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Experiment
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each (Fig., 5). More TC~ins




heater rods (Fig. 6). The test section was part of a watercircuit (Fig. 7)
operating at up to 5 bar. The test parameters are listed in Fig. 8 with the
fluid quality a around the blockage being a function of several other
parameters.

teady state conditions could be approached (Fig. 9) either from th
wet cool condition (boiling test) or from the dry superheated condition
(flooding test); both test modes resulted in the same sieady state temperat
distribution.

Experimental Results

A Tinear rod power of 15 W/cm seems to be the maximum to be considered
since 500 W/cm operating power and 3% decay heat for times later than 300
seconds after shutdown are maximum values. Figures 10 through 12 show tempera-
ture distributions in the blockage for decreasing injection rates at 3 bar;
even for the very low injection rate of 1.5 1/min (corresponding to a water
velocity of 1.4 cm/s in a ominal channel) only one wall-thermocouple in the
upper right corner of the blocked area indicates more than saturation
temperature. This right chann=l turned out to always be the hottest channel:
the reason is that heater rods and fluid channels are unsymmetrically
distributed over the cross section of the blockage and this results in a
diagonal profile of the power to the individual channels, thereby delivering
more thanthe average power to the right channel. For injection rates low
enough to be boiled off, fora given bundle power, water does not reach the
upper end of the rods and overheating starts at this point while the blockage
stays near saturation temperature. Fig. 13 shows this for the two hottest
points in the blockage and near the upper end of the rods, respectively.
Average water content in three sections of the bundle was measured (Fig. 14)
and the data show why at 15 W/cm dryout occurs first near the upper end of
the bundle.

These results show that low blockage temperatures can be
realistic power levels, wherever the upper end of the rod is
cooled.

expected, for
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To investigate the safety margin, tes W done at unrealisticaliy
high power levels. In the test matrix (Fi 15 and 16) is marked if and at
which bundle position temperatures above 600 measured. It was poscil
to reach dryout in the upper part of the b age channels (Fig. 17) only
unrealistically high power levels were app (Fig. 18). Under these
circumstances a rather stabije dryout-front is established with saturatio
conditions below and Increasingly superheated steam above this front
blockage temperatures were measured only when small injection rat

in high steam quality in the bypass and therefore in low pressur
the coolant flow through the blocked channels. Even then the st
able to keep temperatures in the blockage channel below 800°C
level of 20 W/cm and very small injection rates (Fig. 19).

Models

Calculations based on estimates for the flow behavior wintin partially
blocked channels showed that single phase flow is not possible under the
conditions given here. Therefore a steady state thermohydraulic two-phase
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code was used for the first step. The wall temperatures calculated by this
code, however, were about 600 K higher than the experimental results.

The same discrepancy occurred when an attempt was made to adapt the
dynamic two-phase code BLOW3A to this problem. BLOW3A has been successfully
applied to LMFBR calculations for a few years and is based on a multiple-
bubble model providing liquid slugs, annular film and superheated flow.

The alternating temperature distributions (Fig. 20) calculated by BLOW3A
correspond to the unsteady flow behavior which was already observed in pilot
tests, the frequency of the calculated oscillations being of the same order
as the experimental ones. Realistic wall temperatures, however, could be only
obtained by excessively increasing the heat transfer conditions within the
range of dryout. The pilot experiment showed clearly that, under the given
conditions, dryout is prevented by intensive flashing and rewetting phenomena,
which could not be modelled properly with the code.

It can be stated that calculated data do not sufficiently agree to the
experimental results, and further investigations or application ;f other
codes are necessary.

Conclusions

For realistic power levels and flow conditions an extreme 90% blockage
in the center ¢ PWR core does not overheat during long-term heat removal.

Wall temperatures of : blockage channels are near saturation temperature.

With decreasing injection rates dryout starts at the
bundle rather than in the blocked area.

It seems to be sufficient to keep the core covered
heavy blockages are present.




SUPERHEATED

SECTION FROM
PWR CORE

INAL

RIG

POOR 0

2
<
Q
-
U
L
=
O

?
WHICH ARE THE EQUILIBRIUM

POSSIBLE SITUATION

e |F YES

o
el
<
©
-
-
<
o
-
>=
»
S,
=
o
L
-
—
<
2,
n -
-
L
®

?

CLAD TEMPERATURES




~1_1 *) ¢

YAk

><
%)

G 0. 90, %06 0. %

AN
NN
N
—
)

o2, REDUCED NOMINAL ¢ =
*"s CHANNEL <<% CHANNEL =<
IN BLOCKED
ZONE

Xi = X,

| ‘: IRB

MODEL OF FLOW IN PARALLEL CHANNELS
OF DIFFERENT SIZE

1606 060  F16°



COOLANT OUT
(P)

10°/e NOMINAL
CHANNEL AREA

HEATER ROD

?BYPASS

-
—
O
P
w
-
Q
w
p—
<
w
-
E
N
)

i &

| Aﬂ._f-a WATER IN
I

ik ; 1606 061
L (M,T,)

POWE

(N) PUGR UR"HNAL- VL

——d

et ]

INJINTRE

TEST SECTION - SCHEMATIC



$
¥

iIN wWnnN
REFIER dadiEEY
I\j&ﬁ “QﬁhJ(

A1)

Talk

TUN

BLOCKAGE DETAILS




BLOCKTC

LEVEL DISTRIBUTION
e FLUID TC
A

MEASURING

.

LEVELS

Ll
)
A
o
O
-~
0
L
i
T
L
@
=
O
e
<
-
pd
L
=
i
(a8
poe
7))
<
I
O
T




(DISTANCE IN mm FROM UPPER END OF ROD)

TAPS

o
&
| uw
Q
s e
8 7))
v)

e L
U @
Q.
R

FLUID -TC's

ROD ANI
BLOCKAGE

9 8)

1606 064
AXIAL POSITIONS IN THE TEST SECTION i’




WATER TANK

PUMP + THROTTLE

FLOW M

FEBA TEST RIG-SCHEMATIC




= f (Injection Rate,
| WaterInlet Temp.,

Rod power,
Pressure,
Geometry )

Rod Power X | 15 (10-26) W/cm
Injectlon Rate V 15 6,0 l/man
Power Related Injection VelOC|ty 14-55 cm/s

— —e

Water Inlet Temperoture T. 30 ( 60) °C

System Pressure P | J 3and5 bar
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BOILING TEST FLOODING TEST

|

BUNDLE STARTS AT : SATURATION TEMPERATURE APPR. 700°C

[S FILLED WITH: WATER STEAM

APPROACH TO STEADY WET COOLANT CHANNELS DRY SUPERHEATED
STATE CONDITIONS FROM: AT LOW TEMPERATURE COOLANT CHANNELS

STEADY STATE SAME RESULTS FOR
TEMPERATURE DISTRIBUTION: BOTH TEST MODES

TEST MODES
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