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From HERCULES A-B-C to HERCULES-2 :
A classic cooperative programme in
Large engine R&D

* Nikolaos Kyrtatos, NATIONAL TECHNICAL UNIVERSITY OF ATHENS
 Gunnar Stiesch, MAN DIESEL & TURBO SE,

e |lari Kallio, WARTSILA Finland Oy
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HERCULES is developing new technologies for
marine diesel engines:
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» Reduce CO, emissions
» Reduce lifecycle cost

* Increase engine reliability



HERCULES Mythology

HERCULES proposal
EC FP6 (2002-2006) prop
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...Integrated Projects . Emissions HERSUEES A
(New Concept) * Reliability starts
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EC/EAG EC Paper @CIMAC Hamburg Talks MAN + WARTSILA
Expert Advisory Group (...European large ldea: Talks with EC
g Land Transport & Marine Engine Industry...) Marine Engine 100M EUR 10 years
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Flipchart page
First MAN — WARTSILA
joint Meeting: Helsinki,

4t July 2002
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HERCULES TIMELINE

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
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>

duration

100 M€ Budget, 14 years

\

2

|.P. HERCULES (A) | :
33 M€ Budget 5
43 months duration HERCULES-B
42 Partners 26 M€ Budget |

36 months duration HERCULES- C

32 Partners 17 M€ Budget

36 months duration HERCU LES-2
[8 22 Partners 25 M€ Budget

36 months duration
32 Partners
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I.P. HERCULES-A - Consortium
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http://www.ip-hercules.com/article/english/2/index.htm
http://www.ip-hercules.com/article/english/2/index.htm

From HERCULES-A, B, C to HERCULES-2

Research Selection § Technology FIE_xibi.Iity a
¢ Development Group Lifetime
Integration optimisation
_____ 1) A 1 S B
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5& Combustion process visualization development
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Optical cylinder covers for 2-stroke

£9

VPgopal
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p Emission reduction - Exhaust Gas Recirculation and After-treatment
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High Pressure Boiler installed
on 4T50ME-X
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@ Optical investigations
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Optical cylinder head
with optical access and
viewing range
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Fringes in the
Measurement Volume

\ Droplet
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WP 3: Injection, Spray Formation and Combustion
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CFD model validation

Ref. single injection Multiple injection

CFD models for multiple injection

No
eccentricity

High
eccentricity

Eccentric nozzle ||Non-eccentric nozzle

Nozzle bore eccentricity investigation
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@ In-nozzle flow and cavitation

Instantaneous in-nozzle cavitation pattern for a two hole nozzle layout

Evaluation of flow coefficients and describing in-nozzle flow and cavitation
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Productivity , HERCULES-A to HERCULES-C

. PROTOTYPES | PRODUCTS
é; — 10
~~~~~~~~~~~~~~~~~~~~~~~~ s | ——
e 12 6

HERCULES-A HERCULES-B HERCULES-C HERCULES-A HERCULES-B HERCULES-C

21 abed

PATENTS PUBLICATIONS
24 _ 38
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% 23
7 7
HERCULES-A  HERCULES-B  HERCULES-C HERCULES-A HERCULES-B HERCULES-C
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Links from H-A, H-B and H-C to HERCULES-2
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Extreme Engine

Combustion
modelling

Combustion
visualization

Hot Engine
Multistage
turbocharging
Emission Reduction:
WIF, HAM, EGR,
CGR

After-Treatment
Systems, Sensors

Tribology

Engine Control
systems

i

Extreme
Engine

Combustion
modelling and
experimentation

Combined
Cycle

Intelligent
Turbocharging

Extreme EGR,
SCR, Scrubber

Tribology -
Optimization

Advanced sensing
and engine control

@

Advanced
Injection, Spray
and Combustion
experiments and

Combustion

v

models

Aftertreatment

Integrated
emission

technologies

Materials

Materials and
tribology

N WPG I:

) Fuel flexible engine

WPG II:

> New Materials

Adaptive engine
control

Control

ST I I N

WPG llI:
» Adaptive Powerplant for
p Lifetime Performance
> WPG IV:
) Near-zero
> Emissions Engine
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o HERCULES-2 Objectives

= To improve fuel flexibility
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Near Jero
fﬂ]/:g'g/z]ﬂg = To formulate new materials to support high temperature applications
= To develop adaptive control methodologies to retain Lifetime powerplant performance
Adaptive
) }[U/" [/'}[5’[/'/775 = To achieve near-zero emissions

Advanced

Materials

rh Hexible Fuel
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L HERCULES-2 Consortium
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@ HERCULES-2 Partners

No of Partners: 33 20 New Partners in relation to H-C (60% renewal)

SOJelAY SOB|0YIN

Netherlands.

Greece. 1

Spain. 1

Austria. 1 .

Sweden. 2
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United
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Switzerland.
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Denmark. 2

Qo
<
>
(¢]
@)
=]
=1
[}
=3
®
173
4]
N
o
=
o
T
@
Q.
S
=

33% Industry
52% Universities
15% Research Inst.
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- H-2 Management Structure
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Project Steering

Committee HERCULES-2 STEERING COMMITTEE

<Annually> f

TECHNICAL COORDINATOR &
ADMINISTRATIVE MANAGER
]
\AID I A
CO'\ CO \AD |
monitors E CONTVI\?/(F;LLER - corresponds with—————— is cTir of

Project
Technical

Board HERCULES-2 TECHNICAL BOARD

<Semi-annually> 'y x 7'y
is member of is member of is member of T is member of
|
WP 1 WP 2 WP 3 WP 4 WP 5 WP 6 WP 7 WP 8
Leader Leader Leader Leader Leader Leader Leader Leader
|
is chair of is chair of
WP 5 Technical Board WP 6 Technical Board

Workpackage Sub Sub Sub Sub Sub Sub

Technical Project| |Project| |Project Project| |Project| |Project

Boards 5.1 5.2 5.3 6.1 6.2 6.3

<Quarterly> Leader| |Leader| |Leader Leader Lea\der Leader

EXAG

- e en e - - . Associate| |Associate| |Associate
( | - Working Working Working
Partners | Partner Partner Partner Partner Partner Partner Partner Partner Partner Partner | : Team Team Team
Forum | Working Working Working Working Working Working Working Working Working Working ) . Leader Leader Leader
<Annually> ) Team Team Team Team Team Team Team Team Team Team :
B Leader Leader Leader Leader Leader Leader Leader Leader Leader Leader [ I R I I I I
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@ Full scale experimental setup for complete variability of turbochanging system combined with EGR
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Exhaust manifold Exhaust duct

Bypass
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\ Exhaust wastegate

Air intake Blower flap
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ﬂ SAC LP + HP
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AUX blower
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HERCULES-2 web site: http://www.hercules-2.com
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l HERCULES -2 About Work Structure Partners Publicity Contact

The Programme

HERCULES was conceived in 2002 as a long-term R&D Programme, to develop new technologies for
marine engines. It is the outcome of a joint vision by the two major European engine manufacturer
Groups MAN & Wartsilg, which together hold 90% of the world's marine engine market.

Three consecutive projects namely HERCULES - A, -B, -C spanned the years 2004-2014 with a

Latest news

O The HERCULES-2 1st Partners Forum will
take place in Copenhagen, Denmark, on
22-23 October 2015, hosted by MAN
Diesel & Turbo.
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http://www.hercules-2.com/

HERCULES TIMELINE

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
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>

duration

100 M€ Budget, 14 years

\\

2

|.P. HERCULES (A) | :
33 M€ Budget 5
43 months duration HERCULES-B
42 Partners 26 M€ Budget
36 months duration HERCULES- C

32 Partners 17 M€ Budget

36 months duration HERCULES-Z
6 22 Partners 25 M€ Budget

36 months duration
32 Partners
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Percentage allocation of budget into 3 main areas of R&D in the 4 HERCULES Projects (189 subprojects)

. 2004 2008 2012 2015 2018
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---- Emissions

- -Reliability & Lifetime
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End of Presentation
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THE FRAMEWORK PROGRAMME FOR RESEARCH AND INNOVATION
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SEVENTH FRAMEWORK
SIXTH FRAMEWORK PROGRAMME PROGRAMME
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