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Numerical Study on the Effects of Combination of Blade Number for
Shaft Forces and Moments of Contra—Rotating Propeller
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Samsung Ship Model Basin (SSMB), Samsung Heavy Industries Co,, Ltd,'

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial License(http://creativecommons,org/licenses/by—nc/3.0)
which permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

The effects of the combination of blade number for forward and after propeller on the propeller shaft forces of a contra—rotating

propeller (CRP) system are presented in the paper. The research is performed through the numerical simulations based on the

Reynolds—Averaged Navier—Stokes equations (RANS), The simulation results of the present method in open water condition are validated

comparing with the experimental data as well as the other numerical simulation results based on the potential method for 4-0-4 CRP

(3686+3687A) and 4-0-5 CRP (3686+3849) of

DTNSRDC. Two sets of CRP are designed and simulated to study the effect of the

combination of blade number in behind—hull condition, One set consists of 3—blade and 4-blade, while the other is 4-blade and 4-blade,

A full hull body submerged under the free surface is modeled in the computational domain to simulate directly the wake field of the ship

at the propeller plane, From the simulation results, the fluctuations of axial force and moment are dominant in the case of same blade

numbers for forward and after propellers, whereas the fluctuations of horizontal and vertical forces and moments are very large in the

case of different blade numbers,

Contra—rotating propeller(AEIS|M T2EI2{) - Shaft
Computational Fluid Dynamics(CFD, TAKRH|SIEH
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Table 1 Numerical methods for simulation

Governing equation RANS
Turbulence model Reynolds Stress Model
P-V coupling SIMPLEC

Pressure solver 1st order upwind

Momentum solver 2nd order upwind
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Table 2 Main particulars of 4-0-4 CRP and 4-0-5 CRP

3686 3687A 3849

Diameter (mm) 305.2 299.1 299.3
No. of Blades 4 4 5

P/D @ 0.7r/R 1.291 1.326 1.287

C/D @ 0.7r/R 0.179 0.190 0.179
Propeller Position Fwd. Aft. Aft.
Rotation Direction LH RH RH

Inflow

Sliding Block
for Fwd. Propeller
Sliding Block
for Aft. Propeller
Pressure Outlet

Fig. 1 Computational domain and boundary conditions
for CRP simulation in uniform flow
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Fig. 2 Axial force and moment time histories of forward
and after propellers for 4-0-4 CRP
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»0010

Angle [Deg]
Fig. 3 Side force and moment time histories of forward
and after propellers for 4-0-5 CRP

Table 3 Comparison of forces and moments with experimental data for 4-0-4 CRP

Harmonics | tems Present Yang Tsakonas Miller Present Yang Tsakonas

(Cal.) (Cal.) (Cal.) (Exp.) Miller Miller Miller

Kr 0.1367 0.1438 0.1230 0.1250 1.09 1.15 0.98

Ko 0.0313 0.0316 0.0260 0.0315 0.99 1.00 0.83

0 Kr 0.1462 0.1488 0.1520 0.1500 0.97 0.99 1.01
Ka.s 0.0332 0.0326 0.0320 0.0315 1.05 1.03 1.02

Kot 0.0247 0.0193 0.0170 0.0285 0.87 0.68 0.60

Kax.f 0.0049 0.0044 0.0030 0.0058 0.84 0.76 0.52

8 Krea 0.0079 0.0118 0.0140 0.0095 0.83 1.24 1.47
Kax.a 0.0017 0.0024 0.0029 0.0022 0.78 1.09 1.32

Kt 0.0087 0.0051 0.0081 0.0180 0.49 0.28 0.45

6 Kax.f 0.0019 0.0012 0.0016 0.0047 0.40 0.26 0.34
Ko 0.0020 0.0021 0.0031 0.0080 0.25 0.26 0.39

Kaxa 0.0004 0.0004 0.0006 0.0020 0.20 0.20 0.30
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Table 4 Comparison of forces and moments with experimental data for 4-0-5 CRP

Harmonics | Items Present Yang Tsakonas Miller Present Yang Tsakonas

(Cal.) (Cal.) (Cal.) (Exp.) Miller Miller Miller

Kr¢ 0.1388 0.1449 0.1300 0.1300 1.07 1.1 1.00

0 Ka.s 0.0316 0.0319 0.0270 0.0300 1.05 1.06 0.90
Kr.a 0.1341 0.1358 0.1320 0.1300 1.03 1.04 1.02

Ka.a 0.0310 0.0298 0.0270 0.0280 1.1 1.06 0.96

Kry.f 0.0073 0.0063 0.0062 0.0075 0.98 0.84 0.83

Kay 1 0.0032 0.0026 0.0031 0.0040 0.80 0.65 0.78

Kry.a 0.0025 0.0046 0.0062 0.0057 0.44 0.81 1.09

9 Kay.a 0.0016 0.0021 0.0036 0.0023 0.67 0.91 1.57
Krz s 0.0074 0.0063 0.0062 0.0074 0.99 0.85 0.84

Kaz s 0.0032 0.0026 0.0031 0.0041 0.78 0.63 0.76

Krz.a 0.0025 0.0046 0.0062 0.0046 0.54 1.00 1.35

Kaza 0.0015 0.0021 0.0036 0.0023 0.67 0.91 1.57
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Fig. 4 Mean velocity contours and vectors behind
forward propeller (top) and after propeller
(bottom) for 4-0-4 CRP
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Fig. 5 Mean velocity contours and vectors behind
forward propeller (top) and after propeller
(bottom) for 4-0-5 CRP
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Fig. 6 Computational domain and boundary conditions
for CRP simulation in non-uniform flow
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Table 5 Main particulars of CRP1

Fwd. Propeller Aft. Propeller
Diameter (mm) 220.0 195.6
No. of blades 3 4
P/D @ 0.7r/R 0.747 0.867
C/D @ 0.7r/R 0.225 0.204
Rotation Direction LH RH

Table 6 Main particulars of CRP2

Fwd. Propeller Aft. Propeller
Diameter (mm) 220.0 195.6
No. of Blades 4 4
P/D @ 0.7r/R 0.739 0.882
C/D @ 0.7r/R 0.210 0.204
Rotation Direction LH RH
T AMIM Z2ER] 2F |nukai (2011)7} ® kst Zint Zo|
Mg Z2H2{9| 2fo|F= FUS Sol=F ofn ¢ Z=H7
o gfjo|3= HHHE MUS SIS oo Z2H9| 20| &
é} 2= %‘E% “HI&?“;EP RP12 Mgt EE%'EM —?—‘é* =
7t

Aﬁ 45° J.I_Xl'gHA'I QAXISHTS siAC CRP2
28 A2 Fig. 8ollM &l & 4= qlct

r

Fig. 8 Wake observation positions for CRP2
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Fig. 9 Mean velocity contours and vectors at position
A (a) for bare hull and at position A (b), B
(c), and C (d) for CRP2

of FAIE A B, C flxloM Meistoz Hi2l2 SE2ZE
Fig. 9ol LIERARICE Fig. 92| (a)= Z2HE{7} gz AEfollA
A 2Ix|e] 2EBER (nominal wake)E E0iF1 Uend; (b), (o),
de Z=8e{7} &5st e o] SEE=o|ch (

HIDE Saff Myt Z=Ee| MuloAel Mol ofst
T 2829 S| olst Rtk effective wake)2| XO|E
UCk MFgh Z2Ee| AlojolMe] SEE2E (c)o
282{o| 3|Mof| olFt SMF(swir)E 2 = UM, F
2 MA| ghRe| M MEoz olsf Zislol O Bo| 7I%E
£ QUCH NS KT HE = MY Z2E2 o] 5|HMo| o
tsiollM= B2 Rtofx|A| Elct. giHo||
Fo2oe] SofMel STEZ (doME MA &
2ol ofsl A7l FZuksk STEIT| He| AKX
FERIIL LEton, siMutste| &5 MET
24 cHEAlE] sAZTHFg. 42 5)of|A AadEh Zn
3| ZzEe{o| 5315 7KMoz HoiFn Qlct
thalo| of2} B A st 2 SlMsks SEHE A fof2l
= Ao=RE Myt Z2Ee{o| S| of|X|7}t 2| 2=

U rr

To

rok
OH
bl
T
1l
o

x
T orr

0%

Hor St fjo 40 oX mir

SRR
0.

I 4o nQ _I’-
el
2
~
rir
N
A
kl
B0

2
T

m s o
S @
0r oA
=

i

0.

4

0
0
k|
02

[0 1o

Al
-— 1o

lo H
o 2
o
Jo

Hr ot

Fig. 10 Pressure contours on face (top) and back

(bottom) of propeller blades for CRP2

JSNAK; Vol. 50, No. 5, October 2013

287



A5

[ ZzEejel Wi Eol e 7 o

Fig.
LIERD Act Z7iel fIxlol we
Aol Fut = m'a1°| iEm fcrOI 1]

102 =28 MM(face)nt TM(back)2| & BXE
Muh Z=2Eo| QAUHER T

A off CRP12} CRP29| &

|
rir
r
ok
3
Eﬂtjl
k!
v
2
re
|1|\J
rﬂ
JG
i)
Hi
mjo
x
Hu
El o
12
>
ny
[0 >

:-_'
2 o
2
[m
mju
|-|"|:J|
i
i)
N
o
2]
ol
F[F
omn
ro
i)

25 H5IS Fig. 110l B|WSIZCE g3} RHEE 7t Z2Eelol
CRP1Zf CRP2o| Zltet 3lut mHIES| Hrgts 2t T2y ¢ 53 2 £230i thd 5|2 L) Qlck Fig. 122 &lot
of Hutst x243} £230| Waglol st 8I= Table 70l % RMES ZeEHE £ s|F4ol CfEt x5 AEO= Likof bl
sigich MY Z2Eeo| SEUSHYE) D SR zE)e| =M 3 Zo|ch
E= 22t =28 E2F | 20%2} 40% o|Alo|ct, F4HF =2
Hp| A9, $EUSE QHES T2 EQ39| 40% O|Akl Table 7 Ratios of mean side forces and moment to
Hid 2Tl DHES 0% I—HRIE 01 ZPi| LiEldC) Sup = mean thrust and torque of each propeller
2Hejo| $EWE PHETL A A Sy Zedelo| Reld iy | My | Fz | Me
= EE%E‘I ;ET% 7|_7|'_<_2§ /él.gFg_' _ﬁ%o' X.jtc'i EE%E.I()” 9_|3H CRP1 Fwd. Prop. 0.012 | -0.231 0.051 -0.405
Helsl Meg on|sic) 3|RElsE 0| ofstoz ol xfPsd Aft. Prop. | =0.011 | =0.024 | 0.051 0.404
o| =3 xjo|7} WIS, 0|2 ol5f $=mulsk 5|0} £Xluisk @ CRP2 Fwd. Prop.| 0.015 | -0.253 | 0.056 | -0.441
HES= Mz thjjalstoz XIRsic) $miulst sl $AldisE o Aft. Prop. | =0.010 | =0.010 | 0.054 | 0.410
' CRP1, Fwd. Propeller ' CRP1, Fwd. Propeller e CRP1, Fwd. Propeller
- CRP1, Aft. Propeller - CRP1, Aft. Propeller - CRP1, Aft. Propeller
CRP2, Fwd. Propeller CRP2, Fwd. Propeller 008 CRP2, Fwd. Propeller
121  CRP2, Aft. Propeller -  CRP2, Aft. Propeller  CRP2, Aft. Propeller
| |2 lz
X z 2
60 120 Angltew[Deg] 240 300 3 60 120 Angltew[Deg] 240 300 3 h 60 120 Angltew[Deg] 240 300 3
o CRP1, Fwd. Propeller 2 CRP1, Fwd. Propeller ' CRP1, Fwd. Propeller
................ R Ao T R A ropene o Rt A roe
CRP2, Fwd. Propeller 010 CRP2, Fwd. Propeller CRP2, Fwd. Propeller
021 « CRP2, Aft. Propeller « CRP2, Aft. Propeller 08 « CRP2, Aft. Propeller
> 3
s = ool
h 60 120 Angltew[Deg] 240 300 3 60 120 Angltew[Deg] 240 300 3 h 60 120 Angltew[Deg] 240 300 3

11 Time histories of forces and

moments for CRP1 and CRP2

CRP1, Fwd. Propeller CRP1, Fwd. Propeller CRP1, Fwd. Propeller
CRP1, Aft. Propeller CRP1, Aft. Propeller CRP1, Aft. Propeller
CRP2, Fwd. Propeller CRP2, Fwd. Propeller CRP2, Fwd. Propeller
ok . CRP2, Aft. Propeller o015 . CRP2, Aft. Propeller 004 I . CRP2, Aft. Propeller
= x x 003
w = w
= oo} = ot -
x = >
- = Y o0
005 | 005
/\ 001 |-
000 3 4 5 6 Kl 000 2 3 4 5 6 7 8 9 Kl 000 8 9 Kl
Harmonics of Shaft Frequency Harmonics of Shaft Frequency Harmonics of Shaft Frequency
0.30 005 0.30
CRP1, Fwd. Propeller CRP1, Fwd. Propeller CRP1, Fwd. Propeller
- CRP1, Aft. Propeller - CRP1, Aft. Propeller - CRP1, Aft. Propeller
025} CRP2, Fwd. Propeller CRP2, Fwd. Propeller 025} CRP2, Fwd. Propeller
... CRP2, Aft. Propeller 004 ... CRP2, Aft. Propeller ... CRP2, Aft. Propeller
020 020
x x 003 x
= w =
< o = < o
> N N
= Y 002 =
010 010
001 /\
005 - 005 -
L PN VA L . L .
0.00 2 3 8 9 3 000 3 n 5 3 ) . 0.00 + z 7

Fig.

Harmonics of Shaft Frequency

Harmonics of Shaft Frequency

12 Spectrums of forces and moments for CRP1 and CRP2

Harmonics of Shaft Frequency

288

CHeRMSISI=2%] X|50 # X5 = 2013 108



ul-ZZ - O|ZIA] - O[EfT*- Tetsuji Hoshino- 283 - MES

N
[H
e
el
lo

o M
uca
0%
P
18
i)
0
[
lo
|'II
Ol
H
00
rio

N

ol
i)
HT 1l
)
El
%0
il
>

o
|Htu|
1
m
To

o o
o
= 0z 0
L_EI
=
el
I
e .
i
Y
HT
o
uC
=
P
o
Toh
=3

o
o

i [
g O

=
S0 7Fa 371 LiEldtch Fig. 120fA] =5t g9

2 Z2EE Tt o CRP10IME ©
ROl 2let 3AL, 6AF =3t ME, T Z2EE Y

2 E |H

I
r
ok

[=

be 0
o
e

1o

0 Hr rot

~
>
kA
lob
0x
Elis
e}
4n
= b
ne
I
1o
0z
||
bl
0
|0
e
\‘
Ral

0| F2 LIER Ut
CRP20M= M=l Z2EP{o| Hyl4of 2lst 4x =
[ JE20l0| LIERSTE 2

Pt e B

|t
-— -

m o

o
z

Y k

¥

.I

o
JE0>
0

w AT
:'OL>
1x 0
fol
>
s
5%
~

“;1_0
nT
08
o %0
C

- M
B
N\

= T

o

| E
i
v}
1o
0z
Il
ikl
00
lo
o
Hi
0
03
>
™
1
1o
~
Rall
o
for

ool ofet £

0 0x
b Fmr o
o o
(o]
I
o
rlo
|'|I
r_l.l.
ur
=
4
N
= 1o
()
E o

oot
N
1
To

B
0x
Ao
o

4 o
A
o
0
et
ic]
Ho

=
[m
o

ofn

;

HL

8

x}

0% A

0ot
=)

|0
Hu
>
ol
T J

x
M o=
0>
S
e o
oy
oo
[
AN

6§|T|
rg W

e}
g
0
H1
= Hr
Hl
S
<)
0 lo
o
2 o
P o
o 15
1o
H
4o
o
H

1l
=]
s0
a}
-
S
>
i
H
=)
o
=)
0
°
2

I
[H
iz
il
1o
|-II
;
o
I
|

S Z2de 2ot 2 dg2 2ot

Z=a} siiAMoflM CRP12| T Z2HE|= 3R}, 7A =3t HF20i|A

2 HESES 2%lon Y Z2He s ZE FuipolM He =

28 Hrh 22 HEES 7K1 ATk CRP2= 44 8Xf =3t

MEoM HESES 7X|3L AX|e CRP1 2ot AiAez A2

HSES 7KL Qo CRP1o| Mt Z=2H sgdler RHE
H

HEE2 3RIRE 7RjolA 2f2t Z2HE| EQRF9| oF 20%2t

0
]
o
[0}

— — -
10%0l| siEsiod, 2t RHES 22 XIpollA 2F 15%2t
10%2| Hs%E2 71K Uck & = =g

ZEHOA A2 Ui Waos M8skn glont HEET 3
7] w20l 08 et A AL LM Hoz ekt
CRP1S| St 7t X8t M2 M3t BE RolA Fib
=]
o

=

Z28of Hlsl 2 LEeH, £

F Z282{o] il siEsks 4kt

2 e g 3 pAEEA Pl Z=Eo

Al Zolst BIEZS Ho|D QICk 0|2 Fig. 9oilA] Al

§F 1} Zo| =t Z=2Hp{o] {Folfso| MY =22 2{of o]
L

= A ghFol

=
ol o
e
=
i
B
s
ot
OE
b
g
o}
I
Hi
N
>
=
<

10

4. 8

= ==0ME At Z2ERe| Dl x| wE 57|
To| dek2 FAlAS Sl HTFSICE TRl 2 RANSE
HEsIen, PRlslA 7|He DeFolM tAE ZHAe|
HIWE Sof ASSIAUCEL Tee ZT2HR{o| YorZof ofaf &
S| Z2EEo| BTt &2 2 FUe elnt 2UET F
2 LERD Tt ofE 29 2 et 2HES 2 L
EfefS 2olsiict

HT
20
[0
=2
>.
T
&
>
LEI
=
i)
1 I
B

Sugst 9 SAst] BE PHEE 212t Zale| £93
of of 25% 3 40%Z FHEUCH, SRSl BHEE M
4 TR} M2 Uit WO KI85P| TR0 57 Aol
Fopt mese solsiict. S5 W4t oie B9 tEYe
3 4lust pHlso| MEZ0| ZelE =230 0% Y
M3t & U T|FE MEo| Clet XgolA LIl T2
3ISE AS WAl U 27 suE ek SH AV} Bese &
ol

S5 SAGIA ZUS DEAES S5 B ¢TS4
& ofjmole, 55| BN ZoEelo] e SH AAS 9
il SI71 Alefnt offz} 3] AlefolMel £7Ixl 24 ot
Lest o2 moiE)

2 o XA ARipiETIS Al TRl Tl
52 9I8t OLIXIEUY M3 U FRAIAE AL DiRle| 24
Ol ‘Mo LIX| HZIS 9Iot AIBA St FAAIAY Tl

|

sio|nf X|2ol| ZAL=RILCE
References

Hoshino, T., 1994. theoretical

analsysis of propeller shaft forces on contra—

Experimental and

rotating propellers and correlation with full scale
data. Propellers/Shafting 94 Symposium, \Virginia
Beach, U.S.A., September 1994.

Inukai, Y., 2010. A development of the electric
propulsion vessels with contra-rotating propeller.
International Propulsion Symposium, Okayama, Japan,
April 2010.

Inukai, Y., 2011.

propeller with tip—raked fins. Second /International

Development of contra—rotating

Symposium on Marine Propulsors, Hamburg, Germany,
June 2011.

Kim, H.T. Choi, S.K. Hong, C.B. & Kim, J.S., 2011.
Development of analysis method for resistance and
self—propulsion using CFD. Proceeding of the Society

JSNAK; Vol. 50, No. 5, October 2013

289



I

AP Tzl Wi mpbl wE 57178 o

1)

of Naval Architects of Korea, Busan, Korea, June
2011.

Miller, M.L., 1976.
Unsteady Forces on Counterrotating Propellers in

Experimental Determination of
Uniform Flow. David Naval Ship Research and
Development Center Report SPD-659-01.

Miller, M.L., 1981.
Unsteady Forces on Counterrotating Propellers for

Experimental Determination of
Application to Torpedoes. David Naval Ship Research
and Development Center Report SPD-659-02.

Nakamura, N., 1986. Apprication of Quasi—Continuous
Method to Estimate Open—-Water Characteristics of
Unconventional Propellers. 7ransactions of the West—
Japan Society of Naval Architects, 72, pp.165-175.

Nishiyama, S. et al., 1990. Development of Contrarotating—
Propeller System for Juno — a 37000-DWT Class Bulk
Carrier. Transactions of Society of Naval Architects
and Marine Engineers, 98, pp.27-52.

Paik, K.J. Seo, S.B. & Chun, H.H., 2000. Analysis of
Contra—Rotating Propellers in Steady Flow by a Vortex
Lattice Method. Journal of the Korean Society of
Ocean Engineers, 14(2), pp.36-43.

Sasaki, N. & Nakatake, N., 1987. Study on Contrarotating
Propeller (1st Report). 7ransactions of the West-Japan
Society of Naval Architects, T4, pp.129-142.

Shuku, M. Ohta, T. Saki, K. & Hoshino, T., 1992.
Development of a Contra—Rotating Propeller System
for Large Ships. Mitsubishi Heavy Industries, Lid.
Technical Review, 29(1), pp.1-7.

Strasberg, M. & Breslin, J.P., 1976. Frequencies of
the Alternating Forces due to Interactions of
Contrarotating Propellers. Journal of Hydronautics,
10(2), pp.62-64.

Tsakonas, S. Jacobs, W.R. & Liao, P., 1983. Prediction
of Steady and Unsteady Loads and Hydrodynamic
Forces on Counterrotating Propellers. Journal of Ship
Research, 27(3), pp.197-214.

Yang, C.-J. Tamashima, M. Wang, G. & Yamazaki,
R., 1991. Prediction of the Steady Performance of
Contra—Rotating Propellers by Lifting Surface Theory.
Transactions of the West—Japan Society of Naval
Architects, 82, pp.17-31.

Yang, C.—J. et al., 1992. Prediction of the Unsteady
Performance of Contra—Rotating Propellers by Lifting
Surface Theory. Transactions of the West—Japan

Society of Naval Architects, 83, pp.47-65.

290

CHeEMEIS=R% X 50 & AI5 = 20132 102



