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Background/Histoery.

Diesel engine efficiency. gradually impreved frem
uher early’ 1900s 1o the 1970s;, WRER emISSIGNS
Pecame a focus of engine development

C.l. Emissions Evolution

Early emiSSionS On-Highway Heavy-Duty Engines
reductions; came

-
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WIth efficIency.
IMprovements

Latest emissions
reductions
resulting in
efficiency lesses

Level (g/hp-hr)
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Background/Histoery.

Non-vertically integrated! HD) truck Inadustny.
a Vehicle advances delayed somewhat from|engine develepment

Vehicle development traditionally: directed: tewaras
comiort/cenvenience mere than fuel ecenemy.

Eleet Vs. ewnelr/operator trends

s Eleetsilead fuel economy: develepments i trucks

Vehicle technelegy fier impreved fuel economy IS avallable
UL net highly:desired i the market = T pl
= Fuel prices have large impact on desire; - E"'J ”"‘“
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Current Project Objectives

With the near-term 2010 emissIons ehjectives
WIthinr reach,, What can be: done: ter impreve: Hib
truck fuel econemy. while: maintaining extremely
oW tallplpe: EmISSIenSs?

Determine: the most feasible: and cost-effective

technologies for Imprevement of real-woerld fuel
ecenomy on the: ever-the-road HD truck fieet

Quantify: the: petential magnitude: of Inprevement
that can be ehtained With respect to) initial cest and
other market drivers
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Preject Approach

Select a baseline HD truck/engine combination| te
Senve as reference

a Kenworthl T600
= Volvo D13
x 10 speed transmission

Consider anadl select a numer: ofi potential fuel

Ecenemy. Impreving technolegies: for betih engine
and vehicle

Build these technoelegies inte a limited number: ofi
technolegy’ packages fior evaluation

Bulld enginerand venicler computer models of the
paseline

Analyze the technolegy: packages with the models
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Project Approeach - Medels

Gl-Poewer willlbe used for engine moedeling

n 1-Dreycle simulation code

s Calculates every pressure; temperature and mass flew
fate threugh the system at eveny: time: step, typically: vz
10, 72 cliank degree

a Includes; everything firom air filter to tailpipe

Manifelding

Turleomachineny.

Valve events

EGR!loeps

Aftercooler g -
Heat release (combustion) and in-cylinder heat loss

x Will'lbe used tor generate fuell consumption maps for the
engine withr various engine technoelogy: packages applied
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Project Approeach - Medels

The engine medel provides the moest accurate results when haselined
10 the closest available engine: data

SWRI' IS conducting a HD engine benchmarking pregram from Which
We: are anle ter utilize' results ol baselinercalibration of therengine
moedel tera 2007MY. configuratien

After baseline matching, the moedeliwill be
adjusted to previde expected 2012 emissions
splutien andirelevant engine: perfermance
Charactenstics

Of the apprepriate engines, this data Is first available for the Velve D13
S0 that Is the engine that will be modeled and used fior the: study,

m  [his engine not actually avaiable in the selected! truck commercially, bui
representative of the general class of engines that are availakle

This closely-related baseline ofi very new data prevides the best
accuracy of the model predicting forward
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Project Approeach - Medels

Rapter® will be Used for vehicle: medeling
s Simulates: any: definable drive cycle

a Uses engine perfermance maps (derved from Gil-
Power), andl takes Inte account

Roelling resistance

Aeredynamic drag
Grade

Powertrain: IeSSes
Hybridization

1 Produces predictions;for venicle fiuelfconsumption and
emissions ever defined drive cycle
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Preject Approach — Drive Cycle

Drive cyclerselection) Is clhitical parameter in drving
PESKE real-world Improvements

Modification; of;
CA HDD! Highway
Line Haul" Drive

70 -

60

Cycle

Increased speed
By 6%
Additieonal

Ssegments at nigh
Speed

a
(@]

40 -

Speed (mph)
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Technoelogy Examples
(With: fuell consumption reduction estimates)

Engine technologies

Engine firiction reduction (1%)
Controels refinements (1%)
Impreved air handling
Turecompoundl (=1 ter +4%)
2-stage withrmtercooling (0rte 2%)
High efficiency turbecharging (0rte 2%)
EGR pumpi (0 ter 2%)
VVaranlevalve actuation (1 ter4%o)
Alit. comlustion; strategies (01 to 2%)
HCCI/PCCI
LTC
Thermallmanagement
Insulated ports/manifields (0 ter 1%)
Bottoming cycle (10-40%)

NESCCAF / ICCT




Technoelogy Examples
(With: fuell consumption reduction estimates)

\/ehicle technoloegies
s Drivetrain

CVIT (0%)
Automated manual (4 to 5%)
Hyrdization (St 15%)
Accessory electrification (1 te 2% per accessery)

Efficiency
Lubrcants; parasitec drag (Up: te 2%)
Aeredynamic drag (Up te 5%)
Mass reduction (Up to 4%)
Roelling| resistance (2 te 3%)
Other;
Routing, Increased GVW, ete. (up te 10%)
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Technology Ranking

IRl erder te reach a manageable numier of
combinatiens ter medel, technologies Were rankead

Eull grouprdiscussion With Input frem Ssteerng
committee

Considerations

a Potential fiuel economy: gains (estimated)
EUEl econemy’ gains ehtainablen key: eperating areas

= Initial cost

s Packaging
n Adverse efifects en drvanility, anility, te complete mission

x Aveld mncluding very: similar technoelegies: ter allow,
Inclusien oiff wider variety of appreaches
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Technology Packages

After the Individuall technelogies: are selected, they.
are greupeadiintor technelogy, packages

SCOPE. Of project allows: —8f packages) tor e
medeled and guantifiea

Look for synergies between engine and vehicle

technoelegies

Ry 16 previde a few: diffierent, intermally’ censistent

Packages

Lower initial’ cost, mere conservative: effort on| hoth engine and
Venicle side

Higher initiall cost, more aggressive effort on hoth engine and
vehicle side

Infrastructure considerations
NESCCAE [ ICCT




Technology Packages

Example package (Imoderate) te sihow,
SyRergies; and other considerations

Venicle imprevements
Moederate aere’ package

Reduced relling resistance (Super single tires)
Reduced dragl (lubricants;, brakes, beanngs)
Electrified accessones: (limited te 24V DC-capanle items)

Engine lmprevements
a [lUrbhecempoeund

n Exhaust port liners

x High efficiency turboe
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Technology Packages

Synergies/rationale fier moderate package: selection

s Turbecompeund with kigh' efficiency turhe; provides; maximum
turibecharger perfermance: and pewers reclamationwillerstil
providing| negative delta P reguired fer EGR flow

Exhaust post liners maximize heat te turbines that cam new. be
capiured via turkhecompound

Turecempound ceuld e electric and previde energy. to drive

accessories

All"pIeces oii package are availanle technolegy: that have heen
applied i limited fiashion ter production; engines/vVenicles
Commoen risk/initial cest level across engine and vehicle

Other packages are higher or lewer risk, but attempt te) e consistent
risk’ levellwithin: a given; package
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Technology Packages

Einal package: will lbe: “lest: ofi*

x Willhincluae leaming| firem evaluatien el Giher packages
and intended to he a Very aggressive grouping of
technologies that previde a large magnitude henefit

n Likely technologles:
Varable valve timing
Boetteming cycle
Exhaust port liners
Electriiied accesseres
Eull aere package
Low: rolling resistance

s Objective Is to determine best achievable perfermance
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Status

Initial engine data firom enRchmarking
pregram availanle mid-Fepruary for DAS

Engine and venicle moadel constiuction in
PrOCESS

Cost estimating I PreCESS

Maintain: communication With Industiy/ and
Steerng committee througheut te Insure
tlhat the colrect effects and magnitudes: are
capturead
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Next steps

Baseline engine medel agaiast 2007 MY data
Adjust tor 2012V perfermance fiel project Paseline

Apply: techinolegy: packages and generate fuel
consumpltion, emissions maps

Use maps inrvenicle model;, with vehicle

Improvements applied; to generate: fiuel
consumpLIonRs and emissions results ever the
driving cycle

Make: conclusions re: most effective fuel
consumption and emissiens reductiens strategies
and guantify: the benefits for a 2017 approach
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