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Abstract

Due to the high effectiveness of direct steam cosdgon, it is being considered for use as a passiv
safety system in the design of a next generatidd© MWe PWR, the APR1400. In order to gain an
understanding of the physical principles governitiggct condensation in a high speed steam jet, two
independent models have been developed, cross cedy@nd validated with experimental data (Kim
2001). The first, a simplified model, uses a camtion of the Lagrangian and Eulerian frames of
reference to analyze the hydrodynamic behaviorqefid droplets present in the steam jet as well as
predict the rate of condensation on a typical droplThe second is a more complex computational
multifield fluid dynamics model (CMFD) implementeal the state-of-the-art computer code NPHASE-
CMFD. The simplified model is calibrated to expegntal data and the results are used to generate
boundary conditions for the CMFD model. Also, andensation heat transfer model developed in the
Lagrangian frame of reference in the simplified elodas been translated into the Eulerian perspgectiv
for use with the CMFD model. It is shown that redicted droplet concentration profiles, centerlin
temperature of the jet, and overall steam condimsedte are consistent with experimental observati

1. INTRODUCTION

A passive safety system which vents steam intantm®ntainment refueling water storage tank (IRWST)
is being considered in the design of a Korean ackéipressurized water reactor (APR1400). In tlsg pa
a similar concept has been used in BWRs, butatri®vel approach as applied to PWRs (Moon, 2009).
The high effectiveness of direct steam condensatilomvs for a significant risk reduction of contaiant
failure in the case of a LOCA. However, becausthefintricacies of the interaction between a stggm
and the surrounding water, significant combinedegixpental, theoretical and computational reseasch i
needed to understand the underlying governing iptes

CMFD is an important tool in the field of nucleagactor safety analyses. With the ever growing
capabilities of modern computers, it is becominggiae to simulate complex interfacial phenomena,
such as direct condensation of a high speed stetaim § pool of subcooled water. The objectivehis
paper is to present and discuss theoretical angat@ational modeling concepts in an effort to prasac
consistent method for analyzing direct steam cosalgon, as well as to compare the results of
predictions to available experimental data.

In the evidence presented by Kim (2001), instaediin the steam-water interface were observeduse
local atomization of the liquid phase, producingiroscopic sized droplets. These droplets areegject
from the interface and travel throughout the jghderstanding the interaction between the steanitand
droplets is the key to analyzing the behavior efj#t. Two independent models have been develfgped
this purpose.

The first is a simplified, theoretical model whiakes the combined Eulerian and Lagrangian systéms o
reference to follow droplets as they move throulgé jet. Heat transfer to a droplet is a transient
phenomenon which strongly depends on the time tloplet is exposed to steam, and is weakly
dependent on the specific path of the droplet thinatine flow. This process is dominated by thenfate
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heat released by the condensing steam. The Ldgrafigme of reference allows one to obtain a
rigorous solution for the time dependent tempeeatpirofile inside a droplet to predict the rate of
condensation on the droplet surface, the rate ahathe droplet heats up, and the rate of growtthef
droplet. The simplified model then solves the moptam and energy balance equations for individual
droplets in the Lagrangian system of reference taadslates the results into the Eulerian system of
reference. This provides a description of the flovthe Eulerian perspective, which can be compéred

a detailed CMFD model. The simplified model waesduso parametrically study the effects of different
droplet sizes and the velocity at which dropleteethe jet. This model has been calibrated ag#ires
experiment in order to provide reasonable boundanglitions for the CMFD simulation.

The second is a more complex CMFD model which hesnbimplemented in the state-of-the-art
computer code, NPHASE-CMFD (Tiwari, 2006). Sinke simplified model does not predict the effect
of the droplets on steam flow conditions, a comp@MFD model is necessary to capture the underlying
local phenomena. The NPHASE-CMFD code solves tloévidual transport equations for mass and
momentum, coupled or uncoupled; energy; and k ardrbulence quantities individually for the
continuous steam and dispersed droplet fields. hals been designed from the ground up as a
multiphase/multicomponent solver and seamlesslyllearthe interactions between various phases. The
code works with both structured and unstructuredsgiGallaway, 2009). Through the use of additiona
user routines, the code can be customized to haspHeific problems, such as condensation mass
transfer. The formulation of the governing equadids based on the ensemble-averaging concept
(Podowski, 2009). Phenomena modeled by the CMFBemioclude the entrainment of droplets by the
jet, interfacial forces between the droplets areddteam jet, condensation heat transfer from #aarsto

the droplets, as well as the effects of local vigydields and droplet concentrations. This studgs the
coupled mass/momentum solver, with the tikrbulence model for the steam phase. The resbttsned
from the CMFD simulations have been compared tedhabtained from the simplified model, and both
have been validated against the experimental da¢aroet al (2001).

2. OVERVIEW OF EXPERIMENTAL RESULTS

The Advanced 1400 MWe Power Reactor (APR1400) edaled to be in commercial operation in
Korea by the mid 2010s. The new design featurelside four mechanically independent trains for the
safety injection system with a Direct Vessel Inj@as (DVI) mode. Each of the four SITs has a fiuid
device which passively controls the discharge irdttethe reactor coolant system during the refilil ahe
reflood phases. The benefit of the fluidic devieghe elimination of the LPSI (low pressure inject
system) pump from the safety injection system. iFheontainment water storage (IW) system in the
APR1400 consists of the IRWST, the holdup volunmk tdHVT) and the cavity flooding system (CFS).
The IRWST, which is an annular tank in the lowert md the containment, is designed to be used as a
water source for the cavity flooding and the camtant spray systems and also as a discharge locatio
for the primary system’s safety bleed operations the hydrogen generated from the reactor core is
blown to the IRWST through the pressurizer, therbgdn—steam behavior in the IRWST during a
hypothetical severe accident is very important e tAPR1400 containment in terms of steam
condensation, hydrogen flame acceleration and Dd¥flggration detonation transient) in the IRWST.
During the accident, water discharged from bredkb@RCS boundary and from the containment sprays
is collected in the HVT and flows back into the IBWwhen its level reaches the IRWST spillways. The
APR1400 adopts an IVR-ERVC (in-vessel retentionvessel cooling) strategy for severe accident
management aiming to preserve reactor vessel ityegfhe CFS is designed to provide water to the
reactor cavity from the IRWST. In addition, PARee dnstalled in the containment as hydrogen
mitigation features in the APR1400. PAR is knovgnaapassive and very effective long-term hydrogen
removal system, though it may encounter limitationthe case of a large, instantaneous release.

The experimental study of Kim et al (2001) on direontact condensation of a stable steam jet
discharging into a quenching tank with cold watas been used as a reference point in the develdpmen
and validation of the presented models. The objedf this study was to take measurements of direc
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contact condensation of a stable steam jet disttitaigto a quenching tank filled with cold wateAs
seen in Fig. 1, the test facility used to obsetears jet condensation in a liquid pool consisted sfeam
generator, a quench tank, a drain line, a coolapplg line, a steam supply line, a preheat lindyes
and the necessary instruments. The steam gerierataximum operating pressure was 1.03 MPa, and
the maximum steam flow rate was 1000 kg/hr. Thetesy produced a steady flow of steam at a quality

higher than 99 %. The horizontal quenching tank a@en to the atmosphere, and its diameter anthleng
were 1 m and 1.5 m, respectively.

[——— |
—— City
S Water Vortex
Water Flow meter [FT-1]
] Treatment
— System ﬁﬁ =
Water . |
.., Nain Steam Su, .
-/Stnmge oo} Tine pply Fi] s}
Tank :fﬂﬂl‘l.lﬂl Valve
_ | oo
BypassDrain Line C {flow C "
TIC Traverse
SN $ Unit
" Steam !
£ G enerator City
(315KW) Water
J Drain ]—s-q—
= Line B Drain
—E Line A
Pump

Fig. 1: Diagram of the experimental test faci(igim, 2001)

Throughout the experiments, two steam jet shapes typically observed. A conical shape of the steam
jet was always observed for the 20 mm nozzle argllgsoidal shape was always observed for the 5 mm
nozzle. Two typical results are shownRig. 2 For the nozzles between 5 and 20 mm, both ggpesh
could be observed depending on the steam massafidxpool temperature. Both shapes were stable in
view of their condensation mode since the steanemiaterface was relatively clear. Also, the stgamn

expansion ratios, the dimensionless steam jet hsnghd the average heat transfer coefficients were
determined as functions of the steam mass fluxpaadtemperature.

(a) (b)
Fig. 2: Photographs of the steam jet (Kim, 20Qd):conical shape jet, (b) ellipsoidal shape [Ristance
marked at 20mm intervals. The dashed line indéctite analysis domain used in this paper.
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Typical K-type thermocouples were used to meadwaamperature distribution inside the two phase je
The expected bias error from these instruments+a%.5°C. The measurements were taken several
times at each location, and the associated statistirors were practically negligible comparedtte
instrument errors. The locations of the thermotemipvere initially set to the desired positionshwat
high accuracy. At the conclusion of the experiragithese locations were measured again and no
displacements were observed. Therefore, it waslgdead that the location errors were also neglgibl

Typical measured temperature distributions in tears jet and in the surrounding pool water are show

in Fig. 3for four different pool temperatures. As can bersin this figure, the centerline temperatures
inside the steam cone did not change initially, #reh dropped rather sharply at a distance of 10mm
from the inlet.
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Fig. 3: Temperature measurements of the two-phisieire at the centerline of the jet (Kim, 2001).

3.SIMPLIFIED, THEORETICAL MODEL FORMULATION

The rationale behind the development of a two-dsi@ral model was to gain insight into the physical
phenomena governing the interaction between liglrmplets and condensing steam based on purely
theoretical considerations. The model follows pinegression of individual droplets through the stea
jet. The domain used to model the steam jet isrnaks a 2 cm wide, 10 cm long channel. This is
represented by the dashed line in Fig. 2a, whidrlays the domain on the actual steam jet.

Due to the high speed of the steam jet, the domiftane acting on the droplets within the domain is
drag. It is expected that the turbulent breakuphef steam/liquid interface will produce dropletighw
initial velocities covering a large spectrum ofues. The total population of the newly born drigptaus

has been divided into several groups with eachesponding to a different velocity at injection. cka
group is simulated individually and the cumulatieeal droplet concentration can be determined by
adding together the contributions from each grdugraplets.

The equations of motion for each group of dropletthe axial ¥, u) and lateral Y, v) directions have
been obtained from the corresponding force balance.
d_u:—§M(u—Uja) (1)
dt 4 p;D
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d_V __§Cdpgumag v
dad 4 pD
Here, u(O):uO and v(0)=vO are the initial droplet velocities at injectiondan, varies with different

droplet groups.

The drag coefficient has been determined from adstal model for small spherical particles, as a
function of the relative Reynolds number. In gahghese equations must be solved numericallydero

to account for the effects of increasing dropleintieter due to condensation, as well as of chardyiag
coefficient. However, based on test calculatiodeas been found that due to a short distance edvsy
the droplets and high liquid-to-steam density ratie increase in droplet diameter is minimal amg t
drag coefficient is inversely proportional to theoplet Reynolds number. This, in turn, allows for
obtaining an analytic solution for the velocity qooments in the Lagrangian frame of reference

u(t)—U o _ ex’{_é KqHq tJ 3)

()

Uy —U 4 D%p,

K
Vlt) _ gf -3 Kats @
A 4 D°p;

By converting Egs.(3) and (4) into the stationdtylérian) frame of reference, both velocity compuse
can be expressed as functions of position acresstédam jet.

U(Y)_Ujet _1_3 Kaky (y_yo) (5)
— —RBop-=_291 Jol
Uy —U jq 4D°p; Vo
v(y) ;3 Katg (y- o) ®)
A 4D%p, v,
Because all droplets start from the same boundagge equations are therefore valid for all drepidta
given field.

Interestingly, both velocity components vary lifgawith the transverse coordinate. Due to the smal
diameter of the steam jet and the high velocitesoeiated with the droplets, it is expected thay thill

be unable to slow down significantly within the getmain and their traced paths will be nearly linea
With the velocity components and boundary condgiamdependent of the axial coordinate, it follows
that the concentration of droplets in each groupukhalso be independent. The superficial velooity
the droplets in the transverse direction must tleemain constant if mass transfer due to condemsétio
neglected. Using the expression for the velocigyridbution in the lateral direction, the volumedtion
across the jet can be found

a= Jo (7)

vy 2Rt ()

0 4 szf 0

It is important to notice that the results showrm\abare based on several simplifying assumptions.
However, many of these assumptions can be reaslihoved at the expense of losing the clarity of an
analytic solution but with no significant impact tive solution accuracy. Thus, the results of ptemtis
shown in the last section of the paper have begiraa by numerically solving Egs. (1), (2) and f@f)
a variable droplet diameter and a rigorous modetirafy coefficient. Then, to determine the rate of
droplet size change along the flow, the kinematict pf the model has been coupled with the
steam/droplet interfacial heat transfer model.
The direct-contact energy transport between comagrsseam and subcooled liquid droplets is duevto t
mechanisms: latent heat released due to condemsatim heat conduction inside the droplets. A singl
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water droplet can be modeled as a sphere surroumndedthin interface at the saturation temperature.
The energy equation for the droplet including thteriface is

d dm,
—(mh,)=q,—-h,— 8
dt (md d) qs (s} dt ( )
where qis the convective heat transfer rate from the steathe interface. If only the droplet without
the interface is considered, the energy equaticnrbes

d d
a(mdhd)=qd+hfd—nt]d 9)

where q, is the conductive heat transfer rate from therfate into the droplet. After rearranging, the
heat transfer equation at the interface betweendghdensing steam and a liquid droplet becomes

dm dm
qs - g dts = qd f d (10)
where
dm dm
b (D

is the steam condensation rate. Since in the presEse, steam superheat can be ignored, Eq.(10)
simplifies to

dm N
hfgd_td:q(j =AQ" (12)
where A, = 7D} is the droplet surface area anmyl’, is the heat flux due to conduction inside theptb
volume.
From the Fourier law, the heat flux into the droglen be modeled

o =k oT(r,t)
00 o R

For spherical droplets, the radially-dependent ldtopemperature is given by the heat conduction

equation in spherical coordinates

(13)

a; ot r-or or
Wherega, is the thermal diffusivity of the droplets. Defig the dimensionless variables as
T-T
g= s 15
T -T, (15)
(0= r (16)
R
Eq.(14) with the appropriate boundary conditioredds the following solution
= 4sin(A,)- A, codA )) 2 \sin(A,r®)
6\r ", Fo)= n/ " " expg- A, “Fo)|——" ! 17
¥ Zl 24, —sin(24,) i-4,°Fo) Ar” )
where the coefficients], , are given as the roots of
1-1,co(A,) =Bi (18)
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at _ HgDy . . .
and Fo:? andBi = % are the Fourier and Biot numbers respectively.

Rigorously speaking, Eq.(17) has been obtaineccémstant-diameter spheres. However, because the
change in droplet diameter due to condensatioeng small, it is still applicable to the currentusition.
Since the interface between a droplet and the steassumed to have a constant temperature

Bi = o0 (19)
and the roots of Eq.(18) become
/]n =nJr (20)
Consequently, Eq.(17) simplifies to
o H O
o(r°,Fo)= Z—Zcos(/ln)exp(—)lnzFo)%“;) (21)
n=1 nr

Differentiating Eq.(21) with respect t0

ae(; rD’DFO) _ 212 cod Jexl- /]nzFo{si:(); . ) cos(rADnr u)} .

n

yields the following expression for the temperatyradient at the surface of the droplet

aﬁfru, Fo}
o |
Converting Eq.(23) into a dimensional form and $itdtteng into Eq.(13), the surface heat flux became

q', =k, %(h' N ]iexp{—nznz 4g;tj (24)

Co

= 23 exd- n*7°Fo) (23)

Fortunately, the series in Eq.(24) converges vast, fso that a relatively small number of terms are
sufficient to obtain an accurate estimate of that fax.

For a given heat transfer rate, the time-dependersts of a droplet can be determined from the rate o
condensation

my (t) = Py 7_6-[D3 = Irs—d (t')dt""mo (25)
0

The time-dependent average enthalpy of a droplstthven found from Eq.(9). Since the hydrodynamic
model predicts the location of droplets at any gitiene, the time-dependent temperature of individua
droplets in the Lagrangian system can be readihveded into a position-dependent temperature @f th
groups of droplets in the Eulerian system of refeee

4. CMFD MODEL FORMULATION

The CMFD model relies on the same basic phenomgitallomodels as the simplified model. However,
the condensation model has been developed spdyificathe Lagrangian perspective. In order tokena
use of it in the CMFD model, it must be translated the Eulerian perspective.

Assuming that heat transfer is into the dropletsilbatimes, for any given time a droplet will hage
unique mean temperature. The temperature gragiehe surface of the droplet can then be expreased
a function of mean temperature rather than timethadheat flux into the droplet becomes
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. 2(h -has".6,)
q d_ka( Cp,f J arm (26)

rb=1

The temperature gradient is fouagriori and used as input to the CMFD model. It is ptbiteFig. 4 as
a function of Fourier number and as a function emtemperature. The complete multifield model of
gas/droplet flow has been implemented in the NPHASH-D code (Antal et al., 2000).
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Fig. 4: Temperature gradient at the surface abaldt as a function of (a) Fourier number andn(lean
droplet temperature.

5. RESULTSOF CALCULATIONS

In both models the total population of droplets baen divided into five groups. Based on extensive
parametric testing on the effect of individual amptions, the following boundary/initial conditiohswve
been obtained for use in the final comparisonsresgaiata. Droplets 3Qdm in diameter have been used,
the initial droplet temperature has been prescridopahl to the water pool temperature (40 °C), dued t
transverse droplet injection velocity has beenmassito be 70 m/s.

In the simplified model, the steam velocity does cltange and the initial droplet velocity in théahx
direction remains constant. Conversely, the CMFKilehis capable of capturing the effect of droptets
condensing steam. Thus, the corresponding bourdarglitions have been modified, and the droplet
axial velocities have been defined as fractiondhef average steam velocity along the flow. For a
constant steam velocity of 412 m/s, these boundangditions would exactly match those used in the
simplified model.

Since, due to the steam inlet superheat, condensiatithe experiments starts at about 10 cm froen th
injection location, the inlet to the computationlmain in the NPHASE-CMFD simulations has been
shifted downstream from the nozzle by the samewdegt. This is shown in Fig. 2a. Because of tloetsh
distance from the jet injection opening, combineithva high steam velocity, a nearly-uniform steam
velocity profile has been used at the inlet to KM®HASE-CMFD domain. Furthermore, to confirm the
consistency of the jet inlet boundary conditiongdusn the simulation, the effect of the assumed jet
velocity profile has been parametrically testednfrthe 1/7 power law to uniform. It was observeat t
using the different profiles had no effect on thedictions of the steam condensation process.

To follow the best practice guidelines, a grid cemyence study has been performed for the NPHASE-
CMFD-based computational model. Specifically, pinedictions obtained using two different grids édav
been compared against each other. First, a cgagseconsisting of 25x25 elements was used. Ttien,
simulations were repeated using a fine grid coingjsif 45x45 elements. Both grids are shown in Bijg
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and the corresponding results are presented ir6Figs can be seen, the results for both mesleegeay
close to each other. Thus, it has been concludadeven the coarser grid produces, for all praktic
purposes, nearly-grid-independent predictions.

(a) (b)
Fig. 5: Grids used in the grid-independence st(a)y25x25 coarse grid, (b) 45x45 fine grid.
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Fig. 6: Comparison of the results for the fine andrse grids, (a) droplet concentration acrosgethend
(b) local droplet concentration along the centerlifithe jet. Solid lines indicate the fine grildshed
lines indicate the coarse grid.

Fig. 7 shows the position-dependent droplet vakxitor groups 1, 3 and 5. As can be seen, dtiegeto
short distance traveled across the jet and a haghsverse injection velocity, the relative decreimse
droplet velocity is only about 5%. The resultsadbéd using the simplified model compare quite well
against the NPHASE-CMFD predictions as well ah®dnalytical solution given by Eq. (6). Naturally
since the motion of droplets is axisymmetric, upeaching the opposite wall, they deposit on theywav
surface of the liquid and/or get redirected bad¢é the steam region.

The predicted lateral profiles of droplet concetidraat an axial location equal to two jet diamstéar

the individual groups of droplets are shown in Fg. Again, good agreement between the two models
has been observed. Interestingly, the CMFD swmiytroduces smoothed curves as compared to the step
function-like profiles produced by the simplifiecodel.

Summing up the concentration for the individualup® yields the local droplet volume fraction as a
function of both the distance from the center &f jt as well as from the steam injection zonee Th
lateral distributions of the cumulative droplet wole fraction at different axial locations along gteam
flow are shown in Fig. 9. The observed trend shaw®volution of those profiles from wall-peaked to

center-peaked.
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Fig. 7: Transverse component of velocity showirngmparison between the simplified model, the
CMFD model, and the analytic solution given by ).
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Fig. 8: Volume fraction profiles for individual @plet groups at/D = 2. The simplified model’s results
are shown as solid lines and the CMFD model resuéishown as dashed lines.

Based on the experimental evidence presented irRkigs observed that the droplets moving throtigh
steam jet create a visible cloud. From a comparnising the relative opacity of this cloud as ataator
of local droplet concentration, the general trepialicted by Fig. 9 are consistent with those aleskm
Fig. 2.
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Fig. 9: Cumulative volume fraction profiles foroghtets at various axial locations along the stestim |
The simplified model’s results are shown as safidd and the CMFD model results as dashed lines.

The profiles shown in Fig. 9 can be used to dedueaxial distributions of droplet volume fractialong

the centerline, as well as the cross-sectional awegiaged volume fraction along the channel. The
corresponding plots are shown in Fig. 10. Theltedtom the CMFD model are consistent with the
simplified model forx/D < 4. After this location, the effects of decreassteam velocity and increasing
droplet concentration due to condensation becogmfgiant. The simplified model does account for
these effects and the two models no longer agree.
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Fig. 10: Volume fraction of droplets along the jet) at the centerline and (b) cross sectionalemesl.

By assuming that the condensation rate for a sidigiplet in the simplified model is representatife¢he
entire group, the total condensation rate in tearstjet can be estimated. In fact, the predicisthmtce
downstream from the nozzle for complete steam aosmteon is around 3.75 jet diameters for the
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simplified model and about 4.75 jet diameters fer CMFD model (see Fig. 11). Interestingly, théelat
results agree quite well with the experimental olesons.

The advantages of CMFD simulations can be cleasgnan Fig. 11, where complete contour plots of
droplet volume fraction are shown. As it can bensehe region near the end of the jet domain éshib
the greatest droplet concentration. Naturallys tigigion coincides with the region of a dramatansl
down of steam and a decrease in the flow rate obnoensed steam.
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Z|1|HH| 0.08 [\]'1\2 D-
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Fig. 11: CMFD predictions of local volume fractiaithin the steam jet (Shaver 2010)

One of the measured parameters in the experimémtsroet al. (2001) was the average temperature of
the steam/water mixture along the centerline of jdite The measurements were performed using a
thermocouple. This, in turn, indicates that fordang purposes, the averaging concept shouldctefle
the fractional average contact area between therorsitale droplets and the thermocouple.
Consequently, the following definition of the weigli-average temperature has been used in the presen
work

T= Ky Ty (1‘2%)23 +kiT (202)3 27)
kg(:l'_z‘,an)5 +kf (Z:a'n)5

The definition given by Eq.(27) accounts for théeef of both thermal conductivities of each phasse,
well as the volume fraction occupied by each pha3de two thirds exponent is used based on a
weighting of the area-to-volume ratio, where thenetator of the exponent is a measure of the droplet
thermocouple contact area and the denominatomieasure of the droplet volume. This is consistent
with the averaging done by Kim, Podowski and Ar{@008). In the CMFD model, another level of
averaging has been used to account for the mifil@reinces in the temperatures of droplets belonging
different groups. Combining the calculated droplatcentrations at the center line, shown in Fifa),
with Eq.(27), the average steam/droplet temperaaitirthe centerline has been evaluated for both the
simplified model and the NPHASE-CMFD model Thsules are shown in Fig. 12.

As it can be seen, a good agreement between tliéctivas and the data has been obtained for both
models. In particular, the trend in temperaturange has been matched quite well. Some discrepsancy
observed between the two models and the experiindata towards the end of the domain. In the
simplified model, this is a result of the modehsibility to account for local effects of condensati The
CMFD model continues to match the trend observatiénexperimental data, but slightly under-predicts
the measured temperature.
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Fig. 12: A comparison between the experimenta dat the results of simulations for the tempeeatur
of the two phase mixture along the centerline efdteam jet.

6. CONCLUSIONS

Two models of direct steam jet condensation irrgelgpool of liquid water have been developed: cree i
simplified theoretical model, the other is a conglmultidimensional model. The latter model hasrbe
implemented in the NPHASE-CMFD code. The resultspddictions using both models have been
compared against experimental data. Having thelelrdiameter evaluating based on typical atonorati
criteria, the main adjustable parameter in both el®das concerned with the initial velocity of dietp

at injection into the condensing stem region.

It has been shown that the simplified model cardiptethe hydrodynamic behavior of droplets well,
particularly along the initial 50-60% of the flovisthnce, where the effect of dispersed dropletsteam
flow is negligible. On the other hand, the CMFDdabproperly predicts the effect of droplets on the
steam along the entire flow path. This includes ¢hmulative distribution of droplets, as well he t
overall condensation rate. Using the calibraissumptions mentioned above, good agreement has bee
observed in the NPHASE-CMFD-predicted condensatistance, the spatial distribution of droplets and
the measured centerline temperature.
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