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On the Preliminary Design of Marine Propellers by Lifting Line Theory

Jin Tae Lee*, Zae Geun Kim*, Chang-Sup Lee**

Abstiract

A basic procedure to design marine propellers by a curved lifting line theory was shown. By
adapting discrete singularity method, it became possible to take into account of skew, rake and
the contraction of slip stream in the early stage of preliminary design procedure. It is also shown
that lifting line theory based on the discrete singularity method converges to a common solution
obtained by induction factor method with a relatively small number of discrete elements. Lifting
surface design with the result from lifting linc calculation makes it possible to determine the
blade geometry more accurately on the basis of hydrodynamic principles.

A number of numerical results from lifting line calculation are presented for the purpose of
comparison with the previous method, and with these results two sample designs are carried out,
which are wake-adapted optimum and wake-adapted non-optimum propellers.

Cp=power coefﬁcient(-%—;z;%g—kr)

T
Cr—=thrust coefﬁcient(Wﬂ—Rz—)

D=3%4
Kij=4 (M= A== 4 32719 horseshoe vortex
ol 2% induced velocity?l influence coefficient.

G(r)y=579 vortex strength(l@:)—)

=DV
L=99
1(r)=chord 79|
M=bound vortex F& s
Nr=trailing vortex L&A
B2 a5 19804 81 4H
* FEE A ERBR TR
* EEH - BRBETTER

Pi=hydrodynamic pitch

P=bhound vortex®] Fourier series &4

R=propeller 417

re=hub HF7%

u®t=induced velocity component, 2} 7} axial, radial,
tangential 439 £x 45§ vdehd e

Va(r)=advance speed of propeller, (Vs(1—w(r)))

Vi=inflow velocity

V=A<

Vi—Va(r) )

w(r)=wake fractlon( V.
wo=mean wake fraction
Z=dA %

ra=rake

Om=skew



[o29

or(h
dr=—angular coordinate of kth blade("z'”“(z”l) )
As=advance coefficient based on ship speed
Vs
( 27:71—1?)
A:(r)=advance coefficient based on advance speed of

propeller,

(‘%ﬁ%?'zxdl—uKrD>

4(*)=hydrodynamic advance coefficient (r tang:(r))
Superscript
a,r, t,n: 7t7F axial, radial, tangential, normal w3
&+ E2A%
b, t: 7+t bound vortex, trailing vortex® A §F.
Subscript
i: control point index
7+ horseshoe index
k: blade index
m: Fourier coefficient index
n

: trailing vortex® -34S el & index

1. A ol

At e 22 7] = A V‘z}-a]-a 7] o) 5;]3_ 2z &)n}
(DHP; Delivered Horse Power)& A1}
o] 893 ZAvty (THP; Thrust Horse Power) 2
HEA 71 Az A4F 7 A F4719 A
= a3 194 B ulst o] cavitation, A F, TZ
A 5o AFEAE FawA SAE Gl A9
HE Agelyd g £29 3 aFH e FAw
R J‘ }"d’*i HPEL () S e F3A9 3

THP TVa
Propeller Geomelry, 74 = o T }?:lf
!
| - -
Targie, g - —— [y Thrust i
Propeller ;
RPM,n ———mm s Advance. Speed of

P

—
|

I’rn[wilcr.v“.

Cavitation, 4§, 44, T8 )
Fig. 1. Block diagram of propeller

227 AAWE ez AR HAAAL F3
2PAg 9@ el Adse] st
ol wl§Z9 4%, cavitation, A F, £&
5 2707 AAE series datad] gt S EFAAE FX
A#E A ojfieh @1 R o el o

ﬂ‘

B - feR - FRE

N
AN

%217 44 A4, appendage, rudder, {3

=
o @ A F99 4P BF 26T F

gera ezl b Adele A ol 4EE FAE

L (=

52 R
T

£

Sdl A o Be] 1A FAs AN LE
Ao Ay ue 1952 Lerbs 107 @ Aol Eof o3
AAY e BHTF o] % Eckhardts} Morgan(3) 2 Ker-
win#t Leopold{4) Sel 98t AAF37 4 A 714
o] ububs] 3 ok ulol el ol & A (5] ML <
v} A AAT F4F F 9A Sz F47
AA N A G FoAH 2 A EE
vortex 9 o] & induced velocity &
W o 2= Goldstein %
thod(3). Lerbs9]
discrete singularity method[2)7} ¢l +}. Approximate
method® §1 34 & hubs} ¢l3 normality condition
o] A7 ¥}i= optimum propellerel] gk A Abefl vt IS
3 2= 9l =, induction factor method&
tex7} 2F7t &5 A skew &2 rake7} ¢l &= propeller
dAe A& F glde 757‘5 o] 9 o] i3l
discrete singularity method® skew % rake®] <3

B3 zAFezM heavily
loaded propellere] A Abel = A4% 4 vk

W] 23 trailing
Fohi
o] &3} approximate me-

induction factor method(1) 9
trailing vor-

o 2% wake model& A%

2| 7 propellere] ] unsteady force: skewel €]
@ ARs el F ﬂpr‘é AAe] Feld F
skewed propellerst 2] 2:0]7 = gk

W wmFel A 27 AAGAANA skew B raked]
9 Aol o] Hadted oz

EETES

o "%’e‘ Aol g F
discrete singularity method¥ #

okl ale] Lo} o|& A A propellers] A el
oastdd 339 Ed B FAY SFE =4
camber % pitch® AR er ¥eh Eckhardest
Morgano camber 3 pitche] 1§t correction factor
Agstd 348 msE mostglent o @ FAAE
EA4q ) b FA R At AR F e
Aoz o] 2Ae MARGE AY Ard LA
ARetelof debz Aol Qvk ool wkdhe] 33
w5} 9 FA9 e G Gl el 7 A

A e Aol ol 2ol 97 ste] camber 9 pitch

o @S AAetd wek AR AAE et s
At

=2 discrete singularity methode] £]3§
%

quel Y Ao e ¢85 % P B A
3% o pote PPl el 7 FAAT AT

Journal of SNAK Vol. 17, No. 3, Sept. 1980



R Bl o) el #HER B 9 sk

oM AN GG olEd e FAs4ATA
W AEAel P A4S

2. MOl E0 et I =20lE

217t #
9] frAe mES AHRE 2 94
o st e 4] apold Zqld gFH Al 2ot
FHol WA Hie AL 4 F ok oH# {5
9 Aol FeH o 2 vortex T propellcrﬂ'?ﬂc’l &
FeozHd AT g ok

Propeller5 ¢

\.

—e] v} propellers-$] 9]
FEAL A Hogstd el kA Al A °] sl
model 2 A #5l propellerel 4 o] ¥4 % 3= Ao
o} o] ¢},

Propeller 3 = 3919 +5dAE o] 43}t As

o g 7o 714 L g

1) Propeller®}] 7§ % circulation strength 7'(r)<]
FEEF Ze doder A8

2) Propeller 519 &) &= ol A% et 3.

3) EA -2 camber 277t Fz FAA b eela
7t gte] AFdA ol & AL

= morderately loaded propellere] A &= $ 3 slip
stream®] 4% & §-4 g

4) Kelvin9 circulation & ¥ Zo] A7 gk F
r3 rbdr Aolf] 34
ar (r) dro] #

5) Propeller ¢ell 913 3F A Ao 98 & axial
average velocity Va(r)el 93tz wake:

""(r):k%(i (0

B ELTY

trailing vortex®] A7E=

Mean radial % tangential velocity+=
St AAfrEdel e g A G

6) Hubell =idh ZH 2 54 ZHeolo Q5o 47
st«] hub we image vortex® W-u® ¢ glet
image vortexel 9J& o & tip FZel A= Fx, I}
o Fobh o hub THAAE A4 o7 o
falo] F HPoBRE F ggo] A ddgvz s}
A, & =EdA T hubs o] 45 ¥ modele] A} A
9] gk},

o] Ju & AAEd A FH A 2o wE trailing
vortex sheet® o] 43}% propellers 2% 29 o]
g F Y

7 e el

)

Trailing vortex advance speed(Va4), rotation
speed(wr) ¥ induced velocity component(«®, ut)o] £

&te] 714 %) 3= helical surface® vtz wEE o, 2-34

Fig. 2. Perspective view of lifting line propeller

JouhE R R @3 HITHE S 3% 19804 9f1



_4

- AR -

/

N

1= wiry)

=Kl

VR

Fr)

=T

e

Fig. 3. Approach flow and force diagram

ok# 41 7} trailing vortex sheete] 9]

ok 2

o] wref of dte

3t induced velocity component #°, #'%

39 velocity diagramelj 4] =2E ul¢} ze] helical
surface] 7147} tan fi(r)&
tan ‘Bi<r):.l‘i(_r)_+u_a<£2_ 2

2nnr+ut(r)
o] 23, =v}A trailing vortex sheet®] & A4-£- induced

velocity & circulation I'(r)7} AT ARNAE 2=

propeller®] &4 & Ao Fr}.
2.2 Bay

ok# A 51 Kelvin theoremg =t

Z3 = trailing vor-
T4 5 vortex system® 3] 43

tex sheet® iy o
£ bound vortex ¥ trailing vortex® v 94 E -
Fale] 2 2450 )8 induced velocityd T3}l

A A Ao $48% discrete singularity methed &
At
Contmuous strength& 7zt bound circulation I'(r)
£ discrete vortex® X 339 trailing helical vortex

sheet: helical vortex line®] 3oz i1}eliie}l, Bound

vortex @ trailing vortex line% F319 discrete
vortex® EA gt —‘ﬂ%“?‘—‘] © Z  continuous vortex
system3 g F ot olE AGF] REH =, 4

= 49 elementz AA 5| Zﬁ'}?} A%E FE 49
A4 £E8HE A el

2o B % FR2AE F5 26 A
3 FEIgeq, 449 A=A bound circula-

tion& cosine spacing @ i, trailing vortex® 2° une-
wgae Al A g
ged, M=8z

g
FHE Fue

qual angular spacing® &

T .
THE T2

Ree o =
bound circulation cosine spacingol 4]

= AE Relm 9k

g

liffing line

controt point

nodal point

Vortex line and control point arrangement
for bound circulation cosine spacing with
M=6

Fig. 4.

Journal of SNAK Vol. 17, No. 3, Sept. 1980



Fk Hiel ol gt HAER WA 3o

Fig. 5. Vortex arrangement for trailing vortex

whaba] 4ol 4] ol A oA

£ cosine spacing S A &38te] 87| &=

bound circulation
Fska, trailing
vortex% 2° unequal angular spacingel] ¢}sf et

o AAe st

EFAA e 27 49 5ol B wpeh 22 HId
Watg Adelsls] 2 gvl. Bound circulation® 0=
X[P—] cosine spacingel]l 2] shs] M7 9] discrete vortex
element® F &3t 9k A o A %n 12 o]z 3Le)
control pointE Fo] o]A Al induced velocity® T
b, 49 trailing vortex® ¥ 13} o} blade T3

o A= 2°¢] angular spacing® 7t bladed 4] =io]
A4 10°,20°,40°,120°¢] 7 ol % zZ+o=i A pitch
9] 7"11 Aol 9 F vortex7tx meistm o F39
ehsiet.

23gt 2 44 9 control point®]

vortex B-& FA
o] A =} ]
R
(1) Bound vortex
7zt AR A4

.L

X;=Zmj
ri=ra+ '('R—?ITH) “{1—cos(j—1)+40} €))
O;2=0mit 0

Nyix=Tr;*COS 0jk
Zia=rj*sin O

control pointe] A 2] =3

K MRS FITH F 3 1980%F 9N

zhi=zl, (4)

— Rory (2i—1)r
e B e

Gbi==hn:
yhi=r? cos 6%
z?i=r sin 6%
(2) trailing vortex
7t AR #=
=21 Ejin (5)
riia=ry
O i =0n;+ a5k
Y ink=1;C05 Ofjnt
2 iar =151 Ot jme

1 7] A

n-1
tpn:Z{W;, §;»=on 7; tan Bj,
=

zm=rake, 8-=skew, Sr=blade angle=
2.3 Induced velocity2] H| A
285 7 a4 vortexs] ¢ & control pointel A 9]
induced velocity: 5 1lelAd Xl 3}9} 7+o] Biot-
Savart®] ¥ Hel 93 FE & Ut WA 27 64
A Bolutsl o] vortex system$ zHzt ARG A7)
E- 7= horseshoe vortex®] § o2 F A b trailing
vortex®] @71 AEH o2 Kelvin theorem& =&
B AA= 3, A horseshoe vortexel 2% i

A control point®] A¢] induced volocity: 2+ L4%
m
3

2x(k—1)
VA

of o1%F k9] ter TAE 4 93 Boit-Savartd] ¥

& it
cbon.‘muous <
ound \?r‘fex
distrinintion AR &
Gin .
________ ﬁ‘ﬂ'
T A
G; G -G in
stepped G
aporeximation !
P ~ - G
>
g T 2
< o
I

Fig. 6. Horseshoe representation of vortex system



10
Aol 9Jale
(zﬁ:L).ﬁgfiﬁj dg;xd
Vs /47 4zVs Jcen |d]?
4é  d
i R R R,,-— arril
_G’jcm) 2'_5{13 =K7;""G; (6

of deh 74

influence coefficient (KJ&

d& 4
R R
sl — —_—— 7
K572 e o T D
R
}

C(¢)& A horseshoe® et
di= F4 CzHXY control point7A= o] A& T A3

= W g% vy ef

-4 o] &= vortex line,

Bound vortex®] 7171 % P/} ¢ Fourier series®] 3
o2 T A sk
G,-:Z:IIGJW,,, sin(m ¢;) (8)
2r A
. R R
o 71 4] 97jjSln_‘[7'“—rH———} (€))
R

A (6)e] A1918™  axial, radial, tangential &)

induced velocity componentiz

ya M P _
: :Z‘ Z[](}-’,--GAI,,,-sm(m. 0;)
$ 1= m=
“ S SR G Myesin( (10)
-.V:_«jzl 2.8 ij m Sln m. ‘D) .
u.' P

K} «GM,,-sin(m. ¢;)
=1

Table 1. Angular intervals of discretized trailing

vortices

2%l A =95 oFH e r EA= vortex system$
1 =

lEsd A #1 39712 @b

TEAAE A5, 3

HEA - SYER - B
Aol A= T340
v},

AA Al A= propeller A7 (D), ¥A4(Z),
ke B4, wE, #=4AF 59 design data® A
A shed ok Fhet.

B R x ZAAA T
AdA 2H8 4 oz AFFAT 2ot 17
] 2718 AAReh

Cavitationel 1} 215 §9 A #z3e nd e

J2
ol
[
N

)

A eel ok @

skew ¥ raked <o &%

23

N 52
i

i
_(_;,{_1‘

HAEEE A7) ¢l A= Lerbs criteriong =&

i optimum propeller& A4A 3 £ dcf. 2o 3

o AEe

z

propeller®] & f-o] <z Zla-dlrlgtn tip
oA cavitationg ZF4A7 4§ Y E  non-optimum
Alste = Fa) o)}, F-A o] A & optimum
' non-optimum propeller-] A EA € discrete sin-
gularity methodell ©]sle] Fa st 74L& Folx =
el whep Z 26} o] B ?rﬁ}‘)q A5 skl o

propeller% 4

s Sgte] ohgst 2o Fagleks g o) ge.
- I'(r)
G(r)=nondimensional ci rcuhtlon( 2RV, > (1D
is=advance coeff based on ship speed
Vs
(Gonc) (12)
i:(r) ==advance coeff. based on propeller advance
v
Speed( 2:71(&) #ls(lf‘w(f))) (13)

2i(r)=hydrodynamic advance coeff.

A (r)( & tan Bi(r)= ﬂ}g’i)

Table 2. Types of problems

Y e i " I I SR S e X0
1 T LS

,4 N . ) he A RECT) AR RIS T
prapeiler Spor oM

denigr

3.1 Optimum propeller
Cavitation, 55 Adz271L madstn gxn 3
AESE Tl odd 9o
propeller= Lerbs’ crilenon[l] £ mrEle] oF )},
A= tan S
A

do] Ze] e optimum

11— w(r)

% T s T Towe (16)

2\ w(r) rdr

propeller ®53.8, w=—"m_ 7%

A7

Journal of SNAK Vol. 17, No. 3, Sept. 1980



BN Fikel )8 MR DB o el

7 9] = mean wake fractiono]v}.

whok w(r; =09 free-running opltimum propeller®)

g

FA s 2

7 of = ”f’—ﬂo‘ﬂ Betz conditiong =HE
trailing vortex sheetr= ¥ A ¢ pitchd 2t
helical shapeo] # o] «°tan g:=u'7} ¥+ normality
condition-g 4 &34 = o

regular

Problem A):
Given %y e Ase Wr), Az
nptimum cirenlation a{r),
Daternine .
i G P "] 2

AA Al = Lol FolAE A& Aot ol F
of AAL FAE e Ade mE AL A
AzAel EA Hrg 2 P oA gz @
ch.

Vatu®

j—arl 35’;.‘?; ‘ltﬂ"‘:] tan ﬁz(r): wr{,ur

A 4 a3t

A (14) % d19ql8ke] AslsA
w4 U Ai— 2

-*‘78—'~— T/’R ‘/'s = As - (16>
induced velocityo] =gt 2] (10)& o glshed

Z('Mm {K" sin(mp;) — -2 K; sm(mgp,)]

R

__"2'_252", (17)
Hydrodynamic advance coefficient &i(r)e] Feiz] 9l
o n & helical vortex sheet®] & A 2 influence coe-
flicient[ K} 5 +3 F 9+l

PA 9] Fourier series®] Foi ZA& G)& M
9} control pointe] & &&}7] 3t P=Mo|g o+
4} (17)& Fourier coefficient GMeol o3 <343 4}
Azr=589 R%¥o] =Heol A GM.% T% F olth
Fourier coefficient GM,& T3= A (6), (8)el <] 3}
G(r), us/Vs, u'/V:E T8 5 9o} Kutta-Joukowsky
9] Wl Aol °ete] propellerd] &3t & 7%
o] 1;}

BE 3o 4 2ol upgzro] skew, rake E 7 w9
N . D o o
2351 GEA S (szﬁxﬁgﬂvz;— Azkstel 2149
d e no g Cr, Cp 2 pt vhdat ek
Y S
L oV2xR?
R r/R u'
il foo( 1)

P B AR i

Cr=

_Cp:l/R_ }_Q'L ,
4z sin Bi | R

174 5 3 %% 19804 9]

11

Bati?
1z2§ G g do (18)

w0+40)

. 2anQ _ 4z
Cr="y VR = %, m{G(’)'

_{_

CD-“IT"’R +cos i }_dr
R

4 sin®B;
a7 r u  dr
R “,G(r, YR (19)
1- ac
0= -'.L,,wé%)_j- T (20)
Problem B:
Given %, The Ag w(r), Qy or Cp

optimum circulation G(r;,

Ailr), Cr or Cp, Mo

De*termine

elo) A Adet: =gl %) Al loading coe-
flicient Cr %% Cp7t FoiAE L& 74%1'3] =
A3ty F¢]A loading coefficient® = F3d}e 7H& Al
el gl

Actuator disk theoryel

~..,_2_..~ o (1) (0 = '71-—w<y)_m )
VG = T A= Ty =

490 13 FA3h-& Tk

174 #3458 4(r& 2t Prob. Al 31738 A4t
ol Fated®l Crel ol oA Crol @+l &2
Ostergaarad(61¢] ©] 3+ 4]

() =Coe (A" - 20) + ke (21)

1714

_— o (n—1)
1,-‘"*“<0.7R)[1+ CT5,%’T ]—

2" V(0. 7R)— (0. 7R)
9 F3te] Fo]7 loading coefficient 9}
ZrolAd A 7tA g ol it T+

3.2 Non-optimum propeller

n=

o X Mg

Lerbs’ criterion& ®}% &} optimum propelleri= &
Sl A sbF feldhA wb cavitationo] vk el €] %
4, AF, 2F 5ol AAAER hubeltt tip &
o] 3F & F4AA cavitationd WAL E3A T &
AA R 29 T4

g} o] optimum G(r)9] tip ¥Z% unloading3l4

¢l = non-optimum propeller®

non-optimum circulation function F(r)% T+,
Non-optimum circulation function F(r)& 3=

g 0 2= optimum G(r)2% T hubel } tip ¥-T&

A A unloading® + Az

o A BE FaAA 7

Fourier coefficient GMn
7&*,7‘4,‘11 T+ Fx gl



i2

“ukd o 2 non-optimum F(r)& Fate #4& A7
A Aol aTHE 8%
Problem C:

29 0] o},

Fo]3l loading coefficientsl Cp 5& Cr% =53}
7l 1% Gir) &
A7t

e G(r):kF(r):lb;FMm-sin(mgo) (22)

circulation function F(r)o} A v}

Q71 FME F(r)9 Fourier coefficiento] ¢},
Induced velocityel 43k A (11)& W gl sh=

1‘1;2 = SIKG G =k DEKY FMyesin(mp;) (23)
s J

21(22) ¢+ A (23)% loading coef’ﬁcnent Cp or Crel

g A (18) 7 (1())°’1 ol gl stel F Cp %% Cri:
b iEgl s ke 7h% A A sle] o} 6{]:1,}
i) Cr7t A 7§~r
Cr (R y, TR dr.
7 =P R
B
+# |, F) (K F) -
Cp_ { 1, dr
T 4n erR sin B: R
[ Ew KT B Jan 21

kol ) 3te] A elsknl
kZ[ZF;ZK,?,--I‘, A

Ak[ZF.' ri/R .f,g? J

- SRTKFpe 0]

Cr 4ri/R_ 9 _ -
{4Z + An ; * (sin 1), ] =0 (25)
ii) Cp7} Fo1% A

¥[ R T TK- 4" IRV Rl

+k[’Z_F.-~§é¥ (1w ""] [23 Cr.

R 47
_Cpri L 4ri/R _
4z ¥R R sin Bi tan Bi ]-0 (26)

k9] A 4% influence coeff. [Kij)¥ A% 1A% ¢
& 9= zhol B2 4 (25), (26)% ak+Bktc=09] 23
ulA A 9] moko] He] kY E FY 5 oleh kS 7
o ke 4 (23)e] 418l induced velocity com-

ponentd F& 4 9 2 vclocity diagramo = H-¢

(1—w) +kK- F,
7

_Ti | .
X)i= R r,/R +kZK @7

o] Hrch

49 13 A2 2V (1)=& Aot in-
fluence coeff. [K1& T3t 4] (25), (26)L o] &3}
BN Zpg, A 27 % ol 3 g
AV () FEI (B —po-D | ool F WA 5 Fo|
@t Tteration® 3l& o3 Fo 4 @D A A
hydrodynamic advance coeff. X4(r)% F3t= A=A
propellerel] A} 3= v}t 3t £ & T 53 pitch¥
E7b Qe el o e FA A S AT vl )
o 7% least-square fittingel o] &le] wmA St &

iteration®] & {(r)E o},

iterationg 93

4. 2H0 % EE

4.1 Lifting line calculation

FoE-3(1)d49 4% F4 o2 induction factor
methode] 9} 8} A AbA e} A =Fo] ¥ discrete
singularity methede] 9] & Al A4 2} % v} welsdc).

18 72 {ree-running optimum propellerol o &
circulation G(r) & Y tip¥#-& unloading?}+ non-
optimum circulation function F\r)—% T3}z Problem
Col A& Bk & G %e 2dFn 9,

3k 72° skew® 7zt propellere] 3¢ Lerbs
criterion-® W% 84 optimum propellerd G(r)& =
A sk,

B3 ul9 o] highly skewed propellers} 4 & tip

Bl we slFe] A43lnz cavitation® ¥ 317}

a0t [N CIRCILA -
0 TIP UNISADT r. e —
/,,1__/:—_—;\‘\ /
r) e — <
903 iy Za et
,4,/ \\

- - \
LA A
N

07 a3 B 5 L. 06 47 a8 09 10

Fig. 7. Optimum and non-optimum circulations
(Z=4, 1=0.2, Cp=1.214)

Journal of SNAK Vol. 17, No. 3, Sept. 1980



B Bl o R MRt ot

— /

-

~=irdction factor method
o discrefe sngutarity meihdd WJ oo

~0.2

f/\,g h——-rr——%—-L\a\_\

00 T

+Q1

02 04 0.6 08 10
Fig. 8-1. Induced velocity for free-running
non-optimum propeller
(Z=4, 1=0.2, Cp=1.214)
09 C =8
p/D e W N

™
J

0.2 04 "R 0.6 08 1.0

05

Fig. 8-2. Pitch distribution for free-ruuning
non-optimum propeller

9l & #7e tip & unloadingdtedof T A
o] e},

Non-optimum calculationell ¢ & &9 & 444
iterationol 4] 0.975% &3tz Lerbs® AHgl k=
0.9675 & 1% ©iabe] Aozt 3lvh olskzte]l T
non-optimum circulation G(r)& %< propellere] 2
warel induced velocity %
pitch 2+ =9 83 Zrh

A48 2 g st Fedd G, w/Vs
w/Vs 9 P/DEo] A9 & e Fidlrbes A
o oj9 mEAoluh. chul pitch ¥E7b hubst tipl
A g ol g AL B A least-square
fittingel o se] mA G A Eoletz AAdH

27 9= 42464 AHF Z=5 A=0 454z
1ehe] Cp=0.909, 2:=0.2, ra/
I 3¢l a9l wish

3 axial ¥ tangential

propeller-& 4 A 371 ¢
R=0.2, wo=0.272% w(r)
o u R ¢ % optimum % non-optimum G(r)¢] 7
AA RSt w/Vs D W/ Ve AU

2 g-1o]4 ni ule} ol optimum G(r)elAl
tip=} hubg unloading3}«] hub % tip9 cavitation
g g AR & A s

KGR B e HITE $ 3% 19805 91

13

Table 3. Input wake data for wake-adapted propeller
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