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ABSTRACT  
Air flow velocity is measured with an acoustic sensor, which can be used especially for measuring low air flow 
velocities as well as the temperature of the air simultaneously. Two opposite transducers send a sound pulse 
towards each other. From the difference of the transit times, the air flow velocity is computed. With this method, it 
is possible to determine the flow direction even at low velocities. Two calibration methods are carried out. First, a 
set of calibration experiments is carried out in a wind tunnel, in which a uniform air flow is generated. In the 
centre of the wind tunnel, the sensor and a reference speedometer of Pitot tube are installed to measure the air 
flow velocity independently. Second, a set of calibration experiments for low air flow velocity is performed with the 
acoustic sensor in a moving tube with a controlled velocity. The sensor shows good and accurate results corresponding 
to the speed of the tube.  
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INTRODUCTION 
The most basic air flow measurement is that of the velocity and direction of the air. This is not easy to measure for 
low velocities, since the measuring device itself influences the air flow stream. Mechanical wind sensors have 
been the traditional choice for air flow velocity measurements. But over the years, numerous alternatives have 
been developed, such as hotwire anemometers, differential pressure devices, tracking tracer gas, laser anemometry 
and sonic anemometry. Mechanical techniques have difficulties of measuring low air flow velocities and time 
response. They measure air flow in one- dimension. Thermal anemometry has difficulties of measuring low 
velocities and direction, and it allows to measure air flow either in one or two dimensions.  Tracer gas can only 
measure one point at time. Laser anemometry and sonic anemometry are very expensive and complicated methods. 
Besides each technique has its own field of application. For an overview of the application of these techniques, see 
McWilliams (2002).  

During the past 20 years, the development of travel-time acoustic sensors  
(e.g., Williams et al.1987) offered simultaneous measurements of one-two-or three- dimensional flow at high 
sampling rate. These sensors avoid the problems experienced by mechanical wind sensors. However, these 
anemometers are expensive, but they are widely used for their accuracy compared with other traditional and 
mechanical techniques. They have been used in a variety of fields of air flow measurements such as flows in open 
fields, flows around buildings, flows inside building zones and rooms, flow inside building shells, etc.  

The company Innovation Handling, based in Eindhoven The Netherlands, has developed an acoustic sensor, based 
on sound transmission between two transducers, with operating frequency of 50 kHz. This device, called EnoTemp, 
is capable of measuring the air flow velocity and the temperature simultaneously. It is easy to use and rather cheap 
compared to other acoustic sensors. 

This paper presents an experimental study of the performance of this sensor, in particular for low air flow 
velocities. Calibration is done for two regimes of air flow velocity: high air flow velocity ranging from 0.5 to 10 m 
s-1 in the wind tunnel and low air flow velocity in the order of 0.01 m s-1 in a moving tube. 

ACOUSTIC MEASURING EQUIPMENT 
The acoustic measuring technique is based on simultaneous measurements of the temperature and air flow velocity 
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by means of measuring the sound speed in air. Figure 1 shows the principle of the EnoTemp. Two opposite 
transducers emit an ultrasonic sound pulse towards each other, and some time later, each transducer receives the 
pulse from the opposite transducer. The temperature of the air can be computed from the measured transit time. If 
there is an air flow velocity between the transducers, the transit time of the pulses in opposite direction differs. 
From this time difference, the air flow velocity is computed, as will be explained in the next section. The 
temperature can be measured in the range of 0oC to 40oC with an accuracy of typically 0.1oC. The measured air 
flow velocity, ranging from 0 to 10 m s-1, has an accuracy of 0.002 m s-1 for low velocities and 1 % of reading for 
higher velocities. 

Pulse Pulse 

Fixed distance 

TransducerTransducer

Cable 

Pulse generator /
receiver 

 
Figure 1. Principle of the acoustic sensor in sending and receiving a pulse  

MEASUREMENT PRINCIPLE 
The distance between the transducers is denoted by L. Let the component of the air flow velocity from the left 
transducer to the right transducer be u. With the speed of sound, c, the time, tl, for a sound pulse coming from the 
left transducer to reach the right transducer is written as 

.1 uc
Lt
+

=  (1) 

Likewise, it follows for the transit time of the sound pulse coming from the right transducer, tr, that 

  .
uc

Lt r −
=  (2) 

 
From the two previous equations, it follows that the speed of sound can be obtained from the sum of the transit 
times as 
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where the approximation is valid for u<<c. Once the speed of sound is known, the component of the air flow 
velocity from the left to the right transducer can be obtained from the difference between the two transit times, 
which is 
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From the speed of sound, the air temperature can be obtained as discussed by Cramer (1993). 

CALIBRATION 
When the EnoTemp is set into an air flow field with velocity u, the measurement device obviously disturbs the 
flow field, resulting in a different average air flow velocity, ue, between the transducers. In order to be able to 
compute u from the measured velocity ue, the EnoTemp must be calibrated. This calibration has been carried out 
first in a wind tunnel for high air flow velocities and second in a special set-up for low air flow velocities. 

High air flow velocities 
A uniform air flow field with velocities up to more than 6 m s-1 could be established in the centre of a wind tunnel. 
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The EnoTemp and a Pitot tube are installed in the centre of a wind tunnel to measure the air flow velocity 
independently. The distance between the transducers is 1 m. The measurement results are given in figure 2.  

 
Figure 2. Measurements of calibration experiment in a wind tunnel with EnoTemp and Pitot tube 

On the vertical axis is the measured air flow velocity, while the horizontal scale represents the actual air speed. The 
velocity, as measured with the EnoTemp, using Eq. 4, is given by the stars, and as measured with the Pitot tube by 
the circles.  

The EnoTemp measures smaller air flow velocities, because the transducers obstruct the air flow significantly. A 
good relation between the velocity measured with the EnoTemp and the calibrated velocity, uc, is 

,115.0463.1 += ec uu  (5) 
where the numbers are obtained from the best fit of a linear function against the measured Pitot tube velocities. In 
figure 2, uc is given by the solid line and the difference between uc and the Pitot tube velocities by the triangles.  

The agreement is good now. The average absolute difference between calibrated and applied velocity is 0.019 m s-1. 
For low velocities, the inaccuracy of the Pitot tube becomes significant, so that for this case a different calibration 
experiment is performed, as will be explained below. 

Low air flow velocities 
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Figure 3. Moving tube for the calibration of EnoTemp in low air velocity 

A constant low air flow velocity field around a sensor can be created by moving the sensor through stagnant air at 
a constant velocity. Possible complications, however, are due to mechanical vibrations of the sensor (Perry, 1982) 
or because of the difficulty to obtain stagnant air. Even very small temperature differences may cause air to move. 
(Booth and Chong, 1978, Melikov et al., 1997). Alternatively, one may place the sensor in a constant air flow 
velocity field, which can be created by a special low-speed wind tunnel or by a method which uses a piston. A wind 
tunnel, however, does not create a smooth velocity profile. Pluijm (1987) reached a well defined, low velocity with 
the piston method. He used a tube which was closed at both ends except for four small holes, two on each side, 
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through which cables were stretched on which the sensor was placed inside the tube. With the sensor fixed with 
respect to laboratory floor, the tube was moved around the sensor. The air velocity around the sensor is the velocity 
of the tube. The later method has been adapted by placing the EnoTemp inside a tube of 4 m length and a diameter 
of 0.16 m through one open end of the tube and closing the other end completely, see picture 3. The tube is placed 
on a platform, which is translated at a constant speed.  

The air is forced to pass the EnoTemp with translation velocity of the tube. The results of the calibration are given 
in figure 4. The upper ragged line is the measured value of the air velocity, ue, computed with Eq. 4. The lower 
ragged line is the calibrated velocity, uc, which is related to ue as 

,0144.031743.1 −= ec uu  (6) 
where the numbers are obtained by the best fit of uc to the applied velocity, which is given by the smooth line in the 
figure. Obviously the agreement is good. The accuracy of the EnoTemp is approximately 0.002 m s-1. The number 
0.0144 appears to be dependent on the way the cables from the transducers are led to the pulse generator/receiver. 
A different position of the cables can result in a difference in the order of 0.01 m s-1 in the measured velocity. It is 
verified experimentally that the number 0.0144 is not a function of the air temperature between the transducers. 
The number 1.3174 is different from the corresponding number found for high velocities (1.463), but this 
difference is no reason for alarm. For two other sets of transducers, the corresponding numbers for low velocity are 
1.3236 and 1.2926.  

 
Figure 4. Original measurements (dashed line), calibrated measurements (curved line) and reference velocities 

(smooth line) of the EnoTemp in a moving tube 

CONCLUSIONS 
The EnoTemp has been subjected to an accurate validation of its air flow velocity measuring capabilities. For 
velocities in the order of 0.01 m s-1, the inaccuracy is in the order of 0.002 m s-1, which is 20%. After calibration, 
rearrangement of the cables can lead to an offset in the measured value in the order of 0.01 m s-1. For higher 
velocities, the inaccuracy is in the order of 0.02 m s-1, or identical to the inaccuracy of Pitot tube. The EnoTemp is 
not sensitive for temperature changes. 
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