
Selecting Variable Area Flow Meters 
for Process Measurement

By Jim Dillon, Global VA Product Manager, Brooks Instrument

Many industrial processes require reliable, accurate and repeatable gas and 
liquid flow measurement and control. Variable area (VA) meters are extremely 
versatile in this arena. They are ideal for monitoring process flow, instrument 
impulse flow lines, purge gas flows, flows of flushing or cooling media,  
make-up flows, and reactor gas and liquid feeds.

VA meters are an inexpensive flow-metering device 
available for a variety of industrial applications. VA 
meters with indicator only are still the norm; however, 
more VA meters are being specified with options such 
as flow alarms and analog output transmitters. This 
is happening for a couple of reasons. Monitoring a 
process remotely provides better control because the 
entire flow line can be monitored. Using a VA meter 
with an analog output transmitter allows one person 
to monitor several process lines remotely.

Another technique for monitoring a flow line is a VA 
meter with a flow switch. The switch can be set to 
trigger at a given flow rate. When the flow rate reaches 
the set point, a signal could cause a valve to close or 
open. A pump could be turned on or off or a simple 
light or some other signal could be activated.

The other major trend in VA meters is the transition 
from glass tube rotameters to metal tube rotameters. 
Metal tube meters are more durable and require less 
maintenance. Plus, if a glass tube breaks, not only is 
there the expense of the glass tube, there is downtime 
and maintenance technician time to consider, too.
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Specifying a VA Meter
Unlike other flow meters, VA meters will respond like 
a canary in a coal mine when air quality changes. If 
process conditions change, they usually impact flow 
rate. For example, if the back pressure changes on 
gas flows, the flow rate will change. For this reason, 
it’s necessary for engineers to take several factors 
into consideration when specifying a VA meter for 
their applications:

•   Normal and maximum operating temperature  
and pressure

•  Flow rate — minimum, maximum and normal

•   Reference conditions and volumetric  
flow type (normal, standard or other)  
if measuring a gas

•  Fluid density and viscosity

•  Accuracy

•  Global certifications

Normal and maximum operating  
temperature and pressure

When the measured fluid is a gas or some liquids 
such as water or oils it is necessary to know the 
operating temperature because of the impact to  
fluid conditions (density and viscosity). The  
maximum temperature is necessary because the 
operating temperature usually is much lower than  
the maximum temperature. An example of this is  
when an engineer selects a plastic meter based  
on the operating temperature but then realizes  
the maximum temperature far exceeds the  
capability of the meter. Process lines have design 
temperature and pressure values which often are 
significantly different than the operating conditions  
of the rotameter.

Flow rate

Knowing an application’s required flow rate is 
necessary when specifying a VA meter; however, 
determining that flow rate is more complicated than 
it seems. The goal is to select a VA meter where the 
normal operating flow is in 60% to 80% of the meter’s 
range because a VA meter is more accurate in the 
upper part of its range. Additionally, the meter must 
also handle the minimum and maximum flows.

The other important component of flow rate is the 
units. If the unit is too small for the meter selected,  
the flow number can be miniscule (i.e., many zeros  
to the right of the decimal point) or too large. An 
example is liters per day for a 4-inch meter. The 
maximum flow rate of the meter would be almost  
2.4 million liters per day, which is not practical on  
a VA meter scale. This occurs with very low flow  
as well. An example would be 0.0006 cubic feet  
per second. In both of these cases, considering  
a more appropriate unit is necessary.

Reference conditions and flow type

Reference condition and flow type are components 
of flow rate that only apply to gases. They are used 
to correct the flow rate to a standard. However, 
it’s unusual for engineers to be interested in actual 
volumetric gas flows. The reference condition can  
be variable, but end users usually know what they 
need prior to choosing a VA meter.

The two key reference conditions are “standard”  
in the United States and “normal,” which is  
common in the rest of the world. The U.S.  
standard reference condition is 70° Fahrenheit  
and 1 atmosphere; the normal reference condition  
is 0° Celsius and 1 atmosphere.
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Fluid density and viscosity

Physical characteristics of gases and liquids must be 
considered when specifying a VA meter. Examples of 
these characteristics are density, viscosity, opacity 
or corrosiveness. If end users are working with basic 
fluids such as air, nitrogen or water, it’s easier to 
determine flow-metering needs because science  
has already defined how those fluids behave. 

Fluid density and viscosity are important because 
these two values allow engineers to select the 
right meter size. This is called sizing. Performance 
data is usually collected on different VA meters so 
that manufacturers know which ones will fit the 
supplied process conditions (density and viscosity). 
Usually, there are many VA meters that can be used 
for a process, so it comes down to the end user’s 
preferences such as options, pricing and accuracy.

Accuracy

While there are other measurement technologies 
that are more accurate than VA meters, they are still 
widely used. They are available in all shapes, sizes and 
materials, and they offer several positive attributes, 
including easy installation, no power requirement  
and high repeatability.

VA meter accuracy is computed using full-scale 
accuracy method rather than the accuracy of the 
reading. VA meters are much more accurate in the 
upper end of a flow range, but more VA meters are 
used for repeatability of flow measurement. This 
means, given the same process conditions, the  
float will repeat and be at the same scale reading.

Global Certifications

Today’s flow meter project approvals and certifications 
can be complex with key players being involved from 
multiple countries. In the past, approvals were based 
on the end user’s location, but now they are based on 
the destination country.

For example, a project may begin with a customer in 
the United States, but it is engineered in Singapore. 
Then it is purchased by a company in Europe and 
delivered to an end user in China. In this case, NEPSI 
approvals are required for the flow meter because it 
will be installed in China.

International certifications  
and approvals include:

•   Europe: ATEX 

•   China: NEPSI (National Supervision and 
Inspection Centre for Explosion Protection  
and Safety of Instrumentation)

•   India: CCOE (Chief Controller of Explosives)

•   Korea: KOSHA (Korea Occupational Safety  
and Health Agency

•   Russia: GOST (Euro-Asian Council for 
Standardization, Metrology and Certification)

•   North America: UL and CSA (CSA International)

•   Worldwide: IECEx (International 
Electrotechnical Commission System 
for Certification to Standards Relating to 
Equipment for Use in Explosive Atmospheres)
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Applications
VA meters can be specified for a variety of 
applications across many industries. Here, we  
share some of those applications, followed by  
more specific examples of how VA meters are  
being used in flow measurement.

•   Chemical injection and dosing: Controlling the flow 
rate of the fluid to be added to the primary fluid.

•   Boiler control: Measuring steam flow to a boiler of 
measuring the gases that heat the boiler.

•   Coolant measurement: Measuring the coolant for 
a pump, process or any process where coolant 
supply is critical to prevent the device or machinery 
from overheating.

•   Purge applications: Controlling the purge gas 
or liquid to keep process lines clear in order to 
create a positive pressure; to be the shielding gas 
in a contained welding application; or to create a 
positive pressure where electrical components are 
installed in areas where hazardous gases could 
explode if they entered the electrical compartment.

•   Tank blanketing:  Where inert gas is the blanket over 
the liquid in a tank, which prevents the liquid from 
giving off vapors that could ignite and then explode.

Device testing and metrology

Components and assemblies that are designed 
against leaks during use can be tested quickly and 
reliably using VA meters. These devices include 
valves, radiators, plumbing fixtures, and hydraulic 
and pneumatic assemblies. Components designed 
to deliver a certain flow rate at a given set of pressure 
conditions (orifices and nozzles), to have a certain 
pressure drop at a given flow rate (filters), or to have 
a minimum power output at a given fuel consumption 
(engines) can be tested as well.

Additionally, VA meters can accurately test fluid 
handing equipment. This includes pumps, injectors, 
dispense heads and even other flow meters.

Benefits of VA Meters
Following are some of the various reasons for selecting  
a variable area meter for a flow-metering solution.

VA meters are simple to install, use and maintain

 No power required

•    More than 70 percent of VA applications are  
mechanical indicator only; therefore, no power  
is needed to measure flow.

•    Costly wiring is not required.

•    Can be installed in any hazardous area where  
agency approvals may be needed.

Low pressure drop

•    VA meters can be installed in many locations on  
one process line without significant pressure loss.

•   Most VA pressure drops are very small.

 Repeatability

•   VA meters often are used for flow measurement  
due to high repeatability. This provides end users  
with the information they need every day given  
the same conditions.

 Cost-effective

•    VA meters are generally lower in initial costs than 
comparable technologies.

•   Metal VA tube meters have lower lifetime costs  
due to little need for maintenance.

Manual control valves available from very small  
meter sizes to 2-inch line size meters

Variety of construction materials — metal tube

•    316 stainless steel is common.

•    High alloys are all possible (Hastelloy, Monel  
and titanium).

•    Any material except magnetic materials for metal 
 tube meters (The magnetic bond between the  
pointer and float prohibit the use of magnetic  
construction materials).
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By applying pressure or vacuum to the device  
under testing conditions, a VA meter can confirm  
the absence of flow. If checking the valve for 
leakage is the application the rotameter is installed 
downstream of the valve being tested. Pressure is 
applied to the valve. If the valve leaks the rotameter 
will show a flow rate.

Offshore 

Operators of offshore platforms require reliable 
products that operate under extreme conditions 
such as high pressure and difficult environmental 
conditions. Common offshore applications involve 
injecting a fluid (many times a proprietary fluid) 
into the high-pressure extraction fluid to prevent 
corrosion, freezing of the extraction fluid or adding 
lubrication. In all cases, the goal is to provide local 
monitoring of the extraction process which improves 
the overall process yield.

Because the extraction process normally operates 
under very high pressures, the flow meter choices  
are limited. 

Process Analyzers

Process analyzers are designed to accurately and 
continuously measure a target analyte in a process 
stream. Sampling is the single most critical issue 
for process analysis. When the sampling system 
becomes plugged, it can cause big problems and 
costly, unscheduled maintenance.

The variable area flow meter — with 4 to 20mA  
output — continuously monitors sample flow to the 
analyzer, unlike a flow alarm or flow switch. When 
flow starts to drop, indicating the onset of plugging, 
users can schedule maintenance to clear the 
problem before the analyzer is starved of the sample. 
Rotameters without 4 to 20mA output are often  
used for sample flow in analyzer applications.
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Advanced VA  
Meter Technology
The latest VA flow meter technology provides a 
solution for the challenges end users face in extreme 
conditions found in applications such as chemicals, 
petrochemicals, oil and gas, and liquefied petroleum 
gas. The new MT3809 armored flow meter from 
Brooks is an example of these innovations.

The MT3809 technology offers users all over the 
world everything they need in advanced VA meter  
for demanding liquid, gas and steam applications:

•   Accuracy across a wide range of flow rates  
and temperatures;

•   Explosion-proof, making it suitable for the most 
stringent hazardous area classifications worldwide;

•   Rugged and reliable;

•   Easy installation or retrofitting; and

•   Customizable to specific end user requirements.

This new technology works accurately across 
operating temperatures ranging from -50 °C 
to 420 °C (-58 °F to 780 °F) at pressures up 
to 1380 bar /20,000 psi. This makes it highly 
effective for most petrochemical, oil and gas, 
and liquefied natural gas processes. 

Because safety is paramount in any applications, the 
MT3809 meets several certifications to help improve 
safety anywhere in the world:

•   SIL 2 certification for transmitter and alarm options

•   CRN (Canadian Registration)

•   PED (Pressure Equipment Directive)

•   ASME B31.3

•   NAMUR NE043, 021 and 107

The MT3809 also supports  
safety in fire hazard areas  
with a flameproof option for  
IIC/Class 1 Division 1 locations.

Additionally, the device is  
constructed with rugged  
stainless steel components  
and exterior housing for  
lifelong durability. Even in the most demanding 
applications measuring gases, liquids and steam,  
it delivers 2% full-scale accuracy.

Conclusion
VA meters are inexpensive flow-metering devices for 
a variety of chemical processing applications. They 
provide reliable, accurate and repeatable gas and 
liquid flow measurement and control. To select the 
best product for an application, users must consider 
the following:

•   Normal and maximum operating temperature  
and pressure

•  Flow rate

•   Reference conditions and volumetric flow  
type (for gases)

•  Fluid density and viscosity

•  Accuracy

•  Global certifications

The latest technology such as the MT3809 from 
Brooks, offers end users unsurpassed reliability and 
accuracy for processes requiring a VA flow meter. 
These innovations make VA meters the right choice 
for the long-term success of manufacturing and 
processing facilities all over the world.

Brooks MT3809  
armored flow meter for 
process measurement
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