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6.4.1 Turbulence Intensity of DC-powered Fan 

 The DC-powered fan showed more airflow in the potential error sensor locations.  

The turbulence intensity in plane 1 is greatest near the error sensor in the bottom left of 

the image (Figure 6.16).  The highly turbulent nature of the airflow near the error sensor 

may result in a lower signal-to-noise ratio. 

 The turbulence intensity of plane 2 of the DC-powered fans shows similar results 

to that of plane 1 (Figure 6.17).  Again, the higher amount of turbulent airflow in the area 

near the error sensors may result in a lower signal-to-noise ratio.   

 
Figure 6.17 Image (left) and turbulence intensity (right) of DC-powered fan in plane 2 

 
6.4.2 Turbulence Intensity of PWM-powered Fan 

 The PWM-powered fan showed that most of the turbulence intensity in the flow 

field occurred in the main airflow (Figure 6.18).  This was not surprising after noting that 

little airflow was found near the plane of the fan.  The low turbulence intensity shows  
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Figure 6.18 Image (left) and turbulence intensity (right) of PWM-powered fan in plane 2 

 
that not only is there little airflow, but whatever airflow exists in the region near the error 

sensors likely does not contribute significantly to flow-induced noise.   

6.4.3 Turbulence Intensity of Analysis 

 The turbulence intensity graphs show that mounting of the error sensors in the 

near field pressure null could introduce some flow-induced noise for the DC-powered 

fan.  To avoid this result, the error sensors should be moved as far away from the fan 

while staying in the nodal area.  This may help for the error sensor in plane 1 but may not 

have much of an effect for the error sensor in plane 2.  The PWM-powered fan is not 

affected by the flow in the plane of the fan like the DC-powered fan.  All areas along the 

nodal region should be nominally the same for the PWM-powered fan. 

 

6.5 Surface-Mounting Error Sensors 

 The error sensors were surface mounted to minimize their disturbance in the 

entrained flow.  Two images, one with regularly mounted error sensors and one with 
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surface-mounted error sensors, are shown in Figure 6.19.  No noticeable differences were 

found in the PIV vector fields or the turbulence intensity plots.  Time data were taken of 

the error sensors during the PIV data acquisition.  These time data were used to calculate 

a signal-to-noise ratio that could be compared for the different cases. The signal-to-noise 

calculations were averaged over a 30-second interval using one-second subintervals. 

 
Figure 6.19 Image of regularly-mounted (left) and flush-mounted (right) error sensor 

 
6.5.1 Surface-Mounting Error Sensors for DC-Powered Fan 

 Plots of the signal-to-noise ratio for the DC-powered fan are shown for regularly-

mounted and flush-mounted error sensors in Figure 6.20.  These plots seem to be quite 

similar.  The peak of the BPF was quite narrow and the relative level of the signal-to-

noise was similar in all cases for the four different channels of error sensors.   

The average signal-to-noise ratio was taken at the BPF to obtain a single 

representative value of the signal-to-noise ratio of the entire test run.  These averages 

were compared and the higher signal-to-noise ratio is highlighted in yellow in Table 6.1.  

The flush-mounting of the error sensors raised the average signal-to-noise ratio in every 

case.  The average amount of signal-to-noise ratio that was gained by flush mounting the 

error sensors was only 1.3 dB while the fluctuation of the average signal-to-noise ratio 
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between tests was 0.7 dB.  These data suggest, that even though flush-mounting the error 

sensors may partially remove them from the vicinity of the vortices created by the DC-

powered fan, little will be gained in terms of the signal-to-noise ratio.  

 
Figure 6.20 Signal-to-noise ratio of regular (left) and flush mounted (right) error sensors for 

DC-powered fan 
 

 
Table 6.1 Average signal-to-noise ratio (dB) for the DC-powered fan with 

regular and flush mounted error sensors 
 

6.5.2 Surface-Mounting Error Sensors for PWM-Powered Fan 

 The spectra of the signal-to-noise ratio from the PWM-powered fan was 

characterized by a wider frequency span for the BPF (see Figure 6.21).  This suggests 

that the BPF was fluctuating over time.  The relative signal-to-noise ratio of each of the 

error sensors changed more relative to one another than was the case for the DC-powered 

fan.  The average of the signal-to-noise ratio did not show a trend as was the case for the 

DC-powered fan (see Table 6.2).  This suggests that the flush-mounting of the error  
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Figure 6.21 Signal-to-noise ratio of regular (left) and flush mounted (right) error sensors for 

PWM-powered fan 
 

 
Table 6.2 Average signal-to-noise ratio (dB) for the PWM-powered fan 

with regular and flush mounted error sensors 
 

sensors for the PWM-powered fan would not increase the signal-to-noise ratio.  This is 

probably due to the lack of turbulent flow structures near the error sensors. 

6.5.3 Surface-Mounting Error Sensors Analysis 

 Surface-mounting the error sensors showed consistent, but small improvement in 

the signal-to-noise ratio for the DC-powered fan.  This is probably due to the presence of 

turbulent flow structures near the error sensors.  The PWM-powered fan showed no gain 

in signal-to-noise ratio using the flush-mounted error sensors.  
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6.6 Active Noise Control Effect on Flow Field 

 Since the purpose of an air-moving device is to move a desired amount of air, if 

the noise suppression techniques adversely affect the air movement, the techniques would 

be counter-productive.  The flow field while using an ANC system and without using an 

ANC system were compared.  The PIV and turbulence intensity plots showed no 

significant differences.  To get an idea of the effect on the flow through the fan, the 

average horizontal component of the velocity was determined for the PWM-powered fan.  

Figure 6.22 shows two different cases with the ANC system and without the system.  

These are indicative of all of the measurement runs.  Significant changes in the axial 

component of the airflow were not created by the introduction of an ANC system.  The 

amount of control that was achieved for these tests was marginalized due to the 

environment required for the PIV setup.  Smaller than normal, but still significant, 

reductions were made to the BPF. 

 
Figure 6.22 Comparison of average axial velocity component with ANC and  

without ANC in two separate test runs of the PWM-powered fan 
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Chapter 7 
 

Conclusions and Recommendations 
 

7.1 Summary 

 A genetic algorithm has been shown to be effective in finding the optimal control 

source locations for a specific primary source configuration radiating into free space.  

The algorithm was able to converge to a single control source configuration repeatedly 

when few (4 or fewer) control sources were used in two-dimensions.  A modified 

crossover technique, referred to as parthenogenesis, was developed to obtain the global 

optimum with the given proximity constraints.  When a single primary source system is 

constrained to two dimensions, the maximum sound power attenuation is achieved when 

using control sources in a linear configuration.  The linear configuration is superior to the 

symmetric configurations over a broad low-frequency range.  For high-frequency 

radiation, the symmetric configuration will obtain slightly superior attenuation; however, 

the frequency range where the symmetric source configuration will obtain better 

attenuation is not conducive to ANC.  Experimental data showed that the linear 

configuration was superior for the fundamental and second harmonic of a loudspeaker.  

The increase in sound power attenuation by using the linear configuration was not as 

dramatic as the theoretical results.  The limited increase in attenuation suggests that other 

limiting factors exist in the ANC system used in the experimental verification. 

 Expanding the search area to include three-dimensional control source 

configurations concludes with the linear configuration proving to be superior to other 

more symmetric configurations.  The higher-order radiation characteristics of the linear 

configuration continues to hold true for four-control-source configurations as well as six-
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control-source configurations.  The genetic algorithm, however, was not always able to 

converge to the linear configuration due to the large number of possible configurations. 

 The introduction of reflective surfaces in the near field was modeled using image 

sources.  The optimal control source configuration for a single primary source did not 

change with the introduction of the image sources. 

 Flow visualization techniques were used to find optimal error sensor locations 

along the near field pressure null created by the minimized sound power field.  The two 

fans used in the experimentation showed dramatic differences in their respective flow 

fields.  Neither fan, however, showed locations along the near field pressure null which 

would be superior to other locations.  Vortex structures existed over the entire near field 

null of the DC-powered fan while there was little to no flow for the PWM-powered fan.  

The speed of the airflow near the error sensors also did not prove to be high enough to 

cause a dramatic Doppler shift that would introduce nonlinearities into the system. The 

flow field of both fans used in this experiment showed no significant change in the flow 

field due to the introduction of the ANC system. 

 The DC-powered fan, which was characterized by a more turbulent near field, 

showed a slight improvement to the signal-to-noise ratio by flush mounting the error 

sensors.  Flush mounting the error sensors withdrew the error sensors from the vortices 

created by this fan.   

  

7.2 Recommendations 

  This work constitutes a significant step forward in optimization of control sources 

for ANC in a free-field.  A higher-order representation of the radiation from an axial fan 
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will allow the genetic algorithm used in this research to provide superior control source 

placement for the active control from the axial fan.  A comparison of the optimal control 

source locations for multiple primary source models would also be valuable.   

 The experimental results obtained in the control source optimization did not agree 

well with the theoretical limits for the assumptions made.  A deeper investigation into the 

merits of the assumptions and the limiting factors on the experimental ANC system used 

may lead to better agreement between the theoretical and experimental results.  

Experimental results from an ANC system on an axial fan in two and three dimensions 

would also supplement the theoretical work found in this study.  Reflective surfaces 

could also be introduced and compared the theoretical findings in this study. 

 The error sensor optimization in this study has provided significant information 

regarding the flow field of the two fans investigated.  A further study on the deviation of 

the flow fields created from other types of fans would be valuable.  A more quantitative 

study on the effects of the ANC system on the volumetric flow rate could also contribute 

to the understanding of the effects of an ANC system on the flow field.  An experimental 

study on how surface mounting the error sensors affects the amount of attenuation that is 

achieved in an ANC system would provide important information on the importance of 

mounting techniques. 
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Figure A2.3 Running average of the velocity for the PWM-powered fan in plane 1 

 

 
Figure A2.4 Running average of the velocity for the PWM-powered fan in plane 2 

 


