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1. CTM Labs. Infrastructure

* Engine R&D Lab

Bench Dynamometers W230, W430, D210
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Engine Control Systems
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1. CTM Labs. Infrastructure
 Vehicle R&D Lab
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1. CTM Labs. Infrastructure

* Turbochargers Characterization Lab.
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1. CTM Labs. Infrastructure

e CFD Lab.

Software Available

CAD

Solidworks, AutoCad

3D Simulation Solver

Star-CD, Converge, Star-
CCM, Ansys Fluent

3D Post Processing

ParaView, Ensight

1D Simulation Solver

Gt-Power

Hardware Available

) CTM-UEMG

CENTRO DE TECNOLOGIA DA MOBILIDADE

SO \NIS Y S

www.cd-adapco.com F |_U ENTa

Gamma
@CO(I;\FI[\)/ SE%EPEE ™ GT -.| Technologies

pipparaview  QEN

2
2S SsoLIDWORKS

2 Clusters | Solver

4 Racks with 32 processors
3 Racks with 72 processors Racks with InfiniBand
Linux and Windows operating system

Desktops | Post-
Processing

5 Desktops, 4 Processors each PC.
Linux and Windows operating system
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1. CTM Labs. Infrastructure

* Engine Combustion Analysis Lab.
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2. Developed and Current Projects in CTM

et

10.

11.

Development of a jet ignition system with stratified mixture for Sl engine;

Technological innovation in the sustainable chain of power generation in Genset using biofuels;
Three-dimensional computational simulation of a concept engine running on ethanol, involving
characterization of air, spray, mixture formation and combustion with experimental validation;
Three-dimensional computational simulation of new concept of ethanol engine configuration for
characterization of performance parameters;

Basic research on ethanol combustion including analysis of fuel spray and direct injection systemin a
pressurized spray chamber bench and single-cylinder research engine;

Methodology for Combustion Analysis in Otto Cycle Engines by Monitoring the lonization Current in
the Ignition Coil Secondary Circuit;

Study of the compression ratio in internal combustion engines, aiming to improve the fuel
conversion efficiency for the fuels used in the Brazilian market;

Performance of gasoline formulation in single cylinder research engine with DI system;

Study of a variable compression system;

Analysis of different fuel blends between E00 and E100 with DI injection for analysis of combustion
properties;

Full spark authority in highly boosted and efficient ethanol DISI engine.
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3. Why Ethanol?

Natural
Greenhouse Effect

Human Enhanced
Greenhouse Effect

Moce heat escapen

nto spa-cc’

Less heat escapes

 Main actions & trends
Intensive use of exhaust after treatment
New Technologies/Combustion Estrategies (| T ,ma)
P Renewable Fuels — Ethanol / Biodiesel

P Renewable sources — Solar / Eolic

I Electrification/Hibridization

NOx: Acid rain ( mainly Diesel)
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World Scenario — Fuel Comsumption

U.S. Production, Consumption,

Ethanol
and Trade* of Fuel Ethanol :

14,000 -
13000
= 12.000
11,000
2 15000
w 9000
2 ?% | BNt Inpots
‘ % & 000 | w—Frodecton
: Cg 3% | —— Consarpton
= 3000
= 72000
'lOOg

= uma-‘éemor\w '
-
Ethanol from corn - E85

RFS2 — Minimum

o~

1MJ > 1,7MJ
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World Scenario — Fuel Comsumption

Veiculos flex fuel s
Participacao no licenciamento de veiculos leves :th an OI
X A= gl

| W Ucencimento miuoidadss) e Participagio
3000

\ 1

fos

Total do licenc i to ac lado de veiculos flex fuel de margo de 2003
(langamento do produto) a dezembro de 2011: 15,3 milhdes de unidades

NN

Ethanolifrom sugar cane E94 e E22 1 MJ > 8 MJ

Compared to Ethanol from Corn 1 MJ = 1,7 MJ

Use of bagasse use to produce
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3. Why Ethanol?

Harvest
Ethanol grass [ o

=T

Et-hanol p,otames CH Y

Ethanol sugar beets CH-mommmmmee Ethan0| Cyc|e emits
approximately 5 times less
CO2 eq. per km compared to

gasoline

Production

Alcohol

Ethﬂl"lD| md CH T
Transport

- QOperation

k Ethanol sweet sorghum CH--—-—mmmee
Ethanol rye RER-—- e
Elhanﬂl com Us................................

Ethanol sugar cane BR--—m:
Diesel, low sulphur EUROS--- v e

Petrol, low sulphur EUROS- - —me
Natural gas, EUROS- e e’

Uti

Fossil

May reach over 100% reduction in CO2 eq
due to production of co-products

portation

2009, Assessing Biofuels - ONU
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3. Why Ethanol?
Exportation (Fossil-Fuels x Bio-Fuels)

Saccharine Sorghum

!
|

1 LA 5 | Complementary alternative to
! ..?’f*. /// ‘\ iy ( sugar cane for ethanol
" e o production;
II/ ¥ R ~" r‘ -

Fast cycle 2 4 months to

S 508 |

0 SORGO SACARINO /' competitive cost due to
A 9o . .
oGl DEgg[,‘c‘;‘gggEc‘f{Do sharing investments;
il ;“:*‘ 76 0 w\ s
’M, ,«\ Vi ;., ﬂ« May decrease variation in the
‘ L l % ll ’ i‘

price of ethanol between

- (L"\

o g,
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AL 7 .’ R ' PP harvests.
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3. Why Ethanol:

Source: ANP

Average Fuel Price in Brazil

™ Average Price ™ Average Price

RS 4,00
RS 3,50

RS 3,00
Flex Fuel System

RS 2,50
RS 2,11

RS 2,00

RS 1,50

RS 1,00

RS 0,50

RS 0,00
2001 2002 2003 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
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4. Twin-Stage Turbocharger Downsized and Downspeeding
Ethanol DISI Engine Project

Twin-Stage Turbocharger set in order to almost double engine
power output range to evaluate the maximum downsizing

capability (~ 58% downsizing — No turbolag) |

200
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8 160 bar bar
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4. Twin-Stage Turbocharger Downsized and Downspeeding
Ethanol DISI Engine Project

Twin-Stage Turbocharger set in order to almost double engine
power output range to evaluate the maximum downsizing
capability (~ 58% downsizing — No turbolag)

Overall engine

Engine typq F (CAD)
Contents lists available at ScienceDirect ower at |
. riency (%))
Energy Conversion and Management
Standard E 28,2]
Standard E journal homepage: www.elsevier.com/locate/enconman 2"."."."]
Baseline EJ 21,2]
Prototype 37,8]
Prototype 41,3]

Exploring the limits of a down-sized ethanol direct injection
spark ignited engine in different configurations in order to replace
high-displacement gasoline engines

@ CrossMark 425 ]

Prototype

José Guilherme Coelho Baéta®*, Michael Pontoppidan ®, Thiago R.V. Silva*®

* Centro de Tecnologia da Mobilidade, Universidade Federal de Minas Gerais (UFMG), Av. Presidente Antdnio Carlos 6627, Belo Horizonte, MG, Brazil
" Numidis Sar.l, France
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5. Full Spark Authority in Highly Boosted Ethanol DISI Engine
Project

Investigated the engine operation limits for each injection strategy
at 2500 rpm

Homogeneous Charge strategy limit / Split injection used to restore the optimum combustion timing
220 —

180 bar bar
Mean \ 25.00H 25.63\

CoV% | 2.76| 2.31] (Stratified Charge)
MBF50% 11.2 CA

160

140

120 -

100

80 | (Homogeneous Charge)
MBF50% 20.5 CA

Cylinder Pressure [bar]

60 —

40

20 —

0-

T | | | | | | | | | |
-300 -240 -180 - -60 ] 60 180 240 300
Crank Angle [ded]
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5. Full Spark Authority in Highly Boosted Ethanol DISI Engine
Project

Investigated the engine operation limits for each injection strategy
at 2500 rpm

Stratified Charge strategy limit / Water Injection used to restore the optimum combustion timing
220 —

200 IMEP 1 IMEP 1 27 bar IMEP

180 bar bar

Mean | 27.12] 27.24] (Water Content Charge)
CoV%| 2.73| 1.67| MBF50% - 8.6 CA
140 - Water Fuel Ratio — 7.8%

160 —

120

100

80 -

Cylinder Pressure [bar]

60 —

40 -

20 -

o -

[ [ T | T | [ | T | |
-300 -240 -180 - -60 0 60 180 240 300
Crank Angle [deg]
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5. Full Spark Authority in Highly Boosted Ethanol DISI Engine
Project

Investigated the engine operation limits for each injection strategy
at 2500 rpm

Water Injection used aiming to maintain the optimum combustion timing

(Water Content Charge)
33bar IMEP
MBF50% 8.5 CA
Water Fuel Rgtio — 10.7%

| | | | | | T | |
-240 -180 - -60 0 60 180 240
Crank Angle [deg]
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5. Full Spark Authority in Highly Boosted Ethanol DISI Engine
Project

Overall indicated engine efficiency by injection strategy boundary (2500 rpm)

250
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(Water Content Charge)
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ncc —36,9%
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5. Full Spark Authority in Highly Boosted Ethanol DISI Engine
Project

Achieved 65% downsizing capability (at 2500 rpm)

110
Kia Cadenza (2013)
105 Power = 25,488*(Displacement) + 11,207
RZ=1 Dodge Journey (2010)
Dodge Durango (2009)
Ford Edge (2010)
100
Chrysler Grand Voyager
Ford Fusion (2012) (2011)
95 Kia K7 (2013)
. et pa Y Average Power and Displacement of
90 Ethanol High Efficiency Mitsublshi Fajero Sport (2016) ../ Higher engines
Engine

Hyundai Azera (2014)

Chrysler Town&Country (2010)

Hyundai SantaFe (2012)
Hyundai Azera / SantaFe (2014)
Kia Optima (2011)

65% Downsizing |,
o Capability

Kia Carnival (2010)

Dodge Journey (2010)

Power at 2500 rpm [ hp]

75

Average Power and Displacement of
Lower Engines

) Ford Fusion (2012)
65 Chrysler PT Cruiser (2010)
60
0,0 0,5 1,0 1,5 2,0 2,5 3,5 4,0 4,5

Engine Displacement [L]
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5. Full Spark Authority in Highly Boosted Ethanol DISI Engine
Project

Power output at 5500 rpm — 184,67 hp / 134,77 kW

Specific fuel consumption — 342,96 g/kWh

Fuel conversion efficiency—42,4 %| ..
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6. Conclusion

1.

There is an ample room to optimize the use of brazilian fuel energy matrix by means of the

development of “national ” ICE technologies ;

Ethanol fuel properties make possible to match diesel efficiency in an Otto highly Boosted

Engine by means of combustion techniques implementation;

Test results demonstrate feasibility of this engine technology concept. A fully optimized

intake boost system will allow to achieve extra efficiency gains.

Highly Boosted Downsized Ethanol Engine can match E27 fuel mileage;

The Spray quided DI implementation could lead to an extra fuel consumption reduction

increasing the downsizing capability. (no need of any cold start system due to DI system)

The small-scale water injection implementation gives full spark authority making possible to
achieve the MBT and consequently the highest efficiency for a given combustion system;
7. A hybrid powertrain with a downsized ethanol heat engine can be also developed

to increase the global powertrain efficiency.
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