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Introduction

 ENEA C.R. Brasimone developed a wide experience in the liquid metal

technology field.

 ENEA is taking part to the European Framework Programs in the frame of

research projects focused on the development of an ADS (EUROTRANS - FP6)

and a LFR (ELSY –FP6).

 Moreover ENEA is leading an Integrated Infrastructure Initiative, VELLA,

funded in the frame of the FP6, with the aim to create an homogenous

research area among the European Union in the field of HLM technologies for

nuclear applications.

 In the frame of the EUROTRANS Project, domain DEMETRA, ENEA assumed

the commitment to perform an integral experiment aiming to reproduce the

primary flow path of a HLM pool type nuclear reactor.

 To support the Integral Circulation Experiment (ICE) set-up, ENEA built up a

HLM rectangular loop, named NACIE, (NATURAL CIRCULATION

EXPERIMENT).
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Integral Circulation Experiment

The aim of the Integral Circulation Experiment (ICE) is to reproduce the primary
flow path of a HLM pool-type nuclear reactor, allowing to get detailed information
about different topics, as:

 to evaluate the thermal-hydraulics behaviour of a HLM pool system by the
analysis of the coupling between an appropriate heat source and a cold sink
placed inside it;

 to evaluate the average heat transfer rate between the flowing LBE and the
heating elements inside the heated section;

 to evaluate the global heat transfer coefficient of the Heat Exchanger;

 to investigate the behaviour of representative components (i.e. prototypical heat
exchangers) for the LFR/ADS concepts;

 to simulate several operational and accidental transients inside a HLM pool
system;

 to characterize the natural circulation flow regime in a HLM pool system;

 to establish a reference experiment for benchmarking commercial codes when
employed in HLM pool systems;

 to develop and qualify a chemistry control system for HLM pool systems.
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Integral Circulation Experiment

XT-ADS EFIT ICE

Coolant LBE Pure Lead LBE

Primary Coolant Circulation Mechanical Pump Mechanical Pump Gas Lift

Fuel Assembly Type/Spacer Wrapper / Grid Wrapper / Grid Wrapper/Grid

Pin Diameter D [mm] 6.55 8.72 8.2

p/D 1.41 1.56 1.80

Fuel Heat Flux q’’ [W/cm2] 85-115 100-140 100

Fuel Power Density q’’’ [W/cm3] 500-700 450-650 488

wav  Fuel Pin region [m/s] 1 1 1

Active Length Latt [mm] 600 900 1000

in out  [°C] 300/400 400/480 300/400

Cladding Material T91 T91 AISI 316L

Secondary Coolant
Low pressure 

boiling water

Water with 
superheated steam

Pressurized 
Water 
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Integral Circulation Experiment

•External diameter:  1200 mm

•Wall thickness: 15 mm

•Height: 8500 mm 

•LBE inventory:  70 tons

•Temperature range: 200 –450 °C

CIRCE Main Vessel

Pumping System: 
Gas Enhanced Circulation

• available pressure head: 400 mbar (void fraction 10%)

• estimated pressure loss: 350 mbar

Heat 

Exchanger
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Integral Circulation Experiment

•Thermal Power: 800 - 925 kW

•LBE mean T: 300 - 350 °C

•Core ΔT:100 °C

•Core velocity: 1.0 m/s 

•LBE Flow Rate: 55.2 kg/s

Heat Source

p

h

simulated by electrical heaters

 Nh: 37

 Nr: 37

 q”:85-100 W/cm2

 Ph: 26 kW

 Assembly: Hexagonal

 : 8.2 mm

 p/ : 1.8 

 Latt: 1000 mm

3 Spacer Grids
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Integral Circulation Experiment

Pins

Metal-Ceramic Joints

Electrical CablesPins

Metal-Ceramic Joints

Electrical Cables

Pin
Electrical 

Connector

Electrical 

CablesPin
Electrical 

Connector

Electrical 

Cables

Heat Source is simulated by electrical heaters

Pin type-A (Coaxial) Pin type-B (Bifilar)
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Integral Circulation Experiment

 Assembly : Triangular

 Tubes: “Bayonet” double wall with He Gap

 Material: AISI 316

 Water Pressure: 3.5 bar

 Water Temperature: 50 °C

 Steam Pressure : 1 bar

 Steam Quality: 0.4

 Flow Rate: 0.7 kg/s

The reference solution is a LBE–low 
pressure boiling water shell heat 

exchanger

Heat Exchanger
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Integral Circulation Experiment

Test Matrix

Test A: 

Steady State Circulation

Test B: 

Steady State Circulation

Test C: 

Transient Condition

Test D: 

Transient Condition

Type of test Loss of Cold Sink Loss of pumping system

Conditions / 

parameters

Isothermal conditions 

(350 °C)

T LBE: 350°C Nominal Conditions Nominal Conditions

DT assembly: 100 °C
Time of thermal power shut down

Thermal Power

No Thermal Power Full thermal power Local Pressure Drop

Key measurements Dp distribution

Dp throughFPS Claddingtemperature Cladding temperature 

Tin, Tout in theFPS LBE Temperature LBE Temperature

Tin, Tout in theHX Tin, Tout in theFPS
LBE Flow Rate under Natural 

Circulation Regime

Objectives 
Fluid-dynamic 

characterization

To verify the coupling of the

FPSandHX

To comparethe systembehaviour

undertransientwith the computer

codesimulations

To studythe transitionfrom forced to

naturalcirculation

To evaluate the HTC

(assembly)andtheglobalHTC

(HX)

To characterisethe naturalcirculation

flow regime

To validate nodalization

parameters for hydraulic

systemcodes

To compare the system behaviour

under transient with the computer

codesimulations
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Natural Circulation Experiment

The aim of NACIE loop is to set up a support facility able to qualify and
characterize components, systems and procedures relevant for HLM nuclear
technologies.

• characterize the natural circulation flow regime in a HLM loop

• obtain experimental data on natural circulation heat transfer coefficient in

a rod bundle assembly

• characterize the gas enhanced circulation in a HLM loop

• evaluate the global heat transfer coefficient inside the HX (HLM-water);

• simulate several operational and accident transients inside a HLM loop;

• establish a reference experiment for the benchmark of commercial codes

when employed in HLM loop;

• to test different technological solutions for the ICE electrical pins
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Natural Circulation Experiment

Cover Gas 

Inlet

Cover Gas 

Outlet
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Injection

Heat 
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Heat 
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Total Vertical Length [mm] 9231 

Horizontal Length [mm] 1000 

Pipe Inner Diameter [mm] 62.7 

Pipe Thickness [mm] 5.16 

Expansion Vessel Height [mm] 765 

Expansion Vessel Inner Diameter [mm] 254.5 

Heat Exchanger Length [mm] 1500 

Heat Source Active Length [mm] 1000 

 

Total Vertical Length [mm] 9231 

Horizontal Length [mm] 1000 

Pipe Inner Diameter [mm] 62.7 

Pipe Thickness [mm] 5.16 

Expansion Vessel Height [mm] 765 

Expansion Vessel Inner Diameter [mm] 254.5 

Heat Exchanger Length [mm] 1500 

Heat Source Active Length [mm] 1000 
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Natural Circulation Experiment

• LBE Inventory: 1000 kg

• Design Pressure: 10 bar

• Design Temperature: 550°C



Department of Nuclear Fusion, Fission and 
Related Technologies HeLiMeRT 2009, Mol, SCK-CEN

Natural Circulation Experiment

A-type Prototypical Pin (see chapter 4)  

Number 2 

Diameter [mm] 8.2 

Active Length [mm] 1000 

Total Length [mm] 2760 

Heat Flux [W/cm2] 100 

Flux Distribution  Uniform 

Thermal Power [kW]  25 

B-type Prototypical Pin (see chapter 4)  

Number 2 

Diameter [mm] 8.2 

Active Length [mm] 1000 

Total Length [mm] 8380 

Heat Flux [W/cm2] 100 

Flux Distribution  Not-uniform 

Thermal Power [kW]  25 

 

The pins are arranged in a triangular lattice with a pitch to diameter ratio of 1.8
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Natural Circulation Experiment
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Natural Circulation Experiment

Inner Pipe Middle Pipe External Pipe

Inner Diameter [mm] 62.68 84.9 102.3

Outer Diameter [mm] 73 88.9 114.3

Thickness [mm] 5.16 2.0 6.02

Length [mm] 1500 1500 1500

Material AISI 304 AISI 304 AISI 304

Heat Exchanger
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Natural Circulation Tests

Nominal
Power

Preliminary Experimental Tests
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Natural Circulation Tests

Preliminary Experimental Tests
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Natural Circulation Tests

Preliminary Experimental Tests
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Natural Circulation Tests

Preliminary Experimental Tests
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Gas Enhanced Circulation Tests

80%
Nominal 
Power

Preliminary Experimental Tests
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Gas Enhanced Circulation Tests

Preliminary Experimental Tests
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Gas Enhanced Circulation Tests

Preliminary Experimental Tests
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Gas Enhanced Circulation Tests

Preliminary Experimental Tests
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Gas Enhanced Circulation Tests

Preliminary Experimental Tests
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Gas Enhanced Circulation Tests

Preliminary Experimental Tests
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Conclusions

 ICE will be carried out to reproduce the thermal hydraulic behaviour of
a HLM pool-type nuclear reactor primary flow path

 ICE test section has been designed coupling an high performance heat
source with a prototypical heat exchanger

 The oxygen control system was designed in collaboration with the IPPE
(Russia); it is the first time that this kind of system will be qualified on
a large-scale pool facility

 Several operational and accidental transients will be simulated inside
the pool, allowing the characterization of the natural circulation flow
regime, and establishing a reference experiment for benchmarking
commercial codes when employed in HLM pool systems.
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 GEC tests have been run adopting pin3 (B-type) and pin4 (A-type)

 5 TCs were installed on the sheath of the pins (O.D. 1 mm)

 The tests were successfully completed. The maximum temperature
monitored on the wall is around 480°C

 NC tests have been run adopting pin1 (B-type) and pin2 (A-type)

 No TCs were installed on the sheath of the pin1 and pin2

 Both pins failed during the NC tests (after 26 and 21 days respectively)

 4 prototypical pins have been tested (2 pins type-A, 2 pins type B)

 Pin type-B has been chosen for the ICE Fuel Pin Simulator

Conclusions
NACIE loop was designed and built-up to support the ICE test section
design.

The aim of NACIE loop is to house a high flux bundle and to test and qualify
the elements.


