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Presentation Outline

▪General Information
▪Diaphragm, Rotary, Turbine, Orifice & 

Ultrasonic Meters
▪How to read the meter
▪Clocking a meter
▪Applications appropriate for each type 

of meter
▪Sizes ranges and pressure limitations
▪Pulse Outputs, Remote heads, 

Telemetry, and AMR
▪Meter Pros/cons
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Gas Meter General Information



In General

▪A gas meter is used to measure the volume of natural gas used by a 

customer

▪Gas meters are used at residential, commercial, and industrial 

buildings that consume natural gas

▪Gases are more difficult to measure than liquids, as measured volumes 

are highly affected by temperature and pressure 

▪Gas meters measure a defined volume, regardless of the pressurized 

quantity or quality of gas
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Meter Types

▪Positive displacement
▪Diaphragm and rotary meters 
▪Positive displacement because they have 

well defined measurement compartments 
that alternately fill and empty as the meter 
rotates

▪By knowing the volume displaced in each 
meter revolution and by applying the 
proper gear ratio, the meter will read 
directly in cubic feet or cubic meters
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Meter Types

▪Inferential
▪Turbine and orifice meters 
▪Have no measurement compartments 

to trap and then release the gas
▪These meters are inferential meters in 

that the volume passing through them 
is "inferred" by observing or measuring 
some physical characteristic
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Temperature and Pressure

▪Natural gas is highly compressible

▪Gas meters measure a positive displacement of volume

▪Because pressure and temperature effect how gas compresses, more 

or less BTU’s may be present in a given volume of gas than what the 

meter can measure
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Cubic Foot

© Energy Solutions Center Inc. – All Rights Reserved 7

1’

1’

1’
Volume = 1 C.F. Gas at base conditions of 60° F and 14.7 PSI Atmospheric pressure



Pressure Effect

▪Pressure Factor = 

                               =

▪2PSI Factor        =      = 1.13

▪15 PSI Factor     =      = 2.01
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Line Pressure + Atmospheric Pressure

Base Pressure

Line Pressure + 14.69 PSI at sea level

14.73 PSI

2 + 14.69 PSI

14.73 PSI

15 + 14.69 PSI

14.73 PSI

13% more gas

Double the gas



Altitude Effects Atmospheric Pressure
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Dresser-Roots: http://www.peconet.com/Products/RootsBulletins/rm-135.pdf



Pressure Effect on Volume of a Gas in 1 Cubic Foot
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Volume = 1 C.F. Gas at 60° F and 
14.7 PSI Atmospheric pressure

Volume in 1 C.F. at 14.73 PSI 
pressure = ~2X the gas in the 

same volume of space

Gas compresses under pressure and more gas fits in the 
same volume of space.  Gas meters measure volume.



Pressure Factors
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Pressure Factor tables can help quickly provide pressure factors

http://www.peconet.com/Products/RootsBulletins/rm-135.pdf



Pressure Effect

▪For Billing:

▪Fixed factor: used when gas pressure is regulated to 

a set pressure and does not fluctuate

▪Ex.: Customer has a regulator that provided a fixed 2PSI

▪ From prior example, 2 PSI has a factor of 1.13  All gas 
measure on the meter gets multiplied by 1.13

▪Pressure Corrector, used when gas pressure 

fluctuates up and down
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Temperature Effect

▪Temperature Factor     = 

▪                               

▪Factor at 0°F delivery  =     = 1.13

▪Temperature effects are not as great as pressure

▪We want to correct whenever the bulk of the gas will 
be delivered at temperatures below 60°F
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460 + Base Temperature ( °F)

460 + 60

460 + 0 13% more gas

460 + Line Temperature (°F)

460 + 60 °F

460 + Line Temperature (°F)



Temperature Factors
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Temperature Factor tables exist, but in general temperature fluctuates throughout the year, 
so temperature correction is done as the gas flows through the meter

http://www.peconet.com/Products/RootsBulletins/rm-135.pdf



Meter Indexes
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Analog Digital



Diaphragm, Rotary, Turbine, Orifice 
& Ultrasonic Meters



Diaphragm Meters

▪Most common type of gas meter

▪Positive displacement

▪Regular or temperature compensated

▪Remote volume pulsars available

▪Sized from 250 CFH to over 5000 CFH
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250 Diaphragm Meter Capacity
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1 PSI = 27.68 Inch Water Column (w.c.)

¼ PSI =~ 7” w.c. and is a typical residential delivery pressure



How Diaphragm Meters Work

▪Meter has two or more chambers formed 

by movable diaphragms

▪Gas flows are directed by internal valves

▪Chambers alternately fill and expel gas 

during gas flow 

▪As the diaphragms expand and contract, 

levers turn a crank shaft

▪The shaft drives a counter mechanism
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https://process.honeywell.com/us/en/site/elster-instromet/products



How a Diaphragm Meter Works
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Rotary Meters

▪Highly machined precision 

instruments capable of handling 

higher volumes and pressures than 

diaphragm meters

▪Typically sized from 1,000 to 16,000 

CFH
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https://process.honeywell.com/us/en/site/elster-instromet/products



How a Rotary Meter Works

▪The actual measuring cell consists of two 8 shaped impellers, 

which build together with the housing 4 chambers per revolution, 

which are periodically filled and emptied

▪The number of revolutions is proportional to the passed volume

▪The rotation is transferred to a mechanical index, which indicates 

this volume
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Rotary Meter Index Drive
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Rotary Meter Flow Rates
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The 
greater 

the 
pressure, 

the 
greater 

the 
volume



Turbine Meters

▪Turbine gas meters infer gas volume by 

determining the speed of the gas 

moving through the meter

▪Good flow conditions must be present 

for accurate measurement

▪Typically 3” (10,000 CFH) to 12” 

(150,000 CFH) 

▪Pressure up to 1480 PSI or more
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How Turbine Meters Work

▪A small internal turbine measures the speed of 

the gas, which is transmitted mechanically to a 

mechanical or electronic counter

▪This meters does not impede the flow of gas, 

but is limited at measuring lower flow rates
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How a Turbine Meter Works
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Index head

Meter body

Measurement cartridge

Magnetic coupling

Flow conditioner



Orifice Meter
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▪ An orifice gas meter consists of a straight length of 
pipe inside which a precisely known orifice creates a 
pressure drop, thereby affecting flow



How an Orifice Meter Works
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IN OUT

Pressure
Sensor 1

Pressure
Sensor 2

Orifice Plate

▪ The pressure difference is measured across the orifice plate as 
gas flows

▪ Using this pressure difference along with static pressure, density, 
viscosity, and temperature, the gas volume is calculated 



Ultrasonic Meters

▪This meter is more complex than meters that are purely mechanical, as 

it requires significant signal processing and computations

▪Ultrasonic meters measure the speed of gas movement by measuring 

the speed at which sound travels in the gaseous medium within the 

pipe
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How an Ultra Sonic Flow Meter Works

▪Clamp on transducers produce clean, coded signals with very 
minimal background noise

▪Can measure the flow of any gas and then calculate mass flow 
using a pressure transmitter connected to the analogue input
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Preamplifier

Preamplifier

Upstream
Transducer

Clamp

Downstream
Transducer

Data
Logger



How to Read a Meter



Dial Reading

▪Read the dials left to right

▪ If the hand is between two numbers, always select the lower number

▪When the hand is between "9" and "0," then "9" is considered the lower 
number

▪When the hand looks as though it is DIRECTLY on the number, look at the 
dial to the right – if the dial on the right has passed "0," use the number that 
the hand is on

▪ If the dial on the right has not passed "0," use the number less than what 
the hand is on
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Meter Reading
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8  1  4  9

1. The first dial is turning counter-clockwise. It appears to point to the “8”.   The number to the right has past 
“0”, so read this dial as “8.”

2. The second dial is turning clockwise and is between "1" and "2."   Read this dial as “1.”.
3. The third dial is turning counter-clockwise and is just before the "5.“ Read this dial as “4.”
4. The fourth dial is turning clockwise and is between the “9" and the “0.“ Read this dial as “9."



Clocking a Meter



Clocking a Gas Meter

▪Clocking a Gas meter is done to measure the BTU usage of a gas 

appliance to make sure the appliance is firing at the rate specified by 

the manufacturer.
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▪ ½  to 2 Cubic Foot depending on meter size
▪ Each revolution equals ½ C.F. of gas



Clocking a Meter

▪Turn off all appliances that are connected to 

the gas meter you are timing except for the 

appliance you want to measure
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Clocking a Meter

▪Turn on the appliance to be tested and no other gas appliances

▪Watch the ½, 1 or 2 CF dial on the meter

▪Start a stop watch when the dial is at the 6 or 12 o‘clock position & 

time a revolution
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Clocking a Meter

▪After about 3 revolutions stop the watch

▪Divide the # of seconds on the watch by 3 to get the # 

of seconds per revolution for more accurate results

▪Ex: 48 seconds for 1/2 CF Dial 3 revolutions 

▪3,600 seconds per hour / 16 seconds per revolution = 225 
revolutions per hour

▪225 revolutions X ½ C.F. per rev = 112.5 CFH

▪112.5 CFH X  1000 BTU / CF = 112,500 BTU/Hour 
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Gas Flow Timing Chart
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… or you can use a 
gas flow chart



Appropriate Applications & Sizes



Diaphragm Meter Applications

▪Seen in almost all residential and small commercial installations

▪You will also find these meters in larger commercial applications 

calling for up to 10,000 CFH

▪These meters are very accurate and don’t lose pilot fuel
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Diaphragm Meters

▪Diaphragm meters are usually grouped by “Class,” which refers to the 

badged capacity of the meter in cubic feet per hour, 250 Class, 400 

Class, etc. 

▪The badged capacity is based on a ½" water column pressure drop 

across the meter

▪The meter can pass more than the badged capacity at higher pressure drops, 
and many utilities size diaphragm meters based on a 2.0" water column pressure 
drop across the meter, especially when measuring at elevated pressures

▪Sizes typically 250 to 5,000 CFH
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Rotary and Turbine Meter Applications

▪Great for larger commercial or industrial applications

▪Rotary meters can measure smaller loads very well.

▪Turbine meters could allow trace amounts of gas to pass through 

unmeasured

▪Good for very large on/off type loads that do not have small auxiliary loads 
when the equipment is off
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Rotary Meters

▪The primary application for rotary meters is for small commercial loads

▪Frequently are used for production measurement of gas volumes used

▪ Rotary meters come as small as 500 cfh and are made in sizes up to 

102,000 cfh

▪Most common sizes are 1M to 16M
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Turbine Meters

▪The primary application for turbine meters is large commercial or 

industrial loads

▪Turbine meters are typically sized 4” to 12”

▪4” Turbine meter measures 12,600 CFH @ 5” w.c.

▪4” Turbine meter measures 73,458 CFH @ 45 PSI

▪12” Turbine meter measures 98,000 CFH @ 5” w.c.

▪12” Turbine meter measures 571,340 CFH @ 45 PSI
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Turbine Meter Considerations

▪Turbine meter sense velocity

▪It is critical that the flow in the meter be smooth and laminar

▪Straightening vanes and nose cone smooth out the flow inside the meter, 

but it is necessary to ensure that the gas entering the meter be a smooth 

as possible

▪Restrictions upstream of the meter, such as valves, fittings and taps, can 

cause turbulent flow and even jetting

▪To create laminar flow before the meter, long straight runs of pipe and 

straightening are usually employed
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Orifice Meters

▪Will usually be used to handle large volume measurements

▪The volume calculations for orifice meters can be quite complex and 

are usually accomplished by means of a flow computer

▪The dimensions and tolerances for the meter and meter piping run are 

critical to the accuracy of the meter
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Temperature and Pressure Correctors



Volume Correctors

▪Electronic or mechanical 

correctors

▪Correct for temperature 

and/or pressure
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Pulse Outputs, Remote Heads,
Telemetry, and AMR



Pulse Outputs

▪Two types available

▪ Low Frequency (LF) pulse output

▪High Frequency pulse output
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Pulse Outputs

▪The LF transmitter consists of 2 dry reed switches, normally open, and 

actuated by a magnet located in the first odometer drum on the index 

register
▪Volume per pulse contact: CF index; 1 CF/pulse : m3 index; 0.01 m3/pulse
▪Hermitically sealed contacts
▪Minimum pulse contact time - CF index; 0.22 seconds : m3 index; 0.40 seconds
▪No polarity
▪Maximum voltage; 30 volts
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Pulse Outputs

▪The HF transmitter is an inductive sensor actuated by a toothed disc – 

the frequency is proportional to the instantaneous flow

▪Pulses per unit volume: CF; 45.833 pulses/CF : m3; 4678.16 pulses/m3

▪ Frequency at maximum flow rate: CF; 25.46 Hz : m3; 73.60 Hz

▪Has polarity, indicated on register label
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Telemetry

▪Telemetry is simply an electronic devise mounted either directly to 
an existing natural gas meter or near the meter which 
automatically sends usage information to the utility

▪The device allows gas flow to be electronically measured daily or 
more frequently such as every 15 minutes

▪The system logs the daily gas use which will be uploaded to the 
utility via a dedicated, customer-installed phone line

▪Daily use data may be available to the customer via the internet
▪The timeliness of this measurement and detailed information will 

help the customer better manage their natural gas usage and 
associated energy costs
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Automatic Meter Reading (AMR)

▪AMR, is the technology of automatically 

collecting consumption, diagnostic, and 

status data from gas metering devices and 

transferring that data to a central database 

for billing, troubleshooting, and analyzing

▪Saves utility the expense of periodic trips to 

each physical location to read a meter
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https://lancasteronline.com/business/new-gadget-reads-your-gas-meter-from-street/article_7c35f2f0-
92bf-56f4-94f6-c7939a14a0f9.html



Automatic Meter Reading (AMR)

▪Billing can be based on near real-time consumption rather than on 

estimates based on past or predicted consumption

▪Provides customers better control over gas usage

▪AMR technologies include handheld, mobile and network technologies 

based on telephony platforms (wired and wireless), radio frequency (RF)
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Meter Pros and Con’s
… From Experience



Diaphragm

▪Pros

▪Most common

▪ Inexpensive

▪Very accurate

▪Cons

▪ Flow limitations

▪Pressure limitations

▪Cause pressure drop
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Rotary

▪Pros

▪Don’t have pressure limitations like diaphragm

▪Much higher flows than Diaphragm

▪Very accurate measurement

▪Cons

▪Easily stopped with weld slag or debris in new installations

▪Needs to be maintained regularly (oil check)
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Turbine

▪Pros

▪Allow large volumes of throughput

▪No pressure limitations

▪Cons

▪Expensive meter

▪Pilot loads lost

▪Tends to run fast when less than 20% of rated capacity
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Thank You

400 North Capitol Street, 4th Floor

Washington, DC 20001

escenter.org
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