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Abstract 
    
The aging North American pipeline systems 
are posing new challenges for today’s 
transmission, and utility companies. While 
billions of dollars worth of natural gas are 
moved through the domestic pipeline system 
each year, more than 50% of it is moved in 
pipelines that are 30 or more years old.  
These systems are now more susceptible to 
corrosion, wear, harsh flow profiles, and fluid 
in the gas stream.   
 
These in-line problems are a concern as 
most meter technologies are unable to 
measure accurately under conditions of 
harsh flow profile and contamination; even a 
minor accuracy shift can result in millions of 
dollars in under and or over billings each 
year.  These problems are exacerbated by a 
reduction in maintenance budgets at 
pipeline and utility companies that can allow 
excessive component wear to develop within 
meters and unstable meter or upstream 
conditions to go undetected. Today’s gas 
measurement devices, therefore, must be 
able to maintain their accuracy despite 
harsh flow profiles, corrosion, and 
component wear, while performing self-
diagnostics to replace information formerly 
gathered by maintenance personnel. 
 
 
Introduction 
  
This article presents dual-rotor turbine meter 
technology that confronts problems caused 
by an aging and under-maintained pipeline 
system. Utilizing a self-adjusting, self-
checking, and easily maintained design, the 
dual rotor turbine meter overcomes the 
inherent accuracy and maintenance 
weaknesses of other meter technologies 
and provides the user continuous 
measurement certainty.  Figure 1 illustrates 
the design. 
 
 

Figure 1: 
 
Dual Rotor Concept 
 
Some dual rotor turbine meters overcome 
the changes in meter and gas conditions 
that can’t be accounted for by other meters.  
The unique dual rotor technology introduces 
a sensing rotor downstream of the main 
rotor.   Any condition that might result in a 
change of the main rotor’s functionality 
results in a change in the exit angle of the 
gas leaving its trailing edge.  This affected 
change of the gases’ angle as it strikes the 
sensing rotor results in a change of speed to 
the sensing rotor that directly corresponds to 
that of the main rotors.  As the main rotor 
slows down due to increases in mechanical 
or fluid friction levels, the exit angle of the 
gas off the trailing edge of the main rotor 
increases, and the sensing rotor slows 
accordingly.  
 
The main and sensing rotors are equipped 
with high-resolution slot sensors or blade tip 
sensors.  Typically the sensor for the main 
rotor is calibrated to record a volume of 
110% of true flow passing through the 
meter.  The sensing rotor volume is 
calibrated for 10% of the flow passing 
through the meter. Because of this 
mathematical relationship established at the 
factory between the two rotors, the gas 
totaled by the meter, or “adjusted volume”, is 
calculated by taking the main rotor’s 110% 
of volume and subtracting the sensing 
rotor’s 10% of volume for an accurate, 
adjusted measurement of 100% of gas 
volume flow. 
 
The result is a self-checking and self- 
adjusting turbine meter.  The dual rotor  

 



meter can adjust and correct for mechanical 
wear, fluid friction, and upstream swirl, and 
detect and make partial correction for severe 
jetting and pulsation. 
  
 
Self Checking Principle  
 
The self-checking value will indicate how 
much adjustment the meter is making to 
maintain its original factory calibration, 
thereby warning the user of meter or 
upstream problems.  The self-checking 
feature uses the average speed ratio of the 
main and sensing rotor, which is determined 
over a range of test flow rates at initial meter 
calibration. The average ratio is called (A-
bar) or Average Relative Adjustment.  
Should the exit angle of the gas off the 
trailing edge of the main rotor change due to 
variations in mechanical or fluid friction, the 
ratio between the main and sensing rotor 
velocities also change from original 
calibration.  This change in ratio directly 
correlates to a change in mechanical 
accuracy that is detected by the turbine 
meter.  
 
Equation 1 shows the basic self-checking 
principal of this technology.  The first term in 
the equation is the actual rotor speed ratio 
determined in the field.  The second term, A-
bar, is the average speed ratio determined 
at the factory.  The difference of the two 
ratios gives the Delta-A or self-checking 
output. 
 

  Equation 1

     Self Adjustment Principle 
    
Figure 2 shows the basic adjustment 
principle of the dual rotor turbine meter.  
Continuous accuracy is achieved because 
the sensing rotor detects deviations in the 
angle of gas flow leaving the main rotor.  
The pulse output of the sensing rotor is 
electronically subtracted from the pulse 
output of the main rotor to produce an 
adjusted output that automatically and 
continually corrects to the original meter 
calibration.  This adjustment occurs despite 
many of the conditions present in today’s 
pipeline and meter systems - mechanical 
wear, contamination, and upstream flow 
conditions such as swirling, jetting, and 
pulsations.  
 
The meter eliminates measurement 
uncertainty that arises between meter 
provings.  By maintaining its original factory 
calibration via the adjusted volume output, 
and unaccounted-for gas due to mis-
measurement can be drastically reduced. 
 

 Figure 2 
 

 Vm = Pm/Km

 Pm = Pulses from Main Rotor
 Km = MR Factor (pulse/ft 3 )

 A = Avg. amt. of adjustment
at factory calibration

Basic Self-Checking Principle

 Vs = Ps/Ks

 Ps = Pulse from Sensing Rotor
 Ks = SR Factor (pulse/ft 3 )

  A = Change in mechanical
output accuracy from original
calibration

   100
Vm  - 1   - A =    A

  Vs

Field Factory Amt. of
Change

 



Combating Bearing Wear 
 
With the reduction of maintenance budgets 
in the gas industry, meters are often 
lubricated, tested, and maintained less 
frequently than in the past.  Bearing wear, 
which causes increased drag torque and 
results in a slower moving main rotor, is 
more prevalent today than ever before.    
 
The Delta-A readings from the dual rotor 
turbine meter will indicate the influence of 
dirty or worn bearings on accuracy while the 
meter is in service.  Increased friction in the 
main rotor-bearing shaft will be detected as 
negative Delta-A value.   
 
The self-adjusting feature will provide 
complete correction of increased drag 
torque caused by dirty or worn bearings or 
other mechanical wear. 
 
In field demonstration tests, drag was 
introduced with a hysteresis brake installed 
on the mechanical drive of the meter. The 
self-adjusting feature of 4” and 6” test 
meters provided 100% correction during 
periods when the main rotor (or mechanical 
output) was in error by a substantial –2.30% 
to –7.11%. 
 
 
 Combating Contaminants 
 
Changes in accuracy occur when 
contaminants from the gas stream, building 
up on internal meter parts, decrease the flow 
area in a meter.  The reduced flow area 
results in higher velocity gas, a faster 
moving main rotor, and a skewed gas angle 
as it leaves the main rotor.  The increased 
velocity and altered gas exit angle causes 
the sensing rotor, in turn, to speed up.  In 
most instances, the average speed ratio of 
the main rotor and sensing rotor will be 
affected thus allowing the condition to be 
detected.  The dual rotor technology 
provides partial correction to base volume 
condition under these conditions. 
 
Field dual rotor turbine meters with 
extraordinary dirt accumulation of 0.004 and 
0.005 inch thickness on rotor blades and 
surrounding housing channels have been 
examined.   Tests showed accuracy shifts of 
+0.90% for the mechanical output and 

+0.65% for the electronic Adjusted output.  
This showed a partial adjustment was being 
made.  The Delta-A readings of +0.3% to 
+0.7% indicated the existence of the 
abnormal condition. 
 
 
Note that under field conditions, the 
mechanical output of other standard meters 
would be in error by the full +0.90%.  Figure 
3 illustrates gas flow in a contaminated dual 
rotor turbine meter. 
 

Figure 3   
 
 
Combating Upstream Swirl 
 
Both positive and negative upstream swirling 
flow can occur due to conditions such as the 
presence of out-of-plane elbows, insufficient 
upstream flow conditioning, partial blocking 
of upstream filters, damaged integral flow 
straightening vanes, or damage to nose 
cones and other in-line devices.  These 
conditions are frequently found in natural 
gas pipelines. 
 
Positive gas swirl (swirl in the direction of 
rotor rotation) can cause over-registration of 
a turbine meter throughout its complete flow 
range.  The swirl causes the gas flow to 
strike the main rotor at an accentuated 
angle, causing rotor speed-up.  Negative 
gas swirl (swirl in the opposite direction of 
rotor rotation) will cause under-registration 
of the turbine meter throughout its complete 
flow range.  The swirl causes the gas flow to 
strike the main rotor at a diminished angle, 
causing rotor slow-down.  

 



The meter’s self-adjusting feature will 
completely adjust for positive or negative 
swirl conditions.  The self- checking feature, 
by means of the main-to-sensing rotor ratio, 
will indicate how much adjustment the meter 
is making.  
 
In field demonstration tests, a swirl 
generator was placed directly upstream of 
the meters.  Test results on a 4” and 6” 
meter illustrated no adjusted output error 
under conditions where the mechanical 
accuracy changed by a significant 0.93% to 
2.55%. 
  
Figure 4 illustrates positive swirl. 

 Figure 4 
 
 
Combating Jetting (non-uniform flow) 
 
Sometimes upstream piping, valves, filters, 
strainers, regulators, or mis-aligned gaskets 
will cause jetting.  This change in upstream 
flow conditions causes a concentration of 
gas at higher velocity within the normal flow 
profile.   This concentration of high velocity 
gas accelerates the rotor faster than the 
normal profile.  The result is a difference in 
the ratio between the main and sensing rotor 
from original calibration.  The self-checking 
feature will let you know that there is an 
abnormal flow profile condition because the 
ratio of the main and sensing rotor will 
increase from original calibration. The self-
adjusting feature will provide partial 
correction for this condition.  
 
In field demonstration tests, jetting was 
introduced with a 3-hole plate placed directly 
upstream of the meter obstructing 70.0% of 
the pipe area.  Test results showed that a 4” 
and 6” dual rotor meter adjusted for 66.0% 

to 79.0% of mechanical inaccuracies that 
registered 5.23% to 7.82%.  
 
Another field test of a 12” dual rotor meter at 
870 psig showed a 1.2% shift of the main 
rotor output when a plate was installed 
ahead of the meter blocking 33% of the 
diameter.  The adjusted output shifted only 
0.4% to 0.6%. 
 
Figure 5 illustrates jetting:       

Figure 5 
 
 
Combating Pulsations 
 
In pulsating flow, gas velocity increases and 
decreases, resulting in a cyclical 
acceleration and deceleration of the main 
and sensing rotors.  The main and sensing 
rotors respond differently to the pulsating 
flow velocities due to inherent characteristics 
of the rotors and inertia.  This affects the 
average speed ratio; hence the meter 
detects a non-steady flowing condition.  The 
influence of pulsating flow on a most other 
meters causes a net over-registration of the 
measurement.  The in-play of a non-steady 
flow algorithm within the meter’s electronics 
will act to minimize over-registration in the 
adjusted output due to pulsations.   
 
An 8” dual rotor meter was installed at a field 
site where an unstable regulator was 
causing +38.3% measurement error on a 
single rotor turbine meter.  The 5-second 
cycling of the regulator was producing a 
strong flow pulsation.  The adjusted output 
of the meter reduced the over-registration to 
less than 1%.  Therefore, the self-adjusting 
feature provides near total adjustment for 
pulsation.  Figure 6 illustrates pulsation. 

 

 



Figure 6: 
 
 
Remote Monitoring Equals Reduced 
Maintenance, Reduced Testing Costs, and 
Continuous Measurement Certainty 
 
Figure 7 below shows a typical application 
with electronic instrumentation to monitor 
accuracy and performance of the system. 
 

This application takes full advantage of the 
self-checking and self-adjusting features of 
the dual rotor meter.  The instrument is 
interrogated via the modem, allowing gas 
utility personnel to continually diagnose 
measurement system accuracy, continually 
verify measurement system parameters, and 
quantify accuracy savings, all from the 
convenience of the office p.c.  Traditional 
spin testing and other on-site testing 
methods are no longer required as 
maintenance visits can be limited to when 
significant Delta A changes are detected.  
Testing and maintenance visits to the site are 
greatly reduced, lowering overall 
maintenance and testing costs.   
 
The utilization of an automatic lubricator on 
the meter would further reduce the need to 
visit the meter. 
 
Through the use of a field-proving 
instrument, in-line testing and proving of the 
dual rotor meter is also possible.  This 
requires no system blow-down, spin testing, 
nor removal of the meter. 

 

 



Accuracy Savings 
 
The information in table 1 illustrates the 
accuracy savings a dual rotor turbine meter 
user can achieve (savings will vary due to 
loads, accuracy, pressure, gas costs, etc.) 
 

Meter 
Size PSIG 

Max 
Flow 
Rate 

% 

* 
Meter 
Error 

% 

$/SCF 
Cost 
Of 

Gas 
  

 
Savings 

4" 400 75 0.2 0.004 $28,435 
6" 400 75 0.2 0.004 $55,293 
8" 400 75 0.2 0.004 $94,766 
12" 400 75 0.2 0.004 $221,119 

Table 1 
 
Data calculated using capacities for 45 
degree rotor meters and assumed constant 
run time for one year.  Formula used is as 
follows: Meter Flow Rate x Meter Inaccuracy 
= Recovered Flow.  Recovered Flow x 365 
Days x 24 Hours x Gas Cost = Savings 
 
This analysis does not take into account the 
maintenance dollar savings the user could 
potentially see by monitoring the meter’s 
performance from a remote location. 
 
 
 
Summary 
 
The self-checking and self-adjusting dual 
rotor turbine meter offers advantages over 
other metering technologies in terms of 
performance, accuracy, and maintenance 
costs in today’s environment of aging 
pipelines and reduced maintenance 
budgets. 
 
• The self-checking and self-adjustment 

features provide continuous accuracy 
measurement and continuous 
monitoring which allow for smarter use 
of maintenance dollars and avoidance of 
over and under-billing scenarios. 

 
• The ability of the system to combat 

drag, component wear, meter damage, 
contaminants, swirling, jetting, and 
pulsation provides continuous 
measurement certainty and peace-of-
mind to the user who is assured that his 

system is maintaining measurement 
integrity. 

 
• Remote monitoring capabilities allow the 

user to take full advantage of the self-
checking and self-adjusting features of 
the technology. This up-to-the-minute 
ability to monitor and check the meter, 
as well as the overall system, alerts the 
user to potential line and meter 
problems and allows for reduced 
maintenance expenditures. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


