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ABSTRACT

The pit structure optimized drip irrigation emitter (PODE) is a novel type of irrigation emitter that may 
provide shunts, quick diversion, and mixed flow to maximize energy loss. To study the influence of 
the geometric parameters of the flow channel on the hydraulic characteristics and energy loss effect, 
twenty-five sets of orthogonal test schemes were established. Using numerical simulation and 
verification tests, the flow index and energy loss coefficient were obtained. The results showed that the 
flow index of the PODE was 0.4632-0.5265, and its hydraulic performance was good. The energy loss 
coefficient under the pressure head of 5-15 m was 510-2221, which showed that the energy loss effect 
was obvious. The influence order of the geometric parameters on the flow index was B>P>C>D>A, 
the optimal solution was P0.6D1.4A85B0.25C0.12. The determination coefficient of the regression model 
based on geometric parameters and flow index was 0.85. In addition, the verification test showed that 
the relative error among the test value, simulated value, and estimated value were less than 5%, and 
the flow index can be estimated reliably. The research can provide a reference for the pre-research and 
evaluation of the hydraulic performance and energy loss effect of the PODE.    

INTRODUCTION 

Bionics is a scientific method of engineering structural 
innovation that imitate the structure and function of biolog-
ical systems in some aspect (Koch et al. 2009, Xing et al. 
2012). Plants are an indispensable and important part of the 
biological cycle system. Many inventions and creations are 
derived from the bionics of plant structure or morphology. 
Plant bionics has a very wide range of applications (Luo et al. 
2016, Barthlott et al. 2017). Drip irrigation technology is one 
of the high efficient water-saving irrigation technologies in 
agriculture. Its main advantages are good water-saving effect, 
no damage to soil structure, and high irrigation uniformity 
(Sun & Kang 2000, Lu et al. 2018). The core component of 
drip irrigation technology is the drip irrigation emitter, which 
can effectively eliminate the excess energy at the inlet and 
ensure uniform flow (Li et al. 2020, Mohamed & Ahmed 
2017, Wei et al. 2014). 

The flow index, energy dissipation effect, and anti-clog-
ging ability are all important factors in the drip irrigation 
emitter’s performance. The geometry of the emitter channel 
structure determines the three factors of performance (Li et al. 
2009, Yuan et al. 2014). Many experts have proposed novel 
design concepts and structural types of emitters to improve 

hydraulic performance (Feng et al. 2017, Guo et al. 2014, 
Zhang et al. 2014, Yu et al. 2018). The flow index of the frac-
tal flow channel emitter, which was constructed using fractal 
theory, was between 0.49 and 0.53, significantly improving 
the turbulence degree of the fluid in the flow channel (Li et 
al. 2007). The two-way opposing channel improved energy 
dissipation efficiency by allowing the fluid in the channel 
to hedge and mix (Guo et al. 2016). The hydraulic perfor-
mance of the perforated drip irrigation emitter based on a 
perforated plate construction was good, with a flow index 
of 0.47-0.51 (Xing et al. 2021). The development and use 
of drip irrigation emitters benefited greatly from the design 
of a novel emitter channel.

Based on the similarity between the drip irrigation emit-
ter and the pit structure of the plant xylem, the optimized 
structure of the pit drip irrigation emitter was designed (Xu 
& Zhang 2019, 2020). The pit structure optimized drip 
irrigation emitter (PODE) was used as the research object 
in this article, and the numerical simulation and test were 
used to obtain pressure and flow rate in the flow channel, 
and the hydraulic performance was used to analyze the drip 
irrigation emitter’s flow mechanism. It can: (1) obtain the 
flow index and the energy loss coefficient of the PODE, (2) 
analyze the influence of geometric parameter changes on the 
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performance of the PODE, and (3) evaluate the prediction 
model and flow characteristics of the PODE. The results 
provide a reference for the new bionic drip irrigation emitters 
and offer a deeper understanding of channel design in the 
drip irrigation technology.

MATERIALS AND METHODS

Flow Channel Structure Design

The PODE was designed according to the torus-margo 
bordered pit structure in plant xylem tracheids (Fig. 1a). 
Preliminary work (Xu & Zhang. 2020) found that the PODE 
had better working performance than the pit drip irrigation 
emitter (PDIE). The structure of PDIE and PODE are shown 
in Fig. 1b & 1c.

Numerical Simulation Model

Control Equation
The non-direct numerical simulation method was chosen 
to be investigated in this research. The standard k–model 
was found to have a lot of application in the PODE model’s 
turbulent flow. The control equations are as follows:
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In the model, the turbulent dissipation rate ε is defined as: 
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Turbulent viscosity µt can be expressed as a function of k and ε as follows: 
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Where Gk is the generation term of the turbulent energy k due to the average velocity gradient, Gb is the generation 
term of the kinetic energy k caused by buoyancy, YM represents the contribution of pulsation expansion in 
compressible turbulence, C1Ɛ, C2Ɛ, and C3Ɛ are the empirical constant, σk and σƐ are the Prandtl numbers 
corresponding to the kinetic energy k and the turbulent dissipation rate ε, respectively. Sk and SƐ are user-defined 
source items. 

Structure and Geometric Parameters 

The PODE model was composed of an inlet, flow channel, and outlet (Fig. 2). The flow channel included pit aperture 
P(mm), pit depth D(mm), arc angle A(°), bottom height B(mm), and right width C(mm) (Fig. 3a).  
The value range of geometric structural parameters of the flow channel was as follows: P was 0.6 mm-1.0 mm, D 
was 1.0 mm-1.4 mm, A was 85°-95°, B was 0.25 mm-0.45 mm, C was 0.12 mm-0.24 mm. The depth of the PODE 
model depth was 0.8 mm and the number of channel units was 10. 

 

Fig. 2: Schematic diagram of the PODE model. 

Meshing and Boundary Conditions 

The PODE model was built using SolidWorks software. ANSYS MESH software was used to partition the model 
fluid domain grid. The unstructured tetrahedron and hexahedron meshes were utilized to mesh the whole channel 
due to the irregularity of the flow channel. The anticipated pressure drop difference was less than 0.5 percent, and 
the number of grids had no effect on the calculation findings, according to the prediction accuracy of the input and 
exit pressure drop. The maximum element size was 0.03 mm, the minimum element size 0.009 mm, and the total 
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Where Gk is the generation term of the turbulent energy k 
due to the average velocity gradient, Gb is the generation term 
of the kinetic energy k caused by buoyancy, YM represents 
the contribution of pulsation expansion in compressible 
turbulence, C1e, C2e, and C3e are the empirical constant, sk 
and se are the Prandtl numbers corresponding to the kinetic 
energy k and the turbulent dissipation rate ε, respectively. Sk 
and Se are user-defined source items.

Structure and Geometric Parameters

The PODE model was composed of an inlet, flow 
channel, and outlet (Fig. 2). The flow channel included pit 
aperture P(mm), pit depth D(mm), arc angle A(°), bottom 
height B(mm), and right width C(mm) (Fig. 3a). 
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(a) pit structure                (b) PDIE               (c) PODE 

Fig. 1: Schematic diagram of torus-margo bordered pit structure and optimization model. 
Fig. 1: Schematic diagram of torus-margo bordered pit structure and optimization model.
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C was 0.12 mm-0.24 mm. The depth of the PODE model 
depth was 0.8 mm and the number of channel units was 10.

Meshing and Boundary Conditions

The PODE model was built using SolidWorks software. AN-
SYS MESH software was used to partition the model fluid 
domain grid. The unstructured tetrahedron and hexahedron 
meshes were utilized to mesh the whole channel due to the 
irregularity of the flow channel. The anticipated pressure 
drop difference was less than 0.5 percent, and the number of 
grids had no effect on the calculation findings, according to 
the prediction accuracy of the input and exit pressure drop. 
The maximum element size was 0.03 mm, the minimum 
element size 0.009 mm, and the total mesh number of the 
flow channel was about 0.38 million. The fluid domain grid 
is shown in Fig. 3b.

The pressure values for the entrance of the flow channel 
were set to 50, 75, 100, 125, 150, 175, 200, 225, and 250 kPa, 
respectively, while the outflow border was set to the outflow 
boundary. The no-slip condition was applied to the whole 
channel’s wall faces. The computing hardware platform 
was the five PowerCube-S01 cloud cubes high-performance 
parallel computers, and the calculation software was ANSYS 
FLUENT 17.1.

Experimental Model and Scheme

Construction of the Experimental Model

The test rigs were 5 sets of test models. The test PODE struc-
ture was connected with the inner wall of the pipe (the contact 
surface was the front of the PODE). A pressure level set of 
tests was designed for each time 25 kPa increased within the 

Fig. 2: Schematic diagram of the PODE model.

mesh number of the flow channel was about 0.38 million. The fluid domain grid is shown in Fig. 3b. 
The pressure values for the entrance of the flow channel were set to 50, 75, 100, 125, 150, 175, 200, 225, and 

250 kPa, respectively, while the outflow border was set to the outflow boundary. The no-slip condition was applied 
to the whole channel's wall faces. The computing hardware platform was the five PowerCube-S01 cloud cubes high-
performance parallel computers, and the calculation software was ANSYS FLUENT 17.1. 

    
(a) Geometric parameters                         (b) Fluid domain meshing 

Fig. 3: Schematic diagram of the PODE model. 

Experimental Model and Scheme 

Construction of the Experimental Model 

The test rigs were 5 sets of test models. The test PODE structure was connected with the inner wall of the pipe (the 
contact surface was the front of the PODE). A pressure level set of tests was designed for each time 25 kPa increased 
within the pressure scope range of 50-250 kPa. Each test lasts 15 min, and each pressure level did 3 times of test 
measurements to take the average values. The flow channel of the PODE was made of plexiglass. A high-precision 
engraving machine, the EM-G32S-X32, was employed, with a manufacturing precision of 0.01mm and a repeatable 
positioning accuracy of 0.005 mm. The physical picture of the plexiglass test model is shown in Fig. 4. 

 
Fig. 4: Prototype of PODE models. 

Orthogonal Experiment Scheme 

The geometry structure parameters of PODE were five factors and five levels (Table 1). The structural schemes of 
PODE were designed according to the orthogonal experimental design table L25(56). The structural parameter 
scheme is shown in Table 2. 

Fig. 3: Schematic diagram of the PODE model.
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pressure scope range of 50-250 kPa. Each test lasts 15 min, 
and each pressure level did 3 times of test measurements to 
take the average values. The flow channel of the PODE was 
made of plexiglass. A high-precision engraving machine, 
the EM-G32S-X32, was employed, with a manufacturing 
precision of 0.01mm and a repeatable positioning accuracy 
of 0.005 mm. The physical picture of the plexiglass test 
model is shown in Fig. 4.

Orthogonal Experiment Scheme

The geometry structure parameters of PODE were five factors 
and five levels (Table 1). The structural schemes of PODE were 
designed according to the orthogonal experimental design table 
L25(56). The structural parameter scheme is shown in Table 2.

Calculation Method of Energy Loss Coefficient and Flow 
Index
The model can be used to examine the fluid flow in a pit 
structure optimized drip irrigation emitter using the energy 
conservation law (Bernoulli equation) (Fig. 5). Assuming 
that the flow between arbitrary sections satisfies the Bernoulli 
equation, which was written in sections from the inlet to the 

exit sections Z1, Z2, Zn as :
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Where Pn and Vn are the average pressure and flow velocity at section n, ρ is the fluid density, g is the acceleration 

of gravity, zn is the position head of water at the section, ξn−1 is the local loss coefficient of section n-1 to section n, 
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Where l1+l2+l3+···+ln-1=L, L is the total length of the flow channel. Positioning head due to the horizontal flow 

path, so Z1=Z2=Z3=···=Zn. 

Known by the continuity equation: 
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Where Pn and Vn are the average pressure and flow veloc-
ity at section n, ρ is the fluid density, g is the acceleration of 
gravity, zn is the position head of water at the section, ξn−1 is 
the local loss coefficient of section n-1 to section n, λ is the 
friction factor of head loss, ln−1 is the length between two 
adjacent sections, D is the hydraulic radius of the rectangular 
section flow channel, a and b are the width and depth of the 
flow channel section, the expression of D is:
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Fig. 4: Prototype of PODE models.

Table 1: Geometry parameters values of the flow channel.

Level Geometry parameters values

P.mm-1 D.mm-1 A.°-1 B.mm-1 C.mm-1

1 0.6 1.0 85 0.25 0.12

2 0.7 1.1 87.5 0.30 0.15

3 0.8 1.2 90 0.35 0.18

4 0.9 1.3 92.5 0.40 0.21

5 1.0 1.4 95 0.45 0.24

Note: P is the distance of pit aperture (mm); D is the distance of pit depth (mm); A is the arc angle of the torus (°); B is the distance of 
bottom height (mm); C is the distance of right width (mm).
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Add the two sides of the equations of Eq. (4) so that:
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Where Pn and Vn are the average pressure and flow velocity at section n, ρ is the fluid density, g is the acceleration 

of gravity, zn is the position head of water at the section, ξn−1 is the local loss coefficient of section n-1 to section n, 

 is the friction factor of head loss, ln−1 is the length between two adjacent sections, D is the hydraulic radius of the 
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Where l1+l2+l3+···+ln-1=L, L is the total length of the flow channel. Positioning head due to the horizontal flow 

path, so Z1=Z2=Z3=···=Zn. 
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Where Pn and Vn are the average pressure and flow velocity at section n, ρ is the fluid density, g is the acceleration 

of gravity, zn is the position head of water at the section, ξn−1 is the local loss coefficient of section n-1 to section n, 
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Where Pn and Vn are the average pressure and flow velocity at section n, ρ is the fluid density, g is the acceleration 

of gravity, zn is the position head of water at the section, ξn−1 is the local loss coefficient of section n-1 to section n, 
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Where l1+l2+l3+···+ln-1=L, L is the total length of the flow channel. Positioning head due to the horizontal flow 
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Where Pn and Vn are the average pressure and flow velocity at section n, ρ is the fluid density, g is the acceleration 

of gravity, zn is the position head of water at the section, ξn−1 is the local loss coefficient of section n-1 to section n, 
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Where l1+l2+l3+···+ln-1=L, L is the total length of the flow channel. Positioning head due to the horizontal flow 
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Where Pn and Vn are the average pressure and flow velocity at section n, ρ is the fluid density, g is the acceleration 

of gravity, zn is the position head of water at the section, ξn−1 is the local loss coefficient of section n-1 to section n, 

 is the friction factor of head loss, ln−1 is the length between two adjacent sections, D is the hydraulic radius of the 

rectangular section flow channel, a and b are the width and depth of the flow channel section, the expression of D 
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Where l1+l2+l3+···+ln-1=L, L is the total length of the flow channel. Positioning head due to the horizontal flow 

path, so Z1=Z2=Z3=···=Zn. 
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Where Pn and Vn are the average pressure and flow velocity at section n, ρ is the fluid density, g is the acceleration 

of gravity, zn is the position head of water at the section, ξn−1 is the local loss coefficient of section n-1 to section n, 
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Where l1+l2+l3+···+ln-1=L, L is the total length of the flow channel. Positioning head due to the horizontal flow 

path, so Z1=Z2=Z3=···=Zn. 
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In Eq. (11a, b), ξ is the flow channel energy loss coefficient (frictional head loss and local head loss), q is the average 

flow rate of the flow channel. Obviously, ξ reflects the energy dissipation capacity of pit structure optimized drip 

irrigation emitter flow channel. The expression of q is: 
xkHq                           …(12) 

Where k is the flow coefficient; H is the inlet pressure, kPa; x is the flow index. 

 

Fig. 5: Schematic diagram of water flow in PODE flow channel. 

RESULTS AND DISCUSSION 

Flow-Pressure Relationship and Flow Index of Flow Channel 
The numerical simulation results of the orthogonal experiment are shown in Table 3. Formula (12) is used to fit the 
relationship between flow and pressure. The coefficient of determination was 0.996-0.999, and the regression 
equation had a good correlation. The flow index of different geometric parameters ranged from 0.4632 to 0.5265. 
Taking experiment schemes 21 and 22 as the example (Fig. 6), the root mean square error between the fitted value 
and the experimental value is 0.005 and 0.008 L.h-1, which more accurately reflects the relationship between the 
pressure and flow of the PODE. 

Table 3: Orthogonal experiment numerical simulation results. 
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Flow 
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Flow 
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1 1.467 0.1863 0.5265 14 2.685 0.3937 0.4914 

2 1.890 0.2573 0.5112 15 3.049 0.4416 0.4942 

3 2.269 0.3330 0.4925 16 1.611 0.2531 0.4735 

4 2.542 0.3748 0.4899 17 1.987 0.2909 0.4918 

5 2.77 0.4073 0.4904 18 2.519 0.3880 0.4778 

6 1.694 0.2403 0.4989 19 2.818 0.4279 0.4813 

7 2.017 0.3160 0.4735 20 2.596 0.3729 0.4964 

8 2.396 0.3499 0.4919 21 1.798 0.2929 0.4632 

9 2.280 0.3120 0.5102 22 2.206 0.3494 0.4705 

10 2.796 0.3931 0.5028 23 2.163 0.3292 0.4814 

11 1.840 0.2886 0.4734 24 2.631 0.3927 0.4870 

12 1.760 0.2435 0.5056 25 2.998 0.4350 0.4933 

13 2.152 0.3236 0.4854     

Note: q, flow rate value under inlet pressure 50 kPa; Flow index is estimated by the regression model. 
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In Eq. (11a, b), ξ is the flow channel energy loss coef-
ficient (frictional head loss and local head loss), q is the 
average flow rate of the flow channel. Obviously, ξ reflects 
the energy dissipation capacity of pit structure optimized 
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Where k is the flow coefficient; H is the inlet pressure, 
kPa; x is the flow index.

RESULTS AND DISCUSSION

Flow-Pressure Relationship and Flow Index of Flow 
Channel

The numerical simulation results of the orthogonal exper-
iment are shown in Table 3. Formula (12) is used to fit the 
relationship between flow and pressure. The coefficient of 
determination was 0.996-0.999, and the regression equation 
had a good correlation. The flow index of different geometric 
parameters ranged from 0.4632 to 0.5265. Taking experiment 
schemes 21 and 22 as the example (Fig. 6), the root mean 
square error between the fitted value and the experimental 
value is 0.005 and 0.008 L.h-1, which more accurately reflects 
the relationship between the pressure and flow of the PODE.

Energy Loss Mechanism and Velocity Distribution

The energy loss effect of the flow channel was solved by the 
Bernoulli equation (11b). The results showed that the energy 
loss coefficient of the channel structure was 510-2221 at 5-15 
m in the 25 experiment schemes (Table 4), which showed 
that the energy loss effect was obvious.

Take scheme 1 (maximum energy loss coefficient) and 
scheme 15 (minimum energy loss coefficient) under 50kpa 
pressure as an example. The fluid velocity at all points in 

Table 2: Orthogonal experiment scheme of the flow channel.

Level Geometry parameters values

P.mm-1 D.mm-1 A.°-1 B.mm-1 C.mm-1

1 0.6 1.0 85 0.25 0.12

2 0.6 1.1 87.5 0.30 0.15

3 0.6 1.2 90 0.35 0.18

4 0.6 1.3 92.5 0.40 0.21

5 0.6 1.4 95 0.45 0.24

6 0.7 1.0 87.5 0.35 0.21

7 0.7 1.1 90 0.40 0.24

8 0.7 1.2 92.5 0.45 0.12

9 0.7 1.3 95 0.25 0.15

10 0.7 1.4 85 0.30 0.18

11 0.8 1.0 90 0.45 0.15

12 0.8 1.1 92.5 0.25 0.18

13 0.8 1.2 95 0.30 0.21

14 0.8 1.3 85 0.35 0.24

15 0.8 1.4 87.5 0.40 0.12

16 0.9 1.0 92.5 0.30 0.24

17 0.9 1.1 95 0.35 0.12

18 0.9 1.2 85 0.40 0.15

19 0.9 1.3 87.5 0.45 0.18

20 0.9 1.4 90 0.25 0.21

21 1.0 1.0 95 0.40 0.18

22 1.0 1.1 85 0.45 0.21

23 1.0 1.2 87.5 0.25 0.24

24 1.0 1.3 90 0.30 0.12

25 1.0 1.4 92.5 0.35 0.15



492 Tianyu Xu et al.

Vol. 21, No. 2, 2022 • Nature Environment and Pollution Technology  

the flow channel was not the absolute flow velocities in the 
PODE (Fig. 7). The comparing velocities within different 

sites in the flow channel, on the other hand, were accurate. 
The arc structure on the left side of the torus caused the fluid 

Table 3: Orthogonal experiment numerical simulation results.

Level Flow rate
q. L·h-1

Flow
coefficient

Flow index Level Flow rate
q. L·h-1

Flow
coefficient

Flow index

1 1.467 0.1863 0.5265 14 2.685 0.3937 0.4914

2 1.890 0.2573 0.5112 15 3.049 0.4416 0.4942

3 2.269 0.3330 0.4925 16 1.611 0.2531 0.4735

4 2.542 0.3748 0.4899 17 1.987 0.2909 0.4918

5 2.77 0.4073 0.4904 18 2.519 0.3880 0.4778

6 1.694 0.2403 0.4989 19 2.818 0.4279 0.4813

7 2.017 0.3160 0.4735 20 2.596 0.3729 0.4964

8 2.396 0.3499 0.4919 21 1.798 0.2929 0.4632

9 2.280 0.3120 0.5102 22 2.206 0.3494 0.4705

10 2.796 0.3931 0.5028 23 2.163 0.3292 0.4814

11 1.840 0.2886 0.4734 24 2.631 0.3927 0.4870

12 1.760 0.2435 0.5056 25 2.998 0.4350 0.4933

13 2.152 0.3236 0.4854

Note: q, flow rate value under inlet pressure 50 kPa; Flow index is estimated by the regression model.
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In Eq. (11a, b), ξ is the flow channel energy loss coefficient (frictional head loss and local head loss), q is the average 

flow rate of the flow channel. Obviously, ξ reflects the energy dissipation capacity of pit structure optimized drip 

irrigation emitter flow channel. The expression of q is: 
xkHq                           …(12) 

Where k is the flow coefficient; H is the inlet pressure, kPa; x is the flow index. 

 

Fig. 5: Schematic diagram of water flow in PODE flow channel. 

RESULTS AND DISCUSSION 

Flow-Pressure Relationship and Flow Index of Flow Channel 
The numerical simulation results of the orthogonal experiment are shown in Table 3. Formula (12) is used to fit the 
relationship between flow and pressure. The coefficient of determination was 0.996-0.999, and the regression 
equation had a good correlation. The flow index of different geometric parameters ranged from 0.4632 to 0.5265. 
Taking experiment schemes 21 and 22 as the example (Fig. 6), the root mean square error between the fitted value 
and the experimental value is 0.005 and 0.008 L.h-1, which more accurately reflects the relationship between the 
pressure and flow of the PODE. 

Table 3: Orthogonal experiment numerical simulation results. 

Level 
Flow rate 

q. L·h-1 

Flow 

coefficient 
Flow index Level 

Flow rate 

q. L·h-1 

Flow 

coefficient 
Flow index 

1 1.467 0.1863 0.5265 14 2.685 0.3937 0.4914 

2 1.890 0.2573 0.5112 15 3.049 0.4416 0.4942 

3 2.269 0.3330 0.4925 16 1.611 0.2531 0.4735 

4 2.542 0.3748 0.4899 17 1.987 0.2909 0.4918 

5 2.77 0.4073 0.4904 18 2.519 0.3880 0.4778 

6 1.694 0.2403 0.4989 19 2.818 0.4279 0.4813 

7 2.017 0.3160 0.4735 20 2.596 0.3729 0.4964 

8 2.396 0.3499 0.4919 21 1.798 0.2929 0.4632 

9 2.280 0.3120 0.5102 22 2.206 0.3494 0.4705 

10 2.796 0.3931 0.5028 23 2.163 0.3292 0.4814 

11 1.840 0.2886 0.4734 24 2.631 0.3927 0.4870 

12 1.760 0.2435 0.5056 25 2.998 0.4350 0.4933 

13 2.152 0.3236 0.4854     

Note: q, flow rate value under inlet pressure 50 kPa; Flow index is estimated by the regression model. 

Fig. 5: Schematic diagram of water flow in PODE flow channel.
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Fig. 6: Relationship between flow rate and pressure for test schemes 21 and 22. 

Energy Loss Mechanism and Velocity Distribution 
The energy loss effect of the flow channel was solved by the Bernoulli equation (11b). The results showed that the 
energy loss coefficient of the channel structure was 510-2221 at 5-15 m in the 25 experiment schemes (Table 4), 
which showed that the energy loss effect was obvious. 

Table 4: Energy loss coefficient of PODE in different schemes at 5-15m. 

Scheme Energy loss coefficient Scheme Energy loss coefficient 

1 2064~2221 14 659~677 

2 1279~1338 15 510~523 

3 911~942 16 1842~2017 

4 738~760 17 1209~1239 

5 621~639 18 753~804 

6 1653~1698 19 602~638 

7 1174~1275 20 704~715 

8 832~853 21 1478~1665 

9 875~919 22 982~1078 

10 598~611 23 1021~1081 

11 1411~1535 24 687~714 

12 1505~1556 25 530~544 

13 1030~1074   

Take scheme 1 (maximum energy loss coefficient) and scheme 15 (minimum energy loss coefficient) under 50kpa 
pressure as an example. The fluid velocity at all points in the flow channel was not the absolute flow velocities in 
the PODE (Fig. 7). The comparing velocities within different sites in the flow channel, on the other hand, were 
accurate. The arc structure on the left side of the torus caused the fluid coming into the pit aperture to flow up and 
down at both ends, resulting in two high-speed areas at the arc boundary. The complete low-speed vortex is not 
observed in Fig. 7. The junction of the two units in scheme 1 and the upper and lower boundaries on the left side of 
the unit in scheme 2 produced low-speed mixing. It was discovered that the energy loss impact of the PODE model 
was related to the flow rate and velocity distribution by combining the flow velocity distribution and geometric 
structural factors. The low-flow PODE model in the mixing area at the unit connection had a better energy loss 
effect. 
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Fig. 6: Relationship between flow rate and pressure for test schemes 21 and 22.



493HYDRAULIC PERFORMANCE AND ENERGY LOSS EFFECT OF PODE

Nature Environment and Pollution Technology • Vol. 21, No. 2, 2022

Table 5: Range analysis results for orthogonal experiment.

Scheme Flow index

Level P.mm-1 D.mm-1 A.°-1 B.mm-1 C.mm-1

Ki value 1 2.5105 2.4355 2.4690 2.5201 2.4914
2 2.4773 2.4526 2.4526 2.4599 2.4659

3 2.4500 2.4290 2.4290 2.4679 2.4454

4 2.4208 2.4598 2.4542 2.3986 2.4411

5 2.3954 2.4771 2.4410 2.4075 2.4102

Ki avg value 1 0.5021 0.4871 0.4938 0.50402 0.49828

2 0.49546 0.49052 0.49052 0.49198 0.49318

3 0.49000 0.48580 0.48580 0.49358 0.48908

4 0.48416 0.49196 0.49084 0.47972 0.48822

5 0.47908 0.49542 0.48820 0.48150 0.48204

Best level 1 5 1 1 1

R 0.0230 0.0096 0.0080 0.0243 0.0162

Number of levels 5 5 5 5 5

Number of repeats per level r 5 5 5 5 5

Note: Ki is the sum of the flow index for level i; Ki avg is the arithmetic mean of Ki
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Fig. 7: Relationship between flow rate and pressure for experimental schemes 1 and 15. 

Influencing Factors of Flow Index 
Based on the range analysis of the flow index simulation values (Table 3), the results are shown in Table 5. The 
range value showed that the order of the influence of each geometric parameter on the flow index was B>P>C>D>A. 
The optimal solution was P0.6D1.4A85B0.25C0.12. 
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Based on the range analysis of the flow index simulation values (Table 3), the results are shown in Table 5. The 
range value showed that the order of the influence of each geometric parameter on the flow index was B>P>C>D>A. 
The optimal solution was P0.6D1.4A85B0.25C0.12. 
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Level P.mm-1 D.mm-1 A.°-1 B.mm-1 C.mm-1 
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coming into the pit aperture to flow up and down at both 
ends, resulting in two high-speed areas at the arc boundary. 
The complete low-speed vortex is not observed in Fig. 7. 
The junction of the two units in scheme 1 and the upper and 
lower boundaries on the left side of the unit in scheme 2 
produced low-speed mixing. It was discovered that the en-
ergy loss impact of the PODE model was related to the flow 
rate and velocity distribution by combining the flow velocity 
distribution and geometric structural factors. The low-flow 
PODE model in the mixing area at the unit connection had 
a better energy loss effect.

Influencing Factors of Flow Index

Based on the range analysis of the flow index simulation 
values (Table 3), the results are shown in Table 5. The range 
value showed that the order of the influence of each geometric 
parameter on the flow index was B>P>C>D>A. The optimal 
solution was P0.6D1.4A85B0.25C0.12.

Further analysis of the trend of the relationship between 
each parameter and the flow index (Fig. 8), it can be seen 
that the flow index decreases with the increase of P, A, B, 
and C, and increases with the increase of D.

The analysis of variance (Table 6) showed that the cor-
responding P-value of factor B is less than 0.05, which had 
a significant influence on the flow index, while the factors P, 
D, A, and C have no significant influence on the flow index.

Establishment and Verification of Flow Index 
Prediction Model

Based on the results of the orthogonal experiment, SPSS 

software was used to perform a multiple linear regression 
with a confidence level of 95%, and the regression model 
between the flow index and each parameter was calculated as

B 0.0020 4 0.0005 3.2037 0.0347 

C 0.0007 4 0.0002 0.8528 0.5087 

Establishment and Verification of Flow Index Prediction Model 
Based on the results of the orthogonal experiment, SPSS software was used to perform a multiple linear regression 
with a confidence level of 95%, and the regression model between the flow index and each parameter was calculated 
as 

C.B.A.D.P..x 124801146000060018100573062650          …(13) 
The regression coefficient significance test F statistic value of this model was 21.144, the coefficient of 

determination R2 was 0.85, the significance level Sig.=0.000, the regression effect was significant, and the 
established regression equation was valid. 

To further verify the reliability of the regression model, three groups of different sizes were selected within the 
range of geometric parameters (Table 7), and the model samples were processed for testing, the simulation values 
and test values of the flow index, and the estimated values of the regression model were showed in Table 7. The 
calculation showed that the relative error of the flow index was -1.80% to 1.29%, which was less than 5%, indicating 
that the regression model of formula (13) can accurately reflect the quantitative relationship between the flow index 
and the geometric parameters of the flow channel. The formula (13) can be used to pre-research and evaluate the 
flow index of this type of drip irrigation emitter, which improved the effectiveness of the drip irrigation emitter test 
arrangement to a certain extent. 

Table 7: Verification scheme and results. 

Level 

Geometry parameters values Flow index Error/% 

P.mm-

1 

D.mm-

1 
A.° -1 

B.mm-

1 
C.mm-1 

Simulation  

value 

Test 

value 

Estimated 

value 
S/E T/E 

1 0.6 1.0 90 0.40 0.21 0.4905 0.4898 0.4842 1.29% 1.14% 

2 0.8 1.2 92.5 0.30 0.15 0.4965 0.4905 0.4938 0.55% -0.67% 

3 0.9 1.4 87.5 0.25 0.12 0.4988 0.4953 0.5042 -1.07% -1.80% 

CONCLUSION 

(1) The geometric parameter design of the OSPE was carried out. The flow index obtained by the orthogonal 
experiment was 0.4632-0.5265, indicating that its hydraulic performance was good. The energy loss coefficient 
under the pressure head of 5-15 m was 510-2221. Compared with the traditional unit flow channel structure, the 
energy loss effect was significantly improved, indicating that the structure of this type of drip irrigation emitter was 
reasonable and has application prospects. 

(2) There was no low-speed vortex zone in the model flow channel, and the anti-clogging performance was 
good. The results showed that the flow index decreased with the increase of P, A, B, and C, and increased with the 
increase of D. B had a significant effect on the flow index, while the other parameters had no significant effect on 
the flow index. The influence order of the geometric parameters on the flow index was B>P>C>D>A, The optimal 
solution was P0.6D1.4A85B0.25C0.12. 

(3) The flow index prediction model was established, and the relative error among the test value, simulated 
value, and estimated value was less than 5%, which proved the accuracy and reliability of the regression model. 

         
  …(13)

The regression coefficient significance test F statistic 
value of this model was 21.144, the coefficient of deter-
mination R2 was 0.85, the significance level Sig.=0.000, 
the regression effect was significant, and the established 
regression equation was valid.

To further verify the reliability of the regression model, 
three groups of different sizes were selected within the range 
of geometric parameters (Table 7), and the model samples 
were processed for testing, the simulation values and test 
values of the flow index, and the estimated values of the 
regression model were showed in Table 7. The calculation 
showed that the relative error of the flow index was -1.80% to 
1.29%, which was less than 5%, indicating that the regression 
model of formula (13) can accurately reflect the quantitative 
relationship between the flow index and the geometric pa-
rameters of the flow channel. The formula (13) can be used 
to pre-research and evaluate the flow index of this type of 
drip irrigation emitter, which improved the effectiveness of 
the drip irrigation emitter test arrangement to a certain extent.

CONCLUSION

 (1) The geometric parameter design of the OSPE was 
carried out. The flow index obtained by the orthog-
onal experiment was 0.4632-0.5265, indicating that 

Table 6: Variance analysis of the effect of geometric parameters on flow index.

Variance source Sum of square Degree of freedom Mean sum of square F Value P-Value

P 0.0016 4 0.0004 2.4511 0.0794

D 0.0003 4 0.0001 0.3153 0.8643

A 0.0003 4 0.0001 0.3153 0.8643

B 0.0020 4 0.0005 3.2037 0.0347

C 0.0007 4 0.0002 0.8528 0.5087

Table 7: Verification scheme and results.

Level Geometry parameters values Flow index Error/%

P.mm-1 D.mm-1 A.° -1 B.mm-1 C.mm-1 Simulation 
value

Test
value

Estimated 
value

S/E T/E

1 0.6 1.0 90 0.40 0.21 0.4905 0.4898 0.4842 1.29% 1.14%

2 0.8 1.2 92.5 0.30 0.15 0.4965 0.4905 0.4938 0.55% -0.67%

3 0.9 1.4 87.5 0.25 0.12 0.4988 0.4953 0.5042 -1.07% -1.80%
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its hydraulic performance was good. The energy loss 
coefficient under the pressure head of 5-15 m was 510-
2221. Compared with the traditional unit flow channel 
structure, the energy loss effect was significantly im-
proved, indicating that the structure of this type of drip 
irrigation emitter was reasonable and has application 
prospects.

 (2) There was no low-speed vortex zone in the model flow 
channel, and the anti-clogging performance was good. 
The results showed that the flow index decreased with 
the increase of P, A, B, and C, and increased with the 
increase of D. B had a significant effect on the flow in-
dex, while the other parameters had no significant effect 
on the flow index. The influence order of the geometric 
parameters on the flow index was B>P>C>D>A, The 
optimal solution was P0.6D1.4A85B0.25C0.12.

 (3) The flow index prediction model was established, and 
the relative error among the test value, simulated value, 
and estimated value was less than 5%, which proved the 
accuracy and reliability of the regression model.
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