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Sensor Report:  Hot Wire Anemometers

Introduction


Anemometry is the measurement of gas speeds, and a variety of different sensors have been developed to accurately provide these readings.  Some common anemometer devices included the rotating cup type seen for meteorological measurements and the pitot tube that indirectly measures speed from the reading of stagnation pressure.  However, a common sensor in industrial processes for measuring air flow in space or through a duct is the hot wire anemometer.  It uses principles from electrical circuits, heat transfer, and fluid dynamics to compute an air speed or mass flow based on geometric constraints.  For this reason, hot wire anemometers are also called thermal mass flow sensors.
Theory of Operation


A hot wire anemometer operates by using known fluid dynamic and heat transfer relationships to calculate the air velocity based on the amount of power dissipated in the wire.  The wire is either supplied constant current or controlled to operate at a constant temperature.  The amount of energy lost can be calculated from the temperature change in the constant current case, or the current change in the constant temperature change.  The amount of heat dissipated by convection from the wire is a known function of velocity of the surrounding air.


The wire material is typically platinum or tungsten that is 4-10m in diameter and about 1 mm in length.  Performance of typical commercially available hot-wire anemometers can be characterized by their frequency response.  Usually, they have a flat frequency response (< 3 dB) up to 17 kHz at the average velocity of 9.1 m/s (30 ft/s), 30 kHz at 30.5 m/s (100 ft/s), or 50 kHz at 91 m/s (300 ft/s).  Because of the small size of these devices, they are fragile and typically only suitable for clean gas flows. 
When to use

The main reasons to select a hot wire anemometer versus other anemometers and gas flow measurement devices include a relatively flat frequency response and good spatial resolution due to the probe's small size.  The limitations for these devices include the need for clean operating conditions due to their delicate nature, and frequent calibration if contaminant and dust buildup occurs over time.  In addition, relative to other pressure sensing or mechanical anemometers, hot wires have significantly higher cost.

Sources

Because of their wide usage for testing and industrial applications, hot wire anemometers are available from many different vendors.  Some sources found using a quick internet search include:

· Kurz Instruments

· Dantec Dynamics

· Cambridge Accusense

· Extech Instruments

· Elridge products

Because of the complexity of the control, sensing, and analysis required to obtain accurate data from a hot wire anemometer, the devices are typically sold as complete packages that include the probe and a local analyzer/transmitter.  The cost for a simple probe and handheld readout begins between $300-400.  Kurz seems to be the largest supplier offering a wide range of sensors for both handheld testing and industrial use.
Interfacing

There are several different interfacing options when using a hot wire anemometer because of the variety of different handheld readout and transmitters available.  Nearly all common interfacing options can be found among the vendors listed above.  The typical complete systems contain a microprocessor in a local handheld or field device to connect to the probe, control its operation, perform calculations, and read out the measurements.   These systems typically use an external serial RS232 or RS485 communication protocol.  The channel can be used to control the microprocessor and probe remotely.  More commonly, the communication channel is used to output sampled sensor readings to a PC, PLC, DSP, etc.  Other common options include a 4-20mA or 0-10V output signal.  This analog output would need to be connected to an A/D converter to be read by an external processor.  Finally, some other proprietary bus communication options also exist including Modbus and Profibus for interfacing with industrial PLCs.  In all cases, one would need to consult the detailed information that comes with the particular sensor system to determine the maximum data transfer rate, required conversions and scaling, and what information is available for the chosen interface option.  Although single probes are available, it is probably not practical to attempt to interface with them directly due to their complexity.  The probe must be controlled to either a constant wire temperature or constant wire current.  Appropriate reading of the sensor current and temperature must be taken.  Then the energy balance calculations based on the probe specifications and calibration conditions must be performed to find the velocity.  
Typical specifications
	
	Handheld/Economy
	Industrial Grade

	Measurable velocities
	0.2-20 m/s
	0.2-90 m/s

	Operating temperature ranges
	0-50C
	-40-200C


	Accuracy
	± 3%
	± 1%

	Time constant
	200 ms
	100 ms

	Interfacing options
	Handheld reader, RS232
	RS232, RS485, 0-10V, 4‑20 mA, Modbus, Profibus, etc.


References and Useful websites:

Summary and theory of operation:

http://www.efunda.com/designstandards/sensors/hot_wires/hot_wires_intro.cfm
Vendors and technical documentation:

http://www.kurz-instruments.com
http://www.dantecmt.com/Literature/Index.html
http://www.extech.com/Products/ExtechProdset.html
http://www.trirep.com/cambrdg.htm
http://www.sksato.co.jp/english/text/7673-00.html
http://www.epiflow.com/9000.html
Attached is a specification package for one of the Kurz instrument devices.
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