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Abstract

A coupling between a polydisperse population batamethod (Multiple Size Group Model -
MUSIG) and the RPI wall boiling model for nucleatghcooled boiling has been implemented in
ANSYS CFX. It allows more accurate prediction ok timterfacial area density for mass,
momentum and energy transfer between phases inas@op to the usual local-monodisperse
bubble size assumption and underlying bulk bubEendter correlations as they are commonly
used in boiling flow applications like e.g. the giation of subcooled nucleate boiling in rod
bundles and fuel assemblies of PWR. The papermestlihe methodology of the coupled CFD
model, which automatically avoids possible incatesisies in the model formulation for the
heated wall, when the generated steam bubbleseohdater surface are injected exactly in the
bubble size class corresponding to the predictétbleudeparture diameter.

The coupling of the RPI wall boiling model and thi&JSIG model has been implemented for
both homogenous/inhomogeneous variants of the MUSBI@lel. The paper presents the
validation of the coupled modeling approach for wedl known test case of nucleate subcooled
boiling of R113 refrigerant in a circular annulughninner heated rod based on the experiments
of Roy et al. [1]. ANSYS CFX results with the newimnplemented approach as well as
comparison to data and locally-monodisperse sinmulatare provided.

1. Introduction

Subcooled boiling is present in many industrial lepions. Among them we can find the
simulation of flows in the primary cooling systerhrmuclear reactors. For instance, the accurate
prediction of temperature distribution and gas wwuraction around fuel rod bundle is of main
importance in order to improve designs or analygtable failure scenarios. Some of the current
CFD codes simulate wall boiling by means of thecalled RPI or wall heat flux partitioning
model. In this model, a number of sub-models ofaherall mechanistic model were taken from
correlations originally developed for use in onménsional thermo-hydraulic simulation
methods and system codes. One of those correlgpi@uicts the local mean bubble diameter
within in the bulk sub-cooled fluid flow in depemd# on local liquid sub-cooling temperature.
Commonly the correlation by Kurul & Podowski [2]sad to evaluate this quantity, which in
turn affects through calculated interfacial areasity all mass, momentum and heat transfer
processes. However such an approximation showsntaio deficiencies. The first one is the
decoupling of this value from the bubble diametdsubble departure from the heated wall. If no
consistent correlations for both bubble diametegsuaed, a discontinuity of the bubble diameter
near the wall may appear with resulting negativeseguences for the accuracy and convergence
of the CFD solver. The second disadvantage isabetlhat such correlations provide locally one
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single value, i.e. this is a locally-monodisperppraach. In wall boiling simulations, like in any
other multiphase application, the proper predictbthe interfacial area density is crucial, and it
depends on the size of the bubbles present indhmaih. Therefore, the simulation of a spectrum
of bubbles, instead of one single bubble size,adyres more accurately the multiphase flow
morphology and the interphase transfer phenomena.

To avoid those issues and in order to increasadberacy and predictive capability of the model
a coupling between the RPI wall boiling model andopulation balance approach (MUSIG —
Multiple Size Group Model) has been derived andle@mented into a customized version of
ANSYS CFX 12.1, generalizing the approach by Tu &o¥ [3] to inhomogeneous MUSIG to
better account for the different behavior of diffier bubble size classes. The MUSIG model
assumes that bubbles of different sizes may beeptés the flow and for each bubble size class
a so-called size fraction equation is solved. Thim fact a mass conservation equation of each
discrete class of bubbles. In addition, the bubbhey share the velocity field (homogeneous
MUSIG) or move with their own velocity (inhomogensoMUSIG [4]). It is well known that
small and large bubbles behave significantly déféy and one single velocity field for a wider
spectrum of bubble size classes can lead to inaces in the predicted results. The coupling of
the MUSIG model to the wall boiling model as desed here has been implemented for both
MUSIG approaches. The evaporation rate as compatetde RPI wall boiling model has been
introduced as a source term in the size fractiomatgn of the bubble class, whose
corresponding diameter is the closest to the butidybarture diameter.

2. M athematical M odel For mulation
21 TheRPI Wall Boiling M odel

The model formulation which is provided here demith the physical-mathematical description
of the wall-bound evaporation processes during eatel subcooled boiling, i.e. boiling on a
heated surface with significant applied heating @where the fluid temperature in the core
flow is still significantly below the saturationngerature of the fluid. After the onset of nucleate
boiling this kind of flow results in a dispersedbly steam-fluid flow with rapidly increasing
steam volume fraction. It is clear that detailegygats of bubble growth is very complex, and
occur on very small length scales in the vicinityte wall. It is unrealistic to model the detailed
physics in a phase-averaged Eulerian multi-phasgear to resolve the small length scales
with ultra-fine meshes. Therefore a so-called meista model has been chosen to model the
wall boiling phenomena. It aims to model the impattand non-resolved physical sub-processes
by using engineering correlations. This model isub-grid scale model in the sense that the
complex physics is assumed to take place in vicwetry close to the wall which is smaller than
the mesh resolution at the heated surface. In BleaRll boiling model requires quite a number
of correlations or sub-models, where most of thesme initially from applications in one-
dimensional thermohydraulic modelling or systemesod

The RPI wall boiling model assumes that the totehthflux applied on a heated wall is

transferred into the fluid domain through differemtchanisms: i.e. convection to the continuous
phase, the conduction to the continuous phase whebles detach the wall and fresh liquid gets
in contact with the heated wall (this process soaknown as quenching), and due to the
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evaporation of the fluid. The algorithm of the Rl boiling model searches for solution of the
non-linear equation in terms of,;Twhich fulfils the heat flux partitioning:

Qw = Qconv (Tw) + Qquench (TW) + Qevap (Tw) (1)

Individual terms in eq. (1) are evaluated basethemrmentioned sub-models and correlations
(see [9], [6]). Two of the model parameters arelibk bubble diameterd§) and the bubble
departure diametedy). In the traditional modelling approach of the R¥ll boiling model
each of them is computed through an independentlation. Usual applied methods for the
evaluation ofdg are correlations as the one by Kurul & Podowski [2 this case the bubble
diameter is computed as follows

d, AT, >AT,
- + —
6, =] 28T "8 * GAT,~ATep)  xp AT < T,
AT, - AT,
d, AT, <AT,

2)
Where standard parameter values ate=0.15 mm, d, =2 mm, AT,=13.5 K and
AT, =-5 K. Such simplified models provide one single valt@rmy location of the fluid
domain, assuming that there is locally only onallohbubbles.

Further a commonly used formulation for the compaotaof the bubble departure diameter
dw is the correlation by Tolubinsky & Kostanchuck:[7]
—ATgp

dw = min(dref Em}d ’dmax) (3)

with typical model parameters being set @, =1.4 [mm], d, =0.6 [mm] and

AT, =45 [K]. The main drawback of applying two disconnectediehdormulations is the

possible discontinuity in the radial distributiorf the bubble diameter when we are
approaching the heated wall. The limit of the lbdilkmeter towards the wall may not coincide
with the locally predicted value of the bubble dépa diameter.

2.2 ThePopulation Balance Method (MUSIG M odel)

The population balance methods are a family of nsogbere the interfacial length scales of the
disperse phase, i.e. the bubble diameters of diqyad-flow, are characterized not just by a
single value but by the characterization of thelbeilsize distribution either with a PDF or by
discretization in bubble size classes. In this weeycorresponding mean Sauter diameter and the
interfacial area concentration can be evaluateceraccurately. The way in which the particle
spectrum is computed differs from one to the othethod. For the current study the MUSIG
model was chosen, which uses a discrete reprementsHtthe bubble size distribution by size
fractions over a larger number of discrete bublae slasses.

The MUSIG model assumes that different kinds oftibes (classes) are present in the domain
and solves for each bubble class a transport egudtirepresents a mass conservation equation
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for the bubbles in the particular bubble size c[@ssThe MUSIG model can be categorized into
two variants depending on the made assumptionst aligperse phase velocity of the bubbles. If
it is assumed that all bubbles share the same it)glacis called the homogeneous MUSIG
model. If, on the contrary, it is assumed, thatdded of different size can move with different
velocities, it is named inhomogeneous. In ordertaaolve a full set of Navier-Stokes equations
for each individual bubble size class, the bubli#e slasses are split into groups in this case,
where the bubbles belonging to such a group sha&sdame velocity field (velocity group). An
extra set of Navier-Stokes equations is then sofeeagach velocity group. This consideration
can have substantial impact on the accuracy ofGRP simulations. It is known the unlike
behaviour that small and large bubbles may predet.instance, small bubbles usually flow
with the continuous phase while large bubbles aveenmfluenced by buoyancy. Even the sign
of the lift coefficient changes at a critical bubldiameter, which depends on the flow conditions
and the E6tvos number. A common velocity for theolehdisperse phase in such applications
would lead to erroneous results.

The standard formulation of the MUSIG model equegion terms of the corresponding size
fractions for a given bubble size clagsl¢ok like

0 0 ;
E(pirdfi) +W(pirdui]fi) =Bg, —Dg +Bc D¢ +S (4)

where the first four terms on the RHS correspondhto birth (B) and death (D) of){class
bubbles due to break up and coalescence proceblseml formulation based on the models of
Prince & Blanch [5] and Luo & Svendsen [5] are &bl The last source term corresponds to
the nucleation, shrink and growth of bubbles wheaperation or condensation takes place.
Underlying model formulation for the RHS terms weegived in collaboration between ANSYS
and HZDR and further details can be found in [8].

2.3 Coupling between RPI Wall Boiling & MUSIG M odel

In the present work it is assumed that the gaspbase is always at saturation temperature
and no overheated vapour is considered. The lastitethe wall heat partitioning equation
(1) corresponds to the wall heat flux componentciwheads to the evaporation of the liquid
in the vicinity of the wall. It is computed as:

Qup = Mgy Mg (5)

where i, is the evaporation rate ariyj is the latent heat of evaporation. The evaporation
rate is modelled as:

. JT
My =2 A0y T (6)

being py the density of the gaseous phakéhe bubble detachment frequency andhe

nucleation site density. The last two parameteeslisiewise evaluated through correlations
[5]. Now the coupling between the RPI wall boiliagd the MUSIG model consists of a link
between the vapour mass which is generated at #ie(and computed by the RPI wall
boiling model) and the bubbles located near thel,wadsuming that their dimension
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corresponds exactly to theitble departureiameter at the given position on the heated.

This was implemented bycluding ont more mass source term in¢o. (4). However, the
mass transfer term shouldnly be activatedfor the size fraction equatiowhich is
corresponding to théubble sizeclass whose representatideameter is the closest to t
bubble departure diamete3incethe evaporation ratef,,,, compited during the ‘all heat

partitioning is @& wall area specific val, it must be transformenhto a volumetric sourt
term in the neawall mesh ce. ANSYS CFXperforms this transformation by means c
multiplication by the ratio between 1volume of the control volumé/f and its surfaceS).

. .V
rn\e{vap = rnevap g (7)

The coupling haveen implemented for bohomogeneous and inhomeneous MUSIG model
variants.In the first case, it is required to identiat each time angosition a the wall, which

bubble size class (i.&s representativbubble diameter) is thelosest to the bubble departt

diameter. Consequentlizis identiies into which size fraction equation the mass e®termhas

to be included.

For the inhomogeneousase in addition,it must be identified to which velocity group tt
bubble class belongSecondanmomentunflux terms must be included into the Ner-Stokes
eqguation corresponding to tidetermined velocity group. Thigas not to be taken into accc
for the homogeneous MUSIG beca there is only one velocity group and therefore omhe
Navier-Stokes equatisolvedfor the gaseous phase.

(R)(Ro)

| QUARTE PLATE

(flled with Liquid R-113)

Computational Domain

L=22m

QUARTZ PLATE

Figure 1. Left: Sketch of the experimental test facility. Right: Computational domain.
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3. Validation Study

After the derivation of the coupled model formubatiand its implementation in a customized
solver version of ANSYS CFX 12.1 a validation studgs performed in order to evaluate its
appropriateness for the accurate prediction of bailing applications.

3.1 Test CaseDescription

In order to validate the coupling between the RRIl Wwoiling model and the population balance
approach (here the inhomogeneous MUSIG model) pargrent by Roy et al. [1] performed at
the Arizona State University was selected from dpen scientific literature. The experiment
consists of the upward flow of subcooled R-113igefrant in a vertical circular annulus with an
inner radius of 7.89 mm, an outer radius of 19.04 and a length of the experimental test
section of 3.66 m. The outer wall of the circudanulus is adiabatic and the inner wall is split
into two regions: the first 0.91 m are adiabaticllveand the upper 2.75 m of the wall are
homogeneously heated. The measurement devicedatated at an elevation of 1.984 m inside
the heated section, providing detailed flow infotima like vapour volume fraction,
temperatures, velocities, turbulent kinetic enemgg mean Sauter diameter. This makes the test
especially suitable to validate the new methodalody sketch of the experimental facility is
included in Figure 1. In order to save computatidime only a domain of 2.2 m was defined,
considering exclusively a segment of the heatedl wal

3.2 Numerical Simulations and Results

Different test conditions were studied by Roy e{H] at the experimental test facility. A number
of these different test conditions had been stuttidde present validation analysis. But because
quite similar results could be obtained for all thferent test conditions and the same drawn
conclusions, detailed results for only one repregese test case had been included in this work.
In that case the pressure at the measurement plane.69 bar, the mass flow rate was set to
784 kg/nis, the average liquid temperature at the chanmed was 50.2 C and the inner wall
heat flux was kept constant at 116KW/m

For the initialization of the fluid domain and theescription of proper inlet boundary conditions
the vertical upward flow of R-113 was first perfardh as a steady-state single-phase flow
computation in order to obtain fully developed flmonditions for the circular annulus flow.
Profile information for the fluid velocity comporisnand turbulence properties had been
extracted from the outlet cross section of thagleiphase flow simulation and had subsequently
been used for domain initialization and inlet boanydconditions for all following multiphase
flow computations. The thermodynamic propertiesunegl for the CFD computation were
introduced by means of a RERble, which was obtained from tRefProp database [9].

The simulation was carried out by applying a twagsh Eulerian model for the disperse
multiphase flow mixture of liquid R-113 and its teeeam phase, which was assumed to form a
polydisperse disperse phase in the observed rdrgjeam volume fractions. The CFD setup for

! RGP table — Real Gas Property table
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the multiphase flow computation as completed byuiiog Grace drag and FADurbulent
dispersion force for the interfacial momentum exaebetween the two phases.

Furthermore, turbulence of the continuous phase mvadelled by the SST model [10]. The
enhancement of turbulence as induced by the presehdubbles under the influence of
buoyancy was calculated following the approach afréll et al. [11]. This model for bubble
induced turbulence introduces an extra source femthe turbulent kinetic energy and the
turbulent eddy dissipation which are derived inetefence on the bubble drag force. The heat
transfer between phases was modelled by the Tonaiyamelation [12].

As found by Koncar & Krepper [13], the growing baottially still stationary steam bubbles at

the surface of the heated wall influence the neall fluid velocity profiles. As found by these

authors this influence can be taken into accourd similar way as it is applied for the wall

modelling of rough walls, where a wall roughnesthva magnitude proportional to the bubble
departure diameter is introduced. In the presentpeations the sand-grain coefficient in the
fluid phase rough wall model was specified as:

+Q

I'4
k =nld, [El_Mj =0.57%mm (8)

Qu

where model parameters were sefyte 0.5 and ¢ =0.174.

Bubble coalescence and break up phenomena werelletbtdy applying the standard Luo &
Svendsen and Prince & Blanch models [5]. A paramstudy of their factors was performed
leading to the optimized values of zero for bregk(switched off) and 4.0 for the turbulent
coalescence coefficient. This indicates that thgsiglal phenomena playing a main role in this
application are the coalescence of bubbles neawdiieand their re-condensation when they are
in contact with the sub-cooled bulk liquid. The blé departure diameter predicted in
accordance to the eq. (3) usually shows only a mradation along the heated wall surface in
dependence on local flow conditions. But in ordeexclude a possible influence of inaccurate
results from the Tolubinski & Kostanchuk correlatifi4] it was decided to use for the present
investigation a constant bubble departure diameteich was set from the experimental data to
1.3mm.

The MUSIG model was run with a discretization o thubble diameter distribution into 15
different bubble size classes ranging from 0.23.® mm. The minimum and maximum of
bubble sizes was chosen in accordance to the exgetal observations in order to allow for a
maximum resolution in the given bubble diametergerFurthermore the CFD simulations for
the test case of Roy et al. could be carried outhmyosing the homogeneous MUSIG model
because the critical diameter with respect to ittpe sf the lift force coefficient was substantially
larger than the upper limit of the chosen bublte slistribution for this application.

2 FAD — Favre Averaged Drag
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Table 1. Main characteristics of numerical meshes.

Meshl Mesh2 Mesh3 Mesh4
Radial cdlls 8 16 32 64

Axial cells 220 440 880 1760

Y o 119 62 34 20

(single phas¢

Figure 2. Grid independence study. Comparison of CFD solutionsto experimental data [1]
at measurement plane. L eft: Steam volume fraction. Right: Liquid temperature.

Figure 3. Grid independence study. Comparison of CFD solutionsto experimental data[1]
at measurement plane. Left: Axial steam velocity. Right: Axial liquid velocity.
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Figure4. Grid independence study. Comparison of CFD solutionsto experimental data [1]
at measurement plane. L eft: Mean Sauter Diameter.

3.2.1 Spatial Grid Independence Analysis

Following the Best Practice Guidelines [15] the libgi flow in the circular annulus was
simulated on four different equidistant 2D gridmsstently refined in each direction with a
factor of two. The coarsest grid contains 1.760sc@hd the finest grid had 112.640 cells. Main
properties of the grids are summarized in Tabl®e to the consideration of rough walls in the
multiphase flow simulations, the resulting walues in the turbulent wall treatment are clipped
To have a better imagination about the near wadloltgion of the applied grids, the
corresponding single-phasé yalues are presented here. Its maximum valué ofinyges from
119 to 20.

Figures below show the results regarding the mdiaracteristic variables of the boiling
multiphase flow under consideration for the 4 CHBwdations on the hierarchically refined
grids. The diagrams in Figure 2 , Figure 3 and f&gli correspond to radial distributions at the
elevation of the measurement plane at L=1.984m dbowam the inlet. A monotonic
approximation towards the experimental results vgtiad refinement can be observed for the
void fraction and the liquid temperature. Grid ipdadent results can be observed already for
the results corresponding to Mesh 3. The only deracan be observed for the liquid
temperature between the CFD solutions on the #mdl fourth grid. Even finer grids in radial
direction would be required to reach completelylgndependent results. This is unfortunately
not possible with the current formulation of the IRRodel. However this change in liquid
temperature is smaller than 1 K. The same differendemperature is observed in comparison
to the experimental results. The coincidence ofgieglicted void fraction profile and the axial
velocity profiles of both phases in comparisonite éxperimental data is quite remarkable. The
behaviour of the Mean Sauter Diameter in the zomera gas is presenRE0...0.4) is
analogous.
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3.2.2 Analysis of Indepedence from Bubble Size Class Discretizs

Since n the presented coupled simulation approach aedes@opulation balance approact
used (homogeneous MUSIG model), the CFD resultsintig not only influenced by the spat
discretization of the numieal mesh, but by the discretization of the bubdimeter space, i.
the discretization of the bubl size distribution into discrete bubblize classes, as well.
Therefore an analysis has been done to quantifyetin@ining discretization error wirespect to
the chosen number of bubble size classes in the IMUSodel. Based on Mesh 3 which t
shown an almost grid independent CFD solutionh&rtsimulations had been carried with
different bubblediameter discrezations. In all investigated cases thébble diameterange was
kept constantith the defined range {0.25mm3.75 mm]. The number of classes ' varied
from 7, 15, 30 andinally up to60 bubble size classes in the homogeneous MUSIG 1.

Figureb5. Investigation regar ding independence of CFD solution from bubble size
distribution discretization. Comparison of CFD resultsto experimental data [1] at the
measurement plane. Left: Steam volume fraction. Right: Sauter mean diameter.

Figure 5 shows theesult of the refineme regarding the number of bubble size cla. Again
steam volume fraction and Sauter mean diamprofiles at the measument plane were
investigated The radial distributic of the steanvolume fraction (left) does not appear to
very sensitive to the increasethe number of bubble sizdasses. However, other variables |
the Saiter mean diameter (right) sh a strong influence of thehosen discrezation. The CFD
results get substantially closer to the experimetdita with increasing number of bubble <
classes and are in a much better agreement with ih€omparison to results obtained with
traditional locallymonodisperse bubble diameter assumptiomdependere from bubble size
discretization can bachieveowith about 2530 bubble size classes in the MUSIG mcif we
focus on the fluiddomain area where a significeamount of steanms present R*= [0, 0.4],
-R

- - . - . - * R
beingR* thedimensionless radius based on the outer and iadarsR = ; even the last

available measurement point R*=0.35 has to be regarded as of questionable measnt
accuracy due to lack of steam

At the measuremerqlane elevatio two monitor points were defineid the CFD simulatic:
Point 1 is located ahe radial dimensionless positionR*=0.03, whichis situatecvery close to
the heated wall; and Pointa2 R*=0.16, whose locatiois shifted towards thcentre of the pipe,
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but still in the sensible ared the near wall steam lay. At those two points, the whole bubl
diameter spectrum has been anal. At both locations (Figure 6he effect of a too coar:
bubble size class rdstion is clearly detected. Nevertheleslse profiles of bubble size
distributions in Figure Gre monotonically converging. At the first po (left diagram), a
maximum close to a bubble diameter of about 1.3rs clearly to observ This has to be
expected, sincthe CFD simulations are based on assumptiorthat at the wall all bubbles a
of the size of the bubble departure diar, which had been chosém be constant anequal to
this exact value. A smallessecond peak corresponding to the coalescenaoo$uch bubbleis
presentin the bubble size distribution as w. This behaviour is onenore sign ofthe correct
implementation of the couplii of the RPI wall boiling model and the MUSIG appra. Results
at the secondnonitoring locatio (right diagram)converge nicely to a smooibubble size
distributionwhen the number of bubbsize classes increases.

Mesh 3, Point 1: R* = 0.03 Mesh 3, Point2: R* = 0.16

©0
©
L]

——7 Classes —7 Classes
—15Classes —15Classes

70 —30Classes

«

— —30Classes

60 ——60 Classes ——60 Classes

IS

w

d(rv)/d(Db) [mm~-1]
d(rv)/d(Db) [mm~-1]

0 0.5 1 1.5 2 25 3 3.5 4 o 0.5 1 15 2 25 3 3.5 4

Bubble Diameter [mm] Bubble Diameter [mm]

Figure6. Investigation regar ding independence of CFD solution from bubble size
distribution discretization. L eft: Bubble size distribution at Point 1. Right: Bubble size
distribution at Point 2.

Figure 7. Comparison of polydisperse vs. locally-monodisper se multiphase flow predictions
of R-113 boiling flow. Comparison of predicted steam volume fraction profilesto
experimental data[1] at the measurement plane.
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Figure 8. Comparison of polydisperse vs. locally-monodisper se multiphase flow predictions
of R-113 boiling flow. Comparison of Sauter mean diameter to experimental data [1] at the
measur ement plane.

3.2.3 Comparison of CFD Results with Homogeneous MUSIG d&loand Locally-
Monodispersed Wall Boiling Approa

Finally, in order to investigate the improvementmodelling accuracy, we compared the C

results as obtained from the coupled solution aggroof RPI wall boiling model ar

homogeneousMUSIG model with th traditionally used approach of loce-monodispersed
bubble diameter assumption in accordance to theletion from eq. (2) by Kurul & Podows

[2]. From the previous studies it was considered asr compromise between established C

solution accuracy and computational requirements afiply the spatial discretization
corresponding to the Mesh 3 and the 15 classedddidmeter discretization. Calculations w

performed using the same physicalup as described before. In comparison the same

configuration but applying the traditional loc-monodispersed bulk bubble diameter apprc
was analyzed. The monodisperse results were obtawtd the Kurul & Podowski correlatic

using a value of g0.15mm and ;=2mm in correspondence to eq. (2). Figures beloswsh

direct comparison between the two approax
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Figure 9. Comparison of polydisperse vs. locally-monodisper se multiphase flow predictions
of R-113 boiling flow. Comparison of axial gasvelocitiesto experimental data [1] at the
measur ement plane.

Figure 7shows the radial steam volume fraction distribugigmedicted \ith both approaches.
Both CFD simulations are able to reproduce thedtrehthe experimental values propel
however the profile corresponding to polydisperse multiphase flow simulatiis in slightly
better agreement to data. A much larger seiity with regard to the approach used for
calculation of the bulk bubble diameter can be amatiin the radial profiles of the resulti
Sauter mean diametédFfigure8). By applying the new coupled approach Id on homogeneous
MUSIG model the results are now in a substantiadiiter qualitative and quantitative agreen
with data, i.e. showing the generation of steamblegat the wall corresponding to the siz¢
the departure diameter followed by stronglescence of steam bubbles at a radial pos
slightly shifted towards the center of the circudemulu: and finally their collapse due to-
condensation when the steam is in contact witstii-cooled liquid. The quantitative agreem
is very satisdctory. In contrary the loca-monodisperse approach can nereproduce the
quantitativevalues or trends of the experime for the measured Sauter mean diameter, sho
an always decreasing bubble diameter increasirigntis to the heated wall sinin accordance
with eq. (2) in this case the bulk bubble diamétedirectly and linearly coupled with the loc
liquid subcooling and the effect of strong bubbbalescence in the n-wall area of high steal
concentration cannot be reprodut

Finally Figure 9 showshe comparison of the axiesteamvelocity. Both approaches are
performing similar anglightly overpredict the measured velocity valireshe nee-wall region.
But the consideration of wall rouchnessproportional to the bubble departure diarr has still
improved the agreement with d for both profiles in this regionHowever, t a position
betweenR*=0.2 to R*=0.4 the CFD results from the polydisperseaultiphase flow simulatic
exactly coincide witithe experimental valu, which is not lhe case of the results obtained
using the Kurul & Podowski correlati. This shows that the more exactly predicted Sautan
diameter leads to a more exactly predicted stedmblbislip velocity with th continuous phase.
For the outermost measurement poirR*=0.52 it hase noted again, ththe measurements at
this location have to be regarded as non religihee the steam content at this position is re
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minor which should have led in the experimentsngufficient data rates and bad measurement
statistics.

4. Conclusions

A new methodology to improve the accuracy of walilihg simulations has been derived and
implemented in a customised version of the CFDvwsof package ANSYS CFX 12.1. It permits
to substitute the Kurul & Podowski correlation tbe bulk bubble diameter in the RPI model by
application of a discrete population balance apgrdaomogeneous or inhomogeneous MUSIG
model). In this way, a detailed size bubble disttidn is computed at each bulk domain location,
taking into account steam bubble breakup, coalescand change of bubble size distribution
due to evaporation and condensation. This in tllowa a more accurate prediction of the
interfacial area density, which is the most inflii@n parameter in all interfacial mass,

momentum and heat transfer processes.

An investigation based on the CFD best practicélejuies has been carried out with regard to
the spatial discretization and the discretizatibthe bubble size distribution into MUSIG bubble

size classes. Almost mesh converged solutions coeldbtained for Mesh 3. Furthermore it

could be shown, that the CFD solution with the ryegldveloped coupled approach of RPI wall
boiling model and homogeneous MUSIG model becomeéspendent from the number of used
MUSIG bubble size classes if more than about 1526 classes are used.

The improved solution algorithm has been comparedesults from the traditionally used
locally-monodispersed bulk bubble diameter asswnptifhe comparison for the test case of
Roy et al. [1] shows an improved agreement of th® @esults from the homogeneous MUSIG
model predictions with data, especially for thefjee of mean Sauter diameter and axial gas
velocities.
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