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Abstract

The study of nanostructures gained more and mavargt in the past years due to the acceptable étattronductivity, mechanical
flexibility and low cost manufacturing potential igimg, mechanical stirring, ultrasonication, vacuuchambers).The process of
obtaining nanofluids with 0.1%, 0.5% and 1% concatidn of aluminium oxide (ADs) was studied by mechanical stirring (in the
reactor station - static process equipment fittdthwa stirring device in order to obtain solutionsmnulsions, to make or to activate
chemical reactions and physic-chemical operatiomd & increase the heat exchange), vibrations aadmatic stirring. The selected
nanoparticles have an average size of 10 nm ane wispersed in base fluids consisting of distileter and low concentration of
glycerin (5.4%, respectively 13%). The samplesaextd during the process were analyzed with theatguaystal microbalance
(QCM — modern alternative to analyze the complexidis from water and copolymers to blood and DNA &me dynamic
viscoelasticity of fluids can be determined), imte of homogenization and stability (behavior ime). Also, a heat transfer study
with the reactor station and a comparison betwdenheat transfer of the carrier fluid (consistinfjveater and 5.4% glycerin) and
the heat transfer of the antifreeze used in solangbs installations was conducted. This study sklowedecrease of the time
consumed with heating the nanofluids and an impr@ré of the heat transfer due to the nanopartiofeslOs.

Index Terms. nanopowder, mechanical stirring, cluster, QCM bdlity, sedimentation

*k*k

1. INTRODUCTION

Nowadays, alumina is one of the most used oxidestduts
use in many areas such as thin film coatings, resastant
materials, and advanced ceramic abrasive grainproed
devices using nanoscale structures requires therstahding
of thermal, mechanical electrical and optical pripe of
nanostructures involved and also their manufacfupiocess.

The size of the nanoparticle defines the surfademe ratio,
and for the same concentration, the suspensioanitie size
would result in as small an area as possible toirttexface
solid / liquid. Nanoparticle size affects the visitp of
nanofluids. In general, viscosity increases asctireentration
of nanoparticles is increased. Studies on the sisépe with
the same concentration of nanoparticles, but natiolgs of
different sizes, have shown that the viscosityhefsuspension
decreases as the nanoparticle size decreasescuRirti
attention was given to the influence of nanopastisize on
thermal conductivity concentration of nanofluidss Aase
fluids have been used, in particular, distilled evaethylene
glycol and propylene glycol and engine oil in whiakere
added nanoparticles in a concentration of less Bfan[1].
Increases of around 32% in thermal conductivity ever
reported in case of nanofluids based on water amuhd 30%
of the ones based on ethylene glycol; in both case¥b
volume load of nanoparticles was used. Other rebees
reported that the thermal conductivity enhancemeais
decreased as concentration increased from 6% to[2D%he

same phenomena was observed also when the thermal
conductivity was increased as concentration ineeasom
2% to 10% [3], Al203 nanoparticles even though plaeticle
size was almost the same in both the cases. That gre
disadvantage of larger nanoparticles is that suspes tend to
become unstable. Experiments have shown that nadefl
were able to enhance the thermal conductivity aonective
heat transfer by large margins [4]. Reducing pkertsize from
micro to nanometer, the development of new matenéth
improved properties could be achieved and manyarebers
reported results on nanoparticles dispersed inseous fluid
and on homogeneity [5], [6].

2. MATERIALS AND METHODS
2.1 Formulation of nanofluids

The reactive mixtures between two or more fluids arvast
research field. The study of the optimal compositsd heat or
cooling carriers from the solar water heating, frdmeat
exchangers, from cooling systems of engines anérgéors,
from thermal stations is a challenge because itt rfwl§ll
some conditions, such as: high thermal transfefficant,
high specific heat (in case of heating carriers)carrosion of
the pipes or metallic parts in contact etc. Thetnusgd heat
carriers are: burning gases, hot air, water vafgtesam), hot
water, engine oil, mineral oils and melted salts.
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The selected nanoparticles to obtain the nanofhade an

average size of 10nm (according to the supplier's

specifications), a specific surface of 16&/gn and density of
3.7 grleni (Fig -1).

Fig -1: TEM image of A}JO; nanopatrticles

From the literature some information about the main

parameters that have influence on mixtures wascteele
(temperature, speed and mixing time), and most haf t
researchers report that nanoparticle’s dispersiordifferent
base fluids are made at maximum speed (dependintphen
devices) [7] and at room temperature [8], [9] althlo there
are some studies that report the analyses of nadsflat
different temperatures (20°C, 35°C and 50°C) [1W]hen
referring to time, this varies a lot according e tamount of
nanofluid that is intended to be achieved [11]][123] [14]
The shape of the reactor’s bottom can have a gignif effect
on the hydrodynamic conditions inside it and hetheeability
to achieve a homogeneous suspension. Cylindricapesh
tanks to lead to increased mass of particles ipengon by
eliminating areas that are “dead” at the intersectif the tank
wall. “Dead” areas or regions of segregation aunébat the
intersection of walls, especially in flat-bottomizehks [15].

The stirred tanks have many applications in the haeical,
physical, chemical and biochemical processes wiméxg is

important for the whole process performance, sush a

hydrodynamic operations (mixing, deposition, filbegy,
washing, decanting, centrifuging), heat transfeerapons
(heating, cooling, condensation, vaporization), snaansfer
operations (drying, distillation and rectifying, savption and
adsorption, adsorption and desorption, crystalbnat
sublimation).

The techniques used to achieve a homogeneous alolg
time nanofluid are mechanical stirring, mechanigakation
and magnetic stirring.

Mechanical stirring: distilled water together witycerin and
nanopowder were mixed in the reactor statiéig (2), firstly
at room temperature 21°C, and secondly at 50°C,irmar
rotational speed of 3300 rpm, for 2 hours. The dridfivn
samples were analyzed with the quartz microbalan@CM

(Fig -3).

Fig -2: Reactor station with auxiliary heating system
1 — stirrer; 2 — float; 3 —inner recipient; 4 —mtla; 5 —
serpentine; 6 — temperature sensor; 7 — mixtureuaten
outlet; 8 — display; 9 — heat carrier outlet tap—Lsupplying
and recirculation pump; 11 — inferior inlet; 12 eah carrier
evacuation outlet; 13 — thermometer; 14 — heatimg 5 —
superior inlet; 16 — heat carrier supplying inketrh mantle;
17 — profiled rail; 18 — cap; 19 — supplying pipeli 20 — data
acquisition board and connections

The QCM Fig -3), is an extremely sensitive sensor capable of
measuring mass changes in the spectrum of nanagram/
The lowest detectable mass change is usually efanfy/cnf
and is limited by the noise specifications of theystal
oscillator and frequency counter resolution usedniasure
frequency shifts [16].

The results show a decrease in the frequency ahift an
increase in the resistance which means that thetzua
microbalance is an outstanding device to analyze fihid
properties.
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Fig -3: Quartz crystal microbalance

Mechanical vibration: from the reactor station, wehehe
mechanical stirring took place, 200ml nanofluid was
withdrawn and submitted to mechanical vibrationZdrours.
The device for magnetic stirring consists of a motiat
rotates a disc on which two magnets are mounted. disc
rotates the two magnets and these, in turn, aratimgt
(stirring) the magnet from the nanofluid by attrasfrejection
leading to breakage of the possible clusters readhiafter
mechanical stirring and vibrations and to a bettspersion of
the nanoparticles in the base fluid. The deviceoisnected to

a stabilized source that operates at maximum wvelzgl2V
and hence the maximum power that can be achieved fo
magnetic stirring is 60W. Information about the graeters
controlled and monitored during the process of iobig the
nanofluids, is presented Trable -1

Table -1 Samples withdrawn during the process of obtaitlregnanofluids with 0.1%, 0.5% and 1%
volume concentration of AD;

No | Sample Concentration Parameters
Wate | Glyceri | Al,O4 Mechanical Vibrations Magnetically
r [%] n [%] [%] Rotational | Temp. | Time | Power[ | Time | Power | Time
speed [°C] [min] W] [min] [W] [min]
[rpm]
1 NA-C1 | 94.55 5.35 0.1 3300 21 120 - - - -
2 NV-C1 | 94.55 5.35 0.1 - - - 3.12 120 - -
3 NM-C1 | 94.55 5.35 0.1 - - - - - 60 12(
4 NAT- 94.55 5.35 0.1 3300 50 12( - - - -
C1
5 NVT- 94.55 5.35 0.1 - - - 3.12 120 - -
C1
6 NMT- | 94.55 5.35 0.1 - - - - - 60 120
C1
7 NA-C2 | 86.13| 13.38 0.5 3300 21 120 - - - -
8 NV-C2 | 86.13| 13.38 0.5 - - - 3.12 120 - -
9 NM-C2 | 86.13| 13.38 0.5 - - - - - 60 120
10 | NAT- 86.13| 13.38 0.5 3300 50 120 - - - -
Cc2
11 | NVT- 86.13| 13.38 0.5 - - - 3.12 12( - -
Cc2
12 | NMT- | 86.13| 13.38 0.5 - - - - - 60 120
C2
13 | NA-C3 | 85.88] 13.13 1 3300 21 120 - - - -
14 | NV-C3 | 85.88] 13.13 1 - - - 3.12 120 - -
15 | NM-C3| 85.88| 13.13 1 - - - - - 60 120
16 | NAT- 85.88| 13.13 1 3300 50 120 - - - -
C3
17 | NVT- 85.88| 13.13 1 - - - 3.12 120 - -
C3
18 | NMT- | 85.88| 13.13 1 - - - - - 60 120
C3
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2.1 Analysis of nanofluids

The result of QCM analyses are presented graphidall
Charts 1 and 2.

* NA-C1: sample withdrawn from nanofluid with 0.1%
Al,O; vol. concentration, after mechanical stirring at
21°C;

* NV-C1: sample withdrawn from nanofluid with 0.1%
Al,O; vol. concentration, after mechanical vibration at
21°C;

* NM-C1: sample withdrawn from nanofluid with 0.1%
Al O3 vol. concentration, after magnetic stirring at@(°

* NAT-Cl:sample withdrawn from nanofluid with 0.1%
Al,O3 vol. concentration, after mechanical stirring at
50°C;

* NVT-C1: sample withdrawn from nanofluid with 0.1%
Al,O; vol. concentration, after mechanical vibration at
50°C;

* NMT-Clsample withdrawn from nanofluid with 0.1%
Al,O3 vol. concentration, after magnetic stirring atGp°

For the nanofluid with 0.5% volume concentration@y C2
notation was used and for 1% volume concentratib@®A it
was used C3 notation.

Shift frequency [Hz] NA-C1
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Chart -1: Shift frequency depending on time for the nandflu
with 0.1% vol. concentration of ADs;, mechanically stirred at
21°C

Shift frequency [Hz]

Time [s]

Chart -2: Shift frequency depending on time, for three
nanofluids (volume concentrations of 0.1%, 0.5% &%d
Al O3, achieved by mechanical stirring, vibrations and
magnetic stirring at 21°C, respectively 50°C)

3. RESULTS AND DISCUSSION ON
FORMULATION AND ANALYSIS OF AL203
BASED NANOFLUIDS

The influence of increased concentration of nartapgas can
be observed from the above chart. If in the caseaobfluid
with 0.1% vol. concentration of nanoparticles wel diot
consider the curve for sample NA-C1 (mechanicatisg at
21°C) since it was unstable towards NAT-C1 (meatelni
stirring at 50°C), but for the nanofluid with 0.1%ol.
concentration AIO; a considerable improvement of QCM
oscillation damping phenomena can be observed lier t
samples mechanically agitated in the reactor statio

The mechanical stirring of 0.1% concentration of,GAl
nanopowder in a base fluid with 5.35% glycerin Has
influenced the homogenization process, on the aontr
following the analyses, it was observed QCM ostiila
damping phenomena, which means the nanopartichkesnha
been completely dispersed and their tendency idotm
sediments, hence clusters. Mechanical stirring08C5has a
positive influence over the homogeneity of nanaf]ut still
the higher temperature gives higher frequency shifthich
means that the nanofluid has unstable areas. Orottier
hand, a nanofluid submitted to mechanical vibratjon
regardless the temperature is homogenous, and giterhi
temperatures the nanoparticles are better dispansthe base
fluid, achieving an in-time stable nanofluid. Asthre case of
water and 5.4% glycerin mixture the stability issebved
between AF=-170 Hz, AF=-130 Hz, and by adding 0.1%
Al,Os, this stability is observed betwear=-90 Hz,AF=-40
Hz. This confirms the selected techniques and tiscsettles
parameters to achieve the nanofluid.

If in the case of nanofluid with 0.1% vol. concetiion of
nanoparticles the result for sample NA-C1 (mechanic
stirring at 21°C) was not considered, since it wastable
towards NAT-C1 (mechanical stirring at 50°C), bot the
nanofluid with 0.1% vol. concentration A&); a considerable
improvement of QCM oscillation damping phenomena loca
observed for the samples mechanically agitatedhenréactor
station. But due to the positive values of the diercy shift
they cannot be considered homogenous neither stabime
since the principle rules quartz crystal microbatais based
on the fact that the amount of mixture appliedh® surface of
the resonator is associated with the flow (movejnehtthe
fluid and thereby a decrease of frequency shifbiserved.

The samples were submitted to visual analysis, frdrich we
can see the lack of homogeneity, due to sedimentatf

nanoparticles. These samples as well as some stepe from
obtaining the nanofluid with 0.1% 4D; are shown irFig -4

and for the nanofluid with 0.5% #rig -5:
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Fig -4: Achieving 0.1% vol. conc. AD; nanofluid
a) NA-C1 sample extracted after mechanical stirrig
nanoparticle sedimentation after submission toatibns; c)
nanofluid with 0.1% vol. conc. — 1 day after formtihn

a) b)
Fig -5: Achieving 0.5% vol. conc. AD; nanofluid
a) after extraction of sample NV-C2 and 2 hoursraft
extracting sample NA-C2; b) samples extracted from
nanofluid with 0.5% vol. conc. AD;

For the nanofluid with 1% vol. concentration, theaqgtities of
water and glycerin were decreased with 0.25% eauh a
similar evolution can be observed for the sampléhdrawn
after the mechanical stirring at 21, respectivelyp0°C from
the nanofluids with 0.5, respectively 1% ,@k. But the
negative influence of the increased concentratidnthe
nanoparticles can also be observed. From the QCAlyses
no stabilization trend is visible for nearly allngales. It may
be noted that regardless of the concentration, reofhad
mechanically stirred at 50°C, which is then subsdittto
mechanical vibrations has stable areas after 180s.

Fig -6 shows some of the samples containing 0.1%, 0.586 an
1% vol. conc. of AIO; after achieving the nanofluid with 1%
Al ,0s:

Fig -6: Achieving 1% vol. conc. AD; nanofluid
a) samples from nanofluids after mechanical stirah 21°C,
from right to left: with 1% AJO; after formulation, with 0.5%
Al,O; after one day after formulation, 0.1%,8% two days
after formulation; b) samples from nanofluids sutbea to
mechanical vibrations at 21°C, from right to lefith 1%
Al,O; after formulation, with 0.5% AD; after one day after
formulation, 0.1% AIO; two days after formulation;
¢) samples from nanofluid with 1% vol. conc. ot®4 after
formulation

One can say that submitting a nanofluid to vibraidas a
very good influence on the homogeneity and stahitlittime
comparing to mechanic and magnetic stirring. Only
mechanical stirring is not sufficient to obtain enfpgeneous
nanofluid and magnetic stirring is not totally bteey the
agglomerates formed, which affect stability of trenofluids.
A higher temperature (in this case 50°C) has abetfluence
on the stability of nanofluids comparing to the aixained at
room temperatureChart -3 shows the QCM results for the
three nanofluids on dispersion techniques (mechhataring,
vibrations and magnetic stirring at 21°C, respet}ivs0°C).
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Chart -3: Shift frequency depending on time, for three
nanofluids (process type): a) mechanical stirrlng;
vibrations; c) magnetic stirring
The samples extracted for visual analysis weresgtar dark
areas because strong light favors cluster formatdter two

— six weeks the samples are a&iig -7:

=%

Fig -7: Samples extracted from the,® based nanofluids:
a) after one week of formulation; b) after two week
formulation; c) after three weeks of formulatiof;adter four
weeks of formulation; e) after five weeks of formtibn; f)
after six weeks of formulation

4. ENHANCED HEAT TRANSFER ACHIEVED
WITH FIVE DIFFERENT CARRIERS

A simulation of the heat transfer achieved was dwgiped by
the reactor station. This simulation aims to evigethe heat
transfer in a solar collector. For this, the rendiation was
used to test five heat carriers (base fluid ofribaoparticles,
antifreeze and three nanofluids). During the experits the
following parameters were monitored:

- time of heating the carrier in the auxiliary gyst done
by the heating unit;

- time of heat transfer from carrier to water (tgh the
mantle’s walls);

- temperature of water and heat carrier duringingabff

The objective is a comparative analysis on the lregisfer
between heat carrier and water and then an evatfuafi the
nanofluids’ performance having different concendras of
nanoparticles. The results are compared with ties obtained
in the same conditions for the mixture with 94.6%tev and
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5.4% glycerin and the antifreeze used in solar pane

00:34:341 A TEMP.NANO_0.1%{C]  00:10:44
installations. During the experiments the reactatien was 00:31:41| 4 TEMP.NANO_0.5%C] 001040
used to determine the heat transfer of nanofluids eifferent i 002648| A TEMP.NANO_1%C]  00:09:23 L e ‘
concentrations of nanoparticles. The inner recipieas filled B e ANTIFREEVETC] Soreta .
with 8 liters of water and the auxiliary systemwa liters of S s02010 . ¢
nanofluid with 0.1%, 0.5% and 1% vol. concentratioh £ 2 oourwr .
nanoparticles (Fig -8). The nanofluids were heatétth the £ § oorse . R
heating unit from 19°C to 50°C. The temperaturgldiged on gz s et ot
the thermometer of the auxiliary system was moaior 00:05:46 Loe v NS t 4

00:02:53 i : g 4 4 a4

. 1AQ 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50

Temperature [°C]

Chart -4: Heating times for five heat carriers (using the
heating unit)

As it can be seen in the above chart, the antifrdezats in
approximately 14 minutes and the mixture in almest-fold.

It can not specify with certainty the differencetvaeen
heating times of nanofluids with 0.1% and 0.5%@| they
are very close in value. Nanofluids with concemnbratof 1%
nanoparticles showed the least time for heatingchvivould
be very low power consumption when it is testethmreactor
station, and a rapid rise in temperature by meésslar heat
rays for use in solar collectors. The heating psead the five

heat carriers is shown schematicallyFig -9:
i »lHeanng

Water—

Mantle —|

Fig -8: Path of heat carrier from the auxiliary systenthto S

. Heating
unit

Serpentin

AW NN W W

mantle
. . Heat carrer-__ N\~ Heat carrier-
1 — superior connection; 2 — mantle; 3 — serpenineheat L\,/ ______ i A
carrier evacuation outlet from the auxiliary hegtgystem; 5 —
— heat carrier exhaust valve; 6 — supply and relgtion e N [ i'
pump; 7 — inferior connection to supply the mamiith heat e L il - veang N Hestng

Serpentine

carrier; 8 — thermometer; 9 — inlet for the recgvefrthe heat
agent with low temperature from the mantle.

ANNN W W

Heat carrier—
NANO_0.5%

The first step of this experiment consists in heatihe five
carriers (mixture with 94.6% water and 5.4% glyoeri
antifreeze used in solar panels installations ahdeet wante ) l
nanofluids with different volume concentrations of JE— C
nanoparticles); these were heated in the auxilsystem by i
heating unit. The heating times for the five heatriers are

Heat carrier—
NANO_1%

shown graphically itChart -4:

Fig -9: Heating times for five heat carriers

Regarding the heat transfer of the carriers to watethe
reactor station, through the mantle’s walls (botade out of
Veralite - transparent plates based on thermoplastiyesters
produced by extrusion), it was recorded the dumatiotil the
water reaches 50°C (thermodynamic equilibrium state
between water and heating)
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O aNo_01% 0221 one dggreg, something_that didn’t happen_ Whgn u&rmtgr
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28 e merre . concentration of 0.1% or 0.5% nanoparticles of3) behave
23 o252 : . - ; e -

&g +ANTIFREEZE 0321 ., similarly in terms of maintaining the hot watertime. In turn,
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S 5 v AR the process of heat transfer. While a temperatuAStC was
22 . Jroratat reached (the lowest of the three nanofluids), fitkeot water
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From Chart -5 it can be seen that the nanofluid with highest £€ T WHTER oot
concentration of nanoparticles gives the fastest bansfer. 29 e .05 250
Comparing to the mixture of water and 5.4% glycewinl with T oot 0 oo
the antifreeze, the heat transfer curves have #asitrend but e L ease - arc
it can be observed the improvement in thermal feanby g Tor, TR 3%C
adding nanopatrticles in a base fluid. The heassfarprocess £ " TEMRNNTUREFC  34C
is shown schematically ifig -10: " . * TEMR ANTIFREEZE(C]  36°C
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Chart -6: Time evolution of water temperature depending
on the temperature of five heat carriers (duringliog off
process)
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Heating Heating
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NANO_1%

Heat carrier—
NANO_0.5%

Heat carrier—
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Fig -10: Heat transfer time of five heat carriers
o

After reaching the thermodynamic equilibrium statstopped
the recirculation and the heat carriers were leficool off
during 2 hours and 20 minutes.

Mantle
. Heating
unit

Serpentin

Keeping the water warm, but also the high tempegatdi the L A

heat carrier was best achieved using nanofluids lite

highest concentration of nanoparticles, as showzhiart -6. Fig -11: Time evolution of water temperature depending on
In all cases, the water temperature of the heatiecsr the temperature of five heat carriers

decreased faster than that of the water in ther ireagpient of (during cooling off process)

the reactor stationQhart -6). When using nanofluids, in the
first 20 minutes of cooling, the water temperattee with
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5. DISCUSSION ON
TRANSFER

In the second part of the article a comparativdyaigof the
heat transfer between a heat carrier and watemveste. We
followed the thermal transfer properties of theethnanofluids
carried out by the three techniques (mechanicatirssi

vibration, magnetic stirring) in comparison witrethroperties
of a mixture consisting of 5.4% glycerin and dietl water
and an anti-freeze used in the installation witlarspanel. It
was found that adding an amount of nanoparticlea imeat
carrier has a significant influence on the heatdfer through
the walls of the reactor body mantle.

ENHANCED HEAT

Thus, on heating the carriers by heating unit, dhéfreeze
reached the temperature of 50°C in about 53% otithe in

which the mixture of water with 5.4% glycerin heht8ut at
the time of starting the circulation pump the aetifze
temperature dropped to 36°C, than that of the mextinopped
to 40°C, and during the process of recirculatibie, antifreeze
temperature stabilized again at 50°C slower than tf the
mixture, which is 29 minutes to 22 for the mixture.

In case of nanofluids, starting the recirculatias about the
same effect in terms of lowering the temperature #me of

stabilization, except that the nanofluid with théghest

concentration of nanoparticles (1%) stabilizes @tC5in the
shortest time.

Taking into account that the nanofluid NANO_1% Iseap
about 30% of the time in which is heated the mixturamely
35% of the antifreeze heating time, we can say aéhhigher
concentration of nanoparticles dispersed in a eaftuid, it
reduces time spent on heating.

Following the experiments, | found that the angieize heats
more rapidly than the water-glycerin mixture, bbhe theat
transfer from the heating agent to the water isefafor the

water- glycerin mixture than in the case of thei-fneeze

(heats water in a time of 83% of the time in whacttifreeze is
heating). As for maintaining the water hot watee thater-

glycerin mixture and antifreeze behave the same.

In terms of heat transfer through the walls of tkactor’s
mantle, the antifreeze heated the water in 3 haunds 21
minutes. With reference to this figure, we can aggin that
nanoparticles positively affect heat transfer. Thienple
addition of 0.1% nanoparticles in a mixture of watgth
5.4% glycerin, improved heat transfer with 16.07%
compared to that of the carrier fluid and by ab80% than
that of the antifreeze. So, the higher amount ofoparticles
in a nanofluid, the better heat transfer is.

6. CONCLUSIONS AND FURTHER RESEARCH

An extensive research on the parameters that mfliehe
homogeneity and stability of nanofluids was conddatising

distilled water with low concentration of glycerias base
fluid. Also, three dispersion techniques were agaplin order
to avoid clusters formation.

Effect of concentration of nanoparticles, tempegtu
rotational speed and mixing time were systematicall
investigated. Finally, the samples were analyzednlegns of
quartz crystal microbalance. The conclusions tlzat derive
from here are:

e Mechanical stirring is an important step in achigyvi
nanofluids by dispersing nanoparticles in a basad,fl
preferably with higher viscosity than of water httis no
sufficient to obtain a homogenous and stable naitbfl

« The process of vibrations has a very good influesrite
dispersing ultra-fine nanoparticles in a base fluid also
influences the time-behavior of nanofluid.

< By dispersing the nanoparticles at a higher tentpeza
(in this case 50°C), a more stable nanofluid caadieeved.

e The base fluid with distilled water and 5.4% glyner
does not favor the complete suspension of,OAl
nanoparticles.

¢ Increasing glycerin  concentration but also
nanoparticles, the samples extracted while makihg t
nanofluid with 05% volume concentration of,@k has some
stable areas after 2 hours of vibrations at 21°C.

¢ Increasing nanoparticle concentration to 1% has a
negative influence on the stability and homogeneity
nanofluid.

« Except the graph made for the samples extracted aft
mechanical stirring at 21°C and after vibration$@tC, that
have a slight trend in stabilizing after 180s, tlest of the
samples show some frequency bounce which meanghihat
nanoparticles are settling, forms clusters whichdl¢o an
inhomogeneous nanofluid.

¢ Due to the sedimentation observed after obtainireg t
nanofluid with 0.1% AJO,, for the next nanofluids with 0.5%,
respectively 1% AIO; the glycerin concentration was
increased to 13%.

The samples were stored for visual analysis (i drea in
order to avoid sedimentation) and it was observed a
sedimentation layer on the bottom of the samplédsot

Due to the increasing concentration of nanopadithe time

of heat transfer to the water in the reactor boelgréased and
sedimentation problems and clusters formation were
diminished. In terms of maintaining hot water amgoas
possible, following the experiments made using flaits
with the highest concentration of nanoparticles A 1%),

led to a decrease of up to 39°C in 2 hours and 2Qites to

the next tested heat carrier, with the best resaft37°C
(NANO_0.5%).

These novel and important findings issued from tiisk are
expected to provide useful recommendations to ftatau
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stable nanofluids that could be used as heat canmesolar
panel installations.
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