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Abstract: - Aeroponic tower gardens represent an innovative approach to urban agriculture, utilizing vertical
structures to cultivate plants without soil. Research highlights the efficiency of this method in optimizing
resource usage, such as water and space, compared to traditional farming. Studies emphasize increased crop
yields, faster growth rates, and reduced environmental impact. Additionally, aeroponic systems enable precise
nutrient delivery to plants, fostering optimal growth conditions. While the technology shows promise, further
investigations are needed to address potential challenges and optimize its application in diverse agricultural
settings. The study presents the simulation of air temperature and humidity distribution in a closed chamber of
the vertical farm for optimization purposes. The environmental conditions inside the chamber are optimized for
plant growth, to maintain the temperature at a range of 18-24 °C temperature and the relative humidity at a
range of 75-85 %. The paper also discusses the challenges, limitations, and future recommendations for
improving the system. Simulation of the system, on the other hand, is crucial not only for prototype fabrication
but also for the optimization of sensor locations. The simulation of the tower garden system was performed
using ANSYS-FLUENT to portray how the airflow inside the tower garden's enclosed environment was
distributed. The system parameters such as humidity and temperature were set to meet the plants' growth
requirements, and the system was treated as the steady state with an adiabatic boundary. Based on the
simulation results, the best design recommended is to use two humidity and temperature sensors, one at the top
and the other at the core of the prototype. Hence, a complete mapping of temperature and humidity distribution
that is critical for plant growth would be occurred.
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1 Introduction [7]. It can also be an innovative method to alleviate

As the population of the globe exponentially rises,
the demand of providing food becomes a serious
concern, particularly in crowded metropolitan
regions, [1]. Projections of food security have been
addressed in the past two decades through numerous
literatures, [2], [3], [4], [S]. The global demand for
food is expected to increase up to 56% by 2050, [6],
ringing the alarm bell of hunger risk on one hand
and promoting the idea of Vertical Farming (VF) on
the other hand.

Vertical farming (VF) is a process of producing
food by employing a vertical dimension system, [5].
Unlike traditional horizontal farming, vertical
farming can adjust the factors that affect plant
growth, such as light, temperature, humidity, carbon
dioxide, water, and nutrients. This allows for precise
and sustainable production of high-quality and fresh
crops all year round. It utilizes indoor farming
systems in a such manner that every ecological
component can be monitored and managed feasibly,
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greenhouse gas emissions and improve the urban
environment by incorporating plants into walls and
structures, [7], [8]. Vertical gardens contribute to
mitigating the impact of deforestation as well as the
urban heat island. The former is done by increasing
the forest carbon stocks while the latter occurs by
reducing the solar radiation and heat transfer across
the surrounding area, [8]. Other pros of VF can be
summarized as follows:

e Plants are capable to filtrate air pollutants
and improve the Oxygen/Carbon monoxide
ratio.

e They can lower the temperature through
evapotranspiration, which is the process of
water evaporation and transpiration from
plant leaves.

In tall buildings or interior structures, plants
could grow in layers that are stacked vertically.
Such a Vertical growth scenario is already
successful even in advanced urban constructions.
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Analysis studies have estimated that a 30-story
skyscraper in New York City can sustain food
sufficiently for up to 50,000 people, which
positively impacts the ecological, environmental,
and agricultural systems, [1]. Hence, the application
of VFs can be easily established in vertically sloped
surfaces, like sky-scripture buildings in urban areas,
where there is a limited amount of land and space.
However, weather conditions such as temperature
and humidity play a significant role in hindering
such projects, demanding extensive studies on VF
both numerically and experimentally.

The main challenge in optimizing the VF
system is the difficulty of arranging the
conventional irrigation frameworks with
mechanical-electrical control to apply water for a set
amount of time. However, due to their restricted
control capabilities, these frameworks find it
challenging to attain high water consumption
efficiency. Real-time monitoring is the only way to
accomplish timely and accurate management of
important environmental variables, such as air
temperature, soil media temperature, relative air
humidity, water level, soil moisture level, soil pH
(alkalinity and acidity in soils), and light intensity.

Simulation of the indoor environment should
consider many elements like the intensity of light
required by the plant, the appropriate air
temperature and humidity circulated, the level of
carbon dioxide concentration, the amount of water
needed, and the nutrients the plant can survive.

Proper air distribution and effective ventilation
can be considered as major factors in air quality
improvement. However, the pattern of airflow
distribution is the prominent aspect in the design of
air-conditioning systems, [9].

Future research on aeroponic farming should
focus on optimizing nutrient delivery systems to
enhance plant growth and yield. Additionally,
studies should investigate the potential for
integrating advanced technologies such as sensors
and automation to monitor and control
environmental conditions, aiming to improve
resource efficiency and sustainability, [10].
Exploring the scalability of aeroponic systems for
commercial agriculture and their economic viability
compared to traditional farming methods will also
be crucial. Finally, research should examine the
impact of aeroponic farming on plant health,
including pest and disease management, to ensure
consistent and high-quality crop production.

In the present study, the indoor air distribution
under forced ventilation is described and the indoor
air quality is predicted, which provided a basis for
the evaluation of ventilation conditions in a vertical
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gardening Unit. The simulation aims to present a
complete mapping of temperature and humidity
distribution in the unit. The study also addressed the
optimization factors that influence the performance
of the controller, which ultimately impact the
growth succession.

2 Governing Equations

CFD simulation of airflow in the 3D VF envelope is
obtained by simultaneously solving the continuity,
the x, y, z momentum, and the energy equations.
Characterization of fluid flow stream is described by
the continuity and momentum equations while the
energy equation can be incorporated only when
energy interaction occurs between the system and its
surroundings  for  optimization purpose of
computation time, [11], [12]. However, in our
simulation, we have assuming non adiabatic walls,
meaning that there is heat transfer between the
system and the surrounding resulting in variation in
the inner temperature.

The general expression of continuity, momentum
and energy equations in deferential form is defined

below:
d(pu)
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a(pv)
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9z
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Where p stands for air density. u, v, and w the
velocuty components in X, y, and z coordinates
respectively.
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Where t is the shear stress, p is the fluid
pressure, and Re is the Reynolds number.
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Where Er is the energy transport per unit
volume,  is the rate of heat flux, and Pr is the
Prandelt number.

3 Simulation and Mesh Dependency
In this study, a rectangular section of 1.5 m length, 1
m width, and 1.56 m height is constructed through
CAD software due to its ability to capture most of
the design intent in the part features. Hence,
modifying process of the part features becomes
more feasible. The simulation model is also supplied
with an inlet and outlet duct for air supply and
exhaust, respectively. = However, the analysis
ignored the thickness of the wall surfaces since it
does not have any significant impact on the flow
field.

Construction art of computational grid in CFD
is crucial and considered as most important and
time-consuming part in simulation process. The
quality of the grid is prominent since it plays a
direct role in the quantification of simulation results,
regardless of the solver used for simulation.

An unstructured grid with tetrahedral elements
is employed during the meshing process, as seen in
Figure 1. For grid optimization and result accuracy
purposes, a mesh independence verification test was
performed. Models with three different number of
grids, namely 509984, 240080, and 329723,
respectively, were selected for simulation. The
average humidity values at various selected points
were compared and it showed that mesh with
329723 grids is optimum since the humidity value
was less than 5% in comparison to the case of
509984 while the error approaches 8% when the
number of grids drops to 240080. Hence, the
system with 329723 grids was selected for
simulation analysis.
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Fig. 1: Elements Mesh for The System
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4 Results and Discussion

The main objective of the simulation is to study the
indoor temperature and humidity distribution so that
the location of the sensors could be optimize. Such
optimization  will enhance the  controller
performance as well as minimize the energy
consumption in the A/C system. Figure 2 illustrates
the air temperature distribution along the entire
space of the VF. Vortexes are formed in the core of
the system, which the plants’ location is. The low-
temperature region is predicted to be near the air
supply duct where the A/C system is installed.
However, the temperature of the air in the space that
the plants occupied is around 20.5°C, which is
reasonable. It is noticed from the figure that
although the air exhaust portion is located near the
supply duct, air stream at high temperatures is
mainly discharged outside.

Fig. 2: Air Temperature Streamline

Figure 3 shows the moisture content distribution
of the central section under the same ventilation
mode. The range of humidity observed in the figure
characterizes the formation of water mist. It can also
be concluded from Figure 3 that the humidity at the
central section is related to the speed of the air
supply, and it concentrates near the wall region.

Fig. 3: Water Vapor Streamline
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To grow the plants effectively in the VF, it is
recommended to install at least two humidity
sensors, one of them in the core near the plants
(Figure 4a). An extra temperature sensor could
assist (but is not essential) in enhancing the system
operation performance. In such a case, the proposed
location of the second sensor is placed as depicted
in Figure 4b.

(b) Temperature sensors
Fig. 4: Recommended placement of sensors

5 Conclusion

In this paper, we established a mathematical model
and used ANSYS FLUENT software to simulate the
air distribution and quality of Vertical Farming
operated on solar energy. The simulation is
important to figure out the number and proper
location of humidity and temperature sensors that
should be installed in the system for control
purposes. The results indicated that ventilation
configuration has a large influence on the
distribution, which proposes careful installation of
temperature and humidity sensors. Since a split type
AC system is used for conditioning the air of the
VF, the installation position of the supply duct,
exhaust duct, plant placement, and indoor
distribution are prominent factors for humidity and
temperature field. It is, however, recommended to
utilize central air conditioning with fresh and
primary return air systems to improve the indoor
temperature and humidity distribution as well as
enhance the air quality and controller performance.
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Nomenclature

CFD  Computational Fluid Dynamics
VF Vertical farming

E — volumetric energy transport (J/m?)
- rate of heat flux (W/m?)

t — time (sec)

7— shear stress (N/m?)

u, v, w — fluid velocity (m/s)

p — flow density (kg/m?)
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