; @\e3el\ .||} ~8~~6T\!% -1 CENTRI FUGAL FAN DESCRI PTION  This invention o
generally relates to the ventilation apparatus field and) nore {oan
parti cul awloy2/12r9i nproved centrifuge! fan. TECHN CAL FlI ELDPCAITHIIEN8Y o
centrifugal fans generally conprise the follow ng essential 5 elenents: 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

i npel | er arranged downstreamthe vol ute'éye and connected to a hub which is
keyed on a driving shaft, a baffle or a diffuser arranged downstreamthe
fan inpeller. 10 BACKGROUND ART In centrifugal fans the air or other
process gaseous fluid, is drawn |QE§V &n eI | er through the inlet,

‘pa he rotation axis and is dellvered bythefan

di rectl on perﬂwm‘ﬂm m’mﬂmw E the rotation axis. The air H‘@E@M@@M‘W r ed
by the fan i erted by DESCRIPMIGNOr further the
“di ffuser before ewb®ntng the volute which collects and direct¥%%e air
streamtowards the outlet. Centrifugal fans can be of the type with single
or double int f e fan
i npel l er or fﬁ% IP h%ﬂto&gg%%%??trgém gghfl'r\{épg%ﬁ &%%S?ﬁéﬂ?ﬂgm %ﬁ‘)‘gﬂ“

formed of a bpadisdlary: aniimgrevesttentofugabienng of a disc to which the bI 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 with doubMECHNID&L FIRLD! ades are arranged 25 on both the sides of the
di sc. -2 The bl ades can be arranged in radial direction or they can
be forwardly 68 KngwRkgantifygainiansegnaralll cempese the following assential

but i n he. pr R  BRRLbn B iR 2SRap R et the Rl HRRI B R e ©
known. 5 The |sm@|\/l®d with @endutidt ey ats dranandalet beepé éth@e@éﬁ@%f%meen type
according to ng%t her coverl n%r SI ement, so called inpeller covering,

consi sting i n@d3B;! QRsERAN dh ?H@"#tﬁpeﬁf anAecanegted e a

provi ded or n i PKO n I rally
of the 1 o cl gggd@%e@ﬁ%ﬁg’? té oe{l? nc es‘z;%fat BS l'e g?nég) dg‘ﬂfs%ﬁﬁrﬁar&%%f

bl ades. Sever dbwapipeaadhedahawvpelaen adopt ed |n the design of centri fugal
fans in er der to inprove their operational characteristics and efficiency.
These approaches consist for exanple in providing the inlet and the outl et
with 15 wel | BACKEGROWRDeABENt and divergent ducts, respectively and,
downstreamthe fan inpeller, a diffuser forned of fixed bl ades suit abl y
shaped and di Heeeritifuass fans thtenagr ohethar prasese gasequs ﬂurgl tsrwamnmmypmer er so

Siha orear nEhRdtRr Hroughlid Hic e BHERRARR roldtihnl A0S anris e |
portion at 20bylﬂeefar1 ma!;ﬁbllw i dgdiredioR PerbbiEcGir td\Mﬂ\FUtéN)nTB%sothéﬁr of the

present inventjon to inprove the efficiency of centrifugal fans

enpl oyi ng an 8&5??% elyvergd it then fan ippeliardis cdliverted rby2 theaba r@eohlﬁuﬁeery he
shape and the {2888 H the® biff38r Hehd&SeEribE GhE Abiute 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.

20
The fan impeller is formed of a bladed rotating wheel 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 blades are arranged
25 on both the sides of the disc.



i npeller and the shape of its covering element. Mre particularly, this
object is attained by providing a centrifugal fan with single or double

i nt ake hawiong/iareei npel | er of closed type fornmed of a 3o r *a@tiregoddsaded
wheel provided with at |east a covering elenent, characterised in that the
bl ades of the fan inpeller are flat and are backwardly inclined wth
respect to the rotation direction of the fan inpeller and in that the
covering el enment conprises along the flo&-direction a frustoconical surface
portion) a first curved surface portion and a second curved surface
portion, wherein the radius of curvature of the first curved surface
portion is snHg blades:een he areatiges infradiat disection of theleandoe fawardliyrored

ssurface porti F. DESCRI PTI ON OF NGS The present invention wll
be now descrikg%dy‘“!%ﬁbﬁor!ﬁﬁ amlthwr?srpercgi@r erof%'otnhé“@ﬁ@%ﬁgn &dan
drawi ngs, wheimpeller.1Tie Blgdeehdve ftanfd eireaflinsatirefey baWirPthd Phor art
acentri fugal 1;%2 mpeller of the invention; Figures 2 and 3 are a front

el evation vi eSafat Blagegel- @ Rarasireaminedioladesgseknowny, of a bl ade of the
inpel leg of Figure 1; Figure 4 is a partial side view of the covering

el ement of the inpeller 15 of Figure 1; Figures 5 and 6 are a front

el evati on vi ebharithpeeller def ebptrfiigainfansespacbeée vel Yhe dloddie drnbgén afypanged
upstreamthe inpeller, of Figure 1; Fj s 7 and 8 are a front el évation

F| gur . _
Vlow and a oiSREOETBGAG el AoFoYath S Tnentarsoakglied dvralier savering
i npel | er of RidgH&iRink i i i i i . i t t.
per f or mance E?J%(laégmgfm{aé]ﬁgwfg gﬁ%’?ﬁfé%t%@%%#g%ﬁ'@@éﬁ%‘%&%ﬂﬁ%ﬁNG ouT
THE | NVENTI ONrRadlerfram ¢mpeliétisgenosidedowith hiacliveaiwblzgles dreegendrally et he
i mpel | 25 agcording to the present jnyentjon, generally designated by 10.
The i n‘géel | er ériés%fgg'&%éﬂ queﬁﬁplﬂgﬁfsﬁﬁhéﬁﬁﬁgm %FP%HT"[’ Rf HeclAdes.f ugal fan
with single or double intake and is forned of a closed type rotating bl aded

wheel . 30 In the case of a centrifugal- fan with single intake) the inpeller
10 draws in ap®vesal Bppreaches beve bgabasioptdd in efdesigronkcaritdieigahfansand

;Og});Ls‘iz an dérglﬁr 48SHIrBUE ek B9EHERY MarlhAdEfcS %%egﬁi%%ncc)g. Phess! de to
approaches consist for example in providing the inlet and the outlet with
15 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 impeller 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

20 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
25 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
30 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



the other side to a ring 13 serving as a covering elenent. Instead, in the
case of a centrifugal fan with double intake, the inpeller 10 5 draws in

ai r, fronwigwnepposite sides and conprises therefore a paipctafrobddge rows
11, one on each side of the inpeller. The bl ades of each row 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 connection to a drive shaft. The covering ring 13 of the inpeller is
made of sheet steel and, as shown in Figure 4, it conprises along the
direction of air flow represented in the 15 drawing by the arrow F a

f rust oconi cal arsdirifi dbet e t GaverihAelemeit reomysrisesediopigr fhecfowodiré&ionl 3B and a
«second curved, surface Eortl on 13C. Actg{égdl ng to the invention, the radius

of curvature f(5‘f's rRNiERL syrface pREIoEy, & shfacepperion g arsaaead t he
radius of cursBa%upadefiSorti8RORlefs Yﬁ&@%&é%%ﬁ%&@% thirsP g

si npel l er bl ades are nade eet steel are we at their

tip to the diswface mdtncnmes coualtarntpani tige t3diusesipeatvatarey of Thei secomaber may
range fyom nl‘gde tﬁ ,qlrteen and is preferably equal to eleven. 25 As shown
in Figures 1-FTVPHEYTRSEIRLION| ades are flat, i.e. their profile is not
stream i ned, and they are backvvardly incli ned wWith respect to the direction

of rotation, therelt%sform' n&)an an?%ﬁ a wth the radial direction which .
ranges from 4BRIEF BESERIBEION WINGS abl y equal to 42.88 degrees. 30

As nmentioned cann ction with a
centrifugal. Tﬁ Y)?%s rﬂq?g%@%cdoﬁwrtl}%gb@né’%&g@ﬁﬁ Lqﬁﬂmﬂﬁﬁ eRGt e for
col l ecting thmtherambnqmnyﬂ&j dreaviegs, Whdrb: i npel ler and directing it -5
towards the outle ?centrlfua 'fan is furthernore provided with an
inlet ¥ shown | 'gplﬁl d8 asfrantelevation Hewdfdhe rgstrifogal fanlimpeller ¢itheed of
an annul ar f, made of sheet steel or machi ned and arranged at the
center of the vo te The flange 14 conprises in the direction of air flow

5 represented in Elgarek dvanty3 lzye \hfeoritrelevationaviewraet giside slgvbaes it i on
14A, a substanti al i cal_surface partion 14B and a di verging
surface porti'&GP¢ @l %tjﬁag evgg|thefr5p$,lfeé(p fFogderler. The fan furt her

conprises a baf flgiglpe &h@"éﬂ”‘péﬂﬁaFé;GHrﬁéN%f%ﬁ@ v&inq ?I%,ﬁ]en‘? o‘f”tﬁg“i élle The

baffle is made of sheet steel and is arrange par a toth ne "of the
out | et15mi ch 9fFigies1case has a square shape. The baffle is def| ned inits

i Toction of iy FEBFLRRE 84k & itentvalblaioh Mo A PeslenfBuafgapect 1o
the |ongit udi rabeeivdly adf thbanet afrahided ﬁﬁﬁreélﬂfﬂﬁ@hﬁp&ﬁ#‘?{fﬁg&@ 7 Vv
Figures 7 and 8 are a front elevation view and a side elevation view
of the baffle arranged downstream the impeller of Figure 1; and
20 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 impeller
25 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.

30 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



15 shape baffle which inproves the aerodynam cal interference with the

pul sating air streamat the periphery of the inpeller. Preferably, the

hei ght of wiohe/ibabfl e, at the highest points on the sides, AE/agued3ss o 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. 20 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 Figure 9. The tests refer to two
fans, the first according to the teachings of the present invention and the
second 25 of thergioee Rredvgieirowolblades corimectatheh bee side tche diskr had oa

«nom nal di aneger ) i eed of. 50Q r and the air had a
nomi nal densi{h% %tﬁ]‘;'i.g'%% t%r@ %?eﬁ{a"b%fag aQC%Vr?”{'ﬂeeq?a'HEE'ssa axis the rate of
flow Q neasured in nB/h, and on the ordinate axis the static pressure PS
sneasured in Pa are indicated. On the sane ordinate axis there are 30

represent ed t KSteat AN spse e cepinthgakianawith ﬂoubletih@kﬁaﬂ\%ﬁﬁneﬂgeﬁ@y Ein
% th i S ) Al V . W
bor osznt ¢ el It e b e opBgifl WAThbd eoAES, Mecolord ¢ Bl e

-6 nechani cablagewemws t€sqrecon\azich)sidé df e firnpslierf aneasiaged vnebtAtoR the -
rate of flow Q whereas the curves H, U, V and W represent the static
pressure, thed PQB”?%@QI onRe 8iogi 1A the Wisend2t ard s theiother pideelo a
respectively, cgferiferiggqond fan as a function of the rate of flow Q By
conparing the curves the I nprovenents obtained with the first fan according
to the invention are readily apparent. 10 -7 CLAIMS 1) A centrifugal

fan with single ubl e intake havi .fapn. inpeller of the claosed type
formetlof a rh‘l%&?‘ﬁg lﬁ%&fg&aﬁﬁ%&e 'ﬂ?%é)%&@ftv& ﬁnfgfpvidégé’t"trhaé'@%?ﬂ b

el enent, charggtehheetbn tb 4 BAVe shaftbl ades of the fan inpeller are flat and
are backwardly inclined with respect to the direction of rotation of the

fan inmpeller and in that the covering el enent conprises along the direction
of flowa fru i sur.f ortion..a first curve urface portion and
a second cuerhgs%(ép? g@é F@é@ﬁgﬁﬁh&w@pﬁqW@dpﬁi%@eg{spe@f“aggt ﬁ?éP‘BWnt he
first curved BuUFfgace 4pitr¢amprises slomyltre dildation ke dirrfiwisepfesehfepinuie of the
second curved surface portion. .
15 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.
20
The impeller blades are made of sheet steel and are welded at their 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.

25 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.

30 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



10 2) A centrifugal fan according to claim1, characterised in that the
angle of inclination of the inpeller blades with respect to the radi al

di rect i onwioangessf rom 40 to 45 degrees and is preferably aquatrei/enid?. 88
degrees. 15 3) A centrifugal fan according to claim1l, characterised in
that the nunber of the inpeller blades is equal to eleven. 4) A.centrifuge(
fan according to claiml, characterised in that it is provided with an
inlet arranged upstreamthe inpeller and5secured to the fan casing 20 and
is formed of a flange conprising along the direction of flow a converging
surface portion, a cylindrical surface portion and a diverging surface
portion whi chtosvasdswie opitetnibe qengéa‘ugalrfanfs;*o fuxtrermore foogaded avithearc imieti ng t o

sclaiml, characterised ntha (0] ises .a baffle arra stream
the inpeller @hi® E‘R WhsIy 'IgHE%F %f ugft[ﬁeegfﬂwag? ?dnl?L E&Q??@de ahhe
outlet and i saf@ilbnagngd 1f4hmauertﬁrsrwest@én &yrﬁa&@ﬁmedsaﬁci aa%r@eatétoﬂﬁ% whi ch

are curved along the direction of flow and have an angle of i'nclination of
70 degrees wi E#NPESHER vobitenEhe dagoeutd sampeisas dn tbeedlr@cbf)ntdiea"f fow

aer ooy am cal (PhEeed T8 R By b ol £ SO Eleralle St B oo

of the inpell e4A a subst@htlé‘llytewmdnéalmlrfa‘oerp(ﬁﬂ@@I'ldBréhd9We?gmg%urface
characterised in that the height of the baffle, at the highest points on

the sides, |sp@a'GQI14tC0W§B%Qﬁe WelbiomiRgtPgRNethe side of the square shaped

outlet. 7) A centrifugal fan according to claim4, characterised in that

the 5 converging portion has an angle of incli nation wWth respect to the

fl ange rangi n@hérfemflﬁtharndombridegreedwfft&:dérshd‘vm iro Rigresi Z earreff 8tdfethean. 8)

A centyjfugal ,fan ac k’ﬁ@&' h a ove clai s, characterised in that the
1S

di nensi%ns  of dgamgng% gF shept steglanchisparrnged parallel tnthei p 10

ac;ml( no t Eeaghggofofhetélﬁlét%lcﬂ% ARis?Castd had s 4lise: hade) The baffte is

a~ytoje' [V] Cd?f(b@ﬂd:lﬂ &a]tl@@]ee@pdaqmbydwpca;rm@a@manq;dﬁ whidhc afec atfveal] ¢

2l ool oo ool b Al SuBh T Bl A B RE R Bipation.af 2910087688 Mfca) ca) <
a] ca] ca] ca] Calé@@ﬁi&tﬁ@]l@ﬁ@;lmﬂm@&]@ﬁr@ RlreadraRb fAdthereby generating a. V

"$QBS W&&-&A&B&& S ca] ca] ca] ca] ca) ca] ca] callca] ca] caj ca
] ca] cal’ca] ca] & Q%]Qaé@%aq/félémc@}nfayea] g eareynartieal Unterferenca] wiin' the( ()) ) 3*

cal oal caf cauy PArcty chseprLpE IR AR e HfedfeFidhiaf ot atualt 16 1

"109%&' ()- "Llofdhd bafﬂsl@ﬁ’&hé)h@ﬁélél’eﬁpdlhts on the sides, is equal to 38% of the

FS109%&' T 109 F"109 9! " 109&
O- leng{fz o}' tjhe Sldg of the square shaped outlet. The béffle is also provided

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

20
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
25 of a type known in the art. The impeller of the fans had a nominal diameter

of 900 mm, a nominal speed of 500 rpm and the air had a nominal 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 static pressure PS
measured in Pa are indicated. On the same ordinate axis there are
30 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 static pressure, the noise level, the efficiency and the
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f P.r4 1010%%!0@ Q%v%ereég the curves H', U, V' and W’ represent the static pressure,
the noise level, the efficiency and the mechanical power, respectively, of
the second fan as a function of the rate of flow Q. By comparing the curves

5 the improvements obtained with the first fan according to the invention are
readily apparent.

10
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1) A centrifugal fan with single or double intake having a fan impeller of the
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 direction of rotation of

5 the fan impeller and in that the covering element comprises along the
direction of flow a frustoconical surface portion, a first curved surface
portion and a second curved surface portion, wherein the radius of
curvature of. the first curved surface portion is smaller than the radius of
curvature of the second curved surface portion.

10
2) A centrifugal fan according to claim 1, characterised in that the angle of
inclination of the impeller biades with respect to the radial direction ranges
from 40 to 45 degrees and is preferably equal to 42.88 degrees.

15  3) A centrifugal fan according to claim 1, characterised in that the number

of the impeller blades is equal to eleven.

4) A centrifugal fan according to claim 1, characterised in that it is provided
with an inlet arranged upstream the impeller and secured to the fan casing

20 and is formed of a flange comprising along the direction of flow a
converging 'surface portion, a cylindrical surface portion and a diverging
surface portion which are well jointed together.

5) A centrifugal fan according to claim 1, characterised in that it comprises
o5 a baffle arranged downstream the impeller which is formed of a surface
parallel to the plane of the outlet and is defined in the upper portion by two
surface portions which are curved along the direction of flow and have an
angle of inclination of 70 degrees with respect to the longitudinal center
plane of the fan, thereby generating a V-shape baffle which is adapted to

30 improve the aerodynamical interference with the pulsating air stream at the
periphery of the impeller.



10 109<10%&' ()-!c8f #10%& ()-B&&' 's'"'""" }"?4@ 10

10&10%&' ()-109& ()-!xI"109%&' ()- SF109%& ()-

M 109%& Yp-a3meass ()-'""" """ {() M\ 9109 ()-9s10%& ()-F"" 1Q%&{rH1/00389

109%& ()-10%&' ()-L10%&' ()- 10 10)))3*c*f*CtaBmV 910%&

10%&' ()-m10%& ()-9l 10%&' ()-910%&' () -

93109%&' ()-!! 10%°P& () - C+++X,, - -} <mV 9! ykF1&10983&' () - L&F. F10%&' () -

't "110% . & ()-'k' "1 10998&' ()-9%10%& ()-#s! 109& () -

-.MN QP QR S/rS43"L10%2& ()- 10%@& () - 9B0%@ ()- 10 10

10! F1&109%&' () - L! F1&10%&' ()-LS// 000511} ~?r S43"| 10%@&' () - 10%@& () -

I X@M 109%&' () - F! S@V 10%aos g) -F 10%@& ()-  109%@& ()-111111d?r S43"| 10%@& () -
y; 10%@& () - s3G)dua@ni(ijuget alm&@r@m?s#m@.(ofgaﬂe@eca g} tHﬁbghmlhélgthhg! ng
13]c" "Headin P di 33] c". ' Headi ng. 43]c" " i c" "Headi ng
63} c" "Headi ngt%%})%fﬂe"ﬁ% E‘&k@ﬁi Bomtq_@%giw% g8 @.%qu%@ gglg/‘t Oé‘hea‘angh_ Font
-, #$0, . 2468: <>@f tHd SISt thadygliafdBshaded-deltibl Y& () *+, - . /1 0123456789: ; <=6Ti mes
New RomanAri al Courier New'h Root EntryWrdDocunent\

P"#$UR' ()*+, -./0123456789: ; <=>?

7) A centrifugal fan according to claim 4, characterised in that the
5 converging portion has an angle of inclination with respect to the flange
ranging from 27 and 35 degrees according to the size of the fan.

8) A centrifugal fan according to the above claims, characterised in that
the dimensions of the centrifugal fan vary with an homothetic relationship
10 according the size of the fan.
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