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Evolution of the two-phase flow in a vertical tube—decomposition of gas
fraction profiles according
to bubble size classes using wire-mesh sensors
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Abstract

The wire-mesh sensor developed by the Forschungszentrum Rossendorf produces sequences of instantaneous gas fraction distributior
in a cross section with a time resolution of 1200 frames per second and a spatial resolution of about 2-3 mm. At moderate flow velocities
(up to 1-2 ms~1), bubble size distributions can be obtained, since each individual bubble is mapped in several successive distributions. The
method was used to study the evolution of the bubble size distribution in a vertical two-phase flow. For this purpose, the sensor was placed
downstream of an air injector, the distance between air injection and sensor was varied. The bubble identification algorithm allows to select
bubbles of a given range of the effective diameter and to calculate partial gas fraction profiles for this diameter range. In this way, the different
behaviour of small and large bubbles in respect to the action of the lift force was observed in a mixture of small and largecbRbbRes.
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1. Introduction with our wire-mesh sensor [2] in a vertical upwards flow
were carried out. In [3] we presented a method to measure

Forces acting on bubbles in a gas-liquid flow strongly bubble size distributions by evaluating wire-mesh sensor
depend on the bubble diameter. This is well known for data. Now, we will ShOW, that the bubble identification
the drag force, which was investigated by many authors. @lgorithm can be used to decompose radial gas fraction
In the field of the so-called non-drag forces, which act Profiles according to bubble size classes. Measurements
perpendicular to the flow direction, there are still open taken at different distances from a gas injection show the
questions. Recently, it was found, that the lift force changes €volution of the gas fraction profiles for different bubble size
its sign at some critical bubble diameter [1], e.g., in a vertical classes separately. This makes it possible to study the net
upwards pipe flow, small bubbles are moved towards the motion of the bubbles in t_he direction perpendicular to the
wall, while bubbles with a diameter greater than the critical oW, and to check theoretical models of the non-drag forces
migrate towards the centre of the tube. Concerning the otherin @ realistic multi-disperse flow.
non-drag forces, i.e., the lubrication force and the turbulent
dispersion force, there are also still needs to complete the
models.

The experimental input for the study of these forces
comes mainly from the observation of single bubbles. In this

2. Experimental test facility

The methods described below will be demonstrated by
means of experimental data obtained in a vertical pipe

2;25;'\,36 :;oaLljldsel_tlTﬁet?ngqggzd;fcsuibﬁ?gzdézg:na”gnwtshzr flow. Measurements were performed at the MTLOOP test
y Y P 9 facility [4], a two-phase flow test loop of the Institute

size in a multi-disperse flow. For this purpose,measurementsof Safety Research. The loop was operated with an air—

water mixture at atmospheric pressure and a temperature
* Correspondence and reprints. of 30°C. A vertical test section (Fig. 1) with an inner
E-mail addressprasser@fz-rossendorf.de (H.-M. Prasser). diameter of 51.2 mm was used. Air was injected in the lower
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Water flow, Jyyer

Nomenclature
A cross sectionalarea.....................2 Index
a weight coefficient......................... Air air
D diameter (pipe, bubble) ................ ... Bl bubble
fm meas. frequency ...t G gas
8 gravity constant...................... -$n? i,j k indices
J superficial velocity.................... BTt m index of radial position
rL LZE?JZ(CZL?;;E) .......................... max maximum, final value
R r_adius (pipe, sensor) ... ;mn tr;LIEIt;?eurTmeer
tV I/Ig:jme .................................. g m sensor sensor
W VEIOGHY. ey T .
X,y,z coordinates ...........oiiiiiiii i initial value, origin
Greek symbols Other S|g|."|s
I3 gasfraction..................... ... ... *A d_|fference
) density ........oovviiiiii kg3 virtual
o surface tension. .. ..........oeveen.... &P
7 part of the test section. The kind of the gas injection was
é .i. WIRE MESH varied. The results presented in this paper were obtained
: ?\\\& % /SENSOR by _usmg of either 19 gap|_llar|es of 0.8 mm inner dlameter,
, Q\Q\- ./ which were equally distributed over the cross section of
e | el the pipe (injection device A) or 8 orifices in the pipe
wall of 4 mm inner diameter, equally distributed over
the perimeter (injections device B). In the test loop, the
superficial velocities can be varied between 0 and 12
m-s~! for air and 0 to 4 ns~! for water, respectively.
vertical tube The air flow rate was measured under normal conditions.
/ B&12mm The superficial velocity was calculated from a flow rate
§ corrected according to the actual temperature and pressure
b of the fluid. The tests were carried out under steady-state
£ conditions.
The distance at which the wire mesh sensor was located
above the injection device was varied fratn= 30 mm to
L = 3133 mm. Seven different relative inlet lengtis O)
were specified: 0.6, 1.6, 2.5, 5, 10, 30, 60. Due to con-
structional constraints, the distance could only be approx-
AIR INJECTION imated to the selected /D ratios, i.e., the realised /D

ratios deviate from the specified. For some of theD
ratios (5, 10, 30, 60) it was not possible to set up ex-
actly the same distance for the two air injection devices.
The measuring results are discussed according to the spec-
ified L/D ratios, which are, together with the real val-
ues, summarised in Table 1. In the course of the discus-
sion it was assumed, that, for example, a measurement taken
at L = 3133 mm with air injection A can be compared

Fig. 1. Vertical test section equipped with air injection and wire-mesh sensor to a measurement taken At= 3033 mm with air injec-

(schematic view, with air injection

device A).

tion B.
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Table 1
Geometrical conditions of the experiments
Parameter air injection A air injection B
type capillary, equally distributed over pipe cross section orifices in side wall of pipe, equally distributed over pipe
perimeter
number 19 8
inner diameter 0.8 mm 4 mm

Distances between air injection and wire-mesh sensor

L/D air injection A air injection B
specified L (mm) L/D (real) L (mm) L/D (real)
0.6 30 058 30 058
1.6 80 156 80 156
25 130 254 130 254
5 365 713 265 518
10 640 1250 540 1054
30 1632 3188 1532 292
60 3133 6119 3033 504
3. Primary measuring data of the wire-mesh sensor and The sensor delivers a sequence of two-dimensional dis-
data evaluation tributions of the local instantaneous conductivity, measured

in each mesh formed by two crossing wires. Local instanta-
neous gas fractions are calculated assuming a linear depen-
The wire-mesh sensor consists of two electrode grids with dence between gas fraction and conductivity. For this, the
16 electrodes each (Fig. 2), put in flow direction behind Measured conductivity values are related to calibration val-
each other. The local instantaneous electrical conductivity UeS obtained for plain liquid in the measuring plane. The
is directly measured between all pairs of crossing wires, resultis a three-dimensional data aregy x wherek is the
a tomographic image reconstruction is not necessary. Thishumber of the instantaneous gas fraction distribution in the
results in 16x 16 sensitive points, which are equally Ume sequence. The indices correspond to coordinates
distributed over the cross section. In case of a tube diameterOf the local measurementin the cross section and the current
of 51.2 mm, this results in a spatial resolution of 3 mm, timez in the following way:
which equals the pitch of the electrode wires. From the
256 crossing points a number of 242 is available for

3.1. Primary measuring data

x=1i-Ax+xo

C . y=j-Ay+yo
measurements, some points in the corners are situated A 1)
outside the circular cross section. t=k-At= I
A ———h top view sectional view A - A

receiver
WSS |

recaiver
wires

wires

3
o
transmttteft::* @517—=

transmitier.
wires

— =

A

Fig. 2. Wire-mesh sensor with2 16 electrodes.
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Here, Ax and Ay denote the electrode pitches (in our
caseAx = Ay = 3 mm), andf, the measuring frequency
(fm = 1200 Hz), andAr = 1/ f, the time step, respectively,
xo andyg are constants defining the origin of the coordinate
system. Each individual value af ;, denotes to which
extent the corresponding mesh j, k] is filled with the
gaseous phase.

3.2. Profiles of time-averaged gas fractions

A time-averaged two-dimensional gas fraction distribu-
tion can be calculated as follows:

kmax

81]—— Zgljk

where kmax IS the number of instantaneous gas fraction
distributions in the measuring sequence. A total average
(void fraction) is obtained, when we average over the cross
section:

()

imax Jmax kmax imax Jmax

DD D an k=) ) i T

i=1j=1k=1 i=1j=1

&=

®3)

kmax

hereimax and jmax are the total numbers of electrode wires
in both directions,q; ; are weight coefficients reflecting
the contribution of the area of the given meghj] to
the total cross sectional arelensor In the central region
of the sensor holds; ; = Ax - Ay/Asensor While at the

periphery the weight coefficients are less, because it has to
be considered that a certain part of the given mesh is outS|de_

the circular cross section border of the sensor (Fig. 3)
Elements which are completely located outside the border
of the sensor obtain weight coefficients equal zero.

Radial profiles can be calculated by dividing the radius
into m intervals and introducing a radial step widir =
Rsensoym and averagin@; ; over a ring-shaped domain,

Y
central mesh
| TTTT— ai,j-lAsensor - AXAy
™
\ alJASEﬂSOr< AXAy
\ /
e | O\
?\\border
\ mesh
RSCTlSOI‘
‘/ X

Fig. 3. Weight coefficientss; ; for averaging the gas fraction in the

measuring cross section.
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Fig. 4. Weight coefficients; ; ,, for calculating radial gas fraction profiles.

covering the radial intervdln —1/2) - Ar <r < (m+1/2)-

Ar, Fig. 4. This is done using weight coefficients; ,,
which characterise the common area of the mesh with the
indices[i, j] and the ring with the numbet and the central
radiusm - Ar, related to the total cross section of the sensor
Asensor The averaging can then be written as follows:

imax Jmax kmax imax Jmax

T DD D g Eik = DD i i

i=1j=1k=1 i=1j=1
4)

The determination of the weight coefficients is based on
simple geometric calculations, which does not require more
detailed description.

3.3. Bubble size measurement

The task to obtain bubble size distributions is solved in
the following steps:

o Identification of bubbles, i.e., assigning each element
[i, j, k] either to one of N bubbles or to the area
occupied by the plain liquid phase,

e integrating the local instantaneous gas fraction over the
elements belonging to the given bubble to obtain the
bubble volume and transfer to an equivalent diameter,

e calculation of a statistical distribution with the equiva-
lent bubble diameter as variable.

For the first step, a bubble identification artgy ; of the
same dimensions as ; « is defined. Before the start of the
algorithm, a bubble counter is set to one and all elements
of the bubble identification array; ;, are set to zero
(“unlabelled”). Then a program loop is entered, in which
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the first action is the search of a local maximum among noise level of the conductivity measurement. It is about 2
the unlabelled elements of the gas fraction distribution mm in case of the presented results, which is sufficient since
&i,j.k- This is the start element for a so-called recursive fill the characteristic bubble sizes in the investigated air-water
procedure. This procedure labels the corresponding elemensystem are much higher.

in the bubble identification array by assigning the current

value of the bubble counter, if the local instantaneous

gas fraction is still greater than the start value minus a 3.4. Decomposition of gas fraction distributions according
differential threshold. The procedure furthermore includes to bubble size classes

recursive calls with the indices of all elements being the

neighbours of the just treated element. When the run of

this procedure is terminated, a continuous area in the After the bubble identification procedure and the calcula-
array b; j« is filled with the current value of the bubble tion of bubble diameters according to equations (6) and (7) is
counter. Afterwards, the bubble counter is increased by 1 completed, bubble numbers are assigned to each element in
and the procedure is repeated by searching the next nothe gas fraction distributios; ; x, stored in the correspond-
labelled element with a gas fraction maximum. In this jng element of the bubble identification arry; ;. Further-
way cores of bubbles are identified. At the periphery of more each bubble number refers to an equivalent bubble di-
these cores there are still elements which were not labelled;yater. It can therefore easily checked if an elemagpf, of

b_ecausE the local gals fraCt'_OTl is lower ;h;;n thﬁ thbresgfld’the gas fraction distribution belongs to a bubble, the diameter
since they were only partially covered by the bubble. ¢\ hich jies within a given interval 0bmin < Dgi < Dmax.

Th.es.e elements are supsequeptly assigned to the a"e"?‘d new array of decomposed gas fracticm§k can be cre-
existing bubbles without increasing the bubble counter. This ated as follows: 57

approach guarantees a low number of unrealistic unifications
of neighbouring bubbles as well as a low probability of

unrealistic fragments which may be caused by the signal , eijk I bijx #0and
noise [3]. Eijk = Dmin < l.)BI,b,v__,;k < Dmax (8)
In the result, in the bubble identification array ; x 0 (otherwise)

clusters of elements containing the same bubble number _ _

are formed. These clusters represent the three-dimensioJhis operation can be repeated for an arbitrary set of
nal regions occupied by the bubble with the corresponding bubble size classes. In this way, the initial distribution is
number. The calculation of bubble volumes is carried out by decomposed according to the given bubble size classes.

integrating over the elements belonging to such a cluster: The procedure is illustrated in Fig. 5 on the basis of
virtual sectional views of the instantaneous gas fraction

VBln=Ax-Ay-At- Z WG.ijik * &i,j.k ) distributions. To create these virtual sectional views, a
Vi, jok: n=bi.j k time sequence of instantaneous distributions over the tube

If, as a matter of rule, the instantaneous local gas velocitiesdiameter is plotted in a vertical column. The time axis was
wa,,j,k are not available, we use the average gas phasetransformed into a virtuat*-axis by means of the average
velocity wg = Jg/€ , which is a satisfying approximation  gas phase velocity, i.e* = wg- Ar. Height and width of the
in a turbulent upwards pipe flow. In this case equation (5) resulting columns correspond to the same geometric scale,
can be written as: so that the bubbles are displayed in their realistic shape (with
Veln =G - Ax - Ay - At - Z ik (6) the accuracy of the veloci'gy as_sumption). _
The upper left column in Fig. 5 represents a virtual sec-

tional side view of the sequence of gas fraction distributions

From the bubble volumes, equivalent bubble diameters measured by the sensor. On the right side the bubble size
are calculated: distribution is plotted. The column below the virtual sec-

2/ 6 tional view of the primary data is the result of colouring
Dain =1/~ VBin 7 the bubbles according to their diameter: if the diameter is

A detailed description of the bubble size measurement €SS than 5.5 mm, they were painted green, in the opposite
method including an analysis of the accuracy of the bubble case red. Now, the initial sequence can be divided in se-
imaging, the bubble size measurement and an assessment gfuénces of gas fraction distributions considering only bub-
the flow disturbance caused by the sensor is givenin [3].  Ples with Dg < 5.5 mm (column with only green bubbles)

It has to be remarked that more than one small bubblesandDgi > 5.5 mm (column with only red bubbles).
appearing in one mesh of the sensor in the same time cannot Radial profiles of the part of gas fraction carried by
be resolved, i.e., they are identified as one bubble, while bubbles that belong to a given interval of effective diame-
a single bubble can be detected even if the size is smallerters can be obtained by averaging the corresponding partial
than the electrode pitch. The lower limit results from the local instantaneous gas fracticnrj’sj,k applying Eq. (4).

Vi,j,k: l’l:bl’.j.k
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Fig. 5. Decomposition of gas fraction distributions according to the bubble Ajzger= 0.4 ms~1, Jair =0.06 ms1, L/D =60.
4. Experimental results on the evolution of the structure mm, while all generated bubbles were larger than 5.5 mm
of the two-phase flow when the gas was injected through the orifices of 4 mm

diameter (device B) (Fig. 6(a)). The bubble diameter of 5.5

4.1. Influence of the primary bubble size on the evolution of mm is just the critical value found by Tomiyama [1], where
gas fraction profile the lift force changes its sign when the liquid is water at

room temperature. The evolution of the gas fraction profiles

For the analyses of the flow regimes discussed below calculated according to Eq. (4) are shown in Fig. 6(b).

data sets of a measuring period of 10 s recorded at a Incase of the equally distributed capillaries small primary
measuring frequency ofy, = 1200 Hz were used. This bubbles are generated in the entire cross section. Neverthe-
means both radial gas fraction profiles and bubble size less, already at the relative distancelgfD = 0.6 a pro-
distributions were calculated from sets bfax = 12000 nounced wall-peak of the gas fraction profile is found. This
successive instantaneous gas fraction distributions in theis caused by the lift force acting in the direction towards the
measuring cross section. wall in an upwards bubble flow. When the wall orifices are

In Fig. 6 measuring results for a low air flow rate are used, a wall peak is formed due to the peripheral air injec-

shown, where bubble coalescence does not play an importantion. In this case the primary bubbles are all larger than 5.5
role. In this case, the use of the gas injection device A mm and the reversed lift force causes the bubbles to move
exclusively led to primary bubble diameters of less than 5.5 towards the axis of the pipe. At/D = 60 a central peak
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ER— bubble size distribution remained unchanged. Nevertheless,
L/D = 60 ﬁ\ some coalescence occurred leading to the appearance of a
o second peak at a diameter bf= ¥2. Do, which is the re-
_°"‘““0=_o—;gy—=o_H sult of coalescence events between pairs of bubbles of the
ool ha initial size.

The air injection device B generated much larger bubbles.
The primary diameter is about 8 mm. Though the superficial
velocities were kept identical in both cases, the flow in
the second case is dominated by coalescence leading to

/.7(\ the appearance of large bubbles with equivalent diameters

[%]

of up to 30 mm. Obviously, the flow regime was close to

/ the bubble-slug transition. On the other hand, there was a
/ generation of bubbles smaller than the primary bubbles. At
H = 3000 mm /D = 60) the maximum of the bubble size
o oo—o —O‘/O/ distribution was at approximatelg =5 mm.

This experiment has shown that coalescence and frag-
|——-|’ — mentation depends on the size of the primary bubbles. Large
LD =06 f\ bubbles generate more intensive turbulent wakes. Further-
more, starting with an E6tvos Number of about 1 they start
to perform oscillatory motions. These might be the reasons
for the more intensive coalescence. On the other hand, they
Q——Q—_ﬂp—f’r’f—:_o,: can be easier fragmented, mainly because they are more de-
0 5 10 15 20 25 formed in turbulent flow fields and sheer regions than small
r [mm] — ones, which is again connected with the E6tvés number (The

E6tvis numbeEo = g(pwater— pair) D3, /o puts into rela-
tion buoyancy and surface forces acting at the bubble. With

[*e]

P
4

O N B O N PO N B,

b) radial gas fraction profiles

T 16 increasing E6tvos number the surface tension looses influ-
. = ence and the bubble shape starts to deviate from spherical).
e 44 LD =08 It is worth to remark that the flow pattern is still
dDg; ™~ b completely different at the end of the test section. An
[%eimm] O. inlet length of L/D = 60 is obviously not sufficient to
0 2 4 6 8 10 establish equilibrium conditions at the mentioned superficial
_ _ Dpy [mm] —= velocities.
a) primary bubble size distribution If the air flow rate is increased tdai; = 0.5 ms~* (at

the same superficial water velocity as in Figs. 6 and 7),

the more intensive turbulisation by the gas phase causes

a faster establishing of the equilibrium. In the result, the

Fig. 6. Primary bubble size distributions and the evolution of radial bubble size distributions generated by the injecting devices

gas fraction profiles at superficial velocities Bfyater= 1 ms~' and A and B rapidly converge and the bubble size distribution at

Jair =0.02 ms™* (absence of significant coalescence). L/D H =60 is almost independent of the primary bubble
size (Fig. 8).

has established. These measurements confirm the findings

of Tomiyama [1], which were obtained by observing the rise 4.3. Results of the decomposition of gas fraction profiles

of single bubbles of well defined volume. according to bubble size classes

—o— gas injection A - 19 capillaries, D = 0.8 mm
—e— gas injection B - 8 wall orifices, D=4 mm

4.2. Influence of the primary bubble size on the evolution of  The decomposition of radial gas fraction profiles de-
bubble size distributions scribed in Section 3.4 was applied to data obtained in an
experiment with an air injection through the equally dis-

Another interesting observation was done when the su- tributed capillaries (injection device A) at superficial veloc-

perficial air velocity was increased th; = 0.125 ms™1. ities of Jwater= 0.4 m-s~1 and Jajy = 0.06 ms~1. The inlet

In this case the mode of air injection decided whether the length was again varied froth/D = 0.6 to L/D = 60. The

bubble size distribution remained narrow with a maximum measured bubble size distribution At D = 0.6 indicates,

near the primary bubble diameter or whether an intensive that all primary bubbles have an equivalent diameter smaller

bubble coalescence and fragmentation occurred (Fig. 7). Inthan 5.5 mm (Fig. 9, right side).

case of injection device A the primary bubbles were in the  With increasing distance between air injection and sensor,

range ofDp = 4 mm. Along the pipe, the maximum of the the progressing bubble coalescence leads to the generation
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air injection A air injection B
6 1.2
L/D = 60
dDg| 6 12
Ceimm] L/D = 30
'o/Mm
0 0 ™y pnnr UL
7 1.4
L/D = 10
0 0 e b,
6
0
10
0
0 20 30 40

Dg| [mm] —

Fig. 7. Evolution of the bubble size distribution along a vertical tubg;, = 0.125 ms, Jwater= 1 ms~1, A — 19 capillaries,D = 0.8 mm, B — 8 wall
orifices,D =4 mm.

3.0
LD = B0
de
dDg O
2
[Zoimm)]
1 T8
0
ﬂl LD =25
4
RFSAN
10
ﬂ LD =06
5
0 i
0 20 40 &80 g0

Dg| [mm] —=

— gas injection A - 19 capillaries, D= 0.8 mm
= gas injection B - 8 wall orifices, D =4 mm

Fig. 8. Evolution of the bubble size distribution along a vertical tubg; = 0.5 m-s™1, Jwater= 1 ms~1, A — 19 capillaries,D = 0.8 mm, C — 8 wall
orifices,D =4 mm.
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partial gas fraction bubble size
profiles distributions
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[D=056 \a\ 00 \
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—o— DpgL <5.5mm
—— 5.5mm <Dy
—e— total

Fig. 9. Evolution of partial gas fraction profiles and bubble size distributions along the fyipeyr= 0.4 ms~1, Jair = 0.06 ms~1, air injection device
A — 19 eqally distributed capillaries0.8 mm.

of bubbles greater than 5.5 mm. When we look at the These bubbles experience an inverse lift force, pushing them
decomposed radial gas fraction profiles (Fig. 9, left side), towards the center of the pipe. Ay D = 60 the equilibrium

the tendency of the small bubble fraction to move towards is nearly established. Here, we observe a pronounced wall
the wall is clearly visible. AtL/D = 0.6, the profile is still peaking of the total gas fraction profile, caused by the peak
strongly determined by the gas fraction maxima found at of the partial gas fraction of the small bubble class. The large
the places where the capillaries are located. With growing bubbles O > 5.5 mm) tend to form a central maximum.
distance, the gas fraction represented by the small bubble A similar experiment at identical superficial velocities
fraction shifts towards the wall. The increase of gas fraction was carried out with the injection of air through the injecting
near the wall leads to an intensification of coalescence anddevice B (8 wall orifices of 4 mm diameter). In this case,
a generation of bubbles withg; > 5.5 mm in this region. the primary bubbles are larger than 5.5 mm. Close above the
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partial gas fraction

bubble size

profiles distributions
18— 1.4 -
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Fgeis H‘mt [oimm] 0.6
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Fig. 10. Evolution of partial gas fraction profiles and bubble size distributions along thegiggyr= 0.4 ms1, Jajr = 0.06 ms1, air injection device
B — 8 orifices in the side wallg4 mm.

injection they are found at the periphery of the pipe (Fig. 10), result of fragmentation events. In the same time bubble
since they have been generated at the wall. With growing coalescence leads to the appearance of bubbles larger than
distance, a generation of both bubbles smaller than 5.5 mm12.5 mm. The bubbles of both classes of large bubbles (5.5

and larger that 12.5 mm is observed.

mm < Dg < 125 mm and 12.5 mmx Dg)) are quickly
Since bubbles with a diameter less than 5.5 mm are notshifted to the center of the pipe. At the end of the test section,
generated at the gas injection orifices, they must be thethe class of small bubbles does not show the expected wall
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Fig. 11. Effect of coalescence and lift force to the evolution of gas fraction profiles.

peaking just because the fragmentation process is generatingdentical superficial velocities of gas and liquid were present
a large number of small bubbles in the center of the pipe, (see Fig. 7). Obviously, an inlet length 6 D = 60 is still
where the gas fractions are high. The more equal distributionnot sufficient to establish an equilibrium between bubble
of the small bubbles in comparison to the large bubble fragmentation and coalescence as well as with regard to the
fractions is a hint to the tendency of the small bubble to move lateral movement of the bubbles. The flow pattern is still
towards the wall. influenced by the kind of gas injection.
A bimodal bubble size distribution characteristic for the
transition from bubble to slug flow is established at the end 5 conausion
of the test section. The inverse lift force transports the large
bubbles to the centre of the pipe. The effect of coalescence, The wire-mesh sensor is able to provide detailed infor-
fragmentation and lift force is marked in Fig. 11 for both mation about the structure of the two-phase flow. It is suc-
injection devices. cessfully used to visualise the air-water flow in a vertical
Again, the flow structure in the two examples compared pipeline. From the primary measuring data it is possible to
in Fig. 11is notidentical at the end of the test section, though obtain void fraction profiles as well as bubble size distribu-
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tions. Experiments were carried out to study the evolution of wall, the formation of large bubbles starts in the layer close
the flow structure with growing distance from the gas injec- to the pipe wall, where the gas fraction distribution devel-
tion. The bubble size distributions clearly show the effect of ops the well-known wall peak. The generated large bubbles

coalescence and fragmentation. experience an inverse lift force and are travelling towards
At certain combinations of the superficial velocities the centre. In case of a high enough gas fraction in the cen-
of gas and liquid (e.g., aair = 0.125 ms™1, Jwater = ter, there can be a source of small bubbles in the central re-

1 mss™1), the size of the primary bubbles is of crucially im- gion, which afterwards start to move in direction towards the
portance for the evolution of the flow pattern. The tendency wall. Theoretical models must therefore consider the differ-
of increasing coalescence frequency with growing bubble ent radial profiles of the gas fraction represented by different
diameter may be so dominating, that even an inlet length bubble size classes. The calculation of coalescence and frag-
of L/D = 60 was not sufficient to establish an equilibrium mentation frequencies may therefore result in large errors, if
bubble size distribution, i.e., the bubble size distributions the corresponding constitutive equations are based on bubble
were still strongly depending from the primary bubble size densities averaged over the cross section.

despite of identical gas fractions. At higher superficial gas

velocities (e.g., at/air = 0.5 m-s~1) the bubble size dis-

tribution becomes independent from the gas injection de- References

vice.
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