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Abstract: An advanced particle-tracking and flow- visualization technology of particle image
velocimetry (PIV). was utilized 1o mvestigate the tramsparent fluid [léw in pipe elbow. The
laser-based PIV system was used together with a settling column o capture the frames
around the etbow. The results show that PIV is a powerful flow visualization technigue
capable of determining the intensity of Now and velocity vectors, For the characlerization of
turbulent flows 1t 15 often required to measure both, the temparal behaviour of the velocity
flucruations along with their speciral contents and the spatial flow structure. The varous
velocities were measured vis-a-viz 1.5, 2.0 and 2.5 m/s respectively. The results showed that
as the velocily mcreases, the turbulent intensity increases. It was also observed that the values
of mitre bend produced were significantly higher than the values of smooth bend and all the
regions marked “E” of both elbows were the areas that produce more vortices. It becomes
possible to measure other relevant quantities reguired for the understanding of turbulent flows
such as the complete velocity and other parameters for example,
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INTRODUCTION =

Turbulent fow fields have been subject of experimental investigations for many decades.
For example, the first systemanc analysis of the coherent near wall structures in a turbulent
houndary layer has been performed by mcans of qualiative flow viswalization rechniques
employing tracers such as smoke inan Hows or dyes in water flows (1), The recording of the
visualization images by means of video camcras, their storage in analogy format on video
tape and cspecially the recently possible storage in digital format i the memary of a
computer and the slow motion obscrvation of the images after the expenment allowed
detailed analysis of the spatial structures in turbulent flow fields. By means of technological
progress in video and computer technique such qualitative information, stored as images in
two-dimensional (2D) format, became easily available at low costs for turbulence rescarch.
The tempoml resolution is typically that of the standard video technique (i.c. 25 fo 30 frames
per seeond). However, as the qualitative Visualization' approach basically marks the
streamlmes of the flow, the mterpretation is quite difficult as shown by Hama (1962).
Morcover, details about the amplitnde, wavelenath and orientation of the structures can
hardly be estumated [1].

There is limited information in the literature sbout the experimental Tow chameterization
studies of pipe in elbows. In a recent paper, rescarch to mvestigated the flow of i pipe in wo-
dimensionally (21)) by Particle Tmage Velocimetry (PTV) measurements was carried out 121



Ome of the most widespread and economically important rbulent flow gecometries,
where the fluid mechanics'is not entirely vnderstood, is the accelerative Mow from a large
cross-section via an abrupt or angular cntry into a smaller cross-section. Circular and sl
cross sections are of particular interest. Such flows are commonly referred 1o as entry flows
[3]. Not only is an understanding of entry flows essential [ur ellicient design of flow systems,
Dut such flows are of extreme imporiance in processing industrics, in the measurement ol
fundamental flow properues of materials, and more recently. for numencal simulation
methods due to widespread use ol the pipe in elbows flow as a test problem. The fow ol a
flurd from a reservoir through the entrance region of a lube of circular cross-section 15 also
encountered in fibre spinning, lubular heat exchangers and capallary-fube velocimetry 7]
From the late 1960s until now there has been a wradual development of sophisticated
numerical techuiques and a virmal revolution in digital computation to such an extent that
numerical solutions lor the entry flow prablem hounded by a region of [ully developed flow
upstream can be accomplished withoul any assumptions in the gdveming differential
cquations. Similar o developments in computational technigues, measurement methods for
flow visualization bave shown considerable advancement n recen! decades. An extensive
review of Particle
Imaging Technigues for experimental fuid mechanics is piven (Angeli P, et al, 1998). In this
paper, PIV was used for modes ol operation and experimental of PTV are wiven in detail.
Velocity measurements In processing flows may provide the most direct method of
determining conditions under which the flow becomes unstable, how elficiently materials are
being mixed. where dead zones are occurming that may lead to heat or mass transfer problems
especially in the clbows [4].

The ratio ol the diameter of the large tube o that of the smafler ube was vaned from 1 1o
8. They presented velocity proliles, entrance Iengths and equivalent lengths Lo be accurately
and conveniently used for the design of equipment and analysis of Newroman flow data [S].
Their photographs of the Mow field through the bends at high Reynolds numbers clearly
showed the presence of a stationary vortex on the upstream side of the bend when axial
diffusion of momentum is significant. They also tound that the stationary vortex is absent at
higher Reynolds numbers when the effect of axial diffusion oFmomentum can be neglected
[6]. Contrary to the previous studies for Newtoman fluids, Patticle Image Velocimetry, t©
study the fluid flow in a pipe elbow. Howcver, from the results obtained as the velocity
increases, the flow mrensity increases. The results were presented detals of flow fields of
velocity vector maps, average velocity and vorticity contours as well as velocity profiles for
different Reynolds number vahies.

EXPERIMENTAL SET-UP

The experiments were performed in a transparent elbows pipe schematic diagram 1s shown
in Figurc 1. In the test scction, the calibrations were done in the elbows for the smooth
running of the experimental. The clbows were transparent pipe which have the following
dimensions: a length of 250 mm. width of 200 mm and thickness of 3 mm. The water was
used as the test fluid in the test section. The water is transparent, chemically and thermally
stable. These characteristics made it ideal for How obscrvation and visuahisation at good room
temperature,

The fluid flow velocitics of both mitres and smooth efbows were 1.5, 2.0, and 2.5 m/s, in
ather word 46, 60, and 73 LPM respectively. The fluid is pumped through the test section
from the tank which flow through 25 mm PVC pipe with the flow meter attached to the pipe
which was used to changes the Reynolds number with respect to velocily of the water.



Fig, I: Schematic view ol the experimental set-up

The length of the entrance length of fest section is kept long cnough o provide fully
developed flow conditions, This aveids the transpont of any deformation history of the fluid
into the test section due W entrance length connections {elbow, valves, etc.). A schematic of
the 1est section including the orientation of laser beam, compulter and camera arc shown at the
side section of figure | together with the coordinate system. A laser sheet with a thickness of
less than 1.5 mm was generated to illuminate the particles i the view of plane, In order to
senerate this laser sheet thickness, the laser was senl through a cylindrcal lens with an
cffeetive focal length EFL = —15 mm followed by a spherical lens which had an EFL.= 1000
mm. The fow was illuminated with rwo Nd:Yag pulsed lasers (532 nm) mounted with a
single casing and operating nominally at 120 mJ/pulse. The camera was equipped with a 55
mm focal length lens. Dantee flow grabber digital PIV sollware eanploying [rame-lo frame
cross-cotrelation technigue was employed to calculate the raw displacement vector ficld from
the particle image velocity data.

Particle Image Velocimewy is a noninlrusive measurement lechnique uscd o
simultancously determine the velocities at many points in a fuid flow [6]. The technigue
involves sceding the flow [feld, illuminating the region under mvestigation and capruning
velocity images ol that region in rapid succession. From the displacement of the tracer
particles, a velocity vector map can be calculated in the How ficld provided that the time
interval between tmage captures is known.

Images were received from CCD camera that has a resolution of 1008 pixels * 1016 pixels
at a rate of 20 frames per second. The image was recorded on a CDD amay. A Frame Grabher
in the computer reads the camera image from CCI camera and stores it as the digital image
lile format (T1FF) in the RAM. These digitsl images were processed and analysed using the
tlowmap soltware. During cach continuous ron. a total of 300 images were taken. In order o
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cnsure high spatial resolunon, mage magnification was 1:1.12 for all experiments, which
yiclded an cffective gad size of 1.05 mm * 105 mm in the physical planc of the laser sheet
cosresponding to 62 ¥ 62 veloeity veetors,

RESULTS AND DISCUSSION

To compare fluid flow in smooth and mite¢ clbows for the PIV measurements applied to
Warter flow systems, exira care was Laken 1o ensure that the measurements are obtained and
evaluated the results. So-also, it s very imporiant to acquire sufficient number of statistically
independent samples in order (o evaluate turbulence itensity statistics. In this study, the PIV
system was used 1o colleet more than 300 samples per point producing good results of
velocity vectors at each coordinates. In onder to obtain the velocity vectors results each clbow
was divided 10 to six points A 10 E as shown i figure 2 respectively, ‘Then, a table was
superimpused on each [rame oblaimed from PIV flow manager sofiwane.
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Fig. 2: The cibow with various points of experimental analysis

The figures below presented the PIV experimental results of velocity vector analysis along
y-axis.



The inner diameter of smooth

elbow of 1.5 m/s

20
A B {5
10
Velocity 0 . ‘ &
{m/s) !z “
g 0 : 20

f 20

(Length {m/s)

The inner diameter of smooth elbow of 2.5
my/s

20 A B fc
IOW"\FM
i e e
20

Velocity
(m/s}

The inner diameler of smooth

elbow of 2.0 m/s
=2 A5 R
10
(m/s
10 ° 20,
-ZU g
{Length [m/s)

(Length (m/s)

Fig.3: The velocity veetor along inner diameter of the smooth elbows with various velocitics

In figure 3 above, pomnt A's have the maximum velocity veetors of 10,4, 10,10 and 11.5 m/s.

The point B's have the maximum reverse velocity veetors of -9.8, -10.4 and -10.8 m/s. While
point C’s have the maximum velocity vectors of 9.5, 9.11 and 10.3 mv's respectively.
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Fig 4: The velocity vector along outer diameter of the smooth elhows with various velocitics

In figure 4 abave: regions marked “D7 have the maxinmm velocity vectors of 10.8, 11.3 and
11,10 m/s. The regions marked “F™ have priuces more vortices with the maximum reverse
velocity vectors of -10.7, -11.3 and -11.8 nvs. While, regions marked “T7 bas the maximum
velocity vectors of 9.6, 9.11 and 10.0 m/s.
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Fig.5: The velocity vector along inner diameter of the mitre elbows with various velocities

In figure 5. the regions marked “A” point A’s have the maximum velocity vectors of 10.11,
11.5 and 12.7 m’s. The regions marked “B™ have the maximum reverse velocity vectors of -10.11.
-11.1 1 and -12.7 nv/'s. While, the regions marked “"C™ have the maximum velocity vectors of 9.11,
10.7 and 11.2 m/s.
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Fig.6: The velocity vector of outer diameter of the mitre elbows with vanous velocities

Finally. from figure 6. the regions marked “D7 have the maximum velocity vectors of 11.8,
123 and 12.5 mvs. The regions marked “E” produces more vortices and with the maximum
reverse velocity veetors of -11.9,-12.5 and -12.10 m/s. While. the regions marked “F™ have the
maximum velocity vectors of 10.9, 11,5 and 11.9 mis respectively.

The PIV, measwements of a transparent pipe clbows along honzontal axis (y-axis) were
smdied, and the vortex structures were also sludied in both inner and out layer. In these results of
PIV from fgures 3 to 6. it was observed that the valucs of mitre hend produced were significantly
higher than the values of smooth bend, so also. all the regions marked “E” which the outer
dizmeters of both elbows were the areas that produces more vorfices as results of turbulent
intensity. sccondary flow and cddics, Hence, the regions marked “B” which are inner diameters
also produces vortices but not as much as that of the regions marked “E” which is outer diameter.
Su also, the vortices along y- axis in the turbulent shear layer continuously repeat the form merge
split- disappear process. Multiple vortices in the mstantaneous flow field occur at the same tume.
amd the size and shape of the vortices change continuously. Above all, the present research is in
agreement with the conclusion drawn by [5-6] where used air as flow medium, They reported that
the areas where fow separation takes place, the wall mass transfer gets more connected with
turbulence intensity rather than surface shear stress and the mechanism that riggers such a motion
is fully understood [7].

Nevertheless, the present research has revealed that as indicated in the regions marked “B™
and “E". This is as result of favourabic pressure gradient m the stream wise direction, these are
the arcas where there 1s seconidary flow, twrbulent Kinetic energy and more cddies. So also. the
low velocity area on the nner wall side of flow separation develops specifically are the regions
marked “C” and “F”



CONCLUSIONS

The PIV measurcments of a ransparent pipe clbows along honzonal axis were made, and the
vortex structures are studied. According to PIV amalyws. from figure 3 10 6, 1t was observed that the
values of mitre bend produced were significantly higher than the values of smooth bend and all
the regions murked “E” of both elbows were the areas that produces vortices as results of
turbulent kinetic energy, secondary flow and eddies. Meanwhile, the regions marked “B” also
produces litlle vortices. So also. the vorlex in a y- axis in the turbulent shear layer continuously
repeats the form merge split- disappear process. Mulliple vortices i the instantaneous flow field
occur at the same time, and the size and shape of the vortices change continuously.
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