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Using Force Sensors in Applications that Measure Flow

BACKGROUND

Certain applications (i.e., medical applications) require the
measurement of fluid flow without having the measurement
system in direct contact with the fluid.

One solution to this problem is to use force sensors to
measure the pressure in compliant tubing. If the pressure can
be measured in two locations with a restriction between them,
Bernoulli’s equation may be used to measure the fluid flow.

SOLUTION

This approach requires that the density of the fluid and the
cross sectional area of the restriction be known. Once known,
the flow can be measured in real time (see Figure 1).

Figure 1. Bernoulli’s Equation

force is the same for both sensors and cancels out. All that
is left is the difference between the two force sensor
readings.

e The accuracy can further be improved if the system flow
can be stopped. With no flow in the system, the system
may be “zeroed out” or adjusted to recognize whatever
output value is “zero flow”, enabling the system to be
calibrated for zero. Once zero is established, a known flow
value may be pushed through the system and calibrated for
span.

Figure 2 shows the Honeywell force sensors that may be used
in these types of potential applications.

Figure 2. Honeywell Force Sensor Series

Where:
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Q =flow

k = orifice coefficient (depends on shape of the flow
restriction)*

area = cross section of the restriction that the fluid “sees”
p = fluid density

P, = upstream pressure

P1 = downstream pressure relative to the restriction

Note: This concept is extensively covered in the book
Hydraulic Control Systems, Chapter 3 by Herbert Merritt.
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This simple equation is used extensively to measure flow in
applications where the pressure drop can be measured (e.g.,
in automobiles to measure the exhaust gas recirculation flow,
in home water meters to measure flow into the home, and in
infusion pumps to interface with the fluid tubing).

This equation may be modified in one of two ways when using
force sensors.

e The simplest way is to develop the relationship between the
pressure in the tubing and the force readings on the outside
of the tubing. Because the two pressure readings are
subtracted, the two force readings may also be subtracted.
This makes the process much simpler, as the offset or null
force when installed will vary with each installation.
Because the two values are subtracted, this offset, or null

BENEFITS
Using force sensors to measure flow provides the following
benefits:

¢ Fluid flow measurement.

¢ Occlusion detection with flow.

¢ Sensors don’t contaminate the system and don’t need
cleaning after use, helping to reduce customer costs.

e Sensors may be permanently mounted and wired into
system, reducing connections and failure modes.

Figure 3 shows the location of the force sensors in a potential
infusion pump application.
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Figure 3. Force Sensors in Infusion Pump Application
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WARRANTY/REMEDY

Honeywell warrants goods of its manufacture as being free of
defective materials and faulty workmanship. Honeywell's
standard product warranty applies unless agreed to otherwise
by Honeywell in writing; please refer to your order
acknowledgement or consult your local sales office for specific
warranty details. If warranted goods are returned to Honeywell
during the period of coverage, Honeywell will repair or replace,
at its option, without charge those items it finds defective. The
foregoing is buyer’s sole remedy and is in lieu of all other
warranties, expressed or implied, including those of
merchantability and fitness for a particular purpose. In no
event shall Honeywell be liable for consequential, special,
or indirect damages.

While we provide application assistance personally, through
our literature and the Honeywell web site, it is up to the
customer to determine the suitability of the product in the
application.

Specifications may change without notice. The information we
supply is believed to be accurate and reliable as of this printing.
However, we assume no responsibility for its use.
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SALES AND SERVICE

Honeywell serves its customers through a worldwide network
of sales offices, representatives and distributors. For
application assistance, current specifications, pricing or name
of the nearest Authorized Distributor, contact your local sales
office or:

E-mail: info.sc@honeywell.com

Internet: www.honeywell.com/sensing

Phone and Fax:

Asia Pacific +65 6355-2828
+65 6445-3033 Fax
Europe +44 (0) 1698 481481

+44 (0) 1698 481676 Fax
+1-305-805-8188
+1-305-883-8257 Fax
+1-800-537-6945
+1-815-235-6847
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