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o AL dgfE 4 R;
> ZEIETE 4 R,

1. BEffe 4

2. 77K 4 (AR 2

> &4 e 4 R, (Wave)

> B 14 Re (Eddy) ("
)

> 7 & B4 R, (Air)

* Ri=R+R\+R+R,

Type of resistance % of B,
High Low
speed speed
ship ship
R. = Friction 45 -390
Ry = Wave 40- 5
R. = Eddy 5- 3

R, = Air

L, = -
! R, !
~ac

Ship speed V
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> S HiE % (HSVA-KH, ~ SPA-K )

1. fe < 3% (Vs-R)

2. B FEsk R=(1-1)T » (t,w)

3. 1% % H fh:i5 Open Water Test (K-J,n)
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B 4 23 ap sk
ipm B 4 IHP
18> 5 4 BHP
#h5g 4 SHP

@iz g 4 DHP
% »25 4 EHP
tﬁﬁo;#ﬂnﬁ

B regin=

Panp/Pinp

PDHP/PBHP

D Y

Velocities
Ship's speed v

Arriving water velocity to propeller : V,
(Speed of advance of propeller)

Effective wake velocity V=V,

Wake fraction coefficient W= V\; v,

Forces

Towing resistance - R;

Thrust force - T

Thrust deduction fraction F=T-R;

Thrust deduction coefficient i t= =R
=

Power

Effective (Towing) power P Pe=RxV

Thrust power delivered

by the propeller to water P =P/ M

Power delivered to propeller : Pp=P;/ Ma
*  Brake power of main engine D Py=P, /s

Efficiencies

Hull efficiency .= A=t

1-w

Relative rotative efficiency : M

Propeller efficiency - open water : Mo

Propeller efficiency - behind hull : fla= My «Ma

Propulsive efficiency Moo= My M

Shaft efficiency 5

Total efficiency : T

e _[® F’ F'
n, = P“ P F' P quK"IHXﬂ = rl”:(ﬂo 1My Kfl




» IMO3r %_: EEDI

EEDI - Impact to environment  Power x fuel consumptionx CO, emission factor

Benefit to society Capacity x ship speed
(transportation work)
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EEDI - Calculation
Resolution MEPC.212(63):

Impact of auxiliairy Impact of PTI reduced with electrical Impact reduction due to

Impact of propulsion . ) ; i ;
services innovations mechanical innovations

nPTT

| M neff
nfj 1 E Peryy = Efe_cr(n P
L=l i=l i=l

- f. | Capacity-if, 1V,

nME
=1

M i
[]_[f;] E PME(J) ’ CrME{r) ’ SFCMF.(FJ ]+ (PAE “Crae” SFCAE)+
A

\

neff
Crae~ SFCAE]_ [zfe:t?(n Py Crae " SFCoe
=1

Correction factors Ship’s work
f Correction factors
Cr CO, emission factor (fuel type)
SFC Specific Fuel Consumption (g/kWh) EEDI units
P Power (kW)
Capacity tonnage Grams CO, er_mtted_ per
(tonnes*nautical mile)
\Y Speed (knots)
"ME" Subscript for parameters related to Main Engine(s)

"AE" Subscript for parameters related to Aux. Engine(s)
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e IMO+L Z_: EEDI

Energy Efficiency Design Index

20.000
+ Attained EEDI
18.000 e Phase 0 (Base line)
Phase 1(2015-2019)
16.000 Phase 2 (2020-2024)
s Phase 3 (2025 and onwards)
14.000

\

10.000
8.000 4\\
£.000 \
4.000 - \

2.000

EEDI (g/t'nm)

0.000
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e B4 H >
> 1% 4] 5 4 =550 ft-lo/s (£ 745.7 W)
> 1415 4 PS=75 kgf-m/s (%)735.5 W)
» EHP = Rt (kg) x V (kt)/75
o il § & ~ J1 4 MCR: Max. Continuous Rating
° 3}% T8 4 # ~ 1) 4 SMCR: Specified Max. Continuous Rating
e i * d1 4 NOR: Normal Continuous Rating
o 51 & 445 Engine Margin: 10% ~15% (NOR=90% ~ 85% SMCR)
o 3 WAR4ASea Margin: 15% ~20% (SM= 1-PD/NOR)
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e 3| ¥ B.layout -
e L,(R;) * Max. BHP & RPM

e L,(R,) : Min. BHP & RPM -
o L,-Ly : Max. MEP (& 5% »c/& 4 ) -
e L,-L, : Min. MEP

® Ll- L2 ¢ M ax. R P M (@ Heavy propeller curve - fouled hull and heavy weather

® Lignt propeller curve - clean hull and calm weather
: Specified propulsion point

° . MP:
o L - L . M IN. R P M SP: Service propulsion point
1 3 PD: Propelier design point
Pd: Alternative propeller design point

+ #iE AERPM Margin : 5°7% | &
¢ %0 ESVCRS § ~it R = 5 (8P ~V)
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o CMCR%\‘!:' : SMCR Engin?/;:%wx]er

A CMCR (Rx)
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110%BHP)m?§I\/IEP) o
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e MAN 4 3! & layout

Main engine

SMCR power
kW
50,000 —
D, ,, =970m
D =104m
prop
40,000 4
Potential fuel savings of 4-7%
30,000
 WLCC,15.0kn
20,000 4
Aframax, 15.0 kn
10,000 A ; Handysize, 15.0 kn
Boyl
| T ove8e3 R Fuel and
| I | 2
72tmn | sarmin | ordmin,  105Wmn | 17umi CO, Savings
78 r/min 91 min 100 min 111 rfmin 125 r/min
O | T T J T T T T T T T T T T T T 1
50 80 70 80 a0 100 10 120 130 140 r/min

SMCR speed
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GRS 3 : 167 rpm
e WIN-GD l‘ﬁ;i g | \1:?' ‘es 58;':”“ P

layout ( Wartsila oupti Output (e
Y 70000 |2 77,5 M| 10000
S | 60 000 80000
u Z Z e r 50000
60000
40 000
000 40 000
20000 |
20000
10000 : L
" WIGSBIH 10000
6000 2000
— 6000
4000
3000 4000
25w Y
2000

60 70 80 90 100 120 140 160 180
Engine speed [rev/min] 15
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o L 42 I SFOC (g/kW-hr) 12 ISOHE % K 7 ™ &
e @;%@ BLCV 42.7 MJ/kg & 2 &

I1SO standard reference conditions

Total barometric pressure at R1 .....o.cvecivvivicvvvvveennen. 1.0 bar
Suction air temperature S OPURRPRRIT~... . 0%
_;3 /J- /\ Relative humidity SRS | L
® S FOC lE‘ 4 %/G Cooling water temperature beiore engine.....ccccevveeennnen 223°C

> 5% at 100%~85% 3 | & f. fa e

> 6% at 84%~65%3 | & § i7 &

> 7% at 64%~50%5 | & § j=
e HFO(Max. 700 cSt @50°C)

mmm | ow-load tuning

Typical BSFC curves to illustrate Standard Tuning, Delta Tuning ki

and Low-Load Tuning.




e WIN-GD (Wartsila) & MAN3 | & 23 % ;%

Wirtsila MAN
Standard High Load
Delta Part Load, ECT, EGB, VT
Low Load, EGB Low Load, EGB or VT
SFOC
eeeeee cy-optimised

fakwn]
|1
§Eg
gk
R
3 &
\«

/

EGB :
Exhaust Gas Bypass 'T

C

32 ©Wairsla Ship Power Merchant WARTSILA
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e MAN M & 74 1 %

e SCR(Selected Catalyst
Reduction)

e EGR(Exhaust Gas
Recirculation )

Gl and LGI Dual Fuel Engines
This engine programme includes a number of engines designed for gas
fuels (Gl engines) and liguid gas fuels (LGl engines) operation.

Fuel Fuel designation LCV [kJ/kg]
Methane Gl 50,000
Ethane GIE 47,500
Methanol LGIM 20,100
LPG" LGIP 46,000

10590ME-C9-GI-EGRBP

Tier lll technology ——

Fuel injection concept —

Mark number

Diameter of piston in cm

Stroke/bore ratio

*I PG i=s a mixture of liouid nronane and hiutane

Number of cylinders

il

(blank) Tier Il only

EGRBP EGR with bypass matching
EGRTC EGR with TC cut-out matching
HPSCR High-pressure SCR

LPSCR Low-pressure SCR

(blank) Fuel oil only

Gl Gas injection methane

GIE  Gas injection ethane

LGIM  Liguid gas injection methanol
LGIP  Liguid gas injection LPG

. ME-C Compact engine
Engine concept ME-B  Exhaust valve controlled by camshaft

‘Green’ ultra long stroke
Super long stroke
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> wha L AL(p R kAL~ E )

> b4 gr ks (T/C ~ mainbearing ~ 7% & #5741
oo~ T A )
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>3 154 © MAN 8S70ME-C8.5 or WIN-GD 8X72
Low Load Tuning with EGB

e - 1R

»MCR : 24,590 kW x 89 rpm

»NOR : 22,131 kW x abt. 85.9 rpm

> % 4 ¥ 1 8

>37 4.8 % (bore) : 700 mm

> 4% (stoke) : 2,800 mm

*

=
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° B EBREE P

>-’>¢ ;ps ;;J';L % 1 165.6 g/kWh plus 5% 2 254
(85%MCR 2 £ 2 4k ;™ B M4 (& ,; 2,700 kJ/kg)
PR e L g ipdg g d o RREA L T EED
T+ V21 3% B(governor) x 1%

> % % 3B B (turbo-charger) x 23

>R E Freng g 5 #r B (air cooler) x 237

> 8% 4% (turning gear ~ & £ #%) x 13%

>¢@L)}L %}%(auxmary blower . 55 iE %“3%%) X 238
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* MAN 85/0ME-C8.5

Fuel consumption and gas figures Engine room and performance data for 8S70ME-C8.5-TlI

with low load exhaust gas bypass tuning.

Tier Il Project name: CV2500AM
SMCR NCR Report made by: K. R. Chen
SFOC g/kWh g/kWh
ISO 169.3 167.2 Layout diagram Load diagram
Tropical 171 1 168.9 Overload diag,am ~ ==--- Engine design curve (propeller curve)
Specified 170.2 1680 | e Propeller design curve (light running)
SFOC: Specific Fuel Oil Consumption (LCV: 42,700 kJ/kg) 140
= 130

Tier Il
Exhaust gas SMCR NCR 120 i
amount kal/s kals 5 7
1SO 51.9 483 z 1
Tropical 47.9 445 g 10 el
Specified 49.9 46.4 S L=

3 SEESSfTzetasnis

Tier Il < o //
Exhaust gas SMCR NCR AT A
temperature °C oC o —= -
ISO 273 260 60 — // /.-’ ==t -
Tropical 308 295 e ST
Specified 290 278 Ve 70 75 80 85 90 95 100 110

% of SMCR speed

Tier " Light running margin is 5%. Recommended value is 3-7%.

Turbocharger air SMCR NCR Point Power Speed MEP
; KW i B

consumptlon kg.l!S kng 4+ SMCR: Specified Maximum Continuous Rating (94.0% of NMCR) 24,590 reﬂglfg 19.32r
ISO 507 47 3 ) [ O NCR: Normal Continuous Rating (90.0% of SMCR) 22,131 859 179
Tropical 46.7 435 A Vesimum speed it (105 cf SMCR) T s :
SpeCIﬂed 48'? 454 Fl.?theI;rLa‘:D;‘g(?snnEmar:’\g;aﬁzimnii!:}ﬁzs;j;:;g Principles Of Ship Plonulsloniéi;—szg 2L 200

ISO, tropical and specified conditions are listed in the References and tolerances section 23




* MAN 857/0ME-C8.5

L ] ) Capacities of auxiliary systems
Expected lubrication oil consumption

Air cooler cleaning unit
Load Cylinder oil consumption Lube oil consumption | Air cooler cleaning tank 0.90 m?
g/kWh ka/24h Capacity of pump 3.0 m¥h
SMCR 0.60 52
Cylinder oil system
Storage tanks 2 x 43 m?3
Service tanks 33m?
Pump Flow capacity Pump head
m3h Bar Fuel oil system
Fuel oil circulation 111 6.0 MGO/MDO service tank, 12 h 58.3m?
Fuel oil supply 6.6 4.0 HFO settling tanks, 2 x 12 h 2x547m3
Jacket water 190 3.0 HFO service tank, 12 h/95 °C 55 m?
Central water 527 25 HFO centrifuge, 98 °C 6,020 I’'h
Sea water for central cooling 670 20 Fuel oil pre-heater 192 kW
Lubrication oil 500 44
T/C lubrication ail 18.0 40 Lubrication oil system
_ Storage tanks (2 x 3 months) 2x6.2m?
— T':f I — Centrifuge, 95 °C 3,560 I'h
ow Central water flow Heat dissipation : 3
oo mh mh KW Recommended lube oil bottom tank 30m
SEEIELT = =l Lo Miscellaneous
Lubrication oil 500 220 1,790 - 5 v
Jack i 190 220 3’340 Jacket water expansion tank™ 10 %
ECKESR R - 2 Motor rating, auxiliary blowers 2 x 90 kW
Central water” 670 527 13,750 - - - - -
—r = - ) Jacket water expansion tank volume given in percent of the total jacket water volume.
Fuel oil circulation meombo) = = 71
T/C lubrication oil 18.0 T 190 Starting air system, 30 bar
Receiver volume (12 starts) 2 % 8.5 m3(n)
Compressors (total) 510 m3(n)/h




* MAN 85/0ME-C8.5

Fuel consumption and exhaust gas data (fuel oil, Tier Il)

8STOME-C8.5-TII
I1SO ambient conditions (ambient air: 25 °C, scavenge air coolant: 25 °C) | Exh.gasamount | M |SFOC | v |Exh. gastemp.
Load Power Speed SFOC Exh. gas Exh. gas” Steam™ Engine load kW
% SMCR kW rmin glkWh Kol oC kgh 5000 10000 15000 20000 25000

100 24,500 9.0 1603 5100 273 5,090 B T I I -

95  23.361 875 168.2 50.13 266 6210 20 gof ks
90 22,131 85.9 167.2 4830 260 5,580 260 E ]

— 5 2902 843 165.6 48.19 233 3,520 250E a5E 1185

80 19,672 826 1643 4784 208 1,570 o

75 18443 809 1635 4563 207 1410 0240t

70 17213 790 161.1 4221 206 1280 G 280EE 1'%,
65 15984 7.1 159.2 38.80 207 1,250 § 220£ 3 55 | 1 3
60 14.754 75.1 159.9 36.49 209 1,270 @o10EB T 14758
55 13525 729 160.7 34.04 212 1,350 = 20 1 e
50 12295 706 161.7 31.45 217 1,470 B200E ST 1470 Z
45 11,066 68.2 162.9 28.83 24 1,660 B190E8, 2

40 9.8% 656 164.1 26.05 232 1,850 B Enle BT ]

8 8607 62.7 165.4 23.14 240 1.910 o 165
30 7377 596 166.4 23.83 198 400 170 20T .

25 6,148 56.1 168.4 20.13 204 530 160 E j

20 4918 520 1714 7.12 200 340 1s0E 7 q1ee
15 3'689 473 176.4 liai l 84 0 140 I_ | | | | | | | () e I I

10 2459 413 184.4 226 146 0 . T

Engine load %




* WIN-GD 8X72

Engine Data

245500 =
89.0

Power RX:
Speed RX:

Turbocharger (MHI type) :
Scavenge air cooler :

97.3% R1+
100.0% R1+

2 x MET66MB
2 x SACAT-SF

Brake Specific Fuel Consumption (ISO 3046-1:2002)

Air temperature before blower
Coolant temperature before SAC
Barometric pressure

Relative humidity

Power [%]
BSFC [g/kWh]

—)

25.0
250
1000.0
30.0

°C
°C
mbar
%

110.0 1000 900 850 80.0 750 70.0 650
170.0 169.0 162.7 160.7 1599 1595 1582 1565 157.2 159.3 1623 164.9 166.0

BSFC: Brake specific fuel consumption with lower heating value 42707 kJfkg

Ancillary Systems

Cooling system : Fresh water cooled / single-stage SAC

Cylinder cooling water inlet temperature :
Cylinder cooling water outlet temperature :

75.0 °C
90.0 °C

Lub. oil system : Lubricating oil system incl. TC

Oil temperature before engine :

Qil pressure before engine:
Viscosity:

45.0 °C

4.3 bar
84.3 mm¥s

Exhaust gas back pressure at rated power (Rx}

300.0 mm WG

Power R1: 25270.0 kW
Speed R1: 84.0 rpm
Bore : 720 mm
Stroke - 3086 mm
Tolerances
+ 5 % 100-85 % Power
+t 68 % 84-65 % Power
+ 7 % 64-50 % Power

60.0 500 400 300 250

RT-flex

General Technical Data

WT7X72 Low-Load Tuning
FAST Nozzle
24590.0 kW 97 3% R1+
89.0 rpm 100.0% R1+

IMO Tier Il compliant

Project:

Yard / Plant:

Owner:

Created 2015-02-04
Printed: 2015-02-04

Summary (FW cooled / single-stage SAC / separate HT)

Bore

Stroke

MEP

Piston speed

Length

Weight dry

Weight water/oil

Lift vertical (standard)

E/R crane capacity

System oil consumption
Cylinder il consumption (Pulse lubricating system) *1)
Turbocharger

Scavenge air cooler

Govemor type (electronic)

Aux. blower: min. installed electric motor power (shaft)
Turning gear capacity

Fuel oil booster P/P

Fuel oil feed P/P

High temperature water circuit P/P
Low temperature water circuit P/P
Main lubricating oil P/P

Sea water P/IP

SAC (LT), heat dissipation

SAC (LT), fresh water flow

Lub. oil cooler, heat dissipation
Lub. oil cooler, oil flow

Lub. oil cooler, fresh water flow
Cylinder cooler, heat dissipation
Cylinder cooler, fresh water flow
Central cooler, heat dissipation
Exhaust gas, mass flow
Exhaust gas, temperature

Air consumption

Engine radiation

Main [ub. oil drain tank

Fresh water expansion tank

Air compressor (30 bar)

Air receiver (30 bar)

HFO separator

LO separator

FO endheater

720
3086
188
92
10665
642

13560
75
80
06

MHI

2x9
75
1.1
6.1
216
580

mm
mm

bar

mis

mm

t

t

mm

t

kaleyl per day
g/kWh guide feed rate
2 x METG6MB

2 x SACAT-SF
Integrated in UNIC
kW (400/440 V' 1 50/60 Hz)
kW (400/440 V' 1 50/60 Hz)
mh

m?h

mh

mh

mh

mh

kW

mh

kW

m?h

mh

kW

mh

kW

th

°C

th

kW

me

me

mh

mw

Ih

Ih

kw
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* WIN-GD 8X72

IMO Tier Il compliant Printed:  2015-02-04

Engine Performance Data

Abbreviations

Conditions Reference Design Specified _ o _
BSFC : Brake specific fuel consumption with lower heating value 42707 kJdikg
Air temperature before blower 250 °C 450 °C 100 °C BSEF - Brake specific exhaust gas flow
Engine room ambient air temp 250 *C A50 °C 100 °C tEaTm : Exhaust gas temperature after turbine (mixed)
| . . : mep : Mean effective pressure
Coolant temperature before SAC 290 °C 36.0 °C 250 °C
Barometric pressure 1000.0 mbar 1000.0 mbar 1000.0 mbar )

i The above performance values correspond to the lower heating value of
Cylinder water outlet temperature 900 °C 90.0 °C 90.0 °C 42707 kJikg (MDO). Based on experience during seatrials with HFO, exhaust gas
Oil temperature before engine 450 °C 450 °C 450 °C perature by 15°C compared to MDO figures according winGTD.
Exhaust gas back pressure 300.0 mm WG 300.0 mm WG 300.0 mm WG
Relative humidity 300 % 60.0 % 300 %

Fresh water cooled / single-stage SAC - 2 x METG66MB / 2 x SACAT-SF

Performance Reference Design Speciﬂed
Tolerances
Power| Power |Speed| mep | BSFC | BSEF |tEaTm | BSFC | BSEF |{EaTm | BSFC | BSEF |tEaTm
% KW E’pm barp g'kWh kg/kWh “C afkWh kg/kWh °C g/KWh kg/EWh °C BSFC 5% 100-85 % Power
1100 | 270480 | 919 | 201 | 1702 | 683 | 2765 | 1732 | 6238 | 3176 | 1680 | 7.13 | 2553 Te% 84-65 % Power
100.0 | 245900 | 89.0 | 188 | 1692 | 7.37 | 2683 | 1722 | 687 | 3095 | 1670 | 7.70 | 246.9 T 64-30 % Power
900 | 221310 | 859 | 176 | 1629 | 763 | 2515 | 1659 | 7.08 | 2037 | 1607 | 801 | 2292
E—) | gc0 | 209015 | 843 | 169 | 1609 | 7.66 | 2399 | 1639 | 708 | 2826 | 1587 | 807 | 2169 BSEF + 5 %
800 | 196720 | 826 | 162 | 1601 | B804 | 2155 | 1631 | 745 | 2546 | 1579 | 845 | 1946 tEaT =+ 15 °C
750 | 184425 | 809 | 156 | 1597 | 818 | 2096 | 1627 | 756 | 2492 | 1575 | 863 | 1879
700 | 172130 | 790 | 149 | 1584 | 829 | 2061 | 1614 | 764 | 2464 | 1562 | 877 | 1837 Tolerances apply from and above 50% power
650 | 159835 | 771 | 141 | 1567 | 842 | 2046 | 1597 | 7.74 | 2456 | 1545 | 893 | 1814 _
600 | 147540 | 751 | 134 | 1573 | 860 | 2043 | 1603 | 7.88 | 2460 | 155.1 | 915 | 180.3 In general, an increase of BSEF by 5%
500 | 122950 | 706 | 119 | 1595 | 899 | 2086 | 1625 | 819 | 2521 | 1573 | 962 | 1827 comesponds to a decrease of tEaT by 15°C.
400 | 98360 | 656 | 102 | 1625 | 921 | 2206 | 1655 | 834 | 2668 | 1603 | 9.94 | 1917
300 | 73770 | 596 | 84 | 1651 | 1069 | 2110 | 1681 | 977 | 2488 | 1629 | 1151 | 1863
250 | 61475 | 561 | 75 | 1662 | 1060 | 2210 | 1692 | 972 | 2578 | 1840 | 11.39 | 1959 27
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* WIN-GD 8X72

Performance Summary - Diagrams

Design Conditions

1.0 +

[kg®Wh] BSAF 100 4
. 90 |
Turbocharging Data .
Reference Conditions 70 |
60 T 4 175 BSFC [g/kWh]
Air temperature before blower 250 °C Turbocharger (MHI type) - 2 x METE6MB 50T 11
Engine room ambient air temp. 25.0 °C Scavenge air cooler 2 x SACAT-SF 40 7 1 168
Coolant temperature before SAC 290 °C -+ 1860
Barometric pressure 1000.0 mbar Fresh water cooled / single-stage SAC ss0 L 1 455
; . o
Relative humidity 300 % s00 1 1 150
Back pressure after turbine 300.0 mm WG 450 1148
SAC differential pressure (max.) : 300.0 mm WG 400 +
350 + -+ 4.0
Performance Scavenge air Exhaust gas [*C] tEbT 300 + 4 35 pScav  [bar]
Power | Power | Speed |pScav| taac | tScav |Comp flow| pExn | tEDT | tEaT |Turbflow| eta CCltEaTm 250 1 130
% kW pm bar C °C kgis bar =C °C kol % 200 + -+ 25
1100 27049.0 919 459 | 2126 353 50.77 440 | 4567 | 269.0 4928 | 691 a1 20
1000 | 245900 | 890 | 446 | 2071 | 350 | 4985 | 428 | 4432 | 2610 | 4831 | 698 a0 | 1 s
90.0 221310 859 409 | 1932 340 46.52 391 | 4130 | 2448 4503 | 714
850 | 200015 | 843 | 382 | 1839 | 333 4413 | 384 | 3917 | 2336 | 4269 | 722 300 1 110
80.0 19672.0 826 3.88 | 185.1 332 43.65 371 | 369.2 | 2155 4393 | 721 250 + < 05
750 184425 809 364 | 1765 327 4166 348 | 3647 | 2096 4190 | 726 son L
700 17213.0 79.0 343 | 1686 322 39.45 3.26 | 3435 | 2061 3966 | 728 !
65.0 15983.5 7 322 | 160.8 317 37.18 305 | 3343 | 2046 3137 | 729 150 + 4950 -
600 | 147540 | 751 | 302 | 1526 | 313 3507 | 286 | 3261 | 2043 | 3524 | 728 10.0 1 agg Speed  [rm]
50.0 12295.0 706 263 | 1348 305 30.56 249 | 3133 | 2086 3069 | 722 [bar] MEP
40.0 9836.0 | 656 | 219 | 1139 | 298 2507 | 207 | 3053 | 2206 | 2517 | 708 50T 16850
—1 80.0
-+ 75.0
Abbreviations 41 700
pScav Scavenge air pressure pExh Exhaust receiver pressure - 65.0
tAaC Air temperature after compressor tELT Exhaust gas temperature before turbine
tScav Scavenge air temperature tEaT Exhaust gas temperature after turbine

etaTC Turbocharger overall efficiency acc. to CIMAC 2007

25 30 35 40 45 50 55 60 65 70 V5 BO 85 S0 95 100 105 110
Power %
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¢ W I N _G D 8X7 2 Dynamic Characteristics

Massmoments and Forces

Extemal couples and forces

Cooling System

Design Conditions External moments [xkNm] Free forces [£kN] sy
M, standard counterweights 207 Fly 0 - 1~
Air temperature before blower 450 °C Turbocharger (MHI type) : 2 x METG6MB M,,, standard counterweights 23 Fou o TRk,
Engine room ambient air temp 450 °C Scavenge air cooler 2 x SACAT-SF E 0 T
Coolant temperature before SAC 36.0 °C My, 865 sz 0 | M Mg My
Barometric pressure 1000.0 mbar Fresh water cooled / single-stage SAC M 588 w !
Relative humidity 60.0 % b
FW Cooled / Single-Stage SAC / Sep. HT Countermeasures for Dynamic Effects
Extemal couples (2nd order balancer) ©  Balancing countermeasure is not relevant
Torsional vibration : Detailed calculations have to be carried out for every installation
Axial vibration An integrated axial damper is fitted as standard
Lateral rocking (side-stays) The countermeasure indicated may be needed
36.0°C 2272 kW 3677 kW Lateral rocking (longitudinal-stays) : The countermeasure indicated is not needed
197 m¥h[Toc | 460°C 75.0 °C[Encime| 800 °C
@ j — I
580 m*h 216 m*m
10511 kW
W 32 arth Rating R1+: 35610 kW/Cyl. / 89 rpm
- Lateral H-Moments Lateral X-Moments
0mh
Orders [kNm] | Orders [xkNm] Orders [#kNm] | Orders [£kNm]
Ord. 1 0| Od7 1437 Ord. 1 160 | Ord 7 0
Ord. 2 0| Od 8 0 Ord. 2 102 | Ord 8 9
Ord. 3 0| od9 0 Ord. 3 529 | Ord 9 19
+ Ord. 4 0 | Od. 10 0 Ord. 4 1931 Ord. 10 122
120°C e owe ord. 5 0| ord 11 0 Ord. 5 149 | Ord 11 42
803 m seawater [500°C Mean log. temp. diff. [C] 68 271 Ord. & 0| Ord.12 0 Ord.6 21 | Ord 12 2
Heat exchange area [m?] 15193 617

Torque variation AM 1445 [+kNm]

The value of lateral forces and moments of other engine ratings and orders are available on request. 2 9




* WIN-GD 8X72

Lubricating Qil System

Fuel Oil System Design Conditions
Tank System Data and HFO Treatment Air temperature before blower 45.0 °C Turbocharger (MHI type) - 2 x METE6MB
Engine room ambient air temp. 450 °C Scavenge air cooler 2 x SACAT-SF
Coolant temperature before SAC 36.0 °C
Barometric pressure 1000.0 mbar Fresh water cooled / single-stage SAC
Feed circuit HFO setting tank 39 m? & h operation at MCR Relative humidity 60.0 %
HFQ service tank 39 m 8 h operation at MCR
MDO service tank 39 m? 8 h operation at MCR
Feed pump 6.1 mh
Booster circuit  Booster pump 1.1 m¥h Main Lub. Oil System incl. TC
HFQ endheater 207 kw
Mixing unit 65 It
Treatment Separator throughput 51 mh
HFO preheater B2 kw Mean log. temp. diff. 13.0°C blow-by air
Heat exchange area 24986 m*
272w 2227 kW
B4.0°C 45.0°C
Pressurized Fuel Oil System 450°C
ENGINE
243 m3h) 0m¥h ‘f
64.0 °C [ orein
+ @ i @
) ]
243 mth 34.0m® 3.4 m¥%h 45 kW
Centrifugal pump (initial filling)

*1) Excluding heat and oil flow for damper




* WIN-GD 8X72

Exhaust Gas System

Design Conditions

Starting Air System
2 x METGEMB
Exhaust gas Air temperature before blower 450 °C Turbocharger (MHI type) - 2 x METE6MB
Mass flow 168909 Kg/h Engine room ambient air temp. 450 °C Scavenge air cooler 2 % SACAT-SF
Temperature after TC ~ 309.5 °C (B)oolantttgmperature before SAC 1032 g °Cb et wat it Sac
; drometric pressure o mbar resn water coole single-stage
Dx 0.615 kg/m®
ensity am Relative humidity 60.0 %
Backpressure 300 mmWG
Number of starts - 12 % Relative shaft inertia J; ./ J ¢, . 2.00000 -
Propeller pitch control - FPP Engine inertia Jeng: 266600 kgme
. Gas velocity Volume flow Diameter
Pipes mis me/h mm
max 30 bar
Pipe A 40 137289 dA= 1200 I ar A N
Pipe B 25 274579 dB= 2000 | comer] [esiv ]
Pipe C 35 274579 dc= 1700 2x270 m¥h 2x 9.0m*

For 30 bar design
Air receiver 2x 9.0m®
Air compressor :  2x 270 m¥h




; Q TORSIONAL VIBRATION CALCULATION No. 8X72-TV-3a
WARTSILA
INSTALLATION 2500 TEU CV Project Crank Sequence
CSBC

ENGINE TYPE 8X72

Including variable crank inertia Normal Firing Conditions
Excitation: Orders 1. TO 24. Compensated by cyl. output adaption

IS Barred speed range

Ggislin?er damper D220/XYZ
light flywheel J=17040 kgm2 view from flywheel
LLT-WG Tier2-EO0 Tuning

B8X72 FCV1 Crankshaft (DB: [19.09.13] FP Propeller 5-bl. Jtot=171883 kgm2
Wartsila X72) GEISLINGER D 220/22
Flywheel J=17040 kgm2 Js=4390 kgm2 ; Jc=511 kgm2
Alt. tors. stress in the Crankshaft Dia= 880/250 mm

+-N/mm2 23 | 30 rpm
f——————
509 _| IACS/WEH TRANSIENT LIMIT

-

ACS/WCH| LIMIT: 32.0 N/MM2

|
40 |
|
|
|
|

IBYNTH.

T
PO =k

20 a0 40 50 60 70 80 a0 100
CMCR speed / pu:mwer‘;*l rpm
89 rpm / 26160 kW




alt. tors. stress in the Intermediate Shaft (Ck=1.00) Dia = 605.0 mm

+-N/mm2 23 30 rpm
1504 [ -

125 —|-IACS-M68 05.FT

I
I
w [ I
w
75 —| 1ACS-W68_05-FC FOR 600. I
\Z_\L

N/MM2 U, T.S.
50

| L
Sl R e yeder e 3w #— | o SYNTH.

O_
20 30 40 50 60 70 80 90 100
CMCR speed / FI'DWEF_'II rpm
89 rpm [/ 26160 kKW
Alt. tors. stress in the Propeller Shaft (Ck=0.55) Dia = 735.0 mm
+-N/mm2 23 30 rpm
100 4 I :
—| 1ACS-M6g 05-F7 I
751 |
I
201 IECS |
| -ME8_05-FC FOB 600. N/MM2 I.T.sS. I
7 I
25+ 5 |
= I
ol - e | s—me—ge—pe—me——k—# |SYNTH.
T T T T T T
20 30 40 50 60 70 80 a0 100
CMCR speed / pOWEr_"‘I rpm
89 rpm [/ 26160 kKW
(72-tv-3a_2-D31 06.01.2015 / R.Glaeser
sual TORSVIB © WCH V7.00 #7056-1755628 Project fila: BX72-TV-34 Z.tvp Warts1la Switzerland Ltd
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NOx Tier lll compliance options

SELECTIVE CATALYTIC REDUCTION (SCR)

= MEPC.217(63) — Certification of Marine Diesel Engines fitted
with Selective Catalytic Reduction Systems under the NOx
Technical Code 2008

= MEPC.198(62) - 2011 Guidelines addressing additional aspects
to the NO, Technical Code 2008 with regard to particular
requirements related to marine diesel engines fitted with SCR

EXHAUST GAS RECIRCULATION (EGR) (2-STROKE)
DUAL-FUEL (4 STROKE) ENGINES (6-18MW)

a’kWh

DUAL-FUEL (2 STROKE) ENGINES (GAS MODE + WHR + EGR)
PURE GAS ENGINES (1.5MW to 9MW)*

NOx emission standards - Tier 1, 2 and 3

TS

0 500 1000 1500 2000 2300 3000

RPM

—— Nox Tier 1 Nox Tier 2 —— Nox Tier 3
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ECA compliance - SOx control

A. Use compliant fuel oil
B. Use equivalent e.g., EGCS

C. Use alternative fuels
» Gas - dual fuel or gas only
= biodiesel/methanol

D. Onshore power supply (MEPC.1/Circ.794)

Regulation 14
Sulphur oxides and particulate matter (SOx & PM)

Fuel oil June 2013
% sulphur : Review completion

i by 2018

1.1.2012
20 | | ,[1 12020  1.1.2025
3.504— LS
1
1
1
1
1
]
1
1
1
1.7.2010 I
1.50 -
1.1.2015

1.00 -

I 0.50

1 0.1 —

Time
IMO == Non-ECA ECA




d

FA%

2

=h
S8

2

N

]

h
S

4

32—

e

-l

Yo

MOTOR LOAD ANALYSIS ATEACHCONDTION
APPARATUS PARTICULAR MORMAL AT SEA NORMAL AT SEA DEPARTURE DEPARTURE DEPARTURE CARGO HANDLING INPORT EMERGENCY

NO. [ouTPUT| EFF. [ INPUT WITHOUT REEF. WITH REEF. WO REEF. & BIT WITH REEF. ONLY | WITH REEF. & BIT. WITH REEF. WITHOUT REEF. AT SIG FULL

SET| KW % KW DF% | CONT.| INT. |DF3% | CONT.| INT. | DF% | CONT.| INT. |DF%|CONT.| INT. |DF% | CONT.| INT. | DF% | CONT.| INT. | DF% | CONT.| INT. | DF% [ CONT.| INT.
ELEVATOR 1 5.5 87 6.3 60 - 3.8 80 - 38 &0 - 38 80 - 38 &0 - 3.8 &0 - 3.8 80 - 38 60 - 3.8
ACCOM. VENT. FAN 7 04 i1 05 ao 29 - a0 ] - 80 29 - a0 28 - 80 29 - 80 28 - a0 29 - - - -
ACCOM. VENT. FAN 2 0.2 T3 0.3 ao 0.4 - a0 04 - 80 04 - a0 0.4 - 80 04 - 80 04 - a0 04 - - - -
ACCOM. VENT. FAN 2 0.05 T3 0.1 a0 0.1 - a0 0.1 - &0 0.1 - a0 0.1 - &0 0.1 - a0 0.1 - a0 0.1 - - - -
GARBAGE HANDLING ROOM EXH FA| 1 0.02 T3 0.03 a0 | 0.0z - a0 | 0.02 - 80 | 0.02 - 80 | o.02 - 80 | 0.02 - 80 | 0.02 - a0 | o.o2 - - - -
CO2 ROOM FAN (EXH) 1 04 7 05 an 0.4 - a0 0.4 - 80 04 - a0 04 - 80 04 - 80 04 - a0 04 - - - -
PAINTS STORE EXH. FAN 1 0.2 7 0.3 ao 0.2 - a0 0.2 - 80 0.2 - a0 0.2 - 80 0.2 - 80 02 - a0 0.2 - - - -
DRY ROOM REDIATOR 2 1| 100 1.0 00| 2o - 100 | 20 - oo 20 - 100 | 20 - oo 20 - 00| 20 - 100 | 20 - - - -
GALLEY & LAUND. EQUIP. 1 100 [ 100 | 100.0 60 - 860.0 80 - 600 | &0 - 60.0 80 - 60.0 &0 - 860.0 &0 - 60.0 | 80 - 60.0 - - -
STEAM GENERATOR FOR HUMIDIFIH 1 34| 100 34.0 00 | 340 100 | 340 00 | 340 100 | 340 00 | 340 100 | 34.0 100 | 340
MISCELLANEOUS 1 10| 100 10.0 00 | 100 - 100 | 10,0 - 0o | 10.0 - 100 | 100 - 0o | 10,0 - 100 | 10.0 - 100 | 100 - 100 0.0 -
GENERAL LIGHT 1 100 | 100 100.0 50 | 50.0 - 50 | 500 - 50 | 50.0 - 50 | 500 - 50 | 500 - 70 | T0.0 - 40 | 400 - 25 250 -
COMMUN. & NAV. EQUIP. 1 10| 100 10.0 60 6.0 - 80 6.0 - &0 6.0 - 80 6.0 - &0 6.0 - 20 20 - 20 20 - 20 20 -
REQUIRED POWER 555 | Zo4 4548 | 204 2047 33z 5040 6837 301 003 314 187 17
DIVERSITY FACTOR 0.33 0.33 1 033 1 0.33 1 0.33 1 0.33 1 033 1 0.33
NECESSARY POWER 558 a7 4548 a7 2047 o 5040 110 6837 103 4220 =] 003 04 187 8
GRAND TOTAL 855 4545 G245 4378 1008 173
*** GENERATOR CAPACITY ™"
NO.1 DIESEL GEMNERATOR 1980 KW 1280 1980 1980 1920 1980 1980 1920 -
NO.2 DIESEL GEMERATOR 1980 KW - 1980 1880 1880 1880 1880 - -
NO.3 DIESEL GEMNERATOR 1980 KW - 1980 - 1920 1980 1980 - -
NO4 DIESEL GEMNERATOR 1980 KW - - - - 1980 - - -
EMERGENCY GENERATOR 200 KW - - - - - - - 200
TOTAL FOWER SUPPLY 1280 5040 3060 50840 TO20 5840 1920 200
LOAD FACTOR (%) 83.6 545 50.8 86.3
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DA = DA % i 427 & ¢ 6.6kW/FEU (11kW x 0.6)
i jm%%: 0.850r0.9

Fa iy L g 720 rpm, 900 rpm

% &% T # #-3/1800 rpm

FRW SRR APRAE 0 7 FbAdk)

MAN ~ Wartsila ~ Daihatsu ~ Yanmar ~ Carterpillar
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> &ufT (& 4 b H): 1655 kW, 83.6% (1980kW x 1)

> ST (s 4 i B H): 4645 kW, 78.2% (1980kW x 3)
> Bk (&4 5 B %) 2156 kW, 54.5% (1980kW x 2)

> A B (S804 4 B %) 5150 kW, 86.7% (1980kW x 3)
> 3 81006 kW): 1655 kW, 50.8% (1980kW x 1)

Alternative: 1800 kW x 2 + 2200 kW x 2




> 0¥ 4 'r(NOR)ﬂ/» AEET T T
> I ¥ ST (NOR) B A K™ » 97 3
> Fibts o fTE T 4 51007 kw
> R EF VAR E > BT A7 F TR 5 3334kg/hr
o ISR RIG K 0 BNORS 4 (67230ps) @ BRI E B * W MAE
% 10200 kcal/kg™ » 2 #4L9 F 5 122.9g/ps*h +5% ©
. mtﬁf ’5‘\;- 1‘» BRI AR T 23 % B AL E 5 10200 keal/kg o
T 408 ¥ 5 135.2 g/ps*h + 5%

o ﬁyﬁm@f&?\g FLos @ % B MEE S 9650 kcal/kg( 1,_50°C“r ZE R
5600cSt) > g AT E 5 4000kg/hr“r Sl AL e 5 5 299.5 kg/h

% 1658 kw
4 % 4648 kw
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