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Technical Meeting on Innovative Heat Exchanger and Steam Generator  

Designs for Fast Reactors 

 

International Atomic Energy Agency 

Vienna, Austria 

 

21–22 December 2011 

 

MEETING REPORT 
 

1.     Introduction 

The IAEA, within the framework of its Nuclear Energy Department’s Technical Working 
Group on Fast Reactors (TWG-FR), assists Member States activities in fast reactors 
technology development areas by providing an umbrella for information exchange [topical 
Technical Meetings (TMs), Workshops and large Conferences] and collaborative R&D 
[Coordinated Research Projects (CRPs)]. 

The Technical meeting on “Innovative Heat Exchanger and Steam Generator Designs for Fast 
Reactors” was held from 21 – 22 December 2011 in Vienna, addressing Member States’ 
expressed needs of information exchange in the field of advanced fast reactor design features, 
with particular attention to innovative heat exchangers and steam generators. 

The Objective of the TM is to provide a global forum for in-depth information exchange and 
discussion on the most advanced concepts of heat exchangers and steam generators for fast 
reactors. More specifically, the objectives are:  

• Review of the status of advanced fast reactor development activities with special 
emphasis on design and performance of heat exchangers and steam generators; 

• Discuss requirements for innovative heat exchangers and steam generators; 
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• Present results of studies and conceptual designs for innovative heat exchangers and 
steam generators; 

• Provide recommendations for international collaboration under the IAEA aegis. 

The meeting agenda of the meeting is in Annex I, list of participants is in Annex II. 

 

2.     Opening Remarks 

Mr. Stefano Monti, Scientific Secretary of the IAEA Technical Working Group on Fast 
Reactors, welcomed the participants and opened the meeting presenting the agenda and 
reviewing the main objectives and scope of this meeting. 

After self-introduction, the meeting participants appointed Mr L. Cinotti as chairman of this 
TM. Mr. Cinotti invited Mr. Monti to give a presentation on the IAEA programme in the field 
of Fast neutron systems and the role and activities of the international Technical Working 
Group on Fast Reactor (TWG-FR). 

 

3.     IAEA TWG-FR Activities 

Mr. Monti presented in brief the on-going and new coordinated research projects, the 
forthcoming Topical Technical Meetings in the field of fast reactors and the related technical 
publications. He also described the IAEA TWG-FR composition, mandate, and main 
activities. A summary is provided: 

- Organize regular Topical Technical Meetings for information exchange; 
- Organize large conferences on different aspects of FR and related fuel cycles; 
- Establish a forum for broad exchanges on technical requirements; 
- Carry out collaborative research projects; 
- Secure training and education in the field of fast neutron system physics, technology 

and applications; 
- Provide support to IAEA Nuclear Safety and Security Department for preparation of 

fast reactor safety standards, requirements and guides; 
- Support fast reactor data retrieval and knowledge preservation within the Member 

States. 

Members of the IAEA Technical Working Group on Fast Reactors include the following: 

 

• Belarus • Brazil 

• China • France 

• Germany • India 

• Italy • Japan 

• Kazakhstan • Korea 

• Netherlands • Russian Federation 

• Switzerland • Ukraine 

• UK • USA 

• OECD/NEA • European Commission 
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Observers of the TWG include: Argentina, Spain, Belgium and Sweden. 

Mr. Monti further gave an overview of the 44th Annual Meeting of the TWG-FR which was 
held at the Institute of Atomic energy (CIAE) in Beijing China on May 23-27, 2011. The next 
meeting will be held at ANL (USA) in June 2012. 

Mr. Monti concluded his presentation with a discussion of forthcoming related TWG-FR 
technical publications and technical meetings. 

 

4.     Member States Presentation on National Programmes 

With exception of the IAEA Technical Leaders, presentations by the Member States were 
given in alphabetical order, by country name. 

 

4.1 Belgium  

The Belgian Nuclear Research Centre SCK•CEN is strongly involved in Fast Reactors R&D 
programmes. The efforts are mainly focused on the development of the lead-bismuth cooled 
research fast reactor MYRRHA, a material testing reactor designed to operate in both critical 
and subcritical modes. 

Mr. Castelliti presented a general overview of the Belgian programme for FR technology 
development, and in particular the current status of the MYRRHA project. He reported also 
on the European Sustainable Nuclear Energy Technology Platform (ESNII) roadmap for the 
development of GEN-IV nuclear systems, with particular emphasis with the lead-cooled fast 
reactors. 

After a general description of the MYRRHA reactor design, Mr Castelliti focused the 
attention on the main purposes of the project, including testing materials, isotope production, 
irradiation tests, as well as many others. Even the time schedule of the project has been 
discussed. 

The details of the reactor configuration have been provided, including several related systems 
and components. An exhaustive description of the core, spallation target, cooling systems, 
buildings and other facilities has been given. Further, Mr Castelliti gave an overview of the 
future R&D programme in support of the MYRRHA project, including also the construction 
and the operation of experimental facilities foreseen in the near future. Important 
technological aspects will be investigated also by mean of the GUINEVERE research reactor, 
already critical at SCK•CEN.  

 

4.2 Italy  

Mr Tarantino from ENEA (Italian National Agency for new Technologies, Energy and 
Sustainable Economic Development) provided the participants with a presentation of the 
current Italian national programme for Fast Reactors development, which is mainly focused 
on the development of Heavy Liquid Metal (HLM) cooled systems. 

Numerous R&D activities are mainly carried out in Italy in the framework of the Programme 
Agreement stipulated between ENEA and the Italian Ministry of Industry, as well as within 
the European projects EUROTRANS, ELSY, VELLA, LEADER, THINS, CDT, FREYA, 
HELIMNET, SEARCH and others. Another project is TRASCO, founded by the Italian 
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Ministry for Education. The relevant synergies between the Italian FR programme and the 
MYRRHA project, which is considered a milestone for the LFR technology development in 
Europe, have been underlined. 

After this general overview, Mr. Tarantino discussed the main technological issues 
concerning the LFR technology development, and thus the main areas of the R&D activities; 
structural materials, thermal hydraulics, chemistry control, numerical simulation tools and 
many others. These activities are mainly conducted by ENEA, and in particular in Brasimone 
research Centre, an important experimental infrastructure in which several facilities are 
operated since many years. 

The most important facility operated in Brasimone research Centre is CIRCE (CIRColazione 
Eutettico), the world largest facility operating in heavy liquid metal (LBE). A relevant 
activity performed by mean of CIRCE was ICE (Integral Circulation Experiment), aimed at 
the simulation of the thermal hydraulics behavior of a HLM pool-type primary system. 
Another important activity performed in CIRCE was the simulation of the transition from the 
forced circulation operation to the natural circulation. For this purpose a dedicate heat 
exchanger has been installed in CIRCE to perform DHR function simulation. 

NACIE is a multipurpose experimental facility operated at Brasimone research centre. 
Investigations on fuel bundles issues, thermal hydraulics aspects as well as others have been 
performed in this facility. Again, these activities are characterized by strong synergies with 
the MYRRHA project. 

Mr. Tarantino continued his presentation discussing on main future issues and R&D topics 
related to LFR technology, for instance thermal hydraulics, chemistry and corrosion/erosion 
control, pump technology among others. Further, he gave an introduction of several future 
experimental facilities such as ATHENA and the multipurpose facility HELENA to be built 
and operated at Brasimone research centre. 

Also ENEA capabilities in the field of core design and system and safety analysis in support 
of LFR development were presented. 

Finally, Mr Tarantino concluded with a description of the technological “strategies” 
considered by ENEA for future nuclear systems development. 

 

4.3 Japan 

Before Fukushima accident, Japan was implementing its FaCT “Fast Reactor Cycle 
Technology Development” programme including the development of the JSFR (Japan 
Sodium-cooled Fast Reactor). A feasibility study on Fast Reactor and related fuel cycle was 
submitted to the government in 2005. FaCT was then supposed to be developed between 
2006 and 2015. In 2010 the first 5 years report was submitted to the government for 
evaluation. As a consequence of the Fukushima accident the evaluation process and the 
follow-up of the FaCT programme are pending, waiting for the governmental decisions 
regarding the new Japanese energy and, in particular, nuclear policy. 

As well know, the prototype plant MONJU was restarted in 2010 after about 15-year shut-
down but in the same year a minor incident during the IVTM withdrawal from the primary 
vessel forced JAEA to suspend the Monju operation. There was no significant damage to the 
vessel due to the IVTM drop and the reactor could restart in a short term. However, restart of 
Monju is subject to the above mentioned governmental decisions on the new nuclear policy. 
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Mr. Hayafune also provided a short overview of the roadmap being implemented for 
recovering from the Fukushima Dai-ichi accident. 

In conclusion Mr. Hayafune noted that: 

- The new Prime Minister (Mr. Noda) has recently stated that the existing NPPs should 
be operated for energy stable supply. However, he has also stated that a new strategy 
and a new plan are necessary for the Japanese future energy policy. This will be 
discussed soon in the Japanese cabinet. 

- Japan Atomic Energy Commission started revising the current “Framework of 
Nuclear Energy Policy” on August 30, 2011. It will take approximately one year to 
complete the revision; 

- Japanese SFR R&D programme (FaCT and Monju) will be also revised in the near 
future, based on the new "Framework of Nuclear Energy Policy". In the meantime the 
FaCT project remains on hold and the Japanese SFR community is concentrating the 
effort on re-evaluation of SFR safety, improvement of safety design and definition of 
safety design criteria within GIF; 

- JAEA will continue to be active on SFR at international level, assuring contributions 
and collaborations. 

 

5.     Member States Presentation on Innovative SG&HX related activities 

5.1 Belgium  

Mr. Castelliti gave a presentation on the SCK-CEN activities in the area of innovative heat 
exchangers development for fast reactors. In particular he provided the participants with the 
presentation of the design status of the primary heat exchanger for the fast spectrum 
irradiation facility MYRRHA. 

After a general overview of the MYRRHA design purposes, characteristics and main 
parameters, the attention has been focused on the general characteristics of the primary heat 
exchanger (PHX) configuration. The PHX consists in a shell and tube heat exchanger; the 
design, among other purposes, has been mainly aimed at the compactness and at safety, by a 
reduction of the water inventory into the liquid metal pool and a double-walled structure, 
while maintaining satisfactory features for the heat transfer. In case of heat exchanger tube 
rupture, a pressure suppression system designed for the complete inventory of one water loop 
will provide to avoid consequences for the primary vessel. 

Mr. Castelliti focused the attention on several safety aspects of the heat exchanger design, 
alsosome investigations performed on the primary system behavior in LOCA conditions. 
Moreover, the PHX functional requirements in normal operation, DHR condition (accidental 
situation) as well as in safe shut down condition have been widely discussed. 

Other details of the PHX concept have been provided by Mr. Castelliti; inspections and 
plugging issues as well as results of studies and investigations such as the heat exchanger 
behavior in relation to the static instability problems. Preliminary mechanical assessment has 
been started. 

Finally the status of the steam generator design has been summarized by Mr.Castelliti, 
including a discussion on different aspects of the steam generator design related to the 
MYRRHA reactor control and operational strategies. 
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5.2 India 

Mr. Athmalingam gave a presentation on the steam generator design both for the PFBR under 
construction at Kalpakkam and for the future Indian FBRs. 

The PFBR has 2 secondary sodium loops and each secondary loop consists of 2 IHX and 4 
SGs. 

For the PFBR a straight tube SG has been adopted for the following reasons: 

- Easy manufacturing 
- No thermal expansion between tubes 
- Simplified ISI&R 
- No stratification problems 

SG tubes are 23 m long with bends to accommodate difference thermal expansion. 

Safety features: 

- eddy current probe for ISI of tubes 
- Hydrogen in Na detection system 
- Hydrogen in argon detection system 
- Isolation valves & rupture disc at SG inlet and outlet lines. 

For future FBR to be built in India (CFBR) the goals for the SG are: 

- reduce capital cost of about 25% 
- enhance equipment reliability 
- compact layout 
- bring down manufacturing schedule 
- enhance lifetime (40 to 60 years) 
- Reduce ISI time & maintenance cost 

The basic SG concept design is the same as for PFBR but, in order to comply with the above 
mentioned objectives, significant effort is being spent in order to increase the tube length up 
to 30 m and reduce the number of weld joints. In such a way a 41% reduction in n. of SG 
tubes is achieved and, consequently, there is a significantly reduction (order of 20%) both in 
the capital and maintenance costs of the SG. 

In summary, the main advantages of the innovative solution based on 30 m long SG tubes 
are: 

- 40% lesser tube -T/S joints w.r.t. PFBR SG (Reduces manufacturing time & improves 
safety), 

- 27% saving on total capital cost, 
- 26% saving on Sp. Steel consumption , 
- Compact layout (Suitable for optimized layout of CFBR) , 
- Reduces no. of accessories (i.e. valves, rupture discs, HLDS, piping,...), 
- Reduces No. of tri-metallic joints, reduces inspection time and cost, 
- Better dynamic stability (12% higher margin than PFBR SG), 
- Reduces transportation & erection time, 
- Can be accommodated in same SGB height as in PFBR, 
- ~10 tons saving in sodium inventory 

A technology demonstration of this new SG design is planned at an IGCAR facility with a 7 
tube model which would have all the primary design features of CFBR SG. 
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5.3 Italy – Meerivus 

In the first part the presentation, Mr. Cinotti reviewed pro and contra of the heavy liquid 
metal (HLM) as a coolant remembering that the lead-bismuth eutectic (LBE) has been 
historically the first HLM used for its lower melting point, but that drawbacks of LBE (high 
cost, expansion at solid state, generation of large amount of polonium, of slag in the melt and 
of dust in the cover gas) suggest the use of pure lead for a prospective large use as a coolant 
in fast reactors.  

Then, a list of advantageous properties of lead with respect to other coolants for fast breeder 
reactor has been presented, which make LFR very safe and contribute to reach the economic 
goal: 

- A fast reactor design because of the high atomic mass; 
- No intermediate loop and simple DHR because of the compatibility with air and 

water; 
- No pressurized primary system and no risk of coolant boiling because of the high 

boiling point; 
- Reduced risk of release of volatile contaminants in case of core damage because of 

the high retention of fission products; 
- Minimum/no risk of core compaction because of the high density. 

Then he explained to the meeting participants the possible engineering solutions in order to 
solve the main problems related to the coolant. In ELSY: 

- FA are sustained by buoyancy, kept in the vertical position by structures which can be 
inspected from outside in gas space to avoid difficult ISI in lead; 

- Refueling machine operating in gas to avoid difficult refueling in lead; 
- Replaceable components to avoid difficult repair in lead; 
- Short-height vessel and compact primary system to reduce the mechanical loads 

resulting from high lead density and for economics; 

The result is a reactor without the intermediate loop and with a primary system at least as 
compact as that of a SFR of the same power. 

Mr Cinotti explained that the last two objectives can be achieved only with the use of an 
innovative steam generator with plane Spiral Tubes.  

The spiral-tube SG features a radial lead flow path and a tube bundle made of superposed 
plane spirals resulting in a component of about half the volume and half the primary pressure 
loss of an equivalent helical-type steam generator. 

In case of application to a lead fast reactor, the Reactor Vessel is kept at uniform temperature 
all along its height and can be shortened because the SG Unit can be positioned at a higher 
level in the Downcomer. In fact, being short, the SG Unit can be fed from the bottom 
eliminating the risk of cover gas entrainment into the core and coping with the case of leaking 
Reactor Vessel.  

A bottom-fed SG Unit provides the possibility of disengagement of the suction pipe from the 
Inner Vessel, the key for the possibility of replacement of all components of the primary 
system. 

Additional advantages of the spiral tube SG are the potential for mitigation of the Steam 
Generator Tube Rupture (SGTR) accident and the favorable configuration for natural 
circulation of the primary lead, both in case of decay heat removal route through the water 
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steam main loops, as well as in case of decay heat removal route through the RVACS or dip 
coolers. 

Mr. Cinotti concluded his presentation listing other fields where the application of a spiral 
tube SG could provide some advantages: 

- In SFR lower-speed wastage propagation could potentially result, in case of SG 
tube rupture, from the fact that each tube is surrounded by only two other tubes.  

- For integrated LWR, in general too expensive or even difficult to construct because 
of the too large dimensions of the Reactor Vessel, the possibility of important 
reduction of the primary system dimensions resulting from the use of the spiral 
tube SG could be the key for economics. 

- For renewable energies which use fluids having lower conductivity such as molten 
salt or diathermic oil, the increased speed of the fluid can reduce the heat transfer 
surface. 

 

5.4 Italy – ENEA 

ENEA is developing a Decay Heat Removal (DHR) heat exchanger for lead cooled fast 
reactor. An innovative concept, the double-wall bayonet tube heat exchanger has been 
developed for this purpose. 

After some introductory remarks on the Integral Circulation Experiment (ICE), including the 
description of purposes as well as of components and equipment such as the heat source, Mr. 
Tarantino discussed the detailed design of a DHR prototypical mock-up constructed and 
tested at Brasimone research Centre.  

The proposed DHR heat exchanger bayonet tube essentially consists of three concentric 
tubes. In this configuration, the water flows downward in the inner tube, then it turns and 
flows upward in the annulus between the inner and intermediate tube. The annulus between 
the middle tube and the outer tube is filled with pressurized helium.  

Mr. Tarantino showed the results of numerous pre-tests analyses performed by mean of the 
thermal hydraulics system code RELAP, in order to verify the performance of the 
component. For this purpose, a modified version of RELAP which includes the real 
properties and transfer correlations for the molten lead-bismuth has been used. 

Then, the results of the experimental tests have been presented, in particular for the full 
power steady state tests, showing numerous details of operating parameters acquired and 
performance observed during the experimental campaigns. 

Concluding his presentation, Mr. Tarantino summarized the main results of the activities and 
presented future R&D activities for the development and qualification of component and 
systems for LFR technology development. 

 

5.5 Japan 

An innovative SG concept being developed in Japan for future SFR is the double-wall-tubes 
type. The purpose of the design is to enhance safety against the water-sodium chemical 
interaction and to improve the plant availability, preventing long term outage caused by 
sodium-water reaction events. 

The first part of Mr Hayafune’s presentation focused the attention on the current technical 
difficulties highlighted in the fabrication of large-scale steam generators for sodium-cooled 
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fast reactors. The high probability of failure, the propagation of a tube leakage, the difficult in 
manufacturability are recognized as the main problems. Potential solutions are individuated 
in two different innovative SG concepts: modular SGs or monolithic SGs with higher reliable 
tubes. The second type of SG has been chosen for future fast reactors in Japan. 

An exhaustive description of the double-wall-tubes SG concept has been provided by Mr 
Hayafune. The most important design feature is the double-wall-tube, which essentially 
consists in an inner tube and an outer tube mechanically contacted by pre-stress. Since the 
tubes are structurally separated, crack propagation stops at the interface and water leak into 
sodium is avoided. 

After the description of the single double-wall-tube, Mr Hayafune presented the configuration 
of the SG, featured as a straight-tubes once-through steam generator with high pressure water 
(19 MPa) inside tubes. The choice of straight tubes has been done in order to facilitate the 
fabrication, the inspection and to eliminate the tube-to-tube welding. 

Mr Hayafune presented also the activities performed in support of the development of the 
double-wall-tubes SG concept. These activities have been performed in the R&D areas of 
double-wall-tube fabrication, tube-sheet junction, thermal hydraulics and structural behavior, 
inspection issues. These subjects have been widely investigated by fabrication tests, several 
experimental activities and simulation tools. 

The fabrication tests proved the feasibility of the concept and the compliance with the 
requirements. The structural and thermal hydraulics calculations performed in support of the 
design indicated no significant issues on tube-sheet and tubes. The test results of the 
inspection method multi-coil RF-ECT (Remote-Field Eddy-Current-Testing) revealed its 
applicability to the double-wall-tubes. 

 
6.     Conclusions and recommendations 

The participants recognized that SG is a key component for: 

- Sodium Fast Reactors (SFR) 
- Lead Fast Reactors (LFR) 
- Accelerator Driven system (ADS) 

For all this liquid metal-cooled fast spectrum systems, the following objectives areas are 
pursued: 

- Optimized capital cost; 
- Safety; 
- Compactness; 
- Simplicity; 
- Robust design. 

The following types of SG/HX were presented and discussed at the technical meeting: 

A. Straight tube at high pressure (19 MPa) with superheated steam (Japan for SFR); 
B. Straight Tube at low pressure (1.6 MPa) with wet water (Belgium for ADS); 
C. Straight tube with a bend at high pressure (17.3 MPa) with superheated steam (India 

for SFR) 
D. Spiral tube at high pressure (18 MPa) with superheated steam (Italy for LFR); 
E. Bayonet tube at atmospheric pressure with wet steam (Italy for LFR-DHR). 
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Table I reports design features and solutions of the mentioned SG concepts in order to 
achieve the objectives in the five areas before listed. 
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Table I. Design solutions provided in the different SG concepts under investigations 

 
Optimized capital 

cost Safety Compactness Simplicity Robust SG 

     By design On experimental basis Remarks 

A Long tubes, 
Material selection 

Double wall tubes. 
Possibility of ISI 

Monolithic solution Straight long 
tubes (no bends, 
no ferrules on the 
tubes) 

Bellows on the SG 
shell, 
40 baffles plates to 
uniform the sodium 
flow rate. 
Special provision at 
sodium inlet. 
Double wall tubes 

Experiments in water 
performed for baffle-
plate behaviour. 
Test with electric 
heating performed. 
 

Tests in sodium with 
37 tubes, 29 m long 
planned for final 
confirmation/demonst
ration 

B Long tubes, reduced 
diameter. 
In-situ inspection and 
repair. 
Use of conventional 
material (AISI 316L). 
Use of proven and 
well-known 
technology. 

Double wall to 
avoid 
"catastrophic" 
water releases into 
primary system. 
Reactor pressure 
dumping system 
for tube leakages. 

Reduced tube bundle 
pitch. 
Increased active length 
to reduce diameter. 

Straight single-
walled tubes with 
grids and orifices. 
Common design 
solution. 

Double wall design 
for surfaces dividing 
water and LBE (tubes 
excluded). 
Bellows foreseen in 
the feed-water pipe 
and the shroud to 
relieve thermal 
stresses. 

Design based on 
proven technology 
following the RCC-
MRx construction code 
and the HX 
manifacturer best 
practice guidelines. 

A sector of the PHX 
will be tested in an 
experimental loop to 
confirm the 
functionality and the 
behavior in LBE 
environment. 

C Long tubes (30m) 
Material selection : 
Feritic steel 

Tube-tubesheet 
joint: Raised spigot 
internal bore butt 
weld type allows 
100% radiography 
Preheating and 
post weld heat 
treatment for each 
weld joint 
ISI for each tube 
 

Optimised pitch 
 

Similar tubes for 
ease of 
manufacture 
Simple Sine bend 
for each tube(No 
bellow on shell) 
 

Optimised design of 
tube support 
arrangement for 
minimal pressure 
drop 
Main support at CG 
location from seismic 
consideration 
Optimised flow 
distribution 
arrangement for 
sodium inlet plenum 
Orifice arrangement 
for each tube water 
inlet for flow stability 

Satisfactory thermal 
hydraulic performance 
in sodium with 23m 
tube SG model 
(5.5MWth) resulted in 
optimised heat transfer 
margin for next SG 
design. 
Experimental result in 
water for shell side 
pressure drop is found 
inline with theoretical 
prediction 

Experiments in 
sodium is planned for 
30m long tube SG 
model (3.5MWth) for 
various thermal 
hydraulic 
performance 
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D Long tubes. 
Reduced impact on 
Reactor Vessel 
thanks to 
compactness and 
location in the upper 
part of the Reactor 
Vessel. 

Location in the 
upper part of the 
Reactor Vessel for 
improved lead 
natural circulation 
and reduced impact 
of SGTR. 

Reduced pitch among 
the tubes. 
Free space inside for 
the Primary Pump. 

Superposed tubes 
with simple 
support system. 

Tube flexibility to 
cope with thermal 
loadings. 

From the thermal 
hydraulic aspects, 
useful water-steam side 
experience is available 
from helical-tube SG. 

Tests are necessary to 
confirm functional 
design, to ensure 
homogeneous lead 
flow rate and to 
optimize the 
fabrication process. 

E High reliability of the 
component. The 
double wall bayonet 
tubes solution with an 
interposed helium 
gap allows to reduce 
strongly the thermal 
stress through the 
thickness of the 
tubes. 
All the components 
are made in SS-316L. 

Double wall 
bayonet tubes with 
a pressurized 
helium gap. The 
helium pressure is 
kept higher than 
the lead pressure. 
Monitoring the 
helium pressure is 
possible to monitor 
the integrity of the 
component. 

Reduced pitch among 
the tubes. 

Bayonet tubes 
without grids. All 
the components 
are fixed to simple 
plates. The 
thickness of the 
helium gap is 
simply assured by 
a wire spacer 
wounded along 
the outer surface 
of the 
intermediate tube. 

No thermal stress and 
mechanical stress on 
the tubes. 

Qualification tests were 
successfully carried out 
in a HLM large pool 
facility (CIRCE).  

Further experimental 
tests are planned to 
address the transient 
behavior of the 
component, and to 
optimize the water 
inventory consume 
during the operation 
(increasing the quality 
of the discharged 
steam). 
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Finally the following common issues and solutions for different LMFR SG were identified: 

- Water/steam instability  
- Double tubes 
- ISI and repair 
- Flow rate uniformity in the bundle 
- Materials 
- Max allowed water-speed 
- Baffles or tube support design. 
- Elimination of orifices at tube inlet for high pressure SG 
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