EXHAUST FAN AND METHOD

Technical Field
[0001] Embodiments described herein generally relate esttfans and
methods. Specific examples may include redundatésis for exhaust fans and

methods.

Background
[0002] Fan assemblies can be used in a number of applhsatiOne
example application includes exhausting fumes fadliaboratory or other location
where it is desired to remove an air entrainedtauios.
[0003] It is desirable to have redundant systems in ch&elore of a
primary system. It is further desirable to hawe twst, high efficiency, low power
and low noise systems. Example fan assembliesnatidods described below

address these, and other technical challenges.

Brief Description of the Drawings
[0004] FIG. 1 is a side cross section view of a fan as$geimtaccordance
with some embodiments of the invention.
[0005] FIG. 2 is another side cross section view of tmegssembly from
Figure 1 in accordance with some embodiments oimyention.
[0006] FIG. 3 is a comparison graph of fan assembly datecordance with
some embodiments of the invention.
[0007] FIG. 4 is a comparison table of fan assembly datccordance with
some embodiments of the invention.
[0008] FIG. 5 is a table of single fan assembly data coetance with some
embodiments of the invention.
[0009] FIG. 6 is a table of two fan assembly data in ataonce with some
embodiments of the invention.
[0010] FIG. 7A is an isometric view of a fan assembly@@dance with

some embodiments of the invention.



[0011] FIG. 7B is a side view of the fan assembly from Fi&in
accordance with some embodiments of the invention.

[0012] FIG. 8A is a cross section view of selected comptsef a fan
assembly in accordance with some embodiments ohtleation.

[0013] FIG. 8B is a cross section view of selected comptmef a fan
assembly in accordance with some embodiments ahtieation.

[0014] FIG. 9A is a side view of a fan assembly in accoogawith some
embodiments of the invention.

[0015] FIG. 9B is a top view of the fan assembly from BI&in accordance

with some embodiments of the invention.

Description of Embodiments
[0016] The following description and the drawings suffitig illustrate
specific embodiments to enable those skilled iratthéo practice them. Other
embodiments may incorporate structural, logicactical, process, and other
changes. Portions and features of some embodimeaytde included in, or
substituted for, those of other embodiments. Embedis set forth in the claims
encompass all available equivalents of those claims
[0017] Figure 1 shows a fan assembly 100 according teegample. In
Figure 1, the fan assembly includes a first fan, Bb@d a second fan 112. The first
fan 110 includes a first inlet 111, and the sedamdl12 includes a second inlet
113. The first fan 110 and the second fan 112 lawe/s commonly coupled to a
single nozzle 114. In the example shown, the mot14 is fitted with a windband
116, although the invention is not so limited.
[0018] In one example, a number of characteristics ofaheassembly 100
are improved by the use of multiple fans (110, Iic3)lace of a single fan. In one
example, multiple fans may be run together, eaehlatver speed, and produce the
same characteristics or improved characteristies awsingle fan. In one example,
multiple fans are used to achieve a specified padnce (pressure and flow), while

other characteristics are improved. Improved darsstics include, but are not



limited to, power consumption, efficiency, noisest; etc. Although the example of
Figure 1 shows two fans (110, 112) other examplag include a number of fans
more than two.

[0019] A damper 118 is further illustrated in the fan asisly 100 of Figure
1. In one example, the damper 118 is a passiveeéiathat is actuated by the
operation of the one or more fans. In other exasygthe damper 118 may include
an active damper. Examples of active dampers reactivated by solenoids,
hydraulics, pneumatics, electric motors, etc.

[0020] In one example, using multiple fans allows thedasembly 100 to
provide redundancy in the event of a fan failurethe example of Figure 1, both
fans are operating, and the damper 118 is shown gentral location, allowing
flow indicated by arrows 120 from both the firshfa10 and the second fan 112,
into the common nozzle 114. In the example of FEd) the second fan 112 is not
operating, and the damper 118 is shown closintheftecond fan from the nozzle
114. In the condition shown in Figure 2, the ffest 110 maintains operation, and
provides all flow as indicated by arrows 120.

[0021] In the example illustrated in Figures 1 and 2jtlier the first fan 110
or the second fan 112 fails, the remaining faniooet to operate, and maintains
flow until the failed fan can be replaced or repdir This feature may be of
particular importance in a hazardous exhaust agdic, where flow must be
maintained. In one example, under normal operatamglitions, both fans operate
at a first speed (RPM). In one example, in thenewéfailure of one fan, the
remaining fan increases speed to a second RPMtevacthe necessary
performance.

[0022] Figure 3 shows selected characteristics of a amagaembly in
comparison to a two fan assembly according to smleexamples. Curve 304
illustrates a performance curve for a single faarapng a 2023 RPM, while curve
302 illustrates a performance curve for the twodanfiguration similar illustrated
in Figures 1 and 2. In Figure 3, the two fan cu802 is shown at an operating
speed of 1585 RPM. At point 306, the performar@@acteristics of both the

single fan curve 304 and the two fan curve 30Zgtel.
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[0023] Other characteristics of both a single fan configion and the two

fan configuration shown in Figures 1 and 2 are alsmwn on the graph in Figure 3.
The efficiency of the two fan configuration is shroto be higher as indicated along
line 308. Additionally, the power consumption béttwo fan configuration is
shown to be lower. In addition to higher efficigrand lower power, the two fan
configuration may be less expensive to manufactur@ne example, for a
redundant fan system, only one nozzle is needeeadf two. The two fan
configuration shown in Figures 1 and 2 saves irenedtcost. In selected examples,
because the two fans used in the configuration shnowigures 1 and 2 operate at a
lower speed, a smaller, less expensive motor maysee to operate the fans (110,
112).

[0024] Figure 4 shows a table of selected data comparsigghe fan
example with the two fan example shown in Figuresd 2. In addition to the
power savings and higher efficiency discussed végipect to Figure 3, the table in
Figure 4 shows a lower operating noise level (68 @@ two fans versus 76 dBA
for a single fan configuration). In one exampha lower noise is a result of the two
smaller fans running at a slower speed, in conteaatsingle, larger fan running at a
high speed. In addition to reduced noise, the tepeed on each of the smaller fans
will improve bearing life and reduce wear on comgas.

[0025] Figure 5 shows detailed simulation data for a girigh assembly
configuration, while Figure 6 shows detailed sintivla data for the two fan
assembly configuration shown in Figures 1 andr2pdrticular, detailed noise
information is shown at the bottom of Figures 5 éndt can be seen that the two
fan assembly configuration shown in Figures 1 apda®ides superior noise
properties over the single fan assembly configomati

[0026] Figures 7A and 7B show another example of a faamaly 700.

The fan assembly 700 includes a first fan 710,asdcond fan 712. The first fan
710 is in communication with a first inlet 711, athé second fan 712 is in
communication with a second inlet 713. In the eglenshown, the first inlet 711
and second inlet 713 are coupled to a manifoldta0is in turn coupled to the first
fan 710 and the second fan 712. In one examm@antnifold and inlets 711, 713
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may be routed to regions of an enclosure, suchnaaraufacturing facility or
laboratory, where chemicals or other gasses maydsent that are desired for
removal.

[0027] The first fan 710 and the second fan 712 are stamammonly
coupled to a single integrated nozzle 714. Inetkeemple shown, the nozzle 714 is
fitted with a windband 716, although the inventismot so limited.

[0028] In the example of Figures 7A and 7B, the integraezizle 714
includes multiple inlets, and a single outlet. UFa&s 8A and 8B show a cross section
view of the integrated nozzle 714 and illustraseoperation. In Figure 8A, a first
inlet 810 and a second inlet 812 are shown. Witénintegrated nozzle 714, the
first inlet 810 and second inlet 812 converge single outlet 814.

[0029] A damper 818 is further illustrated in the integohhozzle 714.
Similar to examples described above, in one exanipdedamper 818 is a passive
damper that is actuated by the operation of theoomeore fans 710, 712. In other
examples, the damper 818 may include an active danfixamples of active
dampers may be activated by solenoids, hydrayliesymatics, electric motors,
etc.

[0030] In one example, the use of an integrated nozzleidlebntrast to the
example nozzle 114 of Figure 1, may reduce an tast of the fan assembly 700
by reducing a number of components in the asseniblthe example of Figures 7A
and 7B, the windband 716 is coupled directly owerihtegrated nozzle 714,
thereby eliminating the need for a separate nazdebetween the first fan 710 and
the second fan 712, and the windband 716. In gample, the integrated nozzle
714 is geometrically, and aerodynamically configui@ provide the necessary
airflow without the need for a separate nozzle eemthe fans 710, 712, and the
windband 716.

[0031] In one example, using multiple fans allows thedasembly 100 to
provide redundancy in the event of a fan failurethe example of Figure 1, both
fans are operating, and the damper 118 is showrcantral location, allowing flow
indicated by arrows 120 from both the first fan Bt@l the second fan 112, into the

common nozzle 114. In the example of Figure 2sdeond fan 112 is not
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operating, and the damper 118 is shown closinghefsecond fan from the nozzle
114. In the condition shown in Figure 2, the ffest 110 maintains operation, and
provides all flow as indicated by arrows 120.

[0032] Figures 9A and 9B show another example of a faanallky 900.

The fan assembly 900 includes a first fan 910,asdcond fan 912. The first fan
910 is in communication with a first inlet 911, athé second fan 912 is in
communication with a second inlet 913. In the eglenshown, the first inlet 911
and second inlet 913 are coupled to a manifoldtB40is in turn coupled to the first
fan 910 and the second fan 912. As discussedampbes above, the manifold and
inlets 911, 913 may be routed to regions of anasurk, such as a manufacturing
facility or laboratory, where chemicals or othesggs may be present that are
desired for removal.

[0033] In the example of Figures 9A and 9B, an integraiezzle 914
includes multiple inlets, and a single outlet. Argeer 918 is further illustrated in
the integrated nozzle 914. Similar to examplesmasd above, in one example, the
damper 918 is a passive damper that is actuatéuelgperation of the one or more
fans 910, 912. In other examples, the damper HEBintlude an active damper.
Examples of active dampers may be activated byedals, hydraulics, pneumatics,
electric motors, etc. A damper actuator 919 issthated in Figure 9B for optional
inclusion in the fan assembly 900.

[0034] Additionally, in the example of Figures 9A and $Bwindband 916
may be coupled directly over the integrated no22k, thereby eliminating the need
for a separate nozzle between the first fan 91Qlamdecond fan 912, and the
windband 916.

[0035] In one example, one or more fans 911, 912 are miyea motor.
Motor 920 illustrates a belt driven motor that ésvan 910 using pulleys 922 and
924. In another example, a direct drive motor 8&Y be used without any belts or
pulleys. In one example, use of a belt driven m8&9D may better facilitate a swing
out configuration, described in more detail below.

[0036] A first hinge 928 may be coupled to belt driven and@@20 as shown
in Figure 9B. A second hinge 934 is shown coupdecbver 930, and a second
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motor (not shown). The belt driven motor 920 mayhbused within a cover,
similar to cover 930 illustrated covering portiafghe second fan 912, and a
corresponding motor. The cover 930 may providend@aitenuation and/or weather
protection for the fan, motor, and belts, etcome example, it is desirable to have
access to the motor, fan, belts, etc. for any retegj@air or maintenance. A cover
interface 932 is shown where the cover 903 metga Aousing of the main body of
the fan assembly 900. In one example a belt adxavdiguration better facilitates a
swing out configuration due to the ability to epsémove and re-attach a belt when
accessing the fan through the cover. In additio&swingout construction,
facilitates easier cleaning of the wheel and iotete during maintenance.

[0037] For certain operating conditions of fan assemtdescribed in the
present disclosure, a dual fan/common nozzle systiérbe more efficient, quiet,
last longer due to low speeds, and offer redundamttye event of one fan failure
over a single fan system. In addition, at 2 flowotlgh each fan, a full flow ‘jet’
plume height will be maintained through the commoazle. This is unique in that
for two independent fans in parallel, at ¥z flowy@akened ‘pencil’ plume will
result due to a variable area outlet nozzle reduweanaintain a certain windband
outlet velocity.

[0038] Further, in the event of failure by one fan, thmaaming fan can

ramp up its speed from % flow to full flow very gy when compared to the time
required to start a second redundant fan from adttional to full speed, from
zero flow to full flow. In one example, the quickessponse to the failure of one fan
provides a safety benefit to the fume exhaust sysbecause flow never stops, and
full flow is restored following failure much faster

[0039] The above detailed description includes referetwése
accompanying drawings, which form a part of theadied description. The
drawings show, by way of illustration, specific esdiments in which the invention
can be practiced. These embodiments are alsogéfer herein as “examples.”
Such examples can include elements in additiohdse shown or described.
However, the present inventors also contemplatepies in which only those

elements shown or described are provided. Moredverpresent inventors also
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contemplate examples using any combination or pextion of those elements
shown or described (or one or more aspects themtier with respect to a
particular example (or one or more aspects thereofyith respect to other
examples (or one or more aspects thereof) showesmribed herein.

[0040] In this document, the terms “a” or “an” are usexlisacommon in
patent documents, to include one or more thaniodependent of any other
instances or usages of “at least one” or “one arerhiadn this document, the term
“or” is used to refer to a nonexclusive or, sudt tiA or B” includes “A but not B,”
“B but not A,” and “A and B,” unless otherwise igdied. In this document, the
terms “including” and “in which” are used as thaiptEnglish equivalents of the
respective terms “comprising” and “wherein.” Also the following claims, the
terms “including” and “comprising” are open-end#tit is, a system, device,
article, composition, formulation, or process tinatudes elements in addition to
those listed after such a term in a claim are dé#émed to fall within the scope of
that claim. Moreover, in the following claims, ttegms “first,” “second,” and
“third,” etc. are used merely as labels, and atanmtended to impose numerical
requirements on their objects.

[0041] The above description is intended to be illusteggtand not
restrictive. For example, the above-described g@sn(or one or more aspects
thereof) may be used in combination with each otl@her embodiments can be
used, such as by one of ordinary skill in the adrureviewing the above
description. The Abstract is provided to complyhwd7 C.F.R. 81.72(b), to allow
the reader to quickly ascertain the nature of éertical disclosure. It is submitted
with the understanding that it will not be usednti@rpret or limit the scope or
meaning of the claims. Also, in the above Detaidedcription, various features
may be grouped together to streamline the disabostihis should not be interpreted
as intending that an unclaimed disclosed featuessential to any claim. Rather,
inventive subject matter may lie in less than aditires of a particular disclosed
embodiment. Thus, the following claims are hergloprporated into the Detailed
Description, with each claim standing on its owra&agparate embodiment, and it is

contemplated that such embodiments can be combiitecach other in various
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combinations or permutations. The scope of thentien should be determined
with reference to the appended claims, along wighftill scope of equivalents to

which such claims are entitled.



Claims

1. A fan assembly, comprising:
a first fan;
a second fan;
a common nozzle coupled to an outlet of both itts¢ fian and the second

fan.

2. The fan assembly of claim 1, further includingaanper configured to close
off either the first fan or the second fan in threr of failure of either the first fan

or the second fan.

3. The fan assembly of claim 2, wherein the dangpassive, and is
configured to be open to both the first fan andseond fan while both the first fan

and the second fan are in operation.

4. A fan assembly, comprising:
a first fan;
a second fan;
an integrated common nozzle coupled between tieféin and the second

fan, and a windband.
5. The fan assembly of claim 4, further includingeaanper configured to close
off either the first fan or the second fan in thrert of failure of either the first fan

or the second fan.

6. The fan assembly of claim 5, wherein the danspafigured to be actively

actuated within a range of motion.

7. The fan assembly of claim 4, wherein one or nodtée first fan and second
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fan are belt driven.

8. The fan assembly of claim 7, further includimgs&cess cover over a belt
drive motor.
9. The fan assembly of claim 4, wherein one or nodtée first fan and second

fan are directly driven from a motor shatt.
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