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SUMMARY

This paper summarizes the experimental and analytical results of the four
blowdown experiments (T30.1-T30.4) with reactor pressure vessel internals
(RPV-I) at the HDR constituting the Main Test Series of Phase II of the
HDR-Safety Program.

Since the performance of the large: instantaneous break experiments (V30-v34)
during Phase I of the HDR-Safety Program, Reactor Safety Commission guideli-
nes for the dynamic PWR core barrel loads have been changed in the FRG, re-
quiring now only the consideration of a 0.1-F break with 15 ms break opening
time. The HDR-RPV-I experiments T30.1-T30.4 have been performed to validate
these guideline changes for the HDR-facility and determine the separate and
combined effects of

a) a break flow area reduction to 0.1-F

b) different temporal break opening characteristics

on the loading and dynamic behavior of the core barrel. The flow reduction is
accomplished by installing an orifice and the different break opening charac-
teristics ranging from 1 ms to 50 ms are simulated by the proven double break
disk arrangement and a quick-opening valve.

For reasons of consistent comparisons, all four experiments have been initia-
ted from the same initial vessel conditions as already exercised for the
large break LOCA FSI tests V3l, V32, V33.

Comparisons between the large and small break LOCA upon core barrel loadings
show:

1) Reductions in dynamic pressure differences across the core barrel

2) Remarkable decrease in core barrel deformations

3) Substantial reduction in axial and azimuthal strains

with decrease in break size and increase in prolonged break opening time.
Comparisons between measured data and blind pre-test predictions by the mul-
tidimensional codes FLUX and K-FIX (3D, FLX) as well as the network codes
DAISY and DAPSY both for fully coupled and decoupled FSI-analyses are shown
for all important quantities.

Overall, the last HDR-RPV-I experiments T30.1-T30.4 fully support recent li-
censing changes concerning RPV-I loads in the FRG.

— 41 —



I. INTRODUCTION

Experimental and accompanying calculational results for core barrel dynamics
resulting from instantaneous large break decompression transients at the HDR
have been reported at the last two SMIRT conferences. A broad overview of re-
cent additional evaluations of these experiments and resultant conclusions
are given in paper Fl 1/1* at this conference. Overall, it was found that
Fluid-Structure Interaction (FSI) phenomena are effective means to mitigate
core barrel 1loading due to large LOCA's and that computer codes could only
accuratly predict the associated effects when they were fully accounting for
the coupling between fluid and structural dynamics. Since the publication of
these findings, emphasis in the FRG has shifted from large to small LOCA with
respect to the core barrel design loads. In accordance with the German basis
safety concept: the new guidelines for PWR core barrel design loads require
only the consideration of a 0.1-F break with 15 ms linear break opening time.
It deemed prudent in support of the changed guidelines +to perform a final
series of tests to study the impact of further reduction in break size and
prolongation of break opening time upon core barrel dynamics.

2. E T E TION EST T EXPER - T

Fig. 1 represents the cross-section of the HDR-RPV with built-in flexible co-
re barrel together with some important measures /1/. In order to simulate the
reduction in the break cross-section an appropriate orifice (0.1-F relative
to 200 mm inside diameter) has been installed right at the same axial posi-
tion in the blowdown pipe as used for the foregoing Phase I test V33 (0.25
F). In order to simulate prolonged break opening time characteristics: a
quick-opening valve was installed /1/. Due to its size, the valve had to be
placed into the neighboring subcompartment necessitating, a rather long pi-
ping section between orifice and valve, details of which are given in Fig. 2
/1/. The initial conditions for system pressure and temperature distribution
prior to the blowdowns were chosen identical to those used in the foregoing
RPV-I experiments V32 and V33, allowing a consistent comparison with the for-
mer tests. Fig. 3 presents a flow sheet of the overall rationale behind the
sequence of experiments. The four 0.1-F break experiments T30.1 - T30.4 were
designed to have the following break opening time characteristics: T30.1: 1
ms; T30.2: 15 ms; T30.3: 35 ms; T30.4: 50 ms with reference to the 0.1-F
break opening. In the following, experimental and analytical results will be
shown for the more important experiments T30.1 and T30.2 and put into per-
spective with those of the former instantaneous large LOCA's V32, V33.

3. COMPARISONS OF EXPERIMENTAL RESULTS

The figures shown in the following contain a slight mismatch with respect to
the arrival times of the first decompression waves, among the T30.1 and T30.2
measured quantities. This does not preclude the following conclusions and
will be corrected for presentation. Figs. 4 and 5 show the pressure histories
at selected axial positions along the blowdown pipe of Fig. 2 for T30.1 and
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T30.2, respectively. The comparison of the two figures clearly demonstrates
the major differences induced by the instantaneous (T30.1) and delayed
(T30.2) initiation of the decompression. Whereas T30.1 depicts all of the
major characteristics of the decompression transient as already observed for
V32 and V33 /2/, i.e. very steep initial pressure gradient, distinct pressure
undershoot (thermodynamic non-equilibrium) and successive pressure recovery
at the break and upstream, T30.2 with controlled break size opening shows
none of these effects but rather gradual pressure decrease to saturation
level. Evaluation of the resultant pressure gradients of T30.2 indicate that
the test objective of 15 ms break opening time has been closely reached. As a
result of this delayed break: the pressure decrease upstream of the orifice
(RP 3008) of 20 bar for T30.2 is half of the 40 bar observed for T30.l. In
addition, no pressure overshoot is observed for T30.2 at that position. Fig.
6 compares the relevant pressures at break and orifice positions for the
experiments V32, V33, T30.1 and T30.2 indicating the similarities where
applicable and the substantial reductions in pressure response by break size
decrease and delayed break opening time. The resultant pressure differences
across the core barrel at the blowdown pipe (KP9), halfway down the core bar-
rel hight (KP32) and at its end (KP40) as shown in Figs. 7 and 8 for T30.1
and T30.2, respectively, are small. Yet, the delay in break opening has in-
deed a beneficial effect in reducing ap by about another factor of 2. Fig. 9
compares the aAp for all four related experiments and vividly demonstrates the
dramatic reductions of the core barrel load induced by 0.1-F (1 ms) and 0.1-F
(15 ms) break situations versus 1-F (1 ms) and 0.25-F (1 ms). Not surprising-
lys the resultant core barrel displacements are by about one order of magni-
tude smaller than observed for the instantaneous large LOCAs as demonstrated
in Figs. 10 and 11. These data experimentally confirm that for the HDR condi~
tions, changes in the German PWR design guidelines for core barrel loads re-
sult in the anticipated 1low loads and deformations. The major decrease in
core barrel load is certainly induced by break size reduction. The additional
benefit from delayed break opening is rather marginal.

4. N E E -T E

Blind pre-test predictions have been performed for T30.1 and T30.2 by Battel-
le-Frankfurt (K-FIX (3D,FLX)); GRS-Cologne (DAISY, DAPSY) and Institut of
Reactor Development at KfK (FLUX with pressure boundary at vessel-blowdown
pipe interface from K-FIX) for fully coupled analyses and completely decoup-
led (stiff core barrel) analyses. All three codes were successfully applied
to the former, large LOCA experiments. Fig. 12 and 13 show the comparisons of
measured to predicted pressures just down- and upstream of the orifice for
T30.1 and T30.2 respectively. All major characteristics of the pressure hi-
stories for T30.1 are well simulated by K-FIX and DAISY, the latter predic-
ting too large pressure decrease upstream of the orifice. As indicated in
Fig. 13, the closer the break opening characteristics of the valve are mode-
led (DAISY), the better is the agreement downstream of the orifice versus a
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rather crude linear approximation used in K-FIX. However, as clearly seen in
the agreements of the measured and calculated pressures upstream of the ori-
fices the additional efforts in simulating details of the break opening do
not pay off versus the approximation as long as the correct pressure gradient
is modeled over the first 5 ms.

Figs. 14 and 15 compare the measured pressure difference (KP9) with the pre-
dictions of the coupled codes. Overall agreement seems to be better for the
delayed break opening case T30.2 than for the instantaneous break of T30.1.
Especially noteworthy is the overprediction of the initial pressure diffe-
rence drop by DAISY of 50% which is the natural outcome of the deviation
already observed in Fig. 12. K-FIX agrees very well with the data of Dboth
experiments. FLUX results suffer slightly from the fact that the weak coupl-
ing between blowdown pipe and vessel has been purposedly chosen by adopting
the K-FIX results as input at the interface. DAISY results show rather enve-
lopping result than details of the FSI effects.

Figs. 16 and 17 present the comparisons for the displacements (KS1008) for
both experiments. Generally, the same observations hold as already previously
mentioned for the pressure differences. The agreements of the maximum values
with K-FIX predictions are excellent. The rather large overprediction by
DAISY is the consequence of the effects mentioned above.

Fig. 18 and Fig. 19 compare the measured pressure differences with blind
pre-test predictions by K-FIX and DAPSY for T30.l1 used in the fully decoupled
mode, for T30.1 and T30.2, respectively. For the instantaneous, small break
LOCA case the uncoupled calculations produce results with higher amplitudes
and frequencies by a factor of two compared to the data. The same holds for
the delayed break opening. Thus, even for drastically reduced loadsr un-
coupled codes do not gain in predictive quality. Deficiencies already obser-
ved for large LOCA still hold for the less drastic decompression transients.
All three codes applied in their fully coupled FSI modes fully demonstrated
that they can handle the details of FSI effects for small, delayed break si-
tuations and the resultant structural core barrel dynamics.

REFERENCES
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down Experiments With Reactor Pressure Vessel Internals, HDR-Test Group
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