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Introduction 

Disclaimer 

The aim of this Manual is to provide practical instructions for the use of the Valve Sizing Calculator, as well as an 

overview of some of the basic theory and practices of control valve sizing process. 

The information is presented in good faith and believed to be complete and accurate.                                                             

The information contained in this guide is provided without any representation of warranty, accuracy or 

completeness, and should be used as a general guideline and not as an authoritative source of technical information. 

HIT VALVE is not responsible for the results of any actions taken by Users of information contained in this Manual, nor 

for any error or omission from this Manual. 

HIT VALVE explicitly disclaims any liability and responsibility in respect of complaints, losses or damages caused, or 

alleged to be caused, either directly or in relation to the use and reliance upon any information contained in this 

Manual. 

The products referred to in this publication are continually improved through further research and development.            

HIT VALVE reserves the right, without notice, to alter or improve the designs or specifications of the products and 

methods described herein. 

Troubleshooting 

Valve Sizing Calculator has been intensively tested and debugged by HIT VALVE. This Manual is always under active 

development, consequently errors and omissions may be detected. In similar cases, or if any difficulty occurs accessing 

or using the application, please contact HIT VALVE at sizing@hitvalve.com. 

Obtaining Login credentials 

The User should ask for login credentials to have access to the Valve Sizing Calculator; they can be obtained by 

contacting HIT VALVE S.p.A. through the specific contact form. 

Product range for sizing 

Valve Sizing Calculator is available to the User only for the following Control Ball Valve models among the HIT VALVE 

product range: 

- HC-1 Full port 

- HC-2 V-port 

- HC-4 Multi stage 

- HC-6 Drilled ball 

For special or severe service applications, for which highly customized valve trim are required, e.g.  

- HC-3 Mono stage  

- HC-5 High performance stage  

- HC-7 Limiball  

please contact HIT VALVE at sales@hitvalve.com. 

mailto:sizing@hitvalve.com
mailto:sales@hitvalve.com
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1. Valve Sizing Calculator Manual 

This Section provides the User a practical guideline for the Valve Sizing Calculator use, showing the main features of 

the software and describing step-by-step how to size a Control Ball Valve. 

1.1     Project creation and management 

1.1.1 Login area 

In the main page of the Valve Sizing Calculator, the form requires the User to enter the login credentials: Username 

and Password. In order to proceed with the login, the User has to read and agree with HIT VALVE website policies 

(Figure 1.1). 

1.1.2 Manage projects area 

After the login, the User is required to enter the Manage Projects area.                                                                                                                               

In the Manage projects area the User can: 

- create a new project (Figure 1.2); 

- copy an existing project; 

- remove a project; 

- open a project by clicking on the Project Code; 

- logout from the Valve Sizing Calculator (Figure 1.3). 

FIGURE 1.1 - LOGIN AREA 

FIGURE 1.2 - MANAGE PROJECTS AREA 
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1.2     Project area 

After creating a new project, the User can open it and fill in the Project details.                                                                   

The Project area is divided into different sections (see Figure 1.4): 

- Edit project details; 

- Tag list; 

- Valve selection; 

- Input area; 

- Results area. 

All the data pointed out with an asterisk are mandatory and have to be set by the User in order to successfully 

complete the valve sizing. 

FIGURE 1.3 - MANAGE PROJECT AREA - LOGOUT 

FIGURE 1.4 - PROJECT AREA 
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1.2.1 Edit project details 

After opening a new project, or an existing one, the User can edit the project details (Figure 1.5), that is: 

- Project name; 

- Customer name; 

- Configuration date. 

Automatically the project is tagged with an univocal Project Code that is added in the Manage Projects area. 

 

1.2.2 Tag list area 

Below the project details, the list of the valve tags contained in the current project is shown on the left side of the 

page (Figure 1.5). In the tag area the User can: 

- Add a new tag; 

- Copy an existing tag; 

- Remove a tag; 

- Rename a tag. 

Once the new tag is created, the User can proceed with the valve configuration. 

 

 

 

FIGURE 1.5 - PROJECT DETAILS AND TAG LIST AREA 
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1.2.3 Valve model data 

In the Valve Model Data section, the User defines the valve type and valve size from the available product range 

(Figure 1.6), i.e. 

- Valve model; 

- Valve size (NPS); 

- Pressure class (as per API 6D standard); 

- Valve design; 

- Seat type; 

- Shutoff pressure (bar). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 1.6 - VALVE MODEL DATA 
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1.2.4 Input area 

The Input area is divided into sections that allow the User to set (Figure 1.7): 

- Medium type; 

- Pipe data; 

- Process data; 

- Liquid data and/or gas data (depending on the fluid type). 

Set all the mandatory data in each section, the User has to press the button Calculate and the solution to the valve 

sizing is computed and displayed in the Results area. 

Medium type 

The fluid type can be either: 

- Liquid; 

- Gas-vapor; 

- Two-phase (gas-liquid mixture). 

The User can describe the fluid type or the service of the valve in the slot on the right (Figure 1.8).                                             

The description is not mandatory. 

Pipe data 

In Pipe Data the User specifies: 

- the Pipe Inlet Diameter (NPS); 

- the Pipe Outlet Diameter (NPS); 

- the Pipe Schedule of the outlet pipe. 

The dropdown list of the Pipe Schedule as per ASME B36.10 (2004) and ASME B36.19 (2004) is available to the User 

(Figure 1.9). Moreover, the User can set manually the pipe wall thickness by selecting the option MANUAL on the 

Schedule slot. The thickness value can be set either using S.I. [mm] or Imperial Units [in]. 

FIGURE 1.7 - INPUT AREA 

FIGURE 1.8 - MEDIUM TYPE 
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The valve inlet and outlet pipe diameters are used in the calculation that corrects for the effect of pipe reducers.             

The outlet pipe diameter and the outlet pipe schedule (or the outlet pipe wall thickness) are used in the noise 

calculation. 

Process data 

The Process Data area includes process data that do not depend on the selected fluid type (Figure 1.10). 

The User sets: 

- Inlet pressure (either absolute [barA] or gauge [barG] pressure); 

- Outlet pressure (either absolute [barA] or gauge [barG] pressure); 

- Inlet Temperature [°C]. 

By default, only one process case is available. The User can: 

- Add new process cases (up to 6 process cases); 

- Remove existing process cases. 

The pressure drop data is computed and filled automatically. Process data shall be set for each process case. 

FIGURE 1.9 - PIPE DATA AND PIPE SCHEDULE 

FIGURE 1.10 - PROCESS DATA 
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Liquid data 

For each process case (Figure 1.11), in the Liquid Data area the User sets: 

- Flow rate (either volumetric flow rate [m
3
/h] or mass flow rate [kg/m

3
]); 

- Vapor pressure [barA]; 

- Critical pressure [barA]; 

- Liquid density [kg/m
3
]; 

- Viscosity [cp]. 

Gas data 

For each process case (Figure 1.12), in the Gas/Vapor Data area the User sets: 

- Flow rate (either volumetric flow rate [m
3
/h] or mass flow rate [kg/m

3
]); 

- Ratio of specific heats; 

- Molecular weight MW [kg/kmol]; 

- Compressibility factor. 

 

 

 

 

 

 

FIGURE 1.11 - LIQUID DATA 

FIGURE 1.12 - GAS/VAPOR DATA 
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1.2.5 Results area 

In the Results area the output of the valve sizing is summarized into three sections (Figure 1.13): 

- Cv sizing; 

- Noise prediction; 

- Torques. 

 

Cv sizing (liquid) 

For liquid flows, in the Cv Sizing area the Valve Max Capacity CV [gpm] is computed and the following output of the 

valve sizing procedure is shown for each process case (Figure 1.14): 

- Required capacity CV [gpm]; 

- Travel of the valve [%]; 

- Open degrees [deg]; 

- Flow velocity at the outlet [m/s]; 

- Terminal pressure drop [bar]. 

 

 

 

FIGURE 1.13 - CV SIZING 

FIGURE 1.14 - CV SIZING OUTPUT FOR LIQUID FLOWS 
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Cv sizing (gas/vapor) 

For gas/vapor flows, the Valve Max Capacity CV [gpm] is computed in the Cv Sizing area and the following output of 

the valve sizing procedure is shown for each process case (Figure 1.15): 

- Required capacity CV [gpm]; 

- Travel of the valve [%]; 

- Open degrees [deg]; 

- Mach number; 

- Limit pressure drop ratio. 

Cv sizing (two-phase) 

For two-phase flows, the Valve Max Capacity CV [gpm] is computed in the Cv Sizing area and the following output of 

the valve sizing procedure is shown for each process case (Figure 1.16): 

- Required capacity CV [gpm]; 

- Travel of the valve [%]; 

- Open degrees [deg]; 

- Flow velocity at the outlet [m/s]; 

- Terminal pressure drop [bar]. 

 

FIGURE 1.15 - CV SIZING OUTPUT FOR GAS/VAPOR FLOWS 

FIGURE 1.16 - CV SIZING OUTPUT FOR TWO-PHASE FLOWS 
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Noise prediction 

The Noise Prediction area shows the estimated Noise Pressure Level [dB(A)] for each process case considered (Figure 

1.17). 

Torques 

In the Torques area the valve dynamic run torques [Nm] are shown for each process case, together with the static 

torques [Nm] for the selected valve model (Figure 1.18), i.e. 

- Break to open; 

- End to open; 

- Break to close; 

- End to close. 

 

  

FIGURE 1.17 - NOISE PREDICTION OUTPUT 

FIGURE 1.18 - TORQUES OUTPUT 
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1.3    Additional features 

1.3.1 Characteristic curve visualization 

The button View Chart allows to display the Inherent Flow Characteristic curve of the selected valve and the operating 

cases for the considered process data. The chart shows the valve flow coefficient CV [%] as a function of the valve 

Travel [%]. The User can download the chart with the button Save Chart (Figure 1.19). 

1.3.2 Warning messages 

During the sizing computation, warning messages can be generated and displayed. They alert the User in case of: 

- High noise level; 

- High flow velocities; 

- Exceeded maximum valve capacity; 

- Cavitating flow (only liquid); 

- Flashing flow (only liquid); 

- Choked flow (only gas/vapor). 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 1.19 - CHART OF THE INHERENT FLOW CHARACTERISTIC CURVE 
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1.3.3 Autosizing option 

The Valve Sizing Calculator implements an optimization algorithm that helps the User to identify the best valve 

configuration among HIT VALVE standard products for the specified process conditions.  

The Autosize function starts if both the valve SIZE and the valve MODEL are set to AUTO (Figure 1.20). With this 

parameters settings, the Valve Sizing Calculator will propose to the User the optimal valve size and model referring to 

a number of parameters. The optimal valve model and size are selected trying to prevent unwanted phenomena like 

excessive noise or liquid cavitation, as well as looking at the valve travel at maximum and minimum flow conditions, 

flow velocity at the valve exit and the size of the valve in relation to the size of the pipeline. 

 

1.3.4 Results printing 

To print the results of calculations, the User can click on the button at the top-right of the page. Valve Sizing Calculator 

will create a PDF document including valve properties, process input conditions and calculated results. Warnings will 

be printed in the Notes field at the bottom of the document. 

  

FIGURE 1.20 - AUTOSIZE PARAMETER (EXAMPLE) 
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2. Valve sizing process 

The sizing process allows to determine the required flow coefficient CV value for the application, the proper valve size 

and trim style, the flow velocity and noise level, together with the actual working conditions of the valve, such as 

cavitation, flashing, choked flow or high velocity and noise levels. The sizing process is implemented as an iterative 

algorithm in the Valve Sizing Calculator. 

Successful control valve sizing and selection depend on deep awareness of the actual process conditions in the system 

where the valve has to be installed. If they are incorrect or incomplete, the sizing process will be inaccurate. 

For a proper valve sizing, the minimum required information are the following, as listed in Table 1: 

Installation data 

Upstream pipe diameter 

Downstream pipe diameter 

Downstream pipe thickness/schedule 

Fluid properties 
(liquid) 

Vapor pressure 

Critical pressure 

Density 

Dynamic viscosity 

Fluid properties 
(gas/vapor) 

Specific heat ratio 

Molecular mass 

Compressibility factor 

Service conditions 

Flow rate 

Inlet pressure 

Outlet pressure 

Inlet temperature 

 
TABLE 1 - INPUT DATA FOR SIZING 

2.1     Sizing equations 

The flow of incompressible and compressible fluids through control valves has been well defined by codified sizing 

equations described in the IEC 60534-2-1 standard, “Industrial-process control valves – Part 2-1: Flow capacity – Sizing 

equations for fluid flow under installed conditions”. 

Sizing equations identify the relationships between flow coefficients, installation factors and service conditions. Flow 

coefficients are directly related to valve models and are defined by valve manufacturer. All other variables depend on 

operating conditions. 

2.1.1 Liquid flow sizing equations 

The fundamental flow model for incompressible fluids is given by 

𝑄 = 𝑁1 𝐶𝑉𝐹𝑃𝐹𝑅 ∙ √
∆𝑝𝑠𝑖𝑧𝑖𝑛𝑔
𝜌1
𝜌0⁄

 

This model establishes the relationship between flow rate, flow coefficient, fluid properties, piping installation factors 

and service conditions for control valves handling incompressible fluids. In the sizing process the to-be-estimated 

variable is the required flow coefficient CV. 
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The value of the pressure drop used in the equation to predict the flow rate, is the lowest of the actual pressure drop 

across the valve and the choked (or terminal) pressure drop 

∆𝑝𝑠𝑖𝑧𝑖𝑛𝑔 = {
∆𝑝 = 𝑝1 − 𝑝2 𝑖𝑓 ∆𝑝 <  ∆𝑝𝑐ℎ𝑜𝑘𝑒𝑑
∆𝑝𝑐ℎ𝑜𝑘𝑒𝑑 𝑖𝑓 ∆𝑝 ≥  ∆𝑝𝑐ℎ𝑜𝑘𝑒𝑑

  

Choked flow is the condition where further increase in pressure drop at constant upstream pressure no longer 

produces a corresponding increase in flow through the control valve. This pressure drop is known as the choked 

pressure drop or terminal pressure drop and is given by the following equation  

∆𝑝𝑐ℎ𝑜𝑘𝑒𝑑 = (
𝐹𝐿𝑃
𝐹𝑃
)
2

∙  (𝑝1 − 𝐹𝐹𝑝𝑣) 

Both the choked pressure drop definition and the relationship between actual pressure drop and flow rate depends 

on fluid properties and valve’s style. 

ρ1 is the density of the fluid at inlet pressure p1 and temperature T1, whereas ρ0 is the density of water. pv is the liquid 

vapor pressure at inlet temperature. 

FP is the piping geometry factor, defined as  

𝐹𝑃 = 
1

√1 + 
∑𝐾
𝑁2

(
𝐶𝑉
𝑑2
)
2

 

where d is the nominal valve size and the velocity head loss coefficient of a reducer, expander of fittings attached to 

the control valve is defined as 

∑𝐾 = 𝐾1 + 𝐾2 + 𝐾𝐵1 − 𝐾𝐵2 

The total velocity head loss depends on the inlet reducer and outlet expander coefficients 

𝐾1 = 0.5 [1 − (
𝑑

𝐷1
)
2

]

2

 

𝐾2 = [1 − (
𝑑

𝐷2
)
2

]

2

 

and on the piping diameters approaching and leaving the control valve 

𝐾𝐵1 = 1 − (
𝑑

𝐷1
)
4

 

𝐾𝐵2 = 1 − (
𝑑

𝐷2
)
4

 

FLP is the combined liquid pressure recovery factor and piping geometry factor of a control valve with attached fittings. 

It can be estimated from the liquid pressure recovery factor FL as follow: 

𝐹𝐿𝑃 = 
𝐹𝐿

√1 + 
𝐹𝐿
2

𝑁2
 (
𝐶𝑉
𝑑2
)
2

 (𝐾1 + 𝐾𝐵1) 
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FF is the liquid critical pressure ratio factor and represents the ratio of the apparent vena contracta pressure at choked 

flow conditions to the vapour pressure of the liquid at inlet temperature. It can be approximated from the following 

equation: 

𝐹𝐹 = 0.96 − 0.28 √
𝑝𝑣
𝑝𝑐

 

where pc is the absolute thermodynamic critical pressure of the fluid. 

FR is the Reynolds number factor. It is usually equal to 1 for fully developed turbulent flow (Reynolds number larger 

than 10000). Non-turbulent conditions may be encountered, especially when flow rates are low or fluid viscosity is 

appreciable. The Reynolds number factor has an effect in non-turbulent flow and can be computed using the Reynolds 

number for the valve 

𝑅𝑒𝑣 = 
𝑁4𝐹𝑑𝑄

𝜈 √𝐹𝐿𝐶𝑉
 (
(𝐹𝐿𝐶𝑉)

2

𝑁2𝑑
4
+ 1)

4

 

where Fd is the valve style modifier and ν is the kinematic viscosity. 

The expression for FR changes depending on the flow regime as follows 

𝑖𝑓    𝑅𝑒𝑣 < 10 𝐹𝑅 = min [

0.026

𝐹𝐿
 √𝑛 𝑅𝑒𝑣

1

] 

𝑖𝑓    10 ≤ 𝑅𝑒𝑣 ≤ 104 𝐹𝑅 = min

[
 
 
 
 
 1 + (

0.33 √𝐹𝐿
𝑛0.25

) log (
𝑅𝑒𝑣
10000

)

0.026

𝐹𝐿
 √𝑛 𝑅𝑒𝑣

1 ]
 
 
 
 
 

 

𝑖𝑓    𝑅𝑒𝑣 > 104 𝐹𝑅 = 1 

The value of the constant n is determined on the basis of the trim style (full trim vs reduced trim) 

𝑖𝑓    
𝐶𝑟𝑎𝑡𝑒𝑑
𝑑2𝑁18

 ≥ 0.016 𝑛 =  
𝑁2

(
𝐶𝑉

𝑑2
⁄ )

 

𝑖𝑓    
𝐶𝑟𝑎𝑡𝑒𝑑
𝑑2𝑁18

< 0.016 𝑛 =  1 + 𝑁32 (
𝐶𝑉

𝑑2
⁄ )

2
3⁄

 

Given the operating conditions, the described equations are solved iteratively to compute the required flow 

coefficient CV. 

2.1.2 Gas/vapor flow sizing equations 

The fundamental flow model for compressible fluids in the turbulent flow regime is given by 

𝑊 = 𝑁6𝐶𝑉𝐹𝑃𝑌 √𝑥𝑠𝑖𝑧𝑖𝑛𝑔𝑝1𝜌1 

This model establishes the relationship between flow rates, flow coefficients, fluid properties, installation factors and 

service conditions for control valves handling compressible fluids. In the sizing process the to-be-estimated variable is 

the required flow coefficient CV. 
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The value of the pressure drop ratio used to predict the required flow coefficient is the lesser of the actual pressure 

drop ratio or the choked (or limit) pressure drop ratio: 

𝑥𝑠𝑖𝑧𝑖𝑛𝑔 = {
𝑥 𝑖𝑓 𝑥 < 𝑥𝑐ℎ𝑜𝑘𝑒𝑑

𝑥𝑐ℎ𝑜𝑘𝑒𝑑 𝑖𝑓 𝑥 ≥ 𝑥𝑐ℎ𝑜𝑘𝑒𝑑
 

where x is the pressure drop ratio 

𝑥 =  
∆𝑝

𝑝1
 

The pressure drop ratio at which flow no longer increases, with increased value in pressure drop ratio, is the choked 

pressure drop ratio (or limit pressure drop ratio), given by the following equation: 

𝑥𝑐ℎ𝑜𝑘𝑒𝑑 = 𝐹𝛾𝑥𝑇𝑃  

Fγ is the specific heat ratio factor, defined as  

𝐹𝛾 = 
𝛾

1.4
 

where γ is the specific heat ratio of the gas.  

xTP is the pressure differential ratio factor of a control valve with attached fittings at choked flow. It can be estimated 

from the pressure differential ratio factor of a control valve installed without reducers xT as follow:  

𝑥𝑇𝑃 = 

𝑥𝑇
𝐹𝑃
2

1 + 
𝑥𝑇(𝐾1 + 𝐾𝐵1)

𝑁5
 (
𝐶𝑉
𝑑2
)
2  

Y is the expansion factor and accounts for the change in density as the fluid passes from the valve inlet to the vena 

contracta. It also account for the change in vena contracta area as the pressure drop is varied. It shall be calculated as 

𝑌 = 1 − 
𝑥𝑠𝑖𝑧𝑖𝑛𝑔

3 𝑥𝑐ℎ𝑜𝑘𝑒𝑑
 

The compressibility factor shall be introduced to compensate for the discrepancy between real gas behavior and ideal 

gas behavior. The expansion factor has a limiting value equal to ⅔ under choked flow conditions. 

The flow model is valid for fully developed turbulent flow only. Non-turbulent conditions may rarely be encountered, 

especially when flow rates are quite low or fluid viscosity is appreciable. The model is applicable if the Reynolds 

number is larger than 10000. 

In the non-turbulent regime the fundamental flow model for compressible flow is the result of 

𝑊 = 𝐶𝑉𝑁27𝐹𝑅𝑌
∗√
∆𝑝 (𝑝1 + 𝑝2) 𝑀𝑤

𝑇1
 

where Mw is the molecular mass of flowing fluid. 
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The expansion factor in the non-turbulent regime Y* is estimated as 

𝑌∗ = 

{
 
 

 
 𝑅𝑒𝑣 − 1000

9000
 (𝑌 − √1 − 

𝑥

2
) + √1 − 

𝑥

2
𝑖𝑓    1000 ≤ 𝑅𝑒𝑣 < 10000

√1 − 
𝑥

2
𝑖𝑓    𝑅𝑒𝑣 < 1000

 

The definition of both the Reynolds number of the valve and the Reynolds number factor are computed as for the 

incompressible fluid. 

2.1.3 Two-phase flow sizing equations 

Control valve sizing theory for multiphase flow is not nearly so well developed as it is for single phase fluids. No 

generally accepted standard method exists for control valve sizing in case of a mixture of liquid and gaseous fluid. This 

is because in two-phase flow mixtures liquid and gas cannot be mathematically described in a simple and exact way at 

the same time and experimental tests are hard to be performed. For this reason, it is not possible to size valves for 

multiphase flow with the same accuracy as for single component streams. 

The method implemented in the Valve Sizing Calculator is based on the homogeneous flow theory, which assumes 

that liquid and gas move with the same velocity and that they are homogeneously intermixed. Homogeneous flow 

theory is based on average properties such as the density and velocity of a two-phase mixture. After necessary 

average properties have been determined, a valve can be sized using equations similar to the standard equations for 

single-phase flow. 

The effective density of the two-phase mixture ρe is estimated from the two separate densities on the upstream side 

of the valve, taking account for the gas expansion, as follow: 

𝜌𝑒 = (
𝑓𝐿
𝜌𝐿
+ 

𝑓𝐺
𝜌𝐺𝑌

2
)
−1

 

where fL and fG are the liquid and gas mass flow rate fractions 

𝑓𝐿 = 
𝑊𝐿

𝑊
𝑓𝐺 = 

𝑊𝐺

𝑊
𝑊 = 𝑊𝐿 +𝑊𝐺  

and W is the total mass flow rate. The fundamental relationship between process conditions, flow coefficients and 

fluid properties is given by 

𝑊 = 𝑁6𝐹𝑝𝐶𝑉√∆𝑝𝑠𝑖𝑧𝑖𝑛𝑔  𝜌𝑒 

The value of the pressure drop used in the equation to predict the flow rate is the lesser of the actual pressure drop 

across the valve or the choked (or limit) pressure drop 

∆𝑝𝑠𝑖𝑧𝑖𝑛𝑔 = {
∆𝑝 = 𝑝1 − 𝑝2 𝑖𝑓 ∆𝑝 <  ∆𝑝𝑐ℎ𝑜𝑘𝑒𝑑
∆𝑝𝑐ℎ𝑜𝑘𝑒𝑑 𝑖𝑓 ∆𝑝 ≥  ∆𝑝𝑐ℎ𝑜𝑘𝑒𝑑

  

For multiphase flow the terminal (choked) pressure drop is approximated using a linear combination of the terminal 

pressure drop values of pure liquid and pure gas: 

∆𝑝𝑐ℎ𝑜𝑘𝑒𝑑 = (
𝐹𝐿𝑃
𝐹𝑃
)
2

(𝑝1 − 𝐹𝐹𝑝𝑣) 𝑓𝐿 + (𝑝1𝐹𝛾𝑥𝑇𝑃) 𝑓𝐺  

where the flow coefficients and the piping factor are computed as in the single-phase case. 
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2.2     Noise evaluation 

Noise prediction techniques are based upon empirical equations. In the Valve Sizing Calculator noise prediction 

method is based on the German VDMA 24422 recommended practice which origins to 1979. 

Control valve noise is generated by turbulence created in the valve and radiated to the surroundings by the 

downstream piping system. Major sources of control valve noise are mechanical vibration of the valve components, as 

well as hydrodynamic and aerodynamic fluid noise.  

Mechanical noise can result from vibrations caused by the random pressure fluctuations within the valve body and 

fluid impingement upon the valve trim. Noise produced by mechanical vibration is usually acceptable below 100 dB(A) 

and it is described as a mechanical rattling. Mechanical noise is usually secondary to the damage that may result to 

the vibrating part. In general, mechanical noise can be eliminated thanks to the proper valve design choice and 

normally it doesn’t occur in control valve service. 

Hydrodynamic noise is caused by the turbulence of liquid flow, cavitation ad flashing. Liquid flow noise is generated by 

the turbulent velocity fluctuations that result from the rapid deceleration of the fluid; this phenomena occurs as the 

flow area increases downstream of the vena contracta. Liquid flow noise generally presents a low rate. 

Noise is also produced by the implosion of gas or vapor bubbles returning to the liquid state in the cavitation process. 

Usually cavitation noise is highly localized to the region immediately downstream of the vena contracta. Reduction or 

elimination of cavitation is usually necessary to reduce physical damage to valve parts and the piping system and to 

reduce the sound pressure level. 

Flashing noise occurs when a portion of the fluid vaporizes without the subsequent bubble collapse in cavitation. 

Noise results from the deceleration and expansion of the two-phase flow stream. There is currently no noise 

prediction method for flashing control valves. Generally, flashing noise is significantly lower than cavitation noise and 

stays below 85 dB(A). 

Aerodynamic noise is the major source of valve noise for gaseous service, created through a complex mechanism. The 

noise level is generally a function of flow velocity. Gas flowing through a control valve experiences an acceleration as it 

approaches the vena contracta. High noise levels can be generated even though the outlet velocity may be as low as 

Mach 0.4. 

Noise reaching an observer also depends on the reflective surfaces surrounding the valve, pipe size and schedule and 

the distance from the valve that the noise is observed. 

The calculation procedure implemented in the Valve Sizing Calculator covers only the noise generated by the 

dynamics of the flow in the piping system without insulation in a non-reflective (open) environment, assuming that 

the microphone position is 1m downstream from the valve outlet and 1m from the pipe surface. Due to the large 

number of parameters influencing noise level, the accuracy is within tolerance band of up to 10 dB(A). 
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2.2.1 Hydrodynamic noise prediction 

According to VDMA 24422 (1979) the noise level LA in dB(A) can be calculated using the following equation when the 

flow is turbulent but cavitation has no effect on the noise level 

𝐿𝐴 = 10 log 𝐶𝑉 + 18 log(𝑝1 − 𝑝𝑣) − 5 log 𝜌 + 18 log (
𝑥𝐹
𝑧
) + 39 + ∆𝐿𝑃 

where 

𝑥𝐹 = 
𝑝1 − 𝑝2
𝑝1 − 𝑝𝑣

 

z is a flow coefficient depending on the valve’s type and ΔLP is the correction coefficient for pipe attenuation and is a 

function of the outlet pipe size and schedule. 

When cavitation has an effect, the noise level LA in dB(A) can be calculated using the following equation: 

𝐿𝐴 = 10 log 𝐶𝑉 + 18 log(𝑝1 − 𝑝𝑣) − 5 log 𝜌 + 292 (𝑥𝐹 − 𝑧)
0.75 − (268 + 38 𝑧) (𝑥𝐹 − 𝑧)

0.935 + 39 + ∆𝐿𝐹 + ∆𝐿𝑃 

Correction coefficient ΔLF is a valve specific correction coefficient. 

Liquid noise prediction techniques do not apply to flashing service. 

2.2.2 Aerodynamic noise prediction 

The noise created by throttling gas or vapor is called aerodynamic noise. At low pressure ratios (p1/p2), the cause of 

aerodynamic noise is turbulence. At high pressure ratios, the flow becomes critical and the turbulent interactions of 

the shock waves become the major source of noise.  

The noise level LA in dB(A) is calculated using the following equation from VDMA 24422 standard: 

𝐿𝐴 = 14 log 𝐶𝑉 + 18 log 𝑝1 + 5 log𝑇1 − 5 log 𝜌𝑛 + 20 log [log (
𝑝1
𝑝2
)] + 51 + ∆𝐿𝐺 + ∆𝐿𝑃 + ∆𝐿𝑃2 

where ΔLG is the valve specific correction coefficient, ΔLP is the correction coefficient for pipe wall thickness and ΔLP2 is 

the high downstream pressure correction. 

To prevent mechanical damages of a valve and to ensure operation of control valve instrumentation, it is 

recommended that sound pressure level exceeding 110 dB(A) is never used. 

2.2.3 Two-phase flow noise prediction 

There is no method for calculating noise in two-phase flow. In the Valve Sizing Calculator an estimate of the noise for 

two-phase flow is obtained by considering only the gaseous component of the mixture. 
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3. Keywords 

Cavitation 

In liquids, when the pressure anywhere in the liquid drops below the vapor pressure of the fluid, vapor bubbles begin 

to form in the fluid stream. As the fluid decelerates, a consequent increase of pressure is detected. If this pressure is 

higher than the vapor pressure, the bubbles collapse (or implode) as the vapor returns to the liquid phase. This two-

step mechanism – called cavitation – produces noise, vibration, and causes erosion damage to the valve and 

downstream piping. 

The onset of cavitation, known as incipient cavitation, is the point when the bubbles first begin to form and collapse. 

Advanced cavitation can affect capacity and valve performance and depends on the factor FL. The point at which full 

or choked cavitation occurs is the terminal pressure drop. 

Cavitation can be avoided by selecting a trim type that takes the pressure drop in several steps or stages. 

Choked flow (or critical flow) 

In gases and vapor, choked flow occurs when the fluid velocity reaches sonic values at any point in the valve body, 

trim or pipe (typically at the vena contracta). As the pressure in the valve or pipe is lowered, the specific volume 

increases to the point where sonic velocity is reached. In liquids, vapor formed as the result of cavitation or flashing 

increases the specific volume of the fluid at a faster rate than the increase in flow due to pressure differential. Liquid 

flow becomes choked when the trim vena contracta is filled with vapor from cavitation or flashing. Lowering the 

downstream pressure beyond this point in either case will not increase the flow rate for a constant upstream 

pressure. The velocity at any point in the valve or downstream piping is limited to sonic (Mach = 1). As a result, the 

flow rate will be limited to an amount which yields a sonic velocity in the valve trim or the pipe under the specified 

pressure conditions. 

Compressibility factor Z 

The compressibility factor Z is a function of the temperature and the pressure of a gas. It corrects the sizing calculation 

by the amount the actual density of the gas at process conditions will vary from the density of a perfect gas at the 

same conditions. 

Effective density 

For a two-phase flow it represents the mean density of the mixture. It is determined from the upstream densities of 

the liquid and gas components, along with the mass fractions of the two, taking into account the expansion and 

resulting density change of the gas component as it accelerates towards the vena contracta. 

Expansion factor Y 

The expansion factor Y accounts for the variation of specific weight as the gas passes from the valve inlet to the vena 

contracta. It also accounts for the change in cross-sectional area of the vena contracta as the pressure drop is varied. 

Flashing 

If the downstream pressure is equal or less than the vapor pressure, the vapor bubbles created at the vena contracta 

do not collapse, resulting in a liquid-gas mixture downstream of the valve. This is commonly called flashing. When 

flashing of a liquid occurs, the inlet fluid is 100% liquid and experienced pressures in and downstream the control 

valve which are at or below vapor pressure. The result is a two-phase mixture (vapor and liquid) at the valve outlet 

and in the downstream piping. Velocity of the two-phase flow is usually very high and results in the possibility for 

erosion of the valve and piping components. 

Flashing is similar to cavitation but is not quite as severe. There are no means to prevent or retard flashing.                   

If the valves outlet pressure is below the vapor pressure, flashing will occur regardless the valve trim.  
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Flow coefficient CV 

The most commonly used valve flow coefficient as a measure of trim capacity of a control valve is CV. The flow 

coefficient is the parameter used to compute the flow rate of a control valve under given conditions considering the 

combination of the valve with attached pipe reducers. It represents the flow rate that flows through the valve at a 

given opening when the following conditions are verified: 

- Static pressure drop across ΔpCv = 1 psi 

- The fluid is water at a temperature between 40 and 100 F 

- Volumetric flow rate expressed in gpm 

The value of CV is estimated from experimental results performed in standard conditions using the following formula: 

𝐶𝑣 = 𝑄𝑣 ∙  √
Δ𝑝𝐶𝑣
Δ𝑝

∙
𝜌1
𝜌0

 

where Δp is the static pressure drop across the valve [psi], ρ0 and ρ1 are the specific mass [lb/ft
3
] of the water and the 

flowing fluid respectively. 

When selecting a control valve for an application, the calculated CV is used to determine the valve size and trim size 

the will allow the valve to pass the desired flow rate and provide stable control of the process fluid. 

Flow velocity (liquid) 

It represents the liquid flow velocity in the valve’s outlet port. Limitation of liquid flow velocity in pipelines and control 

valves is mainly used to prevent excessive erosion. As a general rule, valve outlet velocities for a liquid flow should be 

limited to 15 m/s for continuous duty. However, in general, smaller sized valves handle slightly higher velocities and 

large valves handle lower velocities.  

Special applications have particular velocity requirements. As an example, valves in cavitating service should be 

limited to 10 m/s to minimize damage to the downstream piping. This will also allow to localize the pressure recovery 

which causes cavitation immediately downstream the vena contracta. In flashing services, velocities become much 

higher due to the increase in volume resulting from vapor formation. 

Inherent flow characteristics 

The Inherent Flow Characteristics is the relationship between the flow rate through the valve and the valve travel 

observed with a constant pressure drop across the valve as the travel is varied from 0% to 100%. 

Limit pressure drop ratio xT (gas) 

The limit pressure drop ratio xT defines the pressure drop ratio at which gas flow becomes choked. This factor is a 

function of the valve type and geometry. At the choking point, additional pressure drop will not produce additional 

flow due to the sonic velocity limitation across the vena contracta. Choked gas flow is not associated with valve 

damage as in the case with liquid choked flow, but it is necessary for the valve sizing program to know if flow is 

choked in order to be able to accurately calculate the required valve CV. 

Liquid critical pressure ratio factor FF 

The liquid critical pressure ratio factor FF, multiplied by pV, predicts the theoretical vena contracta pressure at the 

maximum effective (choked) pressure drop across the valve. 

Liquid pressure recovery factor FL 

The liquid pressure recovery factor FL predicts the amount of pressure recovery that will occur between the vena 

contracta and the valve outlet. FL is an experimentally determined coefficient that accounts for the influence of the 

valve type and internal geometry on the maximum capacity of the valve. 



 

26 
 

Mach number (gas) 

The Mach number is a measure of the gas flow velocity in the valve outlet port. In general, Mach number at the valve 

outlet should be lower than 1. Gas applications, where special noise attenuation trim are used, should be limited to 

approximately 0.33 Mach for continuous throttling duty. In addition to that, gas velocities downstream from the valve 

are critical to the overall noise level. 

Piping geometry factor FP 

Valve sizing coefficients are determined from tests run with the valve mounted in a straight run of pipe which is the 

same diameter as the valve body. If the process piping configurations are different from the standard test manifold, 

the apparent valve capacity is changed, the effect of reducers and increasers can be approximated by the use of the 

piping geometry factor FP. 

Reynolds number factor FR 

The Reynolds number factor FR is used to correct the calculated CV for non-turbulent flow conditions due to high 

viscosity fluids, very low velocity of very small valve CV. 

Terminal pressure drop (liquid) 

It is the pressure drop beyond which liquid flow will become choked. Operating at or beyond the choked flow point 

will result either in flashing or potentially damaging levels of cavitation. Cavitation and potential valve damage usually 

begin before the choked flow point is reached. If flashing conditions are predicted, no value of noise is computed. 

Valve dynamic run torque 

Valve dynamic run torque is caused by asymmetric pressure distribution on the surface of the throttling element of 

the valve. It depends on the trim geometry and, in ball valves, it tends to close the valve. The dynamic torque is 

usually negligible for small valves due to the small ball diameter. It could be larger than static torques when the valve 

is closed to fully open position. 

Vapor pressure pv 

A fluid vapor pressure is the pressure where the fluid will change from liquid to vapor. The liquid will change to a 

vapor below the vapor pressure and a vapor will change to a liquid above the vapor pressure. The vapor pressure 

increases as the temperature increases. 

Vena contracta 

The vena contracta is the point where the jet of flowing fluid is the smallest immediately downstream of the trim 

throttle point. At the vena contracta, the fluid velocity is the highest and the fluid pressure is the lowest. 

 

 

 

  



 

27 
 

4. Symbols 

Symbol Units Description 

p1 barA Inlet absolute static pressure  

p2 barA Outlet absolute static pressure 

Δp bar Pressure drop p1 – p2 

Δpsizing bar Pressure drop used in computing required flow coefficient (liquid flow) 

Δpchoked bar Terminal pressure drop (liquid flow) 

x - Ratio of actual pressure differential to inlet absolute pressure 

xsizing - Pressure drop ratio used in computing required flow coefficient (gas/vapor flow) 

xchoked - Limit pressure drop ratio (gas/vapor flow) 

Q m
3
/h Volumetric flow rate 

W kg/h Mass flow rate 

CV gpm Valve flow coefficient 

Crated gpm Flow coefficient at rated travel 

ρ0 kg/m
3
 Density of water 

ρ1 kg/m
3
 Fluid density at pressure p1 and temperature T1 

ρe kg/m
3
 Effective density of a two-phase mixture 

f - Mass flow rate fraction 

T1 K Inlet absolute temperature 

ν m
2
/s Kinematic viscosity 

Mw kg/kmol Molecular weight 

γ - Specific heat ratio 

Rev - Valve Reynolds number 

Y - Expansion factor 

Z - Compressibility factor at inlet conditions 

pv barA Absolute vapor pressure of the liquid at inlet temperature 

pc barA Absolute thermodynamic critical pressure 

FF - Liquid critical pressure factor 

FL - Liquid pressure recovery factor of a control valve without attached fittings 

xT - Pressure differential ratio factor of a control valve without attached fittings at choked flow 

FP - Piping geometry factor 

FLP - Combined liquid pressure recovery factor and piping geometry factor of a control valve with 
attached fittings 

xTP - Pressure differential ratio factor of a control valve with attached fittings at choked flow 

FR - Reynolds number factor 

Fd - Valve style modifier 

Fγ - Specific heat ratio factor 

K1 - Upstream velocity head loss coefficient of fitting 

K2 - Downstream velocity head loss coefficient of fitting 

KB1 - Inlet Bernoulli coefficient 

KB2 - Outlet Bernoulli coefficient 

LA dB(A) Sound pressure level 

ΔLP dB(A) Correction coefficient for pipe wall thickness 

ΔLP2 dB(A) High downstream pressure correction coefficient 

ΔLF dB(A) Valve specific correction coefficient 

ΔLG dB(A) Valve specific correction coefficient 

d mm Nominal valve diameter 

D1 mm Pipe inlet diameter 

D2 mm Pipe outlet diameter 

N1 - 0.865 

N2 - 0.00214 

N4 - 0.076 

N5 - 0.00241 

N6 - 27.3 

N18 - 1 

N27 - 67 

N32 - 127 
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