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1. Introduction 

 
During a severe accident of LWRs, the molten corium 

can be ejected due to the failure of reactor pressure 

vessel (RPV) into the coolant causing fuel-coolant 

interaction (FCI) having the potential probability of the 

steam explosion. Through the FCI, the molten corium 

becomes particulate debris and it settles down on the 

basemat of the reactor cavity in the form of a porous 

debris bed [1-2]. The coolability of this debris bed is 

related to the progress of molten core concrete 

interaction (MCCI) which has relation with the melt jet 

breakup phenomenon as investigated in the previous 

studies [3-5]. 

In the melt jet breakup phenomenon, the jet breakup 

length is important variable and has large uncertainty in 

the experimental data and the correlation. In spite of the 

active experimental research on the jet breakup length 

from the early 1980s [6-7], the jet breakup length 

correlation that can represents all the experimental data 

is not developed until now. Thus, developing the jet 

breakup length correlation is remaining issue. 

However, most of the research have little interest on 

the entry conditions of the jet (the jet diameter, the jet 

velocity, or the jet shape etc.) except our previous 

preliminary study [8]. As a result, the determining 

method of the jet diameter is investigated as a possible 

factor inducing the uncertainty on the dimensionless jet 

breakup length result, in this paper. 

 

2. Experiment 

 

In this section, the MATE facility is introduced with 

the newly installed nozzle opening system (slide gate 

system). The data analysis methods will be investigated 

about the jet diameter in terms of the uncertainty factor.  

 

2.1 MATE facility 

 

The melt jet breakup experimental facility, named 

MATE (Melt jet breakup Analysis with Thermal Effect) 

was constructed in POSTECH, Korea in order to 

investigate the FCI phenomenon. Fig. 1 shows the 

schematic figure of the MATE facility including the 

water pool part and the crucible part with the 

visualization system. The Bi-Sn alloy at the eutectic 

composition (58:42 wt%, melting temperature: 138 ) is 

used as a simulant of corium having similar density and 

surface tension [9].  

 

 

Figure 1. Schematic figure of the MATE facility 

 

2.2 Slide gate system 

 

In our early experiments (MATE00 ~ MATE09), the 

nozzle opening was operated using the plug only. The 

jet shape was not clear enough due to the movement of 

the plug causing disturbance or fluctuating flow. Thus, 

the slide gate system was additionally added in order to 

produce clear and stable melt jet reducing the initial 

arbitrary fluctuating flow. The slide gate system is 

attached outside under the nozzle (Fig. 2 (b)). After 

approximately 0.6 seconds from the operation of the 

plug system, the slide gate opens producing clear and 

well defined jet. With this well defined jet, six 

additional experiments are conducted. The influence of 

the slide gate system on the dimensionless jet breakup 

length result is discussed in terms of the jet diameter. 

The experimental conditions are summarized in Table 1 

including the nozzle opening system information. 

 

 

Figure 2. Nozzle opening system; 

(a) plug system, (b) slide gate system 
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Table 1. Experimental conditions of MATE 

Case 

Nozzle 

diameter  

[mm] 

Melt 

temperature  

[˚C] 

Pool 

temperature  

[˚C] 

Nozzle opening 

system 

Free fall 

height  

[m] 

MATE00 14 306 95 Plug 0.81 

MATE01 35 300 99 Plug 0.56 

MATE02 35 300 99 Plug 0.56 

MATE03 35 200 57 Plug 0.56 

MATE04 35 300 99 Plug 0.78 

MATE05 35 300 99 Plug 0.78 

MATE06 22 300 99 Plug 0.56 

MATE07 28 302 99 Plug 0.56 

MATE08 14 250 60 Plug 0.56 

MATE09 22 250 60 Plug 0.56 

MATE10 14 300 99 Plug & Slide gate 0.56 

MATE11 14 250 60 Plug & Slide gate 0.56 

MATE12 35 248 61 Plug & Slide gate 0.56 

MATE13 35 300 99 Plug & Slide gate 0.56 

MATE14 22 250 60 Plug & Slide gate 0.88 

 

 

 
2.3 Data analysis method – jet diameter 

 

The jet diameter at the water surface is an important 

variable in the dimensionless jet breakup length because 

the dimensionless jet breakup length is the jet breakup 

length divided by the jet diameter at the water surface 

(L/D). Thus, measuring precise jet diameter at water 

surface is important process in order to study the jet 

breakup length.  

In our study, the high speed camera focusing a small 

area near the water surface is utilized for measuring the 

jet diameter at water surface. The data analysis process 

was conducted as follows. 

 

1. The images are binarized through several image 

processing methods. 

2. The diameter of the jet above the water surface 

(~10 cm) is measured in each frame because of 

the splashed water. 

3. The average jet diameter is calculated that has 

same cylindrical volume with the sum of descrete 

cylindrical volume based on each frame’s 

diameter. 

4. The free fall height to the water surface from the 

measured height (~10 cm) is compensated based 

on the measured velocity at the water surface and 

the measured height. 

 

Through this methodology, the average jet diameter 

of each case can be measured. Not only the measured jet 

diameter directly from the high speed camera, also the 

calculated jet diameter is obtained based on the 

Bernoulli’s equation with the information of free fall 

height and the melt height inside the crucible. 

Figure 3 shows visualized melt jet shape before 

entering the water surface. The jet shapes without the 

slide gate (Fig. 3. left) is more irregular compared to 

that with the slide gate (Fig. 3. right).  

 

  
Figure 3. Melt jet shape before entering the water 

surface with same nozzle diameter; (left) MATE09 

(without slide gate), (right) MATE14 (with slide gate) 
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3. Uncertainty factors on the dimensionless jet 

breakup length 

 

3.1 Determination methods of jet diameter 

 

According to the previously mentioned methods in 

Section 2.3, the jet diameters of each cases are obtained. 

The difference between the average diameter (measured 

diameter) and the calculated diameter with the slide gate 

system is relatively smaller than one without the slide 

gate system. Especially, MATE07 and MATE09 show 

very large deviation (~240%) from the calculated 

diameter, that would be an uncertainty factor. The 

influence of this deviation of jet diameter was 

investigated in terms of the dimensionless jet breakup 

length. Some particular cases show noticeable 

uncertainty. The noticeable cases are MATE06, 07 and 

09 which have large deviation between the measured jet 

diameter value and the calculated jet diameter value.  

 

4. Conclusions 

 

The effect of the determination methods of the jet 

diameter was examined for the dimensionless jet 

breakup length with enhanced melt jet delivering system 

with the additional slide gate system.  

The determination methods of the jet diameter gives 

large uncertainty on the dimensionless jet breakup 

length, especially in the cases without the slide gate 

system. Without the slide gate system, the results have 

large uncertainty especially due to the jet diameter 

uncertainty (maximum ~240%). The results with the 

slide gate system show relatively small uncertainty on 

the jet diameter and dimensionless jet breakup length. 

Our results imply that the consideration of the melt jet 

shape (entry condition) would be the important factor in 

the melt jet breakup experiments. 
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