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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
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) ‘i EMATEM :
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Flow rate variations i; EMATEM :r
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Now we have to calculate how F can vary with AQ

Proceeding:

1. Determine an analytical equation of the error curve

2. Afterwards calculate the contribution to uncertainty
u*(4AQ)

We will show it as an example!
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Example: characteristic error of an ultrasonic flow meter (F(Q)) X EMATEM X
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+ Equation of the error curve F(Q)

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

L T

A short repetition of least square method by Gauss:

For the difference of the error equation F(Q) and the measurements
F(Q) we get:

0S

-0
0a;

. _ . oS 0SS oS 0SS 0SS
in our case : 5 coefficients > = = = = =0
oa, oa, oay; o0a, Oas
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Normal equation iy i
L T

Condition for a minimum of the difference:

oS _

—=0
0a;

oS o0S 0S 0SS 0S
oa, oa, oOay; o0a, O0as

in our case : 5 coefficients =

Result: Normal equation in the form: Na =b
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Solution of the normal equation iEMATEM:r
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N[ [@] @] @?|[a] [ [F] ]
k] [ [] ~ [7||a| |[Fal

Q7 [@] [@*f [@] N ||a|=|[FQ?]
'] N [a] @?] [@2]|a| |IF o{
__Q—z [Q—1] N o3 o las| |IF Q2
) b4
or N a = b
solution : N-'Na=Ea=a
a=N"1hb

remark : [x]=> x; angular brackets = sum = GauR" convention
i
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Result for the coefficients by matrix methods *; EMATEM :

L T

aq=|9,32E-02
a,=|2,30E-04
as;=|-6,74E-08
a,=|1,40E+01
as=|1,13E+02

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

u(a,), u(a,), ... extract from the inverse matrix N
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Inverse matrix f’”“m""‘:

L T

Variances/
u*(y)

__Covariances/
u*(y)

Remark: ¢; = ¢; ; example: ¢;, = Cy ...
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Coefficients of the inverse matrix - denotation ‘i EMATEM :

L T

Variances Covariances

u3(a,;) = Uu(y)x Cqq | [UH@12) =U*(Y) x Cp  U*(ay3)=U*(Y) X Cy3
U*(@y) =U*(y) x Cop| |UX814) =U*(Y)xC1qy U*(a45)=U(Y)X Cy5
U*(@3) = U*(y) x Caz| |U™83) =U(Y )X Coz U8z )=U(Y)x Cyy
u(@a,) =Uu?(y) x Cqq| |U*(@25) =U*(Y) X Cos U*(834) =UY)X C34
u*(as) = U*(y) x Css | |U*(835) =U*(Y) X Cg5 U*(8y5)=U(Y) X Cy5

N 2
Z[F(Qi)_Fi(Qi)]
N -5

u(y)=-
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Equation of (combined) uncertainty iEMATEM:

LT

)= 21wty 2§ 3 20 O i)

0 X; 1 xﬁx

uz =u3(a,)+ Q> u¥a,) + Q" ux(a,) + Uz(gaf) + C()a4) +2Qulay,ay)+

+2Q2u(ay,a,)+ % u(ag,a;) + é u(ay,a,)+2 Q*u(a,a,)+2u(a,,a;)+

+ % U(a1,a4)+ 2 Q U(32,a3)+ 2 U(az,a4)+ é U(a3,a4)
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Uncertainty of the least square method (approximation) *‘;EMATEM :
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2nd step: the flow rate vary with AQ X e

L T

The influence of AQ is given by the equation: |& = %

2
Next step: u 3Q) = (%) (4QY

The next picture shows the result of this influence!
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Flow variations and uncertainty g
*
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Annex: Determination of N-' with Excel “;EMATEM :r

O

1! click the formula !!

1,32 3,24 0,037 0,1652
N - ’ ) N-1 - ) O, 65
5,76 -0,72 0,294 -0,067
Solution of the equation: x = N~ y
38,2 0,037 0,1652 38,2 11,091 x
y = X = N_1 y = * = =
-76 0,294 -0,067 -75,6 16,31 X2
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