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Given the decline in water resources, the control and reduction of
evaporation from free water surfaces in reservoirs and dams is of
considerable importance. One effective method for achieving this goal
is the application of anti-evaporation surface-covering fluids. In this
study, the effect of the anti-evaporation fluid hexadecanol on water
evaporation was investigated. In the experimental section, the
reduction of surface water evaporation over a 16-day period was
assessed using a Class A pan. During this period, parameters
influencing evaporation namely air flow velocity, temperature, and
relative humidity were measured three times per day. In the numerical
section, the simulation was carried out using the finite-volume method
by solving th continuity and momentum equations under the
assumption of multiphase flow. The multiphase model was
implemented via the Volume of Fluid (VOF) method, considering four
phases: water, air, water vapor, and the anti-evaporation fluid.
Simulations were performed for two conditions—with and without the
anti-evaporation fluid applied to the water surface—using an initial
water depth of 2. 4 cm. Following mesh-independence analysis and
validation of the model with the experimental data, the unsteady
simulation results were examined over a 24-minute interval. The
findings indicated that the use of the covering fluid can reduce
evaporation by approximately 76%. Furthermore, the discrepancy
between the simulation predictions and the experimental
measurements was approximately 13%, which is regarded as
acceptable.
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Introduction

The growing scarcity of freshwater resources, driven by climate change, greenhouse gas emissions, and
increased water demand, has become a critical global challenge. Evaporation from free water surfaces in
reservoirs, dams, and open canals accounts for a significant portion of water loss, particularly in arid and
semi-arid regions such as Iran. One promising and cost-effective approach to mitigate this loss is the
application of anti-evaporation monolayer-forming materials, such as fatty alcohols (e.g., hexadecanol
and octadecanol). These substances spread on the water surface and form a thin film that acts as a
physical barrier, reducing vapor escape and increasing surface tension resistance.

Despite numerous experimental studies on evaporation reduction using monolayers, there remains a
lack of validated numerical models capable of accurately simulating multiphase interactions between
water, air, vapor, and the coating fluid. Most previous research has focused on empirical measurements,
while computational fluid dynamics (CFD) studies, particularly those using the VVolume of Fluid (VOF)
method to track four distinct phases, are rare. This study aims to:
< Experimentally evaluate the evaporation reduction efficiency of hexadecanol over a 16-day period
using a Class A evaporation pan.
< Develop a 3D CFD model based on the VOF approach to simulate evaporation with and without the
coating fluid.
< Validate the numerical results against experimental data.
< Quantify the evaporation reduction percentage and analyze the underlying physical mechanisms
(temperature distribution, vapor phase fraction, and mass transfer flux).

The novelty of this work lies in the simultaneous consideration of four phases (water, air, water vapor,
and hexadecanol) and the use of a 10:1 scaled geometry to bridge laboratory experiments and numerical
simulations.

Results and Discussion
Experimental Findings

The experimental results over 16 days showed that the presence of a hexadecanol monolayer
significantly reduced water evaporation compared to the control (uncoated) pan. Key environmental
parameters (air velocity, temperature, and relative humidity) were recorded three times daily. The
average evaporation rate in the coated pan was substantially lower, leading to a calculated reduction of
approximately 76% by the end of the simulation period (24-minute equivalent scaled time). This
confirms the effectiveness of hexadecanol as an anti-evaporation coating.

Numerical Setup and Validation

A finite-volume CFD model was developed using the VOF multiphase method. The geometry was a
cylindrical container (diameter and height scaled to 4.2 cm) with an initial water depth of 4.2 cm. Four
phases were defined:

< Primary: Air

< Secondary: Water

< Tertiary: Water vapor
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< Quaternary: Hexadecanol (anti-evaporation fluid)

The continuity, momentum (with continuum surface force — CSF — model for surface tension), and
energy equations were solved. A structured-unstructured hybrid mesh was used, with a grid
independence study confirming that Case 4 (approximately 299,025 nodes, mesh size 0.5 mm) provided
accurate results (evaporation mass of 0.02599 kg) with reasonable computational cost. The time step was
selected to maintain a Courant number below 1.

Validation: The numerical results were compared with experimental measurements over 24 simulated
minutes. For Scenario 1 (without coating), the numerical evaporation mass was 0.10829 kg vs.
experimental 0.09415 kg (=12% difference). For Scenario 2 (with hexadecanol), the numerical value was
0.02599 kg vs. experimental 0.02261 kg (=13% difference). These differences are considered acceptable
for multiphase flow simulations.

Temperature and Vapor Distribution

Figure 6 (in the original paper) shows temperature contours for both scenarios. In the uncoated case,
higher temperatures are observed near the container walls due to heat conduction, leading to stronger
evaporation. In the coated scenario, the hexadecanol layer insulates the water surface, resulting in a more
uniform and cooler surface temperature distribution.

Mass Transfer Flux

Figure 7 illustrates the molecular mass transfer flux (evaporation rate). The average flux in Scenario 1 is
significantly higher than in Scenario 2. The reduction in flux is attributed to the increased surface tension
and reduced thermal energy reaching the water surface due to the coating.

Evaporation Rate and Surface Fluctuations

Figure 9 shows surface fluctuations (water-air interface oscillations) in Scenario 2. The presence of
hexadecanol dampens wave action and surface disturbances caused by air flow, further reducing the
effective evaporative surface area. Figure 8 presents the volumetric evaporation rate (kg/s-m?),
confirming lower values in the coated case.

Temporal Reduction and Efficiency

Figure 12 compares the numerical evaporation rates over time for both scenarios. The key finding is that
the coating reduces evaporation by approximately 76% after 24 minutes. Moreover, the efficiency
increases with time: less than 20% reduction in the first 10 minutes, rising to 76% at 24 minutes, and
extrapolated to 85% after 4 hours. This time-dependent behavior suggests gradual spreading and
optimization of the monolayer.

Spatial Distribution of Evaporation

Figure 9 (and related analysis) reveals that in Scenario 2, the lowest evaporation occurs near the
container walls where hexadecanol accumulates due to wind-driven drift. Conversely, in Scenario 1
(uncoated), the maximum evaporation occurs at the center of the pan, where air contact is highest. This
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indicates that in open reservoirs, side walls can help retain the coating fluid, enhancing its
effectiveness—provided the reservoir is not completely full.

Conclusion

This study successfully combined experimental measurements and numerical simulations to evaluate the
performance of hexadecanol as a novel anti-evaporation coating fluid. The main conclusions are:

< High efficiency: Hexadecanol reduced surface water evaporation by up to 76% within 24 minutes in
the scaled model, with projections of 85% over 4 hours. The discrepancy between numerical and
experimental results was approximately 13%, validating the accuracy of the VOF-based CFD model.

< Physical mechanisms: The coating reduces evaporation by:

Creating a physical barrier to vapor diffusion.

» Increasing surface tension (via the CSF model).

*

R/
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% Dampening surface waves and fluctuations.
» Reducing surface temperature and heat transfer to the water interface.

<

B3

» Practical implications: The findings suggest that anti-evaporation monolayers can be a cost-effective
and environmentally friendly solution for reducing water losses in reservoirs, dams, and agricultural
ponds, especially in arid regions like Iran. For optimal performance, reservoirs should not be completely
filled, allowing side walls to help retain the coating fluid.

< Limitations and future work: This study used a 10:1 scaled geometry and a 24-minute simulation
window. Future research should extend to full-scale geometries, longer durations, and consider wind
shear effects more comprehensively. Additionally, investigating nanoparticles or hybrid coatings may
further improve stability and efficiency.

Overall, this research provides a validated numerical framework for designing and optimizing
monolayer-based evaporation suppression systems, contributing to improved water resource management
and national water security.
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