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Cavitation tunnel test

e Tests were conducted in the
cavitation tunnel

* Dynamometer mounted
behind the propeller with an
inclination of 12°

e Test section 850 x 850 mm
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Variation in cavitation number

Case 2.1

VP1304 with nose cap
Shaft inclination 12°
Variation of the cavitation number, J =1.019
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Case2.2

VFP1304 with nose cap
Shaftinclination 12°
Variation of the cavitation number, J = 1.269
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Case2.3

VP1304 with nose cap
Shaftinclination 127
Variation of the cavitation number, J = 1.408
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Case 2.1: Photo documentation

In the report 6 photographs for the following angular position with respect of
blade 1 will be given:
®=0, 30, 60, 90, 120, 150, 180, 210, 240, 270, 300, 330°




Case 2.1: Cavitation types

Pressure side Suction side
TVC

SC

BC

CC

Case 2.1 PS SS ¢ Cayvitation is
Tip vortex cavitation TVC " Intermitting
Sheet cavitation SC X X unsteady
Bubble cavitation BC X

Cloud cavitation CC X X




Case 2.2: Photo documentation

In the report 6 photographs for the following angular position with respect to
blade 1 will be given:
®=0, 30, 60, 90, 120, 150, 180, 210, 240, 270, 300, 330°

&=0° ®=120° &= 150°




Case 2.2: Cavitation types

Pressure side Suction side
| D TVC 0.95

Case 2.2 PS SS « Cavitation is
Tip vortex cavitation TVC intermitting
Sheet cavitation SC X
Bubble cavitation BC

Cloud cavitation CC X

* unsteady

ol o ol o




Case 2.3: Photo documentation

In the report 6 photographs for the following angular position with respect to
blade 1 will be given:
®=0, 30, 60, 90, 120, 150, 180, 210, 240, 270, 300, 330°

&=0° ®=120°




Case 2.3: Cavitation types

TVC

BC
CC

Case 2.3 PS SS <« Cavitation is
Tip vortex cavitation TVC X X intermitting
Sheet cavitation SC X X

* unsteady
Bubble cavitation BC X
Cloud cavitation CC X X




Video documentation

Case 2.1

OEI AV e Video

Case 2.3 KRl




SUBMISSIONS




Participants

Group Solver

Acronym

ACCUSIM ANSYS-CFX, FCM
ANSYS-CFX, Kunz
ANSYS-CFX, Zwart

CAT-Propulsion OpenFOAM
Chalmers OpenFOAM
CNRS-ECN ISIS

CRADLE SC-Tetra
CSSRC ANSYS-Fluent
MARIN ReFRECSCO
ROTAM ANSY S-Fluent
SSPA ANSYS-Fluent

ANSY S-Fluent
ANSY S-Fluent

TUHH ANSYS-CFX
panMARE

University of Genoa BEM
StarCCM+

UT Austin PROPCAV

VTT FinFlo

ACCUSIM-CFX-FCM
ACCUSIM-CFX-Kunz
ACCUSIM-CFX-Zwart
CAT-OF

Chalmers-OF
CNRS-ISIS
CRADLE-SCTetra
CSSRC-Fluent
MARIN-ReFRESCO
ROTAM-Fluent
SSPA-Fluent-Sauer
SSPA-Fluent-Zwart1
SSPA-Fluent-Zwart2
TUHH-CFX
TUHH-panMARE
UniGenoa-BEM
UniGenoa-StarCCM+
UTAustin-PROPCAV
VTT-FinFlo

13 groups, 11 solvers, 19 calculations (16 viscous, 3 potential flow




Computational setup I (viscous)

No. Cells Cells blade

Acronym Grid Typ [Mio. | [Mio.| Yt Turb.
ACCUSIM-CFX-FCM  Tet-Prism 22.76 (4.57 nodes) 40.0 ko-SST
ACCUSIM-CFX-Kunz  Tet-Prism 22.76 (4.57 nodes) 40.0 ko-SST
ACCUSIM-CFX-Zwart  Tet-Prism 22.76 (4.57 nodes) 40.0 ko-SST
CAT-OF Polyhedral 9.56 0.09 1.1 RNG-k-¢
Chalmers-OF 10.0 ILES
CNRS-ISIS unstr.-HEX 25.80 0.10 0.6 k-m
CRADLE-SCTetra Tet-Prism 30.80 0.25 <l RANS/LES
MARIN-ReFRESCO  unstr.-HEX 14.50 0.11 1.0 k-m
ROTAM-Fluent Tet-Prism 5.00 10.0

SSPA-Fluent-Sauer str.-HEX 12.00 0.11 1.0 k-m
SSPA-Fluent-Zwart1 str.-HEX 12.00 0.11 1.0 k-m
SSPA-Fluent-Zwart2 str.-HEX 12.00 0.11 1.0 k-m
TUHH-CFX str.-HEX 4.50 0.02 30.0 ko-SST
UniGenoa-StarCCM+  Polyhedral 5.00 0.05 25.0 k-¢g
VTT-FinFlo str.-HEX 23.40 0.03 1.0 k-m

» All fully turbulent
 Spatial discretization: all 2"-order
« Temporal discretization: half 2" other half 15* order
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Computational setup II (viscous)

Acronym tstep Mass. Cond. Vap. Bubbles Ini. Bubble
[°] transfer coeff. coeff /m? diam. [mm]

ACCUSIM-CFX-FCM FCM 455 4100

ACCUSIM-CFX-Kunz Kunz 2.3e-04 0.4

ACCUSIM-CFX-Zwart Zwart 0.03 300

CAT-OF 0.025 Kunz 320 12500

Chalmers 108 0.1

CNRS-ISIS 0.25 Sauer 108

CRADLE-SCTetra 0.35 Singhal 0.01 0.02

MARIN-ReFRESCO 1.00 Sauer 1010 0.06

ROTAM-Fluent 1.00 Zwart

SSPA-Fluent-Sauer 1.40 Sauer 0.01 50 1013

SSPA-Fluent-Zwartl 1.40 Zwart 0.01 50 0.001

SSPA-Fluent-Zwart2 1.40 Zwart 0.01 50 0.035

TUHH-CFX 2.80 Zwart 0.01 50 0.001

UniGenoa-StarCCM+ 0.50 Sauer 1012 0.001

VTT-FinFlo 0.50 Merkle 370 370

PPTC




CASE 2.1




Case 2.1: ACCUSIM CFX-FCM

40% vapor fraction 60% vapor fraction

Pressure side

Suction side

PPTC




Case 2.1: ACCUSIM CFX-Kunz

40% vapor fraction 60% vapor fraction

Pressure side

Suction side

PPTC




Case 2.1: ACCUSIM CFX-Zwart

40% vapor fraction 60% vapor fraction

Pressure side

Suction side

PPTC




Case 2.1: CAT-OF

40% vapor fraction 60% vapor fraction

Pressure side

Suction side

PPTC




Case 2.1: Chalmers-OF

40% vapor fraction 60% vapor fraction

Pressure side

Suction side

PPTC




Case 2.1: CNRS-ISIS

40% vapor fraction 60% vapor fraction

Pressure side

Suction side

PPTC




Case 2.1: CRADLE-SCTetra

40% vapor fraction 60% vapor fraction

Pressure side

Suction side

PPTC




Case 2.1: CSSRC-Fluent

40% vapor fraction 60% vapor fraction

Pressure side

Suction side

PPTC




Case 2.1: MARIN-ReFRESCO

40% vapor fraction 60% vapor fraction

Pressure side

Suction side

PPTC




Case 2.1: ROTAM-Fluent

40% vapor fraction 60% vapor fraction

Pressure side

Suction side

PPTC




Case 2.1: SSPA Fluent-Sauer

40% vapor fraction 60% vapor fraction

Pressure side

Suction side

PPTC




Case 2.1: SSPA Fluent-Zwartl

40% vapor fraction 60% vapor fraction

Pressure side

Suction side

PPTC




Case 2.1: SSPA Fluent-Zwart?2

40% vapor fraction 60% vapor fraction

Pressure side

Suction side

PPTC




Case 2.1: TUHH CFX

40% vapor fraction 60% vapor fraction

Pressure side

Suction side

PPTC




Case 2.1: TUHH panMARE

Pressure side

Suction side
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Case 2.1: UniGenoa BEM

Pressure side

Suction side
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Case 2.1: UniGenoa StarCCM+

40% vapor fraction 60% vapor fraction

Pressure side

Suction side

PPTC




Case 2.1: UTAustin-PROPCAYV

40% vapor fraction 60% vapor fraction

CASE 1 face side
J=1.019

z?m_n =2.024 (
(chordwise) x20 (spanwise) Y

Pressure side

CASE 1 back side =
J=1.019

égvﬁa_n =2.024
(chorawise) x20 (spanwise)
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| KTcav)=0.367
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Suction side
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Case 2.1: VT T-FinFlo

40% vapor fraction 60% vapor fraction

Pressure side

Suction side

PPTC
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Case 2.1: Thrust breakdown
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Case 2.1: Selected examples
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CASE 2.2




Case 2.2: Thrust breakdown
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Case 2.2: Selected examples

0.30 1
0.25 | AT = = - K
0.20 4
015 1
= 1 Variation of the cavitation number, J=1.269
0.10 4
] 4 measurement
0.05 4 ® calculations
0.00 4+ — I B B L B R I T e e B o L o o o o o ]
1.0 1.5 20 25 30 35 40 45 5.0 5.5 6.0 6.5 7.0 7.5 8.0
0.30 -
0.25 4 /_,’t x E 3 & :
0.20 4
D15 1 ®
= [ Variation of the cavitation number, J = 1.269
0.10 4
A  measurement
0.05 A ® calculations
0.00 | |
1.0 1.5 20 23 3.0 35 40 45 50 55 6.0 6.5 7.0 TS5 8.0
| | R e A & ]
0.25 - e |
[ \

Variation of the cavitation number, J=1.269

0.10 1
A measurement
0.05 A ® calculations
| \
1.0 1.5 2.0 2.5 3.0 35 4.0 4.5 5.0 55 6.0 6.5 7.0 75 8.0

On l']




CASE 2.3




Case 2.3: Thrust breakdown
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Case 2.3: Selected examples
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Thrust breakdown

Thrust breakdown case 2.1 case 2.2 case 2.3
AKr [-] AKr |- AKr |-
Exp 0.029 0.098 0.066
ACCUSIM-CFX-FCM 0.027 0.082 0.050
ACCUSIM-CFX-Kunz 0.024 0.089 0.053
ACCUSIM-CFX-Zwart 0.027 0.089 0.051
CAT-OF 0.036 0.130 0.124
Chalmers-OF 0.032 0.066 0.024
CNRS-ISIS 0.049 0.144 0.098
CRADLE-SCTetra 0.045 0.067 0.054
CSSRC-Fluent 0.016 0.033 0.030
MARIN-ReFRESCO 0.016
ROTAM-Fluent 0.035 0.075 0.047
SSPA-Fluent-Sauer 0.011 0.059 0.042
SSPA-Fluent-Zwart1 0.014 0.057 0.039
SSPA-Fluent-Zwart2 0.024
TUHH-CFX 0.009 0.054 0.038
TUHH-panMARE -0.048 0.106 0.001
UniGenoa-BEM -0.010 0.011 0.034
UniGenoa-StarCCM+ 0.017 0.060 0.044
UTAustin-PROPCAV 0.028 0.095
VTT-FinFlo 0.026 0.074 0.060
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Mass transfer models
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Parameters

Case 2.1

0.45 1

. Setup 1:
0.40 - e Zwart
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' e /wart
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Final slide

Thank you for
your Kind
attention!




