
XA04C1486

RESULTS OF THE MOCKUP EXPERIMENT ON PARTIAL LOCA

J. Dreier and H. Winkler
Swiss Federal Institute for Reactor Research

Ch-5303 Wuerenlingen / Switzerland

ABSTRACT

A mockup experiment has been performed to verify the
heat transfer model for a partial loss of coolant accident
in the swimming pool reactor SAPHIR. Three coolant channels
with the same dimensions as in a SAPHIR fuel element were
simulated using four electrically heated plates. For a
water level such that the heated plates are partially sub-
merged, plate temperatures remain below 160% for plate
powers of up to 650 W. For water levels low enough to just
block the channels, plate temperatures of 400% are reached
for plate powers as low as 60 W. Details of the experiment
and further results are discussed.

INTRODUCTION

A partial loss of coolant accident due to a beam tube break is the only
possible LOCA at the swimming pool reactor SAPHIR. If this happens, a partial
uncovering of the reactor core occurs.

For this case a Simulation Program has been developed.1 Parametric
studies show the predicted plate temperatures are strongly influenced by the
heat transfer models selected. Thus, no real conclusions could be drawn from
these calculations, especially for the lower level beam tubes (Tangential and
Radial Nos. 2 and 4.

In order to verify the real heat transfer model, a mockup experiment con-
sisting of electrically heated plates in the same geometry as the real element
has been built. The results of some measurements with this experiment are
given in this paper.

KOWASAK-EXPERIMENT

Description of the Experimental Rig

The principal layout of the experimental facility KOWASAK (KOnvektive
WAermeabfuhr Saphir Kern) is given in Figs. and 2.

It consists mainly of four electrically heated aluminum plates (Plates 
to 4 Fig. 2 and simulates three cooling channels with the same dimensions
(width: 223 mm) as a real elements.
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In order to reduce the heat flow through the sideplates, two supple-
mental heated plates of the same construction have been added (Shield plates 
an 6 in Fig. 2.

Each of these six plates can be heated individually up to a power of
650 W.

In each plate several thermocouples are mounted at different positions
in order to measure the plate temperature at different heights (Figs. 3 to 5).
The thermocouples for measuring the water or steam temperature in the cooling
channel are located in the sideplates (Fig. 5).

The complete element simulation is put in a water-filled container in
which the level is held constant by means of an adjustable overflow pipe.

Differences Between Fuel Element and KOWASAK-Experiment

Vertical Heat Distribution

In the KOWASAK mockup a linear vertical heat distribution has been
chosen whereas in the real fuel element the well known cosine distribution
exi.sts. The main reason for this choice is to ease construction and
measurement. The two heat distributions are given in Fig. 6.

Geometry

The KOWASAK mockup has the identical geometry in the cooling channels

as the real element. The sandwich construction of the electrically heated
plates, however, has given much thicker plates, as shown in Fig. 7.

Mounting on the Element-socket

The method of mounting of the plates on the lower part of the mock up
is slightly different from a real element due to the heater connections and
the thermocouples. The design is such that the connections feeding from
the lower side are always covered with water and thus held at a low tempera-
ture. The upper part of the mockup element, especially the cooling channel
corresponds therefore to a real element geometry.

EXPERIMENTAL TECHNIQUE

The variation of the shutdown heat and the water level during a loss of
coolant accident through a beam hole is very slow, so only steady state
measurements have been carried out.

For each water level, the plate power has been varied stepwise in order
to easure the corresponding plate and steam temperatures.
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Studies on the release of fission products from plate-type fuel elements2
have shown that release begins at plate temperatures of 500'C. on the other
hand, the construction of the KOWASAK-heating plates is such that they could
operate only at similar temperatures. In order to be sure that no plate de-
fect occurs, the measurements were stopped at maximum plate temperature of
Tmax 400'C. Therefore, the measurements give the corresponding maximum
permissible plate power related to Tmax and a predetermined water level in the
element.

The measurements give the relationship between plate power and tempera-
ture as a function of water level up to the maximum permissible plate power
corresponding to a plate temperature of 400'C.

As mentioned before, the heat flow through the side plates has a big influ-
ence on the total heat dissipation. For this reason, two separate series of
measurements have been carried out:

Same plate power:

The four inner plates and the two outer shielding plates are heated with
the same power per plate. In this experiment series, temperature gradients
in the element mockup exist, simulating more or less the conditions of a
fuel element on the core boundary.

Same plate temperature:

The power of each of the six plates is adjusted such that no radial temperature

gradients exist. So no heat transport from the two central plates to the

better cooled outer and side plates will occur. This condition is maintained

by higher power on the outer (plates I and 4 and shielding plates. These

experimental conditions simulate a central fuel element.

RESULTS

The results of the measurement for the water level corresponding to a

rupture of the upper beam tube (beam tubes 3 and 5) are given in Fig. 8. They

confirm the results of the simulation calculations that in this case no danger

of overheating the plates exists. Whereas in the simulation program a pure

vapor cooling has been assumed, Fig. shows that a change in the cooling con-

ditions exists above a certain power, which is typical for small cooling

channels. In the low power region (below 250 W) the cooling is controlled by

vapor flow only, whereas at higher power strong boiling occurs, producing

liquid slugs which will even be catapulted out of the cooling channel. This

leads to a better cooling of the plates, and the temperatures are drastically

reduced. A further increase of the plate power produces only a small tempera-

ture rise.

Figure 9 shows the experimental results for the lower beam tube (beam

tubes 2 and 4, where only pure vapor cooling exists in the upper part of the

plate.
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The maximum plate temperature of 4000C is reached at a plate power of
about 60 W corresponding to a central fuel element, where no radial temperature
gradient in the central plates exists (upper curve).

The lower measuring points give the temperature behaviour corresponding
to a surface fuel element with radial temperature gradients. The maximum
plate power in this case will reach about 160 W for 400'C.

Figure 10 shows the mockup results for the tangential beam hole, where
200 W per plate for the maximum temperature of 400% could be removed for the
central element simulation. According to the lower points, a plate power of
about 270 W will be reached for a surface element.

TRANSFORMATION OF THE MOCKUP RESULTS TO THE SAPHIR ELEMENTS

For the LOCA scenario assumed for this work, the maximum fission product
decay power after an infinite operation at 10 MW is about 650 W per plate for
the hot channel.

The results of te KOWASAK-measurements for the upper beam tube show maxi-
mura plate temperatures of about 160% for this power. As, especially for a
power above 350 W, the vertical temperature gradients were small, the plate
temperatures are mainly determined by the geometry of the cooling channel.

Due to the cosine distribution of the real element instead of the linear
power distribution of the KOWASAK mockup, the real element additionally needs
lower power transport in the upper part of the element, which makes the
KOWASAK temperature conservative in this respect.

From these facts it can be concluded that the maximum plate temperatures
in the SAPHIR core will be well below the critical temperature of about 500%
if an upper beam hole will break.

on the other hand, the KOWASAK measurements for the water level corres-
ponding to a LOCA due to a rupture of the tangential or lower beam tubes
show that this heat production cannot be removed below 500%

The differences discussed previously between SAPHIR-Core and KOWASAK mean
that the temperatures are even higher in the SAPHIR fuel plates than in the
KOWASAK mockup.

The higher temperatures are mainly given by the thinner fuel plates
(1.27 instead of 3 mm) and thus by the smaller vertical heat conduction.
Fig. 11 shows the calculated vertical temperature distribution of the two
cases for a power of 50 W per plate. In this calculation the simulation pro-
gram in Ref. 1 has been used and pure vapor cooling was adopted. The upper
curve corresponds to the real fuel plate whereas the lower corresponds to the
KOWASAK mockup.

465



In this calculation no attempt has been made to relate the measured
results to the calculations. In order to give an idea of the precision of
the calculated values, the measured temperature distribution in the KOWASAK
mockup is given for the two cases with symmetric temperature distribution
and same plate power. As can be seen, the calculated temperature distribution
will be higher than the measurement and thus conservative.

Future planned work will be directed toward better knowledge of the
actual cooling flow characteristics and heat transfer correlation in order to
improve the simulation program. Nevertheless, the comparison of calculated
and measured values clearly indicates that, in a LOCA due to a large rupture
of a lower beam tube, the maximum temperature would exceed 500% and even
melting of a part of the core must be taken into consideration.

Therefore, engineered safety measures have been taken to keep the
probability of such an accident small.
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