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PurposePurpose

•• The ideal mass flow sensor:The ideal mass flow sensor:
Is small and low costIs small and low cost
Requires minimal calibrationRequires minimal calibration
Does not restrict the flowDoes not restrict the flow
Works accurately over a wide range ofWorks accurately over a wide range of
flow velocitiesflow velocities

•• Previous research found the PA meetsPrevious research found the PA meets
these requirements for gas flowsthese requirements for gas flows



Layout of the SensorLayout of the Sensor
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Theory of OperationTheory of Operation

•• Pyroelectricity: a change in heat content resultsPyroelectricity: a change in heat content results
in a change in surface chargein a change in surface charge

•• Heat transfer through conduction andHeat transfer through conduction and
convectionconvection



Measurement SystemMeasurement System



Liquid Flow SystemsLiquid Flow Systems

•• Steady, measurable flow rates over 2Steady, measurable flow rates over 2--33
orders of magnitudeorders of magnitude

•• Rate must be known within .5%Rate must be known within .5%
(estimated accuracy of PA)(estimated accuracy of PA)

•• Calibration measurements must beCalibration measurements must be
absolute (collecting a volume over time)absolute (collecting a volume over time)



Low flow systemLow flow system



High flow systemHigh flow system



Experimental ResultsExperimental Results

•• Low flow measurementsLow flow measurements
•• High flow measurementsHigh flow measurements
•• Constant flow measurementsConstant flow measurements



Low flow measurementsLow flow measurements



High Flow measurementsHigh Flow measurements



Constant flow measurementsConstant flow measurements

Observations:Observations:
•• PA requires a period of time for responsesPA requires a period of time for responses

to stabilizeto stabilize
•• Responses drift over timeResponses drift over time
•• Temperature dependence: SingleTemperature dependence: Single

Electrode, also possibly by viscosity andElectrode, also possibly by viscosity and
densitydensity





ConclusionsConclusions

•• Responses to flows under 1 cm/sec appear to be tooResponses to flows under 1 cm/sec appear to be too
small to measuresmall to measure

•• Responses to flows in the 1Responses to flows in the 1--7cm/sec range appear to7cm/sec range appear to
show a linear response (similar to previous research)show a linear response (similar to previous research)

•• Response appears to have a strong dependence onResponse appears to have a strong dependence on
temperature (.87 mV/temperature (.87 mV/ooCC at 20at 20ooC) unlike response toC) unlike response to
gasesgases

•• The viscosity possibly varies by 30% over temperatureThe viscosity possibly varies by 30% over temperature
rangerange--viscosity inversely proportional to Reynoldsviscosity inversely proportional to Reynolds
numbernumber

•• Important to keep temperature as stable as possibleImportant to keep temperature as stable as possible
over the course of measurementsover the course of measurements


