APPLICATION BRIEFS FROM FLUENT

EX222

Convective Subcooled Bolling

A section of core channel typically present in pressurized water reactors (PWRs)
and boiling water reactors (BWRs), both of which are used in the nuclear power
industry, is studied in this example. The Eulerian multiphase model in FLUENT,
with modifications to account for the onset of boiling, is used. CFD results are in
good agreement with experimental measurements.

The flow conditions in nuclear
reactor core channels are
complex. Fuel rods in these
channels are superheated, yet the
liquid is under high pressure, so is
subcooled. Nonetheless, the onset
of boiling occurs, so the flow
consists of a gas liquid mixture,
with the volume of gas increasing
along the length of the channel in
the direction of the flow. Using a
subcooled boiling model that has
been implemented in FLUENT
through user-defined functions
(UDFs), the flow in a reactor core
channel is simulated in this

Figure 1: The surface mesh used to construct

the unstructured hexahedral volume mesh

example and compared to
experiment.

A cylindrical channel containing
six rods [Ref. 1] - one centered in
the channel and five spaced
evenly around it - is studied to
illustrate the capability. Owing to
rotational symmetry, only a 72°
sector of the cylindrical channel is
modeled. The channel is 1.2m
long and 71mm in diameter. The
rods, each with an outer diameter
of 13.8mm, generate a great deal
of heat. An imposed heat flux of
0.522 MW/m? is used on the
surfaces of the rods in
the CFD model. The
cooling liquid, water, is
under a pressure of 50
bar (49.3 atm). It enters
one end of the channel
with a mass flux of 1163
kg/m2-s, and exits as a
liquid-vapor mixture at
the opposite end.

The Eulerian multiphase
model is used for the
simulation, with liquid
and gas (vapor) serving
as the primary and
secondary phases,
respectively. The flow is
turbulent, and the

Figure 2: Axial slices
show the development
of a vapor-liquid
mixture due to
subcooled boiling

mixture k-€ model is used to
account for these effects in the
multiphase system.

To capture the boiling process, a
source term for mass transfer
from the liquid to the gas phase is
needed. This source term appears
in the continuity equation, and
associated ones appear in the
momentum (both phases), and
energy equations. The source
terms depend on the fluid
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Figure 3: Vapor volume fraction results from
FLUENT are compared to experimental values

properties and the difference
between the local liquid and
saturation temperatures. The
model also takes into account the
manner in which heat is delivered
from the wall to the gas-liquid
mixture. Three mechanisms are
considered, and depending on the
makeup of the mixture adjacent to
the wall, the total heat flux can be
due to one or a combination of all
three. Models taken from the
literature are used for the
nucleation of bubbles at the wall,
along with the bubble departure
diameter and frequency [Ref. 2].
The bubble diameter in the free
stream is computed using a
correlation [Ref. 3] that depends
on the difference between the
local liquid and saturation
temperatures.

The surface grid used for the
simulation is shown in Figure 1.
The unstructured hexahedral
mesh consists of 80,000cells, and
encompasses one-fifth of the
channel. Symmetry boundaries
are used on the planes occurring
at 0 and 72°. A high heat flux is
specified on the walls of the rods,
and an adiabatic boundary
condition is specified on the outer

wall of the channel. Figure 2 is
used to illustrate boiling in the
channel. Contours of vapor
volume fraction at several axial
slices show pure liquid entering
the channel at the lower right
(blue), and the gradual
development of vapor along the
channel. At the channel exit
(upper left), results show that the
bulk of the vapor forms outside
the inner rod and inside the five
surrounding rods.

Comparisons of FLUENT results
with experimental data are shown
in Figures 3 and 4. In Figure 3, to
match the technique used in the
experiment, the domain is divided
into three radial sections, shown
in the inset figure in red, green,
and blue. An area-weighted
average of the vapor volume
(void) fraction within each of
these regions is computed and
plotted as a function of axial
position, using corresponding
colors for the curves. Also plotted
are data points [Ref. 1]. Overall,
the results are in reasonably good
agreement with experiment for
this challenging calculation.
Radial profiles of the vapor
volume fraction at three axial
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Figure 4: Radial vapor volume fraction
distribution at different axial locations

positions are shown in Figure 4.
Measured from the channel inlet,
the profiles are at 304mm (black),
713 mm (red), and 1148 mm
(green). FLUENT underpredicts
the volume fraction in the middle
of the channel at all three
elevations, but the agreement is
very good near the central rod and
outer wall.

In summary, UDFs in FLUENT
have been used in this example to
implement a convective subcooled
boiling model. Working with the
Eulerian multiphase model, the
new boiling model captures
nucleation of bubbles as well as
bubble departure diameter and
frequency. Comparison with
experiment shows good
agreement overall.
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