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The Effect of Humidity on Pressure-Velocity Sensor for Measurement of
Ensemble Averaged Surface Normal Impedance of Material
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The purpose of this thesis is to explore the effect of humidity on measurements of ensemble averaged
surface normal impedance of material by means of pressure-velocity sensor (pu-sensor). Historically there has
been a lack of particle velocity probe, nowadays the Microflown can perform the particle velocity measurement
directly and a pu-sensor can be realized. The probe consists of a pressure microphone and a particle velocity
microphone. Although widely recognized in acoustical applications and extensive research has been carried out
on the probe, insufficient information available related to the pu-sensor stability and consistency during practical
use. Hence, there are still calls for extensive experiments to examine the sensor consistency and adaptation
through variation of calibration, in-situ application, diverse environmental conditions and other factors those
might effecting the sensor sensitivity.

This thesis focuses on ways to assess the role of relative hum1d1ty to pu-sensor and to understand why
the relative humidity condition influences the measurement of absorption coefficient by using pu-sensor. This
thesis follows an experimental study and simulation design. In a reverberation room where the relative humidity
was controlled from 35 % to 60 % with a 5 % step, i.e. six humidity levels, both the EA-method measurement
and calibration were conducted using two sets of pu-sensor. In the calibration, correction values of transfer
function between pressure and particle-velocity were measured. The measurements and calibrations were
conducted repeatedly during the period for about a year. Ensemble averaged impedances (EA-impedance) were
calculated by multiplying the measured raw-impedances and the correction values together. Then, absorption
coefficients were obtained from the EA-impedances. The pu-sensors’ stabilities were examined by comparing the
deviations of absorption coefficients in relation with the difference of humidity levels between the EA-method
measurement and the calibration. There are three limitations of the measurement conditions in this study: Firstly,
the humidity ranged from 35-60%, secondly, the maximum difference of temperature was 1.80C and thirdly, the
maximum difference of atmospheric pressure was 0.7 kPa.

This research produced a number of key findings: 1) A comparison of standard deviations on
absorption coefficients generated increasing value as the humidity difference between calibration and
measurement increased (Ap=0-25%) means measurements performed under the same humidity conditions (Ap=
0%) produced more stable absorption coefficients. 2) The stability of pu-sensor in relation with humidity and
time parameters shows that time parameter has less significant effect to the stability of sensor. 3) As
measurement results having fair agreements and taking account of the practical measurement, the applicability
aspect of this study could be expected and applied to in-situ measurement conditions. A number of possible
future studies using the similar experiment could be useful such as set up are apparent such as assess the effects
of humidity on pu-sensor through other measurement methods and other type of pressure-velocity sensors.
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