creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

TEHAL =T

x4y ZF 49 7|y AAS
st A HZFS 71 A&

Application of the Approximate
Optimization Method for Improvement of
Actuator Disk Method Representing a

Marine Propeller

2021d 08¢

AEigtn thehe
ERL DL

BN
oho
2L



zzdy 5 49 7Y Ade

g% 24k A8 Y A8

20219 08€

2449 FHAAL FALEL AFT

2021d 08¢

A2 of 8t



N

=
=

Ae] Aol AFE AAR s zaAHR FAHE 52
“8a Bttt o2 <), At b A FAE FX
Aede 2t gy ZEdee AA FHelx Asdoew
&5 7FEAA AA BASAMY] AdEs SV Advle] 19
ot s Zo|5A wELH uelbd, AAe wkE Ay oE Ao

A wek olsh ol meAelsl AAY BEAge e F1 U

AALG-A 98 (computational  fluid dynamics, CFD)S &85}
AAal-zzAy Fsgs pst Aute] Fz "W AT AT
F4317] YsidE CFD &4 A Tz s gatz oz RARs|opstt)
olgdt Tz TALF 7Yl EA S Z SM (sliding mesh) 7183}
AD (actuator disk) 7]®eo] &EAsttt. SM 7|l =2 E A4 F
3|-dAAAZF CFD  #A&  FFsry] Wil Zzdos Qg

Aee Ax =4 g Qv AHol Ad. shAEL
)

o

=
At A& Gl evFe LEst] IS EAbsks 7ol

Hole Z2EeE BAR] 8 ddst F8 F27) ofd Z =
g 0.7 1AM Hol F¥< deEhd= Hough and Ordway 2
AD 71¥e] F=2 Argdt) exut, TzAlguit WA upE FHu)
F9 A9 A717F =222 Hough and Ordway®l AD 7|¥HS EE
Ao dEAoR Agst= AL FAVE SA S

1 -":r'\-\.ﬁ-! o ':I:-'I |



v ATelM s did ZEAee] el 2AF HA 3 7S 285k
Hough and Ordway? AD 7]HE& /MAstgon, ol E& oAt
T2 3| Ao 93 FH EX9 FASIES Hough and Ordway2)
AD 7I& MAdsts A7E Tt o 223 el= Joubert BB2
Ag ZzsAlefol MARIN 7371R =Z=z#go|tl. HZH3F 7]HoA
MARIN 7371R Z2#¢¢] F¥ X7} FQsta o5 37| 9135t
SM 7I& A&ste] CFD 3sl4ls ek o W SM 71¥s A5
at7] gl AxH] 0.3, 0.5, 0.7 7|4 MARIN 7371R 237 o

CRERS BT

32

C24E 39 9 B3 ASE AATY vE AE

Hlasileh " ®WE Fxo dieide F 7MY &id Aot
AR o™, W fEel digk Apolm Qla] AD 7 e] 7iAdo]
Aostrtay Aty SM 7IW o] fFAMdo] HUZl HEH 4714
< ©o]&3ted Hough and Ordway AD 7]'HE
tho47kA HAH g 7S FeEll ¥ A3E SM 71} vl
Az WAL 71A s ARk HAsE Fdseles o
FAMS S Btk Ax6] 0.3, 0.7 A E BAF 717 F45 o] &3
#HA 55 43 AD 7I'Ho] Hough and Ordway$l AD 71H
SM 71¥ 3ol FAMdel B A vehds s glskiv
Uso® SM 7S ol&ste] Ad sids FAsidlon, By A4
Ayl vuEs Sl A A 2dAM SM 7IWlE AT
719, Hough and Ordway® AD 7]¥, =} 714 545 o] L3
HAsE 3y AD 7Y Ayds= AE vusigitt, 22y ds

38

2 A L) ¢



2
(2

AFAE, sliding mesh 714, 4% A% 7Y, Tz

=0
T
95 4, A A, 24 AR /)

%

H 12019-22220



LISt Of FIQUIES wuteuiuniinieieieieieeeeeeeneeneeneeneeneeneensensenseneensensense 5
| D5 TY Ao ) A =1 o) (=TS Y 7
A1 3 A B ettt et e e ———— e et —eta— e —a—a——_ 8
b R e - B 8
IR B e TN 10
R s e B = TN 14
Al 2 FF B A e e e e e e e aaan 15
AL A ZFFT BA e 15
A28 ZZHH FA e, 16
Al 37&7&1} L1 R I 1 18
R R - Lo e N 18
A 2 A OJAEBE T e, 21
Al 3 A Hough and Ordway 2] AD 718 oo, 31
Al 428 A DY D FA 2 e 36
A 4 ZAF ZABE 71 et 40
A 1A ZAF HAS 718 A e 40
A 2 ZAF e, 41
A S A T BT 48
I R ) Y B - B 48
Al 24 SMI HOM 71 &€& X A 8. 50
A 3 A ZAFHAT J1H F S 52
A 4 2 POW I BII oo, 57
AL A A A 4 A AF UL BEXZ U oo 60
A B T et ————ee e e e e e e e e e e 63
FETLTE T ettt ettt e et e s e be e s e ae e e eane 65
2N 015 = ot AN 67



List of Figures

Figure 1 Evolution of the cavity pattern during propeller rotation (Ji
E1 AL, 2012) et 10
Figure 2 Wake field of SM (up) and AD (down) (Seb, 2017)............. 11

Figure 3 Comparison of wake plane at x/Lpp = 0.4911 (Seo et al.,

Figure 4 Convergence of the forward speed (Jasak et al., 2019)..... 12
Figure 5 Computed second invariant at Q=300 iso—surface colored by

relative helicity (Feng et al., 2020), AD results (left) and SM

FESULES (FIERE) i 13
Figure 6 Geometry of BBZ submarine .......c.covevviiiiiiiiiviiieieiieeieennenn 15
Figure 7 Geometry of MARIN 7371R propeller ....ccccovevveeieieniinnann... 16
Figure 8 Time series of velocity component at one point ................ 19
Figure 9 Control VOIUIME ... ....iiuniiiiee e 22
Figure 10 Linear interpolation (central differencing) ...........cccceen... 26
Figure 11 Decomposition of non—orthogonal cell........c..ccoeevviiieninnni. 28
Figure 12 Thrust distribution of Hough and Ordway method............ 33
Figure 13 Outer surface of a cylindrical AD...........oovviiiiiiiiiiiiriiiiinnnns 34

Figure 14 Thrust and Torque coefficient results (Pontarelli et al,

Figure 16 Computational domain and boundary conditions used for
POW test (SM method) .....coovieiiiieeiiieeeiiie e 36
Figure 17 Computational domain and boundary conditions used for
POW test (AD method).....ccvciiiiiiieeciieeciiie e 37
Figure 18 Computational domain and boundary conditions used for
self-propulsion test (SM method) ....coovvveeoeeeeeeeeieeeeeee e, 38
Figure 19 Computational domain and boundary conditions used for

self-propulsion test (AD method) ....ooovveeuuueeeeeeeeieeeeeee e 38



Figure 20 Flowchart of approximate optimization method................ 41

Figure 21 Example of approximate model using RSM.............cc.o...... 43
Figure 22 Example of approximate model using RBF ...........coooviini. 44
Figure 23 Example of approximate model using KRG...................... 45
Figure 24 Example of approximate model using WAS ........cccoeeeiinnis 47
Figure 25 Thrust and torque coefficient results of POW tests......... 49

Figure 26 Contour of axial velocity, SM method instantaneous
velocity (left), SM method time—-averaged velocity (center), AD
MEethod (FIGRL) oeeee e 51

Figure 27 Contour of tangential velocity, SM method instantaneous

velocity (left), SM method time-averaged velocity (center), AD

MEthod (FIGRL) cooeeee e 51
Figure 28 Garph of axial (left) and tangential (right) velocity .......... 52
Figure 29 Graph of thrust diStribution ........ccooeueviiiiiiiiieieeieeieees 54
Figure 30 Graph of axial velocity distribution..........ccccceeevvevviveveennnns 59
Figure 31 Sampling points used in AD method........ccocoviiiiiiiieninnnss 56
Figure 32 Response surface from different methods........cccevvvvenenne 57

Figure 33 Comparison of velocity distribution from different methods

..................................................................................................... 58
Figure 34 Comparison of velocity distribution (J=0.3) .......ccccevvvrenen. 59
Figure 35 Comparison of velocity distribution (J=0.7) ..ccoveveeveiinn.... 59
Figure 36 Result of self—propulsion test........ccccevveviveiiiiiiiiriiiiiiiiiinns 60
Figure 37 Velocity distribution from self-propulsion test ................ 61



List of Tables

Table 1 Main particulars of BBZ submarine .........ccooovviviiviiiiniinnennne. 16
Table 2 Main particulars of MARIN 7371R propeller.....cc.cccceveunnn... 17
Table 3 Boundary conditions applied for POW test ....cooovviviiiinninnne. 37
Table 4 Boundary conditions applied for self-propulsion test ......... 39
Table 5 Correlation fuNCtIONS ...c.uuvviiiiiieeiiiiiiiiiie e 45
Table 6 Comparison of thrust and torque coefficients........ccccvvvveeee 49
Table 7 Comparison of axial and tangential velocity .....ccovvevenvennnn... 52
Table 8 Maximum R2 from different methods .........ccccevvviiiiiniiinin. 57
Table 9 Comparison of maximum R2 from different methods.......... 58
Table 10 Comparison of maximum R2 (J=0.3, 0.7) ......cccevvvvreevvrnnnn.n. 59
Table 11 Comparison of self—propulsion point.....ccceeveveeeeeeeeeennenn... 60
Table 12 Comparison of R2 from self-propulsion test................c... 62

Table 13 Comparison of velocity distribution from self—propulsion



=

A1 A

Al12 a7 #HA

e, =)

S

B EEEEE I

Aol %Y

st M4 B =z

s 7

Bl

2]

B

=
= X

).
°

¢+
2

m
A
H

)

3

A Az Fab

€]

S T
T -

JJo

z e

3)

il

3| A} 7] 7 (international

\or, =A
el A e 1

9|

0

B
SHA| Wk

2]
=

zE

3)

‘?4

0
=

L
hu

maritime organization, IMO)of 4]

’

<)

ojiy

A

3
™
To
oF
B

o7
P

Gl
{Jo

,.m.o
&+

AL P53}

A2

AAFA 8 (computational fluid dynamics, CFD)S & &

t}. CFD+

-
- L

Y

ZrAeoa LAYH

tl

=
"o

oF

SEERIES

e]

ay



el 435 d& Ath= Aol Qo a8a By A= 2
syl RHEE AZS3sh, PIV (particle image velocimetry)®t LDV
(laser Doppler velocimetry)$ £ f5 A5 AvlE &&ste] Avt

o Ay 9] e 2#elo] Zbsstth ahARE, CEDoM = R3S

>

o] JFsdttt HZeli= CFDE ol g3l M T4 ng @S Fas
W AG W A AEe B 23 %S Brkehidl glo] AAle
Zzde Atold 4EAEe) JFS FARY] Ad FWE FAS 2

AolA PMM (planar motion mechanism) a4S 43 3tt},
CFDE &&slo] dute 3 Aess F4s7] fall 2715 4

EA BAMokstt), Adute] XV E TR

= 7] ol+= SM (sliding mesh) 71¥ 3 AD (actuator disk) 7]

. SM M2 A S e gos A ZeA ddE
b

Do
=
ol

]

;O
o

A4 HAAY)E G AR JE ¥ A0 AFeAw Zza
ee e A RA] eAE Wl dd 9 Bel xe A%
SEE eFen, olx Q8] B A Aol zefth AD /WS
sz 94 Astel A% ol Y% £AF I AA T

g5 BAFSkE 7ol HZele Z2HYE BAFeHY] Y8 gL F
g E3¥7} old Hough and Ordway (1964)¢] AD 7S A}g3Hc)
Hough and Ordway®] AD 7]¥o]gt Wbl w& FH3 B39 #3327}
Goldstein ¥¥& W=2LEE EXA7|= 7]Holth Goldstein ¥+

Goldstein (1929)0] HE A o] Zof 7|utslo] wH o ue} F3 31 B9

WxE 2Rl fFARH Abet E3Eo|th Goldstein FE oA X2
Ay grge] 0.79 AN Ho skEo] vEeERdTE ShANE, ZE e
HE e e Ao st w2 A8 2717 2 ERE, Goldstein
XS BE Xrdyd dE AR Agss A2 @AV EAsH

=
Hough and Ordway?] AD 71¥1 2] 7f4lo] & Q3slc}.



e Fo] Wad NS =
W, A §49e TANS skl AER RS SM /s
AD 71¥e] itk

[

Ji et al. (2012)2 SM 7I¥l= o]&35to] =F st whfolx Z 2
Folol Z% Ao t§] CFD A< 48354t} Figure 1 Xz 37
7 gk 5] FF UEhdE v F Y AdE AY A vl 3
oty SM 7S B3l AA5H ¥&2 A7 A= A Aot fAF
o AP ES B o, T2Ay FEddoR Qe by W F
¥ olo] FFo Fu Wtz Qe yE=dS gtk o)#dt 24 A

6=-20° 6=0° 6=20°

=8¢

(a) Experimental observations

(b) Numerical simulaions

Figure 1 Evolution of the cavity pattern during propeller rotation (Ji
et al., 2012)

10 2 M E g



Seb (2017)2 SM 73} AD 7S o] g35te] 248 ds AgS
T3 3 zZgAY F99 FEAS v|wet et Figure 2 Z 238 F
%)

9 £xo 7712 vwst Aato|th. AD 7]¥o] SM 71¥ ¥} B]wé}e]
bR o7 gtEldel A AntE B Wk ofye)l, AL A el o)

p =N

9 AgHoleh AR Ysth

Figure 2 Wake field of SM (up) and AD (down) (Seb, 2017)

Seo et al. (2010) CFDE o]&3&to] A9 A&, e o5 2
T A= FaASAT o] W, TrA W5 A iAol SM 7H
= A &5l Figure 3> A& a4 A3 F x/L,, = 04911 °|4¢] ®F
XS A9 Axel vlwd dyfojnt, A F919 oE &3 S5
oM 3dsks ZrAY] JFo] yetv= 22 A Ayl dAE

tho S, MR S FRAASE A Al s A Fstol
FE ATNME Ar] FRe A4 zU% Adel ALsSthn FFHY
o,

11 i

R



19 3
0k o | wa
: | 1
001F as oot R.
: 08 o 2
L ar o} oe
4'002',' L] o
. 0s| o4
® 3 o8, ®)
D03 pedi b o 03
L | o1
f 02| ¢
-0.04 - :"om»
‘ONL LR
A A A
o: 5] [+ 00e
SNUTT
(CFD)

Figure 3 Comparison of wake plane at x/L,, = 0.4911 (Seo et al.,
2010)

Jasak et al. (2019)=> AD 7|'H& o]&3ato] A AALL A4

d #g SMdS Fasion, e 3 £l A4S wo] A

&3 AAY Ede Aed A wasgh sl xo] wWeAE

S Aol 12 0.8 MCR (maximum continuous rating)d ] ®] w3} T}

i

O

22 T T T T T T T T T T T

)

5
:
i
|
:
:
:
:
:
i
i
:
!
I

Forward speed, kn

=« pavalFoam, 1,7M cells -

—— mnavalFoam, 2.6M cells
- navalFoan, 6.4M cells
— Measured mile data

18 L L . L . ] . 1 . 1 .
0 100 200 300 400 300 ano

Time, 5

Figure 4 Convergence of the forward speed (Jasak et al., 2019)

12 A A S



Guo et al. (2020)3} Feng et al. (2020)2 SM¥ AD 7|HE o] &3}
KCS (KRISO container ship) A3 thall 22+ =3 i3 21 I+

AL SRR A F F,AD e FH, f5 BE AR 5

o

Hel a9 AyE SM 7I'He] A¥el vl weklth. Figure 55 At
71¥ el Aul o7 FAS wlwst Ayoltt. AD 7|HS

_‘_f;
SM 7Y 3 wlaske] F¥, whRn], g5 e o] =31 Aol thaiA

Disk tip vortices

I
:m

Tip vortices

g Al

Relative Helicity: 09 06-03 0 03 06 09

|_Relative Helicity: 0.9 06 03 0 03 06 09
Figure 5 Computed second invariant at Q=300 iso—surface colored by
relative helicity (Feng et al., 2020), AD results (Ieft) and SM results
(right)

g 5 4 2T 8t



2 A9 HE3¥ = Hough and Ordway @] AD Z7|Well &AF HZA 3t 719
= Aot AA ZrAY] Y o} FAR BExEE BALE F

5 AMAskE Aolg. 8 #x MAE f8 1) SM 7S o] &3}
Ao F9 ¥ HolHE 8L 2) Goldstein w3 23}

=
HE AE31oY 3) MAE F9 EXE Hough and Ordway® AD
H
s

xS

Ao A AFEE Z g3 e]= generic submarine Joubert BB2 A&
axZZAl MARIN 7371R ZZHejE AFE3tqltt. A3} 7|5l AR
T g 22AHY FH BX HolHE FF8H7] st SM 7S

A g3ttt SM 7S o] €3lo] MARIN 7371R Xz o] F8 E3x
=

Gk AxH] 0.3, 0.5 283 0.7 @A AL & A

PN
AN 24T 29 AG Koo BA ASF KeE wE AF A vw

HA3 71HE A7) 93ste] Hough and Ordway® AD 7]¥elA
AFE-¥ = Goldstein +25 78t H A st dxps} A3t 52 g
of ejTst= EAAAE Aot 1 %, 47FA HA3 7, vs 19
AN, WA 714 @, Kriging 29 193 7hs B thA RS 4
oAtk 47k HA s VWS A8kl HAs @ 5 ¥ E vust
of AAl zEAYe F8 ExXE 7MY Ak =4 EAlske HA3 71
= AT

HA3} 7S B3 MAE FH B3XE Hough and Ordway2] AD 7]
el Agstel ¥ AD 7|2 o] &3kl A& oA CFD &A=
TR A ddE SM 7IHe A&s Ad elA CFD 84

Aakel skl A RS B7hskAT

14 -":r-\ﬁ-! _'-.:3_1_- ] -



A2 Z A A

B Ao AgH 3 A4S generic submarine Joubert BB2
9 ZYPAAAATE FAE o] wlxnt

Jgo7 F7 Fg9u Jrp. B F5do Fo EHL Figure 63 #
2 49 2y 2ALY F

Q AYL Table 13 7t}

Ds=16.2m
9.6m

Dy

9.6m

B =

Ly =70.2m

Figure 6 Geometry of BB2 submarine

15 = A2t &k



Table 1 Main particulars of BB2 submarine

Description Symbol Unit Full scale |Model scale
Length Lo m 70.2 3.8260
Beam B m 9.6 0.5232
Draft to deck Dy m 10.6 0.5777
Draft to sail top Dy m 16.2 0.8829
Displacement A m3 4440 0.7012

Longitudinal center of
gragvity (from nose) Xe n 32.31 1761
Vemca(lff:;f;aofft)gramy Zeo m | 00443 | 0.0024
Scale ratio A - 18.348

A 2 A zEAg JA

B oAFoA AbgE Z2dle)= MARIN 7371Ro]™, Joubert BB22

Ag Zedeolt oy Zzdde 94 @ F2 AL Figure 73

Table 29} 7t}

L

Figure 7 Geometry of MARIN 7371R propeller
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Table 2 Main particulars of MARIN 7371R propeller

Description Symbol Unit Full scale |[Model scale
Propeller diameter Dp m 5.0 0.273
Hub diameter dp m 1.114 0.061
Pitch at 0.7R P, m 4.83 0.263
Hub/ diameter ratio dp/Dp - 0.223
Pitch/ diameter at _
0.7R P/D, 0.966
Expanded blade B
area ratio Ap/Ao 0.7
Number of blades Z - 6

Direction of rotation

Clockwise looking ahead
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Figure 12 Thrust distribution of Hough and Ordway method
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Figure 14 Thrust and Torque coefficient results (Pontarelli et al,
2017)
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Figure 15 Computational domain and boundary conditions used for
POW test (SM method)
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Figure 16 Computational domain and boundary conditions used for
POW test (AD method)

Table 3 Boundary conditions applied for POW test

Egggg?gr}: Velocity Pressure

Inlet Dirichlet Neumann

Outlet Neumann Dirichlet

Side Slip Neumann

Shaft Dirichlet Neumann

Propeller Dirichlet Neumann
e e M-S SM 71 AD 71HE& ol &3ste] Fasty] flsted]
AHEE #lA 99> Figure 17, 18k #th POW allAelA 7lae
Hough and Ordway?] AD 7]"HS A&3t¢low, SM 7| o= &A%
A A M AAE vlasith Ad Al 289 AA 21
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Figure 18 Computational domain and boundary conditions used for
self-propulsion test (AD method)
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Table 4 Boundary conditions applied for self-propulsion test

Turbulence
Boundary . .
" Velocity Pressure | properties nut
condition
(k, w)
Inlet Dirichlet Neumann Dirichlet calculated
Outlet Neumann Dirichlet Neumann calculated
Side Slip Neumann Neumann Neumann
Hull Dirichlet Neumann [Wall function|Wall function
Propeller Dirichlet Neumann [Wall function|Wall function
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Figure 21 Example of approximate model using RBF

Kriging 29 A #olA 937t Az =97o)x] ok A=
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TEE gE geo de ndolt, Aty o He Yl f(x) &
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(covariance)& Zt= <ot}
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Table 5 Correlation functions

Name Correlation Function
Ndy
Exponential 1_[ exp(—0|d|)
n;;
Gaussian 1_[ exp(—6|di|?)
k=1
O, ldi| <1/2
o naw (1= 6(0kldi)? +6(Bildi)® 7"
Cubic spline 1_[ 2(1 — 0, |di )3 5= Oxldil <1
k=1
0 Ouldy] > 1
Matern iy
linear [ [ 710 + uldiy exp=0ldil)
function k=1
Matern cubic Ny 0Z1dy|?
P I_]k=1[<1—kek|dk|+ - Jexp(-0,ldiD
A7)M 8, >0 ol de=|xi—xl| £ HAIFHEY kA FAHLx
7ol AglE 9ulstyy. 2 Ao A= Gaussian ¥ FFE
Abgstalth. Table 59 AadS &l & 4 ARl de 7F F55
A E0] T Al HE Al Ad e Folso] 0°=
FHAN7IL T F A ghol AA 19 #oewE s 18al 6y
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Figure 22 Example of approximate model using KRG
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HeAE gt AER A RS A 71Meltt (Goel et al,

2007).
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Table 6 Comparison of thrust and torque coefficients

Kr Ky Error L0Kq : 10K, Error
(Pontarelli (Pontarelli of
J (present | of Ky (present
i &l results) (%) i &l results) 10K,
2017) ¢ 2017) ST ()
0.3 0.379 0.378 -0.26 0.561 0.556 0.89
0.5 0.288 0.281 -2.43 0.446 0.440 1 ;4
0.7 0.179 0.175 -2.23 0.326 0.323 0.92
0.8
- <& K (Pontarelli et al., 2017)
| ® 1 OKQ (Pontarelli et al., 2017)
v K, (present results)
i | 1 OKQ (present resulfs)
06
| o
« e
S I
= | ®
I \ 4
0.2 ? *
I L I L L I L L L I L
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J

Figure 24 Thrust and torque coefficient results of POW tests
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Figure 25 Contour of axial velocity, SM method instantaneous
velocity (left), SM method time-averaged velocity (center), AD
method (right)

05 0 05 1

¥R, -
[T | |

|ut|/U 0 010203040506 0708

Figure 26 Contour of tangential velocity, SM method instantaneous
velocity (left), SM method time—-averaged velocity (center), AD
method (right)
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Figure 27 Garph of axial (left) and tangential (right) velocity

Table 7 Comparison of axial and tangential velocity

Hough &
(r/RP' umax/U) SM Ordway Error(%)
Axial velocity (0.73, 1.89) | (0.65, 2.01) (_612'19)1’
. . (-2.35, -
Tangential velocity | (0.42, 0.63) (0.41, 0.61) 312)
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Figure 30 Sampling points used in AD method
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Figure 31 Response surface from different methods

Table 8 Maximum R? from different methods

%"rﬁ‘; RSM RBF KRG WAS
a 1 1.12 1.04 1.05 1.06
b 0.5 0468 | 0316 | 0332 | 0.348
R? 0.961 0.978 | 00985 | 0980 | 0.981
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Figure 32 Comparison of velocity distribution from different methods

Table 9 Comparison of maximum R? from different methods

Iéorlé%;‘af‘ RSM | RBF | KRG | WAS
a 1 112 1.04 1.05 1.06
b 0.5 0468 | 0316 | 0332 | 0.348
R? 0.961 0971 | 0992 | 0977 | 0.980
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Table 10 Comparison of maximum R? (J=0.3, 0.7)

Hough & Ordway RBF
R? (] = 0.3) 0.970 0.991
R? (] =0.7) 0.912 0.985
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Table 11 Comparison of self-propulsion point

Overpelt et al., 2015 Present results Error(%)

rpm 266 271.5 2.06
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Table 12 Comparison of R? from self-propulsion test

Hough & Ordway

RBF

RZ

0.904

0.948

Table 13 Comparison of velocity distribution from self—propulsion

test
SM Hough & Ordway RBF
r/Rp 0.736 0.799 0.743
Umax/U 0.989 1.045 1.025
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Abstract

Application of the Approximate
Optimization method
for Improvement of Actuator Disk
Method Representing a
Marine Propeller

Yong Jae Cho
Naval Architecture and Ocean Engineering
The Graduate School

Seoul National University

Due to the hull located in front of the propeller, the flow into the
propeller becomes slow and non—uniform. Because of this, the
propulsion performance becomes different that from the propeller
open water (POW) test. Furthermore, propeller rotating behind the
hull accelerates the flow increasing the shear rate in the hull
boundary layer and decreasing the pressure of the stern. Therefore,
the frictional and pressure resistance of the hull increase. The
interaction between the propeller and the hull greatly affects the
propulsion and resistance performance of the ship, so the importance
of studies considering the interaction between hull and propeller is
increasing.

In order to evaluate the effect of the propulsion and resistance
performance of a ship considering the hull—propeller interaction

using computational fluid dynamics (CFD), it is necessary to simulate
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the propeller precisely. There are SM (sliding mesh) and AD

(actuator disk) methods for simulating the propeller representatively.

The SM method has the advantage that it provides detailed effect of
the rotating propeller by rotating the volume around the propeller
directly. However, it requires high grid resolution at the leading edge
and tip of the blade to simulate the propeller precisely which
consumes a lot of computational costs. Moreover, if large time
interval is selected, the propeller rotation angle per unit time interval
1s too large to reduce calculation stability and accuracy, so small time
interval should be used, which increases the simulation time. The AD
method simulates a propeller by distributing thrust and torque in a
cylindrical are by replacing the propeller geometry. Recently, Hough
and Ordway's AD method, which shows the maximum load at 0.7
times the radius of propeller, is used to simulate a propeller instead
of uniform thrust distribution. However, since the location and
intensity of the maximum load distribution according to radius are
different for each propeller, application of Hough and Ordway's AD
method to all propellers is limited.

In this study, the improvement of Hough and Ordway's AD method
was conducted by applying the approximate optimization method, so
the thrust distribution of Hough and Ordway’ s AD method becomes
similar to that of the SM method. The propeller used in this study is
a MARIN 7371R propeller, which is a dedicated propeller for Joubert
BBZ2. The thrust distribution of the MARIN 7371R propeller is
required for the optimization method, so the simulation was
performed using the SM method. To verify the SM method, POW
test was performed for the MARIN 7371R propeller under conditions
of advance ratio at 0.3,0.5,0.7 and the results were compared with

model test results. The SM method was verified that the errors of
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thrust and torque coefficients had an error within 3% of those of the
model test results in all advance ratios.

POW test was performed using Hough and Ordway's AD method
under the condition of advance ratio at 0.5 and the wake was
compared with that of SM method. Axial and tangential velocities
were compared, and it was determined that the axial velocity of AD
method needs to be improved. Hough and Ordway's AD method was
improved by using 4 approximate optimization methods to maximize
the similarity to the SM method. The greatest similarity was shown
when the optimization was performed by radial basis function. It was
confirmed that the AD method which was optimized using the radial
basis function showed higher similarity with the SM method than the
Hough and Ordway's AD method under the conditions of advancing
ratio at 0.3 and 0.7.

The self—propulsion test was performed using the SM method and
it was verified through comparison with the model test results. By
comparing the self—propulsion test results of the SM method, Hough
and Ordway's AD method and the AD method optimized using the
radial basis function, the AD method optimized using the radial basis
function in the propeller open water test was confirmed to be

effective in the self—propulsion test.

Keywords: Computational Fluid Dynamics (CFD), Sliding Mesh Method,
Actuator Disk Method, Propeller Open Water Test, Self-propulsion Test,
Approximate Optimization Method

Student Number: 2019-22220
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