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Abstract

In order to improve the understanding of countarent two-phase flows and to validate new physicatiels, CFD
simulations of 1/8 scale model of the hot leg of a German Konvoi PWikh rectangular cross section was
performed. Selected counter-current flow limitati@@CFL) experiments at the Helmholtz-Zentrum Dresde
Rossendorf (HZDR) were calculated with ANSYS CFX118sing the multi-fluid Euler-Euler modeling appob.
The transient calculations were carried out usiggsliquid inhomogeneous multiphase flow modelpted with a
SST turbulence model for each phase. In the siiulathe surface drag was approached by a newlatiore inside
the Algebraic Interfacial Area Density (AIAD) moddihe AIAD model allows the detection of the morfawical
form of the two phase flow and the correspondingching via a blending function of each correlativom one
object pair to another. As a result this model distinguish between bubbles, droplets and thedueface using the
local liquid phase volume fraction value. A compan with the high-speed video observations shovgoad
gualitative agreement. The results indicated thadnttative agreement of the CCFL characteristiebvben
calculation and experimental data was obtained. Jde is to provide an easy usable AIAD framewaok &ll
ANSYS CFX users, with the possibility of the implemtation of their own correlations.

Keywords: Numerical simulation, CFD, CCFL, AIAD model, refleondensation, PWR hot leg, air-water

experiment

1. INTRODUCTION

The counter-current gas-liquid two-phase flow ie tiot leg of a
o sG ¢ pressurized water reactor (PWR) has received dpattention in
\ y nuclear reactor safety research.

In the event of a loss-of-coolant-accident (LOCA)ai pressurized
water reactor (PWR), emergency strategies have todpped out in

Hot order to guarantee a safe removal of the decayftwatthe reactor
leg ‘ core - also in case of a component breakdown. Qurihypothetical
Steam . . .

ECC flow small break LOCA with failure of the high presseraergency core
injection ) cooling system (ECC) and of the main feed pumpsatural

circulation starts in the primary circuit. This @lls the heat
removal, also if steam is generated in the reactoe due to the
depressurization of the primary circuit. But if ohgy the further run,
the water level in the reactor pressure vessel (RBNS below the
hot-leg inlet, only steam will flow to the steamngeator. Therefore,
the natural circulation breaks down and switchesth® reflux
condenser mode.

Air at 25 C.Volume Fraction

Fig. 1 Counter-current gas-liquid two-phase
flow in PWR Hot leg
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In the reflux condenser mode, the steam coming ftoenRPV condenses in the vertical U-tubes of tiears
generator. In each half of the steam generatorctimelensate flows down the tube in which it hasnbfeemed.
Therefore, about one half of the condensate flosvasaial over the pump to the downcomer, whereastties half
flows over the hot-leg back to the upper plenunthim hot-leg, the condensate has to flow in couriterent to the
steam.

The horizontal stratified counter-current flow @ihclensate and steam is only stable for a certagreraf flow rates.

If the steam flow increases too much, the condenisatiogged in the hot-leg. This is the beginrifighe counter-

current flow limitation (CCFL): the liquid is deftéed by the steam and partially entrained in ogpadirection to

the steam generator. As a consequence, the hatrleéghe steam generator are flooded, this decr¢hsesater

level in the RPV and reduces the core cooling.dsecof an additional increase of the steam flow ctindensate is
completely blocked and the cooling of the reactmedrom the hot-leg is impossible. The detailedregles of such
LOCA scenarios leading to the reflux condenser nwadebe found in Jeong (2002).

The flow conditions governing the reflux condenserde or the counter-current flow limitation canbetpredicted
with the required accuracy and spatial resolutigrtbe state of the art one-dimensional system cddesrder to

improve the modeling of these flow regimes, compioal fluid dynamics (CFD) codes are currently end
development. In CFD, closure models are required mhust be validated, especially if they are toapplied to

reactor safety issues. The aim of our experiméantadstigations of stratified two-phase flows is ntaito deliver

high resolution data that is needed for the valitabf CFD codes. In order to improve the transiemalysis of

counter-current two-phase flows, a "1/8cale model of the hot leg PWR of a German Korassurized Water
Reactor with rectangular cross section was useddefihholtz-Zentrum Dresden-Rossendorf (HZDR) to qerf

experiments related to CCFL flow regimes (ValléaleR009).

The widely used analysis to model the counter-cuirflew limitation is reported by Ardron & Banerjg@986),
Bertadano (1994) and Wongwises (1996).

Wang & Mayinger (1995) simulated two-dimensionalgsis of counter-current model of UPTF Test A2 ésT11
using a two-fluid model. They implemented the ifgeial friction factor proposed by Lee & Bankoff9@3) and
Ohnuki (1986) into the CFD code FLOW3D. They repdrthat satisfactory results were obtained, whenaader
the reflux condensation conditions, numerical cotation reveals that different flow structures appéain the
region away from CCFL line and in the region nda €CFL line. Next, Minami et al. (2009) and Murageal.
(2009) conducted a three dimensional CFD simuladiorthe counter-current gas-liquid flow in a PWR-leg air-
water flow in a 1/1% scale model. They used the Volume of Fluid (VOR)dei and Euler- Euler on the CFD code
FLUENT. In their simulations, the interfacial frich factors were adopted from the empirical cotretes obtained
from literatures for the cases of annular and dlag. Those correlations were obtained on the basi®ne
dimensional analysis.

This paper further provides post-test CFD calcatatiof the air-water respectively steam-water CERheriments
at the TOPFLOW Hot Leg model. The aim of this siatian is the validation of prediction of CCFL im@del hot
leg PWR with newly developed and implemented mhéige flow models in the code ANSYS CFX. The Algabra
Interfacial Area Density (AIAD) model (H6hne, 201@as used, which allows the detection of the molqaioal
form of the two phase flow and the correspondingching via a blending function of each correlativom one
object pair to another. The new drag correlatiotaioied from this model considered the 3D effectthefsimulated
phenomenon.

2. THE HOT LEG MODEL OF TOPFLOW

The details of the experimental apparatus and prgeeused in the present study were describedeirptbvious
papers (Deendarlianto et al., 2008 & Vallée e2@09) and only the main features are presented Rigye2 shows a
photo of the experimental facility. Fig. 3 showschematic diagram of the CCFL counter current fiogperiments.
Two vessels simulate the reactor pressure vess®V)YRimulator and steam generator (SG) separatoey Bre
connected by a test section that simulates tH& d¢ale model of the hot leg PWR of a German Kofreissurized
Water Reactor. Both the RPV simulator and SG séparare identical vessels with 0.8 m x 0.5 m x Inb5
(D x W x H) cubic shape. The water levels in both vessel® wletermined by the measurement of the differential
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pressure between the top and the bottom of theslgensth differential pressure transducers. A vomeeter was
used to measure the injected water mass flow Tate injected air mass flow rate was measured anttated using
thermal mass flow meters.

gas inlet

liquid inlet  =—

Fig. 2. TOPFLOW Hot leg model in front of therig. 3: Schematic diagram of the CCFL counter aurre
pressure chamber flow experiments

The test section is composed of a horizontal reetan channel, a bend that connects it to an upivedthed and
expended channel, and a quarter of a circle reptiagethe steam generator inlet chamber. The hot&@gart of
test section is 2.12 m long and has a rectangutasesection of 0.05 m x 0.25 m. The riser is @r2®ng, has an
inclination of 50° to the horizontal plane and apansion angle of 7.5°. The inner and outer bedd o curvature
were 0.25 and 0.5 m, respectively. The test segtmmmade of stainless steel and was equippedgleigs windows
to allow visual observation. The flow behavior wasorded by a high-speed video camera at frequemti€0—
100 Hz and a shutter speed of 1/1000 s.

In the experiment, a constant water flow rate wecied at the bottom of the SG simulator from weheican flow
through the test section to the RPV simulator. &g was injected into the RPV simulator from the dod flowed
through the test section in counter-current tovilager flow to the SG separator (Fig. 3). The insecaf the water
level in the RPV simulator was used to determires wlater flow rate streaming over the test sectiincharge
flow). The onset of flooding was defined as theitiimy point of stability of the counter-current #lp indicated by
the maximum air mass flow rate at which the dovenvfhg water mass flow rate is equal to the inletavanass flow
rate.

This experimental apparatus is put in a pressuaenbler, where it was operated in pressure equilibriith the
inner atmosphere of the tank. A compressor systémws an increase of the air pressure in the chanbe
maximum of 5 MPa, which is also the maximum operapressure of the hot leg model. The detailedcjpia of
the pressure equilibrium technique was describerbgser et al. (2006).

3. COMPUTATIONAL MODELLING

3.1 Free Surface Modeling

The CFD simulation of free surface flows can befgremed using the multi-fluid Euler-Euler modelingpaoach
available in ANSYS CFX. Detailed derivation of ttveo-fluid model can be found in the book of IshiidaHibiki
(2006). However, it requires careful treatmentenfesal aspects of the model:

o0 The interfacial area density should satisfy theednal volume balance condition. In the case of when

surface waves are present, their contribution édriterfacial area density should be taken intmact
0 The turbulence model should address the dampitgylofilence near the free surface.
0 The interphase momentum models should take intouasxt¢he surface morphology.
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In the present simulation, the conservation and emom equations of the two-fluid model are solwgldich have
the following form

%* O(rpl,) =0 "
o(r
((;'IEOk) +0(rpU ) = -r0p +r,p9+ @)

Or (7" +1) + 1

where the subscrigk denotes phase gas or liqujd,s the densityu is the velocity vector is the timep is the
pressure, g is the gravitational acceleration, thésvolume fractiony is the shear stresg’ (s the average viscous
shear stresg is the turbulent shear stress) apds the interfacial shear stress.

In slug flow simulations, the air bubble in the matan be resulted by the drag force. The totaj tyece is derived
from the interfacial shear stresBp€ 1, .A), is most conveniently expressed in terms of theedsionless drag
coefficientCp

Fo =Cp AP |(UL _UG)|2 (3

where g is the average densitjy, -U,)|is the relative velocity and is the projected area of the body in flow
direction (interfacial area density).

3.2 The Algebraic Interfacial Area Density (AIAD) Model

Fig. 4 shows different morphologies at slug flownditions. Separate models are necessary for dispgrarticles
and separated continuous phases (interfacial dray. 8wo approaches are possible within the EElder
methodology:

o Four phases: Bubble/Drople’
generation and degassing have to
implemented as sources and sinks

0 Two phases: Momentum exchang
coefficients depend on loca
morphology

For the second approach Egorov (200
proposed an Algebraic Interfacial Area Densi
(AIAD) Model. The basic idea of the model is:

0 The interfacial area density allows th
detection of the morphological forr
and the corresponding switching c
each correlation from one object pair t
another.

o0 It provides a law for the interfacial are:
density and the drag coefficient for ful
range &r<1. ,

. .

° ;Zzelinr:gdier: t%n;p;c;\;?ptégi "‘r)n?ss'%iFiq.él: Different morpholoaies under sluqg flow conditi
bubbly and droplet flows.

o0 The interfacial area density in the intermediategyeais set to the interfacial area density for Bedace
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The AIAD model applies three different drag coeéiits, G g for bubbles, g for the droplets and s for free
surface. Non-drag forces (e.qg. lift force and tlehtidispersion force) are neglected at the momimd. interfacial
area density A also depends on the morphologyeopttases. For bubbles it is

a=%% 4
where the interface area density is equal to tfacel area of the spheres of diametgrwhich occupy the gas
volume fraction g.

For a free surface an important requirement forntioelel is the normalizing condition: the volumeennal of the

area density must be equal to the real surface Hmeeeans that integration of the area densitp@la normal to the
surface must yield unity:

[Adn=1 )
A model, which satisfies this condition, calculates interface area density as the absolute vdlubeovolume
fraction gradient:

ar.

A:S:‘Drl_‘: n (6)

if nis directed to the bulk liquid phase. Fothe average density is applied, i.e.

P=TcPs *I P @)

where [ and g are the liquid and the gas phase density resgdgtiln the bubbly regime, wherg; & low, the
average densitp is close to the liquid phase dengity According to the flow regime (bubbly flow, dropllow or

stratified flow with a free surface) the correspimgddrag coefficients and interfacial area densitiave to be
applied.

The simplest switching procedure for the interfhaieea density, uses the blending functignIftroducing void
fraction limits, the weights for flow regimes arahgth scales for bubbly and droplet flows, () are the following:

f - ll+ eaD(rL_rD.umu)J
D

(8)
fB = ll+ eaB(rG_rE‘lel)J (9)
frs=1-fg =1, (10)

A= frsAcs + o Ag + T A (11)
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Co = fresCors + f5Cog + frCop (12)

After a validation study for the simulation of slug flaixe void fraction limits of gimx=0.3 resp. #,m=0.3 and
blending coefficients ofgxay=70 were used.

3.3 Modeling the free surface drag

In simulations of free surface flows eq. (3) does not reptesegalistic physical model. It is reasonable to expect
that the velocities of both fluids in the vicinity of thredrface are rather similar. To achieve this result, a shear stress
like a wall shear stress is assumed near the surface from tesht@ireduce the velocity differences of both phases.

A viscous fluid moving along a “solid” like boundary wiiticur a shear stress, the no-slip condition, the morglolo
region “free surface” is the boundary layer, the shear strespé&ted onto the boundary as a result of this loss of
velocity

T, = U—
w=Hy =0 (13)

The components of the Normal vector at the free surface are takerihieogradients of the void fraction xy,z
directions. To use these directions of the normal vectorsrdiegts of gas/liquid velocities which are used to
calculate the wall shear stress onto the free surface are weightabendtiisolute value of components of the normal
vector:

aerGj : arL’Gj : arL'GJ 2 14
— ou, o A ox . ou, ¢ | dy . ou, o \ oz (14)
PR T A N A 0z A

As a result the modified drag coefficient is dependent on theosities of both phases, the local gradients of
gas/liquid velocities normal to the free surface, the liquiciteand the slip velocity between the phases:

C = 2I.rLrWL + r.GTW,GJ (15)
° p W

3.4 Numerical Setup & Boundary Conditions

The gasl/liquid CCFL phenomenon in the hot-leg model was latécuwith Euler-Euler inhomogeneous mixture
model using ANSYS CFX 12.1. ANSYS CFX-12 is an elemeseld finite-volume method with second-order
discretization schemes in space and time. It uses a coupled algebitajddralgorithm to solve the linear systems
arising from discretization. The discretization schemes and tiggrd solver are scalably parallelized. CFX-12
works with unstructured hybrid grids consisting of da&rdral, hexahedral, prism and pyramid elements. The
calculation model is shown in Fig. 5.
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Table. 1 Calculation runs

Exp. Run m, ms System pressure
[kg/s] [kg/s] [MPa]
30-05 (Air-water) 0.307 max. 0.251 0.305
30-09 (Air-water) 0.3 0.183-0.274 0.15
11-01 (Steam-water) 0.3 0.490-0.6690 1.50

In CFD analysis, demonstration of grid independence is a bamgiirement as indicated in The ERCOFTAC Best
Practice Guidelines (2001), which were specified for nuclear resatety calculations within the ECORA project
(Menter, 2002). In the present simulations, very carefullyelb@ed structured mesh for most of the flow field was
adequate, at which the local refinement on them were carried out. tHereffect of numerical diffusion can be
minimized by using meshes with a finer resolution, higldewodiscretization methods and suitable time step sizes.
As a result, a structured mesh consisted of 248,610 hexakésirants and 281,076 nodes.

0.400 (m)
T 0.100 0.300

0 0.500 1.000 (m)

0.250 0.750

Fig. 5Calculation domain

Three calculations have been performed of two HZDR experimentg364065, 30-09 and 11-01), and they are
summarized in Table 1. The injected gas mass flow rates uske present calculation were a function of time as
shown in Fig. 7 and Fig. 13.

The Shear Stress Transport (SST) turbulence model was used.S$R model works by solving a
turbulence/frequency-based modet) at the wall and standakew in the bulk flow. A blending function ensures a
smooth transition between those two models (Menter, 1993).

Both phases have treated as isothermal and incompressible. Bueffenty between the two-phase were taken into
account by the direction of gravity term. The turbulence prigsesdt the inlet of air and water were set using the
“turbulence intensity of 5% in both phases”. The air outla$ wodeled with an opening boundary condition. The
inner surface of the channel walls has been defined as hydrauloadlgth with a non-slip boundary condition

applied to both gas and liquid phases. The Drag coeffic@gntvas determined by the AIAD model (Eqg. (15), and
its implementation into CFX was done via the command langu@ge(CFX expression language). The calculations
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were performed in parallel of 4 processors of HZDR Linuxtelu§ypical computation time for each case was about
4 months.

4. RESULTS & DISCUSSIONS

The simulation for the experiment 30-05 (see Table 1) hassénl primarily on the comparison of typical flow
processes and code validation. Further simulations for ttee3@<9 (air-water) and 11-01 (steam-water) were used
to test the ability of the AIAD model in CFX model toepict the flooding curve. CFD studies without using the
AIAD model and using a uniformghave showed, that CCFL phenomena could not be predicted.

4.1 Air-Water-CCFL Experiment 30-05

The initial conditions of the calculation are shown in BigHere the water is modeled at the SG simulator bottom
and flows in the direction of RPV simulator. There, thatar level is lower than in the channel. Moreover, the figure
shows the hydrostatic pressure in the water phase.

Fig. 6 Water level initial condition: Overflow elbow (left)ydrostatic pressure in the water phase (right)

The measurement data of the air mass flow of the experimeng.irY Eit the camera time position (yellow labels)
were used as boundary conditions for the CFD calculation.

Fig. 8 shows snapshots of the time course of developrhéma Bow. First, the water can still flow freely to th®R
simulator (Fig. 8a). As in this experiment, a hydraulic guis observed below the elbow (see also Fig. 9). After
increasing the air mass flow a partial counter-current flovitdiion is observed (Fig. 8b). Finally, no more water
can flow against the air stream (Fig. 8c) and the water isugligdoushed back towards the bend (Fig. 8). This
results in the formation of swirls in the manifold. Thghenomena were also observed in the experiment.
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Fig. 7 Experiment 30-05 - used as a boundary conditiax) tt: air mass flow and pressure

difference between the two separators, right: water levels
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Fig. 8 Snapshots from the CFD simulation: a) countereotfiow without limitation, b) flow with
partial counter-current limit, c) full counter-current lind), pushing back the water
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0250 0.750 0250 0.750

Figures 9 to 12 give further qualitative flow phenomehtéhe CFD calculation in comparison with the experiment.
Thus, in Fig. 9, a hydraulic jump at the channel is observed

Air at 25 C.Volume Fraction
0

Water Level ‘
SG b

Film
thickness

ater Level Kanal

time = 4.60 [s]

Fig. 9 Comparison of experiment and simulation for kv before the onset of the counter-current flow
limitation
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Fig. 10 Comparison of experiment and simulation for kb &t the start of wave formation
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Fig. 11 Comparison of experiment and simulation for the fivith droplets
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Fig. 12 Comparison of experiment and simulation for wémy,fstarting in the elbow region

In Fig. 10 similar wave formations can be seen. A drop easelen in Fig. 11. Fig. 12 shows in both cases, a high
migration of the crests of the waves towards the SG bo#ortat the down-running film disturbed.



The 14" International Topical Meeting on Nuclear Reactor Thermal Hydraulics (NURETH-14) Log Number: 051
Hilton Toronto Hotel, Toronto, Ontario, Canada, Sefgember 25-29, 2011.

The Table 2 is an attempt of a quantitative comparison ofvetier level in the channel, the film thickness in the
elbow and the water level in the SG bottom (see Fig. 12 dimntitative agreement of calculations and
measurements is quite good, especially with regard to waters.le@eimparing the film thickness must be
remembered that the video camera recorded the entire width mglsidie walls, while the CFD calculation includes
only a central section plane. Thus, the film thickneskércalculation is smaller.

Table. 2:Quantitative comparison of calculation and experiment
Quantitative comparison| Experiment CFX
Water Level Channel: 26 mm 30 mm
Film thickness: 6,7 mm 3,4 mm
Water Level SG: 7 mm 7,5 mm

4.2 CCFL Experiments 30-09 (Air-Water) and 11-01 (Steam-Water)

Two additional calculations have been performed of two HZDRHAI@RV Hot Leg experimental runs (30-09 and
11-01) to simulate the effect of fluid properties, and they summarized in Table 1. The injected gas mass flow
rates used in the present calculation were a function of timeas $h Fig. 13.

0,60 . ; : : . . . .
——30-09 [air-water]
———11-01 [steam-water]

0,45 L

0,25

Injected gas mass flow rate [kg/s|

0,20

0 20 40 60 80 100
time [s]

Fig. 13 Injected gas mass flow rate as a function of timetbf talculation runs

Fig. 14 shows the calculated results of the average water leidd the RPV simulator and the experimental data of
the stepwise increase of the injected air mass flow rate. The eattahd injected air mass flow rate are shown by
the blue and pink curves respectively. In the Fig. 14, (a),(Bhdorresponds to the calculated water level of the
steam-water and air-water respectively. From this figure, theopiema can be explained as follows.

The water level characteristics of both cases are similar, and #helvated into three regions. In the first region,
the water level in the RPV simulator increases with a constame sls air mass flow rate increases. This region is
defined as the stable counter-current flow region. In the se@miodn, the slope of the curve of water level in the
RPV simulator begins to decrease. This point is knowneasmblet of flooding or counter-current flow limitations.
In the third region, the calculated water level shows a plateasinTdans that all the injected water in SG separator
do not flow to the side RPV simulator. This point irown as the zero liquid penetration. The region between the
onset of flooding and zero liquid penetration is definedhapartial delivery region.
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Fig. 14 Time variation of the calculated result of the water level in tR¥ Rimulator (blue curve), and the
experimental data of the injected gas mass flow rate (pink curve)

A comparison of the CCFL characteristics between the CFD calcukatidrexperiment is shown in Fig. 15. For a
meaningful comparison, the non-dimensional superficial veldgifynamely as Wallis parameter, is used to plot the
CCFL characteristics. Here the Wallis parameter in Fig. 15 inetkfs follows.

* 1 P

J =J, |— — (14)
“ “ gH (o, -0c)

whereH is the height of the channel. Close inspection of Fig.elMeals that the calculated CCFL points pass
through the range of HZDR experimental data, indicating a gagetement between the calculation and
experimental data. In comparison between both simulation r¢gdh81 & 30-09) indicates that there is a minor

1/2

effect of the fluid viscosities on the zero liquid penetrapfiomt ((Ji) = 0.0 ), and the fluid viscosities effect

. . . *
increases with the increase(df_ )2,
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Fig.15 CCFL characteristics

In order to make a quantitative comparison on the water levdkitise hot leg channel between the experiment and
calculation, interface capture method was developed. To capture thiguihsnterface in the camera frames, an
image processing algorithm was developed. This technique ahewspresentation of the interface by a water level
as a function of locus in the chanmednd the timé. Nevertheless, for a comparison between the CFD calculation and
experimental result, a surface similar to the interface in the canotuees has been defined. Therefore an isosurface
with a void fraction of 50 % was chosen and the coordinatdts dfitersection with the vertical mid-plane was
exported from ANSYS CFX. With this simplification, therée-dimensional shape of the isosurface is not taken into
the account.

The time-averaged water level profiles for both of experimenthlCHD calculation is shown in Fig. 16 for air-water
case. In the Figure, the water level data are presented as a furiclimatmn and the superficial gas velocity.
Qualitatively, Fig. 16 shows that the trend obtained fer $hmulation is similar to the measurement. As in the
experiment, before the onset of flooding the mean water levélepiro the horizontal part increases as the distance
far from the inclined part. However, a detailed comparison sloliife quantitative deviation between simulations
and measurement. The possible reasons are the detected of the malimalf the water level due to the three
dimensional effect in the measurement or the inlet boundarytmmdi herefore future works on those problems
should be considered.



The 14" International Topical Meeting on Nuclear Reactor Thermal Hydraulics (NURETH-14) Log Number: 051
Hilton Toronto Hotel, Toronto, Ontario, Canada, Sefgember 25-29, 2011.

0,35 T T T T T
[Air-water, P= 0.15 MPa, m,=0,3 ke/s|
7, CFD Exp.
9. 7lmss  —— -O-
1063mis  —— A
0,28 1L65mss  —— - [1- (Onset of flooding}
26lms  —— -

0,21 _
E
- Inclined Steam Gemerator
<

0,14

0,07 OO00000-0

@] @ -
0,00 n 1 n | T
0,00 0,15 0,30 0,45 0,60 0,75 0,90
x/L [-]

Fig. 16 The comparison on the water level inside the hot leg channel beéxperiment and CFD calculation (air-
water test)

CONCLUSIONS

Three-dimensional CFD simulations of the CCFL phenomef@a®liquid two-phase flow in a model of hot leg a
German Konvoi Pressurized Water Reactor with rectangular crossndeatie been performed using the Euler—Euler
inhomogeneous mixture model. Selected air-water and steam-watere@@ériments of HZDR TOPFLOW Hot Leg
were chosen for transient CFD simulations. An Algebraic latéf Area Density (AIAD) model on the basis of the
implemented mixture model was implemented. A picture sequence eecaortting the CCFL experiment was
compared with CFD simulation of the commercial code of ANS¥X €2.0. The calculated results of the velocity
profile and water volume fraction indicate that the basic flowatharistics of the experiment such as the hydraulic
jump near the bended region of the hot leg PWR and the occuokrméwave were reproduced in simulation. In
addition, the calculated CCFL characteristics and water level insidiedn channels points were also in an a good
agreement with the experiments, while a minor deviation requitensinuation of the work. The usage of the
morphology detection algorithm AIAD should also be pdssib vertical flow regimes. Therefore it is necessary to
include the modelling of non-drag forces (lift force, walbbrification force, virtual mass force etc.) as well as the
MUIti bubbe Slze Group (MUSIG) model for polydisperseniné. Also the turbulence damping procedures should
include the existence of small surface instabilities in the magrsomwdel. Further the damping functions from the
liquid side should be improved. The goal is to provideeamy usable AIAD framework for all users, with the
possibility of the implementation of their own correlations
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NOMENCLATURE

A Interfacial area density (ilm
Co  Drag coefficient (-)

d Diameter (m)

Fp  Interfacial friction force (N)
f Blending function (-)
g Gravitational constant (rity
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H Channel height (m)

Ji Non dimensional superficial velocity by Wallis (-
)

r Void fraction (-)

p Pressure (Nif)

U  Velocity (msh)

Greek letters

o  Density (kg/m)

U Dynamic viscosity (Pa.s)
n Viscosity (Pas)

T Shear stress (N/in

Subsripts

B Bubble

D Droplet

FS  Free surface

G Gas phase

k Gas or Liquid phase
L Liquid phase
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