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Temperature Distribution in Aeroponics System
with Root Zone Cooling for the Production of
Potato Seed in Tropical Lowland

Eni Sumarni, Herry Suhardiyanto, Kudang Boro Seminar, Satyanto Krido Saptomo

Abstract — Expansion of potato cropping on lowland is an alternative for increasing potato production in Indonesia. Aeroponics cultivation system with
limited cooling at root zone is one of the solutions in obtaining quality potato seed in tropical lowland. Problems in fluids flow for supplying nutrition need
to be understood, either fluids movement inside a pipe or inside an aeroponics chamber. One of the methods to understand the distribution of air tem-
perature in a chamber is by analyzing it by means of Computational Fluid Dynamic (CFD). The objective of this research was to find out the temperature
distribution in an aeroponics system. Two treatments were applied, i.e., application of root zone cooling at 10 °C and no cooling as control. The tempera-
ture distribution inside the aeroponics chamber was analyzed using the CFD. The size of the aeroponics chamber used was 1.5 m length, 1.0 m width
and 1.0 m height. The outer wall of the aeroponics chamber was made of plywood material of 12 mm thick .The inside part of the wall was insulated with
Styrofoam of 2.0 cm thickness. This set up performed a good temperature distribution. The result of validation showed that air temperature simulated by

using CFD agreed well with that of air temperature measured inside the aeroponics chamber.

Index Terms—Aeroponics system, CFD, potato seed, zone cooling, tropical lowland

1 INTRODUCTION

Increase of potato production in Indonesia faces some con-
straints, among others are : (1) still conventional cultivation
technique, (2) limited hilly land area with air temperature
suitable for potato cultivation, and (3) as a humid tropical
country, Indonesia is an optimum region for potato pest and
disease to develop [1]. Expansion of potato cropping on low-
land is an alternative to support the effort to increase potato
production in Indonesia. Aeroponics cultivation system with
limited cooling at rooting area is one of the solutions in order
to obtain quality potato seed for tropical lowland. Aeroponics
cultivation system has more advantage compared to the con-
ventional one with soil medium. Aeroponics technology uti-
lizes the seed resulted from tissue culture (plantlet) which is
good and free from disease [9]. This technology has been ap-
plied in China, Korea, and Peru, capable of producing 100 tu-
bers per plant [15]. The aeroponics system can result in higher
production (ten times that of the conventional sys-
tem).Utilization of nutrition and water can be saved since it is
manageable, and can produce clean and healthy tubers [9].
Growth of potato plant is strongly influenced by weather.
High air temperature at tropical lowland can cause stress and
retardation of tuber formation. The root zone cooling is in-
tended only to cool the limited area of plant growth (root
zone), not the whole space of a greenhouse. Mechanical cool-
ing to lower the air temperature inside a greenhouse needs a
large amount of energy. Cooling load required to lower
greenhouse air temperature up to 6 °C below the outside am-
bient temperature can reach 0.3 MJ/m? [13].Although the in-
side air temperature of a greenhouse is high, plants can grow
in well condition provided that the root zone temperature can
be maintained at lower level. Root zone cooling is capable of
increasing the production of cucumber [7], salad [6], strawber-
ry [16], and spinach [14].Greenhouse equipped with this cool-
ing system can lower the daily maximum temperature of the
root zone from 2 to 6 °C below the air temperature above the

plant [5]. It is important to know the fluids flow for the supply
of nutrition, either fluids movement inside a pipe or inside
aeroponics chamber.

The introduction of advanced ICT (Information and
Communication Technology) in agriculture has enabled farm-
ers to acquire huge amounts of site specific data for their
farms, with the ultimate aim to improve their decision-making
process [10]. The application of CFD in precision crop has
been concentrated mainly on greenhouse system [3] and the
optimization of sprayer [12]. CFD is a simulation method that
can efficiently estimate both spatial and temporal field fluid
pressure as well as other chemical and environmental scalars,
and the method has proven its effectiveness in system design
and optimization within the chemical, aerospace, and hydro-
dynamic industries [17]. The ubiquitous nature of fluids and
their influence on system performance has caused a wide-
spread take-up of CFD by many other disciplines. As a devel-
oping modeling technique, CFD has received extensive atten-
tion throughout the international research and industrial
community. As a result, CFD became an integral part of the
engineering design and analysis environment of many com-
panies because of its ability to predict the performance of new
designs or processes prior to manufacturing or implementa-
tion [2]. The motion of water in rockwool slabs used as grow-
ing substrate for a sweet pepper crop was simulated using
CFED [11] but similar studies have not been found for water or
nutrients motion in other growing medium or in the soil.
Computational Fluid Dynamic (CFD) is one of the methods in
analyzing air temperature distribution inside a chamber.CFD
is a computer based system analysis comprising heat transfer
flow [15]. The objective of this research was to obtain tempera-
ture distribution in an aeroponics cultivation system with the
application of root zone cooling and no cooling treatment as
control.
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2 MATERIALS AND METHODS

This research was conducted at the Department of Me-
chanical and Bio-systems Engineering, IPB. The location is on
the altitude of the 250 m asl, 106.42 E, and 6.33 S. An aeropon-
ics box or chamber was built with the size of 1.5 m long, 1.0 m
wide and 1.0 m high. The outer part of the box was made of12
mm plywood and the inside part was insulated with 2 cm
Styrofoam sheet. The box cover was made of 3 cm Styrofoam
sheet and used as plant holder (Figure 1).

Instrumentation and tools used in this research consisted
of: weather station using Davis 6162 and 6163 for recording
micro climate data of inside and outside of greenhouse. MV
2000 Type Hybrid Recorder with 48 channels and MV 1000
Type with 24 channels were used to record air temperature
data inside the aeroponics chamber using T type thermocou-
ples. Nutrition, cooled by chiller, was sprayed to potato plant
roots through nozzles using high pressure pump. Timer was
used to control nutrition supplying time. The treatments ap-
plied in this research were 10 °C root zone cooling and no
cooling for control.

2.1 Computational Fluid Dynamic (CFD)

CFD simulation was conducted using Solidwork® Premi-
um 2011 software. Three dimensional analyses were done to-
wards fluids and thermal flow using desk top computer with
specification: CPU Intel ® Core ™ i7, RAM 8GB, and 64bit
operation system.

Figure1. Aeroponics system with root zone (a) and no cool-
ing for control (b)

Equations for fluids were developed and analyzed on the
basis of Partial Derivative Equation (PDE) representing the
laws of mass conversion, momentum and energy. Solution for
fluids flow like air in CFD simulation was described quantita-
tively in the magnitudes of temperature and velocity in the
form of differential equations based on numerical analysis of
finite volume method, especially Navier-Stokes equation.
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The CFD method comprised three main components, i.e.,
pre-processor, solver and post-processor [4]. Pre-processor
component was an input component of fluids into the CFD
program. In the pre-processor phase, the followings were con-
ducted: making of geometry of the system to be analyzed,
formation of grid mesh on every domain or all, selection of
chemical and technical phenomena needed, determination of
fluids properties (conductivity, viscosity, specific mass, etc.),
determination of appropriate boundary condition (inlet, out-
let, velocity, pressure and other variables).

Solver provided mathematical solution process in CFD. The
method used was finite volume developed from finite differ-
ence method. All results were displayed in the post-processor,
which could be in the forms of geometrical display of domain
and grid, plots of velocity vector, distribution of temperatures
at every point, tracking or trajectory of particles, visualization,
goals, etc.

2.3 Equation of Mass Conservation

Equilibrium of mass for fluids element was expressed as
the mass increasing rate in the fluids element. All fluids ele-
ments were function of space and time, so that specific mass
of fluids o was written in the form of o (x,y,zt) and velocity
components of fluids were written as dx/dt=u, dy/dt=v, and
dz/dt=w. The mathematical equation was written as follows:

apw) , Aev) _,

Ox oy
pis the specific mass of fluids (kg/m?3) and x, y, z are the di-
rections of Cartesian coordinates.

M

2.4 Equation of Momentum

Equation of momentum was developed from Navier-Stokes
equation in the form compatible to the finite volume. Momen-
tum in the x direction:

2
= =@+pgx+u[a .
ox

ox* oy’ )

}+5My

u is the dynamic viscosity of fluids (kg/m.s), g is the gravita-
tional acceleration (m/s?) and Smx, Smy, Sm. are momentum
from the body per unit of volume per time for x, y, and z co-
ordinates, respectively.

2
+ a—u} + Sux
Momentum in the y direction:

{6221 v
+u

o

+ )

ox*

2.5 Equation of Energy

The equation of energy was derived from First Law of Ther-
modynamics. Mathematically it can be written as [4] :
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T is fluids (K), k is fluids thermal conductivity (W/m.K), and
Siis the energy added per unit of volume per unit of time.

2.6 Equation of Equilibrium

Fluids flow seeks equilibrium thermodynamically. If it is
related to variables of p and T, the equation of equilibrium for
pressure (P) and internal energy (i) is as follows [4]:

P=P(p,T)
i =i(p,T)

Forideal gas, P=pRT andi=C,T

©)

2.7 Validation

Validation was conducted by comparing the average air
temperature measured inside the aeroponics chamber with the
result of CFD simulation. The validation test was conducted
using linear regression line between the measured average air
temperature (x) and CFD results (y). Accuracy of simulation
result and measured data was expressed in error percentage,
which is written as the following equation:

|TCFD simulation

T

measurement

3 BOUNDARY CONDITION

The boundary conditions for the CFD simulation are pre-
sented in Figure 2 and Figure 3. The temperature value at each
wall of the aeroponics chamber conforms to its boundary con-
dition. Assumptions used in the simulation were: air moved in
steady state condition; air was incompressible; specific heat,
conductivity and viscosity of air were constant during the
simulation; particles out from nozzles were of water, and
greenhouse was assumed to have no big role in heat transfer
process.

measurement

Error= x100%

(6)
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Figure 3. Boundary condition for CFD simulation in aero-
ponics chamber with no cooling
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Figure 2. Boundary condition for CFD simulation in aeropon-
ics chamber with 10 °C cooling temperature

The number of measurement points at each box were 14,
i.e, located at bottom wall, outer surface of the box (around the
plant on top of box), upper wall outside the box, 20 cm from
the rear wall (inside the chamber), 20 cm from front wall (in-
side the chamber), upper wall inside the box (around the
roots), 83 cm from bottom wall (inside the chamber), 20 cm
from left wall (inside the chamber), left wall inside the cham-
ber, 20 cm from right wall ( inside the chamber), right wall
inside the chamber, rear wall inside the chamber, rear wall
outside the box, and front wall outside the box.

4 RESULTS AND DISCUSSION

Average maximum air temperature inside the experi-
mental greenhouse reached 35.3 °C, average noon air tempera-
ture was 29.9 °C, average night air temperature was 26.3 °C,
and relative humidity of 78%. Cooling temperature of 10 °C in
the root zone gave tuber production higher than that of with
no cooling as control. Treatment using 10 °C cooling resulted
in a total of 579 tubers/1.5m?, while the control treatment pro-
duced no tubers at all. The air temperature distribution inside
the aeroponics chamber front view with 10 °C cooling is pre-

sented in Figure 4.
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Figure 4. Distribution of air temperature inside aeroponics
chamber front view with 10 °C zone cooling
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Blue area represents the distribution of cold air tempera- gence are presented in Figure 7 and 9. Particles of the solution
ture inside the aeroponics chamber. Red area represents the attached to the roots could stay for 15 to 20 minutes after
hotter ambient air temperature outside the aeroponics cham- spraying was stopped. Comparison of the average air temper-
ber (Figure 5). It could be shown from the simulation results ature measured inside the aeroponics chamber and CFD is

that application of root zone cooling was capable of maintain-
ing the air temperature inside the aeroponics chamber colder
and uniformly distributed around the root zone. The distribu-
tion of the average air temperature inside the aeroponics
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presented in Figures 8 and 10.
Figure 5. Distribution of air temperature inside aeroponics Figure 7. Iteration process in CFD simulation with 10 °C
chamber front view with no cooling treatment temperature
The average air temperature inside the aeroponics with no The CFD simulation on the root zone cooling at 10 °C

cooling treatment reached 29.5 °C. The specific heat of the nu- reaches convergence at the iteration of 30192. While that of
trition solution was higher than that of the air, so that once the with no cooling treatment as control reaches convergence at
nutrition was cooled its temperature would stay at lower level the iteration of 4813

in long enough time [14].
Distribution of nutrition spray inside the aeroponics cham- a 30
ber is presented in Figure 6. The spray distribution shows that S
the nutrition distributes all over the chamber surface. At 10 °C s v =1.028x -0.358
cooling, the temperature of the nutrition particle is colder ® 520 T R=0997
(blue color), while it is hotter in the control (red color). The 3%
main point of the application of aeroponics is on the pressure E =
produced by the pump and appropriateness of the installation =810
design. o
&
[H]
oz =S
0 10 20 30
Average air temperatur measurement (°C)
Figure 8. Correlation between air temperature measured

meidaethe serovonics-chamber 2+ 10 °C coolina
Hstaetne-acropontes-enamperat o €OOHIS

Figure 6. Distribution of nutrition spray inside the

aeroponics chamber; 10 °C cooling (a) and control (b) The correlation has R? value of 0.997 with coefficient of in-
terception of 0.358 and gradient of 1.028 (at 10 °C cooling). At
The smaller the water particles are, the larger the surface control temperature the R? value is 0.942 with interception of
can be reached. Therefore, contact of the particles with air is 11.21 gradient of 1.375. Error obtained is 6%.

also large. This enables higher Oz binding by the water parti-

cles. The iterations done for each treatment to reach conver-
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Figure 9. Iteration process in CFD simulation with no cooling
treatment CFD simulation result

The supervisory system for greenhouse control has been
developed and tested with cucumber crops. The results of this
development and testing is the working functionalities that
meet the control criteria and objective based on user prefer-
ences. This provides much greater flexibility to the user to
cope with varieties of environmental constraints or conditions
types of crop to be controlled in a greenhouse, hardware con-
straints, and type of control modes [8]. The results can be used
to support the CFD simulation in aeroponics system with root
zone cooling for the production of potato seed in tropical low-
land.
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with the size of 1.5 m long, 1.0 m wide and 1.0 m high, made
of 12 mm plywood with 2 cm Styrofoam inside insulation was
capable of maintaining the root zone temperature.

CFD was capable of predicting the average air temperature

inside the aeroponics chamber accurately. The correlation had
R2value of 0.997, coefficient of interception of 0.358 and gradi-
ent of 1.028 for root zone cooling. While the no cooling treat-
ment had R? value of 0.942, coefficient of interception of 11.2
and gradient of 1.375.
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