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A practical guide to gas totalizer, covering the reader intent, the relationship to gas
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In industrial process control, the measurement of gas flow is significantly more
complex than that of liquids due to the inherent compressibility of gaseous media.
A gas totalizer is a specialized instrument or a functional component of a flow
computer designed to calculate and display the cumulative volume or mass of gas
that has passed through a specific point in a piping system over a defined period.
Unlike a flow meter, which provides an instantaneous reading of the flow rate (e.g.,
m3/h), the totalizer integrates these readings over time to provide a totalized value
(e.g., Nm3 or kg).

For engineers and plant managers, selecting the correct gas totalization system is
critical for accurate billing, energy management, and process optimization. This
guide examines the underlying principles, selection criteria, and technical
considerations for implementing gas totalizers in industrial environments.

| Measurement Principles and Technology Types

Before selecting a gas totalizer, it is essential to understand the physical principles
used to detect flow. Since gas volume changes drastically with temperature and
pressure, the "totalized" value must often be corrected to standard conditions.

| 1. Thermal Mass Flow Measurement

Thermal mass gas totalizers operate on the principle of heat transfer. The sensor
consists of two RTDs (Resistance Temperature Detectors); one measures the
ambient gas temperature, and the other is heated to a specific constant
temperature above the ambient. As gas flows past the heated sensor, it carries
away heat. The electrical power required to maintain the temperature difference is
directly proportional to the mass flow rate.

Advantage: It measures mass flow directly without needing external pressure or
temperature compensation.

Limitation: It is sensitive to changes in gas composition (specific heat).
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| 2. Vortex Shedding Principle

Vortex flow meters utilize the Von Karman effect. When gas flows past a bluff body
(a non-streamlined object) placed in the flow stream, vortices are shed alternately
from each side. The frequency of these vortices is directly proportional to the
velocity of the gas. The totalizer counts these pulses to determine the total
volume.

Advantage: No moving parts, high reliability, and suitable for high-temperature
applications.

Limitation: Requires a minimum Reynolds number to function accurately; not ideal
for very low flow rates.

| 3. Turbine and Rotary Displacement

Mechanical gas totalizers, such as turbine meters, use the kinetic energy of the
gas to rotate a rotor. The number of revolutions is proportional to the volume of
gas passing through. Rotary displacement (Roots) meters use rotating lobes to trap
and move discrete volumes of gas.

Advantage: Extremely high accuracy for custody transfer and billing.

Limitation: Moving parts are subject to wear and can be damaged by debris in the
gas stream.

| 4. Differential Pressure (DP)

DP flow measurement uses a primary element, such as an orifice plate or Venturi
tube, to create a pressure drop. The square root of the pressure drop is
proportional to the flow rate. A flow computer or totalizer then processes this
signal.

Advantage: Well-understood technology with global standards (1ISO 5167).

Limitation: Significant permanent pressure loss and limited turndown ratio.
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The Role of Temperature and Pressure Compensation
(TPC)

A primary challenge in gas totalization is the Ideal Gas Law ($PV = nRT$). Because
gas is compressible, a cubic meter of nitrogen at 1 bar pressure contains far less
mass than a cubic meter at 10 bar.

Most industrial totalizers use a "Flow Computer" function to convert Actual Cubic
Meters (ACM) to Standard Cubic Meters (SCM) or Normal Cubic Meters (Nm3). This
requires real-time inputs from:

1. Pressure Transmitters: To monitor line pressure.
2. Temperature Sensors (PT100): To monitor gas temperature.

3. Compressibility Factor (Z): To account for non-ideal gas behavior at high
pressures.

Without TPC, a gas totalizer reading can be off by more than 20% even with minor
fluctuations in process conditions. For comprehensive instrumentation solutions
including pressure and level monitoring that support these systems, engineers
often Review product options and application support to ensure component
compatibility.

| Selection Criteria for Gas Totalizers

When specifying a gas totalizer for a project, the following technical parameters
must be evaluated to ensure long-term reliability and accuracy.
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Gas Composition Is the gas clean, dirty,

corrosive, or a mixture?

The ratio between maximum
and minimum measurable
flow.

Flow Range (Turndown)

Accuracy Class Usually expressed as a
percentage of reading or full

scale.

Pressure Drop The loss of pressure across

the meter.

4-20mA, Modbus RTU, HART,
or Profibus.

Communication

Determines material
compatibility (e.g., S5316 vs.
Hastelloy).

Crucial for processes with
high seasonal or batch
variability.

Critical for custody transfer
(billing) vs. internal
monitoring.

High pressure drops increase
pumping/compression costs.

Determines how the totalizer
integrates with the
PLC/SCADA system.

Installation Considerations and Engineering Best

Practices

Even the most accurate gas totalizer will fail to perform if installed incorrectly. Gas
flow profiles are easily disturbed by elbows, valves, and reducers.

1. Straight Pipe Runs: Most technologies (especially Vortex and DP) require a
minimum of 10 to 20 pipe diameters (10D) of straight pipe upstream and 5
diameters (5D) downstream to ensure a fully developed laminar flow profile.

2. Orientation: While many meters can be installed horizontally or vertically,
always ensure the pipe is full of gas. For wet gases, horizontal installation with the
sensor at the top is preferred to prevent moisture accumulation on the sensor

head.

3. Filtration: For mechanical meters (Turbine/Rotary), a 50-micron filter should be
installed upstream to prevent particulate damage to the internal components.

4. Vibration Isolation: Vortex and some thermal meters can be sensitive to pipe
vibration. Ensure the piping is properly supported and, if necessary, use flexible

couplings (though these can affect flow profiles).
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| Integration with Level Measurement Systems

In many industrial applications, gas totalization and level measurement are
intrinsically linked. For example, in chemical storage tanks, the amount of nitrogen
used for "blanketing" (maintaining an inert atmosphere) must be totalized to
monitor consumption. Simultaneously, the liquid level in the tank must be
monitored using radar or ultrasonic sensors to prevent overfills.

Modern industrial facilities often integrate these data points into a single
dashboard. By combining the cumulative gas data from a totalizer with the precise
level data from a Main Page instrument, engineers can perform mass balance
calculations to detect leaks in the system or optimize the efficiency of vapor
recovery units (VRUSs).

| Common Risks and Limitations

Moisture and Condensate: If the gas reaches its dew point, liquid droplets can
form. This "two-phase flow" causes significant errors in thermal and vortex meters
and can cause physical damage to turbine blades.

Pulsating Flow: Rapidly changing flow rates (often caused by reciprocating
compressors) can lead to "over-registration" in mechanical meters, where the rotor
continues to spin due to inertia even after the flow has slowed.

Gas Density Changes: If the gas mixture changes (e.g., a shift in the ratio of
Methane to Ethane in natural gas), the calibration of thermal mass meters will be
invalidated unless the meter supports multi-gas programming.

| Project Confirmation Checklist

Before finalizing a purchase or installation plan, project stakeholders should
confirm the following:

[ ] Standard Conditions: Have you defined the reference temperature and pressure
(e.g., 0°C and 101.325 kPa)?
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[ ] Hazardous Area Rating: Does the totalizer require ATEX, IECEx, or UL
certification for explosive atmospheres?

[ ] Power Supply: Is 24V DC available at the site, or is a battery-powered unit
required for remote locations?

[ ] Data Logging: Does the unit need internal memory for data backup in case of a
SCADA communication failure?

[ ] Calibration Certificate: Is a factory calibration certificate required for regulatory
compliance?

|Frequent|y Asked Questions (FAQs)

Q: Can a gas totalizer measure steam?

A: Yes, but it requires specialized hardware. Vortex meters are commonly used for
saturated and superheated steam. Because steam density changes rapidly with
pressure, real-time pressure and temperature compensation are mandatory.

Q: What is the difference between a flow computer and a gas totalizer?

A: A gas totalizer is a basic device that sums the flow. A flow computer is a more
advanced processor that takes multiple inputs (P, T, Flow, Density) and performs
complex calculations (like AGA-3 or AGA-7 standards) to provide high-accuracy
mass or energy flow data.

Q: How often should a gas totalizer be recalibrated?

A: For internal process monitoring, every 2-3 years is standard. For custody
transfer or billing applications, annual calibration is often required by local weights
and measures authorities.

Q: Does pipe size affect the choice of totalizer?

A: Absolutely. For small pipes (under 50mm), in-line meters are standard. For very
large ducts or pipes (over 500mm), insertion-style thermal mass or pitot tube
meters are more cost-effective than full-bore meters.
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