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Air Speed Measurement
Using MB-LPS P Sensors

GENERAL DESCRIPTION OF MB-LPS P SENSORS:

Microbridge’s MB-LPS series low-pressure sensors sense differential air (or other non-corrosive gas)
pressure, inferring differential pressure from nano-liters per second gas-flow through an integrated air-flow
channel having high pneumatic impedance (flow-impedance). The transducer is a MEMS-based thermal-
anemometer on a monolithic silicon chip. Rejustor technology combined with CMQOS circuitry provides on-chip-
integrated analog-only electronics for compensation and conditioning.

PITOT TUBE PROBE — DEMO WITH MB-LPS P SENSOR:

Pitot tubes are traditionally used as open-air measurement probes for air speed. This application note
describes the use of Microbridge’s MB-LPS P sensors with Pitot tube probes for effective air speed
measurement.

Fig. 1a shows a drawing of an air speed sensor based on a micro-flow sensor MB-LPS1-01 and simple
Pitot tube probe. A photo of a demo instrument is shown in Fig. 1b. MB-LPS1 micro-flow based sensors having
full-scale range between 0.1"wc (~25Pa) and 1"wc (~250Pa) were used in this demo.
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Fig. 1. Air speed sensor (a) drawing; and (b) assembled physical Pitot probe for demonstration.
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PITOT TUBE PROBE CHARACTERIZATION APPARATUS

To characterize the sensor, a
simple experimental setup was
assembled (see Fig. 2), wherein the
probe was positioned within a larger
flow-tube having diameter 3cm and
length ~50cm. Air flow through the
flow-tube was generated by an
Ametek blower and measured in-situ
by a Sierra Instruments mass flow
meter model 826-NX in the range of 0
to 180 I/min. The Pitot tube probe was
inserted into the main flow through a
punctured hole in the side of the flow-
tube as shown in Fig. 3 (and at the
right side of Fig. 2), such that the
active tip of the probe (the two holes
of the probe) were approximately half-
way across the 3cm diameter of the
flow-tube.

The signal from the sensor
was applied to the input of a
Microbridge MBK-408 hardware-and-
software trimming tool. LabView-
based software provided data
acquisition, filtering (~1s low-pass filter)
and visualization.

Fig. 2. Experimental setup.

The air speed v in the main tube
was calculated as v = Flow / 60s / A.
Flow is measured in [I/min]; A is the
cross-sectional area of the tube. Air flow
of 10 I/min corresponds to air speed of
23.8 cm/s for the tube with inner
diameter of 3cm.

Fig. 3. Connection of the probe to the air flow tube.
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PITOT TUBE PROBE RESPONSE

Fig. 4 shows several examples of the response of the probe with Microbridge micro-flow based sensor
MB-LPS1-01-01B (+/-25Pa, bidirectional), at different experimental air flow speed between 0 cm/s and ~170 cm/s.
Note that the MB-LPS1-01-01B micro-flow sensor has output 2500mV at zero applied pressure-difference and full
span of +/-2000mV at input signal of +/-25Pa (nominal sensitivity of 80mV/Pa). The vertical axis
(“Sensor_dif_out”) of each plot in Fig. 4 represents the difference, in mV, between the actual signal and 2500mV.
The measured data are presented in Table 1.

air speed Ocm/s air speed 24cm/s

air speed 48cm/s air speed 168cm/s

Fig. 4. Output signals of the sensor MB-LPS1-01-01B (+/-25Pa, bidirectional) at different air flow speed within the
3cm flow tube.
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Also tested was a MB-LPS1-01- Table 1 — Flow tube with inner diameter of 3cm

02U (50Pa, uni-directional) sensor (also

presented in Table 1). This sensor has Flow,

output of 500mV at zero applied v, m/s I/min Uout, mV Uout, mV

pressure-difference and full span of MB-LPS1-01-01B MB-LPS1-01-02U

4000mV at 50Pa differential pressure

(nominal sensitivity 80mV/Pa is tﬁe same 0 0 2506 521

as for the sensor MB-LPS1-01-01B 0.24 10 2508

described above). 0.48 20 2528 541
0.72 30 2551
0.96 40 2582 603
1.2 50 2625
1.68 70 2730 750
2.4 100 2950 970
2.88 120 3120 1150
3.36 140 3360 1410
3.84 160 3630 1620
4.32 180 3900 1960

The maximum air flow speed of ~4.3m/s was
limited by the restricted measurement range of the
commercial mass flow controller. To perform
measurements at higher air flow speed, the tube was
replaced by another (nharrower) tube having inner
diameter of 1.8cm instead of 3cm. The measurement
results are shown in Table 2.

For the narrower tube, an air flow of 10 I/min
corresponds to air speed of 65.6cm/s.

In this configuration, the sensor was able to
measure air speed up to approximately 7.2m/s
(~720cm/s). At higher air speed, the output signal of
the sensor is saturated. The experimental data from
Tables 1 and 2 are plotted in Fig. 5 below.

Table 2 — Flow tube with inner diameter of 1.8cm

Flow,
v, m/s I/min Uout, mV Veale, M/S
MB-LPS1-01-02U
0 0 521 0
0.328 5 532 0.37
0.656 10 557 0.67
1.312 20 638 1.21
2.624 40 1000 2.45
3.936 60 1700 3.84
4.3296 66 1960 4.24
5.248 80 2700 5.227
6.56 100 3900 6.5
7.216 110 4560 7.11
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The sensors MB- 5000 —

LPS1-01-01B and MB-LPS1- e  +/-25Pa bi-directional sensor (tube diameter 3cm)
01-02U have the same

o ; . | 4 50Pa uni-directional sensor (tube diameter 3cm)
sensitivity to  differential o :_directional be di
pressure (in mV/Pa), 50Pa uni-directional sensor (tube diameter 1.8cm)

therefore their responses

should be the same. The red 4000
dashed-line curve in Fig. 5
represents the response of
the sensor MB-LPS1-01-01B
shifted “down” by 2000mV
for more-direct visual
comparison with the other
sensor MB-LPS1-01-02U.
The correspondence of the
responses of the two sensors
is obvious (the +/-25Pa
sensor compared with the
50Pa uni-directional sensor,
in the same tube having 3cm
diameter).

3000

Sensor output, mV

2000

Assuming that the
differential  pressure P 1000
generated by the Pitot tube is
proportional to the air density

and to the square of the air

speed v:

DP = krv?, 0 | | |
where k is a coefficient 0 2 4 6
depending on geometry of air velocity, m/s
the probe, we can calculate
the air speed from the sensor Fig. 5. Air speed response of the sensors.

output voltage as:
v = \/Uout(P) - Uout(0)
calc —

Sensitiviy Xk xr

where Sensitivity = 80mV/Pa. The calculated data v, (assuming k = 1) are shown in the rightmost column of
Table 2 above.

Information furnished by Microbridge Technologies is believed to be accurate and reliable. However, no responsibility is assumed by Microbridge Technologies for its use, nor for any
infringements of patents or other rights of third parties that may result from its use. Specifications subject to change without notice. No license is granted by implication or otherwise under any
patent or patent rights of Microbridge Technologies. Trademarks and registered trademarks are the property of their respective companies.

© 2009 Microbridge Technologies, Inc. 1980 Sherbrooke St. West, Suite 505, Montreal, Quebec, H3H 1E8 Tel: 514-938-8089 Fax: 514-938-9089
MBAPP53 v1.01 P.50f7 December 17, 2009



PROPERTY of MICROBRIDGE TECHNOLOGIES CANADA, INC

In a subsequent experiment, another model of Microbridge micro-flow sensor MB-LPS2-01-10B
(http://www.mbridgetech.com/pdfs/IMB-LPS2-01-10-v1 3-2009-07-03.pdf) was connected with the same Pitot
tube probe as described before and tested in the main flow tube having 1.8cm diameter. The MB-LPS2-01-10B
has a more non-linear output as a function of applied differential pressure, and a correspondingly wider dynamic
range. It has noise of +/-1mV, lower sensitivity at low air speed (still sensitive enough to resolve 50cm/s) but wider
measurement range.

The experimental results are shown in Fig. 6 and Table 3. The table contains experimental data on MB-
LPS2-01-10B sensor and MB-LPS1-01-02U sensor measured earlier. Air speed v, was calculated as described
above in this report. As shown in the table, the Pitot tube probe with the MB-LPS2-01-10B is able to measure up
to ~12 m/s air speed.

e +/-25Pa bi-directional sensor (tube diameter 3cm)
A 50Pa uni-directional sensor (tube diameter 3cm)

5000 o 50Pa uni-directional sensor (tube diameter 1.8cm)
+ 250Pa uni-directional (tube diameter 1.8cm)

4000

3000

Sensor output, mV

2000

1000

. | | |
0 4 8 12
air velocity, m/s
Fig. 6. Air speed response of the sensors.
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CONCLUSIONS

Table 3 — Flow tube with inner diameter of 1.8cm

Flow, I/min v, m/s Uout, mV | Veale, M/S Uout, mV Veale, M/S
MB-LPS2-01-10B MB-LPS1-01-02U
0 0 521 0 521 0
5 0.328 523 0.353553 532 0.37
10 0.656 528 0.661438 557 0.67
20 1.312 546 1.25 638 1.21
40 2.624 618 2.462214 1000 2.45
60 3.936 760 3.864906 1700 3.84
66 4.3296 1960 4.24
80 5.248 960 5.238082 2700 5.227
100 6.56 1230 6.656763 3900 6.5
110 7.216 4560 7.11
120 7.872 1560 8.058381
140 9.184 1970 9.516433
160 10.496 2350 10.6917
180 11.808 2810 11.96087

Microbridge’s micro-flow based differential pressure sensors were used to build a simple air speed
transducer using a Pitot tube probe. Several models of Microbridge sensors were tested. By using the MB-LPS2,
the transducer operates in the range of air speed from ~0.2m/s to ~12m/s.

The observed difference is small between the calculated and experimentally-set values of air speed,
given that the calibration state of the MB-LPS differential pressure sensor is known. If the Pitot tube probes could
be made reproducibly, then this approach could enable a low-cost air speed transducer without needing
calibration of the assembled unit, by relying on the prior calibration of Microbridge’s sensors and the
reproducibility of the Pitot tubes.
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