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Propeller Open Water Curves in Oblique Flow



Fourth International Symposium on Marine Propulsors
smp’15, Austin, Texas, June 2015
Workshop on propeller performance

Content
Description Page
1 o VT3] o101 SRR 2
1.1 Open water curves for ¥ =120 ACCUSIM-CFX .....coovvmireereeeeeeeieeeeeeereeeeeeeseeeenen. 3
1.2 Open water curves for PP = 1200 ACCUSIM-OF ....oooeeeeeeeeeeeeeeeeeeeeeeereseeee e 4
1.3 Open water curves for PP = 1207 CNRS-ISIS oo 5
1.4 Open water curves for ¥ = 12°: CRADLE-SCTetra steady .............cooeevrvrerererrnnes 6
1.5 Open water curves for ¥ =12°: CRADLE-SCTetra unsteady ..............cocovvvurereeuenns 7
1.6 Open water curves for PP = 1207 CSSRC-FIUCHL ¢ e 8
1.7 Open water curves for PP = 120 MARIN-REFIESCO....eveveeereeeeeeeeseeeeeeeeerseeseeeeeeses 9
1.8 Open water curves for ¥ =122 ROTAM-FIUNt .........oouoveeeereeeeeeeeeeeeeeeeeeeeeen. 10
1.9  Open water curves for 2R AT N 015 15 E @) 25 QU 11
1.10  Open water curves for PP = 120 TUHH-OF ... eseeenene 12
1.11  Open water curves for PP =120; TUHH-panMARE.........cccoiiiiiiieee e 13
1.12 Open water curves for 7 =120 UDE-ISIS.......coevreureeeeereeeeseeseeeeeseeeeeeeesees s 14
1.13  Open water curves for ¥ =12° UniGenoa-BEM...........o.coooeemeeeeeeeeereereeeeeseneen. 15
1.14  Open water curves for PP = 12°: UniGenoa-StarCCM ........oveeeeereeeeereeeereeeeseeeeeenen, 16
1.15 Open water curves for PP = 120 VTT-FINFLO. oo 17
1.16  Comparison of open water characteristics, ¥ =12°,J=0.6.......ccccccoevrrrerrerrrrrrerrnen. 18
1.17  Comparison of open water characteristics, ¥ =12°,J=0.8.......ccccevurrrerrerrrrrrerrren. 19
1.18 Comparison of open water characteristics, S DA S ) O 20
1.19 Comparison of open water characteristics, S A o U S 21
1.20  Comparison of open water characteristics, ¥ =12°,J=14.......ccccoovvrerrerrirrrerrnnn. 22

1.21  Absolute difference between measured and calculated values: ¥ = 12°,J=0.6..... 23
1.22  Absolute difference between measured and calculated values: #* = 12°,J=0.8 ..... 24
1.23  Absolute difference between measured and calculated values: #* = 12°,J=1.0..... 25
1.24  Absolute difference between measured and calculated values: ¥ = 12°,J=1.2..... 26
1.25  Absolute difference between measured and calculated values: ¥ = 12°,J=14..... 27

1.26 Relative difference between measured and calculated values: ¥ = 12°,J=0.6....... 28
1.27 Relative difference between measured and calculated values: ¥ = 12°,J=0.38....... 29
1.28 Relative difference between measured and calculated values: ¥’ = 12°,J=1.0....... 30
1.29 Relative difference between measured and calculated values: ¥’ = 12°,J=12....... 31
1.30  Relative difference between measured and calculated values: ¥ = 12°,J=14....... 32



1 Participants

The following institutes have participated:

Group Solver Acronym
ACCUSIM ANSYS-CFX ACCUSIM-CFX
OpenFOAM ACCUSIM-OF
CNRS-ECN ISIS CNRS-ISIS
CRADLE SCTetra steady CRADLE-SCTetra-st.
SCTetra unsteady CRADLE-SCTetra-unst.
CSSRC ANSYS-Fluent CSSRC-Fluent
ROTAM ANSYS-Fluent ROTAM-Fluent
MARIN ReFresco MARIN-ReFresco
TUHH ANSYS-CFX TUHH-CFX
OpenFOAM TUHH-OF
panMARE TUHH-panMARE
UDE ISIS UDE-ISIS
University of Genoa BEM UniGenoa-BEM
StarCCM+ UniGenoa-StarCCM
VTT FinFlo VTT-FinFlo

Fourth International Symposium on Marine Propulsors
smp’15, Austin, Texas, June 2015
Workshop on propeller performance

In the following the data is evaluated with respect to the thrust coefficient K7, (along the rotation axis, PCS coordinate system), the torque coefficient
10Ky and the open water efficiency 7o on basis of Kr), for an inclination angle between shaft and inflow direction of P = ]2° For each value an
absolute (e.g. AK7y) and a relative comparison (e.g. AKz, [%]) to the measured value is made. The absolute difference is defined as the difference
between the calculated to the measured value, while the relative difference is the same value expressed as percentage with respect to the measured
value.
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1.1  Open water curves for ¥’ =12°: ACCUSIM-CFX

1.6 7 I l I I |
J Krs Ky AKre  AKpy 15 ] PPTC - smp'l5 Workshop |
EFD  CFD [%] 7 }& o
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1.2 Open water curves for ¥’ =12°: ACCUSIM-OF

1.6 7 I I I | |
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1.3 Open water curves for ¥’ =12°: CNRS-ISIS

1.6 1 | | | | |
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¥ - VR W 0.3 3 \t\
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* data updated



Open water curves for PP = 12°: CRADLE-SCTetra steady

1.4
J Kry Krx AK7e  AKpy
EFD  CFD [%]
0.60 0.621 0.631 0.009 1.5
0.80 0.509 0.502 -0.007 -1.3
1.00 0.404 0.405 0.001 04
1.20 0.303 0.301 -0.002 -0.6
1.40 0.198 0.193 -0.006 -2.9
J 10K, 10K, Al0K, Al0K,
EFD  CFD [%]
0.60 1.425 1.449  0.023 1.6
0.80 1.215 1.193 -0.022 -1.8
1.00 1.023 1.002 -0.020 2.0
1.20 0.838 0.804 -0.034 -4.0
1.40 0.636 0.604 -0.032 -5.1
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0.60 0416 0416 -0.001 -0.1
0.80 0.533 0.536 0.003 0.5
1.00 0.628 0.643 0.015 2.4
1.20 0.691 0.716  0.025 3.6
1.40 0.695 0.711 0.016 2.3
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1.5  Open water curves for PP = 12°: CRADLE-SCTetra unsteady
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1.6  Open water curves for PP = 12°: CSSRC-Fluent
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Open water curves for PP = 12°: MARIN-ReFresco

1.7

J Kry Krn  AKpe  AKpx
EFD  CFD [%]
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1.8  Open water curves for P’ = 12°: ROTAM-Fluent

1.6 7 I I I | |
J Ky Koy AKre  AKpy 15 ] PPTC - smp'l15 Workshop |
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1.9  Open water curves for PP = 12°: TUHH-CFX
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1.10 Open water curves for PP = 12°: TUHH-OF

1.6 7 I l I I I
J Kry Kr: AKre  AKp 15 ] PPTC - smp'l5 Workshop |
EFD CFD [%] il ﬁ& .
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1.11  Open water curves for PP =120 TUHH-panMARE

1.6 - i i i | I
J Kry Koy AK7  AKpy 15 : PPTC - smp'l5 Workshop |
EFD  CFD [%] : o
0.60 0.621 0590 -0.032 51 1.4 X - open water characteristics |
080 0509  0.506 -0.003  -0.5 13 N ““gi’ji‘llafggfm |
1.00 0.404 0416 0.013 3.1 12 g ke
1.20 0.303 0.328 0.025 8.2 :
140 0.198 0237 0039 195 — ok
Ho 1.0 3
J 10K, 10K, Al0K, Al0K, = 0.9 1
EFD CFD [%] . ]
0.60 1.425 1.157 -0.268 -18.8 = 0.8 .
0.80 1215  1.067 -0.148 -122 5 07
100 1.023 0946 -0.076  -7.5 0.6 1
1.20 0.838 0.805 -0.033 -3.9 05
1.40 0.636 0.633 -0.004 -0.6
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1.20 0.691 0.778  0.087 12.6 05 06 07 08 09 10 11 12 13 14 15
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1.12  Open water curves for ¥’ =12°: UDE-ISIS

J Ky Krx AK7e  AKpy
EFD  CFD [%]
0.60 0.621 0.625 0.003 0.5
0.80 0.509 0.513 0.004 0.8
1.00 0.404 0.405 0.001 0.3
1.20 0.303 0.301 -0.002 -0.8
1.40 0.198 0.194 -0.004 2.1
J 10K, 10K, Al0K, Al0K,
EFD  CFD [%]
0.60 1.425 1.446 0.021 1.4
0.80 1.215 1.232  0.017 1.4
1.00 1.023 1.027 0.004 04
1.20 0.838 0.826 -0.012 -14
1.40 0.636 0.611 -0.025 -4.0
J 1Mo no Ano Ano
EFD  CFD [%]
0.60 0416 0412 -0.004 -0.9
0.80 0.533 0.530 -0.003 -0.6
1.00 0.628 0.627 -0.001 -0.1
1.20 0.691 0.696 0.004 0.6
1.40 0.695 0.708 0.013 1.9
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1.13  Open water curves for PP = 12°: UniGenoa-BEM

1.6 7 I l I I |
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15



Fourth International Symposium on Marine Propulsors
smp’15, Austin, Texas, June 2015
Workshop on propeller performance

1.14 Open water curves for PP = 12°: UniGenoa-StarCCM
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080 0509 0526 0017 34 13 1 ‘\\ S m‘?as}‘f:_’mem |
1.00 0404 0409 0006 14 15 ] SE calctiation
120 0303 0300 -0.003  -1.0 o “\\
1.1 ] .
1.40  0.198  0.190 -0.008  -4.1 - : \
1.0 3
o ] i
J 10K, 10Ky, Al0Kp AlOKp 009 1 N
EFD  CFD [%] o ] ‘\k
= 0.8 ]
0.60 1425 1475 0.050 3.5 S ] \ n
. B 0
080  1.215  1.248 0.033 2.7 5 0.7 3 — o
1.00  1.023  1.031  0.009 0.8 0.6 1 i\k _,,/4"/
120 0838  0.822 -0.015  -1.8 ] T 10K
05 3 X\ <
140 0.636  0.601 -0.036  -5.6 ] s
0.4 3 =
¥ = o Mo Mo 03 3 \t\
EFD CFD [%] 0.2 1 ~~4
0.60 0416 0419 0.002 0.6 G : K
0.80 0533 0537 0.004 0.7 =
1.00 0.628 0.632 0.004 0.6 00
1.20 0.691 0.697 0.006 0.8 05 06 07 08 09 10 11 12 13 14 1.5
1.40  0.695 0706 0.011 1.6 J [
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1.15 Open water curves for PP = 12°: VI'T-FinFlo

1.6 7 I I I I |
J Kry Kry AK7,  AKp 15 : PPTC - smp'l5 Workshop ||
EFD CFD [%] o .
0.60 0621 0644  0.023 36 14 3 ;E\\ open water characteristics | |
. . . . . . : \
080 0509  0.524 0.015 3.0 13 3 AN ““mi’as‘l"ffmem |
1.00 0404 0409  0.005 13 ] S calculation
1.2 1 <
120 0303 0302 -0.001 0.4 ] \
140 0.198  0.196 -0.002  -12 — ok B
2 1.0 3 -
J 10K, 10Ky, Al0Kp AlOKp 009 1 -
EFD CFD [%] . o - .
0.60 1425 1451 0.026 1.8 = >4 Mo
0.80 1215 1232 0.017 1.4 5 0.7 3 = —\1
100 1023 1010 -0.013 -1 06 s ,/*'// X
120 0838 0810 -0.028  -33 ; Y 10K,
0.5 - —
140  0.636  0.592 -0.044  -6.9 ] L s
0.4 3 \*\
J no 1o Ano Ano 0.3 ; \
EFD  CFD [%] 02 1 i~
060 0416 0424 0.008 1.8 &1 ] K
080  0.533  0.542  0.008 1.6 b g
1.00 0.628 0.644 0.016 2.6 00
1.20 0.691 0712  0.021 3.0 05 06 07 08 09 10 1.1 12 13 14 1.5
140  0.695  0.738  0.043 6.2 J [
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1.16 Comparison of open water characteristics, ¥* = 12°, J = 0.6

Ky, 10K, 1o

[-] [-] [-]
ACCUSIM-CFX 0.655 1.487 0421
ACCUSIM-OF 0.632 1445 0418
CNRS-ISIS * 0.641 1.448 0.423
CRADLE-SCTetra-st. 0.631 1.449 0416
CRADLE-SCTetra-unst. 0.620 1.431 0.413
CSSRC-Fluent 0.623 1394 0426
ROTAM-Fluent 0.618 1422 0415
MARIN-ReFresco 0.628 1.429 0.420
TUHH-CFX 0.640 1.426 0.428
TUHH-OF 0.634 1467 0413
TUHH-panMARE 0.590 1.157 0.487
UDE-ISIS 0.625 1446 0412
UniGenoa-BEM
UniGenoa-StarCCM 0.647 1475 0419
VTT-FinFlo 0.644 1451 0424
Measurement 0.621 1.425 0416

* data updated

KTx ’ IOKQ s Mo [']

1.6
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1.17 Comparison of open water characteristics, #* = 12°, J = 0.8

Ky, 10K, 1o

[-] [-] [-]
ACCUSIM-CFX 0.520 1.225 0.540
ACCUSIM-OF 0.508 1.203  0.538
CNRS-ISIS * 0.523  1.231  0.541
CRADLE-SCTetra-st. 0.502 1.193 0.536
CRADLE-SCTetra-unst. 0.533 1.258 0.540
CSSRC-Fluent 0.506 1.166 0.553
ROTAM-Fluent 0.524 1.255 0.532
MARIN-ReFresco 0.523 1.223 0.544
TUHH-CFX 0.516 1.202 0.546
TUHH-OF 0.516 1.207 0.544
TUHH-panMARE 0.506 1.067 0.604
UDE-ISIS 0.513 1.232  0.530
UniGenoa-BEM 0475 1.106 0.547
UniGenoa-StarCCM 0.526 1.248 0.537
VTT-FinFlo 0.524 1.232  0.542
Measurement 0.509 1.215 0.533

* data updated

KTx ’ IOKQ sHo [']

1.4
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1.18 Comparison of open water characteristics, #* = 12°, J=1.0

Ky, 10K, 1o

[-] [-] [-]
ACCUSIM-CFX 0.403 0997 0.643
ACCUSIM-OF 0.390 0973 0.638
CNRS-ISIS * 0.409 1.023  0.636
CRADLE-SCTetra-st. 0.405 1.002 0.643
CRADLE-SCTetra-unst. 0.427 1.058 0.643
CSSRC-Fluent 0.409 0992 0.657
ROTAM-Fluent 0.427 1.080 0.630
MARIN-ReFresco 0.411 1.028 0.636
TUHH-CFX 0.400 0994 0.641
TUHH-OF 0.406 1.002 0.645
TUHH-panMARE 0416 0946 0.700
UDE-ISIS 0.405 1.027 0.627
UniGenoa-BEM 0.383 0962 0.634
UniGenoa-StarCCM 0.409 1.031 0.632
VTT-FinFlo 0.409 1.010 0.644
Measurement 0.404 1.023 0.628

* data updated

KTx ’ IOKQ sHo [']

1.2
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1.19 Comparison of open water characteristics, " =12°, J=1.2

Ky, 10K, 1o

[-] [-] [-]
ACCUSIM-CFX 0.294 0.780 0.720
ACCUSIM-OF 0.281 0.759 0.707
CNRS-ISIS * 0.299 0.818 0.698
CRADLE-SCTetra-st. 0.301 0.804 0.716
CRADLE-SCTetra-unst. 0.324 0.860 0.719
CSSRC-Fluent 0.317 0.825 0.733
ROTAM-Fluent 0.327 0.889 0.703
MARIN-ReFresco 0.303 0.825 0.701
TUHH-CFX 0.293 0.791 0.707
TUHH-OF 0.295 0.801 0.704
TUHH-panMARE 0.328 0.805 0.778
UDE-ISIS 0.301 0.826 0.696
UniGenoa-BEM 0.287 0.790 0.694
UniGenoa-StarCCM 0.300 0.822 0.697
VTT-FinFlo 0.302 0.810 0.712
Measurement 0.303 0.838 0.691

* data updated

KTx ’ IOKQ s Mo [']

0.9
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1.20 Comparison of open water characteristics, ¥* =12°,J=1.4

Kry 10K, Mo

[-] [-] [-]
ACCUSIM-CFX 0.191  0.570 0.747
ACCUSIM-OF 0.173 0.540 0.714
CNRS-ISIS * 0.188 0.598  0.700
CRADLE-SCTetra-st. 0.193 0.604 0.711
CRADLE-SCTetra-unst. 0.207 0.660 0.701
CSSRC-Fluent 0.219 0.639 0.764
ROTAM-Fluent 0.217 0.668 0.722
MARIN-ReFresco 0.198 0.610 0.723
TUHH-CFX 0.187 0.573 0.726
TUHH-OF 0.187 0.542 0.770
TUHH-panMARE 0.237 0.633 0.835
UDE-ISIS 0.194 0.611 0.708
UniGenoa-BEM 0.189  0.593  0.709
UniGenoa-StarCCM 0.190 0.601 0.706
VTT-FinFlo 0.196 0.592 0.738
Measurement 0.198 0.636  0.695

* data updated

KTx ’ IOKQ s Mo [']

0.9

0.8
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1.21  Absolute difference between measured and calculated values: ¥ = 12°,J=10.6

0.140 ——— .
AKn  AIKp o 0.120 ARy % 10k ¢ 7o
[-] [-] [-]
ACCUSIM-CFX 0.034  0.062 0.004 0.100
ACCUSIM-OF 0.011  0.020  0.001 0.080
CNRS-ISIS © 0.020 0.023  0.006 — 0.060 4
CRADLE-SCTetra-st. 0.009  0.023 -0.001 “o % X
CRADLE-SCTetra-unst. -0.002 0.006 -0.003 = 0.040 A A
CSSRC-Fluent 0.001 -0.031  0.010 < 0.020 f* ’A‘ _ N * -
ROTAM-Fluent 20.003 -0.003 -0.001 < 0.000 T A
MARIN-ReFresco 0.007  0.004 0.003 a 0.020
TUHH-CFX 0.018 0.000 0.012 . % A
TUHH-OF 0.012  0.041 -0.004 = -0.040
TUHH-panMARE -0.032  -0.268  0.070 -0.060
UDE-ISIS 0.003  0.021 -0.004 _0.080
UniGenoa-BEM '
UniGenoa-StarCCM 0.025 0.050 0.002 -0.100
VTT-FinFlo 0.023  0.026 0.008 -0.120
* data updated 0.140
ICA){*’ ,OQ S ‘@"a'-.\ é\_‘.\ \\)ﬂ.\\ \\@5\ &6_(.40 é‘%‘ \b’og QS/ {_b\ci’ Q}{Q L}t\ ' \.(8\0
KPP &S ) <
FFFLFFLIFT IS & &I
FE T LS TS AR
?g, o Q¥ N U B ,\\32” & o$
&P o
)
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1.22  Absolute difference between measured and calculated values: ¥ = 12°,J=10.8

0140 [ | [ | |
AKy — AlOK, Ao 0.120 AK;, X 10K, o L
[-] [-] []
ACCUSIM-CFX 0.011 0.010 0.007 0.100
ACCUSIM-OF -0.001 -0.012  0.004 0.080
CNRS-ISIS * 0.014 0.016  0.008 — 0.060
CRADLE-SCTetra-st. -0.007 -0.022  0.003 —
o 0.040 X - -
CRADLE-SCTetra-unst. 0.025 0.043 0.007 = X
CSSRC-Fluent -0.003  -0.049  0.020 "& Qu20 T2 X 4 A X ATX
ROTAM-Fluent 0.015 0.040 -0.001 X (.000=t—t— - R A A 4
MARIN-ReFresco 0014 0008 0.011 3 000 x| |A x| %
TUHH-CFX 0.007 -0.013  0.013 P = A
TUHH-OF 0.007 -0.008 0.010 > -0.040 v
TUHH-panMARE -0.003 -0.148  0.071 -0.060
UDE-ISIS 0.004 0.017 -0.003 0.080
UniGenoa-BEM -0.034 -0.109 0.014 '
UniGenoa-StarCCM 0.017 0.033 0.004 -0.100 ”
VTT-FinFlo 0.015 0.017  0.008 -0.120
* data updated 0.140
. i Q #* _} L% ,‘\k ﬂ__ Q Q/ CQ Q
& \NO S g\\}@ Q\\}@ o &0 \Sig' Q}C} Qy@é\ &(ﬁ\ ' \§\
FSF FEF TP ST F L
S VL LGS S F O O
O L7 0TS Y &R A O AR
YO EE NS & & &
v O ¥ & N NS
PR S
@ é&?
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1.23  Absolute difference between measured and calculated values: ¥ = 12°,J=1.0

0140 | I I I I
AKn  AI0K, Ao 0.120 AK;, % 10K, o |
[-] [-] [-]
ACCUSIM-CFX -0.001 -0.026 0.015 0.100
ACCUSIM-OF -0.014 -0.050 0.010 0.080
CNRS-ISIS* 0.005 0.000 0.008 —_
T 0.060 %
CRADLE-SCTetra-st. 0.001 -0.020 0.015
CRADLE-SCTetra-unst. 0.024 0035 0015 &_o 0.040 4
CSSRC-Fluent 0.006 -0.031  0.029 q& 0.020 : = A
p'e
ROTAM-Fluent 0.024  0.057  0.002 = 0.000== R A L1l — —
MARIN-ReFresco 0.007  0.005 0.008 = X
< 0.020 R A
TUHH-CFX -0.003 -0.029  0.013 . X X X
TUHH-OF 0.002 -0.020 0.017 = -0.040 -
TUHH-panMARE 0.013 -0.076 0.072 -0.060 s
UDE-ISIS 0.001  0.004 -0.001 0,080 pod
UniGenoa-BEM -0.021 -0.061  0.006 '
UniGenoa-StarCCM 0.006 0.009 0.004 -0.100
VTT-FinFlo 0.005 -0.013 0.016 -0.120
* data updated 0.140
<€"!" ,OQ o) A,%\‘ & & g ® {%' 'OQ Q_{(/ N Y“\ V"\ Q\o
g\’o @ \c':’\ & @’\&Ag\& &€ Q*L \223‘ \3‘?~ @'\% @9@ ‘QC >
F P IFT ST F I NS S &P
S O & LS NS & Q& PN
FF TP LS S8 & £ & 2
& & <+ < &
F ¥
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1.24  Absolute difference between measured and calculated values: ¥ = 12°,J=1.2

AK7  AI0K,  Aro
[-] [-] [-]

ACCUSIM-CFX -0.009 -0.058 0.029
ACCUSIM-OF -0.022 -0.079 0.016
CNRS-ISIS * -0.004 -0.020  0.007
CRADLE-SCTetra-st. -0.002 -0.034 0.025
CRADLE-SCTetra-unst. 0.020 0.022 0.027
CSSRC-Fluent 0.014 -0.012 0.041
ROTAM-Fluent 0.024 0.051 0.011
MARIN-ReFresco 0.000 -0.013 0.010
TUHH-CFX -0.010 -0.047 0.016
TUHH-OF -0.008 -0.036 0.012
TUHH-panMARE 0.025 -0.033  0.087
UDE-ISIS -0.002 -0.012  0.004
UniGenoa-BEM -0.016 -0.047  0.003
UniGenoa-StarCCM -0.003 -0.015 0.006
VTT-FinFlo -0.001 -0.028 0.021

* data updated

Avarx ’ ﬂIOI(Q aﬂ Ho [']

0.140
0.120
0.100
0.080
0.060
0.040
0.020
0.000
-0.020
-0.040
-0.060
-0.080
-0.100
-0.120
-0.140
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1.25 Absolute difference between measured and calculated values: ¥ = 12°,J=14

0.140 e —— .

MKy AIOKy A 0.120 AKrs X 10K @ 7o |

] -] -]
ACCUSIM-CFX 20.007 -0.066 0.052 0.100
ACCUSIM-OF 0.025 -0.096 0.019 0.080
CNRS-ISIS -0.010  -0.038  0.006 — 0.060
CRADLE-SCTetra-st. 20.006 -0.032 0.016 “o 0.040 N
CRADLE-SCTetra-unst. 0.009 0.023 0.006 & X
CSSRC-Fluent 0.021  0.003  0.070 q& 0.020 XAk
ROTAM-Fluent 0.018 0.032 0.028 < 0.000 AR, - — -
MARIN-ReFresco 0.000 -0.026 0.028 = Al |a|* A|A A A
TUHH-CFX 0011 -0.063  0.032 X 0020 Al |y X oy
TUHH-OF 20.011 -0.094 0.075 = -0.040 x X X
TUHH-panMARE 0.039 -0.004  0.140 -0.060 5 X
UDE-ISIS 0.004 -0.025 0.013 0,080
UniGenoa-BEM -0.010 -0.044 0.014 *% P4
UniGenoa-StarCCM 20.008 -0.036  0.011 -0.100
VTT-FinFlo 0.002  -0.044  0.043 -0.120
* data updated -0.140

SO ) \c;:’ \{;} ,&‘\T\ Q¥ \Q\\@Q\Q@“e o 'QQ &3&@{;\% & .{s}}t\é\é\o
S CO\\X\ C}}c’ S 0;9 %C&eée\@%qu S < e&\szg‘ &,62" ,Qr&\ \BQ_ 6@“‘\\0% %@k\ &
oy ‘?‘C PN pr & O ‘\Sb’ & .O‘z"{\o
v P < >
& P &
o
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1.26 Relative difference between measured and calculated values: ¥’ = 12°,J=10.6

25 [ [ [ [ [
AKn ALK, Ano AK;, X 10K, Ho
[%] [%] [%] 20
ACCUSIM-CFX 5.4 4.3 1.0
ACCUSIM-OF 17 14 03 15
CNRS-ISIS * 3.2 1.6 1.5 £ 5
CRADLE-SCTetra-st. 1.5 1.6 0.1 “o
CRADLE-SCTetra-unst. 0.3 04  -0.7 =
<] '* * A
CSSRC-Fluent 02 22 2.4 = A & | X A
ROTAM-Fluent 05 02  -03 s 0 L IRIR i R—s¢ X -
MARIN-ReFresco 1.1 0.3 0.8 a x
TUHH-CFX 2.9 0.0 2.9 -5 e
TUHH-OF 2.0 29 09 s
TUHH-panMARE 51 -188 169 -10
UDE-ISIS 0.5 14 -09
UniGenoa-BEM -15
UniGenoa-StarCCM 4.1 3.5 0.6 20 ) 4
VTT-FinFlo 3.6 1.8 1.8 i
* data updated 95
$ & Y & O F & P °
é)ﬁv@o \‘b\% & 4\’&\ Q\\}@Q Q\\\’e 46@?“‘ CQ+ S & \c} & L}\\‘Q\*%\
F TP FEFFIF I LSS L
<5 C‘) %q- o (f"q’ g A% '%’Q‘&\B S N (_',5.‘\ q;b
FE OCF & EFSS & P
v O & A\ & S LY
&F & &
&
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1.27 Relative difference between measured and calculated values: ¥ = 12°,J=10.8
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25 | | | [ [
AKy,  AlOK, Ao AK;, X 10K, Mo
[%] [%] [%] 20
ACCUSIM-CFX 22 0.8 1.4
ACCUSIM-OF 01 <10 08 15
CNRS-ISIS * 2.8 1.3 1.5 g 0
CRADLE-SCTetra-st. 13 -1.8 0.5 o
CRADLE-SCTetra-unst. 4.9 3.6 12 =
CSSRC-Fluent 0.5 -4.0 3.7 "& 2 A R > SN %A
ROTAM:-Fluent 30 33 02 S o PR — YR SEEE : 2
MARIN-ReFresco 2.8 0.7 2.1 o X X
TUHH-CFX 14 <11 25 ;oS X .
TUHH-OF 13 -06 2.0 > ”
TUHH-panMARE 05 -122 133 -10
UDE-ISIS 08 14  -06 X
UniGenoa-BEM 66 =90 2.6 -15
UniGenoa-StarCCM 34 2.7 0.7
VTT-FinFlo 3.0 1.4 1.6 20
* data updated 95
@élr@& \%\c; e {{\@»\Q\o&&&o & Q{OQ&Q% & R’@ &Qé} &
FSEEFFITEIIFTITESF & T
0\5 © Cq\ Q;‘o CDQ & NN \b’Q »_\()‘5 & 4
S AR N N
o Q_?? ¥ <D N &
Sty
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1.28 Relative difference between measured and calculated values: ¥’ = 12°,J=1.0
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25 I I I I I
AKy ALKy Ano AKy, % 10K, ¢ 1o
[%] [%] [%] 20
ACCUSIM-CFX 0.1 2.5 2.4
ACCUSIM-OF 34 49 1.6 15
CNRS-ISIS * 1.3 0.0 1.3 § 0
CRADLE-SCTetra-st. 0.4 2.0 2.4 “o
CRADLE-SCTetra-unst. 5.9 3.4 2.4 = 5 Al  |x
CSSRC-Fluent 14 30 46 "& x R ik
ROTAM-Fluent 59 56 02 N s — wlo & A
X
MARIN-ReFresco 1.8 0.5 1.3 o X | . X X % | X
TUHH-CFX -0.9 2.8 2.0 é -5 % *
TUHH-OF 0.6 2.0 2.6 E X
TUHH-panMARE 3.1 75 114 -10
UDE-ISIS 0.3 0.4 0.1
UniGenoa-BEM 51 60 09 -15
UniGenoa-StarCCM 1.4 0.8 0.6 20
VTT-FinFlo 1.3 1.2 2.6 )
* data updated 95
T S sy S S LTSI SN D e
FF & & & FEFFFE &
@ C:)\ CD/ ‘&6 \{L\ C/" . ) Q\ \25 @' Q‘Q/ O (&. &:
FFLF O FTI FEFLHILO FHFHP & FL
FEFFFFTFTE T O o4
@) be ‘Q\/ Q)% < Q—O ?3' 0«2\ ‘OQ\. &
&F ¥
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1.29 Relative difference between measured and calculated values: ¥’ = 12°,J=1.2

AKr,  AlOK, Ao
[%] [%] [%]
ACCUSIM-CFX -3.0 -6.9 4.1
ACCUSIM-OF -7.3 94 2.3
CNRS-ISIS -1.4 2.3 1.0
CRADLE-SCTetra-st. -0.6 -4.0 3.6
CRADLE-SCTetra-unst. 6.7 2.6 4.0
CSSRC-Fluent 4.5 -14 6.0
ROTAM-Fluent 7.9 6.1 1.6
MARIN-ReFresco -0.1 -1.5 1.5
TUHH-CFX 34 -5.6 2.3
TUHH-OF -2.6 -4.3 1.8
TUHH-panMARE 8.2 -3.9 12.6
UDE-ISIS -0.8 -14 0.6
UniGenoa-BEM -5.2 -5.6 04
UniGenoa-StarCCM -1.0 -1.8 0.8
VTT-FinFlo -0.4 -3.3 3.0

* data updated

AK 7, ﬂIOI(Q B o [Ye]

25 | | | | | |
AKy, X 10K, "o
20
15
10
A
Alo|x
S A
0 T - 3 —
NI IEIRN &
X A % | X X
-5 = *
X A
-10 -
-15
-20
-25
~<(,‘Jr' Q S & - \-_,{\& '0\' P Q‘JF' p‘@ Q—Q) \c? %\' @ AO
Q\’b %\%\ CD,\C’\ &a& é\c‘i\\) %\& éc*% Qf’ \§~ & @\% @‘b{o {b@o g\xg
FTFTFLIT LTI IO &I & S
F T F LSO TF VA
& O &
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1.30 Relative difference between measured and calculated values: ¥’ = 12°,J=14

25 | | | | |
AKn ALK, Ano AKy, % 10K, o
(%] [%] [%] 20 y §
ACCUSIM-CFX 37 -104 75
ACCUSIM-OF 128 -151 27 15
CNRS-ISIS 5.2 6.0 0.8 5 10 .
CRADLE-SCTetra-st. 2.9 5.1 23 - A
CRADLE-SCTetra-unst. 4.6 3.7 0.9 :- 5
CSSRC-Fluent 106 05 100 : 3
ROTAM-Fluent 92 50 40 = 9 X = < —
MARIN-ReFresco -0.2 4.1 4.1 ‘a‘ A A A
TUHH-CFX 5.8 9.9 45 -5 %% X A X1, ,‘<
TUHH-OF 55 -148 108 E X X
TUHH-panMARE 195 06 202 -10 %
UDE-ISIS 2.1 -4.0 1.9 A
UniGenoa-BEM 49 68 21 -15 x %
UniGenoa-StarCCM 4.1 -5.6 1.6 20
VTT-FinFlo 1.2 6.9 6.2 )
* data updated 95
& é\pﬁ & iy ,o?%\'q\**@&q\&i & IC,;V IQQ&%@ ,\%\% S & &
FT I P EFTIFIFTFL SO
FOEFFIFTSFITFS T VS ¢
(}J ?’C @ \)Qf =) ] O @ Q:Z* S &
» Q¥ K R\ N S LF
q_?‘ Q\’ '@ & N
& P S
(@)
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