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to a wide usage in determining flow parameters. Contrast upgrading (Fig. 10c) leads to similar results 
although it still does not improve the phase boundary clarity. An application of both the contrast 
upgrading and the thresholding simultaneously does not actually improve the image quality as 
compared to the thresholding alone (Fig. 11d). This may lead to a conclusion that there is no 
justification for the image upgrading method for a sensitivity map based on tracing the light beam 
limited area. 

The results of reconstruction for the sensitivity map generated with the light beam limited area at a 
constant field method are shown in Figure 11. The image basically does not contain gas assigned areas 
but clearly visible are the smaller number artifacts as compared to the former solutions. Figure 11b 
presents the results of reconstruction with the use of thresholding; in this case the boundary between 
phases with a small number of appearing artifacts is clear. When compared to Figure 10b this image is 
slightly worse with respect to the artifacts but it better reflects oval shapes of the bubbles. Similar 
results can be obtained whit the use of contrast upgrading. Host artifacts disappear whereas it is only an 
area of the field value from a value interval fj= 0.33-0.66 (Fig. 11c). The application of thresholding 
and contrast upgrading simultaneously leads to formation of a clear boundary between the phases (Fig. 
11c). This image is comparable with that in Fig. 12d. Similarly, only sparse artifacts are visible here, 
although they lay out differently in the image area. On such a basis we can expect similar results in 
determining the flow parameters. 
 

a)                   b)                 c)         d) 

    
Fig. 11. Sample image obtained with the use of an optical tomograph for a sensitivity map with the light beam 

tracing method a) image reconstruction, b) with an application of thresholding ap = 0.8, c) with an application of 
contrast upgrading an = 3, d) with a simultaneous application of contrast upgrading and thresholding  

ap = 0.8 and an = 3 

3. DETERMINING OF BUBBLE VELOCITY 

As a consequence of displacement of the light beams in the longitudinal direction of the pipeline, it is 
possible to determine only the velocity component in this direction. However, this parameter is very 
important because it can be used for determination of the third dimension of the moving objects, 
necessary for their volume determination. If two detectors are parallel, velocity determination of the 
moving object consists in the time analysis of signals received from the detectors. Typical signal 
courses from two detectors are shown in Fig. 12. 

 

Fig. 12. Typical time courses from two detectors 
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Thus, the determined volume is Vg = 0.000014 m3 = 14 ml. The results of reconstruction of group of 
moving bubbles in vertical flow are shown in Fig. 17b. The bubbles have different shapes and volumes. 

This solution enables to study the mechanism of gas bubble formation. The measurements of bubble 
shape creation as well as bubble volume provide important parameters for verification of theoretical 
models. Figure 18 shows sample images of bubbles generated at the outlet of a nozzle (d = 2 mm). The 
results are presented for different gas streams. 

          

Fig. 18. Bubble shapes of gas streams: a) 0.1 cm3/s, b) 0.6 cm3/s, c) 1 cm3/s, d) 4 cm3/s 

6. CONCLUSIONS 

The presented method based on optical tomography allows to measure even very small objects placed 
in the measuring space. It is possible to reconstruct the shapes of the moving bubbles and calculate their 
main parameters. Application of discrete signal processing simplifies structure of the tomography, 
calibration of the sensor and reconstruction algorithm, respectively. This is very important in the 
systems where fast recording of data is required. The prototype tomograph allows to record up to 1000 
frames per second. The proposed solution consisting of 5 projections seems to be optimal and an 
increase of the number of detectors seems to be useless. The proposed solution is applicable when 
investigating the shape and determining the volume fraction for selected structures occurring in the gas-
liquid two phase flow. 

SYMBOLS 

an contrast coefficient 
ap threshold coefficient 
D internal diameter of the tomograph, m 
d1, d2 data of the signals S1 and S2 
dz height of the slice, m 
f(x,y reconstruction function 
fj element of reconstruction function 
Ie intensity of light falling on the sensor, lx 
I0 intensity of light emitted by the source, lx 
m number of measuring sensors 
N number of detectors 
Np total number of samples 
Nc, Nt time displacement, s 
n number of image function fields 
ng number of the image pixels covered with 

a) b) 

c) 

d) 
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