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olmar is home for
Liebherr. The factory

specifcally  designed
for the D98 was completed in
2014. Why right here? Since
1961 Liebherr Mining Equip-
ment manufactures, just a few
hundred meters from here its
‘XXL" excavators, such as
the R 9800, 11 meters high
and 800 tons in running order.
We are in Alsace, at the foot
of the Vosges Massif, peo-
ple spokes French and thinks
German. The fairy architectu-
ral suggestions and skills in
the mechanical industry are
the linking point between the
two banks of the Rhine river.
We're about to have a long
talk about the D98 and a visit
to the factory along with three
exceptional guides: Diethard
Plohberger, Ingo Wintruff
and Jens Krug.

Would you please briefy explain
the technological genesis of this
engine?

Plohberger: The D98 engine has
been designed basically as a mine
engine. This means a rugged de-
sign for challenging environments
like dust, heat, humidity, heavy vi-
brations, etc. It is a perfect prere-
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From the right

to the left: Jens
Krug , Ingo
Wintruff, Diethard

J’Iohberger.

LIEBHERR D9812. DIESEL OF THE YEAR 2017. COLMAR PLANT

D9812 was born

here

Diethard Plohberger, Ingo Wintruff e Jens Krug, aka the top management
of Liebherr Components in Colmar. they are the best representatives
to go back to the roots of the D9812 and help us to understand its

mission. We’'re in Alsace, near Liebherr Mining Equipment facility

quisite for deriving the D98 design
for other applications, like power
generation, etc. To ensure this and
achieve low production cost, low
parts stock requirement and ease of
maintenance, the engine has been
strictly designed according to the
tool box principle. The core engine
and the auxiliary components are
standardized and built in modules.

Diesel of the year prize means
frst of all innovation. What are
the features of the innovation in
D9812, the winner of Diesel of the
year 2017?

Plohberger: The D98 engine featu-

res 20% more power density than
benchmark engines in the market.
The high peak fring pressure capa-
bility of 250 bars makes it perfectly
suitable to fulfll the new exhaust
emission limits in US (EPA Tier4)
and Europe (EU Stage V) at simul-
taneously very good fuel consum-
ption. The standardized and mo-
dule based design allows different
applications at minimum design
adaptions.

During the Diesel of the year
award ceremony Mr. Plohber-
ger talked about the D9812 as a
«benchmark in terms of effcien-

cy and total cost of ownership».
Would you explain it in more
detail?

Plohberger: The D98 engine family
allows the adaptation to various
applications fnding the lowest cost
of operation. For example, the ex-
cavator engines have been reduced
in rated speed by 20%, resulting in
lower fuel consumption and longer
life of moving parts. As the engi-
ne family is totally standardized,
the customer can choose between
engine sizes for the same machine
to be driven without changes in in-
stallation design. This may result in
lower fuel consumption and lower

Is it complex? Yes...

but if you meet us at Agritechnica,

Stand FPT Industrial 16/C35 our experts will show you the way.
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Official distributor of FPT Industrial diesel engines for industrial applications



investment cost, according to the
individual application.

What are the features specifcal-
ly conceived for mining applica-
tions? Can you describe them in
detail? What is more important
for these applications, power pe-
ak level, torque rise, fexibility of
the torque curve, power density
or other fgures?

Wintruff: The main target for
mining operators are competitive
total costs of ownership. Therefo-
re the engine has been designed
to increase the operator’s produc-
tivity while reducing his engine-
related life cycle costs: this means
best fuel consumption, high power
density, optimized service intervals
and maintainability, high lifetime of
the engine, outstanding availability
and reliability.

What are the main issues, pros
and cons in the approach to Egr
technology for the D9812?

Plohberger: Exhaust gas recircu-
lation is a common means of NOx
reduction for cars and on high way
trucks, where totally defned opera-
tional conditions are prevailing. In
industrial applications with rather
low production numbers and an ex-
treme wide variation of operational
conditions the highly sensitive EGR
technology is seen very critical in
terms of development effort, ope-
rational safety for the customer.
Liebherr therefore has decided to
use the so called SCR-only tech-
nology for all diesel engines. The
particulates and soot will be redu-
ced inside the engine cylinder and
combustion, using only a quite sim-
ple catalyst and AdBlue/DEF, like
above mentioned passenger cars

and trucks, to eliminate NOx emis-
sions. This enables the mentioned
kind-of-a-tool-box design, using the
same engine for the most stringent
low emission as well as for other
markets. The SCR system is just
another module to be used.

How did Liebherr improve Scr
technology in terms of process,
consumption, urea injection, cry-
stallization risks, etc.?
Plohberger: Liebherr Machine
Bulle has a long lasting experien-
ce with this technology. We decided
to use the same SCR converters for
the smaller D96 and the larger D98
engines, according to engine size.

By this, the engineers can focus on
only one layout design to make it
working perfectly under all condi-
tions. Hence, the (again) modular
and standardized design of the
exhaust system allows low produc-
tion cost by design.

The 12-cylinder engine D9812 for
mobile applications is intended to
work in harsh environment. How
did you solve the problems rela-
ted to dust, humidity, environ-
mental contaminants and high
temperatures?

Plohberger: Sealing and fltra-
tion is key point. We use very high

quality sealings, sometimes double
sealings at critical parts, to keep
the dirt outside the engine. Filtra-
tion of air and especially oil is also
on a very high level. The residual
risk is backed up by using special
materials for bearings, etc. to ma-
ke the engine less sensitive to dirt
contamination. Electrical parts,
especially connectors, are prone
to disturbances by water and moi-
st. High quality electrical harness
and connectors are used to ensure
engine reliability.

Can you compare the D9812 with
its main competitors (i.e. MTU
and Cummins)?

Wintruff: The D98XX is a brand
new series, while some of the com-
petitor’s engines in the market have
been developed 20 or 30 years ago.
Using state of the art technology
we are convinced that our engine
will set the benchmark in the mar-
ket in terms of effciency and power
density. To reach this target we use
modern common rail high pressure
injection technology developed by
Liebherr, an advanced turbochar-
ging technology, high peak fring
pressure, downspeeding options
to further improve effciency and
downsizing options to offer cost
advantages in existing machines.

What are the crucial items of the
common rail and the ECU and

N34 JCB DIESELMA X

STAGE M4

Award Winning Performance.

Now Available in 3.0L

The new four cylinder, 3.0L Dieselmax is designed to excel in the
most demanding off-highway applications. The JCB 430 comes from
a long line of pedigree. Using state-of-the-art technology, building on an
‘award winning platform’ of class-leading fuel efficiency; the lighter, more
compact 3.0L delivers real world benefits of superior torque density, low
emissions and up to 8% further improvement in fuel economy.

To find out more please visit our website

www.jcbpowersystems.com

POWER SYSTEMS



what are the differences
between these systems
and the common rail
and ECU of the other
Liebherr engines fami-
lies?

Plohberger: Liebherr
uses their own ECU and
common rail systems.
The larger and the smal-
ler engines are using very
similar or equal ECU har-
dware, the same software
and common parts in high
pressure fuel pumps and fuel in-
jectors. This ensures an economy
of scale in view of commercial
aspects as well as technological
and development aspects. More
parts in common mean again less
development time, higher maturity
level and lest cost in the supply and
maintenance chain.

And what about other Liebherr
components set in the D9812?
Plohberger: Besides the mentioned
components in common we share
a lot of development modules and
results in the Liebherr Diesel en-
gine community. This builds up a
stable and well backed-up set of
know-how to be used in terms of
designing new engines or in trouble
shooting.

Can you explain the agreement
with Kohler for the po-
wergen version, the fea-
tures of the genset appli-
cation and if Liebherr
engineering has updated
the new engine together
with Kohler or in hou-
se?

Krug: Kohler  and
Liebherr are strategic
partners  collaborating
on these engines deve-
lopment since 5 years
to successfully innovate
through vertical integra-
tion. The G-Drive Appli-
cation features have been
a co-development between
Kohler and Liebherr and
have been tested under
rigorous operating condi-
tions. These features were
exclusively developed for
power generation to en-
sure optimal voltage and frequen-
cy performance as required in this
application.

Which are the best markets for
mobile machinery (dumper and
excavators)?
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Wintruff: There is no ‘best market’
or specifc target market, but we
target all global mining regions by
responding to the specifc regional/
local requirements by cold confgu-
ration for mine sites in “arctic en-
vironment”, high altitude confgu-

 ;
f

ration for elevated mine sites, Tier
4 solution for highly regulated mar-
kets and heavy duty kits for very
extreme and harsh conditions.

Brent is slowly rising up. How
should D9812 equip oil & gas

applications and which of them?
Wintruff: The D98 engine is al-
ready in serial production for gen-
set applications. With the built-in
features for harsh and demanding
operations, its high effciency and
capability of high load profles in
continuous applications, the engi-
nes fts perfectly for oil & gas ope-
rations, e.g. as drilling gensets or
high horsepower fracking. The abo-
ve mentioned points on total costs
of ownership will also support oil
& gas operators worldwide.

Which are its potential rail ap-
plications?
Wintruff: The D98 Series fts well
to the locomotive application, both
mainline or shunting locomotives.
Low costs of ownership thanks to
the high effciency of the engine
and optimized maintenance sche-
dule are key factors for the opera-
tors. We also target a high engine
availability to avoid any equipment
delay, based on our robust mining
engine design.

Fabio Butturi
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DIESELGATE. The timeline. What happened in a decade

FROM 2007 TO

2017

Volkswagen executives were struck by the Dieselgate on
September 17, 2015. The scandal, however, stems its roots
in 1998. The matter was closed on January 2017. Figures
and facts about the scoop who shaked the diesel milieu

in the headlines of Septem-

ber 17, 2015. But what real-
ly happened? March 1998. Vol-
kswagen introduces the EA188
turbodiesel engine with pump
— injector, surpassed in the next
fve years by competitors adop-
ting Bosch common rail; Wol-
fshurg moves to the new techno-
logy with its EA189 engine.
May 2007. According to US Ju-
stice, in these days VW techni-
cians realize that the TDI EA189
2 liters engine is not in line with
US anti-pollution standards, par-
ticularly for NOx. The Volkswa-
gen brand manager Wolfgang
Bernhard asks to implement the
Scr, resulting in a higher cost of
at least 300 euros per engine.
November 2007. In a mail
between Vw and Wolfsburg US
headquarters evaluate for the
frst time the technical implica-
tions of implementing a “defeat
device”, some well-concealed
code lines in the injection con-
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The dieselgate story appeared

trol unit software to circumvent
the tests. Meanwhile, Bernhard
is dismissed for “managerial dif-
ferences”.

April 2013. The defeat device
adds more upgrades and the ste-
ering angle input (the power ste-
ering was available). On the test
roller bench, of course, the front
wheels cannot turn.

September 2013. VW USA pro-
vides the International Council
for Clean Transportation and
West Virginia University a VW
Jetta and an Audi A3 for test dri-
ves using a Pems system; Bmw
also accepts and provides an X5,
Mercedes declines the invita-
tion.

May 2014. The California Air
Resource Board (Carb) receives
from the University of West Vir-
ginia the test results which show
that Volkswagen diesel emissions
are off the charts (from 5 up to
35 times the maximum limit) and
seek clarifcation from VW USA.
The Fle is public, but data are

known only to researchers.
November 14, 2014. Martin
Winterkorn, CEO of VW Group,
receives a confdential report on
the ongoing US problem refer-
ring to the defeat device and the
€ 20 million estimate costs of a
recall campaign.

December 2014. The US hea-
dquarters of Volkswagen talks
of a ‘software bug’ and propo-
ses to Carb to solve the issue of
EA189 engine emissions with an
upgrade of the control units when
servicing the cars. The upgrade
procedure is activated to reduce
NOXx emissions.

June 2015. Volkswagen Internal
Product Safety Committee crea-
tes a task force to address further
Carb’s claims that motors would
be banned even after upgrading.
The team is joined by a well-
known international law frm.
27 July 2015. Carb refuses to
homologate models equipped
with EA189 engine for 2016;
VW USA management fly to

Wolfsburg for a heated meeting
where the defeat device’s illegal
character clearly emerges.
August 18, 2015. The law frm
supporting VW USA and Wol-
fsburg’s top executives define
the procedure to be adopted by
technicians when meeting with
Carb, where they will admit the
existence of the defeat device.
September 3, 2015. During a
meeting with Carb, Volkswagen
engineers admit the existence of
the defeat device; the day after
the US Enviromental Protection
Agency (APA) opens an infrin-
gement procedure for the entire
United States involving all die-
sel cars (half a million) sold since
20009.
17-18 September 2015. The
copy of the document signed by
VW engineers leaks on the Web
during a press conference at Fran-
kfurt Fair visited by the German
chancellor Angela Merkel.
September 22. Within two days
(Monday 21 and Tuesday 22)
the Volkswagen stock loses 30
billion euros of capitalization.
The damage of the dieselgate
is estimated by analysts over 60
billion.
September 23, 2015. Volkswa-
gen CEO Martin Winterkorn
resigns and is replaced by Por-
sche CEO Matthias Mueller, fol-
lowed by other members of VW
top management; stock exchange
market looks at VW as “too big
to fail”; Merkel cabinet succeeds
to prevent collapse.
January 4, 2016. US Justice de-
partment starts a procedure for
a 46 hillion dollars fne to Vol-
kswagen.
April 22, 2016. The release of
2015 balance of Volkswagen
Group shows over 4.1 billion
euros in losses, due to the 16.2
billion loss of the Dieselgate.
October 25, 2016. Volkswagen
comes to an agreement with US
Justice department: VW will
provide 10.3 billion dollars to
compensate customers through
buyback programs and will -
nance a 4.7 billion clean engines
research project. A few days later
VW offcially stops selling diesel
cars in the USA.
22 December 2016. Volkswagen
signs a confdential agreement
regarding the six cylinders, three
liters diesel engines which pro-
vides for ‘substantial compensa-
tion’ to 80,000 customers.
January 10, 2017. A defhnitive
agreement with US Justice de-
partment ends the lawsuit regar-
ding the defeat device: VW pays
a 4.3 billion dollars fne. The die-
selgate story comes to an end in
the United States.

Franz Hoffer

NEW AGRICULTURE ENGINES

NEW POWER 4 FARMERS.

The new generation of engines dedicated to agricultural applications is the result
of FPT Industrial’s focus on sustainability and its commitment to continuous
research in this field. Our passion for innovation has always driven us to look

for new solutions and the best products for our customers.
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HI-TECH( /RY

uring Tech Day Fpt In-
Ddustrial unveiled to the

world of industrial engi-
nes the Cursor 13 NG, which
points to long-haulage commer-
cial missions and could become
the most powerful off-road gas
engine on the market for heavy-
duty applications. ‘Repetita iu-
vant’ (“it’s useful to repeat’), as
ancient Romans used to say, and
that’s why we use the same he-
adline of Diesel International’s
cover. ‘Gas (r)evolution’ is the
path chosen by Fpt Industrial,
leading to a gas range specular
to diesel units with a few steady
points: stoichiometric combu-
stion, Multipoint injection and
three-way catalyst.

NG and Cursor 13

Following the announcement of
the N6 Ng, which took place at
Farm Progress in Decan-
tur, Illinois, a 6.7 liters,
132 kW and 740 Nm
unit, the Cursor
13 Natural gas
was the repre-
sentative
of Natural
Gas fa-
mily at the
Tech-Day
in  Turin
on Mon-
day, Octo-
ber 30. The
6-cylinder featu-
res the same en-
gine block of the
powerful 13 liters
diesel unit (BxS
135x150 mm),
which reaches up to
500 kW and 2,900
Nm thanks to dou-
ble stage, leaving
behind all compe-
titors (only 13.5 by
John Deere gets close
delivering 448 kW and
2,754 Nm). The gap in
performance compa-
red to the diesel unit
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FPT INDUSTRIAL TECH-DAY AND CURSOR 13 NG

It's time of
gas revolution

is inevitable, but despite leaving
the double turbo for waste gate
and the physiological diffculty
in reproducing the original cur-
ves, the Cursor 13 Ng delivers
388 kW at 1,900 and 2,000 Nm
already available at 1,100, clai-
ming the Frst place on the sca-
le: 1,240 kilos instead of 1,430.
Progression compared to the
8.7 liter Ng is worth 15 percent
in power and 18 in torque. The
Cursor 13 Ng is an all-aroung
gas fuel unit, using CNG, LNG
and biomethane. A perspective,
this one related to biomasses,
that follows the target of circu-
lar economy in the agricultural
environment. Its sturdiness also
stems from the choice of ma-
terials such as Compacted gra-
phite iron (well known as Cgi)
for cylinder heads and
Nickel-Resist cast
iron for the

exhaust manifold.
The presentation took place at
the end of a marathon introdu-
ced by Annalisa Stupenengo,
Brand President of Fpt Indu-
strial, followed by an academic
panel discussion on biogas cir-
cular economics, technology
legacy and gas prospects
in Fpt’s experience, a case

Cursor 13 turns to gas delivering 388 kilowatt and 2,000 Newtonmeter for
long haulage transports and will probably adapt to off-road applications. The
presentation at the end of a day focused on Fpt Industrial prospects in gas.
Among the fields the biomethan allows to reach the goal of self-consumption

history ‘Natural Gas in a tran-
sport Feet’ on ‘Methane infra-
structure diffusion’. The day
ended with test drives with NG
powered vehicles. The comple-
te gas marathon reports will
be published on the upcoming
issues of DIESEL, DIESEL In-
ternational and dieselweb.eu.
Paul Klee
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ulti-dimensional nume-
I\/l rical models allow to

quickly study the com-
bustion process and identify the
most promising solutions to re-
duce of fuel consumption and
emissions.
The main strength of diesel en-
gines is represented by their high
effciency, which makes them suit-
able for different applications in
the 5 kW to 5 MW power range.
As needed by current and future
regulations, the need to reduce
emissions and fuel consumption
requires a continuous engines de-
velopment in different areas such
as combustion, turbocharging and
after-treatment systems. Even
heavy-duty engines are following
the path of partial electrifcation.
Concerning combustion, studies
are currently focused on the need
to maintain high effciencies re-
ducing particulate and NOx emis-
sions at the same time in order to
avoid excessively complicated
and heavy exhaust systems. This
aspect is a key factor in heavy-du-
ty engines, since a single engine
is usually adopted for different
applications such as road or naval
transport, agricultural traction and
stationary applications.

Optimizing combustion...

The need to optimize the com-
bustion process in such a wide
range of rotational speeds and
loads requires accurate simula-
tion models that allow to properly
and rapidly design the piston and
head geometry and defne an ap-
propriate injection strategy once
adequate injection pressure and
fuel spray targeting are identifed.
In this context, 3D simulation
models - also known as CFD (ac-
ronym for Computational Fluid
Dynamics) - are widedDiesel en-
gine combustion systems. A CFD
simulation usually requires a frst
pre-processing step in which the
computational grid is generated,
initial conditions are set and nu-
merical models to be used are
identifed; the following process-
ing phase normally requires a
number of processors between
8 and 24. Once the calculation
phase is done, data are processed
(post-processing) in order to per-
form a quantitative and qualitative
analysis of the results.

In order to allow for a correct com-
promise between results accuracy
and calculation times, combustion
process in diesel engines is usu-
ally simulated in a sector of the
combustion chamber whose angle
depends on the number of injec-
tor holes. The spray is modeled by
means of the Lagrangian stochas-
tic approach, where each particle
represents a set of droplets featur-
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Internal Combustion Engine Group
Department of Energy, Politecnico di Milano

WHEN SCIENCE
|S PREDICTION

Prediction of performance and emissions in modern heavy-
duty diesel engines through CFD Simulations. Politecnico Milano
helps us to approach the combustion process and preview the

development strategies. This is the Computational Fluid Dynamics

ing the same properties. This pro-
vides acceptable grid resolutions,
avoiding a detailed representation
of the liquid-vapor interface for
each fuel drop. Mass, energy and
momentum conservation equa-
tions are solved for each particle
taking into account the interaction
with the surrounding air. This ap-
proach shows however relevant
simplifcations thus requiring ap-
propriate sub-models that need an
accurate calibration to correctly
reproduce the experimental data.
Concerning the modelling of the
combustion phase, both chemi-
cal kinetics of the fuel and its
interaction with the turbulence
in the combustion chamber must
be taken into account. The most
used models characterize diesel
fuel as a surrogate of one or more
components to describe its oxida-
tion through about 50 species and
a thousand reactions. The use of
a detailed kinetic scheme makes
possible to correctly predict the
ignition delay under different
operating conditions, including
those with multiple injections,
high EGR or partially premixed
combustion. Including the turbu-

lence effect on fuel oxidation rate
allows instead a correct prediction
of the heat release law and the
pressure curve into the cylinder.
The kinetic scheme also includes

chemical reactions that describe
the formation of NOX in detail,
while semi-empirical approaches
are usually employed to predict
soot, describing in a simplifed
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Validation of computational models for prediction of soot emissions in diesel engines. The figure on the left shows a
comparison between experimental and computed maps of soot volume fraction during the combustion process. On the right
figure, the experimental evolution of the total soot mass is plotted against the computed one for two operating conditions at
different temperature and ambient oxygen concentrations (T3 and O3). Experiments are performed in the context of the Engine
Combustion Network (ECN) involving different universities and research centers such as Sandia National Lab, CMT Motores

Termicos, IFPEN, Istituto Motori and Technical University of Eindhoven.
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Validation of Lagrangian spray models for the simulation of diesel engines. Experiments
and measurements are performed under constant-volume conditions at Technical University
of Eindhoven. The work has been carried out in collaboration with Politecnico di Milano
and FPT Industrial. On the right, a comparison between computed and experimental

spray morphologies are compared while on the right calculations and measurements are
compared in terms of steady state liquid penetration. The selected ambient conditions
(ANR, C1 and C2) represent combination of density, ambient temperature and injection
pressure typical of heavy-duty engines.

1 | = = Computed = = Computed
—— Experimental 1 — Experimental
da
E
2
5 3
a 2
£ e
* g
T
0 0t
A0 20 0 20 40 10 0 10 0

Crank Angle [deq] Crank Angle [deq]

The use of a spray-oriented grid (figure on the top) allows a correct prediction of the fuel
vapor concentration in the combustion chamber, improving the prediction of in-cylinder
pressure and heat release rate profiles (figures on the bottom). In both the charts data are
made non-dimensional with respect the the maximum experimental value.

way the inception, surface growth,
coagulation and oxidation phases
of the soot particles.

CFD and Politecnico Milano

CFD modelling of combustion
in diesel engines is one of the
main research topics of the In-
ternal Combustion Engine Re-
search Group of Politecnico di
Milano, which has been involved
for years in the development of
the open-source Lib-ICE code
which is based on the Open-
FOAM® technology. The code
is continuously developed and
consolidated thanks to its use in
academic and industrial collabo-
rations, in which LibICE is used
as a research and design tool. In
the developed methodology the
computational mesh is automati-
cally generated and is spray-ori-
ented, to correctly predict the the
air-fuel mixture formation proc-
ess. The evolution of the spray
is described using a Lagrangian
approach, in combination with
sub-models capable of describ-



Conventional Diesel Combustion
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To be successfully used for design purposes, CFD models
have to be fully predictive not only in terms of engine
performance but also in terms of the emissions. In this
case, a heavy-duty engine was simulated under different
operating conditions as shown in the figure on the

top. Computed indicated work is plotted against the
corresponding experimental value for each tested condition
in the figure on the center. The indicated work represents
the amount of fuel energy which is effectively converted
into mechanical energy during compression, combustion
and expansion processes. The figure on the bottom reports
the NOx emissions computed using two different numerical
approaches. The agreement between computed and
experimental data is rather good and shows the CFD models
can be used as predictive tools in the design stage of Diesel
engines. In both the charts data are made non-dimensional
with respect the the maximum experimental value.
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The possibility to visualize the physical and chemical
processes taking place within the combustion chamber
allows a detailed analysis of the combustion phase. The
figures below illustrate for different crank angles the
evolution of temperature and flame front for two similar
engines: the first operates with conventional diesel
combustion while the second one in PCCI (Premixed Charge
Compression Ignition) mode. The white line represents
contours of stoichiometric air/fuel ratio while the white
points are the Lagrangian particles describing the spray.

ing the atomization of the fuel
jet and the subsequent second-
ary breakup of the fuel droplets.
The RIF approach (acronym
for ‘Representative Interactive
Flamelet’) is used to predict the
combustion process that is con-
sidered equivalent to a sequence
of laminar diffusion flames,
whose intensity is related to fuel
distribution and turbulence. Fi-
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nally, the Leung-Lindstedt and
Jones model is used to predict
particulate and describes the evo-
lution of its volumetric fraction
and particle number density, as-
suming that they are generated
from a precursor (usually acety-
lene) and increase their concen-
tration due to surface growth and
coagulation processes. The oxida-
tion of the particulate is promoted

by oxygen and OH radical. The
pictures in the article show some
examples of application and vali-
dation of the LibICE code, using
experimental data under constant
volume conditions and real Diesel
engines. The former are very use-
ful for the validation of individual
calculation models, thanks to the
possibility to precisely control en-
vironment conditions and perform

optical measurements to charac-
terize the air-fuel mixing process,
auto-ignition, fame stabilization
and soot formation. Engine simu-
lation results are an example of
the current state of the art in CFD
simulation of Diesel engines,
which is now a predictive and
consolidated tool for designing
clean and effcient engines.

Prof. Tommaso Lucchini
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