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Rosemount 3051S MultiVariable™ Accuracy

Understanding the Sensitivity of the 
Coefficients

The Accuracy of a DP flowmeter is a combination of 
many different factors. The DP transmitter accuracy, 
the accuracy of the primary element, and the 
uncertainty of the fluid density are just a few. The 
total flow uncertainty can be divided into six main 
components.

1. Discharge Coefficient Cd (the primary element 
itself)

2. Gas Expansion Factor Y1

3. Pipe Diameter D

4. Bore Diameter d

5. Fluid Density ρ

6. DP Uncertainty ΔP

The uncertainties of these different components can 
not be combined by a simple root sum of squares 
because they do not all have the same effect on the 
flow rate accuracy. In other words, a 1% error in the 
discharge coefficient will not cause the same amount 
of error in flow rate as a 1% error in the measured 
DP.

The amount of error caused by a % change in any of 
the six components is determined by its sensitivity 
coefficient (X). The sensitivity coefficient can be 
found by taking the partial derivative of the flow 
equation with respect to the term whose sensitivity is 
to be found. In other words, think of the sensitivity 
coefficient as the power to which the term is raised in 
the DP flow equation.

The discharge coefficient Cd and the gas expansion 
factor Y1 are raised to the first power, so their 
sensitivity coefficients (XCd and XY1) are 1. That 
means a 1% error in either one will cause a 1% error 
in the flow rate.

The pipe diameter is a little more complicated since it 
only shows up in the velocity of approach factor E.

It turns out that the sensitivity 
coefficient depends on the beta 
ratio .

The greater the beta ratio, the greater the sensitivity. 
The sensitivity coefficient is between 0 and 1, so a 
1% error in pipe I.D. will cause 0 to 1% error in the 
measured flow, depending on beta.

The bore or throat diameter (d) should have a 
sensitivity of at least 2, because d is raised to the 2nd 
power in the equation. But it also appears in the 
velocity of approach factor E. This raises the 
sensitivity to between 2 and 3.

Again, the greater the beta ratio, the 
greater the sensitivity. A 1% error in 
measuring or manufacturing the bore 

will cause 2-3% error in the measured flow. This is 
why so much care is taken machining and measuring 
the bore or throat of a DP flowmeter.

Both density and differential pressure are under the 
square root (raised to the 1/2 power) in the DP flow 
equation. This means that their sensitivity 
coefficients (Xρ and XΔP) are 1/2. This is an inherent 
benefit of all DP flowmeters. A 1% error in either 
density or DP measurement will only cause 0.5% 
error in the flow rate.

The total flow uncertainty is determined by doing a 
root sum of squares of all the components only after 
they have all been multiplied by their sensitivity 
coefficients. In using the example values above, the 
total flow uncertainty would be calculated as follows:

Qm NCd Y1 E d
2  P=

E
1

1
d
D
---- 
  4

–

-------------------------=

XD
24

–

1 4
–

--------------=

Xd
2

1 4
–

--------------=

UQm
1 0.6 2 1 0.1 2 0.3 0.4 2+ +

+ 2.3 0.07 2 0.5 0.1 2 0.5 0.2 2+ +
=

www.rosemount.com



Technical Note
00840-0100-4803, Rev AA

October 2009Rosemount 3051S MultiVariable
 TABLE 1. DP Flow Coefficient Sensitivity

Coefficient Symbol Sensitivity Symbol Sensitivity Value Typical Uncertainty(1)

Discharge Coefficient Cd XCd 1 0.60%

Gas Expansion Factor Y1 XY1 1 0.10%

Pipe Diameter(2) D XD 0.3 0.40%

Bore Diameter(2) d Xd 2.3 0.07%

Fluid Density(3)  X 0.5 0.10%

Differential Pressure P X P 0.5 0.20%

Total Flow Uncertainty 0.65%

(1) Typical uncertainty when used with 3051SMV

(2) Depends on Beta Ratio, Beta = 0.6

(3) Calculated from Static Pressure, Temperature and Compressibility Factor uncertainty for gasses, or from Equation of State uncertainty for liquids.
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