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1. Introduction 

 
In two-phase flow, the motions of dispersed bubbles 

influence fluid properties such as heat transfer. In order 

to analyze how the bubble motion affects the fluid 

property, various techniques have been developed. An 

optical method has been used for the analysis of the 

single-phase flow such as Liquid Doppler Velocimetry 

(LDV) and Particle Image Velocimetry (PIV). However, 

it has some significant application problems which 

cannot be used for the opaque fluid and two phase flows 

[1]. Phase-Doppler Method, another optical method, 

can be applied to the two-phase flow analysis. It is 

noted that the method also has difficulty to analyze the 

opaque flows [2]. In a previous study, x-ray PIV 

method [3] was proposed as the technique to measure 

the flow velocity and to get the flow vector field. 

However, there is no appropriate approach to analyze 

the bubble size for the two phase flows. In this study, a 

technique to estimate the bubble size by using x-ray is 

proposed as a preliminary study to develop an algorithm 

of the two phase flow analysis. 

 

2. Methods and Results 

 

2.1 Proposal of Bubble Size Reconstruction Method 

 

The experimental overview of the bubble size 

inspection system based on the x-ray source is given as 

shown in Fig. 1. The x-ray source and multichannel 

detector are located in front of and behind of the boiling 

pool, respectively. The maximum energy of the x-ray is 

450 keV, and average energy is about 70 keV. As a 

preliminary study, the detector is assumed to be 9 x 9 

multi-channels that each grid has 3 mm x 3 mm size. 

Also, it is assumed that the incident radiation is vertical 

on detector grids because the detection region is very 

small.  

 
Fig. 1. Schematic Diagram of X-ray Based Flow Inspection 

System 

 

Using the multichannel detector, 2-dimensional 

counting rate can be obtained for each channel. If the 

bubble is located at a specific position, the attenuations 

are relatively lower than the other regions that the 

bubbles are not located. Using the property, the length 

passing through the bubble can be estimated as shown 

in Fig. 2. 

 

 
Fig. 2. Principle of the Bubble Size Detection 

 

Let the length of the boiling pool be t and the length 

of passing the bubble be d. If the x-ray beams are 

passing the bubble, the attenuated intensity Iv can 

expressed as 
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where μ is the average attenuation coefficient of the 

fluid, 𝜌𝐿 and 𝜌𝑣 are the densities of liquid and gas phase 

of the fluid, respectively.  If the beam does not pass the 

bubble, Eq. (1) can be rewritten to Eq. (2). 
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Then, relative intensity, which are the intensity 

passing the bubble per non-passing case, can be derived 

as Eq. (3).  
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Finally, the bubble length can be estimated by Eq. (4) 

derived from Eq. (3). 

 

𝑑 =  
𝜌𝐿

𝜇(𝜌𝐿−𝜌𝑣)
ln(

𝐼𝑣

𝐼𝐿
)                      (4) 



Transactions of the Korean Nuclear Society Spring Meeting 

Jeju, Korea, May 7-8, 2015 

 
The average attenuation coefficient μ can be obtained 

from NIST XCOM [4], density of liquid and gas phase 

can be obtained by steam table if the temperature and 

pressure is known.  

In case of which two or more bubbles are overlapped, 

measured bubble length is not matched with real one. In 

these cases, the bubbles can be separated from the 

reconstruction algorithm using the symmetric 

assumption of the bubbles. This will be performed in 

the future work. 

    

2.2 Estimation and Analysis of Single Bubble Case 

 

 For the verification, a benchmark problem was 

assumed as shown in Fig. 1. The depth of the boiling 

pool is 5 cm. Temperature of the fluid is 100 ℃ and 

pressure is 1 atm. At this temperature and pressure, the 

density of liquid and gas phase is 1 and 0.000598 g/cm
3
, 

respectively. It is assumed that the single bubble is 

located at the center of the boiling pool and the shape is 

sphere of 0.5 cm radius. MCNPX 2.7 code [5] was used 

to simulate the benchmark problem for the bubble 

reconstruction. Using the detected responses, the bubble 

length d in each detection region was calculated using 

Eq. (4) as shown in Table I.  

Based on the bubble length distribution, the bubble 

was reconstructed by using d/2 distribution information 

and regression method [6]. The results are given in Fig. 

3. The results show that the 3-D bubble size can 

properly be reconstructed using the proposed method. 

 
Table I: Distribution of Bubble Length d for Each Grid 

Detector in Single Bubble Case 
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Fig. 3. 3-D Reconstruction Image of Single Bubble Case 

2.3 Preliminary Study for Multi-Bubble Cases 

 

For the multi-bubble cases, a preliminary study on 

whether the multi-bubble can be separated by the 

proposed reconstruction algorithm is pursued. For 

reconstructing the multiple bubbles, two cases are 

selected. One is that two bubbles have same 1 cm of 

diameter, and the other is case of big and small bubble 

of which radius are 0.5 cm and 0.2 cm, respectively.  

Fig. 4 shows the configuration of two cases. As a same 

way with Section 2.2, the distribution d was calculated 

from the detection results estimated by MCNPX code. 

 

 
(a) Case 1                                 (b) Case 2 

Fig. 4. Location of the Bubble in Two Multi-bubble Cases 

 

The result of the Case 1 is shown in Fig. 5 (a). The 

graph has two peaks, and two circles are appeared in xy-

plane. The diameter of the circles is estimated about 1 

cm each. The spheres are centered at region of detector 

y = -0.3 cm and y = 0 cm, respectively. Based on these 

data, combined with projection length, about 0.5cm 

radius of bubble at the center can be reconstructed. 

The result for Case 2 is given in Fig. 5 (b). The peak 

where the symmetry is broken is appeared. This means 

the multi-bubbles are present in that position. Through 

the information of xy-plane, the sphere of 1 cm 

diameter at the center is reconstructed. Then, 

subtracting the sphere size from the combined detection 

length, the diameter of the other sphere is 0.3 cm and 

centered at y = -0.3 cm. Real diameter of small one is 

0.4 cm. It is analyzed that the error is caused by the 

spatial resolution of the grid detector.  

 

 
(a) Case 1 

 

1 2 3 4 5 6 7 8 9

1 0 0 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 0 0

3 0 0 0 0 0.087 0 0 0 0

4 0 0 0.0074 0.5767 0.7937 0.5368 0 0 0

5 0 0 0.0863 0.7622 0.9833 0.8205 0.0966 0 0

6 0 0 0.0059 0.5811 0.7546 0.5909 0.0115 0 0

7 0 0 0 0.0057 0.0659 0 0 0 0

8 0 0 0 0 0 0 0 0 0

9 0 0 0 0 0 0 0 0 0
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(b) Case 2 

Fig. 5. d Length Distributions of the Multi-bubble Cases 

Reconstructed by Using Regression Method 

 

3. Conclusions 

 

In this study, a reconstruction algorithm of bubble 

size in two-phase flows using single x-ray was proposed. 

The analysis shows that 3-dimensional bubble size can 

be estimated by the multichannel detectors with the 

detection information. Also, a preliminary study on 

multi-bubble cases was performed. The analysis of the 

results show that that multiple bubbles can be separated 

by using the property that is the symmetry of bubbles. 

This proposed algorithm can detect the bubbles in flow 

of opaque fluids or nontransparent pipes which cannot 

be analyzed by optical methods. It is expected that the 

proposed method can utilized to inspect the bubbles in 

two-phase bubbly flow. 
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