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Table 1 Distribution on sessions

L

Session Description Paper No.
| 1 State of the art - diesel engines 19
2 State of the art - gas turbines i
3 Users sessions 10
4 Diesel sessions on fuel and tribology 18
5 Specialists sessions 11
on combustion and dynamics I
6 Joint diesel and gas turbine 2
session on engine management
7 Emission and noise sessions 24
8 Diesel sessions on lubricants,
gear and shafts 8
" Diesel sessions on fuel injection 1
9 and component design 0
10 Joint diesel and gas turbine i
sessions on turbochargers . 3” |
Session on gas turbines -
- 11 | emission and e environment 7773
12 Segf}gpf on engine systems 8 ]
13 | Sessions on gasengines | ! 9 |
14 Sessions on gas turbine design, 7
development and advanced technology
| Sessions on Cagéﬁeratlon/ -
-
1 |combinedcycles | 5
Total | 150
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Table 2. Distribution on nationality

Country l;aarrﬁgl Country 1;:1:11::1
Denmark 124 (26) Belgium 7 1)
Germany 100 (14) China 5 (1)
UK . 64 (13) Greece 5 (1)
Japan 57 (8) Poland 6
USA 40 (7 Faroe Is. 5
Norway 40 (7 Singapore. 5
Sweden 36 (8) Czeck Re. 3
Switzerland 33 (10 S. Africa 3
Netherlands 32 9 Canada 2 (1)
France 35 (1) Kuwait 1 R
Austria 25 (5) Rumania 1
Spain 20 (3) Cyprus 1
Finland 15 (3) Jamaica 1
Russia 9 (2) Slovenia 1
Korea 9 India 1
Italy 9 Total No. 694 (120)

() : Accomp. persons

Table 3. Distribution on profession
Company type Participants
Engine builders 187
Component suppliers 84
Turbocharger makers 52
Oil companies 98
Shipyards & shipowners 52
Power plant suppliers & operators 29
Technical press 8 T
Consultants 21
Organizations 36
Universities 85
Various & unkonown 42
Total number 694
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Table 4. Main data for K98MC/MC - C and S - MC - C engine types

Engine type K98MC K98MCC S46MCC T S50MCC S60MCC S70MCC
Bore(mm) 980 980 460 500 600 700
Stroke(mm) 2660 2400 1932 2000 2400 2800
Stroke/bore ratio. 2.71 2.45 42 4.0 4.0 4.0
Mean pist. speed(m/s) 8.3 8.3 8.3 85 8.4 85
Mean effec. press.(bar) 182 182 19 19 19 19
Speed(r/min) 94 104 129 127 105 91
Output/cylinder(bhp) 7180 7760 1785 2145 3070 4220
SFOC(g/bhph) | 128 128 128 126 125 124
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bar Max. cylinder pressure bar  Break mean effective pressure ms Mean piston speed
Pmax BMEP Con
RTA-8T-B
180 + 4RTX54 l 4RTX54
20 + 4RTX54
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RTAU
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120 A RTA-B
100 + + e 14 + — + [ + -+ +
80 85 0 95 80 85 90 95 80 85 90 85

Fig. 4 Key parameter of the Sulzer RTA series engines
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Fig. 5 Cross section of Sulzer RTA96C engine
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Table 5. Main parameters for RTA - U - B engines

Engine type RTA52UB | RTA62UB | RTA72UB
| Bore(mm) | 520 620 720 |
[Stroketmm) 1800 [ 2150 | 2500 |
Stroke/bore ratio 3.46 347 3.47

| Mean pist. speed(m/s) 82 | 82 | 82 |
Mean effec. press.(bar) 18.3 18.4 18.3

| Speed(r/min) 137 115 99
Output/cylmder(bhp) 9175 i 3110 4190
SFOC(g/bhph) 128 | 127 126

(7) RTA-TaA
o] NNEFL &L 14~16 = E Ao Y9}

BANE BEZ AL, F2 5~T4™d
Aol Be] HEH3 Yt} A7 EA L TBE 7)
Zof )& ‘Stroke/bore’ B|7} A3, 8 ARTFE
Z3t}. webA 68TB/84TBAZ L Q& &o] 50%
A S7vE Ak 53] VLCCA o Bo] A 45+
TRTA84TBAA & A HAE §3ld 538 7)
Z TRTAS4T AR B} 658 7HAA|Z o, of 7]
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Table 6 Main parameters for RTA - TB engines

Engine type |{RTA48TB|RTA58TB| RTA68TB |RTA84TB
Bore(mm) 480 580 680 840
Stroke(mm) 2000 2416 2720 3150
Stroke/

bore ratio 4.17 4.17 4.0 3.75
Mean pist.

speed(m/s) 8.5 8.5 8.5 7.8
Mean effec.

press.(bar) 19.0 19.0 19.0 18.0
Speed(r/min) 127 105 94 74
Output/

cylinder(bhp) 1980 2890 4000 5280
SFOC(g/bhph)| 126 125 124 123

£9o] 29 djo]E]i= Table 63} #t}.
)& C{dazl

A7 §ofoll Al MAN B&WAL= Fig. 63 2+
o] 500~19000 kW ¥ 9l o] Tbdt 7159 A&
A2ME49. 9714 28 L16/24, L21/31,
L/V27/388 A& a0 A E A2 Qe
7]1%olc}t. o] qlze] 3 dol€l= Table 72} &
onf A thg 5o FHE FU

2281

Table 7. Small engine series of MAN - B&W
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A F7HA A+ Ut o] V1Fe] F8 HolHE
Table 8% Zc}. A9 8 £ o2 el 4y
(Antipolishing) ¥ & | &3l G923 & ¢
fr 2% Fol3, AU viy] ¥H AJE9]
2 & MAdste 7] E QARG ujy) WHe] 2

E50CcAH® @A At =Y 4N AAA
CFD(Computational fluid dynamics)¥ & o]
-3} 11, SPEX(Single pipe exhaust system)< 2
43t Ao Jeg ZA MAsg)

S.E.M.T - PielstickAl+= <z s ALE 7)

Bore(mm) 160 210 270 Engine type In -line V - form
Stroke(mm) 2401 310 380 Bore(mm) 640 640
Output/cylinder.(kW) 100/90 200/19 | 340/320/300 Stroke(mm) 900 770
Speed(r/min) 1200/1000| 1000/900 | 800/750/720 Stroke/bore ratio 141 1.20
Mean pist. speed(m/s) 9.6/8.01 10.3/9.3! 10.1/9.5/9.1 Mean pist. speed(m/s) 9.82/10.0 10.3/11.0
Mean effect. press.(bar) | 20.7/22.4| 22.4/23.6|23.5/23.5/23.0 Mean effec. press.(bar) 25.5/25.0 23.5/22.0
Magz. firing press.(bar) 180 200 200 Speed(r/min) 327.3/333.3 400/428.6
Genset Genset Output/cylinder(kW) 2010/2010 1940/1940
Application Genset Propulsion gz;g‘gﬁ;‘;’; Max. cyl. press.(bar) 190 190
L Cylinder Numbers 5,6,7,8,9 12,16,20
1000/1200 ¢+ e e
= 900/1000 By Lo
E L 27/38
& 720mso00 | "HE
. L. V3240
® 720/750 ¢+
g. L. V 48/60
»  500/514/550 ¢
500/514 1
w00jazs -_. Output kW
0 5000 15000 20000

Fig. 6 Future diesel eng‘lne programme for MAN B&W
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Fig. 8 Smoke emission along propeller law
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Table 9. Specifications of test engine

Engine type 6L32FX 6L32CX
Cylinder No. 6 6
Bore X Stroke(mm) 320X360 320X360
Declared power(kW) 4611 2207
Engine speed(r/min) 1030 750
Mean effec. press.(bar) 30.9 20.3
Mean pist. speed(m/s) 12.4 9.0
Power rate(MPa - m/s) 38.2 18.3
Combustion

------ Conventional cam

— Miller cam

P

Presser

Volume V
Fig. 9 Outline of Miller system

3. 7t2 Evl 3 BF7

By 7hx Bg ol &3 A Alagle F2 A
g $87 % 458 FU A& Ee
DSS(Daily start —up and shutdown) 4] &
o] o] 51 Uk EF 427 st2E N2 F97}
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7]k #¥3td ABBALE 32 VIR €139
A 71F22 e TPL(Turbocharger power
range large) Bt & &3t o 2 el A A

Table 10. The specifications of gas turbines

Type 501G 501F

| Firing level(C) 1500 1400
Single cycle
Power output(MW) 254 185

| Thermal Efficiency(%) 38.7 37.0
Heat rate(kJ/kWh) 9295 9735
Pressure ratio 20 16|

| Rotating speed(rpm) 3600 3600
Air flow(kg/s) 567 453
Exhaust temp.(C) 596 607
Combined cycles(one GT, one ST and one generator)
Power output(MW) 371 279
Thermal Efficiency 58.0 56.2
Heat rate(kJ/kWh) 6208 6412

Pre-Mixed Nozzle

Steam-Cooleg Combustor

1500°C

Fig. 10 Steam cooled combustor applied to the
501G
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Fig. 11 Volume flow range of the ABB TPL tur-
bocharger series
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Fig. 12 Turbocharger programme of MAN NR/NA
series
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Fig. 13 Block diagram of STC system
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Fig. 14 Emission in relation to IMO rules
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Fig. 15 Engine performance and emission on
ORIMULSION®

(584)



A22x CIMAC W3] AA) /M8 9

Table 11. Distribution of tasks in the main topics of CLEAN project

FMC | MaK
Partner DMR & ISF

MAN - | Deutz - | SKL. | SIEME | WOOD
B&W | MWM -NS

“WARD | GL | AVL ITI\./ES:

Optimization of

. X X X
combustion chamber

X ® X @ X

Optimization of fuel
injection

X ® X ® X X

Electroﬂlgaliy contro-
lled fuel mJectlon

Engine

Internal ‘Control of

X
measures scavenglng

Exhaust gas
recirculation

" Additional of water
to combustion

Optimized plant
External | control

measures| Exhaust gas
aftertreatment

Onboard
measurement

General | Safety aspects

tasks | Calculation
procedures

Fuel quality aspects

explanations : X NOx @ Particulate matter

7} hsdted o] dEgE QA AT F Uk
a8 494 £33 S 2EY AHe o 29W
L M EEEREERFUEEEEEL

A9 kg 37 o) 0% HEY 4 gle 2
SEET-LY
T3 fel2d A7 $AHE gy TeyER

“CLEAN (Clean and Low Shoot Engine with
Advanced Techniques for NOx reduction) -
Low Emission Propulsion Plant’ 7} glc}. o] &=
54 B4 T2 sl 199558 A2al
o @A A Folm I L A7HAEL
Table 129 B lt},

5. AlEl nh2] AlA" 9 &4t
‘Intelligent ship’ o] A& & 93 A ‘Intelli-
gent engine’ o] A F ojo} o). ol d A %3}

A A& 75317 f3te AR
Ao= 31, L E] g s]ofof g}, 3 o b ] Y
A7t F e Al 2w & ztZojol 3} ¢4 MAN
B&WALE o] g} #d® A ~8le g CoCoS(Com-

le urh fdaA

aEdReH,
EDS(Engine diagnostics system),

puter controlled surveillance)Z
CoCoS Yol &
MPS(Maintenance planning system), SPO
(Stock handling and spare parts) 59} 2 Eo°| 9}
t}. Wiartsila New SulzerAl+= DENIS(Diesel
engine interface specification), MAPEX(Moni-
toring and maintenance performance enhance-
ment with expert knowledge)& 473t} 18]
1 MAPEXWJ o] SIPWA - TP(Sulzer integrated
piston —ring wear detecting arrangement),
PR(Piston — running reliability), — SM(Adminis-
tration and planning of spare parts and main-
tenance) o] T} EH FH AN A FAQ
MaKAtE 79 ¢ 2 @e Alzdoz
DICARE/DIMOS & 4713}l ¢ c}.

Aol F, B2 1fe 2 o]y tadal
S U A FARFESE LT EFFEEE
B} E71 8 B3 7P gL WA A5G & 2
stel] 917] W Foll Aut el A AbmRlE 7} 7}
A =t} o] ¢} #d SW(The Swedish club)e B
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Table 12. Hull & machinery claims, 1988 - 1997

Table 14. The five most common types of claims
for low speed engines, 1988 - 1997

Claims type Number Total cost Avg. cost
(USD) (USD) ] Claims type Number To(%ls‘]:;ﬁ AV%SCBSt
Heavy weather 99 74,775,232 755,305 (USD) (USD)
Contact 260 49,923,716 | 192,014 | Turbocharger 468 gj 13’(24%9’19%% 203,230
Collision 185 106,507,560 575,717 . o6 T a3 05' T4 | 165588
Grounding 198 147,281,406 743,845 Cylinder liner (18.7 %) 15.0 %) ’
Fire/Explosion 54 109,229,176 | 2,022,763 _ 11 | 3665032 | 333185
Machinery 636 | 157,819,551 | 248144 Journal, Bearing 79 | (12.8%)
Other 216 39,933,427 184,144 Piston. Pistonrod 8 | 1,682,177 | 210,272
Ice 33 11,452,028 347,031 ’ (5.8 %) (5.9%) ]
5 | 1,038,687 | 207,737
Total 1,681 698,922,096 414,588 Fuel pump, Gears | 36 o1 35,687
Table 13. Machinery claims, 19818 ~ 1997 < Table 15. The five most common types of claims for
. Total cost vg. cost medium speed : -
peed engines, 1988 - 1997
Claims type Number (USD) (USD) s — .
Main engine 284 80425624 | 755,305 Claims type Number | 1otalcost | Avg. cost
- : (USD) (USD)
Steering gear 38 9,398,590 192,014 58 3631193 | 140 400
Aux. engine 193 33,555,608 | 575,717 Turbocharger (19.9 %) YD) ’
| Boilers 59 21,112,169 | 743,845 Crankshaft, 22 | 16,363,816 | 743,810
Propulsion 62 13,327,560 | 2,022,763 Con. rod (15.6 %) (34.9 %)
Total 636 | 157,819,551 248,144 Exhaust values, 20 | 3,505,481 | 175274
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