Pounder’s Marine
Diesel Engines
and Gas Turbines

Tenth Edition

Malcolm Latarche



L3

4& “oLO

JOOV

POUNDER’'S MARINE
DIESEL ENGINES AND

GAS TURBINES



POUNDER’'S MARINE
DIESEL ENGINES AND
GAS TURBINES

Tenth Edition

MALCOLM LATARCHE




Contents

Preface

Introduction

1.

International regulations

Regulating NOx emissions
Regulating SOx emissions
Regulating other exhaust emissions

Theory and general principles

Theoretical heat cycle
Practical cycles

Efficiency

Working cycles
Horsepower

Torque

Mean piston speed

Fuel consumption in 24H
Vibration

Balancing

Noise

Achieving quieter engine rooms
Antivibration mountings
Active mountings
Low-speed engine vibration: Characteristics and cures
First-order moments
Second-order moments
Axial vibrations

Torsional vibrations

Hull vibration
Acknowledgements

Dual-fuel and gas engines

Wartsila 50DF engine
MAN 51/60DF engine

Xiif

-t

0 o~ W

13
14
16
20
23
24
26
26
27
32
34
36
39
41
42
46
47
51
53
56
58

59

70



Contents vil
Mean effective pressures 199
Propeller slip 200
Propeller law 200
Fuel coefficient 202
Admiralty constant 202
Apparent propeller slip 202
Propeller performance 203
Power buildup 204
Trailing and locking of propeller 207
Astern running 208

9. Engine and plant selection 213
Diesel-mechanical drives 215
Diesel-electric drive 221

10. Turbocharging 231
Turbocharging 231
Turbocharger designers and manufacturers 254
Turbocharger retrofits 312
Turbo compound systems 313
Turbocharger generator/motors 317

11. Fuel injection 319
Injection and combustion 319
Injector 323
fuel line 324
Pump 327
Developments and trends 333
Unit injector versus pump/pipe/injector 336
Electronic fuel injection 340
Common rail injection systems 342
MTU common rail system for high-speed
engines 345
Wartsild CR system for medium-speed engines 353
Acknowledgements 357

12. Waste heat recovery 359

359

Electricity from waste heat



vi

MAN Energy Solution’s ME-Gl engine family

VOC as a fuel supplement
Design features of gas-burning engines

Exhaust emissions and control

Controlling NOx emissions
Water-based NOx reduction techniques
Selective catalytic reduction
Particulates, soot, and smoke
Acknowledgements

Oil fuels chemistry and treatment

Refinery processes
Problems with heavy fuels
Properties of fuel oil

Fuel oil treatment
Bunkering practice

Alternative fuels and treatment

Alternative fuels and decarbonization
Biofuels

Methanol

LNG

- Future fuels

e

Lubes: Choices and testing

Lubricating oils

Cylinder lubricant feed rates
Liner lacquering

Lubricant testing

Microbial contamination of fuels and lubricants

Lube 0il contamination

Performance

Maximum rating

Exhaust temperatures

Derating

Multiple engine operating profiles

76
83

87

87
S0
105
110
115

117

118
120
124
139
140

151

151
152
155
157
160

165

165
171
179 -
183
185
189

193

194
196
197
198



Contents ix
L-GF and L-GB engines 541
L-GBE type engines 545
Sulzer RL-type engines 546
18. Medium-speed engines—Introduction 561
The four stroke engine 562
Power extremes 566
Power potential 568
19. Anglo Belgian Corporation 573
20. Caterpillar 581
3600 series 582
3618 (bravo) engine 585
C280 engine 587
21. MakK (Caterpillar Marine Power Systems) 591
M32 engine 593
M32C engine 600
M43 engine 601
M43C engine 604
C-versions 606
Dual-fue! DF-versions 607
E-versions 608
Low emissions technologies 609
Common rail fuel system 612
Earlier MaK models 616
22. MAN Energy Solutions 617
1.58/64 engine 617
32/40 engine 633
48/608 engine 642
L27/38 and L21/31 engines 647
V28/33D engine 653
Common rail engines 660
Dual-fuel engines 665
23. Rolls-Royce/MTU 667
K-series 667
B-series 669



viil

13.

14.

15.

17.

Low-speed two-stroke engines—Introduction

Intelligent engines

MAN B&W low-speed engines

MC engine design features
Programme expansion

Large-bore engines

Water mist catcher

Electronically controlled ME engines
Reduced fuel consumption
Cperaticnal safety and flexibility
Exhaust gas emissions flexibility
Fuel! injection system

Exhaust valve actuation system
Control system

Cylinder pressure measuring system
Starting air system

ME engines in service

Mark 9 and 10 large-bore engines

Japan Engine Corporation low-speed engines

UEC design details
UEC eco-engine
Emissions reduction
UEC LSH series

UEC LSJ series
Cylinder lubrication

WinGD (Wartsila/Sulzer) low-speed engines

RTA series service and production
RTA design features

* RTA design developments

RT-flex electronic engines
Generation X
X92DF

Legacy low-speed engines

Burmeister & Wain (B&W)
K-GF type engines

365
374

381

385
390
401
409
410
412
412
413
414
417
417
419
420
420
422

455
462
466
467
468
468

471

474
477
480
520
530
536

539

539
540 .



Contents Xi
Lubrication 861
Air filtration 863
Marine gas turbine designs 864
Gas turbine maintenance 888
Acknowledgements 892
28. Engine-room safety matters 893
Safety and training 893
Fire safety 895
Preventing crankcase explosions 898
Crankcase explosions and relief valves 904
Acknowledgements 907
Index 909



24,

25.

26.

27.

B32:40 engine
B33:45 engine
C-engine (C25:33L)
Gas engines
B36:45 gas engine

Wartsila

Wartsila Vasa 32

Wartsila 32

Wartsila 20

Wartsild 26

Wartsild 31

Wartsila 38

Wartsild 46

Wartsila 64

Wirtsild dual-fuel engines

Other medium-speed engines

Daihatsu

General Electric

Grandi Motori Trieste

HIMSEN (Hyundai Heavy Industries)
Mirrlees Blackstone

Mitsui

Niigata

Nohab

SEMT-Pielstick

SKL

Stork-Werkspoor diese]

Yanmar

Two-stroke medium-speed engines

High-speed engines

Evolving a new design
High-speed engine manufacturers
Gas turbines

Plant configurations
Cycles and efficiency
Emissions

673
676
677
680
680
- 681
685
689
693
702
705
708
714

725
733

745

745
751
756
761
767
770
772
772
774
779 .
779
779
784

795

797
799

851

852
857
860



Index

Note: Page numbers followed by findicate figures, and ¢ indicate ubles. -

A

ADBD Turbo Systems

A100 series, 256, 272-274, 272f
A100-L and A200-L series, 253
A200 series, 256, 275-277
MXP series, 279-280
Power2 systems, 277-278
RR series, 255
self-lubricating antifriction bearings, 257
TPL-A series, 256
TPL-B series, 256 .
TPL-C series, 256, 271272
TPL series, 265270
TPLG5 turbocharger, 267f
TPLG5-A turbocharger, 265
TPLY1 turtbocharger, 269f
TPL91-B turbocharger, 270
TPS-D/E series, 256
TPS-F series, 256, 264
TPS57-F33 turbocharger, 264f
TPS series, 251f, 261-265, 262f
turbo compound systems, 313
turbocooling, 249
VTC series, 255
VTR wturbocharger, 255
4D turbocharger series, 257-260
generations, efficiency of, 255f
water-cooled and uncooled, 258f
VTR..1 turbocharger, 314f

ABC. Sre Anglo Belgian Corporation

(ABC)

Abrasive impurities, in heavy fuel, 124
ACERT technology, 803-804

Acid stress, 182—-183

Active mountings, 41-42
Active vibration compensator, 49, 50f

Additives, 165-166

effectiveness, 177
microorganisms feed, 190
neutralization, 184

Adhesive wear, 176-178
Admiralty constant, 202
Advanced electronically controlled
lubricadon (A-ECL) system,
467468
Aframax tankers, 453—454
Airbome noise, 38-39, 4142
Air filtration systems, gas turbines, 863-864
Air—fuel ratio, 62-63, 85
Air manifold, V28/33D engme, 658
Air swirl, 320
Air-to-fuel rado, 265
Air Waste Gate (AWG), 701
Alfa Laval centrifugal separator module,
146-147, 146f
Alkalinity reserve, 184
Alpha adaptive cyhndcr oil control (ACC),
409
Alpha Lubricator system, 173, 409
Ammonia, for diesel engines, 11, 162-163
Anglo Belgian Corporation (ABC)
D36 engine, 575, 575¢
dual-fuel engines, 573
DXS models, 573
DZ engine, 574-575, 574f
Anticorrosion additives, 166
Antifoam addiaves, 166
Antioxadant additives, 166
Antipolishing rings
medium-speed engine, 565
W32 engine, 684f
W64 engine, 728
Antivibration mountings, 39%-41
Antiwear and extremie pressure additives,
166
Antiwear performance, 178
Ash content, of fuel oils, 129
Asphaltenes stress, 183
Astern running, 208-211
Atmospheric distillation process, 118

909\



Index

911

Carbon dioxide emissions, 152
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(CSSQC), 365, 372, 471
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servo oil system, 414
Wirtsila, 706-707, 724
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Computational fluid dynamics (CFD),
729
Hyundai Heavy Industries, 763
Connecting rods
B32:40 engine, 675
Caterpillar 3600 series, 582
Daihatsu, 749
HiMSEN, 765
MB430 engine, 767
M32 engine, 597-598, 598f
V28/33D engine, 658
W38A engine, 710
Wartsili Vasa 32 engine, 686
W64 engine, 728-729
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242, 542-544
Continuous service rating, 384
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(CMCRY), 475
Control and protection card (CPC), 341
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563-564
high-speed engines, 848-850
W64 engine, 733
Auxiliary power generation, 216-218
Auxiliary pumps, Wichmann engines,
788
Axial vibrations, 51-53

B
Balancer gear, 479
Balancing, 32-34
Barcelona Convention, 7
Base number (BN), in lubricants, 184
Bearing Overheating Monitoring System
(BEAROMOS), 903
Bearings
B32:40 engine, 675
Caterpillar 3600 series, 582
Daihatsu, 749
turbochargers, 257, 263, 280, 290
V28/33D engine, 658
W38A engine, 710
Wartsili Vasa 32 engine, 686
W64 engine, 728
Wichmann engines, 788
BeHydro project, 161-162
B32:40 engine, Rolls-Royce, 673676
B33:45 engine, Rolls-Royce, 676677
Benzene emissions, 59
Bergen Diesel, 74, 565-566
Bergen’s C-series (C25/33) diesel engine, 75
Bergen's KV-G4 gas engine, 75
Bergen spark-ignition lean-bumn gas engine
technology, 74
B36:45 gas engine, Rolls-Royce, 680
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Biodiesels, 154-155. See also Biofuels
Bioethanol, 152. See also Biofuels
Biofuels, 11, 152
first-generation, 153
issues, 154
second-generation, 153
third-generation, 153
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Black carbon (BC), 3

Black sludge formation, 182

Block pumps, 326

Blow-off pressure, 323
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Boil off gas (BOG), 572

Bolnes VDNL 150/600 two-stroke engine,
792, 792f

Booster fuel injection valve (BFIV), 445

Bore-cooled cylinder liners, 477

Bosch fuel pumps, 457459

Bosch scale, 113

Bottom dead centre (BDC), 233-234, 250

Boundary lubrication, 176

Brown Boveri and Cie (BBC), 254

VTR. series, 254

Brown Boveri-type VTR 501 turbocharger,
244f

B-series, Rolls-Royce, 669673

Biichi, Alfred, 254

Bunker delivery note (BDN), 143

Bunkering practice, for fuel oils,
140-149
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Burmeister & Wain (B&W), 381
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Detroit Diesel Corporation (DDC), 797
Deutz high-speed engines, 807-808
DF-ready engines, 532
Dicsel—electric drive, 221-229
combined systems, 229
ease of control, 226227
economical part-load running, 226
environmental protection, 227
flexibility of layout, 224-225, 224f
load diversity, 224f, 225~226
low noise, 227
podded propulsors, 227-229
ship safety, 227
Diesel-clectric tanker, 224, 225
Diesel engines
SOx emissions, 7
thermal efficiency, 61f
Diesel engines, Wirtsilid, 681
cylinder pressure limit, 683f
medium-speed oil-fuelled engines, 682t

Diesel fuel oil supply system, for Wartsila DF |

engine, 67, 68f
Diesel-mechanical ddves, 215-221
auxiliary power generation, 216-218
father-and-son layouts, 220-221
geared drives, 218-220
Direct-coupled propulsien engine, 216
Direct injection, 321-322
Direct water injection (DWI) technique,
92-94
Dispersants, 166
Distributed contrel unit (DCU), W64
engine, 733
Divergent circular arc (DCA) diffuser
design, 282283
DK-28 engine, Daihatsu, 746f
Dominant medium-speed engine maker,
681
Dorthe Maersk, 254
Double-acting engines, 24
Double-walled HP fuel lines, 351-352
Dribble, 322
Dry low-emissions (DLE) technology, 861
Dry scrubber, 9
Dual-fuel (DF) engines, 59, 455
32DF engine, 64
SODF engine, 66—70

driving factors, 59-60
gas-diesel engines, 73-74
gas engines, 74-75
MakK, 607-608
MAN 51/60DF engine, 70-75
MAN energy solutdons, 665666
reliability, 64
SaCoS management system, 73
Wirtsild, 733-743
Wirtsili 31 engine, 706
Dual fuel ready, 533
Dyne, 35
DZ engine, Anglo Bclgnn Corporation’s,
574-575, 574f

E
Eco cylinder controller (ECC), 464—465
EcoEGR, 101, 103
modes of, 101, 103
Ecoengine fuel injection, 464f
Ece main controller (EMC), 464
Economical part-load running, 226
Economic continuous rating (ECR)), 594
Elastomer-based mounting systems, 39—40
Electrically driven oil supply, 431
Electric propulsion, 224
Electro-Motve Division (EMD), two-
stroke medium-speed, 788
Electronically controlled cylinder
lubrication (ECL) system, 465
Electronically controlled engine, 198
Electronically controlled hydraulic systems,
377f
Electronic control module (ECM),
Caterpillar, 615, 803
Electronic control system (ECS)
Caterpillar, 801
CR injection system, 346347
Electronic engine controller (EEC), 887
Electronic exhaust valve actuation (ELVA),
413 .
Electronic fuel control, 342
Electronic fuel injecdon (ELFI), 413,
433434
Electronic gas injection (ELGI) valves,
78-79
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Cantrollable injection timing (CIT),
457459, 458f
Controllable pitch (CP) propeller, 213,
218-220, 226-227
Controlled common rail (CR) fuel
injection, 563
Controlled swirl scavenging (CSS), 455
Conventional injection systems, 347
Cooling system
Caterpillar 3600 series, 584
L27/38 engine, 650, 652f
M32 engine, 595-597
V28/33D engine, 659
W64 engine, 731-732
Cracking process, 118
Crankcase, V28/33D engine, 657
Crankcase explosions
prevention, 898-904
relief valves, 904-907
Crankshaft, 29
B32:40 engine, 673f, 675
Caterpillar 3600 series, 582
Daihatsu, 749
HiMSEN, 765
MB430 engine, 767
V28/33D engine, 657
W3BA engine, 710
‘Wirtsild Vasa 32 engine, 686
W64 engine, 728
Wichmann engines, 785
Crude oil distillation, 118
Cummins engines, 804-807
Cycloconverter system, 221-222
Cylinder block
B32:40 engine, 675
Caterpillar 3600 series, 582
Wichmann engines, 785
Cylinder condition monitoring system, 376
Cylinder control unit (CCU), 417
Cylinder head and valves
Daihatsu, 749-750
Wirtsild Vasa 32 engine, 686
Cylinder heads
B32:40 engine, 675
32/40 engine, 642¢
HiMSEN, 766
MB430 engine, 767

M32 engine, 598-599, 598f

V28/33D engine, 658

W38A engine, 710

W64 engine, 729

Wichmann engines, 786
Cylinder jacket, L58/64 engine, 625f
Cylinder liners

B32:40 engine, 675

Caterpillar 3600 series, 582

Daihatsu, 749

32/40 engine, 642t

HiMSEN, 766

L58/64 engine, 623f

MB430 engine, 767

V28/33D engine, 657658

W3BA engine, 710

Wirtsild Vasa 32 engine, 686

W64 engine, 728

Wichmann engines, 786
Cpylinder lubrication, 379, 468-469

adhesive wear, 176-178

antiwear performance, 178

corrosive wear, 175-176

feed rates, 171-179

and fuel sulphur levels, 169-171

function of, 167

medium-speed engine system oils,

178-179

Wirtsili RTA84T engine, 499

wear rates, 175
Cylinder unit concept, 564

D

Daewoo Shipbuilding & Marine
Engineering CO., Ltd., 373

Daihatsu medium-speed engines, 745-751

Daihatsu single-pipe (DSP), 747

Data collector, 519

Decant oil, 120

Deep-sea ships, 216

Delphi Bryce, 336-337, 341

D36 engine, Anglo Belgian Corporation’s,
575-577, 575t

Density, of fuel oils, 134

Derating, 197

Detergents, 166

Det Norske Veritas (DNV), 895
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Father-and-son layouts, 220-221
Fatty acid methyl ester (FAME) diesel,
152154
Feedback control function, 463
Fire safety, 895-897
Fire Safety Systems (FSS), 895-896
Firing impulses, 29
First-order compensator, 47, 47f
First-order moments, 4647
Five-cylinder engines, 54
Flashpoint
of fuel oils, 132
in lubricants, 184
Flexible camshaft technology (FCT),
603-604, 610, 610-611f
Flexible integrated Turbocharging System
for Two-Stroke Engines (FiTS2),
252
Flexible manufacturing systems (FMS), 796
Fluid catalytic cracking (FCC), 117, 119
45/60CKR engine, MAN energy solutions,
663
45/60CR. V12, MAN energy solutions,
664665
48/60B engine, MAN energy solutions,
642646
48/60CR engine, MAN energy solutions,
663
Four-cylinder engines, 54
Four-stroke cycle, 20-22
Four-stroke engines
gas—air mixture formation, 86
lubrication, 165
scavenging, 239
turbochargers, 232-234, 298-299
4T50ME-GI-X test engine, 373
Freshwater cooling systemn, Daihatsu, 750
Fual-fuel (DF) versions, 607-608
Fuel additives, 139
Fuel coefficient, 202
Fuel consumption in 24H, 26
Fuel injection, 568
1332:40 engine, 675
Caterpillar 3600 series, 584
common rail (CR), 319
common rail injection systems, 342-344

Daihatsu, 750
developments and trends, 333-335
direct injection systems, 320
electronic fuel injection, 340-342
injection and combustion, 319-322
injector, 323324
L21/31 engines, 650
L27/38 engines, 650
L58/64 engine, 629-631f
M32 engine, 599
MTU .
CR systems, high-speed engines,
345-353 -
series B0OOO engine, 351353
pump, 327-333, 327f
pump/pipe/injector systems, 338-340 -
timing, 329-332
uniformity, 332-333
unit injector, 337338
Wirtsild Vasa 32 engine, 687
W46 engine, 719-720
W64 engine, 729-730
‘Wichmann engines, 788
Fuel line pressure diagram, 324, 325f
Fuel microbial contamination
biocides usage, 188
operational indications of, 188
visual symptoms of, 187-188
Fuel Oil Non-Availability Report
(FONAR), 143
Fuel oils
ash content of, 128-129
asphaltene content of, 130-131
bunkering practice, 140-149
bunker quality testing, 144
calculated carbon aromaticity mdev
(CCAI, 128 :
calorific value, 125-126
carbon residue of, 128-129
catalytic fines content of, 130
cetane number, 127-128
cloud point, 132
combustion equations, 134-137
compatibility, 133
filtration systems, 145
flashpoint, 132 ‘
fuel additives, 139
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408-409
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63f
Electronic unit injectors (EUIS)
Caterpillar propulsion engine, 588
Scania marine engine, 849
Electrostatic precipitators, 115
Emission control areas (ECAs), in
Mediterranean Sea, 7
Emissions, in gas turbines, 860-861
Emulsified fuels, 146147
Emulsion injection system, 466467
Energy Efficiency Design Index (EEDI), 10,
151
Energy storage systems, 218
Engine block
HiMSEN, 765
W3BA engine, 710
Wirtsila Vasa 32 engine, 686
W64 engine, 727-728
Engine braking, 412
Engine control unit (ECU), 417, 698—699
Engine-driven oil supply, 431
Engine-driven pumps, Wiartsila 32, 690f
Engine frame, 617-620, 621f
Daihatsu, 749
Engine International Air Pollution
Prevention (EIAPP) certificate of
compliance, 4
Engine protection mode, 376, 379
Engine-room safety
crankcase explosions, 904-907
fire safety, 895-897
preventing crankcase explosions, 898-904
relief valves, 904-907
training, 893895
Engine Vision System (EVS), Caterpillar,
803
Environmental protection, 227
Equipment Improvement Plan (EIP), 885
Exhaust and air intake systems, Caterpillar
3600 scries, 584
Exhaust emissions and controls
benzene, 59
direct water injection technique, 92-94
exhaust gas recirculadon (EGR), 97-105

fuel water emulsion methods, 91
MAN Energy Solution
NOx emissions reduction, 91, 95-97,
95f
water use research, 97
nitrogen oxides (NOx) emissions
exhaust emissions/control, 87-90
primary reduction measures, 88
water-based reduction techniques,
90-105
particulates, soot, and smoke, 110-115
selective catalytic reduction, 88, 105-110
Wirtsild
medium-speed engines with direct
water injection systems, 92-94
NOx emission reductions, 91-92, 95
water-based NOx reduction techniques,
90-105
Exhaust gas bypass (EGB), 362
Exhaust gas cleaning process, 9
Exhaust gas de-NOxing technology, 459
Exhaust gas-fired boiler system, 360
Exhaust gas recirculation (EGR), 97-105,
3N
with bypass matching, 101
components of, 97-98
EcoEGR system, 103~104
high sulphur fucls, 106f
with TC cut-out matching, 102-103
water handling system, 99100
Exhaust gas scrubbers, 9, 111
Exhaust gas turbocharger system
basic arrangement of, 232f
with charge-air cooling, 237f
pressure charging, advantages of,
231-232
Exhaust pipes, Wirtsild Vasa 32 engine,
687
Exhaust system
Daihatsu, 750
V28/33D engine, 658
Exhaust valve actation, 464f
Exhaust valve system (InVA), 379
Exhaust valve with rotator, L58/64 engine,
624f
Expert system, 519-520
Explosion-relief valves, 904-905
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High-pressure gas injection system, 86
High-pressure (HP) injection pipe, 319
High-pressure SCR system, 109
High-speed engines
MTU (see Motoren-und Turbinen-
Union (MTU))
Niigat, 839-841
Wartsilz, 842-847
Yanmar, 847-848
High-speed engines
automotive-derived engines, 848-850
Caterpillar, 800-804
Cummins, 804-807
Deutz, 807-808
Himsen, 808-811
Isotta Fraschini, 811-812
MAN 175D, 816-817
MAN energy solutions, 812-817
Mitsubishi, 817-818
Moteurs Baudouin, 799-800
HiMSEN
high-speed engines, 808811
medium-speed engines, 761-766
Horsepower, 23-24, 197
Hull vibration, 56-57
Humid air motor (HAM) system, for NOx
emission reduction, 95-97, 95f
Hydraulic cylinder unit (HCU), 413
Hydraulic jack bolts, 485487
Hydraulic oil power supply system, 465f
Hydraulic power, 462
Hydraulic power supply (HPS), 413
Hydrocarbons, 2
Hydrocurrent Organic Rankine Cycle
(ORC) Module 125EJW, 364
Hydrogen, in diesel engine, 161
Hyundai Heavy Industries medium-speed
engines, 761-766

l
Idiosyncrasies, 333
IFEP. Sce Integrated full ¢lectric propulsion
(IFEP)
IGF Code, 60
adoption of, 60
Ignition quality, of heavy fuel oils, 127-128
Impulse turbocharging method, 242-243

Indirect injection, 321f -

Inlet valve closure (IVC) timings, 250

Insoluble products, in lubricants, 184

Integral construction, M32 engine, 595

Integrated energy-saving generating plants,
217-218 .

Integrated full electric propulsion (IFEP),
222 ;o :

Integrated gas pressure regulation unit
(iGPR), 534

Integrated selective catalytic reduction
(iSCR)) system, 535

Intelligent cylinder lubrication, 172-175

Intelligent engine (IE) system, 413-414

Intelligent fuel injection {InFl) system, 377

Intercooled recuperated (ICR) cycle,
Rolls-Reyce, 858

Internal recirculation (IRC) system, 295

Intermadonal Convention for the Prevention
of Pollution from Ships
(MARPOL), 12

International Convention for the Safery of
Life at Sea (SOLAS), 1

Intermational Maritime Organization
(IMO), 1

International regulaton, 1

Invisible smoke (IS), 112-113, 646

Iron-based combustion improvers, 139

I1ISO 8178 method, marine emission
reguladons, 111

Isotta Fraschini, high-speed engines,
811-812

J
Japan Engine Corporation, 366
Japan engine low-speed engines
cylinder lubrication, 468469
emissions reduction, 466—467
engine control system, 464
low- and high-pressure turbochargers,
450451 ‘
original UEC engines, 449
small bore programme, 452-453
two-stage turbocharging system,
450451, 450f
UEC design details, 455-461
UEC eco-engine, 462-466



916

Index

Fuel oils (Continued )
heating chart, 147148, 148f
hydrogen: carbon ratios, 137t
ISO 8217 standards, 125
low-sulphur fuels, 137-138
pour point of, 132
properties of, 124-139
sediment content, 131-132
specific graviry, 133-134
stability of, 132-133
storage, 145-148
sulphur content, 131
geatment, 139-140
viscosity, 127
waste fuel oil, 148-149
water content, 131
Fuel quality setting (FQS), 496
Fuel supplements. See VOCs
Fuel-water emulsion (FWE)
32/40 engine, 646f
MAN Energy Solution, 91
Full authority digital engine control
(FADEC), 887
Functional groupings, M32 engine, 595

G
Gas admission valves (GAVs), 536537
Gas-burning engines, design features of|
84-86
Gas-diese] (GD) engines, thermal efficiency
of, 61f
Gas engines, Rolls-Royce, 680
Gas Generator, 865
Gas turbine change unit (GTCU), 867, 890
Gas turbines
air filtration, 863-864
commercial shipping, 851
cruise ships, 229
cycles and efficiency, 857-860
emissions, 860-861
fundamental components, 864—865
general electric, 872-876
LM2500, 873-876
lubrication, 861-862
maintenance, 888-892
marine gas turbine designs, 864888
Marine Spey, 877-879

Mitsubishi, 876-877
MT30, 879-881
plant configurations, 852-856
Rolls-Royce, 877-888
siemens, 868-872
WR-21, 881-888
Gas Valve Unit (GVU), 736
Gear-based constant frequency generator
drives, 216-217
Geared drives, 218-220
General Electric (GE)
gas turbines, 872-876
LM2500 and LM2500, 873-874
medium-speed engines
GE L/V250 series, 753-755
GE V228 series, 752
GoodFuels, 154
Grandi Motori Trieste (GMT), 681
A55 engine, 759
BL550 engine, 756f, 758f
medium-speed engines, 756-761
Groundwater acidification, 2
Guide force moments, 50

H
*Half-pipe’ design, 485487
Handysize bulkers, 467
Hansestadt Dauzig, 254
Hans Jensen Lubricators, 469f
Hard-coated/semi Alu-coat ring package,
429f
Heat of combustion, of fuel oil, 125-126
Heavy fuel oil (HFQO), 80
asphaltene content of, 130-131
calculated carbon aromatcity index
(CcaAl, 128
definition, 117
effecs of, 120-124
gas operating mode, 59
problems wich, 120-124
sediment content, 131-132
treatment, 139-140
viscosity, 127
H21/32 engine, HIMSEN, 762-763f
Hertzian (contact) stresses, 329
High-aromadcity fuels, 334
High injecton pressures, 319
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Low port concept, for turbochargers,
246247
Low-pressure SCR system, 109
Low-pressure X-DF technology, 61
Low-speed engine vibration, 42—46
Low-speed two-stroke engines
intelligent engines, 374-380
lubrication, 165
manufacturers and licensee production,
366t
Low-sulphur fuels, 137-138
Low temperature corrosion by heavy fuel
oils, 123
Low thermal load, M32 engine, 599
Lube oil
contamination, 189-192
stress, 182-183
Lube oil filter, Daihatsu, 750
Lubricants
base oils and chemical additives, 165166
formulator, 166
infection, 190
microbial contamination of
contributory factors, 186187
operational symptoms of, 189-190
prevention procedures, 191-192
visual symptoms of, 189
synthetic, 167-168
testing, 183-185
two-stroke cylinder oils, 168-169
Lubricating oil module, Wartsila 32,
691-692f
Lubricating oil system
V28/33D engine, 659
Wirtsila 20, 698
W64 engine, 732-733
Lubricating system
Caterpillar 3600 series, 584
gas turbines, 861-862
Lucas Bryce system, 341
L/V48/60 engine, 633
Lyra Leader installation, 465

M
Magnesium-based additives, 139

Main control unit (MCU), W64 engine, 733

Maintenance assembly change units
(MACUs), 878
MaK engines
common rail fuel system, 612-616
C-version, 606-607 '
design features, 593
dual-fuel versions, 607-608
earlier models, 616
E-version, 608-609
expert system support, 615-616
low emission engine, 609-612
M25 design, 591-592, 592f
M32 engine, 593600
M32C engine, 600
M43 engine, 601-604
M43C engine, 604606
VM43 engine, 603—604
MAN B&W Diesel, 365
MAN B&W low-speed engines
contro! system, 417-419
cylinder pressure measuring system
online and offline systems, 419—20
pressure measuring system (PMI), 419
electronically controlled ME engines,
410-411 ‘
exhaust gas emissions flexibility, 413—414
exhaust valve actuation system, 417
fuel injection system, 414—416
large-bore engines
bedplate, 401
combustion chamber, 402-407
cylinder liner, 408
electronic high-pressure cylinder
lubricator, 408409
fuel valve, 408
main bearing, 401402
MC engine
bedplate, 385
camshaft, 386-387
connecting rod, 385-386
crankshaft, 385
cylinder cover, 386
cylinder frame, 385
cylinder liner, 386, 387f
exhaust valve, 387
framebox, 385
fuel oil system, 388 -
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Japan engine low-speed engines (Confintied )
UEC-LSH series, 467—168
UEC LS] series, 468

‘Jet/shaker’ cooling principle, 491492

K

KBB turbochargers, 310-311, 311f

K-GF type engines, 540-541

K90MC-C engine, 398f

K98MC-C engine, 399f

Knocking control, in dual-fuel engines, 72
K-series, Rolls-Royce, 667—668
KTA50-M2 engine, Cummins, 806

L

Lamellar cast iron, 477
Lanchester balancing, 34, 57
Large-bore engines
bedplate, 401
combustion chamber, 402-407
cylinder liner, 408
electronic high-pressure cylinder
lubricator, 408-409
fuel valve, 408
main bearing, 401402
Late-cycle high-pressure gas injection,
85-86
Lean-burn DF diesel operating system, 62f
Lean-burn Otto combustion process, 70-71
Legacy low-speed engines
Burmeister & Wain (B&W), 539
K-GF type engines, 540-541
L-GBE type engines, 545-546
L-GF and L-GB engines, 541-544
loop cooling, 558f
retrofit package, 559
Sulzer RL-type engines, 546-559
bedplate, with thrust block, 549-550
combustion chamber, 553
crankshaft, 550-551
cross head design, 554-556
cylinder jackets, 551-553
cylinder lubrication, 553-554
engine frame, 551
piston assembly, 556
turbocharging arrangement, 557-558
upgrading rlb engines, 558-559

L21/31 engine, MAN encrgy solutions,
647-652
L27/38 engine, MAN energy solutions,
647-652
L32/40 engine, 634-635f
L40/54 engine, MAN energy solutions, 633
L58/64 engine, 617-633
composite, 626f
£40/54 engine, 633
L/V48/60 engine, 633
Liner lacquering, 179
black sludge formation, 182
fuel contributions, 180-181
lube oil stress, 182-183
Liner wall temperature (LWT), 537
Liquefied nartural gas (LNG), 59, 151
benefits, 157
bunkering station, 158
energy density, 158
fuel tank and processing equipment
placement, 158
Wirtsild, 734, 736, 742
Liquefied natural gas (LNG) carriers
efficiency, 59-60
ME-GI engine design, 76-77
Wirtsili 50DF engine in V12 cylinder
form, 69, 69f
Liquefied VOC (LVOC), 84
Liquid gas injection (LGI), 445-446
Liquid hydrogen, 161
Liquid petroleum gas (LPG), 83
L35MC engine, 381, 391-392
L60MC engine, 381
L70MC Mk 5 engine, 395
L-MC programme, 381
LM2500, General Electric, 873874
Load commutated inverter (LCI), 221-222
Load-dependent cylinder liner cooling
system, 497498
Load limiter system, 376
Local control box, 464
Local Display Unit (LDU), 737
L'Orange CR fuel injection, 345f
Low emission engine (LEE), MaK engines,
609-612
Low NOx burners, Wirtsili, 683-684
Low NOx Vasa 32, 687-689
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performance (sce Performance, marine
diesel engine)
practical cycles, 14-16
second-order moments, 47-50
guide force moments, 50
power-related unbalance, 49
theoretical heat cycle, 13~14
torque, 24-26
torsional vibrations, 53-56
overcritical running, 56
undercritical running, 55
vibration, 27-32
working cycles, 20
four-stroke cycle, 20-22
two-stroke cycle, 22-23
Marine Environment Protection
Committee (MEPC), 1
Marine gas turbine, 864-888
Marine Spey, Rolls-Royee, 877-879
Maritime Safety Committee (MSC), |1
Mark 9 and 10 large-bore engines
ME-B engines, 434441, 437
auxiliary blower, 440441
bearings, 440
bore-cooled piston, 440
combustion chamber, 437f
connecting rod, 439
crankshaft, 439
cylinder frame, 439
cylinder liner, 440
exhaust valves, 440
framebox, 439
fuel injection system, 438
main bearing, 439
S40ME-B engine, 436f
S50ME-B engine, 435f
turbocharger medels, 440
ME-GI gas and alternative fuel engines
buffer tank, 443
EGR system, 444—445
gas injection valve, 444
GI control and safety system, 443
inert gas system, 443
methanol booster injector valve, 446
sealing oil pressure, 446
sealing oil system, 443 .
ventilation system, 443

Maximum continuous rating (MCR),
475-476 ,

MB430 engine, Mirrlees Blackstone, 768f
MC engine

bedplate, 385

camshaft, 386-387

connecting rod, 385-386

crankshaft, 385

cylinder cover, 386

cylinder frame, 385

cylinder liner, 386, 387f

exhaust valve, 387

framebox, 385

fuel oil system, 388

fuel pump, 387-388

piston, 386

piston rod, 386

power turbines, 390

reversing mechanism, 388-389

shaft generators, 389-390
M32C engine, MaK, 600, 604—606
Mean effective pressure, 23--24, 199-200
Mean piston speed, 26
ME-B engines

auxiliary blower, 440441

bearings, 440

bore-cooled piston, 440

combustion chamber, 437f

connecting rod, 439

crankshaft, 439

cylinder frame, 439

cylinder liner, 440

exhaust valves, 440

framebox, 439

fuel injecton system, 438

main bearing, 439

S40ME-B engine, 436f

S50ME-B engine, 435f

turbocharger models, -HO
Mechanical efficiency, 19-20
Mechanical fuel injecdon systems, 342-343
Mechanical-hydraulic system, 4117
Medium-range (MR) tankers, 467
Medium-speed engines

Daihatsu, 745-751

design, 569~572

with direct water injection systems, 92-93
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MAN B&W low-speed engines (Continued)
fuel pump, 387-388
piston, 386
piston rod, 386
power turbines, 390
reversing mechanism, 388-389
shaft generators, 389-390
ME engines in service, 420-422
operational safety and flexibility, 412—413
programme expansion, 390400
reduced fuel consumption, 412
starting air system, 420
water mist catcher, 409—410
MAN B&W ME-GA engines, 448¢
MAN B&W S7OME-C electronically
controlled engine, 378f
MAN 175D high-speed engines, 816-817
MAN Diesel
51/60DF medium-speed engine, 70-71
cross-section, 71f
features, 71-72
gas operating mode, 73
ignition energy, 86
MC-GI low-speed DF engine, 77f
ME-GI engine family, 76-83
MAN ECOCHARGE system, 300
MAN Energy Solutions, 360361, 449
axial-flow TCA series turbocharger, 289f
48/60B engine, 642-646
bore engine, 617
common rail engines
32/44CR. engine, 662-663
45/60CR. engine, 663
45/60CR. V12, 664-665
48/60CR. engine, 663
compressor wheels, for MAN
turbochargers, 244-245
cylinder oil feed rates, 172
dual-fuel engines, 665-666
32/40 engine, 633642
exhaust gas recirculation, 100-101
high-speed engines, 812-817
L21/31 engine, 647-652
1.27/38 engine, 647652
L58/64 engine, 617-633
NA/S and NR/S series turbochargers,
286288

NOx emissions reduction
humid air motor (HAM) system,
95-97, 95f
water-based reduction techniques, 91
NR/S radial-flow turbocharger, 286/
particulate generation, 112
soot particles, 112
TCA series, 288-295
TCA77 turbocharger, 288f
TCR series, 295298
TCS/PTI system, 316f
TCT series, 298-300
TCX series, 300-301
Turbocharger Cut Out system, 251
turbo compound systems, 315-316
V28/33D engine, 653-659
VTA-equipped turbochargers, 297f
water use research, 97
MAN 8L48/60B, 564
Man-machinery interface (MMI), 887
Maps, 198-199
Marine diesel engine
achieving quieter engine rooms, 36-39
active mountings, 4142
antivibration mountings, 3941
axial vibrations, 51-53
balancing, 32-34
efficiency, 16-20
mechanical efficiency, 19-20
thermal efficiency, 18-19
exhaust gas emissions from
carbon monoxide (CO), 3
hydrocarbons, 2
nitrogen oxides (NOx), 2
particulate matter (PM), 3
sulphur oxides (SOx), 2
first-order moments, 4647
fuel consumption in 24H, 26
horsepower, 23-24
hull vibration, 56-57
low-speed engine vibration, 4246
external unbalanced moments, 44-46
primary excitations, 43
secondary excitations, 44
vibration characteristics, 44
mean piston speed, 26
noise, 34-36
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gas engines, 680

K-series, 667-668

MTU/DDC designs, 831

series 396, 818-820

series 595, 820821

series 1163, 821-824

series 2000, 832-833

series 4000, 833838

series 8000 engines, 824-830

uprated series 8000 design, 830-831

uprated series 4000 engines, 838-839
MT-21 engine, Rolls-Royce, 881-888
MT30 engine, Rolls-Royce, 879-881
MTU. See Motoren-und Turbinen-Union

(MTU) :
MTU Diesel Engine Control (MDEC),
826827

MTU Friedrichshafen, 343-344
Multilevel accumulator system, 513
Multilevel cylinder lubrication, 392
Multiple engine operating profiles, 198-199
Multi-pulse method, for turbochargers, 243
Multi-purpose controllers (MPCs), 438

N

Napier turbochargers, 281285
457 turbocharger impeller, 283f
Natural gas, 59
combustion characteristics, 60
operation on, 59
New 350- and 400-mm bore models, 461
New Sulzer Diesel, 471
Niigata
high-speed engines, 839-841
medium-speed engines, 772
980-mm-bore MC/MC-C engines,
397-400
900-mm bore Sulzer RLBY0 engine, 549f
Nitrogen oxides (NOx) emissions, 2, 466,
860
dual-fuel and gas engines, 59-60
cmission controls, 3
emission critical components, 4
exhaust emissions/control, 87-90
exhaust gas recirculadon (EGR) method,
97-105
levels, 384-385

maximum allowable NOx emission
levels, 5
primary reduction measures, 88
regulating, 3-7
technical code-certified engines, 4
two stage turbocharging, 250
water-based reduction techniques,
90-105 ‘
Nohab medium-speed engines, 772-773
Noise Code, 36 ‘
Noise emissions, in turbocharger, 294

o

Offshore vessel, 568

Oil fuels, 151

O1il mist, 896897

Qil mist detection (OMD), 898, 900

On-board DC grid, 222-224

On-board NOx verification procedure,
45 )

One-node mode of vibration, 28-29, 28¢

Online monitoring. of cylinder process, 412

Optimum combustion, 414

Optimum reversing/crash stop modes, 379

Optimum thermodynamic condidons, M32
engine, 593

Otto-cycle combustion principle, 61

Overcritical minning, 56

Opverload protection system (OPS), 412

P
PA6B STC engine, SEMT-Piektick,
‘ 774-775
Particulate emissions, 110
Particulate matter (M), 3, 112
Passive mountings, 42
Performance, marine diesel engine
adminalty constang, 202
astern running, 208-211
derating, 197
exhaust temperatures, 196-197
fuel coethivient, 202
maximum rating, 194-196
mean effective pressures, 199-200
muldple engine operating profiles,
198199
power buildup, 204-207
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Medium-speed engines (Continued)
four stroke engine, 562-566
four-stroke engines, 561
Genenal electric

GE L/V250 series, 753-755

GE V228 series, 752
Grandi Motor Trieste, 756761
high-performance derivative, 775-778
Hyundai Heavy Industries (HIMSEN),

761-766

Mirrlees Blackstone, 767-770
Mitsui, 770-772
Niigata, 772
Nohab, 772-773
NOx emission challenge, 89f
PAG6B STC design, 774-775
power extremes, 566-568
power potential, 568-572
power spectrum, 566567
SEMT-Pielstick, 774-778
SKI. Motor, 779
Stork~Werkspoor diesel, 779
system oils, 178-179
two-stroke medium-speed, 784-793
Yanmarx, 779-783

ME engine systems, 413-414

ME-GI gas and alternative fuel engines
buffer wnk, 443
EGR system, 444445
gas injecdon valve, 444
GI conrrol and safety system, 443
inert gas system, 443
methanol booster injector valve, 446
sealing oil pressure, 446
sealing oil system, 443
ventilation system, 443

ME-LGI engines, 80
methanol fuel on, 80

ME-LGIM engines, 82

ME-LGIP engines, characteristics of, 82-83

M32 engine, MzaK, 593-600

M43 engine, MaK, 601-604

Methane, 59

Methanol, 80, 155
advantages, 155-156
emission measurements, 156
fuel storage and treatment, 156

health hazards, 156~157
ignition enhancer, 156
low flashpoint fuel, 156
on ME-LGI engines, 80
MET series turbocharger, 302-310
MHI-VTI turbocharger system, 308-309
Microbial contamination of lubricants
contributory factors, 186187
operational symptoms of, 189-190
prevention procedures, 191-192
visual symptoms of, 189
Microprocessor-controlled engine control
unit (ECU), 348
Mid-stroke insulation, 513
Miller cycle, 89, 249
Mineral oil-based fuels, 154
Mirrlees Blackstone medium-speed engines,
767-770
Mitsubishi GS12R-MPTK engines, 61
Mirsubishi heavy industries, 364-365
gas turbines, 876877
high-speed engines, 817-818
turbocharger generator/motors,
302-310, 317
Mitsubishi Heavy Industries Marine
Machinery, 366
Mitsubishi Low-Pressure EGR. (LP-EGR)
system, 374
Mitsubishi MET-SD-type turbocharger,
302f
Mitsui mediuvm-spced engines, 770-772
Modular common rail fuel system (MCRS),
Cummins, 805
Modular system, M32 engine, 595
Monobloc dry cylinder, 486f
Monobloc frame, L58/64 engine, 617-620,
622f
Monobloc fuel injection pump, 68
Moteurs Baudouin high-speed engines,
799-800
Motoren-und Turbinen-Union (MTU), 41
1B32:40 engine, 673-676
B33:45 engine, 676677
B36:45 gas engine, 680
B-series, 669673
BV engine, 671-673
C-engine (C25:33L), 677679
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Bergen spark-ignition lean-burn gas
engine technology, 74
B36:45 gas engine, 680
B-series, 669-673
BV engine, 671673
C-engine (C25:33L), 677-679
gas engines, 680
gas turbines
maintenance, 888-892
Marine Spey, 877-879
MT30, 879-881
WR-21, 881-888
K-series, 667668
RTAS50C engines, 490491
RTAS8T engine, 485f
RTAG60C engines, 473, 488—490
cylinder covers, 489
cylinder jacket, 489
exhaust system, 490
piston, 489-490
IR'TAGS8T-B engine, 501
R TAB84C engines, 501-507
RTA84T-B engine, 499-501
RTAS84T-D engine, 499-501
RTASHT ‘tanker’ engine, 473
RTA-T engine, 482-487
RTA96C engines, 501-507 -
RTA-2U engine, 480—482

R.T-flex electronically controlled common-

rail systems, 522
R.T-flex electronic engines
benefits of, 521522
C-versions, 529
82-bore series, 527-529
environmental performance, 525-526
exhaust valves, 524-525
fuel injection pressure, 524
Generaton X, 530-536
heated fuel oil, 523-524
injection system, 524
lube oil, 525
RT-flex engines in service, 526-527
selective shut-off, 524
X92DF, 536-537
R T-flex series of engines, 474
Roubber-to-metal bonded systems, 39-40
Rounning-in coating (RC), 511

S

SaCoS DF engine management system, 73
Safe management system (SMS), 893—894
Sankey diagrams, 16, 17f
Scania marine engine, 848-849
Scrubbers, 9
Scuffing, 176
Sealing oil, advantages of, 81
Secondary conversion processes, 118
Secondary excitations, 44
Secondary injection, 322
Second-generation Bio-Fuel Oil MDI 100,
- 154
Second-order compensator, 4849, 48f
Second-order moments, 47-50
Sediment content, of fuel oils, 131~132
Selective catalytic reduction (SCR), 88,
105-110, 371
catalytic conversion rate, 106—107
de-NOxing efficiency of, 107
for low-speed diesel engine, 108f
MAN 175D, 816-817
SEMT-Pielstick medium-speed engines, -
321, 322
high-performance derivative, 775-778
PA6B STC design, 774-775
Sensor multiplexing units (SMU), W64
engine, 733
Sequendial turbocharging, 251-253
Motoren-und Turbinen-Union, 820
Sequential turbocharging (STC)
PAG engine, 777-778
V28/33D engine, 655-656
Service propulsion point (SP), 384
TKY8MC engine, 400f
Ship machinery installations, 4243
Ship propulsion, 384f
Ship safery, 227
Ship stopping trials, 208, 209-210¢, 2001
Short- and long-stroke 67GF engines, 543
Siemens gas turbines, 868 -872
Signal processing unit (SPU), 902
Six~cylinder engines, 29-30, 56
Wiresili 46 engine, 715f
Wartsili 461 engine, 723/
Six~clement hydranlic tool, MA2 cnhme.
597, 597f
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Performance, marine diesel engine
(Continued)
propeller
apparent slip, 202-203
performance, 203-204
slip, 200
trailing and locking of, 207
propeller law, 200-202

Personal protective equipment (PPE), 893

Physical decontaminagon, 186
Physical prevendon, 186
Piston and rings
W38A engine, 710
W64 engine, 728
Piston assembly, 389f
Piston crown
with high topland, 402
with Oros shape, 402
Piston rings
HiMSEN, 765
Wirtsild Vasa 32 engine, 686
Piston rod, Daihatsu, 749
Piston rod glands, 517-518
Piston-running technology, 487
Pistons
B32:40 engine, 675
Caterpillar 3600 series, 582
MB430 engine, 767
V28/33D engine, 658
‘Wichmann engines, 787
Podded propulsors, 227229
Porous ceramic heat shield, 567
Postweld-heat treatment (PW-HT),
427
Pour point depressants, 166
Pour point, of fuel oils, 132
Power-related unbalance (PRU), 49
Power take in (PTI) gearing, 313
Power take-off (PTO), 531
Power take-off/ gear constant ratio
(PTO/GCR) system, 390

Power take-off/Renk constant frequency

(PTO/R.CF) system, 389-390
Power take-out (PTO) gearing, 313
Pressure charging
charge air cooling, 236-238
scavenging, 238-240

Pressure mean indicator (PMI) sensors, 82,
447
Preussen, 254
Primary excitations, 43
PrimeServ, 380
Propeller
apparent slip, 202-203
performance, 203204
propeller law, 200-202
slip, 200201
total shaft horsepower, 204
trailing and locking, 207
Proportional exhaust valve actuator (PEVA),
433-434
Propulsion market, 452
PRU. Sre Power-related unbalance (PRU)
Pulse converter method, for turbochargers,
243
Pulse jet cylinder lubrication, 515-517
Pulse system operation methods, of two-
stroke engine turbocharging,
235-236, 242f
Pulse-width modulation (PWM) drive,
221-222
Pump/pipe/injector systems, 338-340
positive features, 336-337
PureDry separator, 149

Q

QSK95 engine, Cummins, 806
Quantum System electronics, 806
Quasi-propulsive coefficient, 203

R
Rankine cycle, 364
Reciprocating masses, 33-34
Refinery processes, 118-120
Retrofits, of turbochargers, 312-313
Revolving masses, 33
Ricardo prechamber, 321f
RLl-type engine bedplate, 549
RND-M engine, 548
Rebust running gear, M32 engine, 595
Rocker ann, 1L58/64 engine, 631, 632f
Rolls-Royce, 74

B32:40 engine, 673-676

1B33:45 engine, 676677
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retrofits, 312-313

surging, 240-242

systemns, 242243

turbo blowers, 240

two-stage turbocharging, 250251
two-stroke engines, 232, 234-236, 246
V28/33D engine, 659

Traditional vs. low inertia injectors, 325f
Triangular plate framebox, 426f
Tribology, 165
Turbo blower characteristics, 240, 24 1f
Turbochargers
ABB Turbo Systems

A100 series, 256, 272-274, 272f

A200 series, 256, 275-277 VM43 engine, 603

A100-L and A200-L series, 253 VTR, 4E application, 259f

efficiency vs. compressor pressure ratio, VTR...4 series, 256-257, 261

259f W38A engine, 710

MXP series, 279280 W46 engine, 722

Power2 systems, 277-278 Turbocharging system

self-~lubricating antifriction bearings, B32:40 engine, 675

257 Cummins, 805-806

TPL~A series, 256 Daihatsu, 750

TPL-B series, 256 system control, 379

TPL-C series, 256, 271-272 W64 engine, 731

TPL series, 265270 Wichmann engines, 788

TPL65 turbocharger, 267f Turbo compound system {TCS), 313-317,

TPLG65-A turbochargers, 265 390

TPL91 turbocharger, 269f
TPL91-B turbocharger, 270
TPS-F series, 256, 264
TPS57-F33 turbocharger, 264f
TPS series, 251f, 261265, 262f
turbo compound systems, 313-314
turbocooling, 249
VTR 4D turbocharger series, 257-260
VTR turbocharger
generations, efficiency of, 255f
water-cooled and uncooled, 258f

Turbo compound system with power
turbine and generator (TCS-PTG),
362

Turbo generator, 360

12-cylinder RTA84C engine, 503f

Twin-engine control units (ECUs), 800

Two key AC technologies, 221-222

Two-node mode of vibration, 28-29, 28f,
31

Two-stroke cycle, 22-23

Two-stroke engines

VTR..1 turbocharger, 314f

burst tests, 253

cleaning, 253

construction, 243-245

cut out and sequential turbocharging,
251-253

designers and manufacturers, 254-311

and emissions/Miller cycle, 248-249

four-stroke engines, 232-234

generator/motors, 317-318

KBB, 310-311 U

Mitsubishi heavy industries, 302-310 UEC-D-type predecessor, 450—451

noise emissions, 294 UEC 33LSII engine, 453f

performance and developments, 245-248  UEC37LSII engine, 452453, 454«

pressure charging, advantages of, 231-232  UEC 75/150 model, 449

combustion products, 2
cylinder lubricants in, 169, 172-173
low-speed, 165
medium-speed
Bolnes, 792
Electro-Motive Division (EMD), 788
Wichmann, 784
scavenging, 238-239
turbochargers, 232, 234-236, 246, 299
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SKL Motor medium-speed engines, 779
Slarry oil, 120
Small-bore UEC-LSE engines, 461
Smart drive unit (SDU), 341
S26MC engine, 390-391, 391f
S46MC-C engine, 392, 393¢, 393f
S60OMC engine, 383f
S90MC-T engine, 395¢
Smoke emissions
RT-flex engines, 526f
soot production, 112-113
Smooth control, 222
Solenoid-driven CR pilot fuel injector,
72
Solencid valves, 463
Soot particles, 3
Spark-ignited gas (SG), Wirssila 31 engine,
706
Specific fuel consumption (sfc), 384~385
Specific gravity, of fuel oils, 133134
Spex turbocharging, Wirtsili Corporation,
720-722
Spill port closure (SPC), 329-330
Stability, of fuel oils, 132-133
Starting system, V28/33D engine, 659
Start-up and safety valve (SSV), 355
Steam turbine, 360
Stff backbone, M32 engine, 595
Stiffer turbocharger, 510
Storage problems, of heavy fuel oils, 120
Stork-Wartsila Diesel, 702-703
Stork-Werkspoor diesel (SWD) medium-
speed engines, 779
Stradfied fuel-water injection system,
466467
Stroke—bore ratios, 394
Suezmax tankers, 453454
Sulphate-reducing bacteria (SR1B), 186
Sulphur content, of fuel oils, 131
Sulphur emission control areas (SECAs),
6, 117
Sulphur oxides (SOx) emissions, 2, 861
dual-fue! and gas engines, 59
equivalence formula, 8-9
exhaust emissions/control, 87
permissible sulphur levels, limits on, 7
regulatng, 7-9

Sulzer diesel engine, 365
efficiency-booster system, 479
efficiency booster system layout and

performance, 315f

RAL-type engines, 546-559

bedplate, with thrust block, 549-550

combustion chamber, 553

crankshaft, 550-551

cross head design, 554-556

cylinder jackets, 551-553

cylinder lubrication, 553-554

engine frame, 551

piston assembly, 556
4RTAS8 engine, 484f

Supramax, 467

Surging, turbochargers, 240-242

Swirl injecton principle (SIP) lubricating

system, 468

Synthetic lubricants, 167-168

System refinements, 217-218

T

TCS/power take-in (PTT), 390

Technical code-certified engines, NOx, 4

Techno-Superliner (TSL), Mitsubishi,
876-877

Thermal cracking, 119

Thermal efficiency, 18-19

of diesel and gas-diesel engines, 61f

Thermal stress, 183

Thermo efficiency system (TES), 360

The Swiss company, 365

32/40 engine, MAN energy solutions,
633--642

32/44CR engine, MAN energy solutions,
662663

3512B engine, Caterpillar, 801f

3600 series engine, Caterpillar, 582--585

Times-between-overhauls (TBOs), 402

Timing gears, Daihatsu, 749

Tin—aluminium (Sn40Al), 401402

Top dead centre (TDC), 63, 233-234

Torque, 24-26

Torsional vibrations, 32, 53-56

Tough materials, M32 engine, 597

Traditional jerk pump fuel injection system,
63
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meodular design, 708

single-stage turbocharging, 706~707
Spex turbocharging, 720-722
two-stage turbocharging, 706-707
Wartsili 20, 693-702, 694-697f
Wiresila 20DF, 734-735
Wirtsild 26, 702705

Wirtsild 31, 65, 705-708
Wiirtsila 31DF, 735-737
Wirtsila 32, 689-693, 690f
Wirtsila 34DF, 737741
Wairtsila 38, 708-713

Wairtsild 46, 714-725

Wirtsili 46DF, 741-742
Wartsili 46F, 723-725

Wirtsila 50DF, 571, 743
Wirtsild 64, 725-733

Wirtsili Vasa 32 engine, 685-689
W38A specification, 710

W38B version, 711-713

W64 engine, 727-733

W46 fuel injection, 719-720
W20 layout, 699-702

Wirtsild dual-firel engines

32DF engine, 64

S0DF engine, 66-70

diesel fuel oil supply system, 67, 68f
MAN 51/60DF engine, 70-75
micro-pilot injection, 62

Wirrsili Engine Control System (\X/ECS)

67, 70, 684, 685f, 692-693

Wirtsili Hamworthy VOC recovery system,

84

Wartsili LNGPac system

bunkering station, 158

control system, 160

fuel tanks, 159

pressure build-up unit (PBU), 159

Product Evaporator circuit,
159-160

Water-based NOx reduction techniques,
90-105

Water content

in fuel oil, 121-122, 131
in Jubricants, 184

Woater-cooled piston, 556

Water handling system (WHS), 98-100

Wear mctal elements, in lubricants, 184

W32 engine, antipolishing rings, 684f

W38B engine, 711-713

W46 “EnviroEngines,’, 94

W46 fuel injection, 719-720

W64 engine, Wirsili Corporation,
727-733

Wet scrubber, 9

Wichmann two-stroke med:um—spccd
engine, 784

Wide Operating Speed Range (WOSR)
capability, Caterpillar, 803804

WinGD Integrated Control Electronics
(WiCE), 532

- WinGD (Wartsila/Sulzer) low~speed

engines
engine selection, 475—477
RTA design developments
condition-based maintenance,
518-520
exhaust valve behaviour, 518
large bore liner wear problems,
514-515
piston crowns, 518
piston rod glands, 517-518
pulse jet cylinder lubrication, 515-517
RTAS50C engines, 490—491
RTA60C engines, 488490
RTA68T-B engine, 501
RTAS84C engines, 501-507
RTAS84T-B, 499-501
RTA84T-D, 499-501
RTA84T engine refinements, 491-499

RTAY6C engines, 501-507

RTA96C service experience, 5U09-510

RTAY96C uprating and prognmme
expansion, 507-509

RTA-T series, 482187

RTA-2U seres, 480482

RT-flex 50C cngines, 490191

vessel automation system platfonn, 160
‘Wartsila’s engine control system (WECS),
354-355
Wirtsild Switzerland Lid., 365
Wirtsila Vasa 32 engine, 685-689, 686f
Waste heat recovery, elecuicity from,
359-364
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Ultra-low-sulphur fuel oils (ULSFO), 137
Undercritical running, 55

Uniflow scavenging system, 472f

Unit injector, 336-338

\Y

Vacuum distillation process, 118
Valve-controlled fuel injection pumps, 487
Valve gear, V28/33D engine, 658
Valves, Caterpillar 3600 series, 582-583
Vanadium and corrosion by fuel oils, 123
Vane separator, 863
Variable area nozzles (VAN), 884
Variable exhaust valve closing (VEC), 496
Variable geometry (VG) turbocharger, 459
Variable injection uaming (VIT), 479
Varable inlet valve closure (VIC), 724
Variable multi-pulse (VMP) system, Mak,
599-600
Variable-speed AC drive system, 222
Variable turbine area (VTA) technology,
291
adjustable vanes, 297
shop tests and shipboard trals, 297-298
TCT series, 298-299
Variable turbine geomeny (VTG), 248, 265
Variable rurbine inlet (VTI), 467468
Variable valve dming (VVT), B32:40
engine, 679
V12-cylinder engine, 587, 588f
B32:40 engine, 671f
Deutz, 808f
M43 engine, 601, 602f
QSK38 engine, 805f
V16-cylinder engine, 349
Deutz, 809f
Motoren-und Turbinen-Union, 821f
MTU 2000CR. engine, 832f
V28/33D engine, 653f
V18-cylinder engine
Wirtsila 26, 702f
Wirtsila 38, 709f
V20-cylinder engine
MTU series 1163 engine, 822f
MTU Series 8000 engine, 824f
V28/33D engine, 653

V28/33D engine, MAN energy solutions,
653659
V50-degree configuration, 567
Vehicle carriers, 467
V250 engine, General electric, 753-755
Very low-sulphur fuel oils (VLSFO), 138
Vibration, 27-32
Visbreaking, 119
Viscosity
of fuel oils, 127
in lubricants, 184
VLCC propulsion, 394
VM43 engine, MaK, 603-604
VOCGCs
burning system, 83, 84f
description, 83
VTA-equipped turbochargers, 297f
VTR wurbocharger, 255
generations, efficiency of, 255f
VTR..4 series turbochargers, 256-257,
260-261
water-cooled and uncooled, 258f
V-type engine, 570

w
W38A engine, 710
Wairtsild, 353-357
common-rai} fuel injection system,
113-114
EnviroEngine concept, 114
medium-speed engines
with direct water injection systems,
92-94 X
smokeless, 113
smoke test results, 114f
NOx emission reductions, 95
water-based reduction techniques,
91-92
WetPac H system, 95
particulate composition, 110-111
turbocharging, 248
‘Wartsild Corporation, 62, 461
antipolishing rings, 684f
dual-fuel engines, 733-743
high~speed engines, 842-847
Low NOx Vasa 32, 687-689
medium-speed oil-fuelled engines, 6824
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WinGD (Wartsila/Sulzer) low-speed
engines (Continued)
TriboPack, for TBO, 510-513
RTA design fearures, 477479
RT-flex electronic engines
benefits of, 521-522
82-bore series, 527-529
C-versions, 529
environmental performance, 525-526
exhaust valves, 524525
fuel injection pressure, 524
Generation X, 530-536
heated fuel oil, 523-524
injecton system, 524
lube oil, 525

RT-flex electronically controlled
common-rail systems, 522f
RT-flex engines in service, 526-527
selective shut-off, 524
X92DF, 536-537
selective catalytic reduction,
108-109
Winterthur Gas & Diesel Lud. (WinGD), 61,
365, 449
Woodward Governor, 342

Y

Yanmar
high-speed engines, 847-848
medium-speed engines, 779-783



