FLOW INSTRUMENTS

Mass Flowmeters

TSI® Mass Flowmeters—Theory of Operation
Application Note

TSI mass flowmeters utilize a thermal film sensor to measure gas flow. This thermal film sensor is a type
of thermal anemometer. A thermal anemometer measures gas flow by sensing changes in heat transfer
rate from a small, electrically heated sensor exposed to the gas under study. The heated sensor is held at a
constant temperature using an electronic control circuit. The cooling effect resulting from the gas flowing
past the sensor is compensated for by increasing the electrical power to the sensor. The magnitude of
power required to keep the sensor at a constant temperature is proportional to the mass flow rate of the
gas and inversely related to the temperature of the gas. A temperature sensor is mounted up stream of the
flow sensor to measure the gas temperature. With these two signals a mass flow rate measurement can be
calculated.

Thermal conductivity and viscosity of the gas also affect the amount of heat transfer from the sensor.
Because of the multiple parameter effect, each gas or gas mixture has a unique calibration.

The flow signal is non-linear which allows for a percent of reading accuracy as opposed to most flow
measurement technologies that give a percent of full-scale accuracy. Thermal anemometry flowmeters
can be used to cover the same range that it would take three pressure-based flowmeters to cover. Most
TSI flowmeters have a digital signal processor that linearizes the flow signal. TSI uses a high accuracy
flow reference to calibrate the meter wide range of flow.

TSI's thermal film sensor is manufactured by sputtering a thin film of platinum on a small diameter rod.
The rod gives the sensor more strength than a platinum wire, which is another similar type of thermal
anemometer. The small mass of the film gives the sensor very fast response time. This fast response is
ideal for closed-loop control systems and integrated volume measurements.

The film sensor is highly sensitive to low velocity flows, which allows for larger diameter flow tube. The
larger diameter tuber results in lower pressure drop. Lower pressure drop reduces flow circuit
backpressure and its effects.

TSI is a registered trademark of TSI Incorporated.

TSI Incorporated - 500 Cardigan Road, Shoreview, MN 55126 U.S.A

USA Tel: +1 800 874 2811 E-mail: info@tsi.com Website: www.tsi.com
UK Tel: +44 149 4 459200  E-mail: tsiuk@tsi.com Website: www.tsiinc.co.uk

France Tel: +33491 118764  E-mail: tsifrance@tsi.com Website: www.tsiinc.fr

Germany  Tel: +49 241 523030 E-mail: tsigmbh@tsi.com Website: www.tsiinc.de

India Tel: +91 80 41132470  E-mail: tsi-india@tsi.com v TRUST. SCIENCE. INNOVATION.
China Tel: +86 10 8260 1595  E-mail: tsibeijing@tsi.com

Singapore Tel: +65 6595 6388 E-mail: tsi-singapore@tsi.com ‘

™

Contact your local TSI Distributor or visit our website www.tsi.com for more detailed specifications.

10/6/2009 Copyright © 2009 by TSI Incorporated Printed in U.S.A



