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Introduction 
 
A Differential Rate Test is an accurate and 
convenient method of comparing a meter’s 
performance to previous or original 
performance records. It is widely recognized 
that many State Utility Commissions or other 
regulator agencies accept it as a means of 
periodically substantiating that the original 
accuracy of a 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. 
 
History 
 
Over a hundred years ago, the Brothers Root 
were searching for an innovative way to convert 
water into power. Their search led to two figure 
eight shaped lobes. Legend has it that the lobes 
did not pass water efficiently, but when the 
contraption blew one of the brothers’ hats into 
the air they knew they had an industrial strength 
blower. 
 
Nearly eighty years ago, the Roots Brothers 
Blower Company decided that their basic 
design, when a counter replaced the blower 
motor, could be used as a gas measurement 
device. The era of rotary gas measurement was 
born. 
 
Early on the rotary meter was used in 
applications similar to those where the blowers 
were used, i.e. large volumes at low pressure. 
Today, rotary meters can be used to measure 
flows from 3 or 4 cubic feet per hour through to 
102,000 cubic feet per hour. This range of 
applications stretches from large residential, 
through commercial to small and large 
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industrial gas users. Pressure ratings for rotary 
meters are available range from 15 pound per 
square inch up to 1480 psi. 
 
The familiar operating principle of rotary meters 
is illustrated below: 
 

 
  
Position 1            Position 2          Position 3          Position 4 
Figure 1: Basic Rotary Meter Operation. 
 
This paper will discuss two methods of testing 
rotary meters, differential pressure testing and 
prover testing. 
 
DIFFERENTIAL PRESSURE TESTING 
In new condition, a rotary meter does not create 
a great deal of pressure drop across its body. 
Typically a new meter has a differential of just a 
few inches of water column at full flow. The 
figure eight impellers do not contact each other 
or the meter body, and the bearings used are 
virtually friction-free. 
 
The differential pressure across the meter can be 
affected by several factors: 

• line pressure 
• specific gravity of the line content 
• flow rate 
• internal friction 

 
The first three factors listed can be easily 
quantified. The internal friction of the meter 
however is not easily quantifiable and can 
significantly affect the meter’s accuracy.  One 
way to determine the internal friction in the 
meter is to measure the differential pressure 
across the meter body. 
 

Each meter is shipped with a test data sheet. 
This “birth certificate” includes the meter 
accuracy and the differential at its test points. 
Typically the test points are at 10% and 100% 
of the meter’s capacity. This gives you a good 
basis for tracking the differential of the meter as 
it ages. It is important to note that these test 
points are taken at atmospheric pressure. The 
meter manufacturer should also be able to 
supply curves representing typical differential 
pressure for the meters they manufacture.  
These curves are drawn from on-going analysis 
of new 
meter test results. 
 
If the meter is being used on line pressure above 
15 pounds per square inch, the differential 
shown on the test data sheet will probably not 
match the actual differential at the meter site. 
The meter manufacturer can supply typical 
differential curves for several common pressure 
settings. These elevated pressure curves can be 
used as a reference, as well. 
 
In any event, it is important to take a differential 
pressure reading at the time of installation. The 
tools required for this task are: 

• A stopwatch, for timing the meter to 
calculate flow rate 
• A pressure gauge to measure line 
pressure 
• A manometer to measure the 
differential pressure 

 
The recent development of integral electronic 
accessory units allow for online flow rate 
indication. These correctors may eliminate the 
need for a stopwatch, and can reduce the time 
required to complete a differential pressure test 
(especially in warm weather, when the meter 
may not be passing much gas). 
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Figure 2: Differential test Set-up. 
 
A common differential pressure test setup 
Each rotary meter has test ports at the inlet and 
outlet of the meter. It is common practice for the 
manufacturer to installed test plugs, often 
known as “Pete’s Plugs”. These plugs allow you 
to measure the static pressure and differential 
pressure without expensive valves. 
 
The stopwatch allows the calculation of the 
flow rate: 
Example: 
Time to measure 10 cubic feet: 38 seconds 
10 cf / 38 sec. = 0.2631 cubic feet per second 
0.2631 x 3600 (seconds in an hour) = 947 cubic 
feet per hour 
 
In a perfect world, every time you returned to 
the meter site the flow rate would be 947 cubic 
feet at the same line pressure. However we 
know there will be variations. If we assume that 
the above flow rate calculation was for a 3M 
175 B3 CTR meter operating at 60 psi and that 
the differential pressure was measured as 0.40 
in. wc., we can then plot the following 
information: 
 
 

            Pressure      10% Flow  947 CFH     100% Flow 
     32% Flow 
Typical  
Differential            atmosph.        .025˝ wc  .59˝ wc 
(per mfr.               45 psi .06˝ wc  .34˝ wc            2.01˝ wc 
data)                90 psi   .08˝ wc .48˝ wc        5.50˝ wc 
Actual 60 psi   .40˝ wc 

Test #1 
 
We can easily see that our measured differential 
pressure falls well within the parameters of the 
manufacturer’s typical data. 
 
Some time later, another differential pressure 
measurement is taken. This time the static line 
pressure is 50 psi and the differential across the 
meter is 0.42 in. wc. The flow rate has been 
calculated to be 1,000 CFH. How can we 
compare Test #1 with Test #2? 
 
By referring to our Actual Test #1 above, we 
could interpolate that the differential at 50 psi 
would probably have been approximately 0.36 
in. wc. Now we can compare with Test #2, 
which was 0.42 in. wc. Since the flow rates are 
very similar, we can conclude that the change in 
the differential pressure is not significant 
enough to warrant any further action. 
 
The conversion of Test #1 is compared to Test # 
2: 
 

            Pressure      10% Flow  947 CFH     100% Flow 
     32% Flow 
Typical  
Differential            atmosph.        .025˝ wc  .59˝ wc 
(per mfr.               45 psi .06˝ wc  .34˝ wc            2.01˝ wc 
data)                90 psi   .08˝ wc .48˝ wc        5.50˝ wc 
Actual 60 psi   .40˝ wc 
Test #1 
Test #1 50 psi   .36˝ wc 
Converted (app) 
Actual 50 psi   .42˝ wc 
Test #2 
 
However, if we had seen an increase of 50% or 
more (i.e. >0.54 in. wc. For Test #2) it would 
have been an indication that this meter was in 
need of some service. It is not uncommon for 
liquids, dust, dirt, pipe shavings or weld beads 
to travel into the meter body and create internal 
friction. Another cause of increased internal 
friction in a rotary meter can be the use of meter 
oil that is too heavy, or too much oil has been 
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used. In all cases, follow the manufacturer’s 
recommendations for type and amount of meter 
oil. 
 
If the differential pressure across a rotary meter 
increases by 50% or more, it is safe to assume 
that the meter accuracy has shifted more than 
1%. Since the meter is not going to speed up, 
that one per cent shift is lost revenue! 
 
However, the permanent, fixed accuracy of 
rotary meters means that often a simple flushing 
of the meter body, combined with fresh oil will 
often bring the meter back into “near new” 
specifications. If the bearings show signs of 
wear, they too can be replaced inexpensively. 
 
The effects of meter flushing are illustrated 
below: 
 

 
Figure 3: Example of periodic testing. 
 
The above graph illustrates the rise in 
differential pressure over the first ten years of 
installation. After flushing the meter, the 
characteristics are very close to those of the 
meter when it was new. 
 
Differential pressure testing, and the occasional 
flushing are both procedures that can be done 
fairly easily in the field. This relieves the meter 

shop of the burden of handling meters for 
routine maintenance, adding to overall 
organizational efficiency. When flushing meters 
or changing meter oil in the field, it is important 
to follow company and local policies regarding 
the disposal of the waste liquids. 
 
 

 
Figure 4:  Example of a three point test. 
 
 
PROVER TESTING 
In addition to differential pressure testing, a 
common method to test rotary meters is through 
the use of a transfer prover. 
 
A transfer prover test offers additional 
information that a differential testing does not. 
In addition to differential pressure across the 
meter, the transfer prover generally reports the 
accuracy and proof of the meter in question. 
 
This additional information is often required by 
state utilities commissions for in-testing (or as 
found) reports and can be used for customer 
requested (or customer witness) testing. Provers 
have a certified accuracy traceable to a national 
standard. 
 
Current transfer prover designs are usually 
software controlled for automated testing and 
electronic report files.  A lap top computer is 

Flow Rate ACFH 

Differential 
Pressure 
(Inches H20) 

16M 
(22.5 sec) 

8M 
(45.0 sec) 

4M 
(90.0 sec) 

12M 
(30.0 sec) 

Meter Model:     16M175CD  Dial/Drive Rate:     100 ACF/Rev Inlet Pressure:       
30 PSIG 

             
            

1.0 

2.0 

3.0 

4.0 

0 
0M 

2.82” at 
15,190 ACFH 
(23.7 sec) 

1.06” at 
9,890 
ACFH 
(36.4 sec) 

0.29” at 
3,630 
ACFH 
(99.2 sec) 
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used to operate the prover. The files can be 
stored on a disc, printed out or sent to the 
company mainframe computer. 
 
The field meter is tested and compared against a 
known accuracy of the prover master meters. 
Positive displacement transfer provers can be 
used from 35 CFH through to 80,000 CFH. 
Smaller provers can be portable. The most 
common option is a cart mounted proving 
system, such as that pictured below. 
 
 
 
 
 
 
 
 
 
 
Figure 5: Typical Transfer Prover. 
 
Transfer provers can be powered by a 115 VAC 
house line, or a truck’s generator. If a generator 
is used an inverter is recommended to remove 
any power signal irregularities. 
 
In addition to rotary meters, diaphragm and 
turbine meters can be tested on rotary meter 
transfer provers. Often a positive displacement 
test of inferential meters can offer an additional 
level of certainty. 
The electronic nature of transfer provers means 
that many common tests can be automated, with 
test parameters pre-configured for the operator. 
Also available are a variety of test controllers. 
The traditional thumb-switch, an instrument 
drive pulser unit and optical scanners offer a 
wide choice of testing methods. 
 
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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