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1. SCOPO DEL DOCUMENTO

La presente Appendice riporta informazioni tecniche relative ai gruppi elettrogeni con
caratteristiche similari a quelle riportate nei documenti MV146P-PE-GNS-2004 e

MV 146P-PE-GES-2001.
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Introduction

Introduction

This Project Guide provides data and system proposals for the early design phase of marine engine install-
ations. For contracted projects specific instructions for planning the instellation are always delivered. Any
data and information herein is subject to revision without notice. This 4/2008 issue replaces ell previous
issues of the Waértsilé 20 Project Guides.

1ssue Published Updates

4/2008 29.08.2008 Chapter compressed alr system updated, technical data added for IMO Tler 2 englnes
and other minor updates.

3/2008 08.022008 Chapter Turbocharger cleaning and drawings updated
2/2008 29.01.2008 Drawlings updated

1/2008 18.01.2008  Minor changes

1/2007 19.122007  Numerous updates throughout the project gulde.

Wirtsil3 Ship Power
Technology, Product Support

Vaasa, August 2008

THIS PUBLICATION IS DESIGNED TO PROVIDE AS ACCURATE AND AUTHORITATIVE INFORMATION REGARDING THE SUBJECTS COVERED AS
WAS AVAILABLE AT THE TIME OF WRITING. HOWEVER, THE PUBLICATION DEALS WITH COMPLICATED TECHNICAL MATTERS AND THE DESIGN
OF THE SUBJECT AND PRODUCTS IS SUB.JECT TO REGULAR IMPROVEMENTS, MODIFIGATIONS AND CHANGES. CONSEQUENTLY, THE PUB-
LISHER AND COPYRIGHT OWNER OF THIS PUBLICATION CANNOT TAKE ANY RESPONSIBILTY OR LIABILUTY FOR ANY ERRORS OR OMISSIONS
IN THIS PUBLICATION OR FOR DISCREPANCIES ARISING FROM THE FEATURES OF ANY ACTUAL ITEM IN THE RESPECTIVE PRODUCT BEING
DIFFERENT FROM THOSE SHOWN IN THIS PUBLICATION. THE PUBLISHER AND COPYRIGHT OWNER SHALL NOT BE LIABLE UNDER ANY CiR-
CUMSTANCES, FOR ANY CONSEQUENTIAL, SPECIAL, CONTINGENT, OR INGIDENTAL DAMAGES OR INJURY, FINANCIAL OR OTHERWISE,
SUFFERED BY ANY PART ARISING OUT OF, CONNECTED WITH, OR RESULTING FROM THE USE OF THIS PUBLIGATION OR THE INFORMATION
CONTAINED THEREIN.

COPYRIGHT ® 2008 BY WARTSILA FINLAND OY

ALL RIGHTS RESERVED. NO PART OF THIS PUBLICATION MAY BE REPRODUCED OR COPIED IN ANY FORM OR BY ANY MEANS, WITHOUT PRIOR
WRITTEN PERMISSION OF THE COPYRIGHT OWNER.
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1. Main data and outputs

1. Main data and outputs

1.1 Technical main data

The Wartsild 20 is a 4-stroke, non-reversible, turbocharged and intercooled diesel engine with direct injection

of fuel.

Cylinder bore 200 mm

Stroke 280 mm

Piston displacement 8.8 eyl

Number of valves 2 inlet valves and 2 exhaust valves
Cylinder configuration 4,6,8,9,in-line

Diraction of rotation Clockwise, counterclockwise on request
Speed 900, 1000 rpm

Mean piston spead 8.4,8.3m/s

1.2 Maximum continuous output

The mean effective pressure p, can be calculated as follows:

Pxcx1.2x10°
kS
D*xLxnxm

where:
P,= Mean effactive pressure [bar]
P = Output per cylinder [kW)
n = Engine speed [/min]
D = Cylinder diameter [mm]
L = Length of piston stroke [mm]
¢ = Operating cycle (4)

Notel The minimum nominal speed is 1000 rpm both for installations with controliable pitch and fixed pitch
propellers.

Table 1.1 Raling table for main engines

Engine Output in kW (BHP) at 1000 rpm
kW (BHP)
4120 800 1080
6120 1200 1630
8L20 1600 2170
9L20 1800 2440

The maximum fuel rack position is mechanically limited to 100% of the continuous output for main engines.

The permissible overload is 10% for one hour every twelve hours. The maximum fuel rack position is
mechanically limited to 110% continuous output for auxiliary engine. The generator outputs are calculated
for an efficiency of 0.95 and a power factor of 0.8.

Project Guide Wirtsilé 20 - 4/2008 1
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1. Main data and outputs

Table 1.2 Raling table for awxiliary engines

Engine Output at
900 rpm / 60 Hz 1000 rpm / 50 Hz
Engine Generator Engine Generator
(kW) (kKVA) (kW) (kVA)
4120 740 880 800 950
6L20 1110 1320 1200 1420
8L20 1480 1760 1600 1900
8L20 1665 1980 1800 2140

1.3 Reference Conditions

The output is available up to a charge air coolant temperature of mex. 38°C and an air temperature of max.
45°C. For higher temperatures, the output has to be reduced according to the formule stated in 1ISO 3046-
1:2002 (E).

The specific fuel oil consumption is stated in the chapter Technical data. The stated specific fuel oil con-
sumption applies to engines without engine driven pumps, operating in ambient conditions according to
1SO 15550:2002 (E). The ISO standard reference conditions are:

Total barometic pressure 100 kPa
Alr temperature 25°C
Relative humidity 30%

Charge alr coolant temperature ~ 25°C

Conrection factors for the fuel oil consumption in other ambient conditions are given in standard |SO 3046-
1:2002.

1.3.1 High air temperature

The maximum inlet air temperature is + 45°C. Higher temperatures would cause an excessive thermal load
on the engine, and can be permitted only by de-rating the engine (permanently lowering the MCR) 0.35 %
for each 1°C above + 45°C.

1.3.2 Low air temperature

When designing ships for low temperatures the following minimum inlet air temperature shall be taken into
consideration:

« For starting + 5°C
« Foridling: - 5°C
+ At high load: - 10°C

At high load, cold suction air with a high density causes high firing pressures. The given limit is valid fora
standard engine.

For temperatures below 0°C special provisions may be necessary on the engine or ventilation arrangement.
Other guidelines for low suction air temperatures are given in the chapter Combustion alr system.

1.3.3 High water temperature

The maximum inlet LT-water temperature is + 38°C. Higher temperatures would cause an excessive thermal
load on the engine, and can be permitted only if de-rating the engine (permanently lowering the MCR) 0.3
% for each 1°C above + 38°C.

2 Project Guide Wirtsila 20 - 4/2008
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1. Main data and outputs

1.4 Principal dimensions and weights

Figure 1.1 Maln engines (3V92EC068C)
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Cx
Engine A" A B* B c* C D E F1 F2 H H | K
4120 2510 1348 1483|1800 | 325 | 725 | 725 | 1480 | 155 | 718 | 980
6L20 3202 | 3108 | 1528 | 1348 | 1580 | 1579 | 1800 | 325 | 624 | 824 [ 2080 | 155 | 718 | 980
8L20 4011 | 3783 | 1614 | 1465 | 17566 | 1713 | 1800 | 325 | 624 | 824 | 2680 | 155 | 718 | 980
9120 4209 | 4076 | 1614 | 1449 | 1756 | 1713 | 1800 | 325 | 624 | 824 | 2880 | 155 | 718 | 980
F1 for dry sump and F2 for deep wet sump
Engine M M N* N [ P R* R st S T™ T Weight
4120 854 665 920 248 694 349 72
6120 951 | 950 | 589 | 663 | 1200 | 971 | 328 | 328 | 762 | 763 | 266 | 343 9.3
8120 1127 | 1084 | 708 | 738 | 1224 |1000| 390 | 390 | 907 | 863 | 329 | 339 11.0
9120 1127 | 1084 | 686 | 731 | 1224 | 1000 | 380 | 390 | 907 | 863 | 329 | 339 11.6
* Turbocharger at flywheel end
Dimensions in mm. Welght In tons.
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Flgure 1.2 Auxillary englnes (3V58E0576d)

0
|
. m
+
i g By B
1 (
[ 9 il ] BIERIE
e - o
' C VS
U ™= i l: :
Cr /]
As
Hw
Engine | A* | B | C* | D* | E* F* G* H* I K L M | Weight
[ton] *
4120 4910 | 665 | 4050|2460| 725 9380 127071420 177071920 | 1800 1580/1730 2338 1168 14.0
6120 5325| 663 | 4575|2300 725 | eesre75/1025 | 127014201570 | 177018202070 | 1800 | 1560173041860 | 2242323/2979| 1299 |  16.8
8120 6030| 731 |5100]2310| 725 | 1025/1075 | 1420/1570 10202070 | 1800| 17301660 | 247472524 |1380| 20.7
9120 6535| 731 |5400|2580| 725 | 10751125 | 1s7or1e00 | 207072300 |1800| 16802110 | 2524/2674 [1390| 23.8
* Dependent on generator type and size.
Dimensions in mm. Weght in tons.
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21

Operating ranges

Engine operating range

Below nominal speed the loed must be limited according to the diagrams in this chapter in order to meaintain
engine operating parameters within acceptable limits. Operation in the shaded area is permitted only tem-
porarily during transients. Minimum speed and speed range for clutch engagement are indicated in the
diagrems, but project specific limitations may apply.

2.1.1 Controllable pitch propellers

An automatic load control system is required to protect the engine from ovetload. The load control reduces
the propeller pitch automatically, when a pre-programmed load versus speed curve (“engine limit curve”)
is exceeded, overriding the combinator curve if necessary. The engine load is derived from fuel rack position
and actual engine speed (not speed demeand).

The propulsion control should also include automatic limitation of the load increase rate. Maximum loading
rates can be found later in this chapter.

The propeller efficiency is highest at design pitch. It is common practice to dimension the propeller so that
the specified ship speed is atteined with design pitch, nominal engine speed and 85% output in the specified
loading condition. The power demand from & possible shaft generator or PTO must be taken into account.
The 15% margin is a provision for weather conditions and fouling of hull and propeller. An additional engine
margin can be applied for most economical operation of the engine, or to have reserve power.

Figure 2.1 Operating fleld for CP Propeller

Mechanical fuel stop

MCR
100 T T »
Temporary overload
90 e.g. during acceleration CSR
80 i | (85%)
| Max. overload
70 i T
I |
= 60 Example of '
= combinator curve
o 50
s |
a 40 i
Min. speed
30 | \
20 i —” -; ! -
o Clutch-in speed range
10 - | ' {
- | [ |
O 4 M . £ 3 3
40 50 60 70 80 20 100 110

Engine speed [%]

2.1.2 Fixed pitch propellers

The thrust and power absorption of a given fixed pitch propeller is determined by the relation between ship
speed and propeller revolution speed. The power absorption during acceleration, manoeuvring or towing
is considerably higher then during free sailing for the same revolution speed. Increased ship resistance, for
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2. Operating ranges

reason or another, reduces the ship speed, which increases the power absorption of the propeller over the
whole operating range.

Loading conditions, weather conditions, ice conditions, fouling of hull, shallow water, and manoeuvring
requirements must be carefully considered, when matching a fixed pitch propeller 1o the engine. The
nominal propeller curve shown in the diagram must not be exceeded in service, except temporarily during
acceleration and manoeuvring. A fixed pitch propeller for a free sailing ship is therefore dimensioned so
that it absorbs max. 85% of the engine output at nominal engine speed during trial with loaded ship. Typ-
ically this corresponds to about 82% for the propeller itself.

If the vessel is intended for towing, the propeller is dimensioned to absorb 95% of the engine power at
nominel engine speed in bollard pull or towing condition. It is allowed to increase the engine speed to
101.7% in order to reach 100% MCR during bollard pull.

A shaft brake should be used to enable faster reversing and shorter stopping distance (crash stop). The
ship speed at which the propeller can be engaged in reverse direction is still limited by the windmilling
torque of the propeller and the torque capability of the engine at low revolution speed.

Figure 2.2 Operating field for FP Propeller
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FP propellers in twin screw vessels

Requirements regarding manoeuwring response and acceleration, as well as overload with one engine out
of operation must be very carefully evaluated if the vessel is designed for free sailing, in particular if open
propellers are applied. If the bollard pull curve significantly exceeds the maximum overload limit, acceleration
and manoeuvring response can be very slow. Nozzle propellers are less problematic in this respect.

2.1.3 Dredgers

Mechanically driven dredging pumps typically require a capability to operate with full torque down to 70%
or 80% of nominal engine speed. This requirement results in significant de-rating of the engine.
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2.2

Loading capacity

Controlled load increase is essential for highly superchaerged diesel engines, because the turbocharger
needs time to accelerate before it can deliver the required amount of air. A slower toading remp then the
maximum capability of the engine permits a more even temperature distribution in engine components
during transients.

The engine can be loaded immediately after stant, provided that the engine is pre-heated to a HT-water
temperature of 60...70°C, and the lubricating oil temperature is min. 40 °C.

The ramp for normal loading epplies to engines that have reached normal operating temperature.

2.2.1 Mechanical propulsion

Figure 2.3 Maximum recommended load increase ratas for variable speed engines

Loading of Wirtsild 20 engines
variable speed
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The propulsion control must include automatic limitation of the load increase rate. if the control system has
only one load increase ramp, then the ramp for a prehesated engine should be used. In tug applications the
engines have usully reached normal operating temperature before the tug starts assisting. The “emergency”
curve is close to the maximum capability of the engine.

if minimum smoke during load increase is a major priotity, slower loading rate than in the diagram can be
necessary below 50% load.

Large loed reductions from high loed should also be performed gradually. In normal operation the load
should not be reduced from 100% to 0% in less than 15 seconds. When absolutely necessary, the load
can be reduced as fast as the pitch setting system can reect {overspeed due to windmilling must be con-
sidered for high speed ships).
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2. Operating ranges

2.2.2 Diesel electric propulsion and auxiliary engines

Flgure 2.4 Maximum recommended load Increase rates for engines operating at nominal speed

Loading of Wirtsilé 20 engines
nominal speed

100
90
80
70
60
50
40 ]
30
20 . — - - Emergency

Power (%)

— — Normal

10

Preheated

0 — + — — —— . — -
0 20 40 60 80 100 120 140 160

Time (s)

In diesel electric installations loading ramps are implemented both in the propulsion control and in the
power management system, or in the engine speed control in case isochronous load sharing is applied. If
a ramp without knee-point is used, it should not achieve 100% load in shorter time than the ramp in the
figure. When the load sharing is based on speed droop, the load increase rate of a recently connected
generator is the sum of the load transfer performed by the power management system and the load increase
performed by the propulsion control.

The "emergency” curve is close to the maximum capability of the engine and it shall not be used as the
normal limit. In dynamic positioning applications loading ramps corresponding to 20-30 seconds from zero
to full load are however normal. If the vessel has also other operating modes, a slower loading ramp is re-
commended for these operating modes.

In typical auxiliary engine applications there is usually no single consumer being decisive for the loading
rate. It is recommended to group efectrical equipment so that the load is increased in small increments,
and the resulting loading rate roughly corresponds to the "normal” curve.

in normal operation the load should not be reduced from 100% to 0% in less than 15 seconds. if the ap-
plication requires frequent unloading at & significantly faster rate, special arrangements can be necessary
on the engine. In an emergency situation the full load can be thrown off instantly.

Maximum instant load steps

The electrical system must be designed so that tripping of breakers can be safely handled. This requires
that the engines are protected from load steps exceeding their maximum load ecceptance capability. The
maximum permissible load step is 33% MCR. The resulting speed drop is less than 10% and the recovery
time to within 1% of the steady state speed at the new load level is mex. 5 seconds.

When electrical power is restored after a black-out, consumers are reconnected in groups, which may
cause significant load steps. The engine must be allowed to recover for at least 7 seconds before applying
the following load step, if the load is applied in meaximum steps.
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23

24

Start-up time

A diesel generator typically reaches nominal speed in about 20...25 seconds after the start signal. The ac-
celeration is limited by the speed control to minimise smoke during start-up.

Low air temperature
In cold conditions the following minimum inlet air temperatures apply:
Starting + 5°C
Idling - 5°C
+ High load - 10°C
For further guidelines, see chapter Combustion air system design.

Operation at low load and idling

The engine can be started, stopped and operated on heavy fuel under all operating conditions. Continuous
operation on heavy fuel is preferred rether than changing over to diesel fuel at low load operation and
manoeuvring. The following recommendations apply:

Absolute Idling {(declutched main engine, disconnected generator)

+ Maximum 10 minutes if the engine is to be stopped after the idling. 3-5 minutes idling before stop is
recommended.

+ Maximum 6 hours if the engine is to be loaded after the idling.
Operation below 20 % load on HFO or below 10 % load on MDF

«  Maximum 100 hours continuous operation. At intervals of 100 operating hours the engine must be
loaded to minimum 70 % of the rated output.

Operatlon above 20 % load on HFO or above 10 % load on MDF

No restrictions.
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3. Technical data

31 Wiartsila 4L20

W rtsild 4L.20 ME AE/DE AEDE AEMDE AE/DE
1MO Tler 2 RO Tler 2
gﬂmouput KW 200 185 200 185 2m
[Englne speed RPM 1000 600 1000 900 1000
|Engins oulput KW 800 740 pon 740 200
Mean sffective pretsurs MPa 273 28 273 28 2,73
onalrsystem (Note 1}
Flow 2t 100% load ko/s 165 162 1.65 1.51 1.64
Temperatume o turbochaper intake, max ‘c 45 45 45 45 45
Tomperatum after air coolar (TE 601) ot 5070 50..70 50..70 50...70 50..70
Exhaust gae system (Note 2}
Flow a 100% M_ ko/s 1.7 1.6 1.82 1.558 1.69
Flow s 85% load ko/e 1.46 131 1.42 1.38 148
Flow a 76% load ka/s 128 117 1.28 127 1.34
Flow al 50% load kg/s 0.83 082 0.83 08 0.95
Temperatum aftes lurbochargar, 100% boud [TE 517) *‘C 320 315 320 330 3%
Temparatum after lurbocharger, 85% koad (TE 517) ‘c 38 a0 316 a0s 310
Temperatum afler ger, 76% load (TE 517} ‘C 328 310 318 305 310
after wrbocharger, 505 losd (TE 517) °c 385 330 335 330 35
;I_ad:mun‘ . kPa 3.0 3.0 3.0 30 3.0
Calculated pipe disneter for 35 mvs mm a2 301 Sid Ja S5
JHean batance st 100% load (Note 3}
Jacket wates HT-clrcult kW 185 180 185 184 189
| Charge air, LT-citeuit Kw 270 245 270 245 270
Lubricaling od, LT-circuit kW 130 110 130 110 130
iali W 33 a2 B8 2 a3
Fuel system [Note 4)
Precaure before inction pumps [PT 101) kPa 700 +50 700 +50 700 £50 700 50 700 £50
Fuel fiow 10 enging, appoo moh 087 078 0.87 078 007
HFO viscosily before sngine St 18.24 16_24 1624 16..24 16.24
MDF viscosity. min c8t 1.8 1.8 18 1.8 1.8
Max, HFO tem before engine (TE 101} ‘c 140 140 140 140 140
Foel consumplion al 1005 losd o/kWh 198 194 196 197 198
Fuel ion at 85% load o/kWh 193 194 128 194 196
Fuel consumotion at 76% load WkWh 184 195 187 196 187
Fusl muﬂlhﬂumﬁ load g/kKWh 200 200 201 200 201
Clhean laak fusl quantity, MDF at 100% load kg/h 27 32 32 a0 33
Cloan leak fue! quanity, HFO at 180% load kg/h 05 0.6 08 08 0.7
| Lubricating oll syster
Preseure before bearings, nom. (PT 201} kPa 450 450 460 450 450
Pressure afler pump, max. kPa 800 800 800 800 800
Priming prossure, nom [T 201) kPa B0 a0 80 80 80
Temperaiure befor beacings, nom 1) °c 68 (] 86 66 66
Tamparatum Mter enging, appox 'c 78 78 78 78 78
Pump capacity (main), anging dtiven m¥h 3 28 28 28 28
Fumpmau‘tz {main), stand-by m¥h 18 18 10 18 18
Friming pump capaciy, B0H/ 60k mdh §9/04 89/B4 69/8.4 68/84 69/84
0il volume, wet sump, nom m 027 027 0.27 0.27 027
Oil volume in esparate system oil tank m 1.4 1.0 11 190 11
Fiter finanees, nom microne 25 P 25 25 25
Qil consumption at 100% load, approx. o/MWh 05 0.5 05 06 0.6
Crankcass vantilation backpressure, max Pa 200 200 200 200 200
Coaling water system
Hightemperature oooling waler system
Pressure &t argine, afier pump, nom PT 401) KPa 200 + slalic 200 + static 200 + elalic 200 « sialic 200 +slatic
Prossure ot ongine, aflor purnp, i [FT 401) kPs 360 500 500 500 500
Temperaiuw befom cylinder, approx. (TE 401) ‘c [:K] 2] 83 83 83
Temparature affer engine, nom. ‘C ai 91 21 81 a
Capnacity of engina driven pump, nom, m¥h 20 20 20 20 20
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Wartsits 4120 ME AE/DE AEDE AEDE AEDE
IMO Tier 2 RAO Tier 2
Cylindor outpul KW 200 185 200 185 20
Englne speed RPM 1000 900 1000 S0 1000
Prestuse drop over amios, tolal kPa 20 80 80 20 20
Pressure drop in extemal systam, max kPa 120 120 120 120 120
Wates volure n tnﬁﬂ m 0.09 0.09 0.09 0.09 0.09
Pressure from expansion tank kPa 70_150 70..150 70...150 70..150 70..160
|Low temperature coaling water sysiem
Pressure at engine, after pump, nom. (PT 451) kPa 200 + glatic 200 +sldic 200 + static 200 + slatic 200 + stalic
Pressura am_ aftar pump, max. (PT 451} kPa 350 500 500 500 500
before engine (TE 451) *C 25.30 25..45 25..45 25..45 26. 45
Capacily of engine driven pump, nom mh 24 23 24 23 24
Pressure drop over charge 3ir cooler kPa 30 30 30 30 a0
Preseure drop over oil cooler kPa 30 30 30 30 30
Pressure drop in extamal syslem, max kPa 120 120 120 120 120
Pressure fmm expansion tank kPa 70150 70..150 70...150 70..160 70..150
Starting alr system
Pressure, nom kPa 3000 3000 2000 3000 2000
Pressure & engine during etart, min. (20°Ch kPa 1000 1000 1000 1000 1000
Pressure, max kPa 8000 3000 3000 3000 3000
'I._BN peessure limi in air vessals kPa 1800 1800 1800 1800 1800
Starting &r start feuccesslul manuall Ner 04 04 04 04 04
Siarting air cunsumm'ﬁ,slm ifaled remotel N 1.2 1.2 12 12 $ 1.2
Notes:
Note 1 At 180 3046-1 itions (ambient air 25°C, LT-water 25°C) and 100% load, Tolerance 5%.
Note 2 At SO 3048-1 itions (ambient air 25°C, LT-waler 25°C) and 100% toad, Flow 5% and temp: 16'C.
Nole 3 AL 1SO 3046-1 condilions (ambien air lsmperature 25°C, LT-waler 25°C} and 400% load. Tolerance for caoling water haat 10%, 1oterance for radiation
heat 30%, Fouling faclors and a margin 1o ba taken into account when dimensioning hest exchangers
Note 4 According to SO 304641, lower calorific value 42 700 kW/kg, with engine driven pumps. Tolerancs B%. Load according Lo propeller law for machanical
propulsion eagines (ME),
Subject to revision withoul notice,
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3.2

Wartsila 6L20

Wirisii 61,20 ME AE/DE AEDE AEDE AEDE
1MO Tier 2 MO Tler 2

Cylindar oulput W 200 185 200 185 200

| Engino spead RPM 1000 000 1000 000 1000
Enaim outoul kW 1200 1110 1200 1110 1200
Maan effective pressure MPa 273 28 2.73 2.8 27
Combustianalr system [Note 1}

Flow 2 100% load ko/e 25 234 25 233 249
Tompernture o turbochamer intake, M ‘c 46 46 45 46 45

afier nir cosher [TESO1) N¢] 60..70 50..70 50,70 50..70 50_.70

 Exhauet gas eystem (ote 2}

Flow 2t 100% load ka/e 257 24 2,67 238 256
Flow 2 85% laad kale 225 241 2298 212 2.3
Flow at 76% load ko/s 1.95 1.91 207 1.84 2.1
Flow a 650% load ko/s 123 132 1.61 1.33 152
Temperatume after urbocharger, 100% load TE517) ] 305 300 308 315 320
Temperaium afler lurbocharger, B5% load (TE 517)} *C 295 295 296 240 200
Temperatum after urbocharger, 75% load (TE 617} °c 305 285 296 230 290
Tamperaturs after furbochargas, 5096 load (TE 517) :c 250 200 300 300 300
Back pressure, max. kPa 3.0 3.0 3.0 30 2.0
Calculated pipe diameier for 36 m/e mm 330 475 320 380 334
Heat balance a1 100% oad Note 3}

Jnciket watar, HT-circuit kW 265 242 255 247 260
Charge air, LT-cirewil W 405 370 405 370 405
Lubricating oi, LT-cireuit K 170 160 170 160 170
Radiatian kW 48 45 48 45 49
Fuel systom (Note 4)

Pressum befare inpction pumnps BT 101) kPa 700 +50 700 £50 700 60 700 +50 700 £650
Fuel flow 1o engine, appmok. moh 149 1.34 1.49 1.34 149
HFO viscosity before engirE oSt 16,24 16_24 18..24 16..24 16.24
MOF viscosity, min. 8t 18 18 18 18 1.8
Max. HFO befare engine (TE 101} ‘C 140 140 140 140 140
Fuel consumption at 100% load 9IWh 181 180 191 183 184
Fuel consumation a1 85% losd 9/KWh 188 189 180 188 190
Fusl consumption al 785 load o/kWh 188 180 180 100 190
Fusel consumolion al 50% load /KWh 188 198 198 198 198
Clean leak fuel quantity, MDF ai 100% load _ka/m 80 45 6.0 45 4.8
_cﬁan laak fusl quantity, HFO} at 100% lan_d ka/h 1.0 0.9 1.0 08 1.0
Lubricaling ol system

Pressure before bearigs, nom. (PT 201) KPa 450 450 450 460 450
Prossute sfier purt, max, kPa 800 an ano 800 800
Priming preesure, nom. (PT 201} kPa 80 B0 a0 a0 80
Tamperaium befom bearings, nom (TE 201) °c 86 &6 66 86 68
Tamperature after engine, aporox °c 78 b - 78 78 78
Fumg capucity (mainl, engine driven m%h 60 35 36 36 36
Pump capacity (main}, sland-by m¥%h 21 21 21 21 21
Priming pump capaciy, 50Hx/ @0 mYh 89/84 89/84 69/84 §9/84 69/84
Oil volume, wel sump, nem m 038 038 0.38 0.38 038
Oil volume in separate eystem oil tank m 1.6 15 16 15 1.8
Fiter finanecs, nom microng 25 25 25 25 25
0l consumplion at 100% load, approx o/kiwh 9.5 05 05 05 0.6
Ci ventilation ba: MAX, Pa 200 200 200 200 200
Dmllg! waler system
High temperature cooling waler eystem
Pressure &t em'ne. afiler pump, nom. (PT 401} kPa 200 + etatic 200 « sialic 200 + slalic 200 + stalic 200 +slatic
Pressure at enging, afler pump, max. (PT 401) kPa 360 500 600 500 500

befors cybnder, approx. (TE 401) *C 83 a3 83 83 83

Tamgeralure slier engine, nom. °c Pl a 1 91 91
Capacity of engine driven pump, nom. mdh 30 29 30 29 30
P ressure drop over enoine, tolal kPa 20 a0 a0 90 20
P ressure deop in extemal system, max. kPa 120 t—ﬂ] 120 120 120
Waler voluma in engine m 012 012 012 0.12 012
P reseure from expaneion tank kPa 70,160 70...160 70..160 70..150 70,150
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Wrtais 6L20 ME AE/DE AEDE AEDE AE/DE
1MO Tier 2 MO Tier2
Cylinder output KW 200 185 200 185 200
Engine speed RPM 1000 900 1000 900 1000
Low lemperature coollng waler system
Pressure al engine, after pump, nom._(PT 461) KPa 200 + etatic 200 +siatic | 200 +static | 200 retatic | 200 +slatic |
Pressure &t engine, after pump, max. (PT 451} kPa 350 500 500 500 500
Tamperaium befom engine [TE 461} °c 25..38 25, 48 25..45 25,45 25. 45
Capeacily of engine driven punp, nom m¥%h 38 3 36 34 ki
Preesure drop ever chargs air cooler s 30 30 30 a0 30
Preseuro drop over ol coslar kPa a0 30 30 a0 30
Pressue drop in semal sysiem, max. kP2 120 120 120 120 120
Precture from expansion tank KPa 70..150 70._160 70..150 70..150 70...150
Starting ale syshem
Pressute, nom. kP2 3000 3000 3000 a000 23000
Pressure &t engine during ster, min. 20°C) kPa 1000 1000 1000 1000 1000
Pressure, max. kPa 3000 3000 3000 3000 3000
Low predsure limit in Sir vessels KFa 1800 1800 1800 1800 1800
| Stating sir contumption, start successlul manual) Nre?® 0.4 04 04 04 04
Stading ar consurmption, stat faded remote) Nmd 1.2 1.2 1.2 1.2 1.2
Notes:
Note 1 A11S0 3046-1 conditions (ambient air temperature 25°C, LT-waler 25°C) and 100% load. Tolerance 5%.
Note 2 ALISO 30461 itions (ambiert air 25°C, LT-water 25°C) and 100% load. Flow 5% and temp 15°C.
Note 3 Al ISO 3046-1 condilions (ambien airiemperature 25°C, LT-water 25°C}and 100% load Tolerance for cooling water heal 10%, tolerance for radiation
heat 30%. Fouling faclore and a margic 1o be taken inlo account when dimensioning heat exchangers,
Note 4 Acconding 10 1SD 304871, lower calorilic value 42 700 k/kg, wilh engine driven pumpe. Tolerance 5%. Load according 10 propeller law for mechanical

propulsion snpines (ME).
Subject lo revision without notice,
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3.3 Wirtsila 8L20

Weirtsid 8120 ME AEDE AEDE AEMDE AE/DE
IMO Tier 2 R0 Ther 2
| Cylindar output KW 200 185 200 185 20
Engline speed RPM 1000 000 1000 900 1000
|Engine output kw 1600 1480 1600 1480 1600
Mean effective precsure MFPa 2.73 28 2.73 28 273
aysiem [Note 1}
Fiow al 100% load kg/s 332 3.06 331 3.05 33
Temperalure al ger intake, max ‘c 45 45 45 45 45
Temperaturs aller air cooler (TE 601} ‘c 50..70 50..70 50..70 5070 50...70
Exhaunt gas system (Note 2)
Flow 24 100% load ka/s 342 316 34 314 339
Fiow o 85% load ko/6 284 2.7 34 27 3.01
Flow 2t 75% load ko/e 248 246 2.66 249 2.7
Flow at 50% load kois 162 1.7 1.85 1.71 1.86
Tempernture sfler turbocharger, 1003 load (TES17) °c 320 316 320 330 36
Tampacalum Alter lurbocharger, 85% load (TE 517} ‘C 316 310 315 305 310
Temperature after lurbocharger, 75% load (TE 57} *c 325 310 a6 306 310
Tomparatum after iu 5046 load (TE 517} °C 285 330 336 330 RE
Backprassure, max kPa 30 3.0 3.0 30 3.0
C: pipe diameter for 35 mvs mm 456 436 455 441 460
Heat balanoo at 10036 load Mate 3)
Jacket watet, HF-circuit KW 380 320 380 328 367
Charge air, LT-circuit KW 520 475 550 475 560
Lubricating oi, LT-cireuit kW 250 236 260 285 260
Radiation kw £6 62 68 62 66
Fuel aystem (Nole 4}
Pressure before injction pumps PT 101) kPa 7400 50 700 50 700 £50 700 £50 700 £60
Fudl fiow 10 engine, oo, mo/h 1.92 1.79 1.92 1.7 1.92
HFO viscosity before enqgine oSt 16..24 16...24 16...24 16...24 16..24
MDF viscosity, min oSt 18 18 1.8 18 1.8
Max, HFQ temperaiure before engine (TE 101} °c 140 140 140 140 140
Fuel ion & 100% load 9/KWh 186 182 198 198 129
Fuel consumgtion at 855 load g/kWh 195 191 194 193 19
Fuel consumption at 763 load g/kWh 195 191 185 195 185
Fuel consumplion at 60% load g/kWh 200 200 202 202 2@
'c_)gan loak fuel qunm'&. MDF al 100% ioad ko/h 68 57 82 a1 8.7
Clean loak fusl quantity, HFO at 100% load ka/h 1.3 1.1 1.3 12 1.3
Lubricating oll system
Pressure bafore besrings, nom. (PT 201} kPa 450 450 450 460 450
Pressure after pump, max. kPa 800 [:\] 800 800 a0
Priming pretsure, nom (AT 201) kPa a0 80 80 80 a0
Temperaturs before bearings, nom. (TE 201) ‘C 86 &8 86 88 86
Temperature sfter engine, 8pprox. h(*] 78 78 78 78 78
Pump eapacity (mainl, snging driven mh €5 50 60 50 50
Purmp capacity (mainl, stand-by m¥h 27 27 27 27 27
Priming pump capacky , 50HzA0H: m¥/h $9/84 69/0.4 697084 6.9/84 §9/84
Ol velume, wet sump, nom. m 049 049 0,48 049 049
Ol volurma in separate system ol tank m 2.2 20 22 20 22
Fiter fineness, nom microns 26 25 25 25 25
|Du!mnwnml'»ﬂatloﬂ“li lpad, approx. o/kih 0.5 0.5 0.5 056 05
Crankease ventilation backoressure, max Pa 200 Z_IJE 200 200 200
| Cooling waler aystern
Hightemperatire cool
Pressure at sngine, afler pump, nom._ (PT 401} kPa 200 + slatic 200 + sidtic 200 + elalic 200 + slaiic 200 +slalic
Pressure st angine, after pump, max PT 401) kPa 350 500 500 500 500
befom cyfnder, approx. (TE 401) ‘c 83 83 83 83 a3
Temperaiure after engine, nom. ‘c b 9 91 a9 a1
Capzity of engine driven pump, nom. m¥h 40 39 40 39 40
Pressure diop over engine, lotal kPa 90 20 20 20 90
Pmsumd@inmamalsystam max. kPa 120 120 120 120 120
Water volume in engine m 015 015 0.16 0.1§ 0.18
P ressure from expansion lank kPa 70.150 70..150 70..150 70..150 70..150
14 Project Guide Wartsila 20 - 4/2008
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Wirtsili 8120 ME AE/DE AEDE AEIDE AE/DE
IMD Tier 2 MO Tior 2
Cylinder output KW 200 185 700 185 m
Englne speed RPM 1000 900 1000 800 1000
.sz__!meraun coollng water syatem
Pressure 2 engine, afier pump, nom. (PT 461) kPa 200 + slatic 200 + siaic 200 + eiatie 200 + siatic 200 + slalic
Prassure st anging, afler pump, max. PT 451} KPa 350 500 500 500 500
T befom engine (TE 451) ‘C 2638 25.45 25..46 25,.45 2545
Capacity of engine driven pume, nom my%h 48 46 48 45 48
Pressure diop over charge air coolet kPa 30 30 30 30 30
Pressure diop over ol cooter kPa a0 30 30 a0 30
Pressure drop in extemnal system, max. kPa 120 120 120 120 120
Pressure from expansion tank kP2 70150 70..150 70..150 70...150 70160
[starting aic system
Pressure, nom kPa 3000 3000 3000 a0 3000
Freesure st engine during stad, min. @20'C) KPa 1000 1000 1000 1000 1000
Pressure, max. kPa 3000 3000 3000 3000 3000
Low prossune fimit in a0 vessals kPa 1800 1800 1800 1800 1800
Btaning ar consurmgtion, stat fruceessiul manual] Nmd 0.4 0.4 04 04 0.4
Stllll'n! = mﬂmﬂgﬁo_l_l. sindt ffaded rerviole} N 1.2 1.2 1.2 12 1.2
Notes:
Note 1 At 180 3048-1 ilions (ambisnt air 25°C, LT-waler 25°C) and 100% load, Tolerance 5%.
Note 2 At1S0 3046-1 conditions (ambieni air temperature 25*C, LT-water 26°C} and 100% load. Flow 5% and temp 15°C.
Nole 3 A IS0 3048-1 itions fambient air 25°C, LT-waier 25°C) and 100% load. Tolerance for cooling water heal 10%, tolerance for radiation
feat 30%. Fouling factors and a margin to be taken into account when dimensioning heat exchengers,
Note 4 Acconding to 1ISO3046/1, lower calorific value 42 700kl/kg, with engine driven pumps. Tolerance $%. Load according to propaiier Law for mechanical

propulsion engines (ME).

Subject 10 revision wilhout notice.
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3.4

Wiartsila 9L20

Wairtsis 0120 ME AE/DE AEDE AEDE AE/DE
IMO Tier 2 MO Tier2
Cyiinder outputl KW 200 185 200 185 200
Engine speed RPM 1000 800 1000 900 1000
Engine oulput k_W_ 1800 1_6&5_ 1800 1665 1800
Moan effeciive pressure MPa 273 28 2.73 28 273
Coambustion alr system [Nota 1]
Fiow a 1003 load ka/s 37 35 3.78 RE) 378
Tomparature ol turbochamer intske, ma: ‘c 45 45 45 45 45
alier air cooler TE 601) ‘C 60..70 50..70 50...70 60..70 50..70
Exhaust gan system (Note 2}
Fow 2 100% load ka/s 39 3.6 3.9 3.69 3.88
Fow a 85% load kafs 33 a1 34 i 341
Fow al 75% load ‘ﬂ’“ 205 28 RA 2.84 314
Fow a 50% load ka/e 1.85 193 21 1.94 211
Temperalure afler turbocharger, 1009 load (TE 517) °c 310 305 310 320 325
Tamperatum aftor turbocharger, 853 load (TE 617) 'C 300 295 300 290 295
Temperaturs after ger, 76% load (TE 517} ‘C 305 290 296 285 280
T ure allorturboctarger, B0% load 517} °c 355 300 305 300 305
Eudtvlmuru, T kPa ae 3.0 30 3.0 3.0
Calcubled pipe diamater for 35 mis mm 483 482 483 487 4689
Heat balanoe at 10096 load Mote 3}
docket water, HT-cirouit kW 230 360 330 367 389
Charge air, LT-circuil kW 590 550 690 650 580
Lubricaling oi, LT-gircuil kW 270 250 270 250 270
Radiation kW 74 8 74 68 74
Fuel syatem [Note 4}
Precsure before injection pumps (T 101) kPa 700450 700450 70050 70050 700450
Fuel fiow to engine, ADprox. me/n 1.92 1.73 1,92 1.73 1.92
HFOviscoeilyhumreer_Igin_e_ cBt 16..24 16.24 16..24 16..24 16.24
MDF vigcosity, min Bt 18 i8 1.8 18 1.8
| Max. HFO befare engine (TE 101} °c 140 140 140 140 140
Fuel consumption at 100% kbad ofikiWh 182 191 192 194 185
Fuel consumplon at 85% load okwh 189 190 181 180 191
Fudl tonsumpiion at 76% load o/KWh 180 191 192 191 192
Fuel consumplion al 50% load gfkwh 186 199 200 198 200
-(&_an laak fusl quantity, I\_A_DE! 100% load ka/h 66 8.0 85 8.0 7.3
Chan losk fue] quantity, HFD & 10056 load kg/h 1.3 1.2 13 14 1.5
Lubricating all system
Pressure before bearings, nom. (PT 201} kPa 450 450 450 450 450
Presture after pumo, max. kPa 800 800 800 800 20§
Priming pressurs, nom PT201) kPa 80 ad 80 80 B0
Termperaium befor bearings, rom. [TE 201) 'c 86 &8 88 68 66
Ternperatum after angine, 8oprox. ‘C 78 78 78 78 78
Pump capacily (main). engine driven m¥h 65 50 &0 50 50
Pummo capacity (main}, siand-by méh 30 20 30 30 30
Priming pump capacty, 650Hz/60Hz. mh 6.9/84 69/84 68/84 §9/84 88/84
Oil velums, wet sump, nom. m 065 0.556 0.55 0.55 055
Oil volume in separate syelem oil tank m 24 22 24 22 2.4
Fiter fineness, nom microng 25 28 25 25 25
Oil consumplion al 100% load, approx. g/kWh 0.5 05 0.5 06 0.5
Ci W_Mm max. Pa 200 292_ 200 200 200
cwlln! waler systom
|2§I‘l temparatise mﬂg waler system
Pressuce o engine, aflor pump, nom. (PT 401) kPa 200 « stalic 200 + stalic 200 + static 200 + slalic 200 +static
Pressure &t enging, afier pump, max. (FT A1) WPa 3560 500 600 500 500
befom eylinder, approx (TE 401} ‘C a3 83 83 83 83
Temperature after engine, nom. ‘c 291 N 91 91 21
Capacity of engine driven pump, fiom. m¥/h 45 4d 45 44 45
Pressure drop over engine, tolal WPa 20 20 a0 90 90
|Predsurn drop hmcmlljﬂm A kPa 120 120 120 120 120
Water volume in engine [ 016 018 0.18 0.16 0.18
P ressure from ion 1ank kPa 70150 70..150 70..160 70..150 70..160
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3. Technical data

WWirtsiia 0120 ME AE/DE AEDE AE/DE AE/DE
1MO Tler 2 MO Tler 2
Cytinder outpul L 200 185 200 185 o
Englne speed RPM 1000 900 1000 900 1000
Low temperature cooll ng water syatem
|Pressure at engine, afler pump, nom. [PT 451} kPa 200 + slalic 200 + static 200 + static 200 + stalic 200 + stalic
Pressure at angine, afier pump, max. PT 451) «Pa 50 500 500 500 500
Tomparatum bofor engine [TE 451) *‘C 26..38 25.45 25..45 25..45 2545
Capaeily of engine drivan pump, nom m/h 54 50 54 B0 64
Presaure drop over charge air cooler kPa 30 30 30 30 30
M;wdnpwwoﬂ coolar kPa 30 30 30 30 30
Pressure drop in exiermal syslem, max KPa 120 120 120 120 120
Presgure from axpanéion tank kPa 70..150 70._150 70..160 70..150 70..160
| Barting air systom
Preseure, nom Pa 3000 3000 3000 3000 3000
Pressure & engine during stac, min. R20°C) Pa 1000 1000 1000 1000 1000
Pressure, max kPa 3000 3000 3000 3000 3000
Low pressure limit in ait vessele kPa 1800 16800 1800 1800 1800
Siarting ar ion, lart fiu ful manunl} N 0.4 0.4 04 04 0.4
Staning ot mmm wiart fnded mnm_ﬂ N 1.2 1.2 1.2 12 1.2
Noles:
Note 1 ALISO 3046-1 conditions (ambiert ait temperature 25°C, LT-water 25°C} and 100% load. Tolerance 6%.
Note 2 AL1SO 2046-1 tonditions fambient air temperaiure 25*C, LT-water 25°C) and 100% load. Flow 5% and temg 15°C.
Note 3 AtISO 3048-1 condilions (ambient air lemperaiure 26°C, LT-water 25°C}and 100% foad. Tolerance for cooling waler heat 10%, tolerance for radiation
heat 30%. Fouling fectors and & margin to be taken irdo account when dimensioning heat exchangers.
Note 4 According to ISD 3046/1, lower caoriic valus 42 700 kI/kg, with engine driven pumps Tolerance 5%. Load according to propslier law for mechanical
propulsion engines (ME)
Subject 1o fevision without notice.
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4. Description of the engine

4. Description of the engine

41 Definitions
Flgure 4.1 In-line engine (1V93C0029)

OPERATING REAR SIDE

CONTER-GLOCKVISE QLOCKNISE

DRIVING END

4.2 Main components

The dimensions and weights of engine parts are shown in the chapter for dimensions end weights.

4.2.1 Engine block

The engine block is a one piece nodular cast iron component with integrated channels for lubricating oil
and cooling water.

The main bearing caps are fixed from below by two hydraulically tensioned screws. They are guided sideways
by the engine block at the top as well as at the bottom. Hydraulically tightened hotizontal side screws at
the lower guiding provide a very rigid crankshaft bearing.

4.2.2 Crankshaft

The crankshaft is forged in one piece and mounted on the engine block in &n under-slung way.

4.2.3 Connecting rod

The connecting rod is of forged alloy steel. All connecting rod studs are hydraulically tightened. Oil is led
to the gudgeon pin bearing and piston through a bore in the connecting rod.

4.2.4 Main bearings and big end bearings
The main beatings and the big end bearings are of the Al based bi-metal type with steel back.

4.2.5 Cylinder liner

The cylinder liners are centrifugally cast of a special grey cast iron alloy developed for good wear resistance
and high strength. They are of wet type, sealed against the engine block metallically at the upper part and
by O-fings at the lower part. To eliminate the risk of bore polishing the liner is equipped with an anti-polishing
ring.

4.2.6 Piston

The piston is of composite design with nodular cast iron skirt and steel crown. The piston skirt is pressure
jubricated, which ensures a well-controlled oil flow to the cylinder liner during all operating conditions. Oil

18 Project Guide Wirtsild 20 - 4/2008
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4. Description of the engine

is fed through the connecting rod to the cooling spaces of the piston. The piston cooling operates according
to the cocktail shaker principle. The piston ring grooves in the piston top are hardened for better wear res-
istance.

4.2.7 Piston rings

The piston ring set consists of two directional compression rings and one spting-loaded conformable oil
scraper ring. All rings are chromium-plated and located in the piston crown.

4.2.8 Cylinder head

The cylinder head is made of grey cast iron. The thermally loaded flame plate is cooled efficiently by cooling
water led from the periphery radially towards the centre of the head. The bridges between the valves cooling
channels are drilled to provide the best possible heat transfer.

The mechanical load is absorbed by a strong intermediate deck, which together with the upper deck and
the side walls form a box section in the four corners of which the hydraulically tightened cylinder heed bolts
are situated. The exhaust valve seats are directly water-cooled.

All valves are equipped with valve rotators.

4.2.9 Camshaft and valve mechanism

There is one cam piece for each cylinder with separate bearing in between. The drop forged completely
hardened camshaft pieces have fixed cams. The camshaft bearing housings are integrated in the engine
block casting and are thus completely closed. The camsheft covers, one for each cylinder, seal against the
engine block with a closed O-ring profile.

The valve tappets are of piston type with self-edjustment of roller against cam to give an even distribution
of the contact pressure. The valve springs ensure that the valve mechanism is dynamically stable.

4210 Camshaft drive

The camshefts are driven by the crankshaft through a gear train.

4.2.11 Turbocharging and charge air cooling

The selected turbo charger offers the ideal combination of high-pressure ratios and good efficiency.
The charge air cooler is single stage type and cooled by LT-water.

4.2.12 Fuel injection equipment
The injection pumps are one-cylinder pumps located in the “hot-box”, which has the following functions:
+ Housing for the injection pump element
«  Fuel supply channel along the whole engine
Fuel return channel from each injection pump
Lubricating oil supply to the velve mechanism
+ Guiding for the valve tappets

The injection pumps have built-in roller tappets and are through-fiow type to enable heavy fuel operation.
They ere also equipped with & stop cylinder, which is connected 1o the electro-pneumatic overspeed pro-
tection system.

The injection valve is centrally loceted in the cylinder head and the fuel is admitted sideways through a high
pressure connection screwed in the nozzle holder. The injection pipe between the injection pump and the
high pressure connection is well protected inside the hotbox. The high pressure side of the injection system
is completely separated from the hot parts of the exhaust gas components.

4.2.13 Exhaust pipes

The complete exhaust gas system is enclosed in an insulated box consisting of easily removable panels.
Mineral wool is used as insulating material.

Project Guide Wartsild 20 - 4/2008 19
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W 20 |

4.3 Cross sections of the engine

Flgure 4.2 Cross sectlons of the engine
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4. Description of the engine

4.4 Overhaul intervals

The following overheul intervels are for guidence only. Actual figures will be different depending on fuel
type and service conditions.

Table 4.1 Recommended maintenance inlervals

Recommended maintenance intervals (h)

Plston 8000-20000
Plston rings 8000-20000
Cylinder finer 8000-20000
Cylinder head 8000-20000
Inlet valve 8000-20000
Exhaust valve 8000-20000
Injection nozzle 2000

Main bearing 8000-20000
Blg end bearing 8000-20000
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5. Piping design, treatment and installation

5.

5.1

5.2

Piping design, treatment and installation

General

This chapter provides general guidelines for the design, construction and installation of piping systems,
however, not excluding other solutions of at least equal standard.

Fuel, lubricating oil, fresh water and compressed ir piping is usually made in seamless carbon steel (DIN
2448) and seamless precision tubes in carbon or stainless steel (DIN 2391), exhaust gas piping in welded
pipes of corten or carbon steel (DIN 2458). Pipes on the freshwater side of the cooling water system must
not be galvanized. Sea-water piping should be made in hot dip galvanised steel, aluminium brass, cunifer
or with rubber lined pipes.

Attention must be paid to fire risk aspects. Fuel supply and retum lines shall be designed so that they can
be fitted without tension. Flexible hoses must have an approval from the classification society. f flexible
hoses are used in the compressed eir system, a purge vaive shall be fitted in front of the hose(s).

The following aspects shell be taken into consideration:
. Pockets shell be avoided. When not possible, drain plugs and air vents shall be installed
Leak fuel drain pipes shall have continuous slope
+ Vent pipes shall be continuously rising
Flanged connections shall be used, cutting ring joints for precision tubes

Maintenance access and dismounting space of valves, coolers and other devices shall be taken into con-
sideration. Flange connections and other joints shall be located so that dismounting of the equipment can
be made with reasonable effort.

Pipe dimensions

When selecting the pipe dimensions, take into account:
The pipe material and its resistance to corrosion/erosion.
. Allowed pressure loss in the circuit vs delivery head of the pump.
+  Required net positive suction head (NPSH) for pumps (suction lines).

In small pipe sizes the max acceptable velocity is usually somewhat lower than in large pipes of equal
length.

The flow velocity should not be below 1 m/s in sea water piping due to increased risk of fouling and
pitting.
In open circuits the velocity in the suction pipe is typically about 2/3 of the velocity in the delivery
pipe.

Recommended maximum fluid velocities on the delivery side of pumps are given as guidance in table 5.7.

Table 5.4 Recommended maximum velociies on pump delivery side for gidance

Piping Pipe material Max velocity [m/s]
Fuel piping (MDF and HFO) Black steel 1.0
Lubrlcating oll plping Black steel 1.5
Fresh water plping Black steel 2.5
Sea water piping Galvanlzed steel 2.5
Aluminlum brass 2.5
10/90 capper-nickel-iron 3.0
70/30 copper-nicket 45
Rubber lined plpes 4.5
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5.3

5.4

5.5

NOTE! The diameter of gas fuel and compressed air piping depends only on the allowed pressure loss
in the piping, which has to be calculated project specifically.

Trace heating

The following pipes shell be equipped with trace heating (steam, thermel oil or electrical). it shall be possible
to shut off the trace heating.

«  All heavy fuel pipes
+ Allleak fuel and filter flushing pipes carrying heavy fuel

Operating and design pressure

The pressure class of the piping shell be equal to or higher than the maximum operating pressure, which
can be significantly higher than the normal operating pressure.

A design pressure is defined for components that are not categorized according to pressure class, and this
pressure is also used to determine test pressure. The design pressure shall also be equal to or higher than
the maximum pressure.

The pressure in the system can:
Criginate from a positive displacement pump

. Be a combination of the static pressure and the pressure on the highest point of the pump curve for
a centrifugal pump

+ Rise in an isolated system if the liquid is heated

Within this Project Guide there are tables attached to drawings, which specify pressure classes of connec-
tions. The pressure class of a connection can be higher than the pressure class required for the pipe.

Example 1:

The fuel pressure before the engine shoul<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>