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Abstract. The selection of the nozzle diameter of the differential section of the trailer air brake valve is crucial for 

two-range operation of the system adopted by the designers. Using CFD tools, it is possible to determine the flow 

characteristics of the components with reference to the mode of operation and the valve switching times from 

tracking to accelerating function. Taking into account the shape of the working chambers of the differential section 

of the conceptual brake valve and the small effective flow area resulting from the nozzle diameter, assessment of 

the influence of the mesh on the flow characteristics was carried out. The use of different meshes can be a cause 

in the discrepancies between the results obtained. The selection of a suitable mesh can reduce computation time 

and provide flow characteristics comparable to the results determined on a laboratory bench. For different nozzle 

diameters, both in SolidWorks Flow Simulation and Ansys Fluent, the influence of variable mesh parameters - 

element shape and number of nodes, on the flow characteristics is compared. The influence of the mesh was 

assessed on the orthogonal mesh in SolidWorks and on the different types of mesh available in Fluent. Evaluation 

of the quality of all finite element mesh variants considered was carried out using basic statistical indicators. The 

determined flow characteristics will allow evaluation of the influence of the nozzle diameter on MFR (mass flow 

rate) of the differential section, resulting in the selection of a nozzle that meets the design and functional objectives. 

The selection of an appropriate finite element mesh will enable further extension of the model to include the main 

and auxiliary feeders, taking into account the movement of the elements (dynamic mesh), resulting in a complete 

numerical model of the valve, ensuring a reduction in the response time of the system to the operator’s excitation 

in relation to solutions available on the market. 
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Introduction 

The computational mesh [1] in numerical fluid mechanics (CFD), its proper selection and 

optimization in terms of the calculation time [2] and hardware resources, are key aspects when preparing 

and analysing the computational domain. The correct determination of boundary conditions and 

parameters associated with the calculation flow, together with a properly selected computational mesh 

[3], are the basis for obtaining results comparable, or at least close, to those determined experimentally. 

The use of numerical fluid mechanics precludes the creation and production of physical prototypes prior 

to the introduction of an upgrade to an existing product or a completely new pneumatic or hydraulic 

component. An important feature of CFD calculations [4] is the possibility of local qualitative analysis, 

which cannot be obtained using empirical models such as the lumped method (LM) [5]. 

Most CFD software uses the Finite Volume Method (FVM) [6-7]. The computational mesh allows 

the volume of a gas or liquid in the domain under consideration to be divided into cells of user-defined 

shape and density. The subdivision of the computational domain into smaller cells makes it possible, on 

the basis of the conservation of the mass (1) and RANS (2) - Reynolds Average Navier-Stokes equations 

[8], to determine selected flow parameters, such as the values of pressure, density, velocity and 

temperature in each cell of the computational mesh, without having to search for a general solution. 
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Available numerical environments have implemented automated meshing tools, but the results are 

not always satisfactory, even for simple geometries. Software developers are introducing further 

functionality to reduce the time needed to prepare a model for meshing, but subjecting different 

geometries to numerical analysis still requires individual user intervention. A key element of 

computational fluid dynamics is becoming both the choice of the finite element shape and the degree of 

mesh refinement, which can be variable for different flow domains, and it has been shown from literature 
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analysis [9] that optimal mesh refinement with appropriate values of quality indices allows more 

accurate results to be obtained. 

The quality of the computational mesh can be assessed by the values of quality parameters such as 

the aspect ratio, orthogonal quality and skewness. Among the mesh evaluation criteria, the minimum 

assumptions are that the value of orthogonal quality should be greater than 0.1 and skewness should not 

exceed 0.9, while quality indicators close to the best should be sought. It should be noted that the 

evaluation of the above-mentioned mesh quality indices can only be applied to one of the two CFD 

environments considered in the study – Ansys Fluent. 

Materials and methods 

The subject of the CFD study was the differential section [10-11] of the Visteon brake valve 

modified by the authors. The calculations were carried out using two CFD numerical environments 

(SolidWorks Flow Simulation 2022 and Ansys Fluent 16.0) to determine and compare MFR – Mass 

Flow Rate values under the same boundary conditions, which enabled the static characteristics of the 

differential section to be plotted. A PC equipped with an AMD Ryzen 7 5800X3D processor and 32GB 

of DDR4 RAM memory was used for the calculations. 

 

Fig. 1. Differential section of pneumatic braking valve: 1 – valve body; 2 – differential piston;  

3 – lower piston; 4 – piston guide; 5,6 – piston seals; 7 – plug; 8 – circlip 

The valve model was recreated and modified by introducing a differential section (Fig. 1) in 

SolidWorks CAD software, simplified and subjected to airflow simulation with assumed boundary 

conditions using the Flow Simulation add-on. In the second step, the model was exported to Ansys 

Fluent and simulated to determine MFR using the same boundary conditions but different mesh types. 

In order to be correctly implemented in both numeric environments, the model has been simplified: 

• the nozzle has been replaced by a hole with a diameter from 0.75 mm to 5 mm in a differential 

piston 2 (Fig. 1); 

• the o-rings on pistons 2,3 (Fig. 1) were replaced by square piston seals 5,6 (Fig. 1) with rounded 

edges in SolidWorks, and without roundings in Ansys Fluent CAD model due to mesh skewness 

higher than 0.97; 

• the compressed air reservoir supply connection has been plugged using the plug 7 (Fig. 1); 

• the circlip 8 (Fig.1) was replaced by a solid ring. 

The research scenario in SolidWorks Flow Simulation [12] involved carrying out a static CFD 

simulation of the differential section for all available nozzle diameters. For this purpose, all the global 

mesh sizes offered by the software (1-7) were used with the simulation parameters shown in Table 1. 

The results of the simulations carried out for the k-ε turbulence model, inlet pressure equals 

pinlet = 9×105 Pa and outlet pressure equals poutlet = 1×105 Pa were summarised in the static flow 

characteristics presented in Fig. 2. 
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Table 1 

Parameters of internal flow of differential section in SolidWorks Flow Simulation  

Analysis type Internal 

Fluid Air 

Flow type Laminar and turbulent 

Default wall thermal condition Adiabatic wall 

Pressure p0 = 101325 Pa 

Temperature T0 = 293.2 K 

Turbulence intensity 2% 

Turbulence length k 0.0010745 m 

 

Fig. 2. Flow characteristics of differential section using global meshes: 1-7 mesh size 

The next step involved the use of a global mesh of size 6 to optimise the computation time and a 

local mesh in the hole volume responsible for the differential action of the valve. For this purpose, built-

in tools were used to locally compact the mesh in the hole volume, according to the parameters shown 

in Table 2. 

Table 2 

Parameters of local meshes using different combinations of refinement tools 

Local mesh 
Equidistant 

refinement 
Advanced refinement Channels 

Level of refining 

cells (1-9) 
3 

Number of 

shells 
1 

Small solid 

feature refinement 

level (1-9) 

3 
Number of cells 

across channel 
10 

Level of refining 

cells at fluid 

boundary (1-9) 

3 

Maximum 

equidistant 

level (1-9) 

2 - - 

Maximum channel 

refinement level 

(1-9) 

2 

- - 
Offset 

distance 

0.0002

5 m 
- - - - 

Based on the obtained results, static flow characteristics were determined using a local mesh as 

shown in Fig. 3. 

 

Fig. 3 Flow characteristics of differential section using local meshes: A – equidistant and advanced 

refinement; B – channels; C - refinement and channels 
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An example of the global mesh distribution in size 7 can be seen in Fig. 4a, while a view of the 

local mesh in the key area is shown in Fig. 4b. In both cases, this distribution was presented for a 

1.75 mm diameter hole (nozzle). 

  

Fig. 4. Distrubution of meshes (Ø1.75 mm): a – global; b – local using refinement tools 

The procedure path in Ansys Fluent required additional model preparation. Before starting the 

definition of the boundary conditions, the gas volume was extracted [13] and then the supply pinlet = 9×105 

Pa and outlet poutlet = 1×105 Pa pressure boundary conditions were defined. The simulation was carried 

out for the five mesh variants shown in Table 3. The number of iterations in each case was limited to 

200. 

Table 3 

Parameters of internal flow of differential section in Ansys Fluent 

Name I II III IV V 

Turbulence model k-ε 

Advanced size 

function 
Proximity and curvature 

Relevance center Medium 

Smoothing Medium 

Min size Default Default 0.1 mm 0.1 mm 0.1 mm 

Proximity min size Default Default 0.1 mm 0.1 mm 0.1 mm 

Max face size Default Default 0.5 mm 0.5 mm 0.3 mm 

Max size Default Default 0.5 mm 0.5 mm 0.3 mm 

Growth rate 1.20 

Wall function Standard Wall Function 

Method Tetrahedrons Automatic Tetrahedrons Automatic Tetrahedrons 

Polyhedra domains No No No Yes Yes 

Based on the results obtained, as in the previous cases, the static characteristics were determined 

and presented in Fig. 5. 

 

Fig. 5. Flow characteristics of differential section using different meshes in Ansys Fluent:  

I – tetrahedrons; II – automatic refinement; III – 0.1 mm to 0.5 mm edge length; IV – polyhedral 

mesh; V – 0.1 mm to 0.3 mm edge length and polyhedral domain 
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The model mesh distribution using a tetrahedral mesh for a 1.75 mm diameter hole is presented in 

Fig. 6a. The polyhedral mesh that was created after converting the computational domain into polyhedral 

is shown in Fig. 6b. 

  

Fig. 6 Distribution of meshes (Ø1.75 mm): a – tetrahedrons; b - polyhedral 

Results and discussion 

The use of local meshes in SolidWorks Flow Simulation resulted in a six-fold reduction in the 

calculation time compared to the global mesh model in size 7. The results of the determined MFR value 

for the local grid were 0.22% lower (5.0 mm nozzle) than the value calculated using the global grid, but 

for the other nozzle diameters the MFR values from the local grid were higher from 0.15% to 12.40%, 

compared to the model with denser global grid. 

The internal flow simulation in Ansys Fluent requires the generation of the fluid volume during the 

import of the model geometry. The high mesh skewness of the original model required a modification 

of the geometry in sensitive areas, which ensured that a maximum mesh skewness of about 87% was 

obtained for 1% of the model volume, while the average skewness varied around 40%. The value of the 

orthogonal quality ratio varied between 0.15 and 0.86, while the aspect ratio varied between 1.15% and 

17.27%, depending on the grid settings adopted. The determined grid parameters are within the ranges 

specified by the manufacturer of Ansys Fluent software and confirmed in the literature. 

The MFR values obtained using the polyhedral mesh in Ansys Fluent with node edges in the range 

0.1 mm to 0.3 mm were lower, ranging from 32.51% to 45.23% compared to the results obtained with 

the compacted local mesh in SW Flow Simulation. The use of the polyhedral mesh in Ansys Fluent for 

the considered geometry resulted in an average fourfold reduction of the computation time. 

Flow disturbances for the 0.75 mm bore valve variant resulted in significant discrepancies when 

determining MFR values using Ansys Fluent. 

Considering the case of the Ansys Fluent mesh without the use of additional compaction tools with 

a node edge in the range 0.1 mm to 0.5 mm and the polyhedral mesh based on these settings, flow 

disturbance resulted in a decrease in MFR values of 9% and 50% for the hole diameters (0.75, 1.00 and 

1.5 mm), while in the other cases the polyhedral mesh resulted in an increase in the determined MFR 

value of 1-15%. 

The obtained flow characteristics in SW Flow Simulation were close to linear, whereas the 

characteristics determined from the results with Ansys Fluent are characterised by non-linearity due to 

the limited number of iterations - Ansys Fluent 200 iterations, Flow Simulation 300-650, depending on 

the case. 

Conclusions 

1. The results obtained showed a large variation depending on the software used. Mesh densification 

using the built-in SW Flow Simulation tools resulted in an increase in the determined MFR value 

in the range of 0.15% to 12.40%.  

2. In the case of Ansys Fluent, mesh densification and the use of polyhedral domains resulted in an 

increase of the MFR in the range of 1% to 15%, while in some cases this led to an underestimation 

of the results after using this method.  
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3. A comparison of the results obtained from the densest meshes considered shows an underestimation 

of the MFR in Ansys Fluent of 32.51% to 45.23% compared to the values obtained in SW Flow 

Simulation.  

4. The results provide a starting point for the laboratory bench experiments planned in the next steps 

to determine the influence of the nozzle diameter on the differential function of the valve. The 

changes in performance characteristics under real conditions determined in this way will make it 

possible to assess the validity of the use of the differential section in the acceleration action of the 

valve. The results of the experimental tests will make it possible to evaluate the discrepancy 

between the numerical and experimental values of MFR. 
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