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Investigations of the vibration effect in a measurement system  
for air flow phenomena in large pipelines  
 

Abstract 

 

A measuring system for investigation of the air flow phenomena in large 

tubes is presented in this paper. The main goal is to measure and analyze 
the vibration effect of a sensing element used for air velocity and air 

stream measurement. It was observed that some vibrations occurred and 

involved damage effect in the flow sensor. The measuring system is based 
on the strain gauge technology with the use of a virtual instrument in the 

laboratory equipment. The presented system allows measuring, identifying 

and analyzing vibrations of the sensor in time and frequency domains. It 
was created as a virtual instrument, very easy to implement into the entire 

control system of the stand. It was found that the load of the sensing 

element was asymmetric and the mean load value, compared to variable 
loads, arose from disturbances of the air flow around the sensor. It was 

observed for the examined velocities of the air stream in the range up to 35 m/s.  
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1. Introduction 
 

It is well known that environmental parameters can influence the 

quality and accuracy of measurements. In the case of flow testing 

for slim sensing elements, the effect of vibrations usually occurs. 

It is induced by air flow around the sensor. Dynamical loadings, 

caused by the influence of vortices, are followed by periodically 

changing displacements of the flowmeter [1, 2]. These, under 

specific flow conditions, take form of enforced vibrations [3]. 

Parameters of turbulences of the air stream surrounding the 

sensor are difficult for measurement – mathematical modeling and 

simulations allow performing investigations in this case. The 

paper [4] presents a study on flowmeter oscillatory motion when 

subjected to periodical, enforced vibrations induced by vortex-

shedding. The mathematical model of velocity distribution in the 

vicinity of a probe was investigated with the ANSYS/FLUENT 

Software [5] for different shapes of the cross-section of the 

flowmeter. Additionally, the authors present modal analysis to 

obtain modes and frequencies of vibration of the flowmeter.  

A method for calculating the dangerous modal frequencies with 

corresponding flow velocities was introduced and presented with 

some exemplary data. 

The aim of this paper are studies concerning vibration 

identification of the flowmeter for the calculated local pressure on 

the sides of the sensor and the measurement of strains induced by 

air flow turbulences. 

 

2. Calculation of the loading of the sensor 
 

Numerical calculations were used to identify the loading 

affecting the sensor. A static pressure on the sensor walls was 

calculated using ANSYS/FLUENT software. The shape of the 

analyzed flowmeter was chosen when taking into account typical 

solution for such elements for flow systems with large tubes using 

standard profile rods. Fig. 1 shows a cross section through the 

flowmeter with the description of walls and vertices of the sensor, 

for which calculations were made. 

Flow Averaging Tubes locally caused overpressure at the inflow 

side and underpressure at the outflow part. The static pressure 

after time averaging at every point around a diamond-shaped body 

is presented in Fig. 2a. As it was presented above, this process is 

strongly transient in time and the fluid streams change periodically 

(Fig. 2b). 

 

 
 

Fig. 1.  Description of the cross-section of the sensor 

 

 

 
 

Fig. 2.  Influence of the probe cross-section on the streams of fluid assigned 

numerically [9]: a) averaged in time, b) variable in time for the selected  

time value 

 

Fig. 3 shows the distributions of static pressures and magnitude 

velocities during the flow around the analyzed diamond profile for 

selected time instances at different values of mean velocities 

(5 m/s and 35 m/s).  

 

 
 

Fig. 3.  Pressure and velocity magnitude distribution around the diamond–shaped 

sensor for: a) w=5 m/s, b) w=35 m/s 

 

The vortex path is clearly discernible as it is generated by the 

geometric profile. This path is generated before the points of 

tapping underpressure, which leads to strongly changed pressure 

difference p in time. The largest differences of pressure and 

velocity with time are encountered behind the outflow surface of 

the non-streamlined cross-section. 

The generated vortex path results in the periodical influence of 

the fluid on the probe. The range of frequency which is not 

concordant with the frequency of the vibrations of the installed 

flowmeter results in a hazard both of a probe failure and 

deterioration of the metrological properties. The manufacturers of 

flowmeters of the mentioned cross-section offer the ranges of the 

flow velocity for the particular flowmeters and suitable 

dimensions (diagonal equals to 25 mm or 42 mm). Otherwise, the 
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conditions regarding the flowmeter fitting (one-sided and two-

sided) can be taken into account. 

Exemplary results of pressure calculations are presented in Fig. 

4 for the cases of the lowest and the highest value of the average 

stream velocity (15 m/s and 35 m/s, respectively). 

 

 

 
 

 
 

 
 

 
 

Fig. 4.  Changes of the calculated pressure around the sensor 

 

A negative value of pressure means underpressure. Comparing 

the diagrams we observe periodic time histories of the calculated 

pressure for both 15 m/s and 35 m/s average stream velocity. 

Additionally, it can be seen that a higher air stream velocity 

induces disturbances and the value of the pressure is much greater 

than in the other case. Also the mean value is presented in the 

diagrams. The pressures on the front top (line 1 in Fig.4.) and the 

rear top (line 3 in Fig.4.) are in phase as it is for the bottom walls: 

front and rear (line 2 and 4 in Fig.4, respectively). For the front 

top-bottom and rear top-bottom pairs the opposite signs can be 

seen. According to these observations, the sensor moves 

perpendicularly to the flow of the air stream. The relation between 

the amplitude of the pressure pa and its mean value pm due to the 

average stream velocity is shown in Fig. 5. 

 

 

 
 

 
 

 
 

 
 

Fig. 5.  Amplitude pa and mean value pm of the pressure vs. the average  

stream velocity 

 

It can be seen that both amplitude and mean value of the 

pressure change significantly for the rear walls where the 

amplitudes are almost five times greater compared to the front 

walls and the mean value of the pressure is higher up to two 

orders. As far as vertices are concerned, only the front vertex has 

lower values of both pressure amplitude and mean value. In other 

cases, a significant increase is observed for higher average stream 

velocity. 

 

3. The laboratory stand for air flow 
measurement 

 

The presented test stand is usually used to examine different 

flowmeters and determine their characteristics. The view of the 

entire system is presented in Fig .6a [6, 7, 8]. The system consists 

of a wind tunnel and a set of pipes (from DN110 to DN400). The 

wind tunnel is used for flow measurements under stable and free 

air stream. It is possible to reach a stream velocity up to 36 m/s. 

This part of the stand is equipped with an absolute pressure sensor, 

a velocity control sensor and a thermometer. The pipe system 

allows calibrating the flowmeter and to define its characteristics. It 

is possible to arm the measurement area with a specific sensor to 

measure all necessary environmental parameters (e.g. turbine 

flowmeter, thermometer, absolute pressure sensor). The control 

system of the stand was designed according to the virtual 

instrument idea and consists of the NI CompactDAQ 9172 system 
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(Fig. 6a) equipped with specialised, universal transducers 

according to the type of signals existed in the presented stand.  

 

3.1. Vibration measurement 
 

The data acquisition system was extended with the NI USB 

9237 – a 4-channel analogue input device designed for sensors 

such as strain gauges, pressure transducers, load cells, and other 

bridge-based measurements. It was assumed that measurement of 

vibrations would be made using strain gauges located on the active 

part of the air flow velocity sensor and the base signal would be 

presented as a time history of the strains of the sensor. 

 

3.2. The sensor 
 

A standard, square, thin wall profile rod 15151.5 made of 

aluminum EN AW 6060 (Al MgSi), Young modulus E=70000 

MPa, yield stress σy= 60 MPa, ultimate stress σU= 120 MPa) was 

used as a sensing component (Fig. 6b). A single-sided restraint 

was applied. Strain gauges were placed in the middle of the wall 

with a distance of 20 mm from the restraint. Measurements were 

taken with the use of the quarter bridge configuration of the 

gauges, where strains for each wall were measured separately.  

 

 
a)  

 
 

b) 

    

 

Fig. 6. `a) The view of the stand. b) The flow sensor with strain gauges 

 

 

3.3. Measurements results 
 

The strains on the walls only were observed and recorded. It was 

impossible to use the strain gauges for vertices. The strain 

histories for selected air stream velocities (15 m/s and 35 m/s 

respectively) are shown in Fig. 7. A similar relation for the 

corresponding walls (front and rear) as well as for simulations and 

measurements is observed; however, for both cases strong 

disturbances are present. There is no such stable amplitude 

compared to the simulation results (see Fig. 4) and also so clear 

opposite phase effect is not visible. It means that the direction of 

real vibrations of the sensor is rather a random process and the 

recorded strain history is of variable amplitude type.  

 

 

 
 

  
 

Fig. 7. Changes of the measured strains on the walls of the sensor 

 

A trend of the increased amplitude with rising the average 

stream velocity can be also noted (Fig. 8). 

 

 

 
 

 
 

Fig. 8.  Amplitude εa and mean value εm of the strains vs. the average stream velocity 

 

Taking into account the changes of the mean strain value, the 

results correspond to the pressures on the walls: bigger 

underpressure on the rear walls induces the mean value of 

displacement in that direction, so there is the increasing mean 

strain for higher average stream velocities and this process is 

symmetrical. 

 

4. Summary 
 

Vibrations of the flow sensor have been presented in this paper. 

Simulation and measurement tests were described. The pressure 

on the walls of the sensors was considered as the results of two-

dimensional simulations, while the laboratory tests gave 

information about the strains induced by the air stream flow 

around the sensor.  
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Taking into account the results and observations, the following 

conclusions have been drawn: 

– simulations showed stable, periodic changes of the pressure on 

the walls of the sensors for smaller average air stream velocities 

while for the increased value of the velocity some disturbances 

of the amplitudes were observed, 

– analysis of the phase shifts for simulations allowed defining the 

direction of the vibration as perpendicular to the vector of the air 

stream velocity, 

– results of the measurements showed strong disturbances of the 

amplitude for all the cases of the applied average stream 

velocities, for which the phase shift between the recorded strains 

was rather a random process; this indicated random vibrations of 

the sensor, 

– a two-dimensional based simulation must be extended to take 

into account interaction along the sensor axis, 

– it was noted that the mean strain is an important parameter for 

the analyzed phenomena: in the critical case, the mean strain 

value is almost one order higher than the recorded amplitude. 
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