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Abstract- This research work concentrates on measuring, analyzing and predicting the reduction of discrete frequency noise levels 

with focus on Perkins 100 kVA cooling fans. The measuring and fabricated materials used in carrying out the measurements were: 

digital sound level meter (SLM), frequency analyzer, AC electric motor, flange, basement and generating set cooling fan. The radiated 

sound levels were measured without contributions from other engine noise sources. These assisted in obtaining accurate sound 

pressure level (SPL) data on the fan noise. Discrete frequency tones of the cooling fans were measured within the audio and narrow 

band ranges using the calibrated TrueRTA spectrum analyzer. The sound power level (SWL) and sound intensity level (SIL) of the 

fans were calculated using values obtained from the measured SPL. Matrix Laboratory Application Software (MATLAB) was used for 

analysis of results. The background noise levels (BNL) were determined. It was observed that the un-banded fan used for 100 kVA 

generating set had SPL peak of 84 dB, at the fundamental blade passing frequency (BPF). In order to reduce the discrete tones at the 

blade passing frequency (BPF), the baseline fan were banded with a light flexible cylindrical plastic material. The band was found to 

effectively reduce the radiated sound levels (BPF tone) for the 100 kVA fan. Further observation showed that 10.89 dB SPL reduction 

was achieved by applying the flexible band on the fan used for the 100 kVA generating set. Almost all the blade rate tone levels were 

reduced which further increased the acoustical performance of the fan. However, a slight reduction in the aerodynamic performance of 

the system was observed. From the study, this effect can be mitigated by increasing the size of the radiator.  

 

Keywords:  Discrete Frequency Noise, Cooling Fan, Radiated Sound Level, Noise Reduction, Sound Level Meter, Sound Pressure 
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1. INTRODUCTION 

Generally, in industries, noise is referred to as an undesirable and unavoidable product of modern mechanized activities. To 

protect against the generation of these noise levels, noise limits have been recommended by control organizations and should be 

adhered to.  

In developing countries, the main reason for high level of occupational noise is the absence of noise regulations [1]. 

In Nigeria for instance, frequent interruption of electricity supply have compelled many individuals, corporate bodies and 

industries to embark on massive purchase of large power generating plants for the generation of electricity. These generators in 

addition to generating electricity, generate noise.  

Noise sources and vibration in most electrical machines are basically, aero-dynamic, electromagnetic and mechanical [2]. 

Hence the sources of noise from various components of these machines must be thoroughly investigated and properly understood. 

Specifically, a good understanding of the dominant machine noise sources is very important and desirable, so that the 

required modifications can be carried-out. However, in machines that are complicated, it is sometimes difficult or cumbersome to 

acquire information; thereby making it hard to get relevant data on noise reduction [4]. In view of this hindrance, several attempts to 

reduce noise by researchers, innovators and industry regulators are often based on inadequate data. These in most cases, have led to 

very expensive, inefficient and uneconomical noise reduction procedures.  

Noise sources identification methods depend on the specific problem, the duration, available resources, skilled personnel and 

required accuracy [4]. It is best practice to use more than one problem-solving methods in identifying issues relating to high noise 

levels. 
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2. LITERATURE REVIEW 

The fundamental aerodynamic sound generation mechanisms of industrial fans are reviewed in this section. A great number of 

work has been done in the area of environmental acoustics. Most of the knowledge on fan noise reviewed was obtained for the high 

speed fans of aircraft engine, where contributions from monopole and quadrupole sources are significant. 

It was however, shown by [5] that quadrupole radiation was very low for subsonic flow over thin blade sections. Monopole 

sources were generated by the volume displacements due to the finite thickness of the rotating fan blades. These volume 

displacements caused periodic changes in fluid mass and thus generated pressure fluctuations in the adjacent field. However, in the 

case of low to medium speed fans, the phase velocity of these pressure fluctuations was well below the speed of sound, this resulted to 

low acoustic radiation efficiency [6]. The primary mechanism for acoustic radiation from most subsonic industrial fans caused 

unsteady forces on the rotating blades due to blade interactions and unsteady incoming flow. The unsteady forces acting on the 

acoustic medium acted as dipole sources of sound.  

The forces developed on the rotating fan blades can be either time periodic or random depending on the type of inflow that the 

blades encountered [7]. The periodic interaction generated discrete-frequency force spectrum on the blade. As the fan blades 

encountered these distortions, the generated unsteady force and radiated sound displayed broadband spectra [8].  

Discrete-frequency noise radiation from a rotating steady force was first examined by [9]. His theory considered time-varying 

force-receiver positions that caused sound due to the Doppler Effect. Many authors including [10], [11], [12], [13] and [14], have 

derived expressions for the discrete-frequency sound radiation due to the fluctuating forces on rotor blades. Their derivations were 

based on the general solution of the inhomogeneous wave equation which was first formulated by [15]. Using Lighthill‟s 

inhomogeneous wave equation, [16], showed that stationary surfaces exposed to turbulent flow are equivalent to surface dipole 

distributions. [11], extended Curle‟s solution showing general features of noise radiation by arbitrary moving surface dipoles.  

[17], identified the dominant noise sources of small subsonic electronic cooling fans and made modifications for discrete-

frequency noise control. The influences of upstream obstructions to the tonal noise generation of a small cooling fan were also 

investigated experimentally by [18], [19].  

[20], applied such discrete-frequency noise theory to the engine cooling fan noise problem. He measured the inlet flow field by 

a hot-wire probe fixed to the rotor and allowed it to rotate with the fan blades. The inlet velocity profile at only a single radial position 

was utilized though (a detailed flow measurement test set-up description was not published). [20], later investigated the influences of 

the radiator, cowl, and back-plate on automotive engine cooling fan noise.  

Discrete-frequency fan noise can be reduced by either breaking up the periodic interactions of the fan blades with the incoming 

flow, or by adding a passive or active noise control device. An example is the skewed blade which is designed to mismatch the centers 

of lift of successive radial blade elements with the distorted incoming flow. It was noted that the skewed blade fan was advantageous 

to both the discrete-frequency noise and broadband noise. The skewed blade also reduced flow losses and dragged near the blade tip at 

transonic speed [21].  

A fan with uneven blade spacing is another popular discrete-frequency fan noise control measure. The unevenly spaced blade 

fan disperses the harmonic tones of the blade-passing frequency (BPF). Therefore, it radiates less annoying noise than the regular 

evenly-spaced fan [22]; [23], although the sound power was not changed.  

Passive noise control devices, such as resonators, can be used to reduce discrete-frequency tones, especially those generated by 

ducted fans. BPF tones that have frequencies below the first acoustic mode of the duct can be reduced by carefully tuned resonators. 

Successful applications of a quarter-wavelength tube to the reduction of the BPF noise of centrifugal blowers were reported by [24].  

Active noise control techniques were also effective for the discrete-frequency fan noise reduction [25]; [26]. However, due to 

high cost, its application appears to be limited presently.  

[27], investigated the noise sources of a half-stage automobile cooling fan. He showed that rotational and non-rotational noise 

sources dominate in high flow coefficient and low flow coefficient regions, respectively. [27] successfully reduced vortex shedding 

noise by the use of serrations located on the trailing edges of the blades. He also used rotating shrouds attached to the blade tips in 

order to prevent flow separation at the tips. Proper control and reduction of any recirculating flow was emphasized for successful 

noise control.  

[28], reported an experimental investigation of the effects of clearance between the blade tips and a surrounding shroud on 

noise and aerodynamic performance of low pressure axial fans. They found that the broadband noise increased with increases in tip 

clearance. Likewise, the rotational tones increased with increases in fan eccentricity within the shroud.  
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[29], experimentally investigated the influence of tip vortices on the noise generation of turbo machines. Due mainly to the 

complicated nature of the vortex flow, no generalities regarding the tip noise mechanism was presented. However, most experimental 

works on tip clearance effects recommended that the tip clearance be kept as minimum as possible for very low noise generation and 

for better aerodynamic performance.  

The fundamental theory of unsteady lift in noise level created on thin airfoils subjected to a transverse sinusoidal gust was 

investigated by [30]. This theory has subsequently been extended to include the influence of longitudinal gusts by [31], and angle of 

attack and camber effects by [32]. They derived closed-form solutions for a single airfoil exposed to two-dimensional flow. These 

theories have further been extended to include three-dimensional effects and the influence of adjacent blades and blade rows by other 

authors. However, the transverse velocity perturbations were the dominant sources of unsteady lift generation in many applications, 

particularly for low Mach number flow problems. Therefore, the Sears function was still the most widely used in practical 

applications.  

[33], derived expressions for predicting the wideband noise of fans with axial-flow due to various mechanisms, and compared 

the predictions with empirical results. He observed a significant increase of the broadband noise when the blade encountered large-

scale turbulence. He also noted that the noise spectra due to a stalled fan blade has a low-frequency hump centered roughly at a 

frequency associated with the frequency of vortex shedding from a bluff body in cross flow. Here, the size of the bluff body was 

analogous to the size of the stalled flow region.  

[34], measured the spectrum of sound power radiated by a spoiler mounted inside a pipe at different angles of attack. He 

observed that the noise spectra due to the stalled spoiler agreed with the findings of Sharland.  

Many efforts have been made by industries to utilize computational fluid dynamics (CFD) in fan noise analyses. [35], used a 

commercial CFD code to predict the discrete-frequency engine cooling fan noise of a passenger vehicle. The unsteady surface 

pressure statistics on the blade were calculated from the unsteady Reynolds Averaged Navier-Stokes Equations (RANS solutions), and 

the Hawkings and Ffowcs-Williams equation was utilized to predict sound pressure at field points. [36], utilized a boundary element 

solver to predict sound radiation by an HVAC radial blower. [37], utilized a three dimensional compressible unsteady CFD model to 

investigate the rotor-strut interaction of a computer cooling fan. [38], effectively utilized CFD, along with empirical equations, to 

predict the broadband noise of fans with axial-flow. 

3.0  MATERIALS AND METHODS 

This work was carried out using fabricated materials personally tailored and designed to suit the project. In addition, existing 

relevant tools necessary to aid measurements shall be used. 

3.1 Materials 

3.1.1 Measuring Tools 

Measuring and analytical tools to be deployed in these investigations are listed below: 

a. Digital Sound Level Meter  

Mastech Precision Sound Level Meter was used to carry-out sound level measurements. 

b. Frequency Analyzer 

A spectrum analyzer was used for the measurement of the magnitude of the signal input against frequency taken within the 

maximum frequency range of the analyzer. This analyzer allows for the accurate measurement of the SPL against frequency, spurious 

phase noise and modulation analysis of communication signals without sacrificing dynamic range and speed. 

c. Electric Motor (AC) 

An electric motor was used to carry out this investigation. The motor used was a 1hp AC motor with frequency of 50/60 Hz 

and a voltage of 220/230V.  

d. Computer Application Software (MATLAB) 

A computer system with matrix laboratory (MATLAB) application software installed was used for statistical analysis. 

1.1.2 Fabricated Tools 

Fabricated tools to be deployed in these investigations are listed below: 
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a. Diesel Engine Cooling Fan 

Diesel engine generator cooling fan used for 100 kVA generating set was fabricated and used to carry-out this research.  

b. Flange 

Flange was fabricated and was fitted properly to the Centre of the hub of each of the prototype fan. The flange was fasten 

suitably to the hub of the fan using metal springs. This was done to ensure proper alignment of the fan to the AC Electric mo tor‟s shaft 

as well as prevent wobbling of the fan.  

3.2 Method 

3.2.1 Meter Calibration 

The meter was calibrated using an intelligent piston phone placed directly over the microphone. This was done to monitor the 

meter‟s performance. 

3.2.2 Meter Response 

The slow response characteristic was used in all measurements taken in this work, because the slow meter response 

helped average out the fluctuations of the meter. 

3.2.3 Meter Positioning 

The Sound Level Meter was held at 1m away from the source of noise and 1.2 m above the floor. To carry out these 

measurements, the microphone was placed away from interfering objects and surfaces in order to avoid unwanted influence on the 

measured sound levels.  

3.2.4 Background Noise 

The background noise level was determined by simply taking two readings of the levels of noise. The first reading was taken 

when the source of noise is turned “on” and the other reading was taken when the source of noise is turned “off”. This method  helped 

determine the extent to which the background noise is either affecting or not affecting the total noise level measured when the source 

of noise is “on”. 

3.2.5 Frequency Analyzer 

The horizontal and vertical axes of the analyzer was calibrated in frequency and SPL respectively. The higher frequency was 

placed horizontally at the right hand side of the display while the SPL was placed vertically. Both logarithmic and linear scales was 

used in accordance with the range of frequency. For measurements taken within the audio range, the logarithmic scale was employed 

in order to allow a wide range of signal on the display, while for measurements taken within the narrowband range, the linear scale 

was used.. 

4.0  RESULT AND DISCUSSION 

4.1 Results obtained for 100 kVA cooling fan 

Radiated sound levels were measured for the 100 kVA cooling fan at a fixed speed of 1440 rpm and the results obtained are 

as shown in Tables 1, 2, 3 and 4 whereas the plots in FIGs. 1 and 2 display the comparison between the SPL of the un-banded and 

banded fan.  

Broad band analysis was used to obtain noise spectra in the range 20 Hz – 20 kHz (known as audio band) while narrow band 

analysis was used to obtain noise spectra in the range 0 Hz - 2 kHz. 

The audio spectrum for SPL of 100 kVA generator cooling fan un-banded and banded are tabulated in Tables 1 and 2. The 

ambient noise was also considered. In the same vein, Tables 3 and 4 depict data on SPL of 100 kVA un-banded and banded fan in the 

narrow band range. Considerations were also given that each noise level was taken at the various harmonic of the BPF. 

FIG. 1 compare the noise levels (SPL) of the un-banded and banded fan used for the 100 kVA generating set in the audio 

range, while FIG. 2 present the noise levels in the narrow band range. The noise levels were plotted against the harmonics of the BPF. 

The SWL and SIL displayed in Tables 1, 2, 3 and 4 were calculated using the equations below; 

SWL (dB) = SPL + 20log10(r) + 11 dB   (1) 

The term r refers to the distance usually in meters away from the source of sound (Cory, 2010). 
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The sound intensity level was also calculated using the formula; 

SIL (dB) = 10 x Log10 (I/Io)       (2) 

 Where Io is the reference intensity given as 10
-12

W/m
2
 and I, the intensity of sound given as P

2
/c, c is the characteristics 

impedance of sound in air given as 415 Rayls and P is the pressure of sound which can be obtained using the formula: 

SPL (dB) = 20Log10 (
    

    
 ,    (3) 

where Prms is the root mean square pressure and Pref is the reference pressure. 

 

TABLE 1 

Result of sound level measurement obtained within the audio spectrum of an un-banded 100 kVA cooling fan 

Un-banded Fan 

 (100 kVA) Freq. 

(Hz) 

Ambient Noise 

(dBA) 

SPL (dBA) SWL (dBA) SIL (dBA) 

15.6 31.79 52.24 63.24 32.08 

31.2 34.67 60.77 71.77 40.59 

62.5 38.55 74.53 85.53 54.35 

125 32.90 83.64 94.64 63.46 

250 26.98 80.11 91.11 59.93 

500 23.23 78.82 89.82 58.64 

1000 27.55 76.59 87.59 56.41 

2000 12.16 72.51 83.51 52.33 

4000 7.10 64.83 75.83 44.65 

8000 4.48 52.16 63.16 31.98 

16000 -11.66 21.68 32.68 1.52 

TABLE 2 

Result of sound level measurement obtained within the audio spectrum of a banded 100 kVA cooling fan 

Banded Fan (100 

kVA) Freq. (Hz) 

Ambient Noise 

(dBA) 

SPL (dBA) 

 

 

SWL (dBA) SIL (dBA) 

15.6 31.79 49.64 60.64 29.46 

31.2 34.67 60.81 71.81 40.63 

62.5 38.55 68.62 77.62 48.44 

125 32.90 72.81 83.81 52.63 

250 26.98 70.82 81.82 50.64 

500 23.23 68.09 79.09 47.91 

1000 27.55 66.99 77.99 46.81 

2000 12.16 61.41 72.41 41.23 

4000 7.10 65.52 76.52 45.34 

8000 4.48 56.66 64.66 36.48 

16000 -11.66 21.42 32.42 1.24 
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FIG 1: Comparison between SPL of un-banded and banded 100 kVA generator cooling fans within the audio spectrum. 

 

TABLE 3 

Result of sound level measurement obtained within the narrow band range of an un-banded 100 kVA cooling fan 

Fp   

Un-banded Fan 

(100 kVA) 

Ambient Noise 

(dBA) 

SPL (dBA) SWL (dBA) SIL (dBA) 

1 Fp 31.8 84 95 63.8 

2 Fp 25.7 78 89 57.8 

3 Fp 23.8 79 90 58.8 

4 Fp 25.5 79 90 58.8 

5 Fp 26.2 78 89 57.8 

6 Fp 27.3 77 88 56.8 

7 Fp 24.0 75 86 54.8 

8 Fp 22.1 74 85 53.8 

9 Fp 20.0 74 85 53.8 

10 Fp 19.1 73 84 52.8 

 

TABLE 4 

Result of sound level measurement obtained within the narrow band range of a banded 100 kVA cooling fan 

Fp  

Banded 

(100 kVA) 

Ambient Noise 

(dBA) 

SPL (dBA) SWL (dBA) SIL (dBA) 

1 Fp 31.8 74.12 85.12 53.9 

2 Fp 25.7 68.22 79.22 48.0 

3 Fp 23.8 68.10 79.10 47.9 

4 Fp 25.5 68.38 79.38 48.1 

5 Fp 26.2 67.87 78.87 47.6 

6 Fp 27.3 66.94 77.94 46.7 

7 Fp 24.0 65.87 76.87 45.6 

8 Fp 22.1 64.78 75.78 44.5 

9 Fp 20.0 63.72 74.72 43.5 

10 Fp 19.1 62.76 73.76 42.5 
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FIG. 2: Comparison between SPL of un-banded and banded 100 kVA generator cooling fans within the narrow band range. 

 

4.2 Discussion of results 

 The results of measurement using fabricated 100 kVA fan blades are discussed here, after careful analysis of results obtained. 

These analysis were aided with the application software MATLAB. 

4.2.1 100 kVA cooling fan evaluation 

Results obtained showed that the ambient noise had no effect on the overall SPL. These results indicated that the fan blades 

were the major source of noise in the system. 

Tables 1 and 3 show results obtained from sound level measurements taken within the audio spectrum and narrow band 

ranges respectively using an un-banded fan. From these results presented in Table 1, it was observed that SPL had a peak value of 

83.64 dB at a frequency of 125 Hz, while from Table 3, SPL had a peak value of 84 dB at the fundamental BPF (168 Hz). 

The SWL and SIL displayed in Tables 1 and 3 were calculated using Equations 1, 2 and 3. It was observed that the SWL and 

SIL taken within the audio and narrow band ranges also had their peaks at 125 Hz and fundamental BPF (1Fp) respectively.  

From results tabulated in Tables 2 and 4, performed within the audio spectrum and narrow band range using a banded 100 

kVA fan. It was observed that the SPL of the banded 100 kVA fan displayed in Table 2 had a maximum value of 72.81 dB at 125 Hz, 

while SWL had maximum value of 83.81 dB and SIL had maximum value of 52.63 dB at the same frequency. While for the banded 

100 kVA fan in Table, a maximum SPL value of 74.13 dB was observed at the fundamental BPF (1Fp). It was further noted that this 

result influenced the SWL and SIL obtained. 

From empirical results, it was also observed that the banded 100 kVA cooling fan reduced the radiated sound levels (BPF 

tones) by 10.89 dB. The maximum sound level reduction was observed at the third harmonic (3Fp) of the BPF, in line with several 

levels of reduction observed at other frequencies. 

Investigations in this study, showed that the SWL of the system increased by 11 dB, while the SIL decreased by 20.2 dB, 

when viewed from the SPL. Based on this finding, the study generates a calibrated equation (Equation 23) in which the SIL can be 

obtained directly under similar conditions.  

SIL (dB) = SPL + 20log10(r) - 20.2 dB   (23) 

This is a novel contribution to knowledge by this study. 

 

5.0 CONCLUSION 
The primary objective of this research was to measure, analyze and predict the reduction of discrete-frequency fan noise from 

a 100 kVA generator. This goal was achieved through comprehensive study and understanding of the characteristics of the fan noise 

and generator noise reduction methods. Key variables such as SPL, SWL and SIL spectra were measured and analyzed to determine 

the radiated sound levels. All sound measurements were taken in line with recommended measurement standards. From the study, the 

unsteady force and turbulence on the fan blades‟ tip were the dominant acoustic sources of the investigated fans.  

 The plastic fan blades designed with constant radii of curvature were examined. The feasibility of a banded fan was also 

examined. The banded fan was fabricated by mounting a cylindrical band to tips of the propeller fan. The analyses of this model 

successfully resulted in significant tonal noise reductions; though, careful observation noticed slight reduction in the aerodynamics 

performance of the fan.  

Further empirical results, confirmed that banded 100 kVA cooling fan reduced the radiated sound levels (BPF tones) by 

10.89 dB. The maximum reduction was observed at the third harmonic (3Fp) of the BPF, while several levels of reduction was also 

observed at other frequencies.  
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Investigations in this study, showed that the SWL of the system increased by 11 dB, while the SIL decreased by 20.2 dB, 

when viewed from the SPL. Based on this finding, the study generates a calibrated equation (Equation 23) in which the SIL can be 

obtained directly under similar conditions. This is a novel contribution to knowledge by this study. 

These reductions are significant because they were achieved at minimal cost, using methods which could be adopted by any 

skilled maintenance trades person. 
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