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Thermal-hydraulic investigations on the CEA-ENEA DEMO relevant Helium Cooled 
Poloidal Blanket 
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The CEA-ENEA design of an Helium Cooled Solid Breeder Blanket (HCSBB) for tie DEMO reactor, with 
a breeder in tube (BIT) poloidal arrangement, is based on die use of lithium ceramic pellets, the ENEA j -
UAIO2 or the CEA U2Z1O3. Due to the geometry of the DEMO reactor plasma chamber, these breeder 
bundles are adapted to the Vacuum Vessel with a strong poloidal curvature. This curvature influences the 
thermal-hydraulic behaviour of the coolant flowing inside the bundle. The paper presents die CEA-ENEA first 
results of the experimental and theoretical programme, aiming at optimizing the breeder module thermal 
hydraulic design. 

1. INTRODUCTION 

In the CEA-ENEA HCSBB design for the 
DEMO reactor, each Blanket poloidal module is 
constituted by curved tubular pressure vessel 
containing a ceramic breeder pin bundle [1]. As a 
consequence, it becomes necessary to investigate 
the effect of the bundle bending on a number of 
phenomena otherwise relatively known, like the 
pressure drops, the flow distributions within the 
bundle, the coolant mixing and the influence of the 
rod spacers on tue previous effects. CEA and 
ENEA jointly launched an experimental and 
theoretical programme devoted to the investigation 
of the relevant phenomena. 

The paper presents the tests performed on the 
first experimental mock-up, representing a 7-pin 
bundle with a grid spacer system, measuring the 
subchannel temperature and velocity at different 
inlet flow rates and temperatures. The aim of the 
relevant tests is to provide validated correlations for 
the thermal hydraulic design of the breeder rod 
bundle. 

Then a theoretical activities is beeing carried-
out with the main purpose of adapting the CEA 
computer code FLICA as a qualified tool for the 
poloidal Blanket bundles design and for the 
necessary pre-test calculations. The subchannel 
code model, developed at CEA, needs to be 

modified in order to take in to account the bending 
effect for the flow subdivision inside the bundle 
subchannels (flow-split model). 

2. EXPERIMENTAL PROGRAMME 

The experimental activity aims at obtaining the 
bundle mixing coefficients for the CEA-ENEA 
code validation, in the range of interest as the 
reference BIT design is concerned. ENEA designed 
the experience [2], its execution and the test 
sections in order to carry-out three types of 
measurements: pressure measurements, for the 
determination of die bundle pressure drop, with 
particular reference to the pressure losses induced 
by the spacers; temperature measurements, for the 
evaluation of the mixing effect; velocity 
measurements, for the determination of the velocity 
distribution inside the bundle. 

2.1. AIR-FUS1 Facility 
The experimental part of the program was 

carried-out on a test rig called AIRFUS1, properly 
built at the Brasimone Research Centre 
Laboratories [3]. The experimental apparatus is 
schematically shown in the Fig. 1. The working 
fluid is air at low temperature (< 100 *C) and at 
about atmospheric pressure reproducing, in 
Reynolds helium similitude, the reactor temperature 
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and pressure conditions. The helium reference 
coolant condition are temperature of 500 "C and 
pressure of 7 MPa. The use of cold air allows the 
organization of the loop with an open 
configuration. In fact, the air is taken from the 
room, filtered, compressed by a centrifugal 30 kW 
blower and then released to the environment. After 
the compression, the fluid is split into two 
branches. The flow rates in each branch can be 
regulated by means of butterfly valves and are 
measured by using Vortex flow meters. The flow 
rate regulation and control is necessary for 
matching the required stream subdivision between 
the two subchannel groups. The flow in the hot 
branch is heated by means of a 15 kW electrical 
heater, reaching about 100 'C; the cold branch is 
cooled by water exchanger, leaving its temperature 
at room value. The two branched streams, supplied 
to the test section at different temperatures, are 
used as thermal tracers in two annjlar groups of 
subchannels inside the bundle. The Table 1 shows 
the facility characteristics. 
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Fig.l - AIR-FUS 1 Test Facility 
Table 1 
AIR-FUS 1 characteristics 
Max air pressure 
Min low temperature 

Max hot temperature 
Max air flow rate 
Heater power 
Blower power 

0.13 
20 

100 
0.5 
15 
30 

MPa abs. 

•c 
•c 
kg/s 
kW 
kW 

2.2. Test Sections and instrumentation 
The strategy for selecting the test section 

transversal geometry is based on the adoption of a 
optimization design criterion consisting in the 
minimization of the ratio between the maximum 
and the mean coolant temperature rise through the 

bundle [21. By adopting this criterion, for a fixed 
number of pins, the bundle geometry depends only 
on a single parameter and the number of test 
sections can be reduced to three. 

The first test section, realized in Perspex and 
reproducing the whole axial height of a DEMO BIT 
blanket module,, is constituted by a 7-pin bundle in 
circular shroud. The shroud diameter is 94 mm, the 
pins have a diameter D= 20 mm and a triangular 
arrangement with a pitch P=29.6 mm, therefore the 
P/D=1.48, Fig. 2. The test section is divided in 
eight different sectors connected by special steel 
flanges with welded steel radial grid spacers, 
located one each meter in poloidal direction. The 
Perspex tubes, simulating the pin bundle, are held 
in position by means of these grids. Two feeding 
device are mounted upstream and downstream the 
test section, aiming at feeding two different 
temperature flow rates. The shroud tube presents 
several holes in the poloidal direction, both intrados 
and extrados position, in crder to allow the 
instrumental penetrations for the temperature, 
pressure and velocity measurements. The 
temperatures are measured by type K 
thermocouples. The relative or differential 
pressures are measured by capacitance diaphragm 
transmitters. The velocities are measured by Pitot-
Prandtl tubes. 
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Fig.2 - 7- pin Test Section 

3, MEASUREMENTS 

The experimental programme was planned in 
order to investigate the thermal-hydraulics of a 7-
pin bundle mock-up with radial grid spacers. The 



mixing effect was investigated recording the 
temperature wake along the bundle when two 
flows, at different temperatures, are supplied to the 
test section in two different groups of subchannels. 
The centra! subchannels were fed at hot 
temperature (< 100* C) and the peripheral at room 
temperature. Fig. 2. The inlet temperature 
differences between the two streams were 
respectively 30 'C, 50 "C and 70 *C, at tliree 
different total flow rates and with a constant ratio 
cold/hot flow rate of 2.63. 

3.1. Pressure Drop Measurements 
Pressure drop test results, performed supplying 

air by only the cold branch, are shown in Hg. 3. 
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Fig. 3 - 7-pin pressure drops 

3.1. Velocity Measurements 
The velocity profiles, measured at different 

axial levels, were strongly different each other, 
particularly on the intrados side[3]. Then the mock-
up was modified introducing an hexagonal 
wall/central channel separator on the first axial 
segment of the bundle. After that, the strong 
thermal mixing effect, due to the inlet device of the 
two streams in the tests section, disappeared. 

Velocity measurements were carried-out 
upstream each grid without and with temperature 
differences, Hg. 4-5. and for three cold/hot flow 
rates, but at the same ratio of 2.63. 
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These measurements demonstrated the existence 
of a very fast velocity mixing between the central 
and wall subchannels, bodi for extrados and 
intrados. Fig. 6. 
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Fig. 5 - 7-pin velocities at DT=70 'C 
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Fig. 6 - 7-pin intrados mixing at DT=50 *C 

3.3. Temperature Measurements 
Temperature measurements were carried-out at 

inlet temperature difference between the two 
streams respectively of 30 "C, 50 *C and 70 'C. A 
test result is shown in Hg. 7. 
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Fig. 4 - 7-pin velocities at DT=0 *C 
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Fig. 7 - 7-pin mixing at DT=70 *C 

These measurements confirmed the existence of 
a very fast temperature and velocity mixing 
between the central and wall subchannels, inducing 
a stratification between the intrados and the 
extrados. In fact, due to tbe bundle curvature effect, 
a small temperature difference still remains at level 
of the last grid. These differences increase with the 
inlet temperature differences. 



4. CODE & MODELIZATION SCHEME considering also the bundle curvature is still in 
progress. 

During the thermal-hydraulic design phase, 
calculations are needed both to help in defining die 
most adequate experimental conditions (helium/air 
similitude) and to validate die inodelization code 
FLICA scheme [4]. In die code model die diennal 
mixing is described in terms of kinetic moment and 
enthalpy transfer. The former is mainly due to 
friction, singularity (grids), turbulence (turbulent 
viscosity u,) and bundle curvature. The latter is due 
to die coolant mass trnsfer and turbulent entiialpic 
conductivity \ . Both turbulent viscosity u, and 
turbuilent conductivity \ are calculated in FLICA 
as follows: 
H,« u.[ l+b Rec]; \ = \ [ 1+b Ree] ; (1) 
X = HCp/Pr; (2) 

n 
k 
Re 
b, c 
Cp 
Pr 

coolant dynamic viscisity; 
coolant endialpic conductivity 
Reynolds' number, 
experimental constants; 

isobaric specific beat; 
Prndtl number. 

Only a fust campaign of calculation ans been 
carried out assuming straigm duct bundle geometry. 

This campaign aimed at: 
• determining die air /helium Reynolds similitude 

diermalhydraulic conditions; 
• verifying taht a measurable mixing effect will 

be observed with hot/cold streams temperature 
difference of At=70 "C. Thermal mixing was so 
pronunced tant only a difference of 5 "C was 
attended at mid-heigm (5 m) of me bundle at 
At=70 "C. Grids* presence improves very much 
ue mixing effect. The envisaged At combined 
witii die mock-up lengdi is dius adequate; 

• showing diat die contribudon of grids to the 
thermal mixing was not too important to hide 
thermal mixing induced by the bundle 
geometry. 
This was necessary to justify calculating 

constants b and c in (1) by comparing experiments 
and calculations [6], and to guarantee a reasonable 
degree of accuracy in uese calculated values. 

Furthermore, diese calculations examinated the 
sensitivity of uermal mixing to inlet pressure 
uncertainties and to die inlet pressures differences 
between die hot/cold streams. In fact, mese 
differences increase the mixing if die Ap/p is above 
1%. An activity to improve to FLICA code 

5. CONCLUSIONS 

In die frame of the design of a DEMO relevant 
breeder blanket, die diermal-hydraulic behaviour 
of curved rod bundles is investigated, botii on 
experimental and theoretical side. The main 
features of die experimental device and die first 
measurements are presented. The experimental 
results indicates mat the bending effect on die flow 
distribution in the bundle subchannels is evident. 
The preliminary tests have shown a strong evidence 
of die bending on die mixing. The measurements 
also have shown die mixing phenomenon is 
subchannel independent but it is strongly 
intrados/extrados dependent. Theoretical 
investigations, confirmed by first experimental 
campaign, revealed die important effect of die 
bundle curvature bom on mass velocity and 
temperature profiles. Consequendy, a tentative 
adaptation of die FLICA modelizadon to include 
this effect was initiated. Once tbis adaptation is 
succesfully completed, calculations for experiment 
result interpretation will be resumed. 
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