Rod Bundles with
Split- type Spacer Grids: OECDNEA Begchmark, MATiS-H, A. Batta, A.G. Class

e MATIS-H bencl
Issa, G. Hewitt

ations of isothermal water flow in the MATIS-H rod bundle with
. Chang, S. Tavoularis

ATiS-Hybenchmark. McMaster University contribution, A. Rashkovan, D. Novog
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*  CFD Analysis of the OECD/NEA-KAERI Rod Bundle Benchmark Exercise with
Song
Poster Paper Session 2

*  Computations of Transient Natural Circulation on PNL 2 by 2 Test Bundle H

Video Session

* Boiling Behavior of Droplets Impingip
Someya, K. Okamoto

Program Book Technical Papers

Session 1 — Advanced Reagtors

Covered by the COSI Experiment, Pierre Coste, A. Ortolan



Gases, A. Dehbi, F. Janasz, B. Bell

CFD Simulation of Air-Steam Flow with Condensation, L. Vyskocil, J. Schmid, J.

CFD Modelling and Validation of Wall Condensation in the Presence of No dengable
Gases, G. Zschaeck, T. Frankand A. D. Burns @

Session 3 — Boiling/Bubbly Flow (1)

Implementation and Validation of Two-Phase Boiling Flow Models penF , Kai Fu,
Henryk Anglart

Development and Validation of a Boiling Model for OpenFOAM Multiphase Solver, J.
Peltola, T.J.H. Pdttikangas

Validation of ‘ c@redictl e Steady and Transient Flow Field Generated by
N m Yan, Michael E. Conner, Robert A. Brewster, Zeses E.
Karoutas, Eis E- inxuez-Ontiveros, Yassin A. Hassan

stue_Auto-Catalytic Recombiner Operation Validation of a CFD-approach against
OECD THAI HR2-test, Stephan Kelm, Wilfried Jahn, Ernst-Arndt Reinecke, Hans-Josef
lelein
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* Development of CFD Based Numerical Tool for Addressing Hydrogen Transp
Mitigation Issues in the Containment of Nuclear Power Plants, Vikra
Sivagangakumar P., Sunil Ganjul, Anil Kumar K. R. S. G. Markandeya

*  Validation of Coupled BVM-EDM Combustion Model in ANSYS CF
Combustion Calculation during Postulated Severe Accidents in
Worapittayaporn, Luciana Rudolph

Session 7 — Multi-scale & Multi-physics Analysis

e A CMFD-model for Multi-scale Interfacial Structures, Susann ensch, /Birk Lucas,
Eckhard Krepper, Thomas Héhne

*  Coupling of CFD Code with System Code and Neutron Kinetics Code, L. Vyskocil, J. Macek

‘ 2 nalysis of Heavy
Liquid Metal Thermal Hydraulics in TALL-3D(Expes | Veltsolv, Kaspar Kddp,
Pavel Kudinov, Walter Villanueva

Code_Saturne Integral Validation on ROC@

*  Development of a CFD Model fox In ipn of Atucha-II Containment, D. Melideo, L.
Mengali, F. Moretti, W. Giaprottsd'NLerzuol, F. D’ Auria, O. Mazzantini

Core under Loss of Coolant Accident Conditions, Thomas Hoehne, Alexander Grahn and
sren Kliem

10




Session 11 — Boiling/Bubbly Flow (2)

Session 12 — Mixing

T. Toppila, T. Kelavirta and P. Martin

Numerical Simulation of Two-Phase Critical Flow in a Convergent-divergen
Masahiro Ishigaki, Tadashi Watanabe, and Hideo Nakamura

Visualisation of High Heat Flux Boiling and CHF Phenomena in/2
Saturated Water, /n-Cheol Chu, Hee Cheon NO, Chul-Hwa Song

Experimental Data on Vertical Air-Water Pipe Flow Obtained by Ult
Ray Tomography Measurements, Dirk Lucas, M. Banowski, D.
Szalinski, F. Barthel, U. Hampel

E@and Pressure on

ugrue, T. McKrell, J.

On the Effects of Orientation Angle, Subcoolin
Bubble Departure Diameter in Subcooled Flow
Buongiorno

5

.5
‘ | ’/y

Validation of Models for Bubbly Flows and
Average Bubble Number Density, G.H. ' a

Investigation of the Thermal Mixipk in a3

Mikhail Gritskevich, A. V. Garbar; k,R. A enter
Large-eddy Simulations of StratiNed Maw# iji Pipe Configurations Influenced by a Weld

11
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TECHNICAL SESSION SUMMARIES

Session 1: Advanced Reactors (Session Co-Chairs: D. Bestion and B.D. Ch4

The session on “Advanced reactors” had three papers on very
experiment, on uncertainty of CFD, and on multi-scale simulations.

The first paper by Bae et al. presented an experiment about a pool hgat exchanger (HX).

i xC *he tube wall was

e “Pool HX” was

safety issues” as an issue where two-phase CFD can bemg a e 3 y pfedicting the mixing in
the pool in presence of temperature stratification. The 9 freld in“thg

the void fraction will be measured but no velocitys g/ Although the experiment

alidation, it was mentioned that

simulation of thermal fatigue. UQ is a vegy impd 58 ¥ application of CFD to Safety and
this is one of the first pioneering analygs O e first paper on uncertainty presented
at CFD4NRS workshops. The nuclear

and it should be extended to uncertainty
¢, and so on...Further work of this kind and
orkshop in 2014.

ping to taprodve the design of fuel assemblies. The fact that
ds seneﬁt in applying CFD indicates that the maturity of this

his was confirmed by the 5" Invited Lecture given by Ikeda who

12
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Session 2: Condensation (Session Co-Chairs: P. Coste and Y. Ishiwatari)

This session included one paper dealing with NEPTUNE_CFD and three papers dealihg

gases.

The first presentation by dealt with a two-phase CFD validation j
Pressurised Thermal Shock. The validation is based on an extended rangg
conditions covered by the COSI experiment. The experiment represents a
PWR, with its emergency core cooling systems under LOCA conditions.
NEPTUNE CFD on fifty different runs were compared to the experiment, senerafly in a first
step. Then six very different configurations were analysed in more detail, discussing the
reliability of the simulations regarding local parameter (temperat AR illng various CFD
potentialities but also some weak points.

The second presentation dealt with the integratipn_in
wall condensation in the presence of non—condensable

as a sink term for the mass, momentum, species gud energ iQnLquations. The validation
was conducted step by step: first laminar and {turbw Qws along a cold plate. Then
more challenging simulations of the condensatj6 pder tube standing in a closed
vessel were compared to analytical and experifnenta he simulations improvement
obtained with the introduction of a “suction teN ed. ADin the two next papers, the model
assumes that the thermal resistance of theNiqui is Megligible. This point has been

discussed by the audience but it was jugtifteq b& i sters who recalled that the predictions are

The third presentation dealt also wif
This condensation model consists of two ¢
wall. Condensation in volume is done by “K atpiration in constant time scale”. Condensation
on the wall is calculated from diffusion ofss{Sawg_throfigh a layer of non-condensable gases near the

c#ious model for wall condensation. It employs a mass
agsfer domain interface where condensation takes
place. The model is validdt¢d using @dat epofted by Ambrosini et al. (2008) and Kuhn et al.

(1997).

13
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Session 3 Boiling/Bubbly Flow (1) (Session Co-Chairs: D. Lucas & G.H. Yeoh)

This session included four papers discussing the implementation, application and validg
CFD models to boiling (3 papers) and condensing (1 paper) flows.

predict the bubble size in the bulk liquid flow. Validation of the model
available data such as from the DEBORA experiment. With regards to thg
model, the three important parameters of bubble departure, bubble frequend
site density were assessed. The force balance model was found to yield
between predictions and measurements, despite the profile of the Sauter mean di@meter. For this

reason the question was raised whether the interfacial area concentration is a @ suited transport
G ing ¢ for the bubble

frequency and active nucleation site density. The need rime data\set which includes the
complete information on the boiling process was stressed ol
The second paper also focused on the developmer@ heat partitioning in the

open source environment OpenFOAM. Thermod¥ynamic™ ili and compressibility of
gas and liquid phases were accounted by adding,n g glve for the respective phases.
Validation of the model was first performed ¢ 7
different interfacial forces against data fro ¢ PRDAL CRF periment. The boiling model was
subsequently validated against data from BN
compared against those obtained from ANS

The third paper assessed the models\for heat™pgftitioning developed in ANSYS-CFX
These models are coupled with a popyla s¢e based on the inhomogeneous MUSIG
(MUltiple Slze Group) model to predicf th fze distribution in the bulk liquid flow
Separation of large and small groups of b $ cpnsidered, and consideration of different gas
velocities apportioned for these two graup of bubbjes. Validation of the results was performed
against data from a DEBORA expefiment d axial predictions through these coupled models
demonstrated the capability of obser e 1ycrease of the bubble size after leaving the heated
wall as well as the change of gg jctipn profiles transiting from a wall to a core peak with

increasing inlet temperature.

break-up which were preyi impfemy O the ANSYS-CFX code, for condensing steam-

dus” MUSIG (MUItiple Slze Group) model, considering the
separation of large ang Qubdle into two velocity groups, was adopted to predict the bubble size
Validation of the results was performed against experiment
performed at Helmholtx w JAresden-Rossendorf. Various heat transfer correlations were tested
to assess the infér- transfer models for the condensation of bubbles. Sensitivity studies

¢ dtault models in ANSYS-CFX. Nevertheless, both models over-
estimated the Dx p rate as the gas bubbles travelled downstream.

a clear progress of CFD capabilities for the simulation of wall boiling and
#Se transfer. Reasonable agreement was observed for some cases, but up to

14
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Session 4: Bundle Flow (1) (Session Co-Chairs: C. Boyd and E. Merzari)

Session 4 contained three papers that were focused on Fuel Bundle mode
specifically the MATHIS-H benchmark exercise. All the presentations were detailed,—we
out, and represented significant amounts of work.

and downstream of the mixing grids as well as turbulence s
flow and turbulence, fabrication of the mixing vanes @-
studied by comparing experimental data with both a\sefig

¢ tube bundles are used to
represent the flow upwind of the mixing grid. and the presentation is on
flow physics: turbulent mixing is characterisf ¢ Reynolds stress tensor. The
authors emphasise the presence of anisotrop and ' infwg Qu secondary flow structures. The

H data. While the LES results showed ze a dsent w1th the ‘mean Ve1001ty the author
pointed out how the rms values were ¥
the simulation. The results are used to eva

model. Overall the paper offered valuably ingisdyt intecthe challenges of a LES simulation of the
flow past a grid spacer with a knowledgealjle % y ics.

benchmark.

Overall, thg

15
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Session 5: Bundle Flow (Session Co-Chairs: K. Ikeda and J. Yan)

There were three papers in this session. The papers focus on validating CFD codes T
flow. The first paper dealt with the effect of the specified boundary conditiong-e

and measured transient flow field. The paper demonstrated an effective method of evaluating GTRF
in fuel assembly design. O

data obtained from experiments on the full-scale hydrauhc ode -440 fuel rod bundle
test at Reynolds number 50°000. Good agreement be nd/experimental data was
demonstrated for the velocity and turbulence intensi i ct10 at different downstream
distances from the spacer grid.

16
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Session 6: Hydrogen Transport and Fire (Session Co-Chairs: C. Boyd and Y.H. Ryu)

Session 6 included four papers. Three of these focused on containment modelhng 138
one paper con51dered a hypothetical hydrogen explosmn and its impact on nelghbo T

method was qualitatively confirmed by comparison with some limjfed/test
configurations were considered and basic best practice guidance was e

production facility.

The second paper focused on modelling issues associated passwe auto- ic recombiners

(PARs), and included Vahdatlon of the CFD approach agai H st. A modelling

o adgtdiled PAR mpdel linked to the CFD

code ANSYS CFX. The model was benchmarked against t %\ atd and good qualitative
agreement was found. Some limitations and future Wor®re didsyssed

PARs. The CFD tool

improvement in the documentatios __#bpJication of best practice guidance to ensure that the
codes are used appropriately.

17
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Session 7: Multi-scale & Multi-physics Analysis (Session Co-Chairs: U. Bieder,
Nakamura)

Three topics were addressed in this session: (i) the modelling of the interfaces in

many multiphase flows, segregated and dispersed flow structures are encounterd
Transitions between such morphologies, characterised by the different scale

formulation for the interfacial transfer models were introduced for this purpose. During discussion, it
was stressed that the turbulence model for the continuous phase must he consist@ith the modelling
hypotheses employed for the disperse phase.

Both presentations on the coupling of CFD codes to™s

correctly interpreting the detailed 3-D information '@
code simulation. Typlcal areas Where 3 D effects mish¥/iy

is wderway at KTH, Stockholm. In

the second paper, a coupling interface betwden Qg S Nyent and the system code Athlet,
internally coupled with the neutron kinetics codg Dyn§D, was ¥gsgribed. Due to the strong coupling
between thermal hydraulics and the neugreq kingéti onarios such as those deriving from MSLB
events cannot be represented in sucdegsi a ula iQn steps. Instead, an explicit coupling of

uncoupled approaches were studied of a test/ca out atthe Temelin NPP (VVER 1000).

The third paper described a pre-test agal ed to provide insights on 3-D flow in the
test facility. The test section is composed

ptar-CCM+ code to estimate the 3-D flow in the pool
the three test section pipes, with oscillatory flow
eds meet -- the high-temperature fluid going up along

exchanger. Inlet and exit flow condlti he 3D-pool of the facility were first estimated using the
d s

dare

tion O
D-pool.

peytormed at the ROCOM test facility at HZDR, Germany. Saturne
& The ROCOM facility simulates multi-dimensional coolant flows

18
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Session 8: Plant Applications (1) (Session Co-chairs: Y. Hassan and K.D. Kim)

In this session four papers are presented. The following addresses the presentations:

eddy simulation, detached-eddy simulation, and unsteady Reynolds-averagdd
calculations with a Spalart-Allmaras model are applied to the problem. Hoyevs
nodalisation is indicated to achieve a reasonable prediction with the data.

The second presentation is entitled optimisation of the Atucha-II fuel \g pacer grids.
This work deals with a demonstrative application of Computational Fluid D e§ (CFD) for
design optimisation .A commercial CFD code was applied to simulate the flow within Atucha-II
reactor coolant channels and to assess the resulting pressure losses. were simulated,
i.e. the so-called “elastic spacer” and “rigid spacer”, which/ax aterials and have
totally different geometries. Both designs are planned 3 \tucha-II reactor. The
turbulence model and the grid need to be addressed to hs ente in the results. No
experimental validation is discussed. @

i¥ere

been compared with the TH-SY'S code results. A adel in CRY code without enough cells for full
i ' wthout any validation.

The fourth presentation is entitled C { Mactor design. FLUENT code is used
simulate the flow field in APR+ core Qutativgal domain is limited to from Low End
Fitting (LEF) to Upper End Fitting (UEF) o APRY wqfe. The 257 advanced fuel assemblies are

bredict the hottest location in APR+ core.

considered in the model. The intention\ is
e ¢ behavior with a limited number of cells

Qualiﬁcation of the code to predict

19
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Session 9: Bundle Flow (Session Co-Chairs: K. Okamoto and B. Smith)

This session consisted of three papers: all were interrelated, and based on boiling expg
performed, or to be performed, at HZDR, Germany in a 3x3 rod bundle geometry.

The first paper served as an introduction to the work programme, the meagurfng tethniques,
and the preparations being made in advance in both the experimental and anal 1c contgxty by

Texas A&M University and ANSYS Germany. Highlights from the HZDR dsing the
refrigerant RC318 with the use of high-speed (2000 fps) X-ray tomograp awma-ray
densitometer to measure void fractions. Attention was paid to the | sphti gelution and

uncertainties of the measurements, and to the effects of by-pass flow in the ci
The experimental techniques used at Texas A&M were described in defaft™in the second

paper. A unique feature of the tests is the use of p-cymene as the (single-pha oolant and pyrex
glass for the rods. These materials have closely matching refrctive mhdjce the light sheet

from the LDA equipment can measure velocities in the fuid™sye d oNstructs the view. CFD-
grade data were produced from the tests.

Very detailed pre-test simulations, carried out u@ A

X, wgre reported in the third
S&'that the rod support grid,
ow, nonetheless had a non-

important component of nuclear reactor Sxfety Swaluati ahd similar projects should be carried
out in other countries. The partlcular collg i

workshop series.

20
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Session 10: Plant Applications (2) (Session Co-Chairs: R. Schultz and J.J. Jeong)

In this session, four papers were presented on CFD application to plant design and operatqQ

behaviour of the SLCS flows during an ATWS event. A range of reactor flo
studied to map out the stratification and entrainment behaviour for the injegts

potential significance of the geometric and flow field details in the lower plenum. Overall, the CFD
predictions add significant insights into the SLCS behaviour in the ower ple of a BWR, and
' inf ort the modelling

of SLCS flows during ATWS scenarios.

In the second paper, a 3-D, time-dependent, mul
CFD code ANSYS CFX. Best practice guidelines
size, turbulence model and multiphase model
strainer, completely retaining all the insulatiop s

so-called “breakthrough channels” at the o
the UPTF experiments.

In the third paper, a CFD model has 1
NPP, whose geometry was scanned wi aser, the/data from which were converted to detailed
provide a detailed 3D geometry. jorrgrid was created using the information, and the
i ¢ calculated. Grid sensitivity studies were made, and
the power plant tests. After the validation phase,

21
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Session 11: Boiling/Bundle Flow (Session Co-Chairs: H.-M. Prasser and Tadashi Morii

There were four papers in the session, all of high quality. There were important questidn
by the audience for each of these presentations.

The second paper reponed first results on flow structure investi atlons of s-liquid upwards
’ instrumentation

which makes it a very powerful technique for many two-phg
and future work is directed towards the irnprov
apphcatlon to high- pressure/high- -temperature and noh<adiy

fon To{lowyng the presentation.
preSsqtgd fovel results relevant for the advance of CFD for

crisis.

22




Session 12 — Mixing (Session Co-chairs: T. Hohne and J.C. Jo)

This session consisted of four presentations, each on flow mixing analyses. All paper

presentations were on thermal mixing in a T-unction, one was
quantification, and one on the localised mass transfer enhancement.

because of the potential to induce power excursions. An attempt was made to Ya he accuracy
quantification issue for this class of data in a somewhat empirical way by proposing a set of
parameters that can be used after a quahtatlve analys1s of megsaTetng Ode simulation

Tibutions, and to

many parameters relies on the ability to cover
variables, and thus provide a more complete assess

turbulence modelling assumptlons was descrj
to accurately predict the mean and RMS

model yields less accurate results 1nd10at1ng S 4 not produce a strong enough
flow instability to allow the safe appfica sdel. In contrast, the DDES and the

The third presentation focused on L i ulations (LES) of stratiﬁed ﬂow in pipe
configurations influenced by a weld } 3 j

to high-cycle thermal fatigue are typi
the influence of a weld seam on thys
of T- junction mixing flows &
experimental data obtained using
Fluorescence.

The last presentatio\wad\devot&d tgf a CFD¥Analysis on localised mass transfer enhancement
downstream of an orifice\ Mags transfer enhancement is an indispensible element for the

, it was noted that there was still limited use of BPGs in the applications.
frtant information was provided concerning the scientific value of understanding
wrocesses by means of advanced experiments and CFD simulation was emphasised.
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