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A Differential Rate Test is an accurate and convenient method of comparing a rotary meter’s performance to previous or original performance records. It is widely recognized that many State Utility Commissions and other regulatory agencies accept differential testing as a means of periodically substantiating that the original accuracy of a rotary gas meter has remained unchanged.

A change in internal resistance can affect the accuracy of a rotary meter. Any significant increase on the meter’s internal resistance to flow will increase the pressure drop between the inlet and outlet of the meter. The differential pressure appears as a prime indicator of meter condition and the test results may be used as a decision-making matrix for maintenance requirements. Resistance (increase in pressure loss) across the meter is affected by changes in flow rate, pressure, specific gravity, and internal friction. This is a good indicator to use in determining your need to pull a meter from service, or better yet a preventive maintenance program. Most meters can be flushed with an approved safety solvent, returned to service, and the differential will be close to the original data. If it exceeds specified criteria, normally a 50% increase from the baseline, the meter may require repair. The differential rate test is not an accuracy test.  It does provide an excellent basis for assessing meter condition and making an educated decision as to whether the meter accuracy may be out of the user’s accuracy specifications.
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Why is the Differential Rate Test so effective? Rotary meters have permanent accuracy and cannot be adjusted. Only three possible conditions exist which will affect meter accuracy:

· a change in static displacement

· enlarging the meter clearances

· an increase in the meter’s internal resistance

Principal causes of internal resistance are: impurities in gas (dirt, valve grease), binding of impellers (timing, surged), worn bearings (improper lubrication), too heavy or too much oil. So what does this mean? Any significant increase on the meter’s internal resistance to flow will increase the pressure drop across the meter. Lower meter accuracy may be the result, depending upon the amount of increased pressure loss across the meter inlet to outlet.

ESTABLISHED STANDARDS

The U. S. Department of Commerce and National Bureau of Standards published Research Paper RP1741, Volume 37, September 1946, Testing Large-Capacity Rotary Gas Meters. This paper has been and remains the basis for differential testing programs and standards around the world. In summary, it states that a test under actual operating conditions will provide the most reliable data for future checks of a meter’s operating condition. Although accuracy cannot be directly determined by a differential test, results have shown that an increase of up to 50 percent in differential pressure can be tolerated without affecting meter accuracy at the higher flow rates (25% and above) by more than 1 percent.

The Standard now followed in the United States for ROTARY-TYPE GAS DISPLACEMENT METERS is ANSI B109.3, Approved April 13, 2000.  PART IV IN-SERVICE PERFORMANCE, 4.3 IN-SERVICE PERFORMANCE PROGRAMS, 4.3.2 Differential Pressure Testing, and states: "As a general rule, when the differential pressure of a rotary meter increases over 50% under the same operating conditions, corrective action should be taken to return the meter to the normal differential pressure or it should be removed from service."
“Should the differential in a later test indicate less than a 50% increase, the meter proof is not affected and the meter has remained in satisfactory mechanical condition. Should the differential increase by more than 50% for the same R.P.M. and pressure, some source of increase in the internal friction is present, and a more detailed inspection and testing of the meter should be made to determine and rectify the cause of the friction.”

The basics to understand the principles of the Differential Rate Rest have now been covered. Later in this paper will be other important factors to consider. The purpose of this paper is to introduce a new method of quickly making a rough approximation if the meter differential is within a reasonable range or if other steps should be taken.

Since the first meter differential was taken, a manometer or other instrument capable of measuring pressure differential has been used to determine the amount of resistance across the meter. Until today, this method has been the cornerstone of evaluating the in-service performance of a rotary meter. Over the years, actual differential at different pressure ranges has been used in accessing the change in resistance across the meter. However, such information is very limited due to the requirement to test each meter size at many pressure ranges. This is simply not economically feasible to manufacturers and is supported by the AGA Distribution Measurement Committee. The DMC Committee proposed a research project to provide rotary meter users with more differential data at many pressure ranges. Funding for the project was determined to be excessive for the information that would be provided in culmination of the project.
WHY DIFFERENTIAL RATE TESTING FOR ROTARY GAS METERS?

Rotary type positive displacement gas meters have optimal operating clearances for a continuous, non-contacting seal. The gas at the meter inlet is always effectively isolated from the gas at the outlet. Consequently, a very small pressure drop across the meter will cause the impellers to rotate. During impeller rotation, the precisely machined measuring chamber traps a known volume between the impeller and the adjacent cylinder wall. With one complete revolution of both impellers, the meter will measure and pass four equal gas volumes.  

The sum total of these volumes is the Displacement of the meter per revolution. The displaced volume of gas is indicated in Engineering units represented in engineering units such as cubic feet or cubic meters.

Volumetric accuracy of the rotary meter is permanent and non-adjustable.  Measuring characteristics are established by dimensions and precision machined contours of non-wearing fixed and rotating parts.  Their statically and dynamically balanced impellers are supported by precision, low friction bearings and kept in position by timing gears while the impellers rotate in opposite direction inside a cylinder of fixed volume.  Although there is a small clearance between the impeller sealing strips to the cylinder walls and meter head plates, a fluidic seal is created as the impellers begin to rotate. This reduces “slippage” or unmeasured gas, and meter accuracy quickly improves as RPM increases.

The demand for gas creates a pressure drop across the meter.  The impellers begin to rotate at 0.03 to 0.05 inches water column for most of smaller meter sizes. At maximum rated capacity, the pressure drop varies from 0.5” to 1.5" water column pressure drop at 0.25 psig inlet pressure, depending upon meter brand and size.

While rotary meters have proven to retain measurement accuracy and therefore, by design have a long life expectancy, excessive deposits of dirt or other types of foreign material in the gas stream can increase frictional loading. This results in an increase in pressure differential.

A change in the meter’s internal resistance can affect rotary meter accuracy. Any significant increase on the meter’s internal resistance to flow will increase the pressure drop between the inlet and outlet of the meter, thus increasing the differential. Therefore, the meter differential pressure appears as a prime indicator of meter condition.

Typically, a simple meter flushing will eliminate a high pressure differential due to increased internal friction. 

The factory Test Data Sheet lists actual meter test results of accuracy and differential obtained from a bell or piston prover test on air at atmospheric pressure. Comparisons can also be made against Factory published Characteristic Accuracy Curves which are typically based on an average of 25 to 30 meters. Published data is representative of typical product production.

Establishing Baseline Curves - Developing an original differential or baseline curve is recommended at the time of meter initial installation.  Since an increase in flow rate, line pressure or specific gravity will cause an increase in the differential, at least three (3) test points are required at gas flow rates from 25% to 100% of meter capacity. (As shown above; the resulting data points will be non-linear, so a minimum of three points is necessary to establish a curve.) Plot the points on a graph and then connect the points to form a curve. This provides an accurate baseline for comparison to later tests. To help with record keeping, a chart like the one shown above will allow the technician to compare new test data to older data.

Note: The gas line pressure, specific gravity of the gas, and line temperature should also be recorded.  If the application is under varying pressure conditions, plot multiple curves for various pressure ranges (e.g., 15, 30, 45 and 60 psig).

After developing a baseline curve, meter condition and performance can be checked periodically by running a similar differential rate test at a single selected point. This does not give the overall characteristics for the meter but does provide a quick reference check. Differential taken at varying flow rates is needed to give an overall picture. If the differential pressure increases by more than 50 percent of the original value, inspect the meter for causes of increased resistance. Principal causes are binding of impellers, worn bearings, contaminates such as dirt or valve grease in the metering chamber, and too heavy or excess oil. Refer to “INSPECTION AND MAINTENANCE, Cleaning and Flushing” for cleaning instructions.

REGULATORY AGENCIES

State Public Utility Commission and Public Service Commission rules and the section on meter testing vary greatly by regulatory agencies. Approved testing method(s) by meter type and frequency (time, mileage) are typically indicated. From there, utilities have their ruling to go by. Most do what the PUC/PSC clearly states.

Some LDC's do only what is required. Others often do the minimum stated test requirement plus their own company policy, which may exceed PUC requirements. The "extra" they do is for their own information. They report data according to PUC Rulings and keep their own information.  Sometimes an LDC will petition the PUC/PSC for permanent changes to the Rulings. If Differential Testing is not approved, the LDC will gather test data for years (that's the "extra" testing mentioned) and demonstrate the results versus the PUC Test Procedure. PUC's have Rulings, but some let the gas company in their State set their own testing procedures. If the LDC wants to deviate or make a change, they must again petition.
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