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MB-LPS P Sensors:
Advantages for High-Humidity Operation
(Resistance to Water Obstruction)

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 difficulties, and possibly operational failure,
in high-humidity 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), experienced
difficulties due to water buildup in the pneumatic path to their input port, such that they were obstructed from the
test pressure they were intended to measure. MB-LPS sensors continued to measure properly.

This Application Note MBAPP54 is closely related to MBAPP51 “MB-LPS P Sensors’ High Flow
Impedance, Use With Connection Hoses, and Immunity to Dust Contamination”. Several sections of
background material on MBLPS sensors’ high flow imp edance, low flow-through leakage, and use with
connection hoses, are repeated in the Appendix att  he end of this Application Note, for reference.

INTRODUCTION TO THE MB-LPS P SENSORS AND THEIR USAGE:

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.

Typical operation of thermal-anemometer-type differential pressure sensors in a gas-flow application,
requires a small fraction of a main gas-flow to be shunted off from the main gas-flow path (e.g. a ventilation duct
or a medical breathing tube), to pass through the differential pressure sensor. Related Application Note
MBAPP51, “MB-LPS P Sensors’ High Flow Impedance, Use With Connection Hoses, and Immunity to Dust
Contamination” (http://www.mbridgetech.com/pdfs/IMB-APP51-Dust Test-AN.pdf), considers possible adverse
effects of dust which may be present in the main gas-flow on the function of the shunted thermal-anemometer
sensor. MBAPP51 shows experimentally that competitors’ sensors having insufficiently-high flow-though
impedance are prone to clogging of the sensor’s flow-channel assembly. Such clogging can cause changes in
the competitors’ sensors’ response, and hence measurement error. It was demonstrated that MB-LPS P
sensors having higher flow-through impedance have better immunity to dust contamination.

Potential Risk from Operation in High-Humidity Envi ronments: In some applications, a main gas-
flow may contain substantial humidity. Furthermore that humidified gas may be at a temperature higher than the
ambient. For example, in applications such as medical respiration measurement, the patient is exhaling
humidified air, which is typically at a temperature higher than the ambient room temperature or the temperature
of the measuring equipment. In such cases, water may condense out of the gas-flow within the measuring
equipment. Typically, this water condensation may occur on the inner walls of gas-flow ducts or connecting
tubes, connectors, and other elements. While small condensed water droplets may be unaffected by gravity, if
enough water droplets condense they may join together to form larger water drops, which may further flow
together to form larger accumulations of water. Hypothetically, this may occur in the main gas-flow path, or in
the shunt-connections (tubes and connectors) to the sensor, or in the sensor itself. Such water accumulations
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could hypothetically change the pneumatic properties of the measurement system, or could obstruct (or block

entirely) a connector or connection tube, thus degrading or defeating the measurement system.

In_general, the answer to the issue above is YES the presence of high humidity may in principle present a

reliability/operational hazard, BUT the extent of the hazard is primarily determined by the flow-through

impedance (pneumatic impedance) of the sensor.
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Fig. 1. Schematic diagram of the experimental setup.

EXPERIMENTAL INVESTIGATION OF EFFECTS OF HIGH HUMID ITY:

In order to investigate the risk presented by high humidity in the main gas-flow, comparative

experimental studies were conducted.

A specialized experimental setup was designed and built to provide reproducible 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 three or more sensor samples, often having different flow-
impedances, were connected in parallel such that a common differential pressure was present

simultaneously across all sensors being tested.
Fig. 1 shows a schematic diagram of the specialized experimental setup.

0 The setup was designed and built to provide reproducible near-100% humidity in a test volume
inside a plastic tube having inner diameter 2cm. The test volume was fed from a typical
household warm steam vaporizer (manufactured by Vicks). The other end of this main tube was
connected to the air blower (Minijammer, Ametek), through a flow-restrictive element. The flow-
restrictive element was another (narrower) plastic tube having inner diameter 1/16” and length
~5cm. To avoid water blockage of the flow-restrictive element, a water collector was connected
between the test volume and the flow-restrictive element. The water collector was a volume of
1.5L, with much larger inner diameter than the test volume. As shown in Fig. 1, the test volume

was connected to one port of each sensor.

0 The design is intended to maintain the pressure in the test volume very close to the ambient
atmospheric pressure, while slowly pulling humidified air from the vaporizer into the test

volume.
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o The temperature of the humidified air directly at the output of the vaporizer is approximately
90C, which was considered to be too high to imitate normal operation of the sensors.
Therefore, the test volume was located approximately 25cm from the output of the vaporizer.
Temperatures T1 (at the input to the test volume) and T2 (at the other end of the test volume),
were monitored inside the test volume by two NTC thermistors (Model S871). The temperature
distribution across the test volume depends on the air flow generated by the air blower. When
the air blower was off, the temperature in the test volume was close to room temperature.

o0 The sensors under test were connected
in parallel to eachother as shown in Fig.
1. One port of each sensor was
connected to the test volume, while the
other port was connected to another tube
which was in turn directly connected to
the air blower (not through a flow-
restrictive element). This arrangement
caused a differential pressure to be
established across the sensors under
test, such that humidified air tended to
flow through the sensors.

o The differential pressure P across the
sensors was monitored by a membrane-
type pressure sensor (Model Omega PX-
278). The other port of this differential
pressure sensor was open to the ambient
room pressure. The voltage output of the
Omega sensor was used in an electronic
feedback circuit to regulate the speed
command voltage applied to the air
blower, in order to maintain the
differential pressure P at a constant
level during a given experiment.

o The sensors under test were arranged
vertically, such that the humidity-bearing
air had to flow upward from the main test
volume tube toward the sensors. This
served to prevent agglomerated water
drops from flowing into the sensors.

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

o Microbridge Technologies’ MB-LPS sensor 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 (#4409-0067)

0 Microbridge Technologies’ MB-LPS sensor having measurement range 0...50Pa (full-scale
0.2"wc), and flow impedance ~30kPa/(ml/s), and integrated analog conditioner with 0.5 — 4.5V
output.

Sample ID: MBLPS1-01-02U5 (#5109-0033)

o Competitor #1 sensor, 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 1” or “Competitor Sensor #1”

o Competitor #2 sensor, having measurement range +/-20Pa (+/-0.08“wc full scale), and flow

impedance ~15Pa/(ml/s), and unamplified analog output +/-70mV.
Sample ID: “Sensor 2" or “Competitor Sensor #2”

Fig. 2. Experimental setup for Test #1.
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TEST #1

In a first test, all four sensors identified above were connected to the test volume each using 10cm of 1/8”
ID plastic tubing (see Fig. 2). The sensor output signals measured during the test are shown in Fig. 3.

The vaporizer and the air blower were turned on approximately 30 minutes before connection of the
tested sensors. This time-delay was needed to create a warm and humid environment in the test volume.
Next, the sensors with their connection hoses (10cm, as described above) were connected to the test
volume. Immediately (within 30 seconds from the time of connection of the sensors), visible traces of
water condensation (See Fig 4a), are beginning inside the connection tube to Competitor Sensor #2,
which has the lowest pneumatic impedance of the four.

Competitor Sensor #2, having the lowest pneumatic impedance, loses proper function the earliest. After
only ~1 minute, it shows a rapid decrease in its output signal (while the green line representing the
Omega sensor shows a relatively constant applied pressure. After approximately another minute of erratic
output voltage behaviour, Competitor Sensor #2's output voltage decreases dramatically from ~120mV to
~0V, caused by visible blockage (obstruction) of its connection tube by accumulated water.

When Competitor Sensor 5 — 160
#2 becomes blOCked’ this \ Sensor #5109-0033 output voltage saturated at 5V throughout
causes an abrupt decrease | the test, i.e. did not become blocked ]
in air temperature in the test
volume, as seen in Fig. 3, 4
(as well as a short spike in
the Omega-measured air Sensor #4409-067 maintained function throughout the test
pressure, as the air
blower's feedback circuit
adjusted the air flow). — Sensor 1

Sensor 2
Sensor 1 — Sensor #4409-0067
/ — Sensor #5109-0033
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Competitor Sensor #1 also
lost proper function quickly

after ~ 4 minutes. Its 2 Bwin
output voltage dropped to
zero, again due to visible | ]
blockage of its lower tube
connector by water
accumulation (see left-most
tube in Fig. 4b).

Uout, V

Uout, mV (sensor 2)

1L Sensor 2 Jdo

Fig.4b was photographed at
the end of the ~55-minute 0 — -40
test. The two rightmost
tubes in Fig. 4b show no 100 —
visible traces of water in the
tubes connecting to the
Microbridge sensors #4409-
0067 and #5109-0033.
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No visible traces of water
were found inside 20
connecting tubes to the
Microbridge sensors

throughout the whole ~55- Fig. 3. Sensors output during Test #1.
minute test.
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The pressure P applied to

the sensors was maintained at a constant level of approximately 230Pa during the whole test except for
short transient time-periods during which clogging of the connection tubes caused abrupt changes of the
pneumatic load of the air blower and required the feedback circuit to adjust.
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water

/accumulation

a) b)
Fig. 4. (a) Connecting tube of Competitor Sensor #2 ~30s after the start of Test #1; and (b) Connecting tubes
(from left to right), of Competitor Sensor #1, #4409-0067 and #5109-0033 ~10 minutes after the start of Test #1.

No degradation of output signal of Sensor #4409-
0067 was seen in ~ 55 mins of test. Sensor
#5109-0033 output was saturated since the
applied P exceeded its operating range of 50Pa.

TEST #2

In the second test, it was attempted to give
Competitor Sensor #1 an advantage while at the
same time “handicapping” the Microbridge
Sensors #4409-0067 and #5109-0033.
Competitor Sensor #1 was connected to the test
volume with wider 1/4” ID tubing (double the
previous ID of 1/8"), while the Microbridge
sensors were placed closer to the test volume at a
distance of 3cm instead of 10cm, using the same
1/8" ID tubing as used previously. Competitor
Sensor #2 was not tested in Test #2. The
positions of the sensors are shown in Fig. 5.

The wider connection tubing for Competitor

Sensor #1 (diagrammed in Fig. 6) was intended to

be less susceptible to blockage by water

accumulation, due to wider cross-section near the

connector which can accumulate a greater

volume of condensed water without becoming Fig. 5. Experimental setup for Test #2.
obstructed.
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1/8" tube 1/4" tube - The output signals of the
sensors measured
during Test #2 are
presented in Fig. 7. The
photos in Fig. 8
demonstrate the process
of clogging of 1/4*
tubing.

\/ - As expected, Competitor
Sensor #1 was able to

operate for a longer time
in Test #2 than in Test
{ ) ({ #1, before complete
clogging of the
Fig. 6. Connection to the test volume with 1/4” and 1/8” ID tubing. connecting  tube. The
connection  tube to
Competitor Sensor #1
became blocked approximately 60 minutes after start of Test #2. There also occurred several temporary
and partial reductions of
output signal of Competitor
Sen§or #1 (at _constgnt tshintsezrt,ﬁ.se}.O(iqi;jor?gtgb%li:tgrl:wtevgllgi?éjaturated at 5V throughout
applied differential
pressure). These were

observed at ~20 min and 4 iaaanaeeie | T\\AWWWWWMH

~40 min (see Fig. 7). o _
These partial reductions L Sensor #4409-067 maintained function throughout the test

can be explained by partial

5

clogging/restriction of the 3

flow passage, either near — Sensor 1

the connection to the test = | Sensor 1 — Sensor #4409-0067
volume, or inside the S — Sensor #5109-0033

sensor's  flow channel /
assembly. Since there is a
continual air flow through
the sensor, such restriction
could be “cleaned out”,
which  would  explain 1=
temporary reduction and
then restoration of the -
output signal to the original

(un-restricted) level of oL
about 2V.
60 — differential pressure applied to the sensors - 240
O b ’

As in Test #1, both 50 ,7~=""7 0 L, 7~a 220
Microbridge Sensors % 40 " S~ _ 200
showed no sign of 3 | TN m e - - - o

C . a - ~ =~ 180 ©
significant obstruction or EB0 77T T =T T~
degradation, (see Fig. 7) ~ | | TTT T 7T T 160
through >2 hours of 20 ‘
operation, with 3cm-long 0 40 Time. min 80 120
1/8” ID connection tubing, '
as shown in Fig. 5. Fig. 7. Sensors output during Test #2.
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water
accumulation

20 min after start 50 min after start 60 min after start

Fig. 8. Progression of clogging of 1/4” ID connecting tube, to Competitor Sensor #1 in Test #2.

DISCUSSION:

These tests confirm the importance of high pneumatic impedance of the micro-flow sensors, for reliable
operation in systems where the flow rate of warm and humid air must be measured.

In both Test #1 and Test #2, the Microbridge sensors were intentionally connected to the hottest spots in
the test volume, and were therefore exposed to air containing the greatest moisture concentration, with
the greatest potential for significant condensation. Still, no visible traces of water condensation were
found inside the connections to the Microbridge sensors in 1-2 hours of operation at constant differential
pressure of 230Pa applied across the sensors, and Microbridge's sensor #4409-0067 continually
measured correctly.

Furthermore, in Test #2, the Microbridge sensors were connected at a shorter distance of 3cm from the
test volume. While the Competitor Sensor #1 became prevented from making its intended pressure
measurements due to water accumulation in its connecting tube, Microbridge sensors continued normal
function.

The above-described Test #1 and Test #2 show systematic differences in function and performance,
related to differences in pneumatic impedance of the sensors. When the shunted sensor’'s pneumatic
impedance is not high enough, the sensor’s function requires substantial flow of air through the sensor.
With substantial moisture-bearing air flowing to the sensor, the tubing and connections to that sensor are
prone to significant water condensation. If the connections allow or encourage water buildup, then the
system may be prone to potential blockage and loss of function.

Beyond those systematic differences, note that during the test, big drops of water do condense from the
main gas-flow onto the walls of the test volume (see Fig. 9). Such water drops may agglomerate and/or
displace themselves due to gravity or surface tension, to accidentally clog any connector, thereby
potentially disrupting the operation of any sensor connected to the main flow path. Even though this did
not occur in the experiments described herein, this accidental effect may happen with any type of
differential pressure sensor membrane-type, or thermoanemometer-type, regardless of pneumatic
impedance. Protection of the flow and measurement system against this type of accidental water clogging
is the responsibility of the designer of the flow path and measurement system, for each particular
application.
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CONCLUSIONS:

For differential pressure ( P)
sensors based on the thermal-
anemometer sensing principle,
involving intentionally non-zero
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 immunity
to condensation-induced blockages
and functional failure.

With high humidity in the air flow,
Microbridge MBLPS1 sensors
having flow impedance
>10kPa/(ml/s) were compared
directly with two other
manufacturers’ sensors using the same sensing principle, but having much lower 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 1 hour of normal operation. Microbridge MBLPS1 sensors did not show

degradation or blockage.

The high flow impedance reduces the volume of humidity-bearing air which can approach the sensor’s
input, which thereby reduces the amount of moisture available to condense and potentially restrict or
block pneumatic connections.

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 humidity-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 humidity
tests to verify suitability for use in the conditions of their own application(s).

Fig. 9. Droplets of water condensed on the walls of the test
volume.
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APPENDIX: Material Excerpted from MBAPP51, “MB-LPS P Sensors’ High Flow
Impedance, Use With Connection Hoses, and Immunity to Dust Contamination”
(http://www.mbridgetech.com/pdfs/MB-APP51-Dust Test- AN.pdf)

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,.
flow duct

ON THE USE OF CONNECTION HOSES [—
AND FILTERS:

main air flow baffle

< >

Microbridge’s MB-LPS series differential
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
of kPa/(ml/s) for higher full-scale ranges. In principle,
these sensors with high flow impedance need less
parasitic flow in order to make a measurement, and hose connections
thus cause less disturbance to the main flow than
other sensors having lower flow impedance. This
makes the sensor virtually equivalent to membrane-
type (dead-end type) differential pressure sensors
regarding this important aspect of performance for
many applications.

P2

two ports

AP=P,-P;

Fig. 1

Consider, for example, the sensor being used
in a shunt configuration, to sense differential pressure sensor
P = P, — P, across a flow-restrictive baffle in an air
duct, thereby inferring measurement of air flow in the

| N I N [
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duct. The particular type of element generating differential pressure as a function of gas flow is not important in
this analysis — baffles, Venturi tubes, Pitot tubes, or Lilly or Fleisch elements (used in medical apparatus) may be
used to generate differential pressure.

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 ¥4" 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.

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.
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