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Resumen

En este trabajo se va a desarrollar el proyecto de un buque portacontenedores
postpanamax con capacidad para 11000 TEUS.

Nuestro buque estara propulsado por un motor diésel directamente acoplado y
dispondra de generacion eléctrica de gas en zonas portuarias con el fin de
reducir la contaminacion.

La tripulacién estard formada por un total de 30 tripulantes y todos ellos
dispondran de camarotes individuales.

El bugue no contara con sistemas de carga y descarga propios, a excepcion de
una pequefia grua para el abastecimiento de viveres.

En sus cubiertas se dispondran dos TEUS en sentido longitudinal, o un FEU si
fuera el caso, porque las guias de nuestro buque estaran adaptadas a dicho
proposito.

Resumo

Neste traballo irase desenvolvendo o proxecto dun buque portacontenedores
postpanamax con capacidade para 11000 TEU's.

O noso buque estara propulsado por un motor diésel directamente acoplado e
dispora de xeracion eléctrica de gas en zonas portuarias coa fin de reducir a
contaminacion.

A tripulacién estara formada por un total de 30 tripulantes e todos eles disporan
de camarotes individuais.

O buque non contard con sistemas de carga e descarga propios, a excepcion
dunha pequena gria para o abastecemento de viveres.

Nas suas cubertas disporanse os TEU’s en sentido lonxitudinal, ou un FEU se
fora o caso, porque as guias do noso buque estaran adaptadas a dito
propaosito.

Summary

In this work, the project of a post-Panamax container ship with capacity for
11000 TEUS will be developed.

Our ship will be powered by a directly coupled diesel engine and will have
electric gas generation in port areas in order to reduce pollution.

The crew will be available for a total of 30 crew members and all of them will
have individual cabins.

The ship does not have its own loading and unloading systems, with the
exception of a small crane for supplying food.

On its decks two TEUS will be arranged longitudinally, or in FEU if applicable,
because the guides of our ship are adapted to this purpose.
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1 INTRODUCCION

En este cuaderno abordaremos la estimacion de la potencia propulsora del
buque y el célculo del propulsor, analizando multiples alternativas para seleccionar la
mas eficiente. Ademas, se realizaran los calculos de dimensionamiento del timén.

A continuacion, se exponen las dimensiones principales del buque.
Dimensiones

Loa 342,62 m
Lep 326 m
B 47 m
D 28 m
T 16 m
Cs 0,671
A 172205t
Fn 0,1817
Cwm 0,992
Cp 0,677
Cr 0,827

Velocidad (kn) 20
TEU's totales 11000
TEU’s cubierta 6168
TEU’s bodega 4840
Tripulacion 30
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2 PREDICCION DE POTENCIA

La estimacion de la potencia que necesitaremos instalar a bordo de nuestro
buque emplearemos el programa Navcad, calculando en primer lugar la resistencia
al avance y finalmente la potencia de nuestro motor.

Los datos que introduciremos en el programa los obtendremos a través de las
hidrostaticas de nuestro buque, para las cuales usaremos el programa “Maxsurf

Stability”.

Las hidrostaticas de nuestro buque a trimado 0 m para el calado de disefio (T =

16 m) son:

Draft Amidships (m)
Displacement t

Heel deg

Draft at FP m

Draft at AP m

Draft at LCF m

Trim (+ve by stern) m

WL Length m

Beam max extents on WL m

Wetted Area m”"2
Waterpl. Area m”"2
Prismatic coeff. (Cp)
Block coeff. (Cb)

Max Sect. area coeff. (Cm)
Waterpl. area coeff. (Cwp)
LCB from zero pt. (+ve fwd) m
LCF from zero pt. (+ve fwd) m

KBm

KGm
BMt m
BML m
GMtm
GML m
KMt m
KML m

Immersion (TPc) tonne/cm

MTc tonne.m

RM at 1deg = GMt.Disp.sin(1) tonne.m
Max deck inclination deg
Trim angle (+ve by stern) deg
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16 m
172110
0
16
16
16
0
332,937
47
20552,699
12933,772
0,676
0,671
0,992
0,827
155,347
142,356
8,561
16
11,892
541,913
4,452
534,474
20,452
550,474
132,571
2821,674
13373,911
0
0
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2.1 Calculo de laresistencia al avance

En este apartado mostraremos el procedimiento a seguir en el programa
“Navcad” para estimacion de la resistencia al avance del buque proyecto.

En primer lugar, estableceremos el método de prediccion Holtrop y una
viscosidad de 0,15 mm.

OO & @ ||R| E Mode: Resistance
Vessel drag Calc ﬂ ITTC-78 (CT)
Technigque: Prediction hd
Prediction: Holtrop = |
Reference ship
Model LWL [m]
Viscous
Expansion: Standard j
Friction line: TTC-57
Hull form factor:  |On 1,185 J
Speed corrn On ﬂ
Spray drag corr: Off ﬂ
Corr allowance: TTC-78 (v2008)
Reoughness [rm]: | On ﬂ 015 J
Catamaran
Interference Off
Added drag
Appendage: Calc - |Percentage J
Wind: Off -]
Seas: Off -]
Shallow/channel: |COff |
Towed: Off -]
Margin: Cale |Hull + added drag [10...
| Type | Task
O Right-click to add a task... =

Deberemos introducir los datos y dimensiones de nuestro buque, asi como las
velocidades a las cuales evaluaremos la resistencia.
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B8 || v] @ W & +% < Edit Condition

Project =
Project 1D: Proyecto septiem... ]
Description: Portacontenedore...

Summary
Scope: [TTC-72 (CT) hd
Configuration: Monchull hd
Chine type: Round/multiple |
Length on WL: 326,000 m
Displacement: 172110,00 t
Propulsor type: Propeller hd
Count: 1 hd

Water properties
Water type: Salt ﬂ
Density: 026,00 kg/m3
Viscosity: 1,18920e-6 ma/s

Como la velocidad de servicio es de 20 nudos, evaluaremos un rango de
velocidades entre 12 y 21 nudos.

8% | V] @ W & % < Edit Condition

Summary =
Scope [TTC-78 (CT) hd
Configuration: Manohull ha
Chine type: Round/multiple |
Length on WL: 326,000 m
Displacement: 172110,00 t
Propulsor type: Propeller hd
Count: 1 hd

Water properties
Water type: Salt ﬂ
Density: 026,00 kgim3
Viscosity: 1,18920e-6 m2/s

Speeds
Speed [01] 12,00 kt
Speed [02] 13,00 kt
Speed [03] 14,00 kt
Speed [04] 15,00 kt
Speed [05] 16,00 kt
Speed [06] 17,00 kt
Speed [07] 18,00 kt
Speed [08] 19,00 kt
Speed [09] 20,00 kt
Speed [10] 21,00 kt

Design condition
Design speed: 20,00 |kt =
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Acto seguido, pasaremos a introducir las dimensiones principales para un buque
monocasco.

Nuestro bugue no moja la estampa, por lo que el area en la estampa sera nula.
Los pardmetros del bulbo se han extraidos de los calculos realizados en el cuaderno
3 (protuberancia = 8,1 m) y el area del bulbo se ha comprobado en la seccion del
bulbo empleando la curva de areas del “Maxsurf’. La forma de las cuadernas en
proa y popa sera en V 'y U respectivamente

Az 7@ W & % e Edit Hul

Hull =
Configuration: Meonchull ﬂ -
Chine type: Round/multiple ﬂ

General
Length on WL: 326,000 m
Max beam on WL A7 000 m
Max molded draft: 16,000 m
Displacement: 172110,00 t
Wetted surface: 20425,819 = |m2
Demi-hull spacing m

ITTC-78 (CT)

LCE fwd TR: 162 467 J m

LCF fwd TR: 152,697 J m

Max section area: 791,854 J me

Waterplane area: 12450,600 J ma

Bulb section area: 14,000 mé
Bulb ctr below WL: 8,100 = |m

Bulb nose fwd TR: 345,230 m

Irmm transom area: 0,000 m2
Transom beam WL: 0,000 m
Transom immersion: | 0,000 J m

Half entrance angle: | 30,00 jdeg

Bow shape factor: -1,0 J [BTE flow]
Stern shape factor: 1,0 J [WL flow]

Planing =

Pagina 10 de 36



Cuaderno 6: Prediccion de potencia y disefio de propulsores y timones
Manuel Garcia Pensado

En el apartado de apéndices marcaremos “Percentage”, el cual estimaremos en
el 5% de la resistencia total, y dispondremos una sola hélice.

8 VI @ Wy & % o Edit Appendage

Appendage -
Definition: Percentage ﬂ
Percent of hull drag: | 5,00 J%

Flaning influence

El area de la superestructura y del casco expuesto a viento han sido calculados
para un numero de contenedores en cubierta de 6068 TEU's.

B ¥l B Wy | % e Edit Environment

Wind
Wind speed: 0,00 |kt
Angle off bow: 0,00 deg
Gradient correction: | Off j
Exposed hull
Transverse area: 719,200 J mé
WCE abaove WL: 14,500 m
Profile area: 4814,000 = |m2
Superstructure
Superstructure shape: |Container ship ﬂ
Transverse area: 1132860 = |m2
WCE above WL: 14,500 m
Profile area: 44307,640 = |m2
Seas
Significant wave ht: ~ |0,000 J m
Modal wave period: |00 jsec
Shallow/channel
Water depth: 0,000 m
Type: Shallow water ﬂ
Channel width m
Channel side slope deg
Hull girth y

Consideraremos un margen de mar del 10%, como se indica en las RPA"s del
proyecto.

8 VI @ W & |+ & Edit Margin

Margin
Design margin: qg— | =
Basis: Hull + added dr...ﬂ
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La hélice sera de paso fijo y cuyo diametro maximo sera de 10,4 m, obtenido en

el cuaderno 3.

e V1l @ W o % effe| Edit: Propulsor
Propulsor =
Count: 1 ﬂ .
Propulsor type: Propeller series ﬂ

Propeller type: FPP ﬂ

Propeller series: B Series j

Propeller sizing: By power ﬂ

Reference prop:

Elade count: 4 j

Expanded area ratio: | 0,6300

Propeller diameter: 10400,0 mim

Propeller mean pitch: 216391 mim

Hub immersion; 120000 jmm
Engine/gear

Drive line: Direct drive ﬂ

Gear input: Mo gearbox

Engine data: Generic diesel j

Rated RPM: 84 RPM

Rated power: 42800,0 kKW

Primary fuel: Defined ﬂ

Secondary fuel: Mone

Gear efficiency: 1,000

Load correction: Off

Gear ratio: 1,000

Shaft efficiency: 0,970 = |
Propeller options =

En nuestro caso no disponemos de reductora, dado que nuestro buque trabaja a
bajas revoluciones, por lo que el motor ira directamente acoplado a la hélice.
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A YVl B W & % | Edit: Propulsor

Engine/gear =
Crive line: Direct drive ﬂ
Gear input: Mo gearbox
Engine data: Generic diesel ﬂ
Rated RPM: 84 RPM
Rated power: 43200,0 kW
Prirnary fuel: Defined ﬂ
Secondary fuel: Mone
Gear efficiency: 1,000
Load correction: Off
(3ear ratio: 1,000
Shaft efficiency: 0,970 - |
Propeller options
Oblique angle corr: Off ﬂ
Shaft angle to WL:  |0,00 deg
Added rise of run: 0,00 deg
Propeller cup: 0,0 J rm
s T T a———
Scale correction: Full ITTC
KT rultiplier: 1,000
KQ rultiplier: 1,000
Blade T/C [D.7R]: Standard
Roughness: Standard rmm
Cav breakdown: Off
Mozzle L/T: Standard -l

Una vez hayamos introducido todos los parametros, haremos clic en la casilla de
calculo para obtener la gréafica correspondiente. La gréfica correspondiente a la
resistencia al avance de nuestro buque se muestra a continuacion.
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3000

RTCITAL [kN]
=
i

SPEED [ki]
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2.2 Calculo de la potencia

Para el célculo de la potencia emplearemos el método Holtrop y el criterio de

cavitacion de Keller.

OO & @ R |P| Mode Propulsion

Hull-propulsor
Technigque:
Prediction:

Reference ship:
Mazx prop diam:
Corrections
Viscous scale corn:

Rudder location:

Friction line:

Hull form factor:

Corr allowance:

Ducted prop corr:
Tunnel stern corr:
Effective diam:
Recess depth:

System analysis
Cavitation criteria:
Analysis type:

CPP method:
Engine RPM:
Mass multiplier:
RPM constraint:
Lirmit [RPM/s]:

Roughness [mm]: | O

Calc ﬂ

Prediction
Holtrop

[mm] | 104000

On ﬂ Standard
Behind propeller

ITTC-57
1,183
[TTC-78 (w2008)

Off

off |

off |

[m]

[m]
Keller eqn
Free run
Fixed RPM

KK

La primera estimacion la realizaremos “By thrust”, por lo que debemos
asegurarnos de marcar la casilla en “Propeller series”.

B Y1 @ W & % |de Edit Propulsor

Propulsor

Count:

Propulsor type:
Propeller type:
Propeller series:
Propeller sizing:
Reference prop:

Elade count:

Expanded area ratio:

Propeller diameter:

Propeller mean pitch:

Hub immersion;

Propeller series vl

FPP |

B Series ﬂ

By thrust ﬂ

i -
0,5301

10400,0 rmm
4238 mm
12000,0 = |mm
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Una vez que hemos introducido todos los parametros, pulsaremos el boton de
calculo nos saldra la siguiente ventana:

Propeller sizing
To size
Shaft RPM: ] w733 RPM
Expanded area ratio: Size ﬂ 0,530
Propeller diameter: Size ﬂﬂMDI{LD M
Propeller mean pitch: Size ﬂﬂrﬂlﬂ M
Design condition [By thrust]
Design speed: 20,00 ﬂ kt
Reference thrust: 3147,52 = kN
Design point: 1,000 J
Reference RPM: &40 J
Design point: 1,000 J
Max prop diarm: 10400,0 M
Review
Tip speed: 0,00 m,s
Size Save report QK Cancel Help

A continuacion, seleccionamos la casilla “size” para que el programa
dimensiones esos parametros y pulsaremos “ok”.

La grafica resultante en el calculo de la propulsion es la siguiente:

45000+
400[:0—3
350[:'0—5
3[10[30—5

25000}

PBEMG [kWwW]

20000}
15000
10000

5000

-
0,0 5,0 10,0 15,0 20,0 25,0

SPEED [ki]
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El resultado de la potencia que necesitaria nuestro buque en esta primera
estimacion es de 34539 kW.

Para poder seleccionar el motor que deberemos instalar a bordo, debemos dividir
dicho valor entre 0,85. Esto se hace debido a que el motor va a funcionar al 85% de
su capacidad.

Potencia necesaria = 333;9

’

= 40634 kW

Una vez que conocemos la potencia necesaria, escogeremos el motor en el
catalogo. En nuestro caso recurriremos a un motor de la compafia MAN S90ME-
C10_5-GI que se muestra a continuacion:

MAN B&W 1.03
Page 1 of 1

Power, Speed and Fuel Oil

MAN B&W S90ME-C10.5-GI-TlI

Cyl. Ly kW Stroke: 3,260 mmvLy MEP: 21.0 bar

5 30,500

36,800

42,700 Ly~

B 48,800 | s230 [
9 54,900
10 61,000
11 &7,100

12 73,200 = ] rimin

KWyl
4 6,100

=] |

Escogeremos el modelo de 8 cilindros con una potencia de 48800 kW.

Una vez conocida la potencia de nuestro motor, realizaremos en Navcad la
estimacion “By power”, introduciendo el valor de nuestra potencia. En la casilla
emergente repetiremos el proceso anterior, dimensionaremos mediante “size” y
pulsaremos el boton de “ok”. Observamos que el valor obtenido para las
revoluciones (81,8 rpm) es muy similar a las revoluciones de funcionamiento del
motor (84 rpm).

Pagina 17 de 36



Cuaderno 6: Prediccion de potencia y disefio de propulsores y timones

Manuel Garcia Pensado

Propeller sizing
To size
Shaft RPM: Size ﬂ 81.8 RPM
Expanded area ratio: Size j 0,632
Propeller diarneter: Size ﬂm:mu,u i
Propeller mean pitch: Size ﬂmﬁ-ﬁ,ﬂ' i
Design condition [By power]
Design speed: 20,00 - |kt
Reference power TE T M— Tl
Design point: 1,000 J
Reference RPM: 240 J
Design point: 1,000 J
Mazx prop diam: 10400,0 i
Review
Tip speed: 44,54 my's
Size Save report 0K Cancel Help

Repetiremos el procedimiento para una hélice de 4, 5y 6 palas, con el fin de
seleccionar la mas adecuada para nuestro buque. los resultados obtenidos son los
siguientes:

N° Palas Potencia (kW) Rendimiento

4 35126,5 0,5877
5 34877 0,5938
6 34575 0,6

En base a los resultados obtenidos, hemos decidido instalar una hélice de 5 palas
debido a que las diferencias en los rendimientos no son significativas y la superficie
mojada es menor.

En el anexo | se muestran los informes de resultados obtenidos en todo el proceso.
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3 CONTORNO DE POPA

En este apartado realizaremos los célculos necesarios para el contorno de popa
de nuestro buque.

En primer lugar, definiremos el diametro del propulsor empleando la formulacion
del libro “Proyectos y artefactos: proyecto de las formas de un buque”, de Fernando
Junco.

Dp = 15,75 x (MCO02)/N06

Donde:

MCO: potencia maxima en HP

N: revoluciones por minuto de la hélice

Recordemos que en el cuaderno 1 habiamos realizado la estimacion de la
potencia a bordo, obteniendo un MCO = 48800 kW = 65442 HP y N = 84 rpm. Por lo
tanto, el diAmetro de nuestro propulsor sera:

Dp = 15,75 x (6544202)/8406
De = 10,13 m
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A continuacion, definiremos las claras minimas del codaste de nuestro buque
empleando la formulacion de reglamento DNV-GL.

Table C1 Minimum clearances
For single screw ships: For twin screw ships:
a=02R (m)

b=(07-0,4Zp) R (m)
c=(048 — 0,02 Zp) B (m) cz(06-002Zp)R (m)
e=007R (m)

4
Z- FI-

propeller radius in m
number of propeller blades.

—e-n-g---of---G-u-i-d-a-n-c-e-—n-o-t-g---

\
07R

—_—

Teniendo en cuenta que en el cuaderno 1 hemos seleccionado una hélice de 4
palas y el radio del propulsor es de 5,185 m, obtenemos la siguiente tabla:

CLARAS VALOR MINIMO (m) CLARAS REALES (m)

a 1,037 2,38
b 2,8 2,33
c 2,074 2,16
e 0,363 0,38
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4 ANEXO |I: RESULTADOS NAVCAD

4.1 Calculo de laresistencia

Resistance Project ID Proyecto septiembre 2020
B ago 2020 03:18 Description  Portacontenedores 11000 TEUS
HydroComp NawCad 2018 File name PROYECTO SEFTIEMBRE 2020 hene
Analysis parameters
Vessel drag ITTC-rd [LT) Added drag
Technique: [Calz] Prediction Appendage [Cale] Percentage
Prediction: Holtrop Wind [Odf]
Reference ship: Seas O]
Muodel LWL: Shallowichannel: [Od]
Expansion: Standard Towed: [Od]
Friction line: ITTC-57 Margin [Cale] Hull + added drag [10%]
Hull form factor: [On] 1,185 |Wiater properties
Speed com: [On] Water type: Salt
Spray drag corm [Off] Density: 1026,00 kgim3
Comr allowance ITTC-78 (w2008) Viscosity: 1,18920e-6 m2is
Roughness [mm]: [On] 0,15
Prediction method check [Holtrop]
Parameters | FM [design] CP LWLBWL BWLIT Lambda
Valus 0,18 0E3 6,94 2,94 0,73
Range 0,006-0,40 035085  390-1430  2.10-4,00 0,04--1,07
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Prediction results

SPEED COEFS IMTC-78 COEFS
SPEED
] FN Fv RN CF [CWICF] CR dCF CA CT
12,00 0.103 0,265 1,693 0.001435 1.183 0, 000005 0000000 0.000238 0,001943
13.00 0,118 0,238 1.83e3 0.001422 1.184 0, 000008 0.000000 0000227 0,001919
14,00 0.127 0,310 1.97e3 0.00140% 1.184 00000135 0.000000 0000217 0,001900
15,00 0,128 0,332 2,129 0.001398 1.184 0, 000026 0.000000 0000207 0,001887
16,00 0,146 0,354 2.26e3 0.001387 1.183 0, 000043 0000000 0000137 0.,001881
17.00 0,133 0,376 2,403 0001377 1.183 0, 000067 0.000000 0000133 0,001884
18.00 0.164 0,398 2.54e3 0.001368 1.182 0000101 0.000000 0000173 0,001837
13.00 0.173 0,420 2,68e3 0,00135% 1.181 0000145 0.000000 0000171 0001922
+ 20,00 + 0.182 0,442 2.82e3 0001351 1.180 0, 000202 0000000 0000163 0,0019359
21,00 0,191 0,465 2,96e3 0,001344 1173 0000271 0.000000 00001355 0,002010
RESISTANCE
SPEED RBARE RAPP RWIND RSEAS RCHAN RTOWED RMARGIN RTOTAL
k1] [kh] [kN] [kM) Li]] [kN] [kN] [kM] [kM)
12,00 TTE,04 34,80 0,00 0,00 0,00 0,00 81,48 896,32
13.00 B99,54 44,53 0,00 0,00 0,00 0,00 94,45 103857
14,00 1032,86 51,64 0,00 0,00 0,00 0,00 108,43 1192,55
13.00 117746 58,87 0,00 0,00 0,00 0,00 123,63 133957
16,00 1333,50 66,78 0,00 0,00 0,00 0,00 140,23 1342,51
17.00 1509,93 73,50 0,00 0,00 0,00 0,00 158.54 174357
18.00 1704,51 85,23 0,00 0,00 0,00 0,00 178,97 1968.71
19,00 1923,78 96,19 0,00 0,00 0,00 0,00 202,00 221187
+ 20,00 + 2173,02 108,63 0,00 0,00 0,00 0,00 22817 2309.84
21,00 24758,03 122,50 0,00 0,00 0,00 0,00 258,09 283903
EFFECTIVE POWER OTHER
SPEED PEBARE PETOTAL
kil kW] kW] CTLR CTLT RBAREMW
12,00 47907 95333 0.00009 003857 0.00046
13.00 B015.3 69484 0,00046 003809 0000353
14,00 74389 B591.9 0.00030 003772 000061
13,00 20861 10494.4 0,00031 003743 0,00070
16.00 10992.7 12636,5 0,00085 0,03734 0.00073
17.00 13205.2 15252.0 0,00133 003739 000083
18,00 15783.8 18230,3 0,00200 003763 000101
13,00 18803.9 TS 0.,00288 003814 0.00114
+ 20,00 + 22358.0 238234 0,00400 003888 000123
21,00 26:535.0 30ET1.0 0,00538 003989 000148
Meport CLATSO0E0E- 1718 Hydeolom: Hevled 2018 1804 00730530 U1NE
Resistance Project ID Proyecto septiembre 2020
6 ago 2020 05:18 Description  Portacontenedores 11000 TEUS
HydroComp NavCad 2018 File name PROYECTO SEPTIEMERE 2020.hcnc
Hull data
General [Flaning
Configuration: Monohull
Chine type: Roundimultiple
Length on WL 326,000 m
Max beam on WL: [LWL/BWL 6,2936] 47,000 m
Max molded draft: [BWLIT 2,838] 16,000 m
Displacement: [CE D.6B4) 17211000 t
Wetted surface: [CE 2,762] 20425,819 m2
ITTC-T8 {CT)
LCE fwd TR: [XCB/LWL D.4BE] 162, 46T m
LCF fid TR: [¥CF/LWL 0.468] 152,697 m

Max section area:
Watemplane area:
Bulb section area:
Bulb cir below WL
Bulb nose fwd TR:
mm transom area:
Transom bearm WL
Transom immersion
Half enfrance angle:
Bow shape factor:
Stem shape factor:

[CX¥ 1,053] 791,854 m2
[CWP 0.B13] 12450,600 m2
14,000 m2
8100 m
345,230 m
[ATR/AX 0,000] 0,000 m2

[BETR/BWWL 0,000] 0,000 m

[TTR/T 0,000] 0,000 m
30,00 deg
[BTK flow] -1.0
[WL fiow] 1.0

Msport CCAIOEDE- 1118
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Cuaderno 6: Prediccion de potencia y disefio de propulsores y timones

Manuel Garcia Pensado

Resistance
& ago 2020 03:18

Project ID Proyecto septiembre 2020
Description  Portacontenedores 11000 TEUS

HydroComp NavCad 2018 File name PROYECTO SEFTIEMERE 2020 henc
Appendage data
GGeneral [EkegFeel
Definition: Percentage Count: 0
Percent of hull drag: 3,00 % Type: Skeg
Planing influence Mean length: 0,000 m
LCE fwd TH: 0,000 m Mean width: 0,000 m
VCE below WL: 0,000 m Height aft: 0,000 m
Shafting Height mid: 0,000 m
Count: 1 Height fwd: 0, e m
Max prop diameter: 104000 mm Projected area: 0,00 m2
Shaft angle to WL: 0,00 deg Wetted swrface: 0,000 m2
Exposed shaft length: 0,000 m Stabilizer
Shaft diameter: 0,000 m Count: 1]
Wetted surface: 0,000 m2 Root chord: 0,000 m
Strut bossing length: 0,000 m Tip chord: 0,000 m
Bossing diameter: 0,000 m Span: 0,06 m
Wetted surface: 0,000 m2 TIC ratio: 0,000
Hull bossing length: 0,000 m LE sweep: 0,00 deg
Bossing diameter: 0,000 m Wetted swrface: 0,000 m2
Wetted surface: 0,000 m2 Projected area: 0,000 m2
Strut (per shaft line) Dynamic multiplier: 1,00
Count: 0 |Bilge keel
Root chord: 0,000 m Count: 1]
Tip chord: 0,000 mm Mean length: 0, e m
Span: 0,000 m Mean base width: 0,000 m
TIC rafio:c 0,000 Mean projection: 0,06 m
Projected area: 0,000 m2 Wetted swrface: 0,00 m2
Wetted surface: 0,000 m2 Tunnel thruster
Exposed palm depth: 0,000 m Count: 1]
Exposed palm width: 0,000 m Diameter: 0,000 m
Rudder Sonar dome
Count: 1 Count: ]
Rudder location: Behind propeller Wetted swrface: 0,000 m2
Type: Balanced foil |Wiscellaneous
Root chord: 0,000 m Count: ]
Tip chord: 0,000 m Crag area: 0,000 m2
Span: 0,000 m Drag coef: 0,00
TIC ratio: 0,000
LE sweep: 0,00 deg
Projected area: 0,000 m2
Wetted surface: 0,000 m2
Environment data
[Wind [Geas
Wind speed: 0,00 kit Signficant wave ht: 0,000 m
Angle off bow: 0,00 deg Modal wave period: 0,0 sec
Gradient comection: OfFf Shallowi/channel
Exposed hull Water depth: 0,004 m
Transverse anza: 719,200 m2 Type: Shallow water
WVCE above WL: 14,500 m Channel width: 0,000 m
Profile area: A814,000 m2 Channel side slope: 0,00 deg
Superstructure Hull girth: 0,000 m
Supersiructure shape: Container ship
Transverse area: 1132, 860 m2
WICE abowe WL: 14,500 m
Profile area: A4307 640 m2

Meport CLATSCE0E- 1718
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Cuaderno 6: Prediccion de potencia y disefio de propulsores y timones
Manuel Garcia Pensado

4.2 Calculo de la potencia

Propulsmn Project ID Proyecto septiembre 2020
B ago 2020 05:42 Description  Portacontenedores 11000 TEUS
HydroComp NavwCad 2018 File name PROYECTO SEPTIEMBRE 2020.hcnc
Analysis parameters
Hull-propulsor interaction System analysis
Technique: [Cale] Prediction Cavitation criteria: Keller eqn
Predicton: Haoltrop Analysis type Free run
Reference ship: CPP method
Max prop diam: 10400,0 mm Engine RPM:
Corrections Mass mudtiplier:
Viscous scale comr: [On] Standard RPM constraint:
Rudder location Behind propeller Limit [RPM/s]:
Friction line ITTC-a7 Water properties
Hull form factor: 1,185 Water type: Salt
Comr alowance ITTC-78 (w2008) Diensity: 1026,00 kg/m3
Roughness [mmj: [Off] 0,15 Viscosity: 1,18920e-6 m2is
Ducted prop com [Off]
Tunnel stem com: [Off]
Prediction method check [Holtrop]
Parameters | FM [design] CP LWLBWL BWLT
Value 0,18 065 6,94 294
Range 0,060, 80 055085  390-1490  210-4.00

Prediction results [System]

HULL-PROPULSOR EMNGINE FUEL PER ENGINE
SPEED PETOTAL RPMENG PBEMG LOADENG VOLRATE MASSRATE
[k ] WET ™o =FFR [RPM] i [ rated] L] ]
12,00 kR k] [t k] 0 2026 1.0054 44 TI60.8 151 — —
13,00 6348 4 03818 02026 1.0094 47 92320 18.9 - —
14,00 835139 03814 02028 1.0094 1 113938 233 — —
135,00 10494 4 0,3811 02028 1.0094 4 13899 4 285 — —
16,00 12696,5 03807 02026 1.0094 38 16809 4 344 - —
17.00 15232.0 03804 02028 1.0094 &1 20205,3 414 - —
18,00 18230,3 03801 02028 1.0094 &3 24194 6 496 — —
19,00 2171835 03798 0, 2026 1,0094 ] 28914 9 9.3 - —
+ 20,00 + 2582314 03756 02028 1.0094 T3 343390 T0.8 — —
21,00 306710 03793 02026 100594 T8 412753 846 —_ —_
EFFICIENCY THRUST
SPEED THRPROP DELTHR
kil EFFC EFFDA MERIT [kN] k]
12,00 0,5940 0. 7308 0,55942 112405 896,32
13,00 0,55939 07326 0,55732 130254 1038,96
14,00 0,3974 07341 0,3556 14596,04 119295
135,00 0, 5585 0. 7350 0,55436 17035.48 135996
16,00 0, 5994 0. 7353 0,553T1 193440 1542 .50
17,00 0, 3950 0.7549 0,55379 218707 174397
18,00 0, 5582 0.7333 0,55469 2468 91 1968,71
19,00 0, 5966 0.7311 0,55632 2788 50 222196
+ 20,00 + 0,3941 07477 0,59932 314791 2309.83
21,00 0, 3907 0,743 0,56307 35360 35 283903
POWER DELVERY
SPEED RPMPROP QPROP QENG PDFROP PSPROP PSTOTAL PETOTAL TRAMSP
[k [RPM] K] K] kW] W] W] W]
12,00 44 137396 1573.96 T148.7 T369.8 T369.8 T369.8 —
13,00 4T 1826 64 182664 89350 92320 92320 92320 —
14,00 1 | 99 42 2099 42 11032,0 11393.8 113938 113938 —
13,00 ad 393,04 239504 134825 13899.4 13899 .4 138994 237.0
16,00 38 277,53 271733 163031 16809.4 16809 4 16809 4 82635
17,00 &1 T2.34 307234 1935991 20203,3 20205,3 20205, 7305
18,00 B3 3466 46 3466 46 234687 2415946 24154 6 241346 6460
19,00 ] 3508 28 350828 28047 4 289149 28914 9 289149 3706
+ 20,00 + T3 4407 61 4407 61 33502 8 34539.0 345390 34539.0 S02.8
21.00 78 497514 497514 400374 #2753 412753 412753 4418
Msport CCAISTOR0E- 1 742 HydeoCome Mavled 2018 18.04 DO720500 U10m
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Cuaderno 6: Prediccion de potencia y disefio de propulsores y timones

Manuel Garcia Pensado

Ferl.llSiCll'l Project ID Proyecto septiembre 2020
& ago 2020 5:42 Description  Portacontenedores 11000 TEUS
HydroComp NavCad 2018 File name PROYECTO SEFTIEMBRE 2020.hcnc
Prediction results [Propulsor]
CAVITATION
SPEED TIPSPEED PRESS CAVAVG CAVMAX PITCHFGC
[kl SIGMAV SIGMAN SIGMADTR mis] MINBAR kFa] r [mem]
12,00 29,54 TAE 147 23,84 0318 24,96 2.0 2.0 69652
13.00 23,13 640 1.26 23,73 0337 28,93 20 2.0 6764
14,00 21,64 B 5] 1.09 2763 0337 13,22 20 2.0 69833
13.00 18,83 486 0.33 29,35 0373 37,87 20 2.0 69521
16,00 16,33 427 0.84 3143 0.403 42,35 20 2.0 69953
17.00 14,63 3178 0.74 3348 0429 48,38 21 21 69851
18.00 13,04 336 066 3554 0,459 54,82 25 2.5 6990,3
19.00 11,69 259 0.59 ITET 0,452 B1,88 ! 3.0 3.0 6980,6
+ 20,00 + 10,54 266 0.52 39,90 0,530 [ 34 3.8 69658
21,00 8,33 238 0.47 4224 0,573 79,06 ! 4.1 4.8 69458
PROPULSOR COEFS
SPEED J KT KQ 2 KO3 CTH cP RNPROP
[k : :
12,00 05025 01738 0,02368 0696355 0,18663 1,7738 2,9582 4,58eT
13,00 05047 01730 0,02359 0,68699 0,18248 1,7494 2,9084 4,94e7
14.00 0, 5065 01742 002351 067326 018093 1,7287 2,8683 3.3eT
15,00 0,5078 0AT3T 002346 0,67373 017918 1,7157 2,8398 53,6827
16,00 0,083 04733 002343 0,670 017823 1,7084 2,8232 6,05eT
17.00 0,084 0AT33 0,02343 067124 017834 1,7093 28269 6.43eT
18.00 0,5075 04738 002347 0,67524 017964 1,7183 28473 6.83eT
13.00 0,506 0AT4T 002356 068339 01823 1, 7402 2.8897 7.23e7
+ 20,00 + 0,3026 01738 002368 069608 0, 18647 17726 29338 7.66aT
21,00 0, 4587 0ATTS 002385 071362 019227 18172 30477 B.11e7
Meport ICCEIDTORNE- 1742 HypdeoCome HevDed 2018 18.04 00730530 U10m
FTDFII.I'SICII'I Project ID Proyecto septiembre 2020
6 ago 2020 05:42 Description  Portacontenedores 11000 TEUS
HydroComp MawCad 2018 File name PROYECTO SEFTIEMBRE 2020.hcnc
Hull data
General [Flaning
Configuration: Monohull
Chine type: Round'multiple
Length on WL 326,000 m
Max bearn on WL: [LWLEWL 6,836] 47,000 m
Max molded draft: [BWLIT 2.638] 16,0040 m
Displacement: [CE 0.584] 172110.00 t
Wetted surface: [C5 2,762) 20425,819 m2
ITTC-T8 [CT)
LCE fwd TR: [XCBLWL 048] 162, 46T m
LCF fwd TR: [XCFLWL 0.488] 152,697 m
Max section area: [CX 1.053] 791,854 m2
Waterplane area: [CWP 0.813] 12450600 m2

Bulk section area:
Bull cir below WL
Bulb nose fwd TR:
mim fransom area:
Transom beam WL
Transom immersion
Half entrance angle:
Bow shape factor:
Stem shape factor

14,000 m2

B 100 m

345,230 m
[ATRSAX 0,000] 0,000 m2

[ETR/BWL 0,000] 0,000 m

[TTR/T 0.000] 0,000 m
30,00 deg
[ETH flow] -1.0
[WL flow] 1.0
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Cuaderno 6: Prediccion de potencia y disefio de propulsores y timones

Manuel Garcia Pensado

Propulsor data
Propulsor [Fropeller options
Count: 1 Obligque angle cor Off
Propulsor type: Propeller series Shaft angle to WL 0,00 deg
Propeller type: FFPP Added rise of run: 0,00 deg
Progeller series: B Series Propeller cup: 0,0 mm
Propeller sizing: By thrust KTEQ comections: Standard
Reference prop: Scale comection: Full ITTC
Blade count: 4 KT multiplier: 1,000
Expanded area ratio: 0,53 [5ize] KQ multipier: 1,000
Propeler diameter: 10400,0 mm [Size] Blade TIC [0.TR]: Standard
Propeler mean pitch: [F{D0,5100] 8423.8 mm [Size] Roughness: Standard
Hub immersion: 120000 mm Cav breakdown: i
Enginelgear |Design condition [By thrust]
Drrive line: Direct drive Max prop diam: 104000
Gear input No gearbox Design speed: 20,00 kt
Engine data: Generic diesel Reference thrust: 3147.52 kW
Rated RPM: B4 RPM Design point 1,000
Rated power: ABE00.0 kW Reference RPM: B4,0 RPM
Primary fuel: Defined Design point 1,000
Secondary fuel: None Shaft RPM: 73,3 RPM [Size]
Gear efficiency: 1,000
Load comection: OfF
Gear ratio: 1,000
Shaft efficiency: 0,970

Mmport ICCATRONRINE- 1 T4

Pagina 26 de 36

HydeoComs HewCedl 208 18.04 0730530 U1NE




Cuaderno 6: Prediccion de potencia y disefio de propulsores y timones
Manuel Garcia Pensado

4.3 Resultados para 4 palas

Fropulsion Project ID Proyecto septiembre 2020
B ago 2020 05:50 Description  Portacontenedores 11000 TEUS
HydroComp MawCad 2018 File name PROYECTO SEPTIEMBRE 2020.hcnc
Analysis parameters
Hull-propulsor interaction System anakysis
Technique: [Cale] Prediction Cavitation criteria: Keller eqn
Prediction: Holtrop Analysis type Free run
Reference ship: CPP method
Max prop diam: 104000 mm Engine RPM:
Corrections Mass multiplier:
Viscous scale com: [On] Standard RPM constraint:
Rudder location Behind propeller Limit [RPM/s]:
Friction line ITTC-37 Water properties
Hull form factor: 1,185 Water type: Salt
Com allowance ITTC-78 [w2008) Density: 1026,00 kg/m3
Roughness [mm]: [Off] 015 Viscosity: 1,18920e-8 mlis
Ducted prop corm: [Off]
Tunnel stem com: [Of]
Prediction method check [Holtrop]
Parameters | FM [design] CP LWLBWL BWLT
Value 018 0,65 694 2,94
Range 0,06-0,80 035083 3901430  210-4.00
Prediction results [System]
HULL-PROPULSOR ENGINE FUEL PER ENGINE
SPEED PETOTAL RPMENG PBENG LOADENG | VOLRATE MASSRATE
[k kW] il ™o SR | mem kW] [erated] | U] [or]
12,00 i 023 U.2026 1.0034 L& 4952 154 - —
13,00 E245.4 03818 0.2028 1.0034 48 9389.5 19.2 -- -
14,00 B391.9 03814 02028 1.0034 52 115887 237 -- -
15.00 104344 0.3811 02028 1.0034 56 14137.8 29.0 -- -
16.00 12636.,5 03807 02028 1.0034 - 170977 330 -- -
17.00 15232.0 03804 0. 2028 1.0034 63 20351.8 421 - --
18,00 18230,3 03801 0,2028 1.0034 6T 24608,9 50,4 -- -
13,00 21T18.5 03ras 0.2028 1.0034 T 29408.7 60,3 -- -
+ 20,00 + 258234 03796 0.2028 1.0034 TS 35126.5 T2.0 -- -
21,00 30671.0 03Ta3 0. 2028 1.0034 (L) 41973.7 85,0 - -
EFFICIENCY THRUST
SPEED THRFPROP DELTHR
ki EFFOQ EFFOA MERIT [kh] TH]
12,00 0,38T6 0.raez2 0,55336 112405 896,32
13.00 0, 2094 07400 025126 1302,94 1038,97
14,00 0, 55909 0. 7414 0,54953 1496,04 1152,94
13,00 0,5520 0. 7423 0, 54829 17035,50 1359.97
16,00 0,5825 0.7426 0,547T64 1334.40 1542 49
17.00 0,5825 0,741 0,54772 218707 174397
18.00 05947 07408 0, 54863 246891 1968,71
19,00 0,550 07385 0, 55046 2786.49 2221 .56
+ 20,00 + 05877 07352 0,55326 4 2309,83
21,00 0, 3844 0.raor 055702 336033 2839,03
POWER DELIVERY
SPEED RPMPROP QPROP CENG PDPROP PSPROP PSTOTAL PETOTAL TRANSP
[kt] [RPM] [kh-m] [liM-m] [kA] kW] [kW] [EWN]
12,00 43 1552,93 155293 T270.3 T495,2 T495.2 7495.2 —
13.00 48 180211 180211 5107.8 B389,5 5289.5 9389.5 --
14,00 52 T2 207,12 112410 115848,7 115887 11588.7 --
13.00 36 362 68 236268 13137 14137.8 14137.8 141378 212
16.00 a9 2680,73 26B0,T3 16384.8 17097.7 170977 1Toer.7 8125
17.00 63 H30, 76 3030,T6 19933.3 20551.8 20351.8 205518 ez
18,00 BT 319,63 3419,63 238707 24508,9 24608,9 246089 B33.1
13,00 T 355,70 3855,T0 28526.3 29408,7 29408.7 234087 9610
+ 20,00 + [ 4348, 70 4348,T0 34072,7 35126,5 35126.5 351265 434 .4
21,00 ] A909,25 4908,25 40714,5 41973.7 41973.7 41573,7 434 4
Meport CCYISO0E0E- 1 750 Fpdeoloms NewCed 208 18.04 D073 0530 U1m
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Cuaderno 6: Prediccion de potencia y disefio de propulsores y timones

Manuel Garcia Pensado

Perl.llSiCll'l Project 1D Proyecto septiembre 2020
B ago 2020 05:50 Description  Portacontenedores 11000 TEUS
HydroComp NawCad 2018 File name PROYECTO SEPTIEMERE 2020.hcnc
Prediction results [Propulsor]
CANITATION
SPEED TIPSPEED PRESS CAVAVG CAVMAX PITCHFC
k] SIGMAW SIGMAN SIGMAITR mis] MINBAR kFa] %] [mm]
12,00 29,54 EEE 1.40 2443 0.318 20,94 20 20 67978
13,00 25,13 610 1.20 2637 0,337 2427 20 20 GBOT B
14,00 2164 329 1.04 2832 0,357 27,88 20 20 BB16.1
15,00 18,83 462 0,91 3028 0,379 7 20 20 68221
16,00 16,53 4,07 0,80 3228 0.403 36,03 20 20 68232
17.00 14,63 360 0.mM 3432 0,429 40,74 20 20 6B24.8
18,00 13,04 320 063 36,42 0,439 43,98 20 20 BB20.4
19,00 11,69 2,83 0.56 38,60 0,452 51,90 20 20 BE11.T
+ 20,00 + 10,54 254 0,30 40,88 0,330 58,62 21 21 67983
21,00 8,33 226 0.435 4327 0,373 66,311 27 27 67802
PROPULSOR COEFS
SFEEED J KT KQ 12 K3 CTH cP RNPROP
12,00 0,4304 01673 0,02226 069635 018867 1,7738 3.0085 5,59e7
13,00 0,4925 01667 002216 068699 0,1855 1,7494 2958 §,0327
14,00 0,4942 01659 0,02209 0,6T926 018255 17287 29174 64827
13,00 0,4955 01654 0,02203 067375 018114 1,7157 2.BBES §.9327
16,00 0,4961 016351 0,02200 0.6709 018021 1,7084 28736 7.38e7
17.00 0,4960 01651 0,022 067124 018032 1,7093 22,8754 7.83e7
18,00 0,491 01633 0,02203 067324 018163 1,7183 2,8963 8,337
19,00 0,4933 01663 002213 068339 018431 1,7402 2939 8.83e7
+ 20,00 + 0,4305 01673 0,02225 0,69608 018851 1,7726 3,006 9,35e7
21,00 0,4868 01631 0,02242 071362 0,19436 18172 30933 39,8927
Meport CCYISTOA0E- 1750 Hydeolome HewCed 208 1804 00730530 U1
FTOPI."SICII'I Project ID Proyecto septiembre 2020
& ago 2020 05:50 Description  Portacontenedores 11000 TEUS
HydroComp MavCad 2018 File name PROYECTO SEPTIEMBRE 2020.hcne
Hull data
General "’Iamng
Configuration: Monohull
Chine type: Round'multiple
Length on WL 326,000 m

Max beam on WL:
Max molded draft:
Displacernent:

ILWL/BWL 6,236) 47,000 m

[BWLIT 2.038] 16,000 m
[CB D.GE4] 172110,00 t

Max section arsa:
Waterplane area:
Bulb section area:
Bul cir below WL
Bulb nose fwd TR:
mm fransom area:
Transom beam WL
Transom immersion
Half entrance angle:
Bow shape factor:
Stemn shape factor:

Wetted surface: [C5 2.762] 20425.819 m2
MTC-78 (CT)

LCE fwd TR: [XCEILWL 0.408] 162,467 m

LCF fud TR [CELWL 0.468] 152,697 m

[CX 1.053) 791,854 m2
[CWP 0.813] 12450,600 m2
14,000 m2
B 100 m
345,230 m
[ATRUAX 0,000] 0,000 m2

[BTR/BWL 0,000] 0,000 m

[TTR/T 0.000] 0,000 m
20,00 deg
[ETE flow] -1.0
[WL fiow] 1.0
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Cuaderno 6: Prediccion de potencia y disefio de propulsores y timones

Manuel Garcia Pensado

Fropulsor data

Fropulscr [Fropeller options

Count: 1 Oblique angle corr- Off

Propulsor type: Propeller series Shaft angle to WL 0,00 deg
Propeller type: FPP Added rise of run: 0,00 deg
Propefier series: B Series Progeller cup: 0,0 mm
Propeller sizing: By power KTKQ comections: Standard
Reference prop: Secale comection: Full ITTC

Blade count: 4 KT multiplier: 1, e}

Expanded area ratio: 0,6320 [Size] K.Q multiplier: 1, e}

Propeler diameter: 104000 mm [Size] Blade TIC [0.TR]: Standard

Propeller mean pitch: [Py D,7852] 81660 mm [5ize] Roughness: Standard

Hub mmmersion: 120000 mm Cav breakdown: Off

Enginefgear |Tesign conditicn [By power]

Diriwe line: Direct dnve Max prop diam: 10400,0 mm
Gear input No gearbox Design speed: 20,00 kt

Engine data: Generic diesel Reference power: ABB00.0 kW
Rated RFM: B4 RPM Design point 1,004
Rated power: ABE0D.0 kW Reference RFM: E4,0 RPM
Primary fuel: Defined Diesign point 1, e}
Secondary fuel- Mone Shaft RPM: 81,8 RPM [Size]

Gear efficiency: 1.000
Load comection: Off

Gear ratio: 1,000

Shaft efficiency: 0,970

Mgt ICCATRONRNNE- 1 TS0
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Cuaderno 6: Prediccion de potencia y disefio de propulsores y timones
Manuel Garcia Pensado

4.4 Resultados para 5 palas

Ferl.llSiCll'l Project ID Proyecto septiembre 2020
& ago 2020 331 Description  Portacontenedores 11000 TEUS
HydroComp MavCad 2018 File name PROYECTO SEPTIEMERE 2020 hcnc
Analysis parameters
Hull-propulsor interaction System analysis
Technique: [Calc] Prediction Cawitation criteria: Keller eqn
Prediction: Holtrop Analysis type Free run
Reference ship: CPP method
Max prop diam: 104000 mm Engine RPM:
Corrections Mass madtiplier:
Viscous scale cor: [On] Standard RPM constraint
Rudder location Behind propeller Limit [RPM/s]:
Frictien line ITTC-57 Water properties
Hull form factor: 1,183 Water type: Salt
Comr allowance ITTC-T8 [w2008) Density: 1026,00 kgim3
Roughness [mm]: [Off] 0,15 \iscosity: 1,18920e-5 m2is
Ducted prop com: [OFf]
Tunnel stem corr: [Off]
Prediction method check [Holtrop]
Parameters | FN [design] CP LWLBWL BWLT
Value 0,18 0,65 6,94 294
Range 0,060 B0 0.55--0.85 3901450  210-4.00

Prediction results [System]

HULL-PROPULSOR ENGINE FUEL PER ENGINE
SPEED PETOTAL RPMENG PBEMG LOADENG VOLRATE MASSRATE
= W] WET ™o EFFR [REM] W] [ rated] ] [2]
1200 Lk k] [ k] 02025 1.0002 g3 Ta2 0 13,3 — —
13,00 348 4 03818 02026 1.0002 45 93233 191 — —_
14,00 83919 03814 02026 1.0002 49 11507 .6 236 - —
13,00 10454 4 0,281 02026 1.0002 a2 140:39,0 288 — —_
16,00 12696,5 03807 02026 1.0002 3 16978.9 348 — —_
17,00 152320 03804 02026 1.0002 ] 20408, 7 418 — —_
18,00 182303 03801 02026 1.0002 62 24437 4 30,1 — —_
19,00 HMTiR3 0.37ss 02026 1.0002 BE 29202 2 398 — —_
+ 20,00 + 258234 03796 02026 1,0002 FiLl} 348772 7.3 - —
21,00 306710 03753 02026 1.0002 T4 416720 854 — —_
EFFICIENCY THRUST
SPEED THRPROP DELTHR
it EFFC EFFOA MERIT kN TkN]
12,00 0,5937 07435 0,55909 112406 896,32
13,00 0,3855 0,7453 0,55694 130253 103896
14,00 0,3970 0.T466 0,55317 149603 119295
13,00 0, 3580 07473 0,55389 1703549 1359.96
16,00 0,5986 07478 0,55323 193442 1542 51
17,00 0,5985 07473 0,55331 287,06 1743.96
18,00 0,387T 0. 7460 0,55424 2468 50 19648,71
159,00 0,3962 07437 0,55612 278851 2221 96
+ 20,00 + 0,3938 07404 0,55899 314751 2350983
21,00 0, 3905 07360 0, 56284 3560 34 283902
POWER DELIVERY
SPEED RPMPROP QPROP QENG PDPROP PSPROP PSTOTAL PETOTAL TRANSP
[k [REM) K] k] kW] W] kW] [k
12,00 42 1644 96 1644 96 72188 T442 10 74420 74420 —
13,00 435 1908 97 150897 90436 93233 93233 93233 —
14,00 459 219403 219403 11162, 4 11307 .6 11507.6 11307 .6 —
135,00 32 2502 92 2502 92 136479 14039.0 14039.0 140390 L2r.7
16,00 33 2839 93 283593 164635 16978.9 169789 16978.9 8182
17,00 9 30,70 321070 19796 4 20408, 7 20408, 7 204087 T233
18,00 &2 3622 61 3622 61 237040 24437 1 24437 1 24437 1 B39 6
19,00 &6 4084 43 4084 43 283262 29202,2 29202 .2 Fa02.2 3643
+ 20,00 + i} ABME 38 4GB0E, 18 338309 34877.2 34877 2 JBTT.2 4979
21,00 Td 5199.74 519974 40421 8 416720 416720 416720 4376
Heport ERXISTENE-1751 Hydeelomg v 2018 18.04 DO72.0500 U1
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Cuaderno 6: Prediccion de potencia y disefio de propulsores y timones

Manuel Garcia Pensado
FTOFI.“SICII'I Project ID Proyecto septiembre 2020
6 ago 2020 05251 Description  Portacontenedores 11000 TEUS
HydroComp NavCad 2018 File name PROYECTO SEPTIEMBRE 2020.hcnc
Prediction results [Propulsor]
CAVITATION
SPEED TIPSPEED PRESS CAVAVG CAVMAX PITCHFC
ki SIGMAV SIGMAN SIGMAITR jmis] MINBAR kPa] %] mem]
12,00 29,54 B4 1.59 2,82 0332 18,29 2.0 20 72731
13,00 23,13 698 137 24,64 0,232 22,38 2.0 2.0 72839
14,00 21,64 606 1.18 26,46 0,376 23,68 2.0 20 T2584,6
15,00 18,83 529 1.03 28,30 0,400 3,27 2.0 20 T301,0
16.00 16,53 466 0.9 30,16 0427 33,20 2.0 20 7304,2
17.00 14,63 412 0.81 3207 0457 37,53 2.0 2.0 73039
18,00 13.04 366 072 34,03 0,450 42,37 2.0 20 T259,2
19,00 11,69 326 0,64 36,07 0,327 47,82 2.0 20 T289.9
+ 20,00 + 10,54 291 0.57 k20 0.570 54,02 2.0 20 7273,7
21,00 9,33 2,59 0,51 40,43 0,618 61,10 25 23 7.236,4
PROPULSOR COEFS
SFEEED J KT KQ KTJ2 KQu3 cTH cP RNPROP
12,00 05249 01919 0,02700 0636356 018674 17738 2.9872 4 54=7
13,00 0,527 01509 002689 0,68659 018361 1, 7494 29372 4.51e7
14,00 0,5289 01500 002680 067926 018109 1, 7287 2,897 3.2TeT
15,00 0,5302 01854 002673 067375 0,178 1.7157 28683 35,6427
16,00 0,3309 01891 0,02670 067091 017833 1,70835 28336 6.01e7
17,00 0,3308 01851 0,026T0 067123 0. 17843 1, 7093 28553 6,39e7
18,00 0,525%3 01896 002675 0,67524 017973 1, 7185 28761 6. 78eT
19,00 0,3280 01905 002685 068339 018244 1, 7402 29184 7.18eT
+ 20,00 + 0,5230 01919 002700 0,69608 0,18658 17726 29847 7617
21,00 03210 01937 0,02720 071362 0,19233 1,8172 3077 8,037
Meport CLAIST0A0E- 1751 HydeoComs HevCed 20HM8 1804 0730530 U1
FTOFII.I'SICII'I Project ID Proyecto septiembre 2020
B ago 2020 05:51 Description  Portacontenedores 11000 TEUS
HydroComp NawCad 2018 File mame PROYECTOD SEPTIEMERE 2020.hcnc
Hull data
General [Flaning
Configuration: Maonohull
Chine type: Roundmultiple
Length on WL 326,000 m
Max beam on WL: [LVWL/BWL G6.236] 47,000 m
Max molded drafi: [BWLIT 2.838] 16,000 m
Displacement: [CE D.GB4] 17211000 t
Wetted surface: [C5 2.762) 20425819 m2
ITTC-T8 [CT)
LCB fwd TR: [¥CB/LWL 0.488] 162 46T m
LCF fwd TR: [XCFLWL 0.458] 152,697 m
Max section area: [CX 1.053] 791,854 m2
Waterplane area: [CWP 0.813] 12450600 m2

Bulb section area:
Bul cir below WL
Bulk nose fwd TR:
mim fransom area:
Transom beam WL
Transom immersion
Half entrance angle:
Bow shape factor:
Stemn shape factor:

14,000 m2

B, 100 m

343,230 m
[ATR/AX 0,000] 0,000 m2

[ETR/BWL 0,000] 0,000 m

[TTR/T 0.000] 0,000 m
30,00 deg
[ETK flow] -1.0
[WL fiow] 1.0
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Cuaderno 6: Prediccion de potencia y disefio de propulsores y timones

Manuel Garcia Pensado

Propulsor data
Propulsor [Fropeller options
Count: 1 Oblique angle corm: Off
Propulsor type: Propeller series Shaft angle to WL 0,00 deg
Propeller type: FFPP Added rise of run: 0,00 deg
Propeller series: B Series Propeller cup: 0,0 mm
Propeller sizing: By power KTKQ comections: Standard
Reference prop: Scale comection: Full ITTC
Blade count: 3 KT multiplier: 1,000
Expanded area ratio: 10,6859 [Size] K.Q multipher: 1,000
Propeller diameter: 104000 mm [Size] Blade T/C [0.7TR]: Standard
Propeller mean pitch: |[P/D0,8424) 87613 mm [Size] Roughness: Standard
Hub mmersion: 120000 mm Cav breakdown: Off
Enginelgear |Tesign condition [By power]
Dirive line: Direct drive Max prop diam: 104100,0 mm
Gear input: No gearbox Design speed: 20,00 kt
Engine data: Generic diesel Reference power: ABB00,0 kW
Rated RPM: B4 RPM Dresign point: 1,000
Rated power: ABB00.0 kW Reference RPM: B4,0 RPM
Primary fuel: Defined Diesign point 1,000
Secondary fuel: None Shaft RPM: 76,3 RPM [Size]
Gear efficiency: 1,000
Load comection: OfF
Gear ratio: 1,000
Shaft efficiency: 0,970

Msport ICCATOR0E 151

Pagina 32 de 36

HpdeoComs HNewCed 2018 1804 00730530 U10m




Cuaderno 6: Prediccion de potencia y disefio de propulsores y timones

Manuel Garcia Pensado

4.5 Resultados para 6 palas

Ferl.llSiCll'l Project ID Proyecto septiembre 2020
& ago 2020 03:32 Description  Portacontenedores 11000 TEUS
HydroComp NavCad 2018 File name PROYECTO SEPTIEMERE 2020 hcnc
Analysis parameters
Hull-propulsor interaction System analysis
Technique: [Cale] Prediction Cavitation eriteria: Keller eqn
Prediction: Holtrop Analysis type Free run
Reference ship: CPP method
Max prop diam: 104000 mm Engine RPM:
Corrections Mass mudtiplier:
Viscous scale corr [On] Standard RPM constraint:
Rudder location Behind propeller Lemit [FPM/s]:
Friction line ITTC-a7 Water properties
Hull farm factor 1183 Water type: Salt
Comr alowance ITTC-78 [w2008) Diensity: 1026,00 kg/m3
Roughness [mm]: [Off] 0,15 Viscosity: 1,18920e-8 m2is
Ducted prop corm: [Off]
Tunnel stem com: [Off]
Prediction method check [Holtrop]
Parameters | FM [design] CP LWLBWL BWLT
Value 0,18 0,83 6,94 294
Range 0,060, 80 035085 3901490 210400
Prediction results [System]
HULL-PROPULSOR ENGINE FUEL PER ENGINE
SPEED PETOTAL RPMENG PBENG LOADENG | VOLRATE MASSRATE
[k kW] il ™0 SR e KW [erateq] | ] [oh)
12,00 b ] 023 U.2026 (LT i FEXER 5.1 = —
13,00 69484 03818 0.2028 10,9969 42 2428 18.9 - -
14,00 83919 03814 0.2028 10,9969 45 11407, 7 234 - -
15.00 104344 0381 02028 10,9969 48 13917.2 285 - -
16.00 12636.,5 03807 02028 10,9963 32 16831.1 3435 -- -
17.00 152320 03804 02028 10,9963 =] 20231.2 41.3 - -
18.00 18230.3 03801 0. 2028 10,9963 38 24224 8 436 - -
13,00 21T18.5 03738 0,2028 10,9969 62 289491 59,3 -- -
+ 20,00 + 258234 03796 0.2028 10,9969 ] 34575.8 T0.9 - -
21,00 30671.0 03793 0. 2028 10,9969 ] 41313.0 34,7 - -
EFFICIENCY THRUST
SPEED THRPROP DELTHR
ki EFFOQ EFFOA MERIT [kN] TkH]
12,00 0, 6008 0. 7300 0, 56383 112405 B96,32
13.00 0, 6027 07318 0, 56366 130294 1038,97
14,00 06042 0.7532 056188 1496,035 1192,95
13,00 0, 6053 07341 10, 56059 17035,50 1359.97
16,00 0, 6038 07543 0,555992 1334.40 1542 49
17.00 0, 6038 07329 0.36 218705 174396
18,00 0, 6030 07523 10, 56094 24638,90 1968,70
18,00 0, 6034 0. 7502 0, 56283 27883 222156
+ 20,00 + 0, 00 0. 7469 0,56572 M47H 2509,83
21,00 0,5976 07424 00,5696 336034 2839,02
POWER DELIVERY
SPEED RPMFPROP QPROP QENG PDPROP PSPROP PSTOTAL PETOTAL TRANSE
[kt) [REM) Jich-m] [lshd-m] [kW) L W] [kW]
12,00 EE] 174313 174313 T156.4 T3TT.T [EYEN] FETEN] -
13.00 42 202286 202286 89653 92426 2428 9242 6 -
14,00 43 I AT 2324 8T 110635.5 11407.7 11407, 7 114077 -
15.00 48 265218 2652,18 124997 13917.2 13947.2 139172 5358
16.00 a2 009,22 300922 16326.2 16831.1 16831.1 168311 B254
17.00 33 340211 34021 19624.3 20231.2 20231.2 202312 7296
18,00 28 38,61 383861 23498.0 242248 24224 8 242248 Bd43.2
13,00 62 432806 4328,06 280806 28949,1 289491 289491 9699
+ 20,00 + 63 A881,30 4881,30 335385 34575.8 34575.8 METIE a02.3
21,00 69 510,25 5510,25 400736 413130 41313.0 413130 4414

Misport ICCATHIRIE 1 152
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Cuaderno 6: Prediccion de potencia y disefio de propulsores y timones

Manuel Garcia Pensado
Fropulsmn Project 1D Proyecto septiembre 2020
& ago 2020 05:52 Description  Portacontenedores 11000 TEUS
HydroComp NavCad 2018 File name PROYECTO SEPTIEMERE 2020.hcnc
Prediction results [Propulsor]
CAVITATION
SPEED TIPSPEED PRESS CANANG CAVMAX PITCHFC
ki SIGMAV SIGMAN SIGMADTR jmis] MINBAR kPa] ] ]
12,00 2954 936 1.82 2128 0,248 17,84 20 20 TBO2,2
13.00 2313 B.03 1.36 2238 0,369 20,68 20 20 78137
14,00 2164 636 1,33 24 67 0,293 23,73 20 20 78230
135,00 18,83 609 1.18 26,39 0,422 27,07 20 20 T829.8
16,00 16,33 3,36 1.04 28,12 0.452 30,71 20 20 T833.3
17.00 14,63 4,74 0,92 29,90 0,484 3,72 20 20 T832.9
18,00 13,04 421 082 31,73 0,521 39,19 20 20 TH28,0
19,00 11,69 373 073 33,63 0,562 44,23 20 20 T818,0
+ 20,00 + 10,54 334 0,65 3562 0,609 49,95 20 20 TR02,7
21,00 9,33 298 0,38 3770 0,663 36,52 24 24 77822
PROPULSOR COEFS
SFEEﬂED J KT KQ KTH2 Kanu3 CTH cp RNPROP
12,00 0,563 o.zxror 0,03291 0,69636 018451 17738 29614 3.83eT
13,00 0, 3633 02193 0,03277 068699 018142 1, 7494 289117 4. 14e7
14,00 0,5672 02186 0,03266 0,67326 017893 1,727 28718 4 4427
15.00 0,5686 07 0,03238 067375 0ATTIT 1.7157 28434 4 757
16.00 0, 5694 0473 0,03253 0,6709 017625 1,7084 2.8288 5.07e7
17.00 0, 3693 0273 0,03254 067123 017636 1,7093 28303 53,39eT
18,00 0,3683 o2 0,03260 067324 017764 17183 2,851 3,72e7
19,00 0, 5662 0219 0,03272 068339 018026 1, 7402 2,893 6,067
+ 20,00 + 0, 3630 ozxxor 0,03Z5%0 0,69608 0.18436 1,TT26 2.9589 6.41e7
21,00 0, 3587 02228 0,033135 0, 71362 019006 18172 30503 6,78e7
Meport CLYISO0N0E- 1 752 HydeoComz HewCed 2018 18.04 0730530 U10m
Fropulsmn Project ID Proyecto septiembre 2020
B ago 2020 0:5:52 Description  Portacontenedores 11000 TEUS
HydroComp MawCad 2018 File name PROYECTO SEFTIEMERE 2020.hcnc
Hull data
General [Flaning
Configuration: Monohull
Chine type: Round'multiple
Length on WL 326,000 m

Max beam on WL:
Max molded draft:
Displacement:

[LWL/BWL 6.236) 47,000 m

[BWLIT 2.838] 16,000 m
[CB D.284] 172110.00 t

Bulk section area:
Bully cfr below WL
Bulk nose fued TR:
mm fransom area:
Transom beam WL
Transom immersion
Half entrance angle:
Bow shape factor:
Stermn shape factor:

Wetted surface: [C5 2.762) 20425819 m2
ITTC-T8 {CT)

LCE fwd TR: [MCB/LWL D,488] 162,467 m

LCF fid TR: [¥CFLWL 0.468) 152,697 m

Max section area: [CX 1.053) 791,834 m2

Waterplane area: [CWP 0.813] 12450600 m2

14,000 m2

8100 m

345,230 m
[ATR/AX 0,000] 0,000 m2

[ETR/BWL 0,000] 0,000 m

[TTR/T 0.000] 0,000 m
30,00 deg
[BTK flow] -1.0
[WL fiow] 1.0

Pagina 34 de 36




Cuaderno 6: Prediccion de potencia y disefio de propulsores y timones
Manuel Garcia Pensado

Propulsor data
Fropulsor [Fropeller options
Count: 1 Oblique angle corr- Off
Propulsor type: Propeller series Shaft angle to WL- 0,00 deg
Propeller type: FFPP Added rise of run: 0,00 deg
Propeller series: B Series Propeller cup: 0,0 mm
Propeller sizing: By power KTEQ comections: Standard
Reference prop: Scale comection: Full ITTC
Blade count: [ KT multiplier: 1, D
Expanded area ratio: 0.7416 [Size] K.Q multiplier: 1,000
Propelier diameter: 10400.0 mm [Size] Blade T/C [0.7R]: Standard
Propeller mean pitch: [PD0.8111]9475.2 mm [Size] Roughness: Standard
Hub mmersion: 120000 mm Cav breakdown: Off
Enginelgear |Tesign condition [By power]
Dirive line: Direct drive Max prop diam: 10400,0 mm
Gear input No gearbox Diesign speed: 20,00 kt
Engine data: Generic diesel Reference power: ABBOD.0 kW
Rated RFM: B4 RPM Design point 1,000
Rated power: 4BE00.0 kW Reference RPM: E4,0 RPM
Primary fuel: Defined Diesign point 1, 0
Secondary fuel: None Shaft RFM: 71,5 RPM [Size]
Gear efficiency: 1,000
Load comection: Off
Gear ratio: 1.000
Shaft efficiency: 0,970

Mgt ICCATHIRIE 1 752
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Cuaderno 6: Prediccion de potencia y disefio de propulsores y timones
Manuel Garcia Pensado

5 ANEXO Il: CONTORNOS DE PROA Y POPA
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