ESCUELA POLITECNICA DE INGENIERIA DE FERROL
e S

>z~ UNIVERSIDADE DA CORUNA

Escuela Politécnica Superior

Trabajo Fin de Grado
CURSO 2021/22

BUQUE TANQUE VLCC DE 285000 TPM

Grado en Ingenieria Naval y Oceanica

ALUMNA/O

Esteban Martinez de la Colina Vilarifio
PROFESORES

Marcos Miguez Gonzalez
FECHA

MARZO 2022



Ao S

e

ESCUELA POLITECNICA DE INGENIERIA DE FERROL
UNIVERSIDADE DA CORUNA

TiTULO Y RESUMEN

El bugue proyectado en este trabajo tiene como fin el transporte de grandes cantidades
de crudo. Se trata de un buque VLCC capaz de trasportar, segun los requisitos previos de
anteproyecto, 285000 toneladas de peso muerto. En estos cuadernos se realiza una primera
aproximacion detallada del disefio, construccion, equipamiento y viabilidad econémica de un
proyecto de estas caracteristicas.

O buque proxectado niste traballo ten como finalidade o transporte de grandes cantidades
de crudo. Tratase dun buque VLCC capaz de transportar, segundo 0s requisitos previos de
anteproxecto, 285000 tonelas de carga. Nistos cuadernos realizarase una rimeira
aproximacion ao detalle do disefio, construccién, equipamento e viabilidade econémica dun
proxecto distas caracteristicas.

The projected vessel in this assignment has the mission of transporting very large volumes
of crude. It consist in a Very Large Crude Carrier able to handle, according to Previous
Anteproject Requisits, with 285000 deadweight tonnes. In this booklets a first close iteration
for the ship’s design, construction, equipment and economic viability is done
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2 RPA

GRADO EN INGENIERIA NAVAL Y OCEANICA
TRABAJO FIN DE GRADO

CURSO 2021-2022
PROYECTO NUMERO
TIPO DE BUQUE: VLCC de 285000 DWG

CLASIFICACION, COTA Y REGLAMENTOS DE APLICACION: DNV GL, SOLAS
Y MARPOL

CARACTERISTICAS DE LA CARGA: CRUDO
VELOCIDAD Y AUTONOMIA: 14,5 knots

SISTEMAS Y EQUIPOS DE CARGA / DESCARGA: Bombas para carga y
descarga de tanques

PROPULSION: Motor Diesel acoplado a una hélice de paso fijo
TRIPULACION Y PASAJE: 35 tripulantes

OTROS EQUIPOS E INSTALACIONES: Los habituales para este tipo de buques.

Ferrol, 1 Diciembre 2021

ALUMNO/A: D2 Esteban Martinez de la Colina Vilarifio
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3 PARAMETROS DE FORMA DEL BUQUE

Uno de los objetivos de este cuaderno es el de estimar la potencia necesaria que el buque
debe instalar para que se cumpla la velocidad de operacién, consumos y la correcta
navegacion normal del buque de acuerdo con los requisitos previos de anteproyecto.

La planta propulsora del buque, segun esta estipulado en la RPA consta de un motor
Diesel lento directamente acoplado. Esta unidad ha de desarrollar una potencia suficiente para
que el bugue alcance una velocidad de servicio de 14,5 knots a plena carga y con el grupo
motor trabajando a un 85% de la potencia méxima contindia afiadiéndole un margen de mar
del 15%.

El paso siguiente a la estimacion de potencia es la seleccion de un motor marino que sea
capaz de cumplir con las expectativas anteriormente expuestas.

Ademds, otro de los objetivos del cuaderno es el del disefio del timén a instalar y la
definicion de la zona del codaste y sus claras.

Para poder asegurar el cumplimiento de dichos objetivos, a continuacién se presentan las
hidrostéticas del buque al calado de disefio.

Displacement 369520 | t

Volume (displaced) 360507,77 | m3

Draft Amidships 22,37 | m

Immersed depth 22,37 |m

WL Length 336,10 | m

Beam max extents on

WL 60| m

Wetted Area 29584 | m?

Max sect. area 1337,358 | m?

Waterpl. Area 17543,42 | m?

Prismatic coeff. (Cp) 0,829

Block coeff. (Cb) 0,826

Max Sect. area coeff.

(Cm) 0,996

Waterpl. area coeff.

(Cwp) 0,899

LCB length 167,522 | from zero pt. (+ve fwd) m

LCF length 160,432 | from zero pt. (+ve fwd) m
from zero pt. (+ve fwd) %

LCB % 51,529 | Lwl
from zero pt. (+ve fwd) %

LCF % 49,394 | Lwl

KB 101,635 |m

KG fluid 0|m

BMt 13,287 | m

BML 358,259 |m

GMt corrected 24,922 | m

GML 396,894 | m

KMt 24,992 | m

KML 369,895 [ m

Immersion (TPc) 179,820 | tonne/cm
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MTc 4283,245 | tonne.m
RMat 1° =
GMt.Disp.sin(1) 160791,252 | tonne.m
Length/Beam Ratio 5,481
Beam/Draft Ratio 2,682
Length/Vol®333 Ratio 4,568
Precision Medium 39 stations

Se presenta también la curva de areas.

ap | _Aea  Frame ohBeference

Area m"2

s
Yo 4o 0 120 160 200

Station Position = 40,000 m

Ademas, para la definicién del codaste es necesario tener en cuenta los huelgos
minimos de la hélice, mostrados a continuacion y obtenidos del desarrollo del cuaderno Ill.

|
|
|
|
!
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4 CALCULO DE RESISTENCIA

Mediante el uso de los valores caracteristicos del buque mostrados anteriormente se
puede realizar una primera aproximacion, o prediccién de la potencia requerida a partir de
diferentes métodos.

Para ello se empleara el software “NavCad” de Hydrocomp y para el célculo, el método de

Holtrop.

Por lo tanto, es necesario asegurar que las formas del buque entran en los rangos de
parametros de la base de datos para la que el método esta estudiado y de esta forma que los
resultados entregados se ajustan a la realidad.

PARAMETROS MINIMO MAXIMO BUQUE | ¢CUMPLE?
Froude Number (design) 0,06 0,26 0,14 Si
cp 0,55 0,85 0,82 Si
LWL/BWL 3,9 14,9 5,55 Si
BWL/T 2,1 4 2,94 Si
Lambda 0,01 1,07 1,03 Si

De la insercibn en el programa NavCad de los pardmetros obtenidos de las
hidrostaticas del buque proyectado se obtienen las siguientes curvas de Resistencia Total al
Avance (RTOTAL) y Potencia Efectiva Total requerida (PETOTAL) frente a las distintas

velocidades a las que desea estudiar el comportamiento del buque.

RTOTAL [kMN]

3500

3000—

ESDD—:
EDDD—:
‘ISDD—:
‘IDD[II—:

500—

0,0

50

SPEED [kt]
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La velocidad de proyecto, establecida en las RPA, es de 14,5 knots por lo tanto:
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Prediction results

SPEED COEFS ITTC-78 COEFS
SP[EISED FM Fv RM CF [CVICF] CR dCF CA cT
10,00 0,090 0,195 1,4569 0,001462 1,000 0,001388  0,000000  0,000255  0,003066
11,00 0,099 0,214 1,60e9 0,001445 1,000 0,001320  0,000000  0,000242  0,003007
12,00 0,107 0,234 1,75e9 0,001430 1,000 0,001295  0,000000  0,000231  0,002955
12,50 0,112 0,243 1,82e9 0,001423 1,000 0,001284  0,000000  0,000225  0,002932
13,00 0,116 0,253 1,89¢9 0,001416 1,000 0,001275  0,000000  0,000218  0,002911
13,50 0,121 0,263 1,96e9 0,001410 1,000 0,001268  0,000000  0,000214  0,002892
14,00 0,125 0,273 2,04e9 0,001404 1,000 0,001263  0,000000  0,000209  0,002875
+14,50 + 0,130 0,282 2,118 0,001398 1,000 0,001260  0,000000  0,000204  0,002862
15,00 0,134 0,202 2,18e9 0,001393 1,000 0,001261  0,000000  0,000199  0,002853
16,00 0,143 0,312 2,336 0,001382 1,000 0,00127%  0,000000 0000189  0,002850
RESISTANCE
SPEED REARE RAPP RWIND RSEAS RCHAM  RTOWED  RMARGIN _ RTOTAL
[kt] [kN] [kM] [&N] [kM] [kMN] [kM] [kN] [kN]
10,00 1231,46 8,44 18,33 0,00 0,00 0,00 188,73 1445,96
11,00 1461,61 10,07 22,18 0,00 0,00 0,00 224,08 1717,94
12,00 1709,36 11,83 26,40 0,00 0,00 0,00 262,14 2009,72
12,50 1840,12 12,75 28,64 0,00 0,00 0,00 282,23 2163,74
13,00 1975,81 13,71 30,98 0,00 0,00 0,00 303,07 2323,57
13,50 2116,80 14,70 33,41 0,00 0,00 0,00 324,74 2489,65
14,00 2763.64 15,73 35,93 0,00 0,00 0,00 347.29 662,59
[T #1450+ 2417,04 16,78 38,54 0,00 0,00 0,00 370,85 2843,21
15,00 PLTE: ] Tiad 41,44 0,00 (LI 1, LR 3!:!!).!)5 S, 00
16,00 2930,66 20,13 46,92 0,00 0,00 0,00 449,66 3447,37
EFFECTIVE POWER OTHER
SPEED PEBARE  PETOTAL
e W) v CTLR CTLT REAREW
10,00 5335,2 74438 0,01863 0,04235 0,00034
11,00 82711 9721,6 0,01823 0,04154 0,00040
12,00 10552,4 12408,7 0,01788 0,04082 0,00047
12,50 11833,0 13914,1 0,01774 0,04050 0,00054
13,00 13213,7 15539,5 0,01761 0,04020 0,00055
13,50 14701,2 17290,6 0,01751 0,03994 0,00058
16303.2 19176,6 001744 003972 0,00062
+ + 1§nz§lﬁ zjz !ﬁ.ﬁ ! |! j Ey (03955 0. 00067
15,00 19892,8 23401.3 0,01742 0,03940 0,00071
16,00 24122,6 283757 0,01767 0,03937 0,00081
Report ID2I220S07-1743 HydroComp NawCad 2018 12.04.0073.0535.U1002

RTOTAL (14,5knots)= 2843,21 kN
PETOTAL (14,5knots)=21208,8 kW

La resistencia total al avance del buque estd compuesta por distintas partidas que a
continuacion se desglosasn.

4.1 Resistencia de formas

Laresistencia de formas es la generada por las formas del buque cuando este se desplaza
por un fluido viscoso como el agua. También se conoce como resistencia de casco desnudo,
ya que no tiene en cuenta los apéndices que pueda tener el barco, ni la superestructura que
también genera una resistencia al avance en este caso de origen aerodinamica.

El valor obtenido de esta resistencia es el debido a las propias formas y dimensiones del
buque introducidas en el programa y mostradas a continuacion.

Rformas=RBARE=2417,04 kN

10
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Hull

Configuration: Monchull ﬂ
Chine type: Round/multiple ﬂ

General

Length on WL: 336,300 m
Max beam on WL: &0,000 m
Max molded draft: 22,370 m
Displacement: 369520,00 t
Wetted surface: 29584,000 R
Derni-hull spacing m

ITTC-78 (CT)

LCE fwd TR: 167,522 = |m
LCF fwd TR: 160,432 = |m
Max section area: 1336230 J mé
Waterplane area: 13140,000 J ma
Bulb section area: (0,000 mé
Bulb ctr below WL: 0,000 = |m
Bulb nose fwd TR: (0,000 m
Imm transom area: 14,600 ma
Transom beam WL 9,113 m
Transom immersion: 2,136 Jr‘n
Half entrance angle:  |26,00 jdeg
Bow shape factor 1,0 j[WLﬂDW]
Stern shape facton 1,0 J [WL flow]

4.2 Resistencia de apéndices

La resistencia de los apéndices, como su propio nombre indica es la componente de la
resistencia al avance total que se debe a la interaccidn de los apéndices instalados en el caso,
y que no forman parte de la carena del buque, con el agua.

Rapéndices=RAPP=16,78 kN

11



CUADERNO 6.- PREDICCION DE POTENCIA Y DISENO DE PROPULSORES Y

TIMONES

Esteban Martinez de la Colina Vilarifio

A continuacién, se muestra una tabla con los valores considerados para dicho célculo.

Appendage
Definition:
Percent of hull drag:
Planing influence
LCE fwd TR:
VCE below WL:
Shafting
Count:
Max prop diameter:
Shaft angle to WL:
Exposed shaft length:
Shaft diameter:
Wetted surface:
Strut bossing length:
Bossing diameter:
Wetted surface:
Hull bessing length:
Bossing diameter:
Wetted surface:
Strut (per shaft line)
Count:
Root chord:
Tip chord:
Span:
T/C ratio:
Projected area:
WNetted surface:
Exposed palm depth:
Exposed palm width:
Rudder
Count:
Rudder location:
Type:
Root chord:
Tip chord:
Span:
T/C ratic:
LE sweep:
Projected area:
Wetted surface:

Component ﬂ

m
m
1 =
10130,0 mm
0,00 deg
0,000 m
0,000 m
0,000 = |m2
0,000 m
0,000 m
0,000 = |m2
0,000 m
0,000 m
0,000 = |m2
0 -~
m
m
m
ma
m2
m
m
1 ~

Eehind propeller ﬂ
Balanced foil ﬂ

6,900 m
3,900 m
14,500 m
0,150 = |
5,00 deg
78,300 = |m2
138,939 = [m2

12
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4.3 Resistencia aerodinamica

Si bien esta resistencia de un orden mucho menor a la hidrodinamica, es importante
tenerla en cuenta. La resistencia aerodindmica es la que se debe a la existencia de obra
muerta y superestructura en contacto con el aire que le rodea. Al avanzar el barco, toda esta
superficie actla enfrentdndose al aire de origen viscoso y generando fuerzas de presion que
trataran de retener al buque.

El valor obtenido de esta resistencia toma el siguiente valor.
Raero=RWIND=38,54 kN

A continuacion, se muestra una tabla con los valores considerados para dicho calculo y
unos croquis donde se pretende explicar de dénde vienen las areas consideradas.

Wind
Wind speed: 0,00 |kt
Angle off bow: 0,00 deg
Gradient correction: | Off ﬂ
Exposed hull
Transverse area: 716,770 J meé
WCE above WL: 28,000 m
Profile area: 2818,820 = |m2
Superstructure
Superstructure shape: |Tanker/Bulker ﬂ
Transverse area: 788,970 = | md
WCE above WL 40,000 m
Profile area: 336,390 = |m2

Las areas medidas a continuacion han sido sacadas del CAD.

13



CUADERNO 6.- PREDICCION DE POTENCIA Y DISENO DE PROPULSORES Y
TIMONES
Esteban Martinez de la Colina Vilarifio

Aprofile:2818,82
Atransy=716,77 m2

Alransy =

L'—ﬂﬂll] I:l:'—iJ l"—l?ﬂ] I:lllll—"l

El report completo del calculo se adjunta como Anexo.

14
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5 ESTIMACION DE POTENCIA PROPULSIVA.

Para la estimacion de la potencia que hay que instalar a bordo para cumplir con la
velocidad requerida de operacién del buque se utilizar4 el programa NavCad en su funcion
“Propulsion” para de esta forma llegar a la PBTOTAL a unas determinadas RPM.

Ademads, el programa hace una primera aproximacion de las dimensiones y geometria de
la estacién propulsora que se podria instalar.

El valor de PBTOTAL obtenido como resultado de la ejecucién del programa es hallado por
un dimensionamiento por empuje en el que esta incluido un 15% de margen de mar y un
régimen en el que el motor estéa trabajando a un 85% de mu MCR.

Se estima que para un propulsor de 6palas:

50000
i |6 untitled. hene |

PBENG [KW]

SPEED [kt]

15
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Prediction results [System]

HULL-PROPULSOR ENGINE FUEL PER ENGINE
SPEED PETOTAL RPMEMNG PBENG LOADENG VOLRATE MASSRATE
fit] kW] WFT ™o EFFR [RPM] W] [% rated] L] fth]
10,00 T443.8 0,5445 0,230 10933 L] 124741 0,0 — —
11,00 a721,6 0,5435 10,2340 1,0133 54 16189,1 0,0 - —
12,00 12406,7 0,5426 0,2340 1.0133 L] 205439 0,0 — —
12,50 13914,1 0,5422 0,2340 1.0133 &0 22981,2 0,0 — —
13,00 15539,6 0,5418 10,2340 1,0133 63 25606,0 0,0 - —
13,50 17290,6 0,5415 10,2340 1,0133 65 28432,2 0,0 -— -—
14,00 19176,6 02,5411 0,230 10133 67 4776 0,0 — —
I + 14,50 + 212-08.3 0,5408 10,2340 1,015 [5] 34764,3 0,0 — -—
15,00 254[“.15 5305 0,233 10133 id Saddl 3 (LX) -— -—
16,00 28375,7 0,6398 10,2340 1,0133 T 46469,6 0,0 - —
EFFICIENCY THRUST
SPEED THRPROFP DELTHR
kil EFFO EFFOA MERIT [kN] (kNI
10,00 0,3610 0,5967 0,7364 1888,99 1446,96
14,00 03641 0,6005 0,73405 224274 1747,94
12,00 03669 0,6039 0,73191 2623,65 2009,72
12,60 0,3681 0,6055 0,73093 2824,73 2163,74
13,00 0,3693 0,6069 0, 73004 3033,38 232357
13,50 0,3704 0,6081 0,72918 3250,19 2489,64
14,00 0,3713 0,6092 0, 72844 347596 2662,59
I + 14,50 + 03721 0,6101 0,72781 EYEENE 284321 I
T, UL U 0 (LS iy Ul L0 2L Jgoﬁ.ﬂ"} LS Tt
16,00 0,3732 0,6106 0,726895 4500,49 344737
POWER DELIVERY
SPEED RPMPROP CQPROP QENG PDPROP PSPROP PSTOTAL PBTOTAL TRANSE
[k [RPM] kN fkn-m] W] kW] KW] kW]
10,00 49 2379,61 2379,61 12099,9 124741 124741 124741 -—
14,00 54 282846 2828,46 15703,4 161891 16189,1 16189,1 —
12,00 58 3312,30 332,30 19927,6 205439 20543,9 20543,9 -
12,50 60 356787 386787 222918 22984,2 22981,2 22981,2 —
13,00 63 383312 383312 24837.8 25606,0 25606,0 25606,0 946,5
13,60 65 4108,77 4108,77 2T579,3 28432,2 28432,2 28432,2 885,2
44 00 [~ AIQE 78 A'H]F. e TETD T A4 ATT & T4 ATT B TAATFT B 230 4
+ 14,50 + 69 469542 469542 33714 347643 347643 347643 T77.6
15,00 i 004, 34 S004Y,.34 KYE LY 38320, Ja320,3 Jb8320,3 29,1
16,00 7 5605,58 E695,58 45075,5 464696 46469,6 46469,6 641,9
Report |D2I220507-1825 HydmoComp MawCad 2018 12.04.0073.0538.01002

BKW=PBTOTAL=34764,3 kW

Como se menciond anteriormente, a este valor se le aplica un 85% del régimen al que tiene
que trabajar el motor. Por lo tanto:

Potencia Motor=(BKW)/0.85=40899,17 kW

De la anterior tabla se observa que las evoluciones éptimas a las que debe girar el motor, y
por tanto también la hélice debido a que va directamente acoplada son:

RPM=69

El report correspondiente a este apartado se adjunta como Anexo.

16
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6 ELECCION DE MOTOR PROPULSOR

El motor que mas se adapta a los datos obtenidos anteriormente encontrado entre los
distintos catalogos de low-speed MAN marine engines consultados es el siguiente.

MAN Energy Solutions 19914 73-6.0

Power, speed and fuel oil

MAN B&W G8OME-C10.6

Cyl. L; kW Stroke: 3,720 mmy/L; MEP: 21.0 bar
6 28,260
7 32,970
KW/ eyl L

8 37,680 14,710

Ly
9 42,390 5650 2550

Lz
2,780
Ly
r/min

56 72

Fuel oil

MAN B&W GBOME-C10.6
L, SFOC [g/kWh]

Opt. load range 50% 75% 100%
High-load 158.5 157.0 161.0
Low-load EGB 154.5 155.0 165.0

Se elige el motor MAN B&W G80OME-C10.6 Tierll-1ll en su version de 9 cilindros que
trabaje a un régimen de 72 rpm y a una presion de 21 bar.

MAN B&W G80OME-C10.6 Tierll-1ll Fuel OIL
RPM 72
BKW (kW) 42390
N° DE CILINDROS 9
P (bar) 21
BHP CV) 56845,9
Specific Fuel Oil Consumption (g/kWh) 165

Segun el fabricante las medidas del motor a instalar son las siguientes.
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C T — T A
N
N b )
- Flooy
T ) -
— i
4 : .
Tark _cop
| - #1 -
Lab conl ~ank |
S oS Coféardar
k L 4
cnno] o [ 7 [ 8 [ e
A 1400 Cyfinder gistance. See drawing ‘Cutine drawing’
B 2010 Distance tom crankshaft cengre fine 1o foundation. See drawing ‘Engine seatng’
c 4585 4730 4735 ABEC The dimension Nciudes a coferdam of SO0 mm and must S minimum height to tank top according to classMcation ndes. See draaing Lub. ol boflom tank’
10080 tacec 10080 1oceg MAN Dizsei TCA
. — - Dimenzions scoording %0 turbocharger choice 3¢ mominal MCR in Tier 3l mode.
o 9685 sees 9685 STETY | ABS ATDI-LAZ00L | cae drawing Outine drawing' fur the spectied dmenzions i Tier & o fil mode
- 78S 9795 100208 | MEsubishi MET
E* See test Heignt of exhaust pipe i acconding I engine room design.
F Zeete See drawing ‘Engine Top Sracing’, 1 fop dracing fittad on camsha® side
6275 6075 5075 6275 MAN Diesel TCA
The required space 1o the engine room casing Inclades mechanical fop bracng
S 5875 seTe 5875 eo7s AES A100-LIA200-L | Dimensions acoording to Srbochanger choice 3t mominal MCR in Tier §l mode.
See drawing Top bracing’ for the specified dimensions in Tier I or Il mode.
- 6075 6075 €378 M2sudishi MET o
H1 e Minimum overhaul height, mormai Ifing procedure. See drawing ‘Engine room crane’
= 15828 Mrnimum overhaui height, normal #ing procedure, with MAN BSW Double Jib Crane. See drawing Sngine room crane’
| 2850 Length from crankshaft centre ine 10 outer side bedpiate. See drawing ‘Engine seating’
J s10 Space for sghiening control of hoiding down Doks. See drawing ‘Engne seatng
K See text K must ionger than the propeder shafl, # the propeiier Shat is 10 be drswn info ™ engine room
L 12410 I 12629 I 1504 Minimum jength of 2 basc engne, without 2°° omer moment compensators. See drawing Dutine drawing
M =0 Free space in front of engine
N €030 Distance between oweer foundatons grders. See arawng ‘Engine sessng’
o s Minimum crane operstion area. See drawing 'Cutiine drawng’
P Zee tet Cee drawing ‘Crane beam for Turbocharger for overhaul of turbocharger
Q Seetext Recommended crane operaton ares. See drawing ‘Outine drawing’
v £*, 15°, 30", 45", 60°, 75° Marimum 30° when engine room Fas mnimum headroom above he turbocharger

18



CUADERNO 6.- PREDICCION DE POTENCIA Y DISENO DE PROPULSORES Y
TIMONES
Esteban Martinez de la Colina Vilarifio

7 DISENO DE PROPULSOR / ANALISIS DE ALTERNATIVAS.

La intencion que se pretende en este apartado es la de conseguir un propulsor lo mas
optimizado posible. Es decir, el que haga que la PBTotal sea cuanto mas baja, mejor para
alcanzar la velocidad de servicio de 14,5 knots establecida en las RPA. Esto quiere decir
gue la potencia que el motor tendrd que entregar sera menor.

Alcanzar dicho objetivo supone:

e Reducir costes de explotacion del buque, ya que el motor trabajard més ligero,
consumira menos y por consiguiente sufrirh menos.

e Los fendmenos de cavitacion se veran disminuidos.

Los elementos del sistema propulsivo siempre deberan tener la resistencia
estructural suficiente para evitar fracturas o posibles deformaciones.

e Generalmente, esta optimizacion se logra con didmetros de propulsor lo mas
grandes posible. Siempre y cuando se hayan seguido correctamente los
reglamentos de las Sociedades de Clasificacion, como el DNV, respecto a huelgos
de hélice, timén, casco y linea de base.

Empleando el software de Hydrocomp “Navcad” se estudiaran a continuacion tres
alternativas de hélice. La primera con 4 palas, la segunda con 5y la tercera con 6. EN buques
de caracteristicas similares al de proyecto, las hélices de 3 palas suelen presentar problemas
graves de cavitacion. Es por este motivo que no se incluye este tipo de hélice en el estudio.

7.1 Propulsor con 4 palas

El punto de disefio parte de los siguientes parametros.

Propulsor
Count: 1 L'
Propulsor type: Propeller series ﬂ
Propeller type: FPP _ﬂ
Propeller series: B Series .LI
Propeller sizing: By power ;l
Blade count: 4 v
Expanded area ratio: |0,6556
Propeller diameter: 10130,0 mm
Propeller mean pitch: | 7677,7 mm
Hub immersion: 17,0 _-;Imm
Engine/gear
Drive line: Direct drive L'
Engine data: None defined L'
uel: Defined ;_I
y f None
Gear ratio: 1,000
Shaft efficiency: 0,970 _I

19



CUADERNO 6.- PREDICCION DE POTENCIA Y DISENO DE PROPULSORES Y

TIMONES
Esteban Martinez de la Colina Vilarifio

Propeller sizing analysis
& sep 2022 03:51
HydroComp NavCad 2018

Sizing results

Project I WLC285000 TFG
Description
File name TFG.hcne

To size Design condmon 1By power]|
Shaft RPM: [Size] 62,5 RPM Max prop diam: 10130 mim
Expanded area ratio: [Size] 1,0499 Design speed: 14,50 kt
Propeller diamater: [Size] 10130 mm Refersnce power: 42390,0 kW
Propeller mean pitch: [Size] 9158,3 mm Dresign point: 0,850
Reference RPM: 72,0
Design point: 1,030

—
Report ID20ZE02-1251

HydroComp NawCad X018 12.04.0073.0538. U1 002

El punto de disefio elegido es aquel que cubre las necesidades a 0.85 por la potencia total
requerida. Ademas, es importante destacar que las velocidades mas altas alcanzadas
(siempre en la punta de la pala) sean tales que no exista o aparezcan fendmenos de

cavitacion.

Para el propulsor de 4 palas se obtiene:

Prediction results [System]

HULL-PROPULSOR ENGIME FUEL PER ENGINE
SPEED PETOTAL RPMEMG PBEMG LOADENG WOLRATE MASSRATE
fi] o] Wt ™o EFFR [RPM] W] [% rated] L] fim]
10,00 74438 0,544% 0,2340 0,9900 45 13683,8 0,0 — —
11,00 97216 0,5435 0,2340 0,9900 49 177539 0,0 — —
12,00 12406,7 0,5426 0,2340 0,9900 53 22523,7 0,0 — —
12,50 13914.,1 0,5422 0,2340 0,9900 1) 251928 0,0 — —
13,00 15539,5 0,5418 0,2340 0,9900 5T 280669 0,0 — —
13,50 17290,6 0,5415 0,2340 0,9900 59 1615 0,0 — —
14,00 19176,6 0,5411 10,2340 0,9900 61 344959 0,0 - —
+ 14,60 + 21208,8 0,5408 10,2340 0,9900 63 38094,6 0,0 — —
15,00 23401,3 0,5405 10,2340 0,9900 65 41988, 7 0,0 - —
16,00 28375,T 0,5398 10,2340 0,9900 rii] 50915,4 0,0 -— -—
EFFICIENCY THRUST
SPEED THRPROP DELTHR
kil EFFO EFFOA MERIT kM) kN
10,00 0,3369 0,5440 0,687 1888,98 1446,96
11,00 0,3398 0,5476 10,6851 224273 1717,93
12,00 0,3425 0,5508 0,68329 2623,65 2000,72
12,50 0,3437 0,6623 0,68245 282473 2163,74
13,00 0,3449 0,5537 0,68168 303338 232357
13,50 0,3459 0,6549 0,68097 3250,19 248964
14,00 10,3468 0,5559 0,68035 3475,96 26862,59
+ 14,50 + 0,3476 0,6567 0,67984 371,76 284321
15,00 10,3482 0,5573 0,6794 J958,96 303256
16,00 0,3486 0,5573 0,67908 4500,48 3447 36
POWER DELIVERY
SPEED RPMPROP QPROP QENG PDPROP PSPROP PSTOTAL PBTOTAL TRANSP
fi] [RPM] k-] k-] W] K] W] KA]
10,00 45 2808,73 2808,73 13273,2 13683.8 13683.,8 13683,8 —
11,00 49 3337,00 333700 17221,3 177539 177639 4177639 -
12,00 B3 3a06,21 3906,21 21848,0 225237 22523,7 22523,7 993,2
12,50 5 4206,78 4206,78 244370 25192.8 251928 25192.,8 9250
13,00 BT 4518,73 4518,73 272249 28066,9 28066,9 2B8066,9 863.5
13,50 o] 484289 4842.89 30226,6 31164.,5 1615 161,65 807.6
14,00 61 5180,41 E180,41 334610 344059 344959 344959 756.6
+ 14,50 + 63 5832,86 £R32,06 36951,8 38094.6 38094,6 368094,6 709,6
15,00 65 590219 £902,19 407291 41988.7 41988,7 41988,7 666,0
16,00 TO 6710,24 6710,24 49388,0 509154 s0915.4 50915,4 5858

Fleport ID2I230505-1551

Y se observa que:
PBTotal = 38094,6 kW

El rendimiento de la hélice EFFOA = 0,5567
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Prediction results [Propulsor]

CAVITATION
SPEED TIPSPEED PRESS ~ CAVAVG  CAVMAX _ PICHFC
= SIGMAV  SIGMAN ~ SIGMAOTR ' UC MINBAR = = 2 =

70,00 35,43 347 0,68 73,70 5,661 72,32 73 73 BI77.6
11,00 2916 287 0,58 25,88 0,747 26,50 34 3,1 5387,9
12,00 24,40 2,44 0,49 28,04 0,840 31,04 4,0 4.0 53973
12,50 22,45 226 0,46 29,13 0,850 33,38 46 46 B401,5
13,00 20,72 210 0,43 30,21 0,940 35,85 5,3 53 B405,5
13,50 1918 1,96 0,40 31,30 0,983 38,41 6,1 6.1 5409,1
14,00 17,81 1,83 0,37 32,39 1,049 41,08 7,0 7,0 £412,4

+ 14,50 + 16,58 1,71 0,35 33,49 1,106 43,86 8,0 B,0 5415,1
15,00 15,47 1,60 0,32 34,60 1,166 46,79 9,2 9,2 B417,2
16,00 13,56 1,41 0,20 36,90 1,299 53,19 12 12,4 54188

PROPULSOR COEFS
SP[EGED J KT Ka KTz Kau3 CTH CcP RNPROP

70,00 0,3107 RE T,04520 32677 75430 5321 74,953 B,66e7
11,00 0,3136 0,3140 0,04612 3,1924 1,452 8,1294 24,166 94667
12,00 0,3163 0,3127 0,04596 3,426 1,4526 7,9603 23,478 1,028
12,50 0,3175 0,312 0,04589 3,0062 1,4336 7,8843 23471 1,068
13,00 0,3186 0,3116 0,04582 3,0688 1,463 7,8147 22,891 1,068
13,50 0,3197 0,311 0,04576 3,0442 1,4007 7,752 22,630 1,14e8
14,00 0,3206 0,3106 0,04570 3,0226 1,3871 7,697 22,419 1,18e8

+1450+ | 03214 0,3103 0,04566 3,0044 1,3757 7,6507 22,235 1,228
15,00 0,3220 0,3100 0,04562 2,9902 1,3668 7,6146 22,091 1,268
16,00 0,3224 D,3008 0,04550 2,9797 1,3602 7,5877 24,984 1,358

Report ID2OZ20508-1551 HydroComp KawCad 2018 18 .04.0073.0538.U1002

CAYV average =8%
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7.2 Propulsor con 5 palas

El punto de disefio parte de los siguientes parametros.

Propulsor
Count:
Propulsor type:
Propeller type:
Propeller series:
Propeller sizing:

Reference prop:
Blade count:
Expanded area ratio:

Propeller diameter:

Hub immersion:
Engine/gear
Drive line:
Gear input:
Engine data:

RD)
i

ry fuel:

dary fuel

+

Shaft eff

Propeller sizing analysis

8 sep 2022 03:54

HydroComp NavCad 2018

Sizing results

Propeller mean pitch:

1 =
Propeller series _v_l

FPP |

B Series LI

By power _VJ

; -
1,0499

10130,0 mm
91583 mm
17,0 = |mm

Direct drive |

No gearbox

None defined LI

Project ID VLC285000 TFG

Defined _v_l
None
1,000
0,970 =
Description
File name TFG.hcne

To size Design condmon 1By power]
Shaft RPM: [Size] 63,3 RPM Max prop diam: 10130 mm
Expanded area ratio: [Size] 1.0500 Design speed: 14,50 kt
Propeller diameter: [Size] 10130 mm Reference power: 423900 kW
Propeller mean pitch: [Size] 8832,6 mm Design point: 0,850
Reference RPM: 72,0
Dresign point: 1,030

—
Report IDSI22NS05-1554

HydroComp NawCad 2018 15.104.0073.0538 L1000

El punto de disefio elegido es aquel que cubre las necesidades a 0.85 por la potencia total
requerida. Ademas, es importante destacar que las velocidades mas altas alcanzadas
(siempre en la punta de la pala) sean tales que no exista o aparezcan fen6menos de

cavitacion.

Para el propulsor de 5 palas se obtiene:
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Prediction results [System]

HULL-PROPULSOR ENGIMNE FUEL PER ENGINE
SPEED PETOTAL RPMEMG PBEMG LOADENG VOLRATE MASSRATE
fi] kW] WFT ™o EFFR [RPM] KW [% rated] L) fth]
10,00 T443.8 0,5445 0,230 0,95900 4K 13448.1 0,0 — —
11,00 97216 0,5435 0,2340 10,9900 49 17447,2 0,0 — -—
12,00 12408,T7 0,5426 0,2340 10,9900 R4 22133.6 0,0 — -—
12,50 139141 0,422 10,2340 0,9900 L1 24765.8 0,0 — —
13,00 15539,6 0,418 10,2340 0,9900 L) 2T7679,6 0,0 — —
13,50 172910,6 0,5415 0,2340 10,9900 (1] 30619,9 0,0 — -—
14,00 19176,6 0,5411 0,2340 10,9900 (7] 338959 0,0 — -—
+ 14,50 + 21208.8 0,5408 0,2340 10,9900 64 37436 0,0 — -—
15,00 23401,3 0,5405 10,2340 0,9900 66 41267.6 0,0 — —
16,00 28375,T 0,398 10,2340 0,9900 T s0028,3 0,0 — —
EFFICIENCY THRUST
SPEED THRPROP DELTHR
kil EFFO EFFOA MERIT [kN] kN
10,00 0,3428 0,5535 0,69914 1888,98 1445,96
11,00 0,3458 0,5572 0,69715 224274 1717,93
12,00 0,3485 0,5605 0,69534 262365 2008,72
12,50 0,34%8 0,5621 0,6945 2824,73 2163,74
13,00 03510 0,5634 0,69373 3033,38 232357
13,50 0,3520 0,5647 0,69302 325019 2489,65
14,00 0,3529 0,5657 0,69239 347596 2662,59
+ 14,50 + 0,3537 0,5668 0,69186 371,78 2843,21
15,00 0.3544 0,5672 0,69144 3958.,96 3032,56
16,00 0,3548 0,5672 0,69113 4500,48 344737
POWER DELIVERY
SPEED RPMPROP QPROP QEMNG PDPROP PSPROP PSTOTAL PBTOTAL TRANSP
fit] [RPM] kh-m] [kN-m] kAT kW] W] kW]
10,00 45 2722,60 272260 13044,6 134481 134481 134481 —
14,00 49 3234,73 323473 16923,8 17447,2 17447,2 1T447,2 —
12,00 R4 3786,56 3TEG, 56 214696 221336 22133.8 221338 —
12,50 L1 4077,%6 4077,96 24013,2 247558 24755.8 24T755.8 941,3
13,00 L] 4380,39 4380,39 26752,2 27579,6 27579,6 275796 ara, 7
13,50 (1] 46594,66 4694,66 29701,3 30619,9 30619,9 30619,9 821,29
14,00 62 5021,89 5021,89 328790 338959 338959 33895,9 770,0
+ 14,50 + 64 5363,57 B363,57 36308,6 37431.6 374318 AT431.68 7221
15,00 66 5721,63 £T21,63 40019,7 41257.,5 41257.5 4425T7,5 677.8
16,00 71 6504,98 G504,98 48527.5 50028,3 s0028,3 50028,3 596G,2

Report IDDIZ30S08-1555

Y se observa que:

PBTotal = 37431,6 kW

El rendimiento de la hélice EFFOA = 0,5666

23

HydroComp MawCad 2018 15.04.0072.0535.01000



CUADERNO 6.- PREDICCION DE POTENCIA Y DISENO DE PROPULSORES Y
TIMONES
Esteban Martinez de la Colina Vilarifio

Prediction results [Propulsor]

CAVITATION
SPEED TIPSPEED PRESS  CAVAVG  CAVMAX _ PITCHFC
= SIGMAV  SIGMAN  SIGMAOTR ' p0C MINBAR = = = -
10,00 35,43 333 067 75,02 NG5 72,32 7 74 BZ904
11,00 29,16 279 0,57 26,23 0,813 26,50 a7 2.7 6301,0
12,00 24,40 238 0,48 28 43 0,917 31,00 16 36 BH0,6
12,50 22,45 220 0,45 29 53 0,972 33,38 42 42 B354
13,00 20,72 2,05 0,41 30,62 1,029 35,85 4,8 4,8 5319,2
13,50 19,18 1,94 0,30 3,72 1,089 38,44 55 55 5322,9
14,00 17,81 1,78 0,36 32,83 1,150 41,08 6,4 6.4 §326,2
+ 14,50 + 16,58 1,67 0,34 33,94 1,215 43,86 7.3 73 5329,0
15,00 15,47 1,56 0,32 35,07 1,282 46,78 8,4 8.4 §331,2
16,00 13,56 1,37 0,28 37,41 1,430 53,18 11,2 11,2 5332,
PROPULSOR COEFS
SP[ESED J KT Ka KTH2 K3 CTH cP RNPROP
10,00 0,3068 0,3068 T,04365 32677 TE173 8327 74573 70267
11,00 0,3093 0,3055 0,04350 31924 1,4693 8,1294 23,748 7,677
12,00 0,3120 0,3043 0,04335 3,126 1,4275 7,9603 23,071 8,317
12,50 0,3132 0,3037 0,04329 3,0062 1,4088 7,8843 22,769 B,63e7
13,00 0,343 0,3032 0,04323 3,0688 1,3017 7,8147 22,493 B,95¢7
13,50 0,254 0,3028 0,04317 3,042 1,3764 7,752 22,348 9,277
14,00 0,363 0,3024 0,04312 3,0226 1,363 7,697 22,029 9,607
1450+ | 03170 0,3020 0,04308 3,0044 1,3518 7,6507 1,848 9,937
15,00 0,377 0,3017 0,04305 2,9902 1,343 7,6146 21,706 1,038
16,00 0,3181 0,305 0,04302 2,9797 1,3365 7,5877 21,601 1,008

Report ID20220908-1555 HydroComp NawvCad 2018 15 04.0073.0539.U1002

CAYV average =7,3%
Se obtienen mejores valores que en el caso de 4 palas.

7.3 Propulsor con 6 palas
El punto de disefio parte de los siguientes parametros.

Propulsor

Count: 1 LI

Propulsor type: Propeller series l.'
Propeller type: FPP .LI
Propeller series: B Series _V_]
Propeller sizing: By power l.'
Reference prop:

Blade count: 6 _ll

Expanded area ratio:  |1,0500

Propeller diameter: 10130,0 mm

Propeller mean pitch: |8832,6 mm

Hub immersion: 17,0 ;Imm

Engine/gear

Drive line: Direct drive L]
Gear input: Nog 0

Engine data: None defined LI

RPM

Primary fuel: Defined _V_l
Sec ry fuel None

Gear eff
o

Shaft efficiency: 0,970 =
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Propeller sizing analysis ProjectiD  VLC285000 TFG

8 zep 2022 0355 Description

HydroComp MavCad 2018 File name TFG.hene

Sizing results

To size Design condion 1By power]
Shaft RFM: [Size] 62,2 RPM Max prop diam: 10130 mm
Expanded area ratio: [Size] 41,0500 Design speed: 14,50 kt
Propeller diameter: [Size] 10130 mm Reference power: 423900 kW
Propeller mean pitch: [Size] 8901,6 mm Dresign point: 0,850

Reference RPM: 72,0
Dresign point: 1,030
Report ID202505-1555 HydroComp NawCad 2018 12 04.0073.0538.U1002

El punto de disefio elegido es aquel que cubre las necesidades a 0.85 por la potencia total
requerida. Ademds, es importante destacar que las velocidades méas altas alcanzadas
(siempre en la punta de la pala) sean tales que no exista o aparezcan fendmenos de
cavitacion.

Para el propulsor de 6 palas se obtiene:

Prediction results [System]

HULL-PROPULSOR ENGIME FUEL PER. ENGINE
SPEED PETOTAL RPMENG PBEMG LOADENG VOLRATE MASSRATE
fi] kW] WFT o EFFR [RPM] KW [% rated] L] ith]
10,00 14438 0,5445 0,2340 0,9900 44 133829 0,0 — —
11,00 97216 0,5435 10,2340 0,9900 449 17361,7 0,0 -— —
12,00 12406,7 0,5426 10,2340 0,9900 53 220240 0,0 -— —
12,50 139141 0,5422 10,2340 0,9900 B& 24632,7 0,0 -— —
13,00 155395 0,5418 10,2340 0,9900 5T 274420 0,0 -— —
13,50 A7290,6 0,5415 0,2340 0,9900 L] 30466,5 0,0 -— —
14,00 19176,6 0,5411 10,2340 0,9900 61 337255 0,0 -— —
+ 14,50 + 21208,8 0,5408 10,2340 0,9900 63 372429 0,0 -— —
15,00 23401,3 0,5405 0,2340 0,9900 G5 410491 0,0 -— —
16,00 28375,7 0,5398 0,2340 0,9900 (5] 49775,3 0,0 -— —
EFFICIENCY THRUST
SPEED THRPROP DELTHR
kil EFFO EFFOA MERIT [kN] kN
10,00 0,3444 0,5562 0,7T0255 1886,98 1446,96
11,00 0,3475 0,5599 0,70059 224274 1717,94
12,00 0,3503 0,5633 10,6988 2623,65 2008,72
12,50 0,3515 0,5649 0,69797 282473 2163,74
13,00 0,3527 0,5683 0,69721 3033,38 2323,57
13,50 0,3538 0,5675 0,69651 3250,19 2489,65
14,00 0,3547 0,5686 0,69589 3475,96 2662,59
+ 14,50 + 0,3555 0,5695 0,69536 aT11,76 2843,21
15,00 0,3562 0,5701 0,69495 J958,96 303256
16,00 0,3566 0,5701 0,69464 450048 344737
POWER DELIVERY
SPEED RPMPROP QPROP QENG PDPROP PSPROP PSTOTAL PBTOTAL TRANSP
[ [RPM] khi-m] [kN-m] W] [KW] kW] kW]
10,00 44 275985 2759,85 129681.4 133829 13382,9 133829 -—
11,00 49 3279,00 3279,00 16840,9 17361.7 17361,7 173641, 7 -—
12,00 53 3838,39 3838,39 213633 220240 220240 22024,0 -—
12,50 5 4133,79 133,79 238937 246327 24632,7 246327 946,0
13,00 LY 4440,38 4440,38 26618,T 274420 274420 274420 8831
13,50 L] 4758,%6 4758,96 205525 30466,5 30466,5 30466,5 8261
14,00 61 5000,68 R090,88 327137 337255 337255 33725,5 773.9
+ 14,50 + 63 543706 B437,068 J6125.6 372429 372429 72429 7258
15,00 G5 5800,03 RB00,03 398176 410491 410491 41049,1 681.2
16,00 69 5594,13 6594,13 482821 497753 497753 49775,3 5599,2
Report ID20220905-1557 HydmComp NavCad 2018 15.04.0073.0535.01002

Y se observa que:
PBTotal = 37242,9 kW
El rendimiento de la hélice EFFOA = 0,5695
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CUADERNO 6.- PREDICCION DE POTENCIA Y DISENO DE PROPULSORES Y
TIMONES
Esteban Martinez de la Colina Vilarifio

Prediction results [Propulsor]

CAVITATION
SPEED TIPSPEED PRESS  CAVAVG  CAVMAX _ PITCHFC
= SIGMAV  SIGMAN  SIGMAOTR | MINBAR = - = -
10,00 543 345 0,70 7358 T2 7332 72 72 40T .5
11,00 29,16 2,90 0,59 25,75 0,879 26,50 28 2.8 54187
12,00 24,40 247 0,50 27,91 0,094 31,00 a7 a7 5428,9
12,50 22,45 229 0,46 28,98 1,055 33,38 4,2 42 5433,5
13,00 20,72 243 0,43 30,06 1,118 5,85 49 49 5437,8
13,50 19,18 1,98 0,40 3,14 1,184 38,41 56 5.6 54418
14,00 17,81 1,85 0,37 32,22 1,252 41,07 64 6.4 54453

+ 14,50 + 16,58 1,73 0,35 33,32 1,324 43,38 7,3 7.3 54482
15,00 15,47 1,62 0,33 34,42 1,398 46,78 8,4 8.4 5450,5
16,00 13,56 1,42 0,29 36,71 1,562 53,18 11,1 11,1 5452,3

PROPULSOR COEFS
SP[EHED J KT Ka KTH2 Kaw3 CTH cP RNPROP
10,00 03127 T,3183 0,04591 32677 7,5099 g3 74,404 5.T5eT
11,00 0,3151 0,3170 0,04575 31924 1,4621 8,1294 23,632 6,277
12,00 0,3178 0,3158 0,04561 3,126 1,4204 7,9603 22,957 6,807
12,50 0,3191 0,3152 0,04554 3,0062 1,4018 7,8843 22,656 7,067
13,00 0,3202 0,3147 0,04548 3,0688 1,3848 7,8147 22,381 7,337
13,50 0,3213 0,3143 0,04542 3,042 1,3695 7,752 22,134 7,597
14,00 0,3222 0,3138 0,04537 3,0226 1,3564 7,697 21,918 7,8567

1450+ | 03230 0,3435 0,04533 3,0044 1,345 78507 21,738 8,12¢7
15,00 0,3236 D,3132 0,04530 2,9902 1,3362 76146 21,597 8,307
16,00 0,3241 0,3130 0,04527 2,9797 1,3298 7,5877 1,492 8,9567

Report ID2OZ20908-1557 HygroComp NawCad 2018 18.04.0073.053%9.U1002

CAV average =7,3%
Se obtienen mejores valores que en el caso de 4y 5 palas.

Por lo tanto, en base a estos resultados obtenidos se selecciona el propulsor de 6 palas.
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CUADERNO 6.- PREDICCION DE POTENCIA Y DISENO DE PROPULSORES Y
TIMONES

Esteban Martinez de la Colina Vilarifio

8 DISENO DEL TIMON

8.1 Tipo de timén

El timon instalado en el buque de proyecto sera del tipo semi-suspendido con unas
formas similares a las que a continuacién se muestran:

RUDDER _ SSied=—= RUDDER CARRIER

ACTUATOR 8 SEAL BOX
, b

A N
A [ NECK BEARING

RUDDER
HORN
. HORN
ZUS PINTLE

SEMI-SPADE RUDDER

En una primera aproximacion se establece lo siguiente

0'015 X Alat sumerg < Atim()n < O'OZAlat sumerg

Siendo:

e Alat sumerg el area lateral sumergida del buque que es de 6980,322m?2.

e Atimdn el area del timén
Por lo tanto:
104,70 m2 < A¢imon < 139,60 m2

Considerando los huelgos minimos exigidos por las IACS y las &reas calculadas
anteriormente, se realiza un disefio del timén para el buque proyectado.

EL Area Total del timén disefiado es de:
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TIMONES
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Atimén diseiio = 112,879 m2

e Lacuerdadel timén es (C)= 7500 mm
e Laalturadel timén es (H)= 17996 mm

El area compensada debe ser en torno al 20% del area total (22,576 m2) y la longitud de
la parte compensada no puede superar el 35% de la longitud del timén (2,625 m).

e Acompensada = 28,15m2
e Longitud de la parte compensadaes 2,5 m

1,800 mz

i

8.2 Céalculo de la fuerza sobre el timon
Se empleara el procedimiento descrito en el DNV (Parte 3 Ch.14 Sect.1).

La estimacion de la fuerza sobre el timén corresponde a la siguiente expresion:
Cp =132*K1+*RK2+K3* A= Ve
Siendo:

o K1 un factor que depende de la relacion de aspecto del timén y del ratio A.
A+2
1=

Donde b y ¢ se calculan de la siguiente manera:

. z3+z4 —z2
b= f

_ x2+x3 —x1
c= 2
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Yo 4 K- Xy
! 2 ) : mean breadth of nudder

. mean height of rudder

1
)
|
)
1
i
1
J
L
1
|
]
1

- -

Entonces:

c=7,5
B=14,248
A=1,899
k1=1,95

K2 es un coeficiente que depende del tipo de timén y de su perfil.
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Profile Type

NACA-00 series Gottingen

{f} 1.10 0.80

g

<:_-/) S 110 0.90
L

< ! .35 0.90

High lIft rudders

Flat e
Hollow

to be specially considered; if not

\\\‘\‘ 1.70 known: 1.30
ke .
\\
- 1.40 0.80
I

e N 1.00 100

Fish ta)

Nozzle rudder 1.90 1.50
Mixed profiles (e.9. NACA-series 63, 64, HSVA
MP71. MP73) i.n e50

Para el buque de proyecto se selecciona el perfil NACA-00 serie Gottingen.

e K2 avante =1,10
e K2 ciando =0,8

K3 es un coeficiente que depende de a posicion del timén y generalmente tomara un valor
de 1.

Cy =132+K1+K2+* K3+ A=V*

Por lo tanto, conociendo elArea Total de Timén, y las velocidades (m/s) méaximas del
buque tanto avante (16 knots) como ciando (8 knots) se puede resolver la ecuacion de la
fuerza actuante e ambos casos:

CR avante — 204‘5 kN
Cr ciando = 371 KN
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Célculo del Par Torsor
Se empleara el procedimiento descrito en el DNV (Parte 3 Ch.14 Sect.1).

Donde:

o Cr es lafuerza lateral sobre el timén calculada en el apartado anterior
e res el centro de empuje en m. Su valor viene de la siguiente expresion:

Tapante = maximo(c * (a — k); 0.1¢)

? =c*(a—k)

-li'fl.:ﬂ do
Donde:

e C, como se vio con anterioridad toma el calor de 7,5
e (1 es una constante que vale 0,33 cuando el barco navega avante y 0,66 cuando

esta ciando.
e Kk resulta ser otro coeficiente que corresponde a la siguiente expresion.
_Af 2817 0.249
A 112879

Se estima, por lo tanto, que r valdré:
Tavante = Max(7,5 x (0,33 — 0,249);0,1 x 7,5) = 0,75
Teiando = 7,5 X (0,66 — 0,249) = 3,0825
Con estos valores se puede calcular el par:
Qr avante = 2045 X 0,73 = 1492 kN x m
Qg ciando = 371 x 3,085 = 1123,57 kN xm

8.3 Comprobacion de las claras del codaste

Siguiendo la norma que establece el Reglamento de la IACS, para bugues de una sola
linea de ejes, como es el caso del buque de proyecto:

e a=0,2R (m)
e b=>0,7-0,04Zp)R (m)
e ¢>(048-0,02Zp)R (M)
e ¢>=0,07R (m)
Siendo:

e Zp el numero de palas del proulsor, que en este caso es 6.
¢ R el radio del propulsor en metros. En este caso 5,065 m.
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(a) Single screw (b) Twin screw

Figure 6.7.12 Propeller clearances

Entonces:

. a20,2x¥=1,013m

0,7-0,04%x6)10,13
% =2,329m
0,48-0,02x6)10,13

e (Cc> ( ) =1,82m

2
e e no aplica ya que el timén instalado es semisuspendido.

e b>

Como se puede apreciar en el sketch que se muestra a continuacion, los huelgos minimos
se cumplen:
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10 ANEXO |: RESISTENCIA AL AVANCE
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Resistance Project ID VLC285000 TFG
7 sep 2022 05:43 Description
HydroComp NavCad 2018 File name untitled.hcnc
Analysis parameters
Vessel drag ITTC-78 (CT) Added drag
Technique: [Calc] Prediction Appendage: [Calc] Holtrop (Component)
Prediction: Holtrop Wind: [Calc] Taylor
Reference ship: Seas: [Off]
Model LWL: Shallow/channel: [Off]
Expansion: Standard Towed: [Off]
Friction line: ITTC-57 Margin: [Calc] Hull + added drag [15%]
Hull form factor: [On] 1,000 Water properties
Speed corr: [On] Water type: Salt
Spray drag corr: [Off] Density: 1026,00 kg/m3
Corr allowance: ITTC-78 (v2008) Viscosity: 1,18920e-6 m2/s
Roughness [mm]: [On] 0,15
Prediction method check [Holtrop]
Parameters | FN [design] CP LWL/BWL BWL/T Lambda
Value 0,13 0,80 5,61 2,68 0,99
Range 0,06--0,28 0,55--0,85 3,90--14,90 2,10--4,00 0,01--1,07
Prediction results
SPEED COEFS ITTC-78 COEFS
SP[II(EtI]ED FN FV RN CF [CVICF] CR dCF CA CT
10,00 0,090 0,195 1,45e9 0,001462 1,000 0,001349 0,000000 0,000255 0,003066
11,00 0,099 0,214 1,60e9 0,001445 1,000 0,001320 0,000000 0,000242 0,003007
12,00 0,107 0,234 1,75e9 0,001430 1,000 0,001295 0,000000 0,000231 0,002955
12,50 0,112 0,243 1,82e9 0,001423 1,000 0,001284 0,000000 0,000225 0,002932
13,00 0,116 0,253 1,89e9 0,001416 1,000 0,001275 0,000000 0,000219 0,002911
13,50 0,121 0,263 1,96e9 0,001410 1,000 0,001268 0,000000 0,000214 0,002892
14,00 0,125 0,273 2,04e9 0,001404 1,000 0,001263 0,000000 0,000209 0,002875
+14,50 + 0,130 0,282 2,11e9 0,001398 1,000 0,001260 0,000000 0,000204 0,002862
15,00 0,134 0,292 2,18e9 0,001393 1,000 0,001261 0,000000 0,000199 0,002853
16,00 0,143 0,312 2,33e9 0,001382 1,000 0,001279 0,000000 0,000189 0,002850
RESISTANCE
SPEED RBARE RAPP RWIND RSEAS RCHAN RTOWED RMARGIN RTOTAL
[kt] [KN] [KN] [KN] [KN] [KN] [KN] [KN] [KN]
10,00 1231,46 8,44 18,33 0,00 0,00 0,00 188,73 1446,96
11,00 1461,61 10,07 22,18 0,00 0,00 0,00 224,08 1717,94
12,00 1709,36 11,83 26,40 0,00 0,00 0,00 262,14 2009,72
12,50 1840,12 12,75 28,64 0,00 0,00 0,00 282,23 2163,74
13,00 1975,81 13,71 30,98 0,00 0,00 0,00 303,07 2323,57
13,50 2116,80 14,70 33,41 0,00 0,00 0,00 324,74 2489,65
14,00 2263,64 15,73 35,93 0,00 0,00 0,00 347,29 2662,59
+14,50 + 2417,04 16,78 38,54 0,00 0,00 0,00 370,85 2843,21
15,00 2577,90 17,87 41,24 0,00 0,00 0,00 395,55 3032,56
16,00 2930,66 20,13 46,92 0,00 0,00 0,00 449,66 3447,37
EFFECTIVE POWER OTHER
SPEED PEBARE PETOTAL
[k [KW] [KW] CTLR CTLT RBARE/W
10,00 6335,2 7443,8 0,01863 0,04235 0,00034
11,00 8271,1 9721,6 0,01823 0,04154 0,00040
12,00 10552,4 12406,7 0,01788 0,04082 0,00047
12,50 11833,0 13914,1 0,01774 0,04050 0,00051
13,00 13213,7 15539,5 0,01761 0,04020 0,00055
13,50 14701,2 17290,6 0,01751 0,03994 0,00058
14,00 16303,2 19176,6 0,01744 0,03972 0,00062
+14,50 + 18029,8 21208,8 0,01741 0,03953 0,00067
15,00 19892,8 23401,3 0,01742 0,03940 0,00071
16,00 24122,6 28375,7 0,01767 0,03937 0,00081

Report ID20220907-1743

HydroComp NavCad 2018 18.04.0073.0539.U1002



Resistance Project ID VLC285000 TFG
7 sep 2022 05:43 Description
HydroComp NavCad 2018 File name untitled.hcnc
Hull data
General Planing

Configuration: Monohull

Chine type: Round/multiple

Length on WL: 336,300 m

Max beam on WL:
Max molded draft:
Displacement:
Wetted surface:

[LWL/BWL 5,605] 60,000 m
[BWL/T 2,682] 22,370 m
[CB 0,798] 369520,00 t
[CS 2,688] 29584,000 m2

ITTC-78 (CT)
LCB fwd TR: [XCB/LWL 0,498] 167,522 m
LCF fwd TR: [XCF/LWL 0,477] 160,432 m

Max section area:
Waterplane area:
Bulb section area:
Bulb ctr below WL:
Bulb nose fwd TR:
Imm transom area:
Transom beam WL:

Transom immersion:

Half entrance angle:
Bow shape factor:
Stern shape factor:

[CX 0,996] 1336,830 m2
[CWP 0,899] 18140,000 m2
0,000 m2
0,000 m
0,000 m
[ATR/AX 0,011] 14,600 m2
[BTR/BWL 0,152] 9,113 m
[TTR/T 0,096] 2,156 m
86,00 deg
[WL flow] 1,0
[WL flow] 1,0

Report 1D20220907-1743
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Resistance
7 sep 2022 05:43

HydroComp NavCad 2018

Appendage data

Project ID VLC285000 TFG

Description

File name untitled.hcnc

General Skeg/Keel
Definition: Component Count: 0
Percent of hull drag: 0,00 % Type: Skeg
Planing influence Mean length: 0,000 m
LCE fwd TR: 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: 0,000 m
Max prop diameter: 10130,0 mm Projected area: 0,000 m2
Shaft angle to WL: 0,00 deg Wetted surface: 0,000 m2
Exposed shaft length: 0,000 m Stabilizer
Shaft diameter: 0,000 m Count: 0
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: 0,000 m
Wetted surface: 0,000 m2 T/C ratio: 0,000
Hull bossing length: 0,000 m LE sweep: 0,00 deg
Bossing diameter: 0,000 m Wetted surface: 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: 0
Tip chord: 0,000 mm Mean length: 0,000 m
Span: 0,000 m Mean base width: 0,000 m
T/C ratio: 0,000 Mean projection: 0,000 m
Projected area: 0,000 m2 Wetted surface: 0,000 m2
Wetted surface: 0,000 m2 Tunnel thruster
Exposed palm depth: 0,000 m Count: 0
Exposed palm width: 0,000 m Diameter: 0,000 m
Rudder Sonar dome
Count: 1 Count: 0
Rudder location: Behind propeller Wetted surface: 0,000 m2
Type: Balanced foil Miscellaneous
Root chord: 6,900 m Count: 0
Tip chord: 3,900 m Drag area: 0,000 m2
Span: 14,500 m Drag coef: 0,00
T/C ratio: 0,150
LE sweep: 5,00 deg
Projected area: 78,300 m2
Wetted surface: 158,939 m2
Environment data
Wind Seas
Wind speed: 0,00 kt Significant wave ht: 0,000 m
Angle off bow: 0,00 deg Modal wave period: 0,0 sec
Gradient correction: Off Shallow/channel
Exposed hull Water depth: 0,000 m
Transverse area: 716,770 m2 Type: Shallow water
VCE above WL: 28,000 m Channel width: 0,000 m
Profile area: 2818,820 m2 Channel side slope: 0,00 deg
Superstructure Hull girth: 0,000 m

Superstructure shape:

Transverse area:
VCE above WL:
Profile area:

Tanker/Bulker
788,970 m2
40,000 m
536,390 m2

Report ID20220907-1743
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Resistance Project ID VLC285000 TFG
7 sep 2022 05:43 Description
HydroComp NavCad 2018 File name untitled.hcnc

Symbols and values

SPEED = Vessel speed
FN = Froude number [LWL]
FV = Froude number [VOL]

RN = Reynolds number [LWL]
CF = Frictional resistance coefficient
CV/CF = Viscous/frictional resistance coefficient ratio [dynamic form factor]
CR = Residuary resistance coefficient
dCF = Added frictional resistance coefficient for roughness
CA = Correlation allowance [dynamic]
CT = Total bare-hull resistance coefficient

RBARE = Bare-hull resistance
RAPP = Additional appendage resistance

RWIND = Additional wind resistance

RSEAS = Additional sea-state resistance

RCHAN = Additional shallow/channel resistance
RTOWED = Additional towed object resistance
RMARGIN = Resistance margin

RTOTAL = Total vessel resistance

PEBARE = Bare-hull effective power
PETOTAL = Total effective power

CTLR = Telfer residuary resistance coefficient
CTLT = Telfer total bare-hull resistance coefficient
RBARE/W = Bare-hull resistance to weight ratio

+ = Design speed indicator
* = Exceeds parameter limit

Report ID20220907-1743

HydroComp NavCad 2018 18.04.0073.0539.U1002
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11 ANEXO II: PROPULSION

35



Propulsion ProjectID  VLC285000 TFG

7 sep 2022 06:05 Description
HydroComp NavCad 2018 File name untitled.hcnc
Analysis parameters
Hull-propulsor interaction System analysis
Technique: [Calc] Prediction Cavitation criteria: Keller egn
Prediction: Holtrop Analysis type: Free run
Reference ship: CPP method:
Max prop diam: 10130,0 mm Engine RPM:
Corrections Mass multiplier:
Viscous scale corr: [Off] RPM constraint:
Rudder location: Limit [RPM/s]:
Friction line: Water properties
Hull form factor: Water type: Salt
Corr allowance: Density: 1026,00 kg/m3
Roughness [mm]: Viscosity: 1,18920e-6 m2/s
Ducted prop corr: [Off]
Tunnel stern corr: [Off]
Prediction method check [Holtrop]
Parameters | FN [design] CP LwL/BWL BWL/T
Value 0,13 0,80 5,61 2,68
Range 0,06--0,80 0,55--0,85  3,90--14,90  2,10--4,00
Prediction results [System]
HULL-PROPULSOR ENGINE FUEL PER ENGINE
SPEED PETOTAL RPMENG PBENG LOADENG VOLRATE MASSRATE
[ki] [kW] U/ UL SR [RPM] kW] [% rated] [L/h] [vh]
10,00 7443,8 0,5445 0,2340 1,0133 50 12542,1 0,0
11,00 9721,6 0,5435 0,2340 1,0133 55 16274,2 0,0
12,00 12406,7 0,5426 0,2340 1,0133 59 20648,2 0,0
12,50 13914,1 0,5422 0,2340 1,0133 61 23095,9 0,0
13,00 15539,5 0,5418 0,2340 1,0133 64 257319 0,0
13,50 17290,6 0,5415 0,2340 1,0133 66 28570,0 0,0
14,00 19176,6 0,5411 0,2340 1,0133 68 31628,2 0,0
+14,50 + 21208,8 0,5408 0,2340 1,0133 71 34928,7 0,0
15,00 23401,3 0,5405 0,2340 1,0133 73 38500,0 0,0
16,00 28375,7 0,5398 0,2340 1,0133 78 46685,9 0,0
EFFICIENCY THRUST
SPEED THRPROP DELTHR
[kt EFFO EFFOA MERIT KN] [KN]
10,00 0,3591 0,5935 0,73241 1888,98 1446,96
11,00 0,3622 0,5974 0,73022 2242,74 1717,94
12,00 0,3650 0,6009 0,72822 2623,65 2009,72
12,50 0,3663 0,6024 0,7273 2824,73 2163,74
13,00 0,3675 0,6039 0,72644 3033,38 2323,57
13,50 0,3686 0,6052 0,72566 3250,19 2489,65
14,00 0,3696 0,6063 0,72497 3475,96 2662,59
+14,50 + 0,3704 0,6072 0,72439 3711,76 2843,21
15,00 0,3710 0,6078 0,72392 3958,95 3032,56
16,00 0,3715 0,6078 0,72358 4500,49 3447,37
POWER DELIVERY
SPEED RPMPROP QPROP QENG PDPROP PSPROP PSTOTAL PBTOTAL TRANSP
[kt] [RPM] [kN-m] [kN-m] (kW] (kW] (kW] (kW]
10,00 50 2352,24 2352,24 12165,8 12542,1 12542,1 12542,1
11,00 55 2795,48 2795,48 15785,9 16274,2 16274,2 16274,2
12,00 59 3273,20 3273,20 20028,7 20648,2 20648,2 20648,2
12,50 61 3525,52 3525,52 22403,1 23095,9 23095,9 23095,9
13,00 64 3787,39 3787,39 24959,9 25731,9 25731,9 25731,9 941,8
13,50 66 4059,51 4059,51 277129 28570,0 28570,0 28570,0 880,9
14,00 68 4342,86 4342,86 30679,3 31628,2 31628,2 31628,2 825,2
+ 14,50 + 71 4638,69 4638,69 33880,9 34928,7 34928,7 34928,7 773,9
15,00 73 4948,65 4948,65 37345,0 38500,0 38500,0 38500,0 726,3
16,00 78 5626,44 5626,44 45285,4 46685,9 46685,9 46685,9 638,9

Report ID20220907-1805 HydroComp NavCad 2018 18.04.0073.0539.U1002



Propulsion ProjectID  VLC285000 TFG

7 sep 2022 06:05 Description
HydroComp NavCad 2018 File name untitled.hcnc
Prediction results [Propulsor]
CAVITATION
SPEED TIPSPEED PRESS CAVAVG CAVMAX PITCHFC
[k SIGMAV SIGMAN SIGMAO7R [mis] MINBAR [kPa] (%] (%] [m]
10,00 35,43 2,73 0,55 26,54 0,716 35,75 5,6 5,6 5693,3
11,00 29,16 2,29 0,47 28,98 0,813 42,45 7,6 7,6 5703,6
12,00 24,40 1,95 0,40 31,40 0,917 49,65! 10,1 10,1 5713,0
12,50 22,45 1,81 0,37 32,61 0,972 53,46! 11,6 11,6 5717,4
13,00 20,72 1,68 0,34 33,82 1,029 57,4111 13,3 13,3 5721,4
13,50 19,18 1,56 0,32 35,04 1,089 61,51 ! 15,2 15,2 5725,0
14,00 17,81 1,46 0,30 36,25 1,150 65,79 I 17,4 17,4 5728,2
+ 14,50 + 16,58 1,37 0,28 37,48 1,215 70,251 19,9 19,9 5731,0
15,00 15,47 1,28 0,26 38,73 1,282 74,93 11 22,71 22,7 5733,1
16,00 13,56 1,13 0,23 41,31 1,430 85,17 I 30,0 30,0 5734,7
PROPULSOR COEFS
Sp[l'ft']ED J KT KQ KT/32 KQII3 CTH cpP RNPROP
10,00 0,2773 0,2513 0,03090 3,2677 1,4484 8,3211 22,871 4,84e7
11,00 0,2800 0,2503 0,03080 3,1924 1,4028 8,1294 22,151 5,28e7
12,00 0,2825 0,2494 0,03071 3,126 1,363 7,9603 21,523 5,72e7
12,50 0,2836 0,2490 0,03067 3,0962 1,3452 7,8844 21,242 5,94e7
13,00 0,2846 0,2486 0,03064 3,0688 1,329 7,8147 20,986 6,16e7
13,50 0,2855 0,2482 0,03060 3,0442 1,3145 7,752 20,756 6,397
14,00 0,2864 0,2479 0,03057 3,0226 1,3017 7,697 20,555 6,61e7
+ 14,50 + 0,2871 0,2476 0,03055 3,0044 1,2911 7,6507 20,387 6,83e7
15,00 0,2876 0,2474 0,03053 2,9902 1,2827 7,6145 20,255 7,06e7
16,00 0,2881 0,2473 0,03052 2,9797 1,2766 7,5877 20,158 7,53e7
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Hull data
General Planing

Configuration: Monohull

Chine type: Round/multiple

Length on WL: 336,300 m

Max beam on WL:
Max molded draft:
Displacement:
Wetted surface:

[LWL/BWL 5,605] 60,000 m
[BWL/T 2,682] 22,370 m
[CB 0,798] 369520,00 t
[CS 2,688] 29584,000 m2

ITTC-78 (CT)
LCB fwd TR: [XCB/LWL 0,498] 167,522 m
LCF fwd TR: [XCF/LWL 0,477] 160,432 m

Max section area:
Waterplane area:
Bulb section area:
Bulb ctr below WL:
Bulb nose fwd TR:
Imm transom area:
Transom beam WL:

Transom immersion:

[CX 0,996] 1336,830 m2
[CWP 0,899] 18140,000 m2
0,000 m2
0,000 m
0,000 m
[ATR/AX 0,011] 14,600 m2
[BTR/BWL 0,152] 9,113 m
[TTR/T 0,096] 2,156 m

Half entrance angle: 86,00 deg
Bow shape factor: [WL flow] 1,0
Stern shape factor: [WL flow] 1,0
Propulsor data
Propulsor Propeller 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
Propeller series: B Series Propeller cup: 0,0 mm
Propeller sizing: By thrust KTKQ corrections: Custom
Reference prop: Scale correction: None
Blade count: 5 KT multiplier: 1,000
Expanded area ratio: 0,6556 [Keep] KQ multiplier: 1,000
Propeller diameter: 10130,0 mm [Keep] Blade T/C [0.7R]: 0,00
Propeller mean pitch: [P/D 0,7579] 7677,7 mm [Keep] Roughness: 0,00 mm
Hub immersion: 17,0 mm Cav breakdown: Off
Engine/gear Design condition [By thrust]
Drive line: Direct drive Max prop diam: 10130,0 mm
Gear input: No gearbox Design speed: 14,50 kt
Engine data: Reference thrust: 3711,77 kW
Rated RPM: 0 RPM Design point: 1,000
Rated power: 0,0 kW Reference RPM: 75,0 RPM
Primary fuel: Defined Design point: 1,000
Secondary fuel: None Shaft RPM: 75,0 RPM [Keep]
Gear efficiency: 1,000
Load correction: Off
Gear ratio: 1,000
Shaft efficiency: 0,970
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HydroComp NavCad 2018 File name untitled.hcnc

Symbols and values

SPEED = Vessel speed

PETOTAL = Total vessel effective power
WFT = Taylor wake fraction coefficient
THD = Thrust deduction coefficient

EFFR = Relative-rotative efficiency

RPMENG = Engine RPM
PBENG = Brake power per engine
VOLRATE = Volumetric fuel rate total Primary
LOADENG = Engine load as a percentage of engine rated power

RPMPROP = Propulsor RPM
QPROP = Propulsor open water torque
QENG = Engine torque

PDPROP = Delivered power per propulsor
PSPROP = Shaft power per propulsor
PSTOTAL = Total vessel shaft power
PBTOTAL = Total vessel brake power
TRANSP = Transport factor

EFFO = Propulsor open-water efficiency

EFFG = Gear efficiency (load corrected)
EFFOA = Overall propulsion efficiency [FPETOTAL/PSTOTAL]
MERIT = Propulsor merit coefficient

THRPROP = Open-water thrust per propulsor
DELTHR = Total vessel delivered thrust

J = Propulsor advance coefficient
KT = Propulsor thrust coefficient [horizontal, if in oblique flow]
KQ = Propulsor torque coefficient
KT/J2 = Propulsor thrust loading ratio
KQ/J3 = Propulsor torque loading ratio
CTH = Horizontal component of bare-hull resistance coefficient
CP = Propulsor thrust loading coefficient
RNPROP = Propeller Reynolds number at 0.7R

SIGMAYV = Cavitation number of propeller by vessel speed
SIGMAN = Cavitation number of propeller by RPM
SIGMAO7R = Cavitation number of blade section at 0.7R
TIPSPEED = Propeller circumferential tip speed
MINBAR = Minimum expanded blade area ratio recommended by selected cavitation criteria
PRESS = Average propeller loading pressure
CAVAVG = Average predicted back cavitation percentage
CAVMAX = Peak predicted back cavitation percentage [if in oblique flow]
PITCHFC = Minimum recommended pitch to avoid face cavitation

+ = Design speed indicator

* = Exceeds recommended parameter limit

| = Exceeds recommended cavitation criteria [warning]

Il = Substantially exceeds recommended cavitation criteria [critical]
Il = Thrust breakdown is indicated [severe]
--- = Insignificant or not applicable
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8 sep 2022 03:51 Description
HydroComp NavCad 2018 File name TFG.hcnc
Analysis parameters
Hull-propulsor interaction System analysis
Technique: [Calc] Prediction Cavitation criteria: Keller egn
Prediction: Holtrop Analysis type: Free run
Reference ship: CPP method:
Max prop diam: 10130,0 mm Engine RPM:
Corrections Mass multiplier:
Viscous scale corr: [Off] RPM constraint:
Rudder location: Limit [RPM/s]:
Friction line: Water properties
Hull form factor: Water type: Salt
Corr allowance: Density: 1026,00 kg/m3
Roughness [mm]: Viscosity: 1,18920e-6 m2/s
Ducted prop corr: [Off]
Tunnel stern corr: [Off]
Prediction method check [Holtrop]
Parameters | FN [design] CP LwL/BWL BWL/T
Value 0,13 0,80 5,61 2,68
Range 0,06--0,80 0,55--0,85  3,90--14,90  2,10--4,00
Prediction results [System]
HULL-PROPULSOR ENGINE FUEL PER ENGINE
SPEED PETOTAL RPMENG PBENG LOADENG VOLRATE MASSRATE
[ki] [kW] U/ UL SR [RPM] kW] [% rated] [L/h] [vh]
10,00 7443,8 0,5445 0,2340 0,9900 45 13683,8 0,0
11,00 9721,6 0,5435 0,2340 0,9900 49 17753,9 0,0
12,00 12406,7 0,5426 0,2340 0,9900 53 22523,7 0,0
12,50 13914,1 0,5422 0,2340 0,9900 55 25192,8 0,0
13,00 15539,5 0,5418 0,2340 0,9900 57 28066,9 0,0
13,50 17290,6 0,5415 0,2340 0,9900 59 311615 0,0
14,00 19176,6 0,5411 0,2340 0,9900 61 34495,9 0,0
+14,50 + 21208,8 0,5408 0,2340 0,9900 63 38094,6 0,0
15,00 23401,3 0,5405 0,2340 0,9900 65 41988,7 0,0
16,00 28375,7 0,5398 0,2340 0,9900 70 50915,4 0,0
EFFICIENCY THRUST
SPEED THRPROP DELTHR
[kt EFFO EFFOA MERIT KN] [KN]
10,00 0,3369 0,5440 0,6871 1888,98 1446,96
11,00 0,3398 0,5476 0,6851 2242,73 1717,93
12,00 0,3425 0,5508 0,68329 2623,65 2009,72
12,50 0,3437 0,5523 0,68245 2824,73 2163,74
13,00 0,3449 0,5537 0,68168 3033,38 2323,57
13,50 0,3459 0,5549 0,68097 3250,19 2489,64
14,00 0,3468 0,5559 0,68035 3475,96 2662,59
+ 14,50 + 0,3476 0,5567 0,67981 3711,76 2843,21
15,00 0,3482 0,5573 0,6794 3958,96 3032,56
16,00 0,3486 0,5573 0,67908 4500,48 3447,36
POWER DELIVERY
SPEED RPMPROP QPROP QENG PDPROP PSPROP PSTOTAL PBTOTAL TRANSP
[kt] [RPM] [kN-m] [kN-m] (kW] (kW] (kW] (kW]
10,00 45 2808,73 2808,73 13273,2 13683,8 13683,8 13683,8
11,00 49 3337,00 3337,00 17221,3 17753,9 17753,9 17753,9
12,00 53 3906,21 3906,21 21848,0 22523,7 22523,7 22523,7 993,2
12,50 55 4206,78 4206,78 24437,0 25192,8 25192,8 25192,8 925,0
13,00 57 4518,73 4518,73 27224,9 28066,9 28066,9 28066,9 863,5
13,50 59 4842,89 4842,89 30226,6 311615 311615 311615 807,6
14,00 61 5180,41 5180,41 33461,0 34495,9 34495,9 34495,9 756,6
+ 14,50 + 63 5532,86 5532,86 36951,8 38094,6 38094,6 38094,6 709,6
15,00 65 5902,19 5902,19 40729,1 41988,7 41988,7 41988,7 666,0
16,00 70 6710,24 6710,24 49388,0 50915,4 50915,4 50915,4 585,8
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Prediction results [Propulsor]
CAVITATION
SPEED TIPSPEED PRESS CAVAVG CAVMAX PITCHFC
[k SIGMAV SIGMAN SIGMAO7R [mis] MINBAR [kPa] (%] (%] [m]
10,00 35,43 3,42 0,69 23,70 0,661 22,32 2,3 2,3 6377,6
11,00 29,16 2,87 0,58 25,88 0,747 26,50 31 31 6387,9
12,00 24,40 2,44 0,49 28,04 0,840 31,01 4,0 4,0 6397,3
12,50 22,45 2,26 0,46 29,13 0,890 33,38 4,6 4,6 6401,5
13,00 20,72 2,10 0,43 30,21 0,940 35,85 53 53 6405,5
13,50 19,18 1,96 0,40 31,30 0,993 38,41 6,1 6,1 6409,1
14,00 17,81 1,83 0,37 32,39 1,049 41,08 7,0 7,0 6412,4
+14,50 + 16,58 1,71 0,35 33,49 1,106 43,86 8,0 8,0 6415,1
15,00 15,47 1,60 0,32 34,60 1,166 46,79 9,2 9,2 6417,2
16,00 13,56 1,41 0,29 36,90 1,299 53,19 12,1 12,1 6418,8
PROPULSOR COEFS
Sp[l'ft']ED J KT KQ KT/32 KQII3 CTH cpP RNPROP
10,00 0,3107 0,3154 0,04629 3,2677 1,5439 8,321 24,953 8,66e7
11,00 0,3136 0,3140 0,04612 3,1924 1,4952 8,1294 24,166 9,46e7
12,00 0,3163 0,3127 0,04596 3,126 1,4526 7,9603 23,478 1,02e8
12,50 0,3175 0,3121 0,04589 3,0962 1,4336 7,8843 23,171 1,06e8
13,00 0,3186 0,3116 0,04582 3,0688 1,4163 7,8147 22,891 1,10e8
13,50 0,3197 0,3111 0,04576 3,0442 1,4007 7,752 22,639 1,14e8
14,00 0,3206 0,3106 0,04570 3,0226 1,3871 7,697 22,419 1,18e8
+ 14,50 + 0,3214 0,3103 0,04566 3,0044 1,3757 7,6507 22,235 1,22e8
15,00 0,3220 0,3100 0,04562 2,9902 1,3668 7,6146 22,091 1,26e8
16,00 0,3224 0,3098 0,04559 2,9797 1,3602 7,5877 21,984 1,35e8
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Hull data
General Planing
Configuration: Monohull
Chine type: Round/multiple
Length on WL: 336,300 m

Max beam on WL:
Max molded draft:
Displacement:
Wetted surface:

[LWL/BWL 5,605] 60,000 m
[BWL/T 2,682] 22,370 m
[CB 0,798] 369520,00 t
[CS 2,688] 29584,000 m2

ITTC-78 (CT)
LCB fwd TR: [XCB/LWL 0,498] 167,522 m
LCF fwd TR: [XCF/LWL 0,477] 160,432 m

Max section area:
Waterplane area:
Bulb section area:
Bulb ctr below WL:
Bulb nose fwd TR:
Imm transom area:
Transom beam WL:

Transom immersion:

[CX 0,996] 1336,830 m2
[CWP 0,899] 18140,000 m2
0,000 m2
0,000 m
0,000 m
[ATR/AX 0,011] 14,600 m2
[BTR/BWL 0,152] 9,113 m
[TTR/T 0,096] 2,156 m

Half entrance angle: 86,00 deg
Bow shape factor: [WL flow] 1,0
Stern shape factor: [WL flow] 1,0
Propulsor data
Propulsor Propeller 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
Propeller series: B Series Propeller cup: 0,0 mm
Propeller sizing: By power KTKQ corrections: Custom
Reference prop: Scale correction: None
Blade count: 4 KT multiplier: 1,000
Expanded area ratio: 1,0499 [Size] KQ multiplier: 1,000
Propeller diameter: 10130,0 mm [Size] Blade T/C [0.7R]: 0,00
Propeller mean pitch: [P/D 0,9041] 9158,3 mm [Size] Roughness: 0,00 mm
Hub immersion: 17,0 mm Cav breakdown: Off
Engine/gear Design condition [By power]
Drive line: Direct drive Max prop diam: 10130,0 mm
Gear input: No gearbox Design speed: 14,50 kt
Engine data: Reference power: 42390,0 kW
Rated RPM: 0 RPM Design point: 0,850
Rated power: 0,0 kW Reference RPM: 72,0 RPM
Primary fuel: Defined Design point: 1,030
Secondary fuel: None Shaft RPM: 62,5 RPM [Size]
Gear efficiency: 1,000
Load correction: Off
Gear ratio: 1,000
Shaft efficiency: 0,970
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Symbols and values

SPEED = Vessel speed

PETOTAL = Total vessel effective power
WFT = Taylor wake fraction coefficient
THD = Thrust deduction coefficient

EFFR = Relative-rotative efficiency

RPMENG = Engine RPM
PBENG = Brake power per engine
VOLRATE = Volumetric fuel rate total Primary
LOADENG = Engine load as a percentage of engine rated power

RPMPROP = Propulsor RPM
QPROP = Propulsor open water torque
QENG = Engine torque

PDPROP = Delivered power per propulsor
PSPROP = Shaft power per propulsor
PSTOTAL = Total vessel shaft power
PBTOTAL = Total vessel brake power
TRANSP = Transport factor

EFFO = Propulsor open-water efficiency

EFFG = Gear efficiency (load corrected)
EFFOA = Overall propulsion efficiency [FPETOTAL/PSTOTAL]
MERIT = Propulsor merit coefficient

THRPROP = Open-water thrust per propulsor
DELTHR = Total vessel delivered thrust

J = Propulsor advance coefficient
KT = Propulsor thrust coefficient [horizontal, if in oblique flow]
KQ = Propulsor torque coefficient
KT/J2 = Propulsor thrust loading ratio
KQ/J3 = Propulsor torque loading ratio
CTH = Horizontal component of bare-hull resistance coefficient
CP = Propulsor thrust loading coefficient
RNPROP = Propeller Reynolds number at 0.7R

SIGMAYV = Cavitation number of propeller by vessel speed
SIGMAN = Cavitation number of propeller by RPM
SIGMAO7R = Cavitation number of blade section at 0.7R
TIPSPEED = Propeller circumferential tip speed
MINBAR = Minimum expanded blade area ratio recommended by selected cavitation criteria
PRESS = Average propeller loading pressure
CAVAVG = Average predicted back cavitation percentage
CAVMAX = Peak predicted back cavitation percentage [if in oblique flow]
PITCHFC = Minimum recommended pitch to avoid face cavitation

+ = Design speed indicator

* = Exceeds recommended parameter limit

| = Exceeds recommended cavitation criteria [warning]

Il = Substantially exceeds recommended cavitation criteria [critical]
Il = Thrust breakdown is indicated [severe]
--- = Insignificant or not applicable
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Analysis parameters
Hull-propulsor interaction System analysis
Technique: [Calc] Prediction Cavitation criteria: Keller egn
Prediction: Holtrop Analysis type: Free run
Reference ship: CPP method:
Max prop diam: 10130,0 mm Engine RPM:
Corrections Mass multiplier:
Viscous scale corr: [Off] RPM constraint:
Rudder location: Limit [RPM/s]:
Friction line: Water properties
Hull form factor: Water type: Salt
Corr allowance: Density: 1026,00 kg/m3
Roughness [mm]: Viscosity: 1,18920e-6 m2/s
Ducted prop corr: [Off]
Tunnel stern corr: [Off]
Prediction method check [Holtrop]
Parameters | FN [design] CP LwL/BWL BWL/T
Value 0,13 0,80 5,61 2,68
Range 0,06--0,80 0,55--0,85  3,90--14,90  2,10--4,00
Prediction results [System]
HULL-PROPULSOR ENGINE FUEL PER ENGINE
SPEED PETOTAL RPMENG PBENG LOADENG VOLRATE MASSRATE
[ki] [kW] U/ UL SR [RPM] kW] [% rated] [L/h] [vh]
10,00 7443,8 0,5445 0,2340 0,9900 45 13448,1 0,0
11,00 9721,6 0,5435 0,2340 0,9900 49 174472 0,0
12,00 12406,7 0,5426 0,2340 0,9900 54 22133,6 0,0
12,50 13914,1 0,5422 0,2340 0,9900 56 24755,8 0,0
13,00 15539,5 0,5418 0,2340 0,9900 58 27579,6 0,0
13,50 17290,6 0,5415 0,2340 0,9900 60 30619,9 0,0
14,00 19176,6 0,5411 0,2340 0,9900 62 33895,9 0,0
+14,50 + 21208,8 0,5408 0,2340 0,9900 64 37431,6 0,0
15,00 23401,3 0,5405 0,2340 0,9900 66 41257,5 0,0
16,00 28375,7 0,5398 0,2340 0,9900 71 50028,3 0,0
EFFICIENCY THRUST
SPEED THRPROP DELTHR
[kt EFFO EFFOA MERIT KN] [KN]
10,00 0,3428 0,5535 0,69914 1888,98 1446,96
11,00 0,3458 0,5572 0,69715 224274 1717,93
12,00 0,3485 0,5605 0,69534 2623,65 2009,72
12,50 0,3498 0,5621 0,6945 2824,73 2163,74
13,00 0,3510 0,5634 0,69373 3033,38 2323,57
13,50 0,3520 0,5647 0,69302 3250,19 2489,65
14,00 0,3529 0,5657 0,69239 3475,96 2662,59
+14,50 + 0,3537 0,5666 0,69186 3711,76 2843,21
15,00 0,3544 0,5672 0,69144 3958,96 3032,56
16,00 0,3548 0,5672 0,69113 4500,48 3447,37
POWER DELIVERY
SPEED RPMPROP QPROP QENG PDPROP PSPROP PSTOTAL PBTOTAL TRANSP
[kt] [RPM] [kN-m] [kN-m] [kW] (kW] (kW] (kW]
10,00 45 2722,60 2722,60 13044,6 13448,1 13448,1 13448,1
11,00 49 3234,73 3234,73 16923,8 17447,2 17447,2 17447,2
12,00 54 3786,56 3786,56 21469,6 22133,6 22133,6 22133,6
12,50 56 4077,96 4077,96 24013,2 24755,8 24755,8 24755,8 941,3
13,00 58 4380,39 4380,39 26752,2 27579,6 27579,6 27579,6 878,7
13,50 60 4694,66 4694,66 29701,3 30619,9 30619,9 30619,9 821,9
14,00 62 5021,89 5021,89 32879,0 33895,9 33895,9 33895,9 770,0
+ 14,50 + 64 5363,57 5363,57 36308,6 37431,6 37431,6 37431,6 722,1
15,00 66 5721,63 5721,63 40019,7 41257,5 41257,5 41257,5 677,8
16,00 71 6504,98 6504,98 48527,5 50028,3 50028,3 50028,3 596,2
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Prediction results [Propulsor]
CAVITATION
SPEED TIPSPEED PRESS CAVAVG CAVMAX PITCHFC
[k SIGMAV SIGMAN SIGMAO7R [mis] MINBAR [kPa] (%] (%] [m]
10,00 35,43 3,33 0,67 24,02 0,716 22,32 2,1 2,1 6290,4
11,00 29,16 2,79 0,57 26,23 0,813 26,50 2,7 2,7 6301,0
12,00 24,40 2,38 0,48 28,43 0,917 31,00 3,6 3,6 6310,6
12,50 22,45 2,20 0,45 29,53 0,972 33,38 4,2 4,2 6315,1
13,00 20,72 2,05 0,41 30,62 1,029 35,85 4,8 4,8 6319,2
13,50 19,18 1,91 0,39 31,72 1,089 38,41 55 55 6322,9
14,00 17,81 1,78 0,36 32,83 1,150 41,08 6,4 6,4 6326,2
+14,50 + 16,58 1,67 0,34 33,94 1,215 43,86 7,3 7,3 6329,0
15,00 15,47 1,56 0,32 35,07 1,282 46,78 84 84 6331,2
16,00 13,56 1,37 0,28 37,41 1,430 53,18 11,2 11,2 6332,9
PROPULSOR COEFS
Sp[l'ft']ED J KT KQ KT/32 KQII3 CTH cpP RNPROP
10,00 0,3064 0,3068 0,04365 3,2677 1,5173 8,321 24,523 7,02e7
11,00 0,3093 0,3055 0,04350 3,1924 1,4693 8,1294 23,748 7,67e7
12,00 0,3120 0,3043 0,04335 3,126 1,4275 7,9603 23,071 8,31e7
12,50 0,3132 0,3037 0,04329 3,0962 1,4088 7,8843 22,769 8,63e7
13,00 0,3143 0,3032 0,04323 3,0688 1,3917 7,8147 22,493 8,95e7
13,50 0,3154 0,3028 0,04317 3,0442 1,3764 7,752 22,246 9,27e7
14,00 0,3163 0,3024 0,04312 3,0226 1,363 7,697 22,029 9,60e7
+ 14,50 + 0,3170 0,3020 0,04308 3,0044 1,3518 7,6507 21,848 9,93e7
15,00 0,3177 0,3017 0,04305 2,9902 1,343 7,6146 21,706 1,03e8
16,00 0,3181 0,3015 0,04302 2,9797 1,3365 7,5877 21,601 1,09e8
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Hull data
General Planing
Configuration: Monohull
Chine type: Round/multiple
Length on WL: 336,300 m

Max beam on WL:
Max molded draft:
Displacement:
Wetted surface:

[LWL/BWL 5,605] 60,000 m
[BWL/T 2,682] 22,370 m
[CB 0,798] 369520,00 t
[CS 2,688] 29584,000 m2

ITTC-78 (CT)
LCB fwd TR: [XCB/LWL 0,498] 167,522 m
LCF fwd TR: [XCF/LWL 0,477] 160,432 m

Max section area:
Waterplane area:
Bulb section area:
Bulb ctr below WL:
Bulb nose fwd TR:
Imm transom area:
Transom beam WL:

Transom immersion:

[CX 0,996] 1336,830 m2
[CWP 0,899] 18140,000 m2
0,000 m2
0,000 m
0,000 m
[ATR/AX 0,011] 14,600 m2
[BTR/BWL 0,152] 9,113 m
[TTR/T 0,096] 2,156 m

Half entrance angle: 86,00 deg
Bow shape factor: [WL flow] 1,0
Stern shape factor: [WL flow] 1,0
Propulsor data
Propulsor Propeller 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
Propeller series: B Series Propeller cup: 0,0 mm
Propeller sizing: By power KTKQ corrections: Custom
Reference prop: Scale correction: None
Blade count: 5 KT multiplier: 1,000
Expanded area ratio: 1,0500 [Size] KQ multiplier: 1,000
Propeller diameter: 10130,0 mm [Size] Blade T/C [0.7R]: 0,00
Propeller mean pitch: [P/D 0,8719] 8832,6 mm [Size] Roughness: 0,00 mm
Hub immersion: 17,0 mm Cav breakdown: Off
Engine/gear Design condition [By power]
Drive line: Direct drive Max prop diam: 10130,0 mm
Gear input: No gearbox Design speed: 14,50 kt
Engine data: Reference power: 42390,0 kW
Rated RPM: 0 RPM Design point: 0,850
Rated power: 0,0 kW Reference RPM: 72,0 RPM
Primary fuel: Defined Design point: 1,030
Secondary fuel: None Shaft RPM: 63,3 RPM [Size]
Gear efficiency: 1,000
Load correction: Off
Gear ratio: 1,000
Shaft efficiency: 0,970
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Symbols and values

SPEED = Vessel speed

PETOTAL = Total vessel effective power
WFT = Taylor wake fraction coefficient
THD = Thrust deduction coefficient

EFFR = Relative-rotative efficiency

RPMENG = Engine RPM
PBENG = Brake power per engine
VOLRATE = Volumetric fuel rate total Primary
LOADENG = Engine load as a percentage of engine rated power

RPMPROP = Propulsor RPM
QPROP = Propulsor open water torque
QENG = Engine torque

PDPROP = Delivered power per propulsor
PSPROP = Shaft power per propulsor
PSTOTAL = Total vessel shaft power
PBTOTAL = Total vessel brake power
TRANSP = Transport factor

EFFO = Propulsor open-water efficiency

EFFG = Gear efficiency (load corrected)
EFFOA = Overall propulsion efficiency [FPETOTAL/PSTOTAL]
MERIT = Propulsor merit coefficient

THRPROP = Open-water thrust per propulsor
DELTHR = Total vessel delivered thrust

J = Propulsor advance coefficient
KT = Propulsor thrust coefficient [horizontal, if in oblique flow]
KQ = Propulsor torque coefficient
KT/J2 = Propulsor thrust loading ratio
KQ/J3 = Propulsor torque loading ratio
CTH = Horizontal component of bare-hull resistance coefficient
CP = Propulsor thrust loading coefficient
RNPROP = Propeller Reynolds number at 0.7R

SIGMAYV = Cavitation number of propeller by vessel speed
SIGMAN = Cavitation number of propeller by RPM
SIGMAO7R = Cavitation number of blade section at 0.7R
TIPSPEED = Propeller circumferential tip speed
MINBAR = Minimum expanded blade area ratio recommended by selected cavitation criteria
PRESS = Average propeller loading pressure
CAVAVG = Average predicted back cavitation percentage
CAVMAX = Peak predicted back cavitation percentage [if in oblique flow]
PITCHFC = Minimum recommended pitch to avoid face cavitation

+ = Design speed indicator

* = Exceeds recommended parameter limit

| = Exceeds recommended cavitation criteria [warning]

Il = Substantially exceeds recommended cavitation criteria [critical]
Il = Thrust breakdown is indicated [severe]
--- = Insignificant or not applicable
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Analysis parameters
Hull-propulsor interaction System analysis
Technique: [Calc] Prediction Cavitation criteria: Keller egn
Prediction: Holtrop Analysis type: Free run
Reference ship: CPP method:
Max prop diam: 10130,0 mm Engine RPM:
Corrections Mass multiplier:
Viscous scale corr: [Off] RPM constraint:
Rudder location: Limit [RPM/s]:
Friction line: Water properties
Hull form factor: Water type: Salt
Corr allowance: Density: 1026,00 kg/m3
Roughness [mm]: Viscosity: 1,18920e-6 m2/s
Ducted prop corr: [Off]
Tunnel stern corr: [Off]
Prediction method check [Holtrop]
Parameters | FN [design] CP LwL/BWL BWL/T
Value 0,13 0,80 5,61 2,68
Range 0,06--0,80 0,55--0,85  3,90--14,90  2,10--4,00
Prediction results [System]
HULL-PROPULSOR ENGINE FUEL PER ENGINE
SPEED PETOTAL RPMENG PBENG LOADENG VOLRATE MASSRATE
[ki] [kW] U/ UL SR [RPM] kW] [% rated] [L/h] [vh]
10,00 7443,8 0,5445 0,2340 0,9900 44 13382,9 0,0
11,00 9721,6 0,5435 0,2340 0,9900 49 17361,7 0,0
12,00 12406,7 0,5426 0,2340 0,9900 53 22024,0 0,0
12,50 13914,1 0,5422 0,2340 0,9900 55 24632,7 0,0
13,00 15539,5 0,5418 0,2340 0,9900 57 27442,0 0,0
13,50 17290,6 0,5415 0,2340 0,9900 59 30466,5 0,0
14,00 19176,6 0,5411 0,2340 0,9900 61 33725,5 0,0
+14,50 + 21208,8 0,5408 0,2340 0,9900 63 372429 0,0
15,00 23401,3 0,5405 0,2340 0,9900 65 41049,1 0,0
16,00 28375,7 0,5398 0,2340 0,9900 69 49775,3 0,0
EFFICIENCY THRUST
SPEED THRPROP DELTHR
[kt EFFO EFFOA MERIT KN] [KN]
10,00 0,3444 0,5562 0,70255 1888,98 1446,96
11,00 0,3475 0,5599 0,70059 224274 1717,94
12,00 0,3503 0,5633 0,6988 2623,65 2009,72
12,50 0,3515 0,5649 0,69797 2824,73 2163,74
13,00 0,3527 0,5663 0,69721 3033,38 2323,57
13,50 0,3538 0,5675 0,69651 3250,19 2489,65
14,00 0,3547 0,5686 0,69589 3475,96 2662,59
+14,50 + 0,3555 0,5695 0,69536 3711,76 2843,21
15,00 0,3562 0,5701 0,69495 3958,96 3032,56
16,00 0,3566 0,5701 0,69464 4500,48 3447,37
POWER DELIVERY
SPEED RPMPROP QPROP QENG PDPROP PSPROP PSTOTAL PBTOTAL TRANSP
[kt] [RPM] [kN-m] [kN-m] [kW] [kW] (kW] (kW]
10,00 44 2759,85 2759,85 129814 13382,9 13382,9 13382,9
11,00 49 3279,00 3279,00 16840,9 17361,7 17361,7 17361,7
12,00 53 3838,39 3838,39 21363,3 22024,0 22024,0 22024,0
12,50 55 4133,79 4133,79 23893,7 24632,7 24632,7 24632,7 946,0
13,00 57 4440,38 4440,38 26618,7 27442,0 27442,0 27442,0 883,1
13,50 59 4758,96 4758,96 29552,5 30466,5 30466,5 30466,5 826,1
14,00 61 5090,68 5090,68 32713,7 337255 337255 337255 773,9
+ 14,50 + 63 5437,06 5437,06 36125,6 37242,9 37242,9 37242,9 725,8
15,00 65 5800,03 5800,03 39817,6 41049,1 41049,1 41049,1 681,2
16,00 69 6594,13 6594,13 48282,1 49775,3 49775,3 49775,3 599,2
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Prediction results [Propulsor]
CAVITATION
SPEED TIPSPEED PRESS CAVAVG CAVMAX PITCHFC
[k SIGMAV SIGMAN SIGMAO7R [mis] MINBAR [kPa] (%] (%] [m]
10,00 35,43 3,45 0,70 23,58 0,772 22,32 2,2 2,2 6407,5
11,00 29,16 2,90 0,59 25,75 0,879 26,50 2,8 2,8 6418,7
12,00 24,40 2,47 0,50 27,91 0,994 31,00 3,7 3,7 6428,9
12,50 22,45 2,29 0,46 28,98 1,055 33,38 4,2 4,2 6433,5
13,00 20,72 2,13 0,43 30,06 1,118 35,85 4,9 4,9 6437,8
13,50 19,18 1,98 0,40 31,14 1,184 38,41 5,6 5,6 6441,8
14,00 17,81 1,85 0,37 32,22 1,252 41,07 6,4 6,4 6445,3
+14,50 + 16,58 1,73 0,35 33,32 1,324 43,86 7,3 7,3 6448,2
15,00 15,47 1,62 0,33 34,42 1,398 46,78 84 84 6450,5
16,00 13,56 1,42 0,29 36,71 1,562 53,18 111 111 6452,3
PROPULSOR COEFS
Sp[l'ft']ED J KT KQ KT/32 KQII3 CTH cpP RNPROP
10,00 0,3121 0,3183 0,04591 3,2677 1,5099 8,321 24,404 5,75e7
11,00 0,3151 0,3170 0,04575 3,1924 1,4621 8,1294 23,632 6,27e7
12,00 0,3178 0,3158 0,04561 3,126 1,4204 7,9603 22,957 6,80e7
12,50 0,3191 0,3152 0,04554 3,0962 1,4018 7,8843 22,656 7,06e7
13,00 0,3202 0,3147 0,04548 3,0688 1,3848 7,8147 22,381 7,33e7
13,50 0,3213 0,3143 0,04542 3,0442 1,3695 7,752 22,134 7,59e7
14,00 0,3222 0,3138 0,04537 3,0226 1,3561 7,697 21,918 7,85e7
+ 14,50 + 0,3230 0,3135 0,04533 3,0044 1,345 7,6507 21,738 8,12e7
15,00 0,3236 0,3132 0,04530 2,9902 1,3362 7,6146 21,597 8,39%e7
16,00 0,3241 0,3130 0,04527 2,9797 1,3298 7,5877 21,492 8,95e7
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Hull data
General Planing
Configuration: Monohull
Chine type: Round/multiple
Length on WL: 336,300 m

Max beam on WL:
Max molded draft:
Displacement:
Wetted surface:

[LWL/BWL 5,605] 60,000 m
[BWL/T 2,682] 22,370 m
[CB 0,798] 369520,00 t
[CS 2,688] 29584,000 m2

ITTC-78 (CT)
LCB fwd TR: [XCB/LWL 0,498] 167,522 m
LCF fwd TR: [XCF/LWL 0,477] 160,432 m

Max section area:
Waterplane area:
Bulb section area:
Bulb ctr below WL:
Bulb nose fwd TR:
Imm transom area:
Transom beam WL:

Transom immersion:

[CX 0,996] 1336,830 m2
[CWP 0,899] 18140,000 m2
0,000 m2
0,000 m
0,000 m
[ATR/AX 0,011] 14,600 m2
[BTR/BWL 0,152] 9,113 m
[TTR/T 0,096] 2,156 m

Half entrance angle: 86,00 deg
Bow shape factor: [WL flow] 1,0
Stern shape factor: [WL flow] 1,0
Propulsor data
Propulsor Propeller 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
Propeller series: B Series Propeller cup: 0,0 mm
Propeller sizing: By power KTKQ corrections: Custom
Reference prop: Scale correction: None
Blade count: 6 KT multiplier: 1,000
Expanded area ratio: 1,0500 [Size] KQ multiplier: 1,000
Propeller diameter: 10130,0 mm [Size] Blade T/C [0.7R]: 0,00
Propeller mean pitch: [P/D 0,8787] 8901,6 mm [Size] Roughness: 0,00 mm
Hub immersion: 17,0 mm Cav breakdown: Off
Engine/gear Design condition [By power]
Drive line: Direct drive Max prop diam: 10130,0 mm
Gear input: No gearbox Design speed: 14,50 kt
Engine data: Reference power: 42390,0 kW
Rated RPM: 0 RPM Design point: 0,850
Rated power: 0,0 kW Reference RPM: 72,0 RPM
Primary fuel: Defined Design point: 1,030
Secondary fuel: None Shaft RPM: 62,2 RPM [Size]
Gear efficiency: 1,000
Load correction: Off
Gear ratio: 1,000
Shaft efficiency: 0,970
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Symbols and values

SPEED = Vessel speed

PETOTAL = Total vessel effective power
WFT = Taylor wake fraction coefficient
THD = Thrust deduction coefficient

EFFR = Relative-rotative efficiency

RPMENG = Engine RPM
PBENG = Brake power per engine
VOLRATE = Volumetric fuel rate total Primary
LOADENG = Engine load as a percentage of engine rated power

RPMPROP = Propulsor RPM
QPROP = Propulsor open water torque
QENG = Engine torque

PDPROP = Delivered power per propulsor
PSPROP = Shaft power per propulsor
PSTOTAL = Total vessel shaft power
PBTOTAL = Total vessel brake power
TRANSP = Transport factor

EFFO = Propulsor open-water efficiency

EFFG = Gear efficiency (load corrected)
EFFOA = Overall propulsion efficiency [FPETOTAL/PSTOTAL]
MERIT = Propulsor merit coefficient

THRPROP = Open-water thrust per propulsor
DELTHR = Total vessel delivered thrust

J = Propulsor advance coefficient
KT = Propulsor thrust coefficient [horizontal, if in oblique flow]
KQ = Propulsor torque coefficient
KT/J2 = Propulsor thrust loading ratio
KQ/J3 = Propulsor torque loading ratio
CTH = Horizontal component of bare-hull resistance coefficient
CP = Propulsor thrust loading coefficient
RNPROP = Propeller Reynolds number at 0.7R

SIGMAYV = Cavitation number of propeller by vessel speed
SIGMAN = Cavitation number of propeller by RPM
SIGMAO7R = Cavitation number of blade section at 0.7R
TIPSPEED = Propeller circumferential tip speed
MINBAR = Minimum expanded blade area ratio recommended by selected cavitation criteria
PRESS = Average propeller loading pressure
CAVAVG = Average predicted back cavitation percentage
CAVMAX = Peak predicted back cavitation percentage [if in oblique flow]
PITCHFC = Minimum recommended pitch to avoid face cavitation

+ = Design speed indicator

* = Exceeds recommended parameter limit

| = Exceeds recommended cavitation criteria [warning]

Il = Substantially exceeds recommended cavitation criteria [critical]
Il = Thrust breakdown is indicated [severe]
--- = Insignificant or not applicable
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