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Abstract

Gate valve is a widely used valve in pipelines, which has flexible operation, fast opening
speed, and small opening torque. It is mainly used to cut off and control fluid. This article
uses the computational fluid dynamics software Flow Simulation to numerically
simulate the internal flow field of a three-dimensional digital model of a gate valve.
Through internal visualization processing, the pressure field, velocity field, and velocity
trace field distribution of the gate valve under ten different openings are obtained. By
comparing and analyzing the flow field distribution characteristics under different
openings, the flow characteristics and distribution rules of the fluid medium inside the
gate valve are understood. Especially at smaller openings, high-speed and low-pressure
phenomena occur in the local area of the valve, causing fluid to generate vortices and
leading to more turbulent flow fields. Through computational fluid dynamics analysis of
gate valves, the understanding of valve structure design optimization by designers has
been improved, and the accuracy of valve operation by on-site operators has been
improved. This has practical guidance significance for valve design, manufacturing, and
operation.
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1. Introduction

Gate valve is a type of valve widely used in pipelines. Compared to other types of valves, gate valve
has the following advantages: flexible operation, able to quickly open and close; When opening and
closing, its opening torque is relatively small compared to other valves; Gate valves have a longer
service life. Mainly used for truncating and controlling fluid. Compared to other valve types, gate
valves are suitable for a wider range of pressure, temperature, and diameter requirements. Due to the
role of valves in controlling fluid media in pipelines, their design requires the study of the fluid
dynamics and dynamic laws of the media inside the valve body, especially the mastery of the flow
field characteristics and distribution characteristics inside the valve. For gate valves, which are switch
type valves, significant throttling effects occur during the opening and closing process, which in turn
affect the corresponding changes in velocity field, pressure field, flow trajectory, etc. This complex
flow situation is more important for designing the flow field characteristics of valves.

Computational Fluid Dynamics (CFD) is an algorithm that studies how to use numerical methods to
solve fluid dynamics equations. With the continuous improvement of computer speed and finite
element analysis software, problem-solving methods are no longer limited to experiments and linear
theory, but can adopt more advanced technologies and methods. To address the current challenges,
we must continue to explore and develop advanced technologies to achieve optimal results. The use
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of finite element analysis software can greatly simplify the design process, which is helpful for early
calculation verification and later design modifications. Moreover, the use of charts and cloud charts
in finite element analysis makes the results easier to understand. This article aims to optimize the
design of valves through CFD methods by using Flow Simulation software to understand the flow
patterns and distribution characteristics of the fluid inside the valve body.

A large number of scholars have conducted relevant research to analyze the characteristics of the flow
field, such as velocity distribution, pressure distribution, and the generation and dissipation of vortex
inside the valve, in order to determine the main factors affecting the performance of various valves.
By analyzing and researching the conclusions, the design scheme of the valve can be optimized to
improve its performance and service life. These studies provide a solid theoretical and experimental
foundation for valve design and optimization, further promoting the development of the valve
industry. Qian[1] proposed a new type of pressure reducing valve, which numerically simulates its
internal flow characteristics, identifies the variation law between inlet pressure and regulating
performance, and summarizes the flow prediction equation under variable operating conditions. Li[2]
studied the effect of V-shaped notches at different angles on the flow characteristics of valves. When
the V-shaped notch angles are 30°and 60°, the flow rate is directly proportional to the valve opening.
Bernard[3] established a single-phase eddy current model for cone valves, and compared the flow
results with the pressure and density distribution inside the valve. It was found that the model can
predict the range of the internal cavity of the valve. Tsukiji[4] used CFD methods simulation to
analyze the balance valve, and visualized the flow field to discover the internal cavitation position of
the valve. By optimizing the model, the effect of suppressing cavitation was achieved.

Researchers such as Quaini[5-7] simplified the mitral valve model and used a fluid structure coupling
finite element model to study the flow of fluid in an elastic aperture. Through semi implicit iteration
techniques, we can effectively analyze the relationship between velocity and pressure. By using this
method, the numerical simulation results obtained show a difference of 4% between the flow velocity
and the experimental comparison value, a difference of 3.6% between the pressure value, and a
difference of about 15% in terms of pore deformation displacement. The results obtained from the
analysis have ideal consistency with the experimental data. The above results indicate that there is
little difference between the results obtained by the CFD method and the experimental results, and
research using the CFD method has been proven to be reliable.

2. Physical Models and Numerical Simulation Methods
2.1 Physical Models and Numerical Simulation Methods

amenifen

Figure 1. Valve model (1. fluid inlet 2. gate 3. Figure 2. Overall grid and local refinement
hand-wheel 4. Valve stem 5. Valve body 6. Fluid grid
outlet)
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Numerical simulation analysis based on CFD can help engineers visualize the flow field
characteristics inside gate valves. By studying their internal fluid characteristics, optimizing their
structural design and process conditions, the problems of noise, oscillation, and pressure loss
generated during valve use can be reduced, and the performance and service life of gate valves can
be improved. The gate valve model analyzed in this article is shown in Figure 1, which mainly
includes the inlet, outlet, gate plate, hand-wheel, valve stem, valve body and other components of the
gate valve. The movement of the gate valve relies on the hand-wheel and valve stem to control the
up and down movement of the gate, achieving the opening and closing of the pipeline. The diameter
of the pipeline connecting the inlet and outlet of the gate valve is 100 mm.

Based on the density of the above grids, a preliminary grid model of 18W is established. At this time,
local refinement is required for narrow gaps. In order to verify the independence of the grid, the
calculation data is analyzed by encrypting the grid. As the grid is continuously refined, the calculation
data will continue to approach a certain value and tend to stabilize. Based on the different encryption
levels and grid numbers, grid models with a total number of 28W, 34W, 43W, 104W, and 110W were
also established, providing time and accuracy reference and strong support for subsequent
calculations.

This article sets the global goals as static pressure, total pressure, velocity, and force; Set surface
static pressure targets on the inlet and outlet surfaces, and establish stress surface targets on the
surface of the gate; Establish equations to calculate the pressure difference at the inlet and outlet, as
well as the force on each surface of the gate. Only when the above results are calculated to be stable
can the data be considered convergent, and the results have reference significance and value. The
fluid medium parameters used in the calculation are shown in Table 1.

Table 1. Fluid parameters

Parameters Value
Fluid medium Water
Density 1000kg/m*
Dynamic viscosity 0.001kg/(m-s)

2.2 Grid Settings and Independence Verification

As a prerequisite for finite element analysis, the accuracy of the mesh will directly affect the accuracy
of the final result. The more precise the grid division, the smaller the error in the analysis results, and
the relatively longer the analysis time. The grid division is divided into global grid and local grid.
The global grid is designated for drawing the grid of the global computational domain, and the initial
grid model is refined according to the division level of the global basic grid. It is generally used for
narrow channel grids, model basic grids, and regions that do not require precise directional refinement.
Local grids are used to specify a finer grid distribution within a specific area, in order to more
accurately analyze the geometric structure or flow characteristics within that area. Due to the inability
of the global initial grid setting to accurately analyze these characteristics, the setting of local grids
has a higher priority and will more finely depict the grid distribution in the region. After using local
meshes, global mesh settings within the same region will be completely ignored. The advantage of
setting up local grids is that it can make simulation calculations more accurate and precise in specific
areas, and obtain better simulation results. Local grid layout is essential when simulating unique fully
or partially occluded areas or complex 3D structures. By using local grids, it is possible to effectively
reduce computational time and resource consumption while ensuring computational accuracy. At the
same time, local grids allow engineers to model the local or dynamic flow regions more accurately in
the entire computational domain, and can set different grid attributes in different regions to better
analyze the flow characteristics in the local region, improving the accuracy and reliability of
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simulation calculations. Generally used in narrow gaps and areas with relatively complex flow
characteristics that require further refinement of the local mesh.

For the gaps between parts, the minimum gap size is usually inputted through grid partitioning, and
the grid at the minimum gap is controlled. After partitioning, further refinement is carried out based
on whether the analysis accuracy requirements are met. In the initial calculation example, the global
grid is set to a level 3 grid, and the minimum gap of the model is measured to be located at the
connection between the gate and the valve body, with a minimum value of 1.5mm. After dividing the
fluid medium inside the valve into basic grids, local refinement is also required in areas with
significant changes in the flow field velocity or pressure gradient (such as the valve plate area) to
capture more subtle turbulent changes in the fluid. Draw a cylinder with a length of 300mm and a
diameter of 160mm as a local refinement area for the complex flow field. The refinement level of the
mesh in the local area is 5 levels, as shown in Figure 2. At this point, the surface local mesh refinement
has been carried out on both sides of the gate.

Based on the density of the above grids, a preliminary grid model of 18W is established. At this time,
local refinement is required for narrow gaps. In order to verify the independence of the grid, the
calculation data is analyzed by encrypting the grid. As the grid is continuously refined, the calculation
data will continue to approach a certain value and tend to stabilize. Based on the different encryption
levels and grid numbers, grid models with a total number of 28W, 34W, 43W, 104W, and 110W were
also established, providing time and accuracy reference and strong support for subsequent
calculations.

Taking the 18W and 110W grids as examples, the solid boundaries and narrow gaps of the 110W grid
are definitely more refined than the 18W grid model grid. Taking the calculation hardware conditions
of 17-9750H and 16GB RAM as an example, from the perspective of analysis time, the calculation
time of the 18W grid is 18 minutes, while the calculation time of the 110W grid is 140 minutes, an
increase of 677%. If the calculation accuracy has been achieved, the resource consumption in terms
of time is too large. In this grid independence verification, draw a straight line in the valve model, as
shown in Figure 1. Solve and calculate the static pressure distribution curve and velocity distribution
curve at the straight line inside the valve model for different grids of 18W, 28W, 34W, 43W, 104W,
and 110W, as shown in Figures 3 and 4.
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Figure 3. Pressure distribution at straight line Figure 4. Velocity distribution at straight lines

According to the static pressure data in Figure 3, as the grid gradually becomes denser, the trend of
static pressure in the flow field remains consistent, with little fluctuation in its values. According to
the velocity data graph in Figure 4, the velocity trend graph is located in the front part of the valve
(before reaching the complex flow field), and the data basically overlaps. However, the velocity

222



International Core Journal of Engineering Volume 10 Issue 3, 2024
ISSN: 2414-1895 DOI: 10.6919/ICJE.202403_10(3).0026

gradually decreases after reaching its maximum value at the valve plate position (0.16-0.17 m). The
34W data line and the 43W grid data line are relatively balanced in the middle of the two limits, and
can be used as the basic model for subsequent analysis. From the second half of the data, it can be
seen that the 34W grid data showed a downward trend after a slight increase, while the 43W grid
continued to decline and increase after a slight increase, which is more in line with the 110W grid
pattern. According to the analysis log, the analysis time for 43W grid is 50 minutes, which is 60%
less than that for 110W grid. As mentioned above, it is more appropriate to choose a 43W grid for
subsequent analysis.

3. Experimental Results and Analysis

3.1 Analyze and Determine

After determining the number of grids, the initial calculation of the flow field is carried out. Different
opening model configurations are established for the key positions of the gate valve plate from
opening to closing. For the gate valve with a pipeline diameter size of 100 mm, the valve plate is
divided into 10 openings for research. Based on the initial model verified by grid independence, grid
division is carried out, and analysis reference data is added to complete the pre-processing analysis.
Perform pressure and flow rate analysis on the analysis results under different openings. The fact that
the valve gate cannot flow at the valve outlet in the closed state does not meet the basic requirements
of Flow Simulation analysis. Therefore, the fully closed state will not be discussed in this chapter.
The analysis model (partial) of the valve plate at different openings is shown in Figure 5.

Opening 100% Opening 90% Opening 60% Opening 30%
Figure 5. Gate valve models under different openings

3.2 Pressure Field Analysis
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Figure 6. Analysis of flow field pressure under partial opening
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By calculating fluid parameters for 10 different gate valve openings, data extraction and post-
processing analysis were performed on the calculation results. As the final step in analyzing fluid
characteristics, whether post-processing can extract appropriate and required data based on
calculation results is also crucial compared to pre-processing and process control in analysis.
According to the calculation results, the static pressure section diagram under partial opening is
selected as shown in Figure 6.

From the pressure analysis diagram in Figure 6, it can be seen that when the valve is fully open, the
static pressure of the valve remains basically unchanged in this state. But as the gate gradually closes,
the flow area between the gate and the valve body gradually decreases, and the pressure gradient in
the flow field changes greatly, resulting in partial high pressure in some areas at this time. And there
will also be some pressure changes at the fixed sealing ring of the gate and the gate. The specific
numerical content can be seen in the static pressure data graph in Figure 7. The data under different
openings are taken from the red straight line in the valve model in the graph.
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Figure 7. Pressure distribution curve under different openings

According to Figure 7, the pressure distribution curve shows that the area with significant changes in
static pressure gradient in the flow field is between 0.6-0.8m, which corresponds to the position of
the change in gate opening. By comparing the position of the gate valve model and analyzing specific
data, it can be concluded that when the fluid reaches the 0.55m position, the static pressure of the
fluid begins to decrease. When passing through the gate position (0.6m position), the static pressure
stops decreasing and begins to rise slightly. As soon as the fluid passes through the rear end of the
gate (0.65m position), the pressure begins to decrease again, and even when 90% of the gate position
is closed, the static pressure on the back of the gate appears negative, This indicates that cavitation
and fluid vortices may occur at this location, and as the fluid gradually flows towards the end of the
pipeline outlet, the pressure gradually stabilizes and recovers.

3.3 Pressure Field Analysis

Similarly, based on the calculation results, obtain the velocity field under partial opening for analysis,
as shown in Figure 8.
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Opening 30% Opening 10%
Figure 8. Analysis of flow field velocity under partial opening

According to the velocity field analysis in Figure 8, when the gate is fully open, the velocity field is
stable and the flow velocity does not change significantly. As the opening of the gate decreases, the
velocity of the flow field inside the pipeline begins to increase, especially in the lower end area of the
gate, which generates a higher velocity area. According to Bernoulli's principle, lower pressure
corresponds to higher velocity. This is mainly due to the reduction of the gate opening, which reduces
the flow area in this area. Under the same inlet flow rate, the smaller the flow area, the higher the
fluid velocity. As the opening of the gate decreases, the low-speed range above the pipeline continues
to expand, indicating that there is a significant velocity gradient in the fluid after being throttled by
the gate, resulting in a more unstable velocity field.

As an example, to quantify the changes in speed under different opening degrees, mark the position
of the red line in the gate valve model and draw the speed distribution curve, as shown in Figure 9.
As shown in the figure, the variation pattern of the velocity curve in front of the valve is basically the
same at different openings. As the flow area decreases, the amplitude of the velocity curve variation
becomes larger. The velocity variation amplitude of the medium at the front end of the inlet pipeline
is smaller. Among them, through the XY diagram in the Flow simulation software, it was found that
the vertex of the velocity variation curve in the length of 0.5-0.8m is the two end faces of the gate.
Through the curve, it was found that the variation pattern is that the velocity begins to increase after
the fluid enters the valve body, When reaching the surface position on the inlet side of the gate, the
speed begins to decrease. When reaching the 0.65m position, the speed continues to increase. After
reaching the other end of the gate (0.7m), the speed decreases. At the 0.72m position on the outlet
side of the valve body, the speed begins to increase slightly.
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Figure 9. Velocity distribution curve under different openings
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3.4 Trace Vector Analysis

The flow trajectory can provide a more intuitive understanding of the flow direction of medium
particles, by setting the number of trace lines at the inlet section of the fluid pipeline. Representative
flow traces at different openings are shown in Figure 10. As shown in the figure, vortices begin to
form on the lower surface of the valve body when the opening reaches 60%, and as the gate opening
decreases, the flow area inside the pipeline also decreases. Fluid flows into the upper valve body
through the gap between the gate and the valve body, and vortices are generated on the upper valve
body. At a 10% opening, vortex backflow phenomenon begins to occur at the outlet pipe, and the
range of backflow continues to increase as the area decreases. In the pressure cloud map analysis, it
is evident that some negative pressures occur, and the trajectory of the flow trace better confirms that
the presence of negative pressures will lead to the phenomenon of fluid vortex backflow. If there are
particles in the fluid medium, this will cause erosion on the back of the valve plate.

Opening 60% Opening 10%

Figure 10. Analysis of flow trajectory under partial opening

4. Conclusion

This article uses the CFD software Flow simulation to numerically simulate and analyze the three-
dimensional digital model of the gate valve. Based on the actual working conditions of the enterprise,
corresponding boundary conditions and fluid media are set for the 100mm diameter gate valve.
Through grid setting and independence verification, the 45W grid is finally selected for processing
and calculation. By comparing and analyzing the internal flow fields of the gate valve under different
ten openings, including pressure field, velocity field, and velocity vector field, it is found that at a
small opening, i.e. when the flow area of the valve body is small, a high-speed and low-pressure area
appears in the local area behind the gate valve plate. The flow field changes complex and produces
vortices. As the opening of the gate plate further decreases, some fluids begin to flow to the upper
valve body through the small gap between the gate plate and the valve body. Moreover, fluid vortices
are more severe at the downstream outlet pipeline. Therefore, by analyzing the internal fluid
characteristics of the gate valve, designers can effectively improve their optimization of the valve
structure and prevent predictive failures. For example, thickening or coating treatment should be
applied to the two end faces of the gate to prevent vortex backflow, especially when the fluid is mixed
with particles, Effectively prevent erosion and wear on the gate.
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