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- 8CTF Core-1 Test Results

(System Pressure Effects on Reflooding Phenomena)
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Divisgion of Nuclear Safety Research,
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The Slab Core Test Facility (SCTF) of Japan Atomic Energy Research
Institute (JAERI) was constructed to investigate two-dimensional thermo-
hydrodynamics in the core and the communication in fluid behavior be-
tween the core and the upper plenum during the last part of blowdown,
refill and reflood phases of a posturated loss-of-coolant accident (LOCA)
of a pressurized water reactor (PWR). '

In the present report, effects of system pressure on reflooding
phencmena shall be discussed based on the data of Tests S1-SH2, $1-01

and S51-02 which are the parameteris tests for system pressure effects

belonging to the SCIF Core-I forced flooding test series. Major items
discussed in this report are (1) hydrodynamic behavior in the system,
(2) core thermal behavior, (3) core heat transfer and (4) two-dimensional

hydrodynamic behavior in the pressure vessel including the core.

Keywords: Reflood, System Pressure, SCTF, Fluid Behavior, Core, Thermal

Behavior, Heat Transfer, 2-Dimensional Fluid Dynamics, ECCS

The work was performed under contract with the Atomic Energy Bureau
of Science and Technology Agency of Japan. .
This paper was presented at the Ninth Water Reactor Safety research

Information Meeting, Gaithersburg, Maryland, October 26—30, 1981.
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1. Introduction

The Slab Core Test Facility (SCTF) of Japan Atomic Energy Research
Institute (JAERI) was comnstructed to investigate two-dimensional thermo-
hydrodynamics in the core and the communication in fluid behavior between
the core and the upper plenum during the last part of blowdown, refill
and reflood phases of a postulated loss-of-coolant accident (LOCA) of a
pressurized water reactor (PWR) .

The SCTF Test Program is being carried out in accordance with the
so-called 2D/3D Agreement among the United States_(US); Federal Republic
of Germany (FRG) and Japanm. Coupling tests with the SCTF and the Upper
Plenum Test Facility (UPIF) of FRG will be performed in the future as
an activity based on the 2D/3D Agreement.

To meet these purposes, the SCTF was designed to simulate the slab
shaped part of the actual PWR core with full height, full radius and one
bundle width including the corresponding parts of the upper and lower
plena and the downcomer, as shown in Fig. 1. Internal structure of the
pressure vessel is shown in Fig. 2. Furthermore, simplified primary
coolant loops are attached to the SCIF, as shown in Fig. 3.

Tﬁe simulated core consists of eight electrically heated simulated
fuel bundles arranged in a straight line. The total core heating capac-
ity is about 10 MW. Design of each simulated fuel bundle is principally
based on that for a Westinghouse 15x 15 fuel bundle, however, the bundle
size is 16 x 16. The No.l and No.8 bundles are simulated the center and
peripheral bundles of an actual core, respectively. The No.3 and No .4
bundles are so-called blockage bundles and all heater rods in these two
bundles have blockage sieeves at the midplane for simulation of balooned
fuel rods.

In the present report, the effects of system pressure on reflooding
phenamena shall be discussed based on the daté of Tests 51-8H2 (nominal
system pressure: 0.4 MPa), S51-01 (0.2 MPa) and 51-02 {(0.15 MPa) which
are the parameteric tests for system pressure effects belonging to the
SCTIF Core~I forced flooding test series. The major test conditions and
the chronologies of events in these three tests are given in Table 1~ 3

and Table 4’Q6, réspécti#ely.
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2. Major Results

(1) Hydrodynamic Behavior in the System

i) To clarify the overall fluid behavior in the system and to estimate
quality of the instrumentation, mass balance for each part of the system
was investigated. The results are shown in Figs. 4v6. Very good
agreement of integral amount of the injected emergency core cooling
{ECC) water with the sum of steam and water discharges from the pressure
vessel and accumulated water in the pressure vessel was confirmed. This
result suggests the reliability inninstrumentation of these tests on the
whole.

ii} Higher carryover water flow rate in the hot leg was measured when
the system pressure was lower as shown in Fig. 7, suggesting the effect
of higher steam velocity due to the larger specific volume of steam on

carryover phenomenon.

(2) Core Thermal Behavior

i} Core thermai behaviors including quench propagation and turnaround
behavior of cladding temperature were investigated. Samples of cladding
temperature transient are given in Fig. 8.

The higher system pfessure gave the shorter quench time, the higher
quench temperature and the shorter turnaround time, as shown in Figs. 9
n11, respectively. These characteristics can clearly be seen espe-
cially in the middle énd lower part of the core. However, no sig-
mificant effect of system pressure on the turnaround temperature was
observed, as shown in Fig. 12. Two of the reasons of the small system
pressure effect on the turnaround temperature are that cladding temper-—
ature at the BOCREC (bottom—of-core recovery) was set nearly equal in
the present three tests and in addition temperature rise from the BOCREC
to the turnaround point was small,

ii) Quench propagated upward except for the upper part of the éore
where downward quench propagation was observed, as shown in Figs. 13
and 14. |

Downward guench propagation was a random phenomenon and many therm-
ocouples showed earlier quench than the others at the same elevatiomn,
as shown in Fig. 15. Downward quench propagation may be caused by cool-
ing effect of deoplets coming from the lower part of the core and water

film flowing down from the upper plenum. Effects of the non-heated rods

_2__
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and the arrangement of the upper plenum structures on quench time of
the downward propagated quench are suggested.
1ii) As for the upward quench propagation, small effects of radial
power distribution of the core on quench time and turnaround tempera-
ture were observed, as shown in Figs. 15 and 17, however no significant
effect on quench temperature, as shown in Fig. 16. TIn addition, no
significant effect of blockage sleeves on quench behavior was indicated.
iv) Azimuthal distribution of quench time was observed throughout the
core, as shown in Fig. 18, suggesting the heat sink effect of the slab
wall. This effect should be evaluated quanitatively in the future be-
cause the actual PWR does not have such a slab wall as the SCTF.
v) The upward quench propagation velocity showed good agreement with

(1)

the Murac's correlation at the relatively higher system pressure, as
shown in Fig. 19. The murao's correlation, however, gives the different
tendency against system pressure in comparison with the test data; there-
fore, discrepancy between the calculation and the test data increased in
the low system pressure condition. It should be pointed out that the
test conditions of the present three tests were out of application

range of the Murac's correlation, especially in flooding speed and quench

temperature.

(3) Core Heat Transfer

i)} Heat transfer coefficient at the surface of the heater rods at
the same time was higher when system pressure was higher, as shown in

Fig. 20. Heat Flux also showed the similar tendency.

(2)

ii) Sudo's correlation on film boiling heat transfer gives slightly
higher heat transfer coefficient for the upstream of quench front but
can be almost satisfactorily applied to the present three tests, as

shown in Fig. 20.

(4) Two-Dimensional Hydrodynamic Behavior in the Pressure Vessel

including the Core

i) Two-dimensional hydrodynamic behaviors in the pressure vessel
including the core were indicated in several kinds of data such as
horizontal distribution of differential pressure between the inlet and
outlet of the core (Fig. 21), horizontal pressure difference between

the No. 1 and No. 8 bundles, (Fig. 23) horizontal distributions of fluid
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density in the core, (Figs. 247 26), water level on the end box tie
plates (Fig. 27), pressure drop across the end box tie plates (Fig. 28)
and water level on the upper core support plate (Fig. 29).

ii) The two-dimensionality itself was not so large but this does not
mean that horizontal component of core fluid velocity was small. For
example, the one-dimengional analvsis using the Cunningham-Yeh's cor-

(3)

relation could not give a good prediction for the horizontal dis-
tribution of differential pressure between the inlet and outlet of the
core, as shown in Fig. 22. This suggests that flattening of horizontal
pressure distribution occurred due to the horizontal component of the
core flow.

iii) Pressure drop data across the end box tie plates (Fig. 28) suggests
that a downward water flow (fall back) exists at the No.8 bundle in the
peripheral region of the core. Similar phenomenon was also seen at the
next peripheral No.7 bundle (Data not shown.)}.

iv) The effect of blockage sleeves on the two-dimensional hydrodynamics
in the core was not significant as seen in the present three tests.

Final conclusion on this item should, however, be made after the future
cold leg injection tests because a forced flooding test has a possibility

to overlook the important characters of the reflooding phencmena in the

actual PWR.

References

(1) Y. Murao, J. Nucl. Sci. Techno., 15 [12], 875~ 885 (1978)
(2) Y. Sudo, J. Nucl. Sci. Techno., 17 [7], 516 ~530 (1980)
(3) ~J. P. Cunningham and H. C. Yeh, Trans. ANS, 17, 369 ~370 (1973)
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density in the core, (Figs. 24 26), water level on the end box tie
plates (Fig. 27), pressure drop across the end box tie plates (Fig. 28)
and water level on the upper core support plate (Fig. 29).

ii) The two-dimensionality itself was not so large but this does not
mean that horizontal component of core fluid velocity was small. For
example, the one-dimensional analysis using the Cunmningham-Yeh's cor-
relation(B) could not give a good prediction for the horizontal dis-
tribution of differential pressure between the inlet and outlet of the
core, as shown in Fig. 22. This suggests that flattening of horizontal
pressure distribution occurred due to the horizontal component of the
core flow,

iii) Pressure drop data across the end box tie plates (Fig. 28) suggests
that a downward water flow (fall back) exists at the No.8 bundle in the
peripheral region of the core. Similar phenomenon was also seen at the
next peripheral No.7 bundle (Data not shown.).

iv) The effect of blockage sleeves on the two-dimensional hydrodynamics
in the core was not significant as seen in the present three tests.

Final conclusicn on this item should, however, be made after the future
.cold leg injection tests because a forced flooding test has a possibility

to overlook the important characters of the reflooding phenomena in the

actual PWR.
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Vertical Cross Section of the Pressure Vessel
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