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ABSTRACT

Safety valves are the most important safety devices of the pressure system. For safety valves in the vast
majority of cases in industrial environment, direct spring-loaded safety valves are used. The most
important parameter of the equation of motion is the flow force. The main goal of the analysis was to
compare the simulated flow forces with the measured results and validating the computational fluid
dynamics model. Simulations were made in ANSYS 2019 R1 code for numerous fixed valve disk
positions on different pressures. Results are in good agreement with the measured data.
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1. INTRODUCTION

Safety valves are the most important safety devices of pressure systems against critical over-
pressure. These overpressure protection devices can save pressure equipment and/or pressure
system from the final damage. Safety valves are opening when the pressure in the protected
equipment has reached set pressure of the safety valve. Safety valves have to blow down unnec-
essary mass flow from the protected equipment in the atmosphere or in a blowdown-pipe system.

Safety valves can be classified in several ways; the most common way is from the acting
load on the valve disc as:

e direct spring-loaded safety valve;
e weight loaded safety valve;
e pilot operated safety valve [1].

For safety valves in the vast majority of cases in the industrial environment, direct spring-
loaded safety valves are used [2].

Knowing the dynamical behavior of these safety valves is very important. This dynamic
behavior can be described with the equation of motion of the valve. This equation contains
many parameters, including the flow force, which is acting on the disc. The aim of the study
is to determine this flow force using Computational Fluid Dynamics (CFD) simulation by
ANSYS 2019 R1 Fluent code, compare the simulated results with measured data and vali-
dating the simulation model for further investigations.

In this paper a direct spring-loaded safety valve was investigated by CFD simulation.

2. MECHANICAL MODEL

Direct spring-loaded safety valve can be modeled by a one-degree of freedom mechanical
oscillating system. Figure 1 shows a schematic view of the mechanical model of the analyzed
safety valve.
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F+
Fig. 1. Mechanical model of the analyzed safety valve

Equation of motion of the valve can be written by Eq. (1),
where m is the total mass of the moving parts; y is the
acceleration (second derivative of the y-direction displace-
ment); F; is the spring force; F is the damping force; Fyis the
flow force; Fg is the gravity force; Fy is the friction force
between mechanical parts; F, is the viscous force, which is
acting on the surface of the spindle as a result of the
movement of fluid and F, is the back pressure which is
acting on the top of the disk and the top of the spindle [3, 4],

m‘j;:Fs+Fd+Ff+FG. (1)

In this study, the flow force was determined by CFD
analysis. Knowing this flow force will be important in
further research work when the dynamic behavior of the
safety valve will be investigated. The flow force is the only
component in the equation of motion, which is acting in the
opening direction. In further investigations, this equation of
the motion will be solved.

3. CFD SIMULATION ON THE SAFETY VALVE

CFD simulations were made in ANSYS 2019 R1 Fluent code.
The type of the analyzed safety valve is full lifted and direct
spring-loaded. The size of the safety valve is DN50/DN80,
which means that the size of the inlet nozzle is DN50 and
the size of the outlet nozzle is DN80. This safety valve was
designed based on EN-ISO-4126 standard [5]. In Fig. 2 the
3D model of the solid part of the safety valve can be seen and
in Fig. 2 the 3D model of the fluid part of the safety valve can
be seen. Figure 3 is shown where the fluid is flowing through
in the valve. The safety valve is symmetric for the x-y plane,

Fig. 2. 3D model of the safety valve's solid part

Fig. 3. 3D model of the safety valve's fluid part

therefore only half of the valve was simulated. With this
simplification, the number of elements, nodes and the sim-
ulations running time were significantly reduced [6].

Simulations were made at 5 different fixed disc positions
(1, 2, 5, 8, and 11.2 mm) and in every fixed disc position
with 9 different inlet pressure values (1.5, 2, 2.5, 3, 3.5, 4, 4.5,
5, and 5.5 barg). It means all 45 simulations. At 11.2 mm
fixed disc position the safety valve is totally opened.

3.1. Mesh of the model

Because of the 5 different disc positions, 5 meshes had to be
created. The method of meshing in every model was the same.

The first step was a body sizing in the whole domain
where the size of one element was set to 2 mm. The second
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step was another body sizing but only in the middle region
of the valve. For that sphere of influence definition type was
used where the origin of the sphere was the middle of the
disc, the radius of the sphere was 50 mm. In each case, the
element size in the sphere was set to 0.4 mm. The third step
was the inflation setting near the walls where the maximum
thickness and the number of the layers were defined. The
inflation was different on every fixed disc position. For
smaller fixed disc positions smaller maximum thickness and
fewer layers were used comparing to higher fixed disc po-
sitions. Due to these different inflation settings, the number
of the elements and the nodes were different in every model.

The values of the maximum thickness of inflation, number
of layers, number of elements and number of nodes can be seen
in Table 1. The meshed model of the 2 mm disc displacement
can be seen in Fig. 4 and the meshed gap between the seat and
the disc in Fig. 5 can be seen from closer. In Figs 2 and 5 the
disc is fixed at 2 mm displacement from the seat can be seen.

3.2. Fluent set ups

For the CFD simulations, realizable k-¢ turbulence model was
used because this turbulence model is more stable in higher

Table 1. Data for inflation, elements and nodes

Maximum
thickness of
Displacement inflation Number Elements  Nodes
[mm)] [mm)] of layers  [million] [million]
1 1 15 5.14 8.56
2 1.5 15 6.34 11.57
5 2 30 5.76 10.75
8 2.5 30 6.14 11.39
11.2 4 30 10.63 19.05

0.025

Fig. 4. The meshed model

Fig. 5. The center region of the meshed model

Reylnods-number zones as other turbulence models. Pressure
based solver type was set [7]. The simulated medium was air
and for the density value ideal gas model was used.

Inlet and outlet pressures were set up for boundary con-
ditions. On the x-y plane symmetry boundary condition and
on the other faces wall boundary conditions were set. The
pressure inlet values were set as it was mentioned in paragraph
3, and pressure outlet value in every simulation was set for
0 bar,. The temperature value was set to 293 K in every case.

Absolute convergence criteria were set and the conver-
gence tolerance was set to 10°. Typical CPU time was 6.813 s.

4. RESULTS OF THE CFD SIMULATION AND
COMPARISON WITH MEASURED DATA

In Fig. 6 the results of the simulated flow forces are shown.
From Fig. 6 it can be seen that characteristics of e flow forces
are almost linearly increasing in every fixed disc position. In
Figs 7-11 the solid line means the simulated flow force and
the dashed line means the measured flow force.

In Figs 7-11 the compared results of the simulated and
measured flow forces are shown. In these figures, it is visible
that the simulated flow forces are converging very well to the
measured flow forces. In these figures, a 5% tolerance rates
were added in the investigated points to show the difference
between simulated and measured flow forces. The measured
forces are the total sum of acting forces.
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Fig. 6. Simulated flow forces at investigated fixed disc displacements
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Fig. 7. Difference between simulated and measured flow force at 1
mm disc displacement
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Fig. 8. Difference between simulated and measured flow force at 2
mm disc displacement
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Fig. 9. Difference between simulated and measured flow force at 5
mm disc displacement

In most cases the simulated flow forces are under this 5%
tolerance rate except of 2 cases. At 1 mm and 2 mm fixed
disc displacements and at 1.5 bar, inlet pressure, the simu-
lated results were over the 5% tolerance rate,

Ay =—. 2
eff dp ( )
The simulated and measured flow forces converged very

well. The used simulation method in this paper is valid over
2 bary inlet pressure for this kind of safety valve.
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Fig. 10. Difference between simulated and measured flow force at 8
mm disc displacement

2100
1900 1

1700 1

1
1500 /

1100 1

Force [N]
oy
S
S

900 L
700

500
1 2 3 4 5 6
Pressure [bary]

Fig. 11. Difference between simulated and measured flow force at
11.2 mm disc displacement

In Fig. 12 the ratio of the effective flow area and the
cross-section area of the seat at various lifts can be seen.
The cross-section area of the seat is 1,590 mm? and the
effective flow area can be calculated by Eq. (2) [8], where
dp is the pressure difference between the relieving pres-
sure and the backpressure. The backpressure is 0 bar, in
every case.
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Fig. 12. The ratio of the effective flow area and the cross-section of
the seat at various lifts
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5. CONCLUSION

This paper shows the mechanical model of a direct spring-
loaded safety valve and the equation motion of the safety
valve. One component of the equation of motion, the flow
force, was investigated by ANSYS Fluent code. The size of the
investigated valve was DN50/DN80. The aim of the investi-
gation was to determine the flow force by CFD simulation
and compare the simulated results with measured data.
Simulations were made at 5 different fixed disc positions (1, 2,
5, 8, and 11.2 mm) and in every fixed disc position with 9
different inlet pressure values (1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, and
5.5 bary). The simulated and measured flow forces converged
very well. The used simulation method in this paper is valid
over 2 bar, inlet pressure for this kind of safety valve. This
validation is important for further investigation.
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