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Flow calibration certificates provide valuable and detailed information, but this information is sometimes misunderstood or 
misapplied.  This paper outlines important terminology, reviews the various sections of certificates, discusses commonly 
misunderstood information, and then steps through an example certificate.   

 

Terminology (when applied to Flow Calibration Certificates): 

Traceable to the SI: A measurement that can be linked to the International System of Units (SI) through an unbroken chain of 
measurements.   

NIST: The Nation Institute of Standards and Technology (NIST) is a federal agency of the United States that supports 
measurements and is often used as the source for SI Traceability.  

Uncertainty: A parameter, associated with the result of a measurement, which characterizes the dispersion of the values that 
could reasonably be attributed to the measurand.  The uncertainty statistically estimates the “doubt” in the absolute 
correctness of a measurement.   

Confidence Level: The probability that the value of a parameter falls within a specified range.  Typical presented as a 95% 
confidence level in measurement.  

Error: The difference between a reference valve and an indicated value.  Error is typically provided as a percentage but can 
also be provided as an absolute value.   

Primary Calibrations: Calibrations that rely on the measurement of fundamental units such as mass, length, or time to 
determine the flow rate measurement.   

Secondary Calibrations: Calibrations that rely on conditional measures and equations to infer flow rates from flow meters 
that have traceability back through a primary calibration.   

As Found: Refers to the calibration or testing of a meter being performed in the exact state that it was received.   

As Left: Refers to the calibration or testing of a meter state after any required changes such as cleaning, updating calibration 
coefficients, repair, etc.   

Meter Reading: The value being outputted by the meter under test.  This could be an analogue signal such as a milliamp 
value, a digital panel reading, or some other recordable quantity. 

Indicated: This is the meter reading scaled correctly to provide a flow rate with the applicable units so it can be compared to a 
reference flow rate.   

Standard (Density, Pressure, or Temperature): Refers to a predefined set of conditions that are not necessarily the same as the 
actual conditions during a calibration.  Typically specified as a Standard Pressure and a Standard Temperature which is used 
to define the Standard density.   

Calibration Certificate Review: 

The calibration certificate examples are from CEESI but all accredited certificates from other laboratories should contain 
similar information.   



Figure 1, Title Page: The title page identifies the meter being calibrated, provides information on the calibrating laboratory, 
and on the type of calibration being performed.   

 

Figure 1 

1:A Identifies the accreditation organization and the certification number.  This number can be used to look up the full 
accreditation and scope information for a calibration laboratory.  

1:B States the traceability chain for the calibration.  In this example the calibration is Traceable to the SI through NIST. 

1:C This states the calibration was performed using a primary or a secondary flow reference. 

1:D This states if the calibration was performed on the “As Found” or “As Left” flow meter conditions.  If both are selected, 
then the meter was tested in the same condition as it arrived, and no changes were made so the as-found and as-left 
conditions are the same.   
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Figure 1 and Figure 2, Calibration Overview: The calibration overview pages provide information on the meter being 
calibrated, details on the setup, environmental conditions, and test media specifications.   

 

 

Figure 2 

2:A Identifies the general meter type being calibrated. 

2:B Numbers being used by the calibration laboratory to identify the job and the calibration data. 

2:C Numbers that specifically identify the meter and/or hardware included with the meter.   

2:D The date that the calibration was performed.  

2:E The size of the conduits used to attach to the meter.   

2:F The flowing media used to perform the calibrations.     
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Figure 3 

3:A The average absolute pressure of the flowing media used to calibrate the meter. 

3:B The average temperature of the flowing media used to calibrate the meter. 

3:C The average density of the flowing media used to calibrate the meter. 

3:D The average viscosity of the flowing media used to calibrate the meter. 

3:F The ambient conditions; temperature, pressure, and humidity when the calibration was performed.    
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Figure 4, Calibration Data: The data pages provide the calibration data in tabulated form.  The column entries can either be 
directly measured value, like pressure, or calculated values, like meter factor.   

 

Figure 4 

4:A The title block lists what each column provides and the units.   

4:B The meter reading, or meter output.  For this meter the output is in milliamps.   

4:C: This is the indicated flow rate from the meter.  This is the meter reading converted to a flow rate using the provided 
scaling.   

4:D: This is the reference flow rate from the calibration laboratory flow standard.   

4:E This is the percentage difference (assumed to be error) between the indicated flow rate and the reference flow rate.   
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Figure 5, Calibration Uncertainty: The uncertainty pages provide the uncertainty in each of the measured or calculated 
values from the calibration data.   

 

  

Figure 5 

5:A The title block lists what each column provides.   

5:B This defines if the uncertainties are a % or reading or an absolute value and what the confidence limit is.  Typically, the 
confidence limit is 95% (k=2) but it could also be 68% (k=1) or 99% (k=3). 

5:C This is the uncertainty in the measured output from the meter.  For this example, this uncertainty is from the instrument 
and method used to measure the milliamp signal from the meter.    

5:D This is the uncertainty in the laboratory reference flow rate. 

5:E This is the uncertainty in the reported viscosity which comes from the measured pressure and temperature condition of 
the media as well as the thermodynamic calculation method.   

5:F This is the uncertainty in the media temperature measurement. 

5:G This is the uncertainty in the media pressure measurement. 

5:H This is the uncertainty in the reported density which comes from the measured pressure and temperature condition of the 
media as well as the thermodynamic calculation method.   
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Figure 6, Calibration Checklist: This page list all the instrumentation and references used to perform the calibration 

 

Figure 6 

6:A This block lists all the instrumentation used and their quality control numbers.   

6:B This block lists all the flow references used and their quality control numbers.  

 

Commonly misunderstood concepts and sections of flow calibration certificates.  

Recalibration Intervals: One of the most common questions regarding flow calibration certificates is what is the required re-
calibration time interval and why is that not included on the certificate?  CEESI does not provide this on calibration 
certificates as the frequency of recalibration will be dependent on the conditions of use, meter type, uncertainty requirement, 
risk sensitivity, etc. and must be defined by the end user.  For example, a meter used with abrasive or corrosive fluid may be 
eroded or contaminated during operation and require recalibration more often than that same meter type being used with a 
clean noncorrosive fluid.   

Pass/Fail Statements: CEEIS is often asked to Provide Pass or Fail statements on our calibration certificates.  While some 
laboratories will do that based on a provide or manufacturer specification CEESI just presents the as-found data and then as-
left data if an adjustment is made.  This allows the user to determine what quantifies a pass or failure depending on their 
specific application.   

Volumetric Flow: Volumetric flow rate is typically presented as “actual” or “standard” with each being distinctly different.  
Actual volumetric flow rate, ex. ACFH, is the volumetric flow rate at the actual flowing media density during the calibration.  
This actual volumetric flow rate is the measured mass flow rate divided by the density of the fluid at the meter.  This typically 
requires the flow rate to be measured as well as the temperature and pressure at the meter in order to calculate the media 
density.   Standard volumetric flow rate, ex. SCFM, is a volumetric flow rate at a defined density.  Since standard volumetric 
flow rate is a volume per time at a defined density it is functionally a mass flow rate.  This standard volumetric flow rate is 
the measured mass flow rate divided by the density of the fluid at the defined standard temperature and pressure conditions.   

6:A 
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Meter Outputs: Often flow meters output some reading which is noted as the “meter reading” in CEESI certificates.  This 
output can be a milliamp value, a voltage value, a frequency, or something else.  This output then needs to be converted to a 
flow rate so that the rate can be compared to the reference meter rate.  Often that output is linear with flow rate and gets 
scaled to the correct value.  Example 1 shows this calculation. 

 Example 1: 

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 4 𝑡𝑡𝑡𝑡 20 𝑚𝑚𝑚𝑚 

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑀𝑀𝑀𝑀𝑀𝑀 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 = 100 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑀𝑀𝑀𝑀𝑀𝑀 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 = 0 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 

𝑀𝑀 × 𝑚𝑚𝑚𝑚 + 𝑏𝑏 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 

𝑀𝑀 = 6.25 

𝑏𝑏 = −25 

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 = 10 𝑚𝑚𝑚𝑚 

6.25 × 10 − 25 = 37.5 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 

 

For some meters, like turbines, the “Meter reading” is frequence shown in Example 2. 

 Example 2: 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾 = 20 pulses/ft^3 

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = 1000 

      𝑓𝑓𝑡𝑡3/ sec = 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓/𝐾𝐾 

1000
20

= 50 𝑓𝑓𝑡𝑡3/𝑠𝑠𝑠𝑠𝑠𝑠 

50 𝑓𝑓𝑡𝑡3/𝑠𝑠𝑠𝑠𝑠𝑠 × 60 𝑠𝑠𝑠𝑠𝑠𝑠/𝑚𝑚𝑚𝑚𝑚𝑚 = 3000 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 

 

 

Scaling Meter Outputs: The scaled “meter reading” is shown in the data tables on the certificate as the “indicated flow” 
which is the flow rate that the meter is outputting.  This “indicated flow” is then compared to the reference flow rate to 
provide the % error.   

Calibration Range: A calibration is only valid over the range that it was performed.  For example, an orifice plate calibration 
provides an equation that relates pipe Reynolds number to Discharge coefficient.  This equation is only valid between the 
minimum and maximum Reynolds number that the calibrating was performed.  That equation is not applicable outside of the 
calibration Reynolds number range and can provide incorrect results if extrapolated.   

Meter Factor: For some meter types a “Meter Factor” is the main result of a calibration and is the reference flow rate divided 
by the indicated flow rate.  The indicated reading can then be multiplied by the Meter factor to correct it to the indicated flow 
rate.  For example, if a USM reads 95 ACFM and the reference reads 100 ACFM then the meter factor is 1.0526.   

Uncertainty: The uncertainty of the main result of the calibration, such as discharge coefficient or meter factor, represents the 
uncertainty in the calibration but it does not provide the complete uncertainty in the measurement provided by the meter 
under test when it is used in a final application.  The calibration uncertainty contributes to the application uncertainty, but 
other factors such as application instruments, installation effects, and random effects also need to be included.  This results in 
the application uncertainty being significantly greater than the calibration uncertainty.  Often, we see users claim the 
calibration uncertainty as the application measurement uncertainty which is not correct.   

 



Example: Critical Flow Venturi Calibration Certificate 

 

Figure 7 

7:A The calibration was performed on a Critical Flow Venturi   

7:B The calibration was performed using a Secondary flow reference. 

7:C The calibration was As Found and As Left indicating nothing was changed on the meter under test.     
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Figure 8 

8:A The inner diameter of the conduit upstream of the critical flow venturi is 0.87 inches   

8:B The throat diameter of the critical flow venturi is 0.088 inches   

8:C The flowing media was air.     

8:D The standard (defined) conditions were 14.696 psia and 70 deg F and therefore the standard air density was 0.0749 
lbm/ft^3     
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Figure 9 

9:A The average pressure, temperature, density, and viscosity of the flowing media during the calibration.   

9:B The average room temperature during the calibration.     

9:C The barometric pressure during the calibration.       

9:D The ambient relative humidity during the calibration (not related to the humidity of the flowing media). 
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Figure 10 

10:A The inlet pressure to the critical flow venturi in psia.   

10:B The inlet temperature to the critical flow venturi in Rankine.     

10:C The reference mass flow rate in lbm/sec.       

10:D The calculated throat Reynolds number for the critical flow venturi based on the reference mass flow rate.   

10:E The calculated Discharge Coefficient for the critical flow venturi based on the reference mass flow rate.     

10:F The air density at the inlet of the critical venturi based on the measured pressure and temperature.       

10:G The calculated throat Reynolds number for the critical flow venturi based on the measured conditions.   
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Figure 11 

11:A The uncertainty in inlet pressure to the critical flow venturi in psia.   

11:B The uncertainty in inlet temperature to the critical flow venturi in Rankine.     

11:C The uncertainty in the reference mass flow rate in lbm/sec.       

11:D The uncertainty in calculated throat Reynolds number for the critical flow venturi based on the reference mass flow rate.   

11:E The uncertainty in the calculated Discharge Coefficient for the critical flow venturi based on the reference mass flow.     

11:F The uncertainty in air density at the inlet of the critical venturi based on the measured pressure and temperature.       

11:G The uncertainty in the calculated throat Reynolds number for the critical flow venturi based on the measured conditions.   
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Figure 12 

12:A Pressure and temperature instrumentation used during calibration.   

12:B Reference flow meters used during calibration.   
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