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1 Method And System For Increasing Propeller Thrust
FIELD OF I NVENTION 5 The present invention rel ates
broadly to a nethod for increasing propeller thrust,
a systemfor increasing propéller thrust and a
conmput er readabl e data storage nedi um having stored
ther eon mrRMRed Wn&@ydﬁemslnfci’éaélf??'P?Hﬁ%l'lé}gﬂ?rust
conput er processor to execute a I NCreasi ng
propeller thrust. 10 BACKGROUND Typi cal Unmanned
Aerial Vehicles (UAVS) have strict design criteria
such 15 as with regard to size, weight etc. since
FIRLEhOBAMYENHON,pi cal | y used for reconnai ssance
pur poses. UAVs typically use off-the-shelf propellers
to produce thrust for aerial maneuvers such as
t akeTlg presedt myertiomiplates btdelycse nasthed fqmnh@rahsmg propeller

th?/lfét ? %}ste}ﬁif{ﬁﬁalﬁér %]ER%‘;S’%A@? ﬁEusPE)npyévd@g}qh? rafﬁaﬁ%qe data

steragk gnediuny éatnn@fa‘teretietheiwhfcqmmpai keds meednsdioprinsttieting a

ot el BieGhed Bibed st dRaste o frdy”

execute its mssion. However, wth increasing
operati onal demands on UAVs, the maxi num take-off
ght may increase due to, for exanple, additional
B@ﬁWGﬁ@UNRJI/or 25 landing gears. In the case of the
VTCL UAV, the additional payload and | andi ng gear
typically increase the take-off weight to in excess of
6 kgTyp@% Unmiaroed uaeriab VekiglesTA\E) drage strive desighl seiteria such

of f - hel f

= Wi JERErE 16 2 O welilh ST ERES ity LATee 3 mippnbeed for

ret:@ﬁramlahee Phepdseay UANS twﬂb‘altywmeﬁmheaklee[bbfopeﬂé}s(ﬂﬁ roduce
f-the-shel f .
SERRSEIaARHE s bt B LBLt by @hLigslE, 3 Belepoe o  pica
Vearijgsl Jakewmmajémdm@ é\fﬁbbpblﬂ\h/e tree degig rmitarsedxinium takeoff
ts rsg, .t are on_or

Weg%*gr %t | ||§“a%5rﬁ¥ ?esrﬁr(gn?gl}"eﬂt] L?J{ he"%@ y'ﬁ'??ﬁﬁ‘?rﬁt?%\lfj Froduce
thiiugt @_eyﬁlspmfowllt@ kgremgd thiss wlould haveheufiiced dbi e YTOL UAV to
takB-3fF HVer and execute its mission.

However, with increasing operational demands on UAVs, the maximum
take-off weight may increase due to, for example, additional payload and/or
landing gears. In the case of the VTOL UAV, the additional payload and landing

- gear typically increase the take-off weight to in excess of 6 kg, e.g. to about
~-6.1kg. Therefore, one problem that may arise is that current off-the-shelf

propellers are no longer able to produce enough thrust to enable the heavier
UAV to even take-off.

One proposed solution is to install off-the-shelf propellers with larger
diamefers. However, for a typical VTOL UAV, the propellers may be housed in
ducts with diameters that are fixed by mission or operational requirements. Thus,
the installation of larger propellers may result in the violation of mission
requirements as well as significantly higher costs associated with redesigning the
surrounding duct and integration with other affected components.
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35 requirenents as well as significantly higher costs

associ ated with redesigning the surrounding duct and

integration with other affected conponents. 2 In

addition, larger propellers typically require |arger

engi nes. Larger engines may in turn add weight to the

overal | weight of the UAVs and2t herefore, the |arger

propel l ers nmay not be guaranteed to be able to

maneuver the heavier 5 UAVs. Furthernore, |arger

pr opel |1Br addiinn, | laragerprepeflerse Sypiegllyl emire datgenngregingsn Larger

desrdifesShag irtfieh ¥&d ABight Mé%v‘émfweﬁgam!m)ﬁ}g ?M/sbﬁ therefore,

St%'it deS|gn criteria typically Treguire or S. _

THAP S1"8PEProRelREs MeY nohhe Syatanisedde herriie ismagewyss the heavier

Ej HoAgS. ng"th‘;etmcﬁlggtargﬁrfprc;pblﬂeﬁsr?rdaﬁ@bf feﬁ’gtiiﬁ@aelln%? iad t& changes in
e e 0,a at | east one o e above

orSRIETEEe S RERRE TRe® aneiiaRs ripirel s SHetaspion spteria typically
agpedteddbr UA¥spresent invention, there is provided a

met hod for increasing propeller thrust, the nethod

conprising neasuring initial values of geonetric
par anetl8eeefere, ameetbed apd sysient for ingeasngthe thaist oheuwent off-

nﬁﬁ@sﬁeﬂ%%!&% is%%lbﬁé@t@%ﬂ?&s%t@éa%?glllé & tpg lfaﬁg\?e;)%rgb%arms.

cal cul ating aerodynam c characteristrcs o
nore neasured airfoil sections based 20 on the initial
val ues of the geonetric paraneters; conducting

agm@igﬁ? cs analysis including varying val ues of the
g paraneters to obtain one or nore
permut ati ons of the cal cul ated aerodynam ¢

e neasured airfoil

characteri.sti of,, t he. one or [ ,
secti ohjs ;ac"?é éf% G Withga aﬁrP'?é'FPe‘g e‘r&?fr@ng“ﬁﬁf‘k HVSRHESGR affiere is
i AvBiedenmethodadorothereasing efdpetiéreirystnithl maftiodt t@Rprising
| hebB&ri ' s val ues, and - .
corr E@b n@ﬁﬁ%'ﬁ%‘%@v@%@%ﬁ%@? f‘anln&eq%rg Piﬁé‘? S IR 3l sgetions
i ﬁ*d!oé'&_t et myrer spant-wiseofloeaiensealonly nanprogelien ablpde;s calkoklting
MBsHobyhdisic (ch8racleBiids d18fle oAb 'dr Ridre Stﬁgﬁ[slupé}lsai];fgi[ §EHRL based
sai d 1 nproved geonetric paraneters values as
d®® dhei AR palues obrihe reeomalin perastetetse canduding amsrodynamics
adivedlysd &ciu&Q\gT@Fiﬁg@ﬁ%é'd? tﬁ@b@gﬁéﬁfc%m?@ btin%one or
thi ckness of each of the one “or nore airfoll sections
B aPURRINS 1 he Sriciatad Berogyranyin charackmsisticsapt thei one or
smotel omasuike aﬁrﬁiilcﬁé(ﬂfohﬁg_idgntifyhﬁl AAAIYERFhS which show an
QQ%Fcﬁf‘ékeern't SH Casergg%a%qu g#ﬁgigngy_c awgtrl11 gvariation in the geometric
parameters values, and corresponding improved geometric parameters values as
indicated by results of the aerodynamics analysis; and modifying the identified
.airfoil sections to exhibit said improved geometric parameters values as

determined based on the results of the aerodynamics analysis.

The geometric parameters may comprise a thickness of each of the one
or more airfoil sections and a chord length of each of the one or more airfoil
sections.

The calculating of the aerodynamic characteristics may comprise scaling
a Clark Y section using the initial values of the geometric parameters.
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35 a Cark Y section using the initial values of the
geonetric paraneters. 3 The aerodynam c
characteristics nay conprise a lift-to-drag ratio and
an angle-of-attack. The nodifying may conprise
mai ntai ning a point of maxi mumthickness. 5 The
nodi fyi ng may conprise maintai 8ing a canber of the
i denti f§ i Lfoil. ectians. The nodi.fying m )
conpr | s el ghi i, sRESLR IS A PRyt s dti diogaatia gnd an
pr ¥pde-pEattackhe nodi fyi ng may conprise maintaining a
rounded | eadi ng edge of the propeller. 15 In
accordance with a second aspect of the present
i nvent i B8 Me¢iving may coinpiseduaintainins & erint of maxinumdbickoess.
propel l er thrust, the system conprising, nmeans for
i nput QF nea,%[ed initial values of geonetric _
par armet SEIMBFIVEIGMBY compplisemAINERining accanisn of e idendified airfoi
nogeetisqgEan- Wi se | ocations al ong a propel |l er bl ade;
means for cal cul ati ng aerodynam c characteristics of
the one or nore nmeasured airfoil 20 sections based on
t he i niTtheaiodifiiinge snayf cdriyerisgemamitdihibg PR ISAARL B4ifig BBGESOf the
f rop&,@pducting aer odynam cs anal ysi s, said nmeans
bei ng capabl e of varying values of the geonetric
paraneters to obtain one or nore pernutations of the
cal cul oo St . one, or
mor o mang o EBTINER P ip AN Y il [egfing ol of te
i #9RS18Yi ng airfoil sections which show an i nprovenent
in aerodynamc 25 efficiency with variation in the
geonet icaggraneters val ues, and correspondi ng
a

i mpr ov FRICEI With &r sarond rasPesl ok thearresent ipverdignpihere is
r pswidesl Dbystdra fordREraNAG BopRlin@miyssthe sytEmIbRIpFEIEBMeans

B SR oE BE B R PO e PRPETetalh 8t AR mpER aifol
neekitions iaf ond er imteaspan-atbedbtativink alGRCa ipRpRlébIgairkédns for

oy ol R RS S BRBorcthd 85 8% dmPBapwanied airol
apRAtipas dased anc ther witiat wales rof ahe hjeothedip patanefiersheeans for
PEGRRREing BYBAYARNcs LRAJSs, shid means being capable of varying values
of the geometric parameters to obtain one or more permutations of the calculated
aerodynamic characteristics of the one or more measured airfoil sections; and
means for identifying airfoil sections which show an improvement in aerodynamic
efficiency with variation in the geometric parameters values, and corresponding
improved geometric parameters values as indicated by results of the
aerodynamics analysis.

The system may further comprise means for measuring the initial values
of the geometric parameters; and means for modifying the identified airfoil
sections to exhibit said improved geometric parameters values as determined
based on the results of the aerodynamics analysis.

In accordance with a third aspect of the present invention, there is
provided a computer readable data storage medium having stored thereon computer
code means for instructing a computer processor to execute a method of increasing
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35 provided a conputer readable data storage nedi um
havi ng stored thereon conputer code neans for
instructing a conputer processor to execute a nethod
of increasing 4 propeller thrust, the nethod
conprising, calculating aerodynam c characteristics
of one or nore airfoil sectionﬂ at one or nore

el e 36 e R R BW el FRBRIE ar afieane corrapiastios
on@f efe mbrreorgi aiffoil sesiémsi ainsne conUorEt span-wise ddyAnians cong a
anglopsiet bidye! B’efs'ba %n\fﬁééé'uﬂa% |ﬁitl\éﬁvé’l§<§'s &f ean ons&%?%{at?is of the

pararreters to btaln on
caPEa P dres %’&'kﬁwm éor@ﬁaﬁ"m:a%rpdmamlgs @halysie ingheling varying

Wﬂudﬁ&%ﬂé%oﬂiéﬁ@béraw@%ﬁ& t®BBiair BAe iof %Hré fp\él'rﬂtgtatlons of the
airf 0| I emé‘?ﬁ"? how an | nprovenent

acrtdiAiadiaer Eﬁ’%ﬁb?/faﬁxef'ﬁf'c@apf 19 GRei of o dgerarsrad @irfoil
paseatimiscand Wntifing aanfbil CRICHSTD OWAEICAT shéRT QM EGmprovement in

ge neters, val.ues as_indicated b results of
U mafid BTRERAE Wi Vb i, B e e opiempipricRr s and
DRATENSHAIE) Emrodidgaunetid partaenciters aalues msvinditatbe by results of
bahd ggmup,giggﬁ[g% gggy%ﬂd readily apparent to one of
I'n

ordi nary” ski | e art fromthe following witten
description, by way of exanple only, and in
conjunction with the drawi ngs, in which: Figure 1(a)

' t t f [ 20 Fi
) SfEr DESCRRTIANRF BF AWSES! on view of a o

propel l er blade. Figure 2 is a graph of lift-to-drag
ratio /C i nst anle of -attack a of an airfoil
sect i o&fnb?g"ﬁgﬁ% 02 Ventiop, Witk Pec betters widersieed jagd readily
wappareﬁt ® qma)p@:’dman/c&l@dm tbefa@tr fora ke fcﬂ[&hﬁa@ wntten description,
ur e is.a
B Wb R blfre g i foBihelon ST MeerauBes. By an
airf0|l section of a propeller blade. Figure 5is a

schemt ol AR EIAAG LhpbE0, 2, 20 na

edge of sectron 35
Figure 6 is a schematic flowhart illustrating a

et hoOFigdre 1i(5)Gd & 8&HeRitic airfoil section view of a propeller blade.

Figure 2 is a graph of lift-to-drag ratio ¢, /¢, against angle-of-attack o of an

airfoil section.

Figure 3 is a schematic airfoil section view of a propeller blade before and
after modification.

Figure 4 is a schematic diagram illustrating sharpening of a trailing edge
of an airfoil section of a propelier blade.

Figure 5 is a schematic diagram illustrating blunting of a leading edge of
an airfoil section of a propeller blade.

Figure 6 is a schematic flowchart illustrating a method- for increasing
propeller thrust.
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propeller thrust. 5 Figure 7 is a schematic bl ock
diagramillustrating a system for increasing

propeller thrust. 5 Figure 8 is a schematic
illustration of a conputer systemfor inplenenting a
nmet hod for increasing propeller thrust. DETAILED
DESCRI PTION 10 In an exanpl e &nbodi nent, geonetric
paranmeters of a propeller blade are neasured at one
or nore span-w se sections. Aerodynanics anal ysis of

t hese dpgevi isa spbematio bloak eliagramiildtrating 4 aysté@nfor frgreasing
wWhprepelke trigins of the propeller blade may be nodified
to i nprove aerodynanic efficiency. The 15 identified
sections are nodified to new airfoil geonetric

p ar arretF&g’rﬁe B®& & B&lfrerﬁlatrcl iRY&Y of S EQH%G@F‘% é@rﬁ ffor‘:rgﬁ:ﬂe‘?%(entmg

ment, the tralrling an
ec?gré'gﬁ]c?lg)%?rﬁgcrﬁ?%'p%l"loé’?"%lt%’o‘ét are al so Sr;’mdl fied for

further inprovenents in aerodynamc efficiency. 20
Figure 1(a) is a schematic top view of a propeller 100

co rising propeller blades 102, 104. Figure 1(b) is

HREPIRESGRIPFIONSect i on vi ew of one of the
propeller bl ades 102, 104 ie. when viewed al ong the
tip of the propeller blade (see nuneral 106). One or
nore sPhAl wxa@pleeembedimest, eotiediic pa@nmteas sl = ptapellanblade

eaaeh niyaepedl & on@'oﬂ%ré%an%ée LPEGR. il%?cghyfﬂa%?osl ?/naé%ers of

ctions e. g ected
o G55 s BRPOMISE | §?é’8°'bﬁ @l%r?@é@,eq‘ roelnt@ Hdentify gvhigh tskeetions of the

ppcqpellére blab80mad BBOMBdIfedOidh rrﬁﬁr%%l ad Y A t é‘r’r&%ﬂ&FSThe

f t t
B84 e AT e S Bogig eonatesto ovar
t hmromnhamDGMIc afficterepdirt treaes;daﬁ;rf emuoarahémt thettﬁérlﬂ'@] and
u no
VErarG) ef B VBB SbolbY RcBr ot Friged Rt tben Mosupments
sirAerodyemieeffigiencye. g. 108, 110, a thickness- to-chord
ratio tic is cal culated. The span-wi se | ocation r of

each span-w se section e.g. 108, 110 fromthe center .
of t hdigHegéllien schomatc wpbsiew ei:arpctméllerAtOOemrlrprrsmg propeller

Slﬁl@désV\llO?elﬁilnghr%nl E()S} |ﬁa sl‘l@&natﬂzjag'forllééot 4emﬁofsoplg% M55 propeller

C’?{%Sl on r erati revo
rﬁ' Rr b0 ieowhem diewed @@lﬂgéhe o &fl¢heeprgpellen blada @dee tureeral

106). One or more span-wise sections e.g. 108, 110 are selecied on each propeller
- blade 102, 104. These span-wise sections e.g. 108, 110 may be selected arbitrarily
or based on fixed distances from the axis of the propeller 100. A chord iength ¢ and
maximum thickness ¢ of the airfoil section at each span-wise section e.g. 108, 110is
measured. It wili be appreciated that measurement of ¢ and ¢ may be carried out
using measuring equipment such as, but not limited, to vernier callipers.

After m.easuring ¢ and { at each span-wise section e.g. 108, 110, a thickness-
to-chord ratio #/c is calculated. The span-wise location r of each span-wise section
e.g. 108, 110 from the center of the propeller 100 is also recorded.

At each span-wise section e.g. 108, 110, using the span-wise location r and
the operating revolutions per minute (rpm) of the propeller blade e.g. 102, 104, the
linear speed V of the airfoil section may calculated from
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i near speed V of the airfoil section may cal cul at ed
from6 rpm2~t V =r. 60 The operating rpmis
typically determ ned frombench testing or flight
testing or provided by manufacturers of the propeller
or engine. 5 A Reynol ds nunber Re of the rel evant
span-w se section e.g. 108, 116 is calculated fromRe
= PVc P where p = anbient density (a constant val ue)
and p = dynanic viscosity Ka,dBf<fant value). 10 A
Mach nunber M of the rel evant sp@n-w se section e. -9
10fhe & C

o o e oRRIsCHREAG A et rip tkhen el Fud resting o

toor%%eé’i tfylrﬁa"ﬁ@ﬂurﬁrs OEfasmne;}eraxreawn@t ant vol ume (a

-constant value) and Z = anbi ent pressure (a constant

val ue). n t ex | e enbodi rent, the airfoil rofile
at eaZ: g P‘%‘ WEbEb Re; ginihe. rglevani sgan-wisg sestion o.g. 108, 110 is

applcolatedditoed by a Cark Y section. As will be
appreci ated by a person 20 skilled in the art, the

- Clark Y section is an airngJ:%ction which is widely

used in propellers. The baselime Cark Y profile has a

t f a i1 appreci ated by a
p'él\&sga R-ILE)I ené%?rﬁslt¥ FFeCQJ}Vtha’nt {/ﬁ%e)ﬁquzé dynanie w@:%ﬁztk (a/constant
pvaiie). e is described by non-di nensional coordinates
x/c and y/c with reference to the airfoil section's
| eadi ng edge. 25

A Mach number M of the relevant span-wise section eg. 108, 110 is

calculated from

Yo,
where y= ratio of specific heat capacity at constant pressure to specific heat

capacity at constant volume (a constant value) and Z = ambient pressure (a constant
value).

In the example embodiment, the airfoil profile at each span-wise section e.g.
108 110 is approximated by a Clark Y section. As will be appreciated by a person
skilled in the art, the Clark Y section is an airfoil section which is widely used in
propellers. The baseline Clark Y profile has a tic of about 11.7%. As will be
appreciated by a person skilled in the art, the shape of the Clark Y profile is
described by non-dimensional coordinates x/¢ and y/c with reference to the airfoil
section’s leading edge.

At each span-wise section e.g. 108, 110, the measured fHc of the airfoil
~section is used to scale the y/c coordinates of the Clark Y profile. The scaling may be
carried out using spreadsheet programs or mathematical algorithms. The resultant
scaled Clark Y profile, the Re and M are then used as inputs in an airfoll analysis

program e.g. XFOIL for aerodynamics analysis of the relevant span-wise section e.g.
108, 110.
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At each span-w se section e.g. 108, 110, the neasured
tic of the airfoil section is used to scale the y/c
coordi nates of the Clark Y profile. The scaling may be
carried out using spreadsheet prograns or nathemati cal
algorithms. The resultant scaled Clark Y profile, the
Re and M are then used as input’s in an airfoil

222: zz:lg tﬁ% ?%ng&% %mb%gﬂ}eng 6%} %\ﬁfoggnagﬁ%t%ﬁ%ﬁct%nsacs of the scaled
108lalky . aiffoil ppction eare genpliatedending aifain tinaljdie pRg oty Y XFOIL.
Chﬂéraﬁﬁr%ﬁilos&hé?a?'cté}fstl@?el 5% %o&ﬁ!a(m% e%crlefpg)lfgrlomasye églggnerated

£ I
are generated using al r% ? anal ysi' s prog
Pﬁrredynam@r%wamm mraatlﬁeelrbysﬁottu@ theelifetbidngy retio ¢, /c, against

eSS Sk P STl oA

I|ft to-drag ratio cl /cd against 5 the

angl e- ?—'furﬁ ck a where is the lift coefficient .
whil e c@ue2 a0 e&ﬁrgale B@:&Z}O ok gt/ agRinRy e the rgleyant span-wise
e@@ﬁﬂrﬁe ar a@@ 0 19k &Ergf%gs@c%agqﬁ%_ s%alg{i1 élarE ¥ FIr@ifasgtgtlon is

?'P g section e. he“char act e
Yie at 297 eH‘eC?'ﬁ?'k's\th%ﬂ furtber scaled tto ofmet 8¢ valheswabaat its present

2“’3'”“*“"%"“'"@“‘“ | S KA v, ThS 8Rapfanfd Othadigris are
kgd ﬁ?rﬁtﬁaﬁ'g %’B‘?‘fi‘? grﬁo“ HPdorrach i ﬁ@ﬁ%/t@\@h'ﬁr acteristics

are generated and plotted e. g 204 206 for each

differ t e plots 204 and 206,

it is {S ed { th é’éo# I‘%g? ﬁ%g (ﬁb\ﬁ?éeds@éft fhisnspag: vgse section
g@sa 198,01 1@aﬂan a@cmlew enpmmcbwddmle:;mcéfmd ﬁb)efrédl.ﬁilcﬁﬂmt/c since
y, ince, 15 cl/cd increases with a

r et ueg’?”génas?%wﬁfé adeci%‘f%[‘ (7 ”&em'Féﬁd\ﬂ.deowa"%e of L. JFPRI Rigte 202, 204,
2 t S

(P IECHh et it TS e R G O reBinarom SR Tl 1R ot
makiidsy by moﬁhmg\:the Qfc dffthis spRRWigel §e%tr§1€€ %‘8 9119) tﬁ'eoﬁaan-w:se
1§Qct Ehe section e.

moT e pr o%e hwa)étpro‘g%ﬁ&m%ﬁe szszgeﬂﬁr |thru§te However as will be
apprrediatad by abg;ersnnmrllsd)in thlsiar, edn%bel OPeBEY thdt hoffavs;ka%-mse
e e ections m

SERREhTRay B Sl Bl el O igtEB eiamely some - appecipasmay
sgfomi gris, atmyeasmgwnhalredmmbrﬁﬁ% easing with a reduction

int/c. In the exanple enbodinent, airfoil sections
that can provide inproved aerodynam' c efficiency are

- modi f III('E‘dthbye)taﬁ?i'fblét 'ebeEliB\eﬁt télﬁOll"%E&Sﬂé nﬁﬁt P§¥ p%v?a/é %Woved

$ c!}a £f odlynam c efficienc

2TTIBNPMCSTiclensy 2Rinqdiied by ideatifying ad{crvglue et mayditwmbsoptrmal
(ﬁerd)dyaaraicreffﬁdléncy‘ﬁ Qﬂwﬁﬂng RaUChiftgl bdt8or HiGkkB&S SndPledlBify the
athirclf( ess of ﬁ'ncet almgoﬂ sec¥ ion. %educmg the thickness of the airfoil section may be

carried out by methods such as, but not limited to, sandpapering.

in the example embodiment, at each airfoil section selected for meodification, the
t/c value that provides optimal aerodynamic efficiency is identified. For example,
referring to Figure 2, optimal aerodynamic efficiency may be obtained by reducing the
t/c value from 14% to about 10-11%. It will be appreciated by a person skilled in the art
that the actual ¢c should not be too low as to result in thin airfoil stall. In the example
embodiment, the fower limit on t/c is set at 10% to avoid the risk of thin airfoil stall, as it




carried out by nmethods such as, but not Iimted to,
sandpapering. In the exanple enbodi nent, at each
airfoil section selected for nodification, the 30 tic
val ue that provides optinml aerodynam c efficiency is
identified. For exanple, referring to Figure 2,

opti mal aerodynam c efficiency8may be obtai ned by

re e I 4% bout - % 1t
i P 0 et hafundB syl At P oo WACAGhgy i exni

thﬁtChﬁﬁ&dzﬁf@QE%ﬂSﬂﬁ c should not be too low as to result

in thi n airfoil stall. In the exanple enbodinent, the

lower limt ont/c is set at 10%to avoid the rlsk of
thin alttlﬁoal'q’e@ftyﬁglthe Kz valye Bat previdesoptiimaiaerdsynamic effiniabcy, the

5 t hesweaiddilgettionitfiednedd it EAblIGe@hoh/ C 9% (€. g. NACA0009)

10

15

whi ch exhibit such stall characteristics. Upon
identifying the t/c value thdt prowdes opti mal
aerodynam c efficiency, tte gw airfoil section

desirabl,

thickness is calculated fromnewt ~C J desirable C
whal, IS: t d tic value. C desirable
Thus?ef rgcfu ?l’dgn FH”{(‘H?ql&ness of the airfoil
section is 10 At=t - taew Figure 3 shows schematic
airfoil section views of a propeller blade airfoi
sect | OfhRCTHREIcRS in BHAR i
nndlflcatlonr(see nﬂnera%g%{ gg%ﬁﬂggﬁgékpeller bl ade
airfoil section e.g. 300, Bx2-ggpprises a trailing
edge 302 and a 15 | eadi ng edge 304. For reducing the
t hi ckness of the airfoil section e.g. 300, the

I nvent Bigereh&\stows GogThaR Caiddilsdclibh Aied & £ riRlierOblade airfoil

p r . delines e a he chordw se
p%‘g&?f‘ (oRfbd the B2 DR HEL SR dedifaush fodsunibeial at) The
t n@pelieauuladegalédgeeaﬂﬁ echyir 3009 3D dbinbagdsi @nramhg tddge 302 and a
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suction side 306 and the resulting increased drag due
to earller boundagy | ayer se aratlon Preferably, the
At to Deferablptieshp egxorsm@mo erdivdrois thickniess is yokefiftet ltywards

bﬁb\f@ﬁﬁg édi 3@%Uﬂﬁ@%gﬁ%@‘ﬂt %ﬁ% a@UlrS%é%ﬁ&?S(SH it&{?lf“%e apprecaated
aby a person S%I}ed in the art tgat this may eliminate the risk of increasing the pressure

gradient on the suction side 306 and the resulting increased drag due to earlier.
boundary fayer separation.

Preferably, the At to be removed is distributed substantially equally between the
upper and lower surfaces of the airfoil section 300 (see numerals 308 and 31 0) during
modification of the airfoil section 300. It will be appreciated by a person skilled in the art
that this maintains the camber (or mean thickness line) of the airfoil section 300. This
ensures consistency with the analytical results generated in Figure 2, which maintained
constant camber. The resultant modified airfoil section is shown at numeral 312,

Preferably, if upon compietion of the above modification of the airfoil
section 300, the trailing edge is observed to have some thickness, the trailing edge
302 is sharpened (see numeral 402). Figure 4 is a schematic diagram illustrating
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nodi fication of the airfoil section 300. It will be
appreci ated by a person skilled in the art that this
mai ntai ns the canber (or nean thickness |ine) of the
airfoil section 300. This ensures consistency with
the anal ytical results generated in Figure 2, which
naintained constant canber. The resultant nodified

glrge Then rﬁ_yy&ftthg Qrahﬁﬂ el'(]jnggﬁ()g: ‘t gvﬂlr%; HpFFé:iageéion a person skilled in the

ot hatdiis Tedhceﬁﬂmsm@aapftheairfonl sgetidni 312, 300, the trailing

‘edge is observed to have some thickness, the trailing

edge 302 is sharpened (see nuneral 402) Figure 4 is
a schefERPEbY: Edhalearing gdae 34 ingberveditabpshamgthefieading edge
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ai % 8F’P%ﬁ g9/ 904. ﬁr'?éff%Pal%Pfch?ma%@ag@auI"Haraékﬂgéﬂuntmg
30)4 thSleeblsgre_?gd 308. hevilshadpreddial Byeagérdsh tﬁﬁiﬁ:ﬁ in he3Mhat this
i,S .m ac artin
IPBIR o (e PR locy e e R seragain e foading

e@g@e@m. Figure 5 is a schematic diagramillustrating
blunting of the |eading edge 304. It will be

appr eci at ed b)é person skilled in the art that this

may el The Agtcs e%@mhodtmem M@ riirgvide mnproved arotyremic efficiency

atdé iqf;blléﬂtﬂ‘ade@ ftlh‘éﬂlbﬁgﬁ%@ry A8t Qﬁp n)é tl'leeé&lnilge eﬁﬁ)%glm nt to

0 The descri bed enb
ndipmet eéfpf"i’i?}?r”éf?cmaytlm\ﬂﬁ%ﬁél 3 tlonaabttégst qftatwats 5009 to

lieemg fnumd Idaashlt@in a %Mtd%@nkhﬁoﬁ%ﬁﬁpﬂ?r ES:V@gfofglﬂjég?gléli fh%ntg[ust of
%‘P%@%E%Pmé’{%&t é@aag'ﬂﬁg"ﬁ a%‘? {81k ciasaeipt eropailem

I mprovenent of about 10%in thrust over the thrust of

15 ab d ff-th he| f h

ai amet S0 150 Bel e oot b islatnirasraned Bidnrasing
6POPENdr usTyshtin ntheaexahpledembodimeat: easstw 6p2 0 jrtidl e.raiues of
t 602,

Qédllﬁétné Pa%t&é%n@ GTROA! JRGH S?Ctlgﬂ% ggnﬁ&r é‘néa{fe rspsﬁw:se

val ues o eonetric paraneters
s'@@@tmﬁsalamg éheranellen biadepare wieseur2d. |Adcstep dB30s, adeordynamic

PEHRPS E Ricdbagle oﬁé%r'ﬁ?&é%@a@.ure%taﬁ&fe&cﬁgés gl%eéa(?&é}?@bgsed

Characterlstlcs of the one
St thep ndtiak valugs |of Jhﬁt@@"@&“ﬁ-‘eaaramﬁetqrheﬁkt ﬁtapu 606, \agrodynamics

QinaW?.& |§e@rﬁﬁﬂc[écparﬁﬁhaﬁﬁé§ﬁ§'ym€ afk&Bf ﬁg%oﬁ%&&dﬂ:ﬂ febs to
Za'éSI s is conducted and includes varyi'ng val ues
t

8B%8F foge gmﬁétﬂcg}ssoflt@ calculated aerodynamlc charactenstlcs of

the measured one or more airfoil sections. At step 608, airfoil sections which
show an improvement in aerodynamic efficiency with variation in the geometric
parameters values and corresponding improved geometric parameters values as
indicated by results of the aerodynamics analysis are identified. At step 610, the
identified airfoil sections are modified to exhibit the improved geometric
parameters values as determined based on the results of the aerodynamics
analysis.

Figure 7 is a schematic block diagram illustrating a system 700 for
increasing propeller thrust. The system 700 comprises an input unit 702 for input
of measured initial values (at numeral 704) of geometric parameters of cne or
more airfoil sections at one or more span-wise locations along a propeller blade.
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obtain one or nore pernutations of the cal cul ated
aerodynam c characteristics of 25 the neasured one or
nore airfoil sections. At step 608, airfoil sections
whi ch  show an i nprovenent in aerodynam c efficiency
with variation in the geonetric paraneters val ues and
correspondi ng i nproved geonetr i@ paraneters val ues as

: gg‘:nef% %5%5‘ i eégrgﬁf etsrlﬁ%r%gﬁgs%d nﬂ@% éé? ?he mput unit
setd? MS?E'&U@"WCHGNCUO&M elxaTattetlsttcheaﬂ th@r(m\aemf more measured
genA&l bb&ionl %Eﬂ'ﬂ?\t HeS Al YaRie8% fcﬁ{a yéégnﬂa?% gufazrge}grlg The

the results of e aer odynam cSs
a YEKREMAPY durBes cRmiprisgsy arﬁrmqsa@grra@dm@ 788 opuplethtd Goocessing

f amnit ?%Gbﬁ@dﬂ&l@réw@ﬂngfmésrﬂdéﬁfsls tﬂiﬁn&b@ése\mry %)values of the

co Ses an ut, unit 702 f I nput neasured

i, pRiEet 3tt°n?ﬁ’f€‘|"a9"e7(§’&)m%ﬂe e%rm%@thné of the calculated
paewmmenm: gﬂfar@tftensmtr-:s B0t l&hé bPiors ﬂfetalbﬁr%a sfhtfmgé&:tl?ﬁs The
. ocations .a ropel | er ade
TRt 700 MREr pReiNs "R g Ry dud A0 Ruplegle S Biicessiog unit
c d@p| fedlideptifying dirigilseatinng whiiithlfcw an &llnptdvaﬁiengln aerodynamic
AQFRILNRZ Wifh @fl §PlHeS %énos % élggl’hGQ?rﬁ evail%stﬁang cqygspauding

measured air se cti
meﬂ?¥e‘§;e8ﬂ@T‘¢ﬁfl§ pairamaéereryawheassmmwuwfmsultaerof the

C QBRdyh&@hics eﬂ‘l’a‘%%g 31r Hég ldéﬂﬁﬁtloe gmﬁ SR ES 35 othe correspondlng

p[oceSS|n uni t for conducting aero

HaprP¥Pd 9 wa?tﬂpmrm%tgrweyrﬁﬁg ofsaeauerallia2) for subsequent
gamthhmﬁ1paraneters to obtain one or nore
pernmut ati ons of the cal cul ated aerodynam c
characteristics of the one or nore nmeasured airfoi
sect i ofise mEtted andssysteanoiB0 e&ﬂhblé&imlﬁ&l’?ﬁérﬁtscﬁﬁ b i |m lemented

diLsp. ' ed to pr.ocessi uni 6
f gﬁ : %ﬂj{qﬁ# %Qal r ISCQSE"?F 6eﬁl¥ WHAYEH T rﬁné t may be
[ Wmlwewedtas |Snft\aaneosl}ah18&a & corhputef ;f:nograﬁm byi ngllekbcuted within the

Vé‘é%@lﬁtjapgycﬁt&ntéb% gk %h’[l &?@r %mﬁ!i t ?0@2? gaadugt the

correspon Frie p
f@ﬁt‘é&‘%@“&"@é@ﬁm@@mmhe aer odynam cs anal ysi s.

The identified airfoil sections and the correspondi ng

in’pro_!ed geonetric paraneters are read off (see

nuner alNe7 EOYPHIEF sYEsaE OBNEOMPRSERT @ coomier M®dTiee802, input

nrabhmds &0eh %ésbﬂ{éy%atﬁ h&)@éﬁ&ﬂh@us‘ﬂ"@@é"éﬁ%”% ﬂér%hlg ?fyoutput

onput er system 800, schematic

IR EE Ry aibolhy B Aed puatr 610,

The computer module 802 is connected to a computer network 812 via a
suitable transceiver device 814, to enable access to e.g. the Intemet or other
network systems such as Local Area Network (LAN) or Wide Area Network
{(WAN).

The computer module 802 in the example includes a processor 818, a

- Random Access Memory (RAM) 820 and a Read Only Memory (ROM) 822. The

computer module 802 also includes a number of Input/Output (I/0) interfaces, for
example /O interface 824 to the display 808, and l/O interface 826 to the
keyboard 804.
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I mpl emented as software, such as a conputer program
bei ng executed within the conputer system 800, and
instructing the conputer system 800 to conduct the 20
met hod of the exanpl e enbodi nent. The conmputer system
800 conprises a conputer nodule 802, input nodules
such as a keyboard 804 and nouge 806 and a plurality

of out ce as a dis rinter
810. 25 %gﬁ%&‘nﬁ&‘ &8["8”%2"‘5@%8&22@"&5’33’Pgma’”“'cate via
c GRfpimeseonmsctast IRUSB&E gndiiraa nsaririea khewt tatlecperget skilled in the
dayjeesnSdft, to enable access to e.g. the Internet or

ot her network systens such as Local Area Network

(LAN) or Wde Area Network (WAN). 30 The conputer

dul ’
rF\r’gngor% T;&g?aepsﬂg%“m &5@(@94 i%/ptj/rggagw%pﬁ’eoo{ C’tﬁ@%?{ oﬁéé co?ﬁputer

RS eﬁﬁgdedcsﬁﬁm%t? Hage anedipmasueh asna| Ma or flash
nmmeoryafanlle’rmﬂd/ reudl pUlisid 4 @brréé’ﬁoﬁﬂfng%‘i?a sfo@ége BEAIR! Five of
I/O L rfac 824 Jredls a and 1/

i er$ géa%% eYe ﬁgﬁ(g g%a progem 'Slrfad?ﬁg controlled in its
cepertionthy tie proesssonpla. emtafrméume Std2adey o Pahiayh data may be
C%H&mblﬁs%ﬂ “‘4{"3 ﬁMla%er connected bus 828 and in a

nown e

manner person skilled in the relevant
art. 5 The application programis typically supplied

to theTHéelﬁvéPniloﬁ %;PQEB%ee imp é%ﬁ%%é)%aﬁl%ﬂ—ﬂ%dﬂﬁs More

data st OL{HE di um such as
c RATIPERT. iffe Pé’&&’a[ﬂ e |an’gofhll%ié erfargtional ihatgwaee wnit desugned for

st aﬂfh ﬂ%ﬁbruﬂarﬂﬁdn\éﬁtsoﬁr n@od@l@sa SI"'cSi‘r aeenlevic o§u°1Q may be
Thea atJon ro mis read control e
?Jf"? g ifise 8@%@?0 SaTBPONGRISe O ekt fé”%taoFPQi@Qé‘ of an
_?_éntpe cajﬂcmﬁmdactuamtrawcrbés aﬂum@ﬁwﬂﬁlsﬁgmd Imﬁgr@élad%il\dxﬁ%ﬁsm)
on. _may..al so ed as har
NngFbYE% 3 é)os?% ttes Cemsg Thﬁg% %@QHBF%\E? éw[g@?fg%qatg that the
neystane dag alsd Lhec tripderadnténh g v roe mibiriatiort] @8 | irdehré Gind  stF8vare

Wh,gg 194 her conponents or nodul es. For exanple, a
e may be

It will be appreciated that a system for increasing propeller thrust may be
provided whereby steps of the example embodiments such as measuring initial
values of geometric parameters, modifying the propeller blades etc. are also
automated. For example, in one implementation, one or more compartments for

. automated holding of the propeller blades, measuring the propeller blades and

modifying the propeller blades may be provided. Automating the steps may
include using laser scanning, using a coordinate-measuring machine (CMM) and a
computer numerical control (CNC) machine etc.

It will be appreciated by a person skilled in the art that numerous variations
and/or modifications may be made to the present invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects
to be illustrative and not restrictive.
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15 inpl emented using discrete el ectronic conponents,
or it can forma portion of an entire electronic
circuit such as an Application Specific Integrated
Circuit (ASIC). Nunerous other possibilities exist.
Those skilled in the art will appreciate that the
system can al so be inpl enentedias a conbi nati on of
hagdXifs and software nodules. 20 It will be
apprecrated that a system for increasing propeller
thrust may be provided whereby steps of the exanple
empodi

his) m?%ﬁmﬁl’fgnnaﬁaﬁﬁ@g:rp]pn& thidd {ﬁlﬂ% met\ﬁ%b %S%pﬁ% ng

geonetric parameters, rope
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coor di watldlie  BFRRYHREN AR ludao 2 vanipplps of the
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a%’é&f‘dﬂyh%%dchgyac?ergﬁéssmgc% Khe o?gmfenrgtgg.ls;etg%ét Hfgg SEeioNside

numer ous vari at rrodi
t o t heidgntiyiag: airfei eactionn VdSCIS lsboin 4m irpreverpenti ihi @erodynamic

e FHRENIE With vaibtiHin tﬂ@ frleﬂ‘g: dﬁérgmet §v§§|}h£ ' etmdo&orrcé%BBr?ding

of the I nvention as brda escCri

e MBRYGVEE ngeOmPlHC  pRMEteFe Valués bas c dhstigatrd efw i wsdls of the

r aseighamict anfigsisldngst rative and not restrictive. 35
propel | er

12 CLAI faor_ increasin
thrust™ “%H?Hg%“@‘agrﬁ ifQl] $retionsioa %ﬁ'h'fn“g"d imRrpyad geometric

vahmmet@ﬁ \GhEIEhS idetPMirRIGEbSSY 6h thE @edliltsNBY Sredbdrb@amics
ons at one or nore span-w se | ocations along a

pr op % ‘er bl ade; cal cul ati ng aerodynami c
characteristics of the one or m)re msasured ai rfoil

sect i Ofise ti es.of t ometric
par anet er g‘?e? ﬁtgjo%gu({l: r‘?ne!:l r]gecrl%tﬁ' Erg"hh?ﬁ 95? Stic pararmeters
| FRITRfiEENY ﬂvlahfl]ﬁsﬁgi'fmchsﬁ thé d.nheorgeomealrﬁort speticnsedrel 8 chord

L Rngh ¥ eBoPBAN bndBF FioRELAMA Bbiipips, Of the cal cul ated

10 aerodynam c aracteristics of the one or nore
measured airfoil sections;

3. The method as claimed in claims 1 or 2, wherein said calculating the
aerodynamic characteristics comprises scaling a Clark Y section using the initial
values of the geometric parameters.

4, The method as claimed in any one of claims 1 to 3, wherein the
aerodynamic characteristics comprise a lifi-to-drag ratio and an angle-of-attack.

5. The method as claimed in any one of claims 1 to 4, wherein said
modifying comprises maintaining a point of maximum thickness.

6. The method as claimed in any one of claims 1 to 5, wherein said
modifying comprises maintaining a camber of the identified airfoil sections.
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in aerodynamc efficiency with variation in the
geonetric paraneters val ues, and correspondi ng

i mproved geonetric paraneters values as indicated by
results of the aerodynam cs analysis; and 15

nodi fying the identified airfoilB sections to exhibit

said i Y, onetric parameters val.ues, as . .
detf er m%g 'ﬁg‘é‘gg Bn C[aﬁgecil dU AVs OBt A RIS, b9 nGnivbgrein said
angloglifying canpritlee meanthinthgassiedrpitrattidg edge biahapiopewdier ei n
the geonetric paraneters 20 conprise a thickness of

each of _the one or nore airfoil sections and a chord

| efigt h dhe gnethodfas: plainserk imranypere &f rdaiink tdot 7,0wbereth said

cal culating the aerodynam c charact tics comnprises
scaling a Clark Y section using the initial 25 values
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argyl mogf aifoll mektions 3 dne dhencretshadlwise RicalidiedalbAg aNropeller
onggf clains 1 to 4, wherein said nodifying

conpri'ses mai ntaining a point of maxi mumthickness. 6.
The netwransHor chigilatioy iaeredypamive cadractedstics df the dne or more
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safdvaryingi LSS SORRY | TR nﬁﬁbﬁ‘l’e%@s oS Rt {8 | drPhore
edge of .the propeller. 8 The nethod as clainmed in any _
o RETBaion pbihe qalsulated Rgra Rarsis; charasteristiy §f Hg one or more
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.9 A system for 3 .
Phr et Mol Toy STl HFHoRR Ut ShOM @y mBrovement in
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cm%@#fadywlmr@wﬁmm c characteristics of the one or
nor e h
10.  The system as claimed in claim 9, further comprising,
means for measuring the initial values of the geometric parameters; and
means for modifying the identified airfoil sections to exhibit said improved
geometric parameters values as determined based on the results of the

aerodynamics analysis.

11. A computer readable data storage medium having stored thereon computer
code means for instructing a computer processor {0 execute a method of increasing
propeller thrust, the method comprising,

calculating aerodynamic characteristics of one or more airfoil sections at
one or more span-wise locations along a propeller blade based on measured
initiat values of geometric parameters of the one or more airfoil sections; '

conducting aerodynamics analysis including varying values of the
geometric parameters to obtain one or more permutations of the calculated
aerodynamic characteristics of the one or more measured airfoil sections; and




measured airfoil sections based on the initial values

of the geonetric paraneters; neans for conducting

aer odynam cs anal ysis, said nmeans bei ng capabl e of
varyi ng val ues of the geonetric paranmeters to obtain

one or nore 15 pernutations of the cal cul ated
aerodynam c characteristics of 1he one or nore

nmeasur e kel O e Sect | ; d for identifyin ‘
ot o THeRihg e SecBRS it SRR B8, Infbrolhett 'if Yeldtynamic
acPHaigRahvEh ¥pfstiondndhe apemetrigricsamelars valtdse agd mopespanding
PEMATONRS gebfiRs. pAfotehd! (AR Mol BRHOYG] resuts of the
geonetri c .paraneters values as 1 ndicated by esults o
209 R AN FPANRNTs anal ysis. 10. The system as

claimed in claim9, further conprising, neans for
nmeasuring the initial values of the geonetric

paraneters; and neans for nodifying the identified
airfoil sections to exhibit said inproved 25

geonetric paraneters values as determ ned based on the
results of the aerodynam cs analysis. 11. A conputer
readabl e data storage nedi um havi ng stored thereon
conputer code neans for instructing a conputer

processor to execute a nethod of increasing 30
propel l er thrust, the nethod conprising, calculating
aerodynam c characteristics of one or nore airfoi
sections at one or nore span-w se | ocations along a
propel l er bl ade based on neasured initial values of
geonetric paraneters of the one or nore airfoi

sections; conducting aerodynam cs anal ysi s incl uding
varying values of the 35 geonetric paraneters to

obtain one or nore pernmutations of the cal cul ated
aerodynam c characteristics of the one or nore

neasured airfoil sections; and 14 identifying airfoi
sections which show an i nprovenent in aerodynamc
efficiency wwth variation in the geonetric paraneters

val ues, and corresponding inproved geonetric

paraneters values as indicated by results of the
aerodynam cs analysis. 5




