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Due to its flexibility of the composite propeller blade, it is necessary to design a shape capable of generating a desired load
at a design point in consideration of the shape change of the propeller. In order to design it, we need to evaluate not only
the hydrodynamic force around it, but also its structural response of flexible propeller according to its deformation, So, it is
necessary to develop a design tool to predict the hydroelastic performance of a flexible propeller with deformation considering
fluid—structure interaction and special operating conditions, Finally a design optimization tool for flexible propellermade of
CFRP is required, In this study, a design methodology of the specific flexible composite propeller is suggested, considering

fluid—structural interaction analysis of the specific flexible propeller,
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Mean Load Propeller Design & Analysis

* Design and analysis the rigid and flexible propellers under the mean load

)

Material Design

« Material property / Fiber orientation angle

']

Pre-deformed Geometry
* Calculate deformed geometry

Subtract deflection from design propeller

+ Update pre-deformed geometry

if) Deformed geometry = design geometry

¥

Off-design condition

+ Calculate the performance of flexible propeller at off-design condition

Fig. 1 Design procedure of composite propeller
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Table 1 Geometry of propeller 5474m
/R P Xa 0 c fo t,

[mm] | [mm] | [deg] | [mm] | [mm] | [mm]

0.20 |381.09| 4.87 | -5.46 | 76.25 | —2.12 | 25.37
0.28 |542.23| 17.57 | =3.56 | 80.38 | 1.22 | 17.31
0.36 |620.14| 28.37 | -1.14 | 84.78 | 2.74 | 14.58
0.44 |648.29| 35.61 | 1.69 | 88.56 | 3.28 | 12.29
0.52 |643.44| 39.68 | 490 | 91.25 | 3.35 | 10.29
0.6 [620.41| 4164 | 8.42 | 92.71 | 3.19 | 8.48
0.7 |562.52| 42.46 | 13.22 | 92.33 | 2.81 6.47
0.8 [483.38| 42.41 | 18.44 | 87.42 | 217 | 4.82
0.9 [387.10| 42.79 | 24.07 | 7265 | 1.25 | 3.72
0.95 |321.01| 44.36 | 27.05 | 58.67 | 0.73 | 3.50
1.00 [249.91| 48.37 | 30.16 | 38.02 | 0.25 | 1.84
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Fig. 2 Discretized propeller blades and trailing wake
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Table 2 Comparison of tip pitch angle (degree)

Rigid Flexible Flexible
(pre def.) | (after def.)
Motley et al.[14] 7.43 12.33 7.43
present 7.50 11.36 7.50
diff. (%) 0.94 7.89 0.94
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Fig. 9 Distribution of von Mises stress acting on the
suction and pressure side of 5474m (780rpm,

J=0.66)
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Fig. 10 Distribution of displacement on the suction and
pressure side of 5474m (780rpm, J=0.66)

JSNAK, Vol. 57, No. 2, April 2020

65



RA-TE o1 2312 D23 SEAA Rol ZEzie| A

Fig. 92} 102 MAR(J=0.66)0lAS] Z2H2] 5474mof
85t SIS waly RES HoiECh Al 5712
ZHejo| 5{=et Jpie QBN LY loni, Wl
£} Zh2 16mmolT ol Z2aje] Bkl WAL Fig,

ikl
Jal

0
rlo

rlo
P
0

o
|0
HU
>
]
il
T
=
[e))
k2]
o
Hel
oot
ro
ul
00
e
H

il
1
<

=0.5, 0.8, 0.9)0fA{e] HE = Z=2HY

lo
0x
olr
:OII__I

ofEC} A olele] Ch2 23t T7iolMe] 2N Zame
of siEr 9 MS AEoI AAE WE N T2He sl
2 JjzEoR 28 F712 Lalslol AMS FAsIGICE Fig. |

of ALt ZItE HHEH HA MAFolA SHAAl| Z2HED

£ =8
of BF Mg Ze Z=2Eeo FHANK,), EIAF(10
K,), BFEES8(n,)0l 2F Uxehs HS Eelgt 4 ot
0.8
0.7 -
_ NN TNo
X e = - T >

0.5

——e—— Rigid Propeller
— - —a-—- Flexible Propeller
0.4

1 1 1 1
0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9
J

Fig. 11 Comparison of predicted performance between
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Table 3 Predicted performance of rigid propeller 5474m

J K, 10X, T
0.50 0.2305 0.3214 0.5707
0.66 0.1616 0.2537 0.6690
0.80 0.0954 0.1825 0.6654
0.90 0.0444 0.1243 0.5120

Table 4 Predicted performance of flexible (after—deformed)
propeller 5474m

J Ky 10K, My
0.50 0.2148 0.2948 0.5799
0.66 0.1616 0.2537 0.6690
0.80 0.1034 0.1959 0.6722
0.90 0.0561 0.1425 0.5645

Table 5 Comparison of the predicted performance of rigid
and flexible (after—-deformed) propeller 5474m

7 A Ky (%) | 510K, (%) | Zn, (%)
0.50 —-6.81 -8.28 1.61
0.66 - - -
0.80 8.39 7.34 1.02
0.90 26.35 14.64 10.25
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Fig. 12 Deformed shape of composite propeller at the
different operating condition
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region at the different operating condition
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Table 6 Predicted performance of flexible (after—deformed)
propeller 5474 ignoring the rake changing
according to the operating condition

J K, 10KQ Mo
0.50 0.2130 0.2933 0.5779
0.66 0.1616 0.2537 0.6690
0.80 0.1040 0.1967 0.6730
0.90 0.0567 0.1435 0.5660

Table 7 Comparison of the predicted performance of rigid
and flexible (after—deformed) propeller 5474m
ignoring the rake changing according to the
operating condition

Table 8 Predicted performance of flexible (after—deformed)
propeller 5474m ignoring the skew changing
according to the operating condition

7 LK, (%) | A10K, (%) 2o, (%)
0.50 -7.59 -8.74 1.26
0.66 - - -
0.80 9.01 7.78 1.14
0.90 27.70 15.45 10.55

J Ky 10K, o
0.50 0.2143 0.2934 0.5811
0.66 0.1616 0.2537 0.6690
0.80 0.10835 0.1959 0.6727
0.90 0.0563 0.1425 0.5659

Table 9 Comparison of the predicted performance of rigid
and flexible (after—deformed) propeller 5474m
ignoring the skew changing according to the
operating condition

7 AR, (%) | A0K, (%) A (%)
0.50 -7.03 -8.71 1.82
0.66 - - -
0.80 8.49 7.34 1.10
0.90 26.80 14.64 10.53

Table 10 Predicted performance of flexible (after—deformed)
propeller 5474m ignoring the pitch changing
according to the operating condition

J Ky 10K, o
0.50 0.2341 0.3266 0.5704
0.66 0.1616 0.2537 0.6690
0.80 0.0959 0.1841 0.6629
0.90 0.0447 0.1256 0.5093

Table 11 Comparison of the predicted performance of rigid
and flexible (after—deformed) propeller 5474m
ignoring the pitch changing according to the
operating condition

7 ALK, (%) | 510K, (%) | 2n, (%)
0.50 1.56 1.62 -0.05
0.66 - - -
0.80 0.52 0.88 -0.38
0.90 0.68 1.05 -0.53

T SR, nx|et 2fo|3 2xs 2f RE=M0l w2t ALk
-2 A

s Algstn, A7 Bxe 2azzil ARigiol AAEIAM A
Akl Zlom s % Spkax) ZeBeel M52 AN
Table 82| At 22S AmZe!, DHE st wRlole} gl
Table 42| Z1} 72} DREPIX|2 MAMES 7|F=02 X2 XMZlH|
OllM= St = T sAlS Zie T2

i
i)
1o
4
I
_\:__I
2 _@_
o

Hejwict 3o, MAES = 74z
Heio] £2{1} £3)} S PAS 2= THAECH Ll
saxf Z2Ez]o|

2
X
M

It
o
IZ
| H
i

. —l—l—_ L So=2 XL = %
ds2 vlwet ZulTable 9)7+ 1EE &4 m2folEvL §is
o

2 Q82 olAiK| §SS HRIE 4 ok

= t
0|3 2= Zt 2eZziof| wet Atk 242 ARSI wx| 22

JSNAK, Vol. 57, No. 2, April 2020



RA-TE o1 2312 D23 SEAA Rol ZEzie| A

Ek
A
)
>
£

H 0

&l
m
lo
0z

ARIQIO| AAIEOM HAKE goz DS S =5t
SS AXSICE Table 109] AHiAt AolE AlTH
[2I0jE7 | @i= Table 42| Zn} Zin} cl=A| A
MR PN e S Z2eio| F2{nt £E5
HR|HC 3| LIERIC) S 3 SA

| SN Z2HR{o| MsS d|wst A
=l gA T2joEi7} §l= Table 52| 2t &
Elolgh 4= k. x| BEE AAEOIAM Al
19 MAEE M2lst BE A ==z
5iond, 0l Salf IX|2| Heh= MAR
LIEL= &8 S0 g3l Xzl daks
b x74

v
_II_-E|->Er|r
- = [0
&
!

Jo L

kI

o
07
El

2
o
=
)
rot
H
rn

N
Fl

gt
0=
mjo
>,|\J
il

=
[nn}

__f‘_;—TﬂJIO
|mg>|\1
8girlr
mﬁﬁ‘ﬂﬁ'
HOE e
ooz =
,

NIl
o
5
rdh

N

0,
0.

g
>
_O'L
Y

N

2
X g

S
o
Te)
o ©
ook
2

olgt 4 QUek 9 TR| REIH A ololel 28

AN T
S =0y &1jol| X|HiEol oskS n|Ele sl

T co=2

\J

r

ol
)

—

]
£

[0
s
fol
F[F
my
H
Ho
0
1
=2
=
o
L_il
1]
]
e
=
AL
s
=2

E —_
25k g5 2i0| Bisks 4oz 71Fs 4= QUoh BESZEe I
[Z¥(op) 2t XIS Z|x|Zi(hydrodynamic pitch angle, ;)@
Aolz, oluf FAASA mx|Zt2 offiet Zo| Mel=ICKFig.
14).

V,tu,

wr+u,

B; =tan ! (5)

017|M, vV, 2t wr2 B4 r2| fIXjol| A= T2 CiHof|

Solsls &5 A0l o, 9f y, = AN ZzHaio| SxeiEH
ol zt=zof ofslf =2 (xlof| RU=E= £ MES LIERHCE
2ot Halsp HAztdE MEHEY| fl510], S Z=HEQ}
=¥ Alg Zhe Z2Eleo| iyulst 9h2ZHangle of attack)
S MZIHol| w2} B|wS5lod Fig. 1501 TAISIH S0, AA|Eoi|A
S| DeUeie SE HAS 2= DUl $SZt 2
7t S solst 4+ olck w8k AHEE 7IFoR Hal}
xe Ao =aan meeie weZlo| BE HAS 2 T2
Hejo| HhSZIHCt 27| LIEH-|H, ol 2= BhaZie| ¥Eo=z
SHE GdollA Sl 2o F1l ETUL 8 FAS
Zb= T2 9| giHECE 2| LIEMS Solgt 4= ok MAX
2 7|Fo=Z HMZH|7t 2 HeloM = S Z2Ee{o| uks
20| S YMg 2= Z2Ee{o| g2t I Liek-|n,
Ol alie HollM Fatixf Z2He{o| F2nt EFJL =% &
Mgz Z2ER 9| g2t A ek sME AdslECt

Fig. 14 Propeller velocity diagram and its realization at a
cylindrical section at radius r
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