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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 -
DN{min Minimum diameter of the pipe -
Fp Pipe geometry factor -
Fr Reynolds number factor -
K adiabatic exponent -
Kav Measure for Kavitation, Kav x:/z, -
Ky Flow coefficient m3/h
La Sound pressure level at distance of 1m dB(A)
p1 Pressure upstream of butterfly valve bar,ps
Pc Thermodynamical critical pressure bar,ps
Pn Normal pressure 1,013 bar,y, bar,pys
PN Nominal pressure bar
pv Boiling pressure bar
Q. Volume flow rate at operating condition p; and t; upstream of the butterfly valve m3/h
Qun Volume flow rate at normal condition p; and ty m3/h
Rey Butterfly valve Reynolds number -
T Temperature °C
t; Temperature upstream of the butterfly valve °C
ty Normal temperature 0°C °C
Vv Velocity in the pipe (with fluids) m/s
Vi Velocity in the throttling area (with fluids) m/s
Vi Velocity in the pipe upstream of the butterfly valve (with gas/steam) m/s
V, Velocity in the pipe downstream of the butterfly valve (with gas/steam) m/s
w Mass flow rate kg/h
Xg Pressure ratio with fluids -
Y Expansion factor -
z, xg-value at start of cavitation (depends on a) -
a (Opening-) angle of butterfly valve plate °
Alg Butterfly valve specific correction element with fluids dB(A)
Ap Pressure loss of the butterfly valve bar
Ap, Pressure loss of the pipe bar
Apges Pressure loss of the butterfly valve and the pipe together bar
n Dynamic viscosity Pas
A Coefficient of friction, depends on Reynolds number and roughness of pipe -
) Density kg/m3
P1 Density at operating condition p; and t; upstream of the butterfly valve kg/m?3
Pn Density at normal condition py and ty 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 ,,FlowCalculator2011.zip“ (e.g. mit Winzip). Memory Location of the program can be
selected (for example ,,c:\“). In the file folder folder ,,Flow Calculator 2011“ is a file named ,,Flow
Calculator.xls“. Opening this file will open the program (Chapter 4.2).

Don’t change the structur of the file folder ,,Flow Calculator 2011“!

Abstract:
Flow Calculator 2011.zip extract
Double-click on Flow Calculator 2011 open program
Mame Grafie . Twp Gedndert am
3 Flowealculatorz, 0, zip 3.862 KB ZIP-komprimierter O, 26.01,2010 10:28
Mamne Grife | Typ Geandert am
Ij:l FlowCalculakor2, 0. zip 3.862 KB FIP-komprimierter O, 26.01.2010 10:23
Offnen
Suchen. ..
Explorer
I Alle extrahieren, ..
Mame arifie  Typ Geandert am
[ Programm Dateiordner 15.01.2010 14:05
B FloweCalculator s 3.857 KB Microsoft Office Exc,., 20.01,2010 15:12

B klappendaten, ¥LS 1,625 KB Microsoft Office Exc,,.  22,01,2010 09:15
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4  Program, Menu, Input

4.1 Program structure

start 1

Selection

excentric butterfly valve /
centric butterfly valve

Main Navigation

Selection

Language

German/English

Kv-Value

Kv-Data a=20-90°
display for selected
nominal diameter

LiQ

Flow calculation with
liguid medium

Charts Ap=const.

Sound pressure level for
opening a=20-90° calculated
with const. diff. pressure

Charts Q=const.

. Sound pressure level for
opening a=20-90° calculated
with const. volume flow rate

|
GAS

Flow calculation with gas

or vapour medium

Charts Ap=const.

Sound pressure level for
opening a=20-90° calculated
with const. diff. pressure

Charts Q=const.

Sound pressure level for
opening a=20-90° calculated
with const. volume flow rate
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4.2 Start page

4.2.1 Scale

3

Bitte eine Skalierung auswéhlen!
Please select scaling!|

kleine Bildschirme  Standard Einstellung
small screens standard setting
(Laptop)

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:

N\
Flow Calculator 2.0 {E&)ARMATUREN'

greatest care in writing these programs, we decline any liability concerning damages by their
use.

Warning: These programs are based on standards for control valves as well as on _
experimental and thearetical research on EBRQO butterfly valves Although we have taken the
Programs in English Technical Specifications

choice: =
press grey key Sprache/ Language

centric
valves

excentric
valves

Sizing-Programs for EBRQO Butterfly Valves
Author: Dr.-Ing. G. Ehrhardt, Priv.-Doz. at RWTH Aachen documentation
Client EBRO-ARMATUREN Gebr. Broer GmbH, Hagen
Aachen, March 2005
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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.

E. ARMATUREN"

Author:
Revised:
Version:

Warning:

Dr-ng. G. Ehrhardt * Nerscheider Weg 36 * 52076 Aachen * Tel. (02408) 6110

Diplng. D. Licke, EBRO ARMATUREN design engeneering Tel. +49 (0)2331 904 -265

Flow Calculator 2.0 - January 2010

This program is based on standards for control valves as well as experimental and theoretical research

on EBRO butterfly valves Although we have taken the greatest care in writing this program, we decline any
liability conceming damages by its use.

selection
centric/excentric
butterfly valve

[}
EBRO ARMATUREN

Characteristic Kv-Values for
EBRO butterfly valves

Input: DN, D of pipe
Output: Kv-Values for the selected valve («=20-90%)

K,-Value

Input: Ap, Q, DN, D, t, Fluid

QOutput: required angle of plate a, min. DN of the pipe,
Suggested DN butterfly valve with o=70°

sound pressure level and cavitation for selected
angles of the valve-plate

Flow calculation with liquids
for EBRO butterfly valves

Input: Ap, Q, DN, D, t, Fluid

Flow calculation with gases
and vapors

GAS

QOutput: required angle of plate a, min. DN of the pipe,
Suggested DN butterfly valve with a=70°
sound pressure level and cavitation for selected

for EBRO butterfly valves
angles of the valve plate

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:
- K,-Value (Chapter 4.4)
Fluid-independent calculation of K,-values for butterfly valve types
- FLOU (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 K,-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).
—2>When “centric valve” is selected then the standard EBRO-Type is Z011/014; FO12. With the
[selection]-Button the valve type can be changed to EBRO-Type T200 and also back to Z011/014; FO12.
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).

—2>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.

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.

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 K,-value of the butterfly valve for an opening angle from

a=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 F, shows this influence. The factor is

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

Fe*Ky.
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@ARMATUREN'
S 15.06.2010 1429| o Ky Fr Fo*Ky FoKy
Identifier: EBR ° m*h - m*h %
Project: 20 176 1,00 176 7
20 ltem-No: 25 216 1,00 215 9 data export
_ 25 |[EBRO Type: Z011/014;F012 30 290 0,99 289 12 )
ig PN=16  Nominal pressure 35 404 0,99 400 16 dataimpon
50 DN = 250 Suggested DN butterfly valve 40 562 0,98 550 23
65 D[mm]:-\nmde—ﬁ of the pipe 45 766 0,96 737 30
80 Comments a0 1.021 0,94 956 39
100 55 1.331 090 = 1196 49
60 1.699 0,85 1.441 59
65 2129 0,79 1677 69
70 2626 0,72 1.890 78
75 3192 0,65 201 85

80 3.832 0,58 2219 91
85 4.549 0,51 2.336 96

90 52348 | 045 | 2426 100
100
90 /
_ 700 | . .
_ 800 | 70
900 4.000 /
1000 || — . 60
1050 55 3.000 ?i 50
moo | £ 0% 2
1200 || = & a0
_ 1300 | 2.000
1350 30
1400
1500 1.000 0
1600 10
1650 o e o
1800
(=] (=] = (=] f=] (=] {=] (=] (=] (=3 (=] (=3 (=] f=] (=] (=]
2{)00 o~ m = (T3] {¥s] ™~ (5] ay ~ (] = Ly w M~ w (3]
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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.
2.

EBRO Type [selection] (Description see Chapter 4.4)

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.

The pressurep, in bar abs upstream the butterfly valve.

The temperature t of the fluid.

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 p, n, p, and p. 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).

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.

The pressure loss of the butterfly valve Ap = p,-p;.

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 Ap, DN and D“

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

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

DN: selected nominal size of the butterfly valve

a[°]: Required opening angle for the selected butterfly valve depending on the input data.
,Calculation with const. Q“

Calculation of Ap, K,, V, Vi, Rey, Fg, Fp and the sound pressure level with the cavitation factor x¢/z,
depending on the input volume flow rate Q. The pressure loss of the butterfly valve depends on the
selected opening angle a (which you can enter in the grey area or select by scroll bar).

,Calculation with const. Ap”

Calculation of Q, K,, V, Vi, Rey, Fg, Fp and the sound pressure level with the cavitation factor x¢/z,
depending on the input pressure loss of the butterfly valve Ap. The Volume flow rate Q depends on

the selected opening angle a (which you can enter in the grey area or select by scroll bar).
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| EERC ARMATUREN ] \ ‘ i L
selection \_/ 16.06.2010 07:36 LN Material parameters of liquid fluids
DN = Identifier: - EBRO Type - t[*C]=Temperature
20 Project: - selection E "é'a p[kg!ma‘"]:Denswty. . .
25 ltem-No- - print n[NSIm‘]:dyna_mm viscosity
32 EBRO-Type: Z011/014;F012 with charts p.[bar abs]=Bailing pressure
40 PN= 16 Nominal pressure pcbar abs]=thermodynamically critical pressure
50 Input fluid data lMessage ¢ [m/s]=Sound speed level
65 p4[bar abs] = 0,600 Pressure upstream butterfly valve MNo:Name t p n Py Pc Cp
80 t*C] = 40,0 Temperature 1 iwater 40998 : 1,02E-03 | 0,023 : 2206 : 1400
100 Fluid no. 1 water 2 Diesel oil 40! 837 : 416E-03 0,017} 40,0 1250
125 Q[m*/h] = 200,0 Volume flow rate 3 iThermal oil A 40 890 : 1,52E-02 0,000: 20 (1190
150 W(ka/h] :|199_632 |Mass flow rate 4 40
200 |Help for Conversion from W to Q 5 40
250 Q[m?®h] = 0,000 [ 40
300 Wikg/h] = 7 40
350 ||Input Ap, D and DN Message 8 40
400 Ap[bar] = 0,200 Pressure loss butterfly valve
450 DN min = 125 Minimum DN of the pipe Sound pressure level standard
500 D[mm] = 300.0 Inside-@ of the pipe
a=70"DN= 125 Suggested DN butterfly valve
500 DN = 250 Selected DN butterfly valve / IEC 60534 (2005) - aktual standard
700 al’]= 37 Required Opening angle of plate
750 || Output VDMA 24422 (1979) - old standard
800 | Calculation with const. Q = 200 m*h Message
900 ||Table and graph see navigation
1000 af*] = 43 Opening angle of plate <} _| =
1050 ap[bar] = 0,0878 Pressure loss butterfly valve
1100 K, [m*h] = 678 Flow coefficient butterfly valve data export
1200 V[mis]= 0,8 Velocity in the pipe
1300 ViJm/s] = 53 Velocity in the throttling area data import
1350 Re, = 4.2E+5 Butterfly valve Reynolds-MNo.
1400 Fa=1000  Reynoids number factor
1500 Fe = 0,995 Pipe geometry factor
1600 ALdB(A)] = - spezific correction element
1650 La[dB(A)] = 51 Sound pressure level at 1m IEC 60534-8-4 (2005 c c g
1800 x=/z,= 0,58 Cawtatl%n if Xg/z, =1 ( : main nawgahon
2000 ||Calculation with const. Ap = 0,200 bar Message
Table and graph see navigation
af*] = 20 Opening angle of plate 4| | ol CHARTS
Qm*h] = 79 Volume flow rate butterfly valve
K [m*h] = 176 Flow coefficient butterfly valve
V[mis]= 0,3 Velocity in the pipe Ap = constant
Vi[mis] = 6.8 Velocity in the throttling area
Re, = 3,0E+5 Butterfly valve Reynolds-MNo.
Fgr = 0,999 Reynolds number factor
Fg = 1,000 Pipe geometry factor
ALdB(A)] = - spezific correction element
LA[dB(A)] = 22 Sound pressure level at 1Tm IEC 60534-8-4 (2005)
x=/z,= 089 Cavitation if x¢/z, =1

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: K,-value, FLU and GAS.

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

Arrow labeled “Ap = 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 a = 20° to 90°. The calculation depends on the

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

opening angle a. The last row shows the optimal opening angle for the specified Ap.

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

volume flow rate with the pressure loss of the valve Ap depends on the opening angle a.

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

Fem\
A 2‘ AR REN 16.062010 07:38| Q Q Ky |V | Ve ! Rey i Fn Fo  Xelz, La | AL NAVIGATION
Identifier: - B ° % méh mih i mis | mis - - - - dB(A) | dB(A)
Project: - @ 20 39 79 176 1 0,3 | 6,8 {3 0E+5; 0999 | 1,000 089 38 -
ftem-No: - 25 43 96 216 : 04 69 33E+5i 1000 ; 0,999 | 097 | 41 - InputData
EBRO-Type: Z011/014:F012 30 65 130 290 ; 05 71 39E+5: 1000 ;0,999 106 & 48 - P
PN= 16 Nominal pressure 35 90 181 404 0,7 7,3 47E+5; 1000 { 0998 115 &7 -
DN= 250 Selected DN butterfly valve 40 125 250 562 10 77 57E+5i 1,000 : 0,996 i 126 | 63 -
D{mm] = 300,0 Inside-& of pipe 45 170 340 766 13 . 82 69E+5! 1000 ; 0,993 | 137 | 68 - CHARTS
p4[bar abs] = 0,600 Pressure upstream butterfly v. | 50 226 452 1021 1,8 ' 88 '82E+5; 1000 {0989 150, 72 -
t[°C] = 40,0 Temperature 55 292 584 1331 23, 95 [97E+51 1,000 ; 0,981 166 @ 76 -
Fluid = water 80 363 725 1699 ¢ 29 | 10,1 {11E+6; 1,000 ; 0,969 184 79 -
plkg/m?] = 998 Density 63 410 821 2129 : 32 101 '12E+6; 1,000 : 0,953 : 206 ;| 81 -
n[Ns/m? = 0,001021 dynamic viscosity 0 455 910 2626 ; 36 100 [ 1,2E+6! 1,000 ; 0,931 235 83 -
py[bar abs] = 0,023 Boiling pressure 75 496 991 3192 ¢ 39 1 10,0 {1,3E+6; 1,000 : 0,902 275 85 -
pelbar abs] = 220,6 thermodyn. critical pressure 80 534 1067 3832 . 42 10,0 1,3E+6! 1,000 ; 0,867 @ 335 88 -
Q[m*h] = 200,0 100% volume flow rate 85 571 1142 | 4549 ¢ 45 1 10,0 (1,4E+6; 1,000 ! 0,827 437 . 92 -
Wikg/h] = 199.632 100% mass flow rate 90 610 1220 . 5348 . 48 101 14E+6! 1,000 : 0,781 | 6,50 | 98 -
Ap[bar] = 0,2000 Pressure loss butterfly valve 37 103 208 462 0,8 75 {51E+5! 1,000 : 0998 119 60 -
1400 125 3
—=1.200
% _ 100
=.1.000 < A
<] £ P 2
800 % 75 -
- T.
500 F WA < \ | o
400 a
25
200
L—
0 0 0
8 8 2 2 8 8 2 8 R 8 8 8 8 2 8 8 8 8 5 8B 8 R 83
of*] dotted line: La[dB(A)] alf] | accetable: Xe/z, <15 of]
Sound pressure level calculated according to IEC 60534-8-4 (2005)

Sheet with “Q = constant”:

o

“BRO ARMATUREN

™M 16.06201007:36) o | Ap ap Ko | Vo Ve | Re, ! Fa o Fe Xzl L AL NAVIGATION
Identifier: - ° % bar mh | mis | mis - - - - dB(A) | dB(A)

Project - ) 5, 20 #NV #NV 176 #NV | ENYV #NV #NV | 1,000 #NV ; #NV -
ftem-No: - 25 HNV #NV 216 #NV ANV HNV ENV 0,999 #NV ;¢ ENV - InputData

EBRO-Type: Z011/014;F012 - 30 #NV #NV 290 | ENV | ENY #NV ; #NV 0988 #NV ; #NV -
PN= 16 Nominal pressure 35 123 | 0245 | 404 © 08 ! 81 526451000 0998; 141 ; 71 -

DN= 250 Selected DN butterfly valve 40 | B4 | 0128 562 | 08 | 62 | 46E+5:1,000 0996 080 | 54 -

D[mm] = 300,0 Inside-@ of the pipe 45 a5 0089 766 @ 08 : 48 :40E+5;1.000 0993; 047 | 50 N CHARTS

pslbar abs] = 0,600 Pressure upstream butterfly v. 80 20 0,039 1021 08 39 | 36E+5:1,0000989;: 030 47 -

{°C] = 40,0 Temperature 55 120023 | 1331 | 08 | 33 | 33E+5)1,000 0981 019 | 44 -

Fluid = water 60 7 0015 | 1699 | 08 | 28 | 31E+5/00999 0969 014 | 41 - Ap=constant
olkg/m?] = 998 density 65 5 0010 2129 © 08 i 25 29E+5:0999:0953; 010 | 39 - P=
nINs/m?] = 0,001021 dynamic viscasity 70 3 0007 | 2626 @ 08 | 22 | 27E+5 0099 0931 008 a7 -

pulbar abs] = 0,023 Bolling pressure 75 2 0005 | 2192 | 08 | 20 |26E+5 0999 0902) 007 | 36 -
pclbar abs] = 2206 thermodyn. critical pressure 80 2 0,004 3832 08 19 | 25E+5i 0999 0,867 006 34 -
Qm*h] = 200,0 Volume flow rate 85 1 0003 | 4549 | 08 | 18 | 24E+5 0999 0827 006 | 34 -
Wikg/h] = 199.632 Mass flow rate 90 1 0002 | 5348 | 08 | 17 | 24E+510999 0781 007 | 33 -
Aplbar] = 0,2000 100% Pressure loss butterfly v. | 37 94 0188 | 462 | 08 | 73  50E+5 1000 09981 112 | &1 -
Comments: 125 3
Sound pressure level calculated according to \
IEC 60534-8-4 (2005) 100
| :
o 75 - &
= =
= 3, o
k =<
& 5 1 \
25
M~ |
0 — 0
& B 8 8 8 B 8 8 &8 B 8 B 8 B 8 8
dotted line: La(dB(A)] ol accetable: Xe/z, <15 of]
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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.
2.

EBRO Type [selection] (Description see Chapter 4.4)

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.

The pressurep, in bar abs upstream the butterfly valve.

The temperature t; of the fluid. (t; < 180°C)

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 py, k, 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 py at normal condition isn’t given; you can calculate it by using the operating conditions p;
and t,. Enter the pressure p; and temperature t; at operating condition and then enter p, in the grey
area of the “Help for conversion from p, to py” and the density py 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 p; and a low temperature t;.)

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

most cases.

The volume flow rate for normal condition Qy 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 Q; or mass
flow rate W at operating condition in a volume flow rate Qy at normal condition. For this calculation
the temperature t; and the Fluid-No. have to be entered before.

The pressure loss of the butterfly valve Ap = p,-p;.

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 Ap, DN and D“

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

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

input data

DN: selected nominal size of the butterfly valve

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

,Calculation with const. Q“

Calculation of Ap, V1, V2, K,, g, Fp and the sound pressure level L, depending on the input volume flow

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

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

»Calculation with const. Ap”

Calculation of Q, V1, V2, K,, U, Fp and the sound pressure level L, depending the input pressure loss of

the butterfly valve Ap. The Volume flow rate Q depends on the selected opening angle a (which you

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

@Altmmn!u
salaction) W _S 16 06 2010 OT 38| Flulds (Gasss resp. Vapors) in Marmal
ON \dentifier: = EBRO Type oulkg'mi|=Density at normal condtion (1,013bar, 0°C)
20 Project: = Sehcen I «[-J=Isentropic exponent Sound pressure level standard
% Nem-No: = M[gkmel]=molar mass
32 EBRO Type Z0411014;F012 Ho. |Name Formula]  py % 7]
40 PH= 16 Hominal pressure 1 |Acetylene TCHy | 002 | 123 | 2604
?:r:,l Input fluid data Message 2 |ir 1293 140 | 2806
a0 p.[bar abs] = 5,000 Pressure upstream butterfly valve 3 |Ammonia MNH, 077 1.3 17,03 VDMA 24422 (1575) - old standard
100 4[*C] = 60,0 Temperature upstream butterfly vabe 4 |Argon Ar 1,784 165 38,95
125 Fluid No. @ Air 5 |Benzole CaHe 3,485 7811
150 Qdm’yh] —\c'ulurnu flow rate “normal™ 6 |Butane C.H, 2847 5812
200 Qy[mih] = 1.483 Volume flow rate “operating™ 7 |Butane-n CaHy 2732 58,12
250 Wikgh] = 7.757 Mass flow rate 8 |Butylene CaHy 2503 56,11 data export
300 ||Help for Conversion from Wta O 9 |Carbon dioxide CO; 1977 1,30 44,02
350 Qmyh) 10 |Carbon disulfide CS; 3,475 76,14 data import
400 Qyjmih] = 11 |Carbon monox. sulf,  |COS 27 30,
g Wikgh] = 0 12 |Carbon co 1,250 1,40
=———(Input Ap, D and DN Message 13 |Chlorine Cly 3214 134 NAVIGATION
&0 Apbar] = 0,050 Pressure loss butterfly valve 14 |Dicyanogene CaMy 2,349
00 ON, . = 1256 Minamum DM of the pipe 15 |Ethane CH, 1,357 1,20 I
750 Dfmm] = 250,0 Inside-O of the pipe 16 |Ethylene CaH, 1,260 125 3
B00 «=T70% DN =125 Suggested DN butterfly valve 17 |Helium He 0178 183 4,00 II'II‘I'II'I!.\“UI‘IDI‘I
200 DN = 250 Belected DN butterdly vabe 18 |Hydrochlonne HC1 1839 1,39 36,48
1000 af'] = 38 Required opening angle of plate 19 |Hydrocyanogene HCN 1,225 27,03
1050 |l Qutput 20 |Hydrogen sulfide HyS 1,538 1,33 408
1100 |1 galeulation with const. @ = 6.000 m¥h e 21 |Hydragene H. 0,080 1,41 1,01 CHARTS
1200 | able and graph see navigation 22 Methane CH, 0717 131 | 1604
:ﬁ al*] = 50 Opening angle of plate i ] 3 |Methylchiorine CH;C1 2,308 50,49
1400 Apfbar] = 0,0111 Pressure lss buttefly valve 24 |Neon Me 0,900 164 | 2018 Ap = constant
1500 WVy[mis]= 84 Win pipe upstream butterfly vahve 25 |Mitric dioxade MNyO 1,980 128 46,01
1800 V.jmis) = 8.4 W in pipe downstream butterfly vale 26 |Nitric cxide MO 1,340 138 | a0
1850 Kdm®] = 1.021 Flow coefficient butterfly valve 27 |Nitrogen (pure) N 1.251 1.40 B0
1800 wl-]= 0998 Expansion factor 28 |Mitrogen of air 1,257 1,40 Q= constant
2000 Fel-] = 1,000 Pipe geometry factor 29 |Oxygen Oy 1,420 1,40 16,00
L.[dB{A)] = 37 Sound pressure level at 1m |EC 60534-8-3 (2000) 30 |Propane CyHy 2010 4410
Caleulation with const. Ap = 0,000 bar Message 31 |Propylens CyHe 1915 42,08
Table and graph see navigation 32 |Steam H:0 0,804 1,33 18,02
al'] =50 Openng angle of plate =i 4 =] 33 | Sulfur dionide S0, 2926 128 | B406
Qmi/h) = 12637 Volume flow rate “normal™ M [Toluens CrHy 4111 9214
Q. @, W%J= 2106 Percentages of flow rates 35 | Xylene CyHug 4,737 106,17
Vilmis] = 17.7 in pipe upstream butterfly valve 3B | Help for conversion from o4 10 oy
Vymis] = 179 W n pape downstream butterfly vahe 37 Mormal pressure py, = 1,013 bar abs
K fm®m] = 1.021 Flow coefficient butterfly vaboe 38 Mormal termperatur iy = 0 C
vi-] = 0,880 Expansion factor k] Density in condition p,, 1, p, = 1,000 kg'm?
Fel-] = 1,000 Pipe geometry factor a0 Density in condition p,, t, oy = 0,247 kg/m?,

L[dB{A)] = 67 Sound pressure levet at Tm

|IEC 60534-8-3 (2000)
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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: K,-value, FLU and GAS.

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

Arrow labeled “Ap = 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 a = 20° to 90°. The calculation depends on the

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

opening angle a. The last row shows the optimal opening angle for the specified Ap.

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

volume flow rate with the pressure loss of the valve Ap depending on the opening angle a.

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

Sheet with “Ap = constant”:

PN
Q’_"ﬁ““iﬂ”“" 160620100736 o | @ @@ W K |V V2 v Fe L
Identifier: - ° me/h % m*h mis mis - - dB(A)
Project: - )N 20 | 2190 % 176 31 EX] 0,992 1,000 59
Intem-No: - @ 25 2675 45 216 37 38 0,992 1,000 60 data input
EBRO-Type: Z011/014;F012 30 3.601 &0 290 5,0 5.1 0,992 1,000 62
PN= 16 Nominal pressure 35 5014 84 404 70 7 0,992 1,000 64
DN = 250 Selected DN butterfly valve 40 6.961 116 562 97 9.8 0,991 1,000 65
D[mm] = 250,0 Inside-@ of pipe 45 9487 158 766 133 134 0,991 1,000 86 CHARTS
pq[bar abs] = 5,00 Pressure upstream butterfly v. 50 12.637 211 1.021 17,7 17.9 0,890 1,000 67
4©[°C] = 60 Temperature upstream butterfly v. 55 16.456 274 1.331 230 232 0,989 1,000 69
Fluid = Air 60 | 20.986 350 1.699 29,3 296 0,988 1,000 71 Q= constant
p4[kg/m® = 523 Density upstream butterfly v. 65 26.269 438 2129 367 37 0,987 1,000 74
onlkg/m] = 1,29 Density in normal condition 70 32.348 539 26826 452 45,7 0,986 1,000 7
=140 Isentropic exponent 75 39260 654 3192 549 555 0,984 1,000 80
Q,[m?,/h] = 6.000 100% Volurme flow rate "norman” 80 | 47.103 785 3832 65,9 66,5 0,983 1,000 81
Q,[m#h] = 1.483 100% Volume flow rate "operating” | 85 = 56921 932 4549 78,2 790 0,983 1,000 81
Wikg/h] = 7.757 100% Mass flow rate 90 65.738 1.096 5.348 91,9 9238 0,983 1,000 81
Ap[bar] = 0,05000  Pressure loss butterfly valve 38 6115 102 493 86 8,6 0,992 1,000 64
70.000 _ 125 100
z 90
60.000 % 100 a0 /
50000 : / _ z 0
= = 75 E 60
wEZ 40.000 § T % 50
o 30.000 g 50 v 40
2 E
20.000 £ 5 >0
10.000 ¢ 0
.y 0 o+
0 & B 2 8B 8 R B 8§ 8 8 98 8 8 8 8
& 8 § 8 8 R 8 8
o] dotted line: La[dB(A]] a[] dotted line: Vz[m/s] of7]
IfV2> 110 m/s sound pressure level is invalid.
Sound pressure level calculated according to IEC 60534-8-3 (2000)
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Sheet with “Q = constant”:

N\
DR ARMAT _‘E"' 16.06.201007:26| o | 4p ap Ky v, A v Fe L
Identifier: - iR ° bar % m¥h m/'s mis - - dB(A)
Project: - - 20 . 0422 8439 176 8.4 9.2 0,936 1,000 85
ltern-No: - @ 25 ¢ 0270 | 5392 216 8.4 8.9 0,959 1,000 80 .
EBRO-Type: Z011/014;F012 30 0 0143 2861 200 24 86 0,977 1,000 75 data input
PN= 16 Nominal pressure 35 ¢ 0072 1443 404 8.4 85 0,988 1,000 89
DN = 250 selected DN butterfly valve 40 | 0037 740 862 84 85 0,994 1,000 57
D[mm] = 250,0 Inside-@ of pipe 45 ¢ 0,020 396 766 8.4 8.4 0,996 1,000 46 CHARTS
py[bar abs] = 5,00 Pressure upstream butterfly valve 50 0,011 222 1021 8.4 8,4 0,998 1,000 a7
t[°C] = 60 Temperature upstream butterfly v. L) 0,007 13,0 1331 8.4 8.4 0,999 1,000 28
Fluid = Air 60 | 0004 80 1699 84 84 0,999 1,000 21 Ap= constant
pqlkg/m?] = 523 Density upstream butterfly valve 65 0,003 51 2129 84 8.4 0,999 1,000 15
pulkg/m®] = 1.29 Density in normal condition 70 0,002 33 2626 84 8.4 1,000 1,000 9
x=140 Isentropic exponent 75 0,001 23 3192 84 8.4 1,000 1,000
Qum°/h] = 6.000 Volume flow rate "normal” 80 | 0,001 16 3832 84 84 1,000 1,000 0
Qq[m*h] = 1.483 Volume flow rate "operating” 85 0,001 11 4549 8,4 8.4 1,000 1,000 0
Wikg/h] = 7.757 Mass flow rate 90 | 0,000 08 5348 5.4 84 1,000 1,000 0
Ap[bar] = 0,050000 100% pressure loss butterfly valve 38 0,048 96,2 493 8.4 8,5 0,992 1,000 62
Comments 125 10
If V2[m/s] > 110 mis sound pressure level is invalid. \ 9
100 8
Sound pressure level calculated according to 7
IEC 60534-8-3 (2000) § 75 S — g 2
= o =
7w -
< s e E
1
0 e 0
R % %88 R 8 7 & 8 8 8 28 8 8 8
dotted line: La[dB(A)] ol dotted line: Va[ms] el

4.7 Abstract Flow Calculation Input and Output data

Input | Output

K,-value
DN, D, EBRO-Type

Kv; FPI FP* Kv

p4, t, Fluid Nr., Q, Ap, D, DN, EBRO-Type P, N, Pv, P, DNimin, DN-suggested, opening angle a
new Fluid: Diagrams and Tables for Q = constant

Name, p, n, py, P, (C1) Diagrams and Tables for Ap = constant

GAS

p1, t1, Fluid-Nr., Qy, Ap, D, DN, EBRO-Type Qi, W, DN_min, DN-suggested, opening angle a
new Fluid: Diagrams and Tables for Q = constant

Name, py, K, (M) Diagrams and Tables for Ap = 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 t0180°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: Vtoca.3m/s
Gas/vapor flow: Vtoca.30m/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 x;/z, > 1 .
A cavitation factor up to x/z, = 2 should be allowed only temporary.

Exception: A cavitation factor up to x/z, = 3 during opening or closing of the butterfly valve.

7 Calculation of sound pressure level L,

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 (FLU-Calculation Chapter 4.5) or no molar

mass of a gas (GAS-Calculation 4.6).

Sound pressure level standard

IEC 60534 (2005) - aktual standard

VDMA 24422 (1579) - old standard

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

Sound pressure level standard

* VDMA 24422 (1979) - old standard

L

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.

data export
data import
——— J &
Item-No 2% 218 1,00 Export 3]
EBRO Type: 2011/014:F012 30 200 089
PN=16  Mominal pressure % 404 | 099 EXPORTDATEN
DN = 250 Suggested DN butterfly vabve A0 582 | 088 Aufrraggeber [
Dlmm]= 500,0_ Inside- of the pipe 45 766 096 Auftrag-Nr. | ()
(Comments 50 1.021 094 Pasz.-Hr. o
55 1231 | 090 EBRO-Type | zo11/014F012
) 80 1699 | 085 L —
= 85 2128 | 079
S 0 | 2626 | 072 P1 .
75 | 3102 | ogs 5
a0 183 058 Fluid-Nr. -
8 | 4540 | 051 Q
9 | 58 | 045 Ap =
6.000 100 o 500
DN
4 a0 1 -
o
5.000
/ 80 T a2 -
/ 0 4
4.000 + 4 4 / Schalldruckpegel - Morm:
80 T
£ / ) / DIN EN 60534
E 2000 ;‘f 2 50 ;’( -
! ok CANCRL |
Z / & a0 4 [—I

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.

Speichern unter, E]
Speichern fn: | Fiow calcuiator 2.0 v| @-3 X o B
5 Zuletzt verwendete | [C5)Programm
Dokuments B Flowc aleulator
[ Desktop B Kappendaten

() Eigene Dateien
' Arbeitsplatz

% Netzwerkumgsbung

Dateiname: |KV-VaIuE 2011 DzS0| o |

Btz |Alle Dateien v |
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By a click of import you can import the saved data. Search the exported file, and open it.

Offnen
Suchen in: |@ Flows Calculator 2,0 V| @ @ X E-
Zuletzt verwendete | (C3)Programm
Dokumente B & 7011 DNZS0
@Desktnp
@ Eigene Dateien
:g Arbeitsplatz
‘QNetzwerkumgebung
Diateiname: | 9‘
Dateityp: |Textdateien v ‘

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.

Import &‘

IMPORTDATEN

Menil: KVE

Auftraggeber [ g
Auftrag-Nr. [
Pos-Nr. [ g
EBRO-Type | zo11/n14:Fo12
Y T

pl [
e[
Fluid-Nr. [ _

Schalldruckpegel - Norm:

DIN EN 80534

o CANCEL |




Z5vo ArmaTuren® | FLOW CALCULATOR 2011 page: 22/ 22

Documentation Date: 28.01.2011

9 References

[1] DIN EN 60534-2-1: Control valves for Process Control: Part 2: Flow Capacity. Main Section 1: Design
Equations for Incompressible Fluids under Installation Conditions. January 1995.

[2] DIN EN 60534-2-2: Control valves for Process Control. Part 2: Flow Capacity. Main Section 2: Design
Equations for Compressible Fluids under Installation Conditions. January 1995.

[3] VDMA 24422: Armaturen - Richtlinien fir die Gerdauschberechnung - Regel- und Absperrarmaturen. Mai
1979.

[4] DIN EN 60534-8-4: Control valves for Process Control. Part 8-4: Noise considerations - Prediction of noise
generated by hydrodynamic flow (2005).

[5] DIN EN 60534-8-3: Control valves for Process Control. Part 8-3: Noise considerations; Control valve
aerodynamic noise prediction method (2000)

[6] Ehrhardt, G.: Geschwindigkeit V¢ im Drosselquerschnitt und kritisches Differenzdruckverhéltnis x; von
Drosselklappen in Abhdngigkeit vom Stellwinkel. Interne Studie (1987).

[7] Ehrhardt, G.: Durchflussmessungen an konzentrischen EBRO-Absperrklappen. Bericht Aerodynamisches
Institut der RWTH Aachen vom 04.02.1982.

[8] Ehrhardt, G.: Durchflussmessungen an EBRO-Doppelexzenterklappen DN50 und DN65 im Februar 2001.
[9] WL Delft Hydraulics: Berichte vom Juli 1984 und vom Februar 1999 zu Versuchen an konzentrischen EBRO-
Absperrklappen.

[10] WL Delft Hydraulics: Berichte vom Mai 2000 und vom August 2000 zu Versuchen an EBRO-
Doppelexzenterklappen.

[11] EBRO ARMATUREN: Betriebsdaten. Lieferprogramm 1998.

[12] U. Grigull (Herausgeber): Zustandsgroflen von Wasser und Wasserdampf in SI-Einheiten. Springer-Verlag
1989.

[13] Deutsche Shell AG: Broschiiren liber Stoffwerte von Dieseldl und Thermalol.

[14] VDI 2040: Berechnungsgrundlagen fiir die Durchflussmessung mit Drosselgeraten. Bl. 4: Stoffwerte.
VDE/VDI -Fachgruppe Messtechnik 1970.

[15] Richter, H.: Rohrhydraulik. Springer-Verlag 1962.

[16] Ehrhardt, G.: Durchflussmessungen an EBRO-Exzenterklappen PN16: DN80, DN125, DN150 und DN50/65
im Juli 2004 und im Marz 2005.

[17] WL Delft Hydraulics: Bericht vom September 2003 zu Messungen an EBRO-Exzenterklappen PN16:
DN50/65 und DN100 (Wafer-Type HP-IC).




	1 Symbols and Nomenclature
	2 Summary
	3 Installation
	4 Program, Menu, Input 
	4.1 Program structure
	4.2 Start page
	4.2.1 Scale
	4.2.2 Start page

	4.3 Calculation centric/ecxentric butterfly valves
	4.4 Calculation Kv-value centric/excentric butterfly valves
	4.5 Calculation of flow data for butterfly valves for liquid fluids
	4.6 Calculation of flow data for butterfly valves for gas and vapor
	4.7 Abstract Flow Calculation Input and Output data

	5 Messages
	6 Details
	6.1 Velocity
	6.2 Cavitation

	7 Calculation of sound pressure level LA
	8 Export and Import of calculation
	/
	9 References

