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Summary

Various energy-saving technologies have been developed because improved fuel consumption contributes. Pre-swirl fins, which
consist of multiple fins installed in front of a propeller, swirl inflow to the propeller in the opposite direction of the propeller rotation
to recover the waste energy of a propelled ship. The propeller mast be designed in consideration of pre-swirl inflow, because velocity
distributions flowing into the propeller are changed by pre-swirl fin. This paper describes a propeller optimization method in
consideration of pre-swirl inflow using real-coded genetic algorithm. A propeller was designed by utilizing the present method.
Propeller tests in which influence of pre-swirl inflow of the original and improved propellers were carried out.
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Fig. 1 Concept of UNDX (Tow-dimensional case).



T VAT — )T 4 A2 KB FERGEF O 7 e T B oAb

3.1.1 &Rk
TEEIZEARIC, 2 HOBEKE, B a2fssno
CIEMAICHE - CTAERS D, 3 FHOBMEK B ITIE

BT OB HER S 2 ) 5 7= D IS AV b, I

AT OEMEREE, ZOEMESTRbb 2 HOBEE

B, P, 245 R H O RSy o, 1 iHR O d, 12 H 6 S

ZRUSNOEMORSY 0, 1%, 3 BHOBAK P, L W%

REME O d, ICHBISES. CRICkY, WEAE

BUMZERIC BV CHE TR L TV A AT, TRER

RVREIC AR S L, TELANE < ITHEE L TV B 5A 1T,

TR AR SRS, 22T, LMo

Wl \fn, CRTZ EICEY, REEBROBASRML

THEMADLRELANS 2 & TRENEREND X

IFEIN TS, ZoLkx, ARIND HEEDO~T |k

MIQRTESND.

C =(P+B)[2+z 6+3z &,

= ?)
- . o
sz(Pl+Pz)/2_Zl el_g;‘zk €

=720

f
(y
(3

C,,C, : TEED~s L

PP, : BUERD~T ~ v
¢:Pk£UP®E%

d, : P, &#%y BP, L O

n, 1 REERO M@
4~N@q)wmﬁﬁkﬁzﬁ’%wéEﬁﬂﬁ
z, ~ N0,0,7) - @RADE 3 HIC B EREKK
é,¢ : WML~ hv

| FEAE(R 2

a,f  BFEREEZREST DT A4
(a=05,=035)

INU\

O-ls 2

Ths.

3.1.2 HRRKETIL
ARFFECTIE, D ¥ IC XV RE S 172 MGG (Minimal
Generation Gap) E7 /L ZMHRZRET L ELTHWS

(2R84 M5 11

MGG E7 /WL, #HEGRIROBRIZ T v & LTHEIR 2 38R
D&, AFRIROBIIL— Ly MR X fe@fig Tld7e
W LR E IG5 2 &0, RO ZERERFRCERL TV
HEWwbhad, £z, AFRFICE W TH SR BT 722 Eik
DRRAFRIND LD ITR->THEY, %l@\ﬁm@aa
B 5 1 ~BET 5 L OB LTH Y, FhRMIHK

FERROEND ENIMEERH D .
Selection for Survival

Parents and Children

Selection for

Population
w o

Fig.2 MGG model.

EBRATON 2 BIGIRFE LD FIRITRD 4 2T » 7T
rEhas.

(RFvT1] MHREBDOER

BREHERE T X MMERT D2 EICL Y, BOEESN
DY FoAi, mRF¥ v =G AiEERL, TrXT 0%
MRT —Z BB T 2. 20L&, T uXTH:HOYREHR
Da—KE, A% a—, L—B LY KREES5AITFETR O
HLOEEHT 5.

AFIETIE SQCM 12 & 2 TEH 7 1~ 7 MEREFHRIEIC

T u T REEHER L OHINSOMEGREIT S . itﬁw
RS aie LTniug, 2 oI vsEacinz shs.
FIRSME TR (KR T2 XT) OB N, #HiZkhd
FCLREOFNEEL D KT .

[RTvF2] HEER
R (DA O, —xtoBl (M) 2EH»6 T
VT NI SN

[RTv T3] %X

AT w72 TEIEINEmBNG, UNDX 2LV 2 o1
Rz ERT 5. %ﬂ6_0%1,$ng&éiﬁ7m
NTMEREHREIEIC LY, e 2T HEER X OISt OfER
21T O . HIREEEZME L TV DEE, 207 a T 3ko
AT T TOFIxG & LTRE SN, filEMt 2T



12 H A T aim e o 26 75

FEEDOEN 2X N A2 %5 £ T EEEOFIEZ#E: Y &9,

[(RTv 4] HEFEER

ATy T2 CBIINZEBB LA T v 73 TER IR
2x N fHOEEO G 2 [HOMEEKEZ RS, BB
R THLEBE, ZNERS 2x N + L EOEEDOHH 5
N—Ly FERRICIVBRENEZLDOTHD. 25 2 HOM
K&, A7y 72 CREINT-HBELEESHRZD. AT v 72
M4 &ML, HEBEBPINRT D E TEHAEEITD

3.2 BHEHE &L UHIRESG

A bR 2 BB F 1%, FTEDOHES & 584
SHD MY R/MET D200, MLy ZEE RIS
TLHOTIEARL, BELTDHS T L ORI Ul F
NT A PE NV QTERLIMEE T 5. BB F B
FORTAT B PEUTOXSICEKL, BEMKF ©
EARALME 7 < .

P
F=2 3
0 ®

=72 L,

P= exp(—|T — | ety

AFETIE, b OWFE THER SN D 7 17 O HIE

X SQCM ([Z L 2 EH 7 LT MERERRIRIC L W EHMET 5.

TR EIFBNG, AY RIS LR E R T e T ERE
FHRIE LB Lo, FHERFMBRKE R D70, A%
OEEE IR Ly, RdEicsid 27 a7 %
REREAM X, IRENT RS 7 ¢ 405 TR L 72 i & 8 5 1
HHOEY L2 RAEE E L CE XD ER 7 a7 %hE
FHREICE VTS .

Fo, KRB TIE 7 = AF ¥ ETF—2 9 2T 5
72, Bk < T _RTDT = A AEORFEN S 1 FKH &
2FEBHDONRENMIBWTAEIZR LRV ED L L.

3.3 ERETEH
AEREEFEICBOTE, BRFMOYE Yy FH510, Ik K¥
¥ UN—FHEBRRER LT D, ENLS DKM T —
Z, Thbba—F R, AF¥a—, L—FBIOHEKEES)D
Fi7g EIXRLERET DRMERH Y, R FHEE LIS O KR
T2 FEROLOEHERTS.
BIREGHECIZH T2 > TiE, EALRZ2ERALETH
5. ZITE, TuxXSoEREPLLT, a—-FNFmo
HE 3 H )N NACAG6, v > /N—23Fi ) NACA a=0.8 D EWF
IR % T TORERSHMNE THWS.

BIPRRE L ORGFTEBIT RS MO Y F 57, I K+
¥ UN—=HAAETH. ENEN RGO 3 S L0 ER

2017 -6 H

N5, Zobx, EHEE GA TR HEEERTELR Y
P X, 2hbd 6 HORHFLERERS &L
X (PP, PyCoy s Crss Cry) EREND.

TS ORGIERIL, WIERAEROERITT & LI,
T DHITFEEME GA DXL UNDX I XV Ak S s.

4. T4 ERADOFTIBZEA

AETIL, ERREREESDZ 74 v OFERET 4 %)
OF aXTEIZEBT BT FH O kR KOG R
WTakR %,
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Table 1 Principal particulars of fin.
Diameter (mm) 290
Number of blades 8
Hub ratio 0.138
Blade section NACA0014
Chord length of blade (mm) 32

Fig. 4 Fin.
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Fig. 3 High-speed circulating water channel.
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Table 2 Average velocity.
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Vv v,V V!V

0.964 0.133 -0.023
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TEELL. TOHREITa 7 0EHEH% Table 312, 5E
% Fig 10 {2/~ 7.

Table 3 Principal particulars of propeller model.

Diameter (mm) 250
Number of blades 4
Pitch ratio at 0.7R 0.68

Expanded area ratio 0.5
Hub ratio 0.18
Skew angle (deg.) 0
Rake angle (deg.) 0
Blade section NACA

201746 H

R ERNY, MERROT = A AFB LNy 7 HENE
DO A 15 58], PEFImE 10 5E L L.

— BV =1.0m/s, 7 aXT[EERH n =10rps DHA, T
R HAMEHRE J =0.4 (2B 5 T u TR EIZ LV G
i), bvr, [REKJ) DHP 3 L OV m R Z 55y,
% Table 4Z7RT. ZOFMOHES) Ol % FLHEHES) T &
T5. T, ZOFRMICB T BRES W%, 2K DHPC &
T 5.

FEMEIFEAFEAE I D 7 ¢ U BEM STV RV REED HE
TR 02 EREL, 74 v EEHETHZEICEVHEN
WD 15%IEMEAET D &, BHEHESIT Table 5 1ZRF
L7225, WWHRT a5 2EMFa<5 L LT, 35
TR LTl b FiE 2 O T, BERIE R O 7 1~ 7 BER
WbxEAT o7, 7 aZ EEEAY 10rps DEAFIZIBUVT HAE
He) T &0 D X5 IRl bR A 24T O . BREHEE O
% Table 6 IZ/R L, XRHEEN Z OMPHMNICINE S X 5125
Baiio.

Fig. 11

Panel arrangements.

Table 4 Thrust, torque and DHP of original propeller
by calculation (¥ =1.0m/s, 10rps, J=0.4).

Fig. 10 model Propeller.

5.2 REIEHEICHITZEFEEN L EER
Fig.11 ICHAIIR 7 0 T DR RICB T 5 %G8 %

T w/o Fin (N)

Torque(N * m)

DHP (W)

o

66.141

1.954

122.795

0.539

Table 5 Thrust deduction fraction and 7" in calculation.

t+ At

T Target (N)

TTargel / Tw/o Fin

0.23

68.718

1.039

Table 6 Ranges of design variables.

Pitch ratio at root 0.5~1.2

Pitch ratio at 0.5R 0.5~1.0

Pitch ratio at tip 0.5~1.0
Max. camber ratio at root -0.02~0.09
Max. camber ratio at 0.5R 0.00~0.06
Max. camber ratio at tip 0.00~0.04
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Fig. 12 Pitch distributions.
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Fig. 13 Maximum camber distributions.
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05 DB T [ D W IR IT 0.964 m/s TH Y, Zhafthif
RIHWET DL 0036 THDH. THUTHL, HEINEZHD
PR w, 13 0.16~0.17 FREE L 725> TV 5. ZOZEFEHFIC
LB ONTADERFRITIET 4 S K DT RO
e, AT MRSy, TibbEERTEORENE T
WHTeHOThDHEBZLZLND.

WTNDOEHIZB N T HRER LV =1.0m/s D&,
T a7 A n =10rps D&M DOIRER ) DHPY £V b
HLTWD, Fe, R7aXTIZONTE, 7 uXT[Elg
% n =10rps OARRE T BAEHES) T &L 72 0, (RIERH I
LTV HREIZBWTIE T VAT — L7 ¢ UREHENT
WRUNIRIED 7' A7 BRSSO+ o %R 7
BRI BELITND.

0.25 T - T ; T

o
o
|

<
—
|
|

0.05 e

0.7 T T T T T

0.6

No

0.5

! !
0.4 J 0.5

0.4

|
0.3

Fig. 14 Calculated result of propeller characteristics.
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Table 7  Calculated result of self-propulsion factors.
ORIG. ORIG. IMP.
77 (N) 66.141 68.718 68.718
n (rps) 9.53 9.67 10.00
O(N - m) 1.930 1.998 1.894
K, 0.186 0.188 0.176
J 0.348 0.343 0.335
10K, 0.214 0.215 0.191
0° (N * m) 1.893 1.961 1.861
V,(m/s) 0.829 0.829 0.837
w, 0.171 0.171 0.163
7, 0.484 0.478 0.492
r 0.981 0.981 0.982
DHP (W) 122.795 121.384 118.989

DHP / DHP® 0.941 0.989 0.969
Ny 0.965 0.929 0.920
7 0.458 0.436 0.445
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Fig. 15 Thrust distributions in radial directions.
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Fig. 16 Torque distributions in radial directions.
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Fig. 17 Thrust distributions in radial directions.
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Fig. 18 Torque distributions in radial directions.
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Table 8 Thrust, torque and DHP of original propeller

Fig. 19 Experimental conditions. in experiment. (¥ =1.0m/s, 10rps, J=0.4).
T°f™ (N) | Torque(N * m) | DHP (W) 7,
63.758 1.847 116.04 0.549
6.2 TRRSHMERERBRER
Fig. 20 (2R KO B~ 1 <5 0 B ERE & 779 Table 9 Thrust deduction fraction and 7™** in calculation..
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WNREK, , PIIREK, 2T Eifitds KO nﬂﬁl
RAR/N2RIEIZED 3 &TTLU LizbDThHD. 7 ux
7 9 A T FERIS K ORI 3 UGl L7 HE R, b 6.3 MEEFRFDOTARSEERRER

}V&{'Tf\ikct DEE L EE R %Bih 3 D ERpE T oo | AT JEH 7 11 25 |2 SN I SR HEHE Sy TV % H s HE S |0 2k
/\ _h%@l@iﬁ‘?;ﬁi@ﬁﬂiﬁfrbt E{J\ﬂﬂﬂ/ﬁ%ﬁﬁb‘ Ebf;ﬁﬁﬁi)i()\ai%%ﬁ TTargetg)zb(ﬁE \.2‘%)1/\“(, Eﬁﬁ7
TMWTé- BTN T B T 0 | RIEIC 5\ TRl

T 0T O BMPERERBRICE W T, &E SR Th D — T a RS YERERR AT 572, ZORE% Fig. 21 107+, X

FRIEIER V =1.0m/s, 7" 1~ 7 [BlE54L n =10rps, RIERT =0.4 moty 2 — L (@B L OO 1XEHS %7 LT
SRULHD, W7, RESNBLOTRSTHEOME  py g L5 7 R T ERREERA L B 2 Tk
Table 8 (S, Z0> & & OHENZIMER T, S 12 ;g 1 ek GBI L TR 7. BB B AR E 1 KX
/1% DHP® £ 9%, 3 RELFRICY A ARSIV i U, 2 o0 | st BV C B & 725 77 1 <5 [l
REETOHENBD L 02 LETEL, 71 2SR MBI BIEEE A E RO
MECORBMD EOMMEE 1% EMTET S L, BEES

T % Table 9 (TR T H L 72 5.



18 H A e 1L

68— : .
67 IMP._
- T =66.245N
2 66F | -
Z ¢sLOR 1
=
S T=63.758N | - .
Y | L | L | L
633 9.4 9.6 9.8 n(rps) 10
120 92§gm 9ﬁ1q§ | . | 98§qm
| DHP =116.04W
_ i IMP.
2 o DHP=110.10Wx
& | ORIG. 57 DHP=110.07W
a :
| DHP-l04sew_ | |
i | | | L | L
1083 9.4 9.6 9.8 n(rps) 10

Fig. 21 Experimental result of thrust and DHP.
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Table 10 Experimental result of self-propulsion factors.

ORIG. ORIG. IMP.
Tt (N) 63.758 66.245 66.245

n (1ps) 9.28 9.41 9.88

O (N * m) 1.797 1.861 1.774
K, 0.190 0.192 0.174

J 0.331 0.325 0.319
10K, 0.211 0.213 0.185
0” (N - m) 1.771 1.834 1.753
V, (m/s) 0.768 0.766 0.788

W, 0.232 0.234 0.212

Mo 0.474 0.468 0.480

M 0.985 0.985 0.988
DHP (W) 104.86 110.07 110.10
DHP /| DHP® 0.9036 0.9485 0.9488
M 1.042 1.005 0.977

M 0.486 0.463 0.463
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Fig. 22 Comparison of DHP(ORIG.).
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