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Abstract 
The NASA Glenn Research Center’s (NASA Glenn) Advanced Noise Control Fan (ANCF) was 

developed in the early 1990s to provide a convenient test bed to measure and understand fan-generated 
acoustics, duct propagation, and radiation to the farfield. As part of a complete upgrade, current baseline 
and acoustic measurements were documented herein. Extensive in-duct, farfield acoustic, and flow field 
measurements are reported for a variety of configurations. This paper is a follow on to an earlier paper 
describing the operation of the ANCF.  

Introduction 
The NASA Glenn Research Center (NASA Glenn) has been involved in several programs (Advanced 

Subsonic Technology, Quiet Aircraft Technology, and the Fundamental Aeronautics Subsonic Fixed 
Wing) whose goals were the reduction in transport aircraft noise attributed to the turbofan engine. A 
component of turbofan noise (Ref. 1) is the fan noise caused by rotor-stator, and other interactions, coupled 
to duct propagation that radiates to the farfield. The Advanced Noise Control Fan (Ref. 2) (ANCF) test bed 
was built in the early 1990s (Refs. 3 and 4) to evaluate noise reduction concepts and to provide a database 
for Computational Aero-Acoustic (CAA) code verification. In 2008, the ANCF fan blades and ICD were 
upgraded prompting the need for an updated baseline acoustic and aerodynamic performance database. 
These measurements are reported in this paper to present information relevant to potential usage of the 
ANCF for noise reduction, code verification, and/or measurement system evaluation.  

The ANCF is a highly configurable 4-ft diameter ducted fan located in the Aero-Acoustic Propulsion 
Laboratory (Ref. 5) (AAPL) at NASA Glenn. The AAPL is a hemispherical anechoic (above 125 Hz) test 
facility used for noise measurements. An exterior view of the 65-ft-high dome is shown in Figure 1. The 
ANCF, shown in Figure 2, operates inside an enclosed, compact, farfield arena designed (Ref. 6) such 
that it is in an anechoic environment. This allows for the continual acquisition of farfield data without 
moving the rig, or impacting the overall productivity of the other AAPL test rigs.  

The nominal operating condition of the ANCF is 1800 revolutions-per-minute–corrected (rpmc) 
resulting in a tip speed of 375ft/sec, an inlet duct Mach number of ~0.15, and a fundamental blade passing 
frequency (BPF) of ~500Hz. The fan speed can vary from 100 to 2400 rpmc. The ANCF can be run rotor 
alone, and the pitch of the 16 fan blades (B), nominally 28°, can be adjusted to 18° or 38°. A variable 
count stator hub is attached to the center-body downstream of the fan to test rotor/stator interaction 
conditions. Stator counts can vary and can be set at any angle. Inlet flow disturbances can be simulated 
using circumferentially distributed radially-extended rods installed in front of the rotor.  

It is not the intent of this paper to provide in-depth analysis of the aero-acoustic data but rather to 
provide a general description of the range of data available. Databases can be made upon request.  

The reader may refer to the Appendix throughout the paper for orientation. Figure A1 shows a flow 
chart of the aero-acoustics physics and measurement philosophy. Figure A2 presents a three-dimensional 
line drawing of the ANCF in the AAPL. 
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 Figure 1.—Aero-Acoustic Propulsion Laboratory (AAPL). Figure 2.—Advanced noise control fan. 

 
TABLE I.—CONFIGURATIONS TESTED 

[All were 200 rpmc increments.] 
Fan  

configuration 
Farfield 

directivity, 
rpmc 

Rotating rake 
modes, 
rpmc 

Vane unsteady 
pressures, 

rpmc 

Hotfilm 
traverses, 

rpmc 

Steady pressure 
traverses, 

rpmc 
Rotor alone 1400 to 2000 1400 to 2000 none 1800 1800 
14 vanes at 1/2C 1400 to 2000 1400 to 2000 1400 to 2000 none none 
14 vanes at 1C 1400 to 2000 1400 to 2000 1400 to 2000 1800 1800 
28 vanes at 1C 1400 to 2000 1400 to 2000 none none none 
13 vanes at 1C 1400 to 2000 1400 to 2000 none none none 
26 vanes at 1C 1400 to 2000 1400 to 2000 none none none 

Test Conditions 
Baseline data were acquired over a corrected fan speed range of 1400 to 2000 rpmc. Acoustic farfield 

directivity, and Rotating Rake (Ref. 7) inlet and exhaust duct mode data were acquired at 200 rpmc 
increments. These acoustic baseline measurements were acquired in several ANCF configurations: Rotor 
alone (no stator vanes), 14 stator vanes at 1/2-chord spacing; 13, 14, 26, and 28 stator vanes at 1-chord 
spacing. Stator-vane spacing is defined as the distance between the rotor blade trailing edge and the 
stator-vane leading edge, at the hub, divided by the stator-vane chord dimension (5 in.). Stator-vane 
unsteady surface pressures were acquired during the 14-vane configurations.  

Flow measurement radial traverses using a 2-component hot-film probe, a static pressure probe, and a 
total pressure probe, were acquired at several axial duct locations at a corrected fan speed of 1800 rpmc. 
These measurements were taken in the rotor alone and with 14 vanes at 1 chord spacing. 

Detailed descriptions of measurement systems are provided in Reference 1. Table I provides the test 
conditions and data sets obtained. 

Results 
Acoustic Measurements 

Farfield 
Farfield acoustic directivities were acquired using 30 microphones placed at a 12-ft radius from  

the duct centerline and 10 ft high. Fifteen of these were in an arc about the inlet exit plane (0° to 90° 
measured from the inlet axis) and 15 were in an arc about the exhaust exit plane  (90° to 165° with 180°   
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(a) Original spectral sample 

 
 

 
(b) Spectral sample with fan 

harmonics removed 

 
 
1st harmonic band : integrate  8-24 shaft orders 
2nd harmonic band : integrate 24-40 shaft 
orders 
3rd harmonic band : integrate 40-56 shaft 
orders 

etc. 

(c) Harmonic bands 

Figure 3.—Example of farfield data reduction into harmonic bands. 

 
being the exhaust axis). Reference 2 presented diagrams of the array locations. The time histories are 
processed using ensemble averaging in order to analyze the tonal and broadband components separately 
by extracting the tones generated by the fan (shaft orders and harmonics). This can be done exactly since 
the data are acquired synchronously to the shaft rotation. The data is also broken down and analyzed by 
frequency bands. The 1st harmonic band is defined as the integration about the 1st fan harmonic or from 
0.5 to 1.5B; the 2nd harmonic band from 1.5 to 2.5B, etc.—where B is the number of blades, so the 1st 
harmonic band is centered on 16 shaft orders and is the integration from 8 to 24 shaft orders (Fig. 3). The 
original time histories and the extracted broadband are each analyzed in this manner. The fan harmonics 
are simply “picked” off the spectra.  The data can then be converted to Power Level (PWL) by squaring 
the pressure and multiplying by the appropriate area, then normalizing by specific acoustic impedance. 
Thus each farfield acoustic data run can be reduced to overall, broadband, and tonal power components.  

Figure 4 shows the farfield directivity with 14 stator vanes installed at spacings of 1- and 1/2 -chord 
compared to rotor alone, at a speed of 1800 rpmc. The tonal directivity of the 1st three fan harmonics are 
in sub-plots (a), (b), and (c). The lobed-nature of tone propagation is clearly seen. The broadband 
directivity of the 1st three fan harmonics are in sub-plots (d), (e), and (f). The strong +20 dB and lobed-
nature of tone propagation is clearly seen. A small increase (1 to 2 dB) in the broadband noise is seen. 
The “tail-up” at 165° with the rotor alone (0 vanes) is due to residual swirl widening the exhaust –plume 
generating wind noise on that microphone. 

Figures 5 to 7 show the farfield directivity generated with 28, 13, and 26 vanes at 1-chord spacing, at 
a speed of 1800 rpmc. The rotor-alone directivity is retained for comparison. The anomalous point in the 
rotor alone speed line for the BPF aft arc at a speed of 1600 rpmc, is due to the foam wind screen being 
blown off the last 2 microphones. The high-vane counts result in the 1st BPF cut-off (Ref. 8), hence the 
very small tone levels measured at BPF as seen in Figures 5(a) and 7(a).  

The tonal and broadband directivities are each integrated over the forward and aft farfield arcs to 
obtain total tonal and broadband power (PWL) versus rpmc. These results are plotted in Figures 8 to 11. 
The 1st three fundamental fan-tone components are presented respectively in sub-plots (a), (b), and (c); 
the 1st three harmonic components are presented in sub-plots (d), (e), and (f). A general increase in PWL 
versus RPMc is expected and seen. 
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Figure 4.—Directivities with 14 vanes installed. 

 

 
Figure 6.—Directivities with 13 vanes installed. 

 
Figure 5.—Directivities with 28 vanes installed. 

 

 
Figure 7.—Directivities with 26 vanes installed 
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