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Long-Term Methanol Vehicle Test Program — Final Report 1

1. Background and Objective

Methanol, one of the leading alternatives to gasoline as a motor vehicle fuel, has been
highlighted in national competitions such as the Society of Automotive Engineers (SAE)
Methanol Marathon in 1989 and the SAE Methanol Challenge in 1990, but little has
been done in the area of long-term testing of methanol as a motor vehicle fuel. To

address this shortcoming, a 1988 Chevrolet Corsica was modified by Texas Tech Uni-

versity to serve as a test bed to determine the long-term effects of methanol on engine
and emission systems performance. The vehicle was previously modified to operate
on M85 for the SAE Methanol Marathon/Challenge competitions; it was further modi-
fied for M100 operation for the long-term test program.

The objective of this project was to determine the effects of methanol fuel on engine
performance and exhaust emissions during long-term use. Engine wear, gasket per-
formance, fuel economy, emissions level, oil consumption, and overall vehicle perfor-
mance were monitored over approximately 22,000 miles of vehicle operation. Vehicle
performance, oil consumption, and emissions baselines were established initially to
be used for comparative purposes during the program. The engine was removed from
the vehicle and disassembled, and all bearing and ring clearances and cam profiles
were measured to determine any preexisting wear. All gaskets, seals, bearings, and
piston rings were replaced. The cylinder bore was honed, valve and valve seats were
lapped, and the crankshaft journals were polished. Higher flow rate fuel injectors
supplied by AC Rochester were installed and the computer system was calibrated for
M100 fuel.

At the completion of the program, after the mileage accumulation phase, the vehicle
emissions level, oil consumption, and engine performance were again determined.
The engine was removed from the vehicle, disassembled, and engine component wear
was determined and compared with the initial condition.

2. Vehicle Modifications

The Corsica was initially modified to operate on M85 for the SAE Methanol Mara-
thon/Challenge competitions [1 and 2]. The vehicle won 2 place overall in the 1990
Methanol Challenge, placing 1% in endurance fuel economy, 2™ in acceleration, and
demonstrating excellent emissions and maneuverability. Table 1 summarizes the major
event rankings for the Texas Tech Corsica.

Mechanical Engineering Department Texas Tech University
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Table 1. Major Event Rankings for TTU Corsica
in 1990 SAE Methanol Challenge

2" Place Overall

1%t Place Endurance Fuel Economy

2™ Place Acceleration

FTP Emissions Results (g/mi)

HC 0.04 NO, 0.71
NMHC 0.03 CH;OH 0.29
CO 0.60 OMHCE 0.16

FTP Fuel Economy Results
(miles per gallon gasoline equivalent)

City 21.6
Highw ay 41.0
55/45 Cityiighw ay 27.4

A methanol-compatible fuel system (tank, pump, lines, fuel rail, and injectors) was
installed for the SAE competitions. GM delivered the Corsica with a computer inter-
face which allowed modifications to be made to the engine control maps during engine
operation. The engine stroke was increased to take advantage of the increased amount
of exhaust product and slower burning characteristics of methanol. To ensure good
fuel economy, the bore was decreased to maintain a displacement of 2.8 liters. The
crankshaft from a 1990 3.1-liter GM V-6 engine was used to achieve a stroke increase
from 2.99 inches to 3.31 inches. Because methanol has a higher octane rating than
gasoline, the compression ratio was increased to 11.7:1 by installing custom flat-top
pistons with a centered pin-bore. The piston material contains a high silicon content
for low coefficient of thermal expansion, good wear resistance, and high-temperature
strength. The top piston ring was changed to a chrome ring to maximize the amount
of heat retained in the combustion chamber to enhance the vaporization of fuel. The
oil ring was also changed to reduce friction. A custom camshaft was employed to
compensate for the slow burn characteristics of methanol. The lobe centers and dura-
tion were changed to allow a longer burn time during the power stroke. Cam specifi-
cations are presented in Table 2. Roller-tip rocker arms were used to reduce friction
and valve guide wear. To compensate for the increase in exhaust flow, a larger 2-1/4-
inch exhaust pipe diameter was used between the exhaust manifold and the catalytic
converter. From the catalytic converter, the exhaust pipe diameter is 2-1/2 inches.
Allied-Signal, Inc., Tulsa, Oklahoma, provided the specially designed light-off and main
catalysts to control exhaust emissions. The light-off converter is located near the
exhaust manifold in order to reach operating temperature as quickly as possible after
engine start. Heated air from around the exhaust manifold is supplied to the air
cleaner at temperatures below 30°C to enhance cold starting and driveability.

Mechanical Engineering Department Texas Tech University
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To increase fuel economy, the 5% gear ratio was lowered from 0.72:1 to 0.603:1. This
resulted in a decrease in engine speed at 60 mph from 2200 to 1875 rpm. This modi-
fication takes advantage of the increased torque the engine produces. To prevent body
roll in tight cornering, a larger sway bar and gas shocks were installed at the rear
axle. These additions provided greater driving stability to the vehicle.

3.  Engine Calibration and Fuel Properties

At program initiation after the engine was installed in the Corsica, chassis dynamom-
eter testing was accomplished for engine/vehicle final calibration and performance
evaluation. Rich conditions under deceleration were experienced and could not be
corrected due to lack of electronic control module (ECM) deceleration table addresses.
As a result, the vehicle experienced a slight idle instability after deceleration to a
stop. The ECM calibration tables are included in Appendix A. Engine starting was
acceptable at temperatures above 15°C, but considerable difficulty was experienced in
starting the vehicle during winter conditions. As a result, the engine accumulated an
abnormal amount of time under cold-cranking conditions with inadequate lubrication

A problem arose during the pretest engine dynamometer testing with the M100 fuel.
This fuel had been stored for over a year, and upon opening a 55-gallon drum an
atypical smell was noted as compared to that of M100 racing fuel. This fuel was used
during the first series of dynamometer tests and the engine control system calibration

Table 2. Camshaft Specifications as Measured with the Cam Doctor

Cyl 1 Cyl 2 Cyl 3 Cyl 4 Cyl5 Cyl 6 Avg |Variance
intake & Exhaust
Lobe Center Sep} 111.1 | 111.0 | 110.9 | 110.8 | 111.1 | 1111 | 111.0 0.3 iCam Deg
Valve Overlap -27.6 -27.5 -27.2 -27.2 -27.8 -28.0 -27.5 10.4 lcrank Angle
Intake
Valve Opening -7.8 -7.8 -7.6 7.6 -7.9 -8 7.8 {0.2 IDeg BTDC

Lobe Center 104.6 | 104.5 | 104.4 | 104.3 104.5 | 1045 | 1045 [0.1 |Deg ATDC

Valve Closure 22.5 22.5 22.2 22.2 22.2 22.1 22.3 (0.2 IDeg ABDC

Duration 194.7 194.7 194.6 194.6 194.3 | 194.1 184.5 |0.3 ICrank Deg

Max Cam Lift 0.26031] 0.26028 | 0.25992| 0.25988 | 0.25854 | 0.2585 | 0.25957 | 0.00091 llnch

Net Valve Lift 0.39047| 0.38041{ 0.38988 | 0.38982 | 0.38781 | 0.38776 | 0.38936 | 0.00136 llnch

Lobe Area 18.61 | 18.64 | 1863 | 18.61| 1847 | 1845 | 18.57 {0.09 |in * Deg
Exhaust

Valve Opening 34.1 34.2 33.9 34 34.1 34 34.1 |0.1 |Deg BTDC

Lobe Center 117.5 | 1175 | 117.4 | 117.3 | 117.6 | 1175 | 1175 |0.1 Ipeg ATDC

Valve Closure -19.8 -19.8 -19.6 -19.6 -19.9 -20 -19.8 |0.2 IDeg ABDC

Duration 194.3 | 1944 | 194.3 | 1944 | 1942 | 194 194.3 [0.2 lcrank Deg

Max Cam Lift 0.25933 0.25917 | 0.25921| 0.25306 | 0.25902 | 0.25906 | 0.25914 | 0.00016 Ilnch

Net Valve Lift 0.389 0.38876] 0.38882 | 0.38858 | 0.38852 | 0.38858 | 0.38871 | 0.00024 Ilnch

Lobe Area 18.47 18.54 18.5 18.53 18.46 | 18.44 18.49 |0.05 |ln * Deg
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was difficult due to extremely rich conditions and exhaust temperatures were lower
than typical. After a few minutes of operation the O, sensor failed. The fuel was then
tested using a procedure developed by V-P Hydrocarbons, which involves the addition
of 10 parts hydrochloric acid and calcium chloride solution, 5 parts phenolphtalein
and methanol solution, and 10 parts sodium hydroxide solution to 30 parts of the
tested methanol. The result was a very cloudy solution, which, according to the test
protocol, was unacceptable. Laboratory-grade methanol (99.98%) was also tested and
resulted in a clear solution. The fuel was also used in the vehicle after the engine was
reinstalled. When driving, a wide variance in the block learn memory was noted;
thus, the engine idle was erratic and unstable. Occasionally, the engine would die
during rapid acceleration.

Air Products and Chemicals, Allentown, Pennsylvania, which was providing the M100
for the program at no cost, was contacted and two samples of the fuel were sent to
them for analysis. Gas chromatographic analysis of the samples did not disclose any
obvious reasons why this fuel did not perform satisfactorily in the Corsica. This fuel
was discarded and fresh fuel from the Air Products facility in LaPorte, Texas, was
used during the remainder of the program without any further problems. Table 3
shows assays of the typical product and the two samples analyzed by Air Products.

Table 3. Methanol Composition

Constituent M100 Assay (Wt.%) | Sample 1 (Wt. %) | Sample 2 (Wt. %)
1. Methanol 96.590 97.030 97.060
2. Dissolved Gases (Air+CO») 0.126 0.000 0.000
3. Dimethyt Ether 0.012 0.000 0.000
4. Methyl Formate 0.924 0.700 0.700
5. Water 0.605 0.550 0.550
6. Ethanol 0.678 0.630 0.640
7. Methyl Acetate 0.166 0.140 0.130
8. n—Propanol 0.260 0.320 0.320
9. Methyl Ethyl Ketone 0.048 0.010 0.010
10. SEC-Butanol 0.029 0.040 0.030
11. ISO-Butanol 0.036 0.030 0.030
12. N-Butanol 0.137 0.120 0.120
13. ISO-Pentanol 0.038 0.070 0.060
14. 1—Pentanol 0.080 0.060 0.060
15. N-Hexanol 0.034 0.030 0.020
16. Aliphatic Oil 0.235 0.010 0.040
17. lsopropanol 0.000 0.010 0.010
18. t—Butanol 0.000 0.006 0.008
19. Unknowns 0.000 0.240 0.210—

Mechanical Engineering Department Texas Tech University
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4, Mileage Accumulation

The mileage accumulation phase of the project occurred between the initial and final
Federal Test Procedure (FTP) testing at Southwest Research Institute (SwWRI) (from
January 1993 to December 1994). The vehicle was driven under city and highway
conditions and relatively few problems were experienced. The hydraulic clutch slave
cylinder failed during a full-throttle acceleration drive and the mass air-flow sensor
was replaced after the mounting boss broke. The vehicle pulled a two-wheel trailer
loaded with two 55-gallon drums of methanol from Lubbock to San Antonio, Texas and
Lubbock to Austin, Texas with exceptional performance. Figure 1 shows the Corsica
during a road trip to San Antonio. Note the fuel trailer necessary for long trips. The

vehicle was exhibited during the 4 Annual Texas Alternative Fuels Market Fair and
Symposium in Austin on June 6-8, 1993, and participated in the 1993 Fourth of July
parade in Lubbock, Texas. Figure 2 shows the vehicle on display at the Market Fair in
Austin, Texas.

The only serious problem encountered during the mileage accumulation phase of the
program was related to fuel pump failures. In March 1994 the original fuel pump in
the vehicle failed. This pump had been in the vehicle since the inception of the long-
term methanol program but was the third pump installed in the vehicle during the
two years of competition (1989-1990). At the time of failure this pump had been in
service for approximately two years. Contact with AC Rochester at the time of failure
indicated that this particular pump was subject to electrical contact corrosion in which
copper from the electrical contact was taken into solution with the methanol. When

S i S
Figure 1. Test vehicle during road trip to San Antonio

Mechanical Engineering Department Texas Tech University
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Figure 2. Test vehicle on display at the 4 Annual Texas Alternative
Fuels Market Fair and Symposium in Austin

the amount of copper reached a certain level it appeared to precipitate out of solution
and clog the pump, rendering it inoperative.

The failed pump was replaced with a new pump obtained from AC Rochester. The
replacement pump lasted only a few minutes before it also failed. AC Rochester per-
sonnel indicated that some pumps were manufactured with inadequate plating and
that the type of failure experienced with this second pump was characteristic of this
manufacturing problem. A third pump obtained from AC Rochester was then installed

in the vehicle in late June 1994. This pump also failed shortly thereafter (approxi-
mately two weeks). This pump was returned to AC Rochester and from there was
passed on to the General Motors Corporation (GM) Fuels and Lubricants Department
for analysis. A fuel sample was also sent to GM since it was suggested that the M100
might be contributing to the failures. Personnel from Air Products and Chemicals
were also brought into the failure analysis discussions at this time since they pro-
vided the M100 for the program. No report as to the results of this analysis was
provided by GM.

A methanol-compatible fuel pump was then purchased from the local GM performance
parts supplier. This pump was preconditioned by pumping gasoline through it for
several hours before installing it in the vehicle. This pump performed satisfactorily
for the remainder of the program (approximately six months).

Mechanical Engineering Department Texas Tech University
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5. Engine and Component Wear

Tear-down of the engine after the mileage accumulation showed indications of detona-
tion in three cylinders and significant wear and scuffing on one cylinder wall. Cylin-
ders 1, 2, and 6 showed normal wear of approximately 0.0005 in cylinder diameter.
Figure 3 shows the piston from Cylinder 2 after removal from the engine. The pistons
from Cylindersl and 6 are similar. There is no indication of wear on the piston itself
and the rings still show the initial marks and imperfections. Note also the dark por-
tion of the top of the second ring, which indicates that only a portion of the ring sur-
face was in contact with the cylinder wall. Finally, there is no indication of combus-
tion products or carbon buildup between the first and second rings of pistons from
Cylinders 1, 2, and 6.

Cylinders 3 and 5 showed evidence of some detonation. The undersides of both pis-
tons were lightly discolored, indicating excess heating typical of the higher tempera-
tures produced by detonation. The rod bearings from these cylinders also showed
some deformation typical of detonation. The piston from Cylinder 3 is shown in Fig-
ure 4. Note the dark deposits between the first and second rings. These deposits often
result from detonation-produced flutter of the top piston ring. Also note that the top
ring is very polished which indicates more than normal wear.

Figure 3. Side view of piston from Cylinder 2

Mechanical Engineering Department v Texas Tech University
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Figure 5. Side view of piston from Cylinder 4
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Flgﬁre 6. View of piston from Cylinder 4

Cylinder 4 showed the most significant abnormal wear. Views of the piston from
Cylinder 4 are shown in Figures 5 and 6. Both the top and second ring show polished
surfaces, indicating excessive wear for 22,000 miles of operation. There are almost no
signs of the original markings on the rings. Some indication of scuffing of the piston
surface between the rings is also apparent. Scuffing of the piston below the oil ring is
clearly evident in Figure 6. The wall of Cylinder 4, depicted in Figure 7, clearly shows
excessive scuffing. Note that the scuffing extends all the way to the top of the cylin-
der, above the highest position of the top ring. The scuffs in the cylinder become more
pronounced at a point on the cylinder wall which coincides with the piston location a
few crankshaft degrees past TDC, approximately where the force on the piston due to
the combustion gases rapidly increases. The bottom of Piston 4 showed excessive
heating and the rod bearings from Cylinder 4 were deformed in a manner typical of
detonation. Cylinder 4 experienced the most severe detonation. Figure 8 shows the
combustion chamber for Cylinder 4. Note the absence of the ceramic insulator in the
spark plug. The insulator was probably dislodged by detonation. Otherwise the com-
bustion chamber was clean and relatively free of deposits.

The wear experienced in Cylinder 4 and, to a lesser extent, in Cylinders 3 and 5 (see
Tables 4 and 5), is thought to be related to the washing down of the cylinder walls by
fuel during coldstarting. The engine was very difficult to start during the winter

Mechanical Engineering Department Texas Tech University
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Figure 7. View of cylinder wall in Cylinder 4

Figure 8. Cylinder head showing Cylinder 4 combustion charhber

Mechanical Engineering Department Texas Tech University
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Table 4. Short-Block Measurements Before Mileage Accumulation
Cylinder block

Cylinder bore diameter Cyl 1 Cyl 2 Cyl 3 Cyl 4 Cyl 5 Cyl 6
Top 3.3303 3.3309 3.3303 3.3305 3.3305 3.3305
Bottom 3.3306 3.3309 3.3306 3.3312 3.3306 3.3309)
Main bore (all £0.0005 in) 2.847 in '
Deck height (all £0.001 in) 7.391in DeckMilled 0.04 in

Connecting rods
Bore (all £0.0005 in) 2.125 in Mass 440g
Length (all 0.0005 in) 57 in
Pistons
Diameter (all £0.001 in) Ring land clearance (all £0.0005 in)
Top 3.3225in Top 0.0022 in
Middle 3.3241in Middle 0.0015 in
Bottom 3.3264 in
Mass 329 ¢ Piston Height 1.416 in
Piston pins
Pin to piston bore clearance (all £0.0003 in) 0.0008 in Mass 122g
Piston rings

Gap (all £0.0005 in)
Top 0.0135in Mass 39g
Middle 0.0085in Oil ring tension (pull) 11.5—12.0 Ibf

. Crankshaft

Rod joumal (all £0.0005in) 1.9983 in

Main journal (all £0.0005in) 2.6468 in

Stroke (all £0.0003 in) 3.31 in

Rod bearings

Thickness (all £0.0005 in) Average clearance 0.002in

Max 0.0622in

Min  0.0595in Mass 33 g

Main bearings

Thickness (all £0.0005 in) Average clearance 0.002 in

Max 0.0958 in Min  0.0929in

months when temperatures were below 7 to 10°C. Hence, starting involved cranking
the engine for several minutes. During the long cranking times methanol was con-
tinuously injected into the cylinder and washed the lubricating oil from the cylinder
walls. The oil sample analysis for the oil change after the winter months of mileage
accumulation showed high engine wear.

Mechanical Engineering Department Texas Tech University
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Table 5. Short-Block Measurements After Mileage Accumulation
Cylinder block
Cylinder bore diameter Cyl 1 Cyl 2 Cyl 3 Cyl 4 Cyl 5 Cyl 6
Top 3.3315 3.3311 3.3313 3.3316 3.3315 3.3315}
Bottom 3.3308 3.331 3.3313 3.3312 3.331 3.3312
Main bore (all £0.0005 in) 2.847 in '
Deck height (all £0.001 in) 7.391in DeckMilled 0.04 in
Connecting rods
Bore (all £0.0005 in) 2.125 in Mass 440g
Length (all £0.0005 in) 57 in
Pistons
Diameter (all £0.001 in) Ring land clearance (all £0.0005 in)
Top 3.3225in Top 0.0022 in
Middle 3.3241 in Middle 0.0015 in
Bottom 3.3264 in
Mass 329 ¢ Piston Height 1.416 in
Piston pins
Pin to piston bore clearance (all £0.0003 in) 0.0008 in Mass 122¢g
Piston rings
Gap (all £0.0005 in)
Top 0.0155in Mass 39g
Middle  0.0105 in Oil ring tension (pull) 11.5—12.0 Ibf
Crankshaft
Rod joumal (all £0.0005in) 1.9983 in
Main joumnal (all £0.0005in) 2.6468 in
Stroke (all £0.0003 in) 3.31 in
Rod bearings
Thickness (all £0.0005 in) Average clearance 0.002 in
Max 0.0623 in
Min  0.0598 in Mass 33g
Main bearings
Thickness (all £0.0005 in) Average clearance 0.002 in
Max 0.0958 in Min  0.0929 in

In addition to the cylinder wall, piston, and ring wear described above, the exhaust
valve guides showed approximately 0.001 in wear, which is not considered excessive.
The bearings showed normal wear other than the detonation-associated wear on the
rod bearings in Cylinders 3, 4, and 5. Tables 4 and 5 present the detailed short-block
measurements for before and after mileage accumulation, respectively. Similarly,
Tables 6 and 7 present the cylinder head measurements. Oil sample analyses also

Mechanical Engineering Department Texas Tech University
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Table 6. Cylinder Head Measurements Before Mileage Accumulation

Cyl1 Cyl3 Cyl5
Exhaust Intake Exhaust Intake Exhaust Intake

Valve stem dia (in) 0.3131 0.3138 0.3139 0.3136 0.3138 0.3132
Valve dia (in) 0.315 0.3151 0.3151 0.3151 0.3149 0.3152
Installed height (in) 172 172 171 172 1.7 1.715
Shim thickness (in) 0.075 0.075 0.06 0.075 0.06 0.075
Spring coil bind (in) 1.19 1.19 1.19 1.19 1.19 1.19
Spring pressure ( 1bf) g5 95 g5 95 85 . 95
Retainer to seal (in) 0.54 054 054 054 0.54 054
Seal thickness (in) 0.16 0.16 0.16 0.16 0.16 0.16
Comb chamber (cc) 26.6 26.6 266 | 26.6 26.6 26.6

Cyl2 Cyl4 Cyl 6

. Exhaust Intake Exhaust Intake Exhaust Intake

Valve stem dia (in) 0.3135 0.3137 0.3138 0.3138 0.3138 0.3138
Valve dia (in) 0.3152 0.3152 0.3151 0.315 0.315 0.315
Installed height (in) 173 1.725 1.72 1715 1.715 1715
Shim thickness (in) 0.075 0.075 0.075 0.075 0.06 0.075
Spring coil bind (in) 1.19 1.19 1.19 1.19 1.19 1.19
Spring pressure (Ibf) 95 95 g5 g5 95 95
Retainer fo seal (in) 054 0.54 0.54 0.54 0.54 0.54
Seal thickness (in) 0.16 0.16 0.16 0.16 0.16 0.16
Comb chamber (cc) 26.6 26.6 272 266 26.8 26.6
Gasket surface milled (in) 0.04 Head gasket thickness (in) 0.068
Total swept volume (cc) 472.38 Head gasket volume (cc) 11.56
Compression ratio 172

indicated high upper-cylinder wear. Oil sample analysis sheets are included in Ap-
pendix B.

Several oil leaks were noted around gaskets and seals. Figure 9 shows one such oil
leak on the rear of the cylinder block. Perhaps the blowby of methanol into the crank-
case during cold starting affected the gaskets and seals. All gaskets and seals have

been sent to FEL-PRO for further analysis.

The detonation is thought to have been caused by injector wear. If the injectors expe-
rienced wear due to the low lubricity of methanol, they could have provided poor at-
omization of the fuel and/or too little fuel to some cylinders. Either condition could
have provided an effectively lean mixture for some cylinders and thus promoted deto-
nation in those cylinders. A visual inspection of the fuel injectors indicated that the
injector for Cylinder 4 contained some foreign material in its exit. The injectors have
been sent to SWRI for further testing and evaluation.

Mechanical Engineering Department Texas Tech University
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Table 7. Cylinder Head Measurements After Mileage Accumulation
Cyl1 Cyli3 Cyi5
Exhaust Intake Exhaust Intake Exhaust Intake
Valve stem dia (in) 03131 03129 0.3138 | 0.3135| 0.3139} 0.3135| 0.3136] 0.3134 | 0.3138| 0.3137] 0.3132| 0.3129
Valve dia (in) 03152 03155 0.3152 | 0.3155| 0.3151 | 0.3155| 0.3152| 0.3168 | 0.315 | 0.3155| 0.3152{ 0.3158
Installed height (in) 172 172 1.71 172 171 1715
Shim thickness (in) 0.075 0.075 0.06 0.075 0.06 0.075
Spring coil bind (in) 1.19 1.19 1.19 1.19 1.19 1.19
Spring pressure ( 1bf) g5 95 g5 g5 95 95
Retainer to seal (in) 0.54 0.54 0.54 0.54 0.54 0.54
Seal thickness (in) 0.16 0.16 0.16 0.16 0.16 0.16
Comb chamber (cc) 26.6 26.6 266 26.6 26.6 26.6
Cyl2 Cyl4 Cyl6
Exhaust Intake Exhaust Intake Exhaust Intake
Valve stem dia (in) 0.3135] 0.3134] 0.3138 | 0.3136] 0.3137| 0.3135| 0.3138| 0.3132 | 0.3138} 0.0313q4 0.3137 | 0.3134
Valve dia (in) 0.3153| 0.3168] 0.3152 | 0.3156] 0.315 | 0.3155} 0.3151} 0.316 | 0.315 | 0.3155} 0.3151| 0.3155
Installed height (in) 1.73 1.725 1.72 1.715 1.715 1.715
Shim thickness (in) 0.075 0.075 0.075 0.0756 0.06 0.075
Spring coil bind (in) 1.19 1.19 119 1.19 1.19 1.19
Spring pressure (Ibf) g5 95 95 95 g5 95
Retainer to seal (in) 054 0.54 0.54 0.54 0.54 054
Seal thickness (in) 0.16 0.16 0.16 0.16 0.16 0.16
Comb chamber (cc) 266 266 272 266 2638 266
Gasket surface milled (in) 0.04 Head gasket thickness (in) 0.068
Total swept volume (cc) 47238 Head gasket volume (cc) 11.56
Compression.ratio 11.72

6.

Engine performance at peak load was determined on a SuperFlow dynamometer be-
fore the engine was installed in the vehicle and again at the end of the mileage accu-
mulation and after the final emissions and oil consumption tests were completed.
Figures 10, 11 and 12 show the engine as mounted on the SuperFlow dynamometer.
Corrected torque and power curves for the before and after tests are presented in
Figures 13 and 14. Data from two runs during each test session on the dynamometer
are shown. The low torque reading for one of the initial runs at 3750 rpm is due to fuel
calibration. The calibration was adjusted and the curve smoothed, as the other initial
data point for 3750 rpm indicates.

Engine Performance

During the initial dynamometer tests the engine produced a maximum torque of 201
Ibf-ft at 3750 rpm and a maximum power of approximately 161.5 hp at 5000 rpm. The
end of project tests show maximum torque and power outputs of 192.4 1bf-ft at 4000
rpm and 155.4 hp at 5000 rpm. GM advertised the torque and power output of the
stock 2.8-L engine on gasoline (with accessories) as 160 Ibf-ft at 3600 rpm and 125 hp
at 4500 rpm. These points are shown on the curves for reference. The engine showed
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Figure 10. Engine mounted on SuperFlow dynamometer
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Figure 12. Engine mounted on SuperFlow dynamometer
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a decrease in maximum torque of about 4.83% and a decrease in maximum power of
about 3.8% between the initial tests and the final tests. This amount of decrease is
not considered unusual for 22,000 miles of operation; however, as was noted above,
the engine suffered significant degradation in one cylinder.

7. Emissions And Fuel Economy

The vehicle was driven to SwWRI in San Antonio, Texas, for full Environmental Protec-
tion Agency (EPA) FTP emissions testing at the beginning and completion of the pro-
gram. Figure 15 depicts the vehicle during testing at SwWRI. The emission test results
at program initiation were very encouraging, with the vehicle meeting ultra-low emis-
sions vehicle (ULEV) standards for all components except non-methane organic gases
(NMOG). The pre- and post-test NMOG values are uncorrected since a reactivity
adjustment factor (RAF) for M100 could not be obtained. Test results at program
completion showed increased emissions for all exhaust components for all bags during
the FTP testing, except non-methane hydrocarbons (NMHC). Emission results are
given in Table 8. The SwRI reports are included in Appendix C.

The poorer emissions results during the second test are thought to have resulted from
unburned fuel/air mixture that escaped the combustion process as a result of the scored
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Table 8. Vehicle Emissions Results .

Constituent SWRI Test Ja[l. 1993 | SwRI Test Def:. 1994 ULEV.
(grm/mi) (grm/mi) (grm/mi)

1. THC 0.48 1.167 —

2. CO 0.960 4.280 1.7004
3. NO, 0.150 0.690 0.200f
4. CH, 0.035 0.193 —

5. NMHC 0.011 0.004 —_—

6. Carbonyl 0.005 0.022 7 —

7. Alcohol 0.464 0.948 —_

8. NMOG 0.479* 0.975* 0.040y
9. Formaldehyde 0.0030 0.0200 0.008]
10. Acetaldhyde 0.0002 0.0007 —_—
11. Acrolein 0.0000 0.0000 _
12, Acetone 0.0012 0.0007 —_
13. Propionald 0.0000 0.0002 —_
14. Crotonald 0.0000 0.0000 —_—

15. Isobutyr+MEK 0.00018 0.00064 —_
16. Benzaldehyde 0.0000 0.0000 —_—
17. 0.0000 0.0000 _
Hexanalde
hyde

18. Methanol 0.4640 0.9470 _
19. Ethanol 0.0000 0.0000 —

* The RAF for M100 was unknown; thus, this value is uncormrected.

and scuffed cylinder wall and top piston ring in Cylinder 4. Lubricating oil left on the
cylinder wall also undoubtedly contributed to the increased emissions. Incomplete
combustion and detonation are also thought to have occurred in this cylinder as evi-
denced by the damaged spark plug and combustion product contamination. The pis-
tons from Cylinders 3 and 5 also showed evidence of leakage past the top ring, which
also contributed to increased emissions. To determine whether degraded catalyst per-
formance also contributed to the increased emissions, the catalyst was removed from
the vehicle and sent to Allied-Signal for analysis. At the time that this report was
prepared, Allied-Signal had not completed their evaluation.

Fuel economy was measured during the FTP tests and highway economy was esti-
mated during trips to and from San Antonio. FTP city mileage was measured to be
9.91 mpg (19 mpeg) during initial testing in January 1993 and 9.73 mpg (18.65 mpeg)
during final testing in December 1994. This corresponds to a change of -1.8%. High-
way mileage was estimated to be 16 mpg (31 mpeg). The highway fuel economy rating
for the stock gasoline vehicle was 29 mpg. The relatively small change in city fuel

economy could be due to test variability only and could have nothing to do with vehicle
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performance. No changes were made to the fuel-management control system during
the program, and the O, exhaust sensor appeared to be operating properly during
engine dynamometer testing; thus, if the vehicle fuel economy was actually reduced it
was probably due to the degraded performance of Cylinder 4. Visual examination of
the Cylinder 4 injector disclosed some discoloration and contaminate buildup, which
may also have been due to the abnormal combustion process in this cylinder.

8. Oil Consumption Testing

The vehicle underwent initial oil consumption testing at SwWRI in San Antonio. Initial
tests were completed during March 1993 when the engine had logged about 1,500
miles. Additional oil consumption tests were completed during early 1995 after the
vehicle had accumulated approximately 22,000 on-road miles. The SwRI oil consump-
tion test reports are included in Appendices D and C. The initial test results reflect an
oil consumption rate that is somewhat higher than typical gasoline-fueled vehicles
that have been tested by SwRI. Data presented by Manni and Ciocci [3] also indicate
that the initial oil consumption rate may have been higher than typical for gasoline

fueled engines, especially at low engine speed. However, some of the data presented
by Manni and Ciocci indicate oil consumption rates higher than those produced dur-
ing the initial tests on the Corsica. In addition, Roberts [4] presents results from an
Exxon test that correlate well with the initial Corsica test results. Thus, although the
initial oil consumption results for the M100-fueled Corsica may be on the high end of
the range for typical gasoline engines, the oil consumption was not exceptionally high.
The initial oil consumption rate may have been affected by the lack of engine operat-
ing time before the test. The excellent results achieved during the emissions testing
in January 1993 would reasonably have been expected to correlate with low oil con-
sumption.

It was noted that there appeared to be a relationship between engine deceleration and
increased oil consumption during the tests. The amount of valve lubricating oil drawn
into the intake manifold may have increased with the greater manifold vacuum dur-
ing deceleration. The SwRI report mentioned a relationship between high-tempera-
ture engine operation and increased oil consumption. Roberts [4] indicates that oil
consumption is strongly related to both oil viscosity and oil volatility. Lower oil viscos-
ity and higher oil volatility both promote higher oil consumption. The test oil used by
SwRI was a 10W-30-grade oil with a viscosity of 9.85 ¢S at 100°C. This value of 100°C
viscosity is on the lower end of the viscosity range of the oils used in the tests reported
by Roberts [4].

The oil consumption tests run after the mileage accumulation showed significant in-
creases in the oil consumption rates. Table 9 presents a summary comparison of the
results from the two tests. The largest increase in the oil consumption rate was 123.6%,
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which was observed during steady-state operation at 2675 rpm. The increased oil
consumption was almost certainly caused by the excessive scuffing and wear in Cylin-
der 4 and to a lesser extent by the wear in Cylinders 38 and 5. Moderate wear of the
exhaust valve guides was noted earlier; however, there was no indication that the
valve guide seals had deteriorated. Even the highest o0il consumption rate reported by

SwRI for the Corsica was only about 9% greater than oil consumption rates reported

in reference [3] for gasoline engines. The condition of the engine at tear-down would
indicate that the oil consumption should be even higher.

9. Conclusions

Long-term testing of the M100-fueled 1988 Corsica confirmed several reasonably well
understood conditions and disclosed a few anomalies that may warrant further study.
These are listed below:

A. Tt seems apparent that no off-the-shelf fuel pump is available that will pro-
vide reliable long-term service in M100. The problems appear to be prima-
rily related to materials incompatibility with the fuel, but the lack of lubric-
ity of M100 may also be factor contributing to fuel pump component wear.
This lack of lubricity may have also been a factor in the (apparent) degraded
performance of the injectors, which is thought to have led to detonation in
Cylinders 8, 4, and 5. If M100 is to continue to be considered as an alterna-
tive fuel for the future, this problem needs to be investigated thoroughly.

B. Cold-starting is a severe problem when using M100 as a fuel below ambient
temperatures of 15°C. Cold cranking of the Corsica is thought to have led to
the degraded condition in Cylinders 3, 4, and 5, which contributed to com-
bustion product buildup between the first and second piston rings in these
cylinders and scoring of the cylinder wall and piston scuffing in Cylinder 4.
An effective solution for this problem must be identified if M100 is to be a
viable alternative fuel.

C. The results of the FTP emissions test at program initiation were excellent,
with all exhaust constituents below ULEV levels except NMOG. Emissions
at program conclusion were increased significantly as a result of the de-
graded condition of Cylinders 3, 4, and 5. Catalyst poisoning due to in-
creased lubricating oil consumption may also have been a contributing fac-
tor. Allied Signal has agreed to evaluate the catalyst condition. The results
of this evaluation will be forwarded to NREL when received.

D. Based on the results of this research, M100 is considered to have excellent
potential as an alternative fuel. Cold-starting problems and component wear
due to lack of lubricity will have to solved, but M100 has the potential for
excellent emissions and, with a properly designed engine, provides outstand-
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ing vehicle performance and fuel economy. No fuel safety or handling prob-
lems were encountered during the project. The one case of fuel degradation
(one 55-gallon drum) is thought to have been related to long-term storage in
relatively poor environmental conditions. No other fuel quality problems
were encountered during the project.

E. The initial oil consumption rates measured for the M100-fueled engine are
on the upper end of the range typical of gasoline-fueled engines. The wear
and damage experienced by the engine significantly affected the increase in
the oil consumption rate.
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Table F1 Main Spark Advance ve. LV8 - Load
Conversion Equaion N = E * 266/ 90

400 rpm 600 rpm 800 rpm 1000 rpm 1200 rpm
10 B Decimal  Engineering 16 Bit Decimal  Enginesiing 16 Bit Decimal  Enginesring 16 Bit Decimal  Engineering] 16 Bit Decimai  Engineering
Hexddeolmel  Computer Unit Hexidecimel Computer Unit Hexidecimal Computer Unit Hexidecimal Computer Unit Hexidecimel Computer Unit
Addrees Unit {deg.) Address Unit {deg.) Adcrees Unit {deg.) Address Unit {deg.) Address Unit (dog)
0011 63 2 801D a3 2 8029 63 2 80356 63 2 8041 63 b7
8012 63 7] 801E 63 22 B802A 63 2 8036 63 2 8042 e3 2
80138 63 22 801F 63 22 8028 63 22 8037 63 22 8043 63 x
0014 .4 x2 8020 63 22 802C 03 2 8038 é3 2 8044 63 x
8018 63 .r'd 8021 63 2 8020 63 » 8039 63 22 8045 63 2
0016 87 20 8022 57 20 802E 67 20 B803A 67 20 8046 67 20
8017 61 18 8023 61 18 802F 51 18 8038 61 168 8047 51 18
8016 59 18 8024 51 18 8030 51 18 803C 61 18 8048 51 18
8019 51 18 8026 51 18 8031 51 18 803D 51 18 0049 51 18
001A 48 17 8026 48 17 8032 A8 17 803E 48 17 B04A 61 18
6018 43 16 8027 43 16 8033 43 15 803F 43 15 8048 46 16
001C 34 12 8028 34 12 8034 34 _;2__4 6040 34 12 804C 34 12
P A Naganen
1400 rpm 1600 rpm 1800 rpm 2000 rpm 2200 rpm
16 B2 Deoimel 16 Bit Decimal  Enginesring] 10 Bit Decimel  Engineering| 16 BHt Decimei  Engineering| 16 BR Decimel  Engineering
Heddecimal  Computer Unit Hexidecinal  Computer Unit Hexidecimal Computer Unit Hexidecimal Computer Undt Hexidecimal  Computer Unit
Address Unit (deg.) Address Unit (deg.) Address Unit (deg.) Addreas Unit {(deg.) Address Unit (deg.)
8040 a8 23 8059 77 27 08065 n” 27 8071 80 28 807D 80 2
O04E 65 23 805A 80 28 8068 85 30 8072 91 32 807€ o1 x2
B04F 66 23 8058 80 28 8087 85 k) 8073 o1 32 807F 21 k73
8050 65 23 806C 80 20 6038 85 20 8074 o1 2 8060 o1 R
8081 (. ] 29 806D 80 20 8069 85 0 8076 01 k 4 80681 o1 k 7
8062 (] 23 B805E 80 28 808A 85 30 8076 o1 82 8062 01 b 7
8063 66 23 806F 80 28 8008 62 20 8077 88 81 8083 o1 2
8084 o8 23 8000 80 28 806C 80 28 8078 as 30 80684 "] 31
8088 65 23 8081 71 25 806D 74 20 8079 74 20 8085 60 26
0058 57 20 8062 65 23 806E ¢s 2 807A 65 (69) 23 (24) 8068 n 25
8087 40 16 8063 57 20 606F 67 20 0078 64 (60) 10(21) 8087 54 (65) 19 (29)
8068 L 14 13 8004 41 14.4 8070 43 18 807C 40 (49) 14 (17.2) 8068 40 (52) 14 (18.3)

{ ) Designates Original Vaiue




Table F1 Main Spark Advance ve. LV8 - Load

(Continued)
2400 rpm 2600 rpm 3200 ipm 9600 rpm 4000 ipm
16 B Decimal  Enginesring] 16 Bit Decimal  Engineering] 16 Bit Decimal  Enginesring] 16 Bit Decimal  Enginesring] 16 Bit Decinal  Engineering
 Heoddeoimal _Computer Unit  [Hexideolmal Computer Unit  |Hexidecimal Computer Unit Hexidecimel Unit  |Hexideoimal Computer Unit
Address Unit (deg.) Address Unit {deg.) Addrees Unit (deg.) Address Unit (deg.) Address Unit (deg)
8000 23 27 8005 85 30 BOA1 85 30 80AD 85 30 8080 85 30
808A 91 82 8008 o4 s3 80A2 o4 as 80AE o1 s2 80BA o1 02
8008 o4 33 8097 o4 33 B0A3 o4 83 B80AF o1 32 8088 o 2
808C o4 33 9098 4 33 80A4 04 33 8080 88 31 808C 85 30
8080 o4 33 8009 o4 89 B0AS 88 81 6081 a5 30 80BD 82 29
808E 91 32 800A 91 2 B0AS [:1.] 81 8082 a2 29 80BE 82 29
o08F 0 a1.e 8008 88 81 80A7 85 90 8083 &2 20 80BF 82 29
8060 88 81 800C 68 91 80AS 85 S0 80B4 82 20 80C0 82 29
8001 88 80 - 8000 85 30 80A9 82 20 8086 80 28 80C1 82 29
8002 74 20 800E 74 28 80AA 74 20 80B8 74 26 80C2 80 28
8003 57 (65) 20 (29) 800F 57 (65) 20 (23) 80AB 63 (68) 22 (24) 8087 85 (71) 23 (26) 80C3 68 (74) 24 (26)
9094 49 (57) 17.2 (20) 80A0 48 (56 17 (19. BOAC 51 (56) 18(19.7) 80B8 50(63) _17.6(186)1 eocd 51 (50) 18 (19.
4400 rpm 4800 rpm
16 Bit Deoimel  Engineering] 10 Bit Decimal  Enginesring LV - Load
Hesddeoimal  Computer Unit  [Hexideoimal Computer Unit (for each
Address Unit (deg.) Addrees Unit (deg.) series) Main Spark Timing Caloulation
80Cs [Y3 30 80D1 86 30 32
80Co 91 82 8002 01 32 48 Spark Advance = Mein Spark Advance + Coolant Timing Blas
8007 91 82 8003 91 82 o4 ( deg. BTC) < Table F1> < Teble F2 >
80Co 01 32 0004 88 81 80
8009 88 30 8008 85 30 06
80CA 82 29 80D8 85 30 112
80C8 82 29 00D7 85 30 128 Spark Timing Range is 50 deg. BTC o 10 deg. ATC
80CC a2 20 80D8 85 30 144
80CD 82 20 8009 77 /4 160 Reference Puise at 60 deg. BTC
80CE 80 28 B0DA 68 24 1760
800F 68 (74) 24 (20) 80D8 63 (68) 22 (24) 102
80D0 84 (00) 19 (21) 80DC 60 (68) 21(23.2) 208

( ) Oweignaies Original Vaiue




Teabie P2 Base Coolant Advance Correction va. LVE - Load
Conversion Equation N = ( E + KCTBIAS ) * 266 /90

-18 deg. C 4 009.C 8 _deg. C 20 deg C 32 deg C
10 Bt Decimal  Engineering] 16 Bit Decimal  Engineering] 16 Bit Decimel  Enginesring 16 Bit Decimel  Engineering| 16 Bit Decimal  Enginesring
Hexideoimel  Compunier Unit  [Hexidecima! Computer Unit  [Hexideolmel Compuier Untt  [Hexidecimal Computer Unit  |Hexidecimal Computer Unit
Address Unit (deg) | Address Unk (dog) | Address Untt (deg) | Address Unit (dog) | Address Unit (dog) |
80EA m 4 80F3 111 4 80FC 106 1.8 8105 83 e B810E€ 80 -4
o ] 111 4 O0F4 1M 4 80FD 108 1.8 8106 o3 -8 810F 89 4
80EC 111 4 80F56 "1 4 O0FE 108 1.8 8107 83 -8 8110 89 -4
80ED 111 4 80F8 1)) 4 B80FF 105 1.0 8108 8 -6 8111 89 -4
80EE 11 A4 00F7 M 4 8100 106 18 8109 100 0 8412 100 0
80EF 114 6 80F8 114 5 8101 108 28 810A 100 0 8113 100 1]
00F0 117 6 80F9 17 6 8102 AR)) 4 8108 111 4 8114 106 18
80F1 119 87 O0FA 119 6.7 8103 114 8 810C 114 6 8115 108 28
122 7.7 80FB 122 7.7 8104 117 ] 8100 1171'___2_+__6_1-1& 111 4
— R R e
44 deg C 56 deg. C 68 _deg. C 80 deg. C 92 deg. C
16 Bit Decimei  Engineering] 16 BRt Dacimal  Enginesring] 16 Bit Decimei  Engineering] 16 BRt Decimal  Enginesring] 16 Bit Decimal  Engineering
Hexdideoimal Computer Unit Hexidecimal Computer Unit Hexidecimal Computer Unit Heoddecimal Computer Unit Hexidecimal Computer Unit
[ Address Unit (deg.) Address Unit {deg ) Addrees Unit (deg.) Address Unit (deg.) Addreas Unit (deg) |
817 89 -4 8120 o4 -2 8120 100 0 8132 100 0 8138 100 0
S118 89 -4 8121 o4 -2 B812A 100 0 8133 100 (V] 813C 100 V]
8110 80 -4 8122 o4 -2 8128 100 0 8134 100 V] 813D 100 ]
811A 8 -4 8123 o4 -2 812C 100 0 8136 100 0 813E 100 o
8148 100 (o] 8124 100 0 812D 100 0 8136 100 0 813F 100 0
e 100 (] 8126 100 0 812E 100 (] 8137 100 0 8140 100 )]
811D 102 0.7 8126 100 o 812F 100 0 6138 100 0o . 8141 100 (4]
S1E 102 0.7 8127 102 0.7 8130 100 0 8139 100 0 8142 100 0
1314 18 L w 1% S M 8143 100 2
PR _—-—-——-M
104 deg C 116 deg C
16 Bt Decimal  Engineering] 16 Bit Decimal  Englneering LV8 -Load
Mexideoimal Computer Unit Hexidecimal Computer Unit ( for each Main Spark Timing Calouiation
Unit (dog) | Address Unit (deg) series )
8144 100 0 8140 100 0 0 Spark Advance = Mein Sparit Advance + Coolant Timing Bias
8148 100 0 814E 100 0 2 ( deg. BTC) < Teble F1> < Table F2 >
8140 100 0 814F 100 0 64
8147 100 0 8160 100 0 ]
8148 100 0 8161 100 0 128 Coolant Timing Blas : Function of Coolant Temp. and MAP
8149 100 (] 8152 100 0 160
O014A 100 0 81563 94 - 192
8148 o4 -2 8164 o1 -3 224
814C 4 -2 250




Table F200 OL (Open Loop) Base Pules inject va. LVS - Load and APM
Conversion Equation N E* 65.638/6

0 1pm 400 ipim 800 rpm 1200 rpm 1600 rpm 1
1888  Decimal Engnesiing] 16BR  Decimal Engnesing] 1684 Decindl  Enginesring] 188t Deomal Engnesring] 16 Bit  Decimal  Engineering]
Hexidecinel Computer  Unit  |Hexidecimal Computer Unit  |Hexidecknal Computer  Unit  |Hexidecknal Computer Unit  |Hexidecimal Computer  Umi
Addrese Unit (deg) | Address Unit (mseo.) | Address Unit (meec.) | Address _ Unit (msec.) | Address Unit (meec.)
8818 0 0 8820 0 0 8337 0 0 8848 0 0 86859 0 0
[ ] 9(13) 0.80 (1.0) 8827 0 (13) 0.00 (1.0) 8838 0(139) 0.00 (1.0) 8849 9(19) 0.00 (1.0) BASA 9(13) 0.00(1.0)
8017 16(20) 122(21) | 8828 16(28) 1.22(21) | 883 18(28) 122(21) | 884A 16(28) 122(21)] 8858 16(28) 1.22(21)
eo18 22(45) 1.68(34) | 6829 2(45) 168(34) | 883A 22(45) 1.68(34) | 6848 22(45) 1.68(34) | 885C 22(45)  1.68(3.4)
8819 49(61) 3.74(465)| 6882A 49(61) 3.74(465)| 6838 49(61) 3.74(405)| 884C 49(61) 3.74(465)| 885D 49(61)  3.74 (4.65)
881A e7(T)  5.11(69) | 8828 e7(7T7)  6.11(659) | 883C 67(Tn)  6.41(59) | 684D 67(Tn)  611(59) | 88SE 67(77) 511(59)
818 81(04) 6.18(7.2) | ss2C 81(94) 6.18(72) | 883D o1(o4) 6.18(72) | B884E 81(4) 6.18(72) | s8s5F 81(84) 6.18(72)
81C  1056(110) B.01(8.4) | 8820  106(110) B.01(84) | 883E  105(110) 8.01(84) | B84F  105(110) 801(84) | 6660  105(110) 86.01(8.4)
881D  118(128) 9.0(96) | 682E 118(125)  9.0(9.5) 883F  118(126) 9.0(9.5) 8850  118(125) 9.0(9.5) 8861 118 (126) 9.0(9.6)
01E 133 (141) 10.15(10.8) 882F 133(141) 10.15(10.8) 8640 133 (141) 10.15(10.8) 8851 133 (141) 10.16(10.8) 8862 133 (141) 10.16(10.8)
831F  155(167) 11.83(12) | 683 166(167) 11.88(12) | 8841 166(157) 11.83(12) | 8852  155(167) 11.83(12) | 8863 166 (157)  11.83(12)
06620 170 (172) 12.97 (13.1) 8831 170(172) 12.97 (13.1) 0842 170 (172) 12,97 (13.1) 8853 170(172) 12.97 (13.1) 86684 170 (172) 1297 (13 1)
. -4] 188 14.34 8832 188 14.34 8849 188 14.34 8854 188 14.34 8865 188 14.34
022 204 16.6 8839 204 15.6 8844 204 156 8866 204 15.6 88006 204 16.6
0623 210 16.7 6834 219 16.7 8845 219 16.7 8850 219 167 8887 219 16.7
8824 238 170 8835 235 17.9 8846 235 17.9 8857 236 17.9 8568 235 17.9
251 10.16 8836 251 19.16 8847 251 19.15 8850 261 19.15 8869 261 19.%
2000 rpm 2400 ;pm 2600 rpm 3200 rpm 3600 rpm
16Bt  Decimal Enginesring] 18BR  Decimal  Engneering] 1688 Decimal Enginesring] 16BR  Decimsl  Enginesring| 16 BR Decimal €
Hesddeoimal  Computer Unit  |Hexidecimel Computer Unit  [Hexidecimal Computer  Unk  |Hexidecimal Computer Unit  |Hexidecimal Computer Unk
| Addrese Unit {meeo.) | Address Unit (meeo.) | Addrees Unit {meeo.) Address Unit {msec.) Address Unit (meec.)
B806A 0 0 8878 0 0 868C 0 0 889D 0 0 8SAE 0 0
s0cd 9(13) 009(1.0) | 887C 9(13) 0.00(10) | 888D 9(13) 069(1.0) | 06089E 9(13) 000(10) | 88AF 9(13)  060(1.0)
800C 16(20) 1.22(2.1) | 867D 16 (28) 1.22(21) | o8sE 16(28) 1.22(21) | 6809F 16(28) 122(21) | 8880 16(28) 1.22(2.1)
806D 22(45) 1.68(3.4) | se7E 2(45)  1.68(34) | 686F 22(45) 1.68(34) | 88A0 22(485) 1.68(34) | 88B1 22(45)  1.68(3.4)
800E 49(01) 374(408)| es7F 49(81) 3.74(465) | 8890 49(61) 374(4.88) | 88A1 49(61) 374(465)| 68B2 49(61)  3.74(4.65)
000F e7(”n) 6.11(59) | 8880 o7(7)  5.11(69) | 8891 67(Tn  5.11(59) | 88A2 67(77) 611(59) | 8883 o7(77)  5.11(6.9)
8670 81(04) 618(72) | 8881 B1(04) 618(72) | 8892 61(04) 616(72) | 08A3 81(4) 6.18(7.2) | 08084 81(04) 6.18(72)
8871 105 (110) 8.01(84) | 8882 106(110)  8.01(84) | 8809 105(110) 8.01(8.4) | 88A4 105(110) 801(84) | 88Bs 105(110) 8.01(8.4)
8872  118(126) 9.0(9.5) 8883 118(126) 9.0 (9.5) 8894  118(126)  9.0(9.6) 88A5  118(126)  9.0(9.6) 88B8 118 (125)  9.0(0.5)
0873 133 (141) 10.15(10.8) 68884 133 (141)  10.15(10.6) 8866 133 (141) 10.15(10.8) 88A8 138 (141) 10.15(10.8) 88B7 133 (141) 10.15(100)
8674  155(157) 11.83(12) | 688s 165(167) 11.83(12) | es98  165(157) 11.83(12)| 86A7  156(157) 11.83(12) | 8BS 165 (167) 1168 (12)
8878  170(172) 1207(13.1)| 8806 170(172) 1297(13.4)] 8807  170(172) 1207(19.1)| 88AB  170(172) 1297(13.1)] 68B9 170 (172)  12.97(13.1)
0876 188 14.34 seay 188 14.24 8896 188 14.34 88A9 168 14.24 88BA 188 14.34
144 204 156 sass 204 15.0 8809 204 16.6 88AA 204 15.6 88BB 204 15.6
8478 219 16.7 8889 219 16.7 880A 219 16.7 88AB 219 16.7 a8BC 219 16.7
8879 235 17.9 688A 236 17.9 8598 235 179 88AC 235 17.9 88BD 235 179
887A 251 19.18 8668 259 19.16 889C 251 19.15 88AD 251 19.16 88BE 251 19.186

Bar g mreane I3 1+

T




Table F200 CL. (Closed Loop) Base Pules inject ve. LVS - Load

Conversion Equation N= E *85536/6

0 rpm
16 Bt Decimal  Engineering  LV8
Hexideolmal Compuer  Unit Load
Addrees Unit (meec.) Rase Injection Pulse Width Caloulation
8815 0 0 0
ss16 9(13)  0.69(1.0) 16 BIN) = PW TableVaiue * [(AFiciosed loop / (AFF)desired) ]
8817 16(28) 1.22(2.1) 32 ( Total PW2) < Table F200 OL> < Table F50 >
8818 22(45)  1.68(3.4) 48 or
8319 49(01)  9.74(4.65) 64 <Table F200 CL>
881A 67(TT)  6.11(6.9) 80
8818 81(34) ©6.18(72) 96
881C  105(110) 6.01(8.4) 112 (AF)closed loop / (AF)desined  >e 1
8810  118(128) 9.0(9.5) 126
881E 133 (141)  10.15(10.8) 144 Simultaneous Doubie Fire Injection: 1 injection / Crankshat Revolution
881F 165 (167)  11.83(12) 160
8820 170 (172) 1207 (13.1) 178 Delivered PW = BINJ [ Adeptive Mods * Deosl Mode + Acosl Mutt. ) + CL Corr + Inj Corr
8821 168 14.34 192
8822 204 158 208
8329 210 18.7 224
8524 235 17.9 240
8825 261 19.16 256




Table F91 LVOWAoodEmbhmt Muitiptier ve, Coolant Temp
Conversion Equation Nu E * 128

168t Decimal Enginesding  Coolant
Hexideckmal Computer  Unit  Temperatur .
Addvess UMt (%Chig)  deg.C Acosieration Enrichment Multiplier Calouiation
876G 245(08) 102(076) 40
876D  245(92) 192(0.72)  -28 Delivered PW = BINJ [ Adaptive Mods * Deoel Mods + Acosl Mult. | + CL Corr + Inj Corr
876E  235(88) 1.84(0.09)  -16 » BPINJ
B76F  101(72) 149(058) -4
8770  170(84)  1.33(0.6) ) BPINJ = BPINJ + (BPINJ)( AE FACTOR)
o771 160 (68) 1.17(0.44) 20
8772 110(40) 088(0.31) 32 AE FACTOR = [ ( Load AE Mult. + Deita Tivottie Pos. AE Mult. ) - Limit] - Decey Rate
8773 98(36) 077(028) 44 < Toble F91 > < Table F102>
8774 85(32) 0.684(025) 66
8778 45(16) 0.35(0.125) 68
8778 42(16) 033(0.125) 80 Additional fus! delivered ‘synchronously’ with base PW - based on rapid changes in
8777 16 (8) 0.14 (0.08) 92 measured alr/cytinder
8778 18(8) 0.14(0.08) 104
8779 18(8) 014(008) 116
877A 18(8)  0.14(0.08) 128

Table F102 Deita Throttie Acos! Entichment Muttiplier ve, Coolant Temp
Conversion Equation N« E* 128

168K Deoknel . Engineering Coohnt—.l
Hexideoimal Computer Unit Temperatur
Address Unit (% Chng) deg.C Acosieretion Enrichment Multiplier Calouistion
848E 256 (144) 1.90 (1,125) -40
840F 285(144) 1.99(1.126)  -28 Deiivered PW = BINJ [ Adaptive Mods * Decel Mods + Accel Muit. ] + CL Corr + Inj Corr
8470 285(120) 1.99(1.0) -18 = BPINJ
8471 265(124) 1,00(0.97) -4
8472 245(118) 1.01(0.92) 8 BPINJ = BPINJ + ( BPINJ)( AE FACTOR)
8473 164 (80) 1.28(0.625) 20
8474 130 (64)  1.02(0.5) 32 AE FACTOR = [ ( Load AE Muilt, + Deita Throttle Pos. AE Muft. ) - Umit]) - Decay Rate
8475 118 (56) 0.92(0.44) a4 < Table Fo1 > < Table F102>
8476 92(44) 0.72(0.34) 66
8477 66(32) 0.62(0.26) 68
8478 50(24) 0.39(0.19) 80 Additionad fusl dellvered ‘asynohronously’ with base PW - based on rapid changes in
8479 17(10)  0.13(0.08) °74 mesasured throttie position (TPS)
B47A 17(10)  0.13(0.00) 104
8478 17(10) 0.13(0.08) 116
847C 17(10)  0.13 (0.08) 128




Tabie F80 Cold Engine F/A % Chng vs. LV8 - Load and CLDEGFLT
Oonversion Equation N = % Change * 2.66

26 deg C -4 _dog. C dog C 44 _deg C 60 _deg C
168t Decimel Enginesring] 16Bit  Decimal Enginearing] 168  Decimal Engineering] 168t  Decimal Enginesrng] 16Bt  Decimal  Engineering
Huddecimal Computer  Unit  |Hexideokmal Computer  Unit  |Hexidecimel Computer  Unit  |Hexidecimal Computer  Unit  |Hexddecimel Computer  Unit
| Address  Unit (% Chng) | Addvess Ut (%cChng) | Address Unit (% Chng) | Address Uit (% Chng) | Addrees Uit (% Chng) |
8609  33(36)  13(14) | BGEA  31(34) 123(138)| 66FB  33(36)  13(14) | 860C 12(13)  4.6(6) 8610 0 0
O5DA  33(s6)  13(14) | eSEB  31(34) 123(13.3)] B6FC  99(38)  13(14) | 660D  20(R) 11.6(126)| 86IE 0 )
9608  33(s6)  13(14) | BEC  31(34) 123(183)| 6sFD  3s(se)  13(14) | BeoE  31(3e) 123(133)| eerF 1 6
8DC  33(26)  13(14) | 66ED  31(34) 123(133)| OSFE  33(36)  13(14) B60F 31(34) 123(13.3)| 6620 26 10
850D  96(%8)  14(15) | BEEE  33(38)  13(14) 8FF  33(36)  19(14) 8610 81(34) 128(19.9)| o621 2 14
BEDE < 37(40) 146(166)] 86EF  26(38)  14(16) 6600 36(38)  14(16) 0611 33(36)  13(14) 0622 ar 144
85DF  30(42) 164(164)| 85FO 37(40) 14.6(15.6) | 8601 96(30) 14.2(162)| 6612 96(33)  14(16) 0623 38 15
SEQ  4s(4t) 17.8(188)] e5F1 4448)  17(18) 8602 A4 181D 0613 97 (40)  14.6(160) | 6624 40 16.6
85E1  47(50) 185(19.5)| 85F2  48(48) 17.8(188)] 8608 48(48) 17.8(188)| 0614 99(42) 154(164)| 6826 a 16
86E2  51(84)  20(21) 85F3  49(52) 19.9(203)| 6004 47(50) 18.6(19.5)| 0816 44 18(17) s626 ) 18.4
8BES  B5(67) 21.3(2239)| 85F4 64(56) 21 (22) 8605 49(62) 103(203)( 8616 A7(50) 186(19.6)| 0627 3 168
86E4  58(50)  22(23) B6F5 56(58) 21.7(227)] 6608 61(s4)  20(21) 8617 9(52) 193(203)| o628 “ 17
86ES  £9(61) 29 (24) 85F8 67(60) 224(23.4)| e607 54(58)  21(22) 8618 61(64)  20(21) 0629 44 17
85E6  50(61) 23 (24) 85F7 57(60) 224(234)| 8608 56(68) 217 (227)| 619 51(64)  20(21) 062A a4 17
86E7  80(61) 23 (24) 85F8  67(00) 224(23.4)| 6600 56(58) 21.7(227)| ©061A  61(54)  20(21) | 8628 “ 17
85ES  50(61)  23(24) 86F9 57(60) 224 (23.4)] 860 56(58) 217(227)] 861B  51(54)  20(21) | 662C “ 17
50 (61 29 (24 8SFA ___ 67(00) 22.4(23.4)| 8eoB 66 1.7 (22 1C____61(54) _20(21 862D 44 47
92 deg C 116 deg. C
16BX  Deoime Engnesring] 16Bit  Decimel  Enginesring LV8 -Load
Heddeoimel Computer  Unit  |Hexideckmal Compuier Uit ( for each
| Addrese Unit (%Chng) | Address Unit (% Chng ) | series )
002E ) 0 863F 0 o 0 Open Loop F/A Caloutation
002F 0 0 8640 0 0 16
0630 13 6 8641 13 5 32 Open Loop F/A = C.L. F/A[ (%Endoh.) + (%Ervich. Tume-Out ) + (Add. Mode) )
0031 26 10 8642 26 10 48 <Toble F50> < Table F61>
%082 38 14 6843 26 14 64
083 87 144 0644 a7 14.4 80
0034 38 16 8645 38 16 06
0435 % 16.2 0648 38 16 12
0838 40 16.6 8647 38 16 128 %Enrich, Time-Out —-> 0 by & predetermined exp. decay function
8037 40 16.6 8643 38 16 144
0038 40 16.8 8649 33 16 160 %Enrichment ——> 1 at point where ciosed loop swiiches
0630 40 158 884A 38 16 176
083A 40 166 8648 38 16 192
0838 40 156 864C 38 16 208
863C 40 16.6 864D 38 16 24
863D 40 158 B64E 38 16 240
838 40 16.6 864F 38 16 256




Tabie FE1 Time Out F/A % Chng lnit Value vs. Cooclant Temp

Cornversion Equation N » % Change * 1.28

1681t Decimal  Enginesiing  Coolant
Haxidecimal  Computer Unit Temperatus
Address Unit {% Chng.) deg. C Open Loop F/A Caloulation
8650 150 (180)  117.2 (125) -40
8851 160 (160) 117.2 (128) -28 Open Loop F/A = C.L. F/A[ (%Enrich.) + (%Enrich, Time-Out ) + (Add. Mode) }
8852 120 (139) 100(108.8) -16 < Table F50 > < Table F61>
8853 100(112)  78(87.5) -4
0854 49 (66) 38 (44) [ Closed Loop F/A Caloulation
0658 35 (42) 27 (39) 20
8656 23 (20) 18 (22) 82 Ciosed Loop F/A = C.L. Stoloh F/A [ 1 + (%Entich. Time-Out ) |
8857 18 (22) 14 (17) 44 < Tabie F61 >
0858 13(10) 10 (12.5) 56
8650 13(16) 10 (12.5) e8
885A 13 (16) 10 (12.5) 80
0858 11 (14) 8.6(11) 92 %Enrich. Time-Out —-> 0 by a predstermined exp. decey function
8858C 11(14) 8.6(11) 104
865D 11 (14) 8.6 (11) 116




Tabie Fé4 Crank Fuel PW vs. Coolant Temperature
Conversion Equation N= E ° 256/ KECALG4

Heoddecimal  Computer Unit  Tempsratwr
Address Unit {msec.) deg. C |
86 E6 163 (170)  119(131) -40 Cranddng Fus! Pulss Wikith Caloulation
86 E7 168 (172) 114 (120) 28
06 E8 135 (148) 99 (100.4)

168t Decimal Enginesring c«m:.{

Crank PW/Rev = ( Crank PW ) ( Crank PW Time - Out) ( Constant)
< Table F64 » < Table F85>

'
-
o

06ED  06(105)  70(77) -4
86 EA 78(88) 67 (63) 8

86 EB A5(48)  33(38) 20

86 EC 37 (40)  27(20) 32 Crank PW - Duraion per orank revokstion ( 1/2 total fuel / cylinder )

80 ED 30(33)  22(24) “

80 EE 19(21) 14 (16.4) 66 AR <450 1pm and <06 deg. F - 1/3 Crank PW injected 3 tmes per revolution
86 EF 16 (18) 12 (19) o8

86F0 14 (16) 10 (12) 80

00F 1 14 (16) 10(12) )

B86F2 14 (16) 10(12) 104

80F3 17(19) 12,6 (14) 110

Tabie F88 Crank Fuel PW Multipier vs. Reference Fuises
Conversion Equation N= E * 256

16 Bit Decimal  Engineering  Crank
Hexideoimal Computer Unit Reference
Address Unit (meec.) Pulses
[ 170 (192) 0.66 (0.75) 0
0OF5 1056 (128) 0.41(0.5) 8 Cranking Fuel Pules Width Caloulation
BOFS 106 (128)  0.41(0.5) 16
80F7 106 (128)  0.41 {0.6) 24 Crank PW/Rev = ( Crank PW) ( Crank PW Time - Out) ( Constant)
L) 105(128)  0.41(0.5) 3R < Toble F64 > < Table F86>
08F8 106 (128) 0.41 (0.5) 40
86FA 105 (128)  0.41(0.5) 48
00rp 108 (128) 0.41(0.5) 56 Crank PW Time-Ott - Crank PW Muttipier
88FC 106 (128)  0.41(0.6) 84
88FD 108 (128) 0.41(0.6) 72 At <450 rpm and <95 deg. F - 1/3 Crank PW injected 3 times per revolution
80FE 106 (128) 0.41(0.6) 60
B6FF 105 (128) 0.41(0.6) 88 3 Referencs pulses per revoiution
8700 105 (128) 0.41(0.5) 06
8701 106 (128)  0.41(0.5) 104
8702 105 (128)  0.41(0.6) 112
8703 105 (128) 0.41(0.5) 120
4704 108 (128)  0.41 (0.5) 128




Table F17 idte Al Control (IAC) Command Speed vs. Coolant Temp
Conversion Equation N E /12,6

168 Decimal  Engineering Coolant

Hexideoimal Computer Unit  Temperehw '
Address Unit {rpm ) deg. C IAC Command Speed Caloulation
8087 136 1700 -40
8958 120 1600 -28 Command idle RPM « Base idle RPM + RPM Offeet
06050 112 1400 -16 < Table F17 >
885A 104 1300 -4
6038 104 1300 8 Four Modes of Operation
806C 96 1200 20
808D 90 1200 32 Start-up Delay - |AC moftor initisily moved 10 ‘warm park’ posttion
00SE 80 1000 44
80%F 72 900 66 Open Loop - IAC molor retracts unti! actual rpm equals desired rpm
8600 72 (70) 900 (876) 68
8981 72 (68) 000 (850) 80 Closed Loop - IAC motor reguiates to achieve desired rpm
8062 72 (68) 900 (650) 92
8063 72 (68) 900 (850) 104 Tivottie/load Compensation - tAC motor compensates ile speed for
0904 72 (08) 900 (883) 116 appied loads ( A/C, Pwr Steering, elc. )
8965 72 (70) 900 (876) 128
8008 72 900 140
8967 72 900 152




Tabie F7¢ EGR Duty Cyocle ve. LVS - Load and RPM
Conversion Equation N = E ° 268

800 RPM 1000 RPM 1200 RPM 1400 RPM 1600 RPM
16 Bit Decimal  Engineering] 16 Bi Decimal  Enginesring| 16 Bit Decimal  Engineering] 16 Bit Decimal  Engineering] 16 Bit Decimel
Heddeoimal  Computer Unit Hexidecimal Computer Unit Hexidecimal Computer Unht Hexidecimal  Computer Unit Hexidecimai Computer Unit
_Addrecs Unit (DC %) Adcress Unit (DC %) | Address Unit {DC%) | Addess Unit (DC%) Address Unit (DC %}
8308 0 (o 8314 0 ] 831D 0 (4] 892¢ 0 0 832F 0 (1]
830C 0 (4] 83186 0 0 831E 0 o asz2r 0 0 8330 0 0
830D 0 0 8316 0 0 831F 0 0 8328 0 0 633t 30 (26) 11.7(10)
830 0 o 8317 16 (13) 6.9 (5) 8320 43 (398) 16.8 (16) 8320 74 (64) 28.9 (25) 8332 103 (90) 40 2 (35)
830F 0 0 8318 30 (26) 11.7 (10) 8321 68 (61) 22.7 (20) 832A 103 (90)  40.2(35) 8333 132 (115)  51.6(45)
8310 0 0 8319 43 (38) 16.6 (16) 8322 74 (64) 28.0 (26) 8328 117 (102)  45.7 (40) 8334 147 (128)  57.4 (80)
831t 0 0 831A 68 (61) 22.7 (20) 8323 83 (77 34.4 (%) a32C 132 (115)  51.6(45) 8335 162 (141) 63.3(88)
8312 0 0 83ip 74 (84) 28.9 (25) 8324 103 (00)  40.2(35) 832D 147 (128)  67.4 (50) 6338 168 (148) 065.6(57)
8313 0 0 831C 88 84.4 (30 8326 1083 (90 40.2 (35 832E 162 (141 63.8 (56 8337 177 (154) 00.1 (w%
1800 RPM 2000 RPM 2200 APM __2400 RPM 2600 RPM
16 Bt Decimal  Enginesring] 168 B8R Decimal Engineering] 16 Bit Decimal  Engineering] 16 B Decimel  Enginesring] 16 Bit Decimal EMW
Hexideoimal  Compuier Unit Hexideoimad  Compurer Unit Hexddecimal  Cornputer Unit Hexidecimal Computes Unit Hexddecimal  Computer Unit
Address Unit {DC %) Address Unit (DC %) | Address Unit {DC%) | Address Unit {(DC%) Address Unit {DC%)
9338 0 0 8341 0 V] B834A o (1] 8353 0 0 835C o 0
% 0 0 8342 o 0 8348 o 0 8354 4] 0 83sD o 0
8334 43 (38) 16.6(15) 8343 68 (51) 22.7 (20) 834C 43 (38) 16.8 (16) 8355 30 (20) 11.7 (10) 83sE o 0
8338 103 (90)  40.2(38) 8344 103 (90)  40.2 (35) 834D 103 (90)  40.2(85) 8366 88 (77) 24.4 (20) 835F 74 (64) 28.9 (25)
833C 132(116)  61.8 (46) 8345 132 (116)  61.6 (48) 834E 147 (128)  61.6 (45) 8357 132(116)  61.6(45) 8360 117 (102)  45.7 (40)
8330 147 (128)  67.4 (60) 8348 147 (128)  67.4 (60) 834F 102 (141)  57.4 (60) 8358 147 (128) 51.6(45) 8361 147 (128) &7.4(80)
633 177 (164)  €9.1(60) 8347 177 (164)  0Q.1 (60) 8350 177 (164) 60.1(60) 8350 177 (164)  00.1 (60) 8362 177 (164)  60.1(00)
633F 168 (161) 72.3(63) 6348 190 (168)  74.2(85) 8351 190 (160) 74.2 (65) 835A 190 (166) 74.2(65) 8363 190 (168) 74.2 (68)
190 (166 74.2 (68 8349 206 (179)  60.1 8352 205 {179)  80.1 8368 190 (166)  74.2 (65 8364 190 (166 74.2
2000 RPM 3000 RPM
16 Bt Decimal  Enginesring] 16 Bit Decimal  Engineering LVE -Load EGR Duty Cycle Calouiation
Hexideoimel  Computer Unkt Hexidecimal  Computer Unit ( for sach
Address Unit {DC %) | Address Unit {(DC%) series ) EGRDC =~ (EGR Base DC) ( EGR DC Coolant Mult)
8305 0 0 838E 0 0 32 < Table F76 > < Table F77 >
8366 0 0 836F 0 0 48
8367 0 0 8370 0 0 64 EVRV OC EGR Veaive Press, EQR Vaive Pos
8388 74 (84) 28.9 (25) 8371 74 (64) 20.9 (25) 80 0% aim. closad (normally)
8306 117(102) 457 (40) 83r2 117(102)  45.7 (40) 96 0 < DC < 100% ~10-24 kPa variable it
836A 147 (128)  57.4 (80) 8373 147 (128)  67.4 (50) 112 100% man, vacuum fulty open
8368 177 (164)  69.1 (80) 8374 177 (164)  69.1(60) 128
8%C 190 (168)  74.2(68) 8375 190 (168)  74.2 (65) 144 EVRV - Elsctronic Vaouum Reguistor Valve
838D 190 (168)  74.2 (65) 8376 190 (168)  74.2 (65) 160




Table F77 EGR Duty Cyole Muttiplier vs. Cootant Temp

Conversion Equation N=E * 128

16 Bt Decimal  Engineering Coolant
Hexidecimal Computer Unit Temperatus
Addrees Unit (gain} deg. C
8377 0 (] -40
6376 85(%2) 0.27(0.25) -28
8379 65 (60) 0.68 (0.625) -16
837A 125(120) 0.08 (0.64) -4
8378 168 (162) 1.23(1.19) 8
837C 170 (168) 1.33(1.31) 20

EGR Duty Cycle Calouiation

EQR DC = ( EGR Base DC) ( EGR DC Coolant Mult)
< Table F708 > < Teble F77 »

EQRDC = 0 when:

park / nuetral

manifold sir temp. ( MAT ) < -40 deg. C

thiottie position { TP8 ) < 2.7%, If not currently equal 10 2er0
throttie position ( TPS ) < 4.3%, H ourtently equai o ze10  ~
power snrichment mode enabled - TPS > 60% engine wasmed




Long-Term Methanol Vehicle Test Program — Final Report
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Oil Sample Test Reports
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TEXAS TECH UNIVERSITY
ATTN: DR. TIM MAXWELL
P.0. BOX 41021

LUBBUCK , TX, 79409

SUIRAALY

Tube OF Anahois x%am
TEST REPORT

Atlanta, GA

(4043 279-1370

Unit No:
Company:
Location:

LIC#377-492

MECH ENGINEERING
e LUBBOCK TX
© ENGINE
g;";ea&a“;f‘?e" CHEVY N/G
Pacly’ g4 @Ts.

OlTyee: 4 UBRIZOIL

SAMPLE INFORMATION

COMMENTS

INO. 1. 009225920
nple Drawn: H/e

ront Date; 09724/93
4R Unit; 13,450

4R Qil: K/6
Added:

I NO, 2-

DIRT (SILICOK) PROBABLY ASSEMBLY CONTANMIMATION. § SUSPECT BREAX-IN NAVERIAL. CHANGE OIL a¥® FILVER
— IF WOT DONE AT TINE OF SAIPLING. (EVALUATUR-RALPH PINE).

aple Drawn: -
ot Date;
iR Unit:
iR Qil;
Added:

INO, 3-
ple Drawn:
ort Date:
1R Unit;

iR Oil:
Added:
»NO. 4-

wle Drawn:
ort Date:
iR Unit:

iR Oil:
Added:

NO, 5-
ple Drawn:
ort Date:
iR Unit:

IR Oil:
\dded:

NO. 6-
iple Drawn: —
ort Date:
IR Unit:
IR Qil:
\dded:

PHYSICAL DATA

ELEMENTAL CONCENTRATIONS IN PARTS PER MILLION (PPM) BY WEIGHT
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CONOCO

TEXAS TECH UNIVERSITY ! ;

Qit Capacity: N/G
> 041591 '88 CORSICA Type:

‘ TANIENANL Company: TEXAS TECH UNIVERSITY
-ATTN: DR. TIM MAXWELL —m’# Location:  LUBBOCK TX
P.O. BOX 41021 i Component: ENGINE
: ! Atlanta, GA Make & MogelCHEVY N/G
LUBBUCK TX 79409 | (404) 454-8000
1
+

Computer-Code-~

SAMPLE lNFO@igﬂs L7

LAB NO. 1-

Sample Drawn

3 O 0 s

06/30/94 |{CONDENSATE. SUSPECT ZILICON IS FROM ENGINE S
07/11/9

EALANT (GASKET MATERIAL)., SUSPECT ABNORMAL CYLINDER
eport Date: AREA WEAR, CHECK FOR POWER LOSS, BLOW-BY, SMOKING, OIL CONSUMPTION, ETC. CHANGE OIL AND FILTER IF

MHR Unit: 19457 NOT DONE AT TIME OF SAMPLING. RESAMPLE AT NORMAL INTERVAL. [# VISCOSITY APPEARS LOWER THAN USUAL
MUHR Ol 3000 FOR MOTOR

Ot Added: NORMAL °¥L‘]> .

LAB NO. 2-

. 09/20/94 TIM MAXWELL: UNIT HAS HAD PROBLEMS WITH FUEL PUMP, FUEL 1S 100%
Sampie Drawn- i
09/29/94 |METHANOL.

27000
7000
NORMAL

., Repon Date:

" MIHR Unt:
MIFHR Oil:
Qi Added:
LAB NO. 3-
Sampte Drawn:
Report Date:
MIHR Unit:
MI/HR Oul:

. Ol Added:

. LAB NO. 4-

i Sample Drawn:

i Report Date:

: MIHR Unit:

" MI/HR Oi:
Oil Added:
LAB NO. 5-
Sample Drawn:
Report Date:

i MVHR Unit:

| MUHR O:

O1l Added:

LAB NO. 6-

Sample Drawn: —

Report Date:
MI/HR Unit:
MUHR Oil:
Oil Added"

PHYSICAL DATA ELEMENTAL CONCENTRATIONS IN PARTS PER MILLION (PPM) BY WEIGHT
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CONOCO

o N .g8 CORSICA
TEXAS TECH UNIVERSITY Lo O Ansba Program. omPanY: rEXAS TECH UNIVERSITY

ATTN: DR. TIM MAXWELL TEST REPORT =™ LUBBOCK TX
P.0O. BOX 41021 M°Z‘:‘;";“oéegneme
LUBBUCK , TX,» 79409 a © CHEVY N/©

Atlanta, GA Oil Capacity:

(404) 454-8000 Ol Tyee: | UBRIZOL OS#796164
SAMPLE INFORMATION COMMENTS

3NO. 1- £07070247 SPECIFICATIONS FOR THIS DIL ARE HOT AUAILABLE. TRACE MATER DETECTED. MO CLYCOL DETECTED. SUSPECT
nple Drawn:  06/30/94  — COMDESATE. SUSPECT SILICON IS FROM SEALANT MATERIGL (CASKETS). SUSPECT ABHORMAL CYLINDER ARER WEAR.

ort Date: 07/11/94 CHECK FDR POUER LOSS, BLIN-BY, SMOKING, OIL CONSUMPTION, ETC. CHANCE DIL AND FILYER IF MOT DONE AT

4R Unit: 19,457 TIME OF SAIPLING. RESANPLE AT RORMAL INTERUAL. (EVALUATOR - €.D.) # VISCOSITY APPEARS LONER THAN
4R Oil: 3,000 UsSUal FOR MOTOR OIL.

Added: DR
INO 2-

aple Drawn: =
ot Date:
iR Unit;
4R Oil;
Added;
} NO, 3-
ple Drawn: —
ont Date:
4R Unit;
4R Qil:
Added;

I NO. 4-
apte Drawn: - 1
ort Date:

iR Unit;
iR Ol
Added:
i NO. 5-
wle Drawn: —~
on Date: '
iR Unit;
iR Oil
Added:
+NO. 6&-
ple Drawn: -
ort Date:
iR Unit; RS
iR Oil; “
Adoed:

PHYSICAL DATA

ELEMENTAL CONCENTRATIONS IN PARTS PER MILLION (PPM) BY WEIGHT
S 4
(o]

rmc™
203~

W
A
5 T 5
13 i
R 0
0 ¢ ®
i1 %% Vol \ % Vol \% Vol
b1 lo2 - ki — “Mimialoo
| B

o --\00“"—'“c
2czmoe <O

!

'
i

:
H
H
!




TEXAS TECH UNIVERSITY
ATTN: DR. TIM MAXWELL
P.O. BOX 41021

LUBBUCK TX 79409

Computer-Code-

- >

(€3 VY]

Lube O Analvas Program
TEST REPORT

Atlanta, GA

{404) 454-8000
041591 123583

123583 E
TEXAS TECH UNIVERSIT

Unit No:
Company-
Location.
Component;

Make & Model:
N/G

ENGINE
N/G ¥/G

O1 Capacity:
Oil Type:

SAMPLE INFOFEM@;LQ§12 1N

-AB NO. 1- 11/18/9
12/02/9
31000
3500
NORMAL

*ample Drawn:
ieport Date:
AHR Unit:
MI/HR Oil:
Ol Added:

0_DRAVIDE A QA EVALLIA

WEAR. SUSPECT RING WEAR. VALVE AREA WEAR INDICATED (NICKEL). CHECK FOR

SMOKING, OIL CONSUMPTION, ETC. SUSPECT ABNORMAL MAIN/CONN. ROD BEARING WEAR. WEAR NOT MAJOR, BUT

SHOULO BE NOTED. CHECK FOR KNOCKING AND/OR LOSS OF OIL PRESSURE. RECOMMEND CLOSE MONITORING.
RESAMPLE AT ONE HALF NORMAL INTERVAL. (EVALUATOR - G.D.)

POWER LOSS, BLOW-BY,

LAB NO. 2-
- Sample Drawn: -
Report Date:
MIHR Unut:
MIHR Oil:
Ol Added:

-AB NO. 3-
>ample Drawn: -~
Jeport Date:
MI/HR Unit:
MIHR Qil:
Oil Added:

+ LAB NO. 4-

. Sample Drawn: —

' Report Date:
MIHR Unit;
MI/HR Oil:
Qil Added:

LAB NO. 5-
Sample Drawn: —
Report Date:
MUHR Unit:
: MIHR Ofl:
QOil Added:

LAB NO. 6-
Sample Drawn:
Report Date:
MI/HR Unit:
MI/HR Qil:

* Oil Added:

PHYSICAL DATA

ELEMENTAL CONCENTRATIONS IN PARTS PER MILLION (PPM) BY WEIGHT
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TEXAS TECH UNIVERSITY
ATTN: DR TIM MAXWELL
P. 0. BOX 41021

LUBBUCK , TX, 79409

SAMPLE INFORMATION

CONOCO

TEST REPORT

Atlanta.,
(404

Unit No:

GA
454-8000

Company-
Location
Componenl'-‘
Make & Modei:
Qil Capacity:
Ol Type:

TEXAS TECH UNIVERSITY
UBBOCK TX
ENGINE
CHEVY N/G
S QTS.
LUBRIZOL

COMMENTS

NO. 1- pingies21
ole Drawn; §9,24793
on Date; 10/96/93

R Unit: 17,127
R Ol e ¥

3 real
dded:

QIL NFG.. TRADENANE, AHO/OR SAE/ISO GRADE OF QIL MDY SIVEN. HIGH LEVEL @F DIR[ DETECTED. GENERALIZED

 (ADH-SPECIFIC) WEAR IADICATED. CHAWGE JIL AND FILTER IF XOT DONC AT TING OF SANPLING.
(EVALUATOR-RALPH PIKT).

NO 2-
ple Drawn;
it Date:

R Unit;

R Qil:
«dded:

NO. 3-
ple Drawn; —~
it Date;
R Unit:
R Oil;
dded:
NO. 4-

ole Drawn;
it Date;

R Unit:

R Oil:
dded:

NO. 5-
sle Drawn:
n Date;

R Unit:

R Oil;
dded:

NO. 6-
sle Drawn: L
it Date;
] Unit:
3 Cil:
dded:

PHYSICAL DATA

ELEMENTAL CONCENTRATIONS IN PARTS PER MILLION (PPM) BY WEIGHT
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Long-Term Methanol Vehicle Test Program — Final Report

APPENDIX C

Emissions Test Results
from Southwest Research Institute

Mechanical Engineering Department Texas Tech University




FAX COVER LETTER

DATE: __02/22/93

"PLEASE DELIVER TO: Mr. Jessa Jones
~ FAX NUMBER: 806-742-3540

FROM: Kovip Whitney, Phong: 210-~522-58£6% SwRI CHARGE NO. (11:7

Southwest Research Institute

Department of Emissions Research

Automotive Products and Emissions Research Division
Fax Number (512) 522-3950

WE ARE TRANSMI{TING 5 PAGES (including this cover page)
If transmission is not complete, please call (512) 522-2609

MESSAGE:

Dear Jesse:

Here a new copies of the data, the are no changes but they’re a bit easier to read. The
reason the values for NMOG and THC are similar is because of how each is calculated. The
calculations are as follows:

NMOG = NMHC + CARBONYL + ALCOHOL

THC = NMOG + 0.0043*CH4
As you can see, for CARB calculation purposes THC is 1 calculated number rather than from
a FID analyser. This is how the confusion arose. Please note that this data does not have a
RAF applied to it. It is 0.41 for M85, but I’'m not sure what it is for M100. If you have any
other questions, feel free to call me at 210-522-5869.

Sincerely,

163
Kevin A. %m e N\
Engineer

Department of Emissions Research
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COHPTTER PROGRAM LDT 1.0-R

VERICLE KUNBER 577

VEBICLE MODEL 88 CHEVY CORSICA

2.8 L (171 CID}-7-6
TRANSHISSION 5K

ODOXETER 9258 HILES { 14896 KH)

BARONETER 29,30 IF HG {744.2 NN HG)
RELAYIVE EGHIDITY 38.6 BCT.

BAG NUNBER

BAC DESCRIPHOE

FUX SINE SECONDS

DRY/NET CORRECTION PACTOR, SANP/EMCK
NRASURED DISTANCE MILES (KM)

BLOWER FLOR RATE SCEN (SCHH)

GAS METER FLOW RATE SCFM (SCHMN)
TOTAL FLOW SCF (SCH)

HC SANPLR METER/RANGB/PPH (BAG)

HC BOKGRD MRTER/RANGE/PPH

D SIMPLR NETER/RANGE/PPX

D BCRGRD HETER/RANGE/PPY

(02 SAMPLE NRTER/RANGE/PCT

002 BORGED NETER/RANGE/PCT

HOY SANPLE NETER/RABGE/PRM (BAG) (D)
WOI BOKGRD KETER/RANGE/PPH

CBt SAMPLE PP (1.120)

CB BCKGRD PPK

DILUTION FACTOR

HC  CONCERTRATION PPX
C0  CONCENWIRATION PPH
€02 COKCENTRATIOF PCT
OX CONCENTRATION PPX
Cd4 CONCENTRATION PPH

MMEC CONCEWTRATION PPH
TEC ~ MASS GRAHS

0  MASS GRANS

€02 MASS GRAMS

HOX  MASS GRANS

CBL  NASS GRAMS

HEC  NASS GRAXS (FID)
FOEL  MASS KG

FUEL ECONONY PG {L/100KK)

3-BAG CONPOSITE RESULTS

THC  G/HI
®  GAI
KX GAI

FCEL ECONONY MPG (L/100KX)

TEST CC~TT-01
DATE 1/19/93  RUR
DVHO 2  BAG CARD 2

ACTUAL 20AD LOAD 7.70 EP { 5.74 EW)
TES? WEIGRT 3500 LBS { 1587 KE)

1
(OLD TRANSTENT
{ 0-505 SEC.)
505.2
3.58 { 5.76)
557.2 (15.78)
27 ( .01
4694, { 132.9)

37.8/ 2/ 37.78
7.6/ 2/ 7.60
33.6/ 12/ 32.60
1.1/ 12/ 1.04
77.8/ 14/ .6203
14.0/ 14/ 0478
§5.8/ 1/ 1.8
1.5/ 1} .38
4,29
2.54

18.42
30.59
30.61
5751
11.07
1.88
13

6,521
4737
1399.64
2.478

167

.010

1.031

10.43 { 22.55)

9.91 (23.73)

DRY BOLB TRNPRRATURE 72.0°F ( 22.2°C)

2
STABILIZED
{505-1372 SEC.)

867.0
.980/,989
3.83 { 6.16)
556.9 {15.77)
27 ( .01)
8051. ( 228.0)

1.9/ 2/ 11.89
9.9/ 2/ 9.89
17.1/ 12/ 16.47
1.4/ 12/ 1.33
67.4/ 14/ .4640
13.7/ 14/ 0466
2.7/ 1 .68
1.9/ 1/ .48
3.55
2.52

24.78
2.40
14.77
4193
.22
1.13
1.07

+365
3.920
1750.06
.085

172

141
1.279

8.98 { 26.18)

B¢ G/
MEC  G/NI
CARBONTL G/
ALCOROL  G/MI
BNOC  G/KT

EESEARCH INSTITUTE - DEPARKENT OF EMISSIONS RESEARCH
3-BAG CARB FIP VEHICLE EHISSION RESULTS

PROJECT KO. 08-4527-008

NETHANOL ER-1399-F
FUEL DENSITY 6,620 LB/GAL
- H.126 €.375 0.499 X .000

NOX HUMIDITY C.P.

3
BOT TRAHSIENT

{ 0- 505 SEC.)

505.4
+978/.989
3.57 { 5. 74)
556.5 {15.76)

27 ( .01)
4689, { 132.8)

115/ 2/ 1149
9.7/ 2/ 9.69
10.6/ 12/ 10.16
1.3/ 12} 1.23
74.1/ 14/ 5601
13.8/ 14/ 0470
2.0/ 1 677
LY 1y .28
4.39
2,51

20.57
2.21
3.70

5154
6.51
2.00

02

189

1345
1253.19
1.45¢4
178
.001
914

11,71 { 20.08)

.047
020

.367
.39

.880

QJQnJan"4'{l
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gz ¢!




Al e s it e A b - - e — - T

SOUTEWEST RESEARCH INSTITUTR - DEPARMERT OF EXISSIONS RESEARCH

CONPUTER PROCRAN LT 1.0-R 3-BAC CARB FIP VERICLE ENISSION RESULTS PROJECT 1O, 08-4527-008
VEHICLE NUMBER 577 TRST CC-TT-01 FETHANDL EM-1399-F
VEHICLE HODEL 88 CHEVY CORSICA DME 1/19/93 EN . FUEL DENSITY 6.620 LB/GAL
ENGINR 2.8 L {171 CID)~¥-6 DIF0 2  BiG CART 2 B.126 C.375 0.499 X .000
TRAMSKISSION 5N ACTUAL BOAD 10AD 7.70 HP { 5.74 W)

ODOXETER 9258 NILES ( 14896 KI) TEST WEIGHT 3500 IBS { 1587 KG)
BAROXETER 29.30 I¥ HG (744.2 MK EG)  DRY BULB TEMPERATURE 72.0'F { 22.2'C) HOX RUMIDITY C.F. .880
RELATIVE HUXIDITY 38.6 PCT.
BAG WUMBER 1 2 3
BAG DESCRIPTION  COLD FRANSIENR STABILIZED BOT TRANSIEYY BACKGROCKD
( 0-505 SEC.) (505-1372 SEC.) { 0505 SEC.)

FORFALDERYDE , )
PEX .252 .008 Rt 014
MASS HG 38,71 .00 .00

ACETALDREYDE
PPX 035 015 005 002
HASS G 7.83 5,54 .65

ACROLEIR
PR .015 .000 .000 000
0S5 X6 4.3 00 .00

ACETONE
PPY .048 .059 036 013
MASS HG 11.22 25.06 7.57

PROPIONALDRHVDR
BPK .010 000 .000 .000
HASS MG 3.13 .00 00

CROTONALDEHYDR
PRX .000 .000 .000 .000
MASS HG .00 .00 .00

ISOBOTYRIXEK
PPK 000 001 000 .001
Bmss N6 : .00 .04 00

BEKAALDERYDK
PPH .000 000 .000 000
0SS HG .00 .00 .00

HEXAKALDRHYDE
pFX .000 .000 000 000
MASS MG .00 00 .00

KETHAKOL
PPE 36,444 .238 AN A7
HASS G 6279.27 21.59 1.45

ETHAROL

PPE .000 .00 .00 000

HASS X6 00 00 .00
3-BAG COPOSITE RESDLTS

FORMALDEHYDE NG/KI 2.247 CROTONALD.  NG/HI 000
ACETALDERYDE HG/HI 1.283 TSOBUTYRHER  NG/MI 005
ACROLEIR  MG/KI 255 BENZALDERYDE MG/NI .000
ACEIONE  MG/MT 4,622 HEXANALDRRYDE KG/MI .000
PROPIONALD. MG/RI .182 NETHANOL ~  MG/MI 367,478

ETHAROL X6/ .000




SOUTEWEST RESEARCH INSTITUTE - DFPARMENT OF EMISSIONS RESEARCH

COXPUTER PROGRAR LDT 1.0-R 3-BAG CARB FIP VEHICLE ENISSIOK RESULIS PROJECT §O. 08-4527-008

VERICLE HUMBER 577 TEST OC-TT-02 FETHAROL EN-1399-F

VBHICLE EODEL 88 CHEVY CORSICA DATE 1/20/93  RUE . YURL DEBSITY 6.620 1B/GAL
ERGINE 2.8 L {171 CID}~V-6 DN 2 Bac QARY 2 H.126 € .375 0 .499 X .000
TRARSHISSION  5H ACTUAL ROAD LOAD 7,70 HP ( 5.74 KW)

ODOXETER 9258 HILES ( 14896 KH) TEST WEICET 3500 IBS { 1587 KG)

BARONETER 29.32 TN HG (744.7 MK HG)
EBLATIVE RUMIDITY 44.2 PCT.

DRY BULB TERPERATGRRE 70.0°F ( 21.1°C) WX HUMIDITY C.F. .892

BAG HOMBER 1 2 3
BAG DESCRIPTION COLD TRANSIER? STARTLTZD BOT TRAMSLENT

{ ©-505 SEC.) (505-1372 SEC.) { 0~ 505 SEC.)
RON TINE SECONDS 505.3 $67.7 507.1
DRY/WET CORRECTION FACTOR, SANP/BMK .976/.989 979/.989 9777.989
NRASURED DISTARCE MILES {KM) 3.57 { 5.74) 3.82 { 6.15) 3.57 { 5.74)
BLOWER FLOR RATC SCFPH (SCHH) 557.5 {15.79) 557.1 (15.78) " 556.6 (15.76)
GAS NETER FLOW RMTE SCEM {SCHH) 27 {,01) 27 (.01 27 (.01)
POFAL FLOW SCF {SCH) 1697, ( 133.0) 8061, ( 228.3) §706, { 133.3)

BC SAMPLR HETER;RANGE/PPN (BAG)
BC BCKGRD NETER/RANGE/PPH
€0 SAPLE NETER/RANGE/PPH
0 BCKCRD HETER/RANGE/PPX
(02 SAKPLE KETER/RANGE/PCT
(02 BCKGRD KETER/RANGE/PCT

16.0/ 2/ 45.97
9.4/ 2} 9.3
58.1/ 12/ 56.81
2.9/ 1/ 2.%
77.5/ 14/ .6152
4.4/ 147 L0404

12,1/ 2/ 12.09
11.0/ 2/ 10,99
13.6/ 12/ 13.06
2.3/ 12/ 2.19
67,7/ 14/ .4680
18.5/ 14/ 0498

12.1/ 2f 12.08
10,7/ 2/ 10.69
11.8/ 12/ 11.32
2.7/ 12/ 2.57
74,7/ 14/ 5695
14.9/ 14/ 0515

FOY SANPLE NETER/RABGE/PPK (BAG) (D)  39.9/ 1/ 9.97 1.5/ 1f .38 7.8/ 1f 1.9
10X BOKGRD METRR/RANGE/PRN 2.3/ 1) .5 ./ Y .1 1o 1Y .5
CH4 SAMPLE PP (1.120) £.10 3.9 4,77
CH4 BCKGRD PPN 3.30 3.18 1.12
DILOTION FACIOR 18.47 24.58 20.23
EC  CONCENTRATION PEX 37.09 1.55 1.93
0  COBCENTRATIOK PRE 52.38 10.63 8.56
02 CONCERTRATION PCT 5685 4202 .5206
HOX COSCENTRATION PPH 9.42 -.37 1.72
CH4 CONCENTRATION PPH .98 .85 1.80
NKEC CONCENTRATION PPM .00 59 -0
TEC  NASS GRAMS $.136 .210 .163
€0 FASS GRS 8.112 2,824 1.328
(02 HASS GRAKS 1384,57 1756.07 1270.27
WL MASS GRANS 2.139 .000 .301
CHt  MASS GRANS .087 130 .160
WNEC NASS GRAMS (FID) .000 078 .000
FURL XASS KG 1.025 1,282 .926
FUEL BOONORY XPG (L/100KK) 10.45 { 22.51) 8.96 { 26.26) 11,56 { 20.35)

3-BAG CONPOSITE RESOULTS

TBC  G/NI A48 B G .035
0 GMI .96 WRIC /NI .01
KX G/ 15 CARBONYL G/ .005

ALCOROL  G/KI 464
FURL ECONONY NPG (L/1OCKH)  9.87 (23.84)  NMOG /NI 479




SOUTEWEST RESEARCH INSTITUZE - DEPARMERT OF ENISSIONS RESEARCH

COMPORER PROGRAM LT 1.0-R 3-BAG CARB FTP VEHICLE ENISSION RESULTS PROJECT NO. 08-4527-008
VERICLE HUNBER 577 TEST CC-11+02 METHANOL EN-1399-F
VEAICLE KODEL 88 CHEVY CORSICA M 1/20/93 RN - PURL DENSITY 6.620 LB/GAL
FHCDNR 2.8 L (171 CID)-V-6 R 2 BAG CART 2 B.126 € .375 0 .499 % .000
TRAKSHISSIOR 5K ACTUAL R0XD [0AD 7.70 BP { 5.74 KW)

ODOMETER 9258 NILES { 14896 KM) TEST WEIGHT 3500 LBS { 1387 KG)
BAROMETER 29.32 IN HG (744.7 WM HG) DRY BULB TENPERATUGRE 70.0°F ( 21.1°C) NOX BUMIDITY C.F. .892
RELATIVE RUNIDITY 44.2 PCY.
BAG EUABER 1 2 3
BAG DESCRIPTION COLD TRANSIENT SMABILIZED EOT TRANSIENT BACKGROUND
( 0-505 SEC.) (505-1372 SEC.) { 0- 505 SEC.)

FORMALDERYDE . .
PPX , .363 015 013 017
HASS X6 56.32 00 00

ACETALDEHYDE
PEX 012 003 .001 002
¥ASS X6 2:36 43 .00

ACROLEIN
PPH 000 000 .000 000 -
HASS MG .00 .00 .00

ACETONE
PPN 043 008 .015 005
¥ASS MG 12.14 1.85 3.09

PROPIONALDEHYDE
PP 000 000 000 .000
HASS NG .00 .00 .00

CROTONALDEHYDE
e 000 000 ,000 000
MSS HG .00 .00 00

TSOBUTYR:MEK
45 007 001 001 001
MASS NG ’ 2,61 J4 10

BEWZALDEHYDE
PEM 000 000 000 .000
KASS NG .00 .00 .00

HEXANALDEHYDR
EASS K6 .09 00 .00

NETHANOL
PPA 46.346 274 .209 .284
IR Y 7975.38 09 .00

ETHAROL _

PPA .000 .000 .000 000

HASS MG .00 00 .00
3-BAG COMPOSITR RESULTS

FORMALDERYDE HG/MI 3.276 CROTOMALD.  NG/XI .000
ACRTALDERYDE KG/MI 196 ISOBUTYRIHEK HG/MI 178
ACROLEIN HG/HI 000 BENZALDEEYDE HG/KT 000
ACETONE HG/KL 1.1% BEXARALDEHYDR MG/HI 000
PROPIOHALD.  HG/HI 000 KETHAROL MG/ML 463.908

ETHANOL nG/1 .000




FAX COVER LETTER

DATE: 02719793
PLEASE DELIVER TO; Mr. Jesse Jones
FAX NUMBER: §06-742-3540

FROM: Kevin Whitney, Phonm: 210-522-5869 SwRI CHARGE NO. o

Southwest Research Institute

Department of Emissions Research

Automotive Products and Emissions Research Division
Fax Number (512) 522-3950

WE ARE TRANSMITTING 5 PAGES (including this cover page)
If transmission is not complete, please call (512) 522-2609

MESSAGE:
Pear Jesse:

Sorry it took me a while to get around to this. Here are copies of the emissions data
from the two tests you ran. After going over the data, I feel the low NOX number in bag 2 on
the test CC-TT-02 is valid. The NOx level was probably low enough that instrumentation
variability caused the background bag to read higher than the sample bag. This especially makes
sense when you look at the data from the previous test (CC-TT-01). NOx was very low in bag
2 on that test, also. If you have any questions, feel free to call me at 210-522-5869.

Sincerely, e

Kevin A. Whitney
Engineer
Department of Emissions Research




SOCTHREST RESRARCH INSTITUTR - DEPARNENT OF RMTSSIONS RESEARCH

COMPUTER PROGRAK LDT 1.0-R 3-BAG CARB FTP VEHICLE EMISSION RESULTS PROJECT KO. 08-4527-008

VEHICLE NUKBER 577 TEST CC-T2-02 MRTHAXOL ER-1399-F
VEHICLE MODEL, 48 CHEVY CORSICA DATE 1/20/93 RO " FUEL DERSITY 6.620 LB/GAL
EXGINE 2.8 L (171 CID)-V-6 YR 2 BAG CART 2 B.126 C .375 0 .49 X .000

TRANSHISSION S
ODONETER 14896 KM ( 9256 HILRS)

ACTUAL R0MD 102D 5.74 KW ( 7.70 EP)
TEST WEIGHT 1587 KG { 3500 LBS)

BARONRTER 744.7 KM HC ( 29.32 IN HG) DRY BULB TENPERATURE 21.1°C { 70.0°F) HOX HUMIDITY C.P. .892

RELATIVE HUMIDITY 44.2 ICT.

BAG NUXERR 1. 2 3
BAG DESCRIPTION COLD TRAHSIENT STABILTIED EOT TRANSTENT

{ 0-505 SEC.) (5051372 SEC. ) { 8- 505 SEC.)
RUN TINE SROCHDS 505.3 87.7 507.1
DRY/WE? CORRECTION FACIOR, SAMP/BACK .976/.989 .979/.989 .977/.989
NEASURED DISTAKCE KK (MILES) 5.74 { 3.57) 6.15 { 3.82) 5.74 { 3.57)
BLORER FLOW RATE SCHN (SCFH) 15.79 { 557.5} 15.78 { 557.1) 15.76 ( 556.8)
GAS METER PLOW RATE SCHN {SCPH) 01 .27) 01 .27) 01 (.27
TOTAL FLOW SCH (SCF) 133.0 ( ¢697.)  228.3 { 8O0GL.) 1333 ( 4706.)

HC SANFLE NETER/RANGE/PPN (BAG)
HC BCKGRD MRYER/RANGE/PFH
CO SAWPLE NETER/RANGE/PPH
00 BCKGRD METER/RANGE /PPN
002 SAMPLE NETER/RANGE/PCT
(02 BCKGRD METER/RANGE/PCT

16,0/ 2/ 45.97
9.4/ 2/ 9.39
58.1/ 12/ 56.81
2.9/ 12/ 2.7
77.5/ 14/ .6152
14.4/ 14/ L0494

12,1/ 2f 12,09
11.0/ 2/ 10.99
13.6/ 12/ 13.06
2.3/ 12/ 219
67.7) 14/ 4680
14.5/ 14/ .0498

121 2/ 1209
10.7/ 2/ 10.68
11.8/ 12/ 11.32
2.7/ 12 2.57
74,7/ 14/ .5695
14.9/ 14/ .0515

HOX SANPLR NETER/RANGE/PPM (BAG) (D)  39.9/ 1/ 9.97 1.5/ 1/ .38 7.8/ 1/ 1.96
NOX BCRGRD NETRR/RANGE/PEX 2.3/ Y .88 3.1/ 1 .8 1.0/ 1/ .25
(4 SAWPLE PPN (1.120) 4,10 3.90 4.77
CH4 BCKCED PRX 3.30 3.18 3.12
DILUTION FACPOR 18.47 24.58 20.23
HC  COMCETRATION PPX 37.09 1.55 1.93
00  CONCERTRATION PPN 52.38 10,63 8.56
002 CONCENTRATION PCT 5685 .4202 5206
BOX CONCEWTRATION PP 9.42 -3 1.72
(i COHCEWFRAEION PPX .98 .85 1.80
FIMHC CONCRNTRATION PPX .00 .58 -.04
THC  NASS GRAMS 8.136 .210 163
(0  NASS GRAMS 8112 2.824 1.328
2 KASS GRANS 1384,57 1756.07 1270.27
NOI  HASS GRAMS 2.139 .000 301
CH4  MASS GRAHS 087 .130 160
NREC NASS GRAHS (FID) .000 078 000
FUEL HASS KG 1.025 1.282 .926
FUEL BCOFONY L/100KK (HPG) 22.51 ( 10.45) 26.26 ( 8.%) 20.35 { 11.56)

3-BAG COMPOSITE RESELTS

TC G/M TR TR i 03
¢ G/ 96 NMHC  G/HI 01
O i J5  CARBONYL G/MI .00
ALCOROL  G/MI 46
FUEL ECOOMY HPG (L;100KE) 9.87 (23.84) WG G/NI 479



SOUTHMEST RESEARCE INSTITUTE - DEPARMERT OF EMISSIOHS RESEARCH

COXPTIER PROGRAN IDT 1.0-R

VEHICLE NUMBER 577
VEAICLE RODEL 88 CHEVY CORSICA

ENGINE 2.8 L (171 CID}-V-6
TRARSNESSION  SX -
ODONETER 14896 KX ( 9258 MILES)

BARONEYER 744.7 MK HG ( 29.32 IR HG)
RELATIVE HUEIDITY 44.2 I(T.

RAG FUMBER 1
BAG DESCRIPTION  COLD TRANSTEET
{ 0-505 SEC.)

FOROLDERYDE

oY .363

HASS XG 56.32
ACETALDEHYDR

o 012

WSS #6 2.3
ACROLEIX

PP 000

mss X6 00
ACEFONE

P 043
0SS X6 12,14
PROPIONALDERYDE

PRY .000
HASS G .00
CROTONALDEHYDE

PPX 000
WSS KG .00
TSOBUTYRHER

PEx .007
MSS X6 ' 2.61
BENZADERIYDE

PPX 000
BsS Ke .00
HEXANALDERYDE

PEX .000
HSS K 00
NETHANOL

PEX 16,346
BSS K 7975.38
ETHANOL

PPN .000
HASS NG .00

3-BAG CONPOSITE RESULES
FORMALDERYDE KG/RN (HG/KI)
ACETALDERYDE HG/KX (NG/HI)
ACROLEIR  KG/KK (MG/NI)
ACEYONR™  MG/RM (MG/NI)
PROPIONALD, NG/KN (XG/HI)

3-BAG CARB FTP VEHICLE ENISSION RESULTS

TEST OC-T1-02
DATR 1720793

YN 2

ROH
BiG CART 2

PROJECT HO. 08-4527-008

NETBAKOL EN-1399-F

ACTUAL ROAD LOAD 5.74 KW { 7.70 HP)
TEST WEIGHTY 1587 KG ( 3500 LBS)

DRY BOLB ¥RHPERATURE 21.1'C { 70.0°F)

2
STABILIZED

{505~1372 SEC.)

015
.00

003
A3

000
.00

-008
1.85

000
00

000
.00

001
J4

S 8%

22 B

2,036 { 3.276)

Jd22 (0 .196)
006 {.000)
J42 0 1.184)
000 ¢ .000)

3

FOT TRAMSIER? BACKGROUED

{ 0- 505 SKC.)
013 017
.00
001 002
.00
,000 000
.00
015 .005
3.09
.000 .006
.00
000 000
00
001 001
‘10
000 .000
.00
000 000
.00
209 S
00
000 000
.00

CROTOMALD.  MG/KX (HG/MI)

ISOBUTYR+NEK HG/KN (MG/KI)
BENZALDEEYDE ¥G/KH (NG/KI)
BEXANALDEHYDE MG/KK {RG/NI)
NETHAROL HG/KN (HG/RL)
ETHANOY NG/KN {NG/HI}

KO HUMIBITY C.F.

FURL DENSITY 6.620 LB/GAL
K .126 C.375 0 .49 X .000

.892

.000 {
A1
000 {
000 (

o

o

288.321 (463.!

000 {




SODTHWEST RRSEARCH INSTITUTE - DEPARMENT OF ENISSICRS RESEARCH

COXPUTER PROGRAM LDT 1.0-R 3~BAG CARB FIP VEHICLE ENISSION RRSULTS PEOJRCT NO. 08-4527-008

VERICLE NUMBER 577 TEST CC-TT-01 _ NETHAKOL EM-1399-F
VEBICLE NODEL 8 CHEVY CORSICA DATE 1/19/93 RN FOEL DENSITY 6.620 LB/GAL
ERGTHE 2.8 L (171 CID)~%~6 D¥RO 2 BAGC CART 2 H.126 € .375 0 .499 X .000
PANSHISSION 5K ACFUAL ROAD 1OXD 5.74 KW { 7.70 HP) .
ODONETER 14396 KN { 9258 HILES) TBST WEIGET 1587 KG { 3500 LBS) .
BAROMEZER 744.2 MK HG { 29,30 IN HG) DRY BULB TEMPERAYORE 22.2°C { 72.0'F) XX HUMIDITY C.F. .880
RELMMIVE HURIDITY 38.6 PCY.
BAG FOMBRR 1 2 3
BAG DESCRIPTION COLD TRANSIERT STARTLIZED HOT YRANSIENT
{ 0-505 SEC.) {505-1372 SEC.) { 0- 505 SEC.)
20N TINE SEOCHDS 505.2 267.0 505.4
DRY/VET CORRECTION FACTOR, SAMP/RACK .977/.988 .980/.989 .978/.989
NRASURFD DISTARCE K (NTLES) 5,76 { 3.58 6.16 { 3.83) 5.74 { 3.57)
BLOWER TLOW RATE SCHH (SCPH) 15.78 { 557,2) 15.77 ( 556.9) 15.76 { 556.5)
GAS HETER FLOW RATE SCMM (SCRN) 01 { .27) 01 ( .27) 01 .27)
TOTAL FLOW SCH (SCF) 132.9 { 4694.) 228.0 { 8051.) 132.8 { 4689.)
BC SANPLE KETER/RANGE/PPH (BAG) 37.8/ 2/ 37.78 1.9/ 2/ 11.89 1.5/ 2/ :-
HC BCRGRD METER/RANGE/PPN 7.6/ 2j 7.60 9.9/ 2/ 9.89 9.7/ 2} :.69
(0 SNPLE KETER/RANCE/PPN 33.6/ 12/ 32.60 17.1/ 12/ 16.47 10.6/ 12/ 10.16
00 BCKGRD METER/RANGE/PPY 1.1/ 12/ 1.04 1.4/ 12/ 1.33 1.3/ 12/ 1.23
(02 SANPLE KETER/RAKCE/P(CT 77.8/ 14/ .6203 67.4/ 14/ .4640 74.1/ 14/ .5601
002 BCKGRD METER/RANGE/PCT 14.0/ 14/ 0478 13.7/ 14/ .0466 13.87 14/ .0470
HOX SAWPLE NEPER/RANGE/PPX {BAG) (D) 4.8/ 1/ 11.43 2.7 1] .68 2.0/ 1} 6.77
HOX BCKGRD METER/RANGR/PPN 1.5/ If .38 1.9/ 1 .48 1.1/ 1/ .28
CA4 SAMPIR PPX (1.120) 4.29 3.55 4.39
CH4 BCKGRD PPH 2.54 2.52 2.51
DILUZION FACTOR 18.42 24.78 20.57
B CONCERTRATION PPH 30.59 2.40 2.27
00  CONCENTRATION PP 30.61 .77 8.70
002 CONCENTRATION BCT 5751 .6193 5154
KOX  CONCENTRATION PPK 11,07 2 6.51
(84 CORCENTRATION PPH 1.88 1.13 2.60
FHEC CONCRHTRATION PPK 13 1.07 .02
TEC  MASS GRAMS £.521 .365 .189
00 MASS GRAMS 4.737 3.920 1,345
(02  MASS GRAMS 1399. 64 1750.06 1253.19
KX  MASS GRAMS 2.478 085 1.454
CH4  MASS GRANS .167 172 .178
EMEC  MASS GRAMS (PID) .010 141 .001
FOBL  HASS K¢ 1.031 1.279 .914
FURBL: ECOMORY L/100KX (XPG) 22.55 { 10.43) %.18 { 8.98) 20.08 { 11.71)
3-BAG CONPOSITE RESULTS
THC  G/MI 40 CB4 G/HI .05
0 eM .91 MEC G/l .02
WY 6/NI .27 C2RBORYL G/XI .01
ALCOHOL  G/MI 37
EOEL ECONONY NPG (L/100KM) 9.91 (23.73) WG G/HI .396




SOUTEWEST RESEARCH IESTTTUYE - DEPARMENT OF EMISSIONS RESEARCH

CORPUTER PROGRAN LOT 1.0-R 3-BAG CARB FTP VEHICLE EXISSION RESULTS

VEAICLE FUMBER 577
VEHICLE FODEL 88 CHEVY CORSICA

ENGINE 2.8 L (171 CID)-V-6
TRANSNISSION  5X
ODOXETER 14896 KE ( 9238 HILES)

BARORETER 744.2 MK BC { 29.30 IX HG)
RELATIVE HUNIDITY 38.6 PCT.

BAG HUKBER 1

BAG DESCRIPTION COLD TRANSIENT
{ 0-508 SEC.)

FORNALDEHYDE

PPH .282

HASS XG 38.71
ACETALDEHYDE

PP .035

MASS KEG 7.83
ACROLEIN

PPX 615

HASS NG 4,39
ACETONE

PPE 048

EASS X6 11.22
PROPIONALDERYDE

PPE .01

HASS G 3.15
CROTORALDERYDE

PPX .000

MASS X6 .00
TSOBUTYR+REK

PPH .000

HASS KG ‘ .00
BENZALDEHYDE

PP GO0
MASS KG 00
HEXANALDERYDZ

FPY .000

HASS XG RO)]
KETHANOL

PPN 36.44¢

NASS XG 279.27
ETHANOL

PPH 000
¥aSS KG Ry

3-BAG CONPOSITE RESULIS
FORMALDERYDE NG/KH (G/KI)
ACETALDEBYBE MG/KN (HG:MI)
ACROLETN  NG/RN (MG/MI)
ACETONE HG/KH {¥G/NI)
PROPIONALD. MG/KH (NG/HIj

TEST CC-T7-01
DATE 1/19/93

D¥NO 2

TRST WEIGHT 1587 K@

DRY BULB TERPERATURE 22.2°C { 72.0°F)

2
STABILIZED
(505-1372 SEC.}

.008
.00

015
5.54

000
.00

.059
25.06

.00

000

001
04

1.396 ¢
772
A58 { .255)

2.872 1 4.622)
i3 0 .182)

[N
« .

[\ %]
[XIIRYEN
DV IS |
et e

RUR

BaG CART 2

ACPORL koD LOAD 5.74 K¥ { 7.70 HP)
{

3500 LBS)

PROJECT KO. 08-4527-008

HETHAHOL EF-1399-F

" ECGEL DENSITY 6.620 LB/GAL

B .126 € .375 0 .499 ¥ .000

NOZ HUNIDITY C.F. .880

3
BOT TRANSIENT BACKCROUND
| 0- 505 SEC.)

011 014

00

.005 .002

.65

080 .000

.60

036 013

7.57

.000 000

.00

.000 660

.00

.000 .00

.00

400 .000

.00

.000 .000

.00

BYE! 171

1.4

.000 000

.00
CRGTONAID.  HG/KN (NG/MI) 000 { .0
ISOBUTVE-MEK NG/KN (HG/MI) 003 { .0
BERZALDERYDE MG/KE {XG/KI) 000 (.0
HEXANALDEBYDR MG/KK {MG/HI; .000 (.00
HETHANOL HG/KN {KG/HI) 228.339 (367.4
THAKOL HG/KH (NG/HI) 000 {0
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FAX COVER LETTER

DATE: ngm& 3, 14995

PLEASE DELIVER TO: (J€.55€ S0 neS
COMPANY /FIRM: _1€K4% Terh
FAXNUMBER: __30(: =42~ 3540
FROM: __ 2N lDHJm&(% SWRI CHARGE NO, _

Southwest Research Institute
Department of Emissions Research
Automotive Products and Emissions Research Division

FAX NUMBER (210} 522-3950

WE ARE TRANSMITTING PAGES (including this cover page)
If transmission is not complete, please call (210) 522-2609

MESSAGE:

SAN ANTONIO, TEXAS

“QUSTON "tXAS @ OSTROIT MICHIGAN ¢ WASMINGTCON 2T




To:  Jesse Jones
Texas Tech
806-742-3563 voice
806-742-3540 FAX @

From: Kevin Whitney V \)f
Southwest Research Institute f,@ ‘((‘-
210-522-5869 voice \ N

w’ ¢

Attached are 6 pages/Of test data from your Corsjca. The data has been processed
according to CARB methgdology, so there are no OMHCE numbers. The NMOG numbers are
calculated using the FID results for the gasoline portion of the exhaust. The initial tests in
January 93 are CC-TT-01 and CC-TT-02. The test after mileage is TECH12/94. On the 12/94
test we had extreme difficulty on the cold start. The vehicle had to be cranked about 15 seconds,
and it ran rough while in open-loop.

Jesse,

The data from the 12/94 test shows higher emissions for all exhaust components over all
3 bags of the FTP. In addition, fuel economy is only slightly lower on this test than previous
tests. Isuspect this is an indication of a failed catalyst.

Please feel free to call me at the voice number listed above if you have further questions.

Sincerely,

W),

Kevin Whitney




SOUTHWEST RESEARCH INSTITUTE - DEPARTMERT OF ENISSIONS RESEARCH

COXPUTER PROGRAN 10T 1.2-R 3-BAG CARB PTP VEHICLE EXISSION RESULTS PROJECT HO. 08-6761-004

VERICLE FUNBER 577 TEST TECH12/94 HETHAROL M85 ~ AS RECETV
VEBICLE NODEL 88 CHEVY CORSICA DATE 12/16/94  RUN FUEL DRNSITY 6.620 LB/GAL
EHGINE 2.8 1 {171 CID}-V-6 DY¥) 2 BAGCART 2 H.126 € .37 0.499 X .000
TRANSMISSION 5 ACTOAL ROAD LOAD 7,70 HP { 5.74 KW)

ODOMETER 30983 NILES ( 49851 KM) TEST WEIGHT 3500 LBS ( 1587 KG)

BAROKETER 29.32 IN HG (744.7 MK HG)

DRY BULB TEMPERATURE 68.6°F ( 20.0'C)
RELAYIVE HUNIDITY $0.7 RCT.

XOX BUNIDITY C.F. 1.048

BAG NURBER 1 2 3
BAG DESCRIPEION COLD TRANSIENT STABILIZED HOT TRANSIENT
{ 0-505 SEC.) (505-1372 SEC.) { 0~ 505 SEC.)
¥UF TINE SECONDS 505.5 867.2 505.7
DRY/WET CORRECTION FACTOR, SAMP/BACK .968/.981 .972/.981 .970/.98%
NEASGRED DISTANCE MILES (KN) 3.61 { 5.80) 3.84 { 6.18) 3.58 ( 5.77)
BLOWER FLOW ZATE SCFX (SCI) 565.4 (16.01) 567.2 (16.06) 562.9 {15.94)
GAS WEYER FLOW RATE SCEM (SCHN) 27 (.01) 28 (.01) 28 .01)
YOTAL FLOW SCF (SCM) £766. { 135.0) 8202, { 232.3) 4747, { 134.4)
BC SAMPLE NETER/RANGE/PPX (BAG) 82,5/ 2/ 82.45 10,9/ -2/ 10.8 14.5/ 2/ 14.49
BC BCKGRD NETER/RANGE/PPX 5.7/ 2 5.0 5.3/ 2/ 530 47 2 4.7
O SAMPLE METER/RARGE/PPK 88.0/ 13/ 214.97 37.6/ 12/ 36.74 3.6/ 13/ 99.87
00 BCKCRD METER/RANGE/BPK 2/ 13/ 44 2f 12/ .00 .2 13 .44
(02 SAMPLE METER/RANGE/PCT 80.2/ 14/ .6585  66.4/ 14/ .4456  72.8/ 14/ .5354
(02 BOKGRD METER/RANGE/PCT 12,0/ 14/ 0387 119/ 14/ .0380 12.3/ 14/ .0395
¥OX SUPLE NETER/RANGE/PPM (BAG) (D)  53.2/ 1/ 13.22 12.9/ 1/ 3.2 5.0/ 17 13.91
WX BCRGRD NETER/RAMGE/PPK 6/ 1 .16 S0y a3 .0 1) .00
CH4 SANPLE PP (1.160) 8.90 7,20 10.22
CHi4 BORGRD PPY 2.27 2.34 2.45
DILOTION FACTOR 16.78 25.69 21.17
BC  COMCENTRATION PPH 77.10 5.80 10.02
0  CONCENTRATION PPX 204.71 35,11 95.25
002 CONCENTRATION FCT .6225 .4090 .4978
MOX CONCENTRATION PPN 13.07 3.16 13.91
CB¢  CONCENTRATION PPX 6.77 4.95 7.88
NAC COCENTRATION PPN -3.33 .06 .55
TEC  MASS GRAMS 17.29 777 .830
00 MASS GRANS 32.166 9.494 14.906
02 NASS GRAKS 1538, 14 1739.54 1225.11
BOX  NASS CRAXS 3.535 1.471 3,746
CBA  MASS GRAMS .609 766 .706
DEC  KASS GRAKS (FID) 000 .008 .043
FUEL MASS K6 117 1.278 .910
FUEL EOONONY XPG (L/100KN) 9.23 ( 25.50) 9.02 ( 26.08) 11.83 { 19.89)
3-BAG COMPOSITE RESOLYS
™ G 1.167 CB4 Gl 193
T, £.280 MEC  G/NI -004
0 G 11 680 CARBONYL G/MI 022
ALCOROL  G/NI 048
FUEL ECONORY MPG (L/100KK)  9.73 (24.18)  NKOG G/l .975  {RAF=1.00)



SOUTHWEST RESEARCE INSTITUTE - DEPARTMENT OF ENISSIONS RESEARCH

CONPCTER PROGRAK LDT 1.2-R 3-BAC CARB FTP VEHICLE ENISSION RESULTS PROJECT NO. 08-6761-004
VERICLE WUMBER 577 PEST TRCH12/94 METHANOL K85 25 RECEIV
VERICLE NODEL 88 CHEVY CORSICA DATE 12/16/94  RUN " FUEL DENSITY 6.620 LB/GAL
DKGINE 2.8 L {171 CID)-V-6 DYNO 2 BAG CART 2 H.126 € .375 0 .499 X .000
TRANSHISSION X5 ACTUAL ROAD LOAD 7.70 EP ( 5.74 KW)
OUONETER 30983 KILES ( 49851 KN) TES? WEIGHT 3500 IBS ( 1587 KG)
BARONEYER 29.32 IN BGC (744.7 XK HG) DRY EULB TENPERATORE 63.0°F { 20.0°C) ¥OX HUMIDITY C.F. 1.048
RELATIVE BOMIDITY 80.7 BCT.
RiC WGMBER 1 2 3
BAG DESCRIPTION COLD TRANSIENT STABILIZED BOT TRASIENT BACKGROUED
{ 0-505 SEC.) (505-1372 SEC.) ( 0~ 505 SEC.)
PORNALDERYDE
e 2.127 Ki1) 012 .009
RSS X 345.48 .76 .52
ACETALDERYDE
PER .051 .001 .000 .001
uss X 11.87 .00 .00
ACROLEIN
27| .000 .000 .000 000
MASS X6 00 .00 .00
ACETONE
PEY 020 .005 .026 007
MSS ¥ 4.32 .00 5.95
PROPIONALDEHYDE
PP 012 .002 .004 002
MASS X6 3.10 .00 A9
CROTOXALDERYDE
pPx .000 .000 .000 .000
BASS XG .00 .00 .00
ISOBDTYR+XEK
PR .022 .008 .010 005
KASS XG 6.88 .68 1.97
BENIALDERYDE
PPN .000 .000 000 .000
XASS MG .00 .00 .00
HEXANALDEEYDE
153 .000 ,000 .000 .000
¥ASS ¥G 00 .00 09
NETEANOL
Fox 93.944 .199 .612 .201
XSS XG 16315.29 1.35 72.64
ETEANOL
PN 000 .000 .000 .000
aSs X .00 .00 .00
3-BAGC CONPOSITE RESOLYS
FORMALDEEYDE XG/NI 20.094 CROTONALD.  MG/MI .000
ACEYALDERYDE %G/AI .686 ISOBUTYR+HEK HG/XI 641
ACROLELN  WG/MI .000 BEXZALDEHYDE NG/MI .000
ACETONE 86/ 707 HEXANALDERYDE NG/MI .000
PROPIOKALD. NG/NI .216 KETHANOL HG/MI 947.966

ETHANOL XG/KI .000




SOUTHWEST RESEARCH INSTITUTE - DEPARKENT OF EMISSIONS RESEARCH

COMPCTER PROGRAN LDT 1.0-R 3-BAG CARB FTP VEHICLE ENISSION RESOULTS PROJECT KO. 08-4527-008

VERICLEZ KMBER 577 TEST CC-TT-02 NETHANOL EN-1399-F
VEBICLE XODEL 83 CHEVY QORSICA DATE 1/20/93  RUK FUBL DENSITY 6,620 LB/GAL
BIGINE 2.8 L {171 CID)~V-6 DYRO 2 BAG CART 2 B .126 € .375 0 .499 X .000
TRAMSKISSION 5K ACTUAL ROAD LOAD 7.70 HP { 5.74 KW)
ODOMETER 9258 MILES ( 14896 KX) TEST WEIGHT 3500 LBS ( 1587 K6)
BAROMETER 29.32 IR HG (744.7 XX BG) DRY BULB TEKPERATURE 70.0'F { 2L.1°C) NOX HUNIDITY C.F. .892
RELATIVE EUMIDITY 44.2 PCT.

BAG FUMBER 1 2 3

BAG DESCRIPTION COLD TRANSIENT STABILIZED BOT TRARSIENT

( ©0-505 SEC.) {505-1372 SEC.) { 0- 505 SEC.)
0¥ TINE SEQORDS 505.3 867.7 507.1
DRY /NET CORRECTION FACTOR, SAMP/BACK .976/.989 .979/.989 .977/.989

NEASURED DISTAKCE NILES (KN)
BLOWER FLOW BATE SCEM (SCHN)
GAS METER FLOW RATE SCFR {SCHK)
0TAL FLOW SCF {SCH)

3.57 ( 5.74}
557.5 (15.79)

27 ( .01}
4697, ( 133.0)

3.82 { 6.15)
557.1 {15.78)
27 (.01
8061, { 228.3)

27

( .01

3.57 ( 5.74)
556.6 {15.%6)

)

4706. { 133.3)

BC SAMPLE NETER/RANGE/PPK (BAG) 46.0; 2 45.97 123/ 2 12.09 12.1) 2/ 12.09
BC BCXGRD METER/RANGE/PPH 9.4/ 2/ 93¢ 110/ 2/ 1099 10.7/ 2/ 10.69
00 SANPLE HETER/RANGE/PPH 58.1/ 13/ 56.81 13.6; 12/ 13.06 1.3/ 12/ 11.32
0 BCKGRD NETER/RAHGE/PPA 2.9/ 12/ 276 2.3/ 12/ 219 2.7 12/ 2.5
(02 SANPLE NETER/BANGE/PCT 775/ 14/ .6152 67.7/ 14/ 4680  74.7/ 14/ .5695
002 BCXGRD NETER/RANGE/PCT 1.4/ 14/ 0898 145/ 14/ 0498 1249/ 14/ .0515
BOX SANPLE METER/RAMGE/PPX (BAG) (D)  39.%/ L/ 9.97 L5 1/ .38 7.8/ 1/ 1.6
¥OY BOKGRD METER/RANGE/PPH 2.3/ 1) .58 Yy 1. 1.0/ 1} B
CHé SAKPLE PPN (1.120) 4.10 : 3.%0 §.77

CB4 BCKGRD PPX 3.30 3.18 3.12
DILGTION PACTOR 18.47 24,56 20.23

BC  COMCENTRATION PPH 37.09 1.55 1.93
0 COMCENTRATION PPX 52.38 10.63 8.56
02 COMCEHTRATION PCT 5685 4202 5206
W1 COCEXTRATION PPX 9,42 37 1.72
CE¢ CORCENTRATION PPN .98 .85 1.80
WXBC CORCENTRATIOR PPM .00 .59 -.04

TBC  MASS GRANS 8.1%6 .210 163

00 FASS GRAHS $.112 2.824 1.3
002  ASS GRAMS 1384.57 1756.07 1270.27
FOX  HASS GRAHS 2.139 .000 .39
CH4é  MASS GRAMS .087 130 .160
WNEC  ASS GRANS (FID) 000 078 .000
FUEL  MASS RG 1.025 1,282 926

FOEL ECOMORY MPG (1., 100KX)

3-BAG OONPOSITE RESULTS

10.45 ( 22.51) 8.96 { 26.26)

TR G/l 51 CH G 035
® G/ .96 WEEC  G/NI 011
ORI .15 CARBONYL G/XI .005

ALCOEOL  G/XI 464
FUEL EOONONY XPG (L/100KN)  9.87 (23.84)  NKOG  G/NI 479

11.56 { 26.35)



SOUTHWEST RESEARCH INSTITCTE - DEPARMENT OF ENISSIONS RESEARCH

CONPUTER PROGRAN LDT 1.0-X 3-BAG CARB FTP VEHICLE EXISSION RESULTS PROSECT ¥O. 08-4527-008

VERICLE NUMBER 577 TEST ¢C-TT-02 PETHANOL EN-1399-F
VEBICLE WODEL 88 CHEVY CORSICA DATE 1/20/93  RON " PUEL DEMSITY 6.620 LB/GAL
BGINE 2.8 L {171 CID)V-6 DYNO 2 BAG CART 2 B .126 C .375 0 .49% X .000

TRAMSKISSION  5X

ACTUAL ROAD LOAD 7.70 BP ({ 5.74 KW)
COONETER 9258 XILES { 14896 KK)

TEST WEIGHT 3500 LBS { 1587 KG)

BAROMETER 29.32 IN HG (744.7 ¥ HG)

RELAYIVE EUMIDITY 44.2 PCT.

DRY BULB TENPERATURE 70.0°F ( 21.1°C)

NOX HUMIDITY C.F. .892

BAG ¥UMBER 1 2 3
BAG DESCRIPTION  COLD TRANSIENT STABILIZED HOT TRANSIENT BACKGROUND
( 0-505 SEC.) (505-1372 SEC.) { 0- 505 SEC.)
PORMALDEEYDE
PPN 363 .015 013 .017
KASS K 56,32 0 .00
ACEYALDERYDE
PP 012 .003 .001 .002
KASS KG 2.36 43 .00
ACROLEIN
PPN 000 .000 .000 .000
NASS G .00 .00 .00
ACETORE
PEY 083 .008 .015 .005
MSS K6 12.14 1.85 3.09
PROPIONALDERYDE
PPy .000 .000 .000 .000
RS K 00 00 00
CROTONALDERYDE
s .000 000 .000 000
BASS %G .00 00 .00
ISOBUTYR+XEX
PPN .007 .001 .001 .001
WSS X 2.61 14 .10
BENZALDERYDE
PPN .000 .000 .000 000
KASS X6 .00 .00 .00
HEXANALDERYDE
PPX .000 .000 .000 .000
WSS %6 .00 .00 .00
HETHANOL
PPH 26.386 .274 . 209 284
KASS X6 7975.38 .00 .00
ETHANOL
PPN .000 .000 .000 000
NSS X .00 .00 .00
3-BAG COMROSITE  RESGLTS
FORMALDERYDE XG/XI 3,276 CROTONALD,  NG/MI 000
ACETALDERYDE XG/KL 196 ISORGTYR+HER NG/MI 179
ACROLEIN RO/l 000 BENSALDEEYDE NG/ .060
ACETONE XG/KI 1.194 HEXAWALDEHYDE NG/NI .000
PROPIONALD. MG/MI 000 METEANOL  NG/MI 463.908

ETHANOL NG/KI .000




SOUTHWEST RESEARCE INSTITUTE - DEPARMENT OF ENISSIONS RESEARCE

QONPUTER PROGRAN (DT 1.0-R

3-BAG CARB FTP VEHICLE EMISSION RESULIS

VERICLE WMBER 577 TEST CC-TT-01

VEHICLE MODEL 88 CHEVY CORSICA DATE 1/19/93 RUM

EXGINE 2.8 L {171 CIDj-V-6 D¥NO 2 BAG CART 2
TRANSHISSION 5N ACTUAL ROAD LOAD 7.70 HP { 5.74 K)
ODONEYEX 9258 KILES ( 14896 KM) TEST WEIGET 3500 LBS ( 1587 KG)

BAROMETER 29.30 IN BG (744.2 MM HG)
RELATIVE HUKIDITY 38.6 PCT.

RAG NUMBER

BAG DESCRIPTION

¥0¥ TINE SECOMDS

OFY,WET CORRECTION FACIOR, SAP/BACK
NEASGRED DISTAKCE MILES (KN)

ALOWER FLOW RATE SCFX (SCHNN)

GAS WETER FLOW RATE SCFR (SCHN)
TOTAL FLOW SCF {SOM)

BC SAMPLE NETER/BANGE/PPM (BAG)

HC BOKGRD METER/RAKGE/PFK

0 SANPLE METER/RAKGE/PPH

0 BCXGRD METER/RAMGE/PPN

002 SMPLE NETER/RANGE/PCT

002 BCRGRD NETER/RANGE/PCT

¥OX SANPLE NETER/RANGE/PPX (BAG) (D)
MOF BCRGRD METER/RANGE/PPN

CH4 SAMPLE PPN (1.120)

CB4 BCKGRD X

DILGYION FACTOR

BC  CONCENTRATION PPA
00 CONCENTRATION PPX
002 CONCENTRATION PCT
YOI QOMCEWTRATION PPY
CH¢  COMCENTRATION PPN
HNEC CONCEMTRATION PPN

THC  MASS GRAMS

(oY HASS GRAMS

02  HASS GRAHS

HOX  MASS GRAXS

CH4  MASS GRAMS

NMEC  MASS GRRNS (FID)
FOEL  MASS KG

FUEL ECONONY RPG (L/100KX)

3-BAG CONPOSITE RESULTS

T G/MI
@ G/MI
w1 G/l

FCEL ECOMONY XPG (L/100KX)

DRY BOLB TEMPERATURE 72.0°F ( 22.2°C)

1 2
COLD TRARSIERT STABILIZSD
( 0-505 SEC.) {505-1372 SEC.}
505.2 867.0
.977/.989 9807989
3.58 { 5.76) 3.83 ( 6.16)
557.2 (15.78) 556.9 (15.77)
27 (.01) 27 (.01)
1694. { 132.9) 805L. { 228.0)
.8/ 2f 378 119/ 2/ 11.89
7.6/ 2/ .60 9.9 2 9.89
3.6/ 12/ 32.60 17.1) 12/ 16.47
L1/ 12/ Lo04 L4/ 12/ 1.3
77.8/ 14/ .6203  67.4/ 14/ .4640
14.0/ 14/ 0478 13.7/ 14/ .0466
85.8/ 1/ 1183 2.9/ 1) .68
1.8, 1 .38 L9 1 .48
4.29 3.55
2.54 2.52
18.42 2%.78
30.59 2.40
30.61 18.77
5751 4193
11,07 22
1.88 1.13
13 1,07
6.521 .365
4,737 3.920
1399.64 1750.06
2.478 .085
167 AT
.010 141
1.031 1.279

10.43 ( 22.55) 8.98 ( 26.18)

A CH4 G/NL
91 NKEC G/
27 CARBOKYL G/MI
ALCOROL  G/MI

9.91 (23.73}  MKOG  G/AI

PROJECT ¥O. 08-~4527-005

NETHABOL EH-1399-F
- POEL DENSITY 6.620 LB/GAL
R.126 € .375 0.4%% ¥ .000

¥oX BUMIDITY C.F. .880
3
HOT TRANSIENY
{ 0- 505 SEC.)
505.4

.973/.929

3.57 { 5.74)

556.5 {15.76)

27 (.01)
4689, { 132.8)

2/
2f
13/
12/
4/
iy
1/
Yy
4.39
2.51

11.4%
9.69
10.16
1.23
+5601
0470
6.77
.28

11.5/
9.7/
10.6/
1.3/
78.1/
13.8/
27.0/
1.1/

20.57
2.27
8.70

5154
6.51
2.00

.02

.189

1.345
1253.19
1.454

178

.001

914

11.71 { 20.08)

.047
020
.009
367
398




SOUTEWEST RESEARCH INSTITUIE - DEPARMENT OF EMISSIONS RESEARCE

CONPUTER PROGRAX LDT 1.0-R 3-BAG CARB FTP VERICLE EMISSION RESULTS PROJECE ¥O. 08-4527-008
VERICLE NUMBER 577 TEST CC-TT-01 _ NETHANOL ER-1399-F
VEBIQLE MODEL 48 CHEVY CORSICA MTE 1/19/93 RN FUEL DENSITY 6.620 LB/GAL
BCINE 2.8 L (171 CID)-V-6 DYKO 2 BAG CART 2 H.126 C.375 0 .49% { .000
TRAKSHISSION 5K ACTUAL ROAD LOAD 7.70 HP ( 5.74 KW)

COOMETER 9258 NILES ( 14896 KH) TEST WEIGHT 3500 LBS { 1587 KG)
BARCKPTER 29.30 N BG (744.2 MN HG) DRY BOLB TERPERATURE 72.0'F ( 22.2°C) NOX HUMIDITY C.E. .880
RELATIVE EUMIDITY 38.6 PCT.
86 KMBER 1 2 3
BAG DESCRIPTION COLD TRANSIENT STABILIZRD HOT TRANSIERT BACKGROUHD
{ 0-505 SEC.) {505-1372 SEC.) { 0- 505 SEC.)
FORMALDERYDE
P 252 .008 L0l 014
BSS X 38.71 .00 00
ACETALDEHYDE
PPY .035 .015 005 002
WSS K6 7.83 5.54 .65
ACROLETN
PP 015 000 000 000
WSS K6 4.39 00 .00
ACETONE
1223 048 .059 036 013
KSS KG 11.22 25.06 7.57
PROPIONALDEHYDE
PPX 010 000 <000 000
HASS XC 3.13 .00 00
CROTONALDEHYDE
PP .000 000 000 000
0SS M 00 00 00
ISOBCTYR+KEX
224 000 .00 .000 .001
HSS %G X .04 .00
BERZALDERYDE
PP .000 .000 000 -000
LSS X .00 .00 .00
BEXANALDERYDE
PPA <000 000 000 .000
KASS X6 .00 00 .00
NETEANOL
PeX 36.444 238 A7 171
KASS X6 6279.27 21.58 1.45
ETEANOL

PP 000 000 000 -000

KSS K .00 .00 .00
3-BAG CONPOSITE RESULIS

FORMALDERYDE MG/XI 2.247 CROTONALD.  KG/MI .000
ACETALDERYDE NG/NI 1.253 ISOBUTYRINEK NG/HI 005
ACROLEIN MG/ ML .255 BENZALDERYDE KG/MI 000
ACETONE NG/MI 4.622 HEXANALDERYDE NG/NI .000
PROPIONALD. RG/NI .182 KETHAROL NG/KI 367.478

ETHANOL HG/KL .000
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ENGINE , FUEL, AND VEHICLE RESEARCH DIVISION
TELECOPIER: 512/522-2019

July 7, 1992

Dr. Tim Maxwell

Department of Mechanical Engineering
Texas Tech University

Lubbock, Texas 79409

Fax. 806-742-3540

Subject: Southwest Research Institute Preproposal No. EVR-1126,
"Oil Consumption Measurement for A Methanol Vehicle Under Emission Cycle"”

Dear Dr. Maxwell:

We are pleased to submit the above preproposal. The following is the content of the
proposed tasks.

OBJECTIVE

The objective of this proposal is to measure oil consumption of a methanol vehicle on
chassis dynamometer under EPA Federal Test Procedure.

APPROACH

The approach is to use the on-line oil consumption measurement system developed by
SwRI uvsing SO, tracer method. I have enclosed two SAE papers and one brochure for your
reference. This literature describes the capability of the on-line oil consumption measurement
system. Currently, the system uses relatively long exhaust gas sampling line as described in the
literature and it is not appropriate for the FTP transient cycle test. However, another system is
being setup in the one of SWRI engine test cell. This new system will be able to measure true

real-time oil consumption; therefore, it is appropriate for the proposed project and planned for
the proposed project.

Briefly, the engine will be operated on relatively high sulfur oil (~1%wt). This oil has
good sulfur balance over a certain distilled fraction and it will be available for the proposed
project. Since the fuel is methanal, there is no provision necessary for the fuel preparation in
terms of sulfur content. By knowing fuel and air flow rate, the oil consumption in grams per unit
time can be calculated by measuring SO, concentration in the exhaust gas since sulfur
concentration in the oil is known. SwRI has developed a PC data acquisition system for the on-
line oil consumption measurement. The oil consumption will be continuously monitored and
stored for the data analysis.

SAN ANTONIO, TEXAS

HOUSTON, TEXAS ® DETROIT, MICHIGAN WASHINGTON, DC
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PROJECT TASK
Pretest Preparation

The oil consumption measurement system will be relocated to the vehicle emissions test
laboratory of Department of Emissions Research at SwRI and prepared for the measurement. The
engine will have to be run on no sulfur oil for a while in order to eliminate sulfur background.
This test will usually last about 4 to 8 hours. Then, the oil is replaced with the qualified high
sulfur oil, and the preliminary test will be conducted for making sure all the instrumentation
functions. As soon as the measurement results are determined to be acceptable, the vehicle test
under the FTP transient cycle will be initiated as follows.

Test 1

The oil consumption under the FTP transient cycle will be measured before the vehicle

is tested for the long term road test. The oil consumption measurement results will be analyzed
and plotted against the test time.

Test 2

The oil consumption under the FTP transient cycle will be measured after the vehicle test

is completed. The oil consumption measurement results will be analyzed and plotted against the
test time.

REPORTING

A comprehensive final report will be prepared and submitted to Texas Tech University
at the completion of the project.

COST AND TIME ESTIMATE

The cost plus fixed fee contract cost estimate is $41,000. The estimate project duration
is two (2) months. Upon receiving your acceptance, SWRI will prepare a formal proposal and
submit it to Texas Tech University with contractual documentation.

CLOSURE

Engine tribological problems associated with Alcohol engines still exist. The result of
this project is expected to provide an additional information useful for investigating such
problems. It is particular interest to observe how much of the effect of component dimensional
change due to the wear on the oil consumption will affect the emissions characteristics under
transient conditions. SwRI is very interested in participating to the program and hoping to
provide Texas Tech University the valuable results.
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If you have any questions, please feel free to call me at 512-522-3194. Our facsimile
number of 512-522-2019 for your convenience.

Sincerely,

b A

Susumu Ariga

Acting Manager

Engine Tribology Section
Department of Engine Research

Approved:

DM hiom

/v\r 'Sh;innon Vin‘yaﬁ Direcbr

Department of Engine Research

/sih
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ENGINE. FUEL. AND VEHICLE RESEARCH DIVISION
TELECOPIER (210) $22-2019

April 23, 1993

Dr. Tim Maxwell

Professor

Department of Mechanical Engineering
Texas Tech Research

Lubbock, Texas 79409

Fax: 806-742-3540

Subject: Progress Report No. 1 for Southwest Research Institute Project 03-5461,
"0Oil Consumption Measurement for A Methanol Vehicle Under Emission Cycle"

Dear Dr. Maxwell:

This is the first progress report for the subject project. The work has been completed for
the first oil consumption meaurement as Test 1, and the car has been picked up by a student from

Texas Tech Research. The following describes the work accomplishment, problems, and future
plans.

OBJECTIVE

The objective of this project is to measure oil consumption of a methanol vehicle on a

chassis dynamometer under EPA Federal Test Procedures before and after the vehicle durability
tests.

WORK ACCOMPLISHMENTS

The oil consumption measurement system was refined to increase the sampling response
time by means of electronic sample gas pressure closed loop control in order to increase the
accuracy of the measurement under transient operating conditions. The device was designed,
fabricated, and tested by actually conducting the oil consumption measurement on one engine
installed at SWRI. After the acceptable gas sampling response time (less than one second) was
determined, the oil consumption measurement system hardware and a PC data acquisition system

were relocated from the engine research laboratory to the vehicle emissions test laboratory and
prepared for the measurement.

In order to prepare for the oil consumption testing, the methanol powered vehicle (GM
Corsica 2.8 liter V6 engine) was instrumented for flow rates of intake air and fuel and engine
pertinent temperatures and pressures. A laminar flow element (LFE) with pressure transducers
was used for the intake air flow measurement in real-time, and a micro-motion real-time mass
fuel flow meter was used for fuel flow measurement. An exhaust gas sampling probe was fitted

SAN ANTONIO, TEXAS

HOUSTON. TEXAS e DETROIT. MICHIGAN @ WASHINGTON. DC
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to the exhaust pipe close to the manifold flange. The original oil was drained, saved, and a zero
sulfur synthetic oil was installed. The vehicle was then driven at normal operating temperatures
to mix the zero sulfur oil with any residue of the original oil. This process was repeated through

three changes of zero sulfur oil to insure that any sulfur residue from the original oil had been
flushed from the system.

The vehicle was installed on the dynamometer and tested to establish baseline performance
of the oil consumption instrumentation with zero sulfur oil in the vehicle. The zero sulfur oil
was then drained, and replaced for the balance of the testing with an oil of known sulfur

concentration that has proven to be very stable in maintaining this fixed concentration throughout
the testing cycle.

The test preparation went smoothly. The EPA Urban Dynamometer Driving Test cycle
was performed on the vehicle from cold start condition, followed by a repeat of the cycle from
hot start condition. The total length of the test is approximately 60 minutes, including soaking
time, and the actual vechicle operating time is 40 minutes. In addition, the vehicle was operated

under three steady-state conditions to obtain additional oil consumption information from this
particular vehicle. The results are descussed below.

After the completion of the first test, the vehicle was returned to Texas Tech on April 12,
1993.

PROBLEMS

The oil consumption measurement system had a problem dealing with the SO, detection
instrumentation. The problem was found when the system was being used for another SwRI
project. The correction could be made; however, it took about one month to complete the
investigation and applying the solution. The problem was that the NOy, signal interfered with the
SO, signal. Therefore, the measured SO, concetration was actually higher than the true value.
This incident delayed the test schedule by about one month.

DISCUSSION OF TEST 1 RESULTS

The EPA Urban Dynamometer Driving Test cycle was performed on the vehicle from cold
start condition, followed by a repeat of the cycle from hot start condition. Figures 1 and 2
represent plots of real-time oil consumption and vehicle speed during these two test cycles. Note
that Figure 1, the cold start cycle, shows considerably less oil consumption during the first 800
seconds of the cycle when compared to the hot start cycle of Figure 2. Figures 3 through 9
illustrate these same two test cycles plotted together, but with an expanded time base to allow
a more detailed comparison. While changes in vehicle speed during these test cycles is the
primary cause of variations in oil consumption, engine temperature seems to be another major
contributor. Figures 10 and 11 show coolant temperature out of the block, plotted with oil

consumption. Note that the low oil consumption during the first 800 seconds of the cold start test,
Figure 10, shows lower temperatures during the same time period.
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Following the cycling tests, three additional tests were performed at steady-state conditions.
These were 2675 RPM in fourth gear, 1500 RPM in fifth gear, and idle at 900 RPM. Results of
these tests are presented in Figures 12 through 14. It is quite apparent in these figures that
engine temperature, as monitored by coolant temperature, has a very marked effect on the oil
consumption. These data suggest that total engine oil consumption could be significantly reduced
by a moderate reduction in coolant temperature perhaps to as low as 180°F. It will be extremely
important when the vehicle has accumulated the required road miles and is returned to have these
tests repeated, that the engine temperatures are duplicated very closely so that any variations in
oil consumption reflect only effects of the accumulated miles.

FUTURE PLANS

Test 2 will commence after the vehicle durability test is completed. The vechile durability
test will be conducted by Texas Tech Research.

If you have any questions, please feel free to call me at 210-522-3956. Our facsimile
number of 512-522-2019 for your convenience.

Sincerely,

ﬂ'/d// é"~—.._/_r—

Jim Barbee
Engineering Technologist
Department of Engine Research

Approved:

. //
5(:;‘//,((@//75?

Susumu Ariga, Acting Manager
Engine Tribology
Department of Engine Research

ckh
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EXECUTIVE SUMMARY

Methanol-fueled engines have a higher wear rate of power cylinder components, especially
when the vehicle is operated under cold temperature conditions. Excessive components’ wear
may increase blowby gas flow and oil consumption. Qil deterioration is, then, accelerated and
an increased amount of lubricant additives emits to the exhaust system, contributing to the
catalyst deactivation.

The objective was to measure the oil consumption of a methanol-fueléd vehicle under the
conditions of the EPA dynamometer urban driving cycle test procedure. The Southwest Research
Institute (SwRI) developed on-line oil consumption measurement system was employed to
accomplish the real-time measurement of oil consumption under transient operating conditions.
Oil consumption was measured before and after the vehicle accumulated a driving distance of
more than 20,000 miles under city driving conditions and was compared to evaluate the effect
of the durability test.

The oil consumption rate (g/hr) increased during the durability test. The degree of the
increase varied, depending on the measurement conditions under either a cold- or hot-start test.
The average oil consumption rate measured under the cold-start transient test conditions increased
by 26 percent and that measured under the hot-start transient conditions increased by 9 percent.

Qil consumption over the duration of the EPA urban cycle (~1400 seconds) was significantly
higher (52 percent) under the hot-start conditions than under the cold-start conditions. This trend
was the same, regardless of pre- or post-durability testing, although the difference measured in
the post-durability test was lower (31 percent). '

Oil consumption of the post-durability test measured under steady-state conditions
significantly increased (223 percent) when the engine speed was relatively high, e.g., 2950-rpm.

Whether the level of increase is high or low is not certain because there was no oil
consumption data obtained for the gasoline engine under the same test procedure. Therefore, it
is recommended that oil consumption of the gasoline engine be measured for comparison. A
comprehensive test is recommended to understand the relationship between oil consumption,
catalyst efficiency, and lubricant additives trapped in the catalyst in order to determine the
significance of oil consumption increase for a long driving distance. Further investigation will
be necessary to explain the high increase in oil consumption measured under a steady-state
condition after the durability test has been completed.

i
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1.0 BACKGROUND

Wear of the power cylinder components of a methanol engine is higher than that of a gasoline
engine, especially under cold temperature operating conditions. The primary reason is the
corrosiveness of methanol combustion products formed in the crevices of the piston and ring
pack. A large degree of component wear increases blowby and oii consumption in a relatively
short time. A high blowby increases the rate of lubricant deterioration. An increased oil
consumption accelerates the catalyst deactivation due to chemical poisoning caused by the
lubricant additives. Specially-formulated lubricant additives are normally used to reduce the wear
of a methanol engine’s components. However, there has not been test data available to show the
level of oil consumption increases caused by component wear, especially those under transient
operating conditions.




2.0 OBJECTIVE

The objective is to measure the oil consumption of a methanol vehicle on chassis
dynamometer under the EPA dynamometer urban driving cycle test procedure before and after
the vehicle durability test has been completed.
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3.0 TEST APPARATUS AND PROCEDURE

The SwRI-developed on-line oil consumption measurement system has been used to measure
oil consumption under step transients. The sampling gas pressure was manually controlled to
maintain a certain level to achieve an acceptable measurement accuracy. It is impossible to
manually adjust the sampling gas pressure under the EPA’s transient cycle. Thus, the gas
sampling technique was refined with an electronic, closed-loop control system. The sampling
gas pressure was maintained at constant, regardless of speed and load change. This provision
achieved the accuracy of the oil consumption measurement under transient conditions.

In order to prepare for oil consumption testing, the methanol-fueled vehicle (GM Corsica
2.8 liter V6 engine) was instrumented for flow rates of intake air and fuel, and engine pertinent
temperatures and pressures. A laminar flow element (LFE) with pressure transducers was used
for the intake air flow measurement in real-time, and a micro-motion, real-time mass fuel flow
meter was used for fuel flow measurement. An exhaust gas sampling probe was fitted to the
exhaust pipe close to the manifold flange. The standard oil was drained, saved, and a zero sulfur
synthetic oil was installed. The vehicle was, then, driven at normal operating temperatures to
mix the zero sulfur oil with any residue of the original oil. This process was repeated through
three changes of zero sulfur oil to insure that any sulfur residue from the original oil had been
flushed from the system.

The vehicle was installed on the chassis dynamometer and tested to establish baseline
performance of the oil consumption instrumentation with zero sulfur oil in the vehicle. The zero
sulfur oil was then drained and replaced, for the balance of the testing, with an oil of known
sulfur concentration that has proven to be thermally stable in maintaining the fixed concentration
throughout the testing cycle.

The EPA urban dynamometer driving test cycle was performed on the vehicle from cold-start
conditions, followed by a repeat of the cycle from hot-start conditions. The total length of the
test is approximately 60 minutes, including soaking time, and the actual vehicle operating time
was 40 minutes. In addition, the vehicle was operated under three steady-state conditions to
obtain additional oil consumption information from this particular vehicle. The same tests were

repeated after the vehicle was returned from the field test. The results are discussed below.




4.0 DISCUSSION OF THE TEST RESULTS

The Effect of a 21,000 Mile Durability Test: Figures 1 and 2 show plots of cumulative oil
consumption in gram and vehicle speed during two test cycles. Each figure also shows the
results obtained before (9,260 miles) and after the durability test (31,050 miles) was completed.
The effect of the durability test (21,790 miles) was significant when the test was conducted under
the cold-start conditions. QOil consumption increased by 26 percent after the durability test was
completed. Under the hot-start conditions, the increase, due to the durability test, was 9 percent.

EPA URBAN DYNAMOMETER DRIVING TEST
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FIGURE 1. OIL CONSUMPTION MEASURED UNDER COLD-START EPA URBAN
DYNAMOMETER DRIVING TEST CYCLE
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EPA URBAN DYNAMOMETER DRIVING TEST
TEST #1 vs TEST #2, HOT START
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FIGURE 2. OIL CONSUMPTION MEASURED UNDER HOT-START EPA URBAN
DYNAMOMETER DRIVING TEST CYCLE

The Effect of Cold- and Hot-Start: The difference in oil consumption between cold- and
hot-start was high and the trend was the same, regardless of the pre- and the post-durability test,
e.g., 52 and 31 percent, respectively. Figure 3 compares the average oil consumption rate in g/hr
between cold- and hot-start and that between pre- and post-durability test.

Coolant temperature of the first 800 seconds was quite different between the cold and the
hot-start test as shown in Figure 4. Thus, the difference in o0il consumption between cold- and
hot-start could primarily be caused by the difference in component temperatures. Low viscosity
oil at high component temperature increases oil flow through the ring pack, while it decreases
oil film thickness on the cylinder wall. The oil flow increase, due to the low viscosity, was
probably significant enough to increase the amount of oil present in the cylinder compared to the
oil volume reduction due to a reduced oil film thickness. Therefore, the amount of oil supplied
to the combustion chamber likely increased, causing it to increase oil consumption under hot-start

conditions. The trend of high oil consumption under hot-start conditions was the same,
regardless of pre- and post-durability test.
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OIL CONSUMPTION UNDER EPA URBAN CYCLES
2.8-L V-6 METHANOL ENGINE

e

P
o
!

7.0 ;:::t oo 7% : 74
°~°"“m~~~-s;o~~/
Sl
=l

0.0

ok
o
§

AVERAGE TRANSIENT OIL CONSUMPTION (g/hr)

PRE-DURABILITY ' POST-DURABILITY
31,050 MILES

B
g
:

FIGURE 3. AVERAGE OIL CONSUMPTION RATE DURING TRANSIENT CYCLE

EPA URBAN DYNAMOMETER DRIVING TEST
COLD AND HOT START BEFORE DURABILITY
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FIGURE 4. COOLANT TEMPERATURE DIFFERENCE BETWEEN COLD-
AND HOT-START

6



e

Steady-State Tests: Following the transient cycle tests, three additional tests were performed
under steady-state conditions. These were a 2675-rpm engine speed in fourth gear, 1500-rpm in
fifth gear, and idle at 900-rpm. Results of these tests are presented in Figure 5. The increase
in oil consumption of the post-durability test was significant at a higher engine speed. At
2675-rpm, the oil consumption of the post durability test was more than double (223 percent)
compared to that of the pre-durability test. The rate of increase was significantly higher than that
observed in the results obtained under transient cycles. A further investigation will be necessary
to understand the differences observed between the steady-state and transient test results.

OIL CONSUMPTION UNDER STEADY-STATE
2.8-L V-6 METHANOL ENGINE
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FIGURE 5. OIL CONSUMPTION UNDER STEADY-STATE CONDITIONS BEFORE
(TEST 1) AND AFTER (TEST 2) THE DURABILITY TEST

Summary: Since there was no gasoline engine data, a comparison could not be made to
determine the level of oil consumption increase measured in the methanol engine after the
durability test was completed. However, a rough estimate of oil consumption over 100,000 miles
can be made with the results obtained in this project. Oil consumption of the post-durability test
(about 21,000 miles) increased by 9 to 26 percent, depending on whether there was a hot- or
cold-start operating condition. In 100,000 miles, oil consumption could increase by 1.43 to 2.23
times, depending on cold- and hot-start, and on the assumption that the effect of component wear
or other factors on the oil consumption increase remain the same throughout the 100,000 miles.
The oil consumption rate, however, is likely 1o increase as the vehicle accumulates its mileage,
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and it increases exponentally rather than linearly. Thus, the oil consumption increase will
probably be greater than the above estimate.

The impact of the oil consumPtion increase is catalyst poisoning. Figure 6 shows the data

found in the referenced literature’ regarding the relationship between hydrocarbon conversion
efficiency of the catalyst and the amount of phosphorous contained in lubricating oil reaching the
catalyst. Suppose the amount of phosphorous increased by a factor of 2 because oil consumption
increase was twice the above estimate, the catalyst efficiency drops by about 10 percent. This
may not appear significant; however, the increase in hydrocarbon emissions downstream of the
catalyst becomes about S0 percent higher on the assumption that hydrocarbon emissions out of
the engine do not change. In reality, the emissions out of the engine also increase as the vehicle
accumulates miles. Therefore, the catalyst poisoning must be reduced. If engine oil no longer
requires such additives as ZDDP, yet low component wear is warranted, the catalyst poisoning
could be minimized. Otherwise, oil consumption should be reduced to a minimum level.

Research into the details of the relationship between oil consumption, catalyst efficiency, and
additives accumulated reaching to the catalyst is one subject that should be considered for future
research. The results will provide quantitative characterization of the effect of oil consumption
on catalyst poisoning and will help to determine the level of oil consumption that should be
targeted for future engines. -
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FIGURE 6. THE RELATIONSHIP BETWEEN HYDROCARBON CONVERSION
EFFICIENCY AT A CATALYST AND THE AMOUNT OF PHOSPHOROUS
REACHING THE CATALYST

II. A, Spearot and F. Carraciolo, "Engine il Ph-Ospherus Effects on Catalytic Converter Performance in Federal Durability
and High Speed Vehicle Tests,” SAE Transaction, Vol. 86, 1977.
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5.0 CONCLUSIONS

1. Oil consumption of a methanol-fueled vehicle under the EPA urban driving test cycle w
successfully measured with the sulfur tracer technique.

2. Vehicle durability tests of more than 20,000 miles increased oil consumption
26 percent under cold-start conditions and by 9 percent under hot-start conditions.

3. Oil consumption under hot-start conditions was higher than under cold-start conditio
by as much as 56 percent.

4. The effect of component temperatures on oil viscosity appears to be the primary ca
of high oil consumption under hot-start conditions.

5. Oil consumption under steady-state conditions significantly increased (223 percent) 2
2675-rpm engine speed after the durability test was completed.
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6.0 RECOMMENDATIONS

1. It is recommended that oil consumption of a gasoline-fueled vehicle be measured under
conditions similar to those used for the methanol-fuel vehicle in order to normalize the
effect of methanol operation on the oil consumption.

2. The relationship between oil consumption, catalyst efficiency, and additives trapped in the
catalyst should be investigated by obtaining the measurement results of all three variables
at the same time. The results will be useful in understanding whether catalyst poisoning
due to lubricant additives is serious.

3. A further investigation will be necessary to understand the differences in the degree of
oil consumption increase depending on steady-state and transient conditions.
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