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1 Symbols and Nomenclature 

Symbol Nomenclature Unit 

D Inside diameter of the pipe mm 

DN Nominal Diameter of the butterfly valve - 

DNLmin Minimum diameter of the pipe - 

FP Pipe geometry factor - 

FR Reynolds number factor - 

κ adiabatic exponent - 

Kav Measure for Kavitation, Kav xF/zy - 

KV Flow coefficient m³/h 

LA Sound pressure level at distance of 1m dB(A) 

p1 Pressure upstream of butterfly valve barabs 

pC Thermodynamical critical pressure barabs 

pN Normal pressure 1,013 barabs barabs 

PN Nominal pressure bar 

pV Boiling pressure bar 

Q1 Volume flow rate at operating condition p1 and t1 upstream of the butterfly valve m³/h 

QN Volume flow rate at normal condition p1 and tN m³/h 

ReV Butterfly valve Reynolds number - 

T Temperature °C 

t1 Temperature upstream of the butterfly valve °C 

tN Normal temperature 0°C °C 

V Velocity in the pipe (with fluids) m/s 

VK Velocity in the throttling area (with fluids) m/s 

V1 Velocity in the pipe upstream of the butterfly valve (with gas/steam) m/s 

V2 Velocity in the pipe downstream of the butterfly valve (with gas/steam) m/s 

W Mass flow rate kg/h 

xF Pressure ratio with fluids - 

Y Expansion factor - 

zy xF-value at start of cavitation (depends on α) - 

α (Opening-) angle of butterfly valve plate ° 

ΔLF Butterfly valve specific correction element with fluids dB(A) 

Δp Pressure loss of the butterfly valve bar 

ΔpL Pressure loss of the pipe bar 

Δpges Pressure loss of the butterfly valve and the pipe together bar 

η Dynamic viscosity Pa s 

λ Coefficient of friction, depends on Reynolds number and roughness of pipe - 

ρ Density kg/m³ 

ρ1 Density at operating condition p1  and t1 upstream of the butterfly valve kg/m³ 

ρN Density at normal condition pN and tN kg/m³ 
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2 Summary 

The Program is constructed with the Software EXCEL used to calculate flow- and sonically dimensions for 

compressible and incompressible fluids on the basis of the rules and standards [1] to [5] and on the basis of 

theoretical analysis [6] and [18]. Butterfly valves and substance-specific data are taken from the sources [7] to 

[17]. 

Important!  This program works with Macros. To use the Macro they have to be allowed in Excel. If the 

Macros weren’t allowed, the program doesn’t work! 

(Macros can only be used when the security level is minimum selected: 

Office 2007:  „Deactivate all Macros with message“ 

Office 2003: „Security Level medium/middle“ 

with these settings the Macros have to be activated every time the program will be opened.) 
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3 Installation 

Extract the „FlowCalculator.zip“ (e.g. mit Winzip). Memory Location of the program can be selected 

(for example „c:\“ ). In the file folder folder  „Flow Calculator“ is a file named „Flow Calculator.xls“. 

Opening this file will open the program (Chapter 4.2). 

Don’t change the structure of the file folder „Flow Calculator“! 

 

Abstract: 

Flow Calculator.zip        extract 

Double-click on Flow Calculator       open program 
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4 Program, Menu, Input  

4.1 Program structure 
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4.2 Start page 

4.2.1 Scale 

 

This choice box for scale of the excel-sheets will be first on the start page when the macros are activated. The 

scale of 75% is possible for using the program at laptop (with smaller screen). The display of the flow calculator 

will be reduced to 75%.  With this scale scrolling of the sheets during using the program will be reduced.  

The scale of 100% is suited for PC’s with normal screens. 

4.2.2 Start page 

When you select a scale, you can see the start page: 
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At the right side of the page the following program options can be select: 

[Zoom +/-]:  The scale (Chapter 4.2.1) can be change every time. 

[Close program]: Closes the program. 

[Sprache/Language]: The menu navigation switch to English or German by click on the flag. 

 

The type of butterfly valve can be selected on the left side of the page. With the grey buttons the types 

[centric valves] or [excentric valves] can be selected. The table right beside the grey buttons informs with 

which types of butterfly valves you can calculate after choosing a butterfly valve type. It also informs which 

nominal pressure they have, which type of liner they have and in which register of the EBRO-Catalogue the 

types are.  

 

Below this table is the information of the Author and Client, as well as this documentation of the program 

which can be opened by a click on the grey button [documentation]. 
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4.3 Calculation centric/ecxentric butterfly valves 

This page “Main navigation” follows by selecting a type of butterfly valve (Chapter 4.2). From this page there 

are labeled arrows which leads you through the program. Generally the left-pointing arrows take you back to 

the previous page. The right-pointing arrows take you to the next page. 

 

Left-pointing arrow: 

- „selection centric/excentric butterfly valve“: 

By a click on this arrow you can get back to the starting page (Chapter 4.2) 

Right-pointing arrows: 

- Kv-Value (Chapter 4.4) 

Fluid-independent calculation of Kv-values for butterfly valve types 

- FLÜ (Chapter 4.5) 

Calculation of flow data for butterfly valves for liquid fluids 

- GAS (Chapter 4.6) 

Calculation of flow data for butterfly valves for gases and steam 
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4.4 Calculation Kv-value centric/excentric butterfly valves 

The Calculation of the Kv-Value is Fluid-independent.  

The following data have to be entered for Calculation: 

1. EBRO Type [Selection] 

The EBRO Type can be selected dependent on the selected type at the start page (Chapter 4.2).   

When “centric valve” is selected then the standard EBRO-Type is Z011/014; F012. With the 

[selection]-Button the valve type can be changed to EBRO-Type T200 and also back to Z011/014; F012. 

When the type is changed to T200, you must choose between the EBRO-Types T200-A metallic, T200-C 

metallic, T200-A PTFE (coated disc) and T200-C PTFE (coated disc). 

When “excentric valve“ is selected then the standard EBRO-Type is HP111/114. With the [selection]-

Button the valve type can be changed to EBRO-Type HP111/114-E and HP111/114-C and also back to 

HP111/114. 

2. With the buttons on the left side of the page the nominal size DN of the valve type can be selected. 

There are only the DN’s displayed which are available for the selected valve type. 

3. The inside Diameter D of the pipe. The inside Diameter of the pipe should not be less than the nominal 

size of the selected valve. When DN is bigger than D the message “DN>D“is displayed (Chapter 5). 

 

Output data: 

When the Input data are complete entered, the Kv-value of the butterfly valve for an opening angle from 

α=20°-90° is displayed graphically (diagram on the left side) and tabular. 

If the inside diameter D of the pipe is greater than the DN of the butterfly valve, the Kv-value will be smaller 

because of the difference between the pipe and the valve. The factor FP shows this influence. The factor is 

shown in the table and the calculated Kv-value. The right diagram shows the Kv-value calculated with the factor 

FP*Kv. 
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4.5 Calculation of flow data for butterfly valves for liquid fluids 

The following data have to be entered for Calculation: 

1. EBRO Type [selection] (Description see Chapter 4.4) 

2. With the buttons on the left side of the page the nominal size DN of the valve type can be selected. 

There are only the DN’s displayed which are available for the selected valve type. 

3. The pressurep1 in bar abs upstream the butterfly valve. 

4. The temperature t of the fluid. 

5. The fluid. Here a Fluid No. has to be entered. The Fluid-No. for the fluids can be selected from the 

table of the right side. The material data ρ, η, pv and pc of the fluids No. 1 to 3 will be calculated after 

the input of the temperature t. For other fluids the material data of the fluids have to be entered in 

the table (possible in the grey areas).  

6. The volume flow rate Q in m³/h – when a mass flow rate in kg/h is given, the volume flow rate can be 

calculated with the “Help for Conversion from W to Q”. For this calculation the temperature and the 

Fluid-No.  have to be entered.  

7. The pressure loss of the butterfly valve p = p2-p1.  

8. The inside Diameter D of the pipe. The inside Diameter of the pipe should not be less than the nominal 

size of the selected valve. When DN is bigger than D the message „DN > D“is displayed (Chapter 5). 

Output data: 

- „Input p, DN and D“ 

DNLmin: The minimum nominal size of the pipe depending on the input data. 

α = 70°: DN: nominal size of the butterfly valve with an opening angle of α =70° depending on the 

input data  

DN: selected nominal size of the butterfly valve 

α[°]: Required opening angle for the selected butterfly valve depending on the input data. 

- „Calculation with const. Q“ 

Calculation of p, Kv, V, VK, ReV, FR, FP and the sound pressure level with the cavitation factor xF/zy 

depending on the input volume flow rate Q. The pressure loss of the butterfly valve depends on the 

selected opening angle α (which you can enter in the grey area or select by scroll bar). 

- „Calculation with const. p“ 

Calculation of Q, Kv, V, VK, ReV, FR, FP and the sound pressure level with the cavitation factor xF/zy 

depending on the input pressure loss of the butterfly valve p. The Volume flow rate Q depends on 

the selected opening angle α (which you can enter in the grey area or select by scroll bar). 
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Navigation menu at the right side of the page:  

Click on the orange left-pointing arrow to get back to the “main navigation“(Chapter 4.3) where you can select 

the calculation method: Kv-value, FLÜ and GAS. 

The two right-pointing arrows lead you to the pages with tables and diagrams.  

Arrow labeled “p = constant“: A sheet where you can see a table with flow data calculated depending on the 

input data for the selected valve and opening angle from α = 20° to 90°. The calculation depends on the 

pressure loss of the valve p from the input data, the volume flow rate Q is changing depending on the 

opening angle α. The last row shows the optimal opening angle for the specified p. 

Arrow labeled “Q = constant”: The same like the “p = constant” but the calculation depends on the given 

volume flow rate with the pressure loss of the valve p depends on the opening angle α. 

The last row shows the optimal opening angle for the specified Q. 
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Sheet with “p = constant”: 

 
 

Sheet with “Q = constant”: 
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4.6 Calculation of flow data for butterfly valves for gas and vapor 

The following data have to be entered for Calculation: 

1. EBRO Type [selection] (Description see Chapter 4.4) 

2. With the buttons on the left side of the page the nominal size DN of the valve type can be selected. 

There are only the DN’s displayed which are available for the selected valve type. 

3. The pressurep1 in bar abs upstream the butterfly valve. 

4. The temperature t1 of the fluid. (t1 < 180°C) 

5. The fluid. Here a Fluid No. has to be entered. The Fluid-No. for the fluids can be selected from the 

table of the right side. The material data ρN, κ, and the molar mass M of the gas/vapor No. 1 to 35 are 

given.  

 DETAILS FOR ENTERING A NEW GAS 

For other fluids the material data of the fluids have to be entered in the table (possible in the grey 

areas). For this case you have to take care about these things: 

- The molar mass M which is important for the calculation of the sound pressure level. When you can’t 

find out the molar mass from the new gas, then you can change the calculation of the sound pressure 

level from IEC 60534 to VDMA 24422 (Chapter 7). The calculation with the VDMA doesn’t need the 

molar mass to calculate the sound pressure level. 

- The density ρN at normal condition isn’t given; you can calculate it by using the operating conditions p1 

and t1. Enter the pressure p1 and temperature t1 at operating condition and then enter ρ1 in the grey 

area of the “Help for conversion from ρ1 to ρN” and the density ρN at normal condition will be 

calculated. These density can now be entered for the new gas in the table for Fluids and the 

calculation of the other parameters can be done. (Apply in case of doubt, particularly in case of a high 

pressure p1 and a low temperature t1.)  

- If the adiabatic exponent κ of the gas isn’t given, an adiabatic exponent of κ = 1,3 is applicable for the 

most cases. 

6. The volume flow rate for normal condition QN in m³/h. When a mass flow rate in kg/h in given, the 

volume flow rate can be calculated with the “Help for Conversion from W to Q” in the volume flow 

rate. In this “Help for Conversion from W to Q” you also can convert a Volume flow rate Q1 or mass 

flow rate W at operating condition in a volume flow rate QN at normal condition. For this calculation 

the temperature t1 and the Fluid-No. have to be entered before. 

7. The pressure loss of the butterfly valve p = p2-p1.  

8. The inside Diameter D of the pipe. The inside Diameter of the pipe should not be less than the nominal 

size of the selected valve. When DN is bigger than D the message  „DN > D“ is displayed (Chapter 5). 
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Output data: 

- „Input p, DN and D“ 

DNLmin: The minimum nominal size of the pipe depending on the input data. 

α = 70°: DN: nominal size of the butterfly valve with an opening angle of α =70° depending on the 

input data  

DN: selected nominal size of the butterfly valve 

α[°]: Required opening angle for the selected butterfly valve depending on the input data. 

- „Calculation with const. Q“ 

Calculation of p, V1, V2, Kv, ψ, FP and the sound pressure level LA depending on the input volume flow 

rate Q. The pressure loss of the butterfly valve depends on the selected opening angle α (which you 

can enter in the grey area or select by scroll bar). 

- „Calculation with const. p“ 

Calculation of Q, V1, V2, Kv, ψ, FP and the sound pressure level LA depending the input pressure loss of 

the butterfly valve p. The Volume flow rate Q depends on the selected opening angle α (which you 

can enter in the grey area or select by scroll bar). 
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Navigation menu at the right side of the page:  

Click on the orange left-pointing arrow to get back to the “main navigation“(Chapter 4.3) where you can select 

the calculation methods: Kv-value, FLÜ and GAS. 

The two right-pointing arrows lead you to the pages with tables and diagrams.  

Arrow labeled “p = constant“: A sheet where you can see a table with flow data calculated depending the 

input data for the selected valve and opening angle from α = 20° to 90°. The calculation depends on the 

pressure loss of the valve p from the input data, the volume flow rate Q is changing depending on the 

opening angle α. The last row shows the optimal opening angle for the specified p. 

Arrow labeled “Q = constant”: The same like the “p = constant” but the calculation depends on the given 

volume flow rate with the pressure loss of the valve p depending on the opening angle α. 

The last row shows the optimal opening angle for the specified Q. 

 

 

Sheet with “p = constant“: 
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Sheet with “Q = constant“: 

 
 
 
4.7 Abstract Flow Calculation Input and Output data 

Input Output 

Kv-value 

DN, D, EBRO-Type Kv, FP, FP*Kv 

FLÜ 

p1, t, Fluid Nr., Q, p, D, DN, EBRO-Type ρ, η, pv, pc, DNLmin, DN-suggested, opening angle α 

new Fluid: 
Name, ρ, η, pv, pc, (cL) 

Diagrams and Tables for Q = constant 

Diagrams and Tables for p = constant 

GAS 

p1, t1, Fluid-Nr., QN, p, D, DN, EBRO-Type Q1, W, DNLmin, DN-suggested, opening angle α 

new Fluid: 
Name, ρN, κ, (M) 

Diagrams and Tables for Q = constant 

Diagrams and Tables for p = constant 

 

5 Messages 

Messages are displayed when entered data or results are out of range.  

The input data of the flow calculation should not be out of range! When the input data are out of range 

the calculation can be incorrect! 

Samples for Messages 

Input Message Help 

t [°C] = 181 t > 180 °C  Choose a temperature below or equal to180°C 

DN = 250; D = 300 DN < D ; D > DN Choose a smaller DN or a greater D 
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6 Details 

6.1 Velocity 

For velocity in pipes the following details will be applicable: 

Fluid flow:   V to ca. 4,5 m/s 

Gas/vapor flow: V to ca. 70 m/s 

Exceptions were e.g.: 

- Short pipes with V > 5 m/s at fluid flow (close slowly, pressure surge!) 

- Relief pipes with V > 200 m/s at gas and vapor flow  

 

6.2 Cavitation 

Cavitation should always be avoided. Cavitation starts when the cavitation factor is xF/zy > 1 . 

A cavitation factor up to xF/zy = 2 should be allowed only temporary. 

Exception: A cavitation factor up to xF/zy = 3 during opening or closing of the butterfly valve. 

 

7 Calculation of sound pressure level LA 

The calculation of the sound pressure level is possible in two ways: 

1. Calculation according to VDMA 24422 (1989) 

This is an elder, but not an invalid standard. You can calculate the sound pressure level with this 

standard when you have no sound speed level of a fluid (FLÜ-Calculation Chapter 4.5) or no molar 

mass of a gas (GAS-Calculation 4.6). 

  

2. Calculation according to IEC 60534-8-4 (2005) for liquids or IEC 60534-8-3 (2000) for gases and vapors 

 

The standard for calculation can be changed by a click on the squares.  
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8 Export and Import of calculation 

To save the calculation data you can export the data. When you need it again, you can import the data and can 

go on with the flow calculation. The export-box (only available in German language – but can also be used for 

the English version of the flow calculator) shows the entered data.  

 

  
 

When you click on “OK” the next window for memory location opens. Now you have to select any file folder 

where you want to save the file. For example you might choose the “Flow Calculator 2.0” folder. Enter a 

filename without a type of file. It will be saved as a “txt”-file automatically (It isn’t critically if you enter a type 

of file – the file will also be a “txt”-file).  By a click on the “save” button the data were saved. 
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By a click of import you can import the saved data. Search the exported file, and open it.

 

The import-box opens and show the data which were saved. By a click on “OK” you can import them finally. 

By a click on “cancel” you can abort the import. 
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