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Abstract—The paper deals with an experimental study of bubbly free and impinging axisymmetric
turbulent jets (Re = 12,000) by means of a combination of optical planar methods: a fluorescence-
based technique for bubbles imaging (PFBI, its description is given in [1]) and PIV and PTV
approaches for measurement of velocity distributions of both continuous and dispersed phases,
respectively. The bubbly jets are investigated at different volume gas fractions: 0, 1.2, 2.4, and
4.2%. Basing on 10,000 simultaneously measured instantaneous fields of the local gas fraction and
velocities of the both phases, statistics on the mean and fluctuating characteristics for the both
phases is estimated up to the third-order moments, including mixed one-point correlations. The
paper reports on opposite effects of the volume gas fraction on turbulence in the free and confined
jet flows. At a nozzle edge, the bubbles increase the growth rate of turbulence fluctuations, whereas
downstream (z/d > 0.3) they suppress the turbulence fluctuations compared to the single-phase
flow. Close to the impingement surface, the bubbles, however, significantly intensify turbulence
fluctuations due to an increase of the slip velocity between the phases.
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INTRODUCTION

At present, an important role in traditional and nuclear power engineering, pharmaceutics, the food
industry, in joint oil and gas production belongs to two-phase gas-liquid flows. Information on the
structure, mean and fluctuating characteristics of bubbly jet flows is needed for designing new power
plants.

In gas-liquid bubbly flows, the bubbles normally are not simply tracers moving with the flow, on the
contrary, the nonuniform velocity field leads sometimes to both bubble dispersion and changes in the
level of fluctuations in the continuous phase. The interaction is mutual (see, e.g., Serizava et al. [15],
Nakoryakov et al. [13], and Kashinsky et al. [10]), when the trajectories of particles are affected by the
local turbulent structure of the continuous phase (turbulent dispersion), and the bubble motion exerts
action on turbulence in the liquid (turbulence modulation).

It is known that the basic mechanisms, which, in general, are not independent, affect the turbulence
in the two-phase dispersed systems, are the following:

turbulent kinetic energy dissipation on particles;
increasing in the effective viscosity due to the presence of particles;
vortex formation or the presence of wakes behind the particles;
entrainment of the liquid by the particles (added mass effect);
increase in the velocity gradients between two particles;
deformation of the interface surface.
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One or another of the listed mechanisms will dominate, depending on the dispersed-phase concen-
tration, the particle type and size, and the flow character, and determine the clusterization conditions of
the dispersed-phase particles [21, 22].

Substantial particle-induced variation in the turbulent-flow structure was observed in a number of
experimental investigations. Gore and Crowe [8] have compiled most of available experimental data and
concluded that small particles decrease the turbulence intensity in the flow, whereas coarse particles
intensify the turbulence. However, this conclusion was based only on data obtained on the flow axis and,
generally speaking, is not always fulfilled for other flow regions.

Considering the influence of the dispersed phase on large-scale flow structures, it is necessary to
mention the fundamental studies of coherent structures in single-phase flows. Crow and Champagne
[5] have studied the response of a round jet to controlled axisymmetric disturbances and found that a jet
shear layer produces the ordered structures. Brown and Roshko [4] and others have shown that large-
scale structures in a single-phase mixing layer are present even at fairly high Reynolds numbers and
are predominantly two-dimensional and coherent. For such flows the two-dimensional structures are
the main ejection mechanism and contain most of the turbulent energy. Moreover, Ho and Huang [9]
have shown that the large-scale structures in the single-phase plane shear layer may be magnified by
excitation at specific frequencies. This yields an increase in the coherence and growth rates at large
distances downstream. Thus, under specific conditions the development of the free shear layer is very
sensitive to disturbances.

One of the most interesting examples of shear flows with a dispersed phase is the turbulent jet. Bubbly
jets are widely used in heat exchangers, mixers, and gas dissolving systems. The parameters of the
turbulent bubbly jets were investigated in a number of studies (e.g., Goldschmidt et al. [7], Milgram
[12], Sun and Faeth [17, 18]); however, the two-way coupling between the gas phase and the large-
scale structure of the shear layer received little attention.

Wide application of the bounded jet flows in metallurgy, power engineering and power machine
building, microelectronics, aircraft, and other fields of the industry necessitates studying the fundamental
physical effects and events that accompany them. In different flow regions there are free and near-wall
shear layers with large-scale vortex structures being developed in them; a region of the flow stagnation
point with maximum heat-mass exchange coefficients; rapid bending of streamlines as the jet impinges
on the wall; in the near-wall part of the jet there is a local nonstationary flow separation and development
of the near-wall jet. All these effects make the impinging jet a universal test object for verification and
development of numerical turbulent flow modeling.

There are few works in the literature concerned with investigation of the gas-liquid impinging jets.
For example, Alekseenko et al. [3] investigated the influence of the periodic excitation intensity on the
gas-liquid impinging jet by means of the electrodiffusion method for measuring the wall shear stress.
The authors have shown suppression of large-scale vortices for large values of volume gas fraction.
They determined conditions of resonant magnification of coherent structures in the mixing layer. It was
shown that in the range of volume gas fractions from 5 to 10% the friction on the obstacle surface is
considerably increased.

The present paper is concerned with experimental investigation of the interaction between the liquid
and dispersed phases in turbulent gas-liquid axisymmetric free and impinging jets.

DESCRIPTION OF THE FACILITY. EXPERIMENTAL CONDITIONS

The experimental facility is a closed hydrodynamic contour with a pump, compressor, flow meters,
pressure gages, and thermostat. The rotation speed of the pump was controlled by the flow sensor with
feedback from the flow meter to maintain the liquid flow rate on the given level. The measurements were
carried out in a Plexiglas test section (Fig. 1) with the following dimensions: 400-mm height, 200-mm
width, and 200-mm length. The jet flow was formed by means of the Vitoshinsky axisymmetric nozzle
with the exit diameter d = 15 mm. In the case of an impinging jet the surface was placed normal to
the flow direction at the distance H = 3d from the nozzle exit. The liquid was 10% water solution of
ethanol. The liquid temperature was maintained constant, 30 ± 0.5◦C. The Reynolds number defined
from the liquid bulk velocity U0 = 0.93 m/s and the jet diameter d was 12,000. Bubbles with the quasi-
monodispersed size distribution were supplied to the jet flow by means of a specially designed mixer. The
compressor supplied the air to the mixer at a fixed level of pressure and the given gas flow rate. The void
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Fig. 1. A diagram of the test section and the measurement system.

Fig. 2. A diagram of the flow and position of measurement zones for (a) free and (b) impinging turbulent gas-liquid
axisymmetric jets.

Fig. 3. (a) Initial image obtained in the experiment; (b) calculated correlation with mask image; (c) the used mask
image.
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fraction (gas volume) was β = 0, 1.2, 2.4, and 4.2%, the mean size of bubbles for all cases was fixed,
Db = 0.85 mm.

In the measurements we used a POLIS PIV system consisting of double-pulse Nd:YAG laser
(emission wavelength 532 nm, pulse length 10 ns, and pulse energy 50 mJ), CCD camera (8-bit width,
1280 × 1024-pixel matrix resolution) with an optical high-pass filter (> 560-nm transmission band)
and an AF Micro Nikkor objective, 60 mm f/2.8D, and also a lock-in processor. In the experiments,
the measurement system was computer controlled via an ActualFlow software. Thickness of the laser
sheet formed by a cylindrical lens was about 0.8 mm in the measurement region. The distance from the
camera to the laser sheet was about 215 mm. For the PIV measurements, fluorescent tracers (1–20 μm,
emission wavelength range 550–700 nm) were supplied to the flow. The measurements were carried out
in the central plane of the jet. To attain a high spatial resolution (the size of an elementary interrogation
area was 0.58 mm), the analyzed region was divided into several zones where the measurements were
performed independently (see Fig. 2). For each measurement zone we took 10,000 pairs of snap-shots
in order to obtain a sample sufficient for calculation of statistical characteristics.

For visualization of bubbles in the flow we used the plane fluorescence approach that was developed
earlier by a team of authors (see Dulin et al. [6]). The approach consists in supplying to the liquid a
fluorescence dye (in this work it was Rhodamine B, 90 μg/l). The laser sheet illuminates the chosen
flow section; the dye reradiates the absorbed light as a small-depth sheet (Fig. 1). Using the optical filter
that suppresses laser radiation the camera records only the dye radiation. Bubbles that are nearby and
behind the plane of the laser sheet reflect the fluorescent light, they form bright circles on the image (see
Fig. 3a). To measure the carrying liquid velocity, fluorescent tracers are supplied to the flow; at that, both
bubble patterns (bright circles) and tracer patterns (bright points) are simultaneously recorded on the
camera image.

CALCULATION OF THE VELOCITY OF CONTINUOUS
AND DISPERSED PHASES

The liquid velocity (tracer displacement) was calculated by the PIV method, the bubble velocity
was calculated by the PTV approach. In this work we used an iteration algorithm for calculating
velocity fields of the continuous phase with continuous displacement of the interrogation areas and 50%
overlapping between them, and then applied data validation procedures. Validation of the calculated
liquid velocity vectors is necessary for finding and removing from statistical calculations the “invalid”
vectors caused by non-transparency of the flow as result of bubbles in front of the camera (in Fig. 3a
they are seen as blurred regions). Sequential application of the signal-to-noise criterion and the adaptive
median filter [23] has appeared to be most efficient. The subpixel interpolation of the cross-correlation
peak was done by three points with the use of one-dimensional approximation by the Gauss function. In
order to have a large dynamic range, the size of the initial interrogation area was 64 × 64 pixels. At that,
the dynamic range was 160:1 (see also [2], which follows from the minimal value of determined velocity
of 0.1 pixel for the given subpixel interpolation and from the maximal determined displacement of tracers
of 64/4 = 16 pixels. The size of the finite interrogation area was 32 × 32 pixels in order to ensure a low
noise level. With the used 5× 5 b-spline interpolation method for the artificially obtained image the error
was 0.02 pixel [20], and it is expected that it will not exceed 0.1 pixel for the real image [16]. Thus, the
measurement velocity error will be 1 and 4% with tracers displaced by 8 and 2 pixels, respectively.

Fig. 4. A general layout of the correlation algorithm for bubble identification on the images obtained by the PFBI
method.

JOURNAL OF ENGINEERING THERMOPHYSICS Vol. 24 No. 2 2015



EXPERIMENTAL INVESTIGATION OF TURBULENCE MODIFICATION 105

The particle tracking velocimetry (PTV) method consists in finding position of each individual particle
(a tracer, bubble, etc.) in two or more images corresponding to different time instants and obtained with
the flow illuminated by the laser sheet. In finding the position of a particle, an acceptable accuracy is
attained by approximation of its pattern by an analytical function, e.g., by the Gauss function for the
tracers. Then follows probabilistic correspondence of particle patterns on two or more images to the same
particle in the flow (e.g., [11]), after that the value of two velocity components and the particle position
in the measurement plane are determined. A significant advantage of the method is an extremely high
spatial resolution, comparable with tracer sizes (from 5 μm), which makes it convenient for investigation
of the near-wall flows, including the boundary layers. Owing to this advantage the PTV method has
become widely used in investigation of the multiphase flow velocity (including the shadowgraph method
that determines bubble positions and sizes). Limitations of the PTV method are a long calculation time,
a high level of invalid vectors that are difficult to eliminate later, a high noise level (compared to PIV),
and also the necessity of ensuring a rather low concentration of particles.

The PTV data processing procedure can be conventionally divided into the following steps: find
position of particles, find pairs of particles and calculate the displacement vector, and eliminate the invalid
vectors. The main problems inherent in the PTV method are problems concerned with identification of
shadowed and overlapped particle patterns, and also insufficient accuracy of determining the particle
center. The first problem leads to an increase in the number of invalid velocity vectors, which results
in an actual decrease of spatial resolution. Accuracy in determining the particle center position is of
extreme importance in calculation of highest statistic moments that are important for comprehensive
study of physical objects.

The bubbles on the images were identified by means of the correlation approach (see Akhmetbekov
et al. [1]), whose scheme is represented in Fig. 4. At first we calculate the field of correlations (Fig. 3b)
for the image (Fig. 3a) and for the preliminary generated mask. In that case, the mask had the form of a
2D Gaussian distribution shaped as a torus (Fig. 3c). Positions of the peaks on such a field correspond
to the positions of bubble centers. The bubble sizes are determined by means of masks of different sizes.

The gas phase velocity was calculated by tracking each individual particle. At that, for each bubble
on the first frame a pair is chosen on the second frame, and the corresponding candidates are selected
by the correlation similarity criterion. After determining the displacement vector of each bubble during
the time between the frames, it is subjected to correlation correction by the method of individual particle
correlation (IPC) (Theunissen et al. [19]). After the bubble identification procedure there followed spatial
averaging of the instantaneous void fraction in the flow. At the last processing step we calculated
combined statistics of the liquid velocity, bubble velocity, and local void fraction.

TURBULENT STRUCTURE OF FREE AND IMPINGING GAS-LIQUID JETS

Free Jet

Examples of spatial distributions of the mean local void fraction α = 〈χb〉, mean axial bubble velocity
Ub, mean phase slip velocity Ub − Ul, and mean-square deviation of bubble velocity fluctuations in the
radial direction 〈υ2

b 〉 are shown in Fig. 5. As is seen in Fig. 5b, the distribution of Ub is sufficiently
smooth, which evidences a good measurement accuracy of bubble velocity (i.e., a small peak-locking
error value), owing to using the IPC correction procedure in the PTV method. The difference of the mean
phase velocities in the axial direction Ub −Ul, as is seen in Fig. 5c, is positive in the jet core (primarily in
the immediate vicinity of the nozzle exit) and in the external region of the mixing layer where the velocity
of the liquid involved in the flow is rather low. It is interesting to note that for the entire investigated flow
region in the center of the mixing layer r/d ≈ 0.5 the difference of the mean phase velocity is close to zero.
The region of negative Ub − Ul (to −0.2U0) can be seen near the nozzle edge (r/d = 0.45, z/d < 0.2)
as a consequence of the effect of the low-pressure zone (detach zone) after the edge. In this region we
also observe the maximum average local gas fraction (α = 0.02 for r/d ≈ 0.5 and z/d ≈ 0.2). A similar
maximum was also observed by Roig et al. [14] after the separating plate of the 2D bubbly mixing layer.
As in [14], in this case, downstream the peak rapidly disappears and α becomes more uniform in the
transverse direction.

As a whole, for all investigated bubbly free jets the spatial distributions of Ub have turned out to be
quite similar to each other and similar to liquid phase velocity distributions of Ul. The main difference
was that the absolute values of Ub are somewhat greater (approximately by 5%) than those of Ul in the
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Fig. 5. Spatial distributions of (a) average local gas fraction, (b) mean axial bubble velocity, (c) the difference in the
mean axial velocity of bubbles and liquid, (d) mean-square deviation of bubble velocity fluctuations in the radial direction
for the free gas-liquid jet for β = 1.2%.

Fig. 6. Profiles of (a) the mean axial velocity of bubbles and liquid at the section z/d = 0.5 and (b) the radial component
of the turbulent kinetic energy in the liquid along r/d = 0.5 for the free gas-liquid jet. Every second experimental point
is shown.

region of the jet core and in the external region of the mixing layer as a result of the buoyancy force.
The effect of the bubbles on the mean liquid velocity distributions has turned out to be quite slight: the
increase in β led to an increase in the absolute values of Ul in the jet core, whereas the profile form did not
practically change. As an example, Fig. 6a shows profiles of the mean longitudinal velocity of bubbles
and carrying phase at the section z/d = 0.5 (the initial jet region). As we have already mentioned, for
r/d = 0.5 the difference in the mean velocity of two phases is close to zero. Therefore, it is assumed that
there is no turbulence generation in this region due to the vortex flow around the bubbles. Moreover, it
is seen that the mean liquid velocity distribution remained almost the same after bubble supply to the
flow (i.e., Ul in the case of β = 0% agrees well with Ul for β = 1.2%), therefore, the shear intensity has
remained on the previous level.

Contrary to the mean velocity distributions, the influence of the bubbles on the characteristics of
turbulent fluctuations was substantial. The spatial distributions of the radial component of the turbulent
kinetic energy in the liquid for different values of the volume gas fraction β are shown in Fig. 7. It is seen
that in the initial region of the mixing layer (but for z/d > 0.5) the values of 〈υ2

l 〉 decrease with increasing
β, whereas the position of maximum of 〈υ2

l 〉 shifts toward the nozzle. In the region of the nozzle edge
(for z/d < 0.5), vice versa, an increase in β leads to a more rapid growth of 〈υ2

l 〉 along the flow (see
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Fig. 7. Spatial distributions of the radial component of liquid turbulent kinetic energy for the free gas-liquid jet for
(a) β = 0%, (b) 1.2%, (c) 2.4%, and (d) 4.2%.

Fig. 8. Spatial distributions of joint correlations of liquid and gas phase velocity fluctuations in (a) radial and (b) axial
directions; (c) the third statistic moment of fluctuations of the local concentration and the axial liquid velocity
component in the free gas-liquid jet for β = 1.2%.

Fig. 6b). At the same time, in the far region of the jet, at the edge of the investigated region (z/d ∼ 4),
the influence of the gas phase on the absolute values of 〈υ2

l 〉 is slight.

For all values of the void fraction, just behind the nozzle edge we can observe exponential growth of
〈υ2

l 〉 with increasing z. The presence of bubbles in the flow leads to a more rapid growth of 〈υ2
l 〉 near the

nozzle (z/d < 0.15): the exponent grows almost three times after supplying the bubbles to the flow (e.g.,
the cases of β = 0 and β = 1.2%). However, as we have already mentioned, in the cases of β = 0 and
β = 1.2% there is practically no difference in the profile of Ul and, consequently, in the shear intensity.
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Fig. 9. Spatial distributions of the absolute mean velocity of (a) gas and (b) liquid phase, (c) the difference in the mean
axial phase velocities, (d) the mean-square deviation of the bubble velocity fluctuation in the radial direction for the
impinging gas-liquid jet for β = 1.2%.

Moreover, as was already noted, the value of Ub − Ul in the center of the mixing layer (r/d = 0.5) is
negligible up to the boundary of the measurement region. For this reason, the generation of turbulent
fluctuations behind the floating bubbles is slight and does not provide this considerable increase in the
exponent. In this work we have concluded that the increase in the index of growth of 〈υ2

l 〉 is primarily
caused by the impact of the fluctuating movement of bubbles at the nozzle exit. Analysis of the intensity
of turbulent fluctuations at the nozzle exit (z ≈ 0) shows a substantial increase of turbulent fluctuations
in the jet core after supplying the bubbles to the flow (from 4.4% to 6% of U0 as β varies from 0 to 1.2%),
which leads to a more intense instability development in the jet mixing layer.

Figure 5d shows a spatial distribution of the mean-square deviation of bubble velocity fluctuations in
the radial direction 〈υ2

b 〉 for the case of β = 1.2%. It is seen that the distribution of 〈υ2
b 〉 is similar to the

distribution of 〈υ2
l 〉 (compare Fig. 5d and Fig. 7b), thus, the greatest values of the velocity fluctuations of

bubbles as well as liquid are observed in the jet mixing layer. Moreover, in the initial region of the jet 〈υ2
b 〉

similarly to 〈υ2
l 〉 has a maximum 0.027U2

0 near r/d = 0.5 and z/d ≈ 0.6. At that, from Fig. 8b, which
represents the distribution of correlations between the fluctuations of the radial velocity of liquid and gas
phases 〈υlυb〉, we can conclude that the correlation between the fluctuations of both phases reaches 50%
(as for the velocity fluctuations in the axial direction, see the distribution of 〈ulub〉 in Fig. 8a). Thus, the
fluctuating bubble motion is almost completely caused by the turbulent fluctuations in the liquid phase
due to the properties of the flow (the presence of the mixing layer).
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Fig. 10. Spatial distributions of the radial component of the liquid turbulent kinetic energy for the impinging gas-liquid
jet for (a) β = 0%, (b) 1.2%, (c) 2.4%, and (d) 4.2%.

As an example, Fig. 8c illustrates the third statistic moment corresponding to the correlation
between the local gas fraction fluctuation (since χ′

b = −χ′
l) and the axial liquid velocity fluctuations.

Generally speaking, this value corresponds to the difference between the phase-averaged kinetic energy
component and the ensemble-averaged one, i.e., 〈χlu

2
l 〉 − 〈χl〉〈u2

l 〉. As a whole, this difference is very
small compared to the absolute value of the turbulent kinetic energy component because the local liquid
content 〈χl〉 = (1 − α) decreases only to a value of 0.99 in the jet core.

Impinging Jet

Figures 9a and 9b show spatial absolute velocity distributions for both phases of the impinging gas-
liquid jet at β = 1.2%. In the initial region of the jet (near the nozzle) the distributions are similar
to distributions in the free jet. For instance, the difference of the mean phase velocities in the region
z/d < 1.5 (see. Fig. 9c) agrees quite well with the case of the free jet, however, in the region of the critical
point (z/d = 3, r/d = 0) we observe a substantial impact of the obstacle on the velocity difference (see
Fig. 9c). As we may suppose, due to the increasing mean pressure as the flow approaches the solid
surface in the region z/d > 2.5, the Ub decreases much more rapidly than the Ul. At the same time, the
mean pressure gradient in the radial direction accelerates the bubbles much more rapidly than the liquid
due to the difference of densities of the carrying and dispersed phases.
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Fig. 11. Spatial distributions of the axial component of liquid turbulent kinetic energy for the impinging gas-liquid jet
for (a) β = 0%, (b) 1.2%, (c) 2.4%, and (d) 4.2%.

The spatial distributions for the radial turbulent kinetic energy component 〈υ2
l 〉 in the liquid are shown

in Fig. 10 for the impinging gas-liquid jet for different gas saturation values β. Near the nozzle, the effect
of bubbles on the properties of the turbulent fluctuations in the liquid is almost similar to the case of
the free jet described above. The profiles of 〈υ2

l 〉 along the mixing layer (r/d = 0.5) for different β almost
absolutely coincided with the free jet distributions (see Fig. 6b), so they are not shown.

As for the free gas-liquid jet, the mean-square deviation of bubble velocity fluctuations in the radial
direction 〈υ2

b 〉 for the impinging jet at β = 1.2% quite well agrees with the distribution for the radial
turbulent kinetic energy component in the liquid (compare Figs. 9d and 10b). The exception is the critical
point region where the difference of phase velocities is considerable. In this region, the intensity of the
bubble velocity fluctuations is much higher than that of the liquid velocity fluctuations (see r/d = 0.5
and z/d = 2.7). It is seen that downstream (for r/d > 1.5) the difference in the values of 〈υ2

l 〉 and 〈υ2
b 〉

becomes much less.
The spatial distributions of the axial turbulent kinetic energy component 〈u2

l 〉 for the impinging gas-
liquid jet, shown in Fig. 11 for varying β, as well as the distributions of 〈υ2

l 〉 demonstrate suppression of
the liquid turbulent fluctuations in the initial jet region (in the region z/d > 0.5) as the gas saturation
grows, which agrees with the case of the free jet. As Fig. 10 shows, in the vicinity of the impingement
surface, vice versa, bubble supply to the flow leads to a considerable increase of turbulent fluctuations.
For the two-phase jet, at β = 1.2% the distribution of 〈υ2

l 〉 has a maximum 0.036U2
0 at the point

z/d = 2.9, r/d = 1.9, whereas for the case of β = 4.2% the maximum 0.09U2
0 is in the region of

r/d = 0.67. Also in the vicinity of the surface for r/d > 1 we can observe a considerable increase in
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Fig. 12. Spatial distributions of the coefficient of skewness of the axial liquid velocity fluctuations in the impinging jet
for (a) β = 0% and (b) 4.2%.

values of 〈υ2
l 〉 with growing β. Concerning the increase in the axial turbulent kinetic energy component

〈u2
l 〉, it takes place only in the vicinity of the critical point (2.5 < z/d < 3 and 0 < r/d < 1). We may

conclude that the substantial difference in the velocities of bubbles and liquid due to the high pressure
in the critical point region is the cause of turbulence generation in the near-wall region of the impinging
jet.

Analyzing the distribution of the skewness coefficient of the axial liquid velocity fluctuations
〈u3

l 〉/〈u2
l 〉3/2, shown in Fig. 12b for β = 4.2%, we can conclude that in this region (r/d < 1.0) the

turbulent liquid velocity fluctuations are substantially asymmetric, which may be interpreted as an
indicator of formation of large-scale vortices. Thus, the large values of 〈υ2

l 〉 and 〈u2
l 〉 in the vicinity

of the critical point are caused by turbulence generation by bubbles in the region of high pressure due
to the more rapidly decreasing bubble velocity, whereas the large values of 〈υ2

l 〉 along the surface are a
result of the rapidly increasing bubble velocity in the radial direction.

CONCLUSIONS

Application of advanced optical methods has made it possible to simultaneously measure instanta-
neous spatial velocity distributions of the both phases and the local gas fraction, which were the basis for
calculating such statistic characteristics as single-point correlations of velocity fluctuations of different
phases and the local gas fraction. It has been shown that additional bubble supply to the flow does not
change significantly the distribution of mean liquid velocity, whereas the turbulence characteristics of the
flow change appreciably. Near the nozzle exit, intensity of growth of turbulent fluctuations increases with
additional supply of bubbles into the flow, whereas downstream (z/d > 0.3) the bubbles concentrated
in large-scale vortex structures lead to increasing vortex sizes and decreasing turbulent fluctuation
intensity (up to z/d < 3.5), compared to the case of a single-phase jet. For the jet impinging on the
obstacle the influence of the gas phase in the vicinity of the nozzle is similar to the case of a free flow,
however, nearby the solid surface the presence of bubbles leads to substantially increasing turbulent
fluctuations of liquid. The mechanism of turbulence generation corresponds to a vorticial flowing around
the bubbles due to substantial difference of velocities of continuous and dispersed phases in the region
of the critical point. The great difference in the phase velocities is a result of the influence of the high-
pressure region where due to the buoyancy force the bubble velocity decreases more rapidly in the axial
direction, but increases in the radial direction.
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