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1 Introduction 

To study the characteristic of multiphase flow, various measurement techniques are 
applied. One of the powerful techniques is the Wire Mesh Tomography technique 
(WMT) developed and commercialized by FZR1 and Teletronic2. The measurement 
is based on the dependency of void fraction on the electrical conductivity. Local 
properties with planar measurement can be obtained from the crossing wire between 
transmitter and receiver. Due to being intrusive technique, the influence of the wire 
sensor on the measurement and on the flow characteristic has to be carefully con-
sidered.   

        The disturbance level is mainly depended on the sensor configuration such as 
wire diameter, material, spatial resolution, etc. These properties are related to the 
additional external force - drag and surface tension, including the turbulent genera-
tion by viscous force. Furthermore, the force balance with the difference of flow pat-
tern, void size and velocity is not identical and these properties are expected to 
change with the wire existing. For this reason, the intrusive effect study with various 
flow conditions is also necessary. To find out the disturbance level and its mecha-
nism, various methods were applied in the past. Prasser et al. [1] compared the visu-
alization between WMT and high speed video camera by transforming the signal be-
tween cross-section and Eulerian side view. The results show that the sensor causes 
a significant bubble fragmentation. However, the two-phase flow structure was 
captured before it was disturbed by the sensor. Richter et al. [2] applied the sta-
tistical methods emphasized on the repeatability of a void fraction signal from two 
adjacent measuring planes. The deviation from the theoretical maximum void 
fraction as well as the deceleration of bubbles in term of normalized void fraction 
gradients was presented.  
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 In the present, the additional information of the intrusive effect on the gas-
liquid flow and on the measurement with WMT is presented. The deviation of signal 
from two adjacent measuring planes is repeatedly focused with the varied flow pat-
tern from bubbly to bubble-slug transition. Furthermore, the experimental method for 
evaluation of bubble deceleration is proposed. 

2 Wire mesh tomography 

The applied electrode mesh sensor is illustrated in fig 1 consisting of 3 electrode 
wire planes with separated 2 mm. The upper and lower planes work as the transmit-
ter planes. Each transmitter plane consists of 8 electrodes. The middle one works as 
the receiver plane which consists of 32 electrodes aligning with 90 degree comparing 
to the transmitter. This configuration corresponds to two measuring planes (2×8×32) 
with the spatial resolution 2.22 × 3.03 mm2. The wire diameter is 0.125 mm. 

 The utilized data acquisition unit is the second generation of commercial dis-
tribution with a maximum overall sampling frequency of 10 kHz. The maximum 
capacity is 170,000 frames. The entire signal acquisition procedure is operated and 
controlled by a Digital Signal Processor (DSP). The obtained data is stored in buffer 
memory of the acquisition unit and transferred to PC by an Ethernet interface.  

3 Experimental setup 

The measurement is conducted on the 20x100 mm2 rectangular channel with total 
length of 1.8 m (55Dh) as shown in fig 2. The bubble is generated by injecting air 
through the steel needles. The air flow rate is measured upstream of the air injection 
needles by a Laminar Flow Meter (LFM) with an accuracy of 1.5%. The water flow 
rate is measured by the orifice with an accuracy of 2.5%. The sensor is located at 1 
m downstream from the needles. 

 

 

Fig.1  Wire mesh sensor Fig.2  Experimental setup   
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4 Influence on the time dependent void fraction 

The results with the variation of flow condition are illustrated in fig 3. The continuous 
air injecting of <UG>=2.5, 20 and 50 mm/s with constant <UL>=150 mm/s is selected 
and shown in fig 3a-3c. These conditions correspond to small bubble (order of sen-
sor spatial resolution), intermediate bubble (2-5 times of sensor spatial resolution) 
and bubble-slug transition respectively. The imaginary time (t*) is interpreted as the 
downstream distance scaled from the cross-sectional averaged true gas velocity 
similar to Prasser et al [3]. The true gas velocity can be calculated directly with two 
adjacent measuring planes sensor from delay time evaluation method proposed by 
Richter et al [2]. For the ideal case of no wire disturbance, with a small gap between 
each plane, the contour shapes from both planes are expected to be identity and 
overlapped due to their velocity.  

 The contour results show the maximum reduction and more lateral spreading 
for the downstream plane in all condition but not for large void structure particularly 
in fig 3c. It can be explained by the water bridge behind the middle wire plane. The 
gas structure has been blocked and the volume behind the wire can not be occu-
pied. However, the coalescent is sometime occurred when the gas structure is large 
enough and the maximum reduction is not observed. For line-contour with constant 
threshold (εth), the disappeared small bubble and unrealistic fragments are still re-
mained. However, in this case, the comparing of the equal level is interested. The 
results show the interfacial deformation which is not related to the flow pattern or 
void size.   

 In addition, the result of a single slug is illustrated in fig 3d. The original shape 
is observed as a bullet-like shape. The result shows the interfacial deformation by 
the first and the middle wire plane aligned in x2 and x1 direction respectively. Some 
pocket of water phase is observed inside the air slug following the wire direction due 
to the water bridge behind the wire. However, from the High Speed Camera (HSC), 
the slug is recombined by coalescence and the original bullet shape is completely 
restored after the wire. 

5 Influence on the averaged void fraction  

The void fraction deviation between up and downstream measuring plane is illus-
trated in fig 4. Notice that the deviation of each measuring plane can be interpreted 
as the effect of the middle wire plane placed between each measuring plane. The 
results show that the averaged void fraction from the upstream plane is smaller than 
the downstream for low <UG> (less than 10 mm/s) while it is opposite for the high 
<UG> (larger than 10 mm/s). The minimum deviation can be observed at <UG> ap-
proximately 10 mm/s.  

The deviation can be considered from the effect of deceleration and deforma-
tion of the gas structure due to the wire. When bubbles are decelerated, the duration 
of bubble occupied the measuring volume would be increased. This can be the rea-
son for larger void fraction for the downstream plane and supposed to be the domi-
nated effect in the low <UG> range. On the other hand, the deformation effect includ-
ing the water bridges and fragmentation has a tendency to reduce the void fraction 
of the downstream plane particularly for the larger bubble size. Thus, the deforma-
tion can be considered to be the dominated effect in the high <UG> range.  
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Upstream Downstream Comparing εth=20% Upstream Downstream Comparing εth=30% 
(a) Bubbly flow, <UL>=150mm/s, <UG>=2.5mm/s (b) Bubbly flow <UL>=150mm/s, <UG>=20mm/s 
       

Upstream Downstream Comparing εth=40% Upstream Downstream Upstream Downstream 
(c) Bubble-slug transition, <UL>=150mm/s, <UG>=50mm/s (d) Single slug flow, sudden-open valve 

Fig 3  Comparison of the signal from two measuring planes 

Upstream DownstreamUpstream Downstream Upstream DownstreamUpstream Downstream

Upstream DownstreamUpstream Downstream
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When further increasing <UG> more than 10 mm/s, the deviation is obviously 
increased. It is due to the increasing of large scale lateral motion in the transition to 
slug flow regime, although large bubble can be minimized the intrusive effect in term 
of length scale and coalescence. Furthermore, the dependency on the <UL> is also 
observed. With higher <UL>, the deviation is minimized by decreasing the lateral 
mobility of the bubble similar to Richter [4]. 
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Fig 4  Void fraction deviation between up and downstream measuring plane. 

 
The example of void fraction distribution normalized with the cross-sectional 

averaged value is illustrated in fig 5. From the results, the downstream data (the 2nd 
plane) obviously approaches the cross-sectional averaged value and significantly 
more uniform than the upstream (the 1st plane) particularly at <UL> = 10 and 50 
mm/s in fig 5b and 5c. To indicate the non-uniformity level, the non-uniformity coeffi-
cient, Cn, is expressed in term of the deviation from the cross-sectional averaged 
value according to 
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The variation of non-uniformity with the variation of flow condition is shown in fig 6. 
The non-uniformity level of the downstream plane is reduced from the upstream 
plane about 5-15% of the averaged value depending on the flow condition. However, 
the relationship between the non-uniformity reduction and flow condition can not be 
identified. The increasing of uniformity from the upstream plane can be explained by 
the nature of water bridges and fragmentation. Both phenomena have a tendency to 
make void structure spreading in lateral direction. This result is lead to applying the 
series of wire to generate the bubble uniformity particularly on the laboratory scale. 
For this purpose, the existing of the uniformity on the downstream of the wire has to 
be considered.  
   

                  (a) (b)                    (c) 
Fig 5  Normalized void fraction profile 
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Fig 6  Void fraction non-uniformity, Cn; triangular symbol for <UL> = 100 mm/s,  
          circle symbol for <UL> = 200 mm/s 
 

6 Bubble deceleration 

The high speed CCD camera (FastCam-Net 500/1000/Max, equipped with a 
standard NIKON 100 mm) is utilized. The sample of the sequence picture is shown 
in fig 7. The rising gas velocity is evaluated from the duration which bubble surface 
migrated within the specified axial length, in this case, equal to the distance of adja-
cent plane. The rising gas velocity of each void structure is estimated from the aver-
aged velocity of the frontal and the trailing surface. The Eulerian frame is statically 
located at the middle half of the channel. Due to the visualization limit at high gas 
intensities, the experiment is carried out at only low void fraction, in this case, 
constant <UG> = 1 mm/s and <UL> = 0-200 mm/s corresponding to the upstream 
bubble rising velocity about 200-400 mm/s.  

The results of the evaluated frontal and trailing surface velocity are illustrated in 
fig 8. For upstream of the sensor, there is no significant difference between frontal 
and trailing surface velocity within the uncertainty. Within the sensor, the frontal 
surfaces are slightly faster than the trailing surfaces. The significant deformation 
within the sensor comparing to the upstream flow is observed. Notice that the frontal 
surfaces velocity at this position can be understood as the average velocity during 
the deceleration while the trailing surface velocity is the averaged recovery velocity 
when it accelerates. The slightly faster velocity of the frontal surface can be pro-
posed by the inertial effect of the upstream flow. At slightly downstream from the 
sensor (x~2δ), oppositely, the frontal surface migrates slower than the trailing sur-
face. At this position, the frontal velocity is evaluated with wire existing while the rare 
velocity is not. At further downstream (x~4-8δ), the difference between both surface 
is disappeared and supposed to be not effect by the wire. 

The results of the averaged and normalized surface velocity are illustrated in fig 
9a and 9b. The results show that the characteristic of the bubble slow down is similar 
in this flow condition range. The velocity is decreased almost 50% of the upstream 
value within the wire region. Furthermore, the sensor does not affect to upstream 
flow within the spatial resolution (2δ) while it affect to 4-8δ of the downstream flow. 
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Fig 7  Example of picture frame from 
          high speed video camera 

Fig 8 Surface velocity distribution; full line: 
      front surface, dot line: rare surface   
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(a) Evaluated value (b) Normalized with the upstream value 
Fig 9   Averaged surface velocity distribution 

7  Conclusions 
1) The contribution of deceleration and deformation on the intrusive effect with 

varied flow condition is proposed. The minimized condition is observed at 
<UG> about 10 mm/s. In addition, the reduction of lateral motion by increasing 
of <UL> is confirmed.   

2) The void fraction uniformity of downstream plane is increased from the 
upstream plane due to the wire with 5-15% depending on the flow condition. 

3)  The slow down characteristics is similar in this flow condition range. The 
velocity is decreased almost 50% of the upstream value within the wire region. 
Furthermore, the sensor does not affect to upstream flow within the spatial 
resolution (2δ) while it affect to 4-8δ of the downstream flow. 
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8 Nomenclature 

sign unit denomination 
<> index Cross-sectional average 
- index Time average 
δ mm Axial length scale of the sensor (3mm)  
εI 1 Void fraction obtained from the upstream measuring plane 
εii 1 Void fraction obtained from the downstream measuring plane 
εth 1 Void fraction threshold level 
UG mm/s Superficial gas velocity 
UL mm/s Superficial water velocity 
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