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ABSTRACT

Sodium-cooled Fast Reactors (SFRs) represent otteeafhost promising technologies
in the context of generation IV nuclear power reext In order to improve electric
efficiency and to avoid a reaction between Sodiuh water when Rankine cycles are
used, the concept of Brayton cycles using supemahitCO, is being investigated as
alternative energy conversion cycle. However, andantal scenario must be evaluated,
since a leakage inside the &€bdium heat exchanger would cause a reactive
underexpanded Cfnto-Sodium jet, which in turn could lead to megital and
thermal problems. A two-fluid approach has beerestigated for the modelling of the
two-phase jet. According to available flow mapsstnfliow has been assumed at the leak
exit, where high gas volume fraction and high ifaeial slip velocity exist, and bubbly
flow has been assumed for lower gas volume fractioa slip velocity. An interfacial
friction model has been developed. Droplet and mubdimmeters have been estimated
following literature experimental results and usargical Weber number. For the drag
coefficients, consistent correlations have beeneldped. A two-phase mixture
turbulence model has been added. The interfaci@ticin approach has been
implemented into the two-fluid model of the CFD tsaire Ansys Fluent 14.0.
Experimental gas-into-water tests have been rehlire order to obtain visual
information and to perform void fraction measuretsenhrough optical probe:
numerical results are consistent with experimenta&s in terms of void fraction profile
during the injection transient and axial and radwaild fraction profile at steady-state
conditions. The two-fluid approach presented herdl Wwe the base for the
implementation of a chemical reaction model, ineortb account for the exothermic
chemical reaction between the £&hd the Sodium.

1 INTRODUCTION

Supercritical CQ Brayton Cycles (SCCBCs) have been investigatethguast years as a possible
energy conversion cycle for Sodium nuclear Fastcies (SFRs) [1][2][3][moisseytsev,
sienicki_conference_article, muto]. Compared tovemtional steam Rankine cycles, SCCBCs
feature higher thermodynamic plant efficiency, makiadvantage of COcompression near its
critical point, where gas density is much higheowdver, the primary reason of investigating
SCCBCs for SFRs is the elimination of the sodiuntewaeaction (SWR), occurring in case of
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leakage in the steam generator, with consequentigaphenomena on steam generator tubes [4]
[kishore]. The SWR is described by the reactioresoh [eq: SWR] [4](KISHORE):

Na + HO > NaOH + 1/2H — 180 kJ/kmala (@)

The reaction is exothermic and with an extremelghhieaction rate that it can be considered
instantaneous. Wastage is caused by the presenoerafsive soda (NaOH) in the reaction
products. Even if no wastage is caused by,-€@lium reaction (since no corrosive reaction
products are formed), also @@acts exothermically with sodium. The reactiothpand products
are different depending on initial reagents temipeea the following reactions path has been found
to occur for temperatures higher than 500°C [5§qgel_thesis, gicquel_conference_article]:

Na + % CO2> %2 Na2CO3 + ¥4 C — 272 kd/kmolNa (b)

This reaction path is the one currently considéngthe authors for the G&odium reaction, since
in SFRs, sodium inlet temperature in the heat exgbi@a considered is higher than 500°C. A
different reaction path for temperatures lower tf@®9°C has been found [5] [gicquel_thesis],
which will also have to be investigated in the fetuconsidering that the colder part of the heat
exchanger is at temperatures below 500°C. Fromar{d)(b), one can see that the exothermicity of
the reaction between G@nd sodium is higher than the one of SWR: howebvesjdes avoiding
wastage phenomena, the £€ddium reaction rate has been found not to bamtsheous [5] as the
SWR is.

In order to fully investigate the applicability SCCBCs for SFRs, an accidental scenario of leakage
in the CQ-sodium heat exchanger must be evaluated. Beingp@€3surized at about 20 MPa, and
sodium flowing at nearly atmospheric pressure, at-e&changer tube leakage would cause an
underexpanded Gfnto-sodium jet. The CEA has developed an expartaidacility which allows

to realize C@-into-liquid-sodium jets [6] [gicquel_conferencetiae], in order to reproduce an
accidental leakage. A schematic view of the expemtal device is shown in figure 1: G
injected upward into a cylindrical pool filled witiquid sodium. Temperature measurements are
performed inside the jet through twenty moveablkrrttocouples, in order to evaluate axial and
radial temperature distributions.
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Figure 1 - Schematic view of the experimental deyerforming C@into-sodium jets.
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The aim of the experimental facility is to obtaimemical reaction kinetic information, to be used
in future real heat-exchanger geometry studies.uferical model of the experimental €O
into-sodium jet must be developed in order to battenprehend the jet behaviour and to find
reaction kinetic parameters, such as, for instafiodenius pre-exponential factor and activation
energy, rather than diffusion versus chemical ralevance. A numerical model would be useful
for transposition to real heat exchanger geometry.

As a first step towards a complete model, a nontieagas-into-liquid jet has been investigated
with the aim of comprehending the two phase flolwdwour and for model validation purpose:
water has been chosen as liquid fluid, since sodipatity and high melting point complicate its
utilization for visual experiments. Liquid sodiumdawater feature similar density and viscosity.
Numerical results have been compared with expetiheasults obtained on vertical upward
COx-into-water and Minto-water jets realized at CEA.

Several challenging aspects have to be taken aaouat when dealing with underexpanded gas-
into-liquid flows and their numerical modelling. Assfirst observation, gas velocities are much
higher than typical gas rising velocity presenbthers two-phase flow obtained, for example, in
bubble columns or in ducts, broadly studied ingghst. The important compressibility effects in
the gas phase are critical for the numerical stglof pressure-velocity coupling algorithms for

a two-fluid approach, and poor literature can hentbdealing with this kind of two-phase flows
treated numerically. As a main consequence of tiexpgerience in such two-phase flows,
difficulties arise in determining flow regimes, pd&ssed phase characteristic dimensions and,
therefore, closure laws for the interfacial masepmantum and energy exchange. Besides these
critical aspects, an additional complication isresented by the presence of a heterogeneous
chemical reaction, which takes places at the gpsdiinterface, leading to high increase in
temperature with possible liquid phase evaporgiioenomena. This last aspect is not taken into
account in the present document, which focusescorr@active underexpanded jets.

2. EXPERIMENTAL TESTS

An experimental apparatus has been built in ordestidy underexpanded gas-into-water jets.
According to the final goal of developing a modet the reactive C@into-Sodium jet studied
experimentally, the same geometry of the liquidismdpool used in the facility described in
figure 1 has been chosen for realising non reagageinto-water jets. The exact geometry of the
dispositive is shown in figure 2. Gas is injectedoi the cylindrical pool filled with water,
through a 1 mm diameter circular nozzle placedhatiottom of the pool. The pool wall is made
of transparent plexiglass, allowing to perform walsobservations. The top of the pool is entirely
opened, in order to allow instrumentation accomrtioda The height of the water is fixed to
300 mm or 200 mm, depending on the desired expataheesults investigated.

An optical probe has been used for local void foactmeasurement, at different positions inside
the pool. Measurements have been realised througimghe-tip probe, fabricated by “RBI-
instrumentation”. Considering the high gas velocigar the nozzle outlet, sapphire was chosen
as probe material, mechanically stronger than khesdibre option. The diameter of the sapphire
tip is in the range of 10-50m. The scheme of the apparatus is shown in figufEh2 optical
probe, inserted inside the pool from the top operfase, was fixed to a mechanical arm
controlled by a 3-axis moving system which alloacpg the probe at different axial and radial
positions. The step-by-step electric motor featlB@8 steps per millimetre in both axial and
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radial directions. However, since an axial and ahdéference zero has to be fixed in order to
calculate the position of the probe during the steshe effective accuracy of the probe
positioning system is affected by the accuracyefinihg the reference zero. The axial and radial
zero was placed at the centre of the nozzle exit, aprecision of +/- 1 mm.

The optical probe is connected to an opto-eleatrodevice also provided by RBI-
instrumentation. The conversion of the optical alg(guantity of light reflected) into an
electrical signal is ensured by a photo-sensitieenent. This analog signal is then amplified,
thresholded and converted into a binary signalctvie the time function indicating when the tip
is alternatively in contact with liquid and gas.iFATL signal is provided to an acquisition
board. Its operating frequency is 20 MHz, whichrgméees a very high time resolution directly
affecting the accuracy of void fraction measureméce acquired and stored, the binary
signals are processed by a dedicated softwarelar to obtain the local values of void fraction.

B) * _is
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Figure 2 — A) lllustration of the apparatus utitizer the gas-into-water injection: entire
representation (a) and frontal view of the effeztilomain filled by water (b). B) Representation
of the complete experimental system developedéddiopming optical probe measurements: 1)
optical probe, 2) mechanical arm for probe placdn®rstep-by-step axial-direction engine, 4)
and 5) step-by-step radial-direction engines, @gagtus described in A), 7) connexion to gas-

bottle.
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Once the gas injection has begun, optical probesareeents are realised in different positions.
For each position, a number of 2000 liquid-gasttlations (corresponding to 2000 transitions in
the binary signal) was fixed as the minimum valuéé achieved in order to obtain a statistically
converged average value of gas void fraction. dltytj a water height of 300 mm was used:
however, a certain quantity of water was pushedxibo from the top of the pool, due to high

pressure gas injection from the bottom, leadin@ tariable water height during the tests. For
this reason, for void fraction measurements, wagght was fixed at 200 mm, the maximum
operable water height in order not to have watss lduring the gas injection (considering the
gas injection total pressure of 0.7 MPa, as willdescribed in paragraph 4). In order to avoid
mechanical problems on the optic sapphire tip chubg supersonic gas velocities,

measurements were performed starting from an prition of 30 mm downstream the nozzle.

3. NUMERICAL APPROACH
3.1  Flow regime considerations

Due to high interfacial slip velocity and importasdmpressibility effects in the gas phase, a two-
fluid approach has been adopted for the modellinth@® two-phase jet. Closure laws are required
for interfacial mass, momentum and energy trandflass transfer will not be considered for the
present study, since no evaporation/condensatiach@mical reaction occur. For momentum and
energy interfacial transfer, an interfacial areastrhe evaluated. When a highly pressurized gas is
injected through a sonic nozzle into a liquid bathatmospheric pressure, choked condition and
consequent gas speed of sound are reached at zhke mloroat. If pressure at choked condition is
still higher than downstream pressure, underexpangccurs downstream the nozzle, leading to
local supersonic gas speed in the liquid. As a egmsnce, slip velocity between gas and liquid
phases at the nozzle outlet is very high. Thihé dase of a CQOeakage inside the G&odium
heat exchanger of an SFR. Farther downstream thdeyaas velocity decreases due to interfacial
momentum exchange. According to flow regime majpipes [7](zhang), droplet flow must be
assumed for high slip velocity, due to liquid emtnaent in the gas phase caused by the instability o
the gas-liquid interface, whereas bubbly flow candssumed for low slip velocity. Using the
experimental device described in figure 2, highspuee CQ (up to 0.1 MPa) has been injected into
static water in order to confirm droplet and bubfibw regime in such a two-phase flow: figure 4
shows a first region near the nozzle representieggas expansion core, where continuous gas
phase is observed. Liquid entrainment can occthigwregion. Droplet visual detection could not be
possible with the experimental facility used by #ighors; however, entrainment phenomena in
underexpanded jets were confirmed and reportedeirature [8][9](epstein_droplet_size; someya).
In a second region, farther downstream the nogas,atomization can be observed, with fine gas
bubbles rising in continuous liquid.
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Figure 4 - Gas core region and bubble region (CA2aMPa into water).

3.2  Modd equations

The following continuity equation is solved for égehase:

0 -
%o +oda,p,U,)= (m,, +my)+s, @

Where pp, ap and U are density, volume fraction and velocity of theneric phasep,
respectively.myq and myp are the source terms accounting for interphasesmeansfer
(condensation and evaporation) between phasand phaseg and S, is the source term
accounting for chemical reactions,g, Mg andS, are zero in the present study of non-reactive
jet. The following Reynolds-Averaged-Navier-Stoleggiation is solved for each phase:

%(apppup)-'-Dtﬁapppupup):_apmp-'-l]E[up(ﬂ+ﬂt)(|:|0p+(DUP)T)]

+apppg+(u qupq +qumqp)+ qu (2)

Where p and u, are the dynamic and turbulent viscosity, respedtiw is the pressureg is

the gravity acceleration,U quqp are the interphase velocities (which are zercha gresent

study) andFyq is the interfacial force source term.

Applying a phase-dedicated turbulence model is mpticated task due to the necessity of
determining the interfacial turbulent momentum $fan In recent studies in bubbly flow
[10](garnier), it was found that for void fractidrigher than a value around 10%, the ratio
between liquid and gas rms velocity fluctuationglsse to one. This implies that both phases
tend to fluctuate as one entity at relatively hggts fraction and suggests that the use of one set
of equation for the turbulent energl) (@nd the turbulent energy dissipation rate for the
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mixture of the continuous and the dispersed phassappropriated: so, a standded mixture
turbulence model has been adopted in this studyhiiclosure of Reynolds stress tensor. The
equations solved by the model are the following:

i(pmk)+|:|l:ﬂpmkum)=Dtﬁimk}*-z“ Sj S|j _pmg (3)
ot o,
pm + D Eﬂp ) I:Egt D£:| k (Cl,€ DZM Sj Slj - Cz,gpm‘g) (4)
Where the mixture density and mixture velocity aespectively:
= Zappp (5)
Za
U, Za (6)
In equations [eq:k] and [eq:ep§; is the mean rate of strain tensor:
au .
5, =3 M2 ™
: ax axi
Turbulent viscosity is calculated through equa[zemtturbvisc]:
k2
H = meu ? (8)

The constantLi,, G, C, ok and o, have the same value as in the standatdmodel
[11](keps).

The following energy equation is solved for eachgeh

9 -
a(appphp)+Dtﬁapppu h)=-a —+D[ﬁa Mo o )OT, ]+ Qpe +H, )
Whereh, and/Zert are the enthalpy and the effective thermal condiyet( A, =4, + i”f‘ ,

t

with turbulent Prandtl numbePr;, equal to 0.85) of phage Qpqis the interfacial heat transfer
flux andH,is the source term taking into account enthalpgastd by chemical reaction (which
is zero in the present study).

3.3 Interfacial friction calculation

Following considerations in paragraph 3.1, dropled bubbly flows coexist in the two-phase
flow considered. The approach used in the SIMMBR4I2][Morita_ SIMMER] computational
code has been adopted in the present work: drpletis assumed for volume fractions higher
than a defined valuey, bubbly flow is assumed for volume fractions lovlean a defined value
ap and a transition flow is defined by combining th® regions. For the simulation of stratified
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vapor-liquid flow and free-surface flows, the ligty=0.70 anda, =0.30 have demonstrated
good results [13][14][Ahmad_Neptune, Mechitoua_Negf. Visual observations described in
paragraph 3.1 showed that, in the two-phase jet ffonsidered, gas atomization occurs for
volume fractions certainly higher than 30%. Moraowveell defined continuous gas phase can be
observed only in the very high volume fraction eghear the gas injection nozzle. Thus, a
translation ofay anday, towards higher values is suggested. Good resaits been obtained in
[15][Uchibori] for the numerical simulation of sugenic gas-into-liquid jets, using the regime
flow limits ag =0.95 anday =0.50. For the present study, the limif has been fixed to 0.8,
whereas, has been fixed to 0.50.

Two separated drag force equations have been mritepending on which flow regime
characterizes the computational cell considered:

§(1‘“)CD,dpg|Ug -G |0,-0,) it aza,
FDI __FD,g — 4 Sd; ~ e - (10)
Zd_bCD,bIOI |Ug —U,|( g I) it asa,

In equations 11¢ stands for the gas volume fraction, subsagipind| stand for gas and liquid
phase, respectively. In the transition flow regineéweernz, andayg, the drag law in continuously
interpolated between droplet and bubble drag lasisg a logarithmic weighted average.

For the determination of droplet flow parameteseful literature results have been found. In his
recent study on liquid entrainment in underexpandgb-into-liquid jets, M. Epstein
[8](epstein_droplet_size) established a correlatmrthe determination of the droplet SMiy,
which is a function of gas pressure injection awdzie injection diameter: for gas injection
pressure ranging between 0.2 and 1.5 MPa and dendameter ranging from 1.0 to 2.0 mm,
entrained droplet SMD was found to range betweeartD50um. Droplet drag coefficientp 4
has been estimated following the results obtaingdWalsh [16](walsh), who investigated
particle drag coefficient in high speed gas fl@®g.,4 is a function of droplet Reynolds number
and gas Mach number. Bubble SMPhas been estimated being in the range betweem@.2 a
0.5 mm using critical Weber number. Bubble dragffoawent Cp, has been estimated from
Schiller and Neumann correlation. However, a caiwacto this single bubble flow correlation
must be applied, since several experimental stydig$l8](rusche; roghair) showed how drag
coefficient increases in case of bubble swarms,pawed to single bubble flow: following these
results, a corrected correlation has been implesdehy the authors to take into account drag
coefficient enhancement as a function of local\gad fraction.

Beside drag force, virtual mass force has beeruded in the interfacial friction calculation,
evaluated through equation 11:

Fomi =—Fumg =Cum WEQ[

(11)

DU, DU,
Dt Dt

The virtual mass coefficiel@yy has been set to 0.5.

Considering equation 3, one can wig = Fp + Fym.
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34 Interfacial heat transfer calculation
As for drag force calculation, also heat transfeefficient has been estimated differently

depending on flow regime. Nusselt number has bedeulated following Ranz and Marshall
correlation [19](ranz_and_marshall):

=h)|i 2+06Re*Pr)*®  if aza,
Nu=4 o (12)
=)I_ 2+06Re”°P®  if a<a,

WhereRe, Re, Prq, Prp are Reynolds and Prandtl number of droplet andleviespectivelylq
and /4, are the thermal conductivity of gas and liquigspectively, andh is the heat transfer
coefficient. The interfacial heat transfer flux pmrit volume is calculated with equation 13:

le = _ng =a Eh ng| 136

The productalh in equation 13 has been evaluated assuming dribpiefor a>aq4, bubbly flow
for a<ap, and using a weighted logarithmic average fortthesition flow.

3.5 Computational geometry and numerical details

The numerical domain corresponds to the experirhg@etametry described in fig 2. The water

height is fixed to 200 or 300 mm, depending on pheameters investigated, as described in
paragraph 2. Computational domain is filled with62& cells and 70,201 cells for the 300 mm
and 200 mm, respectively. The nozzle diameter smim and its length is 2 mm: this is the

sonic throat length of the nozzle utilized durihg £xperiments performed by the authors.

Mass flow flux has been fixed at the nozzle inletjch has been calculated using choked flow
equations, in order to obtain sonic gas velocitythet nozzle exit. Since experimental and
numerical calculations have been performed at siibad CO, pressure values, ideal gas law
was used for both CGand N.

The two-fluid model of the software Ansys FluentQ.hias been utilized for the solution of the
equations. The interfacial momentum and heat teansfodels have been implemented into
Ansys Fluent through user defined functions. Thasphcoupled-SIMPLE algorithm has been
adopted for velocity-pressure coupling. Second+eugsvind spatial discretization scheme has
been adopted for all equations except for energytan, for which first-order-upwind has been
used due to numerical stability reasons. Implemporal scheme has been used, with time step
ranging from 1*10 to 1*10° seconds.
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4. RESULTS
4.1  Upward CO,-into-water jet: numerical and experimental results comparison

The results described in this paragraph have bb&ined using C@injected into water, both
for experimental and numerical investigation. Ggedtion temperature and stagnation pressure
were fixed to 293K and 0.75 MPa, respectively: rgmulting mass flow flux at the nozzle throat
is 2121 kg/(rfis). Atmospheric pressure was set as outlet conditothe domain free surface
and water temperature inside the pool was set 3K.28igure 5 shows gas volume fraction
profile at different injection transient times.ciin be seen that, at the beginning of gas injection
a gas recirculation zone formed in the highest pérthe jet is well visible both in the
experimental and numerical results (figli@ and5b). Figure6a shows the explanation of the
presence of this gas cap: while pushing the wateratd, the highest zone of the gas undergoes
an inversion in flow direction, leading to tangahtand countercurrent velocity directions.
Figure5c shows a more developed transient time, with theeéy expansion angle of the jet.

It is interesting to check the behaviour of liquak shown in figuréb, the gas recirculation
causes a liquid recirculation, which contributesh® liquid entrainment in the gas core closed to
the nozzle. Gas sonic velocity at the thermodynaraiaitions considered is 249.7 m/s. The gas
underexpansion at the nozzle exit leads to supersgas velocity: this phenomenon is
reproduced by the numerical model, as shown irréiga.

1.00

0.50

0.00

Figure 5 - Gas fraction during injection transiehC0O2 at 0.75 MPa into water. Numerical
results are shown for 25 ms (a), 30 ms (b) andmiS(c).
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Figure 6 - Velocity vectors of C{a) and water (b).

4.2  Upward No-into-water jet: numerical and experimental volume fraction comparison

The results described in this paragraph have bbtnned using MNinjected into water, both for
experimental and numerical investigation. Gas tmpectemperature and stagnation pressure
were fixed to 293K and 0.70 MPa, respectively: rmulting mass flow flux at the nozzle throat
is 1308 kg/(mfs).

Optical probe measurements were performed insidmt-water upward jets. Some important
considerations have to be discussed before dejdiia experimental results obtained. Optical
probe phase discrimination capability becomes noatieal for lower contact time between the
optic tip and the dispersed phase: when flow vglaoicreases and dispersed phase (droplet or
bubble) dimension decreases, the success in disatimg the phase depends on the frequency
with which the optical signal is captured by thejasition board. Considering that the two-
phase flow here investigated features very higlaités and small dispersed phase dimension,
we are interested in checking the maximum phasgtdisation performances of our optical
probe measurement system. In order to that, weidemshe volume fraction measurements
performed on the centreline, 30 mm downstream trzla, which is the most critical position
investigated: the binary signal obtained by theicaptprobe apparatus shows a dominant gas
phase periodically interrupted by small liquid pgathe length of these liquid peaks can be
measured, and it is found that the shortest ones &dength of 4s. According to the numerical
results, liquid velocity at 30 mm downstream thezzie is about 15m/s, which leads to a
corresponding particle diameter of @fh: this must be considered as the maximum dispersed
phase dimension that our apparatus is able toifgeAs one can read in paragraph 3, the order
of magnitude of this value is the same as the stimmated for the dispersed liquid droplet flow
regime estimated for the two-phase jet investigatedertheless, we have to take into account
the fact the droplet with diameters lower thaty®0 (which are expected to exist as detailed in
paragraph 3) cannot be identified by the experiadeagparatus.

Another phenomenon must be considered regardingabprobe and droplet interactions: since
the optical tip diameter and the smallest dropigtsension have the same order of magnitude,
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some of the latter could escape the tip insteatbenfig pierced by it and, therefore, not be
identified by the experimental apparatus.

Both numerical and experimental results have beessored for conditions considered as steady
state: in reality, strictly steady state conditi@me never achieved, since both experimental and
numerical results show that the jet is always uieta the radial direction, featuring a sort of
small turning movement around the central axis. el@v, one can consider the steady state
conditions achieved when the time-averaged volumetibn in different sequent time intervals
does not change.

Figure 7 shows experimental and numerical resultderm of void fraction along the jet
centerline. The experimental results shown areatleraged values obtained on five different
experimental tests: the maximum void fraction staddleviation for the five tests is 2.3%; the
reproducibility of the experimental measures islwetified. Numerical results are coherent with
the experimental ones: the maximum difference betwexperimental and numerical void
fraction is found to be 8 %, at 90 mm from the nezi is found that the highest experimental
value of void fraction is measured at an axialatise of 40 mm, which could be caused by the
fact that the optical probe fails to capture theaest droplet in region very closed to nozzle,
were flow velocity are higher.

Radial void fraction distribution is also an import information to be checked, since it
describes the jet expansion angle and width. Aterdnt axial positions (30, 50 and 100 mm),
experimental measures were performed varying ttii@lrposition of the optical probe from +20
to -20 mm, with sequent steps of 2 mm. Resultsegperted in figure 8. The numerical model
gives very satisfying results: the jet width, cédted as the distance from the centreline to the
point where void fraction approaches zero, is weell reproduced by the numerical model. Also
the void fraction radial profile across the jet thids well reproduced by the numerical model.
The radial profile at the axial distance of 100 msmot as symmetric (both for experimental and
numerical results) as for 30 and 50 mm: this cdadddue to the jet instability, which causes a
movement around the centreline. It has to be censttithat experimental radial measurement
have been performed only twice for the 100 mm adisance. The experimental results depict
the presence of a local increase of void fractowaled at the radial edges of the jet: this can be
seen at an axial distance of 30 and 50 mm. Theigdlyasxplanation to this type of profile is not
known by the authors.
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Figure 7 - Experimental and numerical void fractexmal profile along the centerline.
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5. CONCLUSION

A two-fluid approach has been developed with the af modeling a C@into-sodium jet. An
experimental facility has been built in order tafpem void fraction measurements inside the
two-phase jet, utilizing optical probe. Numericasults show good agreement with the
experimental ones, in term of axial and radial vioattion profiles for steady-state conditions,
and jet shape during initial injection transienturherical gas velocity profile shows an
increasing from choked to supersonic conditionghat outlet of the sonic nozzle, as it is
expected due to underexpansion.

The numerical approach here described will be @sethe base for the introduction of the Na-
CO, chemical reaction. The authors have developedaatiom model which describes the
reaction occurring between a sodium droplet and sheounding CQ@ results have been
obtained in term of sodium droplet depletion ra#s, a function of the most important
parameters, such as droplet Reynolds number, drgphgperature and Goncentration at bulk
conditions. These results will be utilized for iraplenting a reaction rate mechanism inside the
two-fluid CFD model.
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