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Numerical Simulation of Flow in
Trapezoidal Labyrinth-Channels of
Drip Irrigation

The clogging of emitters has been considered as one of the most
troublesome problems inhibiting the extension of drip irrigation. This
paper investigates the flow field of water and behaviour of suspended
particles in the trapezoidal labyrinth-channel. Computational Fluid
Dynamics methods has been executed on liquid-solid two-phase flow in
labyrinth-channel emitters. RNG k-¢ turbulence model was used to
evaluate four types of emitters that have the same characteristics and
differ in the elbow width S. This study has shown that as the value of S
increases, the maximum velocity in the labyrinth-channel decreases and
the number of vortices increases. However, emitter with a high S value
are more subtle to clogging. In addition, it was also observed that
smaller diameter particles behave best when they pass through the
channel and follow the streamline flow. As the particle diameters become
larger, the particles tend to leave the mean stream and enter the vortex
zones under the force of inertia. So, more suspended particles trapped in
the vortex area , more the chances of emitter clogging increase. All of
these furthermore confirm that vortex and low speed regions were the
main causes leading to emitter clogging.
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1. INTRODUCTION

Drip irrigation is a very efficient method of providing
water and nutrients to plants [1], and is considered one
of the most efficient irrigation techniques in the world,
playing an environmentally active role in saving water
and also in the use of wastewater.

The emitter is the critical part in drip irrigation
system; it is aimed to let out the pressurized water in the
pipe to drop into the soil gradually and regularly, the size
of the emitter channels is around 0.5~1.0 mm [2]. It can
be clogged by suspended particles originating from the
filtering system easily. The clogging of emitters is the
most important problem disturbing the lifespan and
performance of drip irrigation systems. Since the first
international conference on drip irrigation was held In
Israel in 1971 [3], many challenges on resolving clogging
problems have been shown by Bucks and Nakayama,
Nakayama and Bucks, Mu et al., Duran-Ros et al. [4].

This phenomenon can be produced by physical,
chemical or biological impurities [5]. The physical
clogging is due to the deposition of suspended particles
in irrigation water such as sand, clay and silt reaching in
size from 1 to 300 pm. The chemical clogging is
attributedto the interaction of dissolved solids and from
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precipitates, e.g. calcium carbonate, with a diameter of
1-74 pm.The biological clogging is due to the point that
algae and bacteria having a size between 3 to 50 pm
breed and then built up in stagnation zones of emitters
[6]. Physical clogging caused by solid particles is consi-
dered to be the most common form of plugging of
emitters [7,8], and also the direct reason that caused the
clogging of emitters [9]. Researchers have tried
optimizing the sedimentation basin [10], choosing and
uniting filters, and regulating the operation of the irri-
gation system to resolve the emitter clogging problem.
Numerically, numerous studies have been performed
based on computational fluid dynamics (CFD) to envi-
sage and study the flow at the interior of the labyrinth-
channel dripper [11,12]. These researchers detected that
the flow can be divided into two parts: the main flow
area is categorized by high velocity and the zones with
vortices in channel corners [13]. Liu et al. (2010) [14]
revealed that the main factors responsible for physical
clogging are the particle diameters, the velocity of sus-
pended particles, and sediment concentrations. The
probability of emitter clogging is considerably increased
when particle diameter surpasses 50 pm. However,
emitters can also be clogged by the accumulation of fine
particles such as silt and clay [15, 16]. The average size
of the labyrinth channel width is approximately 1 mm
[17]. Niu et al. [18] detected that the deposition of par-
ticles is usually located at the inlet and channel corners.
The clogging of the emitters unfortunately has a
negative impact on the pollution level, i.e. the lifetime of
the drippers causes more dripper discharges and this will
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cause much more pollution. And to remedy this problem,
it is necessary to design a dripper that can be more
resistant to clogging and that will have al longer life span.

This study numerically investigates the performance
of the emitter and the impact of the change in the form
of channels on the flow.

2. MATHEMATICAL MODEL OF THE FLOW

In this study, a flat emitter was used as a physical pro-
totype. Its flow rate was 3.5 L/h. The different dimensi-
ons of the emitter were taken by a microscope with an
accuracy of 0.01mm. The specific characteristics and pa-
rameters of the flow path are shown in Figure 1.The tra-
pezoidal emitter was modelled in 2D with a commercial
CFD code, using a finite volume discretization method.

In this study, we also compared four types of
channels that have the same structure and are differen-
tiated in parameter S which is equal to 0 mm, 0.08 mm,
0.1 mm, 0.2 mm and 0.4 mm as shown in the figure 2.

The 2D modelling work has made it possible to
more precisely characterize the hydrodynamics of these
drippers. Although the Reynolds number is low, these
simulations were carried out with a turbulent pattern.
Indeed, the small flow section and the presence of chan-
nels favour a transition from laminar to turbulent [19]
with low Reynolds number.

Droplet cross-sections are of the order of a millimetre
and are at the limit of microchannels. For this type of
flow, some experiments show a laminar/turbulent
transition at a lower Reynolds number than the con-
ventional value for macro-scales, which is 2300 [20] whi-
le others show no displacement of this transition [21].
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Figure 1. A schematic view of the parameters of emitter

Nishimura et al. (1984) [22] researched the wavy
channels, and research results showed that in this comp-
lex channels the conversion from laminar to turbulent
flow happened when the Reynolds number stretch to
350, which was less than critical Reynolds number in
straight channels.
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The flow field emitter was simulated using the tur-
bulence model in this paper. The flow comportment can
be studied as a multiphase flow using either Euler-Euler
or an Euler-Lagrange approach. In the actual application
of emitters, the volume ration of sand to water is far less
than 10% after filtering.

So the approach of Euler-Lagrange is taken on.

Figure 2. Emitter’s labyrinth mesh

2.1. Eulerian phase

The fluid in the emitter is water, consequently, it can be
supposed to be viscous, steady, incompressible and at
room temperature.

Because of the nature of the emitter's material,
which is plastic, the emitter has a low coefficient of
surface roughness. Moreover, the effects of gravity are
low. Therefore, the surface roughness on hydraulic
performance and gravity are neglected.

The fluid field equations governing in an emitter are
as following:

Continuity equation:

0
—pU; =0 1
o PY (1

1

Momentum equation:

0 0 0
—pUU; =——P+—T. +pg; 2
axjp Vit e e, PEi (2)
where:
2 pUU; : Convective Term
ax]'

—iP :Influence of pressure
ox;

1
0 o
—T;; : Diffusive term
Ox 4
pg; : Gravity effect
p: Dynamic viscosity
p : Density of fluid
The mean of the Momentum equation is written:
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In this study, RNG k-¢ turbulence model was used to
close the model since this model Takes into account
smaller turbulence scales and gives better results for rota-
ting flows and for modelling entrained cavities. Transport
equation for turbulent kinetic energy k and dissipation of
turbulent kinetic energy ¢ are described as follows:
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where:
4, - turbulent viscosity
G, : the generation of turbulence kinetic energy due to
the mean velocity gradients
The production term G, is given by:
—oU;
Gy =—puju; (6)
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3. NUMERICAL SIMULATION

3.1 Grid independence study

To simulate the flow compartment in trapezoidal emitter,
numerous computational fluid dynamics (CFD) programs
are obtainable. In this study, principal equations are re-
solved by the commercial CFD code ANSY'S Fluent.

The labyrinth channel was decomposed in the nume-
rical calculation model into inlets, wall and outlets.

In order to have a good meshing, each labyrinth was
meshed according to the structured hexahedron grids. A
grid independence study was performed to ensure the
accuracy of the solution.
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The selected grid in this study was comprised of
158223 hexahedral elements. The mesh is shown in fig. 2.

The governing equations, which have been defined
above, were discretized by the control volume nume-
rical technique, and then the SIMPLE pressure—velocity
coupling technique that was developed by Patankar [23]
was employed in order to solve the discretized equation
and the second order upwind was used for the mo-
mentum, turbulence kinetic energy and dissipation rate
of turbulence kinetic energy.When the outlet flow rate
was basically stable and the residual value was lower
than 10, the iteration calculation was convergent.

3.2 Boundary conditions

For the flow field calculation, the initial inlet boundary
condition was a uniform fluid velocity for the momen-
tum equations according to the fluid flow rate through
the emitter under normal working conditions.

The particle velocity at the inlet was assumed to be
equal to the value of the fluid velocity because of the
developing segment near the inlet. The initial boundary
condition of outlet was treated as standard atmosphere for
the fluid. Turbulence intensity and hydraulic diameter
were calculated. On the wall surface, the velocity was
considered to be zero (no-slip condition). The near-wall
flow was calculated using the standard wall function.

4. RESULT AND DISCUSSION

Figure 3 shows the fluid pressure distribution obtained
numerically in the symmetry plane, where the pressure
values are all relative to the standard atmosphere. The
pressure in the emitter drops from inlet to outlet because
of the non-exchange of energy with the external
environment. Along the direction of flow, the static
pressure gradually decreases, and the pressure drop in
each channel unit was almost equal.

| I |
-1.516e+03 9.249e+03 2.001e+04 2.863e+04 3.724e+04

Figure 3. Pressure contour
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Figure 4. Velocity vector in the flow field
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Figure 5. Velocity distribution in flow field for standard
geometry (a) and modified geometries (b), (c), (d), (e)

(e)- Case 5

Figure 4 shows the streamlines of the water in the
labyrinth, as shown the flow takes a rotational form in
the vortex zones.

The following figure 5 shows the flow of fluid
through the various channels.

Because the emitter contains several units with the
similar structure, one unit was chosen as the analysis
object. As shown above, the velocity of the fluid varies
according to its position inside the channel.

From the figures, it can be observed that the region
with high-velocity was located in the middle of the
dripper labyrinth, whereas the low-velocity region was
at the corner. While in the center of the vortex zone, the
velocity was null. The figures also show that when we
vary the dimension of S the speed varies, For S = 0,
0.08, 0.1, 0.2 and 0.4 mm, the maximum velocity is
respectively 4.6, 4.28, 4.20, 3.76 and 2.96m / s. In other
words, when S increases, the maximum velocity of the
fluid in the baffle becomes increasingly low. This also
effects the pressure drops in the labyrinth channel.

It is obvious from the figures that there were four
low-velocity regions in one trapezoidal labyrinth unit
with S=0.4 mm, but there were only two low velocity
regions in one trapezoidal labyrinth unit with S=0 mm.

Once sands come into the vortex region or low velo-
city region, they were challenging to be flushed away.
And with time passing, they would assemble together
and finally creates the clogging. So it is indispensable to
reduce the low-velocity regions and vortices in labyrinth
channels in the design of emitter. Figure 6 shows the
velocity variation curves along the labyrinth channel.
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Figure 6. Velocity vector distribution in flow field for stan-
dard geometry (a) and modified geometries (b), (c), (d), (e), (f)

Figure 7 shows the variation of the speed as a
function of S. As mentioned above, the value of S has a
great influence on the speed.
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Figure 7. Variation of the maximum velocity in the labyrinth
as a function of the length S

5. DISTIBUTION OF PARTICLES IN MICRO
CHANNELS

The particles were injected from the inlet of the emitter
and the initial velocity of the particles was assumed to
be equal to the inlet velocity of the fluid

The figure 8 shows the path of suspended particles
with diameters of 20 pm and 120 um respectively in the
dripper labyrinth.
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As shown in the figure, the 20 um diameter particles

follow the main stream of the fluid very well without
penetrating the vortex. Thus, they demonstrate good
behaviour and performance.
For particles with a diameter of 120 um, they no longer
follow the trajectory of the dominant current and the
trajectory becomes more and more disturbing until they
enter the vortex.

Figure 8.Trajectory of particles with diameters (a) 20 pm
and (b) 120pm

The causes are that the drag force on sediments is
relative to the square of the particle size. Nevertheless,
the inertial force is proportionate to the cube sands
diameter.

For particles of 20 pmsize, the drag force was higher
than the inertial force. Therefore, the sands moved only
in the mean stream. As the diameters increased, the drag
force and the inertial force tended to be equal. When the
diameter reached 120 pum, the inertial force became the
main force and exceeded the drag force. Particles tended
to leave the main flow and enter the vortex zones under
the effect of inertial force. Thus, the trajectories of the
particles were disorganized. All sand movements had
varying degrees of disturbance due to the rapidly chan-
ging flow directions in the channel.

All of these furthemore confirm that vortex and low
speed regions were the main causes leading to channel

clogging.
6. CONCLUSION

In this paper, a CFD numerical simulation performance
was employed to investigate the flow field of water
mixed with sand in the trapezoidal labyrinth-channel
and the RNG k-¢ turbulence model was used to close
the model. It was observed that the value of S influences
the maximum velocity of the fluid flow in the emitter as
well as the creation of vortices. It was also found that
vortex and low speed regions were the main causes
leading to channel clogging.

The emitters used in localized irrigation sometimes
cause environmental problems because of the waste
from the ramps and this is due to the lifetime of the
emitters. For this reason, in order to reduce some of the
pollution caused by these emitters, it is necessary to de-
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sign emitter structures that will have a longer life span
and this will gradually reduce the pollution in this area.
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HYMEPHYKA CUMYJIAIIMJA ITPOTOKA Y
TPAIIE3OUJIHO JJABUPUHTCKUM
KAHAJIMMA KOl HABOJIbABAIbA

KAITABBEM

X. Keapuke, M.En Byxamu, ®. boyncpu, M. Yayn,
M. Xanaymu

3ayersbehbe Kambaya ce cMarpa jeIHOM oJ Hajehmx
npernpeKa IPOUIMPEHhY CHUCTEMa HaBO/aBama Kara-
meM. lcTpaxyje ce 3alMBHO I0Jb€ U IIOHAIAHke
CYCIIEHIOBaHMX YECTHIIAa y TPAIE30MIHO JABUPUHTCKOM
kanaiy. LId®J] merone cy mpuMemeHe Ha IPOTOK Kpo3
TEYHOCT M YBPCTY MOJJIOTY KOJ| Karbayda JIABUPHHTCKOT
kaHama. [lomohy PHI' k-¢ wmomema typOyneHmmje
M3BpIIICHA je eBadyalllja YeTHpPH THUIIA Karybada KOju
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UMajy HCTE€ KApaKTEPUCTUKE a pPAa3IM4UTy IIUPHHY
3anuBHE Tpake S. McTpakuBame 1mokasyje aa ca mopac-
TOM BPEJHOCTH S MaKCHMaJIHa Op3WHa y JJABUPUHTCKOM
KaHaiy omaza u nosehasa ce Opoj BpTiiora. Mehytum,
Karybad ca BEJIMKOM BpeaHOIINY S MOIJI0KHU]H je 3aue-
wbewy. Takohe je yTBpheHO na ce decTHie ca MalluM
NpPeYHHKOM 00Jbe MOHALIAjy MpPU HPONAKEHY KpO3

FME Transactions

kaHan u kpehy ce y npasity Toka crpyje. Uecruiie Beher
MpeyHHKa WMajy TEHACHIM]Y Ja HaMyCTe Cpeamy
cTpyjy ¥ yhy y 30HE BpTJIOra IMOJ yTUIAjeM HWHEPIHje.
Hakite, mTo je Behn Opoj YecTuia HAKYIJbCHUX Y 30HH
Bpmiora, Beha je BepoBaTHoOha 3auerubema Karjbaya.
CBe HaBenmeHO TOTBplhyje ma Cy 30HE BPTJIOra U Majie
Op3HHE TJIaBHH Y3POLH 3a4eIUberba Karjbaya.
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