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Abstract 
Steam explosion is one of the crucial and poorly understood phenomena which 
may occur during severe accident scenario and may lead to containment fail-
ure. In spite of several experimental and analytical studies, the root cause of 
steam explosion has not been understood. Recent claims in the literature 
suggest that the presence of fine fragmentation during steam explosion causes 
its occurrence. In order to investigate this and understand the root cause of 
steam explosion, series of experiments were performed with 50 g to 2500 g of 
CaO-B2O3, a corium simulant in 4.5 litre of water. It was observed that steam 
explosion may occur even in the absence of fine fragments, which is contrary 
to the claims in the literature. To investigate further, conversion efficiency 
analysis was performed. This suggested that the amount of thermal energy 
converted to mechanical energy is more important deciding factor in explain-
ing the occurrence of steam explosion. The present study discusses the im-
portance of conversion efficiency in deciding steam explosion and also gives a 
new perspective to look at steam explosion phenomenology. 
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1. Introduction 

Nuclear industry always strives for safety of power plants during normal opera-
tion as well during accidental scenarios. Prior understanding of phenomena in-
volved during accidents helps designers to take necessary preventive counter 
measure. One such phenomenon needing deep understanding is fuel-coolant 
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interaction (FCI). During a severe accident, large amounts of corium consisting 
of molten nuclear fuel and structural material may come in contact with sub-
cooled water leading to fuel-coolant interaction. In spite of many years of ear-
nest efforts to prevent a core-melt accident, after Fukushima Daiichi accident, it 
seems realistic that such an accident could occur. It is clear that the structural 
integrity of containment during such accidents has to be maintained [1]. There 
is a concern that due to FCI, steam explosions may occur, which may threat the 
integrity of containment due to dynamic pressure loads. Thus, steam explosion 
should be understood and should be avoided to occur so as to minimize its con-
sequences. 

Steam explosion occurs when rapid heat transfer between the melt and cool-
ant occurs. It progresses in four distinct phases as described by [1] [2] [3] [4] as 
follows: 

1) Premixing phase 
In this phase, the melt and coolant interact and undergo fragmentation owing 

to the hydrodynamic forces which result from Rayleigh-Taylor and Kelvin- 
Helmholtz instabilities of the system. Due to high melt temperature, a vapour 
blanket insulates the melt from water and hinders subsequent heat transfer. This 
meta-stable state is usually referred as the premixing phase (Figure 1(a)). 

2) Triggering phase 
The event which destabilizes the vapour blanket such that the melt and cool-

ant comes in contact is called as trigger. Due to this vapour film collapse, there is 
a rapid heat transfer and rapid rise in pressure in some local small region. Film 
destabilization may occur due to external pressure pulse resulting from impact 
of melt on bottom of the tank or vessel, thermal film destabilization, and coolant 
entrapment within the melt. This stage is called as the triggering phase (Figure 
1(b)). 
 

 
Figure 1. Steam explosion and its phases of occurrence. (a) Premixing phase; (b) Trig-
gering phase; (c) Propagation phase; (d) Expansion phase.  
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3) Propagation phase 
In favourable circumstances, the pressure pulse from previous phase can es-

calate further vapour film collapse leading to further heat transfer and rapid 
pressure rise. This propagating pressure pulse collapses the vapour blankets 
around the melt fragments present in the premixture, causing coherent energy 
release and further fragmentation of melt. This results in intense heat transfer 
from the melt to coolant. This process is known as the propagation phase (Figure 
1(c)).  

4) Expansion phase 
Further swelling of high pressure mixture behind the propagation front against 

the inertial constraints imposed by the surroundings leads to the potential to 
cause damage to any surrounding structures. This phase is generally called as the 
expansion phase (Figure 1(d)). 

Steam explosion has been studied intensively for a few decades mainly with a 
focus as the premixing phase of energetic steam explosions [5]-[10]. They sug-
gest that the melt will undergo coarse and fine fragmentation during the interac-
tion of melt with water. They observed steam explosions with alumina but not 
with corium due to difference in fragmentation behaviour. Those works pro-
vided a comprehensive database for the debris formation and its size distribu-
tion. A series of experiments were carried out at various laboratories across the 
globe as reviewed by [4] [11] [12]. [13] studied the effect of metallic melt on 
steam explosion behaviour. Similar program called MISTEE (Micro-Interactions 
in Steam Explosion Experiments) was carried out at KTH, Stockholm [1]. The 
objective of the steam explosion study at KTH was to develop a basic under-
standing of micro-interactions in steam explosion, with a hope to identify mecha-
nisms which may limit the explosivity of molten corium in a prototypic severe 
accident scenario with FCI. Experiments in FARO, KROTOS and TROI sug-
gested that physical properties of corium (UO2-ZrO2 as a binary oxidic material) 
may have been responsible for its low explosivity. The evidence is however far 
from being conclusive, so that extrapolation of the observed behaviour to reactor 
scenarios is not possible without an in-depth understanding. In the ALPHA 
program ([14] [15]) initiated at JAERI (Japan Atomic Energy Research Institute) 
in Japan, they focussed their study to investigate better strategy for safe corium 
cooling. The ALPHA program suggested that void fraction during premixing 
plays an important role in deciding the occurrence of steam explosion. They also 
observed that steam explosion was not observed with saturated water. Their con-
clusive remark was that the explosive interaction in stratified configuration was 
less energetic compared to that in melt drop configuration. The PREMIX (FZK, 
Germany) experiments have been performed to study the premixing of sizable 
amounts of very hot oxidic melts with water when being released as a jet in a 
reasonably characterized way and with full optical access. PREMIX involves the 
full physics of the mixing process including jet break-up and melt drop frag-
mentation using Alumina melt. KROTOS tests [16] were carried out on molten 
alumina and prototypic melts. These tests brought out that, no spontaneous ex-
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plosion is possible in case of corium and a trigger was needed. Also, the effect of 
coolant temperature was highlighted. The recent study by [17] [18] [19] [20] 
provided additional information. They performed a series of experiments with a 
focus on the fractions of particulate debris and the agglomerate on the pool bot-
tom as well as the debris size distribution during FCI. 

However, all these studies are unable to explain the conditions for steam ex-
plosion. Moriyama [21] suggested that steam explosion occurs when the fine 
fragments i.e. the particles of the order of 0.1 mm in size or below formed during 
fragmentation and constitute about 10% - 50% on debris mass, considering the 
history of melt fragmentation in the prior experiments, as shown in Figure 2. 

This raises a question, is the fine fragmentation a root cause of steam explo-
sion? 

To investigate this, a series of experiments were performed by us to study the 
fragmentation behaviour of ceramic oxides in water and the effects of melt-to-water 
ratio on it. Several experiments were performed while varying the melt masses 
from 50 g to 2500 g and keeping the constant water volume of 4.5 litres. All these 
experiments were performed in two different facilities having two different test 
set-ups for smaller and higher melt masses.  

2. Simulant Materials 

Considering the difficulty associated with prototypic melts to perform experi-
ments due to unavailability of prototypic materials, radioactivity issues and of 
course the cost involved in melting, simulant oxides (corium simulants) were 
used by many researchers in the past. They have been considered for the present 
experiments. CaO-B2O3 is a non-eutectic mixture (in ratio of 30:70 respectively 
by weight) and a corium simulant formed and tested at KTH, Sweden [22]. The 
transient heat transfer behaviour from the melt to coolant depends strongly on 
the thermal diffusivity of the material, and CaO-B2O3 has the thermal diffusivity 
comparable to corium Table 1 [22]. 
 

 
Figure 2. Moriyama’s map for steam explosion condition. 
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Table 1. Properties of simulant material. 

Property Units CaO-B2O3 Corium 

Density kg∙m−1 2500 8800 

Liquidus Temperature K 1300 2850 

Specific Heat J∙kg−1∙K−1 1530 565 

Fusion Heat kJ∙kg−1 460 362 

Thermal Conductivity W∙m−1∙K−1 2 2.88 

Thermal Diffusivity m2∙s−1 5.229E−07 5.792E−07 

3. Experimental Set-Ups 

Experiments were performed in two different set-ups for the small and large 
amount of the melt volumes. 

The first set-up consisted of a small induction melt generator attached to the 
test section. CaO-B2O3 mixture was melted in the induction furnace and was 
poured into the test section using specially designed fast acting valve arrange-
ments. The test section was a steel vessel with transparent observation window. 
The test section was of 6 litres water capacity (150 mm × 150 mm × 300 mm) as 
shown in Figure 3. It was instrumented with a piezoelectric dynamic pressure 
transducer (Make: PCB, model-101A05, S/N 6449) to record the dynamic pres-
sure within the water pool. 

The second set-up for large melt volumes consisted of the furnace and the test 
section of 12 litres water capacity. The melt was generated in the furnace and 
poured into the test section. The test section was a steel vessel of 130 mm di-
ameter and 500 mm height as shown in Figure 4. It was instrumented with a 
piezoelectric pressure transducer to record the dynamic pressure within the wa-
ter pool. 

4. Results 

Results of the experiments conducted are presented here. These results are bul-
leted on the basis of melt-to-water ratio in each experiment. About 50 g to 2500 
g of melt was poured into 4.5 litres of water pool to understand the influence of 
melt-to-water ratio on FCI. The water pool temperature was also maintained at 
about 300 K in all the experiments. 

4.1. Melt-to-Water Ratio of 0.011 (Melt Mass = 50 g; Water Mass =  
4500 g) 

About 50 g of CaO-B2O3 was melted and heated up to 1500˚C so as to ensure 
that the mixture is completely melted and having sufficient super-heat before 
pouring. The molten simulant was then poured into the test section having the 
water pool as shown in Figure 5. No dynamic pressure peak was observed in this 
case. 
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Figure 3. Test section for conducting small melt volume experiments (schematic). 
 

 

Figure 4. Test section for large melt volume FCI experiments (shematic). 
 

 

Figure 5. Visuals from high speed shooting of FCI. 
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After opening the test section, fine particulate and porous globular debris 
were obtained as shown in Figure 6. The debris mainly constituted large porous 
globular structure and some fine crystals (formed mainly because of crushing of 
surfaces of larger debris). Such globular debris may have formed due to bal-
looning effect caused by the generated steam while interacting with molten ma-
terial. This also led to the formation of porosity within these debris. Due to this 
ballooning effect, there is an increase in area of melt-water contact from both 
sides (inside and outside walls of globular debris), and hence rapid heat transfer 
from melt to the water. The debris were so fragile that most of them were breaking 
even while handled softly, and contributed to fine particulate.  

To further analyze the debris, microscopic analysis was performed as shown 
in Figure 7, which shows the morphology and particulate diameters. It is clearly 
visible that along with the porous and globular debris, some fine solid round 
particles were also present. However, the diameter of these solid round particles 
were close to 0.5 - 1 mm. Figure 8 presents the enlarged images of fine particu-
lates which also includes strands known as Pele’s hair, observed during the ex-
periment. The presence of Pele’s hairs suggests high shear between the melt and 
steam formed during the interaction. The size distribution of the globules is 
shown in Figure 9. It was observed that porous globule sizes ranging from 1.5 
mm diameter to 23 mm diameter were observed, most of them lie in between 2 
mm to 9 mm diameter. 
 

 

Figure 6. Fine particulate and porous globular debris of small volume experiment (Scale: 
1 cm of image = 2 cm of actual size). 
 

 

Figure 7. Microscopic analysis of debris from small melt volume experiment. 
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4.2. Melt-to-Water Ratio of 0.11 (Melt Mass = 515 g; Water Mass =  
4500 g) 

In this case, about 515 g of CaO-B2O3 was melted and heated nearly up to 
1200˚C and was poured into 4.5 litres of water pool. No dynamic pressure peak 
was observed in this case, shown in Figure 10. 

The debris obtained after opening the test section were analysed. Porous 
globular debris of sizes ranging from a few mm to 25 mm were obtained; along 
with long thread like structures formed due to shear between melt and steam 
known as Pele’s hair were obtained (Figure 11). Most prominent range of parti-
cles was observed between 5 to 15 mm as shown in Figure 12. 
 

 

Figure 8. Microscopic analysis of fine particulate of small melt volume experiment. 
 

 

Figure 9. Debris particle size distribution of small melt volume experiment. 
 

 

Figure 10. Dynamic pressure peak versus time curve for M/W ratio = 0.11. 
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Figure 11. Debris obtained from experiment with M/W = 0.11. 
 

 

Figure 12. Debris particle size distribution of experiment with M/W = 0.11. 

4.3. Melt-to-Water Ratio of 0.16 (Melt Mass = 710 g; Water Mass =  
4500 g) 

About 710 g of CaO-B2O3 was melted and heated nearly up to 1200˚C and was 
poured into similar 4.5 litres of water pool. No dynamic pressure peak was ob-
served in this case, shown in Figure 13. 

The debris obtained in this case were porous globular of sizes ranging from a 
few mm to 38 mm; along with long thread like structures formed due to high 
shear between melt and steam known as Pele’s hair (Figure 14). Most prominent 
range of particles was observed between 5 to 20 mm, as shown in Figure 15. 

4.4. Melt-to-Water Ratio of 0.21 (Melt Mass = 925 g; Water Mass =  
4500 g) 

About 925 g of CaO-B2O3 was melted and heated nearly up to 1200˚C and was 
poured into similar 4.5 litres of water pool. Dynamic pressure peak of 506 kPa 
was observed in this case, shown in Figure 16. This peak has two parts, positive 
and negative, which aroused mainly due to compression and rarefaction of the 
pressure wave. This is discussed in detail in the last section of this article. 
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Figure 13. Dynamic pressure peak versus time curve for M/W ratio = 0.16. 
 

 

Figure 14. Debris obtained from experiment with M/W = 0.16. 
 

 

Figure 15. Debris particle size distribution of experiment with M/W = 0.16. 
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Figure 16. Dynamic pressure peak versus time curve for M/W ratio = 0.21. 
 

The debris obtained in this case were porous globular debris of sizes ranging 
from a few mm to 42 mm; along with Pele’s hair as shown in Figure 17. Number 
of agglomerated debris was more in this case. Most prominent range of particles 
was observed between 5 to 20 mm. 

4.5. Melt-to-Water Ratio of 0.41 (Melt Mass = 1846 g; Water Mass  
= 4500 g) 

About 1846 g of CaO-B2O3 was melted and heated nearly up to 1200˚C and was 
poured into similar 4.5 litres of water pool. Dynamic pressure peak of 467 kPa 
was observed in this case, shown in Figure 18. Behaviour of the peak was similar 
to the previous case. 

Mostly porous globular debris of sizes ranging from a few mm to 42 mm were 
obtained as shown in Figure 19. Most prominent range of particles was ob-
served between 5 to 30 mm.  

4.6. Melt-to-Water Ratio of 0.51 (Melt Mass = 2285 g; Water Mass  
= 4500 g) 

About 2285 g of CaO-B2O3 was melted and heated nearly up to 1200˚C and was 
poured into similar 4.5 litres of water pool. Dynamic pressure peak of 510 kPa 
was observed in this case, shown in Figure 20; with the similar behaviour as it 
was in previous case. 

Porous globular debris of sizes ranging from a few mm to 42 mm were ob-
tained as shown in Figure 21. Most prominent range of particles was observed 
between 5 to 20 mm. 
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Figure 17. Debris obtained from experiment with M/W = 0.21. 
 

 

Figure 18. Dynamic pressure peak versus time curve for M/W ratio = 0.41. 
 

 

Figure 19. Debris obtained from experiment with M/W = 0.41. 
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Figure 20. Dynamic pressure peak versus time curve for M/W ratio = 0.51. 
 

 

Figure 21. Debris obtained from experiment with M/W = 0.51. 
 

The results obtained from the presented study show the following:  
• Sudden pressure spike was observed for the melt-to-water ratio greater than 

0.21. 
• Larger melt-to-water ratio leads to the increase in number of agglomerated 

debris. 

5. Discussions 

If we consider the conclusions from the Moriyama’s fine fragmentation theory 
saying that fine fragments present during FCI leads to steam explosion; the pres-
sure spikes observed in the present study are found to be unexplainable as fine 
fragments were not present in this case. When the results were plotted on the 
Moriyama’s curve, it is found that the results of the present study are lying in the 
no explosion zone as shown in Figure 22. Since the fragmentation theory could  
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Figure 22. Analysis of present experiments using Moriyama’s theory. 
 
not explain the pressure spike observed during the FCI, we have attempted to 
explain the physics using the concept of conversion efficiency.  

Sehgal [1] have explained the conversion efficiency as “the ratio of the me-
chanical energy output to the total thermal energy content of the corium mixed 
with water at the time the explosion occurs. ‘Efficiency’ is the conversion ratio 
expressed as a percentage of the melt thermal energy.” 

To evaluate the mechanical energy imparted by the dynamic pressure wave, 
the wave power was evaluated. In a medium, the wave power is given by Landau 
and Lifshitz [23] as 

2

cosApP
c

θ
ρ

=                         (1) 

where, 
A is the area of the surface; 
ρ is the mass density of medium; 
c is the sound velocity in the medium; 
θ is the angle between the direction of propagation of the wave and the nor-

mal to the surface (it is 0˚ here). 
This power was then converted into the total mechanical energy output using 

the duration of the peak. Evaluation of the ratio of mechanical energy over total 
thermal energy gives the conversion efficiency.  

The conversion efficiencies for all the prior experiments were calculated from 
the literature and were found lying in the range of 0.3% - 12.7% (Table 2 and 
Table 3), and most of them were close to 0.8%. The duration of their peaks were 
lying in the range of 2 - 200 milliseconds. The conversion efficiencies for our 
tests were also found to be in the range of 0.3% to 0.70%, which is of similar or-
der (Table 4). 

https://doi.org/10.4236/wjnst.2020.104013


N. Singh et al. 
 

 

DOI: 10.4236/wjnst.2020.104013 153 World Journal of Nuclear Science and Technology 
 

Table 2. Conversion efficiencies for Alumina melt as given in the literature. 

Melt mass 
(Kg) 

Melt Temperature 
(K) 

Thermal energy 
Ethermal 

(kJ) 

Water 
volume 

(l) 

Mechanical Energy 
Epressure 

(kJ) 

Conversion efficiency 
η 

(%) 
Explosion 

1.522 2665 5040.0 34 95.3 1.52 

Yes 

1.47 3073 5707.4 34.6 60.1 0.87 

1.539 2465 4665.3 34.6 109.1 2.13 

1.5 2625 4883.1 34.6 76.8 12.7 

1.5 2673 4983.9 33.2 153.2 2.48 

1.47 2688 4915.1 34 46.1 2.41 

 
Table 3. Conversion efficiencies of ZrO2 and corium melts. 

Melt 
mass 
(Kg) 

Melt 
Temperature 

(K) 

Thermal 
energy 
Ethermal 

(kJ) 

Water 
volume 

(l) 

Pressure 
peak 
(kPa) 

Peak 
duration 

(s) 

Mechanical 
Energy 
Epressure 

(kJ) 

Conversion efficiency 
η 

(%) 
Explosion 

5 >3373 12,524.5 ~280 1000 0.02 11,084.2 0.885 

Yes 

4.2 >3373 10,520.6 ~280 2100 0.0025 8942.5 0.85 

2.9 3373 7264.2 ~280 900 0.008 3588.5 0.494 

8.4 3800 16,614.0 ~280 1000 0.02 11,081.5 0.667 

7.7 2600 10,008.9 ~280 7000 0.02 90,470.7 
9.039* 

(this was a triggered explosion) 

6.5 3000 9918.1 ~280 800 0.02 7418.7 0.748 

 
Table 4. Conversion efficiencies for the present tests. 

Melt 
mass 
(kg) 

Melt 
Temperature 

(K) 

Thermal 
Energy 
Ethermal 

(kJ) 

Water 
volume 

(l) 

Water 
height 

(m) 

Pressure 
peak 
(kPa) 

Mechanical 
Energy 
Epressure 

(kJ) 

Conversion 
efficiency 

η 
(%) 

Explosion 

0.925 1409 1982.2 4.5 0.27 506 13.1 0.7 

Yes 1.846 1407 3955.9 4.5 0.27 467 13.1 0.33 

2.285 1399 4896.7 4.5 0.27 510 13.0 0.3 

 
So, using 0.8% as the conversion efficiency and respective peak durations, the 

mechanical energy imparted in the form of dynamic pressure peak was esti-
mated for all previous experiments as presented in Table 5. It was observed that 
the estimated peak value is close to that of measured peak value. This explains 
that the amount of thermal energy converting into mechanical energy, in terms 
of energy, is more important deciding factor for steam explosion to occur com-
pared to the presence of fine fragments. 
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Table 5. Analysis of various experimental studies performed so far using conversion efficiency theory. 

Obtaining Pressure Peak From Conversion Ratio 

 
Expt Melt 

Melt 
mass 
(kg) 

Melt 
Temperature 

(K) 

Energy 
IN 

Ethermal 
(kJ) 

Water 
volume 

(l) 

Water 
height 

(m) 

Test 
section 

Diameter 
(m) 

Area 
(m2) 

Conversion 
efficiency 

η 
(%) 

Mech 
Energy 
Epressure 

(kJ) 

Estimated 
Pressure 

peak 
(kPa) 

Explosion 

Measured 
Pressure 

peak 
(kPa) 

BA
RC

 

5 

CaO-B2O3 

0.925 1409 1982.3 4.5 0.27 0.13 0.11 0.8 1585.8 462 

Pressure 
Spike 

506 

7 1.846 1407 3956.0 4.5 0.27 0.13 0.11 0.8 3164.8 413 467 

8 2.285 1399 4896.8 4.5 0.27 0.13 0.11 0.8 3917.4 459 510 

9 
Sodium 

Borosilicate 
Glass 

1.885 1406 1856.7 4.5 0.27 0.13 0.11 0.8 1485.4 447 510 

K
RO

TO
S 

38 

Alumina 

1.522 2665 5040.0 34 1.1 0.2 0.691 0.8 4032.0 930 
Yes 

1000 

40 1.47 3073 5707.4 34.6 1.1 0.2 0.691 0.8 4565.9 990 1000 

42 1.539 2465 4665.3 34.6 1.1 0.2 0.691 0.8 3732.3 895 

Yes 

1000 

43 1.5 2625 4883.1 34.6 1.1 0.2 0.691 0.8 3906.5 916 1000 

44 1.5 2673 4983.9 33.2 1.1 0.2 0.691 0.8 3987.1 925 1000 

49 1.47 2688 4915.1 34 1.1 0.2 0.691 0.8 3932.1 919 1000 

TR
O

I 

1 

ZrO2 

5 >3373 12,524.6 
 

0.67 0.65 1.37 0.8 10,019.7 737 

Yes 

1000 

4 4.2 >3373 10,520.7 
 

0.67 0.65 1.37 0.8 8416.5 1911 2100 

5 2.9 3373 7264.3 
 

0.67 0.65 1.37 0.8 5811.4 888 900 

12 

Corium 

8.4 3800 16,614.0 
 

0.67 0.65 1.37 0.8 13,291.2 849 1000 

13 7.7 2600 10,008.9 
 

0.67 0.65 1.37 0.8 8007.2 659* 7000* 

14 6.5 3000 9918.1 
 

0.67 0.65 1.37 0.8 7934.5 656 800 

*Triggered explosion. 

6. Further Discussions 

As discussed above, during the fuel coolant interaction, the thermal energy of 
the melt gets dissipated locally into the water pool, which forms a large bubble 
locally. This leads to thermal cavitation [24]. At the interaction surface between 
steam and water, the steam get trapped (may be due to pressure exerted by the 
water or due to localized condensation at this interface). Thus, the bubble 
formed here is not a perfectly vacuum but a region with relatively low steam 
pressure. This kind of low pressure bubble in a liquid begins to collapse due to 
the higher pressure of the surrounding water. As this bubble collapses, the va-
pour pressure increases within it. The bubble eventually collapses to a minute 
fraction of its original size, at which point the steam within dissipates energy in-
to the surrounding liquid via a rather violent mechanism which releases a signif-
icant amount of energy in the form of an acoustic shock wave. This phenome-
non occurs within the fraction of a second. 

The shock wave or dynamic pressure peak obtained due to bubble collapse has 
a typical nature and contains two parts, positive and negative [24]. Once bubble 
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collapses, it gives rise to the positive part of the peak representing the shock to 
walls of the vessel (bubble compresses until the pressure inside it is higher than 
outside of its boundary and then explodes leading to compression of the sur-
rounding water). After the collapse, the surrounding water re-settles (rarefaction 
of the surrounding water) to occupy the volume held by the bubble, which con-
tributes to the negative part of the peak. Peak of similar kinds were also obtained 
in the present experiments. Thus, steam explosion is caused by the formation 
and collapse of vapour bubble formed due to local deposition of thermal energy 
by the melt into the water. The conversion efficiency plays a key role in deciding 
the size of the bubble formed and hence the occurrence of steam explosion.  

This phenomenology also explains the case that presence of metals in the melt 
increases the probability of steam explosion compared to that of oxidic melts. 
Metals have higher thermal conductivity compared to oxidic materials. Due to 
this, metallic melts transfer their thermal energies nearly instantaneously to the 
water and thus forming the bubble quickly. Oxidic melts take longer time to 
transfer their thermal energies due to low conductivity. In case, the density of 
the material is very high (like corium), then it will reach to the bottom of the 
vessel before conducting its thermal energy completely to the water and thus 
doesn’t undergo explosive interaction with water.  

It may also be noted that the studies conducted so far are lacking to capture 
(photographically) the formation and collapse of this bubble, formed due to 
thermal cavitation, may be due to lower temporal resolution in voided environ-
ment.  

7. Conclusions 

The phenomenology of steam explosion has been studied to investigate the cause 
and the condition for its occurrence. Several experiments have been performed 
and analysed to find out the root cause of the steam explosion. Following are the 
key findings of the present study: 
 Keeping the water volume constant and varying melt amount i.e. with in-

crease in melt-to-water ratio, after a threshold, steam explosion occurred. 
 In all the experiments, the debris found were globular and larger in sizes 

(ranged between a few mm to 42 mm agglomerations) which could not be 
explained by the fact that fine fragments are needed for steam explosion to 
occur. 

 Conversion efficiency analysis has shown that steam explosion could occur 
even in the absence of fine fragments. This is so because of the significant 
transfer of thermal energy which helps in formation of bubble. 

 Conversion efficiency plays the key role in deciding the pressure spike oc-
curred during FCI.  

 Thermal cavitation gives us much clear picture of steam explosion phenome-
nology and it could also explain various associated phenomena. 

It can thus be concluded that fine fragmentation is not the root cause for the 
steam explosion. It is necessary to investigate further in the direction of thermal 
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cavitation phenomenology to understand steam explosion at fundamental state. 
Role of conversion efficiency is profound in deciding the pressure spike ob-
served during steam explosion and this phenomenology can be used to estimate 
the safety margins for the systems involving possible melt-water interactions. 
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