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ABSTRACT: The Microflown is an acoustic sensor directly measuring particle velocity instead of sound pressure, which is usually
‘measured by conventional microphones. Since its invention in 1994 it is mostly used for measurement purposes (broadband 1D and 3D-
sound intensity measurement and acoustic impedance). Possible applications are near and far field sound source localization, in-situ
acoustic impedance determination and a non-contact method to measure structural vibrations (an alternative for a laser vibrometer). The

Microflown, invented only a few years ago, is now commercially available.

1. INTRODUCTION

The search for a reliable particle velocity sensor started about
a century ago. These sensors were based on the (single) hot
‘wire anemometer concept. The single hot wire however is not
linear, not very sensitive and not very directional [1].

A particle velocity sensor known as the Microflown was
invented at the University of Twente in 1994 [2-4]. At first
rescarch efforts were aimed at finding construction and
calibration methods. Later co-operation with several science
groups and industry was established to find applications
[5-7]. A few years after its invention, the Microflown became
commercially available [11].

2. THE MICROFLOWN SENSOR

The Microflown sensor consists of two closely spaced heated
wires. The length of the wires is 1mm, the width is Smm and
the thickness is 200nm platinum, see Fig. 1.

The temperature sensors of the Microflown are
implemented as platinum resistors and are heated by an
electrical power. An increase of the temperature of the sensors
leads to an increase of the resistance as well because of the
temperature dependence of their resistance [8.9]. The
temperature difference of the two sensors quantifies the
particle velocity in a linear manner.

Due to the construction method, micro-mechanics, the
sensors are very robust. An assembled %" probe (see Fig. 3)
for example is much more robust than a regular %" pressure
‘microphone.

If no particle velocity is present the sensors have a typical
operational temperature of about 300°C. When particle
velocity s present, it alters asymmetrically the temperature
distribution.

Duc to the operation principle based on the asymmetry of
the temperature profile the Microflown can distinguish
between positive and negative velocity direction.

‘There are three types of Microflown sensor elements, the
Alas, the Io and the Titan. The Titan element is optimised for
higher frequencies than the o element, see Fig 5. The Alas is

an element designed for low frequency, infrasonic
applications.
Frequency response
The sensitivity of the Microflown decreases at higher
frequencies. The first high-frequency roll-off is caused by
diffusion effects which can be estimated by a first order low
pass frequency response that has a (diffusion or thermal lag)
comner frequency (f,). The second high frequency roll-off is
related to the heat capacity (thermal mass or thermal inertia).
It shows an exact first order low pass behaviour that has a heat
capacity corner frequency (fu ) X

The frequency response of a Microflown cah be
approximated by:

LFS

output = ——ou——o — 1
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LFS being the low frequency sensitivity, the output signal
at frequencies below the thermal diffusion corner frequency.

Fig. 1: SEM photo of a Microflown.
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The phase response of a Microflown can be modelled by a
similar double low pass system:

phase=K, tan™ CL+K, mn"ci @
) s

K and C being constants.

Amplitude and phase correction

‘There are three possibilities to correct for the amplitude and
phase responsc. A dedicated preamplifier can correct both
phase and amplitude response (A&P preamplifier). An
analyser can be programmed in such way that the response is
corrected [11]. It is also possible to store the uncorrected
values and post-process the data afierwards.

Fig. 2: The sensor part of the USP (it is slightly larger than a
‘match) with the orthogonal orientations of the three Microflowns.
and the miniature pressure microphone in the middle.

" Fig. 3: The 4" PU probe.

3. REALISATIONS

Three realisations are manufactured standard by Microflown
Technologies. Numerous variations on these standards are
possible.

The USP, the ultimate sound probe is a " probe that
contains three orthogonal Microflowns and a miniature
pressure microphone, see Fig 2. It is the most advanced
product that enables 3-dimensional broad-band sound
(intensity) measurements.

“The %" PU probe, a halfmch PU probe lha! conmms a
23.1t

anda
isa robust probe that i used for one dimensional smlnd (ml:n-
sity) measurements.

‘The scanning velocity probe is used for example for
measuring structural modes being an effective alternative for a
laser vibrometer or accelerometer, sce Fig 4.

Fig. 4: The scanning velocity probe, the protective mounting
can be removed.

4. ACOUSTIC PROPERTIES

With the standard Microflown realisations it is possible to
measure broad band sound pressure (p) and the vector particle
velocity (u) at one location and with an ultra miniature sound
probe. Apart from the autospectra of sound pressure (S,,) and
the autospectra of particle velocity (S,,) derivative acoustic
properties are also directly available. Sound intensity is
determined by the real part of the cross-spectrum: /=Re(S,.),
sound energy is given by: E=[S,/(2pc')+4pS,) and the
acoustic impedance by: 7= 5,,/S,,

‘The self-noise of a half-inch o and Titan Microflown is
compared with a regular half inch pressure microphone and s
shown in Fig 5. As can be scen at lower frequencies (f<1kHz)
the Microflowns are better and at higher frequencics the lo

be h worse and the Titan
If the Microflowns are packaged with only a protective cap
(such as the USP in Fig 2) the self-noise increases
approximately 9dB.

‘The self-noise of the half inch To PU intensity probe (the
real part of the cross spectrum of p and u) is shown in Fig. 6.
For comparison the threshold of hearing is put inside the
figure as well: if one can hear the sound the Io PU intensity
probe can detect it. The Titan probe performs better at higher
frequencies than the shown lo probe.
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Fig. 5: Self-noise of a half inch packaged Io Microflown
(dashed), a half inch packaged Titan Microflown (black line)
and for comparison a regular half inch pressure microphone
(GRAS 40AC, gray line).
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Fig. 6: Solid line: noise level of a half inch p-u lo sound
intensity probe in dB SIL (re. IpW)NHz.. Dashed line:
threshold of hearing in dB SPL.

Polar pattern. Since the Microflown is sensitive to particle
velocity, a vector value, the polar pattern (the directionality of
sensitivity) has a full bandwidth cosé shape or a figure of
cight response. Packages do not influence the polar pattern.

5. CALIBRATION

Several calibration methods to determine the frequency
response of the Microflown have been tested over the years.
Two methods came out best: an anechoic calibration and a
standing wave tube (SWT) calibration [4,16,18] The SWT
method is used for lower frequencics (10Hz-4kHz) and the
ancchoic calibration is used for higher frequencies
(1kHz-20kHz). The anechoic calibration is well known and
the SWT will be explained below.

The air in the tube is excited by a loudspeaker with
amplitude U at the left-hand end and is terminated by a rigid
boundary at the right hand end, see Fig 7.

The ratio of the particle velocity (uprobe=u(x)) and the
sound pressure at the end of the tube is given by:

sin(k(l - x)) o

Uprobe _
Pry.  PE

Probe

Fig. 7: A tube that s rigidly terminated at x=/ and in which the
fluid is driven by a loudspeaker at x=0.

The relation of the particle velocity and the reference
sound pressure at the end of the tube turns out to be a simple
sine function, see Fig 8. The phase shift between them equals
plus or minus 90 degrees.

The phase response of the Microflown can also be
determined in a standing wave tube, see further [16].

PVL is the abbreviation of particle velocity level that has a
reference of S0nmys. In a plane wave a certain PVL in dB corre-
sponds to the same amount number of SPL (re. 20Pa) in dB.
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Fig. 8: Amphmdc response of 4" o probe reltive to 2 presre
Pa.Ina

sanding wave tube. (grey line, 20Hz-1kHz), in a short

(75cm/4,5¢m) standing wave tube (black line, 100Hz-4kHz) and

in a small (Im?) anechoic room (grey line, 1kHz-12kHz).

Because of the materials choice (platinum and silicon)
and the method
detection), the sensitivity of the Microflown is quite stable.
The sensitivity deviation of a random picked %" Microflown
is in the order of 1dB.

The Microflown is sensitive to velocity (m/s) and not
P ). Therefore ofa cannot
be given in mV/Pa. To be compatible with pressurc
microphones we choose to express the sensitivity of a
Microflown in mV/Pa*. The unit Pa* (velocity-Pascal) is the
equivalent particle velocity for sound pressure in a plane wave:
1Pa*=1Pa/pe=2.2mnvs particle velocity.

. APPLICATIONS
of the are used in man
Apart from obvious applications like 1D and 3D broadband
(20Hz-20kHz) sound intensity measurements [5,10,16] other
will be presented here.
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The first application, a simple, fast and high resolution
method for near-field sound source localisation will be
explained by an example [13,14], see Fig 9. A loudspeaker is
put inside a 30cm by 20 cm rigid box with a small (20mm)
hole in the front allowing sound to propagate.

Sound pressure is measured around the area of the hole
(Fig 9A). The particle velocity measured in the direction of
the box shows much more focussing (Fig 9B); a better source
localisation is possible. The sound intensity perpendicular to a
noise source is zero at the position of the source and the sign
of the intensity alters when moving around the source (Fig 9C
and D); this information locates the source very accurately.
The USP is the most suitable probe for this method.

Far-field sound source localisation is possible by simply
measuring the 3D sound intensity with an USP. However more
advanced techniques are possible. From the cross spectrum of
two orthogonal Microflowns more directional information can
be derived, see further [12,13,15].

Fig. 9: Very near field sound source localisation.

In-situ impedance determination. The USP is able to
measure both broadband the sound intensity vector (I) and
sound energy (E) at the same time. When measured near to a
surface and a sound source is aiming at this surface, the sound
intensity is zero when the surface is fully reflecting. If the
surface is absorbing, the intensity is dependent on the
absorption and the level of the sound source. When the ratio
VcE is measured (with ¢ the speed of sound) the value will be
1 if the surface is fully absorbing and 0 when it is fully
reflecting [17).

Measurement of structural vibrations [11]. Very near (in
the order of Smm) to a vibrating surface the particle velocity
of the surface equals the particle velocity of the sound field.
The scanning velocity probe can be used to measure the
particle velocity (contactless) and can therefore be used as an
alternative for a laser vibrometer. Unlike a laser vibrometer,
the Microflown is capable of: analyzing velocities in three
dimensions around so-called non cooperative materials such
as damping materials, foam, rubber, other black surfaces,
scattering surfaces, airborne sound.

The three-dimensional impulse response can easily be
measured with the USP but also other properties that relate to
the time domain, like reverb time, speech transmission index,
echo criteria and so on [11].

REFERENCES

B

=

©

s

=

(Most papers can be found at wwwmicroflown.com)
F.J. Fahy, Sound Intensity, second edition, E&FN SPON, London,
1995.

H-E. de Bree, P. Leussink, T. Korthorst, H. Jansen, TS.J.
Lammerink, M.C. Elwenspoek, "The Microflown; a novel device
measuring acoustical flows," Sensors and Actuators A, Physical,
vol. SNA054/1-3, 552-557, (1996).

H-E de Bree, The Microflown, Ph.D. thesis, ISBN 9036509262,
7 February 1997.

H-E. de Bree, T.

Lammerink, M.C. Elwenspock, 1. Fluitman,
"Use of a fluid flow-measuring device as a microphone and
system comprising such a microphone,"  Patent
PCT/NL95/00220, 1995.

WE. Druyvesteyn, H-E. de Bree, "A new sound intensity probe;
comparison to the Bruel & Kjaer p-p probe," .. Audio Eng, Soc.,
48(172), 2000).

H. Schurer, P Annema, H-E. de Bree, C. H. Slump and O E.
Herrmann, "Comparison of two methods for measurement of
horn input impedance,” Proc. 100th AES convention,
Copenhagen, 1996.

FJM. van der Eerden, H-E. de Bree, H. Tijdeman, "Experiments
with a new acoustic particle velocity sensor in an impedance
tube," Sensors and Actuators A69, 126-133 (1998).

JW. van Honschoten, G.IM. Krijnen, VB, Svetovoy, H-E. de
Bree, M.C. Elwenspock, "Optimisation of a two-wire thermal
sensor for flow and sound measurements,” MEMS Interlaken
2001

H-E. de Bree, "An overview of Microflown Technologies," Acta
Acustica, 89, 163-172 (2003)

WE. Druyvesteyn et al,, "A New acoustic measurement probe;
the Microflown,” IOA London, 1999.

wwwmicroflown.com

R. Raangs et al, "A novel two-dimensional sound particle
velocity probe for source localization and free field
‘measurements in a diffuse field," Internoise 2001 The Hague.

. R. Visser, "Inverse Source Identification based on Acoustic

Particle Velocity Measurements," Internoise 2002 Dearborn,
USA

R. Visser, "Acoustic Source Localization based on Pressure and
Particle Velocity Measurements,” Internoise 2003, Seogwipo,
Korea,

Raangs and W.E. Druyvesteyn, "Sound source localization using
sound intensity measured by a three dimensional PU prob
AES Munich 2002.

. R. Raangs, H-E de Bree and WLE. Druyvesteyn, "A low cost sound

intensity probe,” AES Amsterdam, 2001.

. H-E. de Bree, EJM. van der Eerden, JW. van Honschoten, "A

novel technique for measuring the reflection coefficient of
sound-absorbing materials," ISMA2S, International Conference
on Noise and Vibration, September 13-15, 2000, Leuven,
Belgium.

H-E. de Bree, WF. Druyvesteyn, M. Elwenspock,

"Realisation and calibration of 2 novel half-inch p-u sound
intensity probe," 106th AES Munchen, 1999.
H-E. de Bree, The Microflown,
Book@microflown.com, ISBN 9036515793

#

April 2001,

94 - Vol. 31 December (2003) No. 3

Acoustics Australia



