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This paper presents numerical results of the performance of a marin propeller in cavitating and non—cavitating flow conditions,
The geometry and experimental validation data of the propeller are provided in Potsdam Propeller Test Case(PPTC) in the
framework of the second International Symposium on Marine Propulsors 2011(SMP'11) workshop, The PPTC includes open water
tests, velocity field measurements and cavitation tests, The present numerical analysis was carried out by using the Reynolds
averaged Navier—Stokes(RANS) method on a wall-resolved grid ensuring a y+=1, where the SST k—w model was mainly used
for turbulence closure, The influence of the turbulence model was investigated in the prediction of the wake field under a
non—cavitating flow condition, The propeller tip vortex flows in both cavitating and non—cavitating conditions were captured
through adaptation of additional grids, For the cavitation flows at three operation points, Schnerr—Sauer's cavitation model was
used with a Volume—Of Fluid(VOF) approach to capture the two—phase flows, The present numerical results for the propeller
wake and cavitation predictions including the open water performance showed a qualitatively reasonable agreement with the

model test results,

Keywords : Marine propeller(418f I2H2Y) Propeller open water test(POW, T2 HEA[S), Cavitating flow(ZHE|HI0 M R5),
Tip vortex flow(E7 £ EQEA R5) Computational fluid dynamics(CFD, TASAM|ASY, Potsdam propeller test
case(PPTC)

1 A—I = 2 ch=MS(Propeller Open Water performance, POW) 2 A4
-T2 ASAZRS OfsisP| s 2eAlETt e ZEHEF
= ql MAEA|2IE Computational Fluid Dynamics, CFD)2 0

AHF KO S A0 XX 1=]] HHHS|L= o
el F2 Feass R AR dsks ez st 3A1S0| FshElT ATt (Kim & Lee, 2005; Moon, et al.,
A

et 2loh Zedeie| siioz flsjof MulFollM LSS 495 kim, et al., 2014; Joung, et al., 2014; Lee, et al.,
HS22 (pressure fluctuation) 2 7HH[E|0[M(cavitation) 4k 2015).

SMA Xat 3 EAEE o= |elo] Elok (Muscari & Di 3, =2 sE23(Hambug)olM  ZHEIE SMP11(the
Mascio, 2011). Ol2{gt #AS FHEP| fIBIM= &MskE = second international Symposium on Marine Propulsors 2011)0i|
2 Felol Tpressure field) 2t STlvelocity field)S M Fz17| 79| F=oi| tist CFD 7S ZZ3P| 2fsH Delft foi
Heks| of Safiof sich Meh ¥ F1t 22 MAlo| 285k & 1} SVA Postdam Z2E2{of| Ci5H REAlE Znle} 2+ Z74of| o
Ent MA T2 ZEF=(local flow)2l EXS AMSE ==Y Shsl= CFDZT}SS v|wslo] YHEsIC) (Abdel —Maksoud,
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SVA Potsdam Z=282] 5 5 7HH[H|0|M HE Fx[ohM

2011). 047|A, SVA Potsdam Z2Ez{e| ct=AE 3l FH|E|0|
M Asoll Chist HIXjo3 A8 =HE2 PPTC(Potsdam Propeller
Test Case)2i WHsIC PPTCZZ afjAdol| EoisH 722 11
7Holod 10712 =x|shA =20l ANE DHAIY Zn|e} H]
w5l AZ3ICt (Fujyama, et al., 2011; Gaggero, et al.
2011; Li, 2011; Salvatore, et al., 2011; Tuomas, et al., 2011).
2 =20lMe SMP'112] PPTC =240l LIEI} Q= Chat =
2de{o| ci=EMS, 'l Etip) T2 FFFS ¥ 7iH[EO0IM
M9l M 7EX| AlgZ=20l| CHEE TRIGHM S F3lstn Zk2te| 4
IE DAY Zoetd|w, At UES HoiFEct HA, =2
Ha| ci=Ms Al oflleZ(towing tank)2F 7HE|E[OIME(Y
(cavitation tunnel)ollA] 282t 3IEl DEAE R4 ZARIY
o, :F—.O*Z Mol A0| F=RIHX} o|EM S HESIFCEL &
N E e BERSe 49 P 8 EQEA [FE(tp vortex
flow)od| EHc+ TABHA HEE JHMsE| 2lsi AXIMESKgrid
adaptation)& et Atk TSI 2AI0lA LDV(Laser
Doppler Velocimetry) 2 H &t &2 22} H|ws|Qict =5t =2
o A9 HRrZHo| w2 xsiA] Zote| HEE HESIN
Ch 7HH[EIOIM RS iAoz FOIT M| 71K 2@AlE =A
of = 9Hu||:_1|o|/\ 3:!/\[-_?_'. o] [[H H{S|z] = E“”FHO| 7<E:io
F2 "|Wslgct v oz f=x|Z4|(numerical damping)2l
PEo=Z siiMEP| £X| 22 Il B 2B FH|HolM FH
HEE =017| 2l oM MEst Dl & Fololl ARMESE
HMESt FAlGHIME TlsICE BELE, Rl6HAM Znjof EHOF
=

g Sof Z2uzle| HIEMS 2 B0 A5 FH 3

oo X

of 2 ¢170fA ARRSHCFD 7|l M=ol tisl = |6+°4:+

2. TAlolA i
2.1 XAl

2 =2olM Z2HP| FSMZ TIE

o Zonf, fEo| MUEls &, T2HRe| PHE F 1
2|1 Z2Ep{o| Akeks 502 FRICt ARUEe=Z =
Z2EPE AEEoZ 3RS, X ZTe
AR RE FABIAUCE r2 9:.9-|9—| B XIS LIERHACE =
24z F2| F=2 H|UFEM HHRRS(incompressible turbulent
flow) 22 71E5I0 XAl Z ARRSH HASHFE Al (continuity
equation)2t RANS(Reynolds Averaged Navier—Stokes) 2 419]
HMEUyAlol Sell= cig3nl 2Tt

i/ pdv+/ p Ve ndS=0 (1)

i/ p?dv+f pV Ve nds 2)
:f (7—pl) » EdSJr/ pb dV
S Vv

of7IM, pE S 2z, Ve %’HIE S, 12 ZAA
= il
e :Lam = chol et Ase HEels L+E+L_Hc+. = S

E“H(stress tensor)0|'31 'd'TEr FEM(turbulent eddy viscosity)

T=(u+p,) v+ V?T—%(v 8V (3)

07IM, p= SHEATO|H, IFEA T Hx[AZS Kt

Fig. 1 Coordinates system

A Ale| slili= 2xt Metzo| ol |HE ALEsks &
& (finite volume method) 22 7310, 0] 7|HE 7|Hte=z &t
= HBATER 02l STAR-CCMHE 0|8510{ F=x[olMg Sast
%t (CD-adapco, 2015). HIZAEM F& oM Al 7= &5
-OlHS MSH= #MHO R SIMPLE(Semi—Implicit Method for
Pressure—Linked Equation, Patankar, 1980)2iHS 0|=23I%C

2y sIMe =28y Moz {30 dYs| Relses
FH0|22 ZXIe| 30| HeX| 2= MRF(Moving Reference
Frame) 2 S ALE510{ TF&SIQICE

rOII

2.2 HRmH
Fo2 s wetEl HRE TNl siMS Qi ciEAs
2 FHH[H oI M Hdloll= o = PHivF EMshE E9 7S
sliAdoll o|&Mo] =2 MAXZ(viscous sub-layer) FAolA2] k—w
2US M5t 1O 2 AAoM k=22 S ZEsh= SST(Shear
Stress Transport) k-0 “FF2E (Menter, 1994)2 X&35(%ict
FiulEo[Mo] LHUSER] gk2 =ZoM ZEAIHS| LDV ASZat
ot Wi & T2 FEFS shAZnlel d|wol A= RSM(Reynolds
Stress Model, Lardeau & Manceau, 2014), SST k-o,
Realizable k—e2| M| 7 x| RS ME35l0{ 52| B35l H|w
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2.3 7{H[Efold =2

Z2Eof| sk FHHIEIOIM HAS SiMslr| lsiM=
VOF (Volume—-Of-Fluid)Hg ol&%t o|AR=(two—phase flow)
M2 FHSIIC) o|AREe 4 AujeldAlof] 2ok 2E

!

ot M= 7Ael MMEs w2t ck3nt 2ol AMEe|Ec,
p=o,p, tap 4
n= o, M, + 3797 (5)

0f7|M, oRHER} v= B7|4Hvapor phase), 2 Ax|4Kliquid
phase)2 LIERN o= FX2| MHESS LIERHCE
STAR-CCMHOIIM EQl5ta! QU= 7HH[E[01M BHE CkeslEl
Rayleight—Plesset@HA1E 7[HFoZ2 FHS0{Rl Sauer (2000)7F
HAISE mEo|ct siME fIst 3712 M&EE(volume fraction)
H

(o]
TESYEA 2 ofSa 2ot

0
E(O&v/)v) TV o (avpv Vv) = Re B RC (6)

07N V, = E7le| STHElct M| B 9 R = 22
FjulEold LR B7|t AUx|A Aol T|Ee| 7
(evaporation)2t 2=(condensation) 2 LIELHE 22 ME AA
&source term)O[Ct. 7|=tet SFE2 4 (7) ¥ (8)°F &2H,
7|31 p, E 7IECE 20| =1 W30l me| HEE0| 4

s}

h

HeEloh

Py = prcf Cél [[H'

av(l — av)

PuPi 3 z Py _pref

3733 P

R, =

Table 1 Principal dimensions of VP1304 propeller

Item dimension
Diameter D 0.250m
Pitch ratio Py7/D 1.635
Area ratio A A, 0.77896m
Chord length Cor 0.10417m
Skew 0t 18.837
Hub ratio d,/ D 0.300
No. of blade Z 5
Sense of rotation right
Type Controllable Pitch Propeller

Table 2 Model test conditions for open water tests,
velocity field measurement and cavitation

tests
n J KT 071
[1/s] (-] (-] (-]
15
(towing tank) o
Casel 20 0.6~1.4 |OPCn water | _
performance
(cavitation
tunnel)

Case? 23 1.253 0.250 -
Caseld.1 24.987 1.019 0.387 2.204
Case3.? 24.986 1.269 0.245 1.424
Cased.3 25.014 1.408 0.167 2.000
Dy < pref OEI [LH'

PuPi 3 2 Pref — Py
R.= a,(1—a,)—1/ = (8)
P Ry | 3 P

ol Wf, Rpe S717122] BFES LIEHH D, CiS2t 2ol E3HE

=3

1
®, 3 1)3

o, dr n,

RB:

0{7|M, n,= wS telFa| T J|E JiE LIERACE 7Y
HIEolM Mol =M =7| 7| F7|(initial seed radius)
Rpini = 1.0x10° m2 M3 n, = 1.0x10%/m’ 2| ZtS A}
ZoICE F=SEEA| AASl R ot R = o, 7F0Th 1L o}
09| #t2 7IRIct

STAR-CCMHOIIA] E=Qlot1 QU= ZHH[H|O1ME ZHof Aln} |
50 oigt O XMISH Y2 Sauer (2000)2] 260l 5k2
At

o M

A
L

>

3. TAshAM 2t

m2HE| NS sl|Aoj|A MEIH|(advance ratio), FEHASE, E
QIASF, chEE8AF 21 FHH|EolM  Z{(cavitation
number)of| Ci$t Heol= cSal 242 AR LIERHCE

Va
J_n—D (10)
T
KT:W (11)
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SVA Potsdam Z2El3{ ci= 2! 74d|E|0|M

S5 I

Q
— 2
pn*D® 12

KQ =
_J KT (13)
T~ 9r K,
_ (pref_pv)
" 0.5pn*D?
o7IM, V, = deRel 75, n2 Z2EY SN, D= =
2HE 3, p= 29 LZ(density), 7= FH, Q= E23,
prefl— B 2 RE&e| &7 ZAHo| M=
2l 2E0lMe] E7|2vapour pressure)S 7—.‘7—" LIERMHCE

3.1 CHa =28 3 oA =A

252 gleh

AEE 2|5 SVA Potsdam 2&4=Z(model basin)oilA
H&st 7| (controllable pitch)& VP1304Z2Zz{o|C}. 0]
D280 YAZ Fig. 29 ¢on{, ZZEzo| FexES

Table 10f| LIER} QlCE

= =z2| oA tiaol == Z=2He{= CFD 2

Fig. 2 SVA PPTC propeller model

SMP’112] PPTC Z=zof LEl} e Z=ZEe cisMs
(Casel), 27l & &STXF £X(Case?) 3 FHH[E|0IME HSAlE
Caseld) =SS Table 20l 2t=|0{ ACk Casele| A< of
Q=0 FHH[H[OMME{ Do BYAIY =HES LIERACE of mf
5|1Ma== 282} 15rps 2 20rpsOlct. Case22| < 7HH|E|01ME
HollAM =2Ee| 5|M= 23rps2t MEIH| 1.2532] Z=Zof|lA o
Z 9| 752 SHsH =22 LERNACE FiH|Eold MaAlEel

—

I'IJ

Case39| &<, SVA 7iH[H[OIME{DoilM IXEl Z2E2 3|1™
ot M| 7IX| FHH[E0[M Z=Ziof| TSt MR 2 FHH(Ejold 5=
£ H0iF1 otk FI2, ofQle= AlgzoM 25 7=17.
5C, Zx(density) p=998.37 kg/m?, 2SS FHMAS
(kinematic viscosity) v=1.07x10° n/s o[o{, 7HH|Ef|oAE{L

Agzzie| 2% 7=23.2C, YT p=997.44 kg/m’, SESI
HMAS 1=9.337x10-7 nP/sOIck.

Symmetry .
bbb Pressure outlet

(a) Towing tank condition

Veﬁlocity inlet

Symmetry

/
Pressure outlet

(b) Cavitation tunnel condition
Fig. 3 Flow domains and boundary conditions

EPS

i

Fig. 3(a)= SVA OQl== AlEEAE - S

fo] 242 20IFD 9ok AMdel Dl o2
JlFEeE TRER SM s X 15D 12t

, 503} R530| viEixle] Zels 2.5D0lc 71,
7EI

IFHTJ
Homy
o>

| A
Hz{ =

15}

O

e

|O 0y 0
=2 [IJIO _I°
Il

o£§J

%’é*ﬁl = 11D§ ZHsict AR dAMHoME F57
(velocity inlet) =74, SHFAAIHS U2d7E(pressure outlet) =
A =0 gl /gsp:#% slip-wallZ=Z42! tH&M(symmetry plane)

229} s{2= A ZAM(solid wal)2
g.3(b)2t Zo| 7Hu[E|o|[ME{HolAe| C=EME

o2 IYAIED} Zo| =2EP 3HF

SholT = 0}04:} ZRHED s gt R%
Mal, & Ml 7ERIe| AXHRIA AlAo|
TRHERUCE. AR} 7F ok 2 5ule| AKX H|EE2 RXISIESE ot
o, 71 M2l AXKcoarse grid)el =7t 2k 1. 794M)I7H, B2+
AR medium grid)7F 283.7M7H 2|2 7R =2sk ZXKfine
grid)7t 2F 10WVHo|H, B, Z2EE 2y & S5 £55 2 )
HIE|OME{ =] A A2 7P =2t XA A2 3 = A,
SMEE T2E P P2 Polyhedral ZAtR FAMET, T gl
FSE2 Trimmer ZAXZ TAEQICE §hH, =282 Pf &
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EHIL O Flo| FREFS ¥ P B EEA JjdiEolM2
ARl Aot FE A TR[AUM e dEe= Bt X5
A g HY| &SCt 0[2{et 0| RE, Case? 2f Case32| =4
2 7& ¥ i & HHA JulHolMS Ht EfESH| oA

57| flall 7ke =2et AR Aol CheiAM eF 7He| i £ EHo
MEE i & EREAS w2l ARIMESE fASIRch J
2, N & g9 SRt g T |= Z2EE | AEE Y|
FO=Z 0.00400]12 =7 Eof| ofgH AHAMREE P2 0|2
Cf oF 48§ M2 0.00102] HAt 2H4E 7RIS SI%Ct 0|2
Qlslf MA| ARl 2k 16MHE SIH=ACE Fig. 4= ZARDEA|
=etE Pt O Foof AXREEE HoiFn 2t

PN

.

il

(b) Adapted g

Fig. 4 Perspective view of the grid adaptation region

along the tip vortex and adapted grid
distribution around the propeller tip

3.2 Z=2H tEMs (Case 1)

Fig. 52t 62 oilelsez=2t FHH|EOMEIE AlHollA] A Set o
Z2Heo| thEMEE POWSMCZ AlslA Zufel vl
Sial QUER 071M, 2 F7|of Z2HEE| HESAlRoM S2o|
dek2 IX| otz FH2 S| EATL Ml TIXK|e] AR}
Hpoll choh ofels=ol thEMs Al AlM ZajolA ARl St
of e Efget siel +EYE & 5 Ut 7 2 TTE 1.4

£ Melstis DAl Zufel H|uX UEARR A 2 F

A}
o

=
AUCE 7H M7l HRXje| 49 ofelrzxe| ZYAIY Zniet Hiw
SiAM THAo 2 T2 " 2k 9.42%, E2A= 24 4.13% 1

21 82 2F 7.28%2| A0|E EoiFdct 7iE =Let AR}
£ 0|88t Z1fe| Z2 ofelezol ZY¥AlR Aol H|wsiAM
HHoZ FH2 Wi 2k 595%, EQI= 2F2.45% 12|10 &
82 2f 5.49%2| OIS 2oFACL 2 FAloh ZE A
= I AXee| Xfol= X2t Z2EE chEds siA 2EHolM
7he 871 ARle| Aut SEANR 22 2 5 ot
1.5
Open Water Test
in Towing Tank (n = 15rps)
10 measurement
1.2._ LT Ry, | _._ﬁnegrid
—+— medium grid
= - =+~ - coarse grid
~.09r N
o =3
g 3
= Ky A N
FOBF T - N
No =
03F - e
0 1 1 1 1 1
0.6 0.8 1 1.2 1.4

Fig. 5 Comparison of thurst, torque and efficiency
coefficients for POW tests in towing tank

1.5
Open Water Test
in Cavitation Tunnel {n = 20rps)
measurement
1.2+ —e— fine grid
—+=— medium grid
= ="~ = coarse grid

=0.9
<]
X
o
-

;0.6

0.3

0 1 1 1 I 1
0.6 0.8 ;I' 1.2 1.4

Fig. 6 Comparison of thurst, torque and efficiency
coefficients for POW tests in cavitation tunnel

Fig. 62| 7H[E|O[ME{ AlRe| AP =2 HZIH[olAf of el
Txo| ZuECt H|uH o & ARG S 2oiF1 ot
= FAlshA Zek= FHs(E|o[NEIE AlgZiet H|wslo] T
M2l ARIe| 42 H(H|0IEEE Al 2ot ol wsiA HH
O FH2 I 2F7.94%, EQI= 2 548% 12| 582
°F 3.71%2| XO|E 20iFACt THe =25 AXIE ol8st &
o] A MAMOR FHP 2F3.48%, E23+= 2 161% 1

2|1 ES2 2 2.41%2 AOIE 20iFACE
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SVA Potsdam Z2H2{ th= 3! F{d|H|olM M5 Aok

(b) CFD
Fig. 7 Comparison of the axial velocity distribution at
2/D=0.1 near a blade tip in the propeller
wake

3.3 ZzHz P 8 55& 54 (Case 2)

Chat =28e{o| &y £ S2730l e TxlsHA 2 F4
X|H(thrust identity) 2 Sall ZHE FUZET 7.075 m/s2 Al
=%ien ol siEskE XMAH|= 1.23040|Ct Fig. 71} 82
LDOVAIE ¢x7t =28 SMC2REH sl daez 247}
/D =012} 0.221 2[xlofM Z2EE| | & F2o Filst
Z2(axial velocity) 225 ZEAIY ASZniel v|wshA LIERLY
UCE Of7[M, ‘ZI7HT} 12A] Wakol| =01 AelE dFZ 0°2
A2 mf Zoiel ikl Zizt 0°2t 7270 =2l Alefolch x|
1A dole ZgAETle| v|nE 2l HXIMESP} o[ R0z
DL AT| AZ S 2Ixloll BO0IE=F FA2IEICE 2/ D=0.1¢!
4%, HAXoz & 212 ¢ 9 0.97<r/R<1 gl =
OfU= HREIA Flo| 2IX|7} BEEAR 2 UX|E Ho{FD
ch cigt ¢/ D=0.22| A% Ol MA|E HFES 7|Zez HQ
BlA SAlo| IX7F BYAIRC| H2 v/ R=0.97 BFd 2ol 2|
x|SR R[5 2] AL r/R=0.93 Bk 2ol x5 QL

cf olefet Xjol= RIFA E= FRCHAMoIM RE &7t US

il

I K

ol

boobboooo00
MW= 2wk O

(b) CFD
Fig. 8 Comparison of the axial velocity distribution at
z/D=0.2 near a blade tip in the propeller
wake

AR 327(=t mfe| FHH[H|O|ME{E HHo| Paks TE{sik| 2
OISR MEE|n, A[FEZ S2| Aol HE Fof Ut Fig.
9= Fig. 72} Fig. 82 ZnollM +/R=0.7, 0.97 12|11 1.09]
HIZOAM YFUEES 2l -90%0f|lA| 90° MAle| =disk HEAYY
SHradial direction) 2|11 HFEFSKcircumferential direction)
75 RSS2 DAY d|wsliA LIERH Zd0|ct cia ezt
AO|E Hol= dFe RE2 Helst ANE 2E &2 28
D TEEAR R UX|E HoiF L Qoh o7|M, 2/ D=0.19]
HIWE LEl = O8N I 2 EQEAE mEs HAXME
5} 2l ¥H2 -30° F=20|1, 2/D=0.22| < 0| ¥A2 60°
F20[0d, O|F FHol|M Fx[EHMoAM A2 Fakakm| 2Falsk
TEXILCE ZHME ZTE HoiFn ok S, oA
P20 20| 2/ D=0.29| Zojol|lM HEIA A 2|X|2

TRIBHAMQ| r/ 2=0.93 BtA2| 70| REARS| r/R=0.97
Fdo| Zmet st As 2 = Uck

s

o H‘” |'0||

9|
o

Fig. 102 AXMIZ2Pt oIF0iZl ZoHoll thsh =/D=0.10
M blwet 7% RS2 SR w2t 5wt et o)
M, AREE HREE2 RSM, SST k-, Realizable k—¢ O|EL 2

r
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—¥ EXP - r/R=0.7

06F L e — EXP - rfR=0.97

EXP - rfR=1.0

CFD - rfR=0.7

--------- FD - r/R=0.97|

091 R T = _gml-rm,j_-:,

.90 60 30 0 30 60 90
Angle ( 0)
(a) Axial velocity at z/D=0.1

06F -
0.3
0

<
2&
> 03
i i
-06F i! EXP -rR=07 3 .
rR=0.974 " BE Ry
] CFD - r/R=0.7
09F 00000 e CFD - r/R=0.97 4

———— {FD-rR=1p

90 60  -30 0 30 60 90
Angle ( 0)
(c) Radial velocity at z/D=0.1

-~ EXP - rlR=0.97

|
EXP - riR=1.0
= CFD - rlR=0.7
06F wasacsesess CFD - rfR=0.97
N —_— CFD]- riR=1.0

90 80 30 0 30 80 90
Angle ( 6)
(e) Circumferential velocity at =/D=0.1

o9k EXP - r/R=0.7 .
- ~———-—— EXP - rlR=0.97

! ——— EXP-riR=1.0
———— CFD-rR=0.7

06k —-—-- CFD-r/R=0.93

O S— CFD - r/R=0.97

- riR=1.0
0.3
2
> O
- N
0.3 i’ >
,.I:a' ".’ I'.
-06F i ¥
-09F 3
1 1 i 1 1 1
.90 60  -30 0 30 60  9C
Angle ( 6)
(b) Axial velocity at z/D=0.2
0.6 i Ll I T T T ]

-09F eessseses CFD - rlR=0.97
1 —1— CFD-yR=1.0

90 B0 30 0 30 60 9
Angle ( 8)
(d) Radial velocity at 2/D=0.2
" /R=0.97
g

0.6

— =+~ CFD-rlR=0.93
0.6 - cFD-riR=0.97

1 CFD-HRTN I L 1
-90 -60 -30 0 30 60 9C
Angle ( 8)

(f) Circumferential velocity at z/D=0.2

Fig. 9 Comparison of the LDV measured and computed velocity components’ profiles over a circumferential
period at the radii »/R=0.7,0.97 and 1.0 at z/D=0.1and 0.2in the propeller wake

oiio] SAIsA ZToIME LRDY 7H Swat U viiwse
$% Hol= x| e HS 2 4 ok ook, i 2 Tl 2

g SE0IM RIMRRIL Linjx| & 2 2le] eRle| FjolS
sol 4 Qc}, YuiMoE DxIRHel RIVPHO| BHAHT}
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Table 3 Experimental and CFD adjusted inlet
velocities for the cavitation tests

EXP. CFD
Case 3.1 6.37 m/s 6.12 m/s
Case 3.2 7.93 m/s 7.75 m/s
Case 3.3 8.80 m/s 8.70 m/s

(a) Case 3.1

(c) Case 3.3

Fig. 12 Comparison of the experimental and
numerical cavitation behaviors
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Fig. 13 Comparison of the experimental and
numerical cavitation prognoses
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Table 5 Difference between computed and measured
thrust coefficients of cavitating propeller

Table 4 Comparison of thrust coefficients of
cavitating propeller

Ky K r
(non—EZ\?i.tating) 0.3870 0.2450 0.1670
Exp. (Cavitating) 0.3725 0.2064 0.1362
DEU-StarCCM 0.3851 0.2082 0.1414

Berg—Procal 0.3760 - -
Cradle-SC/Tetra 0.3750 0.1990 0.1380
CSSRC-Fluent 0.3740 0.1940 0.1320
INSEAN-PFC 0.3570 0.2330 0.1610
SSPA-Flunt 0.3880 0.2050 0.1440
TUHH-FreSCO+ 0.3830 - 0.1440
UniCenua-Panel 0.3922 0.2369 0.1378
UniCenua-StarCCM 0.3782 0.2035 0.1306
UniTriest-CFX(FCM) 0.3740 0.2030 0.1300
UniTriest—=CFX(Kunz) 0.3750 0.2100 0.1330
UniTriest-CFX(Zwart) 0.3730 0.1960 0.1330
VOITH-Comet 0.3852 0.2101 0.1513
VTT-FinFlo 0.3860 0.2020 0.1420

Table 4= 7HH|E|01ME ZZHoilM = 2Hz2{o| Fof Chs 2

Case 3.1 | Case 3.2 | Case 3.3

AKH%] | AKA%] | AKR%]
DEU-StarCCM 3.38 0.87 3.82

Berg—Procal 0.94 - -
Cradle-SC/Tetra 0.67 -3.59 1.32
CSSRC-Fluent 0.40 -6.01 -3.08
INSEAN-PFC -4.16 12.89 18.21
SSPA-Flunt 4.16 -0.68 5.73
TUHH-FreSCO+ 2.82 - 5.73
UniCenua—Panel 5.29 14.78 1.17
UniCenua-StarCCM 1.53 -1.41 -4.11
UniTriest-CFX(FCM) 0.40 -1.65 -4.55
UniTriest-CFX(Kunz) 0.67 1.74 -2.35
UniTriest-CFX(Zwart) 0.13 -5.04 -2.35
VOITH-Comet 3.41 1.79 11.09
VTT-FinFlo 3.62 -2.13 4.26
4. 8 E
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