“Clean Diesels?” You may think
we’re joking, but diesel engine
manufacturers have been working
overtime to clean up the “dirty-
stinky-noisy” perception of diesels
over the last few years; and market
acceptance of light duty diesel ve-
hicles is picking up. Fact is, diesel
OE:s (original equipment manufac-
turers) in the U.S. and Europe are
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The oil embargo of the 1970s awak-
ened Americans to the need for
greater fuel economy and manufac-
turers responded with a new breed
of diesel cars ranging from VW’s 55
mpg diesel Rabbit to Lincoln’s
BMW-powered five-cylinder luxury
sedan. GM, Olds and Cadillac;
Isuzu, Mercedes Peugeot, Toyota
and other diesel cars were also mar-
keted. But once gasoline again be-
came plentiful, U.S. motorists tired
of the hassles of pre-glowing, igni-
tion “rattle,” foul exhaust, and soot
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VW started the light-duty diesel revival with its modern 1.9 liter 4 cylinder
turbo-diesel direct injection (TDI) engine, used here in the Golf. Also shown:
Dodge Ram with Cummins 24 valve diesel; Ford HEUI Powerstroke; and

GMC Duramax 6.6 V8 applications.

predicting a diesel “mega-boom.”
Read on to find out what’s been
happening, and why.

Here in the U.S., sporty diesel
pickups and SUVs are more and
more seen fueling up alongside me-
dium and heavy diesels. Why? Be-
cause today’s diesel vehicles are qui-
eter, more powerful and less offen-
sive, thanks to the electronics
needed to meet stricter EPA stan-
dards. While petroleum-diesel fuel
is not considered an alternate fuel
(as is synthetic or bio-based diesel
fuel), it is getting cleaner. Dual-fuel
diesels are using alternate fuels like
natural gas for even lower overall
emissions. In Europe, seven out of
10 luxury cars are now diesel pow-
ered, and new diesel passenger car
sales are reportedly near 40 percent;
by 2010 they’ll reach 50 percent.!

The growing popularity of light
diesel trucks in the U.S. is forecasted
to continue with diesel powered
vans & SUVs. Diesel automobiles
are also making a comeback. Sec-
ond-generation “refined power”
diesel engines with greater efficiency
and improved overall performance
are part of the reason. Diesel engines
for light duty hybrid electric vehicles
(HEVs) developed both by Ford and
DiamlerChrysler for the ill-fated
Partnership for a New Generation
of Vehicles (PNGV) have achieved
upwards of 70 mpg. No doubt en-
gines like these will find their way
into production vehicles.

on their driveways. Well-known en-
gine failures and under perfor-
mance hastened the demise of the
American flirtation with diesel cars,
and sales plummeted.

Despite their shortcomings,
however, diesels of all types have
remained a staple in our nation’s -
and the world’s — means of getting
work done. Globally, drivers opt for
the fuel economy of diesels to off-
set high motorfuel prices. But the
stage was set for today’s popularity
for light-duty diesels here in the
U.S. around 1997. Tightening
tailpipe emissions standards re-
sulted in advances in on-board
clean diesel technology, and the ro-
bust economy of the time didn’t
hurt either.

According to the Diesel
Technology Forum, new on-
road diesel engine PM
(Particulate Matter)
emissions have been re-
duced 83 percent and
NO_ by 63 percent since
1988. “The emissions re-
ductions achieved from
1990 through 1994 [alone]
were massive.”? Moreover,
HC, CO and CO0, emis-
sions, already inherently
low with diesel engines,
have improved. At this point,
continued clean air gains hinge on
the availability of cleaner low-sul-

fur petro-diesel fuel, or the use of

synthetic and bio-diesel fuels.

Cleaner fuels have been mandated
by the federal government’,but OEs
and fuel producers are at odds over
the issues of “when and how” EPA
standards will be met. (More on this
in a future issue). Non-road equip-
ment emissions regulations will
likely follow suit.

The medium and heavy on-road
diesel market has not been as
plagued with jaundiced perceptions
or federal regulations as have diesel
automobiles. The OEs have been
converting existing engine plat-
forms from the use of in-line injec-
tion systems to common rail, with
improved emissions and little re-
quired in the way of engine redesign
and tooling. Today’s trucks must be
OBD II compliant, with electronic
systems managing the engine and
powertrain. Some incorporate au-
tomatic start/stop of engines of
parked vehicles (based on engine
and cab/coach temperature and bat-
tery voltage) to lower diesel tailpipe
emissions.

Consumer Perceptions
Along with the era of clean diesel
technology comes changing percep-
tions of diesels by some U.S. light
vehicle drivers, and for good rea-
sons. VW with its 1.9 TDI (Turbo-
Diesel Direct Injection) hallmarked
direct injection and EDC in a diesel
passenger vehicle. Reportedly, VW’s
four-cylinder diesel engine pro-
duces 25 more horsepower than did
the 1978 Olds V-8 diesel, but is ex-
actly one-third the size.*

Other OEs have joined the race:
diesel 2WD and 4WD pickups and
SUVs have become popular alterna-
tives to gasoline powered cars. Join-
ing the traditional farm and con-
struction light diesel vehicle mar-
kets are commuters, outdoorsman,
sports enthusiasts and the like seek-
ing greater economy or hauling,
towing and off-road power in
their diesel vehicles. The Chevy
Duramax, Ford Powerstroke, and
the Dodge/Cummins 24 valve
turbo-diesel packages offer popular
“premium diesel” options to suit
buyers” wants and needs, and are
selling briskly.

In the service sector, diesel injec-
tion service dealers (SDs) have
taken note of the market trend.
Where once reluctant to do on-
vehicle repairs (preferring instead

Dual Fuel
Technology.
Westport’s dual-fuel
diesel/natural gas
HPDI injector for heavy-
duty diesel engines. Check
the business end: the center
pintle sprays a small amount of
liquid diesel fuel to start
combustion; the circumferential
holes inject the main spray (up to
97%) of high pressure natural gas
to complete the combustion process.

“over-the-
counter” ser-
vicing of in-
jectors,
pumps,
governors
and turbos),
progressive
SDs now offer
drive-through
diesel vehicle
service and repair.
As always, there is a
need for qualified diesel
technicians, and programs exist for
becoming certified.® Diesel fuel in-
jection test equipment is increas-
ingly sophisticated, more precise,
and more expensive as aftermarket
fuel system calibration is increas-
ingly expected to equal highly pre-
cise factory calibration standards.

Alternate
Viewpoints
To meet EPAct, clean air, and cost
requirements, some fleet owners
have opted to run dual-fuel diesels.
A number of suppliers offer OF
and/or conversion systems for dual-
fuel operation. With such a system,
the ignition cycle starts with a very
small (as little as 3%) pilot-spray of
(continued on page 6)

Clean Diesel Technology

The “Nuts and Bolts” of Clean Diesel Technology

hat’s so special about today’s diesel engines? The new breed
of “clean diesels” have the ability to more completely and

efficiently burn fuel within the engine. Primary enhance-

ments include improved fuel delivery systems, improved configuration
of combustion chambers, and turbocharging.

Fuel delivery systems have gone largely from RPM and load depen-
dent mechanical governing systems to electronic diesel control, or EDC.
Fuel injection is now done under much higher pressures for complete
atomization of fuel sprayed directly into the superheated air of the com-
bustion chamber. Furthermore, electronic control means varying rates
of fuel delivery per cylinder and crankshaft degree can be done under
varying speed and load conditions for quieter and smoother perfor-
mance. To reduce ignition clatter at idle, a smaller “pilot” spray initiates
the combustion cycle, with greater amounts of fuel following ignition.
Delivery tapers off near the completion of the combustion cycle for
complete burn and low emissions.

EDC enables cleaner, more complete combustion with lower emis-
sions, greater economy and power, and lower noise not previously
achievable with either direct or indirect (pre-cup) combustion cham-
bers. The fuel injection industry is moving away from mechanically
governed in-line and distributor-type injection pumps to common rail
systems (CRS), hydraulic electronically controlled unit injectors (HEUI)
and much more.

The shape and depth of the combustion chamber and piston, the
number and placement of valves, and intake ports designed for greater
swirl, and placement of the injectors all play a role in clean-diesel de-
sign and reduction of PM and NO .

Turbocharging (for improved swirl and greater air volume) and air-
to-air intake intercoolers (to cool down the compressed intake air) in-
crease volumetric efficiency and reduce NO . Turbos also mean more
power can be derived from smaller displacement (less weight) engines
for greater fuel economy.Aftermarket accessories and electronic “chips”
are increasingly popular for improving performance within clean air
limits for the popular clean-technology diesel engines. OBD-II is now
standard.

Reportedly, the EPA’s 2007 on-road diesel tailpipe standards will cut
NO_and PM emissions by 98% compared to 1988 levels. Meeting these
standards will require a systems approach. Refinements to systems now
used, or new ones soon-to-come, include various types of exhaust af-
ter-treatment (catalysts) for NO , and particulate traps for reduction
of PM.

Thanks to electronics and the inevitable incorporation of 42 volt
systems, expect to see the incorporation of “instant-hot” glow plugs;
variable valve timing, EGR cooling; electronic variable geometry/elec-
tronically assisted turbocharger nozzle and waste gate management;
electric water pumps, PS pumps, and A/C compressors; drive-by-wire,
brake-by-wire; collision avoidance; increased OBD (the entire
powertrain will be monitored); satellite connectivity; and more. The
OEs are saying that on-board technology can’t do it alone and that the
much lower sulfur content in diesel fuel will help (More on that in an
upcoming issue of ASE TechNews).

Dual-fuel diesels may make use of direct-replacement high-pres-
sure injectors or use electronically controlled port-type gaseous injec-
tors. A pilot ignition spray of diesel fuel starts combustion, followed by
a main spray (typically around 88 percent) of the mix. (See main text.)

And all of these developments should mean favorable job opportu-
nities for talented truck technicians who keep ahead of the technology
curve with on-going training and study.

This is another in a series of articles on alternate fuels, AFVs, and advanced technology vehicles. For questions or inquiries,
contact ASE’s Bob Rodriguez at 703-669-6634, or e-mail him at brodriguez@asecert.org.
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(continued from page 5)

atomized diesel fuel, followed by a
main-spray of gaseous fuel such as
natural gas or propane. (See illustra-
tion.) One company, Westport In-
novations, makes a “drop-in” re-
placement injector for dual-fueling
heavy duty diesels like Cat,
Cummins and Detroit Diesel with
natural gas. ¢ They’re also demon-
strating light-duty dedicated com-
pressed natural gas (CNG) diesel
vehicles using “glow plugs” for ig-
nition. Other companies offer gas-
eous fuel conversion systems which
use gaseous fuel port injectors for
diesels. The decision to run dual-
fuel natural gas or propane depends
upon costs saved on vehicle pur-
chase, number of miles driven an-
nually, disparity of fuel costs to die-
sel fuel, state/local tax incentives,
and other factors.’

Some are unimpressed by the
obvious improvements demon-
strated by clean diesel technology.
Clean air advocates point out that

even the cleanest diesels emit
smog forming NO, and as-
yet unregulated tailpipe

www.asecert.org

emissions. They also claim that
while after-treatment of diesel ex-
haust may reduce pollution levels
locally, the resulting altered pollut-
ants transport to other areas, rais-
ing pollution levels regionally. The
Natural Resources Defense Council
and the Coalition for Clean Air® re-
port they measured high levels of air
toxics, NO_and PM both inside and
behind new school buses, claiming
that even “so-called ‘clean and green’
diesel school buses remain dirtier
than alternative fuel school buses”
such as those powered by natural
gas. John Deere, Cat and other OEs
offer dedicated CNG engines for
medium duty applications like
school buses, trash haulers, etc. tra-
ditionally powered by diesel. An
“apples and oranges” debate rages
between advocates of clean diesels
and CNG powered vehicles as to
which pollute less.

Where We're Headed

For improved emissions and engine
performance, mechanically gov-
erned rotary and in-line injection
pumps are being phased out; com-
mon-rail systems, electronic unit-
pump systems, and second-genera-

tion unit/electronic injectors are
phasing in. Admittedly, both gaso-
line and diesel power will eventu-
ally make way for clean, zero-pol-
lution fuel-cell engines. But with
clean diesel technology and cleaner
diesel fuels available here and now?,
diesels will remain competitive in
the marketplace for years to come.
As if to lend testimony, one spokes-
person recently said: “Dinosaurs be-
came extinct due to changes in cli-
mate, and [clean] diesel technology
is changing the business climate.”
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(Heavy-duty Highway Diesel Engines)

121

10.70

=
o
|

Grams (of emissions) per brake horsepower
hour of engine output.
=)
|

0.20

1988 1998

Calendar Year 1998

* Computer-controlled high pressure fuel injection
* Improved combustion chamber configuration

* Injection timing retard

* Low sulfur fuel

* Air-to-air charge cooling
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