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PIPE FLOW MEASUREMENT FOR IRRIGATION 
By Burdette Barker, Extension Irrigation Specialist, Utah State University 
Prepared October 28, 2022 

INTRODUCTION 
There are many methods that can be used to measure the flow of water in an irrigation pipeline. 
Some of these methods are more common than others and some are more applicable to 
conventional irrigation practices than others. When selecting a flow measurement device, it is helpful 
to understand some basic principles of flow measurement along with some pros and cons for 
different measurement technologies.  

FLOW MEASUREMENT PRINCIPLES 
Flow Conditions 
The speed or velocity of water flowing in a pipe is not the same for each drop of water in the pipe. 
Water that is flowing next to the wall of the pipe flow slower because of friction against the pipe 
wall, while flow in the center of a pipe flow faster (Figure 1). When water goes through an elbow, 
past a tee, through a reducer or expansion, through a valve, or through a pump, the flow velocity 
becomes distorted and no longer follows the pattern shown in Figure 1. This can be a problem for 
some types of flow meters. Many flow meter types rely on the type of velocity pattern shown in 
Figure 1. This type of pattern only develops in full pipes. If the flow in a pipe is not full, this will not 
occur. Partially full pipes often occur when a pipe has an open discharge (see the bottom of Figure 
2). Partially full flow can also occur in a pipe that collects air (Figure 3). 

 

 

Figure 1. Depiction of flow speed in a full flowing pipe. 

 

 

Figure 2. Depiction of full- and partially full flow in an irrigation pipe. 
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When a pipe is partially full, the velocity pattern is much different than for full pipe flow and the 
flow area (cross-section) is also much different (Figure 4). Many flow meters also rely upon the flow 
area for flow estimation. 

 

Figure 3. Depiction of partially full flow in a pipe caused by an air pocket. 

 

 

Figure 4. Depiction of full- and partially full pipe cross-sections. 

Pipe Flow 
Water flow rates are measured and reported in terms of some volume of water per some amount of 
time. For example, gallons per minute (gpm) or cubic feet per second (cfs). A cubic foot per second 
is sometimes called a second-foot. Note, there are 449 gpm in 1 cfs.  

Another way to think about water flow is that the flow rate is equal to the average velocity (or speed) 
of water multiplied by the flow area: 

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 =  𝐴𝐴𝐴𝐴𝑅𝑅𝐴𝐴𝑅𝑅𝐴𝐴𝑅𝑅 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑉𝑉𝑅𝑅𝐹𝐹𝐹𝐹𝑉𝑉𝑉𝑉𝑅𝑅𝑉𝑉 × 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐴𝐴𝐴𝐴𝑅𝑅𝑅𝑅 

Some flow meters work on this principle by measuring the average flow velocity in a pipe and 
multiplying by the area, which is assumed to be the pipe inside radius squared multiplied by the 
number pi, π, which is about 3.14: 

𝐴𝐴𝐴𝐴𝑅𝑅𝑅𝑅 𝐹𝐹𝑜𝑜 𝑅𝑅 𝐶𝐶𝑉𝑉𝐴𝐴𝑉𝑉𝐹𝐹𝐶𝐶𝐹𝐹𝑅𝑅𝐴𝐴 𝑃𝑃𝑉𝑉𝑃𝑃𝑅𝑅 = 𝜋𝜋 × (𝐼𝐼𝐼𝐼𝐼𝐼𝑉𝑉𝐼𝐼𝑅𝑅 𝑅𝑅𝑅𝑅𝐼𝐼𝑉𝑉𝐶𝐶𝐼𝐼)2 

Therefore, any change in the flow area or the velocity distribution in the flow from the requirements 
of a given flow meter will cause errors. 

ENSURING PROPER FLOW CONDITIONS 
Proper Velocity Distribution 
Proper installation and management of a flow meter includes taking measures to ensure proper flow 
conditions. The installation should include a sufficiently long section of straight, full flowing pipe 
without fittings so that the desired velocity distribution can develop in the pipe. As a general rule, 
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this requires that the pipe be straight and free of fittings or valves for at least ten times the inside 
diameter of the pipe upstream of the flow measurement device (Figure 5). A certain amount of 
straight pipe should exist downstream of the flow meter also. A general rule is at least five times the 
inside diameter of the pipe downstream of the flow meter. Specific guidelines are provided by many 
flow meter manufacturers. 

 

Figure 5. Typical minimum spacing for a flow meter. 

Exceptions to the 10 Diameter/5 Diameter Rule 
The 10 × inside diameter upstream and 5 × inside diameter downstream rule-of-thumb is not an 
absolute. Follow manufacturer guidelines regarding installation. Some situations and some flow 
meter technologies may provide accurate measurements with smaller lengths of straight pipe, and 
some may require greater lengths. For example, researchers in Nebraska found that spool-type 
electromagnetic meters (magmeters) could function with as little as 2 × inside diameter upstream 
and 1 × inside diameter downstream (Eisenhauer et al., 2021). Conversely, Taghvaeian (2017) lists 
examples where much more length is needed for many situations when using transit time and 
doppler ultrasonic flow meters. Sometimes, straightening vanes are placed in a pipe to reduce the 
necessary straight lengths, for example with a propeller meter (Eisenhauer et al., 2021). 

 

 

Figure 6. Depiction of straightening vanes in a pipe. 

Full Pipe Flow 
Full pipe flow is typically guaranteed for pressurized irrigation systems like any type of sprinkler or 
drip irrigation system. However, a flow meter may be positioned in a segment of pipe that could 
collect air, for example a segment of above ground pipe that feeds a buried pipe. In these cases, a 
continuous-acting air vent should be installed in the pipe segment to bleed off any entrapped air 
(Figure 6; Figure 7).  

Many flow meters can be mounted in vertical pipe sections also. However, the same minimum 
upstream and downstream distances apply and manufactures typically recommend that water flows 
upward through the pipe section and flow meter (for example, McCrometer, 2021). 
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Figure 7. A flow metering situation that may require a continuous acting air vent. 

 

 

Figure 8. Examples of continuous acting air vents. 

 

For open discharge systems, like those used to supply a head ditch for surface irrigation, there is a 
risk of the pipe flowing partially flow. In these cases, a small rise can be added using elbows or pipe 
miters to ensure the pipe flows full through the flow meter (Figure 8). Other situations may exist or 
can be designed to ensure full flow through the flow meter (Figure 9). The principle is that the 
bottom of the discharge should be at least as high as the top of the pipe a distance of five inside 
diameters downstream of the flow meter. The same conditions must exist for a distance 10 inside 
diameters upstream of the flow meter to avoid the risk of the pipe flow partially full before the flow 
meter (Figure 10). 
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Figure 9. Pipe at risk of flowing partially full (top) and pipe with a rise after the flow meter (bottom). The bottom 
strategy was developed and promoted by the University of Nebraska-Lincoln Extension for this precise type of 
situation. 

 
Figure 10. Pipes not at risk of flowing partially full. 

 
Figure 11. Pipe at risk of flowing partially full upstream of the flow meter. 
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FLOW METER TYPES 
There are several types of flow meters common in agricultural applications. Flow meters can be 
categorized by the measuring, mounting, and readout methods. 

Flow Meter Measurement Types 
There are several common flow measurement types commonly used to measure water flow in 
pipelines. Only some of these are common in agricultural irrigation (Table 1). A comparison of 
some methods is provided in Table 1. Example photos of some of these technologies are provided 
in Figure 12. 

 

 

 
Figure 12. Photos of some pipe flow meters. Top right: doppler meter installed in the bottom of a pipe (can measure 
partially full flow); top left: spool-type magmeter; bottom right: transit time flow meter in carrying case; bottom left: 
transit time flow meter installed on a center pivot lateral. 
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Table 1. Comparison of Flow Meter Measurement Types. 

Meter Types Function Used in 
Irrigation? Some Pros Some Cons 

Mechanical Meters 
  Propellor 

Meters 
A propellor is placed in the pipe 
(typically centered and pointed 
upstream). Velocity is based on 
the rotational speed of the 
propellor. 

Yes Among the least expensive 
of options. Installation can 
be easier than other 
methods. 

Strongly affected 
by the flow 
velocity 
distribution. 
Prone to 
mechanical wear 
which causes 
inaccurate 
readings. Meter 
can collect 
debris. 

Paddle 
Wheels 

A small paddle wheel is placed 
inside the pipe (typically 
centered horizontally, maybe 
not vertically). Velocity is based 
on the rotational speed of the 
paddle wheel. 

Yes 

Electronic Meters 
  Electro-

magnetic 
(Mag-
meters) 

Generates a magnetic field and 
measures flow based on 
distortion of the field. These 
meters require proper 
grounding. 

Yes Can be among the more 
accurate methods. No 
moving parts. Supposed to 
be based on flow rate not 
velocity. May require less 
straight pipe than other 
methods. 

More costly than 
some other 
options. 
Installation is 
often more 
involved. 

Transit 
Time 
Meters 

Measures the time an ultrasonic 
wave takes to travel from a 
transducer through a pipe to a 
second receiving transducer. 
The travel time is related to 
flow velocity. 

Sometimes Some can be installed on the 
outside of a pipe, not 
requiring additional fittings. 
No moving parts.  

More costly than 
some options. 
Meter must be 
protected from 
the elements. 
Not best for 
corroded pipes.  Doppler 

Meters1 
Sends sound waves into the 
water and measures the speed 
of the waves reflected off 
sediment in the flow. Velocity is 
based on the speed of the 
reflected waves. 

Sometimes 

Pressure Reduction 
  Venturi A tapered pipe constriction is 

used to cause a pressure 
difference in the pipe. The flow 
velocity is based on the physics 
of water flow. 

Rarely Can be quite accurate. No 
moving parts.   

Relies on very 
accurate pressure 
measurements. 
. 

Orifice 
Plate 

A flat plate with a hole in it is 
placed in the pipe. The flow 
velocity is based on the 
pressure difference between 
the two sides of the plate and 
the physics of water flow. 

Rarely 

1Some information from Masasi et al. (2017). 
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Flow Meter Mounting Types 
There are also several common methods for mounting pipeline flow meters (Table 2). A comparison 
of some methods is provided in Table 2. Some measurement technologies may be available in 
multiple mounting configurations. Example drawings of some of these mounting methods are 
provided in Figure 13. 
 
Table 2. Comparison of Flow Meter Mounting Types. 

Mounting 
Types Description Types of 

Meters Some Pros Some Cons 

Insertion The meter is typically cylindrical 
and of relatively small diameter 
(< 2") it is inserted through a 
threaded outlet (tee or half 
coupler) in the pipe. 

Paddle 
Wheel, 
Mag. 

Among the least 
expensive of 
options. Installation 
is often relatively 
easy. 

Strongly affected by 
the flow velocity 
distribution. Meter 
can collect debris. 

Saddle A hole is cut in the top of the 
pipe to accommodate the flow 
meter. The flow meter is 
attached to a saddle, much like a 
repair saddle to cover the hole. 

Propeller, 
Mag. 

Among the least 
expensive of 
options. Installation 
is often relatively 
easy. 

Strongly affected by 
the flow velocity 
distribution. Meter 
can collect debris. 

Spool/Fitting The meter is a fitting, typically 
flanged, that must be mounted 
in the pipe. 

Mag., 
Propeller, 
Venturi, 
Orifice 

Among the more 
expensive options.  

More costly than 
some other options. 
Installation is often 
more involved. 

Interior Wall 
Mount 

The meter is mounted to the 
inside bottom of the pipe and 
the sensor cable must be routed 
out through a fitting or the pipe 
discharge. 

Doppler Among the least 
expensive of 
options. Installation 
is often relatively 
easy. 

Sensor can collect 
sediment. 

Exterior1 Transducers are mounted on the 
exterior of the pipe 

Transit 
Time, 
Doppler 

The least expensive 
of mounting 
methods. 

Mounting location 
must be protected 
from the elements. 

1Some information from Masasi et al. (2017). 
 

 
Figure 13. Drawings of a saddle-mount propeller meter (left), an insertion meter (middle), and an inside-bottom-
mounted doppler meter (right). Grey lines are items inside the pipe. 
 
Flow Meter Recording Types 
The output of flow meter readings can differ between flow meters, with multiple options being 
available for many meters. For example, a meter may only have a manually readable dial, or it may 
have datalogging capacity and remote access using a cellular connection (Table 3). A comparison of 
some data output is provided in Table 3.  



Page 9 of 10 
 

Table 3. Comparison of Flow Meter Data Output Types. 
Recording 
Types Description Types of 

Meters Some Pros Some Cons Notes 

Needle/ 
Totalizer 

An indicator with a 
needle (like a 
speedometer) and a 
rotating totalizer (like an 
odometer). 
Measurements are taken 
manually. 

Propeller Among the least 
expensive of 
options. 

Often no data 
logging or remote 
access. 

The totalizer is 
more accurate 
than the needle. 

Electronic 
Display/ 
Totalizer 

Similar to a 
needle/totalizer, but a 
digital display is used 
instead of mechanical. 
Measurements are taken 
manually. 

Propeller, 
Paddle 
Wheel, 
Mag. 

Among the least 
expensive of 
options. 

Often no data 
logging or remote 
access. 

The totalizer is 
more accurate 
than the 
instantaneous 
value. 

4-20 mA An electrical output is 
generated with current 
ranging from 4 to 20 
mA.  

All Can be added to 
many meters to 
adapt to external 
data loggers. 
These are common 
outputs readable 
by many types of 
dataloggers. 

Typically, an 
added expense to 
a meter. Does not 
include a display 
or datalogging on 
its own. Thus, 
requires additional 
datalogger and 
telemetry (for 
remote access). 

  

0-5 V An electrical output is 
generated with voltage 
ranging from 0 to 5 mA. 
This is an industrial 
standard output range 
readable by many types 
of dataloggers. 

All 

Pulse Output An electrical output is 
generated with pulses 
which can be DC (on/off) 
or AC. 

Many 

Digital 
Output 

A digital signal is output 
by the meter. Common 
standards include SDI-
12, RS-232, and 
MODBUS. 

Many Can be read by 
many types of 
dataloggers. 

Typically, digital 
output is more 
expensive than 
other electrical 
signals. 

  

Built-In 
Datalogging1 

The meter is equipped 
with a built-in 
datalogger. 

Transit 
Time, 
Doppler, 
Some 
Others 

No external logger 
is needed. 

Less Common. 
Data typically 
needs to be 
downloaded with 
a computer. 
Remote access 
may not be an 
option. 

  

1Some information from Masasi et al. (2017). 
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COMMON CONSIDERATIONS 
When considering a flow meter, it is important to consider the following: 

• Will the pipe be flowing full? 
• Is there a sufficient length of straight pipe? 
• What is the accuracy of the meter? Meters should be selected to have no more than ±2% 

flow error over the range of expected flow rates. 
• Is the operating flow range of the meter sufficient for the application? 
• Will the meter drift over time? Drift means that the meter becomes less accurate over time, 

this is most common in mechanical meters that are not properly maintained. 
• What is the meters longevity? What is the expected life, maintenance interval, or 

recalibration interval for the meter? 
• What is the cost of the meter? 
• What is the cost of a datalogger or telemetry device and associated cloud-based data hosting? 
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