Selecao Maquinas do Navio
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Selecao do Motor de Propulsao

M Aspecto complexo
Grande numero de combinacoes possiveis
Engenheiro naval = Implicacoes

M Monohélice vs. Bi-hélice

- Predominancia monohelices
simplicidade, facilidade controle, maxima eficiéncia propulsive;
- Selecao multi-hélices
poténcia requerida alta - limitacdes praticas;
embarcacdes para aguas rasas - restricao diametro;
vantagens:
* manobrabilidade;
* redundancia;
- Numero propulsores e motores podem ser distintos

Departamento de Engenharia Naval e Oceanica - EPUSP



Selecao do Motor de Propulsao

M Maquina Principal
(combustao interna)
- Motor diesel
- Turbina a gas
- Turbina a vapor
(nao é combustao interna)

M Motor Diesel/Gasolina
Processo de ignicao distintos (faisca vs. compressao);
Diesel = bloco mais pesado;

M Motores de 2 tempos vs. 4 tempos

- ciclo: Compressao, expansao, exaustao, admissao
- motores 2 tempos = menores, mais leves - ?

- motores 4 tempos = mais eficientes;

- combustivel pulverizado ao final compressao;
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Motores Diesel

M Balxa RO'[a(;éO Power of about 7000 kW
- Desenvolvidos p/ navios
- Transmissao direta
- Rotacéao: 60 ~ 270 RPM
- Maior poténcia
- Consumo: 170-185 g/kWh  [tetpaitend
(6leo pesado - bunker - HFO) / INSAwS

1.11 tonnes/m? or 0.90 m3/tonne

-Em |inha —> 4 ~14 C|I 0.044 tonnes/kW or 23 kW/tonne
- FabricanteSZ MAN B&W Medium speed diesel: ST ST usk
Win GD (Wartsila, SULZER) [Httiiaaa ‘

. c . 0.80 tonnes/m?® or 1.25 m3/tonne
Mitsubishi 0.02 tonnes/kW or 50 kWitonne
M Média Rotacao
) B High speed diesel:
- Plantas estacionarias/ 7000 kW @ 1300 rpm

21 tonnes

locomotivas 0.84 tonnes/m® or 1.9 m%tonne
- 0.003 tonnes/kW or 330 kW/tonne
- Rotacao: 450 ~800 RPM
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Motores Diesel

M Média Rotacao
- 4 tempos;
- Maior poténcia: 23.450 kW,
- Consumo: 167-200 g/kWh (diesel/bunker);
- Disposicéo cilindros
L — 6 ~ 9 cilindros; V — 12 ~ 18 cilindros
- Fabricantes: Caterpilar-Mak, MAN B&W
: (SEMT Pielstick), Wartsilg;
- Grandes embarcacdes: Emprego redutores = Hélice maior diametro
- Escolha frequente em instalacoes diesel-elétrica

M Alta Rotacéao
- Adaptados caminhoes
- Compactos e leves = Embarcagcoes menores
- Rotacao: 1000 ~ 3000 RPM
- Consumo especifico: 187-250 g/kWh (diesel)
- Poténcia maxima: 7400 kw MTU V20 , 1300 RPM
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Sistema de Transmissao

M Torque do motor ao hélice
Empuxo do hélice ao casco (“Thrust Bearing”)
M Tipos de transmissao

- Direta : Grandes navios —»

100 RPM — Eficiéncia hélice
maior em baixas rotacoes

- Motor Diesel: Reversiveis ???

- Engrenagens redutoras :
Compatibilizar rotacéo
motor/hélice

- Sistema elétrico: Conjunto Diesel-
elétrico; transmissao por cabos;
Motor elétrico
Vantagens: Versatilidade; ,

manobrabilidade; eliminacao tunel do eixo; boas qualidades
de absorcao de choques
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Selecao da Maquina Principal

M ConsideracOes Basicas
- Poténcia requerida — Numero e tipo, propulsor;
- Peso e volume;
- Custo de capital (custo instalacao);
- Custos operacao — (consumo especifico e custo combustivel),
perfil operacional: servico, portos, atrasos, manuseio de carga;
- Confiabilidade e manutencao;
- Capacidade de manobra / operacéo em velocidade reduzida;
- Vibracéo e ruido
- Disponibilidade
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Sistemas Auxiliares

M Geracéo eletricidade
- Aumento continuo de energia elétrica a bordo;
bow thrusters, carga/descarga, amarracao, leme;
hotelaria, equipamentos de navegacao,
praca de maquinas: bombas;
- Vida util do navio — Previsédo aumento de demanda;
- Carga — Visualizar perfil de operacao (pico de demanda);
- Navio Comum : 2 unidades independentes (3 stand by),
Manutencao - 1 unidade nao prejudica operacao;
M Utilizacdo Calor Perdido
- Energia dos gases de escape;
Navios mercantes : Nao atende demanda energia elétrica;
Graneleiros : Atende demanda elétrica;
- Desenvolvimento motor Diesel — Reducao disponibilidade calor

M Gerador de Eixo
- Maneira eficiente geracao energia elétrica;
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12K98ME/MC with TES

SMCR : 68,640 kKW at 94.0 r/min

IS0 ambient reference conditions
TES : Single pressure (Dual pressure)

Total power output 54 .2% (54 .8%)

= m A [
Efl C I e n C I a Shaft power El. power production of

output 49.3% TES 4.9% (5.5%)

I nSta Iagao (5ain =9.9% (11.2%)
Diesel

Heat balance diagram of the Cubricang o
nominal rated 12K98ME&MC
engine in Thermo efficiency Jacket water

cooler 5.2%

System (TES) version
operating at ISO ambient
reference conditions and at SMCR conderor

22.9% (22.3%)
Air cooler
14 2%,
Heat radiation
Fuel 100% 0.6%
(171 akWh)
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Eficiéncia Instalacao Diesel

Power concept — Thermo Efficiency System

Reduciion gear
Reduction with overspeed
gearbox clutch
' i
Generator, . Steam |I
AC alternator ! turbine

Ememgency
generator

Exh. gas boiler | [ |
I'l.I |_|

Steam for Superheated

heating steamr
Sen/ices HP

Diesel generators

o]
—H
—H ]

Turbo
chamers

Shaft motor/
generator
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“Lei do Propulsor”

M Navio em baixa velocidade, hélice de passo fixo;
— Velocidade proporcional a rotacao

M Poténcia requerida para navio em funcao da velocidades:

(MAN B&W)
Navios com velocidade baixa;

Navios baixa velocidade (tanques/navios “feeder”
pequenos;

- Navios “feeder” porta-conteineres medios, média

velocidade;
Grandes navios porta-conteineres, alta
velocidade;
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Curva Poténcia Casco - Heélice
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Curvas Caracteristicas

X

T z
Straight lines in linear scales

Basic Principles of Ship Propulsion - MAN & BW

Departamento de Engenharia Naval e Oceanica - EPUSP



Motor Diesel - Caracteristicas

« Motor diesel — Maquina de torgue constante;
 Torque proporcional a pressao media efetiva;

 Pot = f(torque,rotacao) -
Pg — Poténcia Freio (“Brake power”) -

P, — Poténcia Indicada

p; — pressao média efetiva indicada

D — Diametro (“bore™)
< L—Curso (s - “stroke”)
n — rotacao

. C— numero cilindros

Expressao valida motores 2T; p/ 4T dividir por 2.
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Motor Diesel - Caracteristicas

Diametro — “Bore”
< >

(D)

>

P (Pressao)

|-

PMI v (Volume)

D2
PCiIindro =pme; TCT L N
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Caracteristicas Motor

Limite Operacao Motor
Rotacao maxima (N,,,,): Efeitos dinamicos,

=» Rotacdo minima (N,;,): Velocidade minima para motores de baixa
e média rotacao - 25~30% RPM maxima (?7?),

Poténcia maxima, (Pg)ua: LiMitacao certas rotagdes, turbo néo
capaz fornecer suficiente ar para a combustao,

=>» Pressdo média minima, pme,,, : Baixa presséo,
lubrificante destruido < Oleo combustivel, carbonizacéo dos cilindros,
temperatura baixa = combustao deficiente,

=» Press&o maxima, Py,

=» Press&o média efetiva maxima (pme,,., ): Parametros projeto do
motor (carga térmica, sistema turbo, experiéncia fabricante, etc.),

Pressédo média efetiva, pme
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Diagrama de Carga (“Load”)

Engine shaft power, % of nominal MCR power Engine shaft power, % A
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Line 1: Propeller curve through optimising point (O) — layout curve for engine
Line 2: Heavy propeller curve — fouled hull and heavy seas
Line 3: Speed limit Line 6: Light propeller curve — clean hull and calm weather — layout curve for propeller
Line 4: Torque/speed limit Line 7: Power limit for continuous running
Line 5: Mean effective pressure limit Line 8: Overload limit
Line 9: Sea trial speed limit
T o S TR EVTET RN LR T Il S VSl Line 10: Constant mean effective pressure (mep) lines




Diagrama de Layout

PD - Ponto projeto propulsor
(“Propeller design”)
SP - Ponto servi¢o continuo
(“Continuous service rating”)
- Margem motor
(“Specified propulsion point”)

Curva 6
« CondicOes operacao otima,
casco limpo/bom tempo,
(“Light propeller curve” - LR),
» 3-7% maior rotacoes,

Curva 2
» Casco/propulsor (“foul”),
(“‘Heavy Running” — HR),

Condi¢oes mar (“Sea Margin”)
 15% poténcia projeto propulsor PD RE it
° 20"“30% grandeS porta Alternative prc Ilwr Ij-E!'E-ig:]I'I point
Contélnel’es o Light nunning factor -
) L Heawy running
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Diagrama de Layout / Load

M: Specitied MCR of engine M: Speciied MCR of engine
3t Continuous service rating of engine = Continuous service rating of engine
O Optimising point of engine L, 0 Optimising point of engine

| &: Reference point ot load diagram FSIYRCLE A: Retersnce point of load diagram

Power Gerador Eixo

Ls

Propulsion and
ENgINe Senvice cune
tor heavy running

~ . 4 .\j\I
Engine speed (I’
Point A ot load diagram
Line 1: Propeler curve through optimising point () _ h . _
Propulsicn and engine semice

Line 7: Constant power line through specitied MCR (M) ] o .
= curve for heavy running

Engine speed

Foirt &: Intersection b=twesn lines 1 and 7

Basic Principles of Ship Propulsion - MAN & BW
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o MAN B&W Diesel M Oto res

The MC Programme
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Motores MAN & BW
Bore: 600 mm, Stroke: 2 400 mm 560MC-C

Layout points

Speed  r/min 05 105 70
mep bar 3.0 1992 19.0

kKW kKW
4 SE0MC-C 12 280 0 800
3 7250
6 S60MC-C 18 420 8 700
FSE0MC-C 27 490 10150

2 SEOMC-C 24 560 13 600

* Velocidade pistdo: Restricao projeto (aceleracoes/inércia) _

» Fabricantes: Motores diferentes — Aplicacdes distintas (navios);
* Relac&o curso/diametro — Navio tanque: 3,5 — 4,0;
Navio porta-conteiner: 3,0
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Motores MAN & BW

Specific Fuel Oil Consumption (SFOC)

a/KWh 170 158 170
Q'BHFh 125 116 125

Lubricating oll consumption: approximately 5-6.5 kg/oyl. 24 h
Cylinder oll consumption: 0.22-1.5g/kKWh ~ 0.7-1.1 g/BHFh

o mm

Dry mass ton®

Consumo especifico combustivel = Ensaio ISO

(padronizado)
- Temperatura ar ambiente,
- Presséo ar ambiente,
- Valor calorifico do combustivel (lower calorific value),
- Temperatura ar de escape de refrigeracao (“scavenging”),
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Motores MAN & BW

SFOC calculations, example

Valid for standard high-load optimised engine

Data at nominel MCR (L;): 6S50ME-C9.5-TlI

Power 100% 10,680 kW
Speed 100% 117 r/min
Nominal SFOC:

* high efficiency turbocharger 169.0 g/kWh

Example of specified MCR=M

Power 9,612 kW (90.0% L,)
Speed 111.2 r/min (95.0% L)
Turbocharger type high efficiency
SFOC found in M 167.4 g/kWh

The SMCR point M used in the above example for the
SFOC calculations:

M =90.0% L, power and 95.0% L, speed

The reductions, see diagram b, in g/lkWh compared to

SFOC in Ly:

Diagram b

Part load points

SFOC
g/kWh

SFOC
o/kWh

=015

oc=020

Power, % of L,

0€=0.25 5¢0.30

Nominal propeller cu

75% B80%

Diagram a

Part Load SFOC curve

85%

100% M

-1.6

167.4

70% M

-5.5

163.5

50% M

-2.5

166.5

Nominal SFOC

50% B60% 70% 80% 90% 100%
%

110%
of SMCR

100%

Speed, % of L,
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Motores MAN & BW

Layout diagram Load diagram

Overload diagram === Engine design curve (propeller curve)

Propeller design curve (light running)

MAN Energy Solutions IMAIN

CEAS Engine Data report
7S80ME-C9.5 HL with scrubber

o
2
(=}
=3
o
O
=
w0
e
o
BN

- =1 A
65 70 75 5 a0 95 100 15
% of SMCR speed

The Light Running Margin (LRM) shown is 5%. Recommended value is 4-7%, for special cases up to 10%. The LRM should be
evaluated for each ship project depending on for example: In-service increase of vessel resistance, ship manoeuvring requirements,
additional engine load due to power take-out (PTO) and possible requirements related to a barred speed range (short passing time).

SMCR: Specified Maximum Continuous Rating (83.3% of NMCR)
NCR: Normal Continuous Rating (90.00% of SMCR)

Maximum over load (110% of SMCR)

Maximum speed limit (105% of SMCR)

L1, NMCR: Nominal Maximum Continuous Rating
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Motores MAN & BW

Fuel consumption and exhaust gas data
Fuel Oil, Tier Il mode

TS8OME-C9.5 HL with scrubber
Exh.gas amount ® SFOC ¥ Exh.gas temp.
Engine load kW
5000 10000 15000 20000 25000

3 N
=] @
um/B 0048

30 40 50 60 70 80 90
Engine load %
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Motores MAN & BW

Dimensoes

A

* The mass can vary
up to 10% depending
on the design and
options chosean,

H=10 a5k

Hy: Vertical lift

Ho: Tilted lift

Ha: With electrical
double jib crane
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Motores Win GD (Wartsila)

Power Speed
WinGD DUAL-FUEL ENGINES (Mw) 3 30 40 50 60 7080 (RPM)

X400F 1 104-146

RT-flex50DF
X52DF
X62DF
X72DF
X82DF
X92DF

WinGD GENERATION X ENGINES

X35-B 118-167
X40-B 104-146

52 I A 79-105

99-124
719-105
80-103
69-89
58-84
70-80

X62/-B 77-103
X72/-B 56-89
X82-B 58-84
X82-D 58-84
X92/-B 70-80

WinGD RT-FLEX ENGINES
RT-flex50-D/E
RT-flex58T-E

95-124

20-105
Power Speed
(Mw) 3 4 30 40 50 60 70 8O (RPM)

Departamento de Engenharia Naval e Oceanica - EPUSP



Motores Wartsila

Wartsila X92 IMO Tier I
Cylinder bore 920 mm
Piston stroke 3468 mm
Speed 70-80 rpm
Mean effective pressure at B1/B1+ 21.0/20.0 bar

i

Stroke / bore 30T

Rated power, principal dimensions and weights
Output in kW at

Cyl. 76/80 rpm 70 rpm
R1/R1+ R2 /R2+ R

36 780 26 520

42 910 30 940

35 360

39 780

44 200

48 20

53 040

B
Dimensions 5550 2195 .
mm F1 7 . : >
15 420 ) 1 2930 88% 95%  100%

Engine speed [%)]

Length A Weight
tonnes

%]
-
=

1120
1260
1 460
1 630
1790
1960

[=T =] ]
v en oo ralen

QNN Q|
s B e I o [ Y ) e s

=] [ | O b |
3

0 |l [ | L0 [ P2
o J s s e ) s
Engine power [%]

[mcu iy ol g I e g [ 0 e )
Eo T ]
o |0 | D | 00 |

=] | P |5

[ms]

R4

Brake specific fuel consumption (BSFC) in g/kWh

Full load

Hating point R1/R1+ R2/H2+ R3

BMEP, bar 21.0/200 [15.1/144| 21.0

BSFC Standard Tuning 166/165 159 166

Part load, % of R1/R1+ 85 70 85 70

Tuning variant Standard Standard Delta Delta Low-Load
BSFC 162.4/161.4|162.0/161.0(161.7/160.7 |160.5/159.5|157.2/156 4
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Motores Win GD
Motor WinGD 7X82-B |

CMCR Power [%]

CMCR Speed [%)]

‘Main oncine . ayaor ] Line 1: Constant MEP
Main engine 7X82-B ine 1. ~onstan

Line 2: Overload limit

MCR (R1) 33250 kW / 84.0 rpm Line 3: 104% speed limit
CMCR 26305 kW / 74.0 rpm Line 4: 108% overspeed limit
CSR (90.0% of CMCR) 23675 kW /71.4 rpm Line 5: Admissible torque limit

MEP at 100% CMCR 171 bar Line 6 Maximum torque Iir'rﬂt ip transient conditions
Nominal propeller characteristic
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