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ConclusionConclusionConclusion

It is important to evaluate the flow
behavior in the reactor in detail

It is important to evaluate the flowIt is important to evaluate the flow
behavior in the reactor in detailbehavior in the reactor in detail

The method of design by  flow analysis using The method of design by  flow analysis using 
CFD codes CFD codes is very useful.is very useful.
There are not enough data to verify the modelsThere are not enough data to verify the models
in CFD codes to evaluate the flow structure inin CFD codes to evaluate the flow structure in
lower plenum.lower plenum.

It is necessary to clarify the flow structureIt is necessary to clarify the flow structure
in the lower plenum.in the lower plenum.

The analysis results by CFD code is considerablyThe analysis results by CFD code is considerably
dependent on the modelsdependent on the models
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Analysis code Analysis code : STAR: STAR--CCM+CCM+
DiscretizationDiscretization procedure procedure : Finite: Finite--volume schemevolume scheme
Basic equation Basic equation : Equation of continuity: Equation of continuity

Momentum conservation equationMomentum conservation equation
Analytical approach Analytical approach : SIMPLE method: SIMPLE method
Turbulence model Turbulence model : Standard : Standard kk--εε modelmodel
Cell numberCell number : About 2.7 million: About 2.7 million Symmetrical 
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Outlet boundaryOutlet boundaryOutlet boundaryCFD analytical modelCFD analytical modelCFD analytical model
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・・In the lower plenum, the velocityIn the lower plenum, the velocity
at the center (at the center (xx=0 [mm]) is faster=0 [mm]) is faster
than that near the shroud.than that near the shroud.

・・In the core support beam, In the core support beam, thethe
velocity distribution becomes tovelocity distribution becomes to
be flat.be flat.

・・Once the velocity profilesOnce the velocity profiles
becomes to be flat at thebecomes to be flat at the
core support beam, core support beam, thethe
coolant flow into the partcoolant flow into the part
of core inlet maintainingof core inlet maintaining
flat tendency.flat tendency.

・・The differential pressure ofThe differential pressure of
lower plenum (lower plenum (ΔΔPPAA, , ΔΔPPBB) is) is
small.small.

・・On the other hand, the profileOn the other hand, the profile
ΔΔPPCC is very dominantis very dominant wherewhere
the side entry orifices arethe side entry orifices are
existing.existing.

・・TheThe profiles of experimentprofiles of experiment
and analysis are and analysis are qualitativelyqualitatively
coincident each other.coincident each other.

・・From the analysis result of pressureFrom the analysis result of pressure
contour at inlet of the core supportcontour at inlet of the core support
beam, it is found that beam, it is found that the pressurethe pressure
distribution is almost uniform at thedistribution is almost uniform at the
region of the lower plenumregion of the lower plenum..

・・On the other hand, in the coreOn the other hand, in the core
support beam, support beam, the pressure atthe pressure at
the center grid is larger thanthe center grid is larger than
that near the shroudthat near the shroud..

・・From the velocity field, it reveals thatFrom the velocity field, it reveals that
the coolant flow distribution becomesthe coolant flow distribution becomes
to be uniform at the inlet of the coreto be uniform at the inlet of the core
support beamsupport beam..

Inlet of core
support beam
Inlet of coreInlet of core

support beamsupport beam

In the lower plenum, the velocity at the center section is fasteIn the lower plenum, the velocity at the center section is faster than that near the shroud.  The velocity profiles show the tenr than that near the shroud.  The velocity profiles show the tendency to bedency to be
flat in the core support beam and core inlet region.  Theseflat in the core support beam and core inlet region.  These experimental and analytical profiles are coincident each other.experimental and analytical profiles are coincident each other.

・・In the PIV results, it isIn the PIV results, it is
confirmed that confirmed that vortices arisevortices arise
around the orifices at the corneraround the orifices at the corner
and near the beamand near the beam..
However, However, there are no vortices aroundthere are no vortices around
the orifices at the center of the gridthe orifices at the center of the grid..

・・Along with the experimental results,Along with the experimental results, complicatedcomplicated
flow structures are described by CFD analysis.flow structures are described by CFD analysis.

・・At the corner orifice, coolant flow distribution isAt the corner orifice, coolant flow distribution is
the lowest where two vortices are existing.the lowest where two vortices are existing.
It is thought that such flow structure fulfill aIt is thought that such flow structure fulfill a
function for the coolant flow distribution to the core.function for the coolant flow distribution to the core.

Water
temperature [˚C]

Inlet pressure

[MPaG]
Flow rate

[l/min] Re

PIV, LDV 14.9 0.10 209 2620
CFD, LDV 10.8 0.10 225 2548

About the differential pressure profiles, the profile of the regAbout the differential pressure profiles, the profile of the region including the side entry orifices is dominant against the prion including the side entry orifices is dominant against the profiles of upstream.  And the profilesofiles of upstream.  And the profiles
of experiment and analysis are of experiment and analysis are qualitativelyqualitatively coincident each other.coincident each other.

Along with the experimental results, the complicated flow structAlong with the experimental results, the complicated flow structures like vortices are described by CFD analysis.  In addition, ures like vortices are described by CFD analysis.  In addition, it is found that the coolant flowit is found that the coolant flow
distributions are different depending on the location of thdistributions are different depending on the location of the orifices.  Thus, it is thought that such flow fulfill a functie orifices.  Thus, it is thought that such flow fulfill a function for the coolant flow distribution to the core.on for the coolant flow distribution to the core.
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