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(57) The present invention relates to a ducted axial fan for large diameter ducts. The imnvention 1s comprised of
equidistantly spaced sensors upstream and downstream of the axial fan and spaced actuators located around the
periphery of the duct to cancel tonal noise caused by the air turbulence generated by the rotation of the fan.
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Abstract

The present invention relates to a ducted axial fan for large diameter ducts. The
invention 1s comprised of equidistantly spaced sensors upstream and downstream of the
axial fan and spaced actuators located around the periphery of the duct to cancel tonal

5  noise caused by the air turbulence generated by the rotation of the fan.
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DUCTED AXIAL FAN

The 1nvention relates to a ducted axial fan. These fans are known to generate tonal
noise at harmonics of the rotation rate times the number of blades in the fan as well as
some random noise from air turbulence. It is also well documented that most of the noise
1s generated at the tips of the blades and that the tonal components increase rapidly in
intensity when the fan must work against back pressure.

Prior efforts to solve this problem through active cancellation have been limited to
cases where the diameter of the duct is small and its length long with respect to a
wavelength of the tonal noise. This allows for effective coupling of the anti-noise from a

small number of speakers in the duct with the non-rotating noise field downstream in the

duct.

The instant invention solves the problems inherent in the situation where the
diameter of the fan is large when compared to a wavelength of the tonal noise from the

blade tips. This occurs whenever the fan 1s large, rotating at high speed and/or has a high

number of blades.

Object of the Invention

Accordingly, 1t 1s an object of this invention to improve the prior art in active axial
fan noise cancellation to handle cases where the diameter of the fan is large compared to a
wavelength of the tonal noise from the blade tips.

In accordance with one aspect of the present invention there is provided in a duct
having a multi-bladed axially mounted fan means with multiple blades and an intake side
and an exhaust side mounted therein creating a rotating sound field, the improvement
comprising: a first sensor means mounted upstream of said fan means; a second sensor
means mounted downstream of said fan means; a series of actuator means mounted around
said duct means adjacent said fan means; and a two channel control means operatively
connected to said actuator means and said first and second sensor means and adapted to
directly cancel the tonal noise generated by said axial fan by cancelling the pressure waves

generated by said fan’s rotation by generating different rotating pressure anti-waves on
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each side of the blade so that noise propagates from both the exhaust and intake sides of
the fan to quet said rotating sound field.

In accordance with another aspect of the present invention there is provided in a
duct having an intake and exhaust, said duct having a multi-bladed axially mounted fan
therein, said fan having a large diameter in relation to a wavelength of the tonal noise from
the blade tips to create a rotating sound field, the improvement comprising: a first sensor
means mounted adjacent said fan means; a sertes of actuator means mounted around said
duct in an annular configuration adjacent said fan means; and a two channel control means
operatively connected to said actuator means and said first sensor means and adapted to
cancel the tonal noise generated by said axial fan by cancelling the pressure waves
generated by said fan’s rotation by generating different rotating pressure anti-waves on
each side of the blade so that noise propagates from both the exhaust and intake sides of
the fan to thereby quiet said rotating sound field.

This and other objects will become apparent when reference is had to the
accompanying drawings in which:

Figure 1 is a perspective view of a general configuration of a typical ducted axial
fan.

Figure 2 1s a perspective view of the ducted axial fan comprising the instant
invention.

Figure 3 1s a diagrammatic view of one embodiment of the invention incorporating

a two channel MISACT (Multiple Interacting Sensors and Actuators) control system.

Detailed Description

This invention recognizes that the predominant perceived tonal noise from a ducted
axial fan 1s the secondary acoustical wave generated when the rotating pressure wave
produced by the fan hits physical supporting members near the fan. Most of the work
to date in active control of fan noise cancels this secondary acoustical wave. It has
proven difficult to accomplish this cancellation when the dimensions of the fan and/or

duct are large (more than 1/4A) compared to the wavelength (A) of the noise due to the
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complexity of dealing with the multiple propagation modes that the acoustical wave can
use to travel down the duct.

The primary pressure wave 1s different on each side (inlet/outlet) of the axial fan.
On both sides 1t 1s a maximum at the blade tips (mostly due to the higher speed of the
blades at the tips) and 1s almost zero at the axis of the fan. One solution would then be
to position a set of speakers around the duct at or near the plane of the fan and operate a
multiple interacting algorithm (MISACT) to cancel the noise. The required number of
speakers 1s determined by the complexity of the pressure waveform around the
circumference of the duct but will be a minimum of two per fan blade for smaller fans and
more-for fans with larger diameters.

Figure 1 shows an axial four-bladed fan 10 adapted to rotate within duct 11. The
tips 12 of blades 13 of fan 10 generate tonal noise at harmonics of the rotation rate times
the number of blades in the fan as well as random noise from air turbulence.

In general, the propagating pressure wave is different on either side of the fan.
This will require twice as many speakers and that they be in pairs, on either side of the
fan and double the number of cancellation channels. Figure 2 shows a diagram of the
physical actuator system.

In Figure 2, the fan 20 having blade tips 25 1s adapted to rotate within duct 21,
microphones 22, 23 are located downstream and upstream, respectively and a series of
actuators, e.g., speakers 24, are located around the periphery of duct 21. In cases where
the pressure waves are different on opposite sides of the fan, a second set of actuators 26

are located around the duct peniphery of duct 21. It should be noted that all the speakers
are equally spaced around the duct.

Since the noise sources (fan tips) 25 are close to the anti-noise speakers, the
frequency limits are not as severe as the limits in matching acoustical modes. Since some
noise 1s also generated along the length of the blades, this approach may not achieve
perfect cancellation at higher frequencies, but it should generally do a good job.

To control the speakers, one can employ a system as shown and described in U.S.
Patent No. 5,091,953. This system is known as a MISACT (Multiple Interacting Sensors
and Actuators) system. |

One problem with a direct application of MISACT to this problem is the
complexity and speed of the calculations required to implement that solution to this
problem. Recogmzing that the rotating pressure wave has a slowly changing (almost
unchanging) shape, an alternate solution 1s feasible. Therefore an anti-noise generating
element 1s used which has one channel of active control (two channel MISACT for bi-
directional cancellation) to determine the shape of the required anti-pressure wave and
then output a replicated (by the number (N) of fan blades) version of this shape rotating

around the set of speakers in sync with the fan rotation. A bi-directional system requires
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only a two channel MISACT controller with an added function to do the synchronous
time to spacial transformation. The MISACT controller will need to have a number of
D/A output channels (and amplifiers) equal to the number of speakers per fan blade. It
will only require two A/D nput channels (assuming no serious propagation mode
problems at the microphones).

The generation of the rotating sound field is a straight forward addition to a
MISACT controller. The present MISACT system generates an image of the required
anti-noise output wave form and stores it in memory. It then reads this memory in a
rotating cycle, synchronous with the noise cycle. All that is needed here is to read the
output wave form with N different pointers (N being the number of speaker pairs per fan
blade) that are equally spaced around the anti-noise cycle. The resulting 2*N output
signals are then each amplified and distributed to a number of speakers equal to the
number of fan blades.

Since the anti-noise output waveform is slowly varying, the update algorithm can
be slowed down to maintain stability in the presence of the non-linear relationship

between the generated anti-noise waveform and the residual noise sensed by the

microphone on each side of the fan. Figure 3 shows such a system as described in the-

preceding paragraphs.

Having descrnibed the invention, attention is directed to the appended claims.
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Claims:

. In a duct having a multi-bladed axially mounted fan means with multiple blades
and an intake side and an exhaust side mounted therein creating a rotating sound field, the
Improvement comprising:

a first sensor means mounted upstream of said fan means;

a second sensor means mounted downstream of said fan means;

a series of actuator means mounted around said duct means adjacent said fan
means; and

a two channel control means operatively connected to said actuator means and said
first and second sensor means and adapted to directly cancel the tonal noise generated by
said axial fan by cancelling the pressure waves generated by said fan’s rotation by
generating different rotating pressure anti-waves on each side of the blade so that noise

propagates from both the exhaust and intake sides of the fan to quiet said rotating sound

field.

2. The improvement of claim 1, wherein said actuator means comprises a series of

speakers mounted inside the duct means.

3. The improvement of claim 2, wherein said speakers are spaced equidistant from

one another.

4. The improvement of claim 1, wherein said actuator means comprises two sets of
speakers mounted in said duct, each set mounted adjacent said axially mounted fan so as

to be adapted to directly cancel the pressure waves generated by the fan’s rotation on

either side.

5. The improvement of claim 4, wherein said control means is adapted to do a

synchronous time to spacial transformation.
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6. The improvement of claim 1, wherein said actuator means comprises one set of
speakers mounted 1n said duct, said speaker means mounted adjacent said axially mounted
fan so as to be adapted to directly cancel the pressure waves generated by the fan’s

rotation on one side by generating a pressure gradient around said duct that has a shape

opposite to the pressure gradient formed by the moving fan blades.

7. The improvement of claim 6, wherein said actuator means is a series of speakers

mounted 1nside said duct means.

8. The improvement of claim 7, wherein said speakers are spaced equidistant from
one another.
9. In a duct having an intake and exhaust, said duct having a multi-bladed axially

mounted fan therein, said fan having a large diameter in relation to a wavelength of the
tonal noise from the blade tips to create a rotating sound field, the improvement
comprising:

a first sensor means mounted adjacent said fan means;

a series of actuator means mounted around said duct in an annular configuration
adjacent said fan means; and

a two channel control means operatively connected to said actuator means and said
first sensor means and adapted to cancel the tonal noise generated by said axial fan by
cancelling the pressure waves generated by said fan’s rotation by generating different
rotating pressure anti-waves on each side of the blade so that noise propagates from both

the exhaust and intake sides of the fan to thereby quiet said rotating sound field.
10.  The improvement of claim 9, wherein there is a second sensor means mounted

adjacent said fan on the side opposite from said first sensor means and said series of

actuator means comprise two annular configurations thereof one on each side of said fan.
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