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Abstract: This study presents the measurement and analysis of the sound power emitted by a vacuum pump 
using two sound intensity-based methods in accordance with ISO 9614: the discrete point method and the 
scanning method. The sound intensity measurements were conducted under two airflow conditions (5 l/min, 
15 l/min) in the frequency range from 200 to 6000 Hz range. The results indicate a high level of agreement 
between the two methods in terms of the frequency distribution of sound power, with the discrete point 
method yielding slightly higher values due to more detailed spatial sampling. The maximum observed 
difference between the methods was 2.4 dB, recorded at 250 Hz and 400 Hz. The highest sound power levels 
occurred between 1000 and 2000 Hz, which corresponds to the typical spectral range of mechanical noise. 
The result showed that noise emission's loudest source is the rear face of the pump, likely due to the position 
of the electric motor cooling fan. These findings validate both techniques for use in describing noise emissions 
from similar equipment. 
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1. INTRODUCTION  
 
Effective noise control strategies are based 

on a clear understanding of the characteristics 
of the noise sources. Among these, sound 
power is considered a reliable parameter for 
evaluating and comparing different sources, as 
it is independent of the acoustic environment 
and allows for consistent definition of 
acceptable emission limits [1]. 

Traditional methods for determining sound 
power are most commonly based on sound 
pressure level measurements. However, these 

approaches often face significant limitations, 
particularly in terms of measurement accuracy 
and susceptibility to background noise [2]. In 
recent years, sound intensity measurement has 
gained increasing recognition as an alternative 
technique for estimating sound power, offering 
several advantages over conventional 
methods. Sound intensity is a vector quantity 
that include both the magnitude and direction 
of sound propagation, allowing for more 
accurate source localization and reduced 
influence of environmental conditions on the 
results [3,4]. This method allows the precise 
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identification of dominant noise sources and 
the visualization of spatial sound intensity 
distribution [5]. Overall, sound intensity 
measurement provides a practical and cost-
effective alternative to traditional sound power 
determination techniques, eliminating the 
need for large investments in reverberation or 
anechoic chambers. 

Diaphragm vacuum pumps are commonly 
used in various laboratory settings, industrial 
applications, and processes that require stable 
and controlled vacuum conditions. During 
operation, these pumps generate significant 
noise levels due to the characteristic vibrations 
of the diaphragm, further intensified by friction 
and interactions between moving components 
[6]. In addition, the pulsating nature creates 
pressure variation and turbulence, which 
directly affect noise emission [7,8]. Operating 
conditions, such as airflow rate and pump load, 
also affect significantly the noise dynamics. An 
increase in speed and load leads to higher noise 
levels, due to higher vibration effects and 
higher turbulence [9]. Due to these factors, the 
characterization and measurement of noise 
generated by vacuum pumps are of key 
importance for improving their performance, 
reliability, and environmental acceptability in 
the contexts in which they are used. 

The research object in this study is the 
determination of the sound power level of the 
ZAMBELLI vacuum pump, model ZB1, using the 
sound intensity measurement method. Due to 
its compact design, precise flow control, and 
wide operating range (0.2–30 l/min), the 
ZAMBELLI ZB1 pump is a common choice for 
both laboratory and field measurements. In this 
research, two sound intensity measurement 
techniques were applied: the discrete point 
method [10], in accordance with ISO 9614-1, 
and the scanning method [11], in accordance 
with ISO 9614-2. The main objective of this 
work is to analyze and compare the 
applicability of these methods for accurate 
determination of the sound power level of the 
ZB1 pump and to discuss the results in terms of 
noise reduction and performance optimization. 

 
 

2. INTENSITY MEASUREMENT METHODS 
 
The most commonly used procedure in 

sound intensity measurement is based on the 
use of an intensity probe. This method involves 
two microphones placed at a small distance 
apart. Its main advantage involves the 
determination of sound intensity only in the 
direction given by the axis between the two 
microphones, allowing spatial selection of the 
analyzed sound sources and effectively 
minimizing the influence of background noise 
[12]. 

 
Figure 1. Face to face dual-microphone structure 

Sound intensity can be estimated  from the 
ratio of the pressures measured by 
microphones A and B, separated by a known 
distance, according to Equation (1): 

 𝐼(𝑡) =
1

2𝜌
0
𝛥𝑟
[𝑝
𝐴
(𝑡) + 𝑝

𝐵
(𝑡)] ∫[𝑝𝐴(𝑡) − 𝑝𝐵(𝑡)] 𝑑𝑡 (1) 

where I(t) represents the sound intensity 
estimate in the direction (r) [W/m2], pA(t) is the 
sound pressure in the time domain captured by 
microphone A [Pa]; pB(t) is the sound pressure 
in the time domain captured by microphone B 
[Pa]; ∆r is the separation distance between 
microphones A and B [mm] and ρ is the 
volumetric density of the environment [kg/m3].  

The determination of sound power using 
sound intensity measurements is based on 
forming a measurement surface around the 
noise source, with the distance between the 
source and the probe being limited. Since 
sound power is proportional to the surface area 
of the measurement surface (equation (2)), it is 
used to calculate the power of the source. 
According to ISO 9614-1 and ISO 9614-2 
standards, the minimum distance from the 
source to the measurement probe ranges from 
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200 to 500 mm, depending on the probe's 
orientation relative to the source [13]. 

 
Figure 2. Illustration of the influence of external 
noise sources on sound power measurements 

Figure 2 schematically illustrates how a 
source emits noise within the measurement 
surface, while background noise is also present. 
This represents a typical scenario when 
determining sound power using the sound 
intensity measurement technique [13]. 

The sound power generated by a noise 
source inside a surface is given by equation (2): 

      𝑊𝑠 = ∫ 𝐼𝑛𝑑𝑆𝑆
.    (2) 

where Ws represents the average sound 
power generated by the source inside of 
surface S, In  is the sound intensity in the normal 
direction of the surface S. 

Equation 2 allows the determination of the 
sound power of the source even in the 
presence of other sources or background noise, 
as the energy crossing the measurement 
surface is not taken into account [14]. 

In this study, two methods—discrete point 
measurement and scanning—were applied to 
ensure reliable determination of the sound 
power of a vacuum pump and to perform a 
comparison of the obtained results. 

 
2.1  Discrete points method 

 
The discrete point method involves 

measuring the normal component of the sound 
intensity at predefined positions on a 
measurement surface that fully encloses the 
noise source. The total sound power is then 
obtained by integrating the results over all 
surface segments. This method requires 
sampling of sound intensity at the central 
points of each segment over a sufficiently long 
time period to minimize statistical and 
sampling errors, in accordance with ISO 9614-

1. The measurement time at each position is 
defined by the relation B·T ≥ 400, where B is the 
width of the lower band of interest and T is the 
sampling time in seconds. This method enables 
high measurement accuracy and detailed 
spatial analysis of sound intensity distribution, 
but it is time-consuming. 

 

 
Figure 3. The measurement grid 

In accordance with the standard [10] the 
measurement surface should enclose the noise 
source as completely as possible. Based on this 
requirement, measurement points were evenly 
distributed across all sides of the device, with a 
total of 161 points used. The measurement grid 
layout was defined to enable representative 
sampling of the sound field and is shown in 
Figure 3.  

 
Figure 4. Orientation and sequence of the 

measurement points 

During measurements, A-weighting was 
applied, as it best corresponds to the way the 
human ear perceives different frequencies. The 
sound intensity probe was positioned 
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perpendicularly to the surface at a distance of 
0.5 m, and data were collected sequentially 
within the defined grid to capture the full sound 
radiation of the device. 
 

2.2  Scanning method 
 

The scanning method involves continuous 
movement of the probe along predefined paths 
on the measurement surface, resulting in a 
time–space averaged value of the sound 
intensity. This approach reduces the overall 
measurement time and enables faster 
estimation of total sound power, but it is more 
sensitive to irregularities in scanning speed and 
less suitable for sources with localized intensity 
maxima. 

 
Figure 5. Measurement by scanning method [13] 

In accordance with the standard [11], the 
device surfaces were scanned to capture the 
noise radiation as comprehensively as possible. 
A total of five surfaces were analyzed—front, 
rear, top, left, and right. On each surface, a 
measurement grid was defined, and the sound 
intensity was continuously recorded by moving 
the probe along predefined paths, as illustrated 
in Figure 6. This approach ensures efficient 
coverage of the entire sound field and reliable 
determination of the total sound power of the 
device [13]. 

 

Figure 6. Orientation of sound intensity probe 
during measurement using the scanning method 

The probe scanning speed is determined 
based on the total distance covered over each 
partial surface within the selected 
measurement time, as defined in ISO 9614-2. 

 
3. RESULTS  

 
Numerous studies have confirmed that the 

technique of determining sound power through 
sound intensity measurements represents a 
reliable and flexible alternative to classical 
methods in reverberant conditions. In the 
research [13] it was demonstrated that this 
technique yields results with deviations of less 
than ±2 dB compared to the reverberation 
method, with the additional advantage of 
identifying noise sources and the possibility of 
use in uncontrolled environments. Mohsen 
Aliabadi et al. [1] concluded that the sound 
intensity method is applicable even in high-
background noise conditions, although 
accuracy may decrease when measuring non-
uniformly radiating sources due to uneven 
sound fields and external noise interference. 
Similarly, Wittstock et al. [14] showed that 
despite the presence of background noise, it is 
possible to achieve high measurement accuracy 
using this method; however, sources that do 
not radiate uniformly present a challenge in 
terms of result reliability. 

Based on the conclusions from these 
studies, this paper presents an analysis of the 
results obtained using both the discrete point 
method and the scanning method, with the 
available equipment at the Faculty of 
Mechanical and Civil Engineering in Kraljevo. 
The investigation included measurements of 
the overall sound power level as a function of 
frequency, as well as the spatial distribution of 
sound energy over the surfaces surrounding 
the noise source. The analysis was conducted 
under two airflow conditions (5 l/min and 15 
l/min) to assess the influence of operating 
parameters on noise emission. 

Measurement results at a frequency of 200 
Hz (Figure 7) indicate that the rear surface 
generated the highest sound power level, with 
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values of 47.7 dB for an airflow rate of 15 l/min 
and 49.6 dB for 5 l/min. This indicates dominant 
noise radiation toward the rear side of the 
device, which is a direct consequence of the 
position of the cooling fan for the electric 
motor that draws in air during operation, 
thereby generating increased sound radiation 
in that direction. On the other hand, the lowest 
sound power levels were observed on the 
lateral surfaces, suggesting limited propagation 
of sound energy in those directions due to the 
pump housing geometry and reduced influence 
of vibrations. 

 

 
Figure 7. Distribution of sound power over the 

measurement surfaces at a frequency of 200 Hz, 
for two different flow rates (left: 5 l/min, right: 15 
l/min), obtained using the discrete points method 

The contour maps of sound power on the 
rear surface of the device, shown in Figure 8, 
provide a visual representation of the spatial 
distribution of noise radiation. The most 
intense radiation zone is localized in the lower 
central part of the surface, which corresponds 
to the location of the pump's exhaust outlet. 

At a flow rate of 15 l/min, a higher sound 
power level is observed in this zone—reaching 
52 dB, compared to 31 dB at a flow rate of 5 
l/min. This indicates an increase in noise 
emission due to higher dynamic pressure and 
air turbulence at increased flow, which is 
consistent with the expected behavior of the 
fan under such conditions. 

The distribution of sound power extends 
concentrically from the center toward the 
edges, with a gradual decrease in noise levels, 
which is characteristic of localized and 
directional sources such as fans or compressor 
components. These results further support the 
findings obtained from the surface-based 
sound power analysis, emphasizing the 
significance of the rear surface as the primary 
noise-radiating segment of the device. 

 
Figure 8. Contour map of sound power on the rear 
surface of the device – comparison for flow rates 

of 5 l/min and 15 l/min 

 
A similar trend is observed for both methods 

– sound power increases with frequency in the 
low-frequency range, reaches a maximum 
between 1000 and 2000 Hz, and then gradually 
decreases toward higher frequencies (Figure 9). 
This spectrum indicates dominant noise 
radiation in the mid-frequency range, which is 
typical for mechanical noise sources such as 
vacuum pump. 

When comparing the results for the two flow 
rates, it can be noted that, in most frequency 
bands, the total sound power at the lower flow 
rate (5 l/min) is slightly higher than at the 
higher flow rate (15 l/min), especially in the 
high-frequency range (≥ 4000 Hz). This can be 
explained by the higher local air velocity at 
lower flow, due to the narrowed cross-section 
inside the rotameter, which leads to intensified 
turbulence and more pronounced noise 
emission. Similar effects have been reported in 
previous studies [9], which showed that flow 
dynamics and diaphragm mechanism stability 
significantly affect the level of emitted noise. 

The discrete point method shows a slightly 
higher sound power level compared to the 
scanning method across most frequency bands, 
which is expected given the more detailed 
sampling this method involves. On the other 
hand, both methods display a similar frequency 
distribution and strong agreement in overall 
trends, indicating the reliability of the 
measured values. 
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Figure 9. Total sound power measurement results 

for two flow regimes (5 l/min and 15 l/min), 
obtained using the scanning method and the 

discrete point method  

 

4. CONCLUSION 
 

This study analyzed the sound power of a 
vacuum pump using two sound intensity-based 
measurement methods – the discrete-point 
method (ISO 9614-1) and the scanning method 
(ISO 9614-2). Both methods produced results 
consistent with the expected frequency 
spectrum of mechanical noise sources, with a 
maximum occurring in the 1000 to 2000 Hz 
range. A comparison of results at different flow 
rates (5 and 15 l/min) indicated the influence of 
operating conditions on the intensity of 
emitted noise, with sound power generally 
being higher at the lower flow rate. 

The discrete point method enabled high 
measurement precision and a detailed analysis 
of the spatial distribution of noise, which 
proved particularly useful in identifying zones 
of highest emission, such as the rear surface of 
the pump in this case. However, this method is 
more time-consuming due to the requirement 
to position the probe at a large number of 
individual points. 

The scanning method proved more efficient 
in terms of measurement duration and ease of 
use. When properly executed and field-
controlled, the results were comparable to 
those of the discrete-point method, as 
confirmed by the good agreement in overall 

sound power across frequencies. Still, the 
method shows increased sensitivity to 
background noise and requires skilled 
equipment handling. 

Taking all aspects into account – accuracy, 
applicability, measurement duration, and 
processing complexity – it can be concluded 
that the choice of method depends on the 
specific measurement requirements. When 
detailed emission analysis and source 
localization are needed, the discrete-point 
method is preferable. Conversely, in situations 
where efficiency and simplicity are priorities, 
the scanning method offers a more practical 
solution. Both approaches, when properly 
implemented, provide results that comply with 
ISO 9614 and are sufficiently reliable for 
practical application. 
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