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MB-LPS P Sensors’ High Flow Impedance,
Use With Connection Hoses,
and Immunity to Dust Contamination

ABSTRACT :

MB-LPS differential pressure ( P) sensors are experimentally compared to other sensors which use the same
(thermal-anemometer-based, non-membrane) sensing principle, where differential pressure is inferred from tiny
gas flows through a flow channel.

Question : Does this flow-through render such sensors prone to degradation in dusty environments?
Answer :  Only if the sensor’s flow-through impedance isn’t high enough!

Test:  MB-LPS sensors are compared in parallel with competitors’ sensors at a common differential pressure.
Result:  All competitors’ sensors, (all of which have flow impedance much lower than MB-LPS), went out of
calibration, or failed entirely, while MB-LPS stayed in calibration.

GENERAL DESCRIPTION OF MB-LPS P SENSORS:

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 CMOS circuitry provides on-chip-integrated analog-
only electronics for compensation and conditioning.

FLOW-THROUGH LEAKAGE:

Because of the sensing mechanism, there is non-zero air-flow leakage through the sensor itself during
operation. This is true of all differential pressure sensors using the thermal-anemometer sensing principle, (as
opposed to dead-end sensors such as piezo-resistive membrane-based sensors, whose sensing element does
not leak). Still, thermal-anemometer-based P sensors have considerable success in the marketplace, because
they can enable practical sensing of very low P, such as full-scale a few hundred Pa and below, at typically
lower prices. In this context, the question arises, how much flow -through leakage is too much ? The
answer depends on details of the application, and on how the P sensor is connected and used.

Being able to measure differential gas pressures below a few hundred Pa, with resolution better than
0.1Pa, these sensors may be affected by other components of the measurement system such as connecting
pipes/tubes and filters, and by the quality of the gas which may contain dust, humidity or liquid droplets. Some
manufacturers of thermal-anemometer-based P sensors recommend the use of connection tubes having a
particular length, in order to avoid distortion of the response of the manufacturer-calibrated sensors.
Manufacturers also may recommend the use of dust filters, or may use dust-segregation elements/mechanisms
as part of their sensors. Note that these types of precautions are not needed for membrane-type sensors where
the gas flow through the connection tubing is zero (in static mode).

In general, designers of a flow-measurement system using a thermal-anemometer-based differential
pressure sensor must consider factors caused by non-zero gas flow through the sensor, in order to provide
reliable long-term operation. Unfortunately, there are no standard test/certification procedures and detailed
technical information to address these issues. The tests described below were performed with thermal-
anemometer-based sensors from different manufacturers, to demonstrate the principal importance of the flow-
through leakage (pneumatic impedance, or flow impedance) of the sensors, for reliable operation in practical
applications.

Note: The pneumatic impedance R, of the sensor, measured in [kPa/(ml/s)], determines the gas flow
through the sensor at a certain pressure drop, Ps across the sensor: flow-through leakage = Ps/Rp,.
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ON THE USE OF CONNECTION HOSES AND FILTERS:

Microbridge’s MB-LPS series differential flow duct

pressure sensors feature very high flow-through

impedance, greater than 10kPa per (ml/s) of flow-
through for the most-sensitive models, up to hundreds main air flow baffle

of kPa/(ml/s) for higher full-scale ranges. In principle, < >

these sensors with high flow impedance need less P, P,

parasitic flow in order to make a measurement,and | B R g

thus cause less disturbance to the main flow than A

other sensors having lower flow impedance. This L J
makes the sensor virtually equivalent to membrane-
type (dead-end type) differential pressure sensors two ports
regarding this important aspect of performance for hose connections VL
many applications.

— AP =P,—P;
Consider, for example, the sensor being used

in a shunt configuration, to sense differential pressure Fia. 1
P = P, — P, across a flow-restrictive baffle in an air 9.

duct, thereby inferring measurement of air flow in the

duct. The particular type of element generating

differential pressure as a function of gas flow is not

important in this analysis — baffles, Venturi tubes, sensor

Pitot tubes, or Lilly or Fleisch elements (used in

medical apparatus) may be used to generate

differential pressure.
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First, the sensor must be connected to the duct, such as by connection tubes/hoses (see Fig. 1). Non-
zero gas flow through the sensor and the tubes corresponds with a pressure drop P, across the tubes, and
therefore the actual pressure P measured by the sensoris Ps= Pyg— Py, which is lower than the differential
pressure Pq4 generated in the duct. The higher the flow impedance of the sensor, the smaller is the flow in the
connection tubing, and therefore the smaller is the pressure drop P, across that tubing, and therefore the smaller
is the comparative error caused by the tube connections. Rough calculations estimate the flow impedance of
typical connection tubing as:

1 meter of ¥2" ID tubing: ~ 0.5 Pa / (ml/s)

1 meter of 1/8” ID tubing: ~ 8 Pa / (ml/s)

1 meter of 1/16” ID tubing: ~ 120 Pa / (ml/s)

Second, to enhance the immunity of the sensor vs. particulate contaminants and humidity, it may be
desirable to use filters. If the flow impedance of the sensor is comparable to the flow-impedance of the connecting
tubes and/or filters, then this will affect the pressure-drop across the sensor, thus effectively degrading the
sensor’s ability to sense the real differential pressure in the main air duct.

Due to the high flow-through impedance of the MB-LPS sensors, any filter-induced change in air flow
through the sensor (and therefore the change in the sensor’s sensitivity) is small-to-negligible. If a filter is used,
even as the filter's characteristics change over time and use, the change in the filter's flow-impedance will still be
small, and therefore small-to-negligible compared to the high flow-impedance of the MB-LPS sensor.
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EXPERIMENTAL VERIFICATION OF THE EFFECT OF HIGH FLO W-IMPEDANCE:

Consider two MB-LPS P sensors, where one sensor is connected through 6m of tubing having inner
diameter 1/16”, as depicted in the diagram in Fig. 2 below. This 6m of tubing imposes roughly 700Pa/(ml/s) of flow
impedance to the sensing path. As seen in the graph in Fig. 2, the extra 6m of tubing on one sensor causes a
slight time delay due to compressibility of gas in the tubing, but doesn't affect the calibration of the sensor. This is
not surprising, because the sensor’s flow-thru impedance is approximately 100kPa/(ml/s), more than 100x greater
than the flow impedance of the 6m of tubing.

Calibration of the MB-LPS sensor, having flow-impedance ~100kPa/(ml/s), is unaffected by long connection
hoses having flow-impedance < 1kPa/(ml/s). This may bring benefits such as increased immunity to harsh
environments, since the sensor can be positioned more remotely from the harsh environmental conditions.

1500 | sensor 1
1250
o \

6m tubing with
1/16" ID

+/-250Pa sensor 1 +/-250Pa sensor 2

sensor 2
longer delay due to long tubing

close sensitivity-at slow
varying input signals

1s

Time:

RISK FROM DUST CONTAMINATION:

In applications such as HVAC, where dust particles may be present in the main air flow, the question
may naturally arise whether such dust presents a reliability hazard to thermal-anemometer-based sensors.
Since normal function of the sensor involves air flow through the flow-channel, it is certainly plausible that such
air flow may carry dust particles into the sensor’s flow channel. Thus the hypothetical dangers from dust
particles are that one or more particle(s) could enter the sensor’s flow-channel, causing:

... change (increase) in the sensor’s internal flow-impedance and therefore a change (decrease) in the

sensor’s calibrated sensitivity. This would be seen as a reduction in the sensor’s output voltage, for a

given applied P, and a loss of calibration.

OR ... complete blockage of the sensor’s internal flow channel (functional failure).

OR ... dust may adhere on or near to the sensitive microstructures that make up the sensing element

inside the channel, causing a change in calibration.

In general, the answer to the guestion above is  YES the presence of dust may in principle present a reliability
hazard, BUT the extent of the hazard is primarily determined by the flow-through impedance (pneumatic
impedance) of the sensor.
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HOW CAN DUST INTERFERE WITH A SENSOR’S FUNCTION?

In order for dust to interfere with the function of the sensor itself*, the dust (1) must be transported from
its source to the input of the sensor air-flow channel, and (2) must be induced to travel into the sensor’s
air flow channel, where it may adhere to the inner surfaces and change the sensor’s flow-impedance or
distort the symmetry and disturb the function of the thermal-anemometer sensing element within the
flow channel. Note also that if enough dust is present, it may in principle pile up at the input of the
sensor’'s air-flow channel, thus also potentially blocking air flow into the sensor or increasing the
effective flow-impedance of the sensor, but in principle this should be less likely.

0 Thus, the effect of the sensor’s properties on the sensor’'s immunity to dust contamination
should be seen in its effects on these two fundamental mechanisms, (1) and (2) above, within
the specific geometry of the application or experiment.

0 The quantity of dust particles which the air flow brings to the input of the sensor depends on the
volume of air passing through the sensor and depends on the velocity of air flow.

0 The quantity of dust particles induced to travel into the sensor’s air flow channel depends on
the quantity of dust particles which are present at its input, and on the velocity of air flow into
the channel.

o The velocity of air flow toward the sensor has another very important effect, beyond simple
volume of air transported to and into the sensor. If the air-flow velocity is slow enough that the
dust does not remain airborne, this may further enhance the sensor’s immunity to dust
contamination, while if the air flow velocity toward the sensor is great enough that the dust
remains in suspension, this may tend to degrade the sensor’s immunity to dust contamination.

Note that the sensor’s flow-impedance directly affects the velocity of approaching air-
flow. Thus, high flow-impedance in the sensor both reduces the volume of air passing
through the sensor's channel, and reduces the velocity of the approaching air,
potentially allowing airborne dust to settle out, ... as well as reducing the force on
particles already present at the input of the sensor.

The most obvious dust-related risk factors, for thermal-anemometer-based sensors in normal operation,
are:

o Type of dust: For example, big and heavy dust particles are less likely than small/light particles,
to be transported through the tubing to the sensor. Also, the size of the dust particles affects
whether the dust can physically block air flow into the sensor’s flow channel, and whether the
dust can physically enter the sensor’s flow channel.

o Concentration of dust particles in the main gas flow: The concentration of dust reaching the
sensor depends on the concentration of dust in the main gas flow.

o Specific connection of the sensor to main air flow duct: Referring to Fig. 1 above, the larger the
inner diameter of the tubing, the lower will be the linear velocity of the gas flow of dust-bearing
air toward the sensor input. Also, the longer the connection tubing, the greater will be the flow-
impedance contributed by that connection tubing, and this may in turn affect the linear velocity
of the gas flow of dust-bearing air toward the sensor input. Also, the presence of dust collectors
(such as gravity-traps) and dust filters, can provide a certain level of protection for the sensor
against dust.

Note that the goal of this experiment is to estimate and compare the immunity of the
sensor itself to dust contamination. Improvements related to dust filtering and other
additional protection of the sensors are outside the scope of the present investigations.

! ... as opposed to affecting the air flow throughresiion tubing or any filters, if present, ...
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EXPERIMENTAL INVESTIGATION OF DUST CONTAMINATION:

In order to investigate the risk presented by dust, comparative experimental studies were conducted.

The experimental setup was designed and built to provide reproducible and controllable conditions for
the tested sensors, and to allow fair comparative analysis of different sensors. With this target, sets of

P sensors using the thermal-anemometer sensing principle were subjected to common applied
differential pressures.

o In each experiment, typically two or more sensor samples, often having different flow-
impedances, were connected in parallel such that a common differential pressure was present
across both (all) sensors.

At the pressure port receiving the higher applied pressure, a source of airborne dust was connected.
The dust was purchased from a supplier of test dust, PTI Powder Technology Inc.

0 The test dust product was, specifically “ISO 12103-1, A2 Fine Test Dust”, having particle size
distributed between less than 1lum (less than 3.5% volume) and approximately 100um, with
roughly uniform volume-distribution between ~5um and ~40um.

o The chemical composition of the test dust was SiO, (68-76%), Al,O3; (10-15%), Fe,O3 (2-5%),
Na,03 (2-4%), CaO (2-5%), MgO (1-2%) K,0O (2-5%), TiO, (0.5-1%).

http://www.powdertechnologyinc.com/products/test-dust/test-dust.php
Schematic diagrams of two experimental configurations are shown in Fig.3.

o In the first configuration (left), the sensors under test were arranged horizontally, at the same
level as the dust chamber, all at the same level.

o In the second configuration (right), the sensors under test were arranged vertically, such that
the dust-bearing air had to flow upward from the dust chamber toward the sensors. In this
configuration, it is expected that the effect of gravity will be to delay and reduce particle flow
toward the sensors under test ... thus offering to the sensors some amount of “protection” from
dust contamination.

o It was attempted to avoid turbulent flow patterns which could artificially distort the spatial
distribution of dust.

Common features of the experimental setups.

o In each configuration, several sensors under test were connected in parallel with a
commercially-calibrated membrane-type P sensor (unaffected by dust).

o Note that the common P is necessarily applied to each sensor under test plus a small length
(~5 inches) of connection tubing for each sensor. The connection tubing was 1/8”ID.

o With the goal of generating a reproducible concentration of dust in the air, a quantity of dust
(~10 cm®) was placed in a chamber having volume a few hundred cm®. The chamber was

Fig. 3
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i i 433333 %AAAY under test
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3 3
dust chamber s dust chamber AP K
} |
speaker/vibrator micro-flow sensors speaker/vibrator
under test
air blower air blower
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agitated continually at 20Hz using triangular-shaped mechanical pulses having amplitude
~1lmm, using a common low-frequency audio speaker (sub-woofer). The chamber has
ventilation holes, to allow air flow at atmospheric pressure into and through the chamber toward
one port of the sensors under test.

o0 A regulated Ametek air blower generated a constant vacuum pressure applied to the other port
of each sensor under test. This vacuum pressure “pulled” air flow from the dust chamber
through all the connected sensors simultaneously. The magnitude of this air flow, through each
individual sensor, is inversely proportional to the flow impedance of each individual sensor.

Several commercially-available sensors from several different manufacturers were comparatively
examined:

0 Microbridge Technologies’ MB-LPS sensors having measurement range 0...250Pa (full-scale
1"wc), and flow impedance ~80kPa/(ml/s), and integrated analog conditioner with 0.2 — 4.2V
output.

Sample ID: MBLPS1-01-10U5 (# 4409-0070)
Sample ID: MBLPS1-01-10U5 (# 4409-0071)

o Microbridge Technologies’ MB-LPS sensors having measurement range 0...50Pa (full-scale
0.2"wc), and flow impedance ~30kPa/(ml/s), and integrated analog conditioner with 0.2 — 4.2V
output.

Sample ID: MBLPS1-01-02U5 (# 4409-0003)

o Competitor #1 sensors, having measurement range +/-20Pa (+/-0.08"“wc full scale), and flow

impedance ~15Pa/(ml/s), and unamplified analog output +/-70mV.
Sample ID: Sensor 1-1
Sample ID: Sensor 1-2

o Competitor #2 sensors, having measurement range 0...200Pa (0.8“wc full-scale), and flow
impedance ~15Pa/(ml/s), with amplified analog output 0.5 — 4.5V. This sensor has a micro-
apparatus for dust-separation, internal to the sensor’s flow channel.

Sample ID: Sensor 2-1
Sample ID: Sensor 2-2
Sample ID: Sensor 2-3
o Competitor #3 sensors, having measurement range -20Pa...+500Pa (2“wc full-scale), and flow
impedance ~300Pa/(ml/s), and integrated conditioner with 0.25 — 4.25V output.
Sample ID: Sensor 3-1
Sample ID: Sensor 3-2
These sensors were compared in sub-groups of 2-4, subjected to a common P. The common P was
typically near the full-scale of the sensor having the greatest full-scale of the sub-group.
While the pump was pulling dust-bearing air flow through the sensors, several voltage signals were
monitored continually and stored:
o0 The voltage output from the membrane-based P sensor (as a control);
0 The voltages output from each sensor under test.
Note that in cases where the full-scale ranges of the sensors were not the same, and
where the applied P was set near to the full-scale of the sensor with greater full-scale,
. the sensor with lower full-scale has saturated output voltage and cannot be
effectively monitored without interrupting the test to reduce the flow. Thus there were
typically several interruptions, at intervals during each test.
For each sensor under test, the output voltage vs. applied differential pressure was coarsely
characterized using the above-described setup, by changing the pump settings to pull varying amounts
of pressure across the sensors. This coarse-characterization was done before the dust test began, at
various intervals throughout the dust-test, and then after the end of the dust test.

o Additionally, for each MB-LPS sensor under test, the output voltage was measured as a
function of accurately-measured applied pressure, before the dust test began, and again after
the end of the dust test, to confirm the coarse-characterization results, and to show the effect of
the accumulated dust exposure on sensor samples whose output voltage was saturated during
the actual dust exposure.
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TEST #1.

In the first test, sensors MBLPS1-01-10U5 (#4409-0071), MB-LPS1-01-02U5 (#4409-0003), and
Sensor 2-1 were connected in parallel to the dust chamber, in the first configuration shown in Fig. 3
(with the sensors arranged horizontally at the same level as the dust chamber). The test was run for 20
hours at a constant differential pressure P = 200Pa (0.8"wc).

The coarse-characterization results for Sensor 2-1 are shown in the graph in Fig. 4 below. The before-
and-after fine-characterization results for the two MBLPS1 sensors are shown later in Figs.13,14.

o It is clear from the results in Fig. 4 that Sensor 2-1 has dramatically changed its calibration
(output dropped by more than 50%), after 219 minutes, and has effectively completely failed by
the end of the 20 hours of dust exposure.

o Itis also clear (see Figs.13,14), that both MBLPS1 sensors’ response curves are unchanged
after 20 hours at 200Pa.

The dramatic difference between Sensor 2-1 and the MBLPS1 sensors is not surprising, since the
difference in flow impedance is a factor of at least 10%x, meaning over thousand times more air flow
volume went through Sensor 2-1, and also meaning that the flow velocity of dust-bearing air toward

Sensor 2-1 was also > 1000 times faster. 28

sensor 2-1

Note also that the few inches of transparent Fig. 4
connection hoses to Sensor 2-1 had substantial N orizontal orfentation of fhe sansor

visible dust residue within them, while far less ,,| .
dust residue was visible within the connection ,//

hoses to the MBLPS1 sensors. This is consistent o
with the notion that the high flow-impedance of
MBLPS1 sensors has drastically limited the
volume of air-flow, and has also limited air-flow =

—O6— before dust test

velocity to such an extent that most of the dust
has fallen out of suspension before reaching the
MBLPS1 sensors.

Uout, V

1.6

AUXILIARY TEST #la

12

—&— after 173 minutes of dust test at DP=200Pa
—— after 219 minutes of dust test at DP=200Pa
—¥— after 20 hours of dust test at DP=200Pa

As verification of this type of test, a separate 20-
hour test was run on Sensor 2-3, along with
another MBLPS1-01-10U5 sample, same type as
the one used above in Test #1. The graphical
results were very similar to those described
above as shown in Figs 4, 13. Sensor 2-3's

0.8

output was drastically reduced after a few hours, 0
and had dropped close to zero after 20 hours of

dust exposure. Again, the MBLPS1 sample’s output
was effectively unchanged after the full 20 hours.

o After this 20-hour test, the two samples were
opened up (dissected) to find the failure
mechanism in Sensor 2-3. An abundance of
agglomerated

dust particles Fig. 5

were  found

(S.ee. Fig. 5) dust/
within the accumulation
housing of on inner
Sensor 2-3 surface of

. . ! opened
|nclud|ng_ a Sensor 2-3
substantial

qguantity just

inside the air inlet point. 3 A .
0 The tested MBLPS1 sensor housing was also opened up, and no dust was eV|dent (Fig. 6), at
the input port through which the air flowed before reaching the sensing element.
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In the second test, sensors MBLPS1-01-10U5 (#4409-0070), and the same sensor MB-LPS1-01-02U5
(#4409-0003), Sensor 1-1 and Sensor 3-1 were connected in parallel to the dust chamber, in the first
configuration shown in Fig. 3 (with the sensors arranged horizontally at the same level as the dust
chamber). The test was run for 18 hours at a constant differential pressure P = 450Pa (1.6"wc). This
applied pressure was close to the full-scale of Sensor 3-1, and above the full-scale of all of the other

three sensors in the test, such that their output voltage was saturated during the test.

The coarse-characterization results are shown in the graphs below:

Fig. 7 (Sensor 1-1),
Fig. 8 (Sensor 3-1),
Fig. 9 (MBLPS1-01-10U5, #4409-0070),

sensor 1-1

sensor 3-1

F|g 7 horizontal orientation of the sensor

—O— before dust test

—6— before dust test
—o— after 1 hour of dust test at DP=450Pa
31— after 2 hours of dust test at DP=450Pa
—¥— after 18 hours of dust test at DP=450Pa

—®— after 1 hour of dust test at DP=450Pa =
after 2 hours of dust test at DP=450Pa

Uout, V
N
\

horizontal orientation of the sensor

Fig. 8
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TEST #2

The Dbefore-and-after fine-characterization 5
results for MBLPS1 samples are shown in:
Fig. 12 (MBLPS1-01-10U5, #4409- i
0070), and
Fig. 14 (MBLPS1-01-02U5 (#4409-
0003) — note that this sensor is the L
same sensor sample that was already
exposed to 20 hours of dust-bearing s
air pressure in TEST #1 above.
It is clear from the results in Fig. 7 that Sensor
1-1 has already significantly changed its
calibration after 1 hour, and that its output has
dropped by more than 50% after 2 hours of
exposure to dust-bearing air. Note also that
after 2 hours the zero-offset has also changed. 1
It is clear from the results in Fig. 8 that Sensor
3-1 has effectively completely failed between 2
hours and 18 hours of dust exposure. 1
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TEST #

- In the third test, two Microbridge sensors already used in previous tests described above, sensor
sample MBLPS1-01-10U5 (#4409-0071), and sensor sample MB-LPS1-01-02U5 (#4409-0003), along
with Sensor 2-2 and Sensor 3-2 were connected in parallel to the dust chamber, in the second
configuration shown in the right side of Fig. 3 (with the sensors arranged vertically, above the dust
chamber). The test was run for 27 hours at a constant differential pressure P = 250Pa (1"wc). This
applied pressure was within the sensing range of Sensor 3-2, near the full-scale of MBLPS1-01-10U5,
and above the full-scale of the remaining two sensors in the test, such that their output voltage was
saturated during the test.

Uout, V

Fig. 9 shows that the MBLPS1-01-10U5, #4409-0070 sensor’'s coarse response curve is
relatively unchanged after 1 hour, 2 hours, and 18 hours. Furthermore, the characterized
before-and-after comparison in Fig. 12 confirms that indeed this sensor’'s response is
unchanged after the full 18 hours of dust exposure.

Fig. 14 shows results for the MBLPS1-01-02U5 #4409-0003 sensor, which is the same sample
that was used in the first comparison test described in TEST #1 earlier in this report. Again, the
before-and-after measurements confirm that indeed this sensor’s response is unchanged after
the 18 hours plus previous 20 hours of dust exposure.

The dramatic difference between Sensors 1-1 and 3-1 and MBLPS1 sensors is not surprising,
since again the difference in flow impedance is two orders of magnitude or more. Again far
more air flow volume went through Sensors 1-1 and 3-1, and again the flow velocity of dust-
bearing air toward Sensors 1-1 and 3-1 was also many times faster.

Again, the few inches of transparent connection hoses to Sensors 1-1 and 3-1 had visible dust
residue within them, while far less dust residue was visible within the connection hoses to the
MBLPS1 sensors. This is consistent with the notion that the high flow-impedance of MBLPS1
sensors has limited the air-flow volume and velocity to such an extent that most of the dust has
fallen out of suspension before reaching the MBLPS1 sensor.

The coarse-characterization results are shown in the graphs below:
Fig. 10 (Sensor 2-2)
Fig. 11 (Sensor 3-2)
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The before-and-after fine-characterization results for MBLPS1 samples are shown in:
Fig. 13 (MBLPS1-01-10U5, #4409-0071)
Fig. 14 (MBLPS1-01-02U5 (#4409-0003)
Note that both of these sensors are the same sensor samples that were already
exposed to many hours of dust-bearing air pressure in TEST #1 and TEST #2 above.
The results in Figs. 10 and 11 show that when the sensors are oriented vertically above the
dust chamber, it takes much longer for the sensors under test to be affected. Sensor 2-2 and
Sensor 3-2 have both significantly lost calibration after 25 hours, and have continued to lose
calibration more severely after two more hours (total 27 hours of dust exposure for each
sensor). This is not surprising, since the effect of gravity acts to delay and reduce the flow of
dust particles upward toward the sensor inputs.
Fig. 13 shows that the MBLPS1-01-10U5, #4409-0071 sensor’s fine-characterized response
curve is still unchanged after these additional 25+2 = 27 hours of dust exposure, beyond the
original 20 hours of dust exposure from TEST #1.
Fig. 14 shows that the MBLPS1-01-02U5 #4409-0003 sensor, may be finally beginning to
change its calibration slightly (by a few percent), after these additional 25+2 = 27 hours of dust
exposure, beyond the original 20+18 = 38 hours of dust exposure from TEST #1 and TEST #2.
Note that it would not be surprising that the Microbridge sensor MBLPS1-01-02U5
#4409-0003 would begin to be affected before its neighbor MBLPS1-01-10U5, #4409-
0071, because of its lower flow-impedance  ~30kPa/(ml/s) vs. ~80kPa/(ml/s).
Again, the dramatic difference between the Competitors’ Sensors 2-2 and 3-2, and MBLPS1
sensors is not surprising, since again the difference in flow impedance is two orders of
magnitude or more. Again, far more air flow volume went through Sensors 2-2 and 3-2, and
again the flow velocity of dust-bearing air toward Sensors 2-2 and 3-2 was also many times
faster.
Again, the few inches of transparent connection hoses to Sensors 2-2 and 3-2, even when
vertically oriented, had visible dust residue within them, while almost no dust residue was
visible within the connection hoses to the MBLPS1 sensors. This is again consistent with the
notion that the high flow-impedance of MBLPS1 sensors has limited the air-flow volume and
velocity to such an extent that most of the dust has fallen out of suspension before reaching the
MBLPS1 sensor.

LUSIONS:

CONC

For differential pressure ( P) sensors based on the thermal-anemometer sensing principle, involving
small leakage through the sensor’s air-flow channel, the flow-impedance of that air-flow channel is an
extremely important factor in determining the sensor’s ease of use and immunity to dust-contamination.
With dust in the air flow, Microbridge MBLPS1 sensors having flow impedance >10kPa/(ml/s) were
compared directly with three other manufacturers’ sensors using the same sensing principle, but having
flow impedance 15Pa/(ml/s) to 300Pa/(ml/s). In all cases the sensors having lower flow impedance lost
calibration and/or failed completely after hours to tens of hours of normal operation. Microbridge MBLPS1
sensors did not show significant change of calibration.

The high flow impedance causes several effects:

0]
0]

o

It reduces the volume of dust-bearing air which can approach the sensor’s input;

It reduces the velocity of air flow toward the sensor’s input, allowing more dust to drop out of the
flow before it reaches the sensor’s input;

It reduces the force on dust particles at the input of the sensor’s flow channel.

When the air flow connection to the sensor is oriented vertically such that the flow of dust-bearing air
must rise toward the sensor input, the effect of dust exposure is reduced.

Essentially, the less air-flow the sensor requires through its body to make its measurement, the more
ideal is the behaviour of the sensor, and the better is the immunity to dust-bearing air.

Microbridge MBLPS1 P sensors provide very high flow impedance and therefore substantial
advantages.

Potential users of thermal-anemometer-based P sensors are invited to repeat same or similar dust tests
to verify suitability for use in the conditions of their own application(s).
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