Alireza Banisharif 
  
Patrice Estellé 
email: patrice.estelle@univ-rennes1.fr
  
Alimorad Rashidi 
  
Stephan Van Vaerenbergh 
  
Masoud Aghajani 
email: m.aghajani@put.ac.ir
  
Heat transfer properties of

Keywords: Nanofluids, Heat transfer coefficient, Laminar flow, MWCNT, Graphene, Cu, Fe 3 O 4 Nomenclature

teaching and research institutions in France or abroad, or from public or private research centers.  

Introduction

The process of evaporation and condensation involves the transfer of heat to and from the product stream, and then the change of the alcohol phase from the liquid to the vapor and vice versa. This phase change requires a lot of added/removal heat at a constant temperature [START_REF] Mc Cabe | Unit operation of chemical engineering[END_REF].

Heat exchangers can perform such a process efficiently. Recently, nanoscience and nanotechnology have provided a new solution by introducing nanofluids (NFs) that can ameliorate the heat transfer of thermal systems [START_REF] Krajnik | Transitioning to sustainable productionpart III: Developments and possibilities for integration of nanotechnology into material processing technologies[END_REF]. Experimental studies have shown that the nanoparticles into the conventional base fluids can significantly enhance heat transfer properties [START_REF] Wen | Review of nanofluids for heat transfer applications[END_REF][START_REF] Vajjha | A review and analysis on influence of temperature and concentration of nanofluids on thermophysical properties, heat transfer and pumping power[END_REF][START_REF] Angayarkanni | Review on thermal properties of nanofluids: Recent developments[END_REF][START_REF] Patil | Review of the Thermo-Physical Properties and Performance Characteristics of a Refrigeration System Using Refrigerant-Based Nanofluids[END_REF]. Most previous studies focused on the thermal and hydrodynamic properties of nanofluids, and experimental studies about convectional heat transfer properties and coefficient evaluation are continuously growing. Main studies about the heat transfer coefficients (HTC) evaluation with nanofluids in different flow regimes, laminar and turbulent respectively, are summarized in [START_REF] Javed | Internal convective heat transfer of nanofluids in different flow regimes: A comprehensive review[END_REF]. The laminar flow regime is much more useful to understand physical phenomena than turbulent or transitional ones, because the fluid flows very regularly in the laminar flow, with a simple, smooth flow, and every particle keeps moving along the streamline [START_REF] Javed | Internal convective heat transfer of nanofluids in different flow regimes: A comprehensive review[END_REF]. In the heat transfer mechanism of nanofluids, thermal conductivity and dynamic viscosity of the fluids involved play important roles [START_REF] Pérez-Tavernier | Heat transfer performance of a nano-enhanced propylene glycol: Water mixture[END_REF] and must be rightly determined. Some relevant studies in the topic of the present work are introduced hereafter.

Wen and Ding [START_REF] Wen | Experimental investigation into convective heat transfer of nanofluids at the entrance region under laminar flow conditions[END_REF] studied the convective heat transfer of Al 2 O 3 water-based nanofluids, flowing through a copper tube under laminar conditions. They evidenced that heat transfer rising increases with Reynolds number, particle content and mainly produces in the tube entry. Heris et al. [START_REF] Heris | Experimental investigation of oxide nanofluids laminar flow convective heat transfer[END_REF] investigated the convective heat transfer of CuO and Al 2 O 3 waterbased nanofluids in a pipe in the laminar regime and fixed wall temperature. Heat transfer coefficient raised with nanoparticle content and Peclet number, and be higher with Al 2 O 3 water nanofluids. He et al. [START_REF] He | Heat transfer and flow behaviour of aqueous suspensions of TiO 2 nanoparticles (nanofluids) flowing upward through a vertical pipe[END_REF] studied the forced convective heat transfer of TiO 2 waterbased nanofluids in a vertical pipe. Heat transfer is significantly improved and shown to be sensitive to nanoparticle content and flow regime. Heris et al. [START_REF] Heris | Experimental investigation of convective heat transfer of Al 2 O 3 /water nanofluid in circular tube[END_REF] studied heat transfer of Al 2 O 3 water-based nanofluid under forced convection and laminar regime in a pipe.

Experimentally and analytically, the results showed the convection of nanofluids is linked to thermal conductivity improvement. Heat transfer enhancement reached 16% for 0.2 wt% Al 2 O 3 nanofluids. Garg et al. [START_REF] Garg | An experimental study on the effect of ultrasonication on viscosity and heat transfer performance of multi-wall carbon nanotube-based aqueous nanofluids[END_REF] examined viscosity, thermal conductivity, and laminar convective heat transfer of MWCNT water-based nanofluids. It was indicated that heat transfer enhancement increased by 32% and was higher than thermal conductivity enhancement reaching 20%. Askari et al. [START_REF] Askari | A novel approach for energy and water conservation in wet cooling towers by using MWNTs and nanoporous graphene nanofluids[END_REF] studied the thermal efficiency of a mechanical wet cooling tower with counterflow and showed that carbon-based nanofluids are more efficient than pure water. Graphene-Fe 3 O 4 hybrid nanofluids with kerosene were investigated in [START_REF] Askari | Rheological and thermophysical properties of ultra-stable kerosenebased Fe3O4/Graphene nanofluids for energy conservation[END_REF]. Thermal and rheological properties were studied as well as convective heat transfer under constant heat flux. As the main outcome, the convective heat transfer coefficient reached 66% at 0.3 wt.% and Re~ 4500. Estellé et al. [START_REF] Estellé | Thermophysical properties and heat transfer performance of carbon nanotubes water-based nanofluids[END_REF] reported thermophysical properties and heat transfer efficiency of CNT water-and WEG-based nanofluids at 45°C under a laminar regime. The maximum heat transfer enhancement for WEG-based nanofluids is around 18.5% at 0.05 wt%, while for water-based nanofluids it is around 11.8% with the same concentration. Colla et al. [START_REF] Colla | Laminar mixed convection of TiO2-water nanofluid in horizontal uniformly heated pipe flow[END_REF] studied the convective heat transfer of water-based TiO2 nanofluids along uniformly heated pipe under laminar forced and mixed flow conditions. The development of the Nusselt number along the pipe and the heat transfer with nanofluids were found to be significantly different from the case of pure water. Barzegarian et al. [START_REF] Barzegarian | Thermal performance augmentation using water based Al2O3-gamma nanofluid in a horizontal shell and tube heat exchanger under forced circulation[END_REF] investigated the thermal performance of Al from 10 to 1500 increase with nanoparticles content. They also illustrated that the heat transfer coefficient of nanofluids in the laminar regime is dependent on the thermal-physical properties of nanofluids. The effect of graphene nanofluid on a CO 2 heat pump device in a heat interchanger has been studied by Wang et al. [START_REF] Wang | Performance and exergy transfer analysis of heat exchangers with graphene nanofluids in seawater source marine heat pump system[END_REF]. Exergy transfer in the heat exchanger for graphene nanofluids at 0.01~0.1 wt.% was higher than those with 0.5~1 wt.%. Recent numerical simulations of nanofluid heat transfer in laminar flow [START_REF] Khelili | Studies on Cu and TiO 2 Water-based Nanofluids: A Comparative Approach in Laminar Flow[END_REF][START_REF] Kamel | Simulation of nanofluids laminar flow in a vertical channel[END_REF] have demonstrated that the Nusselt number, drag coefficient, pressure drop, and heat transfer coefficient increase with increasing nanoparticle concentration at a specified Reynolds number. Gholami et al.

[24] as well as Gravndyan et al. [START_REF] Gravndyan | The effect of aspect ratios of rib on the heat transfer and laminar water/TiO 2 nanofluid flow in a two-dimensional rectangular microchannel[END_REF] reported that the geometry of the heat transfer configuration can have a significant effect on eat transfer increase with MWCNT oil and TiO 2 water-based nanofluids. They investigated in particular how rib shapes affect the heat transfer of nanofluid flow in a rectangular microchannel.

The previously cited works evidenced that heat transfer enhancement with nanofluids depends on nanoparticle nature, content, and dispersion state, range of Re number, temperature, thermophysical properties of nanofluids, heat exchanger configuration, … Among these parameters, low content of nanoparticles in the nanofluids is required in terms of cost and operation, such as preventing blocking, instability, pump power reduction, and other negative factors [START_REF] Babita | Preparation and evaluation of stable nanofluids for heat transfer application: A review[END_REF]. Because of its proneness to coagulation, nanofluids can lose their ability for heat transfer. In addition, the key problem when using nanofluids is also dispersion state that can change the thermo-physical properties of nanofluids and their suitability in various applications. This can be improved by considering different stabilization techniques such as the use of surfactants or surface functionalization of the nanoparticles before dispersing them in the base fluid or other methods [START_REF] Babar | Towards hybrid nanofluids: preparation, thermophysical properties, applications, and challenges[END_REF]. Consequently, a challenge is the determination of surfactants' role, which is not always considered.

Finally, our aim is to investigate the thermal efficiency of different water-based nanofluids in a heat exchanger used for the ethanol condensation process. With this goal, several nanoparticles that differ in nature were considered, copper (Cu) as metallic nanoparticles, Fe 3 O 4 as metal oxides, and MWCNT and NPG as carbon nanoparticles respectively. This was done to clearly compare the impact of nanoparticle nature on heat transfer efficiency. These nanoparticles were fully characterized by XRD, SEM, BET surface area and DLS analysis.

These nanoparticles are used to prepare water-based nanofluids with low content of 0.01, 0.05, and 0.10 vol.% in concentration using some surfactants. The thermophysical properties of these nanofluids and their base fluids are also evaluated at 20°C. In addition, heat transfer experiments are reported and discussed, showing the impact of surfactants, nanoparticle content, and nature on the heat transfer coefficient and Nusselt number which are compared to theoretical correlations.

Experimental Methods

Nanoparticles and Nanofluid Preparation

In this work, commercial copper nanoparticles (Cu) with an average size of 40 nm were purchased from VWR (Alfa Aesar, ROTI®nanoMETIC), while magnetite nanoparticles (Fe 3 O 4 ), nanoporous graphene (NPG), multi-walled carbon nanotubes (MWCNT) were synthesized by our group in the framework of this investigation as described below, prior to specify the method for producing nanofluids. Materials and chemicals used for the synthesis and production of the different nanoparticles and nanofluids were purchased from commercial sources (Sigma-Aldrich and Merck). In all experiments dedicated to the nanoparticles synthesis, deionized water was used.

With regards to Fe 3 O 4 , the process was yet fully described in [START_REF] Gravndyan | The effect of aspect ratios of rib on the heat transfer and laminar water/TiO 2 nanofluid flow in a two-dimensional rectangular microchannel[END_REF][28] and used in the similar way. The reader is referred to these works for a full explanation of the synthesis process.

Nanoporous graphene was synthesized by chemical vapor deposition (CVD) including methane as the carbon source and hydrogen as the carrier gas in a ratio of 4:1, within a quartz tube (diameter 5 cm, length 120 cm) into an electrical horizontal furnace at temperatures of 900-1100°C for 30-45 min. After the growth and cooling process, the product was stirred in 18% HCl solution for about 16 h at ambient temperature to obtain pure nanoporous graphene and remove the metal nanocatalysts [START_REF] Naghash | Experimental assessment of convective heat transfer coefficient enhancement of nanofluids prepared from high surface area nanoporous graphene[END_REF]. Then, the sample was washed repeatedly with deionized water until the neutral product was obtained. Finally, the product was dried in an oven at 100 °C for 12 h.

The MWCNTs were produced by CVD consisting of 20% methane in hydrogen over Co-Mo/MgO catalysts [START_REF] Lotfi | Experimental study on the heat transfer enhancement of MWNT-water nanofluid in a shell and tube heat exchanger[END_REF]. The catalysts were reduced first with the mixture of hydrogen and nitrogen under a flow rate of 200 ml/min. The methane (20% in hydrogen) was used into the reactor as a feed of the reaction. The quartz reactor size is 140 cm in height and 2 cm in inner diameter. A porous quartz disc distributor was used to hold the nanocatalysts. For producing MWCNTs, the reaction temperature was increased from 850°C to 1050°C. The growth of carbon nanotubes was obtained using methane in hydrogen with a flow of 250 ml/min. The synthesized nanoparticles and HCl (18%) mixture were stirred at ambient temperature for 16 hours to purify the nanoparticles. Once produced, the MWCNTs were washed with distilled water and dried at 120°C for 8 h.

For the dispersion and the stabilization of nanoparticles within distilled water considered as the base fluid, different commercial stabilizers and surfactants have been used. Their nature and content are summarized in Figure 1 with the associated nanoparticles. 1.

Characterization of Nanomaterials

As in our previous work [START_REF] Gravndyan | The effect of aspect ratios of rib on the heat transfer and laminar water/TiO 2 nanofluid flow in a two-dimensional rectangular microchannel[END_REF], X-ray diffraction (XRD) patterns of nanopowders were obtained with X' Pert Pro diffractometer (Philips, PW 1800 X-ray, Netherlands) with Cu Ka (l = 1.5406 Å) radiation in the angular domain of 10<2θ<80° to identify the crystal structure of nanoparticles. SEM (Philips, XL-30ESEM, Netherlands) was used for direct examination of nanomaterial morphological structure. The size and morphological characterization of the nanoparticles were investigated at a 15 kV operating voltage. The surface area of the molecular sieve and the porosity of nanopowders were evaluated at 77 K using physisorption of nitrogen with ELSORP-mini II (BEL Japan Inc., Japan). The associated Data Analysis Software based on the adsorption isotherms was used for determining the BET surface areas of the nanoparticles.

Thermo-physical properties measurements

The thermophysical properties of nanofluids were experimentally evaluated at 20°C. The density of nanofluids was evaluated from the pycnometer method according to ASTM D153.

The measurement uncertainty, evaluated with distilled water, is reported to be less than ± 0.2%.

Dynamic light scattering (DLS) measurement using a Zetasizer Nano S (Malvern Instruments, UK) was performed to evaluate the size of the nanoparticles at 20°C. The samples were prepared using few drops of each nanofluid dispersed in the excess base fluid to achieve an acceptable degree of dilution (approximately 40 times, detection by instrument showing optimum level) for optical clarity, followed by sonication. As previously reported in the literature [START_REF] Colla | Laminar mixed convection of TiO2-water nanofluid in horizontal uniformly heated pipe flow[END_REF], DLS-size results obtained for low-concentrated dispersions can be representative of dispersion state at slightly higher concentrations.

Rheological measurements of the nanofluids were performed with a stress-controlled rheometer (Malvern Instruments Ltd, Malvern Kinexus Pro, UK) with a 60 mm diameter cone-plate configuration, a 1 o cone angle, and a 0.03 mm in gap and controlled temperature by a Peltier system implemented into the lower plate. Experiments were conducted at 20°C

for base fluids and nanofluids. Rheological flow curves were obtained imposing shear stresses for covering the shear rate range from 10 to 1000 s -1 with at least 10 points per decade. Shear rate and dynamic viscosities were collected under steady-state conditions.

Additional details about rheological experiments can be found in Cabaleiro et al. [START_REF] Cabaleiro | Dynamic Viscosity and Surface Tension of Stable Graphene Oxide and Reduced Graphene Oxide Aqueous Nanofluids[END_REF]. The viscosity values of water, which behaves in a Newtonian manner as expected for all temperatures, were favorably compared to ASHRAE data [START_REF] Fundamentals | Physical properties of secondary coolants[END_REF] with an Absolute Average Deviation (AAD) less than 3%. Experiments were done in 3 replicates for each sample.

A THW-L2 Portable thermal conductivity meter (Thermtest Inc., Canada) was used to measure base fluid and nanofluid thermal conductivity at 20°C. This device is based on a quick hot-wire technique according to the ASTM D7896 standard. In the temperature range 5/20°C, an AAD less than 1.5% was obtained with distilled water compared to ASHRAE data [START_REF] Fundamentals | Physical properties of secondary coolants[END_REF][START_REF] Hamze | Few-layer graphene-based nanofluids with enhanced thermal conductivity[END_REF]. Experiments were done according to [START_REF] Banisharif | Thermophysical properties of water ethylene glycol (WEG) mixture-based Fe 3 O 4 nanofluids at low concentration and temperature[END_REF] and the reader can refer to this work for more details. Briefly, a power input varying between 90-110 mW was applied, and a short time of 1.5s was used for thermal conductivity measurement avoiding convection. The experiments were repeated 5 times for each sample, the reported values being an average of these data. Each sample was stayed at the required temperature for at least 1 h before being tested.

Finally, the heat capacity of nanoparticles was measured at 20°C by an adiabatic calorimetry device (AK-9.02-BCT-21 calorimeter, TERMAX, Russia) with an uncertainty of 0.2%. The results are the average of three repeated tests.

Heat transfer experiments

As mentioned in the introduction, the process of evaporation and condensation involves the transfer of heat to and from the product stream, and then the change of the alcohol phase from the liquid to the vapor and vice versa. This phase change requires a lot of added/removal heat at a constant temperature [START_REF] Mc Cabe | Unit operation of chemical engineering[END_REF]. Such a process can be efficiently realized with heat exchangers.

Consequently, the present research reports an experimental study and set-up about the heat transfer evaluation during the ethanol condensation process, as described in Figure 2, and discussed in detail further. Ethanol is used to test the condensation process in the heat transfer experiments. At first, the ethanol is evaporated in the heater and later it is condensed in the heat exchanger. Waterbased nanofluids are considered as heat transfer fluids. A double-shell heat exchanger is used and was covered with several distinct layers of sponge rubber insulation foam with a high thermal resistance value (thermal resistance 1.25 K.W -1 ). K-type thermocouples are positioned along with the flow for the inlet and outlet of the test section for measuring the bulk temperatures of nanofluids as well as wall temperature. To ensure a constant temperature at the inlet of the test section, the heated fluids return to the collection tank passing through a cooling unit, which is a shell and tube heat exchanger. The temperatures during experimental runs are recorded with a data acquisition system. Seven different flow rates of fluid into the cold side were tested in the range 6-36 g.s -1 varying pump level of the circulator bath. The flow rate on the hot side (ethanol condensation) is 0.2 g.s -1 . The temperature in the cold side started at 20°C for water-based nanofluids and reaches a maximum of 26°C for the lowest flow rate of 6 g.s -1 because of the ethanol condensing process on the other side of the heat exchanger. All the data were recorded in the steady-state condition. To ensure consistency, the tests were replicated twice, and the results were repeated with equal precision. A manometer was used to measure the liquid pressure drop in the tubing. The pressure drop uncertainty was evaluated around 0.1 %. As it is explained later, different type of water-based nanofluids were considered, varying also their concentration in nanoparticles, as well as the flow rate in the heat exchanger to evaluate their performance from heat transfer coefficient evaluation.

Data Analysis

During the experiments, the tube wall temperature, the inlet and outlet temperature of the sample nanofluid, the mass flow rate as well as the static pressure difference were measured.

Due to the passage of nanofluids through a circular tube, the convective heat transfer coefficient h and the Nusselt number can be evaluated under laminar flow condition as follows [START_REF] Mosavian | Heat transfer enhancement by application of nano-powder[END_REF]:

(1) (2) (3) (4) 
Where (T w -T b ) LM is the average logarithmic temperature difference. D in (45 mm) and D out (65 mm) are inner and outer diameters of the inner tube which has a thermal conductivity of 0.8 W.m -1 .K -1 (K glass ) and L in (1.35 m) is its length. The length of the heat exchanger is L=0.295 m and its hydrodynamic diameter is D h =31.6 mm leading to a L/D ratio of around 9.5. T win and T w are inner and outer temperature of the wall in the heat exchanger respectively.

In order to evaluate the relevance of the experiments and validate the set-up, first, the measurements were performed using pure water as heat transfer fluid for which correlations under laminar forced convection in a pipe are well-known. Also, the Nusselt number predicted by the Seider-Tate equation was compared with the calculated Nusselt equation using experimental data. The Nusselt number was computed from the following correlation [START_REF] Heris | Experimental investigation of oxide nanofluids laminar flow convective heat transfer[END_REF].

(

) ( 5 
) 6 
This correlation is valid for 100 < Re < 2100, 0.6 < Pr < 100, and L/D < 0.1 Re Pr.

is the viscosity of nanofluids at wall temperature. In addition, the following dimensionless numbers are used for determining the heat transfer coefficient under the laminar flow of nanofluids through the circular tube.

The thermophysical properties of nanofluids in the previous equations were experimentally determined as described in section 2.3. With regards to specific heat capacity Cp evaluation, the following widely used correlation has been considered, at the average bulk temperature of nanoparticles and water, e.g 20°C [START_REF] Mosavian | Heat transfer enhancement by application of nano-powder[END_REF].

(

) 11 
All these thermophysical properties will be used in the following to compare theoretical and experimental heat transfer properties in heat exchanger involved in the ethanol condensation process described previously. The data in Table 1 provides the needed properties of nanoparticles and surfactants for all calculations. [32] Cu 8920 ** 401 [36] 0.463 * Fe 3 O 4 5180 [28] 17.7 [37] 0.679 * MWCNT 2100 [14] 3000 [38] 0.857 * NPG 2200 [39] 5000 [39] 1.211 * Chitosan 725 ** 0.12 [40] 1.04 [40] Oleic Acid 895 ** 0.17 [41] 2.05 [41] SDS 1010 [42] 0.122 [42] 0.706 [42] PVP 1200 ** 0.105 [43] 1.54 [43] * Experimental value ** Given by producer

Uncertainty evaluation

The uncertainty of the variables and the calculated parameters were obtained using the following equation [START_REF] Moffat | Describing the uncertainties in experimental results[END_REF]:

The uncertainty of equipment and devices is reported in Table 2. The uncertainty of the heat transfer coefficient, Re number, Nu number for water-based nanofluids were evaluated to ±3.00%, ±3.61%, and ±3.35%, respectively. 400), ( 422), (511), and (440), respectively, with no indication of the possible presence of α-Fe 2 O 3 [START_REF] Heris | Experimental investigation of convective heat transfer of Al 2 O 3 /water nanofluid in circular tube[END_REF]. The average calculated size for Fe3O4 crystal is 10 nm. For NPG XRD patterns, the peaks at 2θ = 29° (corresponding to a d-spacing of 0.30 nm), and 48°, can be observed corresponding to the diffraction of the crystal planes of graphene which could be indexed to the (002) and (100) planes, respectively (JCPDS No. 01-0646) [START_REF] Naghash | Experimental assessment of convective heat transfer coefficient enhancement of nanofluids prepared from high surface area nanoporous graphene[END_REF][START_REF] Chen | Synthesis and Characterization of Metal (Pt, Pd and Fe)-graphene Composites[END_REF]. With MWCNTs, crystallographic (002) and (100) planes are indexed to the main diffraction peaks for MWCNT at 2θ = 26°, and 43.5°, respectively [START_REF] Saravanan | Efficiency of Transition Metals in Combustion Catalyst for High Yield Helical Multi-Walled Carbon Nanotubes[END_REF]. 3. 

Thermophysical properties of nanofluids

The density values at 20°C of nanofluids are reported in Figure 7. This Figure shows that the density of nanofluids slightly increases with nanoparticle content. Such a trend is expected because of the higher density of nanoparticles compared to the base fluid. Placing nanoparticles between layers of base fluid leads to a slight volume change. This also reduces the apparent fluid volume, leading to increased volume density per fluid volume [START_REF] Askari | A novel approach for energy and water conservation in wet cooling towers by using MWNTs and nanoporous graphene nanofluids[END_REF][START_REF] Askari | Rheological and thermophysical properties of ultra-stable kerosenebased Fe3O4/Graphene nanofluids for energy conservation[END_REF][START_REF] Hamid Shirkhanloo | Ultrasound assisted-dispersive-ionic liquid-micro-solid phase extraction based on carboxylfunctionalized nanoporous graphene for speciation and determination of trace inorganic and organic mercury species in water and caprine blood samples[END_REF][START_REF] Askari | Investigation of Fe 3 O 4 /Graphene nanohybrid heat transfer properties: Experimental approach[END_REF]. The amount and size of nanoparticles have been shown to influence the total density of water nanofluid using molecular dynamics [START_REF] Dehkordi | Molecular dynamics simulation of ferro-nanofluid flow in a microchannel in the presence of external electric field: Effects of Fe 3 O 4 nanoparticles[END_REF]. For the higher nanoparticle content, 0.1%, the increase in density of nanofluids compare to distilled water reaches, 0.8%, 0.4%, 0.4%, and 0.35% with Cu, Fe 3 O 4 , NPG, and MWNT respectively. For comparison purposes, the density experimental data are compared to the classical mixing rule for density, defined by equation ( 12) [START_REF] Pak | Hydrodynamic and heat transfer study of dispersed fluids with submicron metallic oxide particles[END_REF].

(13) Thus, Figure 7 shows that a good agreement is achieved with Cu and Fe 3 O 4 nanofluids between experimental and theoretical data. However, the density of NPG and MWCNT deviates from equation [START_REF] Heris | Experimental investigation of convective heat transfer of Al 2 O 3 /water nanofluid in circular tube[END_REF]. Such a gap comes from the fact that part of the base fluid can be adsorbed and trapped within the NPG and MWNCT nanoparticle porosity [START_REF] Hamid Shirkhanloo | Ultrasound assisted-dispersive-ionic liquid-micro-solid phase extraction based on carboxylfunctionalized nanoporous graphene for speciation and determination of trace inorganic and organic mercury species in water and caprine blood samples[END_REF]. The apparent volume of the fluid can be reduced, and consequently, the density of nanofluid is increased.

Based on this, a theoretical model considering the porosity of nanoparticles is proposed. The total volume of pore (Vp) obtained from BET characterization (see Table 3) is considered to refine the density correlation for MWCNT and NPG nanofluids as follows:

(13) (14) 
A comparison of this theoretical equation and experimental data is also shown in Figure 6. In that case, a good agreement is achieved, showing the influence of nanoparticle porosity on the density of carbon nanofluids. Newtonian. For low concentrations, dynamic viscosity appears to be lower than the one of base fluid, while it is higher for the higher concentration. Finally, NPG nanofluids present more complex behaviour with slight shear-thinning for the more concentrated nanofluids and the base fluid. The dynamic viscosity of nanofluids is lower than the one of base fluid for the two lower concentrations. It is higher by 0.1%. Interestingly, some of the nanofluids have reduced viscosity showing a lubricating effect of the nanoparticles coupled to respective surfactant. Some studies [START_REF] Banisharif | Thermophysical properties of water ethylene glycol (WEG) mixture-based Fe 3 O 4 nanofluids at low concentration and temperature[END_REF][START_REF] Phuoc | Viscosity and thermal conductivity of nanofluids containing multi-walled carbon nanotubes stabilized by chitosan[END_REF][START_REF] Chen | Rheological Behaviors of Nanofluids Containing Multi-Walled Carbon Nanotube[END_REF]] also reported that some nanofluids have this lubricating effect, resulting in a decrease in viscosity. slightly decrease the thermal conductivity of water. This behaviour was also previously reported with different other surfactants [START_REF] Estellé | Lignin as dispersant for water-based carbon nanotubes nanofluids: impact on viscosity and thermal conductivity[END_REF]. However, a recent study using molecular dynamics simulations evaluated the effect of surfactant volume ratio on the thermal performance of the base fluid, as well as the effect of base liquid and surfactant interactions on the thermal efficiency of the nanofluid. As a result, the surfactant-containing nanofluid's thermal conductivity was greater than the primary nanofluid's [START_REF] Abu-Hamdeh | The thermal properties of water-copper nanofluid in the presence of surfactant molecules using molecular dynamics simulation[END_REF]. Also, it is shown that the thermal conductivity of nanofluids is increased with nanoparticle content, as generally expected. At the highest value of nanoparticle concentration, the increases in thermal conductivity reach 2%, 3%, 2%, and 5% for Cu, Fe 3 O 4 , MWCNT, NPG nanofluids, respectively. While nanoparticles have different thermal conductivity values (see Table 1)

following their nature, it appears that the thermal conductivity of nanofluids does not vary a lot with the concentrations considered. With the same type of nanoparticles, previous studies have shown an increase in thermal conductivity of water-based nanofluids, typically for Cu, an enhancement of 11% at 0.1 vol.% [START_REF] Kathiravan | Preparation and pool boiling characteristics of copper nanofluids over a flat plate heater[END_REF], and 15% at 0.5 wt.% [START_REF] Kole | Thermal performance of screen mesh wick heat pipes using waterbased copper nanofluids[END_REF] was reported. With Fe 3 O 4 , previous works showed 7% in thermal conductivity enhancement at 0.1 vol.% [START_REF] Afrand | Experimental study on thermal conductivity of waterbased Fe 3 O 4 nanofluid: development of a new correlation and modeled by artificial neural network[END_REF],

and 3% at 0.1 vol.% [START_REF] Tsai | Thermal conductivity of nanofluid with magnetic nanoparticles[END_REF]. For MWCNT, a thermal conductivity increase about 4% at 0.25 vol.% [START_REF] Hwang | Investigation on characteristics of thermal conductivity enhancement of nanofluids[END_REF], and 6% at 1 vol.% [START_REF] Garbadeen | Experimental study on natural convection of MWCNT-water nanofluids in a square enclosure[END_REF] was demonstrated. With graphene, the thermal conductivity increased by 1.4% at 0.1 wt.% [67] and 3.5% at 0.07 wt.% [START_REF] Gao | Measurement and modeling of thermal conductivity of graphene nanoplatelet water and ethylene glycol base nanofluids[END_REF]. However, one can noticed that the enhancement we reported here are in the same order of magnitude, while the concentrations considered are low. 

Heat transfer properties of nanofluids

First, as a validation of the experimental set-up and theoretical analysis, we report in Figure 10 To get a clear picture of the different impacts of surfactant and nanoparticle nature and content on heat transfer coefficient compared to pure distilled water, Figure 12 shows the heat transfer coefficient ratio of both base fluids and nanofluids to water. First, it is observed that surfactants alone do not induce similar results. The presence of some surfactants can penalize the heat transfer coefficient of water, as the ratio is lower than 1.

That is mainly the case for the mixture of PVP SDS and OA SDS. With SDS alone, in the range of Pe number, the ratio is lower than 1 for low Pe number, while it is higher than 1 for high Pe number. For CH, the ratio is always higher than one. Then, nanoparticles addition to base fluids improves the heat transfer coefficient as the ratio is higher than 1, and can reach up to 20% in enhancement. Hence, all nanofluids have a higher coefficient of heat transfer than distilled water while the thermal conductivity of nanofluids was not greatly improved with nanoparticles. The results show that the higher the percentage of nanoparticles in the fluid, the higher is the heat transfer ratio. From previous findings, it is known that the heat transfer coefficient increases with an increase in the concentration of nanoparticles [START_REF] Wen | Review of nanofluids for heat transfer applications[END_REF][START_REF] Lotfi | Numerical study of forced convective heat transfer of nanofluids: comparison of different approaches[END_REF].

Actually, Cu, Fe for TiO 2 nanofluids (4 vol.%) respectively [START_REF] Guzei | On efficiency of convective heat transfer of nanofluids in laminar flow regime[END_REF]. Finally, it is observed that the heat transfer enhancement presently reported can reach higher value while the concentration in nanoparticles is lower.

Furthermore, Figure 13 presents the convective heat transfer coefficient ratio of both base fluids and nanofluids to the theoretical value defined previously in section 2.5. The nanofluid's heat transfer coefficients are significantly higher than theoretical values, as seen in Figure 13. Particle size, materials, shape and concentration, type of base fluids, surfactant, boundary condition, and range of Reynolds number are critical considerations for evaluating their effect on the heat transfer coefficient in the laminar flow in circular tubes [START_REF] Heris | Convective heat transfer of a Cu/water nanofluid flowing through a circular tube[END_REF][START_REF] Hwang | Flow and convective heat transfer characteristics of water-based Al 2 O 3 nanofluids in fully developed laminar flow regime[END_REF].

Although nanofluid heat transfer behavior depends on the volume fraction, average size and species of nanoparticles, and flow conditions [START_REF] Xie | Intriguingly high convective heat transfer enhancement of nanofluid coolants in laminar flows[END_REF][START_REF] Sarkar | A critical review on convective heat transfer correlations of nanofluids[END_REF]. The reported difference in heat transfer coefficient is correlated to different factors and mechanisms not included in the theoretical development. A better prediction for nanofluids heat transfers could be found by analysing factors such as the interaction flow structure and the collision intensity of nanoparticles, as well as the dispersion and relative movement of these particles throughout the vicinity of the tube wall, the temperature profile, and the thickness of the boundary layer [START_REF] Barzegarian | Thermal performance augmentation using water based Al2O3-gamma nanofluid in a horizontal shell and tube heat exchanger under forced circulation[END_REF][START_REF] Anoop | Effect of particle size on the convective heat transfer in nanofluid in the developing region[END_REF]. For example, the temperature near the wall tends to be greater than that used for calculation, and the properties of nanofluids can evolve during heat transfer, as the temperature slighty increases during the condensation process, thereby enhancing the nanofluid's heat transfer.

The strong effect of particle properties on fluid and the impact of nanofluid composition on flow and heat transfer properties, experimental uncertainty, a key mechanism of nanofluid flow, can be the source of the gap between experimental data and theoretical prediction. The increase is greater for nanofluids, compared to base fluids, with an increase in the percentage of nanoparticles, particularly in higher Peclet. Additionally, previous research indicates that increasing the Reynolds number (which results in an increase in the number of Peclet) and the volume concentration of particles increases the Nusselt number [START_REF] Heris | Experimental investigation of convective heat transfer of Al 2 O 3 /water nanofluid in circular tube[END_REF][START_REF] Guzei | On efficiency of convective heat transfer of nanofluids in laminar flow regime[END_REF]. For example, Nusselt numbers increased by approximately 9.9, 20.9, and 29.8% for Al 2 O 3 nanofluids at the highest tested Reynolds number for volume concentration of 0.03, 0.14, and 0.3, respectively [START_REF] Barzegarian | Thermal performance augmentation using water based Al2O3-gamma nanofluid in a horizontal shell and tube heat exchanger under forced circulation[END_REF]. The Nusselt number of all fluids, however, is greater than the theoretical number calculated by Seider-Tate's correlation (Equation 5), but the increasing trend is consistent with the theoretical calculation. Although it was reported in [START_REF] Guzei | On efficiency of convective heat transfer of nanofluids in laminar flow regime[END_REF] that the number of Nusselt depends to a small extent on the type of nanoparticles, other work [START_REF] Heris | Experimental investigation of oxide nanofluids laminar flow convective heat transfer[END_REF] shows that the increase in Nusselt number for Al 2 O 3 water nanofluid is greater than the increase in Nusselt number for CuO water nanofluid. Nevertheless, the results of this study show that, in addition to the type of nanomaterials used, type of surfactants can fundamentally change Nusselt numbers by altering thermophysical properties of nanofluids. The pattern of Nusselt number with Peclet number for all nanofluids is consistent with the data obtained from theoretical calculations, as also shown previously in Figure 13. At low Pe=2300, the Nusselt numbers are enhanced by 12%, 4.5%, 2.5%, and 2.5% for Cu, Fe3O4, MWCNT, and NPG nanofluids, respectively, at 0.05 vol%. At high Pe=8000, the Nusselt numbers are enhanced by 22%, 12%, 10%, and 8% for Cu, Fe 3 O 4 , MWCNT, and NPG nanofluids, respectively at the same concentration. Consequently, as evidenced by heat transfer coefficient evolution, the best nanofluid is based on copper nanoparticles. In addition, it was demonstrated that the heat transfer properties, heat transfer coefficient, and Nusselt number, are increased with nanofluids compared to water and base-fluids, up to 20%.

The results are slightly dependant on the type of nanoparticles and concentration. The addition of nanoparticles can significantly enhance heat transfer performance at low and high Peclet numbers for tested water-based nanofluids. Also, it was shown that these experimental heat transfer properties are higher than those predicted by theoretical correlations, while experimental thermophysical were used. Finally, based on our results, copper nanofluids appear to be the best candidate for the application and pipe flow geometry considered.
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 1 Figure 1. Overview of nanomaterials and stabilizers used for producing nanofluids Nanofluids were produced adding the required mass of nanoparticles into the base fluid with the corresponding surfactants, see figure 1, using ultrasonic mixing for 15 min. A probe sonicator (Qsonica, USA, LLC 60Hz, Q700W, Sonication Pulse Rate: 1s ON, 1s OFF) was used and the temperature sample was controlled from a cooling jacket during nanofluid preparation. A series of nanofluids with different volume concentrations of nanoparticles were accordingly prepared, 0.01, 0.05, & 0.1% respectively, for each type of nanoparticles, e.g. Cu, Fe 3 O 4 , MWCNT, and NPG. Such concentrations were obtained from the densities values of nanoparticles reported later in Table1.

Figure 2 :

 2 Figure 2: Diagram for the HTC experimental set-up for heat transfer experiments.

Figure 3 :Figure 3 .

 33 Figure 3: XRD of nanoparticles.

Figure 4 .

 4 Figure 4. FESEM images of nanoparticles.

  Figure 5 also shows the presence of double peaks that represent some of the overall fine particles of NPG nanoparticles. It should be pointed out that dynamic light scattering (DLS) measurements are based on the assumption that particles are spherical while the studied NPG nanoadditive are sheet-like shaped and their orientation can play a role. Two-peak and three-peak DLS size distributions were previously found in the literature for other non-spherical nanoparticles[50- 52]. In addition, in order to evaluate dispersion ageing throughout time, samples were placed in vials and left at rest under ambient conditions. As evidenced by the Figure6, the visual inspection of the samples did not show any noticeable sedimentation within several days.

Figure 5 .

 5 Figure 5. Dynamic light scattering analysis data of diluted nanofluids.

Figure 6 .

 6 Figure 6. Visual aspect of nanofluid sample after 7 days at rest and ambient condition.
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 78 Figure 7. Comparison of experimental data of nanofluid density with theoretical models
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 8 Figure 8. Dynamic viscosity versus shear rate of water, base fluid and nanofluids at 20°C -Impact of nanoparticle type and content

Figure 9 .

 9 Figure 9. Thermal conductivity values of base fluids and nanofluids as a function of concentration and type of nanoparticles at 20°C.

  the results for distilled water. This Figure gives the evolution of Nu against Pe and friction factor against Re, comparing theoretical and experimental data. The results of the Nu numbers obtained from equation (4) and the experimental values shown in Figure 10 follow the same trend and they are close, with a standard deviation of ±11%. Finally, a quite good agreement is achieved between the current study and the relevant predictions defined previously. Moreover, the Figure also demonstrates the good agreement between the wall friction factor f calculated by the Darcy-Weisbach equation for Newtonianliquids[START_REF] Lienhard | A heat transfer textbook[END_REF] and the classical correlation, for liquids. Presently, the Reynolds number resulting from pumping power ranges from 300 to 1500.

Figure 10 .

 10 Figure 10. Validation of experimental setup at 20 o C.

Figure 11 .

 11 Figure 11. Base fluids and nanofluids heat transfer coefficient as a function of Peclet number.

Figure 12 .

 12 Figure 12. Ratio of base fluids and nanofluids' heat transfer coefficient to water heat transfer coefficient vs Peclet number

Figure 13 .

 13 Figure 13. Ratio of base fluids and nanofluids' heat transfer coefficient to theoretical heat transfer coefficient in function of Peclet number

Figure 14 .

 14 Figure 14. Nusselt number of base fluids and water-based nanofluids versus Peclet number at 20°C. -Influence of nanoparticle nature and concentration

Figure 15 .

 15 Figure 15. Nu number of base fluids and water-based nanofluids at 0.05 vol.% in respect Peclet number at 20°C.

  2 O 3 water-based nanofluid through shell and tube heat exchanger with segmental baffles. The results show a significant improvement of Nusselt number as well as the total heat transfer coefficient by increasing the number of Reynolds. The amount of Nusselt number of nanofluids at 0.03, 0.14, and 0.3 vol% compared

to base fluid is raised, by 9.7, 20.9, and 29.8%, respectively. Sadeghinezhad et al.

[START_REF] Sadeghinezhad | A comprehensive review on graphene nanofluids: Recent research, development and applications[END_REF] 

reviewed the experimental results regarding graphene nanofluids' thermo-physical properties and heat transfer efficiency, evidencing the relevance of these nanofluids' family as heat transfer enhancers. Guzei et al.

[START_REF] Guzei | On efficiency of convective heat transfer of nanofluids in laminar flow regime[END_REF] 

investigated the laminar forced convection of Al 2 O 3 , TiO 2 , ZrO 2 , and diamond nanofluids at different concentrations from 0.25 to 6 vol%. It has been shown that the local and average heat transfer coefficients in the Reynold number range

Table 1 : Properties of nanoparticles and surfactants at 20 o C.
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	Materials/Properties	Density Kg.m -3	Thermal Conductivity W.m -1 -K -1	Heat Capacity kJ.kg -1. K -1
	Water	998.2 *	0.596 *	4.186

Table 2 : Accuracy of the measuring instruments.

 2 

	Description	Model	Accuracy / Relative
			accuracy
	Temperature	Type K, Thermocouple	0. 01 o C
	Thermal Conductivity	THW-L2, Thermtest Inc.	1.5%

crystals with JCPDS card No. 4-836) [46, 47]. Crystallite sizes of Cu nanoparticles possess an average size of 30 nm. Diffraction peaks of the Fe 3 O 4 (JCPDS file No. 75-0449) take place at 30.3°, 35.7°, 43.3°, 53.7°, 57.3°, and 62.9°, in agreement with crystallographic planes (220), (311), (

Table 3 : Surface area, pores' size and volume and sizes of the nanoparticles. Sample surface area m 2 .g -1 pore size A˚ pore volume cm 3 .g -1 Average Size (nm)
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	Fe 3 O 4	114	221	0.77	10.1
	Cu	15	n.c.	n.c.	45
	MWCNT	994	88	1.41	n.c.
	NPG	850	99.5	2.11	n.c.
	n.c.: not calculable				
	The average nanoparticle size d BET approximate as spherical is calculated from the following
	equation d				

BET = 6000/(ρ × S BET ). Here, S BET is the surface area (m 2 /g) and ρ is the skeletal density (g/cm 3 )

[START_REF] Banisharif | Highly active Fe 2 O 3 -doped TiO 2 photocatalyst for degradation of trichloroethylene in air under UV and visible light irradiation: Experimental and computational studies[END_REF]

. As shown in Table

3

, an average size of 10.1 and 56 nm was evaluated

  3 O 4 , MWCNT, and NPG nanofluids have higher heat transfer coefficients than water. The enhancements compared to water are 13, 7, 4, and 4.5% for Cu, Fe 3 O 4 , MWCNT, and NPG nanofluids at 0.05 vol.% respectively, at a low Peclet number of 2300. This enhancement reaches 18, 12, 10, and 8.5% at high Peclet number (8000), respectively for Cu, Fe 3 O 4 , MWCNT, and NPG nanofluids at 0.05 vol.%. Such an enhancement can be attributed to the coupled effect, at these low concentrations, of the slight thermal conductivity increase while the viscosity is moderately increased or even decreased compared to water.Finally, among all nanofluids and concentrations, Cu nanofluids provide the best enhancement in heat transfer compare to water in the entire range of Pe number. High enhancement is also obtained for Fe 3 O 4 and MWCNT but only at higher Pe numbers. These results are consistent with previous studies. Actually, although the heat transfer geometry, nanomaterials, and experimental conditions are not fully identical, our results can be compared with some studies. For example, it has been reported that the local heat transfer coefficient at Re = 1600 has increased by 8% for Al 2 O 3 water-based nanofluids at 0.6 vol. %, the thermal conductivity of this nanofluid being around 3.5 % higher than the base fluid[START_REF] Wen | Experimental investigation into convective heat transfer of nanofluids at the entrance region under laminar flow conditions[END_REF].

	Other works with water-based nanofluids reported a heat transfer enhancement of 5% for
	Al 2 O 3 nanofluids (0.2 vol.%) and 6% with CuO nanofluids (0.2 vol.%) at Peclet number of
	5000 [10]. Also, changing the Pe number from 2500 to 6000 leads to an heat transfer increase
	from 8 to 16% for Al 2 O 3 nanofluids (0.2 vol.%) [12]. Similarly, a heat transfer enhancement
	about 6 % was obtained with MWNTs nanofluid (0.1 wt.%) and NPG nanofluid (0.1 wt.%)
	at 33 °C [15]. Such an enhancement reaches 11.8 % for CNT nanofluids (0.055 wt.%) in [16]
	and 5.4, 10.3 and 19.1% with Al 2 O 3 nanofluids with the following concentrations 0.03, 0.14
	and 0.3 vol.%, respectively [18]. In addition, an increase in Re number from 200 to 1000
	rises the heat transfer coefficient from 6 to 20% for Al 2 O 3 nanofluids (4 vol.%) and 8 to 16%

Fe3O4
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