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1. Introduction 
 

Korea Atomic Energy Research Institute (KAERI) 
has run the TROI (Test for Real cOrium Interaction 
with water) program for a research on a fuel-coolant 
interaction (FCI) by using prototypical corium material 
since 2001. About 80 times experiments using several 
kinds of prototypic materials and experimental 
conditions have been carried out so far [1]. Some of 
them were conducted in the framework of the 
OECD/NEA SERENA project which was commonly 
operated by KAERI and CEA in France [2]. Under this 
project, experiments were conducted to simulate the FCI 
under condition in which a reactor cavity is partially 
flooded. In addition, KAERI more recently carried out 
the FCI experiments under condition in which the 
reactor vessel is flooded to the cold leg.  

In this paper, the conversion ratio (CR) which is the 
scale of explosivity in the steam experiments are 
compared for experiments performed under different 
cavity conditions. 

 
2. Methods and Results  

 
2.1 Calculation Methodology of Conversion Ratio 

 
From steam explosion experiments, the dynamic 

pressures and dynamic load, F, are generally obtained. 

The impulse is defined by integrating the dynamic 
pressure, P(t). 

ò= dttPAI )(                                                          (1) 

where A is the cross-sectional area of the interaction 
vessel (and water column).  

The impulse can be also obtained by integrating the 
dynamic force, F(t). 

ò= dttFI )(                                                           (2) 

For the calculation of conversion ratio, the maximum 
of values obtained by Eq. (1) and Eq. (2) is used for 
conservatism. The impulse accelerates the water column 
in the interaction chamber above the measuring position.  

The velocity of the water column can be estimated 
from the momentum transport given as 
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The kinetic energy by the interaction can be estimated 
by assuming a one-dimensional acceleration of an 
inertial mass (water slug,  mwater), as 
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Finally, the explosion efficiency (η), so called the 
conversion ratio, is defined as  
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where Ether is the total thermal energy of the melt (Ether) 
which is given by 

)( fgpmeltther hTcmE +D=                                         (6) 

where mmelt, cp, ΔT and hfg denote the melt mass, the 
specific heat of the melt, the temperature difference 
between the initial melt and coolant, and the heat of 
fusion, respectively. The calculation of the kinetic 
energy is performed at each elevation to observe the 
dispersion on the results. 

 
2.2 CR from tests under reactor cavity partially flooded 
conditions 
 
 The OECD/SERENA project (sometimes referred to 
as SERENA Phase II programme) was formulated to 
resolve the uncertainties on the issues by performing a 
limited number of well-designed tests with advanced 
instrumentation. The TROI test facility for this project 
is shown in Fig. 1. The more detail explanation of 
experimental facility was stated in the paper [3].  

 The geometric configurations and melt compositions 
in the OECD/SERENA project were selected so that 
they reflect the most relevant accident scenarios for an 
ex-vessel FCI. The tests were performed with standard 
ex-vessel conditions, i.e., a pressure of 0.2 MPa and a 
subcooling of 50 K except for the first test. Table I 
shows the material properties for the calculation of 
conversion ratio. The material properties generally 
depend on the material composition and melt 
temperature but the constant value of Table 1, which is 
applied for the OECD/SERENA project, is used. 
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Table I: Material Properties 

Properties Corium 
(70:30) 

Corium 
(78:22) 

specific heat 
(J/kg K) 639 638 

density(kg/m3) 7263 7625 
fusion heat(kJ/kg) 422 387 

 

 

 

Fig.1. TROI test facilities with a free fall of molten 
material 

 
Fig. 2 and 3 shows example of the dynamic pressures 

and impulse load measured in the TS-6 test. These data 
is used to estimate the conversion ratio mentioned in 
section 2.1[4].  

Actual conditions used and/or achieved for 
experiments as well as main results are provided in the 
Table II and all values are rounded off to nearest 
decimal [5]. 

 

 

 
Fig. 2 Dynamic pressures measured in the TS-6 test 

 

 
Fig. 3 Dynamic load in the TS-6 test 

 
Table II Result of FCI tests under reactor cavity 
partially flooded conditions 

 
 

The steam explosion efficiency (expressed in terms of 
sometime conversion ratio) in all tests is rather low, 
spanning a range between nominally 0.1% or less to no 
more than 0.7%. The maximum conversion ratio is 
estimated in the TS-6. It is confirmed that the 
conversion ratio of the corium is smaller than it of 
Al2O3. It is estimated that the conversion ratio of Al2O3 
is about 1.5 in the KROTOS test [6]. 
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2.3 CR from tests under Reactor Flooded Condition 
 

For fuel coolant interaction experiments under the 
reactor submerged conditions, the TROI facility is 
modified so that molten material can release into the 
water surface without a free fall which is the distance 
from the exit of the intermediate melt catcher to the 
water surfaces, as shown in Fig. 4 
 

The test condition is maintained with the same as 
SERENA project except for the free fall distance. In the 
W10 test of the table 2, the water temperature is room 
temperature, 25oC [7]. 
 

 

Fig. 4. TROI test facilities for reactor submerged 
conditions 

 
Table III shows actual conditions used and/or 

achieved for experiments as well as main results under 
reactor submerged conditions. The conversion ratio is 
0.006 with the same water temperature as SERENA 
project. This conversion ratio is much smaller the 
SERENA tests cases. The conversion ratio in the W10 
test case where water temperature is relatively low is 
0.46. It is estimated that this qualitative result is 

reasonable because it is known that the lower water 
shows higher explosivity[8]. 

Currently, the experimental data for reactor 
submerged case is not enough to draw the conclusion 
for the conversion ratio. However, it is appeared that the 
conversion ratio under reactor submerged condition is 
smaller them of under reactor cavity partially conditions. 
 
Table III Results of FCI under reactor submerged 
conditions 

 
 

 
3. Conclusions 

 
The calculation method of the conversion ratio in 

steam explosion tests is introduced. The conversion 
ratios for fuel coolant tests under reactor cavity partially 
flooded conditions and under reactor flooded condition 
are compared. It is estimated that the conversion ratio 
under reactor cavity partially flooded condition is 
relatively the larger value than it under reactor 
submerged condition. It was also observed that 
explosivity in the experiment using corium composition 
is relatively is weaker than it of Al2O3. 
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