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Cavitation tunnel tests

* Tests were conducted in
the cavitation tunnel
of the SVA

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

* Prior tests with dummy
hub were conducted

* Pressure pulses were
measured 5 times
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Caviation tunnel tests
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Measured pressure pulses — case 3.1

wetted cavitating

1.00 1.50
0.80 4 A Sensor i=1 i=2 i=3 Sensor i=1 i=2 i=3
0.60 N\ I\ 1.00
2TV 1Y m N p2 (mean) 03899 00107  0.0047 ‘J\ p2 (mean) 04372 00525 00079
0.40 WEA p5 (mean) 06017 00159  0.0081 0.50 A p5 (mean) 06053 00484  0.0087
0.20 N NI P10 (mean) 0.1373 00113  0.0076 P10 (mean) 0.1611 00318  0.0178
= 0.00 1 y THTT v p2 (o) 00409 00011  0.0005 = 0.00 . p2 (o) 00423 00055  0.0007
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Measured pressure pulses — case 3.2

wetted

Sensor i=1 i=2 i=3
A
! A p2 (mean) 03277 0.0103  0.0080
ﬂ p5S (mean) 0.4266 0.0152 0.0108
v J P10 (mean) 0.0711 0.0142 0.0104
p2 (o) 0.0345 0.0010 0.0008
ps (o) 0.0431 0.0016 0.0011
P10 (o) 0.0069 0.0014 0.0010
k 0.50
I EFD
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ressure side
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|
p2 (mean) 02387  0.0206  0.0091
T .l A p5 (mean) 0.4017 0.0196 0.0130
1 P10 (mean) 0.1096  0.0227  0.0207
| “ p2 (6) 00255 00022  0.0009
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Measured pressure pulses — case 3.3

wetted cavitating

1.00 1.50
0.80 Sensor i=1 i=2 i=3 Sensor i=1 i=2 i=3
0.60 '
S | il p2 (mean) 03289 00122 0.0077 p2 (mean) 02872 00355  0.0128
: pS (mean) 03671  0.0204  0.0125 p5 (mean) 01014 00395  0.0238
0.20 1 P10 (mean) 0.0404  0.0141  0.0093 P10 (mean) 0.1904  0.0183  0.0162
= 0.00 1 2 (6 00337 00013  0.0007 = p2 (o) 00307 00038  0.0013
= 020 Y pS (o) 00347 00020  0.0013 =) p5  (6) 0.0095 00043  0.0022
= 0.40 1‘ P10 () 00040  0.0014 _ 0.0009 ~ P10 (o) 0.0195 00018  0.0016
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Participants

7 groups, 7 solvers, 38 calculations

Group Solver Acronym
Cradle SCTetra Cradle-SCTetra
MARIN ReFresco MARIN-ReFresco
ROTAM ANSYS ROTAM-ANSYS
SSPA FLUENT SSPA-FLUENT
TUHH CFX TUHH-CFX
TUHH OpenFOAM TUHH-OpenFOAM
UTAustin PROPCAV UTAustin-PROPCAV
VTT FINFLO VTT-FINFLO

Number of calculations Number of calculations

Case 1 16 wetted 21

Case 2 11 cavitation 17

Case 3 11

PPTC




Case 3.1

Group Solver Acronym Cavitation N /turn
Cradle SCTetra Cradle-SCTetra wetted 512
Cradle SCTetra Cradle-SCTetra with 1024
MARIN ReFresco MARIN-ReFresco wetted 128
MARIN ReFresco MARIN-ReFresco with 256
ROTAM ANSYS ROTAM-ANSYS wetted 256
SSPA FLUENT SSPA-FLUENT wetted 256
SSPA FLUENT SSPA-FLUENT with 256
SSPA FLUENT SSPA-FLUENT with 256
TUHH CFX TUHH-CFX wetted 256
TUHH CEX TUHH-CFX with 256
TUHH OpenFOAM TUHH-OpenFOAM wetted 256
TUHH panMARE TUHH-panMARE wetted 64
TUHH panMARE TUHH-panMARE with 32
UTAustin PROPCAV UTAustin-PROPCAV wetted 60
UTAustin PROPCAV UTAustin-PROPCAV with 60

VTT FINFLO VTT-FINFLO wetted 256

©

PPTC J=1.019, 6,=2.024 smp1S5 Wiy 10

\



Case 3.1 — Cradle SCTetra

wetted cavitating

1.00 1.50
0.80 Sensor i=1 i=2 i=3 Sensor i=1 i=2 i=3
060 11—l ML AL & 1.00
' INT TN N N I p2 (CFD) 07085 00294 00051 A M p2 (CFD) 07933 00948 00385
040 T I p5 (CFD) 07129 00582  0.0059 050 1— p5 (CFD) 07784 01337  0.0397
0.20 A I ] P10 (CFD) 01074 00116 __ 0.0038 [ /L\) P10 (CFD) 0.1696  0.0941  0.0244
= 0.00 p2 (EFD) 03899 00107  0.0047 = 0.00 4 v p2 (EFD) 04372 00525  0.0079
= .0.20 M AT TINT LIS p5 (EFD) 06017 00159  0.0081 = \\» \\ﬂ \ p5 (EFD) 06053 00484  0.0087
= 040 IO WE W W1\ P10 (EFD) 01373 00113  0.0076 2-0.50 q V/ P10 (EFD) 01611 00318  0.0178
aso PV o
-0.80 | ! 0.80 0.80 1
-1.00 T } CFD -1.50 CFD
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1.40
e P2 0.00 3 | s 0.00 1 | e |
0.80 PS5 T " _ 1.20 Ps . . .
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0.70 P10 1.00 -P10
0.60
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Z 040 0.60 EED 2 (60 ii6o 3 BED
= 030 i = < =
0.20 M £ 040 040 N £ 040 ]
: [11 & 0.20 a
0.10 0.20 0.20
0.00 4= — — 0.00 LA 0.00 —
0 100 200 300 400 500 : 7 - i=3 0 100 200 300 400 500 - i=1 - g
S Jrequency order [-] JHz] Jirequency order [-]
SoftwareCradle-SCT Ky non-cav =0.417  SoftwareCradle-SCT Ky non-cav = 0417
Ky cav = 0.372 Ky cav =0.372
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Case 3.1 — MARIN ReFresco

wetted

cavitating

1.00 1.00
0.80 Sensor i=1 i=2 i=3 0.80 Sensor i=1 i=2 i=3
0.60 +— - 0.60 A
0.40 \ N p2 (CFD) 06347 00269 00033 0.40 =z p2 (CFD) 04243 00652  0.0249
020 AL Pio (CFD) 0106 o02%e onoes 020 AL A WG bio (CFD) 0d1%  oors _ogaen
0.00 ‘“” \ “ /T&\/’ \ “ p2 (EFD)  0.3899 0.0107 0.0047 = 0.00 \I X \ IJX\ U / \ \/[// / /Jk p2 (EFD) 0.4372 0.0525 0.0079
-0.20 p5 (EFD) 0.6017 0.0159  0.0081 =020 p5 (EFD)  0.6053 0.0484  0.0087
I\ N/ER\N/ER\V/ER\Y/ AN
-0.40 \ P10 (EFD)  0.1373 00113  0.0076 = 040 P10 (EFD)  0.1611 0.0318  0.0178
o0 o W\ ) [ X N[ I/
0.60 X 0.60 1y 7/ v \/
-0.80 0.70 -0.80 0.60
-1.00 0.60 CFD -1.00 0.50 CFD
0.00 0.01 0.02 0.03 004 0.05 0.06 _ 050 0.00 0.01 0.02 0.03 004 0.05 0.06 _ 040
t[s] g 8"3‘8 t[s] £ 030
= 0. &, 020
1.00 Pressure signals 8?8 1.00 Pressure signals 0.10
0.90 P2 . 0.90 P2 .
0.00 0.00 =
0:80 i i=1  i=2  i=3 0:80 i i=1  i=2  i=3
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0.40 : ERD 2 (.40 050 EFD
o I _ 050 030 _ 040
; 0 T 040 ] £ 030
0.20 = 0.30 0.20 &£
0.10 [ 020 0.10 n & 020
0.00 s, 0.10 0.00 \_A_ > - 0.10 e
0 100 200 300 400 500 600 =i - =g 0 100 200 300 400 500 600 =i - =g
JS[Hz] J[Hz]
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Jrequency order [-]

MARIN-ReFRESCO

non-cay = 0.403

MARIN-RGFRESCO KT non-cav = 0403
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Case 3.1 - ROTAM ANSYS

wetted

1.00
0.80 Sensor i=1 i=2 i=3
| 2
gjg A N p2 (CFD) 05896 00125  0.0059
” \\ p5 (CFD) 05734 0.0314 0.0004
0.20 1 Il T P10 (CFD) 00761 00061  0.0027
= 0.00 Wil \\ﬁ%‘ I p2 (EFD) 03899 00107  0.0047
=020 | p5 (EFD) 06017 00159  0.0081
= 040 JI A\ \\ \V/ER VR P10 (EFD) 0.373 00113  0.0076
e YW W
! v o
-0.80 0.60
-1.00 0.50 CFD
0 0.01 0.02 0.03 0.04 _ 040
t[s] £ 030
& 0.20
1.00 Pressure signals 0.10
020 P2 0.00 |
050 e i=1  i=2 =3
0.70 -P10
0.60
— 0.50 A 0.60
2 5. A 0.50 EFD
A 030 [\ _ 040
. [\ S 030
0.20 e
[\ & 0.20
"
0 100 200 300 400 500 600 i=1 - g
JS[Hz]

Jrequency order [-]
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Case 3.1 — SSPA Fluent (Sauer)

wetted

cavitating

1.00 1.00
0.80 Sensor i=1 i=2 i=3 0.80 Sensor i=1 i=2 i=3
0.60 0.60
0510 7 ﬁ* p2 (CFD)  0.5907 0.0132 0.0017 presinll 0 ® p2 (CFD) 0.3961 0.1238 0.0113
A A o b o oo o0 JJXRLITR P LA o b o oo
0.00 I \\’fll \ /’ \\'/f V’/fl p2 (EFD) 0:3899 0:0107 0:0047 = 0.00 ” \M\ '\]\\\ ” Y\\ \K\\ ;.J‘\\\\ p2 (EFD) 0:4372 0:0525 0:0079
-0.20 W p5 (EFD)  0.6017 0.0159 0.0081 =020 p5 (EFD)  0.6053 0.0484 0.0087
-0.40 ” \ ” \ ” \ ” \ ” P10 (EFD)  0.1373 0.0113 0.0076 = 040 ‘ P10 (EFD)  0.1611 0.0318 0.0178
oo |\V/ ALV AL\ LY o - -
-0.80 0.60 -0.80 0.50
-1.00 0.50 CFD -1.00 0.40 1 CFD
0 0.01 0.02 0.03 0.04 005 0.06 0.40 0 0.01 0.02 0.03 0.04 005 0.06
1[s] g 030 1[s] B 2'22 E
& 020 &
1.00 Pressure signals 0.10 1.00 Pressure signals 0.10 3
0.90 P2 i g 0.90 P2 0.00
0.80 P5 ’ 5 o _ 0.80 P5 ’ s - _
0.70 P10 i=1 1=2 =3 i P10 i=1 1=2 =3
0.60 0.60
0.50 0.60 = 050 0.50 ;
0.40 0.50 EFD £ 040 0.40 3 EFD
0.30 e 04D = 030 T 030 ]
oo I 2 030 0.20 = 020 3
o0 I =0 R e o}
0.00 0.00 .
0 100 200 300 400 500 600 i=1 =5 i=3 0 100 200 300 400 500 000 4 i=1 =% i=3
J ) Jirequency order [-] JHz] Jirequency order [-]
SSPA-FLUENT KT non-cav = 0.3905| SSPA-FLUENT KT non-cav = 0.39058

KT cav = 0.3797

KT cav =

0.3797

suction side

PPTC

J=1.019, g, = 2.024

ressure side
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Case 3.1 — SSPA Fluent (Zwart)

wetted

cavitating

1.00 1.00
0.80 Sensor i=1 i=2 i=3 0.80 Sensor i=1 i=2 i=3
g'ig 1 p2 (CFD)  0.5907 0.0132 0.0017 g'ig \ p2 (CFD)  0.2100 0.1348 0.0265
: /[ ” [/ [/ p5 (CFD) 05778 0.0212 0.0011 : \ /N 1 \ i \ Py \ ,x/] p5 (CFD)  0.4285 0.1578 0.0257
0.20 ] ] ] ] 1l P10 (CFD) 0.0955  0.0069  0.0018 0.20 WA A WA WA WA P10 (CFD) 04144 01610  0.0313
0.00 p2 (EFD)  0.3899 0.0107 0.0047 = 0.00 A p2 (EFD) 0.4372 0.0525 0.0079
-0.20 W e S p5 (EFD)  0.6017 0.0159 0.0081 = .0.20 /AW VBBV p5 (EFD)  0.6053 0.0484 0.0087
-0.40 /A /A P10 (EFD)  0.1373 0.0113 0.0076 = 040 W7 IV TV W TV P10 (EFD)  0.1611 0.0318 0.0178
V WV W N [V v [V [V [V [V
-0.60 -0.60
-0.80 0.60 -0.80 0.50
-1.00 0.50 CFD -1.00 0.40 3 CFD
0 0.01 0.02 0.03 0.04 005 0.06 0.40 0 0.01 0.02 0.03 0.04 005 0.06
t[s] £ 030 t[s] 7 0303
= V- =3 0.20 3
&, 020 &,
1.00 Pressure signals = 1.00 Pressure signals = 0.10 3
0.90 .10 0.90
: P2 0.00 — : B2 0.00 3 | —
0.80 L i=1  i=2  i=3 050 P2 i=1  i=2  i=3
0.70 -P10 0.70 -P10
0.60 0.60
0.50 0.60 — = 050 0.50 ; —
0.40 050 = 040 0.40
0.40 &
0.30 - 0.30 = 0.30 1
G50 Il £ 030 0.20 il é'020-
010 I & 020 010 N J s
: : 0.10 §
0.00 - g.(l)g 0.00 - - - 0.00 3 —
0 100 200 300 400 500 . i=1 =5 i=3 0 100 200 300 400 500 . i=1 =% i=3
sz Jrequency order [-] sz Jrequency order [-]
SSPA-FLUENT SSPA-FLUENT KT non-cav = 0.3905 8

KT non-cav = 0.3905
KT cav = 0.3771

KT cav =

0.3771

PPTC

suction side

ressure side

J=1.019, g, = 2.024
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Case 3.1 —- TUHH CFX

wetted

cavitating

1.00 1.50
0.80 Sensor i=1 i=2 i=3 Sensor i=1 i=2 i=3
0.60 1.00
0' - \ m\ m p2 (CFD) 0.6435 0.0308 0.0034 p2 (CFD) 0.5020 0.0023 0.0229
: “ [ “ ” “ / “ ” “ p5 (CFD)  0.6413 0.0178 0.0004 0.50 1 p5 (CFD)  0.6949 0.0406 0.0254
0.20 ] ] AT A P10 (CFD) 0297 00047  0.0007 IQV P10 (CFD) 0.3874 00283  0.0259
= 0.00 '\)ﬂ “\ VH “\ w ““ _«” “\ p2 (EFD)  0.3899 0.0107 0.0047 = 0.00 p2 (EFD) 0.4372 0.0525 0.0079
= 020 H p5 (EFD)  0.6017 0.0159 0.0081 = \// // \ W Lg \ p5 (EFD)  0.6053 0.0484 0.0087
= 040 " “ " \ ” \ ” ‘I‘\ P10 (EFD) 0.1373 0.0113 0.0076 =-0.50 ) V) P10 (EFD)  0.1611 0.0318 0.0178
-0.60 J—W—W—W—w 4 -1.00
-0.80 0.70 0.70
-1.00 0.60 CFD -1.50 0.60 CFD
0 0.01 0.02 0.03 0.04 005 0.06 0.50 0 0.01 0.02 0.03 0.04 005 0.06 0.50
ris = 0.40 ris = 0.40
[s] i 030 ts] -“E 0.30
1.00 Pressure signals 8?8 1.40 Pressure signals 8?8
030 2 0.00 = 2 0.00 —-—
0.80 P5 5 oy 1.20 P5 il i
P10 i=1 i=2 i=3 P10 i=1 i=2 i=3
0.70 1.00
0.60
— 0.50 0.70 _ 0.80 0.70
S 0.60 EFD £ 0.60 EFD
= 0.40 = 0.60
= Il 0.50 N 0.50
0.30 I = 0.40 0.40 = 0.40
0.20 i = 030 = 030
0.10 = 0220 0.20 S 0.20
0.00 VN 0.10 0.00 L == 0.10
0 100 200 300 400 500 600 =i - =g 0 100 200 300 400 500 600 =i - =g
JHz] Jrequency order [-] JHz] Jrequency order [-]
TUHH-CFX KT non-cav = 0.3946 TUHH-CFX KT non-cav = 0.3946
KT cav = 0.3862 KT cav = 0.3862 8
9 13
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suction side ressure side
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b Ikp]

Case 3.1 — TUHH OpenFoam

wetted

1.00
0.80 Sensor i=1 i=2 i=3
0.60
bt p2 (CFD) 05471 0.0126  0.0081
: /[\ p5 (CFD)  0.5591 0.0193 0.0106
0.20 TATTAL ] P10 (CFD) 0.134 00047  0.0085
0.00 \ “ “ \v\ “ p2 (EFD)  0.3899 0.0107 0.0047
-0.20 ‘*ﬁ p5 (EFD)  0.6017 00159  0.0081
-0.40 5 | \J/ /|l \ P10 (EFD)  0.1373 0.0113  0.0076
-0.60 Y \W
-0.80 0.60
-1.00 0.50 CFD
0 001 002 003 004 005 0.06 0.40
t[s] £ 030
& 0.20
1.00 Pressure signals 0.10
050 P2 0.00
0.80 P5 : il
i P10 i=1 i=2 i=3
0.60
0.50 0.60
0.40 g.ig EFD
0.30 =
I\ = 0.30
0.20 =
010 /1 & 020
0.00 N 0.10
0 100 200 300 400 500 600 =i - =g
JSHz]

PPTC

Jrequency order [-]

J=1.019, g, = 2.024

smp‘15
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b Ikp]

Case 3.1 - TUHH panMare

wetted

1.00
0.80 Sensor i=1 i=2 i=3
g:ig TN NN p2 (CFD) 05941 00222  0.0020
o0 AT A e O o e o
0.00 AT AR LA p2 (EFD) 0.3899 0.0107  0.0047
020 DH A N TN WY T EFD
0.20 p5 (EFD) 0.6017 00159  0.0081
PyoR /R /R /R /R /Y o D) 0w oous cooms
-0.60
-0.80 0.60
-1.00 0.50 CFD
0 001 0.02 003 004 005 006 _ 040
1[s] £ 030
& 0.20
1.00 Pressure signals = 0.10
0.90 P2 ) —
0.80 P5 e =i  4i=2 i=3
0.70 -P10
0.60
0.50 0.60
0.40 gig EFD
0.30 =
0.20 M £ 030
010 I\ & 020
0.00 N4 L1
: 0.00
0 100 200 300 400 500 i 58 | §—8
JHz] Jrequency order [-]
TUHH - panMARE kT noncav=0.334 TUHH - panMARE

PPTC

suction side

J=1.019, g,

kT cav=0.382

=2.024

ressure side

2.00
1.50
1.00
0.50

= 0.00

&

= 050
-1.00
-1.50
-2.00

2.00
1.80
1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20
0.00

b Ikp]

kT noncav=0.334
kT cav=0.382

cavitating

1, [
] A A
AR
VA VRTHLE TR
) IVAA| A
I
0 0.01 0.02 0.03 0.04 005 0.06
t[s]
Pressure signals
P2,
P5
-P10
e
’ w \'4 V
0 100 200 300 400 500
J[Hz]

Sensor i=1 i=2 i=3
p2 (CFD) 1.0153 0.4112 0.4322
p5 (CFD) 05582 04725  0.4190
P10 (CFD) 0.6599  0.4959  0.4102
p2 (EFD) 04372 0.0525  0.0079
p5 (EFD) 06053 00484  0.0087
P10 (EFD) 0.611  0.0318  0.0178
1.00 4 CFD
0.80 3
 0.60 §
= 040
0.20
0.00 3
i=1  i=2  i=3
1.00 EFD
0.80
060
& 040 ]
020 3
0.00 3
i=1  i=2  i=3

Jrequency order [-]

8
©
9
©
|
©
1
©

[39]
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Case 3.1 — UTAustin PROPCAV

wetted cavitating

1.00 1.50
0.80 Sensor i=1 i=2 i=3 Sensor i=1 i=2 i=3
0.60 A\ A\ A A il 1.00
10 [NV p2 (CFD) 06737 00193  0.0010 p2 (CFD) 07195 06388  0.0641
0. ” \\ ” \\ ” \\ ” \\ ” \\ p5 (CFD) 0.7901 0.0293 0.0018 0.50 p5 (CFD) 0.9578 0.5697 0.0606
0.20 IATA A TATA P10 (CFD) 01519  0.0108  0.0008 l l P10 (CFD) 03280 05310  0.0495
= 0.00 4/ “ /r “\L,' “ /#/ “ /rj “ p2 (EFD) 0.3899 0.0107 0.0047 b 0.00 p2 (EFD) 0.4372 0.0525 0.0079
=.0.20 p5 (EFD) 06017 00159  0.0081 = »w } p5 (EFD) 06053 00484  0.0087
=040 IR/ W/ P10 (EFD) 01373 00113  0.0076 2-0.50 P10 (EFD) 01611 00318  0.0178
P N/ .
-0.80 VL VA VN A ¢ 0.80 ’ 1.00
-1.00 CFD -1.50 0.80 CFD
0 0.01 0.2 003 004 005 006 0:60 0 0.01 0.02 003 004 005 006 0.60
ts] £ 040 t[s] g
= = 040
1.00 Pressure signals 0.20 Pressure signals 0.20
0.90 P2 00 —_ - P2 0.00 —
0.80 P5 ’ 2 e ._ 1.20 P5 ’ 2 e .
i=1 i=2 i=3 i=1 i=2 i=3
0.70 - -P10 1.00 = -P10
0.60
= 0.50 0.80 = 0.80 1.00 5
= 0.40 0.60 B = 0.60 0.80 L
= 030 = & = 0.60 3
0.20 Z 040 o0 | = 040 3
<, 0.20 EVRE
0.10 0.20
0.00 T 0.00 =
0 100 200 300 400 500 800 =i - i—§ 0 100 200 300 400 500 =i - i—§
J 7] Jrequency order [-] JHz] Jrequency order [-]
GASE 1 back side T T CASE 1 face side —
Jg‘mns'juzzoz‘c ',/:' \, 5&'}-2 024 ( 8
(chordwise) x20 (spanwise) -ff - (chordwise) x20 (spanwise)
= 4
/ /"\\. é'/;' \1 @
& [ TN ~ 0\ | A 9 13
G .‘; / \
. NN ‘I‘.-’ \"«.‘ A \\‘\\‘ \“ (=)
(I waesg= | | ) . / - b ©
\‘,. S 4 N @
‘,‘ B
12

©

suction side ressure side

PPTC J=1.019, 6,=2.024 smp‘15 19



b Ikp]

wetted

Case 3.1 -VTT FINFLO

1.00
0.80 Sensor i=1 i=2 i=3
oo da_In In InIn
bt \ \ [ ANEA p2 (CFD) 04367 00180  0.0030
0.20 NEA \ N A\ p5 (CFD) 0793 01161  0.0255
: P10 (CFD) 0.842 00182 0.0050
0.00 Alla\Wal N{\ \\\\l p2 (EFD) 03899 00107  0.0047
-0.20 p5 (EFD) 06017 00159  0.0081
0.40 \ ” \,/Il \v/’l \\v ‘l\, P10 (EFD) 01373 00113 0.0076
-0.60
-0.80 \V’ \VI \V’ \I \VI 0.80 1
-1.00 CFD
0 001 002 003 004 005 006 _
t[s] £ 040 3
1.00 Pressure signals = 0.20 3
50 B2 0.00 3 .
0.50 P2 i=1  i=2  i=3
0.70 -P10
0.60
0.50 0.80
0.40 iy 4 EFD
0.30 =
0.20 2 0.40 3
0.10 = 020
0.00
0.00 1
0 100 200 300 400 500 PEPRLE

PPTC

JSHz]

Jrequency order [-]

J=1.019, 6, = 2.024

smp‘15

20



Case 3.2

Group Solver Acronym Cavitation N/turn
Cradle SCTetra Cradle-SCTetra wetted 512
Cradle SCTetra Cradle-SCTetra with 1024
SSPA FLUENT SSPA-FLUENT wetted 256
SSPA FLUENT SSPA-FLUENT with 256
SSPA FLUENT SSPA-FLUENT with 256
TUHH CFX TUHH-CFX wetted 256
TUHH CEX TUHH-CFX with 256
TUHH OpenFOAM TUHH-OpenFOAM wetted 256
TUHH panMARE TUHH-panMARE wetted 64
TUHH panMARE TUHH-panMARE with 16
UTAustin PROPCAV UTAustin-PROPCAV wetted 60

PPTC J=1.269, 6,=1.424 smp‘15 21



b Ikp]

Case 3.2 — Cradle SCTetra

wetted

1.00
0.80 Sensor i=1 i=2 i=3
0.60 -
prasi A A p2 (CFD) 05701 0.0236 0.0031
: ‘ [ p5 (CFD)  0.4918 0.0432 0.0062
0.20 N P10 (CFD) 00672 00105  0.0017
0.00 - p2 (EFD) 0.3277 0.0103 0.0080
-0.20 A VARV p5 (EFD)  0.4266 0.0152 0.0108
-0.40 | P10 (EFD)  0.0711 0.0142 0.0104
-0.60
-0.80 0.60
-1.00 0.50 CFD
0 0.01 0.02 0.03 0.04 005 0.06 0.40
t[s] £ 030
&, 0.20
1.00 Pressure signals 0.10
020 B2 0.00 |
0.80 P5 ' i=1  i=2  i=3
0.70 P10
0.60
0.50 0.60
0.40 g.ig EFD
030 I E 030
f20 1N = 020
0.10 ZNE & e
0.00 = i
0 100 200 300 400 500 : i1 - =%
JHz]

SoftwareCradle-SCT

suction side

PPTC

Ky non-cav =0.279
Kycav= 0212

Jrequency order [-]

SoftwareCradle-SCT

J=1.269, 6, = 1.424

ressure side

b Ikp]

cavitating

1.00
0.80 Sensor i=1 i=2 i=3
0.60 - o
0.40 JA| | I [/ p2 (CFD) 06369 00280 00153
: l ’ ’n ' ' p5 (CFD)  0.6105 0.0499 0.0107
0.20 ¥ A1 'Y P10 (CFD) 0707  0.0435  0.0098
0.00 1 v p2 (EFD) 02387 00206  0.0091
-0.20 - p5 (EFD) 04017 00196  0.0130
-0.40 I/I \j/l | P10 (EFD) 0.1096  0.0227  0.0207
-0.60 W
-0.80 0.70
-1.00 0.60 CFD
0 0.01 0.02 0.03 0.04 005 0.06 0.50

ris = 0.40

ksl i 0.30
1.00 Pressure signals 020
0.90 o 0.10

0.00 el
0.80 0 i=1  i=2 =3
0.70 P10
0.60
030 8'28 EFD
0.40 il bich
0.30 I = 0.40
0.20 Al *: 0.30
0.10 = 0.20
0 100 200 300 400 500 600 =1 - g
JS[Hz]

Ky non-cav =0.279
Kycav= 0212

smp‘15

Jrequency order [-]

8
©
9
©
[
©
1
©

[39]
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b Ikp]

Case 3.2 — SSPA Fluent (Sauer)

wetted

cavitating

1.00 1.00
0.80 Sensor i=1 i=2 i=3 0.80 Sensor i=1 i=2 i=3
0.60 0.60
prasi N N A P A p2 (CFD) 04770 0.0205 0.0015 prasi NIl /A 7 A p2 (CFD) 0.5488 0.0651 0.0092
oz A AT T o b g oo o0 | A JATEAAT A o b oo oo
AUV ANNANIRNIA) - : : — ALY 1 A - : :
0.00 ’ \\V, W“’ “\,’ “\,, \\“ p2 (EFD) 0.3277 0.0103 0.0080 = 0.00 7 W “‘ /ﬂ l p2 (EFD) 0.2387 0.0206 0.0091
-0.20 p5 (EFD)  0.4266 0.0152 0.0108 =020 A V) W p5 (EFD)  0.4017 0.0196 0.0130
-0.40 \\I \V’ \VI \VI \\ P10 (EFD)  0.0711 0.0142 0.0104 = 040 [ / 1 P10 (EFD)  0.1096 0.0227 0.0207
-0.60 -0.60 ,’ i
-0.80 0.50 -0.80 0.60
-1.00 0.40 1 CFD -1.00 0.50 CFD
0 0.01 0.02 0.03 0.04 005 0.06 0.30 0 0.01 0.02 0.03 0.04 005 0.06 0.40
t[s] g t[s] S 030
= .20 £
- rS - &, 020
1.00 Pressure signals 0.10 3 1.00 Pressure signals 0.10
020 B2 0.00 - 020 B2 0.00 il
0.80 p5 i=1 i=2 i=3 0.80 i =1 1=2 i=3
0.70 -P10 0.70 -P10
0.60 0.60
0.50 0.50 = 050 0.60
0.40 0.40 3 EFD :E 0.40 g.ig EFD
0.30 T 030 ; 0.30 I F 030
0.20 = 0.20 1 0.20 = s
A & I & 0.20
0.10 N 0.10 3 0.10 { p——
0-00 0.00 1 0-00 0'00
0 100 200 300 400 500 - i=1 =% i=3 0 100 200 300 400 500 - i=1 i—5% i=3
sz Jrequency order [-] sz Jrequency order [-]
SSPA-FLUENT g— - KT non-cav = 0.249 SSPA-FLUENT KT non-cav = 0.249
KT cav = 0.190 KT cav = 0.190

N

PPTC

suction side

ressure side

J=1.269, 6, = 1.424

smp‘15

8
©
9
©
[
©
1
©
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b Ikp]

Case 3.2 — SSPA Fluent (Zwart)

wetted

cavitating

1.00 1.00
0.80 Sensor i=1 i=2 i=3 0.80 Sensor i=1 i=2 i=3
0.60 0.60
prasi N N A P A p2 (CFD) 04770 0.0205 0.0015 prasiolll Y. P 2 A A p2 (CFD) 05237 0.0155 0.0138
p5 (CFD)  0.4090 0.0097 0.0013 : p5 (CFD)  0.4315 0.0468 0.0100
0.20 AATATATA P10 (CFD) 00691 00031  0.0015 0.20 /AT N AWTAWT AN P10 (CFD) 01732 00343 0.0124
AN ANANIAWIA) _ AWENAWANIA!
0.00 ’ \\V, W“’ “\,’ “\,, \\“ p2 (EFD) 0.3277 0.0103 0.0080 = 0.00 4 \\u,” \ v‘\ \\ n’ “\, p2 (EFD) 0.2387 0.0206 0.0091
20.20 p5 (EFD)  0.4266 0.0152 0.0108 =020 p5 (EFD)  0.4017 0.0196 0.0130
-0.40 \\I \\,’ \VI \VI \\ P10 (EFD)  0.0711 0.0142 0.0104 = 040 \ v \§\/ \ P10 (EFD)  0.1096 0.0227 0.0207
-0.60 -0.60
-0.80 0.50 -0.80 0.60
-1.00 0.40 3 CFD -1.00 0.50 CFD
0 0.01 0.02 0.03 0.04 005 0.06 0.30 0 0.01 0.02 0.03 0.04 005 0.06 0.40
t[s] g t[s] S 030
= .20 £
- &, - &, 020
1.00 Pressure signals 0.10 3 1.00 Pressure signals 0.10
020 B2 0.00 - 020 B2 0.00 =
0.80 P5 i=1  i=2  i=3 0.80 Ps i=1  i=2  i=3
0.70 -P10 0.70 -P10
0.60 0.60
0.50 0.50 = 050 0.60
0.40 0.40 3 EFD :E 0.40 g.ig EFD
0.30 T 030 ; 0.30 E 030
0.20 = 0.20 1 0.20 = s
A & Ial & 0.20
0.10 N 0.10 3 0.10 N p——
0.00 0.00 —
0 100 200 300 400 500 6004 i=1 =% i=3 0 100 200 300 400 500 600 i=1 i—5% i=3
sz Jrequency order [-] sz Jrequency order [-]
SSPA-FLUENT — - KT non-cav = 0.249 SSPA-FLUENT KT non-cav = 0.249
> KT cav = 0.192 KT cav =0.192

suction side

PPTC

ressure side

J=1.269, 6, = 1.424

smp‘15

8
©
9
©
[
©
1
©
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b Ikp]

Case 3.2 - TUHH CFX

wetted

1.00
0.80 Sensor i=1 i=2 i=3
0.60
010 A n A p2 (CFD)  0.5086 0.0266 0.0036
: \ \ \ p5 (CFD) 0.4535 0.0167 0.0005
0.20 1 P10 (CFD) 0.0928  0.0048  0.0006
0.00 Wj' *vﬂ p2 (EFD) 0.3277 0.0103 0.0080
-0.20 p5 (EFD)  0.4266 0.0152 0.0108
-0.40 WJ P10 (EFD)  0.0711 0.0142 0.0104
-0.60
-0.80 0.60
-1.00 0.50 CFD
0.01 0.02 0.03 0.04 005 0.06 0.40
t[s] £ 030
&, 0.20
1.00 Pressure signals 0.10
i P2 0.00 —
0.80 P5 ’ il .
i P10 i=1 i=2 i=3
0.60
0.50 0.60
0.40 g.ig EFD
0.30 il =
£ 030
0.20 =
010 I\ & 020
0'00 _IN o.10
100 200 300 400 500 600 =i - =%
JHz] Jrequency order [-]
TUHH-CFX KT non-cav = 0.2584  TUHH-CFX

PPTC

suction side

KT cav

= 0.2045

ressure side

J=1.269, 6, = 1.424

1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

b Ikp]

KT cav

KT non-cav = 0.2584

cavitating

Sensor i=1 i=2 i=3
] n p2 (CFD) 0.4925 0.0309 0.0361
Al p5 (CFD)  0.4445 0.0119 0.0403
f} /7 P10 (CFD)  0.1229 0.0074 0.0399
A W \//\ p2 (EFD) 0.2387 0.0206 0.0091
L P, A p5 (EFD) 0.4017 0.0196 0.0130
I P10 (EFD)  0.1096 0.0227 0.0207
0.50 3
0.40 CED
0 0.01 0.02 0.03 0.04 005 0.06
£
: &
Pressure signals 0.10 3
§§ 0.00 3 | BRI |
P10 i=1 i=2 i=3
0.50
0.40 3 EED
| et
A I \ &
| o m— 0.10 |
0 100 200 300 400 500 .00 i=1 i=2 i=3
J[Hz]

=0.2045

smp‘15

Jrequency order [-]

8
©
9

©
[
©
1
©
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p [kp]

b Ikp]

Case 3.2 — TUHH OpenFoam

wetted

0.50
0.40 'l ;\1 ﬁ Sensor i=1 i=2 i=3
0.30
0.20 L p2 (CFD) 0.4168 0.0152 0.0118
) ‘ p5 (CFD) 0.3517 0.0315 0.0105
0.10 (0 P10 (CFD)  0.0408  0.0239 _ 0.0098
0.00 ﬁa% % Vv p2 (EFD) 0.3277 0.0103 0.0080
-0.10 p5 (EFD)  0.4266 0.0152 0.0108
2020 ] H\ )‘\ ] P10 (EFD) 00711 00142 00104
-0.30 %
20.40 W ¥ W \y 0.50
-0.50 0.40 CFD
0 0.01 0.02 0.03 0.04 0.05 0.06 030
t[s] &
= 0.20
; &
0.50 Pressure signals 0.10 3
0.45 P2 0.00 7 _—— =
0.40 P5 i=1  i=2 =3
0.35 -P10
0.30
0.25 0.50
0.20 il 0.40 3 EFD
0.15 ’ \ E 0.30 1
0.10 ’ ‘ E 0.20 1
0.05 3
0.00 .ﬁg \AL -
0 100 200 300 400 500 L PRI
JSHz]

PPTC

Jrequency order [-]

J=1.269, 6, = 1.424

smp‘15

26



b Ikp]

1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

Case 3.2 - TUHH panMare

wetted

Sensor i=1 i=2 i=3
N p2 (CFD)  0.4699 0.0109 0.0120
/ ,\ /,\ p5 (CFD)  0.3841 0.0285 0.0121
JTANN/ANN/A P10 (CFD)  0.0985 0.0044 0.0183
W I X “7 5 p2 (EFD) 0.3277 0.0103 0.0080
/ER\VAR\Y/ % \ p5 (EFD)  0.4266 0.0152 0.0108
= - N P10 (EFD)  0.0711 0.0142 0.0104
0.50
0.40 CED
0 0.01 0.02 0.03 0.04 005 0.06 0.30
t[s] &
: S 020 3
Pressure signals 0.10 3
P2 0.00 3 |t
i i=1  i=2  i=3
—P10
0.50
0.40 3 EED
E 0.30 7
I \ E 0.20 1
ALY 0.10 |
0 100 200 300 400 500 6004 =i - =g
JSHz]

TUHH - panMARE

PPTC

suction side

KT noncav=0.250
KT cav=0.144

J=1.269,

TUHH - panMARE

o,=1

Jrequency order [-]

424

ressure side

kT noncav=0.250
KT cav=0.144

p [kp]

b Ikp]

3.50
2.50
1.50
0.50
-0.50
-1.50
-2.50
-3.50

3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

cavitating

Sensor

p2 (CFD)
p5 (CFD)
P10 (CFD)

0.5619
0.6338
0.5303

0.0000
0.0000
0.0000

0.0000
0.0000
0.0000

p2 (EFD)
p5  (EFD)
P10 (EFD)

0.2387
0.4017
0.1096

0.0206
0.0196
0.0227

0.0091
0.0130
0.0207

|,
A, J r\ p 4
VaPNIRNIAT:
J| Y
0.01 0.02 0.;)3 0.04 0.05 0.06
1[s]
Pressure signals
P2
—]5
P10
7 W
100 200 300 400 500
JS[Hz]

smp‘15

0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

P lkp]

0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

P lkp]

EFD

i=1

1=2

i=3

Jrequency order [-]

8
©
9
©
|
©
1
©
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P lkp]

Case 3.2 — UTAustin PROPCAV

wetted

1.00
0.80 Sensor i=1 i=2 i=3
g:jg N AN A A AN p2 (CFD) 05919 00162  0.0009
o2 JO AT e O oo oms  om
sl R\N//R\W// RN/ RN\ D) 03 00105 0008
0.20 A T 1l 1l | p5 (EFD) 04266 00152  0.0108
oo W o @D oot oo ooue
0.60
0.80 0.60
1.00 0.50 CED
0 001 002 003 004 005 006 _ 040
t[s] £ 030
& 020
1.00 Pressure signals = 0.10
ot P2 0.00 =
b.80 b2 T 4=1 §=3 =%
0.70 2 "P10
0.60
0.50 0.60
0.40 g.zg EFD
0.30 =
oz —| 20 i
‘ 0.10
0.00 o
0 100 200 300 400 500 =i §=8 | 5%

PPTC

Sz Jrequency order [-]

J=1.269, 6, = 1.424

smp‘15
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Case 3.3

Group Solver Acronym Cavitation N/turn
Cradle SCTetra Cradle-SCTetra wetted 512
Cradle SCTetra Cradle-SCTetra with 1024
SSPA FLUENT SSPA-FLUENT wetted 256
SSPA FLUENT SSPA-FLUENT with 256
SSPA FLUENT SSPA-FLUENT with 256
TUHH CFX TUHH-CFX wetted 256
TUHH CEX TUHH-CFX with 256
TUHH OpenFOAM TUHH-OpenFOAM wetted 256
TUHH panMARE TUHH-panMARE wetted 64
TUHH panMARE TUHH-panMARE with 16
UTAustin PROPCAV UTAustin-PROPCAV wetted 60

PPTC J=1.408, 6, = 2.000 smp‘15 29



Case 3.3 — Cradle SCTetra

wetted

cavitating

1.00 1.00
0.80 Sensor i=1 i=2 i=3 0.80 | 4 Sensor i=1 i=2 i=3
0.60 ‘ 0.60
0.40 N Al A A p2 (CFD) 05727 00256  0.0024 0.40 1 2 | p2 (CFD) 05527 00194  0.0380
: ,‘n [/ \ y‘\ /f\ p5 (CFD) 0.4275 0.0457 0.0042 : p5 (CFD) 0.4779 0.0758 0.0194
0.20 P10 (CFD) 0.0580  0.0078  0.0040 0.20 1 P10 (CFD) 0222 00497  0.0258
= 0.00 1 p2 (EFD)  0.3289 0.0122 0.0077 = 0.00 m V 7 p2 (EFD) 0.2872 0.0355 0.0128
=020 p5 (EFD) 0.3671 00204  0.0125 =020 1 { y p5 (EFD) 01014 00395  0.0238
= 040 [ W/ U] ] / P10 (EFD) 0.0404  0.0141  0.0093 = 040 4 1\ \*v U P10 (EFD) 0.1904 00183  0.0162
-0.60 -y y g -0.60 ‘
-0.80 0.60 -0.80 | 0.60
-1.00 0.50 CFD -1.00 : 0.50 CFD
0 001 002 003 004 005 0.06 0.40 0 001 002 003 004 005 0.06 0.40
t[s] £ 030 t[s] £ 030
& 0.20 & 0.20
1.00 Pressure signals 0.10 1.00 Pressure signals 0.10
0.90 P2 0.00 el 0.90 P2 0.00 ,_—h_,,_-e_
0 L i=1  i=2  i=3 0 L i=1  i=2  i=3
0.70 P10 0.70 P10
0.60 0.60
= 0.50 0.60 = 0.50 0.60
o 5l ~ 5l
0.30 = 0 .30 \ F 030
0.20 = 0.20 =
010 N & 020 010 \ & 020
: N 0.10 ’ N A —_—D\ 0.10
0.00 — o 0.00 — o —
0 100 200 300 400 500 : i1 - =% 0 100 200 300 400 500 : i1 - =g
JHz] JHz]

Jrequency order [-] Jrequency order [-]

SoftwareCradle-SCT Ky non-cav =0.200  SoftwareCradle-SCT

Kycav= 0.146

Ky non-cav =0.200
Kycav= 0.146

8
©
9 13

®
————— @
®

1
©
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suction side ressure side

PPTC

J = 1.408, g, = 2.000 30



Case 3.3 — SSPA Fluent (Sauer)

wetted cavitating

0.50 1.00
0.40 Q\ C\‘\ /:\ I,\\\ ’:\ Sensor i=1 i=2 i=3 0.80 Sensor i=1 i=2 i=3
A
0.30 0.60
0.20 \ \ \ \ \ p2 (CFD) 04686 00142 00032 0.40 1 z L m p2 (CFD) 01492 00500  0.1031
: p5 (CFD) 03478 00197  0.0037 : p5 (CFD) 02719 00488  0.1213
(CFD) (CFD)
0.10 P10 (CFD) 00463 0.0058  0.0026 0.20 1 - P10 (CFD)  0.3690  0.0541  0.0941
= 0.00 T W W p2 (EFD) 03289 00122  0.0077 = 0.00 ";\’ LW p2 (EFD) 02872 0035 00128
£ .0.10 p5 (EFD) 03671 00204 00125 2 .0.20 V) Wy p5 (EFD) 01014 00395 00238
= 020 II I’ l’ I’ I[ P10 (EFD) 0.0404 00141  0.0093 = 040 \\/\r \\7} \\\\\} P10 (EFD) 01904 00183 00162
-0.30 -0.60
-0.40 \4 \4 V \4 0.50 -0.80 0.50
-0.50 0.40 3 CFD -1.00 0.40 CFD
0 001 002 003 004 005 006 030 0 001 002 003 004 005 006 030
t[s] Ee t[s] g -
= 0.20 = 0.20
& &
0.50 Pressure signals 0.10 3 1.00 Pressure signals 0.10 3
8'45 g g 0.00 — 030 g? 0.00 3 !I
A0 i=1  i=2  i=3 0:80 i=1  i=2  i=3
0.35 P10 0.70 P10
0.30 0.60
= 025 0.50 = 0.50 0.50
= 020 0.40 EFD = 040 0.40 EFD
=9 (=9
0.15 = 030 0.30 = 030
0.10 = 020 § 0.20 = 020
0.05 E 0.10 E
0.10 A N 0.10
0.00 e 0.00 —
0 100 200 300 400 500 690 i 58 | j—8 0 100 200 300 400 500 690 i 58 | j—8
J[Hz] J[Hz]

Jrequency order [-] Jirequency order [-]

KT non-cav = 0.165
KT cav =0.123

SSPA-FLUENT LI . KT non-cav = 0.165 | SSPA-FLUENT
g KT cav =0.123
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Case 3.3 — SSPA Fluent (Zwart)

wetted

cavitating

0.50 1.00
0.40 Q\ C\‘\ /:\ I,\\\ ’:\ Sensor i=1 i=2 i=3 0.80 Sensor i=1 i=2 i=3
0.30 0.60
0.20 \ \ \ \ \ p2 (CFD) 04686 00142 00032 0.40 p2 (CFD) 00620 00689 00122
: p5 (CFD) 03478 00197  0.0037 : N N p5 (CFD) 03128 00937  0.0120
0.10 P10 (CFD) 0.0463  0.0058  0.0026 0.20 W AN AN P10 (CFD) 04232 00765 00141
0.00 T W W p2 (EFD) 03289 00122  0.0077 = 0.00 ISR \WAAN INYERY p2 (EFD) 02872 00355 00128
-0.10 p5 (EFD) 03671 00204  0.0125 =.0.20 p5 (EFD) 01014 00395  0.0238
2020 | | | | | P10 (EFD) 0.0404  0.0141  0.0093 = 040 \/ V \{/ V P10 (EFD) 0.904 00183  0.0162
-0.30 | | | | | -0.60 v
-0.40 \4 \4 V \4 0.50 -0.80 0.50
-0.50 0.40 3 CFD -1.00 0.40 CFD
0 001 0.2 003 004 0.05 006 0.30 0 001 0.2 003 004 0.05 006 0.30
t[s] Ee t[s] g -
= 0.20 = 0.20 3
& &
0.50 Pressure signals 0.10 3 1.00 Pressure signals 0.10 1§
0 o o00 -S| o o g
05s P10 i=1 1=2 =3 i P10 i=1 1=2 =3
0.30 0.60
0.25 0.50 = 050 0.50
0.20 0.40 EFD = 040 0.40 EFD
0.15 = 0.30 ] = 030 = 030
0.10 = ; 0.20 & 3
0.05 & o 0.10 i\ & o
: 0.10 : 0.10 §
0.00 —— 0.00 —
0 100 200 300 400 500 000 4 =i - =g 0 100 200 300 400 500 000 4 =i - =g
JHz] Jrequency order [-] sz Jrequency order [-]
SSPA-FLUENT p— KT non-cav = 0.165 | SSPA-FLUENT KT non-cav = 0.165

y > KT cav = 0.126

KT cav = 0.126

suction

PPTC

side

J = 1.408, g, = 2.000
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Case 3.3 - TUHH CFX

wetted cavitating

1.00 1.00
0.80 Sensor i=1 i=2 i=3 0.80 Sensor i=1 i=2 i=3
0.60 0.60 At o
bt A A A A A p2 (CFD) 0489 00230  0.0035 o JIy ) | & p2 (CFD) 0.5653 0.2435  0.0914
H “ ﬂ “ [/\ p5 (CFD)  0.3802 0.0227 0.0006 : \ p5 (CFD) 0.3419 0.2576 0.0939
0.20 IRV R\ R A P10 (CFD) 0.0705  0.0065  0.0003 0.20 1+ N 4 P10 (CFD) 0.2392 02422 0.1004
= 0.00 \,«] w? p2 (EFD)  0.3289 0.0122 0.0077 = 0.00 1+ U v p2 (EFD) 0.2872 0.0355 0.0128
=.0.20 p5 (EFD) 0.3671 00204  0.0125 =020 v o Y] ", p5 (EFD) 01014  0.0395  0.0238
X 040 .bu P10 (EFD)  0.0404 00141  0.0093 = 040 P10 (EFD) 01904 00183  0.0162
-0.60 -0.60
-0.80 0.50 1 -0.80 i 0.60
-1.00 0.40 3 CFD -1.00 0.50 CFD
0 001 0.2 003 004 0.05 006 0.30 0 001 0.2 003 004 0.05 006 0.40
t[s] g t[s] £ 030
: o, 903 A & 020
1.00 Pressure signals 0.10 3 1.00 Pressure signals 0.10
0.90 P2 O 0.90 P2 : i
0.80 P5 0:00:3 0.80 P5 0-00
; i=1 i=2 i=3 ; i=1 i=2 i=3
0.70 P10 0.70 P10
0.60 0.60
= 0.50 0.50 = 050 0.60
= 040 0.40 EFD 2 040 0.50 EFD
030 = 030 3 030 = g-;‘g
0.20 = E 0.20 = -
010 N a 020 el I\ & 020
0.00 N il 000 ) e 0.10 —
0 100 200 300 400 500 000 4 =i - =g 0 100 200 300 400 500 600 =i - =g
JSHz] S[Hz]

Jrequency order [-] Jrequency order [-]

TUHH-CFX KT non-cav = 0.1847  TUHH-CFX KT non-cav = 0.1847

KT cav =0.1470 KT cav = 0.1470
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Case 3.3 — TUHH OpenFoam

wetted

0.50
0.40 , An b Sensor i=1 i=2 i=3
0.30 -
0.20 i p2 (CFD) 04281 00267 00141
: \ p5 (CFD) 03169 00101 00144
0.10 mus NP P10 (CFD) 00470 00125  0.0139
0.00 i 'pl ".’- - v p2 (EFD) 03289 00122 00077
-0.10 p5 (EFD) 03671 00204 00125
0.20 | [ | | P10 (EFD) 0.0404 00141  0.0093
030 /N W
-0.40 w u ¥ b 0.50
-0.50 r - 0.40 3 CFD
0 001 002 003 004 005 006 030
t[s] &
= 0.20
: &
0.50 Pressure signals 0.10 3
040 P2 0.00 3 =
0.40 p5 i=1  i=2 i=3
0.35 -P10
0.30
0.25 0.50
0.20 0.40 EFD
0.15 = 0.30 3
0.10 i 0.20 1
0.0 P = 010
0.00 \—$
0 100 200 300 400 500 6004 i1 e
JSHz]

PPTC

Jrequency order [-]

J = 1.408, g, = 2.000

cavitating

smp‘15
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Case 3.3 — TUHH panMare

wetted cavitating

1.00 1.00
0.80 Sensor i=1 i=2 i=3 0.80 Sensor i=1 i=2 i=3
0.60 0.60
prasi p p2 (CFD)  0.4050 0.0177 0.0118 prasi p2 (CFD)  0.4002 0.1084 0.1224
: /\ p5 (CFD)  0.2946 0.0122 0.0109 : N & I"A A p5 (CFD)  0.2290 0.0792 0.1273
0.20 J/AA AN\ P10 (CFD) 0.0630 00046  0.0155 0.20 MR J7A) P10 (CFD) 0.0596  0.0856  0.1033
= 0.00 \\/” \\ // \\“ﬂ’\ M p2 (EFD)  0.3289 0.0122 0.0077 = 0.00 , k I 2 V \ p2 (EFD) 0.2872 0.0355 0.0128
=020 \Y, p5 (EFD) 0.3671 0.0204 0.0125 = .0.20 Y | ) p5 (EFD) 0.1014 0.0395 0.0238
S VR \3/’ \'4 P10 (EFD)  0.0404 0.0141 0.0093 S P10 (EFD)  0.1904 0.0183 0.0162
0.40 0.40 \
-0.60 -0.60
-0.80 0.50 -0.80 0.50
-1.00 0.40 13 CFD -1.00 0.40 13 CFD
0 0.01 0.02 0.03 0.04 005 0.06 0 0.01 0.02 0.03 0.04 005 0.06 _
() ;5 0.30 § () = 0.30 §
= 0.20 § = 0.20 3
1.00 Pressure signals 0.10 1 1.00 Pressure signals 0.10 3
020 § g 0.00 3 _ 020 §§ 0.00 3 EI
0.80 =1 i=2  i=3 0.80 i=1  i=2  i=3
0.70 -P10 0.70 -P10
0.60 0.60
= 0.50 920 = 0.50 920
2 040 0.40 EFD 2 040 0.40 EFD
=9 (=9
0.30 E 0.30 7 0.30 1 E 0.30
0.20 II ‘ = 0.20 1 0.20 “ = 0.20 ]
£y A Y
Q10 X 0.10 Q10 L 0.10
0.00 0.00 3 0.00 0.00 3 —
0 100 200 300 400 500 . i=1 =% i=3 0 100 200 300 400 500 . i=1 =5 i=3
JHz] Jrequency order [-] JHz] Jrequency order [-]
TUHH - panMARE KT noncav=0.194 TUHH - panMARE kT noncav=0.194
kT cav=0.193 KT cav=0.193 8
\ 9 13
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Case 3.3 — UTAustin PROPCAV

wetted

1.00
0.80 Sensor i=1 i=2 i=3
g:gg AL LD LN LD p2 (CFD) 05873 00192  0.0014
o0 AL\ LA, Pl (CFD) oowrr oo oono
= 0.00 | “V/TLW“V}IL\\XV{’L\‘V”LW“( p2 (EFD) 03289 00122  0.0077
£.0.20 p5 (EFD) 0.367L 00204 00125
= 0.40 [I\V/ER\V/ER\Y/ER\Y/ \\\: P10 (EFD) 0.0404  0.0141 _ 0.0093
-0.60
-0.80 0.60
-1.00 0.50 CED
0 001 002 003 004 005 006 _ 040
t[s] £ 030
& 0.20
1.00 Pressure signals = 0.10
ot P2 0.00 =
b.80 b2 T 4=1 §=3 =%
0.70 o -P10
0.60
= 0.50 9:60
2 040 0.50 EFD
& 0.40
0.30 =
- £ 030
& 020
0.10
0.00 P 0.10
0 100 200 300 400 500 e =i =5 4
JS[Hz]

Jrequency order [-]

PPTC J=1.408, 6, = 2.000 smp‘15 36



Results sensor P2 (suction side)

1.2 1.2

CFD EFD

1.0 3 1.0

0.8 0.8

P |kp]
P [kp]

0.6 — 0.6

el il < 1
- ) E% T L

0.4 - 0.4 - - T
-+ 4L H
L T 81
0.2 0.2 il
0.0 Y r r Y r 0.0 Y r r r
= & = & =z © = & = & =z &
O B O B O 3 O g O B O 3
= = = = = =
Casel Case?2 Case3 Casel Case?2 Case3

PPTC smp‘15



Results sensor P5 (top)

1.2 1.2
CFD EFD
1.0 1.0
0.8 — 0.8
E 0.6 == E 0.6 =
i - =y
0.4 - - = T 0.4 —+ —_
5 o
0.2 0.2
0.0 Y Y Y v T 0.0 Y r T
= & = & =z © = & = & =z &
@) 5 O 5 @) 5 o 5 O 5 @) 5
2 2 = = = 2
Casel Case?2 Case3 Casel Case?2 Case3

PPTC smp‘15



Results sensor P10 (pressure side)

1.2 1.2

CFD EFD

1.0 1.0

0.8 0.8

p [kp]
p [kp]

0.6

0.6

0.4 —= T 0.4

0.0 r 0.0 Y Y Y Y
= & &2 & =z B3 = 8 5 & =z @
@) 5 O 5 @) 5 o 5 O 5 @) 5
= = = = = =
Case]l Case?2 Case3d Case]l Case?2 Case3d

PPTC smp‘15



Difference [-]

35%

30% +
25% -
20% -
15% -
10% -
5% 1
0% -

PPTC

P2

Difference of CFD and EFD

Sensor

PS

P10

Difference of CFD and EFD




Potsdam Propeller Test Case

Thank You!
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