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ABSTRACT

During an anticipated transient without scram (ATWS) scenario in BWR designs, a standby
liquid control system (SLCS) is used to inject a sodium pentaborate solution into the reactor
vessel in order to shut down the reactor without the use of the control rods. Some BWR designs
utilize a SLCS that injects through a set of holes in a vertical pipe in the peripheral region of the
lower plenum. System water levels are reduced and natural circulation flow rates down through
the jet pump nozzles and up into the core are a small fraction of the rated system flows during
the time when the SLCS is activated. The behavior of the relatively cold solution injected by the
SLCS under various conditions is important to understand so that the timing of the system
shutdown can be accurately predicted by system analysis codes such as TRACE or RELAP5.
Questions include the amount of the heavy sodium pentaborate solution that settles to the bottom
of the lower plenum due to stratification and the overall system flow rates needed to entrain this
boron and carry it up into the core. This work summarizes some initial work by the staff at the
Nuclear Regulatory Commission (NRC) to better understand these mixing and settling
phenomena.
An attempt at benchmarking the CFD approach using one set of available test data from a small
facility is outlined. It appears that the limited boundary condition measurements and our
inability to uncover details of the specific geometry of the test facility limit the usefulness of this
data for benchmarking a CFD code. It is noted that these tests were not conducted for the
purposes of CFD validation and therefore lack specifics such as geometric details in various
regions and detailed multi-dimensional boundary condition measurements. The benchmark
exercise produced only a qualitative basis for selecting the turbulence model and mesh density.
The lessons learned from the benchmark exercise highlight additional uncertainties that were not
investigated in the experimental program and help to explain the differences between the test
data and full-scale BWR/4 model predictions.
A full-scale CFD model is developed for the lower plenum of a BWR design so that SLCS flows
and mixing can be studied under a variety of conditions of interest. The full-scale BWR
simulation builds upon the lessons learned from the attempted benchmark exercise. One
challenge for this work is the size and complexity of the overall domain. The geometry is
simplified to make meshing feasible. Details such as the control rod drive tubes, support
structures, and SLCS piping are included.
A series of simulations are completed under a variety of reactor flow conditions to map out the
stratification behavior for the injected solution from the SLCS. Modeling choices are outlined

and discussed in light of best practice guidance available. Assumptions and limitations in the
current approach are outlined. The predictions contradict some of the conclusions from the
simplified testing and lessons learned include the importance of including the appropriate
geometric detail in test facilities. Overall, the CFD predictions shed new light on the SLCS
behavior in the lower plenum of a BWR, and these predictions will provide system code
modelers insights into the flow behavior of the SLCS during ATWS scenarios.
1. INTRODUCTION
The U.S. Nuclear Regulatory Commission (NRC) Office of Nuclear Regulatory Research is
studying anticipated transients without scram (ATWS) scenarios in boiling water reactors
(BWRs). During these scenarios, the standby liquid control system (SLCS) injects a solution of
sodium pentaborate into the reactor coolant system (RCS) to shut down the reactor without the
use of the control rods. The NRC staff is interested in understanding the speed and effectiveness
of the SLCS in shutting down the reactor. The mixing, stratification, and entrainment
phenomena associated with the SLCS need to be understood in order to properly model this
behavior using system codes such as TRACE or RELAP5.
The specific scenario studied involves a generic BWR/4 geometry with a SLCS that injects
through several small nozzles on a vertical standpipe located in the peripheral region of the lower
plenum. The injection creates a localized cloud like region of sodium pentaborate solution in the
lower plenum which mixes with the surrounding flows. The relatively heavy mixture can settle
to the bottom of the lower plenum and create a stratified layer, or it can be entrained by the
overall reactor flows and swept up into the reactor core. The settling and entrainment behavior
are a function of the overall reactor flow. Natural circulation flows through the lower plenum
during this type of scenario are expected to be anywhere from a few percent to over 10% of the
nominal RCS flow rates. Figure 1 illustrates a simplified lower plenum geometry with illustrated
flow paths for the overall system (red) and SLCS (blue) flows. The question being addressed in
this study is whether or not the injected SLCS flows will settle to the bottom of the lower plenum
and form a stratified layer or whether they will be entrained by the overall system flows and
travel up into the core region. The SLCS flows are more dense due to the added sodium
pentaborate and more importantly due to the lower temperatures associated with the standby
liquid control system.

Figure 1. Flow Paths of Interest During SLCS Injection

Previous studies have considered this issue along with a variety of other topics associated with
the SLCS flows and mixing. A recent paper by Yan1 demonstrated that CFD could predict the
overall mixing and stratification behavior through a comparison with test data from a 1/6th scale
facility. In a second part of Yan’s work, a simplified small scale lower plenum design is used to
complete sensitivity studies. These included sensitivities to the overall system flow rate, the
SLCS injection density, and the direction of the SLCS injections. Relatively small changes in
the inlet flow rates (5%) and the injection densities (5%) do not have a significant effect on the
results. Changing the SLCS injection angle by 4.5 degrees, however, is found to be significant in
terms of mixing. The SLCS injection nozzles are on a vertical pipe in the peripheral region of
the lower plenum. The injection is towards the array of control rod guide tubes (CRGT) that
occupy most of the central portion of the lower plenum. To enhance mixing, it is found that the
injection should be directed into the center of the small gap between CRGTs. The base
simulation includes SLCS flows directed at the center of the CRGT gap for maximum mixing
and the overall system flow rate was established at 10% of the rated core flow. Under these
conditions, the simulations show that the injected solution falls to the bottom of the lower
plenum and begins to form a stratified layer.
Another experimental study is completed at ½ and full-scale conditions by Dias et. al.2 This
study determines the overall system flow rate thresholds needed to fully entrain the injected
solution using a relatively small vertical channel facility. The facility is roughly 0.8 m on a side
with CRGT structures and a set of horizontally aligned nozzles to simulate the SLCS injections.
This study suggests that boron mixing and entrainment into the core region is 100% efficient
down to flow rates equivalent to 6% of rated core flow and perhaps as low as 4%. These results
are not consistent with those of Yan (Ref. 1) which show injected flows settling to the bottom of
the lower plenum with system flow rates around 10% of rated flow. The vertical channel tests
involve pushing flow upward through a channel filled with CRGT structures and injecting a
relatively heavy solution through a set of 7 nozzles to simulate the SLCS. Downstream
measurements are used to determine the efficiency of mixing and entrainment of the injected
solution. The results are scaled with the help of a Froude number which uses the density of the
surrounding fluid compared with a mixed mean density of the SLCS injection after it completes
some initial mixing with the surrounding fluid. The extent of the local mixing region is defined
through experimental observation and the amount of mixing is tied to the overall system flow
rates.
The purpose of the current CFD study is to determine the ranges of overall system flows that are
expected to lead to full entrainment and/or stratification of the solution injected by the SLCS.
This study aims to improve on the prior analyses by considering a full-scale BWR lower plenum
at prototypical conditions. Although the geometry of the lower plenum is idealized, it is
considered a better representation of the lower plenum geometry than that used in the previous
works cited (Ref 1 and Ref 2). The predictions can help system code modelers understand the
behavior of the SLCS injections during ATWS scenarios.
2. INITIAL STUDIES / LESSONS LEARNED
Prior to attempting the predictions at full-scale conditions, a benchmarking effort is attempted
using the data from a small vertical channel facility (Ref. 2). The purpose of these predictions is

to determine appropriate modeling choices for predicting the mixing and entrainment in this type
of geometry. The results of this study, however, are inconclusive due to uncertainty surrounding
the boundary conditions and the geometric description of the test facility. This study is noted
here to help explain potential differences between the current predictions of a full-scale BWR
lower plenum and the experimental results from the vertical channel facility.
The experimental facility consists of a roughly 2.5 meter high vertical channel with sides of
approximately 0.8 meters. Flow enters a rectangular plenum at the bottom of the facility from a
horizontal pipe. The flow turns vertically and passes through a flow straightener as it enters the
vertical region of the facility that contains cylinders to represent the CRGTs. At the top, the flow
passes through another flow straightener and enters another rectangular plenum where it is
turned 90 degrees and flows out through a horizontal pipe. A set of 7 small horizontal nozzles
injects a relatively heavy solution into the channel box to simulate the SLCS injections. These
injections are directed at the center of the flow path between two CRGTs. A sensor in the
horizontal pipe downstream of the exit plenum is used to monitor the amount of solution leaving
the system.
Two major uncertainties are identified in the CFD modeling of this experiment. First, the details
of the flow straighteners are not provided in Reference 2 and detailed drawings could not be
located. Second, the location of the downstream measurement is not precisely known. The
location of the downstream sensor could be estimated from the data using the convection
velocities and timing of the solutions arrival at the sensor. The flow straighteners, however,
proved to be more difficult to model. Initially it is assumed that the flow straighteners are
perfect and a uniform vertical flow field is established at the bottom of the vertical channel
model. A point in the downstream pipe of the CFD model is selected as the measurement
location such that the timing of the arrival of the solution matches the measured values. Once
this location is established, predictions for the overall entrainment of the injected solution are
compared directly to the test data. These predictions are poor and indicate that CFD is over
estimating the rate at which the solution is entrained. Changes in the turbulence model, mesh
density, and other modeling parameters made small differences in the predictions, but these
differences are only a small fraction of the differences observed between the predictions and test
data. The boundary conditions on the CFD model are suspect so a variety of inlet profiles are
considered to look at the possibility that the flow straighteners are not ideal. Significant changes
in the distribution of the incoming flow still does not account for the differences between the
predictions and data.
A new model is developed that includes a simple flow straightener consisting of a square array of
thin walls. Initial runs, even with uniform flow, indicate that the flow straighteners impact the
results. Adding the flow straightener caused the rate at which the solution is predicted to leave
the system to slow down. This indicates that the injected solution is finding regions within the
flow straightener to build up and therefore the straighteners reduce the effective entrainment
predicted. A second straightener design is modeled based on a different depth and wall spacing.
The results are found to change significantly again. The impact of the flow straightener design is
found to be more important than CFD mesh size or modeling parameters. Since the actual grid
spacer design is unknown, the data are not suitable for CFD benchmarking.

There is also a general concern related to the overall geometry of the test facility and its
applicability to the BWR/4 design. The facility utilizes vertically upward flow in the region
surrounding the CRGTs. In a BWR lower plenum, the flow enters the lower plenum in a
downward direction and must turn 180 degrees to flow up along the CRGTs. The flow in a
BWR lower plenum has been studied experimentally 3 and observed to be complicated with
regions of high and low velocities and some possible recirculation zones. A uniform upward
velocity is not expected in a BWR lower plenum. The test facility does not include this type of
complexity and is therefore not fully representative of a BWR/4 design. In the Nuclear Energy
Agency (NEA) best practice guidelines for the use of CFD4, it is noted in the boron dilution
section that “the geometric details of the vessel internals have a strong influence on the flow field
and hence on the mixing.” Given the differences in the flow fields between the facility and a
typical BWR/4 lower plenum and the differences in geometry, such as the test facility flow
straighteners which are not in a BWR/4 design, it is not surprising that the mixing and
entrainment in the vertical channel facility are not consistent with predictions from a full-scale
BWR/4 lower plenum.
3. BWR MODEL
A full-scale BWR/4 lower plenum model is created to estimate the entrainment and mixing
behavior of the SLCS flows. The model consists of the lower plenum region with inlet flows
coming from the jet pump exits and outlet flows going into the side entry orifice locations at the
upper end of the CRGTs. The upper bound for the model is the lower surface of the core support
plate. The SLCS system consists of a one inch vertical pipe in the peripheral region of the lower
plenum. The location of this pipe is positioned based on anecdotal evidence and is not verified
with any existing BWR/4 plant. Eight small nozzles on the side of the pipe are directed at the
center of the gap between CRGTs to maximize mixing as indicated by the results of Yan (Ref 1).
The features of the somewhat simplified model include the jet pump exits, an array of CRGTs
with support legs, support structures below the core barrel, four side entry orifice locations on
each CRGT, and the one-inch pipe with nozzles representing the SLCS injection location.
Figure 2 illustrates an overview of the geometry used for the CFD model, and Figure 3 shows a
top view illustrating the layout of the CRGTs and the assumed SLCS injection location. The
geometry is generic in nature and not directly related to a specific BWR plant.

Figure 2. An Overview of the Model Domain

Figure 3. Top View of Model

A CFD model is created using the starccm+5 code. A mesh is created using polyhedral cells with
a total mesh count of 11.6 million cells. Cell sizes range from less than 1 mm at the SLCS
nozzles to approximately 100 mm near the outer wall regions. A minimum of 7 cells is used for
small gaps, and the surface cell growth rate is limited to 10%. Mesh sensitivity studies on the
simplified vertical channel model studied earlier indicated that this mesh density was adequate
for predicting consistent overall mixing and stratification behavior.
The following modeling options are used to solve the Reynolds averaged Navier-Stokes (RANS)
equation set on the computational mesh.
-

three-dimensional steady-state solver
gravity
two-layer all y+ wall treatment
realizable k-epsilon turbulence model
energy equation
two species transport model
second order differencing for all equations

The steady-state solver is used in this study to facilitate the completion of a variety of runs. The
actual transient times for an ATWS scenario are very long and would require significantly more
computer time than was available for this study. Transient simulations are planned for future
work.
The two-layer all y+ wall treatment allows the mesh size to vary at the wall without violating the
assumptions of the wall treatment. This hybrid wall treatment tries to match the standard wall
treatments for large y+ values and the low Reynolds number (low y+ value) wall treatments for
low y+ values. In intermediate meshes, where the wall cell centroid falls within the buffer region
of the boundary layer, the method is expected to produce reasonable answers through a type of
blending of the approaches. This method is selected due to the large variation in cell sizes
throughout the domain.
The best practice guidelines (Ref. 4) considered a boron dilution transient and considered the
two-equation turbulence models (k-epsilon and shear stress transport model) along with the
seven-equation Reynolds stress turbulence model. It is noted that the turbulence models all gave
essentially the same results for overall velocities and mixing. The geometry considered here is
not the same as those noted in the reference but some of the physics is similar. In the failed
benchmarking exercises completed as part of the initial work on this project, turbulence model
sensitivities are found to be small when considering overall system entrainment and mixing
behavior. For this study, the realizable k-epsilon model is selected. This turbulence model is
considered to be superior or at least equivalent to the standard k-epsilon model for most flows
and is considered superior for predicting the behavior of spreading jets. 6 The realizable kepsilon model is also noted to be a good option for flow past cylinders in the NEA CFD
assessment for nuclear reactor safety problems report7 (although not at the same scale that is of
interest here). Given the available turbulence models within the starccm+ code, the realizable kepsilon model appears to be a good choice for this problem.

The two-species transport option allows for the definition of a second fluid to represent the
injected sodium pentaborate solution. The spreading and mixing of this solution is tracked
within the model. The two-species approach solves a separate transport equation for each
species as well as a global continuity equation. The code allows the injected solution to have its
own density and properties which can mix with and impact the overall system properties. The
density of the injected SLCS solution is assumed to be 5% higher than the water in the system
across the entire temperature range. The mixture density is the volume weighted average of the
two species. The other fluid properties of the solution are set equal to the primary species
(water) properties.
As suggested in the CFD best practice guidelines (Ref. 4), first order differencing schemes are
avoided if possible. The discretization is set to second order for all equations. No stability
issues were found with this approach.
The boundary conditions for the model are somewhat simplified in this initial study. The
overall system flow involves flow entering the domain from the jet pump outlet surfaces to
represent the system natural circulation flows during the scenario. Each jet pump outlet is
assumed to have a uniform (flat) velocity profile with an equal fraction of the mass flow entering
at each location. There are two fluid species in the model. The jet pump inlets are established
with pure water as the primary species (the second species is the SLCS injected solution). The
jet pump flows enter the lower plenum, turn upward, and then exit the domain after entering the
side entry orifice holes on each CRGT. The flow enters each CRGT through a set of four side
entry orifice locations near the top of the CRGTs and is channeled into a single pipe that flows
upwards to a pressure boundary near the elevation where fuel bundle nozzles would be in a
reactor system. A mass flow outlet boundary condition is established for each of these pressure
boundaries which adjusts the outlet pressure to attain the same mass flow exiting at each CRGT
location. The other inlet flow boundaries are the 8 small nozzles of the SLCS. These nozzles
are setup as a velocity inlet with a uniform velocity at each nozzle. The SLCS flows are
established as a pure solution defined in this context with a mass fraction of 1.0. The SLCS flow
is relatively cool compared to the system temperature flows coming down through the jet pump
exits. All walls are considered to be adiabatic. The boundary conditions used are listed below
and are generally representative of a BWR/4 design.
-

Total jet pump mass flow rate for 10% (approximate) rated flow
Temperature of inflow from jet pumps:
Mass fraction of SLCS solution entering from jet pumps:
Total SLCS mass flow
Temperature of inflow from SLCS
Mass fraction defined for solution entering from SLCS:

1384.6 kg/s
543K
0.0
4.87 kg/s
316.5K
1.0

4.0 CFD PREDICTIONS
Predictions are completed across a range of jet pump mass flow rates which are listed as a
percentage of the normal system flows. Overall flow rates of 4%, 6%, 8%, 10%, 12%, and 14%
are considered. The SLCS flow rates and temperatures are unchanged for each case. The
solutions indicate that the flow from the jet pumps flows into the domain then turns upward and

exits the lower plenum at the side entry locations near the upper end of the control rod guide
tubes. The larger the flow rate, the deeper this flow penetrates into the lower plenum and the less
likely it will be for the heavy SLCS solution to stratify in the lower plenum. The heavy flow
from the SLCS is predicted to mix rapidly as the jet entrains the local fluid near the nozzle
location and forms a region (cloud) of borated solution within the flow paths between a few of
the CRGTs near the SLCS injection. This mixture is predicted to fall to the bottom of the lower
plenum and form a stratified layer for all cases with system flows less than 12%. System flows
larger than 12% effectively entrain the SLCS injection immediately up into the core. Figure 4
illustrates filled contour plots of the mass fraction of the injected solution on a vertical plane that
passes through the center of the SLCS jets for each of the system flow rates considered. Figure 5
illustrates stream lines colored by velocity magnitude for flows entering from the jet pumps and
for flows from the SLCS. Figure 5 is from the case with a system flow rate of 10%.

Figure 4. Contour Plots of Mass Fraction on Vertical Plane of Jets

Figure 5. Streamlines Exiting From Jet Pumps (left) and SLCS jets (right)
One important feature of the predictions is the relative consistency in the mixing of the SLCS
jets as they penetrate into the region around the CRGTs. This is not surprising given the velocity
of the jets (18.7 m/s) compared to the relatively modest flows in the lower plenum region.
Figure 6 illustrates the mass fraction (1.0 for injected solution) for a horizontal plane at the midheight of the SLCS system injection location for the 10% flow rate case.

Figure 6. SLCS Mass Fraction of SLCS on Horizontal Plane
The region just to the left of the SLCS pipe shows the elevated mass fraction of the cloud of
injected solution which mixes with the surrounding fluid. The lateral velocity of this region is
essentially zero after passing the third row of CRGT’s. The high-speed SLCS jets entrain the
surrounding fluid and rapidly dissipate. Peak mass fraction in this region is approximately 0.11,

and the average mass fraction is 0.092. The SLCS jet (mass fraction 1.0 at origin) quickly mixes
(mainly through entrainment) with about 10 times as much fluid from the surrounding region.
The cross sectional area of the local region of mixed solution is calculated to be 0.097 m2. Table
1 lists the area and average solution mass fraction for each of the cases considered. For overall
flow rates from 4 to 10%, the average mass fraction of the solution in the mixed region is nearly
constant. This indicates that the mixing is due to entrainment of the surrounding fluid and not
due to the rate of overall system flows. For the 12 % case, the mixed region does not fall as
rapidly and spreads over a larger region. This case is on the borderline between the mixed
solution falling or rising in the surrounding flows. The mixed region is more stagnant and
spreads further in this case. For the 14% case, the solution is moving rapidly upwards and the
results are different.
Table 1. Area and Mass Fraction of Local Mixed Region Near Jets
Simulation – System Flow

Area of Region (m2)

Average Mass Fraction

4%

.083

.095

6%

.082

.095

8%

.099

.095

10%

.097

.092

12%

.21

.086

14%

.18

.078

The results indicate that the fluid injected from the SLCS mixes rapidly to about 10% of its
original concentration immediately after exiting from the system. The solution that does settle
and stratify is therefore significantly diluted. Figure 7 illustrates the mass fraction of the injected
solution for the most stratified case (4%) and for the 10% overall flow case. Two quick
observations are made. The lower plenum is horizontally stratified and the stratified solution has
a mass fraction of 0.076 or less in relation to the injected solution. This shows that a small
amount of additional mixing occurs as the mixed solution in the region near the jets falls to the
bottom of the lower plenum. In order to capture the stratification for each case, an average
vertical mass fraction profile is plotted in Figure 8. In the figure, the vertical axis is referenced
to the bottom center of the lower plenum which is at 0m elevation. The scale of the plot is
expanded to show small differences but in general, the mass fractions at the lowest levels are
relatively consistent. The extent of the stratification decreases with increasing system mass
flows as expected and the 14% case shows no SLCS solution in the lower plenum region.
The results help shed light on the potential for stratification of the SLCS flows and the mass
fractions that might be expected in the stratified layer. These factors impact the time it takes for
the stratified layers to form and to reach a “filled” condition where no further stratification can
occur. Results from this study can help system code modelers test the mixing and stratification
assumptions in their lower plenum models during ATWS events.

Figure 7. SLCS Injection Mass Fraction on Vertical Plane

Figure 8. Average Mass Fraction in Vertical Direction

5. LIMITATIONS AND CHALLENGES
The assumptions and limitations of these predictions should be considered along with the results
to ensure that the results are used in the appropriate context. It is instructive to review some of
the key assumptions and limitations of the model.
The geometry of the model is not specific to any particular BWR/4, and the location of the SLCS
jets within the model is based on only anecdotal evidence. The major dimensions of the lower
plenum and CRGT’s are generally representative of a BWR/4. As noted in the CFD best

practice guidelines document (Ref. 4), the geometric details of the model are important for
mixing calculations. In considering these predictions for any specific plant, the details of the
geometry and their potential impact on the predictions should be considered.
The outlet boundaries are established to have uniform outlet flow across all of the CRGT
locations in the lower plenum. The impact of variations in the core inlet flows across the core
have not been considered. This would be a potential consideration in any follow-on work.
All walls in the model are assumed to be adiabatic. In a transient simulation at prototypical
conditions, the relatively cold SLCS solution would impact the hot structures in the lower
plenum and begin to warm up. This would have a tendency to reduce the amount of stratification
at least initially. Adding the heat transfer from the structures in the lower plenum would be a
potential consideration in any follow-on work.
The steady-state assumption impacts the analysis of the results. For cases such as the 12% mass
flow case, some preliminary transient simulations show that the flow initially is entrained up into
the core but slowly builds up a negative buoyancy and the solution begins to fall and stratify.
For cases with system flows less than 10%, the stratification layers starts to build up
immediately. The timing of the stratification and the injected solution entering the core in the
early part of the transient can only be studied with a transient simulation.
One limitation of the study is a lack of a full benchmark for the approach used. The small
benchmark study initiated at the beginning of this work failed to produce meaningful results due
to limited details in the test and data. The initial study demonstrated that the turbulence model
selections and mesh density are adequate to attain consistent results for the type of overall
predictions reported here. A systematic benchmark exercise with appropriate data would be
beneficial.
6. SUMMARY
A set of CFD predictions are completed on a full-scale BWR lower plenum to show the impact
of the overall system flow rate on the stratification and mixing behavior of the SLCS injections
during an ATWS event. The predictions show significant mixing of the SLCS jets as soon as
they exit from the nozzle. A small region of mixed solution with approximately 10% of the
initial concentration is created just inside the flow region between the first and second CRGT
near the SLCS nozzles. System flow rates near 12% of the rated system flow appear to be at a
threshold where the mixed solution region is neutrally buoyant in the surrounding flows. For
flows of 10% and lower, the mixed solution falls rapidly and forms a stratified layer in the
bottom of the lower plenum. For system flows greater than 12% of the rated flows, the SLCS
injections are entrained immediately up into the core region. When stratification does occur, the
stratified layer is diluted significantly down to approximately 7% of the initial concentration of
the SLCS jets. These predictions are useful for supporting system code modeling of the SLCS
behavior during an ATWS event.

7. REFERENCES
1

Yan, J, Mallner, A, “Sensitivity Study of Lower Plenum Boron Injection in a BWR,” ICONE17-75056, July 12-16,
2009, Brussels, Belgium.
2
Dias, M.P, et.al., “The Management of ATWS by Boron Injection,” NUREG/CR-5951 R4, US Nuclear Regulatory
Commission, March 1993.
3
Sano, et. al., “Visualization Study on Complicated Flow Through Lower Plenum of BWR,” ICONE 16-48339, May
11-15, 2008, Orlando, FL.
4
Mahaffy, J. et. al., “Best Practice Guidelines for the Use of CFD in Nuclear Reactor Safety Applications,”
NEA/CSNI/R(2007)5, April 2007.
5
Starccm+, User Manual, Version 7.02, www.cd-adapco.com, 2012.
6
Fluent Inc. “Fluent 6.0 Theory Manual”, Fluent Inc. Lebanon, NH.
7
Smith B. et. al., “Assessment of CFD for Nuclear Reactor Safety Problems,”, NEA/CSNI/R(2007)13, January 2008.

