3 1 JAN 2005 CENTRI FUGAL FAN DESCRI PTION This invention generally rel ates
to the ventilation apparatus field and, nore particularly, an inproved
centrifugal fan. TECHNI CAL FI ELD As known, centrifugal fans generally
conprise the followi ng essential elenents: a casing with a srganANymﬁ@aped
duct, the so called volute, which is provided with an outlet at 1ts end,
an inlet or eye at the center of volute, a fan inpeller arranged
downstream t he vol ute eye and connect ed td-a hub which is keyed on a
driving shaft, a baffle or a diffuser arranged downstreamthe fan

i npel I er. BACKGROUND ART In centrif | _fans the air or other process
gaseous fluid, is drawn in by the Cf%g‘?ﬂ?' QmeletN]rough the inlet, parallel
to the rotation axis and is delivered by the fan inpeller in a direction
perpendicular to the rotation axis. The air streamdelivered by the fan
inpeller is diverted' by the baffle BESGRIFRTWON processed by the diffuser
before entering the volute which collects and directs the air stream
towards the outlet. Centrifugal fans can be of the type with single or
doubl e i nt ake, ThisgnvéRA } hhind Lom: i 0 he fan
inpeller or fromthe two %%’g%’g?'?ﬁélgféﬁgg ﬂ? gg@é@“%‘%ﬁ%@ﬁ?ﬁ%@l%@ Y or med
of a bl aded r oPatichlRrheslimpoensidstenigfugtl fandi sc  to which the bl ades are
secured at their base. In the case of a fan with single intake the bl ades
are arranged only on one side of the disc, whereas in the case of a fan
wi th doubl e | nTECOHNICGADIF#EED are arranged on both the sides of the disc.

As known, centrifugal fans generally comprise the following essential
elements: a casing with a spirally shaped duct, the so called volute, which
is provided with an outlet at its end, an inlet or eye at the center of volute,
a fan impeiler arranged downstream the volute eye and connected to a

hub which is keyed on a driving shaft, a baffle or a diffuser arranged
downstream the fan impeller.

BACKGROUND ART

In centrifugal fans the air or other process gaseous fluid, is drawn in by the
fan impeller through the inlet, paralle! to the rotation axis and is delivered
by the fan impeller in a direction perpendicular to the rotation axis. The air
stream delivered by the fan impeller is diverted by the baffle or further
processed by the diffuser before entering the volute which collects and
directs the air stream towards the outlet. Centrifugal fans can be of the
type with single or double intake, i.e. they can draw in air from one side

only of the fan impeller or from the two opposite sides thereof.

The fan impeller is formed of a bladed rotating whee! consisting of a disc
to which the blades are secured at their base. In the case of a fan with
single intake the blades are arranged only on one side of the disc,

whereas in the case of a fan with double intake the biades are arranged
on both the sides of the disc.



3 1 JAN 2005 -2 The bl ades can be arranged in radial direction or they can
be forwardly or backwardly inclined with respect to the rotation direction
of the fan inpeller. The bl ades have often a stream ined profile, but in
the prior art also flat blades, i.e. non-streamined bl ades &rie kRQus. The
I mpel l er of centrifugal fans can be of the closed or open type according
to whether a covering elenent, so called inpeller covering, consisting in
acircular frane fastened to the tip of tBe blades is provided br not. Fan
i npel lers provided with inclined blades are generally of the closed type
in order to i regﬁe t he bending strength of the blades. Several approaches
have been adoglﬁ'@d Prep randea prneedde nedial dgactioneersthiey caoieeforvardlymorove

their operati qugpl a LSt ficiency, .These apprqaches consi st
for exanple in pm@ﬁ?ng{@hgai {r\{ﬁ@t ?‘%%’&%E he Qﬁ{]lré{atwt H'fe%c?off (]?o&ﬁ’t zan
conver gent andmgieller. géve bihdrisshaveesfteata ¢eb¥miingd p#@ﬁ@,sbmeﬁ\mhegg}ﬁa f 3%
inmpeller, a diffugser. formed of fixed bl ades suitably shaped an Ji rected

for guiding tHe ﬁ?t %I?aﬁﬁ-m%)ﬂcﬂ”ﬁ‘%tﬁe@rﬁ@"?%ﬁlaidﬁ?ﬁﬂ@éﬂo‘yﬁ- as to reduce flow
| osses. For simlar purposes, fan inpellers are provided with a great

nunber of bl ades and these sonetimes have a curved guide portion at their
| eadi ng edge. TheSORESURE abFceMENE! AdnSheanbpecs! e didtedPIoR SEFEn Ithyent i on

is to inprove th fficiency of centrifugal fans by enploying an opti nal
conbi nati on ofacﬁglfcﬁ'ﬂ%tté’r whe aago‘{%@gnﬁ%&%?’?tl tS9e Callggh émp@lert eevering,

arrangement ofcohBrtingades cREubP & ahf fasidmed ea[‘}g TR
covering el enent. I\/b?e parti cul aral Y, fatslrtn S oLcj?ghct b sotfgﬁ g‘%ﬁ@g 'gx‘?r%\@%‘#di ng a
centrifugal f&k R@tt lran impeilers provided with inclined blades are generally of the

closed type in order to increase the bending strength of the blades.

Several approaches have been addpted in the design of centrifugal fans in
order to improve their operational characteristics and efficiency. These
approaches consist for example in providing the inlet and the outlet with
well jointed convergent and divergent ducts, respectively and, downstream
the fan impeller, a diffuser formed of fixed blades suitably shaped and
directed for guiding the air stream exiting the fan impelier so as to reduce
flow losses. For similar purposes, fan impellers are provided with a great

number of blades and these sometimes have a curved guide portion at
their leading edge.

DISCLOSURE OF INVENTION
The object -of the present invention is to improve the efficiency of
centrifugal fans by employing an optimal combination of parameters such

as the number, the shape and the arrangement of the blades of the fan

impeller and the shape of its covering element.

More particularly, this object is attained by providing a centrifugal fan with
single or double intake having an impeller of closed type formed of a
rotating bladed wheel provided with at least a covering element,
characterised in that the blades of the fan impeller are flat and are

backwardly inclined with respect to the rotation direction of the fan impeller



single or double intake having an inpeller of closed type forned of a
rotating bl aded wheel provided with at | east a covering el enent,
characterised in that the blades of the fan inpeller are flat and are
backwardly inclined with respect to the rotation direction ofgtthear ams
inmpeller 3 1 JAN 2005 3 and in that the covering el ement conprises al ong
the flow direction a frustoconical surface portion, a first curved surface
portion and a second curved surface portBen, wherein the radius of
curvature of the first curved surface. portion is smaller than the radius
of curvature of the second curved surface portion. BRI EF DESCRI PTI ON OF
DRAW NGS The pare$émtthahtleetdovering| éleimenh monteisesi dledgi thenfidve dleictih @i t h
ref erence tofthei acconlpan in% dr awi ngfs, wherein: Figure 1 is a front

el evation vi ew BFCPHUCRRYTRGE FITUONaA Irihewived Yifacraporion and asecengur es 2
and 3 are a réaileglserelbPorib@NAGLIR IR ARIGS BF BUhaRLK e HE°ARGELYE! Y.
of a blade of the inpeller of Figure 1; Figure 4 1s a partial Side view of
the covering e8RSt Peftiarhds i srpaller ethanotheFragive df; clivgturesofs ttrndeGoade a
front el evation,vi nd a side el evation, respectively, of the inlet
arranged upst r%gvrr#(?\ggﬁla?dﬁ%gﬂﬁé?n'of Figure 1; Figures 7 and 8 are a front

el evation view and a side elevation view of the baffle arranged downstream

the inmpeller of Figure 1: and Figure 9 is a diagramillustrating the
per f or mance CL@B@EQ‘ESQBIREWM PIRAWINESt i on.

The present invéntion will be now described in more detail with reference
to the accompanying drawings, wherein:

Figure 1 is a front elevation view of the centrifugal fan impeller of the
invention;

Figures 2 and 3 are a front elevation view and a side elevation view,
respectively, of a blade of the impeller of Figure 1;

Figure 4 is a partial side view of the covering element of the impeller
of Figure 1; -

Figures 5 and 6 are a front elevation view and a side elevation,
respectively, of the inlet arranged upstream the impeller of Figure 1;

F igures 7 and 8 are a front elevation view and a side elevation view
of the baffle arranged downstream the impeller of Figure 1: and

Figure 9 is a diagram illustrating the performance curves of the fan of
the invention.

BEST MODE FOR CARRYING OUT THE INVENTION

Referring to Figure 1 of the drawings, there is shown the impelier
according to the present invention, generally designated by 10. The
impeller is adapted to be used in connection with a centrifugal fan with

single or double intake and is formed of a closed type rotating bladed
wheel.

In the case of a centrifugal fan with single intake, the impeller 10 draws in

air or other process gaseous fluid from one side only and comprises



BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON Referring to Figure 1 of the

drawi ngs, there is shown the inpeller according to the present invention,
generally designated by 10. The inpeller is adapted to be used in
connection with a centrifugal fan with single or doubl e intakeg ARJAN %05
formed of a closed type rotating bladed wheel. In the case of a
centrifugal fan with single intake, the inpeller 10 draws in air or other
process gaseous fluid fromone side only-drd conprises B 1 JAN 2005 4
therefore a single row of blades connected on one side to a disk 12 and on
the other side to a ring 13 serving as a covering elenment. Instead, in the
case of a centlerefges afsmglairow of dlddes cortradoted bhenk il does dikR 1208aM%AH N ai r

fromthe opposi ' nd co ises therefore a pair of blade rows 11,
one on each sﬁé‘é%éﬁé?%@eﬁﬂﬁeﬁ‘ﬁ'ﬂé SPRENGREFECINgfemedly are connected on
one side to the disc 12 and on the other side to a covering ring 13. In

both the above cases the inpeller disc 12 is provided with a flanged hub
for connecti onNgteag, dm ihe casmpt a cenbrifugsidianngith dogbld dnteket e infealeran i s

made of sheet | . , hown i.n Figure 4, it conprises along the

di rection of a?ﬁrtra%l g\evgﬂe%S%'s BBp?ﬂpet FECSARBMN GRERIPeE Hbcefpiavarpair of
frustoconi cal sladéacesppt, téenod Fachasifié lopthE hiemkr. ?ﬁéfb%@esoﬁf ELen ré\grB and .
a second curved surface portion 13C. According to the inventfion, 't

radi us of cur EBuFeRRCtEHON ionet sigar ipethes giscad? and bnothe H&Rri sidestmbl er
than the radi %\%ﬁn&%ﬁ@aw_re of the second curved surface portion 13C.

In both the above cases the impeller disc 12 is provided with a flanged hub
for connection to a drive shaft,

The covering ring 13 of the impeller is made of sheet steel and, as shown
in Figure 4, it comprises along the direction of air flow represented in the
drawing by the arrow F a frustoconical surface portion 13A, a first curved
surface portion 13B and a second curved surface portion 13C. According
to the invention, the radius of curvature of the first curved surface portion

13B is smaller than the radius of curvature of the second curved surface
portion 13C.

The impeller blades are made of sheet steel and are welded at théir base
and tip to the disc 12 and the covering ring 13, respectively. Their number

may range from nine to thirteen and is preferably equal to eleven.

As shown in Figures 1-3, the impeller blades are flat, i.e. their profile is not
streamlined, and they are backwardly inclined with respect to the direction
of rotation, thereby forming an angle o with the radial direction which

ranges from 40 to 45 degrees, and is preferably equal to 42.88 degrees.

As mentioned above, the impeller 10 is adapted for use in connection with
a centrifugal fan. Such fans comprise in a manner known per se a volute

for collecting the air stream delivered by the impeller and directing it



The inpeller blades are made of sheet steel and are wel ded at their base
and tip to the disc 12 and the covering ring 13, respectively. Their nunber
may range fromnine to thirteen and is preferably equal to el even. As shown
in Figures 1-3, the inpeller blades are flat, i.e. their profiféd VAN 7B
stream i ned, and they are backwardly inclined with respect to the direction
of rotation, thereby formng an angle cx with the radial direction which
ranges from40 to 45 degrees, and is preT%?ably equal to 42.88 degrees. As
menti oned above, the inpeller 10 is adapted for use in connection with a

trif | . fan. h f i i ] k ; | ut f
Coll eot ol o Barde ik AR FRE Bebfifugdl Ba TS ReBiarerapviiedsif Al 1
JAN 2005 5 t owas dRovReinomigLRls 5 HH 688t thiel @RRnGaNTHS ifiel IhRirReaPRAVI ded

with an inlet as shown in Figures 5 and 6 of the drawmngs. The inlet is
formed of an amnileaflangeidemade middhest stdadair mackinedranthetranged atdhe

arranged at th r. of . the volute, .The flange.14 copprj.ses.in the
direction of a(reerm?gfgtvﬁ"e_r éswg%gmeeﬂamet"hecamﬁhﬁ%@ B _? #&g&b?'&\ﬁf ,glraﬁow
conver gi ng_surfepegsdméd ii®hhe bidwing Syisé aftdwrlH ¥ SoHvergihl clrfazdr h&eien
portion 14B and a diverging surface " portion 14C which are well jointed

t oget her. The 1¥h 3 GebHantiadbrmindecal supgceipertion $ABand a diveggingsurfagad 8 of

the draw ngs. lg. kS . et el and is arranged parallel
to the plane %émﬁﬂtéagmﬁg?' a\gﬁﬁ%ﬁl Jgﬁt‘?@?@%ﬁéi has a square shape. The

baffle is defined in its upper portion by two surface portions 16 which
are curved along the direction of air flow and have an inclination of 70

degrees with Fegperduiloer Rempases cubatiel 1eeshiowal pIFigises(’ end 8« theher eby
generating a Vara3fiae 1 bafe W il PG Std 8 arRei AV ARYB LRl Y BT thE" ence

with the
plane of the outlet which in this case has a square shape. The baffle is

defined in its upper portion by two surface portions 16 which are curved
along the direction of air flow and have an inclination of 70 degrees with
resp'ect to the longitudinal central plane of the fan, thereby generating a V-
shape baffle which improves the aerodynamical interference with the
pulsating air stream at the periphery of the impeller. Preferably, the height
of the baffle, at the highest points on the sides, is equal to 38% of the
- length of the side of the square shaped outlet. The baffle is also provided

with a stiffening rib 17 arranged substantially parallel to its base.

Test carried out on a fan having the above features have shown an
increase in the efficiency of the fan and a reduction of its noise level. The
results of these tests are shown in Figure 9. The tests refer to two fans,
the first according to the teachings of the present invention and the second
of a type known in the art. The impeller of the fans had a nominal diameter
of 800 mm, a nominal speed of 500 rpm and the air had a nomina!l density
of 1.20 kg/m®. In Figure 9 on the abscissa axis the rate of flow Q
measured in m*h, and on the ordinate axis the stalic pressure PS
measured in Pa are indicated. On the same ordinate axis there are
represented the mechanical power PM measured in W, the fan efficiency
E in %, the noise level S in dB. In the diagram the curves H, U, V and W

represent the slatic pressure, the noise level, the efficiency and the



pul sating air stream at the periphery of the inpeller. Preferably, the

hei ght of the baffle, at the highest points on the sides, is equal to 38%
of the length of the side of the square shaped outlet. The baffle is al so
provided with a stiffening rib 17 arranged substantially para®TedAN @bt s
base. Test carried out on a fan having the above features have shown an
increase in the efficiency of the fan and a reduction of its noise |evel.
The results of these tests are shown in&igure 9. The tests refer to two
fans, the first according to the teachings of the present invention and
the second of a type known in the art. The inpeller of the fans had a

nomi nal di anetegchasicad powen respaotivaial ofdpe dstdansa0a funetimdot the rate ohad a

nom nal densi fo1.20 kalnB. 1n Figu 9 t he abscissa . axis the rate
of Trow 0 medot Gevifasie Bine o e orar W ehissan ine B R EstiEs our o
PS measured itfe MRiwr RvenNdhé dfRdendNahehs FnECHAME) Hved X rSsdteitslyabe _
represented the mechani cal power PM Measured in W the fan efficiéncy E in
% the noi se [h&esecand fand®s alfunction ofithgraie affloveQr Byscamparjnotheraurves
represent the iLc pressure, .the noise_level, the.effigienc nd the 3 1
SAN 2005 6 medTeAPRBHERES oBiargL el BF o1t ffh mektRife S fiRGnES ale on
of the rate ofreadilyoapgaremereas the curves H, U, V and Wrepresent the
static pressure, the noise level, the efficiency and the nechani cal power,
respectively, of the second fan as a function of the rate of flow Q By

conparing the curves the inprovenents obtained with the first fan
according to the invention are readily apparent. 3 1 JAN 2005 7



CLAIMS 1} A centrifugal fan with a single or double intake, conprising: a
fan inpeller of the closed type including blades attached to a rotatable
disk and a covering elenent, wherein (i) said blades are flat and
backwardly inclined with respect to a direction of rotation of} kdAd Hg@n
inpeller, and (ii) said covering el emenf i ncl udes along a direction of
airflow a frustoconical surface portion, a first curved surface portion
and a second curved surface portion, with a radius of curvature of said
first curved surface portion being snmaller than a radius of curvature of
sai d second curved surface portion; GhAMMS inlet |ocated upstream of said
fan inpeller; an air outlet |ocated downstreamsaid fan inpeller; and a
baffl e at ®ai e;lcahnnfugutfb&withaedir@ldmfcfohalemﬁw comprsirg: sheet el ement arranged

1 el i i h h f
Poo upner dl'y 10urgens o 36 Pafd wet BT traatoefie 8 BRaB 9P v ow
so as to inpactveriog slerment, epe@arti on substantially a V-shape. 2) The
i ange havi ngULTangrRe 12l BacRupranf WEIFB MR Bothsdl b4 Behon FI08E, ¥ o,

a cylindri cal obsaid modmpaiet,iand and a diverging surface portion. 3) The

centrifugal 5319%8591 g%lén(?en(f'i %aloﬂ@?{?ﬁ%{:ﬂoﬁ%‘fg rlg)t%fé ﬁ?st nFchegurfg rises

bott om and sa portion connec e centrifugal
f an accor di ngpetor| afiist Buwe\méuréﬂqa romticangyidea gecand clurvedt Judaceopordien, dvithl aades

W th respect to;a Jf%g{v%iﬁjré’gf SR fitsf @R rgaﬁééeeﬁonllcf srﬁéll@mhéﬂ 4 @dfh2 of

degrees. 5) The centrifugal fan accor |ng to alm wher el n di nensi ons of
the centri f ug&Hrvaiare ofsald secend eurveshasrfAe’ PYtiOs| at i onshi p according to a

an air inlet located upstream of said fan impeller;

an air outlet located downstream said fan impeller; and

a baffle at said air outlet, said baffle comprising a sheet element arranged parallel to
a plane of said air outlet and having at a top portion thereof two upwardly diverging
surface portions curved in the direction of airflow so as to impart to said top portion

substantially a V-shape.

2)  The centrifugal fan according to claim 1, wherein
said air inlet includes a flange having along the direction of airflow a converging

surface portion, a cylindrical surface portion and a diverging surface portion.

3) The centrifugal fan according to claim 2, wherein

said baffle further comprises bottom and said portions connected to said air outlet.

4)  The centrifugal fan according to claim 3, wherein
an angle of inclination of said blades with respect to a radius of said fan impeller

ranges from 40 to 45 degrees.

5}  The centrifugal fan according to claim 4, wherein
dimensions of the centrifugal fan vary with a homothetic relationship according to a
size of the centrifugal fan.

6) The centrifugal fan according to claim 3, wherein

said blades ranges from nine to thirteen in number.



size of the centrifugal fan. 6) The centrifugal fan according to claim 3,
wherein said blades ranges fromnine to thirteen in nunber. 2 1 JAN 21005
8 7) The centrifugal fan according to claim6, wherein dinmensi 0£§ of the
centrifugal fan vary with a honothetic relationship according t AN of
the centrifugal fan. 8) The centrifugalfan according to claim3, wherein
an angl e between said tw upwardly di ve?gi ng surface portions of the baffle
is equal to 140 degrees. 9) The centrifugal fan according to claim 8,
wherein dinmensions of the centrifugal fan vary with a honothetic

rel ati onshilp dbeseetiitugakfan accosdipgptogfaimewberstr i f ugal fan. 10) The

centrifugal f afneHions @ i ééhtrﬁ%gaail fAndvany iRk 81 HnRHelc AdisticRuHib GEcdr@ingfare in
shape, and a height of said side portions connected to said air outlet is

equal to 38% SRze2f fherrghkifugrl fansi de of said air outlet. 11) The centrifugal
fan according to claim 10, wherein dinensions of the centrifugal fan vary
wth a ho%helfhic relationship according to a size of the centrifugal fan.
12) The ce®riff§§aENMIugAl faR aerofdipglo RIRISaMiR™S'D wher ei n sai d conver gi ng
surface porti eh dngk RwedhHar B UpMakdipaté@mgtsifbcd SIS df tHRBafié i§ equid
degrees with re§§(§z§t to a plane orthogonal to the airflow direction
according to & @85t he centrifugal fan. 13) The centrifugal fan
according to claim 12, wherein dinmensions of the centrifugal fan vary with
a honot het 8)c reaknttifughi fan aceodiog toocidim & wherein

dimensions of the centrifugal fan vary with a homothetic relationship according to a
size of the centrifugal fan.

10) The centrifugal fan according to claim 3, wherein
said air outlet is square in shape, and a height of said side portions connected to

said air outlet is equal to 38% of a length of a side of said air outlet.

11) The centrifugal fan according to claim 10, wherein
dimensions of the centrifugal fan vary with a homothetic relationship according to a
size of the centrifugal fan.

12) The centrifugal fan according to claim 3, wherein
said converging surface portion has an angle of inclination that ranges from 27 to 35
degrees with respect to a plane orthogonal to the airflow direction according to a
size of the centrifugal fan.

13) The centrifugal fan according to claim 12, wherein

dimensions of the centrifugal fan vary with a homothetic relationship according to a
size of the centrifugal fan.

14} The centrifugal fan according to claim 3, wherein

dimensions of the centrifugal fan vary with a homothetic relationship according to a
size of the centrifugal fan.

15) The centrifugal fan according to claim 1, wherein

an angle of inclination of said blades with respect to a radius of said fan impeller
ranges from 40 to 45 degrees.



size of the centrifugal fan. 14) The centrifugal fan according to claim 3,
wher ei n di nensions of the centrifugal fan vary with a honothetic

rel ati onship according to a size of the centrifugal fan. 15) The
centrifugal fan according to claim 1, wherein an angle of inclgraghnrsf
said blades with respect to a radius of_said fan inpeller ranges from 40
to 45 degrees. 3 1 JAN 2005 -9 16) The Tentrifugal fan according to claim
1, wherein said blades range fromnine to thirteen in nunber. 17) The
centrifugal fan according to claim1, wherein an angl e between said two
upwar dl y di6erTyecgnigiuotider aprsrdingtoslavh 1t betgif f 1l e is equal to 140 degrees.
18) The centri qaﬁﬁ I j wherein said air outlet is
square in shaS%@qgﬁﬁLa eﬁ%ﬁiggggggﬂggéﬁgghﬁg?tions connected to said air
outlet is equal to 38%of a length of a side of said air outlet. 19) The
cent ri fugaz)f amegehRfudhitan becdrbidh B9 daimh@heieth sai d converging surface
portion has ‘an angle of inclination that ranges from27 to 35 degrees with
respect to a AnAnelediatwesioTRid twognwaedvsdivenag surfaeecperionsaf dher Raffiegs 8l sj ze
of the centri fiy9ad ddfBes. 20) The centrifugal fan according to claim1,
wherei n di mensions of the centrifugal fan vary wth a honothetic

rel ati onship according to a size of the centrifugal fan.

18) The centrifugal fan according to claim 1, wherein
said air outlet is square in shape, and a height of said side portions connected to

said air outlet is equal to 38% of a length of a side of said air outlet.

18) The centrifugal fan according to claim 1, wherein
said converging surface portion has an angle of inclination that ranges from 27 to 35
degrees with respect to a plane orthogonal to the airflow direction according to a

size of the cenfrifugal fan.

20) The centrifugal fan according to claim 1, wherein
dimensions of the centrifugal fan vary with a homothetic relationship according to a

size of the centrifugal fan.



