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Air-Water Hydraulics Modeling for a
Mark.22 Fuel Assembly with RELAP5 - Part 2

D. L. Caraher, Engineering Software Consulting

ABSTRACT

The RELAP5/MOD2.5 computer program is being used to simulate hypo-
thetical loss-of-coolant accidents in the SRS production reactors. Because of their
unique geometry and thermal-hydraulic design these reactors pose a significant
challenge to the simulation capability of RELAP5. This paper focuses on one
aspect of the LOCA simulations, air-water flow through the fuel assemblies.
Improvements to the RELAP5 code's treatment of wall friction and interfacial
friction are described.

INTRODUCTION

The ability of the SRS reactors to withstand hypothetical loss-of-coolant
accidents (LOCAs) is being examined as part of the reactor restart effort.
RELAP5/MOD2.51 is used to simulate the global thermal-hydraulic response of the
reactor system to a LOCA, while a detailed analysis of a single fuel assembly re-
sponse is provided by the FLOWTRAN-TF 2 computer program. Inlet and exit
boundary conditions for FLOWTRAN-TF are obtained from RELAP5. The princi-
pal boundary conditions supplied by RELAP5 are the minimum assembly liquid
flow, the assembly inlet water temperature, and the inlet and exit pressures.

Even though RELAP5 is not used to examine the details of a particular fuel
assembly, it must provide a correct simulation of the overall response of the more
than 400 fuel assemblies which comprise a reactor core. If RELAP5 is to provide
an adequate simulation of the core, it should be able to simulate the hydraulic be-
havior of a single assembly. In a paper presented at the 1990 RELAP5 users
meeting we described the problems we were encountering with our attempts to
simulate air-water flow in a fuel assembly. We noted that the problems were
largely a result of using RELAP5 to simulate geometries and flow patterns outside
the ranges for which it was developed. In this paper we discuss the changes we
have made to RELAP5 so that it can better simulate air-water flow in an SRS
reactor's fuel assembly.

THE FUEL ASSEMBLY AND THE RELAP5 MODEL

Figure 1 depicts the Mark-22 fuel assembly• Coolant enters the fuel
assembly from the plenum by flowing through three 8-1/2 x 5/16-inch vertical slots
equally spaced around the circumference of the permanent sleeve housing (PSH)
and then through an array of 270 1/4-inch holes drilled in the universal sleeve
housing (USH). The coolant then flows downward throug.h a 4-inch diameter open
circular channel for 6 feet before encountering the fuel region. In the fuel region the
coolant flows principally through three concentric annular flow channels which are
13-feet long and about 1/4 inch wide. Each annulus is divided into four subchan-
nels by ribs which run the length of the annulus. Near the bottom of the fuel
assembly the coolant from the three annuli is recombined and continues downward
through orifice plates and a 2-foot long mixing region before being discharged from
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" the assembly into the moderator tank through an array of holes drilled around the
circumference of the bottom of the USH.

The RELAP5 model of the fuel assembly consists of a vertical stack of eight
cells. The length of the top cell is equal to the plenum height, 8.75 inches. This
noding is chosen so that the assembly can be attached to the plenum with a cross-
flow junction. The rest of the open area above the fuel region is modeled with a
single 6 foot long cell. The three annular fuel channels are modeled as a single flow
path - five 2.5-foot long cells are used to represent the axial length of the fuel re-
gion. The mixing section at the bottom of the fuel assembly is represented as a

'0 single 2-foot long cell. An outlet junction connects the bottom of the bottom-most
cell to the bottom of a cell which represents part of the moderator tank.

WALL FRICTION

In RELAP5 the friction factor for laminar flow is 64/Re; for turbulent flow
the friction factor is obtained from an engineering approximation to the Colebrook
equation. 3 According to the RELAP5 manual, the difference between the engineer-
ing approximation and the Colebrook equation is negligible, but we have found that
the approximation yields friction factor values as much as 25% larger than those
given by the Colebrook equation. For this reason we have replaced the RELAP5
approximation by a correlation developed by Jain. 4 Friction factors from Jain's
correlation arc within 1% of those calculated using the Colebrook equation for a
wide range of roughness and Reynolds numbers. Figure 2 illustrates how the
friction factor changed when the Jain correlation replaced the old friction factor
correlation in RELAP5.

!

a Jones and Leung 5 have shown that to calculate friction factors for annuli the
Reynolds number should be replaced by a modified Reynolds number defined as

i the product of the usual hydraulic diameter and a shape factor, _, which is afunction of the inner and outer radii of the annulus. For the Mark-22 assembly, the
shape factor is about 2/3. In order to allow annuli to be properly represented in
RELAP5 we have modified the input for the ANNULUS component to allow a
user-specified shape factor to be input. We also modified the wall friction

subroutine to use ¢_Dhinstead of Dh when calculating the Reynolds number.

RELAP5 uses the two-phase multiplier approach for calculating frictional
losses in two-phase flow. The two-phase multiplier is calculated from a proprietary
correlation developed by HTFS. 6 A comparison of pressure drops measured by
Whadey7 for air-water flow down an annulus with the pressure drops calculated by
RELAP5 showed that RELAP5 consistently calculated too little pressure loss in the
channel even after we had corrected the RELAP5 single phase friction factor
calculations. Good agreement between RELAP5 and the experimental data was
obtained when we replaced the HTFS correlation's value of the two-phase friction

multiplier _ by _L = 1/(1-cx). We have modified RELAP5 to use this value of q'_
instead of the HTFS correlation for an ANNULUS component.i

Figure 3 compares measured pressure drops to pressure drops calculated by
RELAP5 before and after our modifications. The improvement in RELAP5 is
apparent.
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INTERFACIAL DRAG

RELAP5 simulations of air-water flow down a Mark-22 showed that
RELAP5 greatly overpredicted the amount of air entrainment. In order to improve
RELAP5 simulations we have modified the interfacial drag models for the bubbly
and slug flow regimes. In these regimes, the interfacial drag force per unit volume
on the gas phase is

FIgf --fijvrl Vri,

with
t

6¢(i-/z)3 gAp
fij -" 2

v_

1-Coa vs_CoVfv,

F47v_ = 2.47 gAp (bubbly regime)L PfJ

0.51,/gAp D° (slug regime)Vgj'-

The value of the distribution parameter Co has been determined from experimental
data taken in the SRL heat transfer laboratory. The values presently being used are

o 1.16 and 1.38 for the bubbly and slug regimes, respectively. These values, as well
as the leading coefficients for the Vgjcorrelations and the characteristic dimension,
De, can be specified via input. For fibbed annuli the proper choice of De is twice

i circumferential distance between adjacent ribs.
the

ii Ishii8 has pointed out that the total interfacial friction has two sources: a

i generalized drag, and a contribution due to interfacial shear and the radial void
gradient. In RELAP5/MOD2.5, the first of these two sources is treated but the
second source is ignored. Following Ishii, we included another term in the phasic
momentum equations for the bubbly and slug flow regimes. For the case of a
wetted wall, the second source results in a force per unit volume acting on the gas
phase of

Flgf2 = (x4,_w / Dh,

and an equal but opposite force on the liquid phase. Xwis the shear stress at the
wall. Inclusion of this term effectively transfers some of the wall friction force
from the liquid to the gas.
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FLOW SPLIT COMPONENT

The Mark-22 assembly consists of 3 concentric annuli. The amount of air
entrained in each annulus depends upon the liquid flow in the annulus and the
pressure drop across the annulus. For a fixed pressure drop the relationship
between air flow and liquid flow in an annulus is like that illustrated in Figure 4. At
low liquid flows the liquid flows down the annulus as a film and entrains no air.
As liquid flow increases the annular gap is bridged and slugs of air are entrained
and carried down the annulus. If the liquid flow is large enough the liquid
completely fills the annulus and, again, no air is entrained.

Experimental data obtained from the Annular Flow Distribution (AFD)
tests 9 show that, under two-phase flow conditions, the liquid flow fraction in each
of the 3 annuli is a not simply the annulus' flow area divided by the total flow area.
Instead, the individual flow fractions change with total liquid flow in a manner
depicted in Figure 5. At assembly liquid flows less than 40 gpm liquid entering the
assembly preferentially flows down the inner and outer annuli.

RELAP5 simulations of the AFD tests have shown that the flow split
behavior depicted in Figure 5 cannot be captured by simply using a BRANCH
component to model the entrance region to the 3 annuli. Consequently, we created
a new component, the FLOSPLT component. This new component is similar to the
SEPARTR component in that it modifies the liquid fractions at the annuli inlets
according to correlations developed from the AFD tests' data. The concept and
correlations used in this component were developed by the SRL Code Development
Group, originally for the FLOWTRAN-TF code.

SIMULATION RESULTS

The improvements we have made to RELAP5 have improve_ its ability to
simulate the air entrainment occurring in a Mark-22 assembly. Figure t_compares
RELAP5 calculations to test data taken in the A-tank facility in the SRL heat transfer
laboratory. The A-tank facility is comprised of a large tank with a plenum atop it. A
single Mark-22 assembly is inserted into the center position of the plenum and
lowered into the tank. The pressure at the assembly outlet is controlled by
controlling the water level in the tank. For vented plenum conditions (plenum open
to the atmosphere) the liquid flow into the assembly is controlled by varying the
liquid level in the plenum.

We noted previously that the RELAP5 model combined the 3 annuli into a single
annulus. From Figure 6 we see that using this model and our updated version of
RELAP5 we significantly improved our predictions of air entrainment. Still, our
new simulation did not capture even the qualitative dependence of air and liquid
flow which was observed experimentally• However, when we changed the

RELAP5 model from a single equivalent annulus to 3 annuli our calculated airflows practically lay atop the measured air flows. The significant difference
between the one annulus model and the 3 annuli model is that the 3 annuli model
predicted internal circulation of air amongst the annuli - air pulled down the inner
and outer annuli flowed back up the middle channel. This behavior is promoted by
the FLOSPLT component which diverts most of incoming liquid to the inner and

i
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outer annuli as total liquid flow is reduced. The good agreement between the
RELAP5 3-annuli model and the experimental data suggest that air recirculation was
occurring in the experimental rig.

SUM.MARY AND CONCLUSIONS

RELAP5/MOD2.5 simulations of the Mark-22 fuel assembly revealed
deficiencies in the treatment of friction factor correlation, friction factors in annuli,
and two-phase friction modeling. Replacement of the friction factor correlation and
the two-phase multiplier correlation, along with incorporation of an annulus
friction factor model improved the P,.ELAP5 simulations of two-phase pressure
drop within a Mark-22.

The interfacial drag package was changed in an attempt to improve RELAP5
simulations of air entrainment in the Mark-22. The approach taken is similar to that
used in RELAP5/MOD3 in that drift-flux theory is used to derive interfacial friction
factors for the bubbly and slug regimes. Calculated air entrainment improved when
the modified interfacial drag package was incorporated into RELAP5.

A flow split component (FLOSPLT) was added to RELAP5 in order to
improve the calculation of the liquid flowing into each annulus of a Mark-22 during
two-phase flow conditions. RELAP5 simulations of a Mark..22 in the A-tank
facility demonstrated that both the flow split component and explicit representation
of ali 3 annuli were required to obtain good agreement between calculated and
measured air flows.
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Friction factors calculated by RELAP5
before and after Jain correlation added
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I Figure 2. RELAP5 FrictionFactors before and afterJain correlationimplemented.
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Figure 3. Calculated versus Measured Frictional Pressure Loss.
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