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ABSTRACT

An experimental investigation of the study for pulsed particle visualization of micro tracers using the
PIV technique was conducted. The purpose of the study was to obtain the velocity distribution in
straight and turns of the pipeline and influence of different geometries of the inserts (swirlers) on the
cause of the pressure gradient on the outer and inner walls of the parts. The visualization of fluid flow
consisting tracer particles was determined. In order to study the flow pattern a design of passive devices
was performed and put into experimentation to investigate the flow field. The PIV-technique and
equipment allow the analytical study of the microstructure for hydrodynamic fluid flow and the
measurement of piping vibration after passing through the passive damper. It was found that the use of
the improved devices leads to the reduction of piping vibration at 25-50%. It was possible to figure out
the velocity distribution pattern as well as the visualization of the swirling of the fluid flow based on
PIV technique.

Keywords: PIV methodology, pressure gradient, velocity distribution, single phase flow, piping
vibration.

1 INTRODUCTION
In this study, we investigate a liquid flow with micro tracers in order to understand the study
of motion and turbulence of the flow through a vertical pipe. The flow with turbulence along
with the orientation of tracer particles and their inter connection with the liquid generates
a complex behaviour consisting the function Reynolds number(R.), particle Reynolds
number (Rep) and Stokes number (S;), particle/fluid density ratio (py/pr), flow orientation,
and solid phase volumetric concentration (¢.). With the addition of passive inserts of different
geometrical shapes this system shows different gesture of the flow pattern. Particles bear
substantial consequences on the transport properties of the mixture for turbulent fluid flow
[1]. Among all, slug flow is on the top for its large number of practicable uses. Different
power plants possess this kind of flow in vapour-liquid absorbers, vapour generators,
reboilers, buoyancy-driven fermenters and vaporizers. The same kind of flow is also
recognized in emergency core cooling of nuclear power stations, Oil extraction process,
hydrocarbon transfer system in a pipe and in thermal power stations [2]. Kussin and
Sommerfield [3] sorted out particle turbulence intensities for particulate gas flow in
horizontal pipeline and pointed that the wall roughness had a defective impact on the
turbulence intensity of the particle. In case of thermal and nuclear power stations the
operation system of comparative equipment is somehow associated with the reduction of
vibration level in the pipeline. Excessive vibration in the pipeline due to two phase flow
increases the cost of the sustainment, demeans the liableness of the energy system, and also
causes serious fatigue failure of metal due to the depressurization of the coolant flow [4]. By
changing in the different geometrical shapes of passive inserts it is possible to bring down
the vibration level and other hydrodynamic problems in a certain amount [5]. Two phase flow
research can bring forth new solutions and facilities in case of fluid dynamics and equipment
design basis. It is somehow not possible to eliminate all the problems at a time but it will

WIT Transactions on Ecology and The Environment, Vol 224, © 2017 WIT Press
www.witpress.com, ISSN 1746-448X (on-line)
doi:10.2495/ESUS170521



566 Energy and Sustainability VI

generate new ways to solution of multi problems due to flow pulsations [6]. Kameyama et
al. [7] implemented PIV system to obtain results for turbulent variations of water and glass
beads in bth direction downword and upword pipe flow for renoylds number 19500. From
the study of Suzuki et al. [8] it was noted that the particle and the carrier phase turbulence
for 0.4mm ceramic beads and water in downward channel flow at Re=7500 using 3D-PTV.
To get further insight into the underlying flow physics, the velocity field is decomposed into
the mean flow, the wave-induced flow, and the turbulent fluctuations [9].

2 THEORETICAL APPROACH TO VORTEX INSERTS
Determination of the twist intensity, the kinetic energy ratio of the whirling part of the flow
and the energy of the translational (axial) flow can be represented as follows:

= (tg)*nf/Fo; tg@ =Uy/Uo, )

where n — is the number of swirl grooves; f and FO — are the values of the total cross-sectional
area of the grooves and the cylindrical channel; Ug and Uy — are the tangential and axial flow
velocities. Darcy-Weisbach equation leads a solution to the hydrodynamic features of the
vortex inserts for single phase flow from pressure drop measurements:

§=2(d/L) (Ap/pUc?), 2

where £ — is the coefficient of hydraulic resistance (CHR) of the insert; d and L - are the
hydraulic diameter and length of the insert.

3 EXPERIMENTAL SET-UP AND MEASURING TECHNIQUE

To carry on the experiment, we set up an arrangement of closed pipeline system conjoined
a circulation pump. This closed circulating flow scheme consists of four sections: a horizontal
section with transition to the ascending vertical line, the same as a vertical ascending with
a transition to horizontal, a horizontal with transition to the descending vertical and a vertical
lowering with transition to horizontal component. The circulation speed is adjustable from
2 to 6 m/s. In an experimental section of the PIV experiments were conducted within the
transparent Plexiglas pipe of internal diameter D=45mm. The pipe consisted of smooth
grooved passive inserts of length L=30 cm, diameter d=45mm and number of grooves
n=18. The pipe also comprised of adjacent sections connected by annular joints of stiff
tightness. All joints were firmly attached by collars to vertical and horizontal beams that held
up the entire structure. In order to pursue the research, we managed to build up an
experimental structure to allow the fluid flow with some micro tracers and we were able to
set a PIV experimental arrangement (Fig. 1).

After a number of tests, the study provides a clear anticipation of design improvement and
probable suitability in the reduction of piping vibration [10]. Most importantly, this device
has low hydraulic resistance and has the availability to adjust as series connection with
pipeline. Within a transparent Plexiglas sections the investigation of swirling effect of the
fluid was accomplished [11]. Fig. 2 shows vortex inserts with correctional grooves depiction.
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Figure 1: Representation of PIV components around the experimental section.

(b)

Figure 2: (a) Model scheme of designed passive insert; (b) Cross-section of vortex insert and
grooves depiction-1 the workpiece, 2 the mold.
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4 UTILIZATION OF PASSIVE INSERTS USING THE PIV METHODOLOGY

The experimental stand was equipped with a laser installation and a receiving camera. For
better experimentation, we introduced a very useful visualization technique with combination
of high resolution image processing unit called PIV (Particle Image Velocimetry)
methodology. In order to record hydrodynamic fluctuations in the liquid flow, micro tracers
(plastic powder) with a particle diameter of 90 um were introduced in the circulating piping
system. This process appropriated to evaluate the particle velocity field up to 2—5 pm / vector
associated with liquid flow within the submillimetre range. The visualization of velocity
measurement by the computerized image processing system is shown in Fig. 3.

In the investigated section of the stand with inserts-swirlers, the change in flow structure
and vibration of the pipeline (vibration displacement, vibration velocity, vibration
acceleration) can be measured. Fig. 3(a) shows the visual vector representation influenced by
the impact of roughly grooved external passive insert of same size and same number of
groves as used for Fig. 3(b) within the same scale. This vector orientation indicates abrupt
and unsteady motion of tracer particles. On the contrary, the Fig. 3(b) clarifies comparatively
uniform swirling flow as in this case smooth passive device has been used. This is how PIV
methodology leads to an improvement for the passive insert design. The stand allows to
investigate the influence of swirlers on a single-phase flow (water or air), as well as on
two-phase flow. The task of reducing the vibration of pipelines is of paramount importance
for improving the reliability of equipment and the safety of energy facilities. Some fluid flow
parameters comprising velocity derivative, particular distributions of instantaneous flow
velocity and complete measurement of statistical aspects can be experimented using “Polis”
system [12]. Along with the experimental arrangement we put into action a High Powered
Martin Magnum 1800 tracer device. The installation ensures the pertinence of acquired
outcome of fluid flow study within the range 10*-10° reynolds number [13], [14]. The PIV
system “Polis” improved at the Thermos Physics SB RAS ascertains the measurement of
velocity fields in the model experimental section [15], [16]. From the synchronized image
processing unit it was able to figure out velocity vector visualization for single phase flow
within the experimental section.
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Figure 3:  (a) Velocity measurement within pipeline for rough grooved insert; (b) Visual
image for fluid flow swirling of single phase flow through smooth grooved
passive insert.
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5 CONCLUSION

The decrease in vibrational shift of pipelines was secured by the design and installation of
external passive device. A very signified experimental orientation for PIV technology was
assembled combined with camera of high resolving power to track the particle used for the

test.

The system of optical measurement of hydrodynamic features of the coolant flow

(PIV-method) assured to obtain the velocity distributions in rectilinear and different turning
parts of the pipeline. The test shows a substantial difference of visualization for smooth and
rough grooved passive devices. The designed vortex insertion devices reduce the vibration
displacement within a significant number of level.
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