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Flexim Company History

Headquarter in Berlin 

• 270 employees

• Manufacturing, calibration, research & development

• All shareholders are company founders

• Technology driven development
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Global Company

• Branches worldwide

• Final production, service support points and calibration facilities in target 
markets

• Approximately 500 direct FLEXIM employees worldwide

• Extensive Representative and Distributor Network 
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Ultrasonic Meters Sound Speed Principle
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Ultrasonic flow meters can measure sound speed 

and flow simultaneously:

Sonic velocity:

Volume flow:
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Introduction to Fluxus Natural Gas Engine

• USM Gas Measurement is widely accepted in the Oil & Gas Industry, however, 
changes in gas composition can have an effect in meter accuracy and require 
additional field instrumentation to convert meter output from actual to standard 
conditions. 

• Since natural gas is a multicomponent, not ideal gas, compressibility factor 
calculations are challenging and require knowledge of gas composition. 

• Traditionally, the process of estimating the Z-factor involved empirical 
correlations, which often yielded weak results either due to their limited 
accuracy or due to calculation difficulties, therefore; 

Gas Chromatographer and a Flow Computers are used for:

1. Unit conversion from actual to standard conditions 

2. Calculate gas compressibility factor Z

3. Molecular weight

4. Density & Calorific Values
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Actual to Standard Conversion for Gases

• AGA-9 is the standard for ultrasonic gas flow measurement

• AGA-9 formula for Standard Volume: 

• STD volume is compensated for pressure – temp - compressibility
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Standard Natural Gas Example Low Methane Content Example
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Software – Calculates Z (compressibility)



838th North Sea Flow Measurement Workshop

Speed of Sound Changes Based On Gas Composition

• The speed of sound in natural gas is the velocity a sound wave travels in the gas. 

• Properties of different gases such as composition, P&T affect the speed of sound 

• Uncertainty in Compressibility factor = decreased accuracy
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AGA 10 States:

“One of the USM meter

diagnostics is comparing the 

speed of sound

determined by the meter to 

the theoretical speed of

sound in the gas as 

calculated by AGA Report 

No. 10.”
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Typical Effect on SoS of P&T changes VS Composition 
Changes 
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• SoS and Thermodynamic variables applied to calculate Z, MW and HHV derived from pressure and temperature inputs under operating conditions. 

• Standard unit conversion calculated dynamically withing the Fluxus meter

• Natural gases are divided into classes based on their HHV in MJ/Kg

• No need to know exact gas composition

• HHV calculation requires known % of N2 & CO2
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Fluxus - Natural Gas Engine Principle

name min mean max 

temperature [°C] -1 30 81 

pressure [bar] 0.4 63 98 

HHV [MJ/kg] 43 51.9 54.7 

mol. weight [g/mol] 16.7 18.9 30.8 

methane [mol%] 42 87.1 97.1 

ethane [mol%] 0.3 7.0 23.7 

propane [mol%] 0.01 2.1 15.5 

i-butane [mol%] 0 0.47 3.9 

n-butane [mol%] 0 0.47 5.3 

i-pentane [mol%] 0 0.16 1.44 

n-pentane [mol%] 0 0.1 1.3 

n-hexane [mol%] 0 0.13 1.02 

n-heptane [mol%] 0 0.07 0.37 

C8 & more [mol%] 0 0.02 0.21 

O2 [mol%] 0 0 0.22 

N2 [mol%] 0.08 0.44 6.97 

CO2 [mol%] 0 1.99 10.3 

 

Name min mean max 

temperature [°C] 3 26 85 

pressure [bar] 5 42 95 

HHV [MJ/kg] 25 35.3 43.4 

mol. weight [g/mol] 20.7 23.3 26.8 

methane [mol%] 60.1 72.3 91.9 

ethane [mol%] 2.34 5.02 9.74 

propane [mol%] 0.69 1.87 3.81 

i-butane [mol%] 0.15 0.42 0.93 

n-butane [mol%] 0.14 0.51 1.09 

i-pentane [mol%] 0.05 0.18 0.44 

n-pentane [mol%] 0.03 0.14 0.32 

n-hexane [mol%] 0.02 0.17 0.46 

n-heptane [mol%] 0.01 0.09 0.22 

C8 & more [mol%] 0 0.02 0.07 

O2 [mol%] 0 0 0.03 

N2 [mol%] 0.33 0.84 1.67 

CO2 [mol%] 10.3 18.4 32.8 

 

Name min mean Max 

temperature [°C] 10 28 52 

pressure [bar] 0.05 6.3 53 

HHV [MJ/kg] 1.9 16.2 53.2 

mol. weight [g/mol] 17.3 31.8 41.6 

methane [mol%] 8.1 42.9 95.0 

ethane [mol%] 0.15 1.48 8.32 

propane [mol%] 0.02 0.29 2.91 

i-butane [mol%] 0 0.07 0.76 

n-butane [mol%] 0 0.09 0.70 

i-pentane [mol%] 0 0.03 0.39 

n-pentane [mol%] 0 0.03 0.72 

n-hexane [mol%] 0 0.06 3.05 

n-heptane [mol%] 0 0.06 1.92 

C8 & more [mol%] 0 0.02 0.32 

O2 [mol%] 0 0.01 0.64 

N2 [mol%] 0.18 0.75 3.29 

CO2 [mol%] 0 54.3 90.6 

 

Class 2. High HHV – NGE - H Class 4. High HHV – NGE - FClass 3. High HHV – NGE - L
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Compressibility (Z Factor) Derived from Sound Speed, P&T
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Molecular Weight Derived from Sound Speed, P&T
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Fluxus - Natural Gas Engine Principle

Industry-standard method vs. NGE

Internal Calculations derived from SoS

• zNGE = z(c, T, p) 
• MWNGE = MW(c, T, p)
• HHVNGE = HHV(c, MW, N2, CO2)

Measurement uncertainties

• Technical specs of P&T Sensors
• Sound velocity uncertainty of Fluxus Clamp on 

meter 
• Meter installation & Sensitivity coefficients



1538th North Sea Flow Measurement Workshop

Natural Gas Engine Replaces Flow Computer
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NGE Accuracy Results Comparison Vs Flow Comp.

class 2 class 3 class 4

sample std. dev. HHV in 

MJ/kg

0.7% 1.2% 3.4%

data points within 1% 85.1% 52.3% 19.7%

data points within 2% 98.8% 85.7% 29.0%

data points >3% off 0.0% 1.7% 19.1%

sample std. dev. HHV in 

MJ/m3

1.4% 2.3% 4.6%

data points within 1% 59.1% 33.3% 20.8%

data points within 2% 88.2% 61.7% 31.2%

data points >3% off 5.0% 26.7% 19.1%
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Compressibility z and MW for NGE vs. flow 

computer

class 2 class 3 class 4

sample std. dev. zNGE 0.7% 0.9% 0.4%

data points within 1% 84.3% 80.3% 96.2%

data points within 2% 97.6% 91.0% 99.5%

data points >3% off 0.1% 0.7% 0%

sample std. dev. MWNGE 1.1% 1.3% 1.1%

data points within 1% 59.0% 65.3% 85.8%

data points within 2% 90.4% 85.3% 92.9%

data points >3% off 3.5% 4.7% 4.4%

HHV for NGE vs. flow computer

Over 2000 measuring points were evaluated and compared to Flow Computer outputs to determine deviation.  
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How Does Class Selection Affect NGE Calculations?
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P [bar] 60

T [°C] 20

nitrogen CO2 methane ethane propane isobutane butane isopentane pentane hexane heptane octane

Ref. Gas H Nordsee H 0.009 0.019 0.863 0.086 0.019 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Ref. Gas L Ingreso a Planta ADLA 1.287 18.537 74.442 3.303 1.209 0.251 0.400 0.158 0.131 0.167 0.095 0.021

FLUXUS measure

c Z MW Z MW Z MW

[m/s] [g/mol] [g/mol] [g/mol]

390.78 0.860 18.43 0.860 18.64 0.890 18.70

346.90 0.842 22.84 0.840 22.48 0.805 22.01

NIST NGE correct gas class NGE wrong gas class NIST NGE correct gas class NGE wrong gas class

HHV HHV HHV

[MJ/kg] [MJ/kg] [MJ/kg]

51.56 51.6 54

34.30 34.2 32.1

Z & MW  Results HHV Results

NGE vs NIST Z Factor calculation with +/- 0.6% deviation NGE vs NIST HHV Factor calculation with +/- 0.3% 

deviation
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Conclusion

1. Fluxus NGE embedded feature in Clamp On Ultrasonic Meter 

2. Enables real time dynamic gas compressibility calculation without a known composition input

3. Performs actual to standard conversion without flow computer. 

4. Live line pressure and temperature inputs required

5. 3 main gas classes for end user to select based on HHV

6. MW and HHV calculations possible with known N2 and CO2 content
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