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Introduction 

 

Run switching is a flow computer algorithm that 

improves the flow measurement capability of a 

multiple meter station. This is a topic that is not 

addressed by industry standards but can be very 

important in day-to-day operations.  

 

This paper begins with the fundamental 

concepts that contribute to meter rangeability. 

Four examples based on three meter types 

(ultrasonic, turbine and orifice) are presented 

and discussed.  

 

Topics from a companion paper [1] that 

describes meter station design are included in 

the discussion. 

 

Rangeability 

 

Run switching algorithms are most commonly 

applied to most efficiently manage the flowrate 

range, or rangeability of a meters station. This 

paper therefore begins with a discussion of 

rangeability. The three meter technologies are 

discussed, each technology imposes unique 

limits on the minimum and maximum operating 

flowrates. The rangeability discussion therefore 

focuses on the features of the metering 

technologies.  

 

 

The rangeability, or turndown, is defined as the 

ratio of maximum to minimum measurable 

flowrate. The data of Figure 1 are presented to 

assist in the discussion. These data were 

obtained from an ultrasonic check meter that 

has been maintained in calibration for many 

years. The ordinate is velocity and the abscissa 

is the meter shift from a correction curve. Each 

symbol is a data point; the solid lines represent 

a statistical interval that contains 95% of the 

data. Similar data are observed with calibration 

of turbine, Coriolis and displacement meters; 

differences in the shape of the 95% confidence 

intervals are noted. Similar results are also 

observed with the calibration history of a 

differential pressure transmitter which affects 

the rangeability of an orifice meter.  

 

Figure 1: Ultrasonic Meter Calibration Data 



The data of Figure 1 were obtained over a 

period of 20 months; the statistical interval 

includes any variation occurring during the time 

interval. This measurement characteristic is 

usually called “reproducibility”. Clearly the 

reproducibility is increasing as the flowrate 

decreases; the uncertainty also increases as a 

result. The increase in uncertainty is the 

dominant limit to the minimum flowrate that a 

particular meter can measure. The actual value 

depends on the application and how much 

additional uncertainty can be tolerated. 

 

With older installations non-linearity can also 

represent a lower limiting factor. A turbine 

meter K-Factor will decrease at low flowrate 

due to bearing drag. The linearity improves as 

the pressure increases, this is apparent in vendor 

specifications. A modern flow computer can 

readily correct for turbine meter non-linearity. 

In fact the electronics built into ultrasonic and 

Coriolis meters correct for minor non-linearities 

in the same manner. 

 

Two upper limits on rangeability are present 

with every meter technology. The first is 

pressure drop through the pipe and fittings as 

well as the meter; which increases compression 

costs. The second is high velocity which 

potentially creates acoustic noise and turbulence 

and likely interferes with meter operation.  

 

Some meter specific limits include the 

maximum bearing speed of a turbine meter. The 

speed limits blade rotation which is proportional 

to velocity and flowrate. A similar bearing limit 

applies to a displacement meter. Operation at 

higher velocity will tend to shorten the life of 

bearings; manufacturers often specify a high 

flowrate range that can be used for limited 

periods of time. 

 

The gas expansion factor might be a limiting 

factor for an orifice meter; especially at lower 

pressure. The uncertainty increases with 

increasing differential pressure and decreasing 

static pressure. Some operators apply a lower 

acceptable differential pressure when an orifice 

meter operates at a lower static pressure. An 

orifice plate has a maximum differential 

pressure set by the standards. Operating beyond 

the maximum ΔP can result in plate deflection 

and measurement error. In the worst case a plate 

can be permanently deformed.  

 

As the ultrasonic meter velocity increases the 

acoustic signal path is distorted slightly, it is 

“swept” downstream. With a high enough 

velocity the signal does not impact directly on 

the receiving transducer. Some ultrasonic meter 

designs are limited in maximum velocity 

because of high turbulence intensity. As 

turbulence increases the signal to noise ratio 

decreases and reproducibility can increase. 

While not evident in Figure 1, CEESI has 

observed an increase in reproducibility with 

increasing velocity. 

 

A Coriolis meter has a maximum tube velocity 

that limits the maximum flowrate to a value less 

than the full mass flow capacity of the meter. 

CEESI testing has identified additional tube 

velocity non-linearity effects.  

 

The orifice meter is unique due to the non-linear 

(square root) measurement equation. As a result 

the meter rangeability is limited to the square 

root of the ΔP transmitter rangeability. For 

example, a ΔP range of 16:1 of corresponds to a 

flowrate range of 4:1. Orifice meter rangeability 

can be increased by “stacking” transmitters. For 

example, one transmitter measures 10-100 in. 

w.c. and a second measures 50-500 in. w.c. a 

ΔP range of 50:1. 

 



Ultrasonic Meter Examples  

  

This section begins with the example from the 

design paper [1] based on four six inch meters. 

The run switching is controlled by flow 

computer which is common in today’s industry. 

It is interesting to note that the earliest 

application of flow computers was run 

switching; even before flow calculation 

software was introduced.  

 

The typical run switching algorithm starts with 

the primary meter (Meter 1) that is always 

flowing. The second meter is turned on at a 

predefined value of Meter 1 velocity. After the 

switch the velocity in Meter 1 is decreased 

roughly in half and the Meter 2 velocity 

increases to roughly match Meter 1. As the 

flowrate increases Meter 1 again reaches the 

switching velocity and the third meter is turned 

on. The process is repeated once more when 

Meter 4 is turned on. As the flowrate decreases 

the process is repeated in reverse. 

   

A potential problem exists with the algorithm 

described above. Suppose the flowrate is 

nominally stable with Meter 1 operating at the 

velocity switching point. In reality stable flow 

will not exist, instead the flow will vary slightly 

depending on many pipeline conditions. The 

small variations in flowrate can cause the 

switching valve to cycle back and forth which 

can lead to equipment damage. In control 

systems this is referred to as “short cycling”. To 

prevent short cycling the switching algorithm 

operates with two switch points: A higher value 

switches on the next meter when the flowrate is 

increasing; a lower value switches off the next 

meter when the flowrate is decreasing.  

 

The switching scenario is shown in Figure 2; the 

abscissa shows total flowrate through the 

station, the ordinate shows the nominal velocity 

through each of the meters. The red and blue 

lines represent increasing and decreasing 

flowrate. The data are coincident; the lines have 

been shifted slightly to better visualize the 

process. The initial switch settings were 25 ft/s 

and 50 ft/s until it was noted that the Meter 1 to 

Meter 2 switch would short cycle. This is 

because the switch settings are in the same ratio 

as the flowrate change through a meter. The 

first switch settings were changed to 20 ft/s and 

60 ft/s as a result. A second scenario was briefly 

Figure 2: Ultrasonic Meter Run Switching Based on Four 

Six Inch Meters 

Figure 3: Ultrasonic Meter Run Switching Based on Six 

and Ten Inch Meters 



discussed in the design paper [1]. Some 

operators seek to save money on construction 

by more carefully selecting fewer meters that 

can cover the same flow range. The same range 

can be covered with two meters six and ten 

inches in size. The four six inch meters can 

operate with four “states” or unique 

combinations: one, two, three, or all four 

meters. The 6/10 meter pair can operate with 

three states: the six inch meter alone, the ten 

inch meter alone, and both meters. 

  

The second switching scenario is shown in 

Figure 3. The switching algorithm is quite 

different from the first scenario; that is not a 

problem for current flow computer technology. 

From the perspective of run switching the 

second scenario is perfectly acceptable. A more 

detailed discussion of disadvantages is 

contained in the design paper [1].   

  

Turbine Meter Example 

 

The unique feature of a turbine meter compared 

to an ultrasonic is the dependence on moving 

parts and bearings. The run switching process 

needs to be designed to switch meters slowly 

enough to avoid over speeding and avoid meter 

damage. An ultrasonic meter that is briefly 

over-ranged might result in miss-measurement 

but will not damage the meter. Slowing down 

the switching process is generally accomplished 

at the switching valve actuator. A pneumatic 

actuator can be throttled. An electronically 

controlled valve will have this feature in the 

software. 

 

The turbine meter discussion continues with an 

example based on two turbine meters. A 

flowrate range of 1.5 to 25 MMCFD is to be 

measured at a pressure of 300 psia and a 

temperature of 60°F. The uncorrected flowrate 

range is 3,069 - 51,146 acfh based on a volume 

correction of 20.4. The measurements will be 

made using a skid with four inch and six inch 

meters. The maximum flowrates of the two 

meters are 40,000 acfh and 20,000 acfh; switch 

points will be 80% and 15% of maximum 

flowrates.   

 

The switching scenario is shown in Figure 4. It 

is noted that two lines are presented 

corresponding to the two turbine meters both 

flowing gas. The lines are not coincident 

because the meters have different pressure drop 

characteristics; they will not flow at the same 

rate (in percent of maximum) with the same 

pressure drop; the difference is approximately 

20%. Further, the small meter will be flowing at 

slightly more than 100% to deliver full meter 

station flow. This flow imbalance is not evident 

when a simple design process only considers the 

maximum capacity of the two meters.  

 

In this example the only pressure drop 

considered is produced by the meters 

themselves. The meter tubes and other piping 

components will also contribute to pressure 

drop and may affect the meter flowrate 

imbalance.  

Figure 4: Run Switching Scenario with Two Turbine 

Meters 



Orifice Meter Examples 

 

The orifice meter has been in use for over 100 

years; run switching was in use for much of that 

history. Figure 5 shows an installation sketch 

from 1921. A differential pressure signal from 

the primary meter is used to open and close the 

secondary meter. It is noted that the ΔP 

switching signal is fully independent of the ΔP 

measured for flowrate. This is done for two 

reasons: First, the valve actuator would likely 

introduce transients into the ΔP measured for 

flowrate measurement. Second, the run 

switching system would likely be deactivated 

for meter inspection. Reactivating the system 

might be inadvertently forgotten once the 

inspection is complete. 

 

The orifice meter examples begin with two 

eight inch meter runs; the two plates have β = 

0.375 and β = 0.625. These have been selected 

to cover 4.0 – 55 MMSCFD at 250 psia, 60°F, 

and a ΔP range of 10 – 250 in. w.c. The 

operating equations are implemented with a 

spreadsheet that is not described in this paper.  

 

The first algorithm is based on one meter 

operating at lower flowrates with both meters 

operating at higher flowrates. The ΔP overlap 

was very small because of the non-linearity in 

the meter equation. The second algorithm is 

based on three states: one meter at low flow, the 

Figure 5: Orifice Meter Station - Circa 1921 



second meter in the middle of the range, and 

both meters at high flow. This decision mirrors 

the process applied to the turbine meters above. 

The change in algorithm didn’t increase the ΔP 

overlap very much. The results are summarized 

in Figure 6.   

 

A second example is based on selecting three 

orifice plates (β = 0.375, 0.438, and 0.500) to 

cover the range. The switching algorithm 

operates with three states: one meter only, two 

meters open, and three meters open. The results 

are summarized in Figure 7. The three meter 

option has clearly created more overlap to allow 

for well separated switch points that eliminate 

short cycling. 

 

Summary 

 

This paper has introduced the concept of 

measurement rangeability and described 

physical meter behavior that sets limits on 

rangeability. Run switching is a common 

measurement algorithm that allows for meter 

station designs to maximize rangeability. 

Various aspects of run switching were 

demonstrated through a series of examples 

based on three common metering technologies.   
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Figure 7: Run Switching Scenario with Three Orifice 

Meters 
Figure 6: Run Switching Curves for Two Orifice Meters 


