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CZa Introduction

Hydrogen risk in NPP

Severe accident with core uncovering

[Hoxidation of fuel rod cladding by steam at high temperature and hydrogen
production

bhydrogen release into the containment of Light Water Reactor

(Three Miles Island (1979) and Fukushima (2011) accidents).

Defense in depth philosophy:

the reactor containment building is the last barrier preventing the release of
radioactive material to the environment.

Its structural integrity must be ensured along with the serviceability of those
safety features needed for accident mitigation.

Mechanical loads and structural damage depend strongly on flame propagation
regimes (the faster the flame/shock wave is, the more important the pressure
loads become).
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C2a Objectives

B Early 2000s : experimental criteria for Flame Acceleration (FA) :

0 cr i t(aed furtbenup-dates)
(Dorofeev1999; Kuznetsov1999; Dorofeev2001)

B Medium scale experiments within obstacles laden tubes and ducts (reproduction
of reactor building compartmentalization). Most of the experiments were
performed aty n

B In case of severe accident, reactor containment pressure increases up
to5bar O mm w4

B Objective: experimental study on the influence of the initial pressure
on flame acceleration for lean hydrogen/air mixtures.
11 %vol hydrogen in air mixture was investigated
Y lower limit for flame acceleration
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CZa Influence of the initial pressure

B Analytical models:
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11% H2/air mixture: 1D flame propagation simulations with COSILAB® (detailed kinetic
mechanism and transport properties of (Connaire2004))

(Law, 2006): the activation energy and the Zeldovich number’ increase asn |

Ea(Tb o Tu)
| RT}
— 2@ g ) criterion for the onset of cellular instabilities:

For very lean H2/air mixture: 0 @) 0Q AT 1T OO
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CZa Influence of the initial pressure

B Numerical model: EUROPLEXUS RDEM model (Velikorodny2015)
(Large scale combustion model)

== Reactive Euler equations

== Conservation of the progress variable ,
0 5)+D-vz=0
5 &)+ =

== Riemann solver: flame = propagating interface (Beccantini2009)
== Model for flame propagation

ﬁ = ﬁ + Koﬁ> U — Velocity of the unburnt gas

Ko = Flame velocity = S?®1®1yrs

P -0.5 T 6 .
Oy = (P_> (T_> (Malet2004) © ¢ p
0 0
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CZa Experimental device

SSEXHY (Structure Subjected to an EXplosion of HYdrogen):
a medium scale facility for flame acceleration

Simplified experimental device :

Pressure vessel (tube) equipped with annular
obstacles uniformly distributed to

1) reproduce the compartmentalized inner
structure of reactor building;

2) promote flame acceleration.

{ o i ; :
o [t ---f--- - - @ - -Oo--f---l--- _———e
R : : :
Transversal section of the EPR :
(European Pressurized Reactor) ' ' 2930 '
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CZa Experimental set-up

Material: SS X2CrNi 18-9

a =3930 mm (3 modules with | , = 1310
mm), " =120 mm

Pmax = 100 bar
32 annular obstacles: BR =0.3, D=1
42 instrumentation ports

Photomultiplier tubes
14 tubes to detect
OH* radical (85« = 310 nm)

Pressure sensors

9 KISTLER piezoelectric
Sensors

\\\\ \'.“b.\: N

Shock sensors
14 CHIMIE METAL

H piezoelectric sensors

Data acquisition
unit NI PXle-
1078

5 cards with 8 channels each one
(Analog Input1 7,5MHz/Ch
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Recirculation loop .
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Single shot preparation

First, the combustion tube is set under primary vacuum. Then a flammable mixture is injected.

Hydrogen/air mixtures are prepared with the method of the partial pressures:
. pHQ

Prot
The mixture is forced to recirculate in an external loop to promote mixture homogenization.

X1ia =1 Xair

Gas-chromatographic analysis on mixture samples are then performed,;
The mixture is ignited by automotive spark plug;

Signals acquisition is triggered (acquisition triggering and cards synchronization are managed in
LabView environment);

Once the experiment is over, the combustion tube is inerted with nitrogen and vented.
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C2a Results and discussion

Tests matrix Reproducibility at m= 1 bar
Test # = [Mmbar] k¢ C[%]
1 600 10.9
2 800 11.1
3 1000 11.1
4 1000 11.2
5 1003 10.9 ‘
6 1501 11.1 s ¥/ || —&— Kuznestov, 1999
A | ——Test4,X =0.112]]
7 1502 10.9 | Test3,x,=0411]
8 2000 11.1 ——Test 5, X, =0.109
9 4002 11.1 40 60 80
x/D
B 11 %vol hydrogen in air mixture B Aslight change in the mixture
Y lower | imit for f | acoepoaitorresultsin avaiiaton of the
Y quite unstabl e mi xt maxenum velocity.
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CZa Flame propagation
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