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Abstract:

The thermo-physical properties of water-based Haiusf containing carbon nanotubes,
stabilized by SDBS as surfactant, are experimgnstilidied. The effect of low nanoparticle
volume fraction, ranging from 0.0055% to 0.278%, aemsity, thermal conductivity and
viscosity of nanofluids is investigated for temgara range of 20°C to 40°C. Enhancement in
density, thermal conductivity and viscosity of nfinidls with volume fraction in nanotubes is
shown in comparison to base fluids and modellechfsimple theoretical relationships. The
influence of temperature on the thermo-physicalpproes of tested nanofluids is also
discussed, as well as the shear rate dependendkeonanofluids viscosity. Finally, the
efficiency of the tested nanofluids as coolingdhiis evaluated under laminar and turbulent
flows regimes from the thermo-physical values prasly determined. This may be helpful

for using these nanofluids in real cooling systems.

Keywords: Heat transfer efficiency, nanofluids, CNT density, thermal conductivity,
viscosity, coolants



Nomenclature

L length of nanotubes

d average diameter of nanotubes

r aspect ratio of nanotube, with r = L/d

p density, kg/m

k thermal conductivity, W/m.K

M viscosity, Pa.s

C, specific heat, J/kg.K

@ nanopatrticle volume fraction

Ck thermal conductivity enhancement coefficient

C,. viscosity enhancement coefficient

Subscripts

bf base fluid

nf nanofluid

np nanoparticle

s surfactant

1. Introduction

In industrial, transport and building sectors, heansport through engineered heating or
cooling systems is used. Thus, there is a needhi@se compact systems, energy saving and
therefore less generators of greenhouse gasese@ostrategies for industrial world have to
be developed to improve the thermal behavior aflflwsed in heat exchangers.

It is now well established that the thermal perfantes of conventional working fluids in
heat exchangers, such as water, ethylene glychlet, can be enhanced by introducing
nanoparticles with high thermal properties in losume fraction within these fluids, leading
to the concept of “nanofluids”. Some applicatioisnanofluids and their ability to enhance
the heat transfer have been previously reporte].[Although the concept of nanofluids
appears straightforward, it contains a high comptedue to physical mechanisms involved.

Thus, many researches have been devoted to pravitetter understanding of these



mechanisms, and thereby developed a best perforimgag transfer fluids [7-9]. Many
research groups experimentally reported that teenthl properties of carbon nanotubes CNT
suspensions are much higher than those of othepaaticles with the same volume fraction
[10-12]. In fact, among many materials of nanopéat, carbon is very promising due to their
high thermal, electrical and mechanical propertfesarbon nanotube can be composed of a
single-wall (SWCNT) or winding multi-wall (MWCNT).The double-walled nanotubes
(DWCNT) are a particular case between SWCNT and NNVCThey are generally
functionalized to improve their solubility and sl&®d by a surfactant within the base fluid
to prevent agglomeration and sedimentation [13,14].

The addition of CNT improves the thermal condutyivf nanofluids but it can also increase
the dynamic viscosity and affect the density anel lieat capacity. This shows that these
properties are closely correlated. In fact, a $igamt increase in viscosity can lead to a
significant pressure drop which can reduce the tga@cbenefits of nanofluids in some
industrial applications [15,16].

Several studies have been reported on the therysigath properties of CNT based
nanofluids and show a considerable effect comptareébe base fluid, as reviewed by Philip
and Shima [17]. This enhancement is mainly govetmgthe volume fraction in nanotubes
and the temperature. Ding et al. [18] found thatrial conductivity of CNT based nanofluid
increases significantly with the temperature by 18820°C, 30% at 25°C and by 79% at
40°C at the same volume fraction. Meng et al. [$Bpwed that the relative thermal
conductivity of CNT based nanofluid is independehttemperature for temperature range
from 15 to 55°C. These results are consistent thitise found by Yu et al. [20] and Chen et
al. [21]. The effect of surfactant, aspect rationahotubes, and the presence of nanoclusters
on thermal conductivity of CNT nanofluids were ailswestigated by [22-27].

The viscosity of CNT nanofluids was studied in % These authors mainly reported a
shear thinning behaviour of these nanofluids whidpends on the volume fraction of
nanotubes, the aspect ratio of nanotubes, dispessate of nanotubes, the presence and type
of surfactant and the temperature. The shear thgnbehaviour of CNT nanofluids is also
linked to pre-treatments applied to the nanofluid$ore the measurement such as ultra-
sonication [26,27] and preshear [32]. Newtonianavedr for MWCNTSs dispersed in silicone
oil, glycerol and water was reported by Chen et [84] for all concentrations and
temperatures tested.



The density and specific heat of CNT nanofluids ramly investigated from experiments.
However, these properties are included in the gneggation, and need to be determined in a
rigorous way. The addition of CNTs usually resuttsan increase of density and a relative
decrease of the specific heat of nanofluid duénéola@wer specific heat of CNTs compared to
the base fluid. The density of nanofluids is ofeataluated from the theoretical prediction of
mixing theory [35]. With specific heat, the assuioptof thermal equilibrium between the
particles and the base fluid is generally assuré{l |

Kumaresan and Velraj [37] have measured experirigikee density of MWCNT dispersed

in a mixture of water and ethylene glycol. Accoglito their results, the density of the
nanofluid increases with the volume fraction oftjgées, and the deviation between the
mixing theory and experimental measurements is tabatfo for the volume fraction of
0.15%, 0.9% for 0.3% and 1% for 0.45%. Pakdamarsh. ¢88] found a maximum deviation
between the mixing theory and experimental measemgsnof agueous MWCNT based
nanofluids about 1% for 0.4% mass fraction. Thep albserved the decrease of specific heat
about 42% due to the addition of MWCNT. Kumaresam &/elraj [37] have shown
experimentally that the mixing theory [35] alloveproducing their experimental results with
a relative error about 8% for a volume fractior0df5 % and about 3% for 0.45%

As reported above, the addition of CNT to the bihsd can affect significantly the thermo
physical properties. Consequently, it is necessargnvisage a global approach of thermo-
physical properties of nanofluids to evaluate Ipestorming heat transfer with these fluids.
Hence, we investigated in this paper the effecloef nanoparticle volume fraction and
temperature on the thermo-physical properties fatewbased nanofluids containing CNT
stabilized by SDBS as surfactant. First, we prefenanofluids used in this study as well as
the experiments performed to measure the denbgythtermal conductivity and the viscosity
of nanofluids. Then, experimental results are preskand discussed. Based on the thermo-
physical values previously determined, the efficienf the tested nanofluids as coolants was
finally evaluated under laminar and turbulent floegimes to assess the performance of the

tested nanofluids in energy systems and heat egeinsain



2. Materials and experimental methods
2.1 Nanofluids

As reported in [33], a starting CNT water-basedpsuasion was provided by Nanocyl
(Belgium). According to Nanocyl's specification,ighsuspension consists of MWCNTs
(carbon purity 90%) dispersed from ultrasonicationde-ionized water and stabilized by
sodium dodecyl benzene sulfonate (SDBS) as surfacthe dimensions of the nanotubes are
1.5 um in average length L and 9.2 nm in averageéier d respectively. This leads to an
average aspect ratio r=l63. The density of the nanotubes is 1800 Rg/fine weight
fraction in nanotubes of the starting suspensiof%s This leads to a volume fraction of
0.55%. The quantity of surfactant in the startingpension represents 2% of the total weight
of the nanosuspension. The base fluid, defined msxture of de-ionized water and SDBS,
was also independently prepared and provided by &ian

Four different nanofluid samples were prepared wlig volume fraction of 0.278, 0.111,
0.055 and 0.00555% respectively. For these nanisf|l8DBS/CNT weight ratio still remains
constant to 2. They were obtained from the dilutwaith de-ionized water of the starting
suspension, followed by continuously mechanicatisg for 30 min. Mechanical stirring was
also repeated 24 h later for 30 min. Then, the thaids were stored in a container at ambient
temperature before being used for experimental uneagents. The initial base fluid was also
diluted to produce the base fluids correspondingth® different nanofluids previously
prepared. It is worth noting that we selected lovlume fraction of CNTs to reduce the
viscosity of nanofluids, as the addition of nandigls can penalize the practical use of
nanofluids in heat exchangers due to flow resigamz increase in pumping power.

2.2 Experiments

The thermo physical properties of the tested nardglwere evaluated in this work for three
operating temperatures 20, 30 and 40°C. The densigy thermal conductivity and the
viscosity of the fluids were experimentally measufellowing the procedures described in
the following.

The density measurements of nanofluids were peddriwith an Anton PAAR DMA

vibrating tube densimeter connected to cell 60ZhEaeasurement was performed in five



replicates. The densimeter contains a vibratingggtabe which can be excited harmonically
by an electronic vibration circuit. This electronitbration circuit activates and sustains a
continuous vibration to the tube with natural freqay. The principle of the vibrating-tube
densimeter relies on a fixed relation between therakfrequency of the vibrating-tube and
the density of fluid contained in the tube. Theyirency of the oscillation is affected by the
mass of the oscillator, and therefore the dendith® sample. The temperature in the cell is
stabilized by a cryothermostat able to ensure acguup to 0.01K. The calibration of the
densimeter was preliminary performed using pureewand dry air. This leads to a precision
measurement about 1:igcnt.

The density of SDBS in powder form was indepengenteasured from the pycnometer
method for the three operating temperatures, uaidg0 ml flask, a precision balance and
distilled water and toluene as liquids. The accymaicthe measurement was controlled from
the measured density of distilled water and tolué&seexample, the density of distilled water
and toluene at 20°C was evaluated to 1.03 J.ant 0.806 g.cth This agrees well with
theoretical values, with a maximum deviation of%.5%or distilled water and 0.5% with
toluene. Moreover, it was observed that the dersityDBS decreases by 1.18 g’am 1.04
g.cntwhen the temperature increases by 20°C to 40°C.

The thermal conductivity of nanofluids and basedBuivas measured using a KD2 Pro
thermal property analyzer (Decagon Devices Incgellaon the transient hot wire. The

experimental set-up for thermal conductivity measuent was previously used and shown in
[39]. Both the sample and the probe were maintaid@dnin at the working temperature

before each experiment. Then, an average of omemasurements was performed to reduce
the experimental errors. The accuracy and religbof the measurement were carefully

checked with distillated water, used as calibratigoid for temperatures range from 20 to

50°C. The experimental results of water were fotmde in quite good agreement with

literature values of thermal conductivity of thisifl. The standard relative deviation was

typically less than 3.5%.

As reported in [33], rheological measurements ofoflaid samples were performed using a
stress controlled rheometer (Malvern Kinexus Pr@])[4n a cone and plate configuration
under controlled temperature. The radius and tlgeanf the conical geometry were 60mm



and 1° respectively. In all experiments, the nandfivas carefully loaded between the cone
and plate geometry to avoid air bubbles, and theeex fluid removed. The temperature
control is ensured and provided through the PeHistem located below the lower plate,
which is accurate to within 0.01°C. Thermal clovevere also used to ensure constant
temperature within the sample gap. The sample Wawexd to equilibrate at the working
temperature for 5 min before starting the viscosigasurement. A new sample was used for
each measurement and both cone and plate wereadldetween each measurement. Then,
without any preshear, the viscosity of the nand8uvas measured by imposing a logarithmic
stress ramp under steady-state conditions with miaxi step duration of 180s. Once a
steady-state flow was achieved and maintained @, the shear rate was measured. As
reported in our previous works [32,33], the shegess range was preliminary determined to
ensure steady-state flow at low shear stress,@addid instability due to turbulent flow and
sample ejection at high shear stress, as well asaith a shear rate of 1000®r each fluid.

A suitable expression can be used to know the Rdgnoumber with cone and plate

geometry [41]:

ypnf TRa 2
= — 1
Al (180j W

Wherepys is the density of nanofluids (kgfin y is the shear rate (in 1/s)jis the viscosity

of nanofluid (in Pa.s) is the cone angle (in °) and R is the cone an pleameter (in m).

As reported thereafter, the values of Reynolds rermbries between 2 and 450 following the
shear rate, the volume fraction and the temperatdi@s means that rheological
measurements are well performed under laminar femame.

The experiments were also repeated at least onetloverify the repeatability of the shear
viscosity measurement and the suspension stability time. Following the same
experimental procedure, the viscosity of the bagsdd corresponding to the tested nanofluids
was also measured. The uncertainty in experimenéalsurement is less than 4% within the

shear rate range investigated [33].

3. Results and discussion



3.1 Thermophysical properties of nanofluids: effecbf nanoparticle volume fraction and

temperature

3.1.1. Density

The measured densities of the nanofluids are predem figure 1 for the operating
temperatures of 20, 30 and 40°C respectively andlfdested volume fractions. Moreover,
the predicted values of nanofluids density obtaifredh the mixing theoretical correlation
[35] are presented in figure 1 considering the panicles and the base fluid. A similar

equation is derived taking also into account thiei@mce of the surfactant, see equation (2).
pnf :(1_¢_¢s)low+Wnp +¢sps (2)

Whereg@is the volume fraction in nanoparticles agas the volume fraction of surfactampty,
pw, Pnp, andps denote respectively the density of nanofluid, deasity of de-iozined water,

the density of nanoparticles and the density oftiréactant.

It is shown from figure 1 that, for each tested penatures, the density of nanofluids is quite
constant under the experimental uncertainty. Aseebtqu, figure 1 also shows that the
measured density of nanofluids increases as thepaaticle volume fraction increases for all
tested operating temperatures. A similar trendejgorted for the theoretical correlations
which closely matched with the experimental dathisTinfers that mixing theoretical

correlation can predict the density of tested nlamt$ for the volume fraction in

nanopatrticles investigated due to the low contersuirfactant. For higher volume fraction in
nanoparticles and surfactant, it is expected tloptagon (2) can predict the density of

nanofluids considering well the base fluid as ator of surfactant and de-ionized water.

Based on the previous results, the evolution ofrtiative density of nanofluids, which is
defined as that ratio of the nanofluids densityhe base fluids density, is presented in figure
2 as a function of nanoparticles volume fractiolguFe 2 shows that the relative density

increases quite linearly with increase in testedoparticle volume fraction. It can also be



mentioned that the relative density of nanofluidsréases when the temperature increases

whatever the tested volume fraction in nanopasicle
3.1.2. Thermal conductivity

Figure 3 reports the thermal conductivity enhanagmé nanofluids in comparison with base
fluids at the tested volume fractions and tempeestulhe thermal conductivity enhancement
is defined as Mfkps where ks is the thermal conductivity of the base fluid dng is the
thermal conductivity of the nanofluid.

Figure 3 shows that thermal conductivity of nanouincreases as volume fraction and
temperature increase. A similar trend was previousported for a wide class of nanofluids
[7-9,17]. Within the range of nanoparticle voluntaction presently investigated, the linear
dependence of thermal conductivity enhancementaoiofiuids can be simply related to

nanoparticle volume fraction by the following enigad-model [42,43].

Ky /kbf =1+C o (3)

Where ( is thermal conductivity enhancement coefficient.
Ckis here evaluated to 41, 70 and 85 at 20°C, 30U48AC respectively.

3.1.3. Viscosity

The main results of viscosity measurement werertegaon a previous work [33]. In short, it
was shown that the nanofluids with particle coneditn of 0.278 and 0.111% behave as
shear thinning fluids. The shear thinning behaisoattributed to the alignment of structural
network of nanotubes at the initiation of sheasuhéng afterwards in less viscous force. The
values of apparent viscosity decrease with the rshate and the volume fraction in
nanoparticles. The shear-thinning region is up@6s2; for higher shear rate, the viscosity
tends to a Newtonian plateau.

For lower particle content of 0.055 and 0.0055%, rianofluids behave in Newtonian manner
as the apparent viscosity is quite constant withenshear rate range investigated. It is worth

noting that the viscosity of nanofluids with paldicontent of 0.055 and 0.0055% is close to



the viscosity of base fluid. As an example, we repo figure 4 the apparent viscosity of
nanofluids at 30°C. This figure evidences the pesicomments. It was also reported in [33]
that the base fluids behave as Newtonian fluid$Hempresently tested nanofluids.

Due to shear-thinning behavior of some nanofluitie, evolution of relative viscosity of
nanofluids defined as the ratio of the nanofluigicaisity to the viscosity of the base fluid is
here investigated at different shear rate valuesfanall tested temperatures. So, we have
considered a low shear rate value of 20an intermediate shear rate of 260shich
corresponds to the transition between shear-thgnrdand Newtonian behavior of some
nanofluids and the maximum shear rate of 180@kere a Newtonian plateau is achieved.
As the relative viscosity of the tested nanofluidsndependent of temperature under the
experimental uncertainty [33], an average valuegebditive viscosity of nanofluids is here
considered for the three operating temperatures.vorth nothing that the relative viscosity
is temperature independent whatever the sheavaaie considered.

The evolution of relative viscosity of nanofluidsfunction of shear rate and volume fraction
is detailed in figure 5. It shows that the viscpseinhancement due to the presence of
nanotubes is significant for volume fraction in ofubes higher than 0.055% and that the
evolution of the relative viscosity is quite linearthin the tested volume fraction in
nanoparticles, in particular too from a volume fi@t higher than 0.055%. It is also observed
from figure 5 the influence of shear-thinning belbawf nanofluids, as the enhancement of
relative viscosity of nanofluids decrease whensthear rate increases.

A similar empirical model to thermal conductivitpleancement of nanofluids can also be
used to predict the relative viscosity enhancenoémtanofluids independently of shape and

dispersion state of nanopatrticles [42,43]. It verides follows

My /:ubf =1+C,0 (4
Where G, is viscosity enhancement coefficient, which isehiedependent on temperature: p
is the viscosity of the base fluid ang: s the viscosity of the nanofluid. From equatid) (

and figure 5, Gis here evaluated to 550, 330 and 260 for low staarof 208, intermediate

shear rate of 200sand maximum shear rate of 1000sspectively.
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According to equation (1), we have also calculdabedReynolds number corresponding to the
different shear rates, particle contents and teatpers investigated. These values are
reported in Table 1. Because of the rheologicaperies of the nanofluids, it is observed
from Table 1 that the Reynolds number within theecand plate geometry increases with
temperature and shear rate. These values are alsna@d when the volume content in
nanoparticles decreases. Table 1 also shows tkatogical measurements are performed
under laminar flow regime as the maximum Reynoldsiber is less than 450.

Based on the previous results, the efficiency of 8tudied nanofluids as coolants is
investigated in the following considering the effeaf temperature and particle volume

fraction, as well as the flow regime.
3.2 Efficiency of nanofluids in laminar regime

According to literature [42,43], the use of nana@ffuas coolants under laminar flow is

beneficial when equation (4) is satisfied.

C,/C.<4 (5

For the tested nanofluids, the ratio defined byatiqn (5) can be calculated from the

experimental results reported above. The obtairaddes are detailed in Table 2 considering
the effect of shear rate on the rheological behavimanofluids. It is observed from Table 2

that the ratio of viscosity enhancement coefficiemtthermal conductivity enhancement

coefficient is higher than 4 at 20°C whatever theas rate. This means that at this
temperature, the thermal conductivity enhancensepenalized by the viscosity enhancement
of the nanofluids, which can increase the pumpiogegy and the pressure drop of these
nanofluids in energy systems. When the temperatuiacreased, Table 2 shows that the
nanofluids become efficient in laminar regime fagthshear rate at 30°C i.e. for Reynolds
number ranging from 180 to 330. At 40°C, the effiry of nanofluids is extended to lower

shear rate of 200s This corresponds to Reynolds number ranging #6rto 450.
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3.3 Efficiency of nanofluids in turbulent regime

Under turbulent flow regime, the heat transfer raftenanofluids depends on the whole of
thermophysical properties of the fluid, and canelaluated from the Mouromtseff number,
Mo [43]. This number is defined by equation 6. Highllee Mouromtseff number, better the
potential of the nanofluid as coolant.

,0 O.Sk 0.67C 033
M, = Tf} (6)

Where p, k, G, and p, are respectively the density (in K/nmhermal conductivity (in
W/m.K), specific heat (in J/kg.K) and viscosity fa.s) of the nanofluid. As the rheological
measurements have been performed in laminar regnaehave considered the viscosity

value of nanofluids within the Newtonian plateatequation (6).

The heat capacity of the fluids was here evaluftmn the available theoretical correlation

proposed in [36], and described by the equationK@) this purpose, it is here assumed that
SDBS poorly contributes to the heat capacity ofofiards to be neglected because of the low
content in SDBS within the nanofluids. In additieve have shown above that the density of

the nanofluid is not influenced by the presencsurfactant for the tested volume fractions.

_dlec,), +a-glec,),
W * (1_ ¢)pbf

(7)

Figure 6 shows the specific heat of the nanofl@dsluated from equation (7) for the tested
volume fractions and temperatures. Figure 6 indgatvery low decrease of the heat capacity
of nanofluids when the volume fraction increasasaddition, the values of figure 6 illustrate
a slight effect of temperature. At 30 and 40°C, Heat capacity of nanofluids is quite
identical. The heat capacity of nanofluids seemsethigher at 20°C.

12



From the previous experimental data and both egusi{i6) and (7), the Mouromtseff number
of base fluids and nanofluids was calculated fertdsted volume fractions and temperatures.
This allows us to evaluate enhancement of Mourdifntsember defined as the ratio of
Mouromtseff number of nanofluids to Mouromtseff ruen of base fluids. It is reported in
figure 7. In comparison with laminar regime, thesrthal performances of nanofluids in
turbulent regime are dependent on both temperandevolume fraction of nanoparticles.
Efficiency of nanofluids at 20°C is only evidended the lower volume fraction tested. When
the temperature increases to 30°C, the efficierfcpamofluids is extended to 0.055% in
volume fraction. At 40°C, the nanofluids are effii for volume fractions ranging from
0.0055% to 0.111%. It is finally observed that thest performance in turbulent regime is
obtained at 40°C for the nanofluid at lower volufreetion.

4. Conclusions

In this study, we experimentally investigated thermo-physical properties of water-based
nanofluids containing carbon nanotubes (CNT) amdbiszed by SDBS as surfactant. The
influence of particles concentration — from 0.005%800.278% - and temperature — from
20°C to 40°C - on the density, thermal conductinatyd viscosity of the nanofluids were

presented and discussed. Based on these experimesnitts, the following conclusions may

be drawn for the tested nanofluids:

- The density is independent of temperature anceases with particle volume fraction. A

similar trend is reported for the relative density.

- The relative thermal conductivity increases witlanoparticle volume fraction and

temperature.

- The relative viscosity of nanofluids is affectieg both the increase in nanoparticle volume
fraction and shear rate.

Based on the proper determination of these pragserthe efficiency of the nanofluids as
coolants was evaluated in both laminar and turidlew regimes. It was demonstrated that
the nanofluids investigated in this paper can beebeal in energy systems and heat
exchangers involving fluid flow following the temp¢ure of the set-up, the volume fraction

in nanoparticles and the flow regimes.
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- In laminar regime, the nanofluids become effitian 30°C and for Reynold numbers
ranging from 180 to 330. Increasing the temperatoré0°C, the efficiency of nanofluids is
increased to higher range of Reynold numbers.

- In turbulent regime, the efficiency of the namads is dependant to both the decrease in

particle volume fraction and the increase in terapge.
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Figure Captions

Figure 1. Density of nanofluids in function of ng@eticle volume fraction

Figure 2. Density enhancement of nanofluids in fiemcof nanoparticle volume fraction and
temperature

Figure 3. Thermal conductivity enhancement of namds in function of nanoparticle volume
fraction and temperature

Figure 4. Apparent shear viscosity of nanofluidSGfC

Figure 5. Viscosity enhancement of nanofluids inction of nanoparticle volume fraction
and shear rate

Figure 6. Specific heat of the nanofluids in fuantiof nanoparticle volume fraction and
temperature

Figure 7. Enhancement of Mouromtseff number ofrtheofluids in function of nanoparticle
volume fraction and temperature

Table Captions

Table 1. Reynolds number within the cone and pigemetry for the studied nanofluids:
Influence of shear rate, particle content and teatpee

Table 2. Ratio of viscosity enhancement coefficismtthermal conductivity enhancement
coefficient in function of temperature.
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Figure 1. Density of nanofluids in function of ng@oticle volume fraction
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Figure 2. Density enhancement of nanofluids in fiemcof nanoparticle volume fraction and
temperature
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Figure 6. Specific heat of the nanofluids in fuantiof nanoparticle volume fraction and
temperature
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Figure 7. Enhancement of Mouromtseff number ofrthrofluids in function of nanoparticle
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Table 1. Reynolds number within the cone and piggemetry for the studied nanofluids:
Influence of shear rate, particle content and teatpee

Volume fraction (%)

0.278 0.111 0.055 0.0055
Temperature (°C) | 20 30 40| 20 30 40 20 30 40 20 30 40
Shearrateof 20s | 2 25 32| 3 5 683 5 7 8 5 7 9
Shear rate of 200's| 26 30 40| 32 59 74 50 70 85 57 70 86
Shear rate of 1000'g 140 180 230| 170 326 400|260 290 430|275 330 450
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Table 2. Ratio of viscosity enhancement coefficiemtthermal conductivity enhancement
coefficient in function of shear rate and tempeam®tu

Temperature (°C) 20 30 40
C./Cxat 205 |13.4 7.85 6.5
C./Cxat2008 | 8 4.71 3.88
C,/Cxat 10008 | 6.34 3.71 3.05
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