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1. Introduction with the code with such additional models and exaiohi
the influence of those models in the steam expfosio
During a severe accident of light water reactosgnulation. Experiments with alumina and corium @-JO
(LWRs), the molten and relocated core is the primatyO, 80:20wt% mixture) melt, namely KROTOS-44 and
heat source that governs the accident progresstwmns, FARO-L33 [2] (hereafter K44 and L33) both performed
the cooling of the molten core is the crucial fadar the at JRC-Ispra, EU, were referred to. Those data wiece a
accident mitigation and termination. In pressurineder used for the validation of the original JASMINE [5]
reactors (PWRs), it is likely that water exists time
reactor cavity when the molten core drops there.ti$®o 2. Analytical Condition
fuel-coolant interaction (FCI) is an important
phenomenon due to its impact in both of the modes: The reference experiments are briefly described.
mild interaction facilitating melt breakup and cdogland KROTOS-44 was a medium scale steam explosion
an energetic steam explosion which may cause inveulexperiment with 1.5 kg of alumina melt at 2673K pal
loads on the containment structure [1, 2]. as ap30mm jet into water at 363K, 0.1MPa. FARO-L33
In the previous works [3, 4] the authors examinedhs a large scale experiment with 100kg (~40kghat t
influences of the model parameters and initial/lszum time of trigger) of corium at 3070K poured agZ0mm
conditions on the steam explosion loads and alsthen jet into subcooled water at 124K, 0.41MPa. In therfer,
melt breakup/coolability in the plant scale coratiti For a strong steam explosion with ~50MPa of pressulgepu
those works, we used an FCI simulation code, JASB)INand 160kJ of the kinetic energy was observed. & th
developed at Japan Atomic Energy Agency (JAEA) [5]latter, relatively weak explosion with ~10MPa of
The approaches for the steam explosion study andghessure pulses and ~180kJ of the kinetic energy wa
coolability study differed in the way to handle theelt observed.
particle sizes during the premixing process. Indteam  The analytical parameter settings for the base aade
explosion study, the melt particle size during préng the parametric study are summarized in Table |. Hseb
was given as a constant and a parametric survey wese was basically a re-run of the original valatat
included to cover the bounding (maximum) valuestiier calculation [5]. In the parametric study, modifietelt
load or to cover a reasonable range of the unogytaidroplet size (D1, D2), application of the droplétes
For the coolability study, however, an empiricattigée distribution model (SD), application of the nondbc
size distribution model was introduced into the eodadiation heat transfer model (NR) were examinece Th
since it has a direct impact on the melt coolingawior. case SD2 was a composite of SD with a larger
A model for non-local (beyond cell) radiation hedtagmentation rate constant for tuning the resuitk44;
transfer, which can be significant with high tengiare SD3 was a composite of SD2 with activation of nocal
melt materials (~3000K) and in relatively long rangf radiation model. The analytical grids are illustcate
time, was also implemented for that purpose. [6] Fig.1.
In this work, we revisited the steam explosion gsial  Calculations were performed in two steps. The

Tablel: Analytical conditions
Base case condition Parameter study

Analytical condition KROTOS-44 (K44) FARO-L33 (L33) Case| Modified parameter

Melt flow-in condition d=30mm,v=2.0m/s | d=50mm,v~2.9m/s D1 Droplet diameter -50%
(-0.405) (2.53) D2 Droplet diameter +50%
Jet break-up factor, Cgp 15 1.0 —
Droplet diameter (mm) 10 3 SP a;oarzlfr;g%? E;trrék?;t)l((.))n),(zq
Triggering (time) 14.8MPa-15cm3 35MPa-29cm?3 —
(0.95) (1.129) NR Non-local radiation HT
Fragmentation factor, Cy, 0.35 SD2 Same as SD, Cy, X2
Other explosion model Fragmentation period: 1 (ms), SD3 Same as SD2,
parameters Heat partition for evaporation: 0.7 Non-local radiation HT

*11.7s in the experiment; shifted -0.8s due to actual delay in the melt leading edge progress by
unknown reason. "2 Usage of the size distribution model with doubled heat transfer coefficient is based
on our model validation study (Moriyama et al. [6]).



Transactions of the Korean Nuclear Society Autumn Meeting
Gyeongju, Korea, October 29-30, 2015

premixing simulation was done first. The result la t
time of triggering was extracted as a restart dataThen,
the explosion simulation was performed by using the
restart data as the initial condition. The trigggriime

for K44 in the analysis, 0.9s, was different frohet
actual triggering time in the experiment, 1.7s. Twas to
compensate the delayed progress of the leading efdge
the melt observed in the experiment probably byribie
well-controlled melt delivery process.
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Fig. 1: Analytical grids.

3. Result

Figure 2 shows the evolution of the premixed mdss o
the melt, defined as the mass of melt at tempegstur
above the melting point and in the zones wherevtie
fraction is less than 0.75. The premixed mass malbti
means the melt mass potentially participating ie th
following explosion process. The base case result fo
K44 (BA) showed a value in a plateau at the triguer
time (0.9s). The plateau means that most of the melt
delivered is underwater and premixed (kept in lavidv

zones). The SD and SD3 cases showed lower premixed 2o |

masses, meaning part of the melt with smaller gerti
diameters was solidified or in high void zones. €th
cases were not significantly different from theébaase.

The result for L33 showed significant solidification
and void effect in all cases. The premixed massAn B
was about 1/4 of the total melt mass (~40kg) attithe
of triggering (1.12s). The impact of the modifiedfarm
particle diameters was strong; the cases D1 and D2
showed much less and more premixed masses,
respectively. Results of other cases were closeatth
other.
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. 2: Evolution of premixed mass of the melt.
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Fig. 3: Steam explosion pressure pulses.
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=200 . 4. Conclusions
= K44
2150 The simulation of steam explosion experiments with
& alumina and corium melts was revisited with imprbve
%100 melt breakup model that were introduced for the
£ 5 necessity in relatively long term melt jet breakapd
j=] . cooling simulation. The model improvement included a
£ o - Pi—— empirical melt particle size distribution model aiad

0 Time after t:'?gger(ms;s 20 simplified non-local (beyond cell) radiation hegdrisfer

BA —+ Di NR —+— SD3 model.
o PR e _The influence of such models on the steam explosion
2 T L33 simulation was not the same for two experiments wit
1000 . different melt materials, and we could not find one
© 800 ' "~ consistent set of model parameters with applicatiotme
o 600 newly introduced models to get satisfactory resuttshe
"§ 400 | ] simulation of both alumina and corium steam exjolosi
% 200 mﬂ/:ﬁ‘ J:'%:'_";-:;: So, it might_ be better to keep gsing the origirim_p_tbe
E . I and parametric method of handling the melt parttie

for steam explosion simulations. The non-local réaia
model that has a trend to increase the void fradgtiche
premixture might give non-conservative results team
explosion simulations.
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Fig. 4: Kinetic energy evolution during the exptosi
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contribution in the heat transfer. When this effects
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fragmentation rate, SD3, the overestimation was
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