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ABSTRACT 

 

Flow-induced noise in control valves is one of the greatest challenges faced by several 

industries and commonly used flow control device in process industries is globe control 

valves (GCV). In the present work numerical analysis was performed to study 

aeroacoustics of globe control valve. Axisymmetric globe control valve (2.54 cm) was 

analysed numerically using 2D large eddy simulation (LES) turbulence model for 

different valve openings. The Ffowcs-Williams and Hawkings (FWH) model was used 

to model the aero-acoustic. The fluid medium in the valve is air. It was observed that 

the sound pressure level (SPL) decreases with increase in the opening of the valve. The 

modification in the design of the control valve was considered to reduce SPL without 

affecting the inherent characteristic, flow coefficient (Cv). The design modifications in 

the control valve considered were chamfering the seat and filleting the plug of the valve. 

Out of these modifications, the 20° chamfer to the inlet side of seat gave the least sound 

pressure level for the various openings of the globe control valve.  
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INTRODUCTION 

 

Valves are commonly used components, found virtually in all process industries, where 

fluid flow control is of great importance. Valves vary widely in form and mode of 

application. Valves can be classified into some basic types like ball, butterfly, gate, 

globe and poppet. Globe valves are generally the preferred type for applications 

requiring frequent throttling and control of fluid flow. Due to this frequent operation 

and nature of flow in globe valve, aerodynamic noise is inevitable. Exposure to noise 

above 90 dB for long durations has been proved to affect the gross productivity of 

humans and may affect their hearing capability. The Environment Protection Act, 1986 

notified by Ministry of Environment and Forests, Government of India states that the 

maximum allowable noise standards at industrial areas have been restricted to 75 dB 

within an area not less than 100 mts [1]. Hence, there is a great need to understand the 

nature of aerodynamic noise that is generated in globe valves.   

Most of the analysis, both experimental and computational for control valves in 

general, and globe valves, in particular, was about predicting flow patterns [2-6], 

cavitation [7-11] and flow coefficient [12, 13]. Davis and Stewart [4] have modelled 

three-dimensional plug type globe valves using a simplified 2D axisymmetric flow 

model. They used the same model for validating the flow coefficient of the valve. The 

numerically determined flow coefficient Cv using this model matched well with the 

experimentally measured Cv in the range 2.5 to 13. Davis and Stewart [5] have also 
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performed a detailed experimental study to understand that for the plug type globe 

control valve, the flow field is close to axisymmetric. Using pressure and flow fields, 

they found that for most of the plug travel, flow is predominantly axisymmetric.  

Salvador et al. [14] studied cavitation in plug type globe control valves using a 

2D axisymmetric model near the plug seat region. Young et al. [15] studied 3D flow 

through LNG Marine Control Valves for their advanced design using numerical 

analysis.  Yang et al. [16] studied flow patterns and flow coefficients using 3D 

numerical simulations. Wang et.al [17] carried out simulations to predict the three-

dimensional flow fields in a large scale Gas Control Valve. Chern et al. [8] proposed a 

cavitation model for prediction of cavitation inside globe valves with and without a 

cage. Lafon [18] has analyzed the aerodynamic noise of cavity that houses the plug of 

the gate valve. They have modelled it using a 2D cavity.  

Aeroacoustics involves the study of noise generated due to turbulent flow and 

flow-induced vortex shedding.  Numerous models are available for modelling turbulent 

flow like two-equation models (RANS), Large Eddy Simulation (LES), Direct 

Numerical Simulation (DNS) [19] studied the effect of turbulence model on the 

prediction of aerodynamic noise in the subsonic cavity. This model considered was the 

standard benchmark case reported in Fourth Computational Aero-Acoustics (CAA) 

Workshop on Benchmark Problems. The different turbulence models considered were 

URANS k-ω SST, delayed DES and SAS. DDES showed the better prediction of cavity 

sound pressure level up to 5000 Hz with respect of experimental results. This is mainly 

because DDES was able to predict properly the small-scale structures due to turbulence. 

Several researchers have used Large Eddy Simulation (LES) to study aeroacoustics in 

the cavity [18, 20-22].  Hence, it is essential to use scale resolved models like LES to 

predict aeroacoustics. 

Most of the research work on control valves to date were on predicting flow 

features in the control valve, flow coefficients and cavitation. To the best of knowledge 

of authors, the aeroacoustics of globe control valves have not been studied. The present 

work details the aeroacoustic analysis of a simplified 2D, axisymmetric plug type globe 

control valve for different plug openings namely 30, 50 and 70% using LES for 

modelling turbulence. The commercial code FLUENT was the software used. Further, 

modifications were carried out to the valve to reduce the aeroacoustic noise, and the 

results are presented. 

 

NUMERICAL MODEL 

 

Governing Equations 

 

Based on the literature [18-22], scale resolved modelling for turbulence is essential for 

aeroacoustics modelling. In the present work, turbulence is modelled using LES model 

with Smagorinsky-Lilly subgrid model. The filtering equations for continuity and the 

Navier-Stokes [23] are given in Eq. (1) and (2). 
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where i j is the stress tensor due to molecular viscosity and i j is the subgrid-scale 

stress. The eddy-viscosity is modelled by Smagorinsky-Lilly model in Eq. (3). 

 

μ
t
=ρLs

2|S̄| (3) 

 

where sL is the mixing length for subgrid model. 

 

Acoustic Simulation 

 

The aero acoustic noise was modelled in the present work using Ffowcs-Williams and 

Hawkings equation [23] which is given in Eq. (4). 
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where p’ is the far field acoustic pressure and the mathematical surface of the body is 

represented by f. Fine computational grid at every grid point is required to solve FW-H 

equation which is computationally very expensive. However, generalised function 

theory and free Greens function can be used to get the solution at receiver locations. 

 

Computational Domain 

 

The cross-section of a standard globe control valve is normally identified by three 

sections. The first region is the inlet region. The second one is a two-dimensional plug 

and seat region. The third one is the exit region (Refer with Fig.1). The initial design of 

globe control valve used in this work is the same as that of Davis and Stewart [4]. 

The diameter (D) of the domain was set to 2.54 cm. The plug seat region was 

axi-symmetric along the horizontal and vertical axes. The valve was modelled with the 

plug positioned at different openings. The mesh was coarsened towards inlet side and 

towards the exit side while it was fine towards the two-dimensional plug seat region. 

The entire domain spanned 6D from the leading side to the seat and 10D from the seat 

to the trailing edge.  

Pressure monitors were placed along the upstream and downstream sections of 

the globe control valve. These were placed at about along the radius 1D and 2D 

upstream and downstream of the plug seat section. Based on the results, SPL values 

from all the pressure monitors were showing similar trend and hence we chose 1D 

downstream pressure monitor to comparing results various valve modifications. The 

two of those monitor points are shown in Figure 1.             
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Figure 1. Computational grid. 

 

Grid Details  

 

A two-dimensional axisymmetric domain was considered in the study with the plug seat 

domain meshed finely in GAMBIT. The grid used in the study was structured. After a 

preliminary investigation for grid independence based on validation case (grid was 

carefully chosen such that the valve plug and seat region was having grid size is smaller 

than that of fine grid validation case), for all three cases with different valve openings; 

grids greater than 150,000 cell volumes were meshed and clustered in the plug seat 

regions; since logically this was the area of largest flow gradients. 

 

Boundary Conditions 

 

The model was assumed to be axisymmetric as the flow is axisymmetric according to 

experimental study of Davis et al [4]. The boundaries were considered to be solid 

including the plug, seat and top wall which were represented using no-slip velocity 

boundary conditions. Axis boundary conditions were applied across the centre line. The 

inlet was represented using mass flow inlet boundary condition since air was assumed to 

be compressible ideal gas. Davis and Stewart [4] conducted an experimental study on 

2.54 cm globe control valve to find the flow coefficient Cv. The obtained value of rated 

Cv (Cv value at 100 % opening) of the globe control valve under study (Valve A: 2.54 

cm valve with seat radius 0.471 cm) was 2.5. Flow coefficient (Cv) as per ISA standard 

S7501, [2] is the number of gallons of water per minute that can flow through the valve 

with a pressure drop (∆P) of 1 psi. 

 

Computational Methodology 

 

A general-purpose CFD code, Fluent 13.0 was used for solving the governing equations 

of mass, momentum and turbulence for unsteady flow. Parallel computations were 

carried out to reduce the computational time. Air was modelled as the ideal gas.  The 

convergence criteria for the residuals were set to 10-6 for all the equations. The time step 

size for all cases was set to 10-6 and was iterated for 0.1 million time steps.  Second 

order upwind scheme was used to discretise convective terms of all the governing 

equations, and fractional step algorithm is used for pressure-velocity coupling. The 
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solution was allowed to converge at every time step till the convergence criteria were 

satisfied.  

 

VALIDATION OF NUMERICAL MODEL 

 

In the present globe valve, the phenomenon identified was similar to that described by 

Rockwell et al. on the behaviour of 2D, axisymmetric cavities. The noise generated was 

due to the cavity that houses the disc of the gate valve [18]. So the validation of 

computational aeroacoustics of low Mach number flow in a cavity using Large Eddy 

Simulation turbulence model was carried out initially. 

The aero acoustics phenomenon occurring in globe control valve was similar the 

noise generated due to the cavity that houses the disc of the gate valve [18]. So the 

present numerical model was validated against the experimental results of a partially 

open shallow cavity by Lafon et al. [18].  

A partially open shallow cavity problem was studied experimentally and 

numerically by Lafon [18] is shown in Figure 2 (a). In the cavity noise problem, the 

maximum velocity (V) was considered as the nominal velocity. The characteristic 

dimensions of the cavity are in Figure 2 (a): d = 0.05 m, h = 0.02 m, H = 0.137 m, L = 

0.073 m. The same was taken for validation. A structured mesh was created for the 

same, with 391034 grids and was finely meshed towards the cavity mouth with a 

pressure monitor at the bottom of the cavity as shown in Figure 2 (b). The interval size 

of the edge mesh at the cavity bottom was set to be 0.01 mm. The time step was set to 

10-6 seconds. 

Figure 3 shows the sound pressure level plot for various frequencies. The first 

peak frequency is at 1026.7 Hz and magnitude is 137.2 dB. This is close to the 

experimental value obtained by Lafon et al. [18] which is of magnitude 128 dB at 1199 

Hz. 

 

 
(a) 
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(b) 

 

Figure 2. (a) The cavity studied and; (b) structured mesh of cavity 

 

 
 

Figure 3. Computed sound pressure level for various frequencies at the monitor point. 

 

RESULTS AND DISCUSSION 

 

The simulations were performed for 30 %, 50 % and 70 % openings of the globe control 

valve. First, the standard design was studied to identify the peak SPL levels. Further, the 

design was modified at the inlet plug region and later the inlet seat region. A fillet 

radius was provided at the inlet region, and the entire domain meshed with quadrilateral 

elements. These design modifications were such that the orifice area between seat and 

plug remains unchanged and hence the Cv of the valve remains almost constant. 

 

Initial Design 

 

The initial design of axi-symmetric plug type globe control valve taken was the same as 

that specified by Davis and Stewart [4]. The different openings considered of the globe 

control valve were 30 %, 50 % and 70 %. The SPL for various valve openings at 1D 

upstream and downstream monitor points are shown in Figure 4. From the figure, it is 
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clear that as the valve opening increases the SPL decreases at both the monitor points. 

The reduction in SPL is more from 30 % to 50 % opening than from 50 % to 70% 

opening.   

 

 
 

Figure 4. Sound pressure level at 1D upstream and downstream points for various valve 

openings. 

 

The production of aeroacoustic noise was attributed to the occurrence of vortex 

shredding [18, 20, 21]. To understand the nature of vortex shredding the initial design at 

50 % opening has been studied in detail. The contours of vorticity magnitude were 

presented at a time interval of 0.00005 seconds as shown in Figure 5. The downstream 

monitor point is indicated as a black dot for clarity in Figure 5. It can be seen in all 

these figures that vortices are generated at upstream edge and downstream edge of seat 

and upstream edge of the plug. The vortex generated at the upstream edge of the seat 

hits the seat wall and generate shear layer which initiates the vortex generated at the 

downstream edge of the seat. The vortices generated at the downstream edge (or outlet 

side) of the seat and plug mix with each other. The vortex shredding frequency from the 

plug and seat are different.  

 

 

 
(a) 
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(b) 

 

 
(c) 

 

 
(d) 

 

Figure 5. Vortex shredding cycle at 50 % opening.  
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Figure 6 (a), (b) and (c) shows the vorticity magnitude contours at three different 

valve openings. The intermingling of vortices generated from seat and plug is more for 

30 % compared to 50 and 70 % openings. This is due to an increase in the minimum 

orifice area. 

 

 
(a) 

 

 
(b)  

 
(c)  

 

Figure 6. Vorticity magnitude contours at different valve openings of GCV (a) 30 %,  

(b) 50 % and; (c) 70 % opening  
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Design Modifications for Plug and Seat Geometry  

 

The standard design was modified to reduce aerodynamic noise. The modifications were 

done for plug and seat such that Cv remains almost constant. The seat was modified with 

chamfers of 20°, 30° and 45° at the inlet side as shown in Figure 7. The plug was 

modified with a fillet on the inlet side. The effect of these modifications on SPL have 

been studied and presented in this section. 

Figure 8 shows the SPL levels at upstream and downstream locations (1D) for 

various valve designs. The openings considered are 30 %, 50 % and 70 % as in the case 

of standard design. The trends of sound pressure level (SPL) at upstream and 

downstream monitor points are similar. It is evident from the plots that for 30 % 

opening all design modifications (chamfers on the seat and filleting on plug) cause a 

reduction in SPL when compared with the standard design. The reduction in SPL for the 

plug modified model is less compared to seat modified one. Also, all the three chamfer 

modifications were giving almost the same SPL for 30 % opening. But as the valve 

opening increases to 50 % and 70 %, the SPL shows an increasing trend for all the 

designs except for the case of the 20° chamfer which shows a decreasing trend.  

 

 
(a)  

 

 
(b)  
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(c)  

 

Figure 7. Design modification of valve seat with chamfer angle of (a) 20° (b) 30° and;  

(c) 45°. 

 

In Figure 8(a) and 8(b), when a 20° chamfer was introduced at the inlet side of 

the seat an appreciable reduction in SPL was noted in both the upstream and 

downstream sections. To understand the phenomenon of aeroacoustic noise for the 

design modifications, the vorticity magnitude contours were investigated. 

Figure 9(a) to 9(e) shows the vorticity plots for initial design and modified 

designs for 30 % opening. Figures are in the order of initial design, 20°, 30°, 45° 

chamfer to the seat and fillet to plug. The black dots in the figures represent the pressure 

monitor point. It is clear from Figure 8(a) to 8(d) that the introduction of chamfer has 

eliminated the primary vortex formed at the inlet side of the seat. But the nature of the 

flow on the plug remains the same for all these cases. It can be seen that for all three 

chamfer designs, the overlap of plug and seat remains the same for 30 % opening. The 

vortex that was generated at the inlet side of seat for chamfers cases subsides to form a 

shear layer when reaches a straight portion of the seat. For this reason, the SPL for all 

the chamfers cases for 30 % opening is more or less the same value. 

 

 
(a) 
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(b) 

 

Figure 8. Sound pressure level (SPL) plots for modified designs at (a) upstream and;  

(b) downstream monitor 

 

  
(a)       (b) 

 

 
(c)  

 

 
(d) 
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(e)  

 

Figure 9. Vorticity magnitude plots of 30 % opening in (a) initial design, and modified 

design at (b) 20° (c) 30° and; (d) 45° chamfer, and (e) fillet to plug. 

 

Figure 10(a) to 10(d) show vorticity magnitude contours of 30 % and 70 % 

openings with 20° and 45° chamfer angle. The 45° chamfer gives a smaller straight 

edge on the seat. The shear layer forming at the seat for 45° chamfer with 70 % opening 

is causing more vortex shredding. This leads to a higher SPL for 45° chamfer valve 

when compared to 20° chamfer valve. 

 

 
(a)  

 

 
(b)  

 
(c)  

 
(d)  

 

Figure 10. Vorticity magnitude plots of modified designs with chamfer angle of (a) 20° 

with 30 % opening, (b) 20° with 70 % opening (c) 45° with 30 % opening and; (d) 45°  

with 70 % opening. 
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CONCLUSION 

 

The computational aeroacoustics study was performed for globe control valve using 

large eddy simulation (LES) turbulence model for different valve openings. The various 

conclusions obtained from the present work are: 

i. the increase in the opening of the valve, the sound pressure level reduces, and 

this reduction is not linear.  

ii. The aeroacoustics noise is mainly due to vortex shedding from seat and plug. 

The rate of vortex shedding from seat and plug are different. The intermingling 

of vortices generated from the seat and plug determines the sound pressure level.  

iii. The 20°, 30° and 45° the chamfer to the inlet of the seat reduced SPL for 30 % 

opening relative to the standard design whereas for 20° chamfer SPL reduced 

with higher valve openings. Also, modification to plug of the valve increase the 

SPL with reference to the standard design. 
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