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Introduction 
 
This paper will provide the reader with a general 
overview of the fundamentals of natural gas 
metering. I will describe the basic operation and 
characteristics of the natural gas meters used in 
the industry today. 
 
Natural gas is a compressible fluid. This fact 
presents challenges to natural gas metering not 
found in liquid measurement. Compressible fluid 
volumes are greatly affected by pressure and 
temperature. Thus, pressure and temperature must 
be accounted for when measuring gas volumes. A 
“standard” cubic foot is used as a common 
volume reference and can be defined as gas at a 
temperature of 60°F and pressure of 0.25 psig.   
 
Metering pressures different than the 0.25 psig 
standard can be adjusted by multiplying meter 
index reads by a calculated pressure factor or 
through an instrument that senses the pressure and 
applies the appropriate correction. Temperature is 
accounted for either by the meter itself or again 
through an instrument that measures the 
temperature and applies the correction.  
 
All natural gas meters can be categorized as either 
positive displacement or inferential meters. The 
distinction is easy to make. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Positive displacement meters use chambers of 
known volume to transport the gas through the 
meter. The meter counts the number of times each 
chamber fills and empties, using an index to 
record the volume. 
  
Inferential meters do not contain volumetric 
chambers but instead “infer” that the volume of 
gas has moved through the meter based on various 
measurements taken of the gas fluid as it passes 
through the meter. 
 
Diaphragm Meters 
 
Let us begin our look at the various meter types 
with the one most people are familiar with. 
Diaphragm meters are far and away the most 
numerous meters in use today for natural gas 
measurement. Their low cost, durability and ease 
of installation have made them the workhorse of 
the industry and ideal for residential and small 
commercial metering applications.  
 
Let’s see how a diaphragm meter works.  Figures 
1 – 4 illustrate the operation of a four-chamber 
diaphragm meter. The chambers labeled (2) and 
(3) are flexible diaphragms. The chambers labeled 
(1) and (4) are the remaining hard-case volumes 
around the diaphragms.  
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In figure 1, the diaphragm chamber (2) is filling 
with inlet gas while the case chamber (1) is 
emptying downstream. This filling and emptying 
is dictated by the position of the slide valve above 
the chambers. The slide valve is uniquely shaped 
with flat outside edges and an arched center 
portion. As the slide moves back and forth it 
uncovers the entrance to one chamber allowing it 
to receive inlet gas. At the same time the arched 
portion is positioned over the other chamber 
communicating it with a center outlet port, which 
allows the gas to exit out the meter.  
 
It is the movement of the diaphragms that turn a 
common crank. The crank rotations are 
communicated through gearing to an 
accumulating index to record the volume. 
 
You will note from the figures that the diaphragm 
movements are timed 90° out of sequence with 
each other. This ensures that while one diaphragm 
is changing directions, the other diaphragm is in 
the middle of a positive stroke. This provides for a 
constant smooth rotation on the main crank.  
 
Diaphragm meters are calibrated to record 
volumes corrected to 60° F. This is accomplished 
by connecting a temperature-compensating (TC) 
tangent to the linkage. This TC tangent has a U-
shaped dual bi-metallic element that responds to 
changes in temperature. As temperature increases, 
the TC tangent opens up, lengthening the stroke 
of the valves for a given crank rotation. The 
longer valve stroke increases the volume of gas 

entering the diaphragm per stroke to account for 
the lower gas density. As the temperature 
decreases, the same TC tangent will contract, 
shortening the stroke, accounting for the higher 
density of the volume. 
 
Diaphragm meters are most commonly used for 
loads up to 2,200 cfh, although capacities are 
available up to 11,000 cfh @ 0.25 psig metering 
pressure.  Diaphragm meters are capacity rated for 
both ½” WC differential pressure (ΔP) and for a 
maximum of 2” WC ΔP. The ΔP limit for each 
model is typically an in-house engineering 
decision for each company and falls somewhere 
between those two values. 
 
Because of the positive sealing of the slide valves, 
diaphragm meters have very high rangeabilities. 
Rangeability is defined as the ratio of maximum 
to minimum flowrates the meter can measure 
within a set accuracy tolerance (usually +/- 1%). 
Diaphragm meters can achieve 1% rangeabilities 
in the area of 300:1.  
 
Rotary Meters 
 
Rotary meters are also positive displacement 
meters. Instead of large diaphragms, rotary meters 
use two compact aluminum impellers with figure-
8 cross sections to measure volume. Precise 
tolerances in the machining process allow for the 
lobed impellers to rotate 90° out of sync while 
never sweeping less than a few thousandths of an 
inch from the outer meter casing or each other. 
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Referring to Figure 5, you can see that as each 
impeller rotates to a position parallel with the 
flow of gas, it traps a known volume of gas 
between itself and the casing of the meter. In 
Position A, Impeller 1 is trapping a volume V1, 
while Impeller 2 empties downstream. In Position 
B, Impeller 2 is trapping volume V2 while 
Impeller 1 empties downstream. Each impeller 
turns on a shaft that is connected to a common 
gear assembly. The gear assembly turns an 
accumulating index to record the volume of gas.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5 
 
Rotary meters can vary greatly in size (from 1-½” 
to 10” piping) and in capacity from (800 cfh to 
102,000 cfh @ 0.25 psig). Rotary meters up to 
23,000 cfh capacities @ 0.25 psig can be line-
mounted against a building wall for reduced space 
requirements. Care must be taken not to put the 
meter in a piping bind due to the tight clearance 
tolerances designed into the meter.  
 
Rotary meter accuracy is usually not “proved” but 
instead verified with a differential test. The meter 
is tested by recording the meter ΔP at various 
flow rates from 25% to 100% of capacity. The 
theory of ΔP testing is that rotary meters are 
considered to register accurately until the ΔP 

reaches levels 50% above any point on the 
original factory (or installation) ΔP curve.  
 
Causes of the increased ΔP can include: worn 
impellers or simply a buildup of dirt and oil on the 
components. Most of the time, the meter can be 
brought back into specification by flushing out the 
impeller and body surfaces.  
 
Even in the largest size rotary meters, the high 
precision machining allows for extremely low 
differential starts of less than a few tenths of 
inches water column. Rotary meters have lower 
rangeabilities than diaphragm meters. The 
rangeabilities can vary from approximately 40:1 
to 120:1 depending on meter size and 
manufacturer. 
 
Rotary meters are typically ordered with a 
temperature-compensating (TC) element or with a 
compensating drive (CD). The TC model has an 
attached TC unit that employs the use of an 
internal temperature probe and TC element to 
adjust for temperatures above and below 60°F.  
 
The CD version of the rotary meter performs no 
correction inside the meter, but instead supplies a 
shaft output designed to turn an exterior 
correcting instrument. The correcting instrument 
will use independent temperature and pressure 
measurements to calculate a corrected volume.  
 
Turbine Meters 
 
Turbine meters are inferential meters and measure 
the gas flow velocity to infer the volume of gas 
metered. An aerodynamic cone is centered in the 
gas stream both directing and restricting the gas 
flow around the cone (see Figure 6).  
 
A turbine rotor is located in the passageway 
between the cone and case of the meter and spins 
with the flow of the gas. As the turbine rotor 
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spins, it turns a shaft and gear assembly providing 
a read out to an accumulating index or correcting 
instrument. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6 
1: Cone 
2: Turbine Rotor 
3: Path of gas Stream 
4: Index or Correcting Instrument 

 
Turbine meters are not calibrated, but their 
accuracy is verified by performing a spin test. To 
perform the test, the meter is taken out of service, 
and the turbine assembly is removed for testing. 
Usually the turbine assembly is bolted alongside 
the in-line meter body to hold it in place during 
testing. The turbine rotor is spun, and the time it 
takes for the rotors to come to rest is observed. 
This test is done several times, and each time the 
observed time must meet or exceed the minimum 
time required by the manufacturer.  
 
Since turbine meters assume an average velocity 
profile, it is recommended that laminar gas flow is 
provided to the meter inlet. This can be 
accomplished by using runs of straight pipe 
before and after the meter. However, with the 
introduction of internal straightening vanes built 
into the meters decades ago, some companies 
design the turbine meter set in a short coupled 
configuration with flanged reducing elbows 
bolted directly to the inlet and outlet of the meter. 

This compact design reduces space requirements 
significantly for the meter set. 
 
Turbine rangeabilities actually increase with 
metering pressure per their design. For example, 
1% rangeabilities at 0.25 psig can be in the 12:1 
to 15:1 range but climb to as high as 35:1 to 50:1 
when the metering pressure is raised to 75 psig. 
The rangeabilities will vary with model and 
manufacturer. Some turbine models provide a 
choice of 45° or 30° turbine rotors. The 30° rotor 
allows higher capacities for a given body size.  
 
Orifice Meters 
 
Orifice meters are the simplest of inferential 
meters (see Figure 7). Gas flow through an orifice 
can be calculated based on the measured orifice 
size, inlet pressure, gas temperature and the ΔP 
across the orifice plate.  
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7 
1: Inlet Pressure Tap 
2: Outlet Pressure Tap 
3: Orifice Plate 
4: Hot-change Compartment 

 
There are no moving parts to contend with in an 
orifice meter making its design and maintenance 
fairly straightforward. The orifice plate is simply 
a stainless steel plate with a precision hole drilled 
through the center. Most orifice meters have a 
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hot-change compartment that can be used to 
remove the orifice plate under line pressure.  
 
Since the orifice meter is an inferential meter, 
care must be taken to keep the operating 
conditions as close to theoretical as practical. The 
orifice plate must be inspected periodically to 
ensure the plate is flat and shows no sign of 
warping. The actual orifice must be true with 
sharp edges. Again, straight lengths of piping, 
typically a minimum of ten pipe diameters at inlet 
and five pipe diameters at outlet, are necessary to 
maintain the assumed laminar flow.  
 
As a trade off to their simplicity, orifice plates 
have low rangeabilities in the 3:1 or 4:1 range. 
The combination of low rangeabilities and high 
flow and pressure capabilities mean that orifice 
metering is rarely found anywhere but city gate 
stations and large industrial metering applications. 
In stations where flows vary seasonally, it will be 
necessary to change plate sizes several times 
throughout the year to match the changing flow 
rates. 
 
Ultrasonic Meters 
 
Ultrasonic meters are inferential meters that use 
sound waves to measure the velocity of the gas. 
From this velocity calculation, the inlet pressure, 
temperature and cross sectional area can be used 
to calculate volume. This meter uses pairs of 
piezoelectric transducers to send and receive 
acoustic pulses to and from each other. (See 
Figure 8)  
 
The theoretical time for the sound to travel the 
distance can be calculated. This calculated time is 
compared against the actual observed travel times. 
Pulse velocities will be affected by the gas flow 
either positively or negatively depending on 
whether the horizontal velocity component of the 
pulse is in the same or opposite direction of the 

gas flow. It is this difference in recorded times 
that will be observed and used for the velocity 
calculation.  
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8 
 A: Upstream Transducer 
 B: Downstream Transducer 
 Ax: Horizontal Velocity Component of A Pulses 
 Bx: Horizontal Velocity Component of B Pulses 
 
The meter design illustrated in Figure 8 uses what 
is referred to as a point-to-point system. Another 
design uses a reflection wave system that mounts 
the transducer pairs on the same longitudinal line. 
The transducer pairs transmit and receive pulses 
to and from each other by bouncing the pulses off 
the opposite pipe wall. The same time delay 
principles are employed. 
 
Factors that can affect accuracy include the 
velocity profile variations, geometry 
imperfections and the time measurement itself. 
 
Since velocity meters assume an average velocity 
profile, laminar flow ahead of the meter is 
recommended. If laminar flow cannot be 
achieved, the use of a flow conditioner is a viable 
option. Although flow conditioners do not 
produce laminar flow, the conditioner will 
provide a predictable velocity flow profile. A 
better measurement of the average flow profile 
can also be accomplished through the use of 
multiple pairs of transducers in the same meter. 
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The time measurements involved are incredibly 
small. The pulses take just a few milliseconds to 
make the trip across the gas flow, which means 
differences in the timing between the transducers 
can be in the range of a few microseconds. This 
calls for extremely precise time measurement that 
can only be provided by high-speed digital 
electronics. 
 
Ultrasonic meters rangeabilities can vary from 
50:1 to 100:1 depending on size and model. 
Ultrasonic meter use continues to grow in large 
volume, high pressure applications. 
 
Coriolis Meters 
 
The last meter design examined in this paper is 
the Coriolis meter. The Coriolis meter is an 
inferential meter but instead of measuring 
velocity, it measures mass. As the name implies, 
the meter takes advantage of the Coriolis Effect to 
determine the mass flow through a single tube or 
pair of tubes (depending on design). In the dual 
tube design, shown in Figure 9, the gas enters the 
meter inlet at the bottom left of the illustration. 
 
 
 
 
 
 
 
  
 
 

 
Figure 9 

 1: Inlet Pickoff Coil 
 2: Drive Coil 
 3: Outlet Pickoff Coil 
 
Shortly thereafter, the flow is split equally into 
two identical tubes. Both tubes are vibrated at a 
set frequency through the use of a magnetic drive 

coil. The drive coil is energized to vibrate the 
tubes (in and out of the page) with the pipe 
centerline as the pivot point. The vibration 
frequency is measured at the inlet pickoff coil (1) 
and outlet pickoff coil (3) and compared. There is 
no phase shift observed between the two pickoff 
coils when mass flow is zero.  
 
However, this changes as gas begins to flow. The 
longitudinally moving gas has no lateral velocity 
as it enters the tube. The gas encounters 
increasingly longer lateral vibration lengths as it 
moves away from the pivot point reaching 
maximum lateral tube movement, as it turns 
parallel to the pipe axis of rotation. As the gas 
passes through the outlet pickoff coil and travels 
back to the axis of rotation, increasingly shorter 
lateral tube vibration lengths are encountered.  
 
The retarding force of the gas at the inlet portion 
of the tube and acceleration force of the gas at the 
outlet portion, cause the tubes to increasingly 
vibrate out of phase at positions (1) and (3) in the 
illustration. The phase shift measured is related to 
the mass flow through the tubes. This calculated 
mass flow can then be converted to a flowrate of 
gas. 
 
Since the Coriolis meters measure mass, pressure 
and temperature are not needed to calculate flow 
volumes. Coriolis meters are extremely accurate 
mass flow meters but have not yet become 
widespread in natural gas metering applications. 
 
Conclusion 
 
As you can see, each design represents a series of 
compromises, usually cost versus performance. It 
is the job of the design engineer to weigh these 
factors when selecting the best meter for the job. 

 


