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An experimental study is reported about a copper closed-loop flat plate pulsating heat pipe tested in both horizontal and vertical -bottom heated mode-orientations and at two cold source temperatures (20°C and 40°C); several working fluids were tested after having modified of their surface tension compared to pure water, verified through dedicated sessile droplets test bench. After which, tests were performed using pure water, pure ethanol, binary aqueous mixtures (water/ethanol, water/butan-1-ol and water/butan-2-ol, the last two being selfrewetting fluids) and water/surfactant mixtures (Tween® 20 and Tween® 40) as working fluids. The thermal performances of the device tested in horizontal orientation were significantly better for the aqueous mixtures such as water/ethanol and water/butan-2-ol than for the others (with values of thermal resistances down to 63%, and 52%, respectively, lower than those of pure water at 20°C cooling temperature). Concerning pure fluids, the device presents severe temperature and pressure instabilities. Water with surfactants also presents enormous instabilities, calling into question the interstitial influence of the tested surfactants in the hydraulic slug flow pattern occurring in horizontal inclination. The results in vertical orientation, although often studied in the literature, are less conclusive and more difficult to analyze given that surface tension effects are less influential compared to the gravity effects in the annular or bubbly flow patterns occurring in this operating mode. Finally, zeotropic mixtures with butan-2-ol and ethanol performing very similarly, and considering their identical surface tension, the expected rewetting effect of SRWF is not proven, and may not even explain improved FPPHP operation, which is rather assumed to be largely caused by enhanced wettability or increased (∂P/∂T)sat.

Introduction

In recent years, miniaturization of electronics components has induced high heat flux generation. Rigorous requirements such as compactness, masslessness and small energy consumption for aerospace applications create challenging issues in the thermal management sector. Among high efficiency passive thermal management devices for electronic equipment [START_REF] Mochizuki | A review of heat pipe application including new opportunities[END_REF], one of the most promising cooling technologies presently under development is the pulsating heat pipe (PHP). PHPs are thermally driven two-phase passive devices based on phase change-induced liquid motion and capillary forces: liquid/vapour intermittent slug flow oscillates in a single capillary tube wound between hot and cold sources. Pressure instabilities in the evaporation zone initiate complex liquid flows, ranging from bubbly flow to slug/plug flow [START_REF] Khandekar | Closed loop pulsating heat pipes, part B: visualization and semi-empirical modeling[END_REF][3] [START_REF] Liu | Experimental study of flow patterns and improved configurations for pulsating heat pipes[END_REF]. As a result, while hydraulic regime is of paramount importance in characterization of PHP heat transfer efficiency, many other parameters, including wettability of the fluid on the channel walls, are of major interest in PHP operation [START_REF] Nikolayev | Pulsating Heat Pipes: Basics of Functioning and Numerical Modeling[END_REF]. More precisely, the presence of liquid thin films over the internal tube surfaces surrounding the vapour plugs, which is related to wettability, improves heat transfer performance, particularly in the evaporator sections of the PHPs [START_REF] Betancur | Experimental study of thermal performance in a closed loop pulsating heat pipe with alternating superhydrophobic channels[END_REF]: when taking into account evaporation in a single heated tube [START_REF] Chauris | Evaporation of a liquid film deposited on a capillary heated tube: experimental analysis by infrared thermography of its thermal footprint[END_REF] [START_REF] Ayel | Evaporation of a thin liquid film in a heated capillary tube: experimental results and discussion on the related physical phenomena[END_REF], oscillatory motion in a mono-branch tubular PHP [START_REF] Rao | Heat and mass transfer mechanisms of a self-sustained thermally driven oscillating liquid-vapor meniscus[END_REF] or in a Hele-Shaw cell [START_REF] Fourgeaud | Evaporation-driven dewetting of a liquid film[END_REF].

Consequently, several authors have attempted to modify the internal surface of the tubes with hydrophilic or hydrophobic coatings, the objective being to influence the wettability of fluid/solid couples, thereby influencing the thermal performances of PHPs. Hydrophilic coatings can consist simply in modifying the roughness of the surface, or even in oxidizing it, and has demonstrably decreased the contact angle, particularly for non -or partially-wetting fluids such as pure water [START_REF] Fourgeaud | Evaporation-driven dewetting of a liquid film[END_REF]. While some researchers have shown that PHP heat transfer performances can be improved by using hydrophilic coatings, increasing wettability [START_REF] Hao | Effects of hydrophilic surface on heat transfer performance and oscillating motion for an oscillating heat pipe[END_REF] or varying wettability patterns along the channel [START_REF] Hao | Effects of superhydrophobic and superhydrophilic surfaces on heat transfer and oscillating motion of an oscillating heat pipe[END_REF], Betancur et al. [START_REF] Betancur | Experimental study of thermal performance in a closed loop pulsating heat pipe with alternating superhydrophobic channels[END_REF] showed that the alternation of hydrophilic and superhydrophobic coated channels, or hydrophobic channels alone (Ji et al. [START_REF] Ji | Hydrophobic surface effect on heat transfer performance in an oscillating heat pipe[END_REF]) tends to degrade PHPs performances, with no fluid temperature/pressure oscillations along the hydrophobic channels. Nevertheless, their results underscore the fact that inner wettability is a highly important parameter that needs to be taken into account during the design phase [START_REF] Betancur | Experimental study of thermal performance in a closed loop pulsating heat pipe with alternating superhydrophobic channels[END_REF].

Another -and easier-way to improve fluid/solid wettability is to modify the nature or the properties of the working fluids. However, a problem lies in that it remains very difficult, or even impossible, to change a single thermophysical property of a fluid (in this case, surface tension and, consequently, contact angle) without changing many others, which are predominantly intrinsic (latent heat of evaporation, liquid viscosity, saturation pressure, etc.). That is why any affirmation on the influence of wettability on mass and heat transfer in specific and complex devices such as pulsating heat pipes remains questionable, at least from a quantitative standpoint. Some authors have sought to improve wettability by using low concentration surfactant solutions.

Surfactants are compounds that can decrease the surface tension between two liquids, between a gas and a liquid, or between a liquid and a solid; they often contain both a fluid-insoluble component and a fluid-soluble component. A small amount of surfactant, of which the molecules tend to accumulate at the liquid/gas interface, can greatly reduce the surface tension of the base fluid, without consistently modifying the intrinsic thermophysical properties due to very low concentrations (from few ppm to less than 1 wt. %); thanks to the decreased fluid surface tension, the working fluid can more effectively wet the tube wall, which may also enhance heat transfer by enlarging the area of thin film evaporation [START_REF] Wang | Experimental investigation of the influence of surfactant on the heat transfer performance of pulsating heat pipe[END_REF]. Other influence mechanisms of surface tension reduction on PHP operation have been described by Bao et al. [START_REF] Bao | Effects of the surfactant solution on the performance of the pulsating heat pipe[END_REF]: first, according to the Young-Laplace equation (∆𝑃 = (2𝜎 𝑟 ⁄ )(𝑐𝑜𝑠𝜃 -𝑐𝑜𝑠𝜃 ), where ∆𝑃 is the capillary pressure difference between both ends of a liquid slug, σ the surface tension, rm the meniscus radius and 𝜃 and 𝜃 the advancing and receding contact angles, respectively), it is well-known that both advancing and receding contact angles decrease with decreasing surface tension, and that the small variation of (cosθr -cosθa) compared to that of σ leads to a drastic decrease of the flow capillary resistance around each liquid slug; second, the decrease of surface tension also decreases the superheat required for the onset of nucleation boiling; the boiling process can consequently occur at lower heat fluxes.

The results of the literature show that PHPs, here mostly tested in vertical bottom heated mode (BHM) and filled with water/surfactant solutions (using sodium stearate [START_REF] Wang | Experimental investigation of the influence of surfactant on the heat transfer performance of pulsating heat pipe[END_REF][16], cethyl trimethyl ammonium chloride, CTAC [17][18], cethyl trimethyl ammonium bromide, CTAB, [19][20] or sodium dodecyl sulfate, SDS [START_REF] Patel | Influence of working fluids on startup mechanism and thermal performance of a closed loop pulsating heat pipe[END_REF])

generally operate more effectively than with pure water. When comparing overall thermal resistances, improvements have been relatively small, but are more noticeable at the highest applied heat powers [15][19] and filling ratios [START_REF] Xing | Experimental study on thermal performance of a pulsating heat pipe with surfactant aqueous solution[END_REF]. Bao et al. [START_REF] Bao | Effects of the surfactant solution on the performance of the pulsating heat pipe[END_REF] observed that surfactant had a positive effect on lower start-up, and also particularly on higher dry-out and heat fluxes compared to pure water. In our opinion, tests of PHPs in horizontal orientation would have been preferable because of (a) the lesser impact of gravity forces that help the liquid to flow back to the bottom evaporator in vertical BHM, and (b) the importance of wetting to establish the thin liquid film length and to ensure evaporation efficiency. If the positive influence of the surfactant presence has been shown for the tubular PHPs tested in BHM, the influence of surfactants on PHPs tested in horizontal orientation is little known: As far as the authors know, only Xing et al. [START_REF] Xing | The impact of gravity on the performance of pulsating heat pipe using surfactant solution[END_REF] have tested their device in a horizontal orientation, but without noticeable effect on thermal performances, compared to those at 45° or in vertical BHM orientations. They concluded that further experimental work concerning the effect of gravity would be necessary.

Binary mixtures can also be used to investigate the improvement of performances of pulsating heat pipes, but without any certainty as to the direct influence of thermophysical property modifications using such fluids.

In most cases, zeotropic binary aqueous mixtures have been tested, using methanol [21][22], ethanol [START_REF] Patel | Influence of working fluids on startup mechanism and thermal performance of a closed loop pulsating heat pipe[END_REF][23],

acetone [START_REF] Patel | Influence of working fluids on startup mechanism and thermal performance of a closed loop pulsating heat pipe[END_REF], n-pentane [START_REF] Burban | Experiment investigation of a pulsating heat pipe for hybrid vehicle applications[END_REF] or even a halide salt solution (LiCl) [START_REF] Wang | Experimental investigation of the heat transfer performance of an oscillating heat pipe with LiCl salt solution[END_REF] in variable proportions with water (between 5 and 50 wt. % according to the authors). What is certain is that their surface tension is reduced compared to that of pure water. According to Patel et al. [START_REF] Patel | Influence of working fluids on startup mechanism and thermal performance of a closed loop pulsating heat pipe[END_REF], who tested their PHP in vertical BHM, thermal performances of PHP filled with binary fluids are situated between the extremes of their respective pure fluid performances, and there exist classifications among mixtures. Burban et al. [START_REF] Burban | Experiment investigation of a pulsating heat pipe for hybrid vehicle applications[END_REF] showed that adding n-pentane in water causes a pronounced increase of fluid pulsations, particularly for low applied heat powers, thereby improving performances for these operating ranges compared to the two pure fluids. Similarly, according to Wang et al. [START_REF] Wang | Experimental investigation of the heat transfer performance of an oscillating heat pipe with LiCl salt solution[END_REF], the presence of LiCl salt solution improves heat transfer and reduces the thermal resistance of PHP, but at appropriate concentrations and filling ratios. Markal and Varol [START_REF] Markal | Thermal investigation and flow pattern analysis of a closed-loop pulsating heat pipe with binary mixture[END_REF] tested mixtures of ethanol and n-pentane at different concentrations (volume mixing ratios Veth/Vpent of 1:1, 1:3 and 3:1) in an alternated channel width flat-plate PHP (FPPHP). The mixture with a volume ratio of 1:3 appeared to yield the best thermal performances compared to other mixing ratios (3:1 ratio being the least effective), in both vertical and horizontal orientations, for two filling ratios (30% and 60%). For the authors, boiling point, latent heat, surface tension and dynamic liquid viscosity values were significantly lower for n-pentane compared to ethanol. On the other hand, saturation pressure variation with temperature (∂P/∂T)sat is far greater for n-pentane than for ethanol, more effectively promoting flow motion. These analyses remain to be validated due to the difficulty of differentiating phenomena in such complex systems.

Finally, some authors have demonstrated the benefits of using Self-Rewetting Fluids (SRWF), instead of pure water, particularly in pulsating heat pipes: SRWFs are mixtures whose surface tension increases with temperature above a certain threshold value. Initially studied for wickless heat pipe applications [START_REF] Abe | Thermal management with Self-Rewetting Fluids[END_REF][28] [START_REF] Savino | Surface tension-driven flow in wickless heat pipes with self-rewetting fluids[END_REF],

they have been extended to other passive two-phase systems including loop heat pipes [START_REF] Wu | Study of self-rewetting fluid applied to loop heat pipe[END_REF] and, since 2009, pulsating heat pipes: Fumoto and Kawaji [START_REF] Fumoto | Performance improvement in pulsating heat pipes using a Self-Rewetting Fluid[END_REF] observed that a water/butan-1-ol mixture (with mass concentrations inferior to 1%) slightly enhances thermal performances of a vertical Flat Plate PHP (FPPHP)

with small channels, compared to the results with pure water; in addition, by improving heat transport capability it significantly prevents dry-out. It was also shown that a FPPHP tested in vertical BHM under normal and microgravity conditions during a parabolic flight campaign had poorer thermal performances with water/butan-2-ol SRWF mixture during normal gravity conditions, but that under microgravity it apparently operated far more effectively than with pure water [START_REF] Cecere | [END_REF][33] (lower temperatures and appreciable fluid flow motion during the transient sequences of 22 s of weightlessness in the Zero-g airplane). The authors argue that, thanks to visualizations of fluid flow pattern, on the one hand, the contact angle of water/copper is high and water does not properly wet the wall; on the other hand, that with butan-2-ol the contact angle is strongly reduced and thin liquid films are clearly visible along the corners of the walls. During operations in microgravity phases, the liquid repeatedly re-wet the evaporator zone, thereby triggering the oscillating regime. These tests showed clear improvement in thermal performances using SRWF with butan-2-ol, compared to pure water, under appropriate operating conditions (also in horizontal orientation). These tendencies have been confirmed by Sasa et al. [START_REF] Fumoto | Research on heat transfer performance of the openloop micro pulsating heat pipe with Self-Rewetting Fluids[END_REF],

who tested a tubular PHP (with 0.8 mm tube inner diameter) in horizontal inclination; the device was more efficient when filled with a mixture of water and butan-1-ol up to 7 wt. %, particularly for low filling ratios.

In light of these studies, a new experimental campaign has been carried out testing different fluids and/or mixtures, the objective being to observe, among many more or less pronounced changes in thermophysical properties, the influence of wettability on the thermohydraulic performances of a Flat Plate Pulsating Heat Pipe (FPPHP): The first part of this paper (section 2) is dedicated to the intrinsic and superficial thermophysical properties of the fluids, using a Sessile drop measurement method to compare of different surface tensions. The second part (section 3) is focused on the experimental tests of a copper FPPHP, oriented both vertically and (more relevantly) horizontally, and filled with seven selected fluids (all of them compatible with copper, as

shown by the absence of chemical reaction in the formation of non-condensable gases):

 Two pure fluids: deionized water and ethanol. Ethanol was tested as a reference for the water/ethanol mixture;

 Two self-rewetting fluids: water with 5 wt. % of butan-1-ol and with 5 wt. % of butan-2-ol, as previously studied in [START_REF] Savino | Surface tension-driven flow in wickless heat pipes with self-rewetting fluids[END_REF][30] [START_REF] Fumoto | Performance improvement in pulsating heat pipes using a Self-Rewetting Fluid[END_REF][32] [START_REF] Fumoto | Research on heat transfer performance of the openloop micro pulsating heat pipe with Self-Rewetting Fluids[END_REF], where surface tension is a function of temperature for such mixtures;

 One alcohol aqueous mixture: water with 20 wt. % of ethanol functioning as a zeotropic mixture. This ratio has approximately the same surface tension as that of water/5%_butan-1-ol and water/5%_butan-2-ol mixtures at 40-50°C [START_REF] Wu | Study of self-rewetting fluid applied to loop heat pipe[END_REF] [START_REF] Vazquez | Surface tension of alcohol + water from 20 to 50°C[END_REF] (see tables 1-2), the goal being to distinguish the effect of rewetting of SRWFs (increasing surface tension with temperature) from that of decreased surface tension for the former. This causes however the variation of other thermophysical properties, as will be discussed in section 2;

 Two surfactants that have never been tested for PHP application: water with 0.5% of Tween® 20

(polyoxyethylene sorbitol ester) and Tween® 40 (polyoxyethylene sorbitan monopalmitate). Tweens® are a series of non-ionic surfactants derived from sorbitan esters, soluble in water, and containing hydrophilic ethylene glycol head group and a hydrophobic alkyl tail. Tween® 20 is generally used as emulsifying agent in pharmaceuticals, cosmetics, cleaning industries, and Tween® 40 as a non-ionicdetergent; both are being actively explored as protein-resistant surface coatings [START_REF] Shen | Tween surfactants: Adsorption, self-organization, and protein resistance[END_REF], and Tween® has more recently been used for bubble removal against buoyancy during boiling processes [START_REF] Raza | Surfactants for bubble removal against buoyancy[END_REF].

One more important point must be emphasized: two factors may differentiate a FPPHP from a PHP capillary tube [START_REF] Ayel | Experimental study of a closed loop flat plate pulsating heat pipe under a varying gravity force[END_REF]. First, square shape angles in the corners act as capillary grooves, allowing the liquid to flow back to the evaporator zone; operating in a favorable vertical inclination, the FPPHP works more effectively under capillary-assisted thermosyphon mode than using circular-shaped channels. However, this point requires further study insofar as Fourgeaud et al [START_REF] Fourgeaud | Evaporation-driven dewetting of a liquid film[END_REF] found that the liquid film dries first in the corners of a heated Hele-Shaw cell simulating a PHP evaporator. Secondly, due to geometry continuity, the thermal inertia of the massive plate generally avoids abrupt temperature peaks allowing and conduction thermal spreading to occur; general lower temperature gradients are then observed along with homogenization of the pressure differences between the channels, which are the main driver of oscillations under slug flow, frequently leading to premature dry-out in horizontal inclination.

Discussion on the thermophysical properties of the fluids

This section deals with the consequences of the mixing of fluids on their thermophysical properties, particularly regarding the behavior of pulsating heat pipes. The starting point was to reproduce the optimal surface tension behavior of self-rewetting fluids tested in [START_REF] Wu | Study of self-rewetting fluid applied to loop heat pipe[END_REF][31] [32][34], and to compare the operational behavior of the FPPHP with other fluids, particularly water, taken as reference, and water/ethanol mixture with a ratio yielding the same level of surface tension as both SRWFs. A general discussion on thermophysical properties of aqueous mixtures will be presented in section 2.1, followed by a specific analysis on the properties of surface tension obtained by the addition of surfactants, in section 2.2.

Properties of aqueous mixtures

The first point to note, as mentioned in the introduction, is the variation of some intrinsic thermophysical properties of water when it is mixed with other substances, primarily through the modification of surface tension. Tables 1 and2 compare the thermophysical properties of different pure fluids or mixtures at two levels of temperature, 20°C, and 50°C, the widest range in the literature on PHPs, except for surfactants, which mainly affect surface properties. As regards homogeneous mixtures, with water/butan-2-ol as the reference for surface tension, modifications are noticeable (previously tested in [START_REF] Cecere | [END_REF], Mass fractions of ethanol and butan-1-ol have been calculated to obtain approximately the same surface tension for the three mixtures at around 50°C (see Table 2). 
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Prop. σ The thermophysical properties of the mixtures have been estimated through classical formulations: mean mass weighting for density, Orric-Erbar correlation for liquid viscosity and empirical mixing rules for thermal conductivity [START_REF] Neindre | Conductivité thermique des liquides et des gaz, Traité constantes physico-chimiques[END_REF]; surface tension of SRWF has been calculated from the experimental results of [29][30], and surface tension of water/ethanol from the results of [START_REF] Khattab | Density, viscosity and surface tension of water+ethanol mixtures from 293 to 323 K[END_REF]. In the last column, vapour saturation pressure derivation as function of temperature (Clausius-Clapeyron's law: (∂P/∂T)sat = hlv/(Tsat(υv -υl)), giving the rate of increase in vapour pressure per unit increase in temperature, has been evaluated by estimating the mixtures' pressure evolution (Psat) of the mixtures based on Raoult's law. Most of the thermophysical properties in Tables 1 and2 have values very close to one another (less than 10% for ρl, μl, λl and (∂P/∂T)sat), except for pure ethanol, and (∂P/∂T)sat and thermal conductivity for the water/ethanol mixture. It is difficult if not impossible to draw conclusions on the distinct impact of each property on PHP thermal performances [START_REF] Ayel | Flat plate pulsating heat pipes: A review on the thermohydraulic principles, thermal performances and open issues[END_REF]. However, it is of major interest to observe that the main differences arise from surface properties, i.e. surface tension level (close to 50% decrease compared to pure water), wettability behavior between fluids, and variations of the thermodynamic states of the vapor phase as regards the saturation conditions of aqueous mixtures. This point remains an open question.
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Properties of surfactants mixtures

Surfactants are surface-active agents commonly applied in industry given their ability to reduce the surface tension between two adjacent fluids; they possess practical stabilizing properties, resulting from [START_REF] Bak | Interfacial and surface tensions of toluene/water and air/water systems with nonionic surfactants Tween 20 and Tween 80[END_REF]. If, in the literature, information on surface tensions for pure fluid/fluid systems is abundant, information on systems containing dissolved surfactants remains insufficient. The surfactant molecules Tween® 20 and 40 have been chosen here because they had never previously been tested inside pulsating heat pipes, as far as the authors know. Several concentrations have been chosen and tested for both surfactants, up to 0.5 wt.%, which is higher than the critical micelle concentration (CMC) for both mixtures; the CMC values of Tween® 20, and Tween® 40, at 25°C, are 0.0499 mM, and 0.0333 mM [START_REF] Mahmood | Effect of temperature changes on critical micelle concentration for Tween series surfactant[END_REF], corresponding to weight concentrations of 0.0614%, and 0.0428%, respectively. CMC is the surfactant concentration at and above which micelles are formed in the volume phase of the fluid. Below CMC, surface tension decreases as the number of surfactants at the interface increases. Above CMC, surface tension remains constant because the interfacial surfactant concentration no longer changes.

For this purpose, to obtain a surface tension value equivalent to other tested aqueous mixtures, as proposed in [START_REF] Xing | Experimental study on thermal performance of a pulsating heat pipe with surfactant aqueous solution[END_REF], a home-made test bench was used based on the sessile drop method; the droplet parameters (contact angles, volume, height) deposited on a solid copper surface (same material as that of the FPPHP) are measured from post-processed images (the methodology is presented in appendix A-1), and permit identification of surface tension as the unknown parameter among the force balances acting on the droplets. Unfortunately, no data on dynamic surface tension is available in the context of this study.

The shape of the drop is determined by means of the Young-Laplace equation (ΔPc = σ(1/RI + 1/RII) where ΔPc is the pressure difference across the fluid-fluid interface, σ is the surface tension and RI, and RII are the radii curvatures at each and every point where the pressure difference is calculated). Regarding the gravity forces counterbalanced by the surface tension forces on a droplet as represented in figure A-1.2 (Appendix A.1), the liquid/gas interface equation can be expressed in an expanded form in cylindrical coordinates as in [START_REF] Vafaei | Analysis of the relationship between liquid droplet size and contact angle[END_REF]:

- ² ² + = + (𝛿 -𝑧) (1) 
In Eq. ( 1), R0 and δ are, respectively, the radius and the height of the drop at its apex (see Figure

A-1.2).
Here, the height and radius of the droplets result from competition between gravity and surface tension forces according to the contact angle. It has been shown in [START_REF] Hernandez-Balthazar | Elliptic solution to the Young-Laplace differential equation[END_REF] that Eq. ( 1) can be solved by considering the fluidfluid interface as part of an ellipse, provided that the contact angle is in the range 0° < θ < 90° and the Shape factor β (β = (ρl-ρv)gR0²/σ; β is similar to the Bond number, but related to R0) is in the range (0.125-100). The theoretical volume Vdrop of the droplet can be calculated by integration of Eq. ( 1), and the following expression is then obtained:

𝑉 = + - ( ) (2) 
In this equation, rd and θ are, respectively, the contact line radius, defined on the plane of the solid surface, and the contact angle (see Furthermore, it is well-known that the nature of the substrate (non-oxidized or oxidized copper surfaces) influences wettability; among many others, Hong et al [START_REF] Hong | Effects of oxidation and surface roughness on contact angle[END_REF] observed that oxidation decreases the contact angle, probably by roughening the surface [START_REF] Grobsteinn | Oxidation of high-temperature intermetallics[END_REF]. With this in mind, the copper substrate was oxidized by immersion in an acid solution (Finox) in an ultrasonic bath. The effect of oxidation on three fluids is shown on Figure 1b, plotting the contact angle value, with measurement beginning immediately after droplet deposition, as function of the volume, which decreases in time due to progressive evaporation, with a significant effect on the contact angles. Generally speaking, oxidization of the solid surface of the FPPHP channels prior to fluid filling should lead to improved performances. In the following experiment, the flat-plate pulsating heat pipe was initially oxidized using an acid solution (Finox) to improve its hydrophilic behavior and tested with the seven fluids, the objective being to compare their respective thermal performances under optimal conditions.

3 Experimental investigation on Flat Plate Pulsating Heat Pipe

Pulsating Heat Pipe experimental set-up

The FPPHP was obtained from a copper plate (width: 80 mm, length: 200 mm, thickness: 3.5 mm) machined with a single square-shaped groove (3 x 3 mm²) forming a series of 8 U-turns in the evaporator zone (see Figures 2a andc). This first plate was covered with a second copper plate with the same dimensions and 0.5 mm of thickness. Both were brazed with tin to guarantee perfect sealing from outside, and the adjacent channels were sealed off from one another. Further monitoring was carried out to avoid brazing material inside the channels [START_REF] Ayel | Visualization of flow patterns in closed loop flat plate pulsating heat pipe acting as hybrid thermosyphons under various gravity levels[END_REF], particularly by checking EDM (Electrical Discharge Machining) cut samples on specific test devices, thereby ascertaining the regularity of the square channels along the device. The internal channel was thoroughly cleaned using Finox®, leading to premature oxidation of the internal walls, and improving the wettingness of bare copper, as mentioned in section 2.2. Two connection pipes were brazed on the device (Figure 2b): one linked to a closing valve at the top, for the FPPHP filling process, and the other at the bottom, leading to a tee, connected to a pressure transducer; and a plug for the emptying process. The FPPHP was evacuated, and sealing was tested by means of an ultra-high vacuum system (ASM 142, Adixen by Pfeiffer Vacuum®) coupled with a helium detector, through the filling port at the top of the device (Figure 2b). The evaporator zone of the FPPHP was heated by a wire electrical heater (Thermocoax® Type NcAc15, 1 mm external diameter) embedded in a 40 x 80 mm², 2 mm thick copper plate by means of a serpentine groove machined on one side of the plate (Figure 2b). The latter was connected to electrical power supply (ELC® ALR3220, ±10 mV) delivering heat power up to 200W and regulated with LabVIEW® software. On the upper side of the FPPHP, the condenser section was cooled by a grooved copper plate (width: 100 mm, length: 80 mm) brazed directly on the rear side of the FPPHP (Figure 2b), and by a single-phase loop circulating the ethyleneglycol/water mixture between the test cell and a cryostat (Huber® CC240 wl), the latter controlling the temperature of the cooling mixture. The FPPHP was thermally insulated on all its sides (Rockwool:   0.04 Wm -1 K -1 ; thickness: approximately 30 mm, yielding surface thermal resistance with ambient of around 0.85 m²KW -1 , taking into account natural convection and radiation heat transfer outside the insulating layer).

Heating tests with an insulated empty device made it possible to quantify the thermal losses as functions of the average temperature of the FPPHP; heat losses were below 2 W, and 3 W, for a temperature difference with ambient of 25 K, and 40 K, respectively. This shows that in the least favorable conditions, the heat power transferred by the FPPHP was estimated with a maximum error of 4% (dry-out at lowest heat power level, i.e. at 50 W). The working fluids were degassed in a pre-vacuumed tank by heating/cooling cycles until they reached the mass value corresponding to the required filling ratio at ambient temperature. The fluid was then introduced into the system, connected at the top of the device by a Tee, linked on one side to the filling port (Figure 2b), and on the other side to the vacuum pump with a valve that was closed once the required vacuum had been reached. Before closing the FPPHP top valve, heating of the filling tubes with a heat gun, made it possible to precisely control the quantity of fluid introduced, as well as its purity relative to the saturation state. The following represented the operative conditions for all the tests:

• Working fluids: deionized water, pure ethanol, water/butan-1-ol (5 wt. %), water/butan-2-ol (5 wt. %), water/ethanol (20 wt. %) and water/Tween® 20 (0.5 wt. %) (tests were also carried out with water/Tween® 40 (0.5 wt. %) but will be presented only in Appendix A.2).

• Filling ratio: FR = 50% ±2% at 20°C;

• Heat powers applied: from 50 W to 200 W by accretions of 50 W; note that a heat power of 200 W corresponds to heat flux of 6.3 W.cm -2 at the interface between heater and evaporator, and 2.6 W.cm -2 at the level of the channels walls total inner surface delimited by the evaporator zone;

• Cold source: glycol/water mixture at 20°C and 40°C;

• Orientations: horizontal and vertical bottom heated mode (BHM).

Experimental results and discussions

Before presenting experimental results, we wish to briefly recall the differences between an FPPHP and a PHP capillary tube, in terms of capillary angles in the shaped corners, and of maximal thermal inertia and thermal conductivity between adjacent channels, as was discussed at the end of the introduction.

Results in horizontal orientation

First, we present typical transient long-time test run results for the six working fluids, with temperature and pressure measurements provided in Figure 4 and Figure 5, for the FPPHP tested in horizontal orientation at cryostat temperatures set at 20°C and 40°C, respectively. For easier reading, the evaporator temperatures are plotted in different shades of red; the adiabatic section temperatures are in green, the secondary cooling fluid temperatures in blue, whereas pressure is plotted in grey, using different scales for better clarity. Despite the possible difficulty of deciphering these figures, we have chosen to represent all monitored temperature curves, the objective being to display, at a glance, a comprehensive comparison of FPPHP thermal behaviors in conjunction with the different working fluids. In fact, these complex thermograms are suited for comparison of the averaged level of the evaporator temperatures, their level of spatial homogeneity, and the amplitudes and frequencies of temporal fluctuations in the same zones. For the purposes of comparison, the left-ordinate axes for temperature curves have been given the same scale for all diagrams of Figures 4 and5, even though there may be differences in the heat power and pressure curves of the right hand-ordinate axes (pressure is also given in either hPa or kPa). These figures suffice to demonstrate the varied operating behavior of the different fluids, some of which are clearly more effective than others. Most of the fluids tested have largely contributed to a more or less favorable operation of the device up to 200 W (i.e. 6.3 W.cm -2 at the heater-evaporator interface and 2.6 W.cm -2 at the channels walls surface, not being the maximum heat flux that could be reached for these fluids), except for pure water and water/surfactant mixtures. For example, under the same operating conditions, with the exception of some oscillations at lower heat power (at 50 W, where temperature fluctuations can be seen), FPPHP filled with pure water and water/Tween® 20 fails to operate at 20°C; under such conditions, the evaporator is dried, the liquid may be accumulated in the condenser region, and the vapor in the evaporator region. This explains the smooth curves corresponding to higher heat powers. The FPPHP then operates in nearly pure conductive mode [START_REF] Ayel | Visualization of flow patterns in closed loop flat plate pulsating heat pipe acting as hybrid thermosyphons under various gravity levels[END_REF], as evidenced by temperature distribution, progressively decreasing between the lower part of the evaporator (Tev,2,4,7), followed by the upper part (Tev,1,3,5-6), up to the top of the adiabatic zone (Tad,T). Such curves remain pronouncedly similar to those obtained with an empty device, presented in [START_REF] Ayel | Flat-plate pulsating heat pipe tested with surfactant: experimental investigation and use of transient reactivation phases for the fluid-wall heat transfers analysis[END_REF]. Due to the high temperatures, heat power cannot exceed 100 W. After 800 s of operation for water and water/Tween® 20, low level of fluctuations of the pressure signal are observable. The low-amplitude/high frequency fluctuations of the pressure signal observed in Figure 4 during these dry-out phases correspond to the noise associated with error measurement of the pressure sensor (around ±200Pa, as mentioned on the sensor datasheet). On the other hand, in pure ethanol and water (for example the test case at 40°C cold source temperature in Figure 5), the active phases of the FPPHP are invariably associated with highly fluctuating pressure signals, with amplitudes reaching 200 hPa for ethanol tested at 20°C. These different pressure instabilities appear markedly high, particularly when compared to other mixtures.

Regarding other fluids (Figures 4 and5), it appears that FPPHP with binary aqueous mixtures starts immediately after heating. The presence of alcohol in water greatly enhances starting conditions in the device.

However, like pure ethanol, water/butan-1-ol (SRWF) is subject to tremendous temperature instabilities at 20°C, with large amplitude and frequency for ethanol, and much lower amplitude/frequency for the mixture. The FPPHP is apparently often dried out (i.e. with the same temperature distribution observed for water and water/Tween® 20 at 20°C, Figure 4) with restart periods, particularly at low heat powers (50 W) for ethanol and higher heat powers (150-200 W) for water/butan-1-ol. In appendix A. Instability levels are much higher, and there are long dry-out phases followed by restart periods at 40°C. It is likewise noteworthy that FPPHP filled with water/butan-1-ol shows the best performances (lowest evaporator temperature/lowest fluctuations amplitude) at 50 W heat power, despite the great instabilities observed at higher heat powers. Finally, FPPHP filled with water/butan-2-ol (SRWF) and water/ethanol (binary mixture) exhibits the best operating behavior at practically every heat power step (except for 50W, as seen above with the water/butan-1ol mixture). It is quite noteworthy that with these two mixtures, the FPPHP operates practically without any instability or dry-out, from the start of applied power and whatever the level of heat power input. Amplitudes of fluctuations are lower than for all other working fluids (particularly compared to pure water and pure ethanol, both of which are highly unstable), and their frequencies are higher, according to a markedly regular trend throughout the test phase. The same trends can be observed on the curves of Figure 5, at a cold source temperature of 40°C, with even better thermal performances (lower temperatures relative to cooling, and much lower amplitude/higher frequency fluctuations). At this temperature, thermal performances are also improved for the water/butan-1-ol mixture, showing less instability than at 20°C, and for water, where temperature fluctuations appear, which was not the case at 20°C. It clearly appears that compared to other fluids, FPPHP filled with water/butan-2-ol and water/ethanol operates with appreciably improved efficiency.

The main question here is whether the improved performances are due to better fluid wettability (compared to pure water), or to a modification of other thermophysical properties. On the one hand, these tendencies confirm those previously observed in [START_REF] Cecere | [END_REF][33] on a FPPHP filled with water and water/butan-2-ol mixture tested during a parabolic flight campaign. While in their study, visualization showed wettability to be an obvious explanation for the differences (water did not properly wet the wall, whereas the SRWF repeatedly re-wet the evaporator zone, thereby triggering the oscillating regime), the same causes appear in our study, with the same material constituting the FPPHP, as well as modification of the intrinsic properties of the fluids, from which it is nonetheless difficult, without a modelling tool, to draw satisfactory conclusions. However, the expected effect of improved performances, due to decreased surface tension and increased wettability in slug/plug flow pattern conditions is very ineffective with regard to surfactant solutions. The reasons at this stage of the study are still unknown, and the causes of such behavior relative to the working fluids should be the object of further study.

On the other hand, as zeotropic mixtures with butan-2-ol and ethanol perform very similarly, and considering their identical surface tension, the expected rewetting effect of SRWF is not proven, and may not even explain improved FPPHP operation, which is rather assumed to be largely caused by enhanced wettability and by increased (∂P/∂T)sat leading to increased pressure fluctuations with temperature. This is particularly the case insofar as the threshold temperature of water with 5% of butan-2-ol, above which surface tension increases with temperature, has been shown to range from 40°C to 45°C [START_REF] Cecere | [END_REF], a value only barely exceeded during tests at 20°C cold source temperature (see Figure 4).

A classical parameter used to analyze the thermal performances of pulsating heat pipes is their thermal resistance, defined here as:

𝑅 = ̇ ̇ (3) 
where 𝑇 and 𝑇 are, respectively, evaporator and condenser mean temperatures (𝑇 = ∑ 𝑇 , 7 ⁄ and 𝑇 = (𝑇 , + 𝑇 , )/2), both of them time-averaged over the successive recordings selected for the purposes of steadystate characterization. 𝑄 ̇ is the electrical heat power input, and heat losses 𝑄 ̇ have been calculated

considering the insulation layer of the device. Relative uncertainty of the thermal resistance linked to sensors accuracy is calculated by the error propagation method [START_REF] Xing | The impact of gravity on the performance of pulsating heat pipe using surfactant solution[END_REF]:

= + + ̇ ̇ (4) 
Figure 6 presents FPPHP thermal resistances as functions of measured heat power applied for the six fluids tested and for both cooling temperatures. For reasons of clarity, the error bars have not been plotted; moreover, the amplitude of temperature fluctuations is at least one order of magnitude higher than that of measurement error. With such measurements, however, thermal resistance error is always inferior to 5%, except at 40°C for water/butan-2-ol and water/ethanol mixtures, where it reaches 16.4% and 15.4% respectively (at 50 W heat input), and 9.6% and 8.3% respectively (at 200 W heat input), due to the extremely small temperature difference between evaporator and cold source temperatures for the two fluids.

At 20°C, pure water and water/Tween® 20 mixture obviously present higher thermal resistance, similarly to pure ethanol at 50W (red dashed ellipse), of which the values are characteristic of a dried-out FPPHP, as indicated by the empty device resistance curve plotted for reference (dashed grey line). As noted above, mixtures with butan-2-ol and ethanol are very close to one another, in accordance with the same trends, except at 50W and a cooling temperature of 20°C. Thermal resistances of water/butan-2-ol and water/ethanol mixtures are 63%, and 52%, percentages clearly lower than those of pure water at 50 W and 20°C cooling temperature. At 20°C and above 50 W, performances of the water/ethanol mixture are slightly better than water/butan-2-ol, but the trend is reversed at 40°C, even though the curves remain very close to one another. Generally, thermal resistances are lower for 40°C cooling temperature compared to those obtained for 20°C, whatever the working fluid. This finding once again confirms the hypothesis that increased condenser temperature of the pulsating heat pipes leads to improved thermal performances, whatever the fluid tested [START_REF] Ayel | Flat plate pulsating heat pipes: A review on the thermohydraulic principles, thermal performances and open issues[END_REF]. However, single thermal resistance curves do not suffice to classify thermal performances insofar as they cannot show the instability levels reached during each heat power step, which can be viewed as a critical criterion in light of the instabilities observed in Figures 4 and5. They can be quantified using standard deviation from sufficiently long-term samples within the steady-state temperature curves (here, between 300 s and 400 s of steady-state, according to the test cases). Standard deviations of the evaporator averaged temperature curves (calculated using the formula: {∑(𝑇 -𝑇 ) }/(𝑛 -1), with 𝑇 the spatial evaporator averaged temperature, and n the number of samples) can consequently be seen in Figure 7, plotted for reasons of clarity with logarithmic ordinate-coordinates. The experimental points concerning the dry-out phases (red dashed ellipse on On the one hand, the fluids leading to the highest temperature fluctuations for both cooling temperatures are water, ethanol and water/Tween® 20, as soon as the FPPHP operates not dried. On the other hand, at the lowest applied heat powers, the water/butan-1-ol mixture appears to be the fluid causing the fewest fluctuations, particularly at lowest applied heat powers. Moreover, the instability level is lower for water/butan-2-ol than for water/ethanol, except at 20°C/200 W. Nevertheless, considering the logarithmic scale of the ordinate-axis on Figure 7, the standard deviations of these two fluids remain very low; given the resistance curves of Figure 6 and the standard deviation curves of Figure 7, the last Figure 8 plots the thermal resistances values as functions of standard deviations for every fluids (including water/Tween® 40 mixture). It aims to propose a kind of map of expected thermal performances for this specific device: the white frame encloses resistances values, and standard deviation values, artificially chosen lower than 0.4 K.W -1 , and 2.5 K, respectively: the closer the curves get to the origin of the two axes, the better the performances. On this basis, it is clear that performance classification leads to the elimination of fluids such as water, ethanol and the water/Tween® 20 mixture (as with water/Tween® 40) as reliable working fluids due to their substantial instability in the indicated operating conditions. Water/butan-2-ol and water/ethanol and, at a lower level, water/butan-1-ol, seem to be best suited to the stable and effectively performing operation of horizontally inclined FPPHP. To conclude, the improved properties of zeotropic binary aqueous mixtures compared to pure water are believed to significantly increase performance, which is not the case with water/surfactant mixtures tested in this study. These findings evidently require further study, particularly pertaining to the nature and characteristics of the surfactant molecules.

Results in vertical BHM orientation

As mentioned in the introduction on the influence of wettability, due to the predominance of gravity forces over surface tension forces, which induces the liquid plugs to flow back to the evaporator in vertical BHM, At 20°C cold source temperature (Figure 9), even for the highest heat powers, average evaporator temperatures of most fluids remain between 30°C and 40°C, and performances are quite satisfactory, while at 40°C cooling fluid temperature, as in horizontal orientation, thermal performances are even better. Highfrequency temperature fluctuations (due to normal PHP operating mode) remain lower than in horizontal orientation. They also differ from one fluid to another; excluding pure water, which still leads to observable instability, the water/ethanol and water/Tween® 20 mixtures present the highest fluctuation amplitude at 20°C. Some operating modes nonetheless show very stable and smooth temperature curves, as is the case with pure ethanol and water/butan-1-ol working fluids (the oscillations observed for water/butan-1-ol mixture in Figure 9 arise from the cryothermostat, which presented control difficulties in this test case); even for 200 W heat power and 20°C cooling fluid temperature, mean evaporator temperature remains lower than 38°C; the temperature curves are very smooth and regular, without observable fluctuations, and show the lowest temperature gradient (maximum temperature difference between evaporator temperatures) along the evaporator surface. In both Figures 9 and10, and for all the fluids tested, the lower temperature levels associated with higher temperature homogeneity and lower temperature fluctuations in the evaporator zone, are related to the highest pressure fluctuations; for example, with pure water (40°C/150W, Figure 10), pure ethanol (20°C/100-200 W, Figure 9 or 40°C/200W, Figure 10), water/butan-1-ol (40°C/200W, Figure 10), water/butan-2-ol (40°C/200W, Figure 10), or water/Tween® 20 (40°C/200W, figure 10), a sudden increase in pressure oscillation amplitude and frequency is easily observable. At the same time, the evaporator temperature curves tend to decrease, homogenize and become less fluctuating; displaying improved FPPHP thermal performances associated with increased pressure fluctuation intensity, they illustrate a passage from non-homogeneously annular flow due to probable excess liquid trapped in adjacent channels, as previously described in [START_REF] Ayel | Visualization of flow patterns in closed loop flat plate pulsating heat pipe acting as hybrid thermosyphons under various gravity levels[END_REF][52], to semi-annular flow, with high velocity liquids plugs flowing along the channels [52][53]. The liquid plug motions lead to more balanced fluid distribution between channels and more marked temperature homogeneity in the evaporator zone. presenting results similar to those recorded at 20°C. Furthermore, at 20°C, thermal resistances of both mixtures in horizontal inclination are slightly higher than in all other conditions (except at 50 W for water/butan-2-ol). It also bears mentioning that the thermal performances of water/ethanol mixture at 40°C in horizontal inclination are surprisingly better than in vertical inclination. Increased cooling temperature leads to improved thermal performances; finally, the best thermal performances have been achieved for water/butan-2-ol mixtures at 40°C, in both horizontal and vertical orientations (thermal resistance decrease up to 53% between 20°C and 40°C at 150 W heat power), and water/ethanol in horizontal orientation (thermal resistance decrease up to 53% between 20°C and 40°C at 50 W heat power in horizontal orientation). To summarize, this study shows a highly promising potential for such mixtures as working fluids effectively contributing to pulsating heat pipe application. In horizontal orientation:

FPPHP
 The addition of Tweens® 20 and 40 surfactants not only fails to improve thermal performances of the device, but also increases temperature instabilities, particularly in the case of Tween® 20. This needs to be further studied to better understand the effect of the surfactant molecules on the liquid/vapor interface during FPPHP operation.

 Binary aqueous mixtures likewise enhance the start-up transient phases, for which the pulsating heat pipe mode in slug flow pattern appears nearly as soon as the device is heated.

 Self-rewetting fluids (SRWF) and water/ethanol aqueous mixtures largely improve thermal performances, with lower thermal resistance curves (thermal resistances of water/butan-2-ol, and water/ethanol, mixtures are 63%, and 52%, lower than those of pure water at 50 W and 20°C cooling temperatures), and with lower levels of temperature instability during operation.

 Given the similar performances of water/butan-2-ol and water/ethanol mixtures, the self-rewetting effect on increased thermal performances does not seem to be proven. The authors believe that the improvement arises from, among other factors, increased wettability (with lower surface tension)

and/or increased (∂Psat/∂T) of both mixtures, enhancing fluid flow motion in this configuration.

 Increased cooling temperature leads to improved thermal performances; the best thermal performances have been found for water/butan-2-ol mixture at 40°C in both horizontal and vertical orientations (thermal resistance decreased up to 53% between 20°C and 40°C at 150 W heat power), and water/ethanol in horizontal orientation (thermal resistance decreased up to 53% between 20°C and 40°C at 50 W heat power).

In vertical orientation:

 Despite better thermal performances observed for all fluids and heat powers, the influence of wettability is hardly observable and far from demonstrated.

Following up on this work, the same FPPHP should be tested with modified coated copper in view of increasing its wettability with pure water; the purpose would be to compare the performances of FPPHP filled with wetting water with those of aqueous mixtures, thereby distinguishing the effects of wettability from those ascribable to other thermophysical properties such as increasing (∂Psat/∂T). Finally, a new series of tests should be carried out on the basis of the best performing fluids in order to test them under higher heat power/heat flux conditions to observe their operating limits. Finally, an excellent agreement was found between our results and those found using the 'Drop-snake' option in ImageJ® Software, used as reference values for validation process. Thus, the error of calculations show that the error on the contact angles is lower than 1% in the range 15-60°, and that the relative error in the calculation of the volume (Eq. ( 2)) is always inferior to 10%.

Nomenclature

A.2 FPPHP transient curves for water / 0.5% Tween® 40 mixture 

  Figure A-1.2). One may note the close relationship between the overall volume of drop Vdrop, contact angle θ, liquid density ρl, and surface tension σ. By the measurement of all geometrical parameters (R0, δ, rd and θ), Eq. (2) made it possible to determine the surface tension of the different mixtures.

Figure 1 :

 1 Figure 1: (a) Comparison of measured surface tension between tested fluids; and (b) Effect of copper surface oxidation on the evolution of the contact angles as functions of decreasing droplet volume (Tsubstrate = 10°C; Tair = 15°C).

Figure

  Figure 1a brings together the values of the averaged surface tension resulting from the experimental measurements. Water, ethanol and aqueous mixtures were likewise tested to validate the methodology and compare their respective values. The error bars of Figure 1a represent the standard deviations for all the series

Figure 2 :

 2 Figure 2: flate plate pulsating heat pipe: (a) schematic view of copper plate with machined grooves; (b) photograph of the back-side with heater, cold source, pressure sensor and (c) A-A cross section

Figure 3 :

 3 Figure 3: Schematic view of the TCs positions on the back face of the FPPHP

2 ,

 2 FPPHP with water/Tween® 40, is dried out throughout the 50 W heat power step, except for a steep temperature decrease at the evaporator (after 500 s) linked to fluid mass and momentum transfer in the device, as can be seen by the pressure variation during this period. However, after application of 100W heat power, FPPHP with water/Tween® 40 begins to operate well, with low-amplitude/high frequency temperature fluctuations, followed by a tremendous dry-out as soon as the power is increased up to 150 W, leading to test suspension for security reasons. Nevertheless, thermal performances are far lower for water/Tween® 20 mixture compared to water/Tween® 40 (see Figure A-2.1).

Figure 4 :Figure 5 :

 45 Figure 4: Transient temperature and pressure responses of the FPPHP to increasing heat power levels (horizontal, Tcryo = 20°C)

Figure 6 :

 6 Figure 6: Thermal resistances as functions of applied heat power for the six fluids (horizontal; continuous lines: Tcryo = 20°C; dotted lines: Tcryo = 40°C)

figure 6 :

 6 figure 6: water and water/Tween® 20 at 50 W and 100 W/20°C; and ethanol and water/Tween® 20 at 50 W/40°C) have not been plotted because they present the lowest standard deviation (smooth temperature curves) in the least effective operating cases.

Figure 7 :Figure 8 :

 78 Figure 7: Standard deviations of spatial average evaporator temperature as functions of applied heat power for the six fluids (horizontal; continuous lines: Tcryo = 20°C; dotted lines: Tcryo = 40°C)

Figure 9 :Figure 10 :

 910 Figure 9: Transient temperature and pressure responses of the FPPHP to increasing heat power levels (vertical BHM, Tcryo = 20°C)

Figure 11 :

 11 Figure 11: Thermal resistances as functions of heat power applied for water/butan-2-ol and water/ethanol mixtures at horizontal and vertical orientations (continuous lines: Tcryo = 20°C; dotted lines: Tcryo = 40°C)

FRFigure A- 1 . 2 :

 12 Figure A-1.2: Contours from the edge detected image superimposed on the raw picture and selected measured parameters.

Figure A- 2 . 1 :Figure A- 2 . 2 :

 2122 Figure A-2.1: Transient temperature and pressure responses of the FPPHP to increasing heat power levels: left: Tcryo = 20°C; right: Tcryo = 40°C (water/Tween® 40, horizontal):

  

  

  

  

  

Table 1 :

 1 Comparison of fluids thermophysical properties at 20°C.

Table 2 :

 2 Comparison of fluids thermophysical properties at 50°C.
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  tests in vertical BHM orientation are not as relevant as horizontally oriented tests. Nevertheless, tests have been performed in vertical BHM for both cooling temperatures, and they are plotted and presented in Figures 9, and 10, for 20°C, and 40°C, cooling temperatures, respectively. The instability levels are far less pronounced than in horizontal orientation, rendering it that much more difficult to draw conclusions. Instability due to evaporator dry-out is visible only for water at 20°C at 50-100 W, and 150-200 W, heat power transitions, and for ethanol at 50 W (at both 20°C and 40°C cooling temperatures). In all other cases, the device operates quite satisfactorily, and obviously more effectively than in horizontal orientation, except for water/butan-2-ol and water/ethanol mixtures, of which the performances remain similar.
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Contact angle measurements

As the most noticeable expected effect of aqueous mixtures lies here on the surface tension and wettability properties, the method used to characterize them is based on the sessile drop method: the contact angle is obtained from measuring the angle between the solid and the tangent to the liquid at the solid surface.

Experimental setup to measure the geometrical parameters of liquid drops on a solid substrate in horizontal position is shown in figure 1. The drop of liquid is illuminated by two sources of light -a line LASER and a white light source diffused by an opaque window ("diffuser" in figure A-2.1). The diffused white light is used to provide a contrasting background for easy and accurate image segmentation of the liquid droplet. The line LASER is used to provide a pseudo plane on which the camera focal plane is to be coincided for getting good 'in-focus' photographs. Thus, the line LASER must ideally be positioned such that it almost symmetrically separates the static liquid drop. Photographs were taken by a camera (Canon® EOS 100D) with a short focal telescope so as to enlarge the pictures.

As the setup is open to atmosphere, a low temperature is required to minimize the rate of evaporation and, meanwhile, to make sure that water condensation does not take place on the substrate, which could eventually disrupt the wetting area and thereby, affects the value of the contact angle. Keeping these restrictions in mind, a temperature of 10°C was imposed. For all experiments, this temperature was maintained with the help of a cryostat (Huber® CC240 wl) connected to a copper heat exchanger supporting the copper surface. The room temperature was also maintained at 15°C to minimize evaporation. Contact angle measurement procedure used here is inspired by the SPPF technique. However, a slightly different thresholding technique and interface detection methodology is used to increase efficiency and reduce computational time, which are outlined below. For contact angle measurement, the most important step is the detection of the interface. For this, two kinds of images are used: (a) raw pictures that have a reasonable contrast