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ABSTRACT

TOSQAN is an experimental program undertaken byltisétut de Radioprotection et de Sdreté NuclédiRSN) in order to
perform thermal hydraulic containment studies. TRESQAN facility is a large enclosure devoted todate typical accidental
thermal hydraulic flow conditions in nuclear Praszed Water Reactor (PWR) containment. The TOSQABblity, which is
highly instrumented with non-intrusive optical diegtics, is particularly adapted to nuclear safeBD code validation. The
present work is devoted to study the interactioma efater spray injection used as a mitigation méamsder to reduce the gas
pressure and temperature in the containment, tdugegases mixing and washout of fission productsrder to have a better
understanding of heat and mass transfers betweespttay droplets and the gas mixture, and to aeatyixing effects due to
spray activation, we performed detailed characiion of the two-phase flow.

Key words: Thermal hydraulic, TOSQAN,
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1 INTRODUCTION

During the course of a hypothetical severe accideat
Pressurized Water Reactor (PWR), hydrogen may be
produced by the reactor core oxidation and can be
distributed into the reactor containment by conieect
flows and steam condensation on walls. In order to
assess the risk of detonation generated by a bicgd |
hydrogen concentration, the hydrogen distribution i
the containment has to be known. In addition, core
degradation leads to fission products release tinéo
containment. The most important part of the fission
products is emitted in the particulate form (sikese to

1 pntY). They are mixed with aerosol resulting from
degradation of structural materials such as contrds,
ducts, for which granulometry is lower than 100 um,
with a material average density of 3 giEnOnly a
fraction of the formed aerosol with a granulometry
ranging below 5 pm may migrate from the primary
circuit towards the containment. Water sprayinghi@
containment is used as a mitigation means in otaler
reduce pressure, to remove fission products and to
enhance the gas mixing in case of the presence of
hydrogen.

The TOSQAN experimental program has been created
to simulate typical thermal hydraulic conditions
representative of a severe accident in the reactor
containment. The specificity of the TOSQAN facility
characterized by a high level of instrumentatioat th
provides detailed information on local and non-
intrusive characterization of the two-phase flow fo
CFD code validatioR.

The present work is dedicated to study the efféat o
water spray activation used as a mitigation means i
order to reduce steam containment pressure, to
decrease the local hydrogen concentration by the
mixing caused by spray entrainment and steam
condensation on droplets, and to washout aerogbkto
sump. In order to have a better understanding of
physical phenomena, a detailed characterizatiothef
spray and the gas is needed. Spray tests are pedor

in hot conditions to analyze the heat and massfean
between spray droplets and gas mixtures composed of
air and steam, or dry air, and the aerosol washout.

In this paper, we present the analysis of wateayspr
interaction with gaseous mixtures composed of il a
steam, seeded with aerosol, in order to study,hen t
first hand, the heat and mass transfers betweeedso
and gas and, on the other hand, the aerosol removal
processes by spray. This work is divided into three
parts. The first part is devoted to present the Q@S
facility, the instrumentation used and its prinegl In

the second part, an analysis of spray interactidh w
the air and steam mixture is performed. In thedthir
part, we focus on the aerosol washout and we
determine the aerosol collection efficiency forgsn
droplet and for the global spray.

2 EXPERIMENTAL FACILITY AND TEST
PROCEDURE
2.1. The TOSQAN vessel

The TOSQAN facility shown in Fig.1 consists of a
closed cylindrical vessel (7*molume, 4 m high, 1.5 m
internal diameter) into which steam is injected.

The walls of the vessel are thermostatically cdledo
by heated oil circulation to control the gas terapare
inside the vessel. Optical accesses are providetidby
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pressure resistant viewing windows permitting non-
intrusive optical measurements along orthogonal
enclosure diameters.

SPRAY SYSTEM
AEROSOLS INJECTION

Optical diagnostics
implementation

AEROSOLS
SAMPLING
(size, concentration)

STEAM INJECTION ——— ===y

Sump

TURBIDIMETER ANALYSIS

Fig.1 Overview of the TOSQAN facility.

The inner spray system, located in the dome of the
enclosure on the vertical axis, is composed ohglsi
nozzle producing a full cone water spray. This t®zz
is mobile along the vertical axis so that measurgme
can be made at different distances from the noirzle
order to be able to precisely mesh the close fi¢lihe
spray injection. Aerosols, which are used for &ssi
products simulation, are injected into the top loé t
dome of the vessel by the means of a powder spreade

2.2 Instrumentation

Both intrusive and non-intrusive techniques are
implemented on the TOSQAN facility in order to
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optical granulometé&?. Aerosol sampling is realized in
the spray region. The water which is drained ouhef
vessel at the sump level is analyzed using a protot
online turbidimeter, in order to determine the aeto
mass (Merosol_coliectel COllected by droplets during their
fall (Fig.1). Because the water spray falling inte
sump is removed with the same injected water mass
flow, there is no water accumulation in the sumpg a
therefore it is empty during all along the test.

2.2.2 Description of non-intrusive techniques
Droplets velocity measurements are performed with

two kinds of commercial optical diagnostics such as
the Particle Image Velocimetry technique (PIV) and

Laser Doppler Velocimetry technique (LDV). Both
techniques are based on Mie scattering derivechby t
light generated by the interaction between pasicle
(water droplets or seeding) and a laser beam. ThHé L
technique provides local information on the Turbake
Intensity (TI) and on two velocity components, the
vertical one (V) and the radial one (U) (Table The
PIV technique provides instantaneous or mean wgloci
fields of the flow (Table 1). Various kinds of
measurement techniques are available for analythiag
spray droplets size distribution, such as the Phase
Doppler Anemometry (PDA). The PI¥A technique
cannot be used in the TOSQAN facility because of
optical access constraints. This is why we decitted
use the Interferometrics Laser Imaging for Droplet

Sizing

measurements,

(ILIDS)Y®.

For

gas

volume
we use the Spontaneous Raman

fraction

Scattering spectroscopy (SK5)The accuracy of the
instrumentation used on the TOSQAN facility is
detailed in the quoted references and is summaiized

achieve a detailed characterization of the spray
droplets, the aerosols and the gas.

2.2.1 Description of intrusive techniques

Over 100 thermocouples are used to measure the ga
temperature in the whole vessel. Thermocouples ar

located along the vessel diameter at 6 differemtlte
distributed along the TOSQAN height. Other
thermocouples are located in the sump and dome
regions, and near the heated walls. The masg

spectrometry technique is used for gas concentistio
measurements. The sampling system is composed of
heated lines, each connected via a rotating vave t
fine tubes which provide 54 sampling points locatéd
different heights and raffi Aerosol mass
concentration (Geroso0)) and size distribution (foso)

Table 1.
Table 1. TOSQAN instrumentation accuracy
Techniques Physical Accuracy
magnitude
LDV V, U (m/s) 1% to 5%
Droplets Tl
PIV V, U (m/s) 2% to
S 10%
ILIDS DdroDIet (Hm) 5%
SRS >gteamr Xair (%) +-1
Gas Vol%
Mass Xsteamv Xair (%) +-1.5
spectrometry Vol%
Thermocouple| T (°C) +/- 1°C
OptiC&' Daerosol(um) pm
) spectrometer | Caerosol 5%
Aerosol (mg/nT)
Turbidimeter I\/Elterosol_ collected 7%
(mg)

in the gas phase are measured, during the tesy ani
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2.3 Test procedure

Test scenario consists in water spray injectiorthim
TOSQAN vessel which is initially seeded with aetoso
simulating fission products release, and after,
pressurized with steam, simulating the primary utrc
breach (Table 2). Aerosols are initially injectetbithe
vessel which has a gas leak in order to stay at
atmospheric pressure during the aerosols injection
phase. Aerosol concentration in suspension in the
vessel is measured in real time by using the WELAS
granulometer that allows good reproductibility bkt
initial test conditions. This measurement is alsedito
determine the total aerosol mass present in theofjas
the vessel all along the test and particularly hefore

the spray activation, since it is not able to measu
accurately the aerosol mass injected in the veSéel.
aerosol chosen for this study are particles otaili
carbide (SiC) with a granulometry ranging belowr u
and material density of 3.2 g.ch{see Table 3). The
spray nozzle used is fed with a water mass flow rat
equal to 30 g:5and a water temperature equal to 20°C.
However, at the beginning of the spray activation
(t < 30 s), the temperature of the water injected i
above 30°C because the water which is initiallyspre

in the spray circuit is heated by conduction frdme t
vessel. The heated walls of the TOSQAN vessel are
also fixed at the same temperature all along thaysp
test (120°C).

Table 2. Spray specifications

Water Droplets Gas mixture compositiof
injection arithmetic (bar)
temperature | mean air steam
diameter
(Ddropler)
20°C 146 pm 1 15
Table 3. Aerosol specifications
Aerosol Initial Initial Aerosol
type aerosol aerosol mass
diameter standard | injected
(um) deviation | (mg)
SiC 2 15 1800

3. SPRAY CHARACTERIZATION

Water spray is produced by a nozzle (TG_3.5) from
Spraying System, with an internal diameter of 1 mm,
which produces droplets of an almost uniform size.
Spray characterization has been performed by the
means of optical diagnostics in order to deterntires
initial droplets velocity, droplets size and spieaygle.
The spray angle is an important parameter becaese w
have to check that droplets do not reach the artic
heated wall of the TOSQAN vessel, in order to pneve
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droplets vaporization. The spray angle was detexchin
using the laser visualization technique as shown in
Fig.2. An example of droplets size measurement
performed by ILIDS technique is presented in Fig.3.
ILIDS measurements were not performed close to the
nozzle exit because of the high droplets densiticlvh
causes multi-scattering phenomena and droplets
overlapping. The mean vertical and radial velosité
droplets measured close to the nozzle exit by the P
technique are presented in Fig.4 and Fig.5. In both
velocity fields, the spray nozzle is located atedght

(z) equal to 100 mm. The reference for the vertical
velocity is negative for falling droplets. In Fig.the
shear layer between the gas and the spray in the
vertical velocity field resulting from the momentum
exchange between the two phases of the flow can be
observed. The radial velocity field shown in Fig.5
shows a usual pattern of spray expansion due to
droplets inertia, with the radial velocity compoten
close to zero in the center-part of the spray. @Bthe
droplets velocity measurements were performed én th
field remote from the nozzle exit, in order to abta
vertical profile of droplets velocities (Fig.7),dnadial
profiles of droplets velocities at different distas
from the nozzle (Fig. 6). Droplet velocity
measurements cannot be performed very close to the
nozzle exit, which is the primary atomization zaviéh
liquid ligaments. The initial droplets standardized
velocity measured at 20 mm from the nozzle exit is
therefore about 12 m's A characteristic flat velocity
profile can be observed at 50 mm from the nozzie ex
This kind of profile which delimits the spray area
typical of the near field of spray where the pestiin

of gas inclusions within the liquid core is not yer
efficient due to the high droplets den$tyAt the spray
periphery a counter-flow loop shown by a positive
velocity can be distinguished. On the other radial
profiles, the spray development in relation to the
distance from the nozzle exit can be observed, stiow

a decrease in droplets velocity resulting from
momentum exchange with the gas. The gas
entrainment induced by the spray droplets is urdsd|

by the gas velocity field presented in the Fig. 8.

Gas entrainment is an important phenomena for dise g
mixing inside the vessel and also for the aerosols
removal process because the spray section is lower
than the vessel section. Those points will be
investigated during the further parts of this paper
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Fig.2 Spray visualization in the TOSQAN vessel.
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Fig.3 Droplets size distribution (ILIDS measurensent
performed at 1 m from the nozzle exit) — Arithmetic
mean diameter value equal to 146 um.
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Fig.4 Spray droplets vertical velocity V (m/s) tiel
measured in the TOSQAN vessel.
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Fig.5 Spray droplets radial velocity U (f)dield
measured in the TOSQAN vessel.
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Fig. 6. Spray droplets vertical velocity measurad o
radial profiles in the TOSQAN vessel (extractedriro
PIV measurements).
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Fig.7 Spray droplets vertical velocity measured on
vertical profile in the TOSQAN vessel (extractedrfr
PIV measurements).
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Fig. 8. Half gas radial velocity U (m‘sfield measured
in the TOSQAN vessel.

4 ANALYSIS OF SPRAY INTERACTION WITH
GAS MIXTURE

We made an overall analysis of the test conducidd w
the air and steam mixture. Time evolutions of vksse
relative pressure and mean gas temperature arenshow
in Fig.9. Steam injection is started at the tinfenence

t = - 500 s. The reference time t = 0 s correspdads
spray activation. The global Saturation Ratio SR(t§
steam saturated pressurg.fiokt) and the gas mole
number Qs moielt) present in the vessel are computed
in relation to time using Eq. (1), Eq. (2) and E).for
the test. Finally, the results are presented orctinee,
such as the mean gas temperature (multiplied kyr 4 f
scaling reasons), the global Saturation Ratio dmed t
gas moles number (Fig.10).

Pyeam(t)

SQ(t) ) F>saturation (t)

1)

The steam saturated pressure can be expressethwith
following expressiof?.

105
Psaturation (t) = 10A (2)
~ 2818
With A—1637—W—169I09Tga5 mean (1)

=57510°Myss ean (1) +40110°T 2 ron (1)

Prosoan _ refative (t) Viosoan
ngas_ moles (t) -

RTgas mean (1) (3)
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Where, Tgas mean(t) is the mean gas temperature in the

TOSQAN vessel Py, (t) is the steam partial pressure
and Prosoan _raaive(t) IS the relative pressure in the
vessel, in relation to time t.

The mean gas temperature is the spatial averagasof
temperatures measured with thermocouples located
along the vessel diameter at 6 different levels
distributed along the TOSQAN height. Gas
temperature fields measured at different timesnguri
the test are shown in Fig.11 and Fig.12.
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Fig.9 Time evolutions of vessel relative pressure a
mean gas temperature during the tests (spray is
activated att =0 s).
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Fig.10 Time evolutions of Saturation Ratio, gasenol
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HEFAT 2008

6" Inter national Conference on Heat Transfer, Fluid M echanics and Ther modynamics

-1000
108.0
107.6
107.2
106.7
106.3
105.9
1055
105.1
104.6
104.2
103.8
103.4
102.9
1025
102.1
101.7
101.3
100.8
100.4
100.0

-1500

-2000

-2500

-3000

Z (mm)
AI\\\\I\\\\I\\\\I\\\\I\\\\I\

-3500

L 1 L : : : ] : : L L 1 L

-1000 0 1000
R (mm)

Fig.11 Gas temperature (°C) field in the TOSQAN
vessel measured at t = 300 s.
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Fig.12 Gas temperature (°C) field in the TOSQAN
vessel measured at t = 3000 s.

According to the results presented in the Fig.1h@, t
test can be decomposed in different significantspha

At the beginning of spray activation (0 s <t < K)0a
strong decrease of the vessel mean gas temperature,
correlated with an increase in the saturation ratias
observed. Spray activation is also followed byratial
overpressure generated by the increase of the gies m
number present in the vessel as shown in Fig.10.
Nevertheless, as the vessel leak flow rate is gibdg,

the air mole number is constant in the vessel
consequently, the total mole number variation igatq

to the evolution of the steam mole number in the
containment. We can therefore conclude that during
this time, spray droplets are vaporizing and trereef
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produce a steam source. This first phase of deplet
vaporization is due to a low initial saturationioaand

to an initial mass stratification, particularly ithe
bottom of the vessel. During this phase, the meen g
temperature is above of the heated walls temperatur
(120°C) leading to the activation of the heat exdea
that controls the wall temperature. But the effatthe
decrease in mean gas temperature is slight compared
that produced by the spray activation. At the efithis
phase (t = 100 s), the saturation ratio is praltyicd its
equilibrium value equal to 1, meaning that the gas
mixture is almost saturated by the steam. The skcon
phase of the test is characterized by a strongedser

in the vessel pressure, gas mole number and mean ga
temperature. During this phase (t > 100 s), steam
condensation on water droplets is the dominant
phenomenon. The gas mixture is cooled by convective
heat transfer with the droplets initially injectad20°C
that induces steam condensation on droplets irr dode
keep a saturated mixture. The cooling effect of the
spray is clearly shown in Fig.11 that also showe th
non-uniformity of the gas field in the vessel.

The third phase of the test is characterized btgady
state with no significant changes in pressure,njake
number, saturation ratio and mean gas temperature
(t > 2500 s). The gas temperature field given W E
shows a homogeneous pattern except near the Vertica
heated walls and in the spray area. The decredabe in
gas temperature scatter, compared to that obséoved
the first phase, is the consequence of the renefihke
gas, caused by the circulation loop resulting fritve
spray entrainment. During this phase, the energy
provided to the droplets by the gas is compensayed
that provided by the heated walls to the gas.

5 STUDY OF AEROSOL REMOVAL BY SPRAY
5.1 Time evolution of aerosol diameter during
spray injection

In this section we focus on the aerosol behaviour
during the spray injection. During the entire test,
aerosol concentration and aerosol size presenhén t
gas are measured in real time wusing optical
granulometét®. From the time where the spray is
activated, the aerosol mass collected by the spray
droplets is also measured in real time. For ths, te
according to the spray angle, droplets don’t imphet
vertical walls of the vessel. So, we consider (et
aerosol mass issued from the water drained aloag th
vertical walls is negligible. For all the resulteepented

on the following curves, the spray activation
corresponds to the time t = 0 s. Time evolution of
aerosol diameter is presented in Fig.13. In tlyar is
also presented the time evolution of aerosol nurfdrer
different ranges of size. Spray activation induees
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strong decrease of the aerosol mean diameter angord
to the mechanical effeétS and phoretic effects
involved in the removal of aerosol from the
containment atmosphere by spray droplets. We can
notice that the aerosol mean diameter decreaseris m
marked during the first two phases of the testinddf
from Fig.10 in the previous section. Actually, for
t < 2500 s, the aerosol removal process is more
efficient for the largest aerosols which are cattecby
droplets, mainly due to mechanical effects. Phoreti
effects such as diffusiophoresis are relative tarst
concentration gradient around the droplets.
Diffusiophoresis will be involved in the removal
process during the phase of the test where heat and
mass transfers between droplets and gas, suckams st
condensation on droplets, are strong.

So, at t = 2500 s, according to sedimentation, smro
collection by droplets due to mechanical effectsl an
subsidiary, due to diffusiophoresis, aerosols which
diameter is larger than 2 um are not present irgtse
anymore.
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Fig.13 Time evolution of the aerosol mean diameter
and aerosol number by range of size.

In order to analyse the global spray collection
efficiency as a function of aerosol size distribati
aerosol histograms size obtained at different times
before and during spraying, are presented in Fig.14
The global spray efficiency for aerosol removal,ichh

is the ratio between the difference of the particle
number present in the gas before spraying and at
t = 4000 s, with the particles number present lgefor
spraying, is also plotted in Fig.14. The globalagpr
collection efficiency tends towards 1 for aerosdiich

size is larger than 1 um. As we can see, the global
spray efficiency seems to have a minimum for adroso
size around 0.5 pm. This result corresponds tdabe
that, for these ranges of aerosol and droplet size,
mechanical effects have a poor efficiency and
thermophoresis effects become negliditle
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Fig.14 Aerosol size distributions at different time

5.2 Aerosol removal rate and droplet collection
efficiency

In this part, we investigate the aerosol removéaé ra
(/]S) and the single droplet collection efficiency (E)

during the test. The single droplet efficiency &fided

as the ratio between the aerosol mass collected by
droplet and the aerosol mass present in the swapt o
volume. We need to measure the global aerosol mass
collected by spray droplets at each time step. As
aerosol concentration is expected to be differerthe
spray region and in the dry region, during spray
injection, the WELAS granulometer measurement
which is a local measurement, can not be used to
determine the total aerosol mass present in theofjas
the vessel. On the other hand, before spray aictiyat
the aerosol mass concentration present in the gas
(Caerosd0)) can be determined using WELAS
granulometer measurement because the aerosol mass
concentration is homogeneous in the gas of theeless
due to mixing induced by steam injection. It is wine

can extrapolate the total aerosol mass in the kesse
(Maerosol_gd0)) (EQ. 4) from the local measurement
performed with the WELAS granulometer. During
spray activation, the global aerosol mass colletted
spray droplet at each time step oMo coliectdd)) IS
measured with the turbidimeter. The total aerosa¢sn
present in the gas at the instar(ﬂ\/taerosol gas,(t))(Eq.

5) is obtained experimentally with the difference
between the initial aerosol mass present at t {Bgs
4) and the aerosol mass collected by the sprafpeat t

instant t(M aerosol _ collected (t))

(4)
M aerosol _gas(t) =M aerosol _gas (0) -M aerosol _ collected (t)

(5)

M aerosol _ gas (0) = Caerosol (0) V TOSQAN _ vessel
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On the other hand, the total aerosol mass presdhei
gas at the instant t can also be defined in udneg t

aerosol removal ratelS by the Eq. 6.

M aerosol _gas(t) = Caerosol (0)-eXp_ (/]st)'VTOSQAN _ vessel
(6)

The evolution of the total aerosol mass preserhén
gas of the vessel (Eq. 5) is presented in Fig.15.

At spray activation (t = 0 s), the initial totalrasol
mass in suspension in the vessel equals 1238 mzhwhi
is less than the aerosol mass injected in the besse
before spray activation (m=1500 mg). This differenc
may be related to aerosol deposition on verticdlswa
induced by the development of a wall turbulent
boundary layer.
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Fig.15. Time evolution of the aerosol mass in the g

of the vessel (mg)

Use of the Postn®® equation (Eq. 7) allows
computing the single droplet collection efficien(t)
from the aerosol removal rateé/ls). The Postma

relation links the droplet collection efficiency spray
and vessel parameters such as droplet sizgpMR
droplet falling height (h), vessel volume+84oan_vessd
and water spray mass flow rates{(& volumi-

(7)

3 Qspray_volumiC'h

E

s -_—— .
2 Ddroplet V- TOSQAN _ vessel

With:

h=4m

=3010°m’s™
VTOSQAvaesseI: 7 nf'

Ddroplet: 146 Hm

Qspr ay _volumic

Some assumptions are necessary to use the Postma
relation such as the whole vessel volume is covbyed
monodispersed spray droplets, and the aerosol mass
concentration is homogeneous in the vessel. For
TOSQAN test, according to the spray angle (579, th
sprinkled volume corresponds to 75% of the vessel
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volume. The droplet size distribution is not styict
monodispersed, but from the results presented én th
Fig.3, we can see that the droplet size distrilbui
relatively centred. The aerosol mass concentraiion
expected to be homogeneous inside the spray region.
So, the curve showing the time evolution of theoaer
mass in gas (Fig.15) is fitted from time equal @® 3

to time equal to 1500 s to determine the aerosol
removal rate (Fig.16). At the time of the spray
activation, a transient phase of water draininguoen

the sump bottom and the online turbidimeter
measurement can not be directly related to thesakro
mass collected by spray droplets. The duratiorhef t
draining phase was determined to be 200 s, and
measurements taken during this time period are
discarded. At the same time, measurements obtained
for t > 1500 s are not considered, due to the aszef

the online turbidimeter accuracy observed for lower
aerosol mass concentration present in drainingrwate
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Fig.16. Time evolution of the total aerosol mass

present in the gas inside the vessel fromt = 200 s

t = 1500 s. Determination of aerosol removal redenf
the curve fitting

According to the result presented on the Fig.1€, th
aerosol removal rate is equal to 0.0019 during the
period 200 s to 1500 s. In this condition, the tbp
collection efficiency computed with the relation) (3
equal to 0.0108 which is in good agreement between
Powers’s results for droplet size of 200 {thand with
Ducret's result$® for monodisperse droplet size of
280 um. Let’'s point out the fact that Ducret's fesu
were obtained during steady state thermal-hydraulic
conditions and aerosol mass concentration in
suspension in the CARAIDAS vessel, and the single
droplet collection efficiency is constant during ttest,

as opposed to the TOSQAN vessel where the aerosol
population changes all along the test. Another agogi
was to determine the elementary droplet collection
efficiency versus time for each aerosol range oé $b
determine the droplet collection efficiency. In erdo
calculate the elementary droplet collection efficig,
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we suppose that the aerosol mass loss in the gendyis
due to droplet collection phenomena and transfers f
the gas surrounding to spray area. This transfeués

to the gas entrainment induced by the spray dreplet
(Fig. 8). The droplets are supposed to be also
monodispersed. The droplets collection efficiensy i
then computed in using the local loss of aerosadsma
in the gas between two time steps, measured wih th
WELAS granulomter. Results which are presented in
the Fig. 17, show that the minimum of efficiency is
obtained for aerosol size slightly lower than 1 (Tine
minimum corresponds to the fact that the collection
mechanisms based on Brownian diffusion and
thermophoresis become negligible and droplets
collection mechanisms based on impaction and
interception are not yet importé&iit.

o
N

£ 0,18 -

0,16 1 %
0,14 1
0,12 1 i %
0,08 1
0,06 1

0,04 1 by b
0,02 1

R

©t=300s
= t=500 s
A t=700 s

Elementary droplet collection efficiency

o

0 0,5 1 1,5 2 2,5 3
Aerosols ranges of size (um)

Fig. 17. Elementary droplet collection efficienagrsus

aerosols ranges of size, at different times.

6. COMPARISON BETWEEN EXPERIMENTAL
AND NUMERICAL RESULTS

The French-German integral code ASTEC (Accident
Source Term Evaluation Cd#® is developed
commonly by IRSN and GRS with the aim to get a
fast-running code for the simulation of the complet
sequences of severe accidents in LWR (Light Water
Reactors), from the initiating event up to the flass
fission products release to the environment. Thaeco
can be applied to accidental sequence studies,
probabilistic safety assessments, investigations on
accident management procedures and support to tests
ASTEC is the European software of reference in the
network of excellence SARNET (Severe Accident
Research NETwork). For this study, the interesting
module for the aerosol collection by droplet of the
spray is the CPA module (Containment Part of
ASTEC: Thermohydraulics & Aerosol behaviour in
Containmerft”). The TOSQAN vessel mesh is
composed of 2 coaxial cylinders. The compartment
located at the centre of the vessel defines thayspr
region. The coaxial cylinder which defines the gas
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region is divided in two parts, the upper and theedr
region. This mesh organization allows representing
aerosol transfer from the gas region to the spegion,

due to spray entrainment. The aerosol mass callecte
by spray droplet and also the total aerosol mass
deposited on the walls is calculated with ASTECecod
For ASTEC calculation, the vessel initially preszed
with steam is seeded with aerosol from t = -300
-250 s (Fig. 19). From t = - 300 s to spray actoragt

t =0 s, ASTEC calculation shows the evolutiontod t
aerosol mass which is deposited on the verticalswal
and on the bottom of the vessel. ASTEC results show
that about more than 10 % of the initial aerosoksna
injected in the vessel is deposited on vessel Wailis
deposited aerosol mass will not be drained to timeps
during spraying. From the time where the spray is
activated, the deposited aerosol mass becomes
negligible comparatively to spray droplet wash out
processes because of the higher transport coeificie
due to the falling dropl&f.. The comparison between
ASTEC calculation and experimental results are
presented in the Fig.18. The comparison is basdéteon
aerosol mass collected by the spray in the central
compartment including the aerosol mass which has
been settled on the sump bottom. Results presémted
Fig show a good agreement between experimental and
numerical approaches especially concerning the
dynamic of aerosol mass evolution from the begignin
of the test to t = 1500 s which corresponds toptiese
where the largest aerosol have been collected tay sp
droplet. This results show that mechanisms of atros
collection by droplet and of aerosol transfer toagp
region are well described in ASTEC code. We can
notice that there is difference between the expemtad

and numerical value of the total aerosol mass cielte

by spray droplet. But this difference (almost 7i%the
same order of magnitude as the turbidimeter
experimental uncertainty (see Table 1). Another
explanation may be linked to the calculation of the
aerosol mass deposited on wall by the ASTEC code.
We can conclude that the ASTEC code is efficient to
predict quantitatively the aerosol collection
mechanisms.
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Fig. 18. Comparison between experimental and
numerical results: aerosol mass evolution in tlesek
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7 CONCLUSION

Spray tests with aerosol were conducted in the
TOSQAN large facility devoted to thermal hydraulic
containment studies. Spray tests realized in hot
conditions allow us to study the interaction betwee
spray droplets and gaseous mixtures such as air and
steam, seeded with aerosol simulating fission petsdu
Advanced instrumentation was developed,
implemented and qualified on the TOSQAN facility in
order to characterize all the magnitudes requid f
analysing the effect of spray injection on contaémmn
thermal hydraulic conditions and also, the locaathe

and mass transfers between spray droplets and gas.

Detailed measurements such as the droplet velocity,
droplet size, aerosol size and concentration, gasne
concentrations, gas temperature and pressure heme t
performed during the tests. First, an overall asialy
was conducted to explain the different phases ef th
spray test, such as the initial steam overpressure
induced by droplets vaporization followed by a styo
vessel depressurization due to steam condensation o
droplets and convective heat transfer between dtspl
and gas. The last phase identified is a steadg &bat
which the energy provided to the droplets by the iga
compensated by that provided by the heated walls to
the gas. Aerosol removal by spray droplets wasiestiud

in order to quantify the global spray collection
efficiency and the single droplet collection eféiocy.
Results show that aerosols which size is above than
2 pm are rapidly washed out by the spray. Spray
efficiency is less good for smaller aerosol for ebhi
droplets collection by mechanical effects has arpoo
efficiency, according to droplet size. The singteplet
collection efficiency was computed with both
approaches, the first one based on a global
measurement of the aerosol mass collected by the
droplets, and the second one based on the local
evolution of the aerosol mass present in the gaactt
time step of the test. The results obtained forntiaé
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hydraulic conditions representative of severe aatid

in the TOSQAN vessel show a good agreement with
literature studies. The comparison of numerical
ASTEC code results with experimental results shows
globally a good agreement for this test. In thetnex
future, spray tests with aerosol will be performted
analyse the effect of spray and aerosol parameters
aerosol removal proces&es
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