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Introduction

The progressive depletion of fossil fuels and world energy demand necessitate the development of new technologies based on alternative energy sources [START_REF] Mehrali | From rice husk to high performance shape stabilized phase change materials for thermal energy storage[END_REF][START_REF] Iranmanesh | Thermal performance enhancement of an evacuated tube solar collector using graphene nanoplatelets nanofluid[END_REF]. Nanofluids (nanoparticles dispersed in a conventional fluid) have become a research topic of immense interest worldwide.

They have potential applications in many important fields such as in cooling technologies or advanced heat transfer, energy harvesting, medical, micro-electromechanical systems, microfluidics, microelectronics, numerous thermal management systems and transportation [START_REF] Murshed | A state of the art review on viscosity of nanofluids[END_REF][START_REF] Choi | Nanofluids[END_REF][START_REF] Das | Nanofluids: science and technology[END_REF][START_REF] Murshed | Thermophysical and electrokinetic properties of nanofluids -A critical review[END_REF][START_REF] Wong | Applications of nanofluids: Current and future[END_REF][START_REF] Saidur | A review on applications and challenges of nanofluids[END_REF][START_REF] Murshed | Nanofluids as Advanced Coolants[END_REF][START_REF]Nanofluids: synthesis, properties, and applications[END_REF]. Most studies have mainly focused on the determination of thermal properties of nanofluids, especially thermal conductivity, their modeling and their use in simulations, due to the potential benefits compared to suspensions of microparticles as well as conventional fluids [START_REF] Murshed | A state of the art review on viscosity of nanofluids[END_REF][START_REF] Yu | Review and comparison of nanofluid thermal conductivity and heat transfer enhancements[END_REF][START_REF] Thomas | A review of experimental investigations on thermal phenomena in nanofluids[END_REF][START_REF] Özerinç | Enhanced thermal conductivity of nanofluids: a state-of-theart review[END_REF][START_REF] Mahian | Recent advances in modeling and simulation of nanofluid flows-Part I: Fundamentals and theory[END_REF][START_REF] Mahian | Recent advances in modeling and simulation of nanofluid flows-Part II: Applications[END_REF][START_REF] Murshed | Handbook of nanophysics: nanoparticles and quantum dots[END_REF][START_REF] Kleinstreuer | Experimental and theoretical studies of nanofluid thermal conductivity enhancement: a review[END_REF][START_REF] Murshed | Superior thermal features of carbon nanotubes-based nanofluids -A review[END_REF][START_REF] Aybar | A review of thermal conductivity models for nanofluids[END_REF][START_REF] Estellé | Thermal conductivity of CNT water based nanofluids: Experimental trends and models overview[END_REF].

Likewise, dynamic viscosity also becomes an important property when it comes to practical applications related to heat transfer and fluid flow. For instance, the pumping power, pressure drop and convective heat transfer in flow systems are directly dependent to the viscosity of the fluids. Consequently, the interest in investigation and analysis of nanofluid viscosity is recently growing than those regarding thermal conductivity which was the topic of extensive studies for a longer time [START_REF] Murshed | A state of the art review on viscosity of nanofluids[END_REF]. Among the different types of nanoparticles used in literature, carbon-based nanomaterials, especially graphene, can be excellent thermal conductivity enhancers for nanofluid design, due to their excellent intrinsic thermal property compared to that of metal oxide or metallic nanoparticles [START_REF] Cabaleiro | Dynamic viscosity and surface tension of stable graphene oxide and reduced graphene oxide aqueous nanofluids[END_REF][START_REF] Balandin | Thermal properties of graphene and nanostructured carbon materials[END_REF][START_REF] Cabaleiro | Heat transfer capability of (Ethylene Glycol + Water)-based nanofluids containing graphene nanoplatelets: Design and thermophysical profile[END_REF].

Available literature shows that nanofluids can exhibit either a Newtonian or a non-Newtonian behavior, depending on nanoparticle shape, size or concentration [START_REF] Murshed | A state of the art review on viscosity of nanofluids[END_REF][START_REF] Cabaleiro | Dynamic viscosity and surface tension of stable graphene oxide and reduced graphene oxide aqueous nanofluids[END_REF][START_REF] Żyła | Nanofluids containing low fraction of carbon black nanoparticles in ethylene glycol: An experimental study on their rheological properties[END_REF]. Such an evaluation, as well as in what extend the viscosity of the base fluid is modified with the presence of graphene nanosheets, is of great interest for possible applications. With this aim, Moghaddam et al. [START_REF] Moghaddam | Preparation, characterization, and rheological properties of graphene-glycerol nanofluids[END_REF] investigated graphene nanosheets with size of about 15-50 nm thick dispersed in glycerol. The prepared nanofluids were in the concentration range of 0.25-2.0 wt.%, and their viscosity was measured at temperatures between 293.15 and 323.15 K. A non-Newtonian behavior was reported by these authors and a strong enhancement in viscosity of glycerol by 401.49 % with the 2 wt.% loading of graphene nanosheets at shear rate 6.32 s -1 and at temperature equal to 293.15 K was also observed. On the other hand, Sarsam et al. [START_REF] Sarsam | Stability and thermophysical properties of noncovalently functionalized graphene nanoplatelets nanofluids[END_REF] prepared 0.1 wt.% of graphene nanoplatelets (GNP)/water nanofluids without any surfactant assistance (samples labeled as "pristine" in that article) or stabilized using different surfactants like sodium dodecyl benzene sulfonate (SDBS), sodium dodecyl sulfate (SDS), cetyl trimethylammonium bromide (CTAB) and gum arabic (GA). Authors investigated the shear rate dependence of dynamic viscosity in the range from 20 to 200 s -1 and at temperatures from 298.15-328.15 K. Without any surfactant assistance, a slight shear thinning behavior was observed for nanofluid in the region of low shear rates for all studied temperatures expect for 308.15 K. A more remarkable pseudoplastic behavior was reported for the dispersions stabilized with GA (at a GA-GNP ratio of 0.5:1) in the studied temperature range. Conversely, suspensions containing the ionic surfactants (SDBS, SDS and CTAB) at a surfactant-nanoparticle ratios of 1:1 behaved in a Newtonian manner. Additionally, the (1:1) SDBS-GNP sample showed the highest stability and nearly the lowest viscosity (7.4 % higher than distilled water). And based on the average values of viscosity, the water based nanofluids could be sequenced as (0.5:1) GA-GNPs >> pristine GNP > (1:1) SDBS-GNP > (1:1) SDS-GNP > (1:1) CTAB-GNP. The dispersion of GNPs, with thickness of about 5-10 nm and 15 μm of large dimension, in a mixture of deionized water:ethylene glycol (70:30 volume ratio) using 0.75 vol.% of sodium deoxycholate (SDC) as surfactant was studied by Selvam et al. [START_REF] Selvam | Enhanced heat transfer performance of an automobile radiator with graphene based suspensions[END_REF]. The investigation was done for nanofluids in the GNP concentration range of 0.1-0.5 vol.%. The obtained results showed that the viscosity ratios (µnf/µbf) of nanofluids increased from 1.06 to 1.16 and 1.13 to 1.39 at 0.1 and 0.5 vol.%, respectively. In another work, Wang et al. [START_REF] Wang | Thermophysical performance of graphene based aqueous nanofluids[END_REF] investigated single layer graphene (SLG)/water nanofluids that contain a special dispersant (not specified in the article). They found that the viscosity decreased with increasing temperature from 278.15 to 298.15 K increases with increasing concentration from 0.2 to 1 wt.% with a viscosity increment ratio between SLG nanofluids and water ranging from 1.24 to 2.35 and a non-Newtonian shear thinning behavior was reported. Vallejo et al. [START_REF] Vallejo | Rheological behaviour of functionalized graphene nanoplatelet nanofluids based on water and propylene glycol:water mixtures[END_REF] studied functionalized GNP (fGNP) nanofluids based on water and propylene glycol:water mixture at 30:70 and 50:50 wt.%. Rheological investigation was performed at shear rates from 10 to 1000 s -1 with at different weight concentrations between 0.25 and 1 wt.% and in the temperature range 283.15-353.15 K. The authors obtained a non-Newtonian behavior at low shear rates (up to 100) and a Newtonian behavior at higher shear rates. Additionally, they found that in the case of base fluid with higher viscosity, the nanofluid viscosity decrease with temperature was higher and in the case of the base fluid with lower viscosity, the nanofluid viscosity increase with weight content of fGNP was higher.

On another hand, Vallejo et al. [START_REF] Vallejo | Influence of Six Carbon-Based Nanomaterials on the Rheological Properties of Nanofluids[END_REF] investigated the rheological properties of sulfonic acid-fGNP nanofluids based on ethylene glycol:water mixture 50:50 vol%. Different weight concentrations of fGNPs in the range 0.25-2 % were prepared and studied in the shear rate range 1-1000 s -1 between 283.15 and 353.15 K. With increasing temperature within the tested range, the measurements showed a viscosity decrease by around 82 and 80 % for the base fluid and nanofluids, respectively. An increase in viscosity values was found with the increase of graphene loading. For example, a viscosity enhancement of 16 % was obtained for the nanofluid with 0.5 wt.% of fGNPs with respect to the base fluid, independently on the temperature. In addition, the studied nanofluids exhibited a shear thinning behavior at low shear rates with higher pseudoplasticity for higher graphene concentration; and a Newtonian behavior was found at higher shear rates.

In another study, functionalized fGNPs were dispersed in propylene glycol:water mixture at (30:70) wt% by Vallejo et al. [START_REF] Vallejo | Potential heat transfer enhancement of functionalized graphene nanoplatelet dispersions in a propylene glycol-water mixture. Thermophysical profile[END_REF]. The authors prepared nanofluids with weight content between 0.25 and 1 % and their viscosity was tested in the temperature range 293.15-323.15 K by imposing constant shear rates in the range of 1000-4000 s -1 . The viscosity was found independent on shear rate (Newtonian behavior) and on testing time (100 s). In addition, the temperature rise caused a decrease in viscosity between 31 and 57 %. On the other hand, with increasing the graphene loading, the viscosity increase attained 44 and 214 % for the lowest and highest fGNP concentration, respectively.

The rheological properties of graphene oxide (GO) and reduced graphene oxide (rGO)/water nanofluids were studied by Cabaleiro et al. [START_REF] Cabaleiro | Dynamic viscosity and surface tension of stable graphene oxide and reduced graphene oxide aqueous nanofluids[END_REF] at 293.15 and 303.15 K. The prepared nanofluids were in the volume concentration range of 0.0005-0.1 %. The results showed a Newtonian behavior for the prepared nanofluids with graphene content lower than 0.01 vol.% and shear-thinning behavior was observed for higher graphene concentrations. Additionally, maximum increases of 100-130 % and 70-80 % was obtained respectively for the non-Newtonian GO and rGO based nanofluids. The largest increase was found for the highest concentration at 303.15 K. The results regarding the relative viscosity showed an enhancement by about 130 and 70% in the tested range of concentration for GO and rGO based nanofluids, respectively, without any significant influence of temperature. On the other hand, the authors showed that for the highest graphene content studied, rGO based nanofluids exhibited lower apparent viscosities than for GO-based nanofluids, and weaker shear-thinning behaviors.

In this study, high quality few layer graphene (FLG) was dispersed in a commercial mixture of propylene-glycol/water using three different nonionic surfactants, Pluronic® P-123, Triton X-100 and Gum Arabic. The studied nanoparticle weight concentrations are: 0.05, 0.1, 0.25, and 0.5 %. The rheological behavior of all corresponding base fluids and nanofluids were investigated at temperatures between 283.15 and 323.15 K and correlated to the visual aspect of the nanofluids after shearing. The results are discussed according to the influence of concentration and type of surfactant, concentration of FLG, temperature and shearing time. For well-stable nanofluids under shear, the viscosity evolution with temperature and FLG concentration is finally predicted by a comprehensive viscosity model. This study is the last step of the thermophysical characterizations of these FLG-based nanofluids, as the stability at rest and thermal conductivity [START_REF] Hamze | Few-layer graphene-based nanofluids with enhanced thermal conductivity[END_REF] and the volumetric and surface tension properties [START_REF] Hamze | Volumetric properties and surface tension of few-layer graphene nanofluids based on a commercial heat transfer fluid[END_REF] were recently reported.

Materials and methods

As reported in our recent works [START_REF] Hamze | Few-layer graphene-based nanofluids with enhanced thermal conductivity[END_REF][START_REF] Hamze | Volumetric properties and surface tension of few-layer graphene nanofluids based on a commercial heat transfer fluid[END_REF], the nanofluids presently investigated are produced with high quality few-layer graphene (3-5 layers, mean lateral size 5µm, average thickness 1.5 nm) that was synthetized from ultrasound exfoliation of expanded graphene in water assisted by tannic acid. The full morphological and structural characterization of this FLG was previously performed in [START_REF] Hamze | Few-layer graphene-based nanofluids with enhanced thermal conductivity[END_REF]. Graphene-based nanofluids were obtained from the dispersion of the FLG, previously washed, freezed and dried after the exfoliation process, in a commercial heat transfer fluid, namely Tyfocor® LS, that is a mixture of water and propylene glycol 60:40 wt.% using nonionic surfactants. Hence, Triton X-100 and Pluronic® P123 provided by Sigma Aldrich (Germany) and Gum Arabic by Acros Organics (France) were used as received. As also explained previously [START_REF] Hamze | Few-layer graphene-based nanofluids with enhanced thermal conductivity[END_REF][START_REF] Hamze | Volumetric properties and surface tension of few-layer graphene nanofluids based on a commercial heat transfer fluid[END_REF], a starting suspension with 0.5 wt.% of FLG was added to the base fluid, Tyfocor + surfactant (1 wt.%) and sonicated with a probe sonicator (Bioblock Scientific Vibra cell 75042, 125 W with a pulse mode 2 s ON / 1 s OFF) for several cycles of 15 min to avoid sample overheating. Samples with lower concentration were obtained from the dilution of the starting suspension with Tyfocor alone using the same sonication procedure. The surfactant:FLG ratio remain constant and equal to 2 for each FLG content that varies between 0.5 and 0.05 wt.%. The procedure was similarly followed for the three used surfactants. More details can be found in [START_REF] Hamze | Few-layer graphene-based nanofluids with enhanced thermal conductivity[END_REF]. In the following, Pluronic® P-123, Triton X-100 and Gum Arabic will be referred to as P123, TrX and GA, respectively and Tyfocor is used in the text and the figures instead of Tyfocor® LS, for sake of clarity.

Rheological characterizations

Dynamic viscosity studies were performed on a Malvern Kinexus Pro rotational rheometer (Malvern Instruments Ltd., United Kingdom) equipped with a cone-plate geometry appropriate to investigate low-viscosity colloidal suspensions. The measuring geometry has a diameter of 60 mm and a cone angle of 1°, while the gap between the cone and the plate is 0.03 mm. Stresscontrolled measurements were done at temperatures between 283.15 and 323.15 K with an interval of 10 K. Temperature was controlled with a precision of ±0.01 K by means of a Peltier temperature control device placed below the lower surface. Special thermal clovers were used to ensure constant temperature throughout the sample gap during experiments. A sample volume of 1 cm 3 , considered optimal for the analysis with this geometry, was placed on the lower plate and a stabilization time of 5 min was allowed before experiments. Before starting the rheological measurements and in order to evaluate the temperature effect on nanofluid state at rest, every nanofluid was tested under controlled temperature at each single studied temperature for 10 minutes (+5 min stabilization time) and without shearing the sample.

Afterwards, two rheological analyses were performed. First, shear-viscosity flow curves were collected in state regimen at shear stresses in logarithmic scale corresponding to shear rates between 10 and 1000 s -1 . Finally, with the aim of analyzing the combined effect of both temperature and shearing time on nanofluid state, samples were also subject to a temperature ramp (in which temperature was continuously increased in the range from 283.15 to 323.15 K by steps of 10 K) while shear rate was hold to 500 s -1 . This shear rate was selected based on shear flow curves and corresponded to the region where Newtonian plateau was reached for all samples.

In an original way, pictures of the samples were taken at the end of the measurements to evaluate the stability of the nanofluids and to correlate the shear flow behavior with the visual aspect of the nanofluids.

Additional details about the experimental device can be found in Halelfadl et al. [START_REF] Halelfadl | Viscosity of carbon nanotubes water-based nanofluids: Influence of concentration and temperature[END_REF].

Experiments for each fluid and nanofluid and studied conditions were performed at least in duplicate and obtained flow curves did not show any significant difference. To validate the experimental shear flow protocol described above, dynamic viscosity measurements were done between 283.15 and 313.15 K for distilled water and between 273.15 and 373.15 K for Tyfocor thermal fluid. As expected, the results showed a Newtonian behavior for these two fluids. To confirm the accuracy of the measure instrument, our experimental results were compared with those reported in the literature. The absolute average deviation obtained with water was about 3.5% [START_REF] Sengers | Improved international formulations for the viscosity and thermal conductivity of water substance[END_REF] and that of Tyfocor was less than 5 % [36] in the tested temperature range.

Results and discussion

Effect of surfactant on viscosity of propylene-glycol/water mixture

To evaluate the effect of surfactant (type and concentration) on the dynamic viscosity of Tyfocor, this transport property was investigated in the temperature range 283.15-323.15 K for surfactant-Tyfocor mixtures prepared at surfactant concentrations of 0.1, 0.2, 0.5 and 1.0 wt.% with either Triton X-100, Pluronic® P-123 or Gum Arabic. At the investigated conditions, all studied surfactant-Tyfocor mixtures (which were also used as base fluids) exhibited a Newtonian behavior. As an example, Figure 1 

Effect of temperature and concentration on nanofluids behavior

Nanofluids at rest

All the nanofluids produced with the three different surfactants were tested between 283.15 and 323.15 K, without and under shearing in order to discriminate between the temperature and the shearing effects. The observed aspects of each nanofluids after each measurement are gathered in 

surfactant used, the temperature and the shearing time. Four states or aspects were mainly observed after the rheological measurements. The FLG-based nanofluids showing a dark homogeneous aspect without visible aggregates or with only few small aggregates, thus, appearing mainly as a well dispersed phase are named (⊕) for 'stable nanofluids' (Fig. 3a).

When black FLG aggregates are visible, the aspect is noted aggregation (□) (Fig. 3b) and if these aggregates form a well-separated phase from the solvent, phase separation (▲) is recorded (Fig. 3d). In some cases, a homogeneous aspect is observed but in the form of a viscous gel (•) (Fig. 3c). Concisely, the FLG-based nanofluid samples produced with Pluronic® P-123 and Gum

Arabic were rather stable at rest, while the dispersion state of the nanofluids prepared with Triton X-100 seemed much more sensitive to temperature. An aggregation phenomenon and a clear phase separation were indeed noticed when temperature increased especially for the highest FLG concentration.

Table 1. Observed states of the prepared nanofluid series at the end of the rheological measurements. Each visible aspect are noticed as (⊕) for the stable nanofluids without or with visually observed small aggregates, (□) for visible aggregates, (•) for a gel-like aspect, (▲) for a noticeable phase separation between FLG and the base fluid, (-) no measurement was done, (◊) no available photo. An example of each state mentioned in this table is shown in Fig. 3.

T fixed, shear rate fixed at 0 s -1 T fixed, shear rate ↑ T ↑, shear rate fixed at 500 s -1 

⊕ ⊕ ⊕ ⊕ ⊕ ⊕ - - - ⊕ ◊ ◊ ◊ ◊ ⊕ 0.1% ⊕ ⊕ ⊕ ⊕ ⊕ ⊕ - - - ⊕ ◊ ◊ ◊ ◊ ⊕ 0.25% ⊕ ⊕ ⊕ ⊕ ⊕ ⊕ - - - ⊕ ◊ ◊ ◊ ◊ ⊕ 0.5% ⊕ ⊕ ⊕ ⊕ ⊕ ⊕ - - - ⊕ ◊ ◊ ◊ ⊕ • TrX 0.05% □ □ □ □ ▲ □ □ ▲ ▲ ▲ ◊ ◊ ◊ ◊ ▲ 0.1% ⊕ ⊕ ⊕ □ □ ⊕ ⊕ ⊕ ▲ - ◊ ◊ ◊ ▲ - 0.25% ⊕ ⊕ ⊕ ⊕ ▲ ⊕ ⊕ ⊕ • ▲ ◊ ◊ ⊕ • - 0.5% ⊕ ⊕ ⊕ ⊕ • ⊕ • • - - ◊ ◊ • - - GA 0.05% ⊕ ⊕ ⊕ ⊕ ⊕ ⊕ - - - ⊕ ◊ ◊ ◊ ◊ □ 0.1% ⊕ ⊕ ⊕ ⊕ ⊕ ⊕ - - ⊕ ⊕ ◊ ◊ ◊ ◊ □ 0.25% ⊕ ⊕ ⊕ ⊕ ⊕ ⊕ ⊕ ⊕ ⊕ □ ◊ ◊ ⊕ □ - 0.5% ⊕ ⊕ ⊕ ⊕ □ ⊕ ⊕ ⊕ □ - ◊ ◊ • - -

Nanofluid under shear

The shear flow behavior of the prepared FLG-based nanofluids is discussed in the following considering the type of surfactant used and the FLG concentration. With Pluronic® P-123, the FLG-based nanofluids were mainly Newtonian in the investigated temperature range and they exhibited a slight shear-thinning behavior at low shear rates. Such a shear-thinning trend is more pronounced at 0.5 wt.% in FLG as the dynamic viscosity decreases up to 200 s -1 before to reach a Newtonian plateau. In addition, as noticed in Table 1, they stayed stable during all shear flow measurements. From this rheological study, the dynamic viscosity was found to increase with the FLG content in the nanofluids and to decrease with temperature. FLG-based nanofluids prepared with Triton X-100 were observed to lose their stability at high temperature at rest (Table 1). Viscosity measurements with varying the shear rate between 10 and 1000 s -1 showed the shear flow behavior of the samples at the selected temperatures. The results of stable (dispersed state) nanofluids under shearing are presented in Figure 5(a), those showing a gel-like appearance at end of the measurement (Table 1) are shown in Figure 5 In the case of nanofluids prepared with Gum Arabic, they were stable with the presence of some aggregates for high FLG concentrations at high temperatures without shearing. After shearing measurements at selected temperatures, no significant change of their aspect was observed.

These measurements showed different behaviors for these nanofluids, like quite Newtonian (Fig. 6a and6b), or shear-thinning and shear-thickening at low shear rates up to 200 s -1 (Fig. 6b) before to reach a Newtonian plateau. For example, a slight shear-thinning behavior was obtained for 0.1 wt.% of Gum Arabic at 323.15 K, 0.25 wt.% of Gum Arabic at 303.15 K and 313.15 K and also for 0.5 wt.% of Gum Arabic at 283.15 K,respectively. A significant shear-thickening behavior was noticed for the highest concentration of FLG 0.5 w.t% (containing 1 wt.% of Gum Arabic) at 293.15 and 303.15 K at low shear rates (<200 s -1 ). This trend could be attributed to the organization of the aggregates (see Table 1) under shear before to reach a stabilized state. The fact that certain Newtonian fluids become non-Newtonian after the dispersion of nanoparticles can be explained by the formation of possible nanoparticle-based fluid networks whose structure gets modified under shear stress [START_REF] Vallejo | Influence of Six Carbon-Based Nanomaterials on the Rheological Properties of Nanofluids[END_REF][START_REF] Pastoriza-Gallego | Rheological non-Newtonian behaviour of ethylene glycol-based Fe2O3 nanofluids[END_REF][START_REF] Genc | Synthesis and rheology of ferrofluids: a review[END_REF][START_REF] Hermida-Merino | Evidence of viscoplastic behavior of exfoliated graphite nanofluids[END_REF]. Accordingly, a shear thinning behavior could indicate that nanoparticle networks could break once oriented in the flow direction of the shear. This would lessen the interaction forces, decreasing the flow resistance and, consequently, the apparent viscosity of the dispersion decreases [START_REF] Vallejo | Influence of Six Carbon-Based Nanomaterials on the Rheological Properties of Nanofluids[END_REF][START_REF] Pastoriza-Gallego | Rheological non-Newtonian behaviour of ethylene glycol-based Fe2O3 nanofluids[END_REF][START_REF] Genc | Synthesis and rheology of ferrofluids: a review[END_REF][START_REF] Hermida-Merino | Evidence of viscoplastic behavior of exfoliated graphite nanofluids[END_REF]. Inversely, and as mentioned earlier, shear-thickening could be attributed the presence of the disordered structure of aggregates and their interaction.

Effect of shearing time and temperature

As explained before, a last measurement was performed with all stable nanofluids, selected from the previous experiments, by applying a fixing shear rate of 500 s -1 (this shear rate being in the Newtonian region) and increasing the temperature from 283.15 to 323.15 K with the same sample. K for the FLG concentrations of 0.05, 0.1, 0.25 and 0.5 wt.%, respectively. From Table 1, the difference between the nanofluid states observed with the three different kinds of measurements evidences that the temperature, the concentration, the shearing and the duration of shearing have an important role in the stability of nanofluids under shear. Based on the analysis compiled in Table 1, the nanofluid samples produced with Pluronic® P-123 seem to be the most resistant against shear and temperature. Nanofluids with Gum Arabic are relatively stable while nanofluids containing Triton X-100 have the lowest stability. It should be finally noted that the viscosities of the base fluids (mixtures of Tyfocor and surfactant) are not sensitive to this kind of test and all the values were stable with time and for all the temperatures from 283.15 to 323.15 K.

Nanofluid viscosity

Now to compare the results of the two different measurements for stable nanofluids, by fixing the temperature with increasing the shear rate from 10 to 1000 s -1 and by fixing the shear rate at 500 s -1 with increasing the temperature, the obtained viscosity values are represented in Fig. 8. The solid line represents the bisector. In figure 8, the viscosity results obtained from flow curve experiments (y-axis) correspond to the average value of data collected at shear rates higher than 200 s -1 (common Newtonian region for all stable nanofluids). Regarding the temperature ramps at a constant shear rate of 500 s -1 (xaxis), viscosity values are the average of all data that were constant during the measurement (before the rise in viscosity observed at certain temperatures as explained before). Fig. 8 shows clearly that these two different tests are compatible since they lead to values belonging quite well to same bisector (taking into account the experimental uncertainty). That is why in the following section, the considered viscosity values are the average of the results obtained with the two tests.

The effect of temperature on the viscosity of both base fluids and nanofluids is shown in Fig. 9.

It is known that increasing temperature leads to decrease the viscosity of a fluid. This universal behavior in liquids is attributed to the lessening of molecular cohesive forces with increasing temperature, which reduces the shear stress and then the viscosity [START_REF] Douglas | Fluid mechanics[END_REF]. For all the studied base fluids and nanofluids, as expected, dynamic viscosity decreases with the increase of temperature One of the most used models describing the temperature dependence of viscosity is the Vogel-Fulcher-Tammann (VFT) equation [START_REF] Vallejo | Influence of Six Carbon-Based Nanomaterials on the Rheological Properties of Nanofluids[END_REF][START_REF] Fulcher | Analysis of recent measurements of the viscosity of glasses[END_REF][START_REF] Tammann | The dependence of viscosity upon the temperature of supercooled liquids[END_REF][START_REF] Vogel | The law of the relation between the viscosity of liquids and the temperature[END_REF]. This model has been previously used for graphene nanofluids [START_REF] Vallejo | Rheological behaviour of functionalized graphene nanoplatelet nanofluids based on water and propylene glycol:water mixtures[END_REF][START_REF] Vallejo | Influence of Six Carbon-Based Nanomaterials on the Rheological Properties of Nanofluids[END_REF][START_REF] Vallejo | Flow behaviour of suspensions of functionalized graphene nanoplatelets in propylene glycol-water mixtures[END_REF].

= × × (1) 
where , A, and are the fitting parameters. These parameters are gathered in Table 2 for both base fluids and nanofluids (that have results at more than three temperatures). Low absolute average deviations (AADs) and standard deviations between the experimental and fitted values around 1.53 % and 0.0961 mPa.s in average were obtained, respectively. The decrease in viscosity with increasing temperature has also been found previously with graphene-based nanofluids with water [START_REF] Cabaleiro | Dynamic viscosity and surface tension of stable graphene oxide and reduced graphene oxide aqueous nanofluids[END_REF][START_REF] Dhar | Percolation network dynamicity and sheet dynamics governed viscous behavior of polydispersed graphene nanosheet suspensions[END_REF][START_REF] Mehrali | Investigation of thermal conductivity and rheological properties of nanofluids containing graphene nanoplatelets[END_REF][START_REF] Sadeghinezhad | Experimental investigation of convective heat transfer using graphene nanoplatelet based nanofluids under turbulent flow conditions[END_REF][START_REF] Mehrali | Effect of specific surface area on convective heat transfer of graphene nanoplatelet aqueous nanofluids[END_REF][START_REF] Mehrali | Heat transfer and entropy generation for laminar forced convection flow of graphene nanoplatelets nanofluids in a horizontal tube[END_REF][START_REF] Esfahani | Effect of particle size and viscosity on thermal conductivity enhancement of graphene oxide nanofluid[END_REF][START_REF] Hadadian | Electrical conductivity, thermal conductivity, and rheological properties of graphene oxide-based nanofluids[END_REF] and glycoled water mixtures in different proportions [START_REF] Cabaleiro | Heat transfer capability of (Ethylene Glycol + Water)-based nanofluids containing graphene nanoplatelets: Design and thermophysical profile[END_REF][START_REF] Vallejo | Potential heat transfer enhancement of functionalized graphene nanoplatelet dispersions in a propylene glycol-water mixture. Thermophysical profile[END_REF][START_REF] Vallejo | Flow behaviour of suspensions of functionalized graphene nanoplatelets in propylene glycol-water mixtures[END_REF][START_REF] Ijam | Stability, thermo-physical properties, and electrical conductivity of graphene oxide-deionized water/ethylene glycol based nanofluid[END_REF][START_REF] Kole | Investigation of thermal conductivity, viscosity, and electrical conductivity of graphene based nanofluids[END_REF], respectively.

Addition of nanoparticles to a liquid was reported to induce an increase in fluid resistance to flow because of the greater friction occurring within the mixture [START_REF] Vallejo | Flow behaviour of suspensions of functionalized graphene nanoplatelets in propylene glycol-water mixtures[END_REF][START_REF]Processing and properties of advanced ceramics and composites V[END_REF]. Thus, once a nanofluid flows, to overcome this augmentation in internal friction resistance a higher energy consumption is required (in comparison to the base fluid without nanoparticles) [START_REF] Sengers | Improved international formulations for the viscosity and thermal conductivity of water substance[END_REF][START_REF]Processing and properties of advanced ceramics and composites V[END_REF]. Hence, the addition of nanoparticles in a liquid increases its viscosity. The viscosity enhancement of the studied stable FLG based nanofluids under shear as function of FLG concentration and temperature is shown in It worth noting that the volume concentration , used in Fig. 10 is calculated from the using the following equation [START_REF] Hamze | Few-layer graphene-based nanofluids with enhanced thermal conductivity[END_REF]:

= × !"# ×$"# %& (2) 
where ' () and ' *+ are the experimental densities of base fluids at all temperatures and the one of the nanoparticles at ambient temperature, respectively, as reported in [START_REF] Hamze | Volumetric properties and surface tension of few-layer graphene nanofluids based on a commercial heat transfer fluid[END_REF]. The increase rate in dynamic viscosity (with respect to Tyfocor fluid) is maximal for the highest FLG tested concentrations. Thus, it reaches 19.9, 34. 

  shows the obtained flow curves for the mixture of Tyfocor and 0.2 wt.% of Triton X-100 at 283.15, 303.15 and 323.15 K.

Figure 1 .Figure 2 .

 12 Figure 1. Flow curves for the base fluid Tyfocor and 0.2 wt.% of Triton X-100 at 283.15, 303.15 and 323.15 K.

Figure 3 .

 3 Figure 3. Representative examples of the different nanofluid states observed after performing the measurements: a) stable nanofluids without or with visually observed small aggregates (⊕), b) visible aggregates unseparated to the base fluid (□), c) gel-like aspect (•), and d) visible phase separation between the FLG aggregates and the solvent (▲).

Figure 4 .

 4 Figure 4. Dynamic viscosity of nanofluids with Pluronic® P-123 at 283.15 and 323.15 K as a function of shear rate.

Figure 5 .

 5 Figure 5. Dynamic viscosity of FLG-based nanofluids prepared with Triton X-100 between 283.15 and 313.15 K as a function of shear rate; FLG based nanofluids showing a (a) stable or dispersed state and a (b) gel-like aspect.

Figure 6 .

 6 Figure 6. Dynamic viscosity of FLG based nanofluids prepared with Gum Arabic between

Figure 7 .

 7 Figure 7. Dynamic viscosity of the nanofluid prepared with 0.5 wt.% of FLG and 1wt% Pluronic® P-123 between 283.15 and 323.15 K as a function of measurement time.Concerning the nanofluids prepared with Pluronic® P-123, the dynamic viscosity was stable with time at all the temperatures between 283.15 and 323.15 K. However, with the highest

Figure 8 .

 8 Figure 8. Comparison between the dynamic viscosity with varying shear rate and fixing it at 500
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Figure 9 .

 9 Figure 9. Dynamic viscosity of the FLG based nanofluids and the corresponding base fluids with Pluronic® P-123 (a), Triton X-100 (b) and Gum Arabic (c) as a function of temperature. The dashed lines represent the fitted values from Eq. 1.

Fig. 10 Figure 10 .

 1010 Fig. 10.

  [START_REF] Das | Nanofluids: science and technology[END_REF] and 121.6 % in the case of Pluronic® P-123, Triton X-100 and Gum Arabic at 283.15, 283.15 and 303.15 K, respectively for the nanofluids containing 0.5 wt.% of FLG. From an insight of Fig.10, it can be observed that the nanofluids with Pluronic® P-123 have lower viscosities than samples containing Triton X-100 and the highest viscosities were obtained for Gum Arabic series. the rheological characterization of FLG-based nanofluids produced with a commercial heat transfer fluid based on a mixture of water and propylene glycol and different non-ionic surfactants. In an original way, nanofluid samples were subjected to different experiments, at rest at fixed temperature, under steady shear flow at fixed temperature and under temperature ramp at fixed shear rate, which allowed to evaluate their stability and behavior under shear and temperature influence. These results were compared and correlated to visual aspect of the sample at the end of measurements. These experiments were performed in the temperature range 283.15-323.15 K and varying the mass content in FLG from 0.05 to 0.5 %. The difference between the nanofluids states observed with the different measurement methods showed that the temperature, the shearing and the duration of shearing have an important role on the nanofluids stability in function of their concentration and surfactant. This also allows the best nanofluid and surfactant to be evaluated in terms of stability under flow. Finally, for the stable nanofluids under shear, the dynamic viscosity evolution with temperature was correlated to Vogel-Fulcher-Tammann (VFT) equation.

Table 1 .

 1 An example of each nanofluid state described in Table1is shown in Figure3. Table1evidences that the dispersion state of the prepared FLG nanofluids can strongly vary after the different experiments depending on the experimental protocol (no shear and shear), the type of

		1.50	
		1.40	
		1.30	
	Relative viscosity	1.10 1.20	+ 4%
		1.00	
		0.90	-4%
		0.80	
		273.15 283.15 293.15 303.15 313.15 323.15
			Temperature (K)

Table 2 .

 2 Dynamic viscosity values ( ) for base fluids and nanofluids and fitting parameters ( ,

	Sft	, %	, %	Temperature (K) 283.15 293.15 303.15 313.15 323.15 (mPa.s) Fitting parameters and deviations A s AAD (K) (mPa.s) (%)
		0	0	8.52	5.48	3.81	2.81	2.17	0.0906	2.22 190.28	0.022	0.28
		0.1	0	8.538	5.272	3.646	2.725	2.153	0.2296	1.08 218.15	0.131	2.47
		0.2	0	8.500	5.242	3.614	2.690	2.116	0.2069	1.15 216.26	0.131	2.49
		0.5	0	8.889	5.582	3.891	2.917	2.306	0.2237	1.19 214.01	0.091	1.13
	P123	1 0.1	0 0.05	9.094 8.603	5.669 5.269	3.895 3.576	2.870 2.612	2.228 2.015	0.1479 0.1306	1.54 206.01 1.52 207.74	0.073 0.083	1.22 1.17
		0.2	0.1	8.710	5.257	3.567	2.624	2.044	0.1850	1.18 216.85	0.088	1.42
		0.5	0.25	9.082	5.581	3.815	2.811	2.188	0.1724	1.34 211.73	0.121	2.07
		1	0.5	10.222	6.357	4.359	3.206	2.485	0.1611	1.56 205.76	0.068	0.80
		0.2	0	8.918	5.482	3.766	2.795	2.192	0.2053	1.18 215.65	0.106	1.84
	TrX	0.5	0	9.309	5.862	3.989	2.882	2.181	0.0597	2.72 183.97	0.087	1.57
		1	0	9.318	5.822	4.044	3.024	2.385	0.2271	1.20 214.10	0.092	1.29
		0.1	0	8.708	5.426	3.700	2.696	2.067	0.0971	1.93 198.09	0.118	1.99
		0.2	0	8.844	5.455	3.765	2.808	2.213	0.2265	1.11 217.32	0.123	2.22
		0.5	0	9.468	5.961	4.197	3.187	2.553	0.3259	0.96 220.33	0.107	1.28
	GA	1	0	10.997	6.891	4.830	3.653	2.916	0.3552	0.99 219.72	0.032	0.42
		0.1	0.05	8.844	5.542	3.810	2.802	2.168	0.1254	1.71 202.06	0.085	1.49
		0.2	0.1	8.871	5.630	3.948	2.969	2.351	0.2210	1.24 211.95	0.195	3.40
		0.5	0.25	10.971	6.926	4.813	3.436	2.512	0.0005 58.11 41.30	0.0707	0.58

A, and ), standard deviation (s) and AAD obtained from the VFT equation, Eq. (

1

).
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