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SituationSituation

For testing of flow meters it is assumed that the flow rate 
in the measurement window is constant. 

In reality the flow rate varies more or less and can be of 
the order 0,1 % up to 10 % (see also OIML R 49, part 2)

The question is now: how much does this effect contribute The question is now: how much does this effect contribute 
to uncertainty?to uncertainty?

How can we solve this problem?

First: take an error curve of a water meter and see where 
the problematic part of the graph is!!
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Error curve of a flow meter (immoderate)Error curve of a flow meter (immoderate)
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Flow rate variationsFlow rate variations

Now we have to calculate how F can vary with ∆Q

Proceeding: 

1. Determine an analytical equation of the error curve

2. Afterwards calculate the contribution to uncertainty 
u²(∆Q)

We will show it as an example!

Proceeding: Proceeding: 

1. Determine an analytical equation of the error curve

2. Afterwards calculate the contribution to uncertainty 
u²(∆Q)

We will show it as an example!
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Example: characteristic error of an ultrasonic flow meter (Example: characteristic error of an ultrasonic flow meter (FF((QQ))))
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1. Step1. Step

Equation of the error curve Equation of the error curve FF((QQ))

From experience a good approach is given by the 
following equation:
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2. Step: least square method (Gauss)2. Step: least square method (Gauss)

A short repetition of least square method by GaussGauss:
For the difference of the error equation FF((QQ) ) and the measurements 
FFi(QQi) we get:
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Normal equationNormal equation

Condition for a minimum of the difference: 
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Result: Normal equation in the form: N a = bN a = b
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Solution of the normal equationSolution of the normal equation
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Result for the coefficients by matrix methodsResult for the coefficients by matrix methods

a 1 = 9,32E-02
a 2 = 2,30E-04
a 3 = -6,74E-08
a 4 = 1,40E+01
a 5 = 1,13E+02

Uncertainty of the coefficients (not the contribution of flow vaUncertainty of the coefficients (not the contribution of flow variations):riations):

u(a1), u(a2), ...  extract from the inverse matrix NN-1
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Inverse matrixInverse matrix
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Coefficients of the inverse matrix Coefficients of the inverse matrix -- denotation denotation 
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Equation of (combined) uncertaintyEquation of (combined) uncertainty
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Uncertainty of the least square method (approximation)Uncertainty of the least square method (approximation)
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2nd step: the flow rate vary  with 2nd step: the flow rate vary  with ∆∆QQ
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The next picture shows the result of this influence!
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Flow variations and uncertaintyFlow variations and uncertainty
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Annex: Determination of Annex: Determination of NN--11 with Excel with Excel 

!! click the formula !!!! click the formula !!

N =
1,32 3,24

N -1 =
0,037 0,1652

5,76 -0,72 0,294 -0,067

Solution of the equation: x  = N -1 y

 38,2 0,037 0,1652 38,2 -11,09 x1

y  = x = N -1 y  = * = =
-76 0,294 -0,067 -75,6 16,31 x2
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