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IMPORTANT NOTICE REGARDING CONTENTS AND USE OF THIS DOCUMENT

PLEASE READ CAREFULLY

This technical report was derived through research and development
programs sponsored by Exxon Nuclear Company, I It s beng sub
mitted by Exxon Nuclear to the USNRC as part of a technical contr
bution to facilitate safety analyses by licensees of the USNRC whict
utilize Exxon Nuclear fabricated reload fuel or other technical services
provided by Exxon Nuclear for liaht water power reactors and 1t s true
and correct 10 the best of Exxon Nuclear's knowledge, information
and belief. The information contained here'n may be used by the USNR(
in its review of this report, and by licensees or applicants before the
USNRC which are customers of Exxon Nuclear in their demonstration
of compliance with the USNRC's regulations

Without derogating from the foregoing neither Exxon Nuclear nor
any person acting on its behalf

A. Makes any warranty, express or implied, with respect to
the accuracy, completeness, or usefulness of the infor
mation contained in this document, or that the use of

any information, apparatus, method, ¢r process disclosed

in this document will not infringe privately owned rnights

or
B Assumes any liabilities with respect to the use of, or for

damages resulting from the use of, any information, a

paratus, method, or process disclosed in this document
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1.0 INTRODUCTION AND SUMMARY
This document describes the RELAP4-based LOCA blowdown analysis code
| (RELAX). RElAPd-EM/ENC?RB(]) has been the Exxon Nuclear Company blowdown computer
program approved by the NRC(?) for use in ECCS Evaluation Models on PWRs and
NJP-BWRs. RELAX was developed by adding a slip flow model, a new jet pump model
and additional heat transfer regimes to RELAP4-EM/ENC28B to improve blowdown
prediction capabilities. As with RELAP4-EM/ENC28B, RELAX-EM complies with
Appendix K requirements for ECCS analysis. Only the changes that separate
RELAX from RELAP4-EM/ENC28B are discussed herein.
The modificaticas to RELAP4-EM/ENC28B are summarized as follows:
“ A slip flow model has teen introduced based on drift flux theory.
This improves the capability of the code to predict two-phase flow
phenomena. Slip flow permits thermal convection to be based upon
liquid and gas velocities individually rather than on an equal
velocity (homogeneous flow) basis. Slip flow is introduced into
the equations of fluid motion through the energy conservation equation.
The drift flux model is based on the Zuber-Findlay relation between
liquid and gas velocities. Coefficients needed in the Zuber-Findlzy
relation are based upon empirical relations as organized by a modified
Bennett flow regime map.
s A mechanistic jet pump model has been developed and included in RELAX.
The model characterizes flow through the jet pump under all flow
conditions. Equations of mass and momentum are solved in a nodal

matrix with empiricism introduced through pressure loss coefficients.
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1s used, then Vii may be shown to be unchanged, but
e ' (2.17)

For upward directed gas flow, the drift velocity is computed

as follows:

. F P
s 1mi (y'
vgJ minimum \v’]J. qu) (?,]Qj)

where ng is the value based colely on consideration of the flow pattern
(Figure 2.1). For a mass flux directed downward in co-current flow, the
flooding Timit is not required and is not used.

The above procedure amounts to the projection of the surface in
the jf-jq-. system defined by the Zuber-Findlay equation onto the jf-jg
plane. This projection defines the flooding line. A typical plot of the
Zuber-Findlay equation predictions using drift flux parameters (ng, Co)
based upon flow regime (see Section 2.2) is shown in Figure 2.4. Also
plotted is the Kutateladze flooding limit correlation. Consistency of the
luber-Findlay surface projection and the flooding line is illustrated.

2.4 VOID FRACTION SELECTION

The drift flux parameters ng and CO discussed in the previous

section are functions of the void fraction. The void fraction used in the

RELAX drift flux calculations is computed from conditions on either side

of the RELAX junction. For co-current flow, the code permits the user to
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The energy equation may be simplified further:

dU 1+ \ )
d . ae." Y 2L ir‘ where rn - ¢.N ¢ N
dt | |

When Tinearized using a first order accurate forward finite difference

approximation, one obtains

the homogeneous and drift flux flows. The coefficient & is the Crank

implicit-explicit multiplier. When 6 = 0 the equation will be fully e
when 0 | the equation will be fully implicit. This input parame
normally fixed at unity.

Consider the derivatives of Equation 2.24 th

up the terms of the Jacobian (terms in large brackets):
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(2.24)

This and companion equations for mass and flow increments are common to both
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The following section describes how the terms Apde and Apse are determined
through the mixing model.
3.3 MIXING REGION EQUATIONS

The previous section presented the integration of the stream tube
equations outside of the jet pump mixing region. This section presents the
equations inside the mixing region as applied to the mininodalization of
Figure 3.3. This solution is used to couple the stream tube equations by
determining AP, and AP

de se’

The principal assumptions used to develop the equations are as

follows:

3) Choking within the jet pump is considered by taking the
minimum of the flow momentum solution or the approved evalua-

tion model correlation(s) for critical flow.
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the drive line. The junction area from the drive line to the mixing section

is the minimum flow area of the drive nozzle.

The jet pump suction volume is modeled as a single volume and may
be connected to several jet pumps. The fluid volume is the volume outside
the jet pump in the downcomer. The volume flow area is the downward projected
area of the downcomer without the jet pump. The length for inertia is the
distance from the top of the jet pump suction to the top of the downcomer
volume. The equivalent hydraulic diameter is based upon the standard defini-
tion of four times the flow area divided by the wetted perimeter. The suction
junction flow area is input as the flow area of the mixing section minus the
flow area of the drive junction,

The momentum mixing section of the jet pump is modeled as a "massless"
volume for the purpose of defining the pressure difference between the jet pump
and the drive and suction. The actual mixing section geometry, however, is
used to calculatr the pressure difference. Input required for the jet pump
model are the m.xing section flow area, length, diameter, the drive jet diameter,
forward and reverse loss coefficients and shear loss coefficients.

The jet pump is modeled as a single volume. The volume consists of
the individual volumes of mixing section, diffuser and exit pipe as shown in
Figure 3.2. Specification of jet pump volume, length and area is straight-
forward. The equivalent hydraulic diameter is modeled to give the same friction
pressure drop as in the actual pump.

Multiple jet pumps can be modeled as single jet pumps. This is

accomplished by ~ultiplying the area, volume and flow of the individual pumps
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FIGURE 3.3

HNODING FOR JET PUMP MIXING SECTION AND
ILLUSTRATION FOR TYPE 3+ FLOW.
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FIGURE 3.5 VARIABLE PLACEMENT FOR THE MULTINODE MIXING SECTION.
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FIGURE 3.7 COMPARISON OF EXPERIMENTAL AND CALCULATED M-N CURVE
{"n \
FOR EG&G JET PUMP TESTS'‘d)
















































XN-NF-80-19(NP)

Yolume ZA

A-4

9 UNY £009 3S3L Vi1l - MOL4 33(u] 840) 2=y 34nbi4

(Spu0das) auwlt]
¢l oL & 9 v A

uoL3e|nde)

Xv 134

-

L] L] I | 1 Al i 1 1 1 Ll 1 ||

|)\| ele( |Pjuswisadx]

oL-

0
m

oL 2
=
=
.
(%]
"
™

02

0










