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The Intra-Automation GmbH WinFlow 2.5 is a Program that automatically calculates
the following flow parameters for ITABAR Flow Sensors:

1. Differential pressure.

2. Permanent pressure loss.

3. Frequency of sensor at actual working conditions (Hz).
4. Natural sensor frequency.

5. Maximum allowable differential pressure.

6. Maximum flow rate for the specified sensor type.

This program includes:

7. Steam tables in SI-units.
8. Density at normal condition 0°C / 101,3 kPa
Density of: Air, ammonia, oxygen, carbon dioxide, sulfur dioxide, hydrogen, propane and
nitrogen.
9. Viscosity at normal condition 0°C / 101,3 kPa
Viscosity of listed gases; for other gases the values must be entered manually.

System Hardware and Software Requirements

486-40 MHz or better
8§ MB RAM
5 MB disk space

MS-DOS 5.0 or later
Windows 3.1, Windows for Workgroups, Windows 95.

Installation:

1. Exit all Windows applications.

2. Insert Disk 1 into the target drive.

3. From the Windows Program Manager, choose Run from File menu. Windows
displays the Run dialog box.

4. Type a:\setup.exe in the command box.

5. Choose OK.

6. Follow the setup instructions on the screen, inserting diskettes as requested.

INTRA-AUTOMATION GmbH is not liable for any irregularities in the functioning of
software previously installed by the user.
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To select a menu

In WinFlow, you select (highlight) a menu and then choose a command from that
menu. Choosing the command executes the action.

Selecting a menu using:

Mouse

Using the mouse pointer, point to the name of menu on the menu bar and click with the

left mouse button to open the menu. (To move directly to a menu item, drag the selection
cursor down the menu until the menu item is highlighted and then release the mouse button.)

Keyboard
1. Press Alt or F10 to select (highlight) the menu bar.

2. Press the LEFT ARROW or the RIGHT ARROW key to select the menu you want.

3. Press ENTER to open the selected menu.

4. If the name in the menu bar has an underlined letter, you can press ALT to drop the menu
bar and then type the letter that’s underlined to open the menu. For example, to open the
File menu in Window DIFFERENTIAL PRESSURE press ALT, F.
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Example: differential pressure, air

Medium : Air

Temperature: 45°C

Pressure: 5 bar/g

Flow rate: QMaximum =12500 m3/h, QNormal=10000, QMinimum=8000
Internal pipe diameter: 354 mm

Wall thickness: 6.4 mm

Pipe run: vertical

You select in the list box the option [Volume rate of Gas (Operating Condition)].
With the mouse, click the [»L] on the right side

Select the “air“ medium. At the right side \
. . 1 e | ok i i Pl K '.I.'I'I'-'\-C'..i-\.lj
of this listing box. click the 1. s D 32
L= [ [ H
P [ EEElS =
Torraty | 1 =l
Wircaly o es] =
Pl b v e ] [mam -
Enter the pressure in this field and select /v P Hisi |—1mam15|| =
[bar/G] form the list box. Fows b LT
P iriwrad liemgrmom | ulE-EI - =
el e B-"-'_El" 4
Posgihus (o =17
N v
The actual field density and viscosity are s':'_ ':‘.H ................... 3
not enabled. Density and viscosity are — — [FeT T =
calculated automatically. > |
Select the Sensor, type and the material

Enter QMax in this field and select the
unit form the list box

Enter the internal pipe diameter; the
engineering unit is [mm].

In the next field type the wall thickness; it is
the same engineering unit as the internal pipe
diameter.
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Calculation / Compressibility factor

] WinFlow 2.5

LCalculation

olume Hate of Flow Gas{0perating Cond. ﬂ
&z —1 = I

b= ir

Calculation: Press [F8] for calculation or click in the menu line [Calculation]
and activate [Calc! DeltaP].

m Differental prezsure E

Eie
Flowe Mae Flove Nom Flow Min
FlowRatem3/H [&] | [ 12 500.000] | [ 10,000,000 | [ 2 500,000]
Feynolds Mo, 1] 1 b
Permn. pressureboss | 0 7] ]
| Diff. Pressure m o o
v [m/z) 1] 7] b
Compressilty factor at operating condiion (Zb) |
Comprazsibilily factor at romal condition [Zn) 1.0000

] /S

yA

Frequenicy af op. con. [Hz] | / gm

| mbor = ko inches - mm -y figma pin | st |

/

If necessary then enter the compressibility factor at norm and
operating condition, s. appendix B .
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Head data

m Dilbeienlial e

Flows Flate m3H [ 12,500,000 10,000,000 2,500,000
Reprakds Mo, fEsez |EEEW 0 |
[l Pressune |1 0.3 E_E:I' ﬁ:l'l!

vimis) ¥ T
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Nahad Finquency (Hz) I 1
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mbas © KPafF WSRO~ Be f‘@ pint | |

With the mouse, select the switcélead data].

In the text fields enter the customer address, contact person, etc.

/

/

Head dala

5.0 b
T ergesradi ae-
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Print differential pressure calculation

m Differential piegsure
Flow Ratem3/H |@ | [ 12 500.000) | [ 10.000 000] 2,500,000
Fieyokds Mo pamez  |FEEs 0 | peEE
Perm. prasoue lass 0.0 | T | K]
Diff. Pressure 10,370 527 0413
v lnle) E= |BEz= e
K-Factor
Kin Viscosty fi5oma Op densty  [E590
Mas. ol pragsue T Oidiae: | TAMSEI
Max DekaP FloT ap, iraeit b
Mishursl Fraquency [Hz) | 137 8501
Frequency & op. con (Hz) — =54

inches
mbar  kPa( [nches - mm r|1gm )

Print the calculation, click on [P{
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Save calculation / open calculation

= WinFlow 2.5

X Calculation Head Data

Mew Calculation
Open F7 & of Flow Gaz[Operating Cond. j

Frinter Sel J—.JI
Print ﬂ
E wpart j
Exit
[-]
Wiscasity cPs

If you save the calculation, click on File / Save

|

[ ETTT ST I R AP L F
Widgmerriliom Gaie

1B | s
L ITgE ]

| = wo| o |

If you open the calculation, click on File / Open. Enter the company
and click on [Search]. Select the calculation and click on [Load].
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Export data

Click on File / Export

f
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= =]
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=T
T ——— el maas
— Eh =
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Zoom Print Export

Ziel
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Select the format and click on [OK]
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Example: differential pressure, another gas

Medium : Argon

Temperature: 55°C

Pressure: 8 bar/abs

Flow rate: QMaximum=12500 m3/h, QNormal=10000, QMinimum=8000
Internal pipe diameter: 354 mm

Wall thickness: 6.4 mm

Pipe run: vertical

Ratio of Specific Heat = 1.65, see page 12

Density norm = 1.784 kg/Nm3, viscosity = 0,0212 mPas

Calculation : Select in the listbox the option [Volume rate of Gas (Operating condition)]
Medium: Select in the listbox Medium other Gases

Pressure/Temperature: Enter the data for pressure and temperature.

Normdensity: see page 11, density = 1,784

Calculate the vicosity, see page 13

Enter the other data and press [F8] or click on Calulation / Calc! DeltaP

If necsessary, enter the compressibiltyfactor, see appendix B

Enter the ratio of specific heat (see page 12). Ratio of specific heat=1.65

Click on [OK].

CeNoarWON =~

10
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Ratio of Specific Heat

Table 1. Properties of Technical Gases

Gas M,%) 3)density at normal “ratio of secific heat ¢
molar mass condition capacties at 20°C Shuterland-
kg/kmol (0°C /101,3 kPa) 1 Constant
kg/m3
acetylene 26.038 1.1715 1.23 215
ammonia 17.031 0.7718 1.31 503
argon 39.948 1.784 1.65 142
n-butane 58.123 2.708 1.66 358
chlorine 70.906 3.210 1.35 350
hydrogen chloride 36.461 1.6422 1.39 360
ethane 30.069 1.355 1.19 252
ethylene 28.054 1.2611 1.24 225
helium 4.0026 0.17848 1.63 -
carbon monoxide 28.010 1.2505 1,40 100
krypton 83.80 3.749 1.69 -
air (dry) 28.963 1.293 1.40 113
methane 16.043 0.7175 1.31 164
neon 20.179 0.8999 1.64 56
propane 44.096 2.0109 1.13 278
oxygen 31.999 1.4290 1.40 125
sulphur dioxide 64.059 2.9310 1.27 306
hydrogen sulfide 34.076 1.5355 1.31 331
nitrogen monoxide 30.006 1.3402 1.39 128
nitrous oxide 44.019 1.9780 1.28 260
nitrogen 28.013 1.2504 1.40 104
hydrogen 2.0158 0.08988 1.41 77

*Data from DIN 1871 (1980)

4 Use ratio of specific heat capacities y=C,/ Cy for ideal gases in accordance with section 2.4.3 of DIN

1952, if the isentropic exponent is unknown; isentropic exponents for some gases are given in

VDI/VDE Part 4.

11
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Viscosity

Dynamic Viscosity of Pure Gases

The unit of dynamic viscosity shall be Pa s and 1 m Pa s is equal to 1 centipoise (cP).

The dynamic viscosities of most liquids decrease considerably as temperature increases.
The dependence of the dynamic viscosity of a liquid on pressure may be neglected unless

the temperature of the liquid is close to critical temperature.

The dynamic viscosities of gases increase as temperature increases. For an ideal gas at a pressure of 1
bar or less, the dynamic viscosity is independent of pressure. For this range n(t) may be
taken from part 4 of Guideline VDI/VDE 2040 or calculated by Sutherland’s formula

C

T r

Moy =1, "% S
T;z 1+£

T

from the vicosity n, at temperature T, using the Shuterland constant C shown in Table 1.

N(t)  =Dynamic viscosity, operating condition in mPa *s
T]n = Dynamic viscosity, 273.15 Kelvin and 101,3 kPa
T = Operating temperature in Kelvin

C = Shuterland Constante (s. page 12)

Tn = Temperature, 273.15 Kelvin

Example: Dynamic viscosity, Air, 100°C

n" =0.0172 mPa *s
T = 373.15 Kelvin
Tn =273.15 Kelvin
C =113
1)373.15/ 273.15 = 1,366099212 T /TN
2) V1.366099212 = 1.1688025 \/(T/TN)
3) 1+(113 /273.15) = 1.413692 1+ (C/ Tn)
4) 1+(113 /373.15) = 1.302837 1+(C/T)
5) 1.413692 / 1302837 =1.085095  (1+(C/Tn))/(1+(C/T))

6) 1.085095 * 1.16880025= 1.2682593 (\/ (T/Tn) * ((1+ (C / Tn)) / (1+ (C / T)))
7) 1,2682593 * 0.0172 =0,0218 (\/ (T/Tn) * ((1+ (C / Tn)) / (1+ (C / T)))) *n"

Dynamic viscosity = 0,0218 mPa * s

12
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Appendix A
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D-41515 Grevenbroich * Otto-Hahn-Str. 20 * 021 81-68761 * 02181-64492

Firma:
Name/Abt.:
StraBe:
Plz/Ort:

Angebots-/Auftragnr.:

Bestellnummer
MeRstellennr.:

WINFLOW 2.5 (I) Differenzdruckberechnung
ITABAR - DurchfluB - Sonden

5,26 hz

Seriennr.:
Rohrdaten

- Datum: 02.03.1999
Berechnungsart: Volumenstrom Gase (Betriebsbedingung)
Medium: Luft
Rohrinnendurchm.: 354,000 mm
Betriebsdruck: 5,000 bar (tber)
Betriebstemperatur: 45,000 °C
Dichte: 1,2930 kg/Nm3 Betriebsdichte: 6,59
Viskositat: 0,0194 mPas
K-Faktor: 0,6224 o. Einheit
Realgasfaktor im Betriebszustand : 1,0000
Realgasfaktor im Normzustand : 1,0000

QMax QNorm QMin

DurchfluBmenge 12.500,00 10.000,00 2.500,00 ma3/h
Reynoldszahl 4.241.162 3.392.930 848.232 o. Einheit
Druckverlust 0,800 0,510 0,030 kPa
Expansionsfaktor 0,997 0,998 0,999 o. Einheit
Geschwindigkeit 35,28 28,22 7,06 m/sek.
Differenzdruck 10,370 6,627 0,413 kPa
Itabar-Typ:
Sensormaterial:
Bemerkung:
Max. DeltaP 13,04 kPa Max. Durchflu 14.045,81 m3/h
Eigenfrequenz: 137,85 hz Betriebsfrequenz

Der Fllstand- und DurchfluB-Spezialist
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D-41515 Grevenbroich * btto-Hahn-Slr. 20 * 02181-68761 * 02181-64492

Firma:
Name/Abt.:
StraBe:
Piz/Ort:

Angebots-/Auftragnr.:

Bestellnummer
MeBstellennr.:

WINFLOW 2.5 (1) Differenzdruckberechnung

ITABAR - DurchfluB - Sonden

Seriennr.:
Rohrdaten
Datum: 02.03.1999
Berechnungsart: Volumenstrom Gase (Betriebsbedingung)
Medium: Argon
Rohrinnendurchm.: 354,000 mm
Betriebsdruck: 8,000 bar (abs)
Betriebstemperatur: 55,000 °C
Dichte: 1,7840 Kkg/Nm3 Betriebsdichte: 11,727
Viskositat: 0,0211 mPas
K-Faktor: 0,6224 o. Einheit
Realgasfaktor im Betriebszustand : 1,0000
Realgasfaktor im Normzustand : 1,0000

QMax QNorm QMin
DurchfluBmenge 12.500,00 10.000,00 2.500,00 m3/h
Reynoldszahl 6.906.966 5.525.573 1.381.383 o. Einheit
Druckverlust 1,429 0,910 0,060 kPa
Expansionsfaktor 0,997 0,998 0,999 o. Einheit
Geschwindigkeit 35,28 28,22 7,06 m/sek.
Differenzdruck 18,487 11,807 0,735 kPa
Itabar-Typ: IBR-26
Sensormaterial:
Bemerkung:
Max. DeltaP 59,60 kPa Max. DurchfluB 22.509,35 m3/h
Eigenfrequenz: 138,12 hz Betriebsfrequenz 6,88 hz

Der Fillstand- und DurchfluB-Spezialist
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2 Entwerf VDI 2040, Blatt 4
1. Stoffwerte technischér Gase - : .

2 Relative [ i " * " | Indivicvelle | Realgas- tropen-"| - - . o " .
AR IR Molekil- | Normdichte | - - Gas- fakior im - |exponent .;‘e;‘ S-’;i'k . S}to’:’;md
< ‘}nassg - ' konstznle | Nermzustand k for ‘?’ SR . o €

' L . ' : " p—0 : PR R -

i = 3 = -!.'.'- kpm u_. coe - E (= . Oy 2 (=] 1)“2 ) T )

rkelmyd sy | TR K pefemty SCIT L

Acelyien 210717 | 32510 | c o,ss30 ¢ | 1,23 | 308,09 638
Afnmonia L0,7714 = | 48377 05851 |- 1,31 | 505,86 [115.2
i Argon. . . -1 | S| 3siedd 1,7836 | . " 21,225 0,8952 1,65 | 150,8 | 43,6
fethan 7 % CoHg | . 30.0707 [ 1387 - | . 28154 0,9887 1,20 | 305,42 | 49,8 _
Aethylen - 0 bzlir_-i, 728,054 | 1,2604 |7 30,220 "0,8931 ™ 125 | 28204 | 51,7
o Benzol - - | CoHg | 78108 | 34850 % | - 10,334 - - 561,8 | 49,5
| Butan-a 0 CHy, | s8a24 | . 2,7320 14,585 0,8482 - 425,2 | 35,35
Butzn-i | CeHio |7 s8124 | 28487 7| iises 0,57¢8 o= |408,13 | 37,2
Butylea, .- - C.Hy |.s6.008 | 2,503 ~ | . 15,010 - — | 219,55 | 40,03
Chler . [y, 7 | G0.s14 | 3213 11,855 '0,5844 L3 | 17,2 | 78,5
.. | chicrwasserstorr[ HCl ¥ | Tuzs.46s | 163027 | . 23,250 |7 o,s82s 133 7| 3247 | 84,7 -
| Cyanwasserstort | HON .| 27,027 | i,2268 | 31,383 | 0,8847 -~ 456,7 | 55,0
Dicyan - . czn,,'- 52,038 | . 2,3493 16,282 0,8883 - .|3%8,7 | 601
' Helivm T e L 4003 | 017847 | ‘211,39 10007 | 1,63 | .s52.| 2336
Kohlencxid . |cCO™.. *28,001 | 1,2500 | 0.8 ) 0,588 1,40 133,0 .| 35,6
Kohlendioxid coz-']-_ LN 1,9769 * { © . 19,263 0,533 1,30 | 3042 °| 75,3
Kohlenoxidsulfid | €OS ' | 60,097 2721 | 1s,m2:| o,s851.° - | 375,35 | 63,0

ol Len 1 " 0,8985 | 40 132)4-. | 38,5 :

21,2928 | 728,215 -
;0| Methan R R

K " 0,9986 - | 1,31 | 190,7 | 47.2 N
<+ | Methylchlortd ¥ | CH CL 391 |:72,3075 .

- 05763 = | - | 4162 .| s80

©.1,0006 %1 | " 164 - 44,4 | 27,08

..0,8790 %
.. 0,SE04 7,

. "0,8881.
. 0,5768

L0978 1 | = lsis3.| 75,2

08588 | 1,33

" 1,5382 373,53 | 81,9

Stickexid . | 30008 [ n3s02 | 23252 | ossso . | 138 |120.2 ] 66,7
Stickoxicdul 1&20 N EEXT 1,8804 - |° 18,261 _0,8816 ° 1,28 | 3097 | 741
Sticksto!f (rein) [N, * | 28,006.| 1,2505 30,251 "0,9556 1,40 |126,3 | 345
Lufisticksto!f - | zeas 1,2571 0,107 0,885 1,40 - -
_ " |- Toluol ' C,H; 92,134 L1 - 9,202 = - " |ss3s | 429
' Wasserdampf  |H,0 | 18,015 | 0,038 . 47,058 - 1,339 | 8373 |225.65
Wassersto!f H:.z 2,016 0,0559 47,83 1,0005 .41 33,3 13,2
Xylel CgH,qo | 106,16 1337 7,888 - - B - - -
1 Tkp'em? = 121 = 0,68057 bar *) nur Rechnungzwert (1ir Z,=1) %) bei 100°C
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s 2'._Dichte des Wassers

SN

Bild 1. Dichte p des Wasscrs 1kptmn? = 0SE0S7 bar



3. Realgasfaktoren

In Richtlinie VDI 2040 E B, 2 (Ausg. Sept, 1¢58),
Abschn, 3.2,2 bis 3.2,4 wird cer Realgasfziior4)

behandelt, der Rur Berechnung der Dichie rezler
Gase notwendig ist, ’

; Bild 2 bis 23%) zeigt fir eine Reihe technischer
i Gase und einige Gasgemische den Realgas-

Entwurf VDI 2040, Blait 4

flusses rezler Gase ein (dies soll in VDI 2040 EBL.5
behandelt werden, das in Vorbereitung is1), Tz hingt
entweder von Z selbst oder vom Druck p oder der
Temperatur t oder von mehreren dieser Gréfen
gemeinsam zb, Uber diese Abhingigkeit gibt die zu
jedem Dizgramm geh&rende Tabelle Auskunit, mit der

. faktor Z in Abhingigkeit von Druck®)und Tempe- Eibschr'a'nlfnng, dafl fir R'ealga'sfla.ktoren Z in NZhe der
i ratur, : ) ) Sattdampflinie keine Unsicherheiten angegeben werden
. : . : kénnen, : :
e Die Unsicherheit -1z des Rezalgasfzktors Z geht . . ) -
- als Bestimmungsgrofe in das Mef@spiel tqces Durch- Der Bereich, fir den keine Unsicherheiten 7z ange-
T £ ) . geben werden kénnen, ist bestimmt aus Sattdampf-
-4 Der Reslgasfaktor wird in britischen und amerikanischen Normen druck + Ap, Es gelten folgende Ap-Werte:
.compressibility factor” genannt, . o . . . e ’ : :
%) Die Realgasfzkiored ._'wi.rrden im wesentiichen aus den in der BASF Ludwigs- , |Bdd|- Cas |Apinkp/em?
Rafen Zusammengesieliten MeBwerten gewonnen, Die Meﬂ_w:r’.e_s:anmen'vnr- . 3 C,H, | . 25 - . _ .
-+ . wiegend sus: Landolt-Barnstein, thsik:!_is_-ch; + misg:_he_ Tabellen, Haups - 4 :C2H4 o 50 . Rk -
werk'und 1.bis 3, E_?gi_rgz_gngl;aﬁq._se_rlin': Sprifiger 1836, -- =~ ST ECH| 0 |7 ’
Folgende Owi!‘en‘\:mrden zum Vergleich herzngezogen: e it 8 [nCHyl .10
2 D'Ans, ., u. E. Lax: Taschenbuch fir Chemiker und Physiker. 2. Aufl, . 9| . 10 S, .
L1949, 8,827 4.7 T Lo Pt ey TR B B B T R I B
o ;,Cla'_rk,\".f..!.'."u. B.G, Wh_ite_:_ Gas Law Deviation Coefficients. National - - . - - :: g’z'_ o S‘g - .
L Epglf'acer?nb_L_aborataf‘y,'Easf Kilbride, 1958, .0 .- .7 - o i N}D‘ f'o o
- ) Als Einheit des Druckes wird 1 kp/em? =1 2t = 0,88067 bar benuuzt, | B B P
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4. [sentropenexponenten

Zur Berechnung der Expansionszzhlen bel der
Durchflifmessung mull man den Isentropenexpo-
nenten (friher meist Adiabatenexponent genannt)
des Gases kennen, Frither setzte man hier{ir
meist das Verhiltnis % der spezifischen Wirmen
ein. Das ist aber nur soweit zulZssig, wie man das’
Gas 2ls ein ideales Gas ansehen kann. Bei realen
Gasen ist es bei htheren Genauigrze:tsanspruchen
not“ endig, den I;entropene_xponenten einzusetzen,

b”ber thesen ﬁndet man aber im Schnfttum nur
recht spﬁrliche Angzben, Es gibt auch keine em-

) fache 'I‘heor‘e zu semer Berec‘f‘ﬁung e

. 37 ,I 20

{1

-

7
Iﬂ
i 207
r
Fi
y A
Y =
7 7]
= = 2591
T 0l -.
B — Lol
0°C
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0 30 07 50 kpjem? 200
7
L1t I 1 . ]
0w %0 %0 9 b 0
?

Bild 24. lsentiopenexponent k von Ammonizk (NH,)

Entwuif{ VDI 2040, Blatt 4

In den nachstehenden Diagrammen sind {ir einige ﬂ\

.

technisch wichtige Gase die Isentropenexponenten

_angegeben’). Es wird notwendig sein, diese Samm-

lung von Daten in Zukunft fortzusetzen.

Der Isentropenexponent k ist definiert durch
v (8
k=-2 (22} .
P (d“)s

) Die D} agrarnrne der Imntropenexponenten k far sechs real': Gase wurden .

“von H.D. Baehr (Brennst— Wirme — Kraf1 19 {1957) N2, S. 65/68) aus den

Znﬂmdsqluchungenvon Beatti u. Bridgeman bere-:hne'r.

© Bild 30b for den lsentropenexponen' von Wa.sserda-npf wurde den VDI Was.ser-. .

dampfiafeln, 7. Auflage (1568) Seate 167, entnommen.

AIs E:nhen des Drucke-s mrd 1 kr.n't:r'\z = 1 at= U 9806? bar benutzt.
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der dynamischen Viskositit 3 ven Gasen
bei hohen Oricken, Reduzienie Darstellung

Korrekturfzktor 7 {p, 1)/7 (1)
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