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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any
agency thereof, nor any of their employees, makes any warranty, express or
implied, or assumes any legal liability or responsibility for the accuracy,
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Government or any agency thereof. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States
Government or any agency thereof.

This report has been reproduced directly from the best available copy.

Available to DOE and DOE contractors from the Office of Scientific and
Technical Information, P.O. Box 62, Oak Ridge, TN 37831; prices available at
(615) 576-8401.

Available to the public from the National Technical Information Service, U.S.
Department of Commerce, 5285 Port Royal Rd., Springfield, VA 22161; phone
orders accepted at (703) 487-4650.
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OBJECTIVES

The objective of this program is to
develop the technology necessary for
future commercialization of a
coal-fueled diesel locomotive. The
engine under development is a medium
speed diesel (1050 rpm) that operates at
250 hp per cylinder in locomotive appli-
cations.

BACKGROUND INFORMATION

The General Electric Company has
been active in coal burning technology
programs for the past 40 years. About
nine years ago, under the partial spon-
sorship of the Burlington Northern and
Norfolk Southern Railroads, GE Transpor-
tation Systems (GE/TS) completed a two
and one half year study into the eco-
nomic viability of a coal fueled locomo-
tive. The coal fueled diesel engine was
deemed to be one of the most attractive
options.

Building on the BN-NS study, a pro-
posal was submitted to DOE to continue
researching economic and technical fea-
sibility of a coal fueled diesel engine
for locomotives. The contract
DE-AC21-85MC22181 was awarded to GE Cor-
porate Research and Development (GE/CRD)
for a three year program that began in
March 1985. This program included an
economic assessment and a technical fea-
sibility study.

The economic assessment study exam-
ined seven areas and their economic
impact on the use of coal fueled die-
sels. These areas included impact on
railroad infrastructure, expected main-
tenance cost, environmental consider-
ations, impact of higher capital costs,
railroad training and crew costs,
beneficiated coal costs for viable eco-
nomics, and future cost of money. The
results of the study indicated the
merits for development of a coal-water
slurry (CWS) fueled diesel engine.

The technical feasibility study exam-
ined the combustion of CWS through 1ab
and bench scale experiments. The major
accomplishments from this study have
been the development of CWS injection
hardware, the successful testing of CWS
fuel in a full size, single cylinder,
medium speed diesel engine, evaluation
of full scale engine wear rates with
metal and ceramic components, and the
characterization of gaseous and particu-
late emissions.

PROJECT DESCRIPTION

The project is planned to operate in
four parallel phases. They are: Concept
Design and Analysis, Technology Research
and Development, Engine Component Devel-
opment, and Locomotive System Test.

The first phase conducts a conceptual
design and economic analysis of a coal
fueled diesel locomotive.

The Technology Research and Develop-
ment phase is to perform bench scale and
single cylinder engine tests on fuel in-
jection equipment (FIE), combustion
system, CWS fuels, materials, and emis-
sion control systems.

The Engine Component Development
phase is to design, build and operate
two consecutive phased 12 cylinder en-
gines to develop the combustion and op-
erating characteristics. A full scale
emission control system will be tested
on the second phase 12 cylinder engine.
Two cylinders of another eight cylinder
engine will be operated on CWS fuel to
evaluate the durability of engine compo-
nents.

The Locomotive System Test phase was
to be conducted in two stages. The first
stage locomotive will only be conducted
on the GE/TS test track for a short
time. The engine used in the first stage
test does not have durable engine parts
or emissions cleaning setup. This test
is a system checkout of design concept.



The original second stage locomotive
test was to be conducted on commercial
railroad with all the latest developed
technologies. However, in 1991, due to
the persistency of low oil prices in
recent years, the market interest of the
coal fueled systems did not realize. The
U.S. buget deficit called for the wind-
ing down of all federal funded alternate
fuels program that does not see any
short term commercialization prospect.
The GE program scope was reduced. It was
decided to eliminated the second phase
of locomotive test. Details of the orig-
inal project are in [2] and [27].

RESULTS

Conceptual Locomotive Design and Eco-
nomic Analysis

A concept locomotive was designed
for economic study and eventual produc-
tion. It is envisioned as a modified GE
Dash 8 4000 hp, 6 axle, microprocessor
controlied locomotive. As shown in Fig.
1, the primary modifications involve the
engine, fuel tank, and emissions control

system. The additional equipment to
inject the slurry, resist wear, and
control exhaust SOz and particulates
significantly increases the cost of
building “he coal-fueled locomotive. An
itemized cost roll-up indicates that a
coal-fueled locomotive will require a
price premium of about $280,000 over the
price of an oil-fueled Tocomotive. A
topical report, Integrated System Design
Report was issued to DOE in July, 1989.

An economic analysis was performed on
the investment in coal-fueled locomo-
tives by calculating the fuel cost sav-
ings for three duty cycles and deducting
the additional maintenance and operation
costs. Production CWS costs were esti-
mated by Otisca and Amax Research to be
about $3.10/MBtu. The net savings were
used to pay off the investment in loco-
motive and infrastructure at 15 and 20
percent depreciated rates of return
(DCRR). The heavier duty cycles with
more savings allow the investment to be
justified at Tower diesel fuel prices.
An average duty cycle for eastern rail-
roads could be justified at $0.91/gallon
diesel fuel compared to tne average
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western duty cycle, which could pay off
the investment at $0.81/gallon. The most
attractive scenario was a unit coal
train operating in Wyoming’s Powder
River Basin. This application had a
heavy-duty cycle and a low-cost, readily
available coal source, which combined to
generate a very high level of fuel cost
savings. The economic analysis showed
that this "Best Case" application could
be justified with diesel fuel as low as
$0.47/gallon. A topical report, Coal
Fueled Diesel Locomotive Conceptual
System Economic Analysis, was issued to
DOE in September, 1989. They are also
described in [11] and [31].

Technology Research and Development

Fuels R&D. One of the tasks of the
project is to investigate the combustion
tolerance of injection hardware due to
CWS fuel variations. The CWS fuel com-
parison tests were completed during
1990. Fuels were procured from Otisca of
Syracuse, NY, AMAX of Golden, CO, and
UNDERC of Grand Forks, ND. Source coals
included bituminous coal from Kentucky
and Pennsylvania and subbituminous coal
from Wyoming. Cleaning methods ranged
from heavy media cyclone to oil agglom-
eration and chemical cleaning. Ash
levels ranged from 0.7% to 2.8%. Mean
particle sizes ranged from 3 microns to
15 microns. The GE diesel engine, using
the accumulator fuel injection system,
was able to burn all the CWS fuels at
relatively high burnout levels (over
98%) at engine full load. However, the
engine required different combustion pa-
rameters and some possible hardware mod-
ifications for optimum performance with
each fuel (ex. injector hole configura-
tions etc.). A thorough description of
the CWS fuel test results are in the
topical report, Priliminary Investiga-
tion of the Effects of Coal-water Slurry
Fuels on the Combustion in GE Coal
Fueled Diesel Engine, released in June,
1990. They are also in [7] and [35].

Combustion R&D - Mechanical FIE Com-
bustion Optimization. The first task of
the combustion R&D is to develop a me-
chanical CWS FIE with a mechanical
pilot/starting diesel fuel system based
on the technology developed during the
previous DOE contract. This system is to
be built onto the first phase 12 cylin-
der engine and complete full scale
engine test. This system does not have
durable parts and could only run for a
short period of time. It is intended to
help identify some of the coal engine
and locomotive system problems for
better focus on R&D needs.

This task was completed in 1989. The
mechanical FIE combustion system enabled
CWS fuel to be successfully used from N8
(locomotive throttle position) full load
down to N5 part load with over 90%
burnout. Diesel fuel was used as pilot
from N5 to N8 Toads and all diesel fuel
was used for the Tower loads. The pilot
fuel injector was also used to start the
engine. Calculated for a tylical
locomotive duty cycle, it used 66% CWS
and 34% diesel fuel. A topical report,
System II Positive Displacement Fuel
Injection Equipment First Phase R&D
Report, was issued in December, 1988.
The results are also in [2] and [29].

Combustion R&D - Electronic Fuel In-
Jjection Hardware Development. All elec-
tronic controlled FIE systems, both for
coal and diesel fuels, were developed
under this part of the program. The main
CWS system employs the previously (ear-
Tier DOE contract) developed accumulator
injector with the capability of provid-
ing over 80 MPa injection pressure.
Piston isolation pump replaced the dia-
phragm type to increase the pumping ef-
ficiency and the system reliability. The
durability of the check valve used in
the system was greatly improved by care-
fully designing the pressure decade
characteristics created by the charge
pump element.

The pilot injection system is an
electronically controlled common rail




type fuel injection system with a pres-
sure intensifier built into each injec-
tor. It was developed by BKM, Inc. of
Sandiego, CA for this project. The pilot
system enables the engine to be started
and idle with diesel fuel only. It can
also provide the small amount of pilot
fuel for partial and full Toad opera-
tion.

For both systems, the injection
timing and duration are controlled by
electrical pulses. The appropriate indi-
vidual control signals are determined
for best engine combustion during the
single cylinder research engine test.
They can later be programmed and exe-
cuted by a master controliler when used
on the second phase coal fueled diesel
engine. These are described in [11].

Combustion R&D - Pressure Chamber
CWS Fuel Spray Investigation. Experi-
ments were conducted at Texas A&M Uni-
versity (TAMU) to characterize
coal-water slurry fuel sprays from
diesel engine injectors. Since the com-
bustion event is a strong function of
the fuel spray, full characterization of
the spray is a necessity for successful
engine design and for modeling of the
combustion process. Two experimental fa-
cilities were used at TAMU to study the
injection of coal slurry fuels. The
first experimeatal facility incorporates
GE mechanical fuel injection system (in-
jection pump, fuel line, and nozzle) and
a specially designed diaphragm to sepa-
rate the abrasive coal slurry fuel from
the moving parts of the pump. The second
experimental facility is based on the
electronically controlled accumulator
injector from GE. A pressurized visual-
ization chamber was used to provide a
spray environment which simulated the
engine gas density and permitted the use
of spray diagnostic techniques.

The study included high speed
movies and direct photography of CWS
sprays. Specific characteristics such as
spray growth, penetration, shape, and
cone angles were determined as functions

of operating conditions and nozzle
design. In addition to this overall
characterization of the spray, this
study also characterized the details of
the atomization quality. A laser dif-
fraction imaging technique was used to
examine the atomization quality by mea-
suring the droplet size and droplet size
distribution in the spray. Both spatial
and temporal droplet size variations
were investigated in detail as a func-
tion of fuel injection pressure, nozzle
orifice dimensions and background air
condition. The drecp-size measurement
study in conjunction with the spray vi-
sualization provides a good knowledge
base of isothermal CWS diesel sprays and
insures a sound foundation for the study
of CWS diesel engine combustion. A topi-
cal Report, Characterization of
Coal-Water Slurry Fuel Sprays From
Diesel Engine Injectors, was issued in
June, 1993. Results are also reported in
[10], [13], [17], [18], [23], [24],
[25], [26], and [37].

Combustion R&D - Engine Combustion
Computer Simulation. A combustion model
has been developed for a direct injected
diesel engine fueled with CWS and as-
sisted by diesel pilot injection by
Ricardo, North America. The model com-
bines the unique heat and mass transport
and chemical kinetic processes of CWS
combustion with the normal in-cylinder
processes of a diesel engine. It in-
cludes a two stage evaporation submodel
for the drying of the CWS droplet, a
global kinetic submodel for
devolatilization, 'and a char combustion
submodel describing surface gasification
by oxygen, carbon-dioxide and water
vapor. The combustion volume is
discretized into multiple zones, each of
whose individual thermochemistry is de-
termined by in-situ equilibrium calcula-
tions. This provides an accurate deter-
mination of the boundary conditions for
the CWS droplet combustion submodels and
the gas phase heat release. A CWS fuel
jet development, entrainment and mixing
submodel is used to calculate the mass
of unburned air in each of the burned



zones. A separate submodel of diesel
pilot fuel combustion is incorporated
into the overall mode, as it has been
found that pilot fuel is required to
achieve satisfactory combustion under
many operating conditions.

The combustion model is integrated
with an advanced engine design analysis
code, IRIS, which is also developed by
Ricardo. Simulations have been performed
from generating maps of fuel consumption
rate and peak pressure at each notch
(Tocomotive throttle load and speed)
setting, thus allowing selection of the
best combination of CWS and pilot injec-

tion timing under the constraint of max- .

imum firing pressure. In addition, the
model has been used as a tool to explore
the tradeoffs between different operat-
ing options. Detail description of this
task and results are in the topical
report, Development and Application of a
Comprehensive Model for Pilot-Ignited
Coal/Water Mixture Combustion in a
Direct Injection Diesel Engine, Sept.,
1991, and references [3] and [8].

Combustion R&D - Single Cylinder
Engine Combustion Optimization. Exten-
sive CWS combustion optimization study
was completed on the single cylinder
engine. The goal is to provide the high-
est combustion efficiency (burnout rate)
while not exceeding the firing pressure
1imit and having reasonable fuel con-
sumption rates. It is also a goal to use
the least practical amount of pilot
diesel fuel. Among the parameters stud-
ied, included CWS injection pressure,
CWS and pilot injection timings, CWS in-
Jjector hole size, number, shape and
spray included angles, as well as engine
inlet air conditions. Many interesting
phenomena were noticed. For instance,
for all practical purpose, CWS fuel ig-
nites after its spray impinges on the
combustion chamber walls. Impingement
does not necessarily hamper combustion
as long as it is not overly attached to
the walls or hit the cooler cylinder
liner surface.

Another interesting point that has
been observed lies in the fact that, for
optimum combustion, at the lower loads,
the pilot diesel fuel is injected early
in the cycle to serve as an igniter.
However, at full load, pilot fuel should
only be introduced late in the cycle to
become a combustion enhancer after al-
lTowing a long delay time for the water
in CWS fuel to evaporate before ignition
("Delayed Ignition"). As a result of op-
timization, the combustion efficiency at
full enginc load reached 99.5%. Details
of all the findings are documented in a
topical report, Coal Slurry Combustion
Optimization on Single Cylinder Engine,
September, 1992, and references [12] and
[15].

Combustion R&D - In-Cylinder Combus-
tion Photography Study. The high speed
in-cylinder combustion photography study
is conducted to better understand anc
improve the engine performance. In the
photographs, distinct flames of pilot
and CWS combustion were noticed. It was
proven that the coal fuel burns after
piston impingement and secondary
atomization. Agglomerated particles will
develop when combustion conditions are
not favorable. Cylinder pressure data
were simultaneously recorded for each
film frame. Heat release data can thus
be produced for each photo study. Most
of the findings of earlier combustion
studies on engine performances were con-
firmed. Detail findings are summarized
in a technical paper [21].

Emissions R&D. The goal for emis-
sions control was to reduce the pollut-
ant levels of the coal engine to the
levels of a conventional diesel engine.
Achieving the minimum goal requires a
reduction of approximately 50% in SOz
emissions and a 90 to 95% reduction in
particulate emissions, the actual per-
centages varying with the fuel. NOx
emissions from the coal diesel are ap-
proximately 50% of the conventional
diesel Tlevel.



The space Timitations on board the
locomotive present the greatest obstacle
to the design of an emissions control
system. The cleanup system must be com-
pact as well as multifunctional. The de-
velopment of a particulate collection
device was undertaken by GE Environmen-
tal Services, Inc. (GEESI). Among the
options evaluated were high-temperature
metal filters, cyclones, and a granular
bed. The development of a cleanup method
for SOz and possibly NOx was undertaken
at GE/CRD. A process was sought which
could incorporate one of the particulate
removal devices under consideration.

At GE Corporate Research & Develop-
ment, bench scale tests were conducted
to investigate the effectiveness of
using both the copper oxide (CuO) sup-
ported pellets and the Cu0/A71203
powder to remove sulfur in the emis-
sions. Later, a small size Yanmar engine
was set up with the exhaust gas passing
through candle type stainless steel fil-
ters. The filters were equipped with re-
verse pulse air cleaning. The engine
fuel was doped with carbon disulfide
(CS2) to increase the engine exhaust
S02 concentration. Promising results
were obtained using copper oxide (Cu0)
sorbent coupled with ammonia injection
to simultaneously greatly reduce SOz
and NOx emissions. This effort is de-
scribed in [39].

Early in the program, an emissions
sampling system was constructed to ex-
tract a small portion of the exhaust of
the single cylinder engine. The system
can test a sub-scale cyclone, fabric
filter or granular bed, singly or in
combination. Calcium sorbents were also
tested on engine to capture 502 from
the exhaust. Lime was either mixed into
the CWS fuel or injected into the ex-
haust manifold. Details of the findings
have been reported in the topical
report, Characterization and Control of
Exhaust Gas from Diesel Engine Firing
Coal-Water Mixture, March, 1990, as well
as [4] and [32].

Based on findings of the above inves-
tigation, cyclone was rejected for its
inability to remove particulate with the
required efficiency. Lime based SOz
sorbent was found to be insufficient.
The granular bed option is potentially
promising. However, in order to develop
it into a Tocomotise engine system, the
cost and time will be much more than the
presently selected system. The final se-
lected methods are:

o Regenerative CuO sorbent and ammo-
nia injection downstream of turbo
charger;

e High temperature barrier filter
downstream of sorbent injection;

e Off line regeneration of sorbent.

The expected individual emission removal
efficiencies of the system are:

o Particulate 99,
e S02 90%
o NOx 85%

A cold flow facility of the envelop
type barrier filter has been built and
successfully fiow tested. It was de-
signed into a partial hot flow single
cylinder engine test system of 500 acfm
capacity. Test on actual engine of this
system confirmed the effectiveness of
the selected cleanup methods chosen. De-
tails of this part of the program has
been presented in the technical papers
[22] and [41]. '

Durability R&D. The abrasive and
erosive nature of coal water slurry and
its combustion products impaired previ-
ous development of the coal fuel engine.
Earlier tests demonstrated that the pri-
mary wear componenets in a coal-fueled
diesel engine were injector nozzle tips,
piston rings, and cylinder liners. The
development of suitable materials and
processes for these parts were under-
taken at GE/CRD.

The development of an erosion
resistant nozzle for the coal-fueled lo-
comotive was given the highest priority.



Extensive dry erosion and orifice flow
erosion tests were conducted. Results
demonstrated that nozzles built of
synthetic diamond would withstand the
erosive nature of the high-velocity
slurry. Nozzles with diamond orifices
were designed, fabricated, and sucess-
fully tested in an actual engine.

The development of piston rings and
cylinder liners that could withstand the
abrasive nature of the coal-ash depos-
jted on the combustion liner was also a
high-priority activity. Pin-on-disc and
ring segment bench scale tests were used
to select optimized materials and .pro-
cessing conditions for plasma-deposited
coatings. Tungsten carbide/cobalt was
the material of choice for both the ring
and liner. Small-scale engine components
were built and tested. The materials
performed very well. Large engine compo-
nents were built and tested in the dura-
bility engine at GE/TS engine lab. Fi-
nally, tests were conducted to identify
the optimum plasma spray processing con-
ditions for deposits of tungsten car-
bide/cobalt mixtures.

Details of the studies have been summa-
rized in the topical report, Improved
Materials for Durable Rings, Liners, and
Injector Nozzles, R&D Final Report: Du-
rability, December, 1991, as well as
[9], [19], [30] and [33].

Engine Systems Verification

Mechanical FIE 12 Cylinder Engine
System. The mechanical FIE 12-cylinder
coal-fueled engine was modified from a
General Electric model 7FDL diesel
engine by having dual positive-displace-
ment fuel injection systems., A cross
section of one of the 12 cylinder layout
is shown in Fig. 2. The fuel injection
system for CWS is used exclusively at
higher loads. The CWS main injector is
centrally mounted in the combustion
chamber, with a nozzle having ten holes
of 0.55mm diameter. The pilot injector
is mounted off-center in the cylinder

head and sprays into the combustion
chamber from the side through four un-
equal holes (two 0.50mm, two 0.30mm).
The diesel fuel injection system pro-
vides both a small amount of pilot to
enhance coal combustion and large
amounts of diesel fuel for starting and
Tow loads. The pilot diesel fuel pump is
mounted on the side of the engine. A
unique mechanical fuel-rack linkage con-
trols the amount of both CWS and diesel
fuel injected into the cylinders on the
12-cylinder coal fueled diesel engine.
The linkage synchronizes both CWS main
and diesel fuel pilot injection pumps on
all twelve cylinders during start up,
acceleration on diesel fuel, transition
to coal combustion, and high power run-
ning on CWS. This engine was operated
for 10 hours at up to 1880 kW at 1050
rpm. Details of the design and testing
of this engine are in [14], [34] and
[38].

Stage II Electronic Controlled FIE 12
Cylinder Engine. The Phase Il coal
fueled diesel engine was also con-
structed by modifying a production GE
7FDL12 engine. The cylinder liner and

’ ector
CWS Injector Pilot Inject

rig. 2 Mechanical FIE Engine



the piston rings of this engine were
Tungsten Carbide coated for wear resis-
tance. It also has the full size emis-
sion control system to cleanup the ex-
haust gas. The cross section of one of
the 12 cylinders is shown in Fig. 3.
This engine has a dual accumulator type
fuel injection system with electronic
control. One system, the main system, is
used to inject CWS into the combustion
chamber when the engine is under load.
The second system, the pilot injection
system, is used to idle the engine, to
provide a source for ignition in the low
horsepower notches, and to enhance com-
bustion under full load. Both systems
are electronically controlled and jnde-
pendent of one another. A master con-
troller was developed by Woodward Gover-
nor Co. of Ft. Collins, CO. Each injec-
tur subsystem, pilot or coal, is watched
over by the master controller which gov-
erns engine speed and engine safety pa-
rameters such as 0il pressure and water
temperature. The master controller also
determines injection timing and injec-
tion duration for each load and speed

ACCUMULATOR INJECTOR ~ PILOT INJECTOR

PISTON PUMP

COAL
CYLINDER —= &
JERK PUMP )

Fig. 3 Electronic FIE Engine

combination (Notch) and provides an in-
terface for Notch selection from the op-
erator. This engine is presently under
test at GE/TS engine laboratory.

12 Cylinder Engine Emission test. A
simplified flow diagram of the emissions
control system is illustrated in Fig. 4.
This system was designed by GEESI and
installed at GETS engine laboratory. It
is presently being tested.

Gas enters the system by passing
through a two-way bypass/isolation
damper. The ductwork system upstream of
the envelope filter casing is compact
and encloses a sorbent storage hopper.
Sorbent particulate is metered into the
gas stream by a rotary feed valve. The
sorbent may be a regenerative type,
copper oxide coated on alumina parti-
cles, or a throwaway type,
Nahcolite/sodium bicarbonate. Process
stoichiometry using copper oxide sorbent
removes exhaust gas SO2 by the formation
of copper sulfate. Ammonia gas injected
into the exhaust gas, in the presence of
copper sulfate, produces a reduction of
NOx. However, when throwaway
Nahcolite/sodium bicarbonate sorbent is
used, there is no reduction of NOx ac-
complished.

Exhaust gas, including the
sorbent/precoat and CWS ash particu-
lates, enters the filter through a
plenum at the top of the casing. The
barrier filter elements, made of a com-
paction of Inconel metal fibers, consist
of 28 two sided envelopes approximately
6 ft. high by 6 ft. wide and produce ap-
proximately 2000 sq. ft. of filtration
area and a filtration velocity
(air/cloth ratio) of 10 ft./min. Entry
of the gas into the top inlet plenum re-
sults in gas flow in a general downward
direction to approach the filter media.
The combination of downward gas flow and
the baffles creates a favorable situa-
tion for direction of collected particu-
lates downward into the filter hopper.

Particulate is collected on the out-



side of the envelope filters. Cleaned
gas exits from the envelopes to one side
into a cleaned gas plenum and exits the
filter system in an upward direction.
The design of the entire envelope filter
system is consistent with the size and
space constraints required for installa-
tion on a CWS fuel diesel engine locomo-
tive. Cleaning of the envelope filters
is accomplished by a high pressure air
directed into the interior of the enve-
lopes. It creates a short duration re-
verse flow through the filter media to
remove collected particulates. Cleaning
control may be automatic, controlled by
filter pressure drop, or manual activa-
tion at any time for any desir.d dura-
tion. It is expected that maximum filter
pressure drop will be controlled to a
range of 10-15 in. H20 pressure drop.

Engine Test of Durable Parts. Com-
ponents specifically designed for run-
ning in a medium speed coal fueled
diesel engine were durability tested.

The test bed was a slightly modified
General Electric model 7FDL V-8 diesel
engine, with the left bank provided with
two durability cylinders to run on coal
water slurry fuel using #2 diesel fuel
as pilot and the right bank standard.
The other two cylinders on the left bank
provided the pilot to the coal fueled
cylinders and produced no power. A stan-
dard four-pipe exhaust manifold allowed
both the two coal fueled cylinders and
the two dummy cylinders to be isolated
in the exhaust up-stream of the turbo-
charger turbine. The engine is started
on the right bank; the coal fueled dura-
bility cylinders are then brought on .
line at full speed, half load. Compo-
nents tested include: tunsten carbide
coated cylinder liners and piston rings,
and fuel irjection nozzles for CWS fuel
operation. 200 cylinder hours have been
run on the above various parts. Results
are presently being evaluated.
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Locomotive System Test.

The main thrust of the first stage
coal-fueled diesel Tocomotive testing
was to verify that the various engine
support and control systems functioned
as required, gaining operational experi-
ence and identifying problems. A test
locomotive, GE 609, was modified for
this test. It is a model C39-8, a micro-
processor controlled, six-axle locomo-
tive, having motor-driven blowers, radi-
ator fans, and air compressor. The first
stage 12-cylinder coal-fueled diesel
engine was installed in this locomotive
after completion of tésting in the GE
diesel engine laboratory.

The first stage coal-fueled diesel
locomotive testing included a fuel
tender car coupled to its rear, see Fig.
5. The fuel tender uses a railroad flat-
car to carry the tanks, pumps, valves,
and associated controls for the first
stage locomotive CWS fuel system. CWS is
supplied to the locomotive from the
tender, along with purge water. Having a
separate fuel tender car facilitated
testing to study problems related to CWS
mixing, long-term storage, freezing, and
variations in coal loading within a
large tank.

Locomotive testing included both
stationary testing and running on the
GE/TS Erie test track. During the sta-
tionary test, the Tocomotive runs in
self-load mode. After some system debug-
ging, self-load test of the locomotive

COAL FUELED DIESEL ENGINE

was successful. It made the transitions
from starting with diesel fuel both into
and out of coal combustion and purging
the CWS fuel injectors prior to shut-
down. The test track at GE/TS is about 4
miles long. For the track run, two
diesel-electric locomotives, operating
in dynamic braking mode, were used as
load units for the coal-fueled diesel
locomotive (GE 609) to simulate a trail-
ing train. After the completion of the
stationary test, successful track test
runs were made in November of 1991.

Many locomotive systems operation re-
quirements on engine were learned. They
included the sudden load change needed
on the engine during "wheel slip" and
the requirement on the engine during
"tunnel operation" mode. The first loco-
motive system did not have provisions to
accommodate these. However, for future
railroad test, they have to be designed
into the control system of the engine.
video tape was made of the actual test
run and presented to the DOE Contrac-
tors’ Review Conference and the ASME
coal-fueled diesel meeting in 1992. A
technical paper [40] was written de-
scribing the details of the test.

A

Conclusions

Important achievements in technology
have been made in bringing a coal fueled
diesel engine for locomotive application
into reality. Approximately 500 hours of
engine operation has been accumuiated
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with coal fuel. Due to the persistent
low 0il prices and the federal budget
deficit, the present program scope was
reduced. However, the critical technolo-
gies developed are retained and summa-
rized in the completion of the second
phase electronic controlled FIE engine
with its emissions cleanup system. When
market environment becomes favorable in
the future, the technologies can be
further improved and packaged into «
commercial system very quickly.
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