Customer’s project and technical support (Maritime)

Cooperation : NMRI (Japan) / KRISO (Korea) / FLOWTECH / DNVGL

Daehwan Park (FRIENDSHIP SYSTEMS)
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Skeg retrofit

Target
* Exchange the fixed skeg with the parametric skeg

Procedure

(1) Import section curves in IGES curves
(2
(3
(4
(5

(6

Cut off the skeg part
Create a barehull
Define 6 control curves
Create Skeg Surface

)
)
)
)
)
)

Export STL for STARCCM+ (Or other CFD)
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Skeg retrofit

Parameter LT
(Example)

dAngRoll 5 Design variable of skeg rolling (Degree) <1>

dAngYaw 3 Design variable of skeg yawing (Degree) <2>

dyShaft 2 Design variable of skeg distance <3>
Center of rotation

[xSkegRotationOrigin, yShaftNew, zShaft]

Original roll angle
(21°)

Rotation and distance parameters
* Roll

*  Yaw

* Distance
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Skeg retrofit
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Fin positioning

=l J

P & =~ 8 DA AN o

(7] Documentation Browser * & Dependencies X

Target

P& ™ 0| Aas - | =@ B

Parametric modeling of fin

Easy positioning

Keep normal direction from surface
Watertight STL creation

[?) Dowmentation Browser ¥ & Dependendies
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Abdy optimization with Neptune CFD (Japan)

Target

* Feasible study

* Afterbody frame shape optimization

* Software connection with Neptune viscous solver
— Resistance
— Nominal wake

Base design Modified design Difference ( Diff.
Rate to reference)

Vol 67878 m"3 67838 m"3 -40m*3 (-0.06%)

Leb 267% 2.69% +0.02% (+0.75%)

\V/( cd 1502¢-3 1.5066e-3 +0.0046e-3 (+0.3%)
\VW// 1-Wn 0.6097 0.5800 | 0097487 ~—€—

Large improvement of nominal wake keeping resistance in

a small increasement.
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Refine destorted surface patches

® {7 IS/ D! ston Browser x| Dependencies *|4l] 300verView *

S Target
’ * Exchange the destorted nurbs surfaces with
a
. smooth coons patches.
8 * Easy creation of a coons patch by selecting
the boundary curves.
@ . .
: * Save the man-hour outstandingly during
e P time-cosuming pre-processing.
|patchon ‘J-‘!"-;D 7 Documenteton Sowser * S Deodences * ) 30ven I .
...... .
Qo fI_HULFS edcelraversad € ;;:t
g: 1_HULLFSS adce? 2 2
Orop hers to append L f
O = 1 HUFS edcetrmenad i”

2
i
i

PO cs/a@sBIBB UL D AGELE-\ o+

Drop here to append
C Q4 HATSSedcereered
© Qo fl HUSS e
9T ) Q¢
Drop here to append.
Resoiution
FesU 1
sV 1
5% PO Oper ot - Coorsathfuton 25766 sc] .
5 80 BB 08B 0L QA

Prcject Unts: metars © basaline 3 |
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Twinskeg study of research vessle

Vertical skeg with deadrise

Target

e Study of
* Skeg angle
e Skeg distance
* Deadrise

* Initial Guess : CAESES + SHIPFLOW (by FSYS)
— * Full computation by customer : CAESES + STARCCM+
e Target PE : 1450 kW

VS (knot) | Draft(m) | CFD Cr(e-3) | CFD Ry(N) | PEKkW) | PEkw)+10% | T/PE(kw)
14.0 46 141 188.11 1367.5 1504.3 1450.0

Vertical skeg with flat of bottom Angled and wide skeg with flat of bottom

» CFD calculation » CFD calculation
VS (knot) | Draft(m) | CFD Cy(e-3) | CFD Ry(N) | PE(W) | PE(W)+10% | T/PE(cw) VS (knot) | Draft(m) | CFD Cy(e-3) | CFD Ry(N) | PE(w) | PE(cw)+10% | T/PE(w)
14.0 46 7.113 18333 | 13311 | 14643 | 1450.0 14.0 46 6.737 17476 | 12628 | 1389.1 | 14500
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Aftbody study of 300K VLCC

Target
*  Optimize forebody and aftbody frame shape.
* Focus on wake property rather than resistance.

2 L) ot .17 D 2 o soneven & o 0 (3 s s (2 ot Lo+ 3 s s+ 3 o) v+ Y 21 ot .17 D 2 al soneven o e (3 s s+ 2 o s+ 3 s s+ 2 oo+ v+

Procedure
* 1st optimization with SHIPFLOW
= FRIENDSHIP SYSTEMS
= Resistance and Nominal wake
* Final optimization with STARCCM+
= Customer
7, = Starting from the 1st optimized model
= Self-propulsion condition

PD 3.2% saved

ooo@ o6z 03 0& 06 0 0E 09 1 0 0 02 03 WM Be 07 08 09 1
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Direct variation of mesh

SCAESES 70NN 4
File CAD Connections Optimization Visualzation Features View Help © () @ B A
|7 DI Comections D Optimnton @] % M 4 b [400_Vari| meVari
Type Name Quick Find (Crl+F)

+ I baseline v | B mevari
FScope (25 000_Process
Fscope  + (0) 100 Porameter General
FScape () 300_ HydroOn
Fscope  + (400 Vari
Ficope [ X
Frep @ hullveri
B sum
B meVari
+ () 500_HydroVri
+ () 600_WAVIS

FScope () _kes_fine
Freature.. - |F | exportMe

*** INFO FGenlntReader : Could not open file

D:/_mom _hhi/Togeir2.5.2 106_SW/manual
[parsing process sborted]

*** INFO Open project : FVINAVIS_t06_SW (3.71 sec]

*** INFO runydOri : heel = 0 deg

*** INFO runtiydOri : sink = 108 m

*** INFQ runkivdOn : f = SAC Normalization Factor
1000_reocens>

ook realSile

++* INFQ runkydOri : outomatic xsoring for roup secions generating increasing secton positons] |

0:/_mom_hhi/Togeir2.5.2_fvWavis/fvWAVIS_r01.fdb*

0% @ 5 ID/D [0 oocumentaton Browser * [IMEIZIM Al 00verView * = Dependencies *

[
v 5]
! o

2}

B -~ 8 DA M\ o

K

f«n:ﬁdm ‘

h.

(Quick Access (Cul+Q)| = @ X

PR cv@@s/ VG B VM A e hnc @

Project Units: meters

« wbaseline » |000_Process - |Global System - Grid Scaling: 1

W SOWUOWNSEL = 19SUORS9PS - AIISIH 1 Sueasuo)

Target
e Direct variation of field grid.
e Surface grid is also available
* Reuse the good field mesh.
e Save the time for creating field mesh.
* Prevent the failure of mesh generation.

Specification

e CFD tested : WAVIS

* This technique could be applied to all kind of
»structured mesh” format.
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Target
e Evaluation project for SHIPFLOW & CAESES
combination for study of energy saving device.

Design variables

e Stators angle
*  Duct position
Profile shape

Half-Circular Duct
= Angle of attack

- L
' ! =  Thickness

Without duct With duct _ = Cord

%

Without Duct  71.1023 100
With Duct 68.7071 96.62

Visualization in CAESES post-processor s |

\—Outside position domain \\\\\\\\\\&\\
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Main dimension optimization of a fishing boat

25000

20000

—
5
=
S

Resistance [N]

=5
8
(=)

5000

10 10,5 11 11,5 12 12,5 13 13,5 14 145 15 155 16 16,5 17 17,5
Speed Knot

=H=Rt Base
== Rt CAESES

Target
*  Find out the best main dimension.

Design variable
e dL

e dB

* Bulb volume

Result

* Initial guess by Fsys SHIPFLOW

*  Final full CFD calculation by the customer with STARCCM+
results in 10% improvement of resistance performance
at the design speed 15.5Knot.
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Zinc Anode Positioning

Target

*  Parametric model

* Easy positioning

*  Watertight STL regarding hull surface.

CFD
Fluent (by Customer)

B 5 B () o o S oo * SN

|(2) Doaumentation Browser X |E Dependencies * (RININETE

Acasie 1| SUeos0D 4

B % ff D@ W\ -

£

2 & ~ M DA AN .

= 0 @ ‘OWONsEL ¥ WSwoees &

| &
(6B+ /088, 08B0 @ aOuY -«
Projec Units: meters < B baseline B [c_exportStl . |Global Systen - Grid Scaling: 1
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Main dimension study for 300K VLCC regarding LWT

Sensitivity Analysis of 300K VLCC

Target

e Quick evaluation of best main dimension in
early design phase.

* Potential code level computation.

* Considering LWT (Light Weight Ton) to match
with target DWT(Dead Weight Ton)

* Define feature definition codes for utilizing the
statistical formulars for ship calculation.

Resistance calculation

Design variable

Sensitivity Analysis of 14,000 TEU Containership ° L b p
e B
e Draft
* Depth
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Main dimension study for 300K VLCC regarding LWT

R4 | i | HENE
@Y | @m | 2y

LOA [m] 328.44 333.44 333.44

LBP [m] 316 321 321
B [m] 57.6 61.6 61.6
D [m] 305 275 215
T[m] 204 2 2
CB [m] 0.7970 0.7962 0.7806
LWT [t] 45344 48950 48950

DWT [t] 258015 3510804 300030

DISP [t] 303859 3559754 348980
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Double Ended Ferry

Billion contract for Havyard for ferries

TOPICS: Electrical Ferry Havvard Norway Today

Havyard Ferry. Illustration: Havyard

POSTED BY: PIETER WIJNEN  10. JUNE 2017

Billion contract for Havyard for ferries

Fjord1 has chosen Havyard to build five of its new ferries to be delivered in 2018 and 2019.
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Fully Parametric Hullform Connected with Cargo-hold

5

File CAD Connections Optimization Visualization Features View Help \?d @ @ »r

:PQ Connactions [3 Optimization e @ - -Q (?] Documentation Browser X |F) Dependencies X ‘|] 3DView X

=
Type Name Quick Find (Ctrl+F) E] \olume : 12443776
4 [ baseline
LcbPerc : -0.0078731477
FScope » (T a_Parameters °
FSCDDE b . b_Oonstruction Mo.1 Corner 2 Dist. from Circle: 0.43447687

» [ ¢_HydroStatics
FScope v [ d_Constraints_
FScope v [C] e_STL_Export
FScope » [0) f_Labels
(F

Mo.1 Corner 3 Dist. from Cirde: 4.4490095

FScope

No. 1 Corner 4 Dist. from Cirde: 5.3576414

Feature Definitions No.2 Corner 3 Dist. from Circle: 0.47209185

"

a

@] Ne.2 Corner 2 Dist. from Cirde: 1.0544885
b Y
E} No.2 Corner 4 Dist. from Cirde: 0.78543821
No.3 Corner 2 Dist. from Circle: 0.72133336
L No.3 Corner 3 Dist. from Circle: 0.25583117
@ No.3 Corner 4 Dist. from Cirde: 0.78504123

SkegWidthAtER : 8.9957204

w/
7 ButtockHeight : 2.9546867

10}|UOAP|SEL @ 125U0NDBRS B AlosiH jﬁ} sensuod

[ BENEEC]

B = 4 ) baseline Qg x
B | baseline o)
|b Construction|abdy|curveEngine> : @O o @@ @. m @ @ mk m o U g hnsng @ H A

Project Units: meters - B baseline ™ |b_Construction|abdy|curveEngine . |Global Systerw - Grid Scaling: 1
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Quick Hullform Set-up (Propeller Aperture and Aftbody Profile)

3 Dimensional Continuity from stern to afterbody

Original Princiapals Retrofit
Lbp ... 239 Lbp ... 239

DeckHeight ... 23

CB ... 0.81044588

CBA ... 0.73146504

CBF ... 0.88942671
CP...0.8127545

CPA ... 0.73645564 CPA ... 0.73354868
PF ... 0.8919612 CPF ... 0.89196032
Lcb ... 0.037679982 Lcb ... 0.038650793
XLcb ... 128.50552 Xlcb ... 128.73754
Vol ... 115568.48 Vol ... 115341.5
Wet ... 14551.086 Wet ... 14495.36

______________________

:

AP

Black : Original
Red : Varied

IntemetBolorer | 8« 0 B 8 Ukl ® @ @ uuu 955 @8 Q _
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Quick Hullform Set-up (Cargo Hold)

Example | MR Tanker

Hard Point Constraints Chgg:_l_gv

— X =156.2555 (0.85Lbp)

* Bulkhead 1
—  X=174.6385 (0.95Lbp)

» Bulkhead 3 » Bulkhead 4
~ X =294128 (0.16Lbp)

~ X=60.6639 (0.33Lbp)

O
SN ey
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Quick Hullform Set-up (Cargo hold)

Example | MR Tanker

Hard Point Constraints Satisfaction

¢

Delta Surface Shift Delta Surface Shift
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Quick Hullform Set-up (Engine room)

Example | MR Tanker

Hard Point Constraints Satisfaction
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Software connection

AVEVA WIREFRAME (DMP) + CAESES + CFD (WAVIS)

1. Import Wireframe Model 5 WAVIS Integratlon (Multlple Connectlon)

CPM

2. Create Surface from wireframe model

3. Hullform Modification 6. Optimization (Minimum Wave Resistance)
= = B
:E: - L;’IU.SI!
4. Export Offsets for WAVIS (FIX and PRX) g iEs o I
HE= 0l THIE IR R R

QUL AT
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Software connection

AVEVA WIREFRAME (DMP) + CAESES + CFD (WAVIS)

A\ o

8 ™A

& ™

@0 - vHBaecsl o s EE a ¢ - A

23

Hot issue in 2016.

Give the optimized hullform to AVEVA in
DMP file format.
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Bow Retrofit

Bulb removal

AR NMRPRAN B0

TOLRA duue

Project Units: meters. *  ® baseline ©

Remove bulbous bow and attach
bulbless bow Surface

Improved wave resistance
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Bow Retrofit

= Bulbous bow retrofit

Draft

19.5 Station
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Bow Retrofit

Delta Shift

= Mothership variation.

Upper Profile

oo o e %

~,

L] Jw Tip Height
A
-
/// Length
. Yol .
// /// J
/// "I
/” - el X

-

Lower Profile

26

New Design

n New Shape creation.

% [0 Plotvewer X |3 24Rero x [MI0G

vy f /A s "/1‘“/37&\1« v!“/u/mw x \‘ f-/ev/w/u//]m/ 0.77 X[ Poviewer, X |5 20kReto_X |14
I //
Wi

//
/Parametrlc

V

/s as I BBULEPE @2

(CPEiseessNBBdEPA OERE AN @H &
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Bow Retrofit

= Select variation method. =

GOOD BETTER

i

—_—

|
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ESD Form Optimization

PBCF Form Optimization

I} ] all 300verview x [T sobol 1 resuts0? X [all dagramViewer02 X [ Sobol 2 resuks0d. X [1h ]

ick

STARCCM+

ength

G @8 LD BAEIL Pa ey

o 00wy % [Bisee

Lt resutsi7,. % | all dogromiiendz. % |53 sobol 2uresitsor. X i#0

1.3 % Increase of propulsive

efficient
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Integration with EXCEL (Finnish - Swedish Ice Class Rule)

PESIED COM Interface Excel Calculation Result
Parameters Parameters

+ [ baseline [# Object Editor maax A B l c | D | E | F | G | H | | | J | K | L |
W « > |04 _BALTIC|04_Excel|Ballic E Output
» [ 01_MatherShip rEdr) e Evood Bl Fugins Cutpud — 1 ENGINE OUTPUT CALCULATION FOR BALTIC ICE CLASS
v [T) 02_RetrofitParameters 2 E3 INPUT
v [B) 03_Hydrostatic_Result ] Baltic_Engine_Output e = & )H
+ [ 04_BALTIC — % Project Name
v [ 00_reducePoints Al
v [ 01_scale oA (240 (@ 5 ICE Class 18 Resuft
v [T 02_shift .m0 — 6 Bulbous Bow With Propeller
4 [T 03_baltic_dimensions '3' amet target_Lbp - 7 MainEngine MCR(kW) Type FPP
+ [ unit_angle_alpha 5 8 RPH s No. Of Prap. 1
+ [ unit_angle_phi2_atButt B amet target_Beam gl 9
v () unit_Awf .
, nit Butt ., 19.95 5 10 POWER(KW) = (Ke* (Ren/100043/2))Ds = 14849 KW = 20194 BHP
- - target_DeckHeight - 11l
+ [ unit_Lbow get_DeckHeigh u
v @) unit_Lpar ra (105 @
& alpha_dwi = s 7
&) Awf
g DispMT Awf 75451.001515 o S If Bulb,then $1=90°
&) Lbow A
] Lpar e 7)
i . Propeller_Diamete
g]z:'; O HI-DRE Tabie 9.1.2 Coefficient of propuision, KE
&] phi 50.66249683
+ @) 04_Excel L= Lbow Bl
v [@ 05_Eval 114.56211699
+ @ boundaries = I Lpar 3
+ [2) _construction
I E .
target Draft Dl En
T 1308 — ” 125 RCH = CL +C2 + {C3*Cu™{HFHHIV) 2" (B+CW*HF | H{CA*(LPP=T/B"2) "3 AWF/LPP} = 12079987
i = 26
Apha  ooL060% 7 27 |HF =020~ (HW'BY0.5 5737 SedF  s7
alpha_dwl - 28 HM =1,0for Ice Class 1A and 1AS /0.8 for Ice Class 18/ 0.6 for Ice Class 1C 08 So, HiM 08
@ . 129 C=01500542 + sin¥sina - 0,664 S0.Cu 0,664 IF. (Cy==0.45, value, 0.45)
I phit - 130 GV = 0,047°-2,115 - 1598 s0.CY 1,695 IF, ($<=45,0value)
sy To10718500 . 131 G1 =1 * B* LPARI2UTIBH)+(1+0,021* 1) (12 B+3*LBOW-+4*B*LBOW) 227121380 s0,C1 0 0for lee Class 1A, 18, 1C
t phi2 132 €2 = (1+0,063¢1)(91+02'B}+03°(1+1,2 TIBF B20t(LPP) 104887 575 0,2 0 0 forlce Class 14, 18, 1C
ExcelFile | T:/opHICE/baltic_loviec2.xlsx o @ 33 ¥ =arclan(tang,isina) = 81,086 (LPPTB'2Y3 6183
34 HLPPTT/BA2)3 ||| S<={LPPT/BA2)45<=20
- 114,56 >le 50.662 LL (] | powerkw o
Lpar Lbow
[ General
] - 14848.6480413 : ! )
i L/ 04 BALTICI04 Fxcel|Baltic_Engine_Output:powerkw ©
g
Design Variable (2]
~
Awf = 754.61802 m”2 & powersip o
General
- 20194.16133617 =
e Value N . 2)
P 04 BALTICI04 Excel|Baltic_Engine_Output:powerBHP c
Design Variable (?2)
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Propeller Optimization in Self-propulsion condition

= Approach
— 1. step with 30 variants
— Vary pitch distribution
— 2. step with 100 variants

— Vary pitch, camber and chord
distribution with changing mean pitch,

mean_propeller_plane_inflow_X_Velocity_at_SP_point_with_present_propeller

mean camber and expanded area ratio L ool s 076
(EAR)

P/D

= Objective

— Lower power consumption 2-1t:n-Q

Difference of axial velocity (m/s)
-0.030 -0.022 -0.014 -0.006 0.002 0.010

Difference of axial velocity (m/s)
-0.082_-0.057 -0.032_-0.008 0.017 _0.042

>mRr
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Challenge

e —————— -o
7’ N
/ NACAD020 Centerline before twisting ¥
thickness =
T o /) angPitch
i Leme
/ < — NACADOAA
WTE L1 | angFirstPos Y
8 )
NACADOBB Centerline after twisting
WLE
, dzlE .
it } ‘ (tapl inL)/2 e ]
finH capTipDia/3
s -~ Shaft Center Height
 Ductprofle NACMDS * DuctGircle « Fin profile : NACAADS

+_Chord ~ radnud ~ Fin_ReotChord

= Duct_MaxCamber - radFwg - Fin_RootMasCamber

— Duct_MaxCamberPos ~ Fin_RootMaxCamberPos 0
- buct_Maxrhick ~ Fin_RootMaxThck
/‘\\ ~ Fin_TipChord
[ = — Fin_TipMaxCamber
\ . — Fin_TipMaxCamberpos
\ - Fin_TipMasThick
. - " « Finlength
- Fin_Length
\ g N

= Finpositioning

angSlope
N g>lop:

~Hi

itch

- F

_RootCutRad

Fin_RootCutRad
~ Fin_angfiot1 -

~ Fin_angRot2 Fin_angRat2
-

_angRot3
Fin_angRotd.

~ Fin_angRotd

Fin_angRotl

Mf_round
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= Thank you very much !
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