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To perform CAD-CAE computations of the hydrostatics and
hydrodynamic characteristics using Tribon capabilties

To perform CFD potential and viscous compuataion in order to

determine the characteristics of the flow around the hull, the topology
of the free sureface, the own wave profile along the ship and the

components of the KCS resistance P

To perform model resistance tests in the small towing tank of Galati
university and to compare the results with other obtained in a large
towing tank to develop model test with this type of ship

To compare CAD-CAE, CFD and model experimental results, in order
to verify the capabilities of the numerical systems to calculate and
reproduce the physical reality.




Introduction

Hydrodynamic aspects play a significant role in the quality of the
ship, dominant criteria in the hull form design are:

* Resistance,;
» powring performance;
* Maneuvrability.

CFD instruments used as a predictive tool for an accurate
representation of reality

Ship flow has been applied directly to full scale in order to sudy the
free surface potential flow and viscous flow around the KCS hull

General presentation of the KCS hull

The KCS container ship designed at the KRISO now MOERYI, in
order to be used as a benchmak model for CFD prediction

Figure 1.KRISO Container Ship KCS Hull.

Main characteristics Full scale | Model scale 1/65.67

Length over all, LOA [m] 243.84 3.713
Length of waterline, LW [m] 2325 3.54

Length between perpendiculars, LBP [m] 230.0 3.502

Beam, B [m] 32.2 0.49
Depth, D [m] 19.0 0.289
Draft, T [m] 10.8 0.164
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Hydrostatic calculaions
C AVEVA Tribon-M3
Initial design.

o s

Figure 7. Bonjean Figure 6. Hydrostatic
curves. curves.

+ The form of the curves are typical
* Theintercestion point between LCB and LCF is situated on

the maximum of the LCB curve

Hydrostatic calculaions

CS hull modelled in
“Tribon-M3 difference

51751,73659 0,5348134
9506,86 -0,879244
0,656 -0,845503
0,9841 0,0913706

0,6665 -0,922752

* The comparison of the hydrostatics Tribon results with the KC
S data suggest a very good accuracy of the CAD-CAE instrume
nt, all the differences being less than 1%
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KCS Resistance.
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Figure 8. KCS
Resistance.

*+ We observe that the viscous resistance is the most important
component, which represents about 60% from total resistance
while the wave resistabce is about 28%
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Figure 9. Open water characteristics of
the propeller.
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Propeller rotation and Brake power

AVEVA Tribon-M3
Initial design.
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Figure 11. Brake Figure 10. Propeller
rotation speed

power diagram. diagram.
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(kW) Pe — effective power;
0.732 5491 54.21
0.731 6787 58.15 THDF — thrust deduction fraction;

0.638
0.637 0.730 8323 62.19
10.636

0.728 10148 66.33 WFT —wake fraction;
-: 8322 ﬁg;g ?,g'gé ETAR - relative rotative efficiency;

10.628 0.718 17998 79.62  ETAQ — open water efficiency;
713 21652 84.35

QPC — quasi-propulsive coefficient;
130970 94.22 )
[37217 99.58  Ps— brake power;

Turning test characteristics

AVEVA Tribon-M3
Initial design
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Figure 12. Turning characteristics of
KCS.
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Zig-Zag and spiral maneuvre
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Figure 14. Zig-Zag
characteristics of the
ship.
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Figure 15. Dimentional = = T " =
reverse spiral maneuvre Figure 16. Non-Dimentional
reverse spiral maneuvre

Zig-Zag and spiral maneuvre

AVEVA Tribon-M3
Initial design.

MAXIMUM VALUES KCS values
Advance (AD)  <4,5L 335

Tactical
diameter (TD)

<5L
<10° if Liv<10
sec.
<20° if Lv>30

First overshoot
angle (@020 ——(53050m)
) [degrees] if

10

sec.<L/v<30
sec.

Should not
i\jeo?sr;li ot angle exceed the first
i overshoot
(zig-z2g angle by more
10°/10°) than 15° 7.80
First overshoot
angle (zigzag

ZIG-ZAG MANOEUVRE 20°/20°) <25°
CRASH- STOP The track reach <15 L

* The maneuvring performances
of the KCS satisfy the IMO
069 criteria
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CFD, Computational grids

The free surface flow of a modern container ship KCS wit
hout propeller was simulated with three sets of grid

N of panels
2608

N of panels
6568

N of panels
10458

i
Figure 17. Three sets of grid.

Free surface potential flow around the hull

SHIPFLOW Code.

z/A: 00050004 -0003-0002-0001 0 0001 0.002 0003 0004 0005 0006 0.007

FS Medium

1. -0005-0.004-0.003-0002-0001 0 0.0071 0.002 0.003 0.004 0005 0.006 0.007
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Free surface potential flow around the hull
SHIPFLOW Code.
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Figure 18. Free surface potential flow for three sets of grid

Pressure distribution around the hull

SHIPFLOW Code.

Figure 19. pressure around the hull for three sets of grid



Wave cut elevation and resistance

Figure 20. Wave profile for three sets of grids at 24 Knts speed. |

* The wave elevation from the coarse mesh has less amplitude to the other meshes
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Figure 21. comparison of resistance for three sets of grid.

Viscous flow mesh, Free surface

Figure 22. Coarse mesh for viscous flow
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Figure 23. Free surface for viscous flow at design speed 24 Knts.
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Pressure distribution for viscous flow, resistance
SHIPFLOW Code.

b
pressure 24 knts

Figure 24. Pressure distribution for viscous flow at design speed.
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Figure 25. Ship resistance for Viscous flow.
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Figure 26. University of Figure 27. Comparison

. . results for KCS model
Galati Towing Tank. resistance from Galati with KRISO results.

The medium difference between the KRISO and Galati model experimental results are
about 7.5%. As a consequence, in the case of this type of ship. Seems to be rational to
use the small towing tank of Galati university only for educational point of view.
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Resistance test full scale comparison

Figure 27. Comparison
results for KCS full scale test
with Tribon and viscous flow

results.

The Comparison of CAD-CAE, CFD (viscous) and experimental r

esults (transpose to the full scale) suggest the following remakrs:

+ The CFD numerical results underestimates the experimental r
esults with about 27%.

* The ITTC1957 method used to transpose the model experime
ntal results to the full scale don’t perform the form factor deter
mination, as a consequence is an optimistic method

» Avery good correlation was established between the tribon re
sults obtained on the basis of Holtrop-Mennen method and ex
perimental results, the medium difference being less than 1%.

Conclusions

The Holtrop and Mennen method from the Tribon initial design has
been used for resistance calculations. And a B-Series Wageningen
for the optimum propeller.

The KCS KRISO container ship has good maneuvering properties
referring to the IMO criteria.

Potential flow analysis freesurface around the KCS hull has been
performed fusing SHIPFLOW Code or different sets of grids and for a
range of speed [14 Knts — 26 Knts]

Viscous flow analysis free surface around the KCS hull has been
performed for coarse grid and for a range of speed [14 Knts — 24
Knts]

The accuracy of the resistance test results in small towing tanks as
the one of the UGAL, which allow a model not exceeding 4m, should
be verified, in this thesis it was verified referring to the results from the
KRISO towing tank results and the numerical results.
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Seakeeping calculations

Hydrodynamic derivatives calculations

Study of the viscous flow for different sets of grids
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