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Technical field The invention
relates.to a propeller,

particularly to a propeller with the bl ades
provi ded with doubl e-side or single-side are brins at the tips the

r eof
Background art For the blades of the propeller in the art, dm\mmummﬂ“‘mm&
effect of induced drag the maxi mum pressure point is |ocated
of about 0.7 of blade length where is the main operational regi omsiddne
novenent velocity of blades arrives to maximumin the region fromthe pl ace
of 0.7 blade length to the tip of blad

e i on occupi e
of the entire rot atiﬂqgmperﬁormaﬁ'@‘?ﬂgmlgggul d producem\mmwm‘m“
acting force in terns thHe calculation of the deserved acting fgeee. For
t he conventional propeller, the differential pressure between the
positive-pressure face and the

negat pressure face in this region
decreases instead and al nost t&eg afaﬁggdhe tip of blade, The
bl ade is | ocated at the positio
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n of ' e rat P Vo | ades,
but al so theméoﬁf'v%hﬁﬁnméla@xﬁ%ﬂ?%@@g?mg?opel |
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er ir&ﬂtge @E&reﬁ id bet ween
t hese pressure es and suyrro ndi g?}gg‘g.qidmrctbrmél@} $hHPP 5SS of energy at
the ti Qgg?epk,@&lﬁdé&vsﬁtdﬁ%.e’ BEER there is a design in which a brim
I s adde 0 the blade with relatively big aspect

rati o, but the benefici al
result of saving energy is not obvious.

This is because the induced drag of
bl ade itself is relatively small eBackgsomida@lé span is longer , the arm of
force is long, and thereby the monent is bi

0 as toofrinducast ade
easily, which is_ e to chlat iﬁdhmaé'gég“eb® {I%é;eg?i m Preseptly the
design in  For the $iddesCof it Prep the place of about 0.7 of blade
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£ blade. The tip of blade is located at the position of maximum
the tip of blade.

it imum loss of energy
ent velocity of blades, but also the position of maxum
movem
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force 1s long, an | e i i
hich is easy to cause great form drag by the brim. Presently
w



1 whi ch the bl ade i i
has, a outer ri ae 1s provided with a bri : .
Erppel Ler i nrf[ Rg f{ﬂnhgf ﬁgsgebOf _tunnel , anmd g; Eﬂg gg;: ig(r:]a!t in‘o;hef propel I er
rimor tunnel on radial asically not considered the i °
brimnot give consider suppl ement of fluid. Th e influence of the
_ si deration d. The shape and the si
t he increase , to both the elimninati . e size of the
t he suppl emant(:)f 01[ a](cj: 3: dsgﬁgl ?Eent bOf fluid. TheaE)IriO% 8]; {Eﬁﬁgfd d][ ?g and
propel ler, er eoby r educes t | I'nfluences
e e i ki by i
§pe t Wt ‘ency of propeller drzgg Di Olo|eI ler is
: scl osure

of the invention The ' [
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o TVent 1 on, The 90 SEiverss Bhoklid deuid sppacion phavbe® ¥

propel ['er in the art '
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doubl e-si de or a si : ity of blades, char ' '
bl ade. rats no! 8 afRe D§hdpe i tepl.zed,iin ghat a
ridmlpsu;mlpp@p?o?f ; @8i e ?%dr?dc?r?dgw calq the PHEY td’i‘dﬁ @%‘ach

pressure distri i : ol |
pressi's o 1ol bty g, ey, Uikisagontof mauaedokog, S HE WEAER chue” "

t he r opel : ims. Therefore - .
i nfi nPtga%gﬂljsel{pp%mEHteof AL ThS mmmﬂgﬁﬁé%@ ‘?étn , %B‘g’?ﬁf @E_rrance of
oachi n
the amount of fluid acting on propeller, s0 that the ?

fluid and thereby reduces
effective acting force produced by the propeller is decreased and

consequently the efficiency of propeller drops.

Disclosure of the invention

The objective of the invention is tO provide a high-performance

propeller, which can overcome the disadvantages of the propeller in the art as

described above.
The propeller according to the invention has one hub and a plurality of

blades, characterized in that a double-side or a single-side arc brim is

provided at the tip of each blade.

The propeller of the invention can change the flow condition and the

pressure distribution near the tip of blade by means of the double-side or

single-side arc brims. Therefore the fluid dynamic performance of the

propeller of the invention presents the aspect ratio approaching infinity and

the small induced drag. The centrifugal force of fluid can be converted to the

effective acting force so as to increase the acting force near the tip of blade,

whereas there almost no form drag in rotational direction 18 produced by the

double-side or single-side arc brim. Under the condition of almost no induced

drag, the beneficial result of reducing loss of energy is obvious by means of

lengthening the chord of blade, thereby increasing the area of blade and
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the small induced drag. The centrifugal froce of fluid can be converted to
the, effective acting force so as to increase the acting force near the tip
of bl ade, whereas there alnost no formdrag in rotational direction is
prduce by the double-side or single-side are brim Under the condition of
al rost no induced drag, the beneficial result of reducing | oss of energy is
obvi ous by neans of |engthening the chord of blade, thereby increasing the
area of bl ade and 2 decreasing the velocity of outward flow of fluid.
Brief description of the drawi ngs The invention will be further described
with reference to acconpanying draw ngs and enbodi nents as follows. Fig.

Is a scﬂggﬁtagﬁlg\/ﬁ,@we%cit}hgfgﬁmﬁl@qswczsﬂﬂmduct i on and doubl e-side arc brins

of the blade according to the invention. Fig.2 is a schematic view of the
propel I er construction of double-side arc brinms of the blades with a
strengthening ring according to the invention, Fig.3 is a schematic view of
a single-side arc bri m wit hBoef descaiptios ofithei sAWARES an anti - overfl ow edge.

Fig.4 is a schematic view show ng the posjtion af a vortex-generated zone.
Fig.5is a saﬂﬂ@rtawltﬁ%v/éﬂi’ﬁ Pédﬁ%‘ﬁ'ﬁ%dn ltgﬂ'@%'trleﬁge&‘? ag?ﬁ%‘gpé%“&e arc
brins of blades of propeller w a strengthening ring according to the

i nventi dﬁawg@tm%%fageg%%ﬁaﬁ ﬁéﬁ??sof the invention

Fig.1 is a schematic view of the propeller construction and double-side
arc brims of the blade according to the invention,

Fig.2 is a schematic view of the propeller construction of double-side
arc brims of the blades with a strengthening ring according to the invention.

Fig.3 is a schematic view of a single-side arc brim with outward
inclination and an anti-overflow edge.

Fig.4 is a schematic view showing the position of a vortex-generated
zone.

Fig.5 is a schematic developed view showing the tips of single-side arc
brims of blades of propeller with a strengthening ring according to the

invention.

Best mode of embodiments of the invention
The terms of ‘double-side arc brim and single-side arc brim of blade’ is

hereafter referred to as simply ‘brim’ for the purpose of clarification.

Embodiment 1 High-performance propeller in the type of propelling

used in air
Referring to Figs 1 and 2, the propeller for this embodiment has a hub
2 and twelve blades 3, characterized in that a double-side arc brim 1 is

affixed at the tip of blade 3. A strengthening ring 4 is disposed among the



The ternms of “double-side arc brimand single-side arc brimof blade' is
hereafter referred to as sinply "brim for the purpose of clarification.
Enbodi ment 1 Hi gh-perfornmance propeller in the type of propelling used in
air Referring to Figs 1 and 2, the propeller for this enbodi nent has a hub
2 and twel ve blades 3, characterized in that a double-side arc brim1l is
affixed at the tip of blade 3. A strengthening ring 4 is disposed anong the
3 bl ades. The propeller my be nmade of any suitable naterlal such as

pl astic, netal by noul ding, welding and o ”??&ﬁamsuah aﬁaﬂ@ U¢or the
propel l er .of this eg‘g?glj‘zgpgg ;made |8élb‘e$‘§£ab§ﬁg e propeller is 0.8m the

effecbla\@saﬁmeep@ﬂ’e I's 14 deg., ,the I dycoefficient L is taken as
1, the aspect rat,io | ? Maﬁmm‘f"% e |syequal to rotp@l gqgl area of
pr opel,heualbyhéo‘;‘é% brimi s equal %rgbwrobﬂ &egPP I'ade and t he

g{i [nhgats|gﬁ‘2f¥2f &Wg %ﬁ) Hesro@ thiscemh FB‘?Pt e stre hem &g‘é éﬂgnfésl s |l ocated

t th dngh aq?& » Ongﬁt @%% égwghﬁw t ofhi ch pl
st rengt heni e y connec r i ch plane
is sub@tgaﬁ’b%g? F?apafé]al Ilel to the rgf IR e ¢duah etoofoﬁﬁﬁg’ é Ider€§or at an

0

angle tothe f figcts én §oafeés produces, no r the friction
drag ontb e TH %‘Sﬂ%gf[allc t hr ust @?g am%acbo lﬁ'@‘ Qrf;glr etelzggll | y according
to the B gg% tRé heig Hthef B W’eﬁt? n is cal cul ated. 'é'rﬁ'@‘mis @(ﬁcattlkatechnl cal
tar get m's of vel OC'%%«\ﬁﬁm{lbﬁ. The smeng&%*é“ consi der| ng t he
ef f ect ﬁmwaemmm arr ith of blades. The strength _
axial wi
the tip of the blades and beyond the

ing and brims are connected by connectin:
rin:

parallel to the rotational plane of propeller

g strips which plane is substantially

or at an angle tO the flow direction

s no acting force but friction drag only.

duced theoretically according to the

so as to produce

The static thrust F that can be pro o i s
d in terms O
invention is calculate e
T Oflthety at the tp of blade, not considering the ©
m/s of veloct
ssibility of air. 2
- thrust, kef A — area of the blade, 0.5 oo e
_ ’ ity at the tip ,
rotational velocity, 219 P8 V) — velocity @
r —
500m/s
_ lift coefficient, 1 e
p — air density, 0125 kg.s?m*  R- radius, 0.
= 46320 N
thrust F =025 Lp A V2 = 4726 ket 46
e brims and

Comparing with the conventl

s and strengthening ring 1is

added by the propeller of the invention,

by brim:



F - thrust, kg
V(m) - veloci
density, 0. 125

f A- area of the blade,0.5nm2 r - rotational velocity,
ty at the tip of blade, 500ms L - |ift coefficient,1 p
kg.s2/md R - radius, 0.4m thrust F = 0.25 Lp A V2(m

219r ps
-air
= 4726

kgf = 46320N Cal culation of the friction drag Z produced by the brins and

st rengt heni ng

ring: Comparing with the conventional propeller, the f

riction

drag produced by brins and strengthening ring is added by the propeller of

the invention

, 4 thus the friction drag Z produced by brinms and

strengthening ring and the its ratio to thrust are calculated as follows so

as to asses i

ts effect. The friction drag Z produced by brins and

st r engt heiisndher fridiohdraplZ predirtdeby boims gnd hstrengtimriing rmg dnd the #sf or drag
um ng the shape of brins and strengthening ring only cause the
frictionraticw dmwdsttare cdicagated aapptowisremt as tovasseattsofffgitat e, the friction

of plate. Ass

drag is calcu

| ated according to the area of brins and strengthening

whi ch i s equalheofrénien rag i dnproduced By briang iandostigngtheniig Jighdf |

friction dra

number calc atgé %(rjr:;)clg)(ljmgythte) rclai?ulgtrljgn ?’ctu:nenr:l tt%? rHng of prlgte. k&gsu?rlxmg tﬁg y

shape

of brims and strengthening ring only cause the friction drag and the

drag is approximate to that of plate, the friction drag is calculated according

to the

area of brims and strcngtheningﬂ ring which is equal to 50% rotational

area at the tip of blade of propeller.

7 — friction drag produced by brims and strengthening ring, kgf
R — Reynolds number

M — surface area of brims and strengthening ring, 0.125m’

C — drag coefficient V() —linear velocity of brim, 550m/s

p — air density, 0.125 kg.s%/m*

y — viscosity coefficient of air, 1.45X 0.00001m?s

R = (2.5X 550)+(1.45X0.00001) = 94827586
C =0.455-+(LgR)>* =0.0021
Z=0.5CpM V%, =0.5X0.0021X0.125X0.125X 550 X 550

= 4.9625 kgf

The ratio of the friction drag produced by brims and strengthening ring

to the thrust is calculated as follows:

drag/thrust = 4.9625-+-4726 = 0.00105
Therefore, the effect of the friction drag produced by brims and

strengthening ring on the propeller of the invention is insignificant.

Comparison of induced drag loss for the propeller of the invention with

that for the conventional propeller is:

ring
er. Z -
nol ds



M- surface area of brins and strengthening ring, 0.125n2 C - drag
coefficient V=-m~ -linear velocity of brim SSOns p - air density, 0.125

kg.s2/md y - viscosity coefficient of air, 1.45 X O000A n2/s ~, _ (2.5 X
550) =(1.45 X 0.00001) = 94827586 C = 0.4S5=(Lg~?)2~58 = 0.0021 Z = 0.5 Cp
M V2~~~ =0.5 X 0.0021 X 0.125 X 0.125 X 550 X 550 = 4.9625 kgf The ratio

of the friction drag produced by brins and strengthening ring to the thrust
is calculated as follows: drag/thrust = 4.9625=4726 = 0. 00105 Therefore,
the effect of the friction drag produced by brinms and strengthening ring on
the propeller of the invention is insignificant. Conparison of induced drag
| oss for the brGpletlagonodf theeainouahof andwéedhdragatossdiortthe propekert obnal
propeller is: 5 1. Calculation of the anount of induced drag |oss for the
propel | dhedRvemion:nvention: A - area of propeller, 0.5m~) - aspect ratio ~
00 V-m~ - velopcity at.the tip O{:‘Vbl ade, 550 ms L -_lift coefficient, 1 The
i nduced drag oetreafgropeller, §.39al uated as: d = Lz-—=aspectIpfio e ) ~ 0

The induced drag Rl ;i s. eval,uat ed - RI=Zz,0.5 Cl pA VZ=.n~ =0 2. | cul ati on
of the amun?vmﬁmﬁg%aﬁh? 98§§f4% 5159em250nvent o‘né‘lﬂ?ﬁeéggﬁnér. A - area
of propeller, ~ad - gt o, S locity at the tip of bl ade,
550 ms L - I’ll.l%él?gg?q%?%gggﬂifli%?ﬁl%gh’%@g&&%% coefficient Cl is

eval uated as:C@ ¥R =t t/jr o Yo 0 12. 6 = 0.0796 The induced drag Rl is
evaluated as: Rl =0."5 Cl pA V2~-m- = 752 kgf

The induced drag Ryis evaluated as:
R;=0.5 CipA Vi =0

2. Calculation of the amount of induced drag loss for the conventional

propeller:
A — area of propeller, 0.5m A — aspect ratio, 4
V(my— velocity at the tip of blade, 550 m/s L - lift coefficient, 1

The induced drag coefficient Cyis evaluated as:

Cy=L¥(mA) = 1/12.6 =0.0796

The induced drag R;is evaluated as:

R;=0.5 CipA Vi =752 kgf

The ratio of induced drag to thrust for the propeller of the invention:
0/4726 =0

The ratio of induced drag to thrust for the conventional propeller:
752/4726 =0.13

Under this condition, the induced drag loss can be reduced an amount

equivalent to 13% thrust for the propeller of the invention.

Embodiment 2 = High-performance propeller in the type of propelling

with blades having excessively wide chord

The propeller for this embodiment has a hub 2 and six blades 3,



The ratio of induced drag to thrust for the propeller of the invention:
0/4726 = 0 The ratio of induced drag to thrust for the conventional
propel l er: 752/ 4726 = 0.13 Under this condition, the induced drag | oss can
be reduced an anount equivalent to 13%thrust for the propeller of the

i nvention. Enbodi nent 2 Hi gh-performance propeller in the type of
propelling with blades having excessively w de chord The propeller for this
enbodi nent has a hub 2 and six blades 3, 6 characterized in that a

doubl e-side arc brim1l is affixed at the tip of each blade 3. For the
propeller of this enbodinment, the dianeter is 0.8 m the axial length is
0.92 m chamctedred of that acdoubleiside ianf lbeitn i de adfixéd agethe sti®bfdewh t he

angle of attack on the outflow side of blade is 30 deg. and the aspect
ratio i dladet3. For the progeller of this emibadinent,i the alimleterak . 8m) the dxisl
entirety. The height of brimon the negative-pressure face of blade is 0.03
m The H@m@htlsgﬁﬁm,rﬂl@nngheomm ome the idlow sideacEblafdetis #fedégs, the03 m f or
the inflow side and is 0.08 mfor, the outflow side. The brimhas no any

out war d 31819 ¢ a@a‘gﬁonﬁhé atflowosde &Aﬂé@g@we@: @adnthg; aspeahitatiot isa 60 deg.

?R%l % tg%*;?b%’%‘sé“m OB ABRER i e fal %&ﬁ%ﬁ?@“’st&ie' S el
char act o) S RSB BHesfifi ot AP pLadLCioRs B8, Mo i ibl oE B ohcr ence
the sucﬁ@g?g@gmr%gémélﬁiggﬂbﬁﬁe'1¥ q%gsin&%lé c%ﬂ%@@?i&e%cff?ﬁ'.@% gf fluid

I
acting on e suc alr on e negative-pressure tace of bl ade

will entef thee oublew GRIE! MHet @iy hhdenPOghy | ¥EWARES bl ade and
the brimas well as the anti-overfl ow e!cligeﬁg% gg to bgﬂgﬁ?%ggﬁan ©

restri caatl-derfloseeddeisfh06tm weidpraesatra60 deg. mglblt@dhe bsinpr ovi ded with the
brimand the anti-overflow edge. In the course of pressure transition from
t he negati veNovesheamropelter of the biventionowilhbdepomparnce prhs thatenfthee of next
adj acent bl ade, the interference between the positive and negati ve- pressure
faces ofwpp eBRING Of CQUEESSORNRAVIRG rsame sueking; pedr afeai and pindesur e can

negat | veap apetn O] cotdion) Thprapler DA iSFRon o tATRGiepReRaRl er of
the i [ ' ' L] bl e. of ti th trdf I
For ce 1 BaniBE ARk shiRid, Hajplhe SRR CinpodtR NHE icRig Wil ' 19
e ot Tol e el arBeRRR Hlorge R R o AR B tte o 0y BBE 70T °°

anount  gfickdduiadr ssickhe Adgithe-pledsulea®idio off BlhdeohwillnenRiromed | pacy -
velocity of outward flow of fluid M- anmount of radial fluid sucked at the

tip of bomstiutedr by itlee positivielpresmiiretfhee iofi\bdade and fEhe birimn astwell at ithe pr opel | er
The thrust produced in machine in the type of thrust jet depends mainly on

the chaA@f-oyrrilowi cedgsnesa ups ebehmkded prdduesticted t hecaysavdhei onal
(st EAn S ASimAD Lhat Ll erount o1 Lind sl on the,
For propiiedeti%, i, I 1" bt o 8 WBsHRP carRRHCl dui He anount M
FSSUM Ml bSLIR B5Ld Yo'y OHAPT DO BTSN e TR 1T,
F produgddcést bhiadePitRd Shicefer@icd Bewsir it PBS#tivieSand negative-pressure

faces of blade can be reduced, and thereby the differential pressure can be

increased through the fluid guided in the space between the positive and

negative-pressure faces of blade. The flux of fluid for the propeller of the

invention is so big that it is capable of converting the centrifugal force to the

effective acting force. The effective acting force is increased and the losses of

drag and other secondary flow are decreased so as not to be easy to generate



F=d[ (mtV)v]/dt Therefore, the thrust produced in the propeller of the
invention is |ager than that of the conventional fan, such as the fan of
the turbo-fan engine with sane area facing wind;, and the anount sucked is

| arger than that of jet-engine conpressor with sanme area facing w nd.
Moreover, the thrust, thrust-weight ratio and efficiency for the engine

W Il increase greatly because of the increased flux of fluid. The propeller
of this enbodinent is also adapted to used for axial flow punp, snoke
exhauster and so on. 8 Enbodi nent 3 Hi gh-performance propeller for the
conventional fan This epbodiment is conpared with the conventional fan with
400 mm(ﬂ&ﬂﬁ@Géﬁuiﬂ“ﬁﬁ&@g@@ﬂﬂggﬁ%n, shape, size and angle of attack for the

propeller of the inventign, js same ag thqse af the convention fan except
that the bl adi -1 amgpatotilibidsugkedionthe. sdadacing Windfos thepr is Figs
3,4 and 5. The propeller for this e di,ment has a hub 2 and four blades 3,
characterizeyiﬁY43%ﬁygfg?WGFgggpﬁé’ Wdp'ims is axed at the tip of each
bl ade 3. The\wi d i Myt Dy -1 tward | i nation,
and the equi \%E%&%&%ﬂ@%fﬂgﬁcg%g tﬁnér\%ﬁﬁggragiﬁcﬁ#r@@éﬂgb?ﬁg near by

regi on bagtueeh.ddpnbri mand the tip of negative-pressure face of blade is
in the shape of non-streamline arc on which there is a 6 nmw de vortex-
gener at ed zoie-thast ofthepidpelieg- 3 and Fig. 4. The equival ent di ameter of
fan of this enbodinment is 420 mm Under the condition of sane rotational
vel ocity, thdhdrthgustpreducedhiremachmetinahe ¢fpe bé St jendependsmainhl f an,
the power is equivalent to that of the 400 mm conventional fan, and the
amount on therchapge ofidhud nwomentyenr. t han that of 420 mmfan. Presently the
testing has proved that under, .the conditjon_ of copnstant notor power and
ener gy consu&&ﬁ 1stihprosiusgd iin ghe spnvenfigngl thrusbfan iscr eases the amount of
w nd about 1%&@%7@%/mhich is equivalent to save energy about 40% V70% i n
terms of the'C f%lationship bet ween the amobunt of wi nd and consunption

power. Each f ' f ? i ' iS:substantially
concentric vmglasrﬁh{rg%g 3‘5%%% %‘?‘QG‘I‘EQPQ@}‘{ g{l%l?é%&?%he%ﬁ%;%@"ggv‘quﬁgorsarre
functio } i r QU 1 ] B, I n

pri nci p:ﬂée @E%aﬁ{e@%g?cwgﬁﬁgéggoig %ﬂgg%ia?,ggg% gﬁg!ééjg?‘gm‘?g\fig%dﬁt éruf)é'?’at i onal

di rect i gacihgowirdd)ethiki thie. tothl hhRudkich flasr & (V) ik | sridpeller W1l thepr oduce
the formdrag, which 9 can increases or decreases the ftormforce fromthe
pr essur enwntionebecgusef obbupjdiedAsadiehpicladg drheudtr Mn Assumingeklogt thei t ably in
the rotational direction of the blade into the form of an approxi nate

i nvol ut ¥ekositysof eutsyardglowref Suidk@n iaseme avf (1 fact, isnlargercthany thate resul t

of bl ade agtion. The propeller qof the invention,is not very sensitive to

the chaldfottis omeenticeil pEepeliero s egt B PROdacith P ellefinfs can be

used as_a prgpel.l er ., wi.th variable pitch. The propeller can be al so designed
i R,

as one lSSpeciaI shape so as to neet the needs in various

operational go ﬁgﬁ;92§¥gpd the requirenent in aesthetics. The invention
i nvol ves a new desi g onception and a novel design ideology. In past, it

may be not nqhefeBrd thé thhRt Pa&ﬁ@edmbqﬁapéu&f of the Fhvehtibgs lagerof bl ade
of the propeller can affect the operational condition of propeller.

Ther ef otlean that 9fshe cehventiptialifing, subbcasotie fandfithsitgrbe-dac enginerwithn be
found when the propeller with brinms or the propeller within a tunnel is
enpl oyesametarea facisg avinds and ¢he amouatisuckedvisrlgrger ithan that@fijegnginenent s and
testing have proved that the design . of inproper brips of blades.aqr

appl i cacompregsor neith samenaregntacing spnd) Morgover, the thmstethrust-weigltuce t he
anmount of . fl ui ?ﬁtjn o] blades,.decrﬁﬁse t hrust of pgo el ler qL conveyi ng
amount §AtQ |a0dy cHGenEY e fash they smging svill dngrepss Hegtlys %‘?%ﬁ@l pErthe

chout o Vimettl, ARt . AR, Bfoiiel At i o RRRGne L iCatsh R Wl oo

drag an i QEHBP FRL04 ol of the radial fluid flow
at the ﬁf%)d gc}rdagﬁglgg@ n g ’e%;?%éi%ncreag}e&?(ﬁggio rust of propeller, the
conveyi ng anmount of fluid and consequently the effciency of the propeller.
The invention follows the systematic design ideology. The action of brins
is utilized to .decrease the induced drag. Thus under the condition of

al nrost no induced drag, the aspect ratio is decreased, the deformation of
bl ade is decreased, the effective area of 10 bl ade is increased, the
outflow velocity of fluid is decreased, and the efficiency of propeller is
al so inproved greatly according to theoretical evaluation. Presently the
saved energy (40%-70% is obtained mainly by the decrease of induced drag.




It is found in experinments that under a certain conditions, the tunnel wll
give effect to decrease the flux of fluid for the propeller or fan. The
propel l er of the invention can elimnate this unfavorable effect, and al so
give favorable effects to cause the tunnel to maintain the pressure and
reduce the | eakage at tip of blades. The suitable fit of propeller of the
invention within the tunnel will greatly inprove the effectiveness for
conveying the fluid and conpressing the air. The propeller of the invention
is generally not used within the tunnel in the formof close fit. The
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spatial position of the brins of blades for t ropeller of the invention
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synthetic consideration in terns of various requirenments such as for the
flui d schaiactgrizéednethata singlévsidenatedsindy amaffixiedi ati thettipoof edclt biader i cti on
drag and formdrag, and the structural strength. These depend on the
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ef fective angPe of "attack, the loading intensity, the pitch, the aspect
rati o, the r@Heuguivdlent diamdiereaf faebbthisyeraboditgeriti o 420 nithe Uildages, the
conpression coefficient, the density, and the viscosity of fluid, and the
def er enthieatondition wfeabe retetiondevéloéityvihandragus felqmwalettetodthfat odrthe al

pressure_ between the inflow or outflow and, surroundi ng atnosphere, etc. At
the tip4@¥ BMugesyentenal fanathe poymrets eanivalantttoythatnef) theeAL0 mmi g, t he
brins of bl ades gi.ve the.effect on.suppressing bqgth t i nduce ag and
Che 1 CFRRRaREh At e aripunt SR prodicets Torbssahr HoEs 20 0P The
shape, ﬁﬁﬁ? spatial angle and spatial position of the brins of blades all
i nfluence ?1% acting results. The brins of blades for the propeller of the
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pr oducemiofer potvet hidehergsf E@susnptinr) thé propeller vEithe inwntidn imcedm@pges: (1)
if the brimwth outward inclination has a radial velocity conponent acting
on fl ui thebemogynt efswirdhrabolae 128¢+a7%yewhicH ys efjuivalént tosvaverdnerghen fl uid
produces an acting force on the brimincluding the conponent that pushes

t he protuted0%0- 7080 dneteams afhthec onbisnestationship dwtweas dbetaroneindf ng

aft erwar Mef&r mati on .of bl ade. Under this circunstance, the brimonly has
a frictVHf aRAGOBHYNABOR PO r ag, and i ncreases the inflow amount of fluid

ow ng to outmard incli.nation brim.(2) 4f the brimwth qut d

i nclinati on HaE! &’aftananWengf‘? ypré’BﬁBé‘héft &lichvr?&t@ﬁ Eﬁzsgb?tpﬂ&@%ei ng
equal t - ad| | Qci f i t (Y] roduces no
acting oééégl&g%%%i Qfé %ﬁé{’%h rn'{;}étésj ‘%Irgg\éﬁgﬁ%r m&gggb sgﬁvaé) idlnég}s%ggéeis t he

i nfl ow gRHBh. Bfoibétd al%’Wo I pedid [ ioR Tl rhdinle | f the
brimw th outV\grodéétﬁéc)ﬁl at Pgﬁéﬁggg%l%ag?éa \}{é‘f]ggr(tg){/blgg?r%olnﬂeﬁ?ﬁé t? ng on
fluid heilpahbifigtiontdrap isheqhiaed ab beepRiducdoh fdtatishdlodisseyn flofien t he
bri m produces a radial "acting force on fluid. The brimcan futher increase
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drag loss; (4) if the brimon the positive-pressure face of blade inclines
inward, then the briminproves the effect on preventing fluid from
overflow, but the inflow anmount of ¢f|luid decreases, and a certain induced
drag i s produced on the outward side of brim The inward inclination of
brimis generally used in conjunction with the outward inclination of brim
such as the outward inclination at |ower portion of brimand the inward
inclination at upper portion near the top edge and otherw se used in
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can be sane as that of brimon the positive-pressure face but inward or
different therefrom such as the angle constantly parallel to axial

direction of the propeller. The brimon the negative-pressure face
generally does not incline outward except for special requirenent. The brim
inclining i nward nmeans that the briminclines toward the axial direction.
The double-side arc brim1 is generally used to propeller in the type of
propel ling. The outward side of the brimalong the flow path is adapted to
be in streamine form It can increase the supplenent amount of fluid,
decrease the interference between the adjacent blades, increase the thrust
and consaqupereases apdosngaserethecforor fomoe dromh théprassupetd the. tibé blidegl e- si de
arc brimb5 is generally used to propeller in the type of fan. Wien the brim
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Fig.4) I's substantially par " to the negative- sure face of

bl ade ardriabRdipitcho THeapebpélldrnean | o dlsm desigried B orel it Gitifis sioul d be
provi ded before the arc surface. The vortex-generated zone is |located at a
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surface or such a shape enabling to transfer the flow condition into

t ur bul etherequirgmens ina@esthetine | ui d separation and thereby decrease the
drag of blades. Jn use for relatively hjgh | oading intensity, and,
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flutter "of blades. The strengthening ring (see Fig.5) or the part thereof
can be parbedduntaviesttiegropellet witllbAngf obihedadpslenwithin haafgsl ishe

obstruction of the strengthening ring to radial sucking of fluid. The

st rengt employged,ithys af seemsetede ¢arriedutovery HeirfdlypwOdir rexperiarernits laada t unnel .
T he construction that the blade is _connected, with the brimat an angle for
propel | &stivg have proved thafrthedesigmhebyaproner bsuns of btades i applicaipsr mat i on.
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C ai ms: blimAféy e Pespelleredf ehd ipstticl shawldngosxiger it (the actbr ol ural ity

of blades (3), characterized in that there is a double-side arc brim (1) or
brims would decrease both the induced drag and fluid supplement. The

reasonable control of the radial fluid flow at the tip of blade can greatly
increase the thrust of propeller, the conveying amount of fluid and
consequently the efficiency of the propeller. The invention follows the
systematic design ideology. The action of brims is utilized to .decrease the
induced drag. Thus under the condition of almost no induced drag, the aspect

ratio is decreased, the deformation of blade is decreased, the effective area of
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single-side arc brim{5) on the tip of each blade. 2. A propeller according
to claim1, characterized in that said double-side arc brim (1) or
single-side arc brim(5) has an inclination relative to axial direction of
the propeller. 3. A propeller according to claim1, characterized in that
there is a strengthening ring (4) anong said blade (3). 4. A propeller
according to claiml1, characterized in that the aspect ratio of said bl ade
(3) is less than 2, and the propeller is configured in helical form 5. A
propeller as recited in claim1, is characterized in that the juncture
betmeenéhgﬁibriUIand e negatjve-pressure face of the blade for said

si ngl e- df c ireaseds) thea outtlow aelacatyy ofnflvidh 1ar deergased,e andr the

strean i or apppoxi ely streamine grc surface al.ong the flow
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the both ends of the tunnel with the outflow or inflow side thereof suitably

fitted to one of the ends of the tunnel. The relatively suitable application of

the propeller of the invention is in such way that when the fluid is pressed into

tunnel, the most part of the propeller is beyond the tunnel and only outflow

side thereof interfaces the tunnel; and when the fluid is sucked out the tunnel,

the most part of the propeller is within the tunnel and only outflow side

thereof faces outward. The tunmel is required to leave space for radial

supplement of fluid to the propeller.

The shape, size, spatial angle and spatial position of the brims of

blades for the propeller of the invention are mainly determined by calculation

and testing evaluation, through the synthetic consideration in terms of various

requirements such as for the fluid sucking, decrease of the induced drag,

minimization of the friction drag and form drag, and the structural strength.

These depend on the specific requirements in use. If the propeller is used to

produce thrust and thereby the minimum loss of induced drag is needed, then
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propeller of the invention depend on the conditions in use such as the
effective angle of attack, the loading intensity, the pitch, the aspect ratio, the
radius, and the linear velocity at the tip for the blades, the compression
coefficient, the dehsity, and the viscosity of fluid, and the deferential pressure
between the inflow and outflow, the deferential pressure between the inflow
or outflow and surrounding atmosphere, etc.

At the tip of blades, the radial component of the fluid movement is big,
the brims of blades give the effect on suppressing both the induced drag and
the fluid supplement in radial direction for the propeller. Therefore, The shape,
size, spatial angle and spatial position of the brims of blades all influence the
acting results. \

The brims of blades for the propeller of the invention can have an
inclination relative to the axial direction of the propeller (see Fig.4). The brim
on the positive-pressure face of blade may produce four utilizable effects
when the inclination of brim changes: (1) if the brim with outward inclination
has a radial velocity component acting on fluid being less than the radial
velocity of fluid movement, then fluid produces an acting force on the brim

| including the component that pushes the propeller to rotate and the
component that decreases the bending afterward deformation of blade. Under
this circumstance, the brim only has a friction drag and no form drag, and
increases the inflow amount of fluid owing to outward inclination of brim; (2)

if the brim with outward inclination has a radial velocity component acting on
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fluid being equal to the radial velocity of fluid movement, then the brim
produces no acting force on fluid. The brim has also no form drag and
increases the inflow amount of fluid owing to outward inclination of brim; (3)
if the brim with outward inclination has a radial velocity component acting on
fluid being bigger than the radial velocity of fluid movement, then the brim
produces a radial acting force on fluid. The brim can further increase the
sucking amount of fluid but consumes the energy, and has also a form drag
loss; (4) if the brim on the positive-pressure face of blade inclines inward,
then the brim imbfoves the effect on preventing fluid from overflow, but the
inflow amount of fluid decreases, and a certain induced drag is produced on
the outward side of brim. The inward inclination of brim is generally used in
conjunction with the outward inclination of brim such as the outward
inclination at lower portion of brim and the inward inclination at upper
portion near the top edge and otherwise used in special situation such as in
helical form. The effect of outward inclination of brim on decreasing of
induced drag will be changed from maximum to zero when the outward
inclination of brim changes from 0 deg. to 90 deg.

According to the theoretical analysis and testing evaluation, the effect
of propeller technique of the invention on energy saving will be relatively
obvious when used in the condition of small aspect ratio of blade such as less
than two. The effect of the brim is relatively obvious if the inclination of brim,
namely the angle included between the brim and the axial direction of the
propeller of the invention is less than 45 deg.

For the blade with relatively small aspect ratio, the fluid may overflow
beyond the brim to produce induced drag under the actions of centrifugal
force and blade pressure when the action of the centrifugal force is strong. If

the height of the brim is raised, then the brim may be so high as to impede
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supplement of fluid. Under this circumstance, an anti-overflow edge 6 (Fig.3)
can be used to reduce the overflow loss of fluid. The anti-overflow edge can
be only used for a part of brims near the outflow of blades. The result from
the use of anti-overflow edge is successful for axial conveying of fluid in
helical form, such as in a smoke exhauster which has both axial action and
centrifugal action.

The brims in the propeller of the invention can have different
inclination. For example, the outward inclination of brim is bigger at the
portion of blade with less pressure and is less at the portion of blade with
bigger pressure. Similarly, the height of the brims can be changed according
to the needs in different portions.

The angle of inclination of brim on the negative-pressure face of blade
can be same as that of brim on the positive-pressure face but inward or
different theréfrom such as the angle constantly parallel to axial direction of
the propeller. The brim on the negative-pressure face generally does not
incline outward except for special requirement. The brim inclining inward
means that the brim inclines toward the axial direction.

The double-side arc brim 1 is generally used to propeller in the type of
propelling. The outward side of the brim along the flow path is adapted to be
in streamline form. It can increase the supplement amount of fluid, decrease
the interference between the adjacent blades, increase the thrust and
consequently improve the performance of the propeller.

The single-side arc brim 5 is generally used to propeller in the type of
fan. When the brim has outward inclination relative to axial direction of
propeller, the streamline arc shape or other shape with low drag along the
flow path is adapted to be used in vicinity of the juncture between the outer

side of brim and the negative-pressure face of the blade (see Fig. 3). It can
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, 10% o&ffrthet 1 Qbécedase) -the differential pressure between the negative and
positive-pressure faces, reduce the pressure resistance of the brim, increase
the supplement amount of fluid, and reduce the energy consumption. In use
for relatively high Reynolds number, a vortex-generated zone 7 (see Fig.4)
which is substantially parallel to the negative-pressure face of blade and
enable to transfer the flow condition into turbulence should be provided
before the arc surface. The voxtex—gcnérated zone is located at a certain width
of or full surface of brim which is treated as a rough surface or such a shape
enabling to transfer the flow condition into turbulence so as to delay the fluid
_ separation and thereby decrease the drag of blades.
In use for relatively high loading intensity and requirement for high
structural strength, the propeller of the invention is adapted to be provided
with a strengthening ring 4 (see Fig.2,5) to join the adjacent blades or brims
together. Between the adjacent blades there may be provided with one or
several strengthening rings suitably located at the middle of or end of the
blade length. This construction can improve the structural strength and
loading capacity of the propeller and diminish the flutter of blades. The
strengthening ring (see Fig.5) or the part thereof can be provided beyond the
axial width of blades so as to lessen the obstruction of the strengthening ring
to radial sucking of fluid. The strengthening ring also serves to control the
flow direction like a tunnel.
The construction that the blade is connected with the brim at an angle
for propeller of the invention can improve the resistance against deformation.
The brim, strengthening ring and anti-overflow edge for the propeller
of the invention will be in the various shapes of curved faces, cross-sections

or a cross-section with a hollow core.

The application scope for the propeller of the invention mainly refers to
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the vane-wheel machinery which make the work on fluid, such as propeller,

fan, axial flow blower, compressor, axial flow pump, axial flow smoke

exhauster and so on.
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blades (3), characterized in that there is a double-side arc brim (1) or

single-side arc brim (5) on the tip of each blade.

2. A propeller according to claim 1, characterized in that said
double-side arc brim (1) or singlc-side" arc brim (5) has an inclination relative

to axial direction of the propeller.

3. A propeller according to claim 1, characterized in that there is a
strengthening ring (4) among said blade (3).

4. A propeller according to claim 1, characterized in that the aspect
ratio of said blade (3) is less than 2, and the propeller is configured in helical

form.

5. A propeller as recited in claim 1, is characterized in that the juncture
between the brim and the negative-pressure face of the blade for said
single-side arc brim (5) has a relatively smooth arc surface, or a streamline or
approximately streamline arc surface along the flow direction, or a

vortex-generated zone (7) on or before the arc surface.

6. A propeller according to claim 1, characterized in that said

double-side arc brim (1) or single-side arc brim (5) has an anti-overflow edge

(6).

7. A propeller according to claim 1, characterized in that the angle
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