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There is a general need to determine dew yield in any place of the world. However, its determination requires systematic measurements that are not available everywhere. In addition, it depends on the particularities of the dew collector. A simple analytical formula valid for planar dew collectors is elaborated here. It is based on laboratory experiments where it is established that heat losses with surrounding air is the dominant parameter that limits dew condensation. A simple analytical formulation is then derived, which only needs cloud coverage, wind velocity, air and dew point temperatures data to be collected, at least once in a day before sunrise. The formulation is tested in several places in the world with different climates. Agreement within typically 30% is found with dew measurements. Such an analytical relationship can thus provide a useful tool to obtain a worldwide estimation of the dew potential.

Introduction

The occurrence of dew can have positive or negative aspects. Its importance for agriculture has been long recognized. Its manifestation can be negative as its deposition favors parasitic diseases caused by fungi, bacteria, viruses and other microscopic organisms [START_REF] Wallin | Dew, its significance and measurement in phytopathology[END_REF][START_REF] Aylor | A framework for examining inter-regional aerial transport of fungal spores[END_REF]. When the combination of moisture deposition on leaves and temperatures are appropriate, these diseases can cause severe damage to agricultural yields. Dew water can also be considered as an additional source of water for human and plants. During dry or intermediate seasons or in semi-arid or arid climates, dew can exhibit a beneficial role in providing naturally a supplement of water to plants [START_REF] Zangvil | Six years of dew observations in the Negev Desert, Israel[END_REF][START_REF] Malek | Dew contribution to the annual water balance in semi-arid desert valleys[END_REF][START_REF] Munné-Bosch | Diurnal variations of photosynthesis and dew absorption by leaves in two evergreen shrubs growing in Mediterranean field conditions[END_REF][START_REF] Koto N'gobi | Condensable humidity of the atmosphere in Benin: contribution to the correction of the corn hydrous stress in a semi-arid area[END_REF] and microorganisms [START_REF] Kidron | An Investigation of the Role of Water (Rain and Dew) in Controlling the Growth Form of Lichens on Cobbles in the Negev Desert[END_REF].
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Click here to view linked References 2 For human uses, dew can be harvested by special devices, the oldest referenced dew collectors being from the alchemists [START_REF] Flamel | Mutus Liber[END_REF]. More recently, such passive dew collection has been the object of several researches to increase the amount of collected water [START_REF] Nilsson | Initial experiments on dew collection in Sweden and Tanzania[END_REF][START_REF] Muselli | Dew water collector for potable water in Ajaccio (Corsica Island, France)[END_REF][START_REF] Jacobs | Passive dew collection in a grassland area, The Netherlands[END_REF][START_REF] Sharan | Very large dew and rain ridge collector in Kutch area ( Gujarat,India)[END_REF][START_REF] Maestre-Valero | Estimation of dew yield from radiative condensers by means of an energy balance model[END_REF]OPUR, 2015). Special surface structures have been developed, at the nano-or micro-scale (foil, paint, additives) and macroscale (shape). The beneficial role of surface edges has been recently highlighted [START_REF] Beysens | New architectural forms to enhance dew collection[END_REF]. The potential role of dew water to give access to low cost, clean fresh water has been recognized for developing countries situated within arid to sub-tropical regions where access to clean water is limited or nonexistent [START_REF] Sharan | Dew Harvest[END_REF].

Dew results from the condensation of water vapor on a surface, in contrast to fog, which is constituted of tiny (1 -40 m) water drops which form in the atmosphere and are carried by wind. Condensation can proceed on the surface because the latter cools down below the dew point temperature of surrounding air, due to the radiation deficit between surface and atmosphere. Dew therefore depends on the details of the condensation surface properties and the characteristics of the local atmospheric environment. A world dew map is still not available as dew yield depends on these both specific (substrate) and local (environment) characteristics in a manner that is still not fully precisely modelled.

All the models that have been considered are based on energy balance such as the Penman-Monteith equation (Monteith, 1957, Garratt and[START_REF] Garratt | On the contribution to dew formation[END_REF]. Cooling by radiation deficit between the surface and the atmosphere is balanced with heating by conduction (solid surface contact), convection (with surrounding air) and condensation (water latent heat of condensation). Differences appear in the evaluation of the radiation deficit (either calculated from a sky model: [START_REF] Awanou | Study of natural condensation of atmospheric humidity[END_REF] or measured with radiometers: [START_REF] Kalthoff | The energy balance, evapo-transpiration and nocturnal dew deposition of an arid valley in the Andes[END_REF][START_REF] Moro | Dew measurement by Eddy covariance and wetness sensor in a semiarid ecosystem of SE Spain[END_REF][START_REF] Maestre-Valero | Estimation of dew yield from radiative condensers by means of an energy balance model[END_REF]Ucles et al. 2013) and the convection losses estimated from mass and thermal coupling coefficient (Pedro and Gillepsie, 1982;[START_REF] Jacobs | Passive dew collection in a grassland area, The Netherlands[END_REF]. Measurements of surface temperature can also be performed as in [START_REF] Nikolayev | Water recovery from dew[END_REF]. The use of Computational Fluid Dynamics (CFD, [START_REF] Clus | Comparison of Various Radiation-cooled Dew Condensers Using Computational Fluid Dynamics[END_REF] can greatly help, especially for concave structures such as cones. However, the results are still dependent on the sky emissivity model and the thermal coupling coefficients, which makes this technique, although useful to compare different surface geometries, also subjected to uncertainties. A purely statistical approach, which uses artificial networks, has been successfully tested by [START_REF] Lekouch | Rooftop dew, fog and rain collection in southwest Morocco and predictive dew modelling using neural networks[END_REF]. Although it allows precise prediction to be made in the place where data have been obtained and analysed, its extrapolation to other places is nevertheless subjected to uncontrolled uncertainties.

A simplified model that would demand only a few regular, simple data, available everywhere in the world would then be much helpful, particularly when aiming to determine the potential dew yield in any place globally, and especially in arid or semi-arid environments. The latter often corresponds to low inhabited and/or developing countries where a network of sophisticated meteorological measurements is lacking. It appears [START_REF] Lekouch | Rooftop dew, fog and rain collection in southwest Morocco and predictive dew modelling using neural networks[END_REF]) that dew yield is strongly correlated with only a few statistically independent meteorological parameters: air temperature T a , dew point temperature T d or relative humidity RH, cloud coverage N, and wind speed V (measured at 10 m elevation, unless specified). These data are collected on a regular basis in many meteorological stations in the world (e.g. in airports) and can be easily obtained.

The goal of this study is then to provide a physical model with explicit analytical dependence of dew yield on T a , T d , N, and V. However, dew depends not only of atmospheric parameters but also on the properties and geometry of the condensing surface and in particular how the energy exchange is performed between the condenser and the atmosphere: radiation exchange and convective heat transfer. Variations of 40% between different condenser shapes can be regularly found although the meteorological parameters are rigorously the same [START_REF] Clus | Comparison of Various Radiation-cooled Dew Condensers Using Computational Fluid Dynamics[END_REF]. When the efficiency of drop collection is taken into account (scraping or not scraping, edge effects) difference of 400% can even be found [START_REF] Beysens | New architectural forms to enhance dew collection[END_REF]. One will thus consider in the following only plane condensing surfaces with emissivity unity (black body) located at 1 m above the ground and thermally isolated from it. One will also keep in mind that the local characteristics of the thermal exchange can modify the yield by 30-40%. This latter value gives the range of the possible approximations that can be made for modeling dew formation.

The paper is organized as follows. First, the basic equations are reported. Second, a laboratory experiment on water condensation is described; it leads to a unique equation giving dew yield. This equation is then adapted to natural dew formation and tested against dedicated measurements. (The present formulation has been deposited by the author in a Lettre Soleau, [START_REF] Beysens | Simplified formulations to estimate the dew yield from current data weather (air temperature, dew point temperature or relative humidity, cloud coverage, wind speed[END_REF].

Theoretical background

The determination of the dew yield requires solving a thermal problem based on an equilibrium equation between sensitive and latent heat fluxes:

  cond he i w c c R R R mc Mc dt dT    
(1)

Here T c (K) is the surface temperature of the condenser, M and m (Kg) are the masses of the condenser and of the condensate, respectively, c c and c w (J.Kg -1 . K -1 ) are the specific heats of the condenser materials and water, respectively, and t (s) is time. The variables in the right part of the equation represent the various thermal processes of heat transfer at the condenser surface: R i (W) is for cooling energy (practically less than 100 Wm -2 ), R he (W) for heat exchange with ambient air and R cond (W) for the energy gain due to the latent heat of condensation per unit of mass, L c (J.Kg -1 ). One has voluntarily omitted the conductive term of the condenser support by assuming that the condensing surface can be fixed on an adiabatic material.

The condensation and heat exchange terms can be written as:

dt dm L R c cond  (2)   c a c he T T aS R   , (3) 
where a (W.K -1 m -2 ) is a coefficient of convective heat transfer. T a (K) is the temperature of the ambient air and S c (m 2 ) is the condenser surface. The parameter a is correlated with the thickness of the thermal boundary layer and depends on the air speed V (m.s -1 ) far from the plate, i.e. the windspeed of the wind if this latter is larger than that of natural convection ( 0.6 m/s, according to [START_REF] Beysens | Measurement and modelling of dew in island, coastal and alpine area[END_REF]. According to Pedro and Gillespie (1982), one can express a in a laminar flow regime as:

L V kf a  . ( 4 
)
The factor f (W.K -1 .m -2 .s 1/2 ) is empirical. For a flow parallel to a plane sheet of size L = S c 1/2 , its value according to Pedro and Gillespie (1982) is f=4 WK -1 m -2 s 1/2 . A corrective factor, k, has been introduced by [START_REF] Beysens | Measurement and modelling of dew in island, coastal and alpine area[END_REF]. It is experimentally on order 3 and corresponds to a practical enhancement of heat transfer when dealing with planar condensers. The equation representing the condensed mass is described by the rate of condensation:

       negative if positive if T p T p wS dt dm c sat a a c 0 ) ( ) ( (5) 
where p sat (T c ) (Pa) is the saturation water vapor pressure at condenser temperature T c (K) and p a (T a ) (Pa) is the water pressure in the humid air above the condenser. The water vapor transfer coefficient is proportional to a in Eq. 4 as it depends on the same hydrodynamic boundary layer, the values of the thermal diffusivity coefficient and the diffusion coefficient of water molecules in air being nearly equal ( 2.3×10 -5 m 2 .s -1 ). According to Pedro and Gillespie (1982):

w= 0.656a/(p 0 с а ). ( 6 
)
Here p 0 is the atmospheric pressure and с а (= 1.0110 3 J. Kg -1 .K -1 ) is the specific heat of air.

Determining dm/dt requires solving Eqs. 1 and 5, which can be done by iteration (Pedro and Gillepsie, 1982) and/or by T c measurements [START_REF] Nikolayev | Water recovery from dew[END_REF]. A simplification in Eq. 3 can be made by assuming that dew starts to form at the dew point temperature (this is strictly true only for hydrophilic substrates or on geometrical or chemical surface defects, see [START_REF] Beysens | Dew nucleation and growth[END_REF]. Measurements [START_REF] Muselli | Dew water collector for potable water in Ajaccio (Corsica Island, France)[END_REF](Muselli et al. , 2006;;[START_REF] Beysens | Measurement and modelling of dew in island, coastal and alpine area[END_REF][START_REF] Lekouch | Rooftop dew, fog and rain collection in southwest Morocco and predictive dew modelling using neural networks[END_REF] indicate that T a -T d rarely exceeds  1K. Then Eq. 3 can be rewritten as

  d a c he T T aS R   , (7) 
which now depends only on meteorological measurements.

Laboratory study

Experimental details

In order to take into account the important parameters of the problem, an experiment is carried out with a vertical square stainless steel plate of side L=0.2 m and thickness e = 2 mm (Fig. 1). The plate is screwed on an electrolytic copper plate of same dimensions cooled by a Peltier element. Thermal contacts Peltier -copper -steel are reinforced by thermal grease. The copper plate is thermally insulated from air by 60 mm thick Styrofoam (Fig. 1).

A power supply provide electric power P (W) to the Peltier element. It can be adjusted between 0 and 60 W within 1% accuracy. We will see just below that these powers correspond typically to typical radiative cooling power found in natural dew condensation.

The steel plate is nearly isothermal (within  0.25 K) as verified by temperature measurements performed at different places with a miniature thermocouple (0.1 K accuracy).

Temperatures of the Peltier element, T p (°C), and surface temperature, T c (°C) of the steel plate are measured by thermocouples (0.1 K accuracy) and recorded every 15 minutes with a data logger.

The use of a climatic chamber to vary air temperature and humidity is not adequate as air flows generated by fans are turbulent and uncontrolled. Therefore the experiment is performed in a small laboratory room whose window is left half open to make air temperature and humidity vary between day and night to reproduce outdoor conditions (Fig. 1). The plate is directed towards inside the room to prevent radiation cooling and to protect it from air external flows. The "wind" to which the plate is subjected is then mostly natural convection.

Tests with a cup anemometer with stalling speed 0.5 m.s -1 indeed did not measure any air flow. The parameters of the ambient air: T a , RH (%) or T d are recorded every 15 minutes by the same data logger used for T p and T c . Temperature and humidity sensors are set 15 cm away from the plate (Fig. 1) for not perturbing convective air flows around the condensing plate.

A small gutter with a V-shape is placed at the basis of the condensing plate and collects water, which flows in a beaker placed on an electronic balance. The beaker is closed by aluminum foil with small opening to prevent evaporation. The collected water mass, m, is measured every 15 minutes and data are recorded in a computer. This technique induces a small delay from the time where the water drops detach from the plate and reach the beaker. One also cannot detect very low levels of condensation, as they correspond to drops that do not detach from the surface. In terms of electric power, this threshold corresponds to P 0 ≈ 1 W.

The cooling power available at the external surface of the plate is not proportional to the electric power provided to the Peltier element. It is necessary to account for Joule effects and thermal losses of the copper plate, in spite of the thermal insulation. The useful heat flow, Q (W), for cooling and condensing at the plate surface is the heat flow from the (hot) plate external surface to the (cold) Peltier element surface. It can be evaluated by measuring the difference in temperature T a -T p in the absence of condensation. With q (W.m -2 ) the cooling power per unit surface:

  p a s p a T T a a e T T L Q q               1 2  . ( 8 
)
Here  s = 14.6 W.m -1 .K -1 is the stainless steel thermal conductivity (CRC Handbook of Chemistry and Physics, 2006) and a is the thermal exchange coefficient of Eq. 4. Its value can be calculated. From [START_REF] Incropera | Fundamentals of Heat and MassTransfer[END_REF], a = a Nu/L, where  a (=0.026W.m -1 .K -1 ) is air thermal conductivity and Nu is the Nusselt number. The latter can be classically expressed for a vertical plate as a function of the Rayleigh number Ra = g a (T a -T c )L 3 /(D T )  g a (T a -T d )L 3 /(D T ) as Nu= 0.59 Ra 1/4 (Ra is in the range 10 4 -10 9 ). Here g (= 9.81 m.s -2 ) is the earth acceleration constant,  a T a +T d )  3.4 10 -3 K -1 is air thermal expansion (air is considered as an ideal gas),  -5 m 2 .s -1 ) is air dynamic viscosity and D T (=2.2  -5 m 2 .s -1 ) is air thermal diffusivity. The numerical values are from the CRC Handbook of Chemistry and Physics (2006). It follows a= 6 W.m -2 .K -1 .

The relation between q=6(T a -T d ) and P is shown in Fig. 2. The data follow approximately a log variation (this variation empirically reproduces the saturation of cooling at large flux):

P c b q ln   (9)
with b = (34 ± 2) W.m 2 and c = (23 ± 1) W, with P in W (uncertainties: one SD). The powers used, in the range P ≈ [1 -60 W] or q ≈ [30 -120 W.m -2 ], correspond typically to measured outdoor radiative deficits R i .

Results

Figure 3a represents a typical evolution of the difference (T d -T a ) and the condensed mass per surface area, µ=m/S c (Kg.h -1 .m -2 ). From µ(t) one deduces the evolution of the condensation rate dµ/dt. A numerical treatment is necessary to smooth out the µ data before differentiating (function "weight" of Kaleidagraph, rate 10%). From these smoothed data is obtained Fig. 3b, where dµ/dt is correlated with T d -T a . A simple linear fit well describes the data:

        négative if positive if T T dt dµ a d 0 0   (10)
The slope  (kg.h -1 .m -2 .K -1 ) is reported on Fig. 4a with respect to q for several experiments corresponding to the range [30 -120 W.m -2 ]. In spite of data scattering, it is seen that the  values are not correlated with q, the mean value being  = (6.1 ± 0.6)10 -3 kg.h -1 .m -2 .K -1 (uncertainties: one SD). The variation of µ 0 (kg.h -1 .m -2 ) with respect to q is drawn in Fig. 4b.

A clear proportionality is found with q:

  0 0 q q     (11)
Here q 0 represents the power threshold to obtain condensation water in the beaker. One finds q 0 = (15 ± 10) Wm -2 and  = (1.3  0.2)10 -3 kg.h-1.W -1 (uncertainties : one SD). This experimental threshold has not to be taken into account in the general relation between µ 0 and q, which can be eventually written as

q    0 (12) with  ≈ 1.310 -3 kg.h -1 .W -1 .  3.3. Discussion
The variation of dµ/dt with T d -T a can be explained as a process that is limited only by heat losses with neighboring air. The effect of heat losses appears then to be more important in dew formation than the effect of vapor pressure difference and mass diffusion, Eq. 5.

Qualitatively, when T d  T a , although the vapor pressure gradient at the surface is low, the heat losses are vanishing. The cooling power is thus nearly uniquely used to condense water by compensating for the latent heat of condensation. The rate of condensation is then maximum, dm/dt = µ 0 . When T d << T a , the power is mostly used to cool the condenser and only little power remains available for condensation, whose rate strongly decreases.

Condensation is cancelled when all the power is used to cool the condenser, corresponding to the maximum temperature difference

     q T          0 0 , ( 13 
)
whose amplitude obviously increases with cooling power q.

For a more quantitative approach, let us consider Eqs. 1-7, where R i. = -qS c . In the stationary regime where dT c /dt= 0, it comes for the available condensing power:

  a d c c c T T L a L q dt d dt dm S      1 . ( 14 
)
This expression is identical to Eq. 10 where µ 0 = qL c -1 , that is (Eq. 12)

 = L c -1 (15) and c L a   (16) 
Let us compare these values with the experimental data. With L c  2500 J.g -1 , one gets = 4 10 -7 kg.J -1 , which compares well with the experimental value 3.610 -7 kg.J -1 . Concerning the temperature dependence, the experimental value 1.310 -3 kg.h -1 .m -2 .K -1 corresponds to a heat transfer coefficient a  1 W.m -2 .K -1 . This value is lower but in the expected range of Eq. 4.

The estimation of a precise value for the heat transfer coefficient would need a thorough study of air flow around the plate, e.g. by CFD (see [START_REF] Clus | Comparison of Various Radiation-cooled Dew Condensers Using Computational Fluid Dynamics[END_REF]. This study is out of the scope of the present paper.

From the above study one thus concludes that dew yield follows simple Eq. 14 with respect to cooling power q and temperature difference (T d -T a ). The heat transfer coefficient a has nevertheless to be determined for each particular condenser and air flow configuration.

Radiative condensers

Similarity and differences with laboratory study

By similarity with the above laboratory case, one now aims to estimate the natural dew yield of an atmospheric radiative condenser by applying Eq. 10 or 14. Cooling heat flux is now ensured by the radiation deficit R i . The emissivity of the surface that is open to sky is assumed to be equal to 1. The shape and size of the condenser as the particular air flow around it will determine the heat transfer coefficient, a. For condenser thermally insulated from below (the surface not open to sky), heat exchange is only due to air convection. The latter is a mix of natural and forced convection, a difficult problem that can only be approached with CFD simulations (see e.g. [START_REF] Clus | Comparison of Various Radiation-cooled Dew Condensers Using Computational Fluid Dynamics[END_REF]). However, one can give general rules when considering the different condenser geometries used so far. One can distinguish [START_REF] Clus | Comparison of Various Radiation-cooled Dew Condensers Using Computational Fluid Dynamics[END_REF]

) (i)
planar condensers, horizontal or inclined (around 30°) and (ii) hollow condensers, such as cones, pyramids. Other shapes are (iii) mixed hollow and planes as egg-box and origami [START_REF] Beysens | New architectural forms to enhance dew collection[END_REF]. For any wind direction and wind speed lower than 4 -5 m. s -1 , the yield of these condensers vary only in a range of  30% (if one excepts the origami shape; due to edge effects, it provides much more efficient dew drop collection at low dew yield). Within this wind speed range, dew yield can thus be expressed within about 30% for any condenser shape with the same heat transfer coefficient, which has to be determined experimentally.

The condensation rates are usually measured in L.m -2 .d -1 = mm.d -1 (L is for litre, d is for day), denoted dh/dt. Measurements are collected in 10 different sites in the world, corresponding to various climates (see Table 1). The T d -T a dependence of dew yield leads to typical dependence where nearly all data lie below a line (see e.g. [START_REF] Lushiku | Optical properties of obliquely evaporated aluminium films[END_REF]; Muselli et al., 2006 and Figs. 5ab). This line, with mean slope on order 0.06 mm.d -1 .K -1 , corresponds to Eqs. 10 and 14 above with a slope close to the experimental value found in the laboratory experiments, section 3 (  0.006 kg.m -2 .h -1 .K -1  0.07 mmd -1 K -1 ). The maximum natural dew yield is on average about 0.37 mm.d -1 , corresponding to a mean maximum cooling temperature difference to obtain dew of about -6°C. The mean line that envelops the data (Figs. 5ab) can thus be considered as the dependence of dew yield on (T d -T a ) in the laboratory experiment (Fig. 3b). It corresponds to the maximum cooling power available at a given site with the considered type of condenser. The yields below this line correspond to lower available powers due to weather conditions: strong winds occurrence (enhances convective heat transfer) and/or presence of clouds (reduces radiative power).

In the following, one estimates the two factors that enter in Eq. 14, cooling power, q, and thermal exchange, a. Some other parameters can enter in the evaluation as e.g. the condensation time, which is related to the different seasons.

Condensation time

In many places in the world weather stations can be found in airports. Data are usually collected on a periodic basis (denoted (dh/dt) t witht in h.). In remote areas measurements are manual and performed only from the sunrise to the sunset. Then only measurements at or just before the sunrise can be obtained. They are denoted by (dh/dt) 1 . As dew forms generally under stable anticyclonic conditions where sky is clear, these measurements can be used were no other data available, however the uncertainty in doing so remains mostly ignored. The calculated dew yield will thus correspond to mean night duration of 12 h. The seasonal variation of the night duration, , can be accounted for by rescaling the data, denoted (dh/dt)  

1 12              dt dh dt dh   . ( 17 
)
The time  (h.) can be expressed as a function of the date d counted in day, latitude  of the site from e.g. the following formula: (18) When measurements are performed on a periodical basis with interval t (e.g. t = 1/4 h.), the above correction is not necessary: air temperature rise during the day and the difference in T a -T d becomes too large to provide dew yield data. A correction, however, has to be given; with t in h., one gets:

                        
1 12                dt dh t dt dh t (19)

Cooling power

In absence of solar radiation, the cooling power R i is the difference between the radiative power of the condenser emitted in the infra-red and absorption by the same condenser of the IR emission of the sky. Emissivity of the condenser is assumed above in section 4.1 to be equal to 1 (black body emissivity). As the temperature of the condenser remains close to the atmosphere temperature, the radiative deficit measured by R i is proportional to the difference between the condenser and sky emissivities in the IR atmospheric window (7 -14 µm). This deficit varies linearly with the solid angle of clear sky, classically measured by N, the cloud cover measured in okta. One eventually obtains (with

T c ≈ T d , in °C):   ) 8 1 ( 15 . 273 ) 1 ( 4 N T R d s i       . ( 20 
)
Here  (= 5.670 10 -8 W.m -2 . K -4 ) is the Stefan-Boltzmann constant.

Dew can form only within a T a -T d range of 10 K (Fig. 6). Then in many places dew events occur for absolute values of T d ( T a ), denoted by T d (K), which does not vary more than 5-10 % in the year around the mean value T d = 285 K (Fig. 6). A further approximation (not mandatory as seen below, Eq. 25, it just simplifies the calculations) will thus to consider a constant temperature T d in Eq. 20, which becomes:

  ) 8 1 ( 285 ) 1 ( 4 N R s i      (21)
The sky emissivity is a function of the water vapor content of air, a quantity which can be estimated from T d and elevation H of the considered site. One considers for the sky emissivity the formulation by [START_REF] Berger | Clear sky radiation as a function of altitude[END_REF]. With T d in ° C and H in km:

 s =0.2422[1+0.204323H -0.0238893H 2 -(18.0132 -1.04963H + 0.21891H)10 -3 T d ] (22)

Wind influence

The effect of wind couples with natural thermal convection to enhance convective heat transfer. It is expressed by the windspeed influence of coefficient a. In real experiments, the shape of the condenser and obstacles in its proximity can deeply modify air flows. For instance, [START_REF] Clus | Study of dew water collection in humid tropical islands[END_REF] used natural air breakers (coconut forest) to increase the dew yield by a large factor. Practically speaking, it is quite difficult to obtain dew for windspeed V (measured at 10 m elevation) larger than V 0 = 4.4 m/s. One will thus simply consider a cut-off function where the heat exchange increases much above V 0 , as e.g.:

                                     0 0 20 0 0 101 1 exp 1 100 1 ) / ( V V if V V if V V V V C . ( 23 
)
The dew yield can then be expressed as

                negative if positive if V V C T T R dt dh a d i 0 / 0 * * 1   ( 24 
)
with   and  being adjustable parameters on order the values and  determined in the above laboratory experiments, section 3.

Summary

According to the above discussions, the dew yield dh/dt can be evaluated according to Eqs.

19, 24, where C(V/V 0 ) is given by Eq. 23 and R i by Eqs. 20 or, in a simplified manner, by Eq.

21. The quantities   =4.0810 -3 L.d -1 .W -1 and   = 0.06 mm.d -1 .K -1 are taken from the mean experimental values from natural dew condensation of the sites in Table 1. One eventually obtains the following relationship, where (dh/dt) is in mm.d -1 : 

                                                                                   negative if positive if V V T T . -N/ . T T H . H + . - . - H . H - . + .

Evaluation and discussion

Dew yields calculated from Eqs. 19, 25 are compared with measurements performed in 10 different sites (Table 1), using either 1m 2 , 30° tilted condensers or 0.16 m 2 horizontal planar condensers. There are two exceptions, the use of a 8m 2 , 30° tilted roof slope in Kothara (India) and a 0.32 m 2 horizontal planar condenser in Bordeaux (France). There were no corrections made for these different configurations; the same formula Eqs. 19, 25 were used.

As discussed above in section 4.1., the value of the heat transfer coefficient does not vary much, experimentally speaking, for these planar condensers. As a matter of fact, in Figs. 78below, no obvious systematic variations between the different types of condensers can be observed. The natural variations due to the precise characteristics of air flow due to the particularities of the condenser location is larger than the approximation made.

The comparison between experimental and calculated values is performed by the quality of the correlation between the cumulated sum of experimental and calculated dew yields from

day d 1 to day d 2 , sum               2 1 exp d d dt dh dt dh and sum  , 1 2 1              d d calc dt dh dt dh
, respectively (Fig. 7). The sum is indeed the quantity of interest and has the merit to smooth down the daily uncertainties. A linear fit is then performed,

sum exp       dt dh = Y. sum calc dt dh       (26)
from which the proportionality factor Y , expected unity, is deduced. The Y values for the 10 investigated sites are reported in Table 1 and Fig. 8, with the mean value 0.95  0.05 (one SD). The value obtained at Grenoble has been discarded in the fit because this site is located in an urban valley where radiative cooling is lowered by anomalously low atmospheric transmittance. When looking at Fig. 8, one sees that the experimental values are lower or equal than the calculated values. This is expected as the local air flows and IR radiation can only increase heat losses and thus lower cooling. In addition, dew water collection is sometimes measured without scraping, which also lowers the collected volume (a typical value for scraped volume is 0.04 mm, see [START_REF] Muselli | Dew water collector for potable water in Ajaccio (Corsica Island, France)[END_REF]. There are no obvious correlations of the magnitude of the differences with the climate zones.

Conclusion

From laboratory test experiments on a planar surface a general linear relationship is derived between dew yield and cooling power and difference in dew point and air temperatures. This relationship implicitly demonstrates that dew yield is mainly limited by convective heat losses. It is generalized to natural dew condensation by radiative cooling on a planar surface with emissivity unity.

Limitations of the model are concerned with its intrinsic limited precision (it does account for precise radiative and heat transfer data) and the fact that meteo data are not always available close to the place where dew are needed. In particular, possible deviations may stem from differences in altitude between the place where meteo data are collected and the site under examination [START_REF] Kidron | Altitude dependent dew and fog in the Negev Desert, Israel[END_REF] .

In 
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Table 1. Characteristics of the investigated sites and collected data. a : 
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  be made unity for most locations.

Fig. 1 .Fig. 2 .

 12 Fig. 1. Indoor experimental setup. During measurements the window is left half open and only one thermocouple is used. (For notations, see text).

Fig. 3 .

 3 Fig. 3. (a) Typical evolution of the condensed mass per surface area (µ, left ordinate) and of the temperature difference T d -T a (left ordinate) (P = 6.3 W or q = 77 Wm -2 , 4 days). (b) Rate of condensation dµ/dt (Kg.h -1 .m -2 ) from the (a) data with respect to T d -T a . The line is a linear fit (Eq. 10).

Fig. 4 .Fig. 5 .Fig. 7 .Fig. 8 .

 4578 Fig. 4. Variation with cooling power q of (a) slope  and (b) maximum rate µ 0 (see Eq. 11).The hatched area is not experimentally accessible.

  the model formulation, only a limited number of regular and commonly available meteorological variables are needed: cloud cover, windspeed, air and dew point temperature, site elevation. This dew yield evaluation is compared with experimental data obtained in 10 different sites in the world showing different climates. A good agreement between calculated and collected values is found, in spite of the simplifications being made in the model. It is thus anticipated that such simple expression can be useful to model dew formation in numerous places in the world and eventually give general maps of dew potential. Such maps include the potential use of dew by plants.
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	S c		m 2		condenser surface
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