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Abstract. In this study, drip irrigation modeling will be conducted using the existing CFD methods in ANSYS. The
purpose of modeling is to get the water pressure needed to circulate water in a strawberry field with a flow rate of 0.95 l/h at
each outlet of the irrigation drip. Strawberry plants (Fragaria × ananassa Duch) are one commodity that has great economic
value. Strawberries are grown in cold regions in Indonesia, such as Malang, Ciwidey, and Garut. Besides a cold location,
strawberry plants also need adequate water and proper irrigation methods. The drip irrigation (DI) method can conserve
water and reduce the risk of illness in the strawberry due to pollution by dirty water. This simulation modeling will be used
to irrigate 600 strawberry plants in 320 m2 of the total area. From the simulation results obtained, 600 strawberry plants
require pressure to be maintained at the pressure tank of 1.019 bar. The simulation of irrigation on strawberry plantation
using CFD methods can save time and reduce the error factor analysis of piping design for drip irrigation design on a
strawberry plantation.

INTRODUCTION
The cultivated strawberry (Fragaria × ananassa Duch)

is one of the fruits that have economic value and contain many
health benefits [1]. According to [1], [2], [3], [4], the cultivation
of strawberry requires irrigation. New leaf production, stomatal
conductance, and photosynthetic rate were significantly reduced
under limited water which can inhibit plant growth compared
with well-watered. Generally, there are three methods of ir-
rigation like surface, overhead and drip irrigation. However
based on [4], the illness of strawberry plants can be caused by
water used for crop irrigation that is contaminated with indicator
and pathogenic microorganisms and may be affected by many
parameters such as irrigation methods. From their report, the
drip irrigation (DI) method can reduce the risk of illness in the
strawberry lower than overhead method because it can reduce
the persistence of the bacteria. According to [5], DI method can
save about 51% of irrigation water and can give 19% higher
fruit yield as compared with surface irrigation method.

In Indonesia, strawberry can only grow in mountainous
areas with an altitude of more than 1000 m above sea level
and can be harvested up to five times a year in which the
highest production occurred in July and August depending
on the circumstances and environment. The data on the num-
ber of strawberry production in Indonesia have not been well
documented, however, according to data from the Indonesian
Central Bureau of Statistics, the imported fresh strawberries in
Indonesia reached 210 tons in 2011 [6], [7]. It shows that

the strawberry consumption needs of the Indonesian people are
greater than the amount of production. In order to boost the
production, it needs the technology that can improve the quality
and quantity of strawberry cultivation in Indonesia.

Designing a proper irrigation method requires fairly
complicated calculations. By using software-based engineering
finite element method, we can get the results of the analysis
that are approaching so do not need to do calculations manually.
ANSYS software can be used to calculate the fluid moving in a
pipeline using Computational Fluid Dynamics. If linked with
the needs analysis that uses the irrigation piping system then
the software is very appropriate because already modern GUI is
there so users will be easier to set up some of their parameters.
ANSYS CFX simulation results are easier to analyze because
many parameters can be displayed, such as flow rate, mass flow,
pressure, etc.

COMPUTATIONAL MODEL
Basic Principle of Closed Flow

Based on Bernoulli’s law for a closed flow [8], the pres-
sure in the inlet pipe could be calculated for irrigation analytical
modeling. The parameter that is needed to obtain the pressure
on the inlet pipe is a total head between the inlet and outlet
pipes and pipe diameter to be used [8].

p1 + ρgh1 +
1

2
ρv21 = p2 + ρgh2 +

1

2
ρv22 (1)
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According to head loss in piping installation [8], mea-
surement of pressure is needed to be done not only from total
head and diameter of the pipe but also from the difference of
head loss which is divided into major and minor head loss. Ma-
jor head loss due to the flow of a fluid flowing in a pipe is
affected by fluid viscosity, speed, roughness, and the geometry
of the pipe. While the minor head loss is caused by the instal-
lation piping such as a connection, pipe valve reduction, etc.
Analytical calculation of inlet pressure requirement on irrigation
piping can be seen in the following discussion:

Head loss mayor, loss of friction with the pipe wall

HL = f
L

D

V 2

2g
(2)

Where f is friction factor, L is Length of Pipe, V is aver-
age fluid velocity, D is Diameter of Pipe, and g is acceleration
of gravity

f =
64

Re
(3)

Head loss minor losses due to valve and fitting

HL = K(
V 2

2g
) (4)

K is Head loss factor Pressure from the difference in
elevation and speed

p1 = p2 + ρg(h2 − h1) +
1

2
p(v22 − v21) (5)

Basic Principle of CFD
Finite Element Method (FEM) is a modern analysis

method that has been applied to many engineering applications.
In principle computation, FEM is a numerical computational
method that breaks down a large system that is not up into small
elements. Mathematical modeling itself can be made for one
-dimensional (1D), two-dimensional (2D) or three-dimensional
(3D). However, the model is a model widely adopted 2D or

3D. FEM has become an important step in the design or the
modeling of physical phenomena in a variety of engineering
disciplines. A physical phenomenon usually occurs in the con-
tinuum of matter (solid, liquid, or gas) which involves some
of the environmental variables. The variables that come from
the environment vary from point to point, so it has an infinite
number of solutions in the domain [11].

The fluid flow problem is defined by the laws of con-
servation of mass, momentum, and energy. These laws are
expressed in terms of partial differential equations which are
discretized with a finite element-based technique.
Conservation of mass law comes to continuity equation [9][10]:

∂ρ

∂t
+

∂(ρvx)

∂x
+

∂(ρvy)

∂y
+

∂(ρvz)

∂z
= 0 (6)

Where Vx,Vy,Vz are components of the vector in the x,
y and z directions. ρ is density and t is time.

τij = −Pδij + µ

(
∂ui

∂xj
+

∂uj

∂xi

)
+ ∂ijλ

∂ui

∂ui
(7)
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Computational Domain
The overall design of the system is created in the 3D

model so that latter can be used simultaneously for calculation
and simulation using ANSYS CFX. Strawberry plantation in
Garut would be watered by using drip irrigation method, in
which energy was supplied by renewable energy. The main
drawback to using independent sources of renewable energy
is the unavailability of sources of energy all the time. The
combination of PV and wind energy can overcome this. So that
when one resource fails, the other will take care of generations.
[12].

Fig. 1. Design of pipeline irrigation system
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In this study, focused on the needs assessment to obtain
pressure at the inlet of the main pipeline to be distributed on
each of the distribution pipes.

Boundary Condition
Boundary conditions are determined in accordance with

the geometry modeling of piping that will be applied to irriga-
tion strawberries with drip method. Boundary conditions setup
is using water and gravity force on Y axis, assuming 9.8 m/s2.
Boundary conditions are also determining the inlet, outlet and
the wall of the pipe geometry used.

Inlet
Flow at the inlet gets from pressure tank that is controlled

to get right mass flow. Flow is set according to the number of
plants as many as 600 plants. Each plant needs water as much as
1.8 liters per day. By using drip irrigation method, it is necessary
that the speed setting watering drip system is achieved. Flow
rate on the strawberry crop drip irrigation method is 0.95 l/h.
The amount of water needed for each strawberry plant is also
affected by moisture and soil temperature. In this area, the flow
rate provided is a strawberry plant need that amounts to 600

plants. So flow rate which should be given at this boundary is
570 l / h.

Outlet
Outlet on a drip irrigation system is using 2.5 mm2

hosen. On this side will be monitored for the mass flow of drip
irrigation according to crop needs. Flow rate of water at this
boundary must be stable at 0.95 l/h.

Wall
The solid boundaries in all computational domain are

viscous walls with no-slip wall boundary condition.

RESULTS AND DISCUSSION
The most important thing in using engineering software

based on the finite element method is an element discretization,
better known by meshing. In the present study, meshing is
not used by default because most of the major elements that
have vastly different sizes. Therefore, it is necessary map-
ping element-element that has different sizes that will be a
distinguished setting for meshing process.

Fig. 2. Meshing for piping

Fig. 2 shows arrangements for pipe sizes using the
automatic size of ANSYS meshing. This is because the pipe
diameter is large enough so as to reduce the time meshing pro-
cess and the final calculation is done automatically. At this
simulation, the diameter of the pipe is 76.2 mm with inside
diameter of 70.2 mm. For part of the hose, setting of meshing
is done specifically. In this section use the settings with the

distribution of smaller elements than in any part of the pipeline.
On the hose, meshing size is limited to 1.5 mm. This is because
if the meshing uses the automatic setting of ANSYS, the result
of meshing would be destroyed at the end of the hose that even-
tually the boundary condition setup cannot be performed. At
this simulation, diameter inside of hose is 2.5 mm.
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Fig. 3. Meshing for hose

CFD simulation results conducted by the method of
finite volume can be seen in Fig. 4. The analysis uses ANSYS
CFX software in order to show the contours of the speed and
the pressure on the piping irrigation where flow restriction is
analyzed at a flow rate inlet 4 l/h. Methods of numerical simula-

tions using ANSYS are used to analyze fluid flow characteristics
through parameters such as speed, and pressure and turbulence.
In addition, we can visually display these parameters in contour,
vector and streamline the flow presented in 3D.

Fig. 4. Velocity at piping area in DI system

Fig. 4 shows the pattern of fluid flow along the pip-
ing. The velocity vector shows in detail the direction of fluid
motion. In detail, the nature of the flow can be visualized more

accurately with 3D streamlined method that describes the nature
of the fluid flow to form a string of yarn flow model. Streamlined
flow shapes can be seen in Fig. 4.

Fig. 5. Pressure at piping in DI system
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Fig. 5 shows the contour of simulation results of
water flow at the inlet pipe used for drip irrigation with 600
strawberry plants that require a pressure of 101900 Pa or 1.019
bar. These results can be used as a reference for the technical
implementation of the design and manufacturing of drip irriga-
tion systems in the strawberry farm. Apart from that, we can
see in detail the overall pressure or we can analyze the section
of pipe that is experiencing pressure drop.

CONCLUSION AND RECOMMENDATIONS

The simulation of irrigation on strawberry plantation using
CFD methods can save time and reduce the error factor analysis
of piping design for the design manufacturer of drip irrigation
on a strawberry plantation. In addition, the CFD method is able
to provide a detailed picture of the flow, such as speed, vector,
and pressure along the pipeline. The simulation results of water

flow at the inlet pipe used for drip irrigation with 600 strawberry
plants require a pressure of 101900 pascals or about 1.019
bars. Hence, this method must be utilized in future. Moroever,
researchers are encouraged to explore this domain further and
extend this body of knowledge.
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