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Air Velocity Sensing Principle




|
i3k Brief

MPSAOS
B R AR R T P REIE - IR S R AE AR - 58 HiKm‘
RURES IS A AVER - W EHE - FHSANUR O FERENZEE - BB LRGERKER about .
BEEE - AL - AR ERRIRERSEFOSENNREENE - BA—DREAR:
(Constant Temperature Anemometer,CTA)RERELET [Jf’:k [ +12V

RZ

{] 500R Ula

Hot-wire anemometers rely on heat transfer between sensing elements, such as a hot wire or + o
sheet of metal, and the surrounding fluid. The moving fluid causes heat loss, changing the a1 HHzsos
resistance. Cooling helps balance the fluid velocity. The sensor temperature is kept constant in T [] RH
the circuit. Therefore, the voltage drop caused by the fluid can be directly measured from the R Heater
power consumed by the sensor. The figure shows a basic design of a constant temperature T s |
anemometer (CTA). l Flow Sensoren
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Figure 1. Basic design of a constant temperature anemometer
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Thermostatic anemometers are generally classified into hot wire, hot film, integrated hot film, and platinum film resistance
elements.
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The metal wire material used for hot wire elements is usually tungsten wire or platinum-tungsten wire. Hot wire elements have low
mechanical strength and can withstand relatively small currents, therefore they are not suitable for operation in gases containing

particles, as shown in Figure 2.
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Figure 2. Hot wire element
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Based on MEMS technology, multiple platinum film resistors are fabricated on semiconductor wafers or ceramic substrates using

i

sputtering methods, serving as heaters and temperature sensors, respectively. Its working principle is based on the heat transfer of the
fluid; the flow rate is determined by calculating the heat loss of the heating element. Figure 3 shows the internal structure of the ST10
integrated element.
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Integrated hot film elements have advantages such as high “:\ F
sensitivity, small size, fast dynamic response, high stability, high (If — -
precision, low pressure loss and high consistency. mAdE Wk MEUE HE IR
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Figure 3. Internal structure of the integrated thermal film element ST10 [10]



The gas flow measurement circuit includes a gas flow sensor circuit, a differential amplifier circuit, a non-inverting amplifier circuit,
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a current output circuit, and an MSP430 microcontroller, as shown in Figure 4.
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Figure 4. Gas flow
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measurement circuit
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Modern CTA anemometers typically include three elements.
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1. Analog-to-digital converters and data acquisition software sample the wind "' U ;
speed signal from the CTA and perform digital signal processing. i
2. The CTA should offer a range of user-configurable options. 5. 8455 3R AR (CTA)
3. Calibration facilities covering the measurement speed range. Figure 5. Typical Cryogenic Anemometer (CTA)

Liquid calibration systems typically cover speeds from a few cm/s to 10 m/s.

Gas calibration systems typically cover speeds from a few cm/s to Mach 1.
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The hot-film probe is connected to the sensor circuit, converting the gas flow signal into a
voltage signal. After passing through differential and non-inverting amplifier circuits, the
signal is sent to the 12-bit AD channel of the MSP430 microcontroller. The microcontroller
calculates the gas velocity based on the acquired signal and simultaneously outputs a 4-
20mA current according to user requirements. The CTA's voltage output E and fluid
velocity U display a nonlinear relationship related to a fourth-order polynomial law, most
modeled using this relationship. Furthermore, any flow variable, such as fluid density and
temperature, will affect heat transfer. Therefore, the CTA sensor requires velocity response
calibration before use. Gradual increases in ambient temperature can be corrected by

analyzing the temperature measurement voltage.

Elvzll
/ o

= 55P61 Curve Fit Setup

~Select algorithm :——

O FPower law

' Lookup table

~Polpnomial order ——

O

-Lookup table size—

=

-Power law exp.[n]-initial value

[o550 | e

[E16. L8 BU A BB IRGARV R BRI E I AR BE 5
Figure 6. Typical probe calibration curve
fitting for a single probe.
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To achieve temperature compensation, the voltage across resistors RS and Rh J15 T i
S500R Y
must remain constant, so the resistance values of Rf and Rh must be kept in 4 }H
proportion so that Vout is not affected; however, the resistance value of Rh will Lo LHz902
be unequal due to temperature differences. 140 [] .
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Measurement of closed- Ioop heat transfer wind tunnel
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Curves at different temperatures, wind speeds, and temperatures
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Measurement of closed- Ioop heat transfer wind tunnel
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Figure - Linear line after linear regression correction



	投影片 1: eyc-tech 風速感測原理 Air Velocity Sensing Principle
	投影片 2
	投影片 3
	投影片 5
	投影片 7
	投影片 8
	投影片 9
	投影片 10
	投影片 13
	投影片 14

