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Abstract: The leaf-vein drip irrigation emitter is a new type of drip emitter based on a bionic structure able to support shunting, sharp turns, and increased dissipation. In the present work, the results of twenty-five tests executed in the framework of an orthogonal design strategy are presented in order to clarify the influence of the geometrical parameters of the flow channel on the hydraulic characteristics of such emitter. The corresponding flow index and head loss coefficient are determined through numerical simulations and model testing. The results show that the flow index of the flow channel is 0.4970∼0.5461, which corresponds to good hydraulic performances. The head loss coefficient of the flow channel is 572.74∼3933.05, which in turn indicates a good energy dissipation effect. The order of influence of the leaf vein flow channel parameters on the flow index can be represented in a synthetic way as a > b > c > d > e, where (a) is the width of the inlet, (b) is the horizontal distance of the front water inlet, (c) is the vertical distance of the inner edge of the front end, (d) is the horizontal distance of the rear water outlet and (e) is the vertical distance of the outer edge of the front end. The flow index increases with d, decreases with a, first decreases, and then increases with b, and first increases and then decreases with the increase of c and e. The coefficient (R2) of the fitted model related to geometric parameters and flow index is 0.9986–0.9999. The relative errors among experimental testing, simulation calculation and predictive estimates are shown to be less than 5%.
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1  Introduction

Drip irrigation is one of the high-efficiency water-saving irrigation technologies in agriculture [1]. The pressurized water is transported to the vicinity of crop roots in the field through pipes, and the excess energy of the pressurized water is eliminated by the drip irrigation emitter to achieve uniform irrigation [2]. The flow channel structure could directly affect the uniformity and anti-clogging ability of the drip irrigation system [3–5], while the large structure parameters would cause a decrease in irrigation uniformity, and the small structure parameters would cause the blockage of the irrigation emitter [6]. In serious cases, the whole drip irrigation system would not work normally [7,8]. Many scholars have proposed new design concepts and structure types for drip irrigation emitters [9–11]. The fractal channel of the drip emitter was designed by the fractal theory, and it had a flow index between 0.49 and 0.53, which effectively improved the degree of turbulence of the fluid in the flow [12]. A bidirectional offset flow drip irrigation emitter produced positive and negative two-way flow mixing to increase the energy dissipation effect and improved the hydraulic performance [13].

Plants have been an indispensable part of the biological circulation system. Many inventions and creations originated from the biomimetics of plant structures or forms [14]. Xu et al. [15,16] designed a pit drip irrigation emitter by using plant bionic technology and analyzed the relationship between structural parameters and low-velocity vortex through experiments and numerical simulation. The optimization of flow channel improved the anti-clogging ability by increasing the flow resistance and reducing the low-velocity vortex zone. Xing et al. [17] designed a perforated plate drip irrigation device by the biomimetic xylem perforated plate structure, which established sixteen orthogonal schemes to study the hydraulic performance and energy dissipation mechanism, and found that the hydraulic performance in the high-pressure zone was the best. The bionic design of plant structure had some incomparable advantages over artificial structure design [18,19]. The plant leaf vein was the channel of leaf water transmission, which had good anti-hypertension ability [20,21].

In this study, the structure and function of leaf vein were studied macroscopically, and a leaf vein fractal drip irrigation emitter was proposed. This proposed bionic drip irrigation emitter called a “leaf vein drip irrigation emitter” were examined by experimental and numerical simulation testing [22,23]. Numerical simulation mainly studied the water flow distribution and energy dissipation mechanism [24,25], and the experimental testing was mainly used to study hydraulic performance and energy dissipation effect [26]. The structural parameters of the leaf veins flow channel were optimized by orthogonal experiments [27], and hydraulic performance testing were carried out to calculate the head loss coefficient. It can: (1) obtain the relationship between the flow index and geometry parameters of leaf veins drip irrigation emitter; (2) evaluate the head loss coefficient and influencing factors of flow index; (3) establish and verify the prediction model of flow index. The results will provide a new method for the design of drip irrigation emitters.

2  Materials and Methods

2.1 The Bionic Flow Channel Design of Leaf Vein

The veins of plants were the channels of water transfer in leaves, which had a good ability to reduce water pressure [20,21]. The structure and function of leaf veins at the macro scale were studied, and a structure of leaf vein fractal drip irrigation emitter was proposed. The leaf vein structure of Cinnamomum camphora (L.) Presl belongs to the conventional leaf vein shape, which is as a bionic sample tree (Fig. 1a). The tree leaves were heated and boiled in 5% to 10% NaOH solution until the mesophyll rotted. During the heating process, the degree of mesophyll decay was checked regularly to avoid the leaf veins and mesophyll separating due to the long heating time. The boiled leaves were washed several times in pure water, and the mesophyll was washed away along the direction of the veins. The cleaned veins were dehydrated, and the samples were put into a root scanner to obtain the image of the vein distribution (Fig. 1b). The bionic application of drip irrigation structure was performed in the square area in the leaf vein distribution graph. The flow index and flow rate requirements of drip irrigation emitters were pre-researched and tested, and the range of geometric parameters was preliminarily determined. The flow channel design is shown in Fig. 1c, where (a) is the width of the inlet, (b) is the horizontal distance of the front water inlet, (c) is the vertical distance of the inner edge of the front end, (d) is the horizontal distance of the rear water outlet, (e) is the vertical distance of the outer edge of the front end, (h) is the length of the unit structure, and (f) is the width of the unit structure. The horizontal distance between the upper and lower sharp corners is 0.5 mm, h = 2b + 2d + 0.5, f = 2e + 2c + a.

[image: images]

Figure 1: Structure diagram of the emitter unit

2.2 Energy Dissipation Principle and Model Construction

The position of the leaf vein drip irrigation emitter in the pipeline is shown in Fig. 2a, and the energy dissipation principle is shown in Fig. 2b. The leaf vein flow channel can be divided into shunt zone, sharp turn zone, and confluence collision zone under the action of the internal oblique Z-shaped baffle. The pressurized water enter the flow channel where it is first blocked by the oblique Z-shaped baffle, and the water is divided into two parts in the horizontal and inclined directions. The two parts are blocked by the baffle and boundary respectively and underwent a sharp turn. After two sharp turns, the two-part flows are confluent and mixed at the end of the unit, and this process is repeated in the next flow channel unit. After repeated energy consumption, the pressurized water flow will eventually achieve the effect of energy dissipation and steady flow, so that the outflow of the leaf vein drip irrigation device tends to be stable.
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Figure 2: Working principle of leaf vein flow channel

The structure of the leaf vein drip irrigation emitter is shown in Fig. 3, and it is composed of three parts: the water inlet, the leaf vein flow channel, and the water outlet. The leaf vein flow channel includes several periodic unit structures, and each unit structure is composed of an asymmetric toothed structure, and an oblique Z-shaped baffle. The depth of flow channel is 0.6 mm, and the number of flow channel units is 10.
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Figure 3: The structure of leaf vein drip irrigation emitter

2.3 Governing Equations and Boundary Conditions of Leaf Vein Drip Irrigation Emitter

The standard k-ε model was used to describe the flow characteristics of the leaf vein flow channel. The finite volume method was used for spatial discretization. The SIMPLEC method was used to couple the pressure and velocity equations, and the convergence accuracy of residual was 1 × 10−5. The inlet pressure was set to 50 kPa, and evenly increased to 250 kPa in increments of 25 kPa. The outlet conditions of the flow channel was the outflow boundary, and the wall surface of the flow channel was the no-slip condition. The leaf vein flow channel was divided by unstructured mesh of tetrahedron and hexahedron shapes, and a certain mesh refinement was performed at the corners of the leaf vein flow channel structure. The grid density independence test predicted that the pressure drop error was 0.24% (as shown in Table 1), and it was believed that the standard grid had no influence on the calculation results. The mesh size was 0.0603 to 0.0201 mm, and the total number of flow channel meshes was about 125136. The mesh of the leaf vein flow channel is shown in Fig. 4.
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Figure 4: Fluid domain grid

2.4 Test Method

In this study, the SolidWorks computer application was used to design the leaf vein flow channel model, and the equal-scale leaf vein drip irrigation emitter made of plexiglass was engraved with high-precision cutting machine (manufacturing accuracy of 0.01 mm). The experimental test was performed using clean water. Three drip irrigation pipes were set up in the test device, and each pipe was equipped with three drip irrigation emitters, totaling nine leaf vein drip irrigation emitters [27]. The flow rate of the drip irrigation emitter was tested at the working pressure of 50 kPa, and then it was tested every 25 kPa at 1.0–5.0 times the working pressure. Each test time was 5 min, and each test was repeated 3 times. The water output per test was recorded with a measuring cylinder, and the average value was calculated. The relevant regression analysis was carried out to obtain the relationship curve between the flow rate and the pressure. The physical model of the leaf vein drip irrigation emitter is shown in Fig. 5.
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Figure 5: Physical model of leaf vein flow channel

2.5 Orthogonal Experimental Scheme

Generally, the flow rate of the drip irrigation emitter was ≤12 L/h [13], and the flow index and flow rate were used as the basic values of geometric parameters. To meet the expected requirements, the range of values of the various geometric parameters of the leaf vein flow channel was determined as presented in Table 2.
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To arrange the test points neatly, regularly, and evenly, the test scheme was representative. L25(56) was selected for the experimental design, combined with the “orthogonality” feature of the orthogonal experimental design. The orthogonal design scheme is presented in Table 3.
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2.6 Index Measurement and Calculation Method

The hydraulic performance of the leaf vein drip irrigation channel was analyzed by measuring the flow rate and pressure. The type of flow channel structure directly affected the flow index of the emitter, which was an important factor reflecting its hydraulic performance. The flow index reflected the sensitivity of the flow regime and flow rate to pressure changes. The smaller the flow index had the better the hydraulic performance. In a certain pressure range, the formula is expressed as:


q=kHx
(1)

where q is the flow rate under a certain pressure (L/h), H is the inlet pressure (kPa), k is the flow coefficient; x is the flow index.

The energy conservation law was used to calculate the head loss of the flow channel to verify the energy dissipation effect of the leaf vein drip irrigation emitter. The flow in any cross-section from the inlet to the outlet of the leaf vein channel satisfied Bernoulli’s equation (Fig. 6):
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Figure 6: Schematic diagram of flow mechanism of leaf vein drip irrigation emitter


P1ρg+v122g+z1=P2ρg+v222g+z2+ξ1v222g+λL1v228DgP2ρg+v222g+z1=P3ρg+v322g+z3+ξ2v322g+λL2v328Dg⋅⋅⋅⋅⋅⋅Pn−1ρg+vn−122g+zn−1=Pnρg+vn22g+zn+ξn−1vn22g+λLn−1vn28Dg
(2)

where Vn and Pn are the average velocity and pressure at section n, respectively, g is the gravitational acceleration (m/s2), zn is the elevation head at the section (m), ρ is the liquid density (kg/m3), ξn−1 is the dissipation coefficient from section n − 1 to n, λ is the friction head loss, Ln−1 is the length between two adjacent sections (m), D is the hydraulic radius (m), w is the width of the section (m), s is the depth of the section (m).


D=Aχ=ws2(w+s)
(3)

The terms on both sides of Eq. (2) were added in turn to get:


P1−Pnρg=zn−z1+ξ1v222g+ξ2v322g+⋅⋅⋅+ξn−1vn22g+λLvn28Dg
(4)

where L1 + L2 + L3 + … + Ln−1 = L, L is the total length of the leaf vein flow channel. The leaf vein flow channel is placed horizontally, and the potential head is Z1 = Z2 = Z3 = … = Zn. It can be known from the continuity equation:


V1A1=V2A2=V3A3=⋅⋅⋅=VnAn
(5)

where Ai (i = 1, 2, …, n) is the flow area at the corresponding section. Substituted Eq. (5) into Eq. (4) to get:


ΔPρg=[λ(A1An)2L4D+∑i=1n−1(A1Ai+1)2ξi]V122g
(6)

If that,


ξ=[λ(A1An)2L4D+∑i=1n−1(A1Ai+1)2ξi]
(7)

Eq. (6) can be simplified as:


ΔPρg=ξV122g
(8)

Can be expressed as:


ξ=2V12⋅ΔPρ
(9)

Or expressed by flow:


ξ=2w2s2q2⋅ΔPρ
(10)

where ξ is the head loss coefficient of the leaf vein flow channel, ΔP is the pressure drop from the inlet to the outlet, q is the average flow rate. The ξ is the energy dissipation effect of internal leaf vein structure in drip irrigation emitter. Eqs. (9) and (10) give the physical and mechanical relationship among geometric characteristics, water transport force, and transport driving force of the drip irrigation emitter structure. The energy dissipation mechanism of the leaf vein drip irrigation emitter was thus revealed.

3  Results

3.1 The Flow-Pressure Relation and Flow Index of Leaf Vein Drip Irrigation Emitter

The results of the numerical simulation of the orthogonal experiments are presented in Table 4. The flow and pressure of the leaf vein flow channel were fitted using Eq. (1), and the obtained coefficient of determination was 0.9986–0.9999, indicating that the fitting effect was good.
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Experiment schemes 6 and 24 were selected for analysis (Fig. 7), and the root mean square errors of the fitted and simulated values were 0.01387 and 0.0091 L/h, respectively, indicating that the regression equation reflected the correlation between flow and pressure well.
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Figure 7: Relationship between flow rate and pressure for experimental schemes 6 and 24

3.2 Energy Dissipation Effect of the Flow Channel

The head loss was calculated by Eq. (10). The results showed that the head loss of the 25 experimental schemes was 572.74∼3933.05, indicating that there was an obvious energy dissipation effect (Table 5).
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Fig. 8 shows the distribution of the flow velocity at each position inside the leaf vein flow channel under the working pressure of 50 kPa. The velocities are represented by different colors, from blue to red (increasing from blue to red), and it is obvious that the flow velocity was gradually increased. The closer the color of the flow velocity is to red, the higher the flow velocity while, the closer the color of the flow velocity is to blue, the lower the flow velocity. The flow velocity at each point of the leaf vein flow channel does not represent the absolute velocity therefore, comparison of the relative velocity at each point was feasible. The maximum velocity of experimental scheme 14 was 3.4 m/s, and the maximum velocity of experimental scheme 17 was 2.80 m/s. From these two experimental models it can be seen that the velocity distribution of each flow channel unit was similar, and a low-velocity flow was generated at the corners of the flow channel unit. The upper and lower ends of the flow channel of experimental scheme 14 had a complete low-velocity vortex, and the confluence collision zone of the flow channel of experimental scheme 17 had a complete low-velocity vortex, which could effectively improve the energy dissipation effect.

[image: images]

Figure 8: Flow velocity profiles of experimental schemes 14 and 17

3.3 Influence of Factors on Flow Index

The range of values resulting from an analysis based on the simulation values of the flow index (Table 4) are presented in Table 6. The results showed that the order of influence of structure parameters on the flow index was a > b > c > d > e. The optimal solution of the orthogonal experiment was a0.7b0.3c0.7d0.2e0.7.
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It is evident that the flow index increased with the increase of d, decreased with the increase of a, first decreased, and then increased with the increase of b, and first increased and then decreased with the increase of c and e (Fig. 9).
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Figure 9: Effect of structural parameters on flow index

The analysis of variance (Table 7) showed that the p value of factor (a) was less than 0.05, meaning that factor (a) had a significant impact on the flow index. The p values of factors (b), (c), (d) and (e) were greater than 0.05, which means that these factors had no significant effect on the flow index.
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3.4 Establishment and Validation of Flow Index Prediction Model

Multiple linear regression analysis was performed on the results of the orthogonal experiments at a confidence level of 95%. The prediction model of the flow index and structural parameters was as follows:


x=0.5568−0.0609a−0.0099b−0.0157c+0.0252d+0.00002e
(11)

The coefficient of determination R2 on this model was 0.496, the significance level Sig. <0.001. This means that the prediction equation had a significant effect, and the regression model was feasible.

Further, verifying the feasibility of the predictive model, three groups of structure parameters with random values (Table 8) were selected for experimental testing, simulation calculation, and prediction estimation.
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The verification results showed that the relative error (Simulation value-Estimated value; Test value-Estimated value) of the flow index was −0.82%–2.89%, and the predictive model of Eq. (11) could accurately calculate the flow index of the leaf vein flow channel. This method pre-researched and evaluated the flow index of the leaf vein drip irrigation emitter, which reduced the cost of the test and improved the effectiveness of the emitter test arrangement.

4  Discussion

In this study, a new emitter flow channel structure based on a leaf vein was proposed, and the structural parameters of the flow channel play a key role in the hydraulic performance and energy dissipation effect [28]. The structural parameters that affect the flow index of the leaf vein drip irrigation emitter were studied by range analysis and analysis of variance. The results showed that the influence of each structural parameter was: a > b > c > d > e, indicating that the inlet width had a great influence on the flow index and therefore, the inlet width should not be set too small (easy to block).

According to the distribution law of flow velocity in the flow channel, the structural parameters had a great influence on the low-velocity vortex distribution. There were complete low-velocity vortices at the upper and lower ends of the flow channel in experimental scheme 14 but at the confluence collision zone of the flow channel of experimental scheme 17. This was similar to what was reported by Xu et al. [15] and Xing et al. [17] when they studied the influence of structural parameters on the hydraulic performance of a pit drip irrigation emitter and a perforated plate drip irrigation emitter respectively. Comparing experimental schemes 14 and 17, it was found that the energy dissipation effect of the flow channel was related to the low-velocity vortex and structural size.

The error between the results of the numerical simulation and the experimental results of the model was within 5%, indicating that the numerical simulation can reliably estimate the flow index. This was similar with the conclusions of Guo et al. [13]. They found that the experimental scheme with the lowest flow index was different from the experimental scheme with the best energy dissipation effect in orthogonal experiments, and the main explanation given was that the structural parameters had different effects on the flow channel size and low-vortex, resulting in different flow index and energy dissipation effects. A previous study [4,5], found that low-vortex will affect the anti-clogging ability of the flow channel. At present, the numerical simulation and experiments focused on the flow index and energy dissipation effect of the new type of emitters. To further improve the performance of leaf vein drip irrigation emitters, there are still some problems to be studied in the future.

1.    Optimizing the structure to improve hydraulic performance and energy dissipation effect of drip irrigation emitters.

2.    Adding particles of different sizes to study the anti-clogging ability of the flow channel.

In this paper, the relationship between flow index and structural parameters was preliminarily verified and analyzed, and the influence of geometric parameters on flow index was proved. The leaf vein drip irrigation emitters only made an orthogonal analysis on the key parameters. The actual factors that affect its performance may be more than those described in this article, so it needs to be further explored.

5  Conclusions

1.    In this paper, a leaf vein drip irrigation emitter was designed. The flow index obtained by the orthogonal experiment was 0.4970∼0.5566, which had a good hydraulic performance. There were areas/regions of low-vortex at the corners of the flow channel unit, and the energy dissipation effect of the flow channel was related to the low-velocity vortex and structural size. The head loss coefficient of the emitter was 572.74∼3933.05 under the pressure of 0.05∼0.25 MPa, and the energy dissipation effect was obvious, indicating that the structure of the leaf vein drip irrigation emitter was reasonable and had good prospects for real-world application.

2.    The flow index was affected by the structural parameters, and the order of influence was a > b > c > d > e. The optimal solution was a0.7b0.3c0.7d0.2e0.7. The flow index increased with the increase of d, decreased with the increase of a, first decreased and then increased with the increase of b, and first increased and then decreased with the increase of c and e. When the p value of factor (a) was less than 0.05, the flow index was significantly affected. When the p values of factors (b), (c), (d) and (e) were greater than 0.05, the flow index was not significantly affected.

3.    The flow index prediction model was established. The relative errors among experimental test, simulation calculation and prediction estimation values were less than 5%. The results showed that the prediction model was highly reliable, and it could accurately describe the quantitative relationship between structural parameters and flow index. The hydraulic performance could be predicted at the pressure of 0.05∼0.25 MPa.
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Table 1: Grid density independence test

The grid number  Estimated error in
differential pressure drop

Very coarse grid 31254 -

Coarse grid 66150 0.74%
Standard grid 125136 0.35%
Refined grid 246472 0.24%
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Table 3: The orthogonal design scheme of the leaf vein flow channel model

Level Geometry parameters values
a (mm) b (mm) ¢ (mm) d (mm) e (mm)

1 0.3 0.2 0.3 0.2 0.3
2 0.3 0.3 0.4 0.3 0.4
3 0.3 0.4 0.5 0.4 0.5
4 0.3 0.5 0.6 0.5 0.6
5 0.3 0.6 0.7 0.6 0.7
6 0.4 0.3 0.4 0.3 0.6
7 0.4 0.4 0.5 0.4 0.7
8 0.4 0.5 0.6 0.5 0.3
9 0.4 0.6 0.7 0.6 0.4
10 0.4 0.2 0.3 0.2 0.5
11 0.5 0.4 0.5 0.4 0.4
12 0.5 0.5 0.6 0.5 0.5
13 0.5 0.6 0.7 0.6 0.6
14 0.5 0.2 0.3 0.2 0.7
15 0.5 0.3 0.4 0.3 0.3
16 0.6 0.5 0.6 0.5 0.7
17 0.6 0.6 0.7 0.6 0.3
18 0.6 0.2 0.3 0.2 0.4
19 0.6 0.3 0.4 0.3 0.5
20 0.6 0.4 0.5 0.4 0.6
21 0.7 0.6 0.7 0.6 0.5
22 0.7 0.2 0.3 0.2 0.6
23 0.7 0.3 0.4 0.3 0.7
24 0.7 0.4 0.5 0.4 0.3

N
(9]

0.7 0.5 0.6 0.5 0.4
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Table 8: Verification scheme and results

Level Geometry parameters values Flow index Error/%
a b c d e Simulation Test Estimated S-E T-E
(mm) (mm) (mm) (mm) (mm) value value value
0.6 1.0 0.35 0.18 0.18 0.5325 0.5456  0.5368 -0.82% 1.61%
0.8 1.1 0.40 0.15 0.12 0.5349 0.5414  0.5307 0.79% 1.98%

3 0.9 1.3 040 021 0.15 0.5403 0.5373  0.5247 2.89% 2.35%
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Table 6: Range analysis results for orthogonal experiment

Scheme Flow index
Level a (mm) b (mm) ¢ (mm) d (mm) e (mm)
1 2.6715 2.6824 2.6183 2.5965 2.6111
2 2.6684 2.5726 2.6647 2.6056 2.6238
Ki value 3 2.6238 2.6171 2.6158 2.6158 2.6388
4 2.5943 2.5967 2.6083 2.634 2.6351
5 2.5563 2.6455 2.6072 2.6453 2.6055
1 0.5343 0.53648 0.52366 0.5193 0.52222
2 0.53368 0.51452 0.53294 0.52112 0.52476
Ki avg value 3 0.52476 0.52342 0.52316 0.52316 0.52776
4 0.51886 0.51934 0.52166 0.5268 0.52702
5 0.51126 0.5291 0.52144 0.52906 0.5211
Best level 5 2 5 1 5
R 0.02304 0.02196 0.0115 0.00976 0.00666
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 flow index for level i: Ki ave is the arithmetic mean of Ki.
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Table 4: Orthogonal experiment numerical simulation results at 50 to 250 kPa

Level Flow rate g/ Flow Flow index Level Flow rate g/ Flow Flow index
Lh' coefficient (k) (x) Lh! coefficient (k) (x)

1 1.252 0.1561 0.5310 14 2772 0.3667 0.5203
2 1.441 0.1796 0.5325 15 1.968 0.2368 0.5403
3 1.487 0.1809 0.5397 16 1.547 0.1983 0.5237
4 1.440 0.1795 0.5334 17 1.102 0.1521 0.5079
5 1.309 0.1621 0.5349 18  2.339 0.3104 0.5174
6 1.708 0.1921 0.5566 19 1.198 0.1555 0.5230
7 1.802 0.2437 0.5143 20 2.045 0.2661 0.5223
8 1.333 0.1652 0.5349 21 1.417 0.1804 0.5286
9 1.198 0.1555 0.5230 22 2192 0.2996 0.5100
10 2.138 0.2594 0.5396 23 2.017 0.2712 0.5123
11 1.494 0.1797 0.5425 24 1.351 0.1927 0.4970
12 1.359 0.1860 0.5079 25 1.610 0.2190 0.5084
13 1.549 0.2086 0.5128

Note: g, flow rate value under inlet pressure 50 kPa; flow index is estimated by Eq. (1) given in the preceding subsection.
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Table 7: Analysis of variance of the influence of structure parameters on flow index

Variance source  Sum of square  Degree of reedom  Mean sum of square  F value p value
a 0.001937 4 0.0004843 1.3267 0.0011
b 0.001460 4 0.0003651 1.0011 0.5376
C 0.000456 4 0.0001139 0.3121 0.3332
d —0.01761 4 —0.0044016 —12.0572  0.1280
e 0.000169 4 4.22226E-05 0.1157 0.9990
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Table 2: The values of the geometric parameters

Level Geometry parameters values

a(mm) b(@mm) c¢(mm) d(@mm) e (mm)

1 0.3 0.2 0.3 0.2 0.3
2 0.4 0.3 0.4 0.3 0.4
3 0.5 0.4 0.5 0.4 0.5
4 0.6 0.5 0.6 0.5 0.6
5 0.7 0.6 0.7 0.6 0.7

Note: a is the width of the inlet, mm; b is the horizontal distance of the front water
inlet, mm; c is the vertical distance of the inner edge of the front end, mm; d is the
horizontal distance of the rear water outlet, mm; e is the vertical distance of the
outer edge of the front end. mm.
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Table 5: Head loss coefficient of 25 test schemes at 50 to 250 kPa

Scheme Head loss coefficient Scheme Head loss coefficient
1 2761.13~3045.97 14 572.74~621.93

2 2064.22~2299.98 15 1099.90~1315.89
3 1889.16~2160.31 16 1847.86~2007.92
4 2053.57~2304.68 17 3786.68~3933.05
5 2452 .87~2786.67 18 824.77~873.62

6 1384.14~1637.81 19 3083.42~3326.91
7 1349.11~1470.94 20 1062.90~1142.72
8 2384.13~2687.25 21 2142.60~2377.89
9 3083.42~3326.91 22 939.21~1108.94
10 926.79~1044.83 23 1129.61~1174.15
11 1850.94~2139.75 24 2616.79~2676.29
12 2506.94~2587.59 25 1788.47~1863.01
13 1908.49~1990.82
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