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A DISCUSSION OF DIFFERENT ANALYTICAL APPROACHES TO PREDICTING REWET
' PHENOMENA IN LOSS-OF-COOLANT EXPERIMENTS
(RELAP4/MOD6 and TRAC-P1A Predictions of LOFT Experiment L2-3)

INTRODUCTION

The core rewet phenomena observed in recent LOFT Loss-of-Coolant
Experiments (LOCE) L2-2 and L2-3 were not adequately predicted by
either RELAP4/M006a’b or TRAC-P1A; however, by modifying TRAC-P1lA to
include the Iloeje minimum film boiling correlation, the experimentally
observed rewet phenomena were predicted. A study is currently underway
to determine what physical phenomena must be accounted for to obtain a
correct analytical technique to accurately predict the core rewet
phenomena observed in experiments such as LOFT LOCEs L2-2 and L2-3.

The first phases of that study involve determining the reasons why

RELAP4/ MOD6 and TRAC-P1A did or did not predict the experimentally
observed rewets. This discussion explains what has been learned to
date, during this first phase of the study.

Three calculational aspects of the codes are postulated to have
caused the disparity between predicted and measured fuel rod cladding
temperature response for LOCEs L2-2 and L2-3:

1. The initial fuel rod stored energy

2. The hydraulic calculation

3. The heat transfer surface.

a. RELAP4/MOD6, Update 4, Idaho National Engineering Laboratory
Configuration Control Number CO0010006.

b. The version of RELAP4/MOD6 used for the experiment prediction for
LOCE L2-3 is under Idaho National Engineering Laboratory
Configuration Control Numbers HO003384B and HO03284B.



The RELAP4/MOD6 fuel rod stored energy and hydraulic calculations
have been examined and determined to be reasonable. Although TRAC-P1A
did not predict the system hydraulics as well as RELAP4/MOD6, its core
hydraulics were similar enough to those of RELAP4/MOD6 to not affect
the material presented here. It has been concluded that further
investigation on core rewet behavior should be concentrated on gaining
an understanding of methods of calculating the basic heat transfer
processes.

The objective of this discussion is to provide an understanding of
why RELAP4/MOD6 and TRAC-P1A predictions of LOFT LOCE L2-3 did not
predict the observed qul rod cladding rewet while TRAC-P1A plus the
IToeje minimum film boiling correlation prediction did. To obtain this
understanding, the initial process is to determine how the post-
critical heat flux (CHF) boiling curves are constructed from convective
heat transfer correlations in the two computer codes. This knowledge
can then be used to explain what physical processes must be accounted
for in the analytical modeling to accurately represent the physically
observed rewet phenomena.

RELAP4/MOD6 AND TRAC-P1A CALCULATIONS

An essential element of calculating rewet behavior using either
RELAP4/MOD6 or TRAC-P1A is in the proper prediction of post-CHF heat
transfer as reflected in the calculated boiling curve. The RELAP4/MOD6
post-CHF portion of the boiling curve is constructed by summing the
transition and film boiling correlations, as shown in Figure 1.
Although a minimum wall superheat, ATmin’ is implied and can be
calculated, it is not generally evaluated. A family of boiling curves
would result from varying the quality parameter and could also be
plotted. However, the plotting technique developed under the RELAP4/
MOD6 development effort results in these boiling curves being repre-
sented as three-dimensional with quality as the new variable. This
technique has been termed the heat transfer surface approach and is
shown in Figure 2 for a given set of fluid conditions which exist at 7



seconds in the RELAP4/MOD6 prediction of the LOFT LOCE L2-3 hot spot.
This surface can be considered to be recalculated at each time step of
the calculation as a function of the new hydraulic conditions.

With this understanding of the RELAP4/M0OD6 heat transfer, the
failure of RELAP4/MOD6 to predict rewet can now be explained.
Figures 3, 4, and 5 represent the hot spot wall temperature, mass flux,
and quality, respectively, for the RELAP4/MOD6 prediction of LOFT LOCE
L2-3. From these figures, the cooldown shown for the hot spot wall
temperature at about 4 seconds is seen to be associated with periods
when the core flow is in one direction long enough and liquid mass in
the lower plenum is sufficient to produce a decrease in the core
quality at the hot spot. This hydraulic phenomenon is discussed in
detail with respect to the measurements in the companion paper by Dr.
Linebarger. In terms of the convective heat transfer,’the effects of
these hydraulics can best be visualized by evaluating the RELAP4/MOD6
heat transfer surface as a function of time and denoting the hot spot
true temperature and quality on the cladding surface. Evaluation is
done conceptually by plotting an approximate loci of points on Figure 2
which represents the hot spot surface temperature and quality as a
function of time. This calculated visualization is not exact since the
heat transfer surface moves somewhat as a function of time, but it does
convey the principle. From this visualization, an understanding of why
a rewet is not predicted during the RELAP4/MOD6 prediction at about 4
to 6 seconds is obtained. For example, an additional decrease in
predicted quality of 20% would have placed the calculation well into
transition boiling so that a rewet would have probably occurred. This
is not meant to imply, however, that the hydraulic prediction is in
error. The failure to predict the rewet can, in fact, come from any
combination of the hydraulics, the convective heat transfer, and/or the
fuel pellet-gap modeling, which governs the heat coming into the back
of the cladding.

To investigate why TRAC-P1A did or did not predict rewet in the
LOCE L2-3 calculation, the manner in which the boiling curves are
generated must also be understood. Figure 6 represents a typical



TRAC-P1A boiling curve. The post-CHF region is generated by using the
nucleate boiling and the CHF correlations to define qpyg" and 5ToNg:
Next, ATmin
use of the minimum wall superheat correlation and evaluated at ATmin
to yield qmin"' These two points are then interpolated with respect

to wall superheat linearly on a log-log basis to produce the transition
boiling portion of the boiling curve.

and the film boiling correlation are generated through

With this understanding of the TRAC-P1A boiling curve, the two
TRAC-P1A predictions of LOCE L2-3 can be discussed. If the temperature

at which the rewet should be predicted is now denoted as ATL2-3 rewat’

its relative position on the boiling curve can be shown (see Figure 7).

For TRAC-PlA, the ATmin
less than ATLZ_3 rewet * For this reason, the TRAC-P1A calculation

does not predict rewet. The Iloeje correlation of AT ine

greater than ATL2-3 rewet for these hydraulic conditions; therefore,

was defined by the Henry correlation and is
however, is

transition boiling is introduced instead of film boiling and a rewet is
calculated.

Thus, a basic understanding of why TRAC-P1lA did not predict rewet,
whereas TRAC-P1A with the Iloeje correlation did is obtained. However,
factors other than the minimum film boiling should be considered. As
basic to the rewet prediction as Iloeje's ATmin was, the CHF corre-
lation is just as important. The characteristic of the TRAC-P1A CHF
correlation which makes this statement true is its inverse mass flux
effect, that is, the critical heat f]ux increases as mass flux
decreases. For the low flow conditions within the core at the time of
rewet, this is particularly important. RELAP4/MOD6 however uses a CHF
correlation which has a direct mass flux effect, that is, the critical
heat flux decreases as mass flux decreases.

Figure 8 then shows conceptually what happens if the RELAP4/MOD6
critical heat flux correlation is used in TRAC-P1A to generate the
boiling curve at the time of rewet for the hydraulic conditions present.
The heat flux at ATL2-3 rewet is reduced and the prediction may or
may not predict rewet. Similarly, substitution of the TRAC-P1A CHF



correlation into RELAP4/MOD62 was hypothesized to produce the effect
shown in Figure 9 so that a rewet would be predicted. This substitu-
tion was made, and the LOCE L2-3 prediction was repeated with a rewet
being predicted as shown in Figure 10. Similar results were also
obtained for a recalculation of LOFT LOCE L2-2. Hence, a change in the
RELAP4/MOD6 CHF correlation produced results similar to the TRAC-P1A
ATmin change.

SUMMARY AND CONCLUSIONS

Thus far, an understanding of why RELAP4/MOD6 and TRAC-P1A did not
predict rewet and why TRAC-PlA with the Iloeje correlation did has been
obtained. RELAP4/MOD6, when modified with the TRAC-P1A critical heat
flux correlation, was shown to predict the observed rewets. Also an
understanding of how each of these different combinations affects the
heat transfer boiling curves or surface has been developed.

In order to evaluate which one of these different heat transfer
methods for predicting the rewet of LOCE L2-3 is correct, the available
(approximately 4500) post-CHF tube data points, with respect to their
mass flux and quality were examined, and the RELAP4-MOD6 prediction of
the hot spot hydraulics for LOCE L2-3 was superimposed. This infor-"
mation is shown in Figure 11 and it is evident that no data exist in
the region of interest. From Figure 11, the conclusion reached can
only be that no (or minimal) data are available to determine what is
the correct analytical approach. All the film boiling and transition
boiling correlations used in RELAP4/MOD6 and the film boiling corre-
lations in TRAC-P1lA were developed from these data, and, therefore,
unfortunately the correlations must be used outside their range of
assessed applicability for predicting rewet conditions such as those
that existed in LOCE L2-3.

a. The RELAP4/MOD6 code as modified by adding the TRAC-P1A CHF

correlation is under Idaho National Engineering Laboratory
Configuration Control Number H007284B.



If the results examined here are to be related to a commercial
PWR, the companion paper by Dr. Linebarger which addresses calculations
for the ZION plant can be considered. The rewet predicted by RELAP4/
MOD6 for ZION is now understood since the fluid density during the flow
up through the core was greater in ZION than in LOFT LOCE L2-3. There-
fore, with respect to Figure 2, both the quality and the wall temper-
ature at the hot spot were less, and transition boiling would have been
encountered. With respect to the data bank comparison, Figure 12
presents a similar comparison of the ZION predicted hydraulic condi-
tions. Unfortunately the same basic lack of data exists.

On the basis of experience in modeling rewet phenomena with
RELAP4/MOD6, the conclusion reached is that the ZION calculations may
underestimate the core heat transfer during the time when substantial
positive core flow exists. A further conclusion is that additional
separate effects tests are needed to broaden the data base, especially
in the area of low flow, low quality post-CHF heat transfer.
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Figure 1. RELAP4/MOD6 boiling curve.
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