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Fig.1 Structure diagram of pressure regulator
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Fig.2 Stress analysis of pressure regulating cup
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Fig.4 Flow chart of spring parameter solution
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Spring parameters and design errors of pressure regulators
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PRSR LTS 5 BT R

FREERIE Ko/(N-mm't) 2.65 252 2.93 2.41
HSETHE 7] Fop/N 2190 3345 4038 4849
S 5 R 4E K AL/mm 8.26 1327 1378  20.12

B /1T AR ZE RE/% 1.30 1.10 0.52 0.04
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Tab.2 Structure factors and level of pressure regulator mm

T B 5K AT
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WA AR BT Ryp 1.0 15 2.0
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Tab.3 Central composite design matrix mm
WG FE R
S obac) PR VA EAR Rl 8 IR 7 T

BETHEE Rup JETH 4% Rbottom % a
1 2.0 155 2
2 2.0 135 4
3 1.0 155 4
4 1.0 135 2
5 1.0 145 3
6 2.0 145 3
7 15 135 3
8 15 155 3
9 15 145 2
10 15 145 4
11 15 145 3
12 15 145 3
13 15 145 3
14 15 145 3
15 15 145 3
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Tab.4 Spring parameter configuration table

AFETEIE B HEN BB R RS

WS 4 T S /1 0.08 MPa 4 (B k) 0.10 MPa Y X FE Y7 0.12 MPa

Ke/(N mm-L) AL/mm Fsp/N Ko/(N mm-?) AL/mm Fsp/N Ke/(N mm-?) AL/mm Fsp/N
1 436 9.79 42.68 4.23 12.05 50.98 4.13 16.14 66.58
2 4.77 4.53 21.60 5.92 4.45 26.36 5.70 6.26 35.68
3 4.73 8.35 39.46 6.27 7.67 48.06 6.14 10.15 62.28
4 3.03 12.41 37.60 3.95 11.80 46.61 2.70 21.60 58.32
5 4.23 9.12 38.58 543 8.70 47.24 6.18 9.39 58.00
6 5.37 5.96 32.01 4.40 9.66 42.50 6.19 8.09 50.04
7 4.60 6.30 28.98 8.08 3.87 31.28 5.76 7.81 44.99
8 4.85 8.37 40.59 6.50 7.62 49.53 4.65 14.10 65.57
9 5.92 6.50 38.48 7.82 6.00 46.92 8.39 6.82 57.22
10 5.50 5.16 28.38 6.51 5.52 35.94 7.08 6.36 45.03
11 5.57 6.00 33.42 7.01 5.87 41.11 7.10 7.32 51.97
12 5.57 6.00 3342 7.01 5.87 41.11 7.10 7.32 51.97
13 5.57 6.00 3342 7.01 5.87 41.11 7.10 7.32 51.97
14 5.57 6.00 33.42 7.01 5.87 41.11 7.10 7.32 51.97
15 5.57 6.00 33.42 7.01 5.87 41.11 7.10 7.32 51.97
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Tab.5 Fitting effect of spring parameter regression model under
different model construction forms

TE . . N FR R 2
RN s mrss — -
Wil {i/MPa Liner  2F1  Quadratic
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K/(N mm-t)
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R? 0.59 0.66 0.99
0.08 AL/mm
R2agj 041 048 0.99
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R%adj 0.95 0.96 0.99
R? 0.07 0.31 0.99
K/(N mm-t)
R%agj 0.01 0.22 0.99
R? 0.4 0.56 0.99
0.10 AL/mm
R%agj 0.22 0.24 0.99
R? 0.93 0.95 0.99
Fep/N 5
R%adj 0.91 0.91 0.99
R? 0.09 0.3 0.99
K/(N mm-t)
R2ag 001 021 0.9
R? 0.38 0.59 0.99
0.12 AL/mm
R2agj 0.21 0.27 0.98
R? 0.94 0.94 0.99
Fep/N 5
R%adj 0.92 0.93 0.99
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Fig.7 Response surface of the influence of structural parameters on spring prestiffness K
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A rapid method for determining the parameters of the spring within the pressure

regulator in irrigation system using adaptive meshing technology
WANG Xiaoran'?, ZHANG Chen?, LT Guangyong?*
(1. School of Engineering, the Open University of China, Beijing 100039, China; 2. College of Water Resources & Civil Engineering,
China Agricultural University, Beijing 100083, China; 3. Institute of Water Resources for Pastoral Area, MWR, Hohhot 010020, China)

Abstract: [Background and Objective] Pressure regulators (PR) are an indispensable component in irrigation
systems, particularly in large-scale hilly terrain, ensuring precise water distribution and system efficiency. The
performance of PRs heavily relies on the parameters of their internal springs, yet their design requires refinement.
This paper aims to propose an efficient and accurate method for rapid design of the pressure regulator springs.
[ Method] The method was based on CFD by using an adaptive mesh technology to construct a model for solving
for the spring parameters. We developed a model to determine the spring parameters, by using the PR with a
cup-shaped moving part as the case study. We established a comprehensive spring parameter design process and
devised a rapid design method based on the force balance principles and Hooke's law. In the numerical model, the
outlet pressure was meticulously set to meet specific preset pressure specifications, ensuring design precision.
Various inlet boundaries were designed to control the regulating range and ensure stable pressure regulation.
Additionally, convergence conditions were established to guarantee that applicable flow rates met design
requirements. By configuring appropriate boundary and convergence conditions, our method facilitates efficient
spring parameter configuration and achieves multi-objective optimization. [Result] (DThe absolute error of the
design outcomes was less than 2%. @ For a fixed-structure PR, the preload of the configured spring exhibited a
positive correlation with the design preset pressure value. However, the relationship between spring stiffness and
precompression length with the preset design pressure value was more complicated. When the design PR preset
pressure was determined, the preload force of the spring was inversely linearly correlated to the pressure-adjusting
cross-sectional height and the water pressure area upstream of the moving part, and was linearly correlated to the
water pressure area downstream of the moving part. The interaction effect of PR structural parameters on spring
preload force was not significant, but there was a notable interaction effect on spring stiffness and compression
length. [Conclusion] The proposed method can circumvent the issues associated with the traditional pressure
regulator design and can thus be used as an improved method for PR spring design.
Key words: micro-irrigation; pressure regulator (PR); spring parameter; computational fluid dynamics(CFD);

dynamic mesh
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