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ABSTRACT 
It is currently believed that the ancient Greeks succeeded in recovering dew on a scale large enough to supply water 
to the city of Theodosia (presently Feodosia, Crimea, Ukraine). Although our own investigation contradicts this belief, 
there exist in Feodosia the remnants of a huge dew condenser, erected in 1912 by F.I. Zibold. His efforts were 
followed by several attempts in France, at Montpellier by Chaptal (1929) and in Trans-en-Provence by A. Knapen 
(1931). 
The yield of Zibold's condenser was at most 350 liters per day, and the other condensers did not exceed a few liters 
per day. We have developed a theory based on the different parameters of water condensation. An energy balance is 
established which accounts for the atmosphere and substrate temperature, wind velocity, air humidity. For the same 
values of the atmospheric parameters, we show that the condensers can be characterized by only two parameters: the 
surface of irradiation, which controls the cooling flux, and the total specific heat of the condenser. At constant 
irradiation surface, two limiting behaviors are displayed: small mass, high yield, where condensation is limited only by 
the cooling flux, and large mass, low yield, where condensation is limited by the temperature resulting from the 
thermal inertia on the condenser. 
In order to improve the yield of such condensers, we have setup model condensers and performed several 
measurement campaigns in Tunisia (1995) and in France (1995-1997), where we recorded the main parameters of 
our model. We also performed comparative measurements between different condenser configurations. Some of 
these configurations produce an equivalent rainfall of the order of 0.1 to 0.5 mm per day and can still be improved, the 
ultimate goal being continuous formation of dew, during day and night. 
 
1. INTRODUCTION 
The formation of dew is a very natural phenomenon and there is an old myth (Jurnikis [1965]) that the Ancients 
(Hebrews in the Negev desert, Greeks in Theodosia) used dew condensers to satisfy their needs in water. In this 
paper we address the current belief that the ancient Greeks supplied water to the city of Theodosia by means of aerial 
condensers and consider further developments for effective recovery of dew with reasonable yield. 
It appears that the above belief stemmed from the claim of the Russian engineer F.I. Zibold at the beginning of the 
century. According to him the stony tumuli around Feodosia, Crimea (the modern name of the ancient city Theodosia) 
are the remnants of dew condensers. In support of his claim he reported the numerous tile pipes all around the tumuli. 
Having convinced the local agriculture committee, in 1907 he started to setup a huge condenser consisting of a cone 
of pebbles resting on a bowl (Fig. I) at the top of the hill close to the sea at 300 m elevation. From the documents 
preserved in the Feodosia museum (Milimouk and Beysens, 1995]) supplementary subsidies became necessary 
which delayed completion of the construction until 1912. A yield in water of the order of 350 l/day was reported. 
However, after a few years, the yield fell considerably, and an inspection by a commission was organized. A leak in 
the bowl was suspected. 
 



 
 
A theory of the operation of these condensers has been developed by Nikolayev et al., [1996]. It is summarized below. 
Several phenomena have to be accounted for: temperature T s of the substrate, its specific heat Cc and mass M, 
which give the thermal inertia of the condenser, specific heat Cw and mass m of condensed water, cooling flux by 
radiation Ri (night), heat flux by radiation Rhe (day: sun), heat flux due to the latent heat of condensation (Rcond). 
The energy balance can be written as dTs 
(Mcc+mcw) =Ri+Rhe+Rcond (1) 
The model also includes the condensation rate, dm/dt, which is a function of the atmospheric temperature, the 
substrate temperature T s, wind velocity, air humidity, etc., according to the laws of dew formation as discussed 
above. 
 

 
 
Fig.4 shows the mass of condensed water for a typical day in Feodosia (April, 8, 1992). There are two key 
parameters: the surface of irradiation, which controls the cooling flux, and the total specific heat of the condenser. At 
constant irradiation surface, two well characterized behaviors are displayed: small mass, high yield, where 
condensation is limited only by the cooling flux, and large mass, low yield, where condensation is limited by the 
average condenser temperature Tav, that is, the temperature resulting from the condenser thermal inertia of the 
condenser. The Zibold condenser is indicated by an arrow. It lies in the cross-over region between "light" and "heavy" 
condensers for this particular day. 



It seems clear from this example that a "good condenser" is not a heavy condenser. The huge mass of the existing 
condensers explains their low yield. An "ideal" condenser should thus be "grass-like", i.e. a light sheet that is thermally 
isolated from massive parts and from the ground, in an open area in order to radiate the energy. Note, however, that 
too light a substrate can be warmed up by the surrounding air. A compromise has then to be found. 
 
3. EXPERIMENTS 
In order to improve the yield of such condensers, we have setup model condensers and performed several 
measurement campaigns in Tunisia (1995), Crimea (1997) and in France (1995-1997), where we have recorded the 
main parameters of our model (Fig.5). 
The main conclusions are the following. (i). The wind velocity is a key parameter (Fig. 6). Heating by wind can be 
reduced by covering partially the foil with a thin sheet of a material that is transparent to infrared (IR) radiation. Fig.7 
shows experiments performed at Feodosia, where a 3 j.UD polyethylene (FE) sheet was used. Compared with the 
same substrate without FE, a gain of 3 K was obtained. 
 

 



 
 
(ii). We need to limit the absoIution of visible light and increase the IR emission. White paint is commonly used. 
However, we would like to point out the influence of water itself as an IR emitter. When the dew point is reached, 
water drops form that cover at least 50% of the surface of condensation, often more than 70 % for regular substrate 
contaminated by grease. This property is a universal feature of dew formation (Beysens [1995]). In fact, the 
contribution of radiative cooling by the water drops become very large. In Fig.8 we show this phenomenon by 
comparing dew formation on a dry PMMA substrate (8J and the same substrate covered with water (8z). Initially, 
water evaporates on 82 and the temperature of 82 is smaller that of 81 when the dew point is reached; the 
temperature of both substrates is strictly identical corresponding to the dew temperature. After weighing, the masses 
of condensed water are similar. 
 

 
 
3. CONCLUSION 
We also performed comparative measurements between different condenser configurations. Some of these 
configurations produce an equivalent rainfall of the order of 0.1 to 0.5 mm per day and are still open to improvement, 
the ultimate goal being continuous formation of dew, during day and night. The work by Nilson et al. [1994] with 
pigmented ZnS polyethylene foils show that this goal is now close to be reached. 
It seems very likely that reasonable yields can be obtained from dew condensers Optimizing the parameters might 
lead to a new generation of condensers able to provide clean water wherever ordinary means cannot be used. 



 
REFERENCES 
Beysens D., 1995: The formation of dew. Atmospheric Research., Vol. 39, No 1-3,215-237.  
Chaptal, L, 1932: La lutte contre la secheresse. - La captation de la vapeur d'eau atmospherique. La Nature (Paris), 
Vol. 60, 449-454. 
Lumikis, A.R., 1965: Aerial wells: secondary sources of water. Sol/Sci., Vol. 100, No 2,83-95. 
Milimouk I., D. Beysens, 1995: Recueil d'articles sur la condensation de l' eau atmospherique. Rapport CEA-Saclay, 
DIST95002495. 
Nikolayev, V.S., D. Beysens, A. Gioda, I. Milimouk, E. Katiushin., I.-P. Morel, 1996: Water recovery from dew. J: of 
Hydrology, Vol. 182, 19-35. 
Nilson, T.M.I, G.A. Niklasson, C.G. Granqvist, 1994: A solar reflecting material for radiative cooling applications: ZnS 
pigmented polyethylene. Sol. Energy, Vol. 28, 175-193. 
 
 


