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ABSTRACT

Appropriate flow seeding is particularly criticalttvin the particle image velocimetry (P1V) techngthat indirectly
measures the displacement from the particle vgiae#tead of fluid velocity. Particles that follawe flow accordingly
and scatter enough light must be used in ordebtaim accurate velocity field of the flow. Therefpparticles should
be as small as possible in order to ensure goc#itig of the fluid motion and they should not be small, since they
will not scatter enough light. The microparticleencbe obtained from approximately 20 nm to arou@du® in a
controlled manner with ability increasing theirHigscattering behavior by fluorescein imbeddingtet they gain the
light scattering property.

Alginate micropatrticles as flow seeding fulfill &le requirements that are recommended for theciglmeasurements
in PIV. These spherical microparticles offer thevamtage of being environmentally friendly, excelleseeding
properties and very simple production ability. Theey be obtained as small as possible while intrgass scattering
behavior by adding fluorescein into them. Addititywathey can be perfectly used as flow seedingas and several
liquid flows with matching densities.

INTRODUCTION

Micro and nanoparticles are used in wide rangdat fanalysis of the particle image velocimetry (PRBpplications

like single-phase liquid flows, industrial largeate flows, near-wall flows, turbulent flows, in ba-machinery flow

and complex flow systems [1]. Descriptions and abtaristics of seeding particles can be found aliierature [2].

Selection process of the particles comprises & asithe velocity measurements in PIV. These glagishould be as
small as possible in order to ensure good trackingpe fluid motion. On the other hand, they may be too small,

since they will not scatter enough light. Partidlest follow the flow accordingly and scatter enbuight must be used
in order to obtain accurate velocity field of thew.

When applying the PIV technique to measure the fl@ocity, the area interest containing the fluitldhe seeding
particles is illuminated at least twice within aoghinterval by means of a laser in a plane offthe. It is assumed that
tracer particles move with the local fluid velocligtween the two illuminations. The light scattebgdthe particles is
recorded on a single frame or on a sequence okgairhe displacement of the particle images betweefight pulses
is then determined through evaluation of the Plsbrdings. The technique indirectly measures thplatement from
the particle velocity which is determined instedduid velocity. Therefore, fluid mechanical praties of the particles
have to be checked in order to avoid significanbisistencies between fluid and particle motion [3]

The most commonly used seeding particles for Piéstigations of liquid flows are polystyrene, alaonin, glass
spheres as solid seeding, different types of dilsflaid seeding and oxygen bubbles as gaseousnsgeld, 3].
Resulting particle image intensity is directly poofional to the scattered light power. Thereforés more effective and
economical to increase the image intensity by pigmhoosing the scattering particles than by iasieg the power of
the laser. The scattered light by small partictes function of the ration of the refractive indehthe particles to that of
the surrounding medium, the particle’s size, ttskiape and orientation. There is a tendency forsttatered light
intensity to increase with increasing particle diden. However, increasing the size of the partielisaffect tracking
of the fluid motion. Moreover, difficulties arisa providing high quality seeding in gas flows comguhto applications
in liquid flows. The most commonly used seedingtipkas for PIV investigations of gaseous flows amystyrene,
aluminum, magnesium, glass micro-balloons as s#ieding and different oils as liquid seeding [Zjefiefore, it is
clear that a compromise to use seeding particleschiae found for liquid and gaseous flows.

Alginate is the most popular material that is uB®dpreparation of gel beads among the wide rangtemnals [4, 5]. It
is a natural, non-toxic polysaccharide found insakcies of brown algae [6]. Chemically alginata Igear 1, 4 linked
copolymer of B-D-mannuronic acid (M) and:-L-guluronic acid (G). Alginates are widely used time food and



pharmaceutical industries and have been employednaatrix for the entrapment of drugs [7], macrogcales [8, 9]
and biological cells [10, 11].

Alginate microspheres are generally prepared by &ternative methods; (i) by dropping aqueous algininto a
solution of calcium salt [12, 13] or (ii) by emdlsation method under gentle stirring [14, 15]. Tiperticles that are
produced by (i) are generally larger (more thanri im diameter) and the attempts to obtain smakdetigles requires
special device that can have the disadvantageeditih cost and possible clogging [16]. The (ii)tinogl has recently
been extended to the field of nanotechnology. Erpemtal evidence shows that alginate nanopartibkese been
successfully prepared using this method by creatingdeal conditions for the formulation [17]. Sefiermulation and
process parameters have been adjusted to produaéeisiparticles. The emulsification/internal gedati procedure
provides an appropriate way to produce the algindteospheres with a preferable diameter sizes:agntent within

alginate spheres is considered as safe and simgptens with good mechanical stability [18]. By catling the

experimental conditions, size can be easily coletridrom a few nanometers to millimeters in diam¢§i®]. In internal

gelation, calcium ions are homogeneously distrigbuethe alginate solution, thus diffusion of pnagainto the pre-gel
droplets induce gelation starting at the surfadgng rise to homogenous droplets [20]. Also, the Ishear involved in
internal gelation protects fragile encapsulantg.[Rlladdition, since toxic reagents and solvenésrat used, biological
and food applications may also be considered. meithod permits the efficient production of largeqtities of small
and controlled diameter alginate micro- and naniges. The alginate microparticles that are preduby this method
are more porous than externally gelled particlésgs Bituation is usually considered a disadvantigmending on the
application. It can serve as an advantage withPthé system due to the nature of PIV requiring ld&&erence in

matching fluid-particle densities.

In the present study, alginate micro and nanopestibave been developed and characterized as alt@wative of

conventional seeding particles for the velocity sueraments in PIV. Two PIV applications, water tigl@a gear pump
system and air through a computer fan, have berdutted to check the performance characteristicheoparticles.

Developed particles offer the advantages of bemgrenmentally friendly, excellent flow seeding alight scattering

abilities. They ensure good tracking of the fluidtian in both liquid and gas flow measurements. Withey are used
in liquid, there is not too much difference in ttensity between the fluid and the particles thatoksheir porous

structure that easily absorb the analyzing fluicdr&bver, the microparticles can be obtained fropr@amately 20 nm

to around 5Qum in a controlled manner with ability increasingithscattering behavior by imbedding fluoresceito in
them so that they gain the light scattering propert

Alginate gel micro and nanoparticles are prepasethe emulsification/internal gelation method a@gpfrom previous
reports [22, 23, 24, 25] for encapsulation of thetiples. In order to obtain smaller particles,itglly d < 10um, a tip

ultrasonicator is used. This is possible due to furenation of the water-in-oil type emulsion, whedeoplets are
stabilized by the use of surfactants. For the @rpents that are conducted with green Nd-Yag laber particles are
prepared by adding fluorescein into aqueous saiufio this way, alginate particles that encapsdldleorescein are
formed with the same procedure as mentioned above.

RESULTSAND DISCUSSION
Characterization

To characterize the alginate particles the transioniselectron microscopy (TEM), environmental séagrelectron
microscopy (ESEM) and confocal laser electron nsicopy techniques have been used. The diametero§itdee
microparticles is increased when they are in treyaing fluid due to the porous property of thetigdaes. Figure 1a)
shows TEM results of the dry and partially dry naaticles. Some of the microparticles have appeacsdpletely
black and the rest of them had black circles wittitevzone inside. The black ones refer to the rpiarticles that are
partially wet. The diameter size of the dried mpadicles has been obtained approximately 20 nnis $lze is
changing when the microparticles are in liquid. &ese of their porous structure, they absorb thedidrhis leads to
increase the diameter size of the microparticlemnf6 um up to 35um depending on the absorbed liquid. Figure 1b)
shows TEM results of alginate microparticles thetéhnabsorbed the liquid. The diameter size of tleeaparticles has
been reached to 19.18n. TEM results are not definite results in ordewéoify the explanation of microparticles how
are changing in diameter size. From the TEM images, can state that this is only a confirmation whba
microparticles are in liquid; they absorb large amtoof liquid with an extensive area.



a) ' b)

Figurel a) TEM results of dry alginate nanoparticles in 200suale b) TEM results of wet alginate microparticles
in 5000 nm scale

From the Figure 1b), it can be observed that atgimaicroparticles consist of porous structure. Tleiads to
microparticles have the jelly-like structure. Thikso leads to microparticles have the density @it that is the
analyzing liquid. This property is significantly partant in the PIV technique. The desired seedaxgigles for PIV
should have almost the same density or very sindidansity with the analyzing liquid. In this point diew, alginate
microparticles seem to be one of the most adedtater particles for PIV.

Figure 2 shows TEM images that have been capturathall section areas. When they are dried, thegnsa a very
few amount. They have a diameter size of approxtpa&5 nm. It is a dry case situation. When theraparticles are
in water, they absorb and retain water becauskeif hydrophilic property. The moment that theytsta absorb water,
images of the microparticles are getting darkerslaswn in Figure 3. Then they start to float whilee trest of
microparticles do not show any movement. The diam&re increases approximately from 20 nm to 2Q(gea Figure
1b)). This condition leads to obtain bigger paetisizes in order to illuminate the microparticlgddser and leads them
to be seen in the flow with an almost exact densitthe water in order to obtain a good trackingisTsituation is an
excellent advantage for PIV systems.

Figure2 TEM results of dry and partially dry (black do&dyinate microparticles in a 500 nm scale.

ESEM images of the microparticles are shown in Eddiin order to compare the in liquid and dry foffhey have
been filtrated in dry form by using a hfn sieve. The microparticles have been obtained avithgger diameter sizes in
liquid form because of their hydrophilic properfurthermore, the microparticles have an almostegeréhape as
spheres in liquid and dry form.
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Figure3 ESEM images of alginate microparticlesjrliquid andb) dry form in 100um scale.

Confocal laser electron microscopy has been usedvastigate the microparticles that contain flewesin. Figure 4
illustrates a 3D image that has been capturedith laser which has a 488 nm wavelength. It caoldserved that the
average particle diameter is less than 30 um. diaimeter size can be efficiently used for tracesraparticles in PIV
experiments. The fluorescein that is appended ® dlginate microparticles leads to the PIV systemn&cer
microparticles a highly light scattering properfygain as we can see in Figure 4, a high amountunfrdscein is
gathered and attached to the microparticles anticfgashape is rounded. PIV technique takes thesidges of these
properties of the microparticles and uses effi¢yeintthe flow systems to obtain accurate digitahpes.

Figure4  Confocal microscopy images of alginate micropagdhat contain fluorescein at 488 nm wavelength.

PIV Experiments

Figure 5 shows that the microparticles have endigghto scatter when a pulsed infrared diode lagtr a wavelength
of 800 nm has been used as illumination. The algindcroparticles that do not contain fluoresceim ery sensitive
to the infrared laser. It was not possible to ab&iproper image by using a green laser. Howekerpticroparticles
can be adequately used as flow seeding with illation by an infrared laser.



Figure5 PIV experiment of the alginate microparticles, iaegoil with density of 885kg/fand viscosity of 0.028
um has been used as liquid and pulsed infrared dasde with a wavelength of 800 nm has been usdtlasnation.

In order to increase light scatter quality of thienoparticles by using green laser, very small amad fluorescein has
been added into the alginate microparticles. Thoelyetion process remains the same. Fluoresceirbeagxcited at
wavelengths as 515 nm. This wavelength range cagiviem by green Nd-Yag laser. This means that lin@réscein
contained alginate microparticles can be used lastter alternative of tracer microparticles foragrdasers. Figure 6
shows two examples of PIV images which are recoeddkde same conditions of camera and laser. TAlgzng fluids
are; water for Figure 6a), and olive oil for Fig@ig).

a) b)

Figure6 Illlumination of alginate microparticles containtudrescein by using NdYAG green laser with a
wavelength of 532 nra) Distilled water has been used as liquyiOlive oil has been used as liquid

Figure 6 shows homogenous and clear micropartittte® area. Thus, it can be stated that fluoresemintained
alginate microparticles can be used with greeniafidred diode lasers. It should be noted that @60 % power of
green and infrared lasers is used to obtain PI\g@sahat are illustrated in both Figures 7 andh&ddition, very few
amounts of microparticles have been used for tegsems. For the system in Fig. 6a) 0.06 g of atgimicroparticles
contains fluorescein is used with a 600 g of déstilwater and in Fig. 6b) 0.04 g of alginate mientijzles contains
fluorescein is used with a 93 g of olive oil.

Alginate microparticles are porous structures aigpeaision of fluorescein outside to alginate miemtigles is a
feasible situation. To obtain PIV images, this disjon is not playing an important role whether noparticles lose
their scattering light property. Thus, alginate moarticles that contain fluorescein can be usdd tine time that they
are not illuminated by green laser.

The experimental setup of the gear pump systemeigiqusly described [26]. The air flow experimeats done in a
system consisting of a 9 cm diameter air fan wifhei-red laser.



PIV application: Gear Pump

There are special cases of the PIV system thaire=gsging appropriate tracer microparticles. Asexample; in the
analysis of an external gear pump, solid and wateplets were not suitable particles as flow segdine to possible
damages to the external gear test pump [27].
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Figure7 a) Schematic drawings of the gear pump system. Limmd\point P indicate the selected location where
specific analyses have been ddneexternal gear test pump, top view.

For this reason, the authors have been used abidmibs flow seeding in the PIV experiments. Howegentrolling
the diameter size of the air bubbles was quiteiadiff We have previously reported flow analysistbé& suction
chamber by PIV technique by using air micro bubble$low seeding [26]. Particularly this specifiternal gear pump
system led us to seek new tracer particles. Alginaicroparticles as flow seeding fulfill the demaafl PIV
requirements for this gear pump system. A new atdggnhas been introduced to this project thanksaller diameter
sizes, approximately 10um (In the previous repibe, diameter of the air bubbles was approximaté @m). This
advantage leads to obtain a higher spatial resolutf the particle images (see Figure 8).

a)

Figure8 a) lllumination of alginate microparticles in the sioc chamber of an external gear pump. Analyzingfl
is a commercial oil with a density of 885 kd/and viscosity of 0.028 Pa-b),Corresponding velocity vectors



PIV application: air flow

The alginate microparticles have been tested ifi@ir as well. A wind tunnel with velocity of 40 mhas been used
(Figure 9). The microparticles that contain flumeis have been used as flow seeding and a greenhas been used
as light source. Figure 10 illustrates an examplId image that has been recorded for air flow.
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Figure9 Schematic view of wind tunnel

It has been observed that alginate micropartidies tontain fluorescein are very sensitive to tmeflaw as well.
Straight direction of the air flow resulted in vaewyderly distributed velocity vectors as can benseeFigure 9b). PIV
images have been obtained with smaller size ofapanticles which means that spatial resolutiorhefimages can be
increased by increasing the amount of micropasdipler interrogation area.

Figure10 a) PIV image of fluorescein contained alginate mientigles (600 x 600 pixels; 30 mm x 30 mm) in ajr b
using Nd-YAG green laser with a wavelength of 5&2h) corresponding velocity vectors.

CONCLUSIONS

The aim of the present study is to produce algingitzrospheres with a simple characterization arelthem as tracer
particles in different fluids. In addition, the djuaims to attempt a trend of its use as tracearighes in PIV experiments
by improving its properties.

In some biological and food application areas,reltg microspheres that are produced by emulsificatiethod have a
disadvantage as being porous structure. This siachsforms this disadvantage to an advantage.drusie of PIV



experiments, porous structure leads to obtain tdewsiich is almost the same with analyzing fluidiS means that the
microparticles follow the analyzing fluid efficidnt

Fluorescein has been added into the alginate nacticfes that gives them a better property of ligtdttering by using
green laser at the same time. It is certain thatraparticles will carry efficiently the property dog the PIV
experiment. Furthermore, alginate microparticlethvifuorescein can be used as flow seeding in RBhrique for
liquid and gas flows analysis.

Alginate microparticles have soft, jelly like sttume. Thus they do not cause any damage to the aumtact surface of
the machines. So that the microparticles are vepyapriate for turbo-machinery applications in PIV.
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