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Abstract: During this investigation, the variation of the water evaporation phenomenon with 

the defined drying temperature and mass of water was analyzed, five levels were studied (50, 

60, 70, 80 and 90 ℃), finally a correlation between temperature and evaporation rate was 

generated. With the study carried out, it was defined that the water evaporation velocity can be 

calculated with an initial mass of 35 g at 90 ℃, while the necessary time for the determination 

was 120 min. In addition, it was determined that the evaporation velocity follows a quadratic 

behavior with temperature, according to the experiments carried out with the Sartorius MA-100 

balance, while the maximum deviation recorded was 0.349 mmol/m2s for a temperature of 

80 ℃. It is concluded that the determination of the water evaporation velocity is highly 

dependent on the temperature and mass of water. Furthermore, this study can be used as a basis 

for future studies aimed at improving the efficiency of processes such as steam and electricity 

cogeneration.  
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1. Introduction 

The global dependence on fossil fuels and the scarcity of drinking water in 
various parts of the planet underscore the growing demand for sustainable alternatives 
to address these issues [1]. In response, organizations like the United Nations have 
defined an action path through the Sustainable Development Goals, highlighting 
affordable and clean energy, sustainable cities and communities, and clean water and 
sanitation. 

This situation has driven the development of technologies that efficiently harness 
solar energy, one of which is photothermal cogeneration of steam and electricity [2–
4]. However, volumetric heating has a solar-to-steam conversion efficiency of around 
40% [5]. As a result, this technology is being directed toward interfacial solar steam 
generation, which increases efficiency values [6–8].  

This technology is based on photothermal and photoelectric principles, where 
heat generated by solar radiation is used to produce steam, while the temperature 
difference between evaporation and a thermoelectric generator enables electricity 
generation [9,10]. Additionally, the condensation of the produced steam can be used 
as a water purification strategy [11–13].  

In this context, there is a need to seek conditions and technologies that increase 
the efficiency of both processes. This research focuses on the effect of variables such 
as time, water mass or height, and temperature on the water evaporation rate. For this, 
a moisture balance with an infrared resistance as a heating source was used. The aim 
is to contribute to the development and design of cogeneration systems. 
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The rate of water vaporization over a hot surface depends on large number of 
factors, among the most relevant are: the environmental conditions (temperature, 
barometric pressure and relative humidity), heat transfer area, shape of sample 
container, impurities, and vapor pressure at the analyzed temperature [14–20]. 

Evaluating the water evaporation process over time in a thermobalance, it’s 
learned that the amount of vaporized water has a mainly linear behavior, as can be 
seen in Figure 1, which marks three different zones: a) conditioning zone, where the 
system reaches to the selected temperature, b) linear zone, defined by a proportional 
relation and c) non-linear zone, caused by formation of islands on the plate without 
the presence of liquid [21,22]. 

 
Figure 1. Water mass behavior vs time in a thermobalance. 

2. Materials and methods 

2.1. Calculation of the drying area 

Tests were carried out using 80x aluminum pan (Sartorius, 6965542) with an 
average diameter of 90 mm, however, they have a conical shape, as can be seen in 
Figure 2. Therefore, the drying area varies with the height of the liquid in the pan. For 
this reason, a variable drying area was defined according to the water mass in a p at 
time t.  

 
Figure 2. Diagram of 80x aluminum weighing pan (Sartorius). 

Firstly, a representative sample of pan was taken (n = 20), upper diameter (Dsup), 
lower diameter (Dinf), and height (H) was measured; with the collected values, a 
relation between diameter and water mass in the pan at moment t was proposed, as 
detailed below. 
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The relation between diameter and water mass in pan was calculated using ∅ 
(Equation (1)): 

∅ = arctan ቀ
𝑎

𝐻
ቁ = arctan ൬

𝐷௦௨ − 𝐷

𝐻 ∙ 2
൰ (1)

Then, b was calculated (Equation (2)). 𝜌் is water density at T temperature.  

3 ∙
𝑚(𝑡)

𝜌்
∙ tan∅ ∙

4

𝜋
= 4 ∙ 𝑏(𝑡)ଷ + 6 ∙ 𝐷 ∙ 𝑏(𝑡)

ଶ + 3 ∙ 𝐷
ଶ ∙ 𝑏(𝑡) (2)

Finally, drying area at t moment (𝐴௦(𝑡)) was calculated (Equation (3)): 

𝐴௦(𝑡) =
𝜋 ∙ ൫2 ∙ 𝑏(𝑡) + 𝐷൯

4
 (3)

Distilled water was used in all analyses. In this section, the maximum variation 
between the recommended adjustment in the present study and constant area 
assumption for different volumes was estimated.   

2.2. Water evaporation coefficient determination 

Moisture analyzers were programmed, and standard drying was set. In each 
experiment, temperature was selected, and water mass was registered vs. drying time. 
Also, barometric pressure, relative humidity, and room temperature were measured. 

With the resulting data, the amount of water by unit area (𝑛௪(𝑡)) was calculated for 

each time, which can be seen in Equation (4), 𝑀𝑀௪ is the water molecular mass.  

𝑛௪(𝑡) =
𝑚(𝑡)

𝑀𝑀௪ ∙ 𝐴௦(𝑡)
 (4)

Then, 𝑛௪(𝑡) was analyzed vs time. Water evaporation coefficient presents a 
linear zone slope, as can be observed in the next expression (Equation (5)): 

𝐸 =

−𝑑𝑛௪
𝑑𝑡
ൗ

𝐴௦
 (5)

2.3. Initial water mass effect in water evaporation coefficient  

This study was performed at 90 ℃, superior temperature limit of this 
investigation. Three mass levels were defined: 15 g, 25 g, and 35 g. Finally, water 
evaporation coefficient was calculated for each case. These assays were executed in 
Sartorius MA-100 thermobalance.  

2.4. Analysis time effect in water evaporation coefficient determination    

In further stages, the evaporation of 35 g of water was performed using two 
temperatures: 50 ℃ and 90 ℃ with Sartorius MA-100 thermobalance. Assays were 
concluded when water mass variation was less than 1 mg in 5 min. 

2.5. Temperature effect in water evaporation coefficient determination  

Additionally, temperature effect was studied. Water evaporation coefficient was 
determined (by quintupled) for five temperatures (50 ℃, 60 ℃, 70 ℃, 80 ℃, and 
90 ℃) using a time of 120 min and initial water mass of 35 g. Sartorius MA-100 and 
OHAUS MB 120 were used.  
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3. Results and discussion 

First off, maximum percentage variation between proposed drying area and 
constant area assumption (using manufacturer reported nominal diameter) was 
calculated for different initial volumes (full pan, 35 mL, 25 mL, 15 mL), also, 
divergence in E determination (Table 1). 

Table 1. Maximum percentage area and E variation for different initial volumes. 

Initial volume 
(mL) 

Maximum percentage area variation (%) Maximum percentage E 
variation (%) 

Full pan 21.90 17.97 

35 19.06 16.01 

25 17.04 14.56 

15 15.00 13.04 

The greater the amount of water added initially, bigger the maximum percentage 
variation of area and E were found (21.90 % and 17.97 % for full pan, respectively). 
This situation shows that dynamic area approximation is necessary because variation 
was not depreciable (overcome divergences of 10 % for both performed calculations). 

Consecutively, a preliminary study of water evaporation phenomenon for 
different temperatures (50 ℃, 60 ℃, 70 ℃, 80 ℃, and 90 ℃) was performed, 
conditions frequently reached in solar-assisted evaporation systems, using Sartorius 
MA-100, with a room temperature that varied between 22.2 ℃ and 28.8 ℃, relative 
humidity between 55.9 % and 77.0 % and altitude of 1000 m. The objective was to 
know the amount of water over the pan versus the time until the water reached 
evaporation. The temperature reached in various solar steam generation processes vary 
depending on the research conditions and approach. However, values between 50 ℃ 
and 165 ℃ have been recorded [23–30].  

In Figure 3, the obtained behavior for each analyzed temperature can be seen.  In 
each case, the same pattern was observed and could recognize the three zones marked 
in Figure 1. Additionally, emphasizing limit temperature values, 50 ℃, and 90 ℃, the 
necessary time for total evaporation of water at 50 ℃ was four times higher than at 
90 ℃.  Therefore, temperature increase represents an evaporation time decrease, or an 
evaporation rate increment [21]. 

 
Figure 3. Amount of water versus time for different temperatures, using Sartorius 
MA-100. 
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Also noteworthily, (Figure 3) the lower the temperatures the wider marked 
zones, hence at 50 ℃ it’s necessary a higher time of stabilization or conditioning to 
start the linear behavior. This phenomenon can be explained by a lower difference 
between analysis temperature and room temperature [31].  

Evaporation processes occur mainly in linear zones such as can be seen for all 
temperatures; thus, it’s crucial to focus on this part of evaporation phenomenon. 
Established the linear zone as the principal interest of the study, evaporation water 
coefficient was determined, it corresponds to the negative of linear zone slope 
(Equation (5)).  

For cogeneration of steam and electricity through solar energy, it is advisable to 
operate in a zone of constant velocity, ensuring that the water height is not a limiting 
factor in the evaporative process. Currently, the design of cogeneration evaporators is 
focused on 3D configurations, modifying the water transport height, reaching up to 15 
cm [32], with the aim of increasing the efficiency of the steam generation process 
[33,34] . 

Consecutively, the initial water mass influence of E determination was studied. 
Three assays (35 g, 25 g and 15 g) were performed at 90 ℃, superior temperature used 
in the study, with an analysis time of 120 min (Figure 4). 

 
Figure 4. Amount of water versus time for different initial mass of water, using 
Sartorius MA-100. 

Figure 4 shows a proportional relation; therefore, with initial mass diminution, 
correlates a decrease in the linear zone time, for instance, if the initial mass is 15 g, 
the linear behavior stays around 40 min, and for 35 g, the linear zone reaches 120 min. 

If linear adjustment between 15 min and 120 min for each initial mass, can be see 
a reduction of R2. and E with water mass decrease. This fact can be explained by an 
evaporative phenomenon limitation supported by water film break over aluminum 
plate, forming regions without water presence (islands, Figure 5). For the next assays 
35 g of water was selected foreseeing high evaporation rates. These assays were 
performed with a room temperature that varied between 27.3 ℃ and 30.0 ℃, and 
relative humidity between 55.2 % and 59.8 %.  
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Figure 5. Island formation without water presence. 

Thereafter, the effect of analysis time was studied, comparing the evaporation of 
35 g water at 50 ℃ and 90 ℃ (Figure 6). In both scenarios, the linear behavior was 
maintained almost all the time, however, 90 ℃ was selected to define assay time and 
normalize tests. In this case, the linear zone was delimited between 15 min and 120 
min achieving a correlation coefficient of 0,9997. For the same range but at 50 ℃ the 
correlation coefficient was 0.9996. At all events, a R2 higher than 0.9995 was sought. 

 
Figure 6. Amount of water versus time at 50 ℃ and 90 ℃, using Sartorius MA-100. 

The necessary time for E determination is directly related to the initial mass of 
water. The time and initial water mass were 120 min and 35 g, respectively, looking 
for a regression adjustment with a R2 superior to 0.9995. Therefore, an accurate 
determination of E must consider the conditioning of the system as it reaches the 
working temperature and must ensure that there is no lack of water at any point in the 
process, as this would result in a decrease in evaporation efficiency.   

Then proceeding, a study of temperature and its effect in E determination was 
carried out. Five temperatures were selected (50 ℃, 60 ℃, 70 ℃, 80 ℃ and 90 ℃), 
conditions easily reached in solar cogeneration systems. All assays were performed 
quintupled using Sartorius MA-100 (BH1). These tests were performed with a room 



Clean Energy Science and Technology 2024, 2(3), 188. 

 

7 

temperature that varied between 21.9 ℃ and 29.8 ℃, relative humidity between 
45.1 % and 78.1 % and altitude of 1000 m.  

Temperature increase means an increment of vaporization rate and E (Figure 7). 
This behavior can be explained in terms of heat transfer, however with temperature 
rise more heat is generated, accelerating sample evaporation [21].   

 
Figure 7. E relation with temperature, using Sartorius MA-100. (a) second grade 
polynomic adjustment; (b) Arrhenius adjustment. 

Additionally, with the increase in temperature, the water vapor pressure rises, 
allowing for faster evaporation, as the kinetic energy of the molecules increases, 
enabling their escape from the liquid phase to the gaseous phase. This situation 
explains the need to implement strategies that enhance solar conversion efficiency, 
such as the design of two-dimensional or three-dimensional evaporators. If the goal is 
to desalinate sea water, the strongest natural ocean evaporation rate occurs in tropical 
belt (10° S and 20° S), with an estimated evaporation rate of 1540 mm/year (0.00271 
mmol/m2·s) [35] and the ocean average world temperature is 17 ℃ (with maximum 
of 35 ℃) [36,37].   

Disregarding the influence of relevant factors such as the presence of salts, the 
effect of wind on evaporation, or the inconsistency of solar radiation, it is important 
to highlight the need to search for technologies that enhance heat transfer and increase 
steam generation efficiency. It is also crucial to note the significant difference in the 
evaporation rate previously mentioned for seawater and the rate achieved with the 
equipment under controlled temperature conditions and constant radiation.  

According to Djellabi et al. [38], various studies on steam generation from 
sunlight are presented, where water evaporation rates between 49.6 and 14.4 
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mmol/m²·s with efficiencies above 70 % are found, exemplifying how promising these 
technologies are for electricity cogeneration and water treatment. 

E deviations were found between 0.01 mmol/m2 s and 0.35 mmol/m2 s. The 
maximum calculated deviation was obtained at 80 ℃, that represents 2 % of E value 
for this temperature (17.100 mmol/m2 s). This situation allows to infer that room 
temperature and relative humidity do not affect E determination for each temperature.  

Additionally, the relation between water evaporation coefficient and temperature 
was adjusted using second grade polynomial equation, with a R2 of 0.9999, thereupon 
the existence of a quadratic behavior that can be seen in Equation (6). 

𝐸 = 0.005 ∙ 𝑇ଶ − 2.989 ∙ 𝑇 + 448.761 (6)

Another method to adjust the data consists in linearized Arrhenius equation 
(Equation (7)): 

ln 𝐸 = 15 − 4300.4 ∙
1

𝑇
 (7)

A correlation coefficient of 0.9976 was obtained. The activation energy was 
35.753 kJ/mol. This value can be associated with the amount of solar energy needed 
to initiate the water evaporation process under the studied conditions, and therefore, it 
can be used as a reference for determining the required solar energy to carry out the 
process, as well as for determining the efficiency. 

4. Conclusion 

The present study emphasizes that temperature is a determining factor in the 
variation of the water evaporation rate (E), which can be applied in steam generation 
systems using solar energy to improve operational efficiency. The results show that as 
the temperature increases, water evaporation also increases, following a quadratic 
relationship. Additionally, recommendations are made regarding the calculation of the 
water evaporation rate, a crucial variable in determining the efficiency of solar 
generation systems. 

On the other hand, care must be taken with the amount of water during the 
process, as if the water level is too low, the evaporation rate begins to decrease 
significantly. Therefore, it is important to ensure that the water level in steam 
generation systems is never a limiting factor in the process. 

For future studies, it is recommended to investigate variables such as wind speed, 
the inconsistency of solar radiation, and the implementation of impurities such as salts 
in the water, and to examine their effect on the water evaporation rate. 
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