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Report on Central Activities on Behalf of the KNOO Consortium  

 

 Prof Robin Grimes 

Introduction 

Keeping the nuclear option open ς KNOO ς the community chose this name at a time when 

supporting the option seemed of paramount importance.  For those of us who find good 

reason to recognize that fission has a central role to play in energy generation, it was critical 

to maintain what was left of the academic research skill base by: supporting those 

practitioners who had continued to be active in the field, providing opportunity to those 

who wished to contribute and finally developing a new generation of nuclear scientists and 

engineers.  Those of us in academia were fortunate indeed that a group of industrial and 

government people had been working on our behalf to persuade the research councils 

(RCUK) that it was time to renew funding for fission research.  This group together with key 

people from RCUK provided us with the opportunity to build a consortium.  Evidence that 

their decision was justified lies within this report and the impressive range and quality of the 

research results presented by each member of the consortium. 

Our consortium will continue to work towards the goals of providing valuable research and 

motivated scientists and engineers during our last year of activity.  Post docs and PhDs are 

finishing and looking for jobs.  Research groups are stronger and more able to respond to 

the challenges and opportunities set them by industry and governments (UK, EU and 

abroad).  Of course, we are writing more papers and attending more conferences!  Again 

details are provided by consortium members in the following pages. 

/ƭŜŀǊƭȅΣ ƘƻǿŜǾŜǊΣ ŜǾŜƴǘǎ ƘŀǾŜ ǎƻƳŜǿƘŀǘ ƻǾŜǊǘŀƪŜƴ ǳǎ ŀƴŘ ƻƴŜ Ƴŀȅ ŀǊƎǳŜ ǘƘŀǘ ǘƘŜ άƻǇǘƛƻƴέ 

is now well and truly open.  Perhaps the academic community no longer needs to help 

άƪŜŜǇ ǘƘŜ ƻǇǘƛƻƴ ƻǇŜƴέ ǎƻ ƳǳŎƘ ŀǎ Ƴŀƛƴǘŀƛƴ ǘƘŜ ƘŜŀƭǘƘ ƻŦ ǘƘŜ όƴǳŎƭŜŀǊύ ƻǇǘƛƻƴ όaIbO) or 

perhaps just support the option (SNO)!  More seriously, it is clear that while the specific 

research challenges and focus of a future project will be different, the central objective of 

training new research scientists and engineers for nuclear industries and government 

organizations not only remains a priority but the call for such people is even more 

immediate. 
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Goodbye and Hello  

 Dr John Roberts           Michelle Ryder 

You will all be aware that we said goodbye to Dr Mark Levy in January 2008.  Mark did what the project 

intended ς he took an opportunity to join a nuclear energy organization, in this case British Energy.  I would 

like to personally thank Mark for all his work and support and I know he is continuing to follow our progress 

and support our aims. 

After two searches for a suitable manager we decided on a slightly different plan.  This first involved Dr John 

Roberts stepping into the breach to work for KNOO one day per week.  John had an especially strong 

involvement in the last annual meeting and he summarises that event below.  Many of you will know John 

from many of the other nuclear energy involvements he has ς clearly he brings with him considerable 

knowledge of what is going on in the nuclear academic community.  Since October we also have Michelle 

Ryder on the KNOO team.  Michelle, who has a biosciences background, is working half time for KNOO. 

Annual Meeting 2009 

WƻƘƴ ŀƴŘ aƛŎƘŜƭƭŜ ƘŀǾŜ ōŜŜƴ ǿƻǊƪƛƴƎ ƻƴ ƴŜȄǘ ȅŜŀǊΩǎ ŀƴƴǳŀƭ ƳŜŜǘƛƴƎΣ ǿƘƛŎƘ ǿƛƭƭ ōŜ ƘŜƭŘ ƛƴ ²ƛƭƭǎ IŀƭƭΣ .Ǌƛǎǘƻƭ 

University on the 21st and 22nd July.  I am greatly looking forward to this event and meeting all of you again 

for what will be out finale event.  I suspect the meeting will be not only academically stimulating but a lot of 

fun.  Please let your industrial contact know about the event and that they are especially welcome ς 

sponsorship is also welcome. 

Annual Meeting 2008 

Ninety-four delegates attended the KNOO Annual Meeting in 2008 held at Hulme Hall at The University of 

Manchester. The breadth of KNOO research was demonstrated by excellent talks and posters from both 

students and postdocs and with an industrial presentation kicking off each session, the delegates experienced 

an interesting and stimulating programme. Special thanks must be extended to Westinghouse and GE-Hitachi 

for their generous sponsorship that allowed so many people to attend. The Meeting Dinner was held at the 

nearby Whitworth Art Gallery with Harry Eccles of Nexia Solutions providing the after dinner entertainment 

with a speech reflecting on his career in the nuclear industry and looking forward to the vast array of 

opportunities that are now opening up for KNOO members. 

Feedback on the meeting suggests that people missed the introductory session where each WP leader 

introduced and described thaǘ ȅŜŀǊΩǎ ƘƛƎƘƭƛƎƘǘǎ ǎƻ ǘƘŀǘ ǿƛƭƭ ōŜ ǊŜ-introduced next year.  Other suggestions will 

also be acted upon! 
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Prize 

The Pinkerton Prize was awarded by the Institution of Nuclear Engineers for the best paper in their 

journal 'Nuclear Futures'.  The paper which was co-authored by all Investigators in WP4 was entitled 

Safety and Performance for Innovative Reactors. 

Foreword 

We are delighted to provide an input to the 2007/08 KNOO Annual Report. 

KNOO was the first major Research Council funded nuclear programme for many years. It was a joint 

industry and EPSRC objective to create a university consortium that would develop and help 

maintain the UK academic research capability at a time when UK energy policy was uncertain.  Now, 

with clear Government support for a nuclear renaissance in the UK, the programme has helped to 

ŦǳƭŦƛƭ ƛǘǎ ǘƛǘƭŜ ƻŦ άYŜŜǇƛƴƎ ǘƘŜ bǳŎƭŜŀǊ hǇǘƛƻƴ hǇŜƴέΦ  ¢ƘŜ ŘŜŎƛǎƛƻƴ ǘƻ ǇǊƻŎŜŜŘ ǿƛǘƘ Ybhh ƛǎ Ŧǳƭƭȅ 

justified and provides an excellent basis for further development of the academic research capability 

as the UK implements its nuclear programme in future years. 

It is very clear that the research undertaken across all 4 work packages is innovative and of high 

quality.  From an industry perspective it is relevant to the current nuclear programme but also 

includes fundamental and important research for future reactor systems; an area that would have 

limited funding without KNOO.  Undertaking this long-term research will help the UK to be a leading 

player in the international arena and assist in making informed decisions on the future UK nuclear 

strategy. 

KNOO was established as a consortium programme across a number of universities and 

departments.  The level of co-operation between research groups is very impressive and a major 

success; it is a good example of what universities can achieve if they work proactively with each 

other. The KNOO programme has attracted some excellent students and provided them with 

networking opportunities as well as an insight into the nuclear industry. There will be many 

opportunities for working in the sector in future and we hope many of the students take advantage 

of them.  

We are currently working with EPSRC to develop a joint research council/ industry vision for UK 

research in the nuclear sector which includes follow on research calls after KNOO.  This current 

programme has helped to develop new skills and competencies in the university sector which will be 

essential to build upon in a future research programme. 

Congratulations on your excellent research to date and every success for the remainder of the 

programme. 

Graham Fairhall 

Chief Technology Officer 

National Nuclear Laboratory 

Peter Storey 

Head of Research and Skills, Nuclear Directorate 

Health and Safety Directorate 
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Work Package 1 - Leader Summary  

 

Work Package Leader Dr SP Walker. 

Imperial College London, Department of Mechanical Engineering, SW7 2AZ 

 

Work Package 1, being undertaken jointly at Manchester University and at Imperial College, 

encompasses a variety of projects aimed at gaining greater understanding of the 

performance of current and future reactor systems. This involves a mix of experimental, 

analytical and computational work. 

Computational fluid dynamics (CFD) naturally features heavily in the research of this Work 

Package. At Manchester, Dominique and Laurence Mark Cotton are applying CFD to perform 

large eddy simulations (LES) of reactor-relevant flows for single-phase reactor coolants. 

Such simulations are naturally expensive, and part of the work is aimed at attempting to 

develop an economical one hybrid scheme, employing both Reynolds-averaging and large 

eddy simulation. The CFD work at Imperial, with Geoff Hewitt, Mike Bluck and Simon 

Walker, employs a conventional RANS approach for the study of the two phase vapour and 

liquid flows arising in PWR design basis accidents. Much of the work here is focused on 

studying fluid flow and heat transfer in ballooned rod bundles following a loss of coolant 

accident. 

The CFD work is supported by a complementary experimental programme, aiming to make 

direct observations on the flow characteristics in these bundles. Cooling of the fuel is by a 

mixture of hot vapour and entrained saturated droplets, and one notable series of 

experiments is measuring directly the tiny amount of heat extracted by a single droplet 

during the few milliseconds that is taken to bounce off a hot surface without wetting it. 

Finally (and at very much lower Reynolds numbers!) we have a programme of work studying 

flow, species diffusion, and heat transfer within PWR crud. 

We are pleased to acknowledge here the extensive supportive interactions we have with 

outside organizations, including (overseas) EDF (France), NRC (USA), Ascomp / ETH 

(Switzerland), and (UK) BE, CD-Adapco, Serco, NNL and NII. 

More details of all of these projects are given in the pages that follow. 
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Large Eddy Simulation for Thermal -Hydraulics in Reactor Systems  

 

 
Dr Yacine Addad 

 

Dr. Mark A. Cotton 
 

Prof. Dominique R. Laurence 

       Researcher         Supervisor         Supervisor 

 

Technical Content  

 

Overall Research Aim  

To produce a refined LES database for verification and validation of CFD software with 

classical Reynolds Averaged turbulence models (RANS), as short term objective, and on the 

longer term, to establish a reliable framework whereby Large Eddy Simulation (LES) can be 

ǳǎŜŘ ǘƻ ŎŀǊǊȅ ƻǳǘ άǘǊǳŜ ǇǊŜŘƛŎǘƛƻƴǎέ όƴƻǾŜƭ ƻǊ ōƭƛƴŘ ǘŜsts as opposed to reproducing 

άƪƴƻǿƴέ ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀύ ƻŦ Ŧƭƻǿ ŎƻƴŦƛƎǳǊŀǘƛƻƴǎ ǿƛǘƘ ŘƛǊŜŎǘ ǊŜƭŜǾŀƴŎŜ ǘƻ ǘƘŜ ƴǳŎƭŜŀǊ 

power industry. Various quality control criteria adopted in LES works are critically evaluated, 

such as ratio of resolved-to-model kinetic energy). Adapting the numerical mesh to Taylor 

turbulence length scale (middle of the spectrum) is expected to be a more reliable criteria. 

Stakeholders in the UK (British Energy; Nexia Solutions; H&S Lab., Lea CFD Associates), and 

the continent (AREVA, CEA and EDF), have recognized the value a high quality LES database 

for the purpose V&V of CFD codes and models. A CFD Workshop focusing on Quality and 

Trust in codes and models was organised in Manchester, next to the 2008 KNOO Annual 

Meeting (http://cfd.mace.manchester.ac.uk/Main/KnooWorkshop). More and better test 

cases were deemed necessary, for heat transfer in particular. 

Research Progress  

 

Turbulent Natural Convection between Horizontal Parallel Cylinders. 

The numerical investigation of turbulent natural convection in the space between horizontal 

ǇŀǊŀƭƭŜƭ ŎȅƭƛƴŘŜǊǎ Ƙŀǎ ōŜŜƴ ŎƻƴǘƛƴǳŜŘ ŦǊƻƳ 5Ǌ !ŘŘŀŘΩǎ ǇǊŜ-KNOO work [1]. Large Eddy 

Simulations have been performed on three different geometries. The third LES case consists 

http://cfd.mace.manchester.ac.uk/Main/KnooWorkshop
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of three internal cylinders. This final test case is representative of AGR decay heat pens and 

reveals that flows are considerably more complex than in the simpler co-axial cylinder cases.  

LES for Buoyancy-Affected Flow in Vertical Pipes. 

This year the focus has been on LES on pipe flows (see Fig. 1) vertically ascending or 

descending and buoyancy-ƛƴŦƭǳŜƴŎŜŘΣ ώоΣ пΣ рϐΦ ¢ƘŜ ŎƻƴǘƻǳǊǎ ƻŦ ǘƘŜ ΨvΩ ǇŀǊŀƳŜǘŜǊ ŀǊŜ ǎƘƻǿƴ 

and are related to the turbulent motion. More then 16 LES runs have been conducted for 

this test case for different flow regimes, on meshes with 3 to 5 Million cells. The CPU time 

for a single LES run is around 12 days when using a parallel code on a 16-processor 

configuration. The database produced is checked against experimental data or correlations 

for integral values such as Nusselt numbers, but also offers to turbulence modellers refined 

information such as detailed stress and heat flux profiles down to the wall [4 & 5]. The RANS 

exploitation is cross-cutting with WP4 with applications to VHTR (Cf. S. Rolfo report). 

 

 

Figure 1.  An example of vortex sizes 

in turbulent pipe flow. 

Figure 2.  Iso-Q contours coloured by the spanwise 

vorticity component. 

 

LES and RANS computations of natural convection in a near-horizontal long cavity  

In opposition to the previous case where gravity is aligned with the mean flow, a nearly 

ƘƻǊƛȊƻƴǘŀƭ ŘǳŎǘ ƛǎ ƴƻǿ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ƘƛƎƘƭƛƎƘǘ ǘƘŜ ŜǎǎŜƴǘƛŀƭ ΨǇƘȅǎƛŎǎΩ ƛƴǾƻƭǾŜŘ ƛƴ Ŧƭƻǿ 

stratification [2]. The flow passage consists of a long heated cavity which may be inclined at 

different angles to the horizontal. The small angles considered only generate enough fluid 

motion leading to transition to turbulence only near the top and bottom walls (Figure 2), 

while the ŎŜƴǘǊŜ ƻŦ ǘƘŜ ŎŀǾƛǘȅ ƛǎ ƭŀƳƛƴŀǊΣ ƻǊ ǊŀǘƘŜǊ άǎǘŀƎƴŀƴǘέΣ ŀ ǇŀǊǘƛŎǳƭŀǊƭȅ ŘƛŦŦƛŎǳƭǘ ǘƻ 

predict feature for classical turbulent models. So far one LES case has been completed, and 

a parametric exploration of increasing angle and Rayleigh number effects with RANS [2]. 

Future Research Direction  

Parametric simulations of the near-horizontal cavity will be conducted, then one further test 

case consisting of a negatively buoyant turbulent wall-jet with conjugate heat transfer. This 
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case (without wall heat transfer) ǿŀǎ ǇǊƻƳƻǘŜŘ ōȅ aŀƎƴƻȄ ŀƴŘ .9 [ǘŘ ŀǎ ŀƴ ΨŀǇǇƭƛŎŀǘƛƻƴ 

ŎƘŀƭƭŜƴƎŜΩ ǳƴŘŜǊ ǘƘŜ vƴŜǘ-CFD EU network and is worth revisiting with the refined codes 

and larger computers available today. The aim here will be to provide detailed near-wall 

flow information for RANS models validation and also wall interface temperature spectra for 

analysis and modeling of the temperature fluctuation penetration distance inside the walls 

(cross-cutting with WP2). In addition, a feasibility study of direct numerical simulations 

ά5b{έ ǳsing a commercial/industrial codes is also in progress in collaboration with the 

codes developers from EDF R&D and CD-adapco Ltd. 

 

Publications Emanating from Project  

 

Addad, Y., Laurence, D. & Rabbitt, M., 2006. Turbulent Natural Convection in Horizontal 

/ƻŀȄƛŀƭ /ȅƭƛƴŘǊƛŎŀƭ 9ƴŎƭƻǎǳǊŜǎΥ [9{ ŀƴŘ w!b{ aƻŘŜƭǎΦ Lƴ Ψ¢ǳǊōǳƭŜƴŎŜΣ IŜŀǘ ŀƴŘ aŀǎǎ 

¢ǊŀƴǎŦŜǊ рΩΣ tǊƻŎΦ рǘƘ LƴǘΦ /ƻƴŦΦ ƻƴ ¢ǳǊōǳƭŜƴŎŜΣ IŜŀǘ ŀƴŘ aŀǎǎ ¢ǊŀƴǎŦŜǊ ό9ŘǎΦ YΦ IŀƴƧŀƭƛŏ et 

al.), Dubrovnik, Croatia, 25th-26th September 2006. 

Addad, Y., Mahmoodilari, M. & Laurence, D., 2008. LES and RANS computations of natural 

convection in a nearly-horizontal long cavity. The 4th International Symposium on Advances 

ƛƴ /ƻƳǇǳǘŀǘƛƻƴŀƭ IŜŀǘ ¢ǊŀƴǎŦŜǊ όΨ/I¢-луΩύΣ aŀǊǊŀƪŜŎƘΣ aƻǊƻŎŎƻΣ ммǘƘ-16th May 2008. 

Addad, Y., Laurence, 2008. LES for buoyancy-modified ascending turbulent pipe flow, 7th 

LƴǘΦ 9w/hC¢!/ {ȅƳǇΦ ƻƴ 9ƴƎƛƴŜŜǊƛƴƎ ¢ǳǊōǳƭŜƴŎŜ aƻŘŜƭƭƛƴƎ ŀƴŘ aŜŀǎǳǊŜƳŜƴǘǎ Ψ9¢aaтΩΣ 

Limassol, Cyprus, 4th-6th June 2008. 

[Addad, Y., Billard, F., Cotton, M. A., Keshmiri, A., Laurence, D. & Rolfo, S., 2008. Refined 

eddy viscosity schemes and LES for ascending mixed convection flows. The 4th International 

{ȅƳǇƻǎƛǳƳ ƻƴ !ŘǾŀƴŎŜǎ ƛƴ /ƻƳǇǳǘŀǘƛƻƴŀƭ IŜŀǘ ¢ǊŀƴǎŦŜǊ όΨ/I¢-луΩύΣ aŀǊǊŀƪŜŎƘΣ aƻǊƻŎŎƻΣ 

11th-16th May 2008. 

Addad, Y., Billard, F., Cotton, M. A., Keshmiri, A. & Rolfo, S. Numerical investigation of 

vertical flows in the cores of gas-cooled reactors. The 16th ASME International Conference 

ƻƴ bǳŎƭŜŀǊ 9ƴƎƛƴŜŜǊƛƴƎ όΨL/hb9 мсΩύΣ hǊƭŀƴŘƻΣ CƭƻǊƛŘŀΣ ¦{!Σ ммǘƘ-15th May 2008. 

Presentations Given/Conferences Attended  

 

Addad, Y., CFD Quality & Trust: mixed and natural convection test cases, CFD Workshop on 

Test Cases,  Databases & BPG for Nuclear Power Plants Applications, 16 July 2008. 

Addad, Y., Large Eddy Simulation Studies Of Buoyancy Induced Relaminarisation Gas Reactor 

Flows. KNOO Annual Meeting, The University of Manchester, 17th-18th July 2008. 
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Addad, Y., Eddy Simulation Studies Of Buoyancy Induced Relaminarisation Gas Reactor 

Flows, KNOO WP1 Meeting, Imperial College London, 29th Aug. 2008.  

Keshmiri, A., Addad, A., Cotton, M. A. & Laurence, D. R. RANS analysis of rib-roughness 

effects on the flow between gas-cooled reactor fuel pins. KNOO WP1 Meeting, Imperial 

College London, 29th Aug. 2008. 

External Contact  

 

Collaborations/Interactions with Stakeholder s 

British Energy, Barnwood (Dr Mike Rabbitt) and Nexia Solutions, Risley (Dr Steve Graham) to 

discuss future directions for KNOO and other research collaborations (Held at MACE, 21st 

March 2007). 

Non-contractual but very regular collaboration on CFD software V&V with Cd-Adapco Ltd. 

London (Dr. Francesca Di Mare), EDF R&D (Dr. Sofiane Benhamadouche, Dr. Richard 

Howard). Dr Chris Lea of Lea CFD Associates, and Dr. Simon Gant H&S lab. Buxton, all of 

them CFD experts with interest is in quality and benchmarking for CFD. 

Collaborations/Interactions with other KNOO Members  

Research interaction established with the Applied Modelling and Computation Group, Dept. 

of Earth Science and Engineering, Imperial College London (Professors Chris Pain and Tony 

Goddard). One PhD student from the group of computational mechanics of Imperial College 

visited the MACE for a period of one month to gain hands with using the commercial code 

Star-CD 

Collaborations/ Interactions with other Academics  

The KNOO Investigators are actively supporting the establishment of a Reactor Technology 

Centre within the University of Manchester Dalton Nuclear Institute (Dr Paul Howarth). 

 

Address: School of MACE, The University of Manchester, Manchester M60 1QD. 
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LES and Hybrid RANS/LES for Reactor Systems 

 

 
Mr. Stefano Rolfo 

 

Dr. Mark A. Cotton 
 

Prof. Dominique R. Laurence 

       Researcher         Supervisor         Supervisor 

 

Technical Content  

 

Overall Research Aim  

To develop a methodology for refined numerical simulations of flow features, instabilities 

and heat transfer between fuel rods. At high Reynolds numbers a well resolved Large Eddy 

Simulation (LES) is very costly in terms of computational resources, if not impossible. Hence 

a hybrid RANS/LES (coupling of an economical near-wall model with the more detailed and 

versatile LES) is being developed, and tested on a triangular fuel rod arrangement. The final 

goal of the investigation is to attempt to study the flow in a fuel pin bundle with helically 

wound spacer wire. 

Research Progress  

 

Flow in a heated fuel rod bundle arranged within a triangular array has been computed 

using a well-resolved LES. Despite the simplicity of the geometry the flow is characterized by 

complicated features as secondary motions and, at very low pitch-over-diameter ratio (P/D), 

by an energetic and almost periodic azimuthal flow pulsation is present in the gap region 

between two sub-channels. Effects of flow fluctuations are very clear in figure 1, where an 

instantaneous temperature filed, in the mid plane of the geometry, is shown. The figure 

clearly shows a meandering behaviour of the temperature field in the gap region. The 

dimensionless dominant frequencies ( gap,meanU/DSt f= ) are in accordance with the 

experimental value of Krauss and Mayer (Nucl. Eng. Des., 180, 185-206, 1998). 
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Figure 1.  Instantaneous temperature field (left). Dimensionless Reynolds Stress 2u/ww t 

with w being the velocity fluctuations in the azimuthal direction (right). Pitch/Diameter 

P/D=1.06 and Re = 6000 

All Reynolds stresses are also computed and an example is shown in figure 1. In the gap 

region the peak for the azimuthal fluctuations is located in the middle of the geometry, 

instead of near the wall as in usual pipe and channel flows. In order to reach the higher 

Reynolds number of actual reactor, a hybrid RANS/LES approach is under development, as 

an extension of progress achieved for aerodynamic simulations in the U. Man. CFD group. 

The heat transfer component is now included in the a hybrid RANS/LES model and 

preliminary results, on the fuel bundles, shows that the method is able to capture the flow 

pulsations previously mentioned with a quite good agreement with the experimental 

results. On the other hand the model cannot be fully trusted in the near wall region. The 

problem has been identifying in the blending function used to merge the RANS and the LES 

velocity fields. New formulation of the blending function, based on more general 

assumption, is under consideration. 

Future Research Direction  

 

Future work: Investigations employing a larger domain are on-going for the current PWR 

type fuel element. The next case to be considered with the spiral spacer wire as found on 

SFR poses a real challenge and various meshing strategies are being tested. It should 

however demonstrate the full potential of LES as it is probably impossible to conduct any 

flow measurements in such a densely constrained media. 

 

Publications Emanating from Project  
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Keshmiri, A., Cotton, M. A., Addad, Y., Rolfo, S. & Billard, F., 2008. RANS and LES 

investigations of vertical flows in the fuel passages of gas-cooled reactors. tǊƻŎΦ ΨL/hb9мсΩΣ 

16th ASME Int. Conf. on Nuclear Engineering, Orlando, Florida, USA, 11th-15th May 2008, 

Paper ICONE16-48372. 

Addad, Y., Gaitonde, U., Laurence, D. & Rolfo, S, 2008.  Optimal Unstructured Meshing for 

Large Eddy Simulation. Quality and Reliability of Large-Eddy Simulation, Ercoftac Series, Vol. 

12, 93-103. 

Rolfo, S., Uribe J. C., Laurence, D., 2008. LES and Hybrid RANS/LES of turbulent flow in fuel 

rod bundle arranged with a triangular arrayΦ ¢ƻ ŀǇǇŜŀǊ ƛƴ tǊƻŎ Ψ5[9{тΩΣ тth Ercoftac 

Workshop on Direct and Large Eddy Simulation, Trieste, Italy, 8th-10th Sept. 2008. 

Presentations Given/Conferences Attended  

 

Rolfo, S.,  A CFD application in nuclear field: rod bundle arranged into a triangular array. 

British Energy meeting, The University of Manchester, 23rd May 2008. 

Rolfo, S., Study of Non-Conformal Mesh with the Taylor-Green vortices. Post Grad. Research 

Conference, MACE,  Manchester 26th June 2008 

Rolfo, S., LES and URANS of Turbulent flow parallel to PWR and AGR Fuel Rod Bundles. KNOO 

Annual Meeting, The University of Manchester, 17th-18th July 2008. 

Addad, Y., Rolfo, S & D. R. LES studies of buoyancy induced relaminarization and mixing in 

gas reactor flow. KNOO WP1 Meeting, Imperial College London, 29th Aug. 2008. 

Courses Attended 

 

KNOO Training Day on Open Source CFD Codes, The University of Manchester, 15th July 

2008. (with S. Rolfo as Co-Organiser & Software Demonstrator) 

KNOO Workshop on Best Practice Guidelines in CFD, The University of Manchester, 16th July 

2008. 

http://cfd.mace.manchester.ac.uk/Main/KnooWorkshop (S. Rolfo as webpage manager)   
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External Contact  

 

Collaborations/Interactions with Stakeholders  

A close collaboration on LES V&V is on-going with EDF R&D around Code_Saturne, 

Computational Dynamics Ltd. London (developers of the STAR-CD code widely used in the 

nuclear industry - AREVA and Westinghouse ) and with British Energy Ltd. 

 

Address: School of Mechanical, Aerospace & Civil Engineering (MACE), The   University 

of Manchester, Manchester M60 1QD. 
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Technical Content  

 

Overall Research Aim  

Various oxides (metal oxides, NiO, NiFe2O4) deposit on the cladding of the upper half of 

nuclear reactor fuel rƻŘǎΣ ŦƻǊƳƛƴƎ ŀ ƭŀȅŜǊ ƎŜƴŜǊŀƭƭȅ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ΨŎǊǳŘΩΦ ¢Ƙƛǎ ŎǊǳŘ ƭŀȅŜǊΣ 

usually porous, hinders heat transfer from the fuel pin to the primary coolant. One notable 

feature is that the crud largely transforms the heat transfer process from wholly convection 

ǘƻ ǇǊŜŘƻƳƛƴŀƴǘƭȅ ǿƛŎƪ ōƻƛƭƛƴƎ ƛƴ ǇŜƴŜǘǊŀǘƛƴƎ ŎŀǾƛǘƛŜǎ όΨŎƘƛƳƴŜȅǎΩύ ǿƛǘƘƛƴ ǘƘŜ ŎǊǳŘΦ ¢Ƙƛǎ 

evaporation at the chimney increases the boron (neutron absorber) concentration in the 

ŎǊǳŘΣ ŎŀǳǎƛƴƎ ŀƴ ΨŀȄƛŀƭ ƻŦŦǎŜǘ ŀƴƻƳŀƭȅΩ ό!h!ύΤ ǘƘŜ ǎƪŜǿƛƴƎ ƻŦ ǇƻǿŜǊ ƻǳǘǇǳǘ ǘƻǿŀǊds the 

bottom of the core due to reduced neutron flux in the upper half of the core. This can have 

major economic consequences. Currently both the formation of crud and the heat and mass 

transfer mechanisms through crud are poorly understood. Recently, Henshaw (2006) 

developed a 1D model, which gave increased insight into the crud chemistry. 

We aim to build on this model by developing a series of coupled two dimensional models for 

heat transfer, fluid flow and solute concentration throughout the porous crud. 

Research Progress  

 

Initial un-coupled finite element studies demonstrated the importance of the various feed-

back effects, and confirmed the need to develop a model incorporating the coupled 

chemistry and thermal-ƘȅŘǊŀǳƭƛŎǎΦ ¢ƘŜǊŜ ŀǊŜ ǘƘǊŜŜ ŎƻǳǇƭŜŘ ǇŘŜΩs that together comprise the 

model we are developing. 
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(i) Conductive heat transfer from the water through the crud, with the boundary condition 

at the chimney being the saturation temperature. Inter alia, from this we compute the heat 

flux into the chimney. 

(ii) Porous flow through the crud, with the mass flux boundary condition at the chimney wall 

derived from the heat flux computed above. 

(iii) Advection and diffusion of various dissolved species through the saturated crud, 

computing inter alia the dissolved species concentration in the vicinity of the chimney, from 

which the saturation temperature is obtained. 

This procedure is detailed in the figure below. As is plain, these three are all tightly coupled, 

and need to be solved iteratively. At the time of writing the computer code is complete, 

with the first coupled results being obtained. These are now being assessed. 

 

Future Research Direction  

The coupled model will be used to investigate and gain understanding of the heat transfer 

and neutronic significance of the crud. 

 


