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‘Background of the Iny ' Low frequency flow oscillations may—zg |B$(1 2002
air conditioning m%\\\mm\g a transverse fan situated downstredam ol ‘a
plate-fin heat ex . .These oscillations are associated with swirling
flow, counter to the f&*Fotation, between the downstream face of the heat
~exchanger and fan inlet. Such conditions cause excessive flow incidence
angl es over a local sector of the inpellerlinlet, producing retarded, or
stalled, floww thin that sector. The localized nature of the stalled flow
| eads to its being U”StaLW‘,'i al. Qr. J‘A x fs, in the
range of 30 to 80 percen - rotatromar—+regtehey=——h. Bl ade
interaction with the unsteady, oscillating stall results in excess noise
with a frequency corresponding to the product of the stall (?m'mmmm"mmm
frequency, f "Lﬂf*:' RGBEC IBVCINIOAdes in the inpeller, Z and
rotational frequency, n. The product of Z n is the bl ade passi ngisfigequency,
BPF, and the excess noise is, therefore, sub-BPF noise with frequency in
the range of I fieq@éhcpdlomescilbtioffinay AHe ialagScdntitioRing sitems iisinghes
generally to transverse or cross-flow fans. Mire particularly, the.
i nvent i on r el tEANS¥ersgfan sitpatad dawngreampfifplatadinhest exshanges: Theseoseilations

prevents the Js . ' ting. aj I ( |
- bl ade pads’ FrobaRddaf bty h6g dolBieRld wk el fobB hAiked B8 ol Aty
stabil i zi ng faceofithahegterctanper 2 fueihlete Sucls codditidnsegudelerd@sivedow and t he
resultant noi,se.in a transverse fan and heat exchanger assenbly that is

subj ect to sdBfidencerngles grerdres sectorefdhs iprelles inkglproduging etardedi or sane

wi dth as the sdowastise InniRaa: Sotd-he heat exchanger and projects fromthat
face. The vane extends towards the fan inpeller with a small gap between

its distal end and the inpeller. The vane nay be straight in |lateral cross
section but, in a preferred enbodi nent, the cross section is other than

i ght i ' r al - 3 C 200 i g di dth
orevent 1 ut ceoou PrE il B AR 15 drihnd Gntabitet Gsitbiafor e
preferred emiwith ffefiichcq], PYuteiraedeTBY t6'86 peFceRbIThe fafl Fotafbift HERRNncH !

Blade interaction with the unsteady, oscillating stall results in excess noise with a

frequency corresponding to the product of the stall oscillation frequency, £,, the
number of blades in the impeller, Z, and the fan rotational frequency, n. The product
of Z - n is the blade passing frequency, BPF, and the excess noise is, therefore,

sub-BPF noise with frequency in the range of 30 to 80 percent of BPF.

The present invention relates generally to transverse or cross-flow fans. More
particularly, the invention relates to a transverse fan having a stabilizer vane that
prevents the creation of an oscillating air flow stall and resultant sub-blade pass

frequency noise.

The present invention employs a flow stabilizing vane that prevents or reduces
oscillating blade stall and the resultant noise in a transverse fan and heat exchanger
assembly that is subject to such a stall phenomenon. The vane is approximately the
same width as the downstream face of the heat exchanger and projects from that face.
The vane extends towards the fan impeller with a small gap between its distal end and
the impeller. The vane may be straight in lateral cross section but, in a preferred

embodiment, the cross section is other than straight in order to achieve structural



orientation of the vane. It is an object of this invention to prevent

‘oscillating biade stall. It is another object of this invention t-o?r %Gezmz

or elimnate |low frequency flow oscillations in transverse fan coi
arrangenments. These objects, and others as w |l becone apparent

herei nafter, are acconplished by the present invention. According to the
present invention, there is provided a transverse fan and heat exchanger

assenbly . i i i ically..a single vane.i s, | ocated _on the
downst r ea?%llgg%’ a@? q%&%égé&é%ﬁ%fnggﬁc’ tref“é#lé’ﬁ vape &F‘Sssi' m‘ﬁrqes%?q”@f‘&tf i onal
flaw in t htae grefecdd @nbedimems beRwadisobes brefé@ Jififl Pladettht bt ream of the
narrowest gap between the fan and the heat exchanger, and to thereby reduce

| ocal i zed THHHAtOR i Yangg fl ow t hat woul d otherwise tend to cause
oscillating blade stall and the resultant noise. Figure 1 is a plot of
sound pressure |level in decibels vs. nornalized frequency, fBPF, where f is

the sound Iltsfiﬁxltﬁilﬁé‘dtoTﬂliﬁﬁ%xﬁﬁmﬁﬁ)r@%ﬁ%ilﬁﬂﬂﬁ_ﬁﬁﬁe!st%ll? he bl ade passing

frequency in cycles per second for a PRIOR n unit and one enpl oying the
vane of the present invention; Figure 2 shows the 113 octave, A-weighted,
sound power spectrumfor a PRIOR ART unit, and for one enploying a vane;
Figure 3 is a schematic diagramof a PRIOR ART transverse fan operating

wi th an unoisshothet elffedtiolf €iis invegtivretodediicedr SlifiaeE ity BeqesnainfRiv a PRI OR ART
t r ansver s@séidatieHeah dahf@rse Tar6hi BAS BRALY TRETe GbfeRdhdd SBSrsGAYHRd by its
posi ti oni mgetht BpyBaR BEfeidaBes, bt A2oRBLAIADBRbrR G MANGEbn. - 3 DEC 2002

According to the present invention, there is provided a transverse fan and heat

- exchanger assembly as defined in claim 1.
Basically, a single vane is located on the downstream side of a hear exchanger
oriented so as to impart a rotational flow in the direction of fan rotation, in the region

just upstream of the narrowest gap between the fan and the heat exchanger, and to
thereby reduce localized counter swirling flow that would otherwise tend to cause

oscillating blade stall and the resultant noise.

Figure 1 is a plot of sound pressure level in decibels vs. normalized frequency, {/BPF,
where f'is the sound frequency in cycles per second and BPF is the blade passing
frequency in cycles per second for a PRIOR ART unit and one employing the vane of the

present invention;

Figure 2 shows the 1/3 octave, A-weighted, sound power spectrum for a PRIOR ART

unit, and for one employing a vane;

Figure 3 is a schematic diagram of a PRIOR ART transverse fan operating with an

unobstructed inlet;

Figure 4 is a schematic diagram of a PRIOR ART transverse fan operating in adverse
aerodynamic conditions caused by its positioning with respect to its associated heat

exchanger;



3 Figure 5 s a schematic diagramof the air flow vectors entering the

‘bl ade of a transverse fan operating in the same conditions as depi%t Eﬁrggoz
Figure 4, Figure 6 is a schematic diagramof a transverse fan operating in
the sane conditions as depicted in Figure 4 but with the vane of the
present invention installed; Figures 7-10 are schematic diagrans of a
transverse fan in four different installations and illustrate sone

di mensi onal rel ationships useful in descriﬁing the present invention; and
Figure 11 is a view of a transverse fan and the vane of the present

i nvention. Fi @igere’ is AQuitenidlic didpaand of theStfislv QS Shering IR blide of 0" Mal i zed
frequency in the presence and absence of the vane of the present invention.
Wi | e the dat drageyrsseafian pperating inthe same penditionsas depieted in Figirarhesent

i nvention substantially |owers the broad sub-BPF peak as conpared to a
correspondi ng unit |acking the vane of the present invention. Figure 2

shows the A-wdHightds 4 sélintatic Aapran oid tRAVRFse TREH st &ingdh tiesfaaiedonditiofs
Figure 1. A-wei ght,i ng .provides a correction to represent the human hearing

range. The pr &§8pRigtegdn Frgare,4 gut with thevage ok thepresantdpyensiqndnsiglied cant 1 y
reduces the | ow frequency noise. In Figure 3, PRIOR ART transverse or cross
flow fan 30 is operating in a clean inflow environnent. The streaniines,
show a snoot h Rigwres741 Ofareschematic diagranisaif adnsverse fain in fopedifferend instablations

di scharge outle @?% The stream.ine in a cl osee%éll.oop r,% resents a well
known vort ex raééi‘ strafersqnls dimensionpl rebatinshingysetyl in doggri ePEENtn Figure
4, is operatiRg.dyfiofan@er odynam ¢ environment that is conducive to the
production of the sub-BPF noise. Fan 230 differs fromfan 30 in the

addi ti on of heat exchanger 220. Heat exchanger 220 is illustrated as being
made up of twq.sections,. 220-1 and 220-2 ut may.he made .as single
section or rrg?:ég"trﬁ; 1§ ieTa s verp |3P%&°2‘?§6¥§&F@6%§F’étdﬂw$9nc| ose to a
portion of downstream face 221 of heat exchanger 220. - 3 DEC 200z 4

Figure 1 shows the measured sound pressure level vs. normalized frequency in the
presence and absence of the vane of the present invention. While the data generally
track each other, the vane of the present invention substantially lowers the broad
sub-BPF peak as compared to a corresponding unit lacking the vane of the present

invention.

Figure 2 shows the A-weighted 1/3 octave sound power spectra corresponding to
Figure 1. A-weighting provides a correction to represent the human hearing range.
The presence of the vane of the present invention significantly reduces the low

frequency noise.

In Figure 3, PRIOR ART transverse or cross flow fan 30 is operating in a clean inflow
environment. The streamlines, show a smooth transit from suction inlet 32 through
impeller 31 to discharge outlet 33. The streamline in a closed loop represents a well
known vortex region within the fan. PRIOR ART fan 230, depicted in Figure 4, is
operating in an aecrodynamic environment that is conducive to the production of the
sub-BPF noise. Fan 230 differs from fan 30 in the addition of heat exchanger 220.
Heat exchanger 220 is illustrated as being made up of two sections, 220-1 and 220-2,
but may be made as a single section or more than two sections. Impeller 231 is

located very close to a portion of downstream face 221 of heat exchanger 220.



Further,, the air that inpeller 231 draws fromthe uppernost reaches of the
‘downstream face 221 tends to turn through a large angle to entaga%cazﬂoz
through the inpeller, as shown by the streanlines, into discharg e
233. In region S of suction inlet 232, the periphery or tips of the bl ades
of inpellers 231 are advancing into the incomng air flow ng agai nst the
direction of rotation starting at the poinj of closest proximty between

i mpel l er 231 and face 221 as determned by line L1 which is a line
extending fromaxis AR of fan 231 perpendicularly to face 221 of heat
exchanger 220Funthgy; the af thattimpgler 33 1tdrawsifromahé uppepiostaearhenof theom L1 to L2

with L2 being 0% of Qut i ter of ,the i | ler fromaxis AR, Figure
5 shows a bla é\gnsﬁ%gm @‘fe ?%@P&% t%‘ltRFPé‘gpﬁ argegﬁéc %%“tﬁrr?dlﬁ]rpéf%w ut
an axis, AR ﬁﬁdpe’cllef,%%hb»@ﬂﬁ tPRRAmAhed) ir{tsmt;gérgéJaéueQQﬁisﬁm nf/sg?ﬂf” oduce

the illustrated vector relationship aymng bl ade”ti p peripher ocity U,
absol ute air sustioniinlgt 2325 the pesiphéryantips ef the ibladesiof impellensi28y aw idvaneigg on S.

If the directj f. vel.ocity, Vi fficientl. 1o t irect,i oo

velocrty U rBRLPEIRETRE slfioluind oSt Fibe 6t SirionBuetin debomthi e o

i ncidence, i ¢lbsdst progishity bétvesi ﬁhFlbelléf 25ERR fabé 271 &f detdirindd by 1RVEL, NarhR%e"
|

the blade 23S. Referring now to Figure 6, the nuneral 100%£1eneral [y
desi gnat es a adinesxtending: fromaxisereofcan 23 parpendiewlariito; fagad2 1pfilieat 111 and

outl et | ouver t . Ol S { 1 hj sing 110 in
facing rel at i%‘r‘f&éﬁggrvb\? @hRgﬁﬁ&% ne%‘r?elr"fi%%&'ﬁyﬁ%ﬁ@n@ﬂﬁ%éﬁ]b‘%c@‘e%?ﬂmgh&ﬂ20- 1
and 120-2, heabding!30% ofoster dametcr@r, of e inlpelet frén aiii%,%.}i*ik@@%t%ufsfa casi ng
110 so as to rotate abqut jts axis, AR, and.coacts with vortex wall 134 and

rear wal | 1151848, B3 afdmpaller; 23] diavigg adip 23oandgotating abaits an axis do At Al et 132
and di scharg t A oy RTBAY! | i.g&i-‘;ﬁ i npel | er
131. Vane 15%%?‘ B%xﬁesp %%g%%ﬁ]%egf){rﬁl\lt}g%ﬁ) %% ex etﬁgléddglg 8\/\}grl r{(y%qggi\%st ream f ace
121 of heat exrlationghip arhafg blade tig peripipeall vetocity 1J, abivdute airerelocly v argl | ocat ed
in the region of the suction side of inpell where, th | ades ,of inpeller
131 are advaﬁﬁ?‘“ﬁm{]_ aglvpﬁg ‘ieFﬂ?H%RXQ“é‘igfrg)W$'o&rtt‘?g‘§?°6‘ﬂn3?V °?‘%§’r‘% 4). Vane
151 does not shmaéhu{/m@éel t6 thelditeclibh of {10&ky UNREStAnE aid vaIREity W cAbNERhnY ane
1 S1andinpeller 131. In a preferred enbodi ment, gap g I's between 0.08
and 0.15 ti megcesgiverdlow angle ef inpidence, inthat iresults Bustalher sepanation af thd pirvane 151,
~in lateral cr 1.00) .1 rved or bent. The cross sectional shape is
both for strl@'?ﬁpgﬁgéﬁtg?élafljg/zg#d for air flow considerations, as a straight
cross section nmay require additional materi al - 3 ABC 2002 5 to provide
sufficient rigidity to prevent flutter i'n the incomng air flow [|f the
vane 151 is Sreag ngy tg Figns ontheingrmert 199 gancgally dasigaates afan caihwnithayingl be
positioned tq i [McTeTalys ' ' a LG s the
i rect i on of ot abiion e P aael b1 ind gttt IS ha 12 BB ChEREREPTARE | 00
t he rot ati onlesfatadmpithihensiag 110 irafasingirelationshipswith indet grill Hitl ahdinaliidesgwol | 111

d heat h 0, Si ir.exits f t h 20 over.th
onti ro dovnatrase E0al aish [5ER Hayinds ddyrsteBith Lo AT ARG 2L FEIOSHEd faoces
fromdiffer eaasiﬂg?u 10 S9'8s froRRMbBT RAIRiE,ACE axlléaoa%&c\vﬁm%&édvﬂpm fid rl:%l-z Ai T

passes fromi |l er 131 into discharge outlet '133 and via |ouvers 11

into a spacewal 138 tedivdde thernigrion of aasing 140 into suetiontinket 1 32asid dischage ouglet

separated fr thons of heat. exchanger 120 r Wy I,st-ances. As
desor | bed w 070 Na LB BoBimutfaliof YEBRAR et enetér LY N fE G SrRGET et

proximty beinveftion eftehdsbutwarl fedifl dbaaistrehanl f20b 1 Zhof leabé@hsndek 120 towards
region Sis defined in the direction of rotatjion which is conducive to

osci |l ati ng Yepgller 43l The vaneoilds lasatedfin thsi region of theguetion tide of impsHer 151, in
accordance w t o ] L.O0: . O ONI reduced
oppor tuni Ty e e bliar et BTG 1315 BEGREi B NP Bind NN R R S ¢
reduces the Fignreléycéarrniflaioat notteud impetiat E31 g rither théradkes gap) gf gween S by
inparting a Iocal.iliﬁ%%ig{pg-rotati on on the flowi.e. rotation in the sane

r

direction asViifel Herghd 1. Tha pegismed:erbosiment 83R 15 otweendd- 08#nd 151 i s
Lmportant 't 006 infl! dier diin QB BEbE Wibefilr [A10UE MARRLE GaflIFS L th ARG AL N
stall. Figures 7- serve to iTtustrate theé ‘principleés I nvor ved. i gures
7-10 show f osectidinfif eunsed ot bents The seost sectianal shayt is bathH{angarctuslyigidity and
arrangements, In Fig 7, .heat exchanger 520 has pl anar downsiream fage 521
e B far i gl peisiqiation, as A TELY, o6 HCHPR MY HQuie Agitontimiteddl o and
9, heat exchangers 620 and 720 are "bent", as is heat exchanger 120 of Fig
6, with the relative location of the "bent" and the positioning of
- inpellers 631 and 731, respectively, are different in the two Figures.
Referring specifically to Fig 8, inpeller 631 has bl ades 635. |In operation,
inmpeller 831 draws @ir fromsuction inlet 632. Vane 651 coacts with the

I - o 4 a o D TOR p— o o




Angle a (Figures 4, 8 and 11) between lines L1 and L2 defines region Sin
which the oscillating stall tends to occur. Turning to Figure 1LaIDEﬂ;L2_m2

and axis of rotation AR define a plane that intersects face 521 i
Line L2 and axis of rotation AR define a plane that intersects faces 20 in

line L4. Not shown in the Figures but s | y visualized is that inpeller

531 has a swept surface that nmay be defined as the surface of a cylinder
generated by rotating a line that is parallel to axis of rotation AR and

t hat alogoyide sefficientrrigidity ta prevent fluttbein thesincedingdinfloduiferdPate 47 it BBSLLS5S,
531. Fgy, %ﬁagﬁoneéffs‘ﬁ%‘%ﬁness in resg\uckﬂ? oscillating stall nolse, the vane
551 should be posttl aRf LInsesiodld Be,Resitianed do disestthe ingomingnain flowen the
envel ogameldifeatiod abyhd directiondiottionof miRI&2H1. t he pl ane defined by axis of
rotatigon AR an n | ane defined by axis of rotation AR and |ine

d.line L,, the ,
L2 and"taRgratiopof hlﬁrfggw,@lﬁﬂ 09&#13 aetationrofdmpelign Ja1 diraves air ipépsuRtion irlet 13234 grilnes

I npel | £11 and Iedat di t o 551..di scussed above.
Onrrg skilled in t hée’f‘%?;tgllr %{f/ %&éﬂcﬁgz%ﬂ%%%éx%ﬂg&c QUL ey '%&W?ﬂﬁeém ed

accor dPfRy 12d Rt Bwshiumy varyinghameunés estit passes froondifierehtipdioms sO&WRHSEM
bl ade ' I - DEC 2002 1. A transverse.fan and
heat eﬁﬁiﬁgéi‘&_ oRRHE Riveter, S35 ffRegs fim It 31 TotrdiberatpesoueL s ana ve
seri ?:lP‘yVeiﬁﬁ 2ditacp sprce toett f]@?dﬁ'“af}‘le'f wgllhbbdﬁaied tﬁéﬂmp‘éﬂé@ 51333_%3%&}( f9m
i npe i ; ; th inmpelle ades .and a suction side

ng i ne"ﬁ””ﬁ"ﬁ‘%i“SQF?’%’&"VQZ’;ﬁé%'ﬂOn?VeY{@a? &P@@ﬁ?-&%ﬁ%ﬁcf@%w&hg@maﬁm‘Fsiai4d stagiing
v anca e ot oo e bétdden il 331 6ha\ek, 11 GulcRE ddiy ALy
advange, . air W into said inpeller ; ; via sal ow
pat h Tealblig '?aH‘B@’P?‘&" B%aﬂlé%cq'aﬂx&{H@@%’ht"ﬂ“%!sdcmﬁypiwgrtOSosawam@) stafi rdl theat
exchampgeduction iof goige 0T pds8adB lin a ' ' ' ,

c?(]ar a(r:u'flJ eru'&.zed i gmt?]at apf Isow s{)gﬁﬁfihg'r mv?acrgg?o%gié%gltzg%fﬁ%égﬂ tré%(f’ré:’ﬁa%t

f r om JHERUYLRIAYIdes, i reduced oppertumityifor gscillating Btallge dccurn \Whisdis teabuke theetdner

(131; 1981rediiSde) tRNMcidBntd angRNEr ! ffif ‘el i apdapeller. (131 531
731) is rotated and towardné_ai ?‘lﬁp@ﬁ gﬁ@('bgfﬁgﬁéﬁlﬁeggﬁ éaﬁyd' R&iingh Aot
sai d 4elizestPrerrgiationn thefiy keyotatioroindié sarae diréation as thefaarstatior.0 ai r
el 1o erakrbeil e othe Vand 15 impdian 1 Sehieing firetinsire skaHeng rere
cl ai mdye te Ragititingrstalk fFigunes Rl seaiedtoi iltystratecthe (stddipled 3Avolved? Piblirddas 18 3nakt €
di ame¥&lr Gikep L d.vane . 451 551: 651) extends to ;wthin a
cl ear ance I(E)P? eggpgan%gérg%r%@n?"éogheggi%cﬁﬂggr PeaMblye ATRRAMENS. dIN g7, eheat. _
s ot Tt Lot oo mars o2t Afefts $019% £02030 aXpaBaPlaarhsfib !
, zed-. i.d i ; o 731) | u
di arre'?({afr?;‘%% %%;' @ndég;% a?ﬁlbsﬁ%‘?t e?‘?ﬂ%@%&@mﬂ 2A@re heat'aas sriepyexchengerf 120sf
O o ool e oeslon| ool 634 78 ne st P Riblenh Whston,
a fi rgﬁs%sptﬁlﬁggageaﬁ%ﬁeﬁemié‘tth?)f"‘éﬂ@g%féﬁ-ng defined by said axis or rotation (AR
and aRefenend baciflcam tOBRSESmbBIeP ¥gh adifh X ig50 oMb AR 831G diSs ai
perpepdi cul ar to sai d fla%ce EZl; 521 6 f%é?e?f frhé%rgt‘jdnaﬂwaééﬁe? 831" draws air
rom'suc ton inlet 632. Vane 651 coacts with the flowing air to change the air flow pattern, as
compared to Fig 4, as shown by the arrows indicating flow. The streamline in the closed loop near
vortex wall 634 is the vortex region.
In Fig 10, heat exchanger 820 is also bent and made up of two sections 820-1 and 820-2.
However, section 820-2 is curved. “Bent” heat exchangers are commonly found in applications
where the required facial area of the heat exchanger cannot be obtained with a straight faced heat
exchanger within the dimensions of the enclosure in which the heat exchanger is



- 3.D~ C 2002 9 a second |ocation on said downstream face (121; 521; 621;
'721; 821) , said second |location being the intersection of said face (121:
521; 621; 721; 821) and a second plane, said second pl ane being ﬁai @ Qﬂpz
said axis of rotation (AR) and a line (L2) that passes through said axis o
rotation (AR) and that al so passes through a point on said face (121; 521;
621; 721; 821) that is at a distance of approximtely 130 percent of said
outer diameter (Do) fromsaid axis of rotatdon (AR) so as to provide a

cl earance of approximately 80 percent of said outer dianeter' (Do) between

sai d i npel | er inddlled. 5B indSdnurits @f dadtdrdeRp i aiPPorkiRidhi PHRteinb2fol exarple, 621;

721; 821) that is at a distance of approximately 130 percent of said out er
di aneter (Do) %owemenlydaye eentbheat axshangsssi : (Ops skillest irethe sitrundenstandsithat a

d t f - B21- G21. 721 821) f | , third,locati
Go 0t acar( 1 ek et splat coifiondip systBarid » va G RudRteln st RGBSR ang
sai d second | ohatdoes nodhavEcehtis BN 5t & withduchie RARivEr onaRrivAky of

claim3, charagterized in that said inpeller {7.31; 531; 731) has a swept
surface, sai d 4WOFPOESPF ERASCHIS hegondiionesd huf satherrhag ong pr mareringideibeatt ed by

rotating a |i i | i rofation (AR t hat

al so passes t%SE%%I%S %Sﬁﬁcgéfgﬁ%#ﬁxgﬁ% é?%@gpépﬁc%gfb&?o&séﬁo éq?( 1, 531;
731), and sai cpritipdes(dolemisiglthe Sizig £fd positioningof dhiewasle 551 Howedr, @RRMEE Ope
defined by said downsélrﬁeamface (121; 521; 621; 721; 821%, said first

pl ane, said scaBdegardlsss ofthe shapeofthe heatexehanger and thepesifioning ofthe & an and
heat exchanger; j [ erized in that said vane (51,
151; 551, 651)m1?s§ﬁ§§ﬁ#1|¥568 ggk@gg?]%%t&é’lﬁfnggéent poi nts along the span of a
given inpeller blade pass said vane (51; 151; 551; 651) at different tines.

U that sai'd Al HLCLITENES BRgUTt I8 L1 pessostousbampella SRHSRAEN Sky t he.
i dt h i o PAL; ; ; .
?3\,@& qt Af,‘?@ a/ii?l;\ %ﬂ}%ﬁg@f)@ﬁ\ﬁr&%ce PAl52P%b1, 62421 %?qléo the nearest
&v2@/0=2A} xs nipdimt gh$a1 ¢ &frsal pabssa thraiglainerad lendxds of widtioa ] Ayadndad meddtom] ca) ca] ¢
* A Aal o< <al""-----u0d4pq666666
b S uonn 5 bt PEETRE ST e 728 or kA BGOSR point of sty Elegiapes on
E aJcajc SLZ g] g g(}'sgg%smice of WUBaimdsGinfpkNe ditétldianéted D 2frémakialivethfisn XgZCFD?EqESE
-----u q .

; B, +<U>d>"?_? /mebreiligness 4xB end 4] egteedndities &) erd b ddfined repfarsd amivbichltioa] ¢/ a]

Tome (0 rordm Ay Plol BB [Ciskesea B AL - p

define a plane that intersects face 521 in line L;. Line L, and axis of rotation Ag

define a plane that intersects faces 20 in line L,. Not shown in the Figures but easily
visualized is that impeller 531 has a swept surface that may be defined as the surface
of a cylinder generated by rotating a line that is parallel to axis of rotation Ag and that

also passes through a point that is radially outermost on impellers 531.

For best effectiveness in reducing oscillating stall noise, the vane 551 should be
positioned and sized so that it is contained within the envelope defined by the
downstream face 521, the plane defined by axis of rotation Ay and line L,, the plane
defined by axis of rotation Ag and line L, and the impeller swept surface. There
should be a gap 0.08 to 0.15 times impeller outer diameter between impeller 531 and

vane 551 discussed above.

One skilled in the art may appreciate that a vane constructed and installed according

to the teaching of the present invention could be a source of blade passing frequency
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noise. This may be prevented or minimized by positioning the vane so that different
points on the same impeller blade do not pass the vane at the same time. Vane 551 in
Figure 11 is positioned in such a way. Figure 11 also shows vane 551 positioned with

respect to impeller 531 so as to minimize blade passing frequency noise.

The vane of the present invention has been tested in duct-free split fan coil units that
exhibit sub-BPF noise problems, and shown to reduce the sub-BPF noise by five to

eight decibels. Figures 1 and 2 illustrate the results from one such case.

Although preferred embodiments of the present invention have been illustrated and
described, other changes will occur to those skilled in the art. It is therefore intended
that the scope of the present invention is to be limited only by the scope of the

appended claims.
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1. A transverse fan and heat exchanger assembly (120;
520; 620; 720; 820) defining a flow path serially including
said heat exchanger and said fan, said fan having an
impeller (131; 531; 731) with impeller blades and a suction
side (S) defined in said flow path intermediate said heat
exchanger and said fan whereby as said impeller (131} 531;
731) is rotated said impeller blades - advance into air
flowing into said impeller (131; 531; 731) via said flow
path as said impeller blades advance into said suction side
(s), said heat exchanger having a downstream face (121;
/ 521; 621; 721; 821),
characterized in that a flow stabilizer vane (51; 151;
. 551; 651) extends from said downstream face (121; 521; 621;
721; 821) towards said impeller (131; 531; 731) and in the
same direction in which said impeller (131; 531; 731) is -
rotated and toward said impeller (131; 531; 731) in said
region of said suction side (S), whereby a rotational flow
is imparted to air flowing info-said impeller (131; 531;
731) in the same direction as that of impeller rotation.

2. The transverse fan and heat exchanger assembly of
claim 1, characterized in .that said impeller (131; 531;
731) has an outer diameter (D,) and said vane (51; 151;
-551; 651) extends to within a clearance of 8 to 15 percent
of said outer diameter from said impeller (131; 531; 731).

3. The transverse fan and heat exchanger assembly of
claim 1, characterized in that said impeller (131; 531;
731) has an outer diameter (D,) and an axis of rotation
(Ay) and said assembly has a first location on said
downstream face (121; 521; 621; 721; 821), said first
location being the intersection of said face (121; 521;
621; 721; 821) and a first plane, said first plane being
defined by said axis or rotation (A,) and a line (L,) that
passes through said axis of rotation (A, and is

perpendicular to said face (121; 521; 621; 721; 821) , and
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said face (121; 521; 621 721; 821) and a second plane,
said second plane being defined by said axis of rotation
(Ax) and a 1line (IL,) that: passes through said axis of
rotation (A;) and that also passes through a point on said
face (121; 521; 621; 721; 821) that is at a distance of
approximately 130 percent of said outer diameter (D,) from
said axis of rotation (3;) so as to provide a clearance of
approximately' 80 percent of said outer diameter (D,)
between said impeller (131; 531; 731) and said point on
said face (121; 521 631 721; 821) that is at a distance
of approx1mately 130 percent of said outer diameter (D,)
and said vane (51; 151; 551; 651) extends from said
downstream face (121; 521; 621; 721; 821) from along a
third location on said face (121; 521; 621; 721; 821) that
is between said first location and said second location.

4. The transverse fan and heat exchanger assembly of
claim 3, characterizéd in that said impeller (131; &31;
731) has a swept surface, said swept surface being the
surface of a cyllnder generated by rotating a line that is
parallel to said axis of rotation (ag) and that also passes
through a point radially outermost on said impeller (131;
531; 731), and said vane (51; 151; 551; 651) is contained
within an envelope defined by said downstream face (121;
521; 621; 721; 821), éaid first plane, said second plane
and said swept surface.

5. The transverse fan and heat exchanger assembly of
claim 1, characterized in that said vane (51; 151; 551;
651) is configured so that different points along the span
of a given 1mpeller blade pass said vane (51; 151; 551;
651) at different times.

6. The transverse fan and heat exchanger assembly of
claim 1, characterized in that said flow stabilizer wvane
(51; 151; 551; 651) is approximately the same width'as said
downstream face (121; 521; 621; 721; 821).



