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NOISE CANCELLATION CHAMBERS

BACKGROUND
{0001} An electronic device may include a plurality of components which may
generate heat during operation. To dissipate the heat generated by such plurality of
components, the electronic device may include a cooling device, for example, a cooling
fan, which may be provided within a chassis of the sleclronic device. In operation, the
cooling device may regulate flow of a fluid, such as air, within the chassis of the electronic
device for dissipating the heat generated by the plurality of components.

BRIEF DESCRIPTION OF DRAWINGS
[oon2} The following detailed description references the drawings, wherein:
[0003] FIGS. 1 and 2 are example computing devices with cooling devices, as per
an example of the present subject matter;
{0004} FIG. 3 is block diagram of an electronic device, as per another example of
the present subject matier;
[0005] FIG. 4 is a detailed block diagram of an example electronic device, as per
another example of the present subject matter;
[0008] FIG. § illusirates an adaptable chamber for altenuating acoustic noise
emifted by a cooling fan of an electronic device, as per an example;
(0007} FIG. 8 Hlustrates an adaptable chamber for attenuating acoustic noise
gmitied by a cooling fan of an electronic device, as per another example; and
[0008] FIG. 7 illustrates an adaptable chamber for attenuating acoustic noise
emitted by a cooling fan, as per an example.
[0009] Throughout the drawings, identical reference numbers designate similar,
but not necessarnly identical, elements. The drawings provide examples and/or
implementations consistent with the description; however, the description is not limited o

the examples and/or implemeantations provided in the drawings.
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DETAILED DESCRIPTION

(00101 A cooling device may be installed within an electronic device 1o dissipate
the heat generated by components of the electronic device. The cooling device may
cause circulation of a cooling fluid, such as ambient air, within a chassis of the electronic
device. The movement of the cocling fluid within the chassis may extract the thermal
energy being generated by the components, so that the components may continue 1o
operate within prescribed temperature thresholds. Example of the cooling device include,
but is not limited to, a cooling fan, which may be fitted onto a component of the electronic
device. Examples of the electronic device include, but are not limited {0, a desklop
computer, a laptop computer, a printing device, and a multimedia device.

{0011} The operation of the cooling device may result in generation of acoustic
noise. As would be understood, acoustic waves {corresponding to the acoustic noise)
generated by the cooling device may have an excitation frequency. The excitation
frequency of the acoustic wave may, in turn, depend on an operating speed of the cooling
device. To suppress or attenuate the acoustic noise, the cooling device may include a
cancellation chamber. The cancellation chamber may result in resonance when a natural
frequency corresponding to the cancellation chamber maiches the excitation frequency
of the acoustic waves produced by the cooling device. The resonance causes formation
of a standing wave in the cancellation chamber that destructively interferes with the
acoustic waves generated by the cooling device. As a result, the acoustic waves are
attenuated or suppressad.

{0012} As may be understood, the natural frequency for the cancellation chamber
may be dependent on physical dimensions of the cancellation chamber. As a result, the
cancellation chamber may be effective for a certain excitation frequency of the acoustic
waves, generated at a cerfain operating speed. In certain cases, the cooling device may
operate at different operating speeds depending on an operational state of the electronic
device. For example, the cooling device may operate at a higher operating speed in
instances when higher rate of thermal dissipation is 1o be achieved, such as using the
glectronic device over extended penods of time. In certain other cases, the cooling device
may operate at a lower operating speed, such as during idle conditions. In such instances,

the canceliation chambser may not be able {0 altenuate acoustic noises of different
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frequencies which may be generated due o the cooling device operating at different
operating speeds. Furthermore, even in cases where the canceliation chamber may be
adapted for different frequencies, it may not be able to effectively attenuate the acoustic
noise. Neither are such mechanisms suifable for compact devices, for sxample,
notebooks, taptops, and similar such computing devices.

[0013] Examples of an adaptable noise cancellation chamber for a cooling device
are described. In an example, the adapiable noise cancellation chamber (hereinafter
referred {0 as an adaptable chambar) has a first end, a second end, and a sidewall. The
sidewall extends longitudinally between the first end and the second end. The adaptable
chamber may further mclude an opening for the entry of the acoustic waves inio the
adaptable chamber. The acoustic waves correspond 1o acoustic noise emitted by cooling
device during its operation.

[0014] The adaptable chamber may be adapted to attenuate acoustic noise having
different excitation frequencies emanating from the cooling device. The excitation
fraquency of the acoustic noise is dependent on the operating speed of the couling device.
The adaptable chamber may be adapled in response 10 a detected operatling speed of
the cooling device. Adapting may be considerad as any change in state, configuration, or
shape of the adaptable chamber that may be brought about in response to the detected
operating speed. For example, based on the detected operating speed of the couoling
device, the chamber may be adapted {o vary a volume of the chamber. The change inthe
volume further resulls in the formation of standing waves of different frequencies, which
are to destructively interfere with the acoustic waves generated by the cooling device.
[0015] in one example, the adaptable chamber may include an actuating member
mounted onto an inner surface of the adaptable chamber. The actuating member s
pivotally moveable between a first position and a second position in response {0 a
detected operating speed of the cooling device. In an example, the movement of the
actuating member changes a volume of the adaplable chamber. In operation, the
actuating member may be moved to the first position in response o detection of a first
operating speed. it may be noted that the ferm operating speed and rotational speed may

be used interchangeably without impacting the scope of the present subject
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[00186] When in the first position, the actuating member may divide an internal
volume of the adaptable chamber into a first sub-chamber and a second sub-chamber.
The first sub-chamber, having 8 volume less than the internal volume, is o result in
formation of standing waves which may afienuate acoustic waves generated by the
cooling device operating at the first rotational speed. In a similar manner, the actuating
member may move to the second position in response 1o detection of a second rolational
speed. When in the second position, an effective volume is a combination of the volume
of the first sub-chamber and a volume of the second sub-chamber. The resulling effective
volume is to result in the formation of another standing wave which may altenuate
acoustic waves generated by the cooling device operating at the second rotational speed.
{00171 The volume of the adaptable chamber may be varied through a variety of
different mechanisms. In yet another example, the adaptable chamber includes a
longitudinally extending first chamber and a second chamber, wherein the first chamber
and the second chamber are positioned adjacent to each other. The dimensions of the
second chamber may be different from the dimensions of the first chamber. The first
chamber and the second chamber may have & first open end and g second open end,
respectively, such that the first open end and the second open end are in proximily to the
cooling device.

{0018} Continuing with the present example, an actualing member may be
arranged in proximity {0 the first open end and the sscond open end. The actuating
member may be pivolally moveable between a first position and a second position, in
response o a detected rotational speed of the cooling device. In this regard, the actuating
member, when in the first position, is to cover the first open end. In such a case, acoustic
waves corresponding 1o an acoustic noise produced by the cooling device operating at a
first rotational speed is directed to the second chamber. The acoustic waves may form
standing waves in the second chamber that may destructively interfere with the acoustic
waves generated by the cooling device. In a similar manner, the actuating member when
in the second position, is to cover the second open end. In such a case, acoustic waves
produced by the cooling device operating at a second rolational speed is directed to the
first chamber. The acoustic waves may form standing in the first chamber that may

destructively interfere with the acoustic waves generated by the cooling device.
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[0019] in another example, the adaptable chamber may include a first portion
coupled to a second portion, wherein the second portion is longitudinally moveable with
raspact to the first portion. The movement of the second portion with respect to the first
portion enables varying an effective length of the adaptable chamber. Depending on a
detected rotational speed of the cooling device, the positioning of the second portion may
be varied. For example, for a first rotational speed, the second portion may be so
positioned such that the adapiable chamber has a first effective length. In a similar
manner, i the rotational speed of the cooling device changes {o a second rotational
speed, the second portion may be moved such that the adaptable chamber has a second
effective length. Depending on the effective length of the adaptable chamber, the standing
waves produced thersin may attenuate acoustic noise produced by the cooling device
when operating at different rotational speeds.

[0020] The adaptable chamber, as per the various examples, may be coupled to a
confroller. The controller may generate control signals which adapt the adaptable
chambaer based on the detected rotational speed of the cooling device. In an example,
the controller may generate control signals for operating an actuator {8.g., a servo motor)
for controfling the actuating member, or for affecting the movement of the second portion
with respect o the first portion, to adapt the adaplable chamber. As would be further
explained, the adaptable chamber described herein may be adapted to maich different
gxcitation frequencies corresponding o acoustic noise emitied by the cooling device
operating at different rofational speeds. The adaptable chamber arranged within the
cooling devices may have a compact set-up thus enabling deployment within compact
spaces. it may be noted that the manner in which the present subjact matter may be
implemented, may vary. Such different examples are described in conjunction with the
accompanying figures.

[0021] FIG. 1 illustrates a computing device 100 having a cooling device 102, as
per an example. The computing device 100 may be any processor enabled device which
performs certain specific functions. Examples of the computing device 100 includes, but
is not fimited {0, a laptop computer, a deskiop computer, and a remote server, The present

examples may also be implemented in other types of the electronic devices that includes
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the cooling device 102, for example, a printing device and a mullimedia device, without
deviating from the scope of the present subject matter.

(00221 The computing device 100 may further include different components {(not
shown in FIG. 1}, which may operate {0 enable the computing device 100 {o implement
different functions. Examples of the componenis include, but are not limited to, a
processor, display device, graphic card, video card, memory, communication interfaces,
and instaliable components which may be installed within the computing device 100.
[0023] Continuing with the present example, the cooling device 102 may include a
housing 104 enclosing a cooling fan 106. The cooling fan 106 may rotate with a rotational
speed for cooling the components of the computing device 100. The rotational speed of
the cooling fan 106 may be adjusted according to thermal conditions within the chassis
of the computing device 100.

[0024] The cooling device 102 may further include an adaptable chamber 108. The
adaptable chamber 108 is {0 cause attenuation of an acoustic noise emitted by the coualing
fan 106. The adaptable chamber 108 includes a first end 110, a second end 112 and a
longitudinally extending sidewall 114 between the first end 110 and the second end 112.
in one example, an opening 116 may be defined at the sidewall 114 of the adaptable
chamber 108, near the first end 110, while the second end 112 may form a closed end. it
may be noted that the construction of the adaptable chamber 108 is only illustrative and
should not be construed as limiting in any way. In other implementations, the opening 116
may be defined at any one of the first end 110 or the second end 112 of the adaptable
chamber 108,

[0025] Continuing further, an actuating member 118 is arranged within the
adaptable chamber 108. The actuating member 118 may be mounted on an inner surface
of the adaptable chamber 108. In operation, the actuating member 118 may be pivotally
mounted within the adaptable chamber 108. During operation, the actuating member 118
may be controiled to move between a first position and a second position. In an axample,
the movement of the actuating member 118 may be in response 1o a detected operating
speed or rotational speed of the cooling fan 106, Further, varying the position of the
actuating member 118 may adapt a volume of the adaptable chamber 108 for attenuation

of acoustic waves having different excitation frequency.
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[0028] in operation, the actuating member 118 may be moved to the first position
{as shown in the expanded view of the adaptable chamber 108) in response to detecting
a first rotational speed of the cooling fan 108. When in the first position {as depicted in
FIG. 1), the actuating member 118 may divide an intemal volume of the adapiable
chamber 108 into a first sub-chamber 120 and a second sub-chamber 122, The first sub-
chamber 120 is to result in the formation of standing waves which may attenuate acoustic
waves generaled by the cooling fan 106 operating at the first rofational speed. In a similar
manner, the actuating member 118 may be moved o the second position (shown in
dotted line in FIG. 1} in response {o detecting the cooling fan 106 operating at a second
rotational speed. When in the second position, a volume of the adaptable chamber 108
is a combination of volume of the first sub-chamber 120 and the second sub-chamber
122. The volume is to result in the formation of standing waves which may sttenuate
acoustic waves generated by the cooling fan 106 operating at the second rotational
speed. Although the present example has been explained with respect {0 a single
actuating member 118, the adaptable chamber 108 may include a plurality of such
actuating members, without deviating from the scope of the present subject matter,
{00271 FiG. 2 illustrates a computing device 200 having a cooling device 202, as
per an example. The computing device 200 may be similar to the computing device 100
as described in conjunction with FIG. 1. Similar to the cooling device 102, the cooling
device 202 may also include a circulating device, such as the circulating device 204
enclosed within & housing 208. in one example, the circulating device 204 may be a
varigble axial fan or ceninifugal fan. The circulating device 204 may circulate a volume of
cooling fluid, such as air, to remove the thermal energy generated by components of the
computing device 200.

[0028] The cooling device 202 may be arranged within a chassis of the computing
device 200 in a manner so as to maximize the volume of cooling fluid which may be
directed onto components of the computing device 200. For exampie, the cooling device
202 may be directly mounted onto a central processing unit (CPU), a graphic card, a video
card, and the like, of the computing device 200,

[0029] The cooling device 202 further includes a longitudinally extending first

chamber 208 and a second chamber 210. The first chamber 208 has a respective open
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end 212-1 and a respective closed end 214-1, with a longitudinal sidewall 218-1 extending
between the respective open end 212-1 and the respective closed end 214-1. Similarly,
the second chamber 210 has a respective open end 212-2 and a respective closed end
214-2, with a longitudinal sidewall 216-2 exiending between the respective open end 212-
2 and the respactive closed end 214-2. In an example, a dimension of the first chamber
208 is different from a corresponding dimension of the second chamber 210. In the
present example, the first chamber 208 is depicted as having a greater cross-sectional
area as compared to the cross-sectional area of the second chamber 210.

[0030] The first chamber 208 and the second chamber 210 may be arranged
adjacent to each other, such that the open end 212-1 and the open end 212-2 (collectively
referred {0 as open ends 212) are in proximity to the circulating device 204, In an example,
the first chamber 208 and the second chamber 210 may be arranged adjacent o sach
other and positioned tangentially at outer circumference of the housing 206 of the
circulating device 204. In one example, the first chamber 208 and the second chamber
210 may have a hollow cylindrical structure.

{00311 Continuing further, the cooling device 202 further includes an actualing
member 218, arranged in proximity to the open ends 212. The actuating member 218
may be pivotally moveable between a first position and a second position, in response fo
a detecied rotational speed of the circulating device 204. The actuating member 218
when in the first position s {0 cover the open end 212-1 of the first chamber 208. In &
similar manner, the actuating member 218 when in the second position is {o cover the
open end 212-2 of the second chamber 210.

[0032] On detecting a first rofational speed of the circulating device 204, the
actuating member 218 may be moved to the first position (as depicted in FIG. 2). in such
a case, acoustic waves corresponding to an acoustic noise produced by the circulating
device 204 are direcited {o the second chamber 210. Similarly, on defecting a second
rotational speed of the circulating device 204, the actuating member 218 may be moved
to the second position (depictad by way of dotted lines in FIG. 2). In such a case, acoustic
waves corresponding to an acoustic noise produced by the circulating device 204 are
directed to the first chamber 208. Since the dimensions of the first chamber 208 and the

second chamber 210 are different, the volume of the space enclosed, thersin, is also
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different. As a resull, the first chamber 208 and the second chamber 210 may resull in
standing waves of different frequencies which may then destructively interfere with the
acoustic waves produced by the circulating device 204,

[0033] FIG. 3 illustrates an electronic device 300, as per another example. The
glectronic device 300 may include a cooling fan 302 enclosed within a housing 304. The
cooling fan 302 may affect removing thermal energy which may be generated by
components of the electronic device 300. The cooling fan 302 may be similar {o the
cooling fan 106 and the airculating device 204, as described in conjunction with the
pravious examples. During operation, the cooling fan 302 may emit acoustic noise which
in tum may be characterized by an excitation frequency. The excitation frequency of the
acoustc waves may be dependent on a rotational speed of the cooling fan 302. In an
example, the electronic device 300 may be a computing device, such as a laptop
computer, a deskiop computer, a notebook and the like, g printing device, 8 multimedia
device, and so forth.

(0034} The cooling fan 302 may further include an adaptable chamber 306, which
may be tangential positioned with respect 1o the housing 304, such that a longitudinal axis
of the adaptable chamber 306 fies in plane of rolation of the cooling fan 302, and is
tangential to the rotational direction of the cooling fan 302. The adaptable chamber 306
may be composed of a first portion 308 coupled o a second portion 310, The first portion
308 and the second portion 310 are concentrically positioned such that the they are o
telescopically move into one another. The second portion 310 may slide with respect o
the first portion 308 1o vary an effective length of the adaptable chamber 306. An opening
312 may be defined in the adaptable chamber 308, wherein the opening 312 is to enable
entry of acoustic waves emitted by the cooling fan 302 into the adapiable chamber 306.

[0035] The movement of the second portion 310 with respect to the first portion
308 may be controlled by a controller 314. The controller 314 may be a miCroprocessor,
microcomputer, microcontrofler, digital signal processor, central processing unit, state
machine, logic circuitry, and/or any device that may manipulate signals based on certain
operational instructions. Among other functions, the controller 314 may fefch and executs
the computer-readable instructions stored in a memory {not depicted in FIG. 3) of the

glectronic device 300, fo move the second portion 310 of the adaptable chamber 306.
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The controller 314 may perform a series of funclions in response to execution of
executable instructions stored in the electronic device 300. In ancther example, the
controller 314 may also detect the rotational speed of the cooling fan 302.

[0036] In operation, the coniroller 314 may initially detect the rotational speed of
the cooling fan 302, On detecting a first rotational speed of the cooling fan 302, the
controfier 314 may control the second portion 310 1o position it such that the adaptable
chamber 306 has a first effective length. The first effective length of the adaptable
chamber 306 may cause acoustic waves emitied by the cooling fan 302 to form standing
waves within the adaptable chamber 306, which may then destructively interfers {o
attenuate the acoustic waves generated by the cooling fan 302. In a similar manner, on
detecting a second rotational speed of the cooling fan 302, the coniroller 314 may move
the second portion 310 such that the adaptable chamber 306 has a second effective
length. The second effective length of the adaptable chamber 306 may cause acoustic
waves emitied by the cooling fan 302 {o form standing waves that may destructively
interfere with the acoustic waves o altenuate an acoustic noise generated st the second
rotational speed. As may be understood, the controlier 314 may accordingly move the
saecond portion 310 to different positions, thereby resuiting in different effective lengths.
i this manner, the adaptable chamber 306 may be ulilized for attenuating acoustic waves
of a ranging frequencies by adjusting the posttion of the second portion 310,

[0037] FIG. 4 illustrates an electronic device 402, as per an example. The
glectronic device 402 includes a cooling device 404. The cooling device 404 may be
located within a chassis of the electronic device 402, such as at a front, back, or sides
thereof. In certain cases, the cooling device 404 may be mounted onto components of
the electronic device 402. The cooling device 404 may be arranged within the electronic
device 402 using fastening means, such as screws, bolts, snap-in bracksts, and the like.
The cooling device 404 includes a cooling fan 406 enclosed within a housing 408, wherein
the cooling fan 406 is to circulate ambient air within the chassis of the electronic device
402. The cooling device 404 further includes a chamber 410 that may be adapted for
attenuating acoustic noise generated by the cooling fan 406, operating st different

rotational speeds.
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[0038] The electronic device 402 further includes, controlier 412, interface(s) 414,
memory({s) 416, and data 418. The controlier 412 may be a single processing unit or may
include a number of units, all of which could include mutltiple computing units. The
controfler 412 may be implemented as one or more mMICIoprocessor, microcomputers,
embedded controller, digital signal processors, central processing units, state machines,
logic circuitries, andfor any devices thal manipulate signals based on operational
instructions. Such operational instructions may be implemented by device firmware of the
glectronic device 402. The controller 412 may be adapted to fetch and execute processor-
readable instructions stored in the memory{s) 416 1o implement one or more
functionalities. The controller 412 may be operable to extract, receive, process, share and
store information based on instructions that drive the electronic device 402.

[0039] The electronic device 402 may further include components which may be
operatively assembled and enable the electronic device 402 to perform appropriate
functions. Examples of such components include, but are not limited {o, display device,
storage module, graphic card, video card, sound card, inputfoutput devices, motherboard,
and so forth.

{0040} in certain cases, the operational instructions for enabling functionality of the
controfler 412 may be implemented by the device firmware of the electronic device 402.
in an example, the device firmware may be a Basic Inputfoutput System {(BIOS). In this
regard, the BIOS refers {0 a hardware or a hardware and instructions that initializes,
controls, or operates the electronic device 402 prior to execution of an operating system
(OS) of the electronic device 402, Instructions included within the BIOS may be software,
firmware, microcode, or other programming that defines or controls functionality or
operation of the BIOS. in one example, the BIO8 may be implemented using instructions,
such as platform firmware of the electronic device 402, executable by the controller 412.
The BIOS may operate or exacute prior o the execution of the OS of the electronic device
402. The BIOS may initialize, control, or operate the components of the electronic device
402 and may load or boot the 08 of the electronic device 402.

[0041] in some examples, the BIOS may provide or establish an interface between
hardware component(s) or a platform firmware of the electronic device 402 and an 08 of

the electronic device 402, via which the OS of the electronic device 402 may confrol or
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operate the hardware componeni(s) or the platform firmware of the electronic device 402.
In certain examples, the BIOS may be a Unified Extensible Firmware interface (UEFH
specification of the BIOS or another specification or standard for initializing, controlling,
or operating the electronic device 402.

[0042] Returmning to the present example, the interface(s) 414 may include a vanety
of software and hardware interfaces that allow the electronic device 402 to interact with
other devices, such as other electronic devices and computing devices, in addition to
other devices such as network entiies, web servers, and external repositories, and
peripheral devices such as input/output (HO) devices (not shown in FIG. 4 for sake of
brevity). The memory(s) 416 may include any computer-readable medium known in the
art including, for example, volatile memory, such as Static Random-Access Memory
such as Read-Only Memory (ROM), Erasable Programmable ROMs (EPROMs), flash
memories, hard disks, optical disks, and magnetic tapes.

{0043} The data 418 includes information pertaining to different rotational speeds
420 of the cooling fan 406, configuration data 422 for the chamber 410 and other data
424. The configuration data 422 may provide a mapping between different rotational
speeds 420 and various configuration states of the chamber 410. For example, the
configuration data 422 may specify a position of an actuating member, such as the
actuating member 118 depending on a delected rotational speed of the cooling fan 1086
(as depicted in FIG. 1). In another example, the configuration data 422 may determine
the position in which another actuating member 218 is to be moved to, for the circulating
device 204 (as depicted in FIG. 2}, or the position to which the second portion 310 is to
be moved relative fo the first portion 308, for the cooling fan 302 {as depicted in FIG. 3).
Depending on detected rotational speed of the cooling fan 406, the controfier 412 may
fetch a corresponding configuration data 422, and accordingly generate control signals to
change a configuration or slate of the chamber 410. As may be understood, change in
the configuration or state of the chamber 410 may be brought about, in one example, by
controlliing the movement of the actuating members 118, 218, or changing the position of
the second portion 310 with respect to the first portion 308. Such examples are further

described in detall, in conjunction with FIGS. 5-7.

12



WO 2022/046044 PCT/US2020/047922

[0044] FIG. 5 Hlustrates an adaptable chamber 502 for atfenuating acoustic noise
emitied by a cooling fan, such as the cooling fan 406 enciosed within a8 housing {such as
the housing 408). Further, the adaptable chamber 502 may be arranged tangential to the
housing 408, along an outer circumferance thereof. In an example, the cooling fan 406
may be a computer fan that, in operation, circulates ambient air within an electronic device
{such as the electronic device 402).

[0045] in the example as depicted, the adaptable chamber 502 may have a first
end 504, a second end 506 and a sidewall 508 exiending longitudinally between the first
end 504 and the second end 506. It may be noted that the shape of the adaplable
chamber 502 is depicted as rectilinear for purposes of explanation and should not be
construad as a limitation. Other shapes of the adaptable chamber 502 are also possible,
and such examples would fall within the scope of the present subject matter.

[0046] As depicted in FIG. 5, the adaptable chamber 502 may include an opening
510. In the present example, the opening 510 may be defined at a portion of the sidewall
508 of the adaptable chamber 502 and may be proximal to the first end 504, The
adaptable chamber 502 may aiso have the closed second end 508, The opening 510 is
to provide entry to acoustic waves (corresponding {o the acoustic noise) emitted by the
cooling fan 4086 into the adaptable chamber 502. In one example, a passive acoustic filter
512 may be arranged within the adaptable chamber 502 in proximity to the opening 510,
The filter 512 is to absorb some of the acoustic waves, for example, low-frequeancy
acoustic waves.

(00471 The adaptable chamber 502 may include a first actuating member 5141
and a second actuating member 514-2 {collectively referred to as acluating members
514). The actuating members 514 may be mounted on an inner surface of the sidewall
508, between the first end 504 and the second end 508, As described briefly, frequency
of the acouslic noise generated by the cooling fan 406 may vary depending on the
rotational speed of the cooling fan 406. For example, at higher rotational speeds, the
cooling fan 4068 may be producing acoustic noise having higher frequency. Similarly, at
lower rotational speeds, the cooling fan 406 may be generating a low frequency acoustic
noise. In one example, the actuating members 514 may be an electromechanically

operated valve. For exampie, the valve may be coupled to an actuating mechanism which
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is to cause the movement thereof, wherein the actualing mechanism may be controlied
by the controller 412.

[0048] i operation, the actuating members 514 may be individually controfied by
the controller 412 in response {o the detected rotational speed of the cooling fan 408, The
actuating members 514 may be individually moveable between a respective first and a
second position. For example, when in the first position, the actuating members 514 may
be such that they are perpendicular {o the adaptable chamber 502, When in the first
position, the actuating members 514 may limit the length within the adaptable chamber
502, through which the acoustic waves corresponding o the acoustic noise may traverse,
When in the first position, the first actuating member 514-1 may form a first sub-chamber
516 {as representad in 500A), within which the acoustic waves will propagate. In a similar
manner, whan the second actuating member 514-2 is in the first position {while the first
actuating member 514-1 is in the second position), it may form a second sub-chamber
518 {as represented in 5008). When both the actuating members 514 are in the second
position {as represented in 500C), an entire inner volume of the adaptable chamber 502
is available for propagation of the acoustic waves. In the context of the present example,
a volume enclosed by the adaptable chamber 502 s greater than a volume enclosed by
the second sub-chamber 518, with the volume of the second sub-chamber 518 being
graater than a volume enclosed by the first sub-chamber 516.

[0049] Different volumes resulf in attenuation or canceliation of acoustic waves
with different frequencies. As may be understood, resonating chambers with greater
length may be utilized for attenuating lower frequencies, while resonating chambers with
shorter lengths may be utilized for attenuating higher frequencies. As a resull, the first
sub-chamber 516 may be ulilized for attenuating acoustic waves with a frequency which
may be grealer than a frequency of acoustic waves which may be attenualed by the
second sub-chamber 518. In a similar manner, a frequency of acoustic waves which may
be attenuated by the entire length of the adaptable chamber 502, may be less than the
frequency of the acoustic waves which may be attenuated by the first sub-chamber 516
and the second sub-chamber 518,

[0050] in operation, the controller 412 may detect a rotational speed of the cooling

fan 406. On detecting the rotational speed, the controller 412 may query the configuration
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data 422 based on the detected rotational spesd. The configuration data 422, in one
example, may include a mapping between a plurality of rotational speeds and
corresponding indicator flags for the actuating members 514, The indicator flag may
indicate a position for the actuating members 514, i.e., the respective first position or the
second position for the actuating members 514. Depending on the indicator flags, the
controlier 412 may move the actualting members 514 to either the first position or the
sacond position.

[0051] in the present example, on detecting a first rotational speed, the controfler
412 may determine that the first actusting member 514-1 is to be in the first position based
on the configuration data 422, as represented in 500A. Once the position of the first
actuating member 514-1 is determined, the controller 412 may control the fust actuating
member 514-1, such that it is in the first position {i.e., perpendicular {o the length of the
adaptable chamber 502). When in the first position, the first acluating member 514-1
forms the first sub-chamber 516. The first sub-chamber 516 may then resuit in the
formation of standing waves which may then destructively interfere with acoustic waves
corresponding to an acoustic noise generated by the coodling fan 408 operating at the first
rotational speed.

[0062] in a similar manner, the controller 412 may detect the cooling fan 406 to be
operating at a second rotationat speed, with the second rotational speed being less than
the first rofational speed. The controfler 412 may accordingly query the configuration data
422 to determine indicator flags for the actuating members 514, in the present example,
on detecting the cooling fan 406 to be opsrating at the second rotational speed, the
controfler 412 may control the actuating members 514 such that the first actuating
membey 514-1 is i1 the second position (i.e., extending parallel to the adaptable chamber
502}, with the second actuating member 514-2 in the first position to form the second sub-
chamber 518, as represented in 500B. The second sub-chamber 518 is to result in the
formation of standing waves which may then destructively interfere with acoustic waves
corresponding 1o an acoustic noise generated by the cooling fan 406 operating at the
second rotational speed. In a similar manner, on detscting a third rotational speed, the
controfler 412 may move both the actuating members 514 to the second position, as

represented in 500C, thereby providing the entire length of the adaptable chamber 502
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for propagation of agoustic waves. The adaptable chamber 502 is to result in the formation
of standing waves which may then destructively interfere with acoustic waves generated
by the cooling fan 406 operating at the third rotational speed. it may be noled that other
gxamples involving additional actuating members are also possible without deviating from
the scope of the present subject matter. In such cases, the confroller 412 may control
such other actuating members o atlenuate acoustic waves of other frequencies.

{00531 FIG. & Hllustrates another example adaptable chamber 802 for altenuating
acoustic noise emitted by a cooling fan, such as the cooling fan 406 of the elecironic
device 402. During operation, the cooling fan 406 may emit acoustic noise due 1o rotation
thereof. The adaptable chamber 602 is composed of longitudinally extending first
chamber 208 and a second chamber 210 for aflenuating acoustic noise of different
frequencies, which may be emitted by the cooling fan 408 when operating at a first
rotational speed and a second rotational speed. In this example, the first rotational speed
1s greater than the second rotational speed.

{0054} The first chamber 208 has an open end 212-1, a closed end 214-1 and a
longitudinal sidewall 216-1 extending between the open end 212-1 and the closed end
214-1. Similarly, the second chamber 210 has an open end 212-2, a corresponding
closed end 214-2 and a longitudinal sidewall 216-2 extending between the open end 212-
2 and the closed end 214-2. The dimensions of the first chamber 208 and the second
chamber 210 are different. In an example, a cross-sectional area of the first chamber 208
is greater than the cross-sectional area of the second chamber 210. As a resulf, a volume
enclosed within the first chamber 208 is greater than a volume enclosed in the second
chamber 210. it may be noted that although the first chamber 208 and the second
chamber 210 are depicted to have rectilinear shape, they may be of any shape without
deviating from the scope of the present subject matter.

[0055] As may be noted, different chambers with different volumes resull in
attenuation or canceliation of acoustic waves of different frequencies. The resonating
frequency is inversely proportional to the volume of the chamber. Therefore, resonating
chambers with larger volumes may be ulilized for attenuating lower frequencies, while
resonating chambers with smaller volumes may be utilized for attenuating higher

frequencies. in the context of the present example, since the volume enclosed by the first

16



WO 2022/046044 PCT/US2020/047922

chamber 208 is greater than the volume enclosed by the second chamber 210, the first
chamber 208 may be utilized for attenuating an acoustic wave with a frequency which
may be less than a frequency of an acoustic wave which may be attenuated by the second
chamber 210. In an example, the open ends 212 may be provided with filters 6804-1 and
604-2 to allow certain frequencies 1o pass through and enter, either the first chamber 208
or the second chamber 210. in an example, the filters 604-1, 2 may be a sponge filter.
[0056] The adaptable chamber 602 may be further provided with an actualing
member 218 arranged within the cooling device 404. The actuating member 218 may be
arranged in proximity o the open ends 212 of the first chamber 208 and the second
chamber 210. The actuating member 218 may be an electromechanically operated valve,
for example a solencid valve. Other types of example valves may also be possible without
deviating from the scope of the present subject matter. In operation, the controller 412
may detect a rotational speed of the cooling fan 408, Depending on the detected rotational
speed, the controller 412 may control the movement of the actuating member 218, such
that it is either at a first posttion or a second position. When at the first position, the
actuating member 218 is to cover the open end 212-1, and when in the second position,
is to cover the open end 212-2.

(005671 In operation, the controller 412 on detecting a first rotational speed of the
cocling fan 406, may move the actuating membaer 218 to the first posttion {as represented
it 600A)}. The actuating member 218 in the first position covers the open end 212-1 of the
first chamber 208. Since the first chamber 208 is coverad, acoustic waves correspanding
to an acoustc noise emitted by the cooling fan 400 are directad info the second chamber
210. This results in the creation of standing waves in the second chamber 210, The
standing waves thus produced, are to destructively interfere with the acoustic wave
generated by the cooling fan 406. The destructive interference resulis in the atienuation
or cancellation of the acoustic waves generated by the cooling fan 406 operating at the
first rotational speed.

[O058] in a similar manner, the controfler 412 on detecting a second rotational
speed of the cooling fan 408, may move the actuating member 218 to the second position
(as represented in 600B). When in the second position, the actuating member 218 covers

the open end 212-2 of the second chamber 210, Since the second chamber 210 is
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covered, the acoustic waves corresponding 10 an acoustic noise emitted by the cooling
fan 406 are directed into the first chamber 208, Within the first chamber 208, standing
waves may be formed which then may destructively interfere with the acoustic wave
generated by the cooling fan 406. The destructive interference results in the attenuation
or cancellation of the acoustic waves generated by the cooling fan 406 operating at the
second rotational speed. In this manner, the adaptable chamber 602 thus described may
be utilized for attenuating acoustic noise having different frequencies, which are
generated when the cooling fan 406 that is {0 operate at different rotational speeds.
[00569] i may be noted that the adaptable chamber 602 may be composed of
additional chambers having cross-sectional areas which are different from the first
chamber 208 and the second chamber 210. Such examples would also fall within the
scape of the present subject matter.

[0060] FIG. 7 dlustrates yet another example of an adaptable chamber 702 for
attenuating acoustic noise emitted by a cocling fan, such as the cooling fan 408. The
adaptable chamber 702 may include a first portion 704 and a second portion 706. The
first portion 704 and the second portion 706 are concentrically positioned and are {0 move
telescopically with respect to each other. The first portion 704 may have a first end 708-
1, a second end 710-1 and a sidewall 712-1 extending longitudinally between the firstend
708-1 and the second end 710-1. In a similar manner, the second portion 708 may have
a first end 708-2, a second end 710-2 and a sidewsll 712-2 exiending longitudinally
between the first end 708-2 and the second end 710-2. For example, the second portion
706 mayv be operatively coupled {o the first portion 704. In this regard, the second portion
706 is longitudinally movable with respect to the first portion 704. The second end 710-1
of the first portion 704 and the first end 708-2 of the second portion 7068 may be open o
define an internal volume within the adaptable chamber 702,

(0061} Continuing further, the adaptable chamber 702 may have an opening 714
present at the sidewall 712-1 of the first portion 704, and proximal 1o the first end 708-1.
The second end 710-2 of the second portion 708 may form a closed end of the adapiable
chamber 702. The opening 714 is to allow acoustic waves emitted by the cooling fan 406,
to enter the adaptable chamber 702. Moreover, a filter 716 may be arranged within the

adaptable chamber 702 in proximity to the opening 714. The filter 716 is to absorb some
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of the acoustic waves, for example, low-frequency acoustic waves. In an example, the
filter 716 may be a sponge filter,

(00621 The cooling device 404 may further include an actuator 718 coupled {o the
adaptable chamber 702. The actuator 718 may be an electromechanical device, such as
a motor, configured to move the second portion 706 betwaen a first position and a second
position, in response {0 a detected rotational speed of the cooling fan 406. The movement
of the second portion 706 may cause change in a length of the adaptable chamber 702.
in one example, the controller 412 may datect the rotational speed of the cooling fan 406,
and further execute control signals o trigger the actualor 718.

[00863] in an example, the controller 412 on detecting a first rotational speed of the
cooling fan 400, triggers the actuator 718 to move the second portion 706 onto the first
portion 704, and to the first position (as shown in 700A). When in the first position, the
adaptable chamber 702 may define a first effective length, which in the present example
is fess than a maximum length of the adaptable chamber 702. In operation, acoustic
waves corresponding to an acoustic noise emifted by the cooling fan 406 may result in
formation of a standing wave in the adaptable chamber 702, The standing wave may then
destructively interfere with a corresponding acoustic wave 720. The destructive
interference in tum resulls in the attenuation or canceliation of the acoustic wave 720.
[0064] Continuing further, the rotational speed may change. Al this stage, the
confrolier 412 may detect 2 second rotational speed of the cooling fan 406, The second
rotational speed is less than the first rotational speed. Once the second rotational speed
18 detected, the controller 412 may trigger the actuator 718 10 move the second portion
706 to the second position {as shown in 700B)}. The second portion 706 in the second
position may define a second effective length of the adaptable chamber 702, wherein the
second effective length is greater than the first effective length. As discussed previously,
chambers with longer lengths may be ulilized for attenuating or cancelling acoustic noise
with lower frequencies, whereas chambers with shorter lengths may be ulilized for
attenuating acoustic noise with higher frequencies. With the second portion 706 in the
second position, the adaptable chamber 702 results in formation of a standing wave which
may then destructively interfere with a corresponding acoustic wave 722, which iy turn

causes cancellation or attenuation of the acoustic wave 722. In such a manner, an
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acoustic noise emitted by the cooling fan 406 operating at the second rolational speed
may be altenuated. The second portion 706 may accordingly be moved to other different
positions, which in turn may enable cancelling of acoustic noige of different frequencies.
[00865] Although examples for the present disclosure have been described in
language specific (o structural features and/or methods, it should be understood that the
appended claims are not necessarily limited o the specific features or methods
described. Rather, the specific features and methods are disclosed and explained as
examples of the present disclosure.
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CLAIMS:

1. A computing device comprising:
a cooling device, the cooling device comprising:

a housing enclosing a cooling fan,;

a longitudinally extending adaptable chamber for noise cancellation with an
opening and a closed end and having an internal volume, wherein the adaptable
chamber is coupled to the housing; and

an actuating member pivotably mounted on an inner surface of the adaptable
chamber, wherein the acluating member is {o:

move bebtween a first position and a second position in response 10 a
detected operating speed of the cooling fan; and

when in the first position, divide the internal volume of the adaptable
chamber into a first sub-chamber and a second sub-chamber.

2. The computing device as claimed in claim 1, wherein the first sub-chamber s 8
resonating chamber and, through the opening, is 1o receive acoustic waves
corresponding to an acoustic noise generated by the cooling fan operating at a first

operating speed.

3. The computing device as claimed in claim 1, wherein the actuating member,
when in the second position, is {0 form another resonating chamber with the internal

volume, wherein the intermnal volume is greater than a volume of the first sub-chamber.

4. The computing device as claimed in claim 3, wherein the other resonating
chamber is {0 receive acoustic waves corresponding 1o acoustic noise generated by the

cooling fan operating at a second operating speed.

&, The computing device as claimed in claim 1, further comprising a second
actuating member mounted on the inner surface of the adaptable chamber between the
actuating member and the closed end.
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6. The compuling device as claimed in claim 5, wherein the second actuating
member is to:
while the first actualting member is in the second position, move o a
corresponding second position in response to a detected third operating speed of the
cooling fan to form a third sub-chamber, wherein the third sub-chamber is a resonating
chamber and, through the opening, is to receive acoustic waves corresponding 1o

acoustic noise generated by the cocoling fan operating at the third operating speed.

7. The computing device as claimed in claim 6, wherein a volume of the third sub-

chamber is greater than a volume of the first sub-chamber.

8. The computing device as claimed in claim 1, wherein the actuating member is an
electromechanically operated valve.

g. A computing device comprising:

& housing enclosing a circulating device for circulating a cooling fluid through
components of the computing device;

a longitudinally extending first chamber and a second chamber for noise
cancellation, each having a respective open end and a respective closed end, wherein a
dimension of the second chamber is different from a corresponding dimension of the first
chamber; and

an actuating member pivotally moveable in response 10 a deteclied operating
speed of the circulaling device between a first position and a second position, wherein:

when in the first position, the aciuating member is to cover the open end of
the first chamber; and
when in the second position, the actuating member s {0 cover the open end

of the second chamber.
10. The computing device as claimed in ¢laim 8, wherein the actuating member s {0
move to the first position in response to detection of a first operating speed of the

girculating device; and
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move o the second position in response to detection of a second operation speed
of the circulating device.

11. The computing device as claimed in claim 9, wherein the dimensions of the first

chamber are greater than the dimensions of the second chamber.

12. The computing device as claimed in claim 9, wherain:

when in the first position, the second chamber is {0 receive acoustic waves
corresponding 1o an acoustic noise generated by the circulating device operating at a first
operating speed; and

when i the second position, the first chamber 15 10 receive acoustic waves
corresponding to an acoustic noise generatad by the circulating device operating at a
second operating speed.

13. An electronic device comprising:
a cooling fan enclosed within a housing; and
an adaptable chamber for noise canceligtion, tangentially arranged with respect
to the housing having an opening and a closed end, and further comprises:
a first portion;
a second portion coupled to, and moveable with respect o, the first portion
in response to a detected rotational speed of the cooling fan; and
a controller coupled {0 the second portion, wherein the controller is to:
detect a rotational speed of the cooling fan; and
in response to the deteclted rotational speed, cause movement of the
second portion to a first position with respect to the first portion, wherein the first

position corresponds o the detected rofational speed.

14. The elactronic device as claimed in claim 13, wherein the controlier is to move
the second portion so as to vary an effective length of the adaptable chamber.
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15. The electronic device as claimed in claim 13, wherein the adaptable chamber is
to receive acoustic waves corresponding to acoustic noise generated by the cooling

device operating at the detected rotational speed and is o form standing waves within

the adaptable chamber.
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