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Abstract
The paper presents a computational study of the NPP ventilation system check valve
aerodynamics, namely, a numerical simulation of the air flowing through the open
valve with the subsequent determination of the relationship between the reactive
torque acting on the valve closure axles and the input air velocity.
This numerical simulation of the air flowing through the check valve was performed
using the ANSYS CFX program. In the computation, different operating modes of the
check valve were considered when the air flow was passing through it. The valve
operating modes were set depending on changes in the input air velocity. As a result
of aerodynamic computation, the values of pressure and velocity components were
obtained over the entire valve volume.
Reactive forces were calculated in the ANSYS Mechanical program. The reactive forces
acting on the valve body form a torque at the gate axles. When adjusting the check
valve to the actual flow rate, it is necessary to know this torque value and compensate
for it. As a result of a series of computations of reactive forces, a relationship was
found between the torque value of the valve’s working element axles and the input
air velocity.

Keywords: investigation of aerodynamic characteristics, check valve, reactive forces,
operating characteristic.

1. INTRODUCTION

One of themost important issues to be solved at each enterprise in the nuclear industry
is safety, a constituent part of which is radiation safety. Radiation safety issues are
addressed through the integrated protection of biological objects and humans to create
safe environmental conditions, including land, water and air. Ventilation, as one of the
ways to ensure radiation safety, serves to maintain the cleanliness of the air envi-
ronment and prevent its contamination, both inside the NPP premises and, indirectly,
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outside the NPP. Current requirements of norms and rules for the use of nuclear power
[1, 2] determine the necessity for ensuring high quality of NPP ventilation.

One of the goals of ventilation at NPPs is to ensure a certain air flow direction by
using various devices, both at its inflow and outflow [3]. These devices include check
valves, which admit air in one direction and prevent it frommoving in the opposite one,
while acting automatically [4-6]. The check valvesmaintain the operability of treating
facilities and fans, which are used in the NPP ventilation systemand, therefore, carry
a large preventive load as means of environmental protection.

This paper presents an investigation of the aerodynamic characteristics of the NPP
ventilation check valves. Studies of this kind are currently relevant, because the exist-
ing experimental data do not provide necessary reliability as to the level of aerody-
namic resistance and loading of check valves. In addition, valve testing is an extremely
costly procedure, whereas,using computational methods and reducing the scope of
tests,it becomes possible tolower the product cost, thereby increasing its competi-
tiveness.

2. CHECK VALVE AERODYNAMICS COMPUTATION

The computational domain is the flow path of a check valve model shown in Fig. 1. This
valve contains a body (pipe diameter: DN 1250) with a closure installed in it. The valve
closure rotation axles are installed out of its alignment and equipped with a lever with
a movable load.

Let us consider the operating principle of a check valve of the presented design.
When there is no medium flowing through the valve, the gate affected by the load
is in closed position. When a flow occurs, the gate, under the action of its energy,
opens the passage through the valve. It is obvious that for the medium flow to change
its direction to the opposite one, it should be stopped. At this moment, the flow rate
becomes zero, the gate returns to its initial, closed position, and the pressure from the
back side presses it, preventing the medium from flowing back. Thus, the check valve
actuates under the action of the medium itself and is fully automatic.

2.1. Numerical simulation of the air flowing
through the check valve

The numerical simulation of the air flowing through the open check valve was per-
formed using the ANSYS CFX program [7, 8]. This program realizes a finite-volume
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Figure 1: A check valve model.

method for solving equations such as the continuity equation, the energy conservation
equation, and the momentum equation.

Structurally, ANSYS CFX includes the following modules: CFX-Pre (preprocessor),
CFX-Solver (solver) and CFX-Post (postprocessor) [7]. In addition, when setting the
task, the following programs were used: ANSYS DesignModeler [9] – for working with
the geometry, and ANSYS Meshing [10] – for working with the computation mesh.

2.1.1. Check valve computation model construction

Constructing a computation model is an important process in solving aerodynamic
problems on a computer. The quality and speed of solving problems directly depends
on this process.

To create this computation model, a three-dimensional check valve model was
developed. The model was developed using the CAD system that has a function of
importing data into ANSYS CFX. The CAD system is an automated design tool: in this
context, the term means a tool designed to automate a two-dimensional or three-
dimensional geometric design.

In order to reduce the computation mesh dimension and computation time, the
following simplifications of the three-dimensional model were adopted:
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Figure 2: Computation model.

• The check valve body is made in the form of a single pipe; the flange connection
of the pipeline with the valve body is not taken into account;

• The gate with fastenings is made as a single solid-state component.

To create the computation model, the geometric parameters of the check valve
developed in the CAD system were imported into the ANSYS DesignModeler program,
where a solid valve model was adapted to generate the mesh. The model adaptation
includes “filling” the valve flow path with air and identifying contact regions.

A general view of the computation model created in the ANSYS DesignModeler
program is presented in Fig. 2.

2.1.2. Computation mesh construction

Constructing a computation mesh is a process of dividing the computational domain
into a set of separate cells. Mesh cells, as a rule, are tetrahedra, hexahedra, prisms
or pyramids. The main requirement for the computational mesh is that it must be
sufficiently dense to allow the physical effects occurring within the computational
domain. In order to achieve uniform computational accuracy, the mesh nodes should
be located more densely at places of large gradients of flow parameters, in particular,
near the walls [10, 11].

Themesh for computing the check valve aerodynamics was generated in the ANSYS
Meshing program. The computation model mesh was made using tetrahedra and is
shown in Fig. 3.
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Figure 3: Computation mesh.

2.1.3. Boundary conditions

For the numerical simulation, it is required to specify the values of dependent vari-
ables or their normal gradients at the boundaries of the computational domain. After
the mesh is generated, the computation model is imported into the ANSYS CFX-Pre
application, where a physical model is defined, based on which the computation will
be performed, including the search for the main parameters and characteristics.

As long as there are always several types of boundary conditions (BC) in any prob-
lem, the question arises as to their optimal combination and even the correctness of
jointly using their certain types. The most stable combination of boundary conditions
is setting the velocity or mass flow at the inlet and static pressure at the outlet of the
computational domain [12, 13]. In this case, the total inlet pressure is determined by
computations.

In view of the above, the following initial data were used to specify the boundary
conditions:

• Inlet speed: 5, 10, 20, 30,39, 40, 50, 60, 70, 80 m/s;

• Air temperature: 25 ∘C;

• Average static outlet pressure: 1 atm;

• The computational model takes into account all the basic properties of air,
depending on temperature and pressure;

• The turbulence model k-ε was used.
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Figure 4: Pressure and flow rate volume distribution (inlet velocity: 39 m/s).

2.2. Reactive torque computation in different
check valve operating modes

The initial data for computing the reactive torque in different valve operating modes
are the computation results obtained in ANSYS CFX, namely, the pressure differences
at the check valve gate for different flow rates. ANSYS Mechanical was used for the
computations [14-16].

The check valve gate anchorage (i.e., the prohibition of all 6 degrees of freedom)
was carried out in the region where the axles were attached to the body. The check
valve piping connections were not taken into account. The material of the welds was
considered identical to the valve basic material without loss of strength.

3. RESULTS OF THE COMPUTATIONAL RESEARCH

3.1. Computation results of the air flowing through
the check valve

As a result of computations of the air flowing through the check valve, the velocity
and pressure components were obtained. Figures 4–6 show some computation results
in the form of distributions of the air parameter (pressure and velocity) fields along
the flow path and streamlines.

The resulting parameter distributions that determine the pattern of the air flowing
through the check valve are quite predictable. In all input velocity variations, the flow
is accelerated and the air pressure drops after the gate, where eddying occurs.

Take a note of the air flow at the top of the check valve. Immediately after the gate,
the flow separates to form a developed eddying zone. The rest of the flow, passing
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Figure 5: Air pressure distribution through the gate from the flow inlet (left) and outlet (right) (inlet
velocity: 39 m/s).

Figure 6: Air flow streamlines in the check valve (inlet velocity: 39 m/s).

through the gate from below, moves without separation, bypassing the eddying area.
The pressure field after the gate is very inhomogeneous, which is typical for all valves
with a single medium inlet. The velocity field turns out to be equally inhomogeneous.

The air pressure drop trend while passing through the check valve can be described
by a dependence as ΔP = f(V). Figure 7 shows the relationship between the pressure
drop and the inlet air velocity obtained as a result of the computation.

The obtained pressure drop data are necessary for designing a ventilation system
using the considered check valve.
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Figure 7: Differential pressure curve in the check valve depending on the inlet air velocity.

3.2. Reactive torque computation results

The results of the numerical simulation of the air flowing through the check valve
make it possible to estimate the forces acting on individual components of the valve
structure. The reactive forces acting on the valve body form a torque at the gate axles.
To adjust the check valve to the actual flow rate, it is necessary to know this torque
value and compensate for it. The speed-torque curve for the valve body axles is shown
in Fig. 8. It can be seen from the graph that at a flow velocity of ≈39 m/s the reactive
torque is close to zero but at higher velocities it changes its direction. The obtained
value makes it possible to determine the check valve operating range. Thus, at a flow
rate of less than 39m/s, the check valve actuates and interlocks the flow. The obtained
characteristic can be usedwhen setting the check valve on site. In fact, this is the check
valve operating characteristic.

4. CONCLUSION

Computational research methods make it possible to obtain a detailed picture of the
level of air resistance and power loads arising invarious pieces of equipment. In partic-
ular, these results are necessary for designing check valves. This approach significantly
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Figure 8: Relationship between the reacting torque and inlet air velocity in the check valve.

reduces the volume of experimental studies and, as a consequence, reduces the prod-
uct cost.

The performed computational study of the check valve aerodynamic characteristics
made it possible to obtain pressure and air velocity fields from the NPP ventilation
system as well as reactive forces acting on the valve closure body. In addition, graphs
of relationships between the pressure drop and torque on the valve axles and the flow
velocity were plotted. The results obtained clearly show the check valve operation and
can be used for adjusting the fittings to the required parameters.
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