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ABSTRACT: The research examined the influence of temperature difference between surfaces
and humid air on heat transfer and droplet distribution. A testing apparatus controlled environmental
conditions and facilitated condensation‘on hydrophilic and hydrophobic surfaces. The relative humidity
and speed of humid airflow weredkept constant at 88% and 5 m/s, respectively, and the temperature
difference considered was 4, 75 and 10 degrees Celsius. The varying heat transfer overtime during the
60 minutes has shown that it takes time to start the condensation process; the more the temperature

difference and the amount of surface energy, the shorter this time is and the higher the average heat  Keywords:
transfer is. The photography of the experiments has also shown that with the increase in temperature 4o
difference and surface energy, the time required for thefirst.drop to fall is shorter, and the hydraulic

Surface Energy

diameter of the dropped drop is bigger. The distribution of the droplets in the 20th minute after the start

of each experiment, in which no droplets have left the test surfaces yet, shows that with the increase in Temperature Difference

the temperature difference, the number of larger droplets is mote due to.the increase in the condensation ~ Heat Transfer

rate. The number of the smallest droplets is higher on hydfophobic surfaces than on hydrophilic ones.

Droplet Distribution

1- Introduction

Condensation is a critical process in many industries.
Consequently, any research or method aimed at enhancing
this phenomenon directly impacts the efficiency of these
industries. Environmental parameters significantly influence
the performance of this process. Foda et al. [ 1] experimentally
and theoretically investigated copper tubes and observed that
contrary to the increase in the temperature difference between
the surface and humid air, relative humidity enhances heat
transfer and condensation rate. They presented a correlation
for the dimensionless numbers of their experiments. Shi
et al. [2] found that increasing the concentration of non-
condensable gas, decreasing the temperature difference
between the surface and fluid, and increasing the surface
hydrophobicity reduces the droplet jump height resulting from
mixing. Youzhang et al. [3] observed that the heat transfer
rate decreases on surfaces with different wettabilities as the
concentration of non-condensable gas and the temperature
difference between the surface and humid air increase. Lieh
Wu et al. [4] stated that at any velocity and temperature
difference, the heat transfer performance of hydrophobic
surfaces is better than hydrophilic ones. Moreover, decreasing
these two parameters reduces heat transfer on both types of
surfaces. Additionally, as the relative humidity decreases, the
improvement in heat transfer due to surface hydrophobicity
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decreases. This research specifically focuses on the
temperature) difference between the condensation surface
and humid air,and compares hydrophilic and hydrophobic
surfacesat different temperature differences. Previous studies
have typically #eported a surface’s average heat transfer
performance; with very few investigating the time-dependent
behavior‘of a surface. Therefore, this research examines the
transientbehavior over time. Thus, a novelty of this research
is investigatingzand comparing the transient behavior of two
types of hydrophilic and hydrephobic surfaces under different
temperature conditions. Furthermore, the effect of surface
type and temperature difference on droplet distribution
and departure is investigated, another, achievement of this
research.

2- Methodology

The experimental device was built to investigate the
condensation process. The primary components of this
device include a ventilation and temperature control system:
This system draws ambient air into ‘the apparatus, heats or
cools it, and adjusts its humidity. Humidifications¢chamber:
Water is added to the air using ultrasonic deviges to achieve
the desired relative humidity. Condensation surface: This is
the surface upon which the condensation process occurs. It
can be made of various materials, such as copperoz-Teflon-
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coated copper. Sensors: The apparatus has various sensors to
measure temperature, humidity, airflow rate, and other critical
parameters. Imaging system: A camera is used to capture
images”of the condensation surface, allowing for visual
recording.of changes in the condensation process. Control
system:" This system automatically controls the various
parameters of the apparatus, ensuring that the experimental
conditions are’ precisely maintained. The condensation
process can’ be investigated under different conditions by
varying< parameters, such as the temperature difference
between the condensation surface and humid air. Valuable
insights into the mechanisms governing the condensation
process can be obtainedusing data collected from sensors
and recorded image$. This experiment used two types of
surfaces: a hydrophilic surface made of copper, cleaned by
sanding and washing, and a hydrophobic surface created by
coating the hydrophilie,surface with Teflon. Water droplets
were placed on the surface to.measure their contact angle.
Then, the angle between the surface.and the tangent line to
the droplet was measured using/Vision Assistant Labview
software. The average contact angle of water droplets on the
hydrophilic surface is about 48 degrees, and.it‘is about 108
degrees on the hydrophobic surface. A precise and reépeatable
method has been employed to calculate the heat transfer
coefficient. This method is based on Fourier’s law. To ensure
the accuracy of the results, multiple temperature sensors,were
used at different points, and the average temperatutes were
calculated. Additionally, to examine the repeatability of the
experiment, each experiment was repeated multiple times,
and the results from the repetitions were compared. The
accuracy of the obtained results was ensured by calculating
the error propagation in the calculations. Finally, the results
indicate that the presented calculation method is accurate and
reliable, and the results obtained from the experiments are
also repeatable.

3- Results and Discussions
3- 1- Heat transfer

To conduct this experiment, the surfaces of interest were
exposedtoacontrolled humidity environment, and temperature
variations were continuously recorded. Subsequently, the heat
transfer coefficient was calculated at each moment using the
temperature data and relevant equations. Data from multiple
experiments were averaged to enhance the accuracy of the
results. This research demonstrates that the condensation
phenomenon plays a crucial role in increasing heat transfer.
According to Figure 1, as the temperature difference between
the surface and the environment increases, the rate of
condensation initiation and, consequently, the heat transfer
rate also increases. Additionally, hydrophilic surfaces exhibit
a higher heat transfer coefficient than hydrophobic surfaces
due to the lower activation energy required for the onset of
condensation. However, the results indicated that the heat
transfer coefficient fluctuates over time. These fluctuations
can be attributed to various factors, such as environmental
fluctuations, the random nature of the condensation
phenomenon, and changes in the formation and movement of
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Fig. 1. Transient heat transfer coefficient of condensa-
tion on hydrophilic and hydrophobic surfaces in a tem-
perature difference of 4, 7, and 10 degrees Celsius

droplets on the surface.

3- 2- Time and size of the first departure droplet

Hydrophilic surfaces exhibit a greater tendency to absorb
water and form larger droplets. Consequently, water droplets
form more rapidly on these surfaces and detach in a shorter
time. Additionally, increasing the temperature difference
acceleratesithe droplet formation process and increases the
detachment rate. Conversely, due to their repulsive force
towards water; hydrophobic surfaces delay droplet formation
and causessmaller droplets to form with greater spacing. As a
resultythe detachment time of droplets from these surfaces is
longer. Droplets detached from hydrophilic surfaces at higher
temperature differences are larger. This is due to the increased
condensation rate at highertemperature differences, forming
larger droplets.

3- 3- Droplet distribution

On hydrophilic Surfaces,«the largest average droplet
size was observed at 10.degrees Celsius; as temperature
increases, the distribution of droplet sizes becomes wider,
indicating a higher nucleation rate and droplet growth; the
presence of huge droplets at 10 degrees Celsius suggests a
significant increase in condensation rate and heat transfer,
droplets on hydrophilic surfaces tend to spread and merge,
resulting in larger droplets. On hydrephobic Surfaces, the
number of smaller droplets is significantly higher compared
to hydrophilic ones; droplets exhibit a stronger tendency to
maintain their spherical shape, the distribution of dreplet
sizes is narrower, at 4 degrees Celsius, the lowest number of
large droplets was observed, which can be attributed to’the
decreased condensation rate and the hydrophobic nature of
the surface.
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4- Conclusions

This research investigated the effects of surface type
(hydrophilic and hydrophobic) and temperature difference
on condensation and heat transfer processes. The results
showed that.the condensation process starts faster as the
temperature difference increases, and the latent heat is
added<to the system sooner. Hydrophilic surfaces and
inereased temperature differences enhance heat transfer.
The highest heat transfer rate was observed on hydrophilic
surfaces at/a temperature, difference of 10 degrees Celsius.
Temperature difference significantly impacts heat transfer
rate more than surface type. At higher temperatures, the
hydrophobic surface exhibitsshigher heat transfer compared
to the hydrophilic surface at lower temperatures. With
increasing temperature differences, droplets form faster
and become larger. The largest droplets were observed at
10 degrees Celsius on'a hydrophilic_surface. The number
of larger droplets is higher on hydrophilic surfaces and at
higher temperature differencess
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Fig." 2" Droplet contact angle on condensation surface
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Fig. 3. Repeatability of experiments
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Fig. 5. Transient heat transfer coefficient of condensation'on hydrophilic and hydrophobic surfaces in a tem-
perature difference of 4, 7, and 10 degrees Celsius
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Table 1. Average heat transfer coefficient of condensation on hydrophilic and hydrophobic surfaces
in a temperature difference of 4, 7, and 10 degrees Celsius
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Fig. 6. The first droplet falling in the condensation phenomenon on hydrophilic and hydrophobic surfaces at th
temperature difference of 4, 7, and 10 degrees Celsius(Continued)
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Table 2. Average and standard deviation of the hydraulic diameter of droplets in each test
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Table 3. The number of dropléts in the specified range of hydraulic diameter size in each test
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Fig. 8. The number of droplets in the rangeof different sizes,of the hydraulic diameter for each test
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