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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 e~ssion systems performance. The vehicle was previously modified to operate 
on M85 for the SAE Methanol Marathon/Challenge competitions; it was further modi
fied for MlOO 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 4C Rochester were installed and the computer system was calibrated for 
MlOO 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 2nd place overall in the 1990 
Methanol Challenge, placing 1st in endurance fuel economy, 2nd in acceleration, and 
demonstrating excellent emissions and maneuverability. Table 1 summarizes the major 
event rankings for the Texas Tech Corsica. 
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Table 1. Major Event Rankings for TTU Corsica 
in 1990 SAE Methanol Challenge 

2nd Place Overall 

1st Place Endurance Fuel Economy 

2nd Place Acceleration 

FTP Emissions Results (g/mi) 
HC 0.04 NOx 0.71 

NMHC 0.03 ~OH 0.29 
co 0.60 OMHCE 0.16 

FTP Fuel Economi Results 
(miles per gallon gaso ine equivalent) 

City 21.6 
Highway 41.0 

55/45 City/Highway 27.4 

2 

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 therm.al 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. 
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To increase fuel economy, the 5th 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 MlOO 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 MlOO racing fuel. This fuel was used 
during the first series of dynamometer tests and the engine control system calibration 

Ta'3le 2. Camshaft Specifications as Measured with the Cam Doctor 

Cyl 1 Cyl2 Cyl3 Cyl4 Cyl5 Cyl6 Avg Variance 

Intake & Exhaust 

Lobe Center Sep 111.1 111.0 110.9 110.8 111.1 111.1 111.0 0.3 Cam Deg 
Valve Overlap -27.6 -27.5 -27.2 -27.2 -27.8 -28.0 -27.5 0.4 Crank Angle 

Intake 

Valve Opening -7.8 -7.8 -7.6 -7.6 -7.9 -8 -7.8 0.2 Deg BlDC 

Lobe Center 104.6 104.5 104.4 104.3 104.5 104.5 104.5 0.1 DegATDC 

Valve Closure 22.5 22.5 22.2 22.2 22.2 22.1 22.3 0.2 Deg ABDC 
Duration 194.7 194.7 194.6 194.6 194.3 194.1 194.5 0.3 Crank Deg 

Max Cam Lift 0.26031 0.26028 0.25992 0.25988 0.25854 0.2585 0.25957 0.00091 Inch 

Net Valve Lift 0.39047 0.39041 0.38988 0.38982 0.38781 0.38776 0.38936 0.00136 Inch 

Lobe Area 18.61 18.64 18.63 18.61 18.47 18.45 18.57 0.09 In* Deg 

Exhaust 
Valve Opening 34.1 34.2 33.9 34 34.1 34 34.1 0.1 Deg BlDC 

Lobe Center 117.5 117.5 117.4 117.3 117.6 117.5 117.5 0.1 Deg AlDC 

Valve Closure -19.8 -19.8 -19.6 -19.6 -19.9 -20 -19.8 0.2 Deg ABDC 

Duration 194.3 194.4 194.3 194.4 194.2 194 194.3 0.2 Crank Deg 

Max Cam Lift 0.25933 0.25917 0.25921 0.25906 0.25902 0.25906 0.25914 0.00016 Inch 

Net Valve Lift 0.389 0.38876 0.38882 0.38858 0.38852 0.38858 0.38871 0.00024 Inch 

Lobe Area 18.47 18.54 18.5 18.53 18.46 18.44 18.49 0.05 In* Deg 

Mechanical Engineering Department Texas Tech University 



Long-Term Methanol Vehicle Test Program - Final Report 4 

was difficult due to extremely rich conditions and exhaust temperatures were lower 
than typical. After a few minutes of operation the O 2 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 MlOO 

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. Diss::>lved Gases (Air+C02) 0.126 0.000 0.000 

3. Dimethyl 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 (SwRI) (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 4th 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 

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 4th 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 MlOO 
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 MlOO 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 Texas Tech University 
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Figure 4. Side view of piston from Cylinder 3 

Figure 5. Side view of piston from Cylinder 4 

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

Figure 8. Cylinder head showing Cylinder 4 combustion chamber 
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Table 4. Short-Block Measurements Before Mileage Accumulation 

Cylinder block 

Cylinder bore diameter Cyl 1 Cyl2 Cyl3 Cyl4 Cyl5 Cyl6 

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) 7.391 in Deck Milled 0.04 in 

Connecting rods 

Bore (all ± 0.0005 in) 2.125 in Mass 440 g 

Length (all 0.0005 in) 5.7 in 

Pistons 

Diameter (all ± 0.001 in) Ring land clearance (all ± 0.0005 in) 

Top 3.3225 in Top 0.0022 in 

Middle 3.3241 in Middle 0.0015 in 

Bottom 3.3264 in 

Mass 329 g Piston Height 1.416in 

Piston pins 

Pin to piston bore clearance (all± 0.0003 in) 0.0008 in I Mass 122 g 

Piston rings 

Gap (all ± 0.0005 in) 

Top 0.0135 in Mass 39 g 

Middle 0.0085 in Oil ring tension (pull) 11.5-12.0 lbf 

. Crankshaft 

Rod journal (all ± 0.0005 in) 1.9983 in 

Main journal (all± 0.0005 in) 2.6468 in 

Stroke (all ± 0 .0003 in) 3.31 in 

Rod bearings 

Thickness (all ± 0.0005 in) Average clearance 0.002 in 

Max 0.0622 in 

Min 0.0595 in Mass 33 g 

Main bearings 

Thickness (all ± 0.0005 in) Average clearance 0.002 in 

Max 0.0958 in Min 0.0929 in 

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 Cyl2 Cyl3 Cyl4 Cyl5 Cyl6 
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) 7.391 in Deck Milled 0.04 in 

Connecting rods 

Bore (all ± 0.0005 in) 2.125 in Ma$ 440 g 

Length (all± 0.0005 in) 5.7 in 

Pistons 

Diameter (all ± 0.001 in) Ring land clearance (all± 0.0005 in) 

Top 3.3225 in Top 0.0022 in 

Middle 3.3241 in Middle 0.0015 in 

Bottom 3.3264 in 

Masc:; 329 g Piston Height 1.416in 

Piston pins 

Pin to piston bore clearance (all± 0.0003 in) 0.0008 in I Masc:; 122 g 

Piston rings 

Gap (all± 0.0005 in) 

Top 0.0155 in Ma$ 39 g 

Middle 0.0105 in Oil ring tension (pull) 11.5-12.0 lbf 

Crankshaft 

Rod journal (all ± 0.0005 in) 1.9983 in 

Main journal (all ± 0.0005 in) 2.6468 in 

Stroke (all ± 0.0003 in) 3.31 in 

Rod bearings 

Thicknesc:; (all ± 0.0005 in) Average clearance 0.002 in 

Max 0.0623 in 

Min 0.0598 in Ma$ 33 g 

Main bearings 

Thicknesc:; (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 
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Table 6. Cylinder Head Measurements Before Mileage Accumulation 

Cyl1 Cyl3 Cyl5 

Exhaust Intake Exhaust Intake Exhaust Intake 

Valve stem clia (in) 0.3131 0.3138 0.3139 0.3136 0.3138 0.3132 

Valve clia (In) 0.315 0.3151 0.3151 0.3151 0.3149 0.3152 

Installed height (in) 1.72 1.72 1.71 1.72 1.71 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 ( lbQ 95 95 95 95 95 95 
N 

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 26.6 26.6 26.6 26.6 

Cyl2 Cyl4 Cyl6 

Exhaust Intake Exhaust Intake Exhaust Intake 

Valve stem clia (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) 1.73 1.725 1.72 1.715 1.715 1.715 

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 (lbf) 95 95 95 95 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 Z12 26.6 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 11.72 

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 Cyl3 Cyl5 

Exhaust Intake Exhaust Intake Exhaust Intake 

Valve stem clia (in) 0.3131 0.3129 0.3138 0.3135 0.3139 0.3135 0.3136 0.3134 0.3138 0.3137 0.3132 0.3129 

Valve dia (in) 0.3152 0.3155 0.3152 0.3155 0.3151 0.3155 0.3152 0.3168 0.315 0.3155 0.3152 0.3158 

Installed height (in) 1.72 1.72 1.71 1.72 1.71 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 ( lbf) 95 95 95 95 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 26.6 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 0.0313! 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 0.075 0.06 0.075 

Spring coil bind (in) 1.19 1.19 1.19 1.19 1.19 1.19 

Spring pressure (lbf) 95 95 95 95 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 Zl2 26.6 26.8 26.6 

Gasket surface milled (in) 0.04 Head gasket thickness (in) 0.068 

Total swept volume (cc) 472.38 H~ gasket volume(cc) 11.56 

Compression.ratio 11.72 

6. Engine Performance 

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. 

During the initial dynamometer tests the engine produced a maximum torque of 201 
lbf-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 lbf-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 lbf-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 9. Rear of cylinder block showing oil leak 

Figure 10. Engine mounted on SuperFlow dynamometer 
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Figure 11. Engine mounted on SuperFlow dynamometer 

Figure 12. Engine mounted on SuperFlow dynamometer 
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Figure 15. Vehicle during emissions tests at Southwest Research Institute 
a decrease in maximum torque of about 4.3% 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 SwRI 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 SwRI. 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 MlOO 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 Jan. 1993 SwRI Test Dec. 1994 ULEV 
{gnn/mi) (gnn/mi) (gnn/mi) 

1. THC 0.48 1.167 -
2. co 0.960 4.280 1.70( 

3. NOx 0.150 0.690 0.20( 

4. CH4 0.035 0.193 -
5. NMHC 0.011 0.004 -
6. Carbonyl 0.005 0.022 

., --
7. Alcohol 0.464 0.948 -
8. NMOG 0.479* 0.975* 0.04( 

9. Formaldehyde 0.0030 0.0200 O.OOE 

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. lsobutyr+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 M 100 was unknown; thus, this value is uncorrected. 

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 0 2 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 SwRI 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 inAppendices 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 MlOO-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 lOW-30-grade oil with a viscosity of9.85 cS at l00°C. This value ofi00°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 rp;m. 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 3 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 oil 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 MlOO-fueled 1988 Corsica confirmed several reasonably well 
understood conditions and disclosed a few anomalies that may warrant further study. 
These are listed below: 

A. It seems apparent that no off-the-shelf fuel pump is available that will pro
vide reliable long-term service in MlOO. The problems appear to be prima
rily related to materials incompatibility with the fuel, but the lack oflubric
ity of MlOO may also be factor contributing to fuel pump component wear. 
This lack oflubricity may have also been a factor in the (apparent) degraded 
performance of the injectors, which is thought to have led to detonation in 
Cylinders 3, 4, and 5. IfMlOO 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 MlOO 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 MlOO 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, MlOO 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 MlOO has the potential for 
excellent emissions and, with a properly designed engine, provides outstand-
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ingvehicle 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 MlOO-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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eeeF e1cm 5.11 (15.G) 8880 01cm 6.11 (6.9) 8801 
8870 81 (9,4) 8.19 (7.2) 8881 81 (94) e.1e (7.2) 88Q2 
8871 105 (110) 8.01 (8.4) 8882 105 (110) 8.01 (8.4) 889S 
8872 118 (126) 9.0 (9.5) 8883 118 (125) 9.0 (9.6) 8894 
8873 13' (141) 10.15 (10.8) 8884 133 (141) 10.15 (10.8) 8895 
1874 155 (157) 11.83 (12) 8885 165 (U57) 11.83 (12) eags 

8878 170 (172) 12.07 (13.1) 8888 170 (172) 12.97(13.1) 8897 
8878 188 14.34 8881 188 14.34 eags 
tJl1T1 204 15.e 8888 20,4 16.8 88;Q 
8878 219 18.7 8889 219 18.7 889A 
8178 235 17.9 888A 235 17.9 8898 
tlf1A 261 19.15 8888 251 19.16 eegc 

eoorpm 
Dtcmal 
~ 

Unit 
0 

9(1S) 
10(29) 
22(45) 
49 (81) 
87(n) 
81 (94) 

105 (110) 
118 (125) 
133 (141) 

156 (157) 
170 (172) 

188 
204 
219 
235 
251 

2800mm 
Declmal 

Compullr 
Unit 
0 

9 (13) 
10(29) 
22(46) 
49 (81) 

87 (77) 
81 (9,4) 

106 (110) 
118 (125) 
133 (141) 
165 (157) 
170 (172) 

188 
204 
219 
235 
251 

1200rpm 

EnglnNrlng 18 Bit O.oimal 
Unit tt.xldec:lnw Compullr 

{mNO.) Adct ... Unit 
0 8848 0 

0.81> (1.0) 8849 9(13) 
1.22 (2.1) 884A 10(29) 
1.88 (S.4) 8848 22(45) 

S.74 (4.85) 8840 49 (81) 
6.11 (6.9) 8840 e1cm 
8.18 (7.2) &ME 81 (IM) 
8.01 (8.4) 884F 106(110) 
9.0 (9.5) 8850 118 (125) 

10.15 (10.8) 8851 133 (141) 

11.83 (12) 8852 156(157) 
12.97 (13.1) 8853 170(172) 

14.34 8854 188 
15.e 8856 204 
1e.1 8850 219 
17.9 8857 235 

19.15 8858 251 
3200mm 

EnglnNring 18 Bit Oeoln\111 
Unit Hexldecmal Compuw 

lmNO.\ ~ Unit 
0 8890 0 

o.ee (1.0) eege 9(13) 
1.22 (2.1) 889F 18 (29) 
1.88 (S.4) 88AO 22(45) 

S.74 (4.85) 88A1 49(81) 

5.11 (15.G) 88A2 e7(n> 
e.1e (7.2) 88A3 81 (9"4) 
8.01 (8.4) 88M 106 (110) 
9.0 (9.5) 88A5 118 (125) 

10.15 (10.8) 88AIS 133 (141) 
11.83 (12) 88A7 155 (157) 

12.97 (13.1) 88A8 170 (172) 
14.34 88A9 188 
15.8 88M 204 
18.7 88AB 210 

17.9 88AC 235 
19.15 88AD 261 

EnglnNmg USBlt 
Unit He>ddeclmal 

(mNC.) Addr ... 
0 8869 

0.8Q(1.0) 885A 
1.22 (2.1) 8858 
,.ea (3.4) 8850 

3.74 (4.96) 8850 
5.11 (5.9) 885E 
e.1a<7.2) 885F 
8.01 (8.-t) 8980 
9.0(9.5) 8861 

10.15 (10.8) 8862 

11.83 (12) 8883 
12.97 (13.1) 886,4 

14.34 8865 
1s.e eeee 
18.7 eee7 
17.9 8868 

19.15 8869 

EnglnMring UIBff 
Unit Hmdecimal 

lmHO.\ Addr ... 
0 88AE 

o.ee (1.0) 88AF 
1.22 (2.1) 8890 
1.08(3.4) 8881 

3.74(4.85) 8882 

6._11 (U) 8883 
0.18(7.2) 8884 
8.01 (U) 8885 
9.0(9.5) 8896 

10.15 (10.8) 8887 
11.83 (12) 8888 

12.97 (13.1) 8889 
14.34 88BA 
1s.e 8888 
16.7 88BC 
17.9 8880 

19.16 88BE 

1eoorpm 
o.cm., 
Compuw 

Unit 
0 

9 (13) 
,e (28) 
22 ("5) 
4'~(61) 
&7 en> 
81 (94) 

106 (110) 
118 (125) 
133(141) 

156 (157) 
170 (172) 

188 
2(M 

219 
235 
261 

3600mm 
o.cimal 

Compute, 
Unit 

0 
9(13) 
18 (28) 
22 (45) 
49 (81) 

e1 (77) 
61 (94) 

105 (110) 
118 (125) 
133 (141) 
156 (157) 
170 (172) 

188 
204 
219 
235 
261 

~lg 
Unll 

(mNC.) 

0 
o.ee (1.0> 
1.22 (2. I) 
U8(3.'4) 

3.74(4.85) 
5.11 (5.9) 
8.18 (7.2) 
8.01 (8.4) 
9.0(9.5) 

10.15 (10.8) 

11.83(12) 
12.97 (13 1) 

14.34 
1s.e 
10.7 
17.9 

10.15 

E,._-~,, 
Uni 

{mNO.) 

0 
o.ee c1.o, 
1.22(2.1) 
1.M(S.4) 

S.74 (4.85) 

5.11 (5.9) 
e.1e (7.2) 
8.01 (8.4) 
9.0(9.5) 

10.15 (10 8) 
11 a, (12) 

12.97 (13.1) 
14.34 
15.8 
10.7 
17.9 

19.15 

l 
f' :, 

f ,~ 
i 
f: 
! 
k 
f 
I 
I 



T..,._ FZ0o CL (CloNd Loop) S... ,,.._ fnfeot w. LVI • Lolld 
Convet9k>n Equation N • E • 85.530 / 6 

Orom 
10 Bit ~ Engineering LV8 
~ ~ Unit Load 

AddrNa Unit (mNC.) .... lnfeotlon PulN Wktth CIIOulMlon 
8816 0 0 0 
8818 g (13) 0.69 (1.0) HS BINJ - PWT_,..V-.,. • ( (A/F)cloHd loop/ (A/F)dNlred) J 
8817 10 (28) 1.22 (2.1) 32 ( Total PW/2) <T..,..F2000L> <Table F50> 
8818 22 (46) 1.88(3.4) 48 or 
8819 ,49 (01) S.7-4 (4.65) 6,4 <T ... F200CL> 
881A 87 (77) 6.11 (6.9) 80 
8818 81 (94) 0.18 (7.2) 9e 
8810 105(110) 8.01 (8.4) 112 (A/F)dc*d loop / (.A/F)dNlf9d ,... 1 
8810 118 (125) 9.0 (9.6) 128 

881E 133 (141) 10.15 (10.8) 144 ~ Double Fir. lnjeolon: 1 Injection/ Crankahaft ~olutlon 
&81F 155 (157) 11.83 (12) 180 
8820 170(172) 12.87 (13. 1) 176 Oollvorod PW • BINJ ( ~ Modi • O.o.l Modi + Aoo.l Mutt. ) + CL Corr + Inf Cotr 
8821 188 14.3-4 192 
8822 204 15.8 208 
M2S 219 18.7 224 
8824 235 17.G 240 
882t5 261 19.15 215& 



Table Fl1 LVI -Load Aooel En.iot.ment Multfpfler w. Coolant Temp 
Conv-.lon Equation N • E • 128 

18 Bit o.clmel EnglnNrlng Coolant 
~ Computer Unit Temp-,aue 

Alb' ... Unit (%Chng.) dla.C AocMllentlon Enrtct.mant ..,,...,,.., Caloulallon 
e78C 245(98) 1.82(0.75) -.co 
8780 245(92) 1.92(0.72) ·28 Oellvertd PW • BINJ ( Adaptive Modi• Deoel Mode+ Aooel Mutt. J + CL Corr + I~ Corr 
~ 236 (88) UM(0.89) ·US • BPINJ 
e7eF 191 (72) 1 . .W (O.fie) ~ 
mo 170 (84) 1.S3(0.5) 8 BPINJ • BPINJ + ( BPINJ ) ( AE FACTOR ) 
m1 150 (Ge) 1.17 (0.44) 20 
em 110 (40) o.ee (0.31) 32 AE FACTOR • ( ( Loed AE ~ + Delta Tlvottle Poe. AE Mull ) • li11lt J • 0.C.V Rale 
tJ773 98($8) o.n(0.29) 44 <TableF91> <TabMF102> 
en4 86(32) 0.884 (0.25) fie 
m,s 46 (18) 0.36 (0.125) 68 
me 42 (18) 0.33 (0.125) 80 Adcttloneil fut! deffv..-.d ·~ wfth baa PW·~ on repd ohangN In 
em 18 (8) 0.14 (0.0&) 92 MNll.hd alr/oyllnder 
me 1e (8) 0.1'4 (0.0&) 104 
em 18 (8) 0.14(0.08) 118 
mA 18 (8) O. t4 CO.<>e) 128 

T ... F102 Oefta Throas. Aooel En,'lot.ment Muftlphr w. Coolant Temp 
~Equa»on N•E• 128 

1e Bit Otclmel EnglnMring ~· ~ Compuw Unit Temp«ature 
Actt ... Unit (%Chna.) dea.C Acoalaratton Enrtohment Multtphf c-..'1alk>n 
~ 256(144) 1.9Q(1.125) .40 
M&F 255 (144) 1 .9G (1. 125) -28 Oellver.c1 PW • BINJ ( ~ Modi • D.oel Modi + ~ Mull J +. CL Corr + Inf Cott 
8470 256(128) 1.9G (1.0) ·18 • BPINJ 
8471 265(124) 1.98(0.97) ... 
8472 245 (118) 1.91(0.92) 8 BPINJ • BPINJ + ( BPINJ ) ( AE FACTOR ) 
8473 184 (80) 1.28 (0.825) 20 
8474 130 (84) 1.02 (0.6) 32 AE FACTOR • ( ( lOtld AE Mutt + o.tta Throttle Poe. AE Mull ) • li11lt J • Decay Rate 
8476 118 (fie) 0.92 (0.44) 44 <Table F91 > < Table F102> 
8478 92(,4.i) o. 72 (0.3") 68 
Mn ee (32) 0.52(0.25) 68 
8478 50 (2") 0.39 (0.19) 80 AdditloMJ fuol dellvered 'uynohronoualy' with baN PW • bu.c1 on r,ipld changn In 
S.C79 17 (10) o.,s (0.08) 92 mM1t.11*1 throth position (TPS) 
M7A 17 (10) 0.13(0.08) 104 
8478 17 (10) 0.13(0.08) 118 
S.C7C 17 (10) 0.13 (0.08) 128 

,. 
I• ,., 
I: 

r:. 
!· 
,. 

l~ 
j,~ 

I 



T ... PIO Cold lnglM FIA% Chng va. L VI· LCNMt and CLOEOFL T 
OonwnNon Equdon N • % ~ • 2.58 

·28 dAtJ C -4 dQO, C 
18Blt Oeclnllll EnglnN,lng 16 Bit ~ EnglnNrlng ····~ Compullr Unit tie)(ldeolmal Compuw Unit 

Adc*-.N Unit (%Choo.) Adct ... Unit {%CMa,) 
8609 33(38) 1S (14) 86EA 31 (34) 12.3 (1S.S) 
NOA 31 (39) 13 (14) 8SEB 31 (34) 12.3 (13.3) 
NOi SI (38) 13 (14) 86EC 31 (34) 12.S (1S.3) 
l60C 33 (36) 13 (14) 86ED 31 (34) 12.3 (13.3) 

8500 38(38) 14(15) 861:E 33(3&) 13 (14) 
IN50E 37 (40) 14.8 (15.8) 86EF 38 (3&) 14 (15) 
8150F 39 (42) 16.4 (18.4) 66FO 37 (40) 14.e (15.e) 
MEO 48 (48) 17.8 (18.8) 86F1 44 (48) 17 (18) 
85 e1 47(150) 18.5 (19.5) 86F2 48 (48) 17.8 (18.8) 
85 E2 51 (64) 20 (21) 86F3 49 (52) 19.3 (20.3) 
85E3 56(57) 21.3 (22.3) 86F4 64 (58) 21 (22) 
86E4 58 (58) 22 (23) 86F5 68 (68) 21.7 (22.7) 
86E5 59 (81) 23 (24) 66Fe 67 (80) 22.4 (23.4) 
86Ee 58 (81) 23 (24) 86F7 67 (80) 22.4 (23.4) 
85E7 8G (01) 23 (24) 85F8 67 (00) 22.4 (23.4) 
eaea 58(91) 23(24) 86F9 57 (80) 22.4 (23.4) 
M~ &Q(Ot) 23{24) 86FA 57 (00\ 22.4(23.4) 

92 dla. C 119 ma. C 
18 8't ~ EnglnNring 18 Bit ~ EnglnN,fng 

........... Compullr Umt He>cldeolnW Conl)Ullr Unit .. ...........__ 
Untt {%Ohno.) Adct ... Unit (% Chna.> 

8821: 0 0 883F 0 0 
ee2f' 0 0 8&40 0 0 
'830 13 6 8841 13 5 
N81 28 10 8642 28 10 
1932 38 14 6643 38 14 
ten 37 14.4 864.f 37 14.4 
tel4 sa 15 8645 38 16 
MM 39 15.2 664G sa 15 
NM 40 15.4' 8647 38 15 
IU1 40 15.8 8648 38 15 
eese 40 15.8 8649 38 15 

8el8 40 15.8 684A 38 15 
80!A 40 15.e 8648 38 16 
ae.,e 40 15.0 8640 38 16 

eelC 40 15.8 8840 38 16 
eeao 40 15.IS 804E 38 16 
Nie 40 15.e 864F 38 15 

20 doa. C 44 dlla, C 68 dea. C 
18 Bit o.clnlll EnglnNnng 18 Bit Decimal EnglnNnng 1e Bit Declmel ~IQ 

Hexideclmllt Compullf Unit H~ Computer Unit ~lmal Compuw Un'I 
AddrNI Unit (% Choo.) Addr ... Unit {%Chila.I Addreu Unit I'% Chna.) 

86F8 93 (36) 1S (14) eeoc 12 (13) 4.6(6) 8810 0 0 
86FC S3 (36) 13 (14) eeoo 29(32) 11.5 (12.6) 881E 0 0 
85FO S3 (38) 13 (14) eeoe 31 (S-4) 12.3 (13.3) 981F 13 6 
86FE 93 (38) 13 (14) eeoF 31 (34) 12.3 (13.S) 8820 2e 10 

86FF 33 (3e) 1' (14) 8810 31 (34) 12.3 (13.3) ee21 36 14 

8600 38 (38) 14 (16) 8811 33(38) 13 (14) 8822 37 14.4 

eeo1 38 (39) 14.2 (15.2) 8812 se (38) 14(15) ee23 38 15 
8802 41 (44) 18 (17) 8613 37 (40) 14.8(15.8) 8824 40 16.8 

e«I03 48 (48) 17.8 (18.8) 8fS14 39(42) 15.4 (18.4) 8825 41 18 
8804 47 (ISO) 18.6 (19.6) 88H5 41 (44) 18 (17) 882e "2 U'-4 

8805 49 (52) 19.S (20.3) 8818 47 (l50) 18.6 (19.6) 8827 43 18.8 

eooe 51 (64) 20 (21) 8e17 49(62) 19.3 (20.S) 9828 44 17 
tJJSl)1 64 (58) 21 (22) 8618 61 (64) 20 (21) 8829 44 17 

8808 58 (58) 21.7 (22.7) 8619 51 (64) 20 (21) 882A 44 17 

eeoo 58 (58) 21.7 (22.7) 861A 51 (64) 20 (21) 8628 44 17 

880A 58(58) 21.7(22.7) 8018 51 (64) 20 (21) &e2C 44 17 

eeoB 58IM\ 21.7f'n.7\ 8910 51 (54\ 20(21\ 8820 44 l7 

LVS·lolld 
(foue1eh 
NfiN) 

0 Open loop F/A Caloulallon 
14' 
32 Op«I Loop FIA • C.L. F/A ( (%Enfloh.) + (%Enoch. Time-Out) + (Add. Modi) J 
46 <TlibleF50> < Table F51> 

64 
80 
94' 
112 
128 %Enrich. -nm.out -·> 0 by a predttlrm!Md •XJ>. decay function 

144 
180 %Enr1chm4Hlt -> 1 et point where doHd loop awtacMS 
178 

192 

208 
224 
240 
~ 



T.W. fl1 Time OUt FIA% Chng 1n1t Value w. Coolant Te,np 
Conv«llon Equation N •%Change• 1.28 

10 Bit o.c!m,J EnglnNflng Coolant 
Hexlc:ttclnMII Computw Unit Tempe,atur• 

Adcnea Unit (% Chng,) deg.C 
8650 1!50 (180) 117.2 (125) -4'0 
86151 160(1«10) 117.2 (1215) ·23 
8852 128 (139) 100(10U) -u, 
8853 100 (112) 78(87.5) ... 
8864 ,41) (158) 38(4') 8 
ee56 35(42) 'ZT (3S) 20 
9860 23(28) 18 (22) S2 
8857 18 (22) 14(tn 44 
8858 1S (18) 10 (12.5) 6G 
~ 13 (18) 10 (12.5) 68 
885A 13 (18) 10 (12.6) 80 

8e58 11 (14) 8.8 (11) 92 
ee5C 11 (14) 8.8(11) 104 
8850 11 (14) 8.8(11) 118 

Open Loop FIA Calocllallon 

Open Loop FIA • C.L. F/A ( (%Enrich.) + (%Enrich. rm.out) + (Add. Modi) J 
cT.a.Fl50> cTableF51> 

CloNd Loop FIA C11loullldon 

CloHd Loop FIA • C.L S'>lotl FIA ( 1 + (%Enrich. l1me-Out ) ] 
<T-*F61 > 

%Enrich. 'T1fM-Out -> 0 by II Pftdetlnnlned cq>. decay function 



T..,.. Ft4 Crank fue, PW w. Coolant Temperabn 
Cornwalon Equation N • E • 25e / KSCAL64 

16 Btt Decimal Ensjneerlng Cr.-olant 
Hexldecimal Cornpuw Unit TemJ*1turt 

Mtt ... Unit (ITIMO.) dao.C 
8eE6 163 (178) 11Q (131) ·40 
86E7 16e (172) 114 (128) ·28 
eeee 135 (148) 99(108.4) ·US 
86E9 98 (105) 1o(n) -<4 
86EA 78 (86) r;, (83) 8 
NEB "5 (48) 3S (36) 20 
&&EC 37 (,40) 27 (29) 32 
eeeo 30(33) 22(24) .... 
e&EE 1Q (21) 1" (15.4) 68 
MEF 1e (18) 12 (13) ee 
86FO 14 (18) 10 (12) 80 
8eF1 14 (18) 10 (12) 92 
8eF2 14 (16) 10 (12) 104 
e&F3 17 (1Q) 12.5 (14) rn, 

T..,.. flll Crank fue, PW Mutttpllw va. Retennoe PulMe 
Corwertlon Equdon N • E • 258 

16 Bit o.c/maJ E~l*lrlng Crank 
Hexldloln.i Compute, Unit Refer~ 

Adcfr'NI Unit (mMO.) PulNI 
eef'4 170 (1Q2) o.ee (0.75) 0 
eef5 105 (128) 0.41 (0.5) 8 
eei:e 106 (128) 0.41 (0.6) 16 
815F7 105 (128) 0.41 (0.6) 24 
ee~ 106 (128) 0.41 (0.5) 32 
861=9 106 (128) 0.41 (0.6) ,4() 

eeFA 105 (128) 0.41 (0.5) 48 

eeira 105 (128) 0.41 (0.6) 68 
&eFC 105 (128) 0.41 (0.6) 64 
e&FO 105 (128) 0.41 (0.6) 72 
eeFE 106 (128) 0.41 (0.6) 80 
86FF 105(128) 0.41 (0.6) 88 
S700 105 (128) 0.41 (0.6) 9e 
8701 105 (128) 0.41 (0.6) 104 
8702 105 (128) 0.41 (0.6) 112 
8703 105 (128) 0.41 (0.5) 120 
8704 1051128) 0.41 (0.5) 128 

Cranking FIMI Puti;o Width Cdoul&tlon 

Cre.nk PW/ R.v • ( Cr#lk PW ) ( Crank PW T1me • Out ) ( Conatant ) 
< Table F&4 > <Tabte F65> 

Crank PW • Duration per cnnk revokltlon ( 112 total fUel I cyllndef ) 

At <460 rpm and <iH5 dtg. F • 1/3 Crank PW 10,-Cltd 3 tlmN per r.voluton 

Cr•lldng Fuel .,...._ Width Caloulallon 

Crank PW / Rev • ( Crank PW ) ( Crank PW Time • Out ) ( Conatant ) 
<T,..F&4> <T.,.Fe5> 

Crank PW rm.out · Crank PW Muttlpller 

At <4SO rpm and <95 dtg. F • 1/3 Crank PW lnjeolld 3 tlmN p« revolution 

3 Ref9rlllOI pwM per JIYolutlon 



TabM f17 Idle Air Control (IAC) Command Speed ve. Cool.wlt Tetnp 
Convnk>n Equdon N • E / 12.5 

18 Bit o.m..i EnQlnN,lng Coo,Mt 
Hexlcleo6mal Compuw Unit T «nperab.K4 

Adcnea Unit ( rom) daa.C IAC ConlnWMt Speed Clloollllon .., 138 1700 .40 
9Q58 128 1eoo -28 Command Ide RPM • 0... Idle RPM + RPM 0""1 
~ 112 1400 ·1'1 <TableF17 > 
895A 104 1300 ... 
eM8 104 1300 8 Four t.1oc»9 of Operllllon 
eeGC ge 1200 20 
MO ge 1200 32 Start-up Delay • IAC mob' inw.lty moved to 'w11m1 pe,1(' poaltk>n 
ME 80 1000 44 
8Q!SF 72 900 60 Open Loop • IAC motor retract. unUI -** rpm equal, dNlr-«I rpm 
9Qe() 72(70) 900(876) 68 
99&1 72 (88) 900 (850) 80 CtoMd Loop • IAC moCOl regui.tea to~ «»aired rpm 
e8e2 72(88) 900 (850) 92 
MS 72(88) 900 (850) 104 Throas./load Compen8atlon • IAC motor oompenaafN kle apeed for 

8904 72(88) 900 (&e3) 110 applled lod ( AIC, Pwr SINrtng, etc. ) 
89e5 72(70) 900 (876) 128 
8Gee 72 900 uo 
8957 72 900 152 

I 
I 

,\ 
:' 

~ 
I 



T .... f'7t SOR Duty Cyole w. LVI • Load and RPM 
Convef9'on Equation N • E • 268 

800RPM 1000RPM 
18 Bit Oec6rnal Englneeflng 1eB1t Declmal 

Haddlolmll Compuw Unit ~ Compuw 
Adlhet Untt CDC%> Actt ... Unit 
eaoe 0 0 8314 0 
8900 0 0 8SHS 0 
8300 0 0 8318 0 
esoe 0 0 8317 15 (13) 
830F 0 0 8318 30(28) 
8310 0 0 8319 43 (38) 
8S11 0 0 8S1A 61!1(51) 
8S12 0 0 8318 74 (M) 
8S1S 0 0 8310 88(77) 

1800RPM 2000 RPM 
,e Bit O.clm,il Englneemg 18 Bit O.CIMQI 

He>ddllolmlll ~ Unit Heddeolnw Compullr 
AdctNt Unit I DC%> Actt ... Unit 

8318 0 0 8541 0 
83'9 0 0 8342 0 
USA 43 (SG) 18.8 (16) 8343 58 (51) 
use 103 (90) 40.2(S5) 8344 103 (GO) 
l3IC 132(1115) 51.0 (46) 8346 132(115) 
asso 147 (128) 67.4 (!50) 8S4e 147 (128) 
8S3! 177 (154) 60.1 (00) 8347 177 (154) ., 185 (181) 72.3 (83) 8348 190 (186) 
AMO 190(188\ 74.2185\ 8349 206 '17111 

2MORPM 3000RPM 
1881 .Decimal Englneeflng 18 Bit Oeclmal 
~ Compulw Unit H.xldeclmal Compuw 
~ Unit I DC%) Addr ... Unit 

8386 0 0 836E 0 
8388 0 0 eaeF 0 
8307 0 0 8370 0 
8388 74 (84) 28.9(25) 8371 74 (64) 
9389 117 (102) .. 5.7 (40) 8372 117(102) 
888A 147 (128) 67.4 (ISO) 8373 147 (128) 
esea 177 (154) 611.1 (80) 8374 1n (164) 
asec 1GO (180) 74.2 (86) 6375 190 (1"8) 
IS50 190(188) 74.2C85) 8378 190 {1"8) 

EngloMnng 1e Bit 
Unit He><ldeolmal 

tDC%1 ActtNI 
0 8S10 
0 831E 
0 831F 

5.Q (6) 8920 
11.7 (10) 8321 
1e.e (15) 8322 
:12.7 (20) 9323 
28.0(26) 8324 
94.4(30) 8325 

EnglnMring 18 Bit 
Unit H6xldeclrnlr 

f 0C%) Addr .. , 
0 834A 
0 8348 

:12.7 (20) 8S4C 
..0.2 (36) 8S40 
s1.e (45) 8S4E 
67.4 (50) 834F 
89.1 (IIO) 8350 
7,4.2 (86) 8S51 
80.1 l70) 8362 

EnglnNrlng 

Unit 
l0C%) 

0 
0 
0 

29.9 (25) 
'45.7 (40) 
67.4 (!50) 
69.1 (IIO) 
74.2 (86) 
74.2 (86) 

1200RPM 1'4()() RPM 1600 RPM 
Declmal Engineering 1e Bit D*llmal E~ 1e Bit o.c.n. ~ -...--w-v 

Computer Unll He>ddeolmlll Compuw Unit ~ ConlPUW Uni 
Unit 100%) Addr ... Unit CDC%) AcbNI Unit (DC% I 

0 0 8S2e 0 0 832F 0 0 
0 0 83Z7 0 0 833() 0 0 

0 0 8328 0 0 8331 30 (26) 11.7(10) 
43 (38) ,e.e (Hi) 832G 74 (64) 28.G (26) 8S32 103 (GO) 402(36) 
68 (151) '0..7 (20) 8S2A 103 (GO) 40.2(36) 8333 132 (115) 61.8(46) 

74 (04) 219.9(26) 8328 117 (102) 46.7 (40) 8334 147 (128) 67.4 (50) 

88 (77) 34.4 (SO) 8320 132 (115) 51.8(46) 8335 H52 (141) &3.S(S6) 

103 (GO) 40.2 (36) 8320 147 (128) 67.4 (!50) 8338 188 ( 1"'8) 86.8 (57) 
103{90) 40.2(36) 832E 1e2 (141) es.a (M) SS37 1n (154) 89.1 (80) 

2200RPM 2400RPM 2eo<>APM 
o.ofrM EnglnMrlng 18 Bit o.drnlll Engineering 18 Bit o.c::wn. EnglnNnng 

Computlr Unit He,cldecfmal Compuw Unit ~ Compuw Unit 
unn IDC%1 Addr ... Unit {DC%\ Addr ... Unit l DC% I 

0 0 8363 0 0 8350 0 0 
0 0 8354 0 0 83SD 0 0 

43 (38) 1e.e (16) SS66 30(28) 11.7(10) 835E 0 0 
103(GO) 40.2 (36) 8356 86 (77) 34.4 (30) 836F 74 (&4) 28.Q (25) 

147 (129) 61.0 (46) 8361 132 (115) 51.8("'5) 8380 117 (102) '5.7 (40) 

182 (141) 67.4 (60) 8368 147 (128) 61.8(46) 9381 147 (128) 67.4 (!50) 
1n (154) 89.1 (00) aa5G 177 (154) 89.1 (80) 9382 1n (154) 89.1 (80) 

190 (190) 74.2(86) 836A 190 (1Ge) 74.2 (86) 9383 1go (1e8) 74.2 (86) 

20611'79\ 80.1 l70\ 8368 190(198) 74.2(86) 8384 1g()l1M) 74.2fM\ 

LV'8·1Aed EGA Duty Cy,ole C11loulatlon 
( forMCh ..,..., EGA DC • ( EGA Bue DC ) ( EGR DC Cool#rt Mutt ) 

32 <Table F7e > < Table F77 > 

'48 
64 EVRV DC EGRVtNePreH. EOA Velve Poe 

80 Oo/• un. ~ (normalty) 
96 0<00 < 100% ~ 10•24kPa variable 11n 
112 100% man.vacYum tulty open 

128 
144 EVRV • Electronic Vacuum Regulator Vlllvo 
180 



J' 
.I 
1 
I 

I. 

i 
I 
I 

.. j 

I 
1 

Table F71 EOR Duty Cyole lluttlplw w. Coolant Temp 
Converelon Equation N • e • 128 

18 8't OeclmaJ EnginMrlng Coolant 
~ Compuw Unit Ttmpe,atur• 

AddrNe Unit ( aaln l dlia, C 
ffr1 0 0 .40 
8378 S6 (32) O.Z'/ (0.25) •28 
8379 815 (80) o.ee co.e25) ·18 
WA 125(120) 0.88 (0.94) ... 
8S78 158 (162) 1.23(1.19) 8 
837C 170 (188) 1.33(1.31) 20 

EOR Duty Cycle~ 

EQR DC • ( EOR ea.. DC ) ( EOR DC COOiant Mutt) 
<TlbleF7e> < Table F77 > 

EOR DC • 0 When: . pe,k / rdtral . INllllfold air llrnp. ( MAT ) < -40 dig. C 
• throttle pottaon ( TP8 ) < 2. 7%, If not cooentty equal to HJO 
• throttle potltlon ( TPS ) < 4.3%, If ourrentty ~ lo zero 
• pow« ennohment modt enabled • TPS > 80% engine WWIMd 
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TEXAS TECH UNIVERSITY 
ATTN: DR. TIM MAXWELL 
P.O. BOX 41021 
LUBBUCK, TX, 79409 

I 

TEST REPORT 

Atlanta, GA 
(404) 279 1370 -

Unit No: LIC#S77-492 
Company: MECH ENGINEERING 
Location: LUBBOCK TX 
Component. ENG I NE 
Make & Moqel. CHEVY N/G 
Oil Capacity: 

4 
GTS 

OitType: LUBRIZOiL 
·- .. 

SAMPLE INFORMATION COMMENTS ... 
J NO. 1· 0092i5920 DIRT (SILICllH) PRDl'IIBLY ASSEtaY CfllfTAl1UfATIIJlf. I SUSP£CT ~-IM 11ATE~IA!.. CHAMGt UIL AMP fILTER 
nple Drawn: Hi, - If Jm"T DllH£ AT Tin£ IJf S811PLIHG. <EWtLUATIJHAl.Pt{ PIKE>. 
,on Date: 09124193 
-IA Unit: 13,450 
-!ROil: H/G 
Added: 

I NO. 2· 

1ple Drawn: ,_ 

ion Date: 

iR Unit: 

iA Oil: 

11.dded: 

I NO. 3· 

1ple Drawn: -
<>n Date: 

iA Unit: 

iR Oil: 

11.dded: 

, NO. 4· 

1ple Drawn: ,_ 

on Date: 

IA Unit: 

IA Oil: 

~dded: 

NO. 5· 

1ple Drawn: ._ 

on Date: 

IA Unit: 

IROil: 

\dded: 

NO. 6· 

1ple Drawn: ~ 

on Date: 

IA Unit: 

IROil: 

~dded: 
PHYSICAL DATA I ELEMENTAL CONCENTRATIONS IN PARTS PER MILLION (PPM) BY WEIGHT 

; \ 1 \ ~ \~ \\ t\\\ 1 ·-

s \' fY X \ \' \° \ \s y .\" \ \ c ~ \ ~z 
\ R H O I L I O E I O O A A A H I 

:;\. 0 R ~ C U N ? A L O . f\ i L P. i N 
E L I s ~ ~ ·•- N O e ~ >A P O V , 0 E \C ' p C 
p. 0 0 I I ·.,o · M o E \ E E U \ll s \ U l'I 

.00 s O 00 ·.O · I E L N P. fl. M I U M 0 
i N N N U N U U M R · U M U 

'tf 0/o Vol %Vol %Vol %Wt A/cm ,Aletn M M M s 

10.4 <.05 - {.1 7 12 131 15~ ~ 11 3 7 69 47 40 0 ~ 1 21521 1s1I 011001!2-158 
r. ~ & I . ! ! I I I 

I i ! I I 

! 
i ' ' I 

i ' I i l ! i ! i ' l i I l ! 

I i I I i ! ! I 
I 
I I 
' l l ! ! 

I j I I I ' 
' I 

I 
' 

I I j 

I I I 
I 

I ! i I 
I I I 

I I i I I I 

I 

I 
I 1 I ! I I ' I ' I 

I I I I ! I I 

I i I I I I I ! I ! 
I 

I I I I I I I I i ' I I I 

I ! i ! 

A .......... .._ .. 1 ........ ,.._ ....... --..1-..1 •- __ _.._,._ -'----- -6 --·--~~ 

! 



. '88 CORSICA 
TEXAS TECH UNIVERSITY TEXAS TECH UNIVERSITY 

Unit No: • 
Company: 

··ATTN: DR. TIM MAXWELL 
P.O. BOX 41021 

TEST REPORT Location: LUBBOCK TX 

Component: ENGINE 

LUBBOCK TX 

SAMPLE INFO 

:.AB NO. 1-

.5ample Drawn 

=lePort Date: 

'vii/HR Unit: 

MI/HROII: 

011 Added: 

LAB NO. 2-

Sample Drawn· 

. Report Date: 

. Ml/HR Unit: 

MllHR Od: 

011 Added: 

LAB NO. 3-

Sample Drawn: 

=leport Date: 

Ml/HR Umt: 

Ml/HR 011: 

. 011 Added: 

LAB NO. 4-

: Sample Drawn: 

; Report Date: 
' . MliHR Umt: 

Ml/HR 011: 

Oil Added: 

LAB NO. 5-

Sample Drawn: 

?.eport Date: 

; Ml/HR Umt: 

1

1 

Ml/HR Ori: 

011 Added: 

LAB NO. 6-

Sample Drawn: 

Report Date: 

Ml/HR Umt: 

Ml/HR Oil: 

• Oil Added· 

4 

5 

6 

06/30/94 
07/11/94 
19457 

3000 
NORMAL 

09/20/94 
09/29/94 
27000 
7000 
NORMAL 

79409 
Computer-Code-> 

Atlanta, GA Make & Model~HEVY N/G 
( 4 0 4 ) 4 5 4 - 8 0 0 0 Oil Capacity: N / G 

041591 '88 CORSICA Oil Type: 

CONDENSATE. SUSPECT $!~ICON IS FROM ENGINE SEALANT (GASKET MATERIAL). SUSPECT ABNORMAL CYLINDER 

AREA WEAR. CHECK FOR PO.JER LOSS, BLOw-BY, SMOKING, OIL CONSUMPTION, ETC. CHANGE OIL AND FILTER IF 

NOT DONE AT TIME OF SAMPLING. RESAMPLE AT NORMAL INTERVAL. Cl VISCOSITY APPEARS L<l,IER THAN USUAL 

FOR !()TOR 

OIL.) 

TIM ~ELL: UNIT HAS HAD PROBLEMS WITH FUEL PUMP. FUEL IS 10~ 
METHANOL • 



TEXAS TECH UNIVERSITY 
ATTN: DR. TIM MAXWELL 
P.O. BOX 41021 
LUBBUCK, TX, 79409 

SAMPLE INFORMATION 

TEST REPORT 

Atlanta, QA 
(404) 454-8000 

Unit No: '88 CORSICA 
Com~any: TEXAS TECH UNIVERSITY 
Location: LUBBOCK TX 
Component: fNG I NE 
Make & Mode: CHEVY N/Q 
Oil Capacity: 

Oil Type: LUBRIZOL OS.796164 
COMMENTS 

3 NO. 1· (07070247 SPECIFICATIDHS FDR THIS DIL ARE HOT AIJAILABLE. TRAC£ IIATER OETECTEO. Im GLYCtl OETECTED. SUSPECT 
~pie Drawn; 06/30/94 ,... CDl«HSATE. SUSPECT SILICOH JS FliDI SEALAHT MTERirL C~XETS>. SUSPECT ABl«IIW. CYLINDER AREA 11£AR. 
1ort Date: 07/1U94 CHECK FIR PIJIO LOSS, BlDll-8Y, smmu;, OIL CIIISlllPTiml, ac. ~E OIL AHD fILT£R IF Jm DIM AT 
iR Umt: 19,'157 TIIE IF SAIFLI~. RESAnPLE AT lmRML IHTERWL. <EWLIMTIR - ;. 0. > I VISCOSITY APPEARS LIID THAM 
-!ROil: 3,000 USIW.. FIR IIITDR OIL. 
Added; HIRW. .. 

INO 2· 
. 

,pie Drawn: ,_ 

,on Date: 

iR Umt: 

iR Oil: 

Added; 

INO. 3· 

,pie Drawn: -
oon Date: 

iR Unit: : 

iR Oil: 
! 

O.dded; ! 

IN0.4• : 

iple Drawn: ,_ 
! 

tOrt Date: 

iR Umt: . 
i 

iR Oil: I 
l .. 
i O.dded: 

iN0.5· I 
I 

101e Drawn: ! .... 
l 

on Date: i 
i iR Umt: ! 

iR Oil: 
I 

O.dded: i 

,N0.6· i 
1ple Drawn: i .... I 

i 
on Date: i 
!R Unit: I - I !ROil: : 

~deed: ! 
PHYSICAL DATA I ELEMENTAL CONCENTRATIONS IN PARTS PER MILLION (PPM) BY WEIGHT 

~W \F \5 \' Jt\ , 
·x \CY~Y\' Cy \" .vx r \°\a\',\' \ A. l) 0 \J ~t ( R H O I L I 0 E I ,. -0 •. ~o.. A A. A. l'I \ 

; i EL t OR :t:-· 0 R ~ C ll N p A. L .l). · -;~R./ i L R i i ; 
EL Is AA . \ •· N O s I( t-A P O 'J \ .. -~:O ... E C I p . 
R O O \ \ • ,-<:;; M i E I E E ·:·o.·:-:N_::, s I ll '6 \· 

IO s o o o .-0 I N L N R R .. ~. ·: \: --~L ~ l) t,A R \; 
T N N N ll \J ll .··-:~-{; "' M '§ ;{ 

!T 0 :, Vol % Vol % Vol % Wt A/cmlA/cm t,A M t,A 

1.1 ! 0.2 f t1 i - 44 292 21 I 01 6 8 11 ! 60 35 0 4D 8 l118 89 0 898: t181 
I ! ~ I R I) I !~ I I 

I I 
i ! i i I I ' I i ! I I I l 

! I I I I i I ' I ! I 
: 

I I I I ! I I I i 
i I 

I 

I I 
I T I I 

j ! I I 

! I I I I 
I £ I ! ! 



Urut No: 123583 E 
TEXAS TECH UNIVERSITY 
ATTN: DR. TIM MAXWELL 
P. 0. BOX 410 21 

i 
i 
I 
I 
I 

TEST REPORT 

Atlanta, GA 
(404) 454-8000 

041591 123583 

Company· 

location. 

TEXAS TECH UNIVERSIT 

ENGINE Component: 

LUBBUCK TX 

SAMPLE INFO 

.AB NO. 1-

',imple Drawn: 

;eport Date: 

Al/HR Unit: 

Ml/HR Oil: 

Oil Added: 

LAB NO. 2-

. Sample Drawn: 

Report Date: 

Ml/HR Unit: 

Ml/HR 011: 

011 Added: 

_AB NO. 3-

,ample Drawn: 

,eport Date: 

Ml/HR Unit: 

Ml/HR Oil: 

Oil Added: 

· LAB NO. 4-

. Sample Drawn: 

Report Date: 

Ml/HR Umt: 

Ml/HR Oil: 

Oil Added: 

:..AB NO. 5-

Sample Drawn: 

Report Date: 

Ml/HR Unit: 

j MI/HR01I: 

Oil Added: 

LAB NO. 6-

Sample Drawn: 

II Report Date: 
Ml/HR Unit: 

Ml/HR Oil: 
I 

. Oil Added: 

4 

5 

is 

11/18/94 
12/02/94 
31000 
3500 
NORMAL 

I 
7 9409 I 

Computer-Code-t> 

Make & Model: N/G N/G 
0,1 Capacity: N/G 
Oil Type: 

WEAR. SUSPECi RING WEAR. VALVE AREA WEAR INDICATED (NICKEL). CHECK FOR POWER LOSS, BLOW-BY, 
SMOKING, OIL CONSUMPTION, ETC. SUSPECT ABNORMAL HAIN/CONN. ROD BEARING WEAR. WEAR NOT MAJOR, BUT 
SHOULD BE NOTED. CHECK FOR KNOCKING AND/OR LOSS OF OIL PRESSURE. RECOMMEND CLOSE MONITORING. 
RESAMPLE AT ONE HALF NORMAL INTERVAL. (EVALUATOR - G.D.) 



. - . ----- .-----~ - -·-----~-~~ 

TEXAS TECH UNIVERSi1Y 
ATTN: DR TIM MAXWELL 
P.O. BOX 41021 
LUBBUCK, TX, 79409 

TEST REPORT 

A ... lanta GA " I 

Unit No: 
4 

Company· TEXAS TECH 
Location LUBBOCK TX 
ComponenF ENG I NE 
Make & Modei: CHEVY 
Oil Capacrtv: S GTS 

UNIVERSITY 

N/G 

I (404) 454 8000 
Ori Type: 

LUBRIZOL -SAMPLE INFORMATION COMMENTS 
NO. 1· 01::JOH~21 OIL nf~.' TRADEMAftE, AMO/UR SAE/ISO GRAOE Of OIL N!Jf GIUE~. HIGH l(VEL llf DIRr DETECTED. GEMERALIZED 
cle Drawn: 0~/24i93 .... (HOH-SPECIFIC) lrt:r.R In0ICATEO. CHAHbt Otl AMD fILT£~ If NOT OOH£ AT Tlrtt: or SAnPL{HG. 
,rt Date: 10/06/93 <EVALUATOR-RALPH PINE>. 
A Unit: 17,171 
ROIi: 3,727 
,dded: 

NO 2· 

pie Drawn: I-

irt Date: 

A Unit: 

ROil: 

,dded: 

NO. 3· 

pie Drawn: I-

>rt Date: 

A Unit: 

A Oil; 

.clded: 

NO. 4· 

Pie Drawn: ._ 

,rt Date: 

R Unit: 

ROil: 

dded; 

NO, 5· 

,1e Drawn: .... 
,rt Date: 

R Unit: 

ROil: 

dded; 

NO. 6· 

,1e Drawn: -
,rt Date: 

~ Unit: 

~Oil: 

dded: 
PHYSICAL DATA I ELEMENTAL CONCENTRATIONS IN PARTS PER MILLION IPPMl BY WEIGHT 

Ir \f \5 \' tt\ 1 ·x c y ,\" y \ \c \ \s \5 \" y \ c \\ \, [\ i 

A U O i ~ t \ f\ H O I \.. I O E I O O A A A H I · 
i EL 1.. OP. .\. . 0 R li C U N P > C O R i C R \i N \ E \.. I s A A \ . N 0 s < .. P O S I O E \C I , C, f\ 0 O ,.,. C tJ. o EI E EUN s I U ~ · 5 0 I I .o. I t \.. N f\ f\ M ~ U t-A R 

!)O ,. '?i i tl U u U t-A M u .... %Vol %Vol %Vol %Wt A/cm A/cm tJ. M M S . 
I ·171 ol t 2060! 

' I ' ts <.05 --- <.1 8 12 91 20. 31 2 3 9. 30 27 4j 571 0!1on:2157 
I . 

I " ... " . " ' 
I ! 

- . ., 
I I 

: ... 

I 
' I i I : 

I i I i 
I ! 

! I 
I \ ! i I ! : 

I ! ! : 

I I I i i ! I I ! : 

! i I I I I I I I I . i 

I i I I 

I ! I I : I i I 
I 

~ 
I ! I ! i I ; ! i 

I ! 
I I i I I I i . 

I I I ! i I ! I I 

I I 
l i i I I I 
I I I I l I I ' I I 

I 



Long-Term Methanol Vehicle Test Program - Final Report 

APPENDIXC 
Emissions Test Results 

from Southwest Research Institute 

Mechanical Engineering Department Texas Tech University 



FAX COVER LEITER 

DATE: 02(22/93 

PLEASE DELIVER TO: Mr. Jesse Jones 

FAX NUMBER: ----.:.80::..:6,._--z.J.,42._-..::3::.=s~4o==----------

FROM: --=lta=-v_,,i-a,__Wh=i=t=ne=v ............ Ph=o=n=o"""'; ... 2 ... 1 .... 0_ .. 5=2=2,_-=58=6-9_ SwRI CHARGE NO. _ .... o-s,..__ 

Southwest Research Institute 
Department of Emissions Research 
Automotive Products and Emissions Research Division 
Fax Number (512) 522-3950 

WE ARE TRANSMITTING s 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 reacL The 
reason the values for NMOG and THC are similar is because of how each is calculated. The 
calculations are as follows: 

N.MOG = NMHC + CARBONYL + ALCOHOL 
THC= m10G + 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 h-1100. If you have any 
other questions, feel free to call me at 210-522-5869. 

. ...... 

Kt!vin A. ~ey---~ 
Engineer 
Department of Emissions Research 



Swihwim ~illCH IlfSTiiOTE - DEP!R!EHT or OOSSIOlfS RESEARCH 
C011PUm PROGRAH LM 1.0-R 3•B!G C!RB FTP VFJIICLE RHISSIOH mtJL~ PROJECT HO. 08-4527-008 

VEHICLE lID!BER 
VEHICLE lilDHL 
EHGIIE 
'm1lSJllSSIOlr 
<romEi 

577 
88 CHM CORSICA 
2.8 1 (171 CID)-V-6 
5ft 

925S KILES ( 14896 KK} 

TF.sT CC·r.l'-Ol 
DATE 1/19/93 iUH 
DllO 2 BAG C!iT 2 
1Cl'llA1 iOID LOAD 7. 70 BP ( 5. 74 KW) 
TES'l w"EIGRT 3500 Im ( 1587 KG) 

BllOBlER 29.30 Di HG (744.211! HG) 
:Rm!M HCHIDITY 33.6 PCT. 

DU &JtB TB!PBRATURE 72.o·F ( 22.2·c} 

BlG IUHBD 
BAG Df.SCRIPHOI 

RUl~Sm»S 
DJ.Yfm CO:WC'HOi FAC!OR, S.\llPjBACK 
msJiED DISTOO lUW (Kl[) 
~ER FLOW P.AfE SCFH {SCKM) 
GAS IETER Fim l!TE SCFK (SCO) 
i'O'!AL Fim SCF ( SCM) 

RC S!llPLE mER/RAIGR/PPK (B.\G) 
HC B(l{GRI) KETER/RMiGE/PPH 
CO S!IIPLE fflEi/iA!fGE/PP}[ 
CO BCKGRD mERjBAllGB/PPM 
CO2 SA!PI.£ fflRR/mGE/PCr 
ro2 B<XGRD KETlljRllGE/PCI' 
BOX SA!PLE METEi/iAHGI/PPli (BAG) (D) 
mx ~Gill HETER/RAHGE/PPK 
CIH SA1IPL£ PPM ( 1.120) 
ClI4 BCIGIID PPt! 

DILUHOH FACWR 
RC <X>HCEHrRATION PP! 
ro C!llCfflll'fIOO PPM 
CO2 OOKCm'RATIOH PCT 
1¥JI COXCEliTRATIOlf PPK 
Cil4 COHCEHTR!TIOll PPM 
me COlfCEN'mTioti PPK 

TRC lfASS GBA!S 
00 BASS GRAKS 
eo2 nss GRAlS 
MOX 11ASS Ci!KS 
ai4 !ASS GPJJIS 
mmc KASS GR1IS (FID) 
lUE1 :KASS KG 
FUEL ECCtroMY XPG (L/lOOKM) 

3-BAG a>IIPQSITE WULTS 

THC G/XI . 40 
a> G/U .91 
1IOX G/MI • 27 

1 
(X)tl) D!ISim 
( 0-505 SEC. ) 

505.2 
.977/,9S9 

3.58 ( 5,76) 
557.2 (15.78) 

.27 ( .Ol) 
4694. { 132.9) 

37.8/ 2/ 37.7& 
7.6/ 2/ 7.60 

33.6/ Uf 32.60 
1.1/ 12j 1.04 

77.8/ l4/ .6203 
14.0/ 14/ .0478 
45.8j l/ 11.43 
l.5/ 1/ .36 

4.29 
2.54 

18.42 
30.59 
30.61 
.5751 
11.07 
1.88 

,13 

6.521 
4.737 

1399.64 
2.478 
.16? 
.010 

1.0:n 
10.43 ( 22.55\ 

PUE!. ECONOMY !PG (L/lOOKK) 9.91 (23.73) 

2 
STABILllED 

{505-1372 SEC.) 
867.0 

.980/,989 
3.83 ( 6.16) 
556.9 (15.77) 

.27 ( .01) 
8051. ( 228.0) 

ll,9/ 2/ 11.89 
9.9/ 2/ 9.89 

17,l/ U/ 16,,17 
1.4j 12/ 1.33 

67.4/ 14/ .4640 
13.7/ 14/ .0466 
2.7/ 1/ .68 
1.9/ lj .48 

3.55 
2.52 

24.78 
2.40 

14.77 
.4193 

,22 
1,13 
1.07 

.365 
3.920 

1750.06 
.085 
.172 
,lU 

1.279 
8.98 ( 26.18) 

CK4 G/JJ. 
mmc Gj!I 
CAROOlfYL G/MI 
!Lt'OROL G/KI 
tnfOG G/KI 

HE!fHA!fOL E!-1399-F 
FUEL DENSITY 6,620 LB/GAL 

· H .126 C .375 O .499 X .000 

!K)I llUlUDITY C.F. ,8SO 

3 
80f mHSIBHT 
( 0- 505 SEC,) 

505.4 
.978/.989 

3.57 ( 5.74) 
556.5 (15.76) 

.27 ( .01) 
4689. ( 132.&) 

11,5/ 2/ 11.49 
9.7/ 2/ 9.69 

10,6/ 12/ 10.16 
1.3/ 12j 1.23 

74.1/ 14/ .5601 
13.8J 14/ .0470 
27.0/ lj 6.77 
l.lj 1/ .28 

4.39 
2,51 

20.57 
2.27 
8.70 

.51S4 
6.51 
2.00 

.02 

.189 
l,345 

U53.19 
1.454 
.1?8 
.001 
.914 

li,71 ( 20.08) 

.047 
.020 
.009 
.367 
.396 



..___ --- ---

SOOTIJWRST mEA"RCII IffSTIMB - DKPARIIEHT OF mssroxs :RESEARCH 
COHMEi PROGRA! LD'1 1.0-R 3-BAG CllB P-rP VEHICLE EKISSIOI l!ESilL'.FS PiOJECl' lK). 08-4527-008 

VEHICLE li'llHBER 577 
vmICLE ll)DEL 88 CilHVY CORSICA 
EJiGIIfE 2.8 L (171 CIDj-V-6 
mllSKISSIOJJ 5K 
OJYJfflBR 9258 KILES ( l4S96 KK) 

BAROmBR 29.30 IH BG (744.2 11K BG) 
il!WIVE JlU!IDt'lY 38.6 Pel. 

BAG iOJIBEi 
&G~OH 

FO:RH!LDRHIDE 
PP! 
lfASS KG 

!CE'lALDBHYDE 
PP! 
KASS KG 

ACROLEIR 
PP! 
KASS XG 

ACB'IOHE 
PPK 
1l!SS HG 

PROPlOHALDEHYDE 
PPH 
HASS KG 

CRO'IOHALDEHYDE 
PPK 
HASS HG 

ISOBO'?n+!RK 
PPX 
!ASS HG 

HKHiALDEHYDt: 
PPM 
KASS HG 

HEX>JiALDKIIYDE 
PP! 
HASS KG 

KETJl!HOL 
PP! 
KASS XG 

mrAffOL 
PPK 
lfA.c;.~ MG 

l 
O:>LD !R!ISim 
( 0-505 SIX!.} 

.252 
38.71 

.035 
7.&3 

.015 
4.39 

.0(8 
11.22 

,010 
3.13 

.ooo 

.oo 

,000 
.oo 

.ooo 
.00 

.000 
.00 

36.444 
6279.27 

.000 

.00 

3·BAG COMPOSITE RESULTS 
FOWLDEHYDB !G/!I 
ACETW>£11YDE MG/II 
ACROLEIH KG/IU 
ACffl>NE MGJKI 
PROPIOHALD, KG/!! 

TEST CC·T.r-01 
DATE 1/19/93 iU1I 
DYHO 2 B!G CAR:T 2 
ACTUAL ROAD LOAD 7. 70 BP ( 5. 74 Ki) 
TFST lm:GH'l 3500 LB.S ( 1587 KG} 

DRY BUIB TEMPEi!tORE 72.0'F ( 22.2°C) 

2 
~'TABILUIIID 

(SOS-1372 SEC.) 

.008 
.00 

.015 
5.54 

.ooo 

.oo 

,059 
25.06 

.000 

.00 

.000 

.oo 

.001 

.04 

,000 
.00 

.000 
.00 

.238 
21.59 

.ooo 

.00 

2,247 
1,253 
.255 

4.622 
.182 

3 
80'r m!SIBH? 
( 0- 505 SEC,) 

.ou 
.00 

.005 

.65 

.ooo 

.00 

.036 
7.57 

.ooo 

.oo 

,000 
.00 

,000 
.oo 

.ooo 
.00 

.000 
.00 

.173 
1.45 

.000 

.oo 

CRO'lOXAID, MG/KI 
ISOBOm+m KG/HI 
BEliZALDEHYDE MG/MI 
BEXAH!LOOM>E KG/XI 
KE'lH!liOL MG/HI 
ETHAHOL KG/HI 

mHA1fOI: Eft-1399 .. F 
FUEL DEifSID 6.620 LB/GAL 
H .126 C .375 0 .499 X .000 

ROI RmDin C.F. .880 

.014 

.002 

.000 

.013 

.000 

.000 

.001 

.000 

.000 

.171 

,000 

.ooo 

.005 
.000 



Swi'HWEST mRARC!t IiS!mJTE - D!P!UE!IT OF EJIISSIOHS mEAiCH 
<DIPOffl PROGRA! rm 1.0-i 3-BAG CAiB HP VEHICLE El1IS.SI01i RESULTS PROOBC'f MO. 08-4527-008 

577 
88 CBEVY CORSICA 
2.8 L (171 CID}-V-6 
5! 

9258 !ILES ( 14896 RI) 

TEST CC-TT-02 
DATE 1/20/93 iOi 
DYID 2 BAG cm 2 
ACTUAL ROAD LOAD 7. 70 BP ( 5. 74 KW) 
TEST WEIGHr 3500 LBS ( 1587 K,G) 

BAROHE!Ei 29.32 Ill RG (74'.7 D HG) 
iBLlfiVE RUIIDJ'lY U .2 PCr. 

DRY BULB TEBPW.TOiB 10.o·F ( 21.1·c} 

BAG liO!BER 
BlC DESCRIPf!Oi 

i01I mB SE<X>RDS 
DRY/ffl romcr1<1 P!croR, SAHPiB!OC 
1WSURlID DISTAHCE 111W (KK) 
BLOm FIOO RATE SCFK ( SCIO!} 
GAS !ETER FLOW ~TE SCFK { SCJUl) 
70r!L M SCf ( sell) 

BC S!HPLR 1lETEitRAHGE/PPK (BAG) 
BC BCXGRD KEmfi!m/PPJl 
CO SAMPLE fflil/RAIGE/PP! 
a> BCl{GiD HETER/IWJGE/PPK 
0)2 S!IPLE MmijBAKGE/PCT 
002 BCKGRD n'TER/WGEJPCT 
ROI SAKPLE fflEi/lAHGE/PPK {BAG) (D) 
!DI BaCGRD HETER/RAHGE/PPJl 
C!t SAMPLE PPI (1.120) 
CH4 BCKGRD PPK 

DILOTIOH 'fACTOi 
BC COOCMR!TIOH PPX 
00 OO!K:EfflATIOK PP! 
002 ~IOlf PC'! 
ROX COffCR!ITRA'fIOK PPM 
CH.4 OJNCEBTR!TION PP! 
tnmC COiCERTRATIO!f ml 

THC ~ GRAMS 
(X) !ASS GR!!S 
CO2 ll!SS GiW 
EX nss GllXS 
Cll4 KASS GRAIS 
HMRC !1& GR1JtS ( FID) 
FUEL !ASS KC 
FUEL ECOHOKY )[PG (L/lOOKK) 

3•B.!G ~ITE :RESUL'lS 

THC G/JH ,46 
CO G/Ml. .96 
HOI G/!I ,15 

1 
COLD DAISIHl'f 
( o-505 SEC. ) 

505.'.3 
.976/.989 

3.57 ( 5,74) 
557.5 (15.79) 

.27 ( .01) 
4697. ( 133.0) 

46.0/ 2/ 45.97 
9.4/ 2/ 9.39 

5&.lj 12/ 56.81 
2.9/ 12/ 2.76 

77 ,5/ 14/ .6152 
14 • .\j 14/ .0494 
39.9/ 1/ 9.97 
2,3/ 1/ .ss 

4.10 
3.30 

U.47 
37.09 
52.38 
,5685 
9.42 

.98 

.00 

8.136 
8.112 

138(.57 
2.139 

.087 

.000 
1.025 

10.45 ( 22.51) 

2 
S!!SILISlD 

(505-1372 SEC.) 
867.7 

.979/.989 
3.32 ( 6.15) 
557.l (15.78) 

.27 ( .Ol} 
8061. ( 228.3} 

12.l/ 2/ 12.09 
11.0/ 2/ 10, 99 
13.6/ 12/ 13.06 
2.3/ 12/ 2.19 

67.7/ U/ .4680 
l4.5/ 14/ .049! 
1.5/ 1/ ,38 
3.1/ 1/ • 78 

3.90 
3.18 

2(.58 
1.55 

10.63 
.,202 
•,37 
.85 
.59 

.210 
2.824 

1756.07 
.000 
.130 
.078 

1.282 
8.96 ( 26.26) 

CH4 G{IJ. 
lOOIC G/MI 

FUEL fX:OHOKY MPG (LilOO}Q{) 9.&7 (23,84) 

CARBOIIYL G/)lI 
~ G/KI 
~ G/Jfi 

!ETB!HOL EH-139!>-F 
. fllBL DEHSI'.l:Y 6,620 LB/GAL 

H .126 C .375 0 .499 I .000 

lf:>X RUIIDITY C.F •• 892 

3 
HOT mlSIDT 
( 0- 505 SEC. ) 

507.1 
.977/.989 

3.57 ( 5.74) 
. 556.6 (15.76) 

,27 ( .01) 
4706. ( 133.3) 

12.1/ 2/ 12.09 
10.7/ 2/ 10,ti9 
11.8/ 12/ 11.32 
2.; I 12/ 2.57 

74.7/ 14/ .5695 
14.9/ 14/ .OS15 
7.&/ 1/ l.96 
1.0j 1/ .25 

4.77 
3,12 

20.23 
1,93 
8.56 

,5206 
1. 72 
1.80 
-.04 

.163 
1.328 

1270.27 
.391 
.160 
,000 
.926 

11.56 { 20.35) 

.035 

.011 

.oos 

.464 

.479 



SOIJ'fHREST 'RESEARCH IllSfffll'?I - DRPllKffl OF EMISSIOllS RF.SEARCH 
OOMPD!ER PROGRAH LDT l,0-R 3-BAG CAiB FfP VEHICLE E!ISSICti muti'S PRruECl iO. 08-4527-008 

VEHICLE RUKB&R 577 
VEHICLE li)l)RL 88 CHEVY OORSIC! 
.EHGDIE 2.8 L (171 CID)·V-6 
TRABSXISSIOH 5K 
OOOKB'lER 9258 KILF.S ( 14896 lOl) 

BAROmKi 29.32 II HG (744.7 K! HG) 
llL!!M Bt!HIDITY U.2 llcr'. 

BACBUBBER 
BAG DmIPfIOH 

FORMAIOOIYDE 
PPX 
~ KG 

ACmLDEHYDE 
PPK 
MASS JIG 

ACROLEIH 
PPX 
MASS !G 

ACErolfE 
PPX 
~ HG 

PiOPIOiALDEHYDE 
PPll 
XlSS KG 

CROroffALDEHYDE 
Wll 
1lA$ KG 

ISOBU'?YR+HEK 
PP! 
MASS HG 

BEHllWBHYD£ 
m 
KASS KG 

HEIMIALDEHYDE 
PP! 
!ASS KG 

mBANOL 
PM 
!ASS KG 

rrB!BOL 
PP! 
HASS HC 

1 
<X>LD TmSiffl 
( 0-505 SBC.) 

,, 

.363 
56.32 

.012 
2.36 

.000 

.00 

.043 
12.14 

.ooo 
.00 

.000 

.00 

.007 
2.61 

.ooo 
.00 

.000 

.oo 

46.346 
7975.3& 

.000 

.oo 

3-BAG a>MPOSITR RESULTS 
FORK!IDEHYDE HG/HI 
ACETALDEHYDE MG/KI 
ACROLEIJJ HG/MI 
ACETONE HG/HI 
PiOPIOHALD. KGiJU 

TEST CC·ffo.02 
nm 1/20/93 'ROH 
DYiO 2 BAG Cllf 2 
!CW iO!D LOAD 7.70 HP ( 5.74 KW) 
TES'f iEIG&i 3500 LBS ( 1587 KG) 

DR¥ BULB Tm>Ei!ME 70.0"F ( 21.1 'C) 

2 
STABILIZID 

(505-1372 SBC.) 

,015 
.oo 

,003 
.43 

.000 
• 00 

.008 
1.85 

.ooo 

.00 

.000 

.00 

.001 

.u 

.000 
.00 

.000 

.oo 

.2i4 

.00 

.000 

.oo 

3.276 
,196 
.ooo 

1.194 
.000 

3 
BO? TiAISIPT 
{ 0- 505 SEC.) 

.013 

.oo 

.001 

.oo 

.000 

.oo 

.015 
3.09 

.ooo 

.00 

.000 

.oo 

.001 

.10 

.000 

.oo 

.000 

.oo 

.209 
.oo 

.000 
.00 

Cl'O'rufALD. XG{!I 
IS0BU'ffi+1f8K KC/KI 
BDIZ!LDEIM>B JfG/HI 
HmNALDBHYDB IG/MI 
KETHANOL KG/KI 
EfflAOOL !G/JU 

lD:TllAlfOL EK·l399•F 
· FUEL DBRSITY 6.620 LB/GAL 

H .126 C .375 0 .499 l .000 

IIOX 1ltllUDITY C.F. .892 

.017 

.002 

.000 . 

.005 

.ooo 

.000 

.001 

.000 

.000 

.284 

.000 

.000 
.179 
.ooo 
.ooo 

461.908 
.000 



FAX COVER LE'ITER 

DATE: 02/19[93 

PLEASE DELIVER TO; Mr. Jesse .Tones 

FAX NUMBER: ______ sz.0::.::6 .... -=1'=2~-.s.35.._41.XQ ...... ______ _ 

FROM: --=lt@Y:::....aiW-.Wh=i=tn=e~v ...... , ... P..::h:.:OD=l!l=t=--=2l=Oi:..-.. s-aas--..::!?=86=9,.___ SwRI CHARGE NO. __ o..,..a, __ _ 

Southwest Research Institute 
Department of Emissions Research 
Automotive Products and Emissions Research Division 
Fax Number (512) 522-3950 

WE ARE TRANSMITTING ___ s __ PAGES (including this cover page) 
.. 

If transmission is not complete, please call (512) 522-2609 

MESSAGE: 

Dear 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-TI-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, 

Kevin A. Whitney 
Engineer 
Department of Emissions Res~h 



SOOi'HWESf :RESEARCH IISTITDTE • DRPARKEm OF D!SSIOHS RFSWCB 
<XlKPOTER PiOGRAH LDT 1.0--R 3-B!G CAlIB FfP VEHICLE E1II$I0i llSULTS PROOF.CE XO. 08-4527-008 

VEIIICLE XUHBER 
VBHICLB K®EL 
ElfGDIE 
m!SHISSIOH 
OOORfKR 

577 
!8 CHM COP$ICA 
2.8 L (171 CID)-V-6 
SK 
14896 KH ( 9258 HILES) 

BllO!R!ER 744.7 HK HG ( 29.32 IR HG) 
iELmVI BOHIDITY 44.2 PCr. 

BAG RU!BKR 
BAG DBSCRIP!IOK 

RUK TID SF.Cl:lHOO 
DiY/ffl OORRECI'IOO FACTOR, S!lfP/B!CK 
IOOStJiED DISTAKCE KK (KI!i~) 
BUJraR FIJ:lil :RATE SOO: ( SCFK) 
GAS !ET~ M RM'E SCHK (SCFK) 
TOTAL FI.<* SCK {SCP) 

RC SAKPLE METER/RAHGEjPP! (BAG) 
DC ~ fflD/R!HGE/PPH 
CO SAMPLE mER/RJJl'GE/PPK 
CO OC1<GRD JfETEi/llHGE/PP! 
(X)2 SllPLB KETER/lWfGE/PCf 
002 BQ{GRD HETER/RANGE/rel 
JEX SA!PLR KE'l'ER/llAKGB/PPH (BAG) (D) 
lfOX BCKGRD mBR/Rll{GEjPPJC 
CH4 SAXPLE PPB (1.120) 
CH4 Ba{GlID PPX 

DILOTIOH FACTOR 
HC OOllCEHT.RATIOH PP! 
00 COHCOORATIOJr PPK 
CO2 COHCRHTRAT!OM PC'1 
ROX COXCE!IT:RA'l'IOR PPM 
al( COHCMRAIIO!r PPK 
mmc OOJfCRMTR!'lIOR PP! 

THC KASS GRAMS 
ro !ASS GRAMS 
o:l2 HASS GRA!S 
lfOX BASS GRAMS 
ClU HASS GR!KS 
me !ASS ems (FID) 
FUEL HASS KG 
FUEL EroHO!Y L/lOOKK (HPG) 

3-BAG roHPOSITE :RESCL'f S 

THC G/Kr. 
CO G/JII 
MOX G/!J. 

TEST OC-rl-02 
DATE 1/20/93 RUH 
DY:IO 2 BAG r.A"RT 2 
!C1UAL ROAD LOAD 5. 74 Ki ( 7. 70 BP) 
T£51.r WE!Glli' 1587 KG { 3500 ~) 

DRY BULB TE!PHRA'l'ORE 21.l'C ( 70.0'F) 

l . 
COLD mliSIBlfl 
( 0-505 SEC.) 

505.3 
.976/.989 

5.74 ( 3.57) 
15.'/9 ( 557 .5) 

.01 ( .27) 
133.o ( ,n97. J 

46.0/ 2/ 45,97 
9.4/ 2/ 9.39 

SS,1/ 12/ 56.81 
2.9/ 12/ 2.76 

77.5/ 14/ .6152 
14,4/ 14/ .0494 
39.9/ 1/ 9.97 
2.3/ 1/ .58 

4.10 
3.30 

1s.n 
37.09 
52.38 
.568S 
9.42 

.98 

.oo 

8.136 
!.112 

1384.57 
2.139 

.087 

.000 
1.025 

22.51 ( 10.45) 

2 
SnBILiliD 

(SOS--1372 SEC.) 
&67.7 

.979/.989 
6.15 { 3.82\ 

15.78 ( 557.1) 
.01 ( .27} 

228 .3 ( 8061. ) 

12,1/ 2/ 12,09 
11.0/ 2/ 10.99 
13,6/ 12/ 13,06 
2,3/ 12/ 2.19 

67.7j 14/ .4680 
14.5/ 14/ .0498 
l.5/ 1/ .38 
3.lj 1/ .78 

3.90 
3.18 

24.58 
J.55 

10.63 
.4202 
-.37 
.85 
.59 

.210 
2.824 

1756.07 
.ooo 
.130 
.078 

1,282 
26.26 ( 8.96) 

,4g CH4 Gf)fI .03 
.96 HHHC G/BI .01 
.15 C~..RBO!f!'L G/XI .00 

ALCOHOL GjJU 
FUEL EaJtKlXY RPG (L/lOOKJI) 9.S7 (23.84) JiMOG G/KI 

METHAliOL EJl-1399-F 
- FUEL DER.;ITY 6,620 LB/GAL 

11 .126 C .375 0 ,499 X .000 

WX HUJUDITY C,P. .892 

3 
HO! m!Sim' 
{ 0- 505 SEC.) 

507.l 
.977/.989 

5.74 ( 3.57) 
15. 76 ( 556.6) 

.01 ( .27) 
133.3 ( 4706.) 

12.lj 2/ 12.09 
10.7/ 2/ 10.69 
11.8/ 12/ 11.32 
2.7/ 12/ 2.57 

74.7/ 14/ .5695 
14.9/ 14/ .0515 
7.8/ 1/ 1.96 
1,0/ 1/ .25 

4,77 
3.12 

20.23 
1.93 
S.56 

.5206 
1.72 
l.&o 
-.04 

.163 
1,328 

1270.27 
.391 
,160 
.000 
.926 

20.35 ( 11.56} 

.46 
.479 



SOlml'wE~ :R~ IiSTIME - DBPARHEHT OF EIUSSIOHS RESEARCH 
a>!POllR PROGRAM Im 1.0-:R 3-BAG C.~ r.t'P VEBlcr.E BIISfilOO RESllf.'fS PROJECT ?K>. 08-4527-008 

577 
88 CBM CO:RSICA 
2.8 L (171 CID)-V-6 
51 ' 
14896 KK ( 9258 filF.S) 

B!ROBm 744. 7 !ll HG ( 29.32 IH HG) 
REUffiE &ll!IDIH U.2 PCJ, 

BAG DBEi 
BlG~~ 

POi!ALDERYDB 
PP! 
KASS X<i 

ACETALDERYDE 
PPH 
KA$ JIG 

!CiOLm 
PP11 
ms MG 

A.CEfOHE 
PP! 
nss KG 

PROPIOlf!LDEBYD! 
PPM 
!ASS !G 

CiO'I'OiALDEHYD 
PP! 
!ASS XG 

ISOBOTYR+.HEK 
PP! 
!ASS MG 

Bffl!I.DRIM>E 
PP! 
!ASS KC 

HKXABALDBHYDE 
PP! 
nss KG 

!ETHAHOL 
PP! 
MASS JIG 

mA1iOL 
PPM 
1IASS KG 

l 
ootD mHSIEiT 
( 0-505 SEC. ) 

.363 
56.32 

.012 
2.36 

.ooo 
.00 

.043 
12.14 

.000 

.0() 

.000 

.00 

.cm 
2.61 

.000 

.00 

.ooo 
.oo 

46.346 
7975.38 

.000 

.00 

3-B!G COKPOSITE RESULTS 
FOWLDEHYDE KGiK! (~/KI) 
!CfflLDEHYDE !G/KK (XG/HI) 
ACiOLEIX RG/KK {!G/Kl) 
ACl10NE" ~/K!l (KG/MI) 
PROPIONALD. KG/KX (!G/JU) 

TBSi' CC·TT-02 11RrBAliOL EK-1399-F 
D!l:B li20/93 ROH FUEL DBHSI'fi 6,620 LB/GAL 
DY1lO 2 B!G CW 2 H .126 C .375 0 .499 X .000 
AC'fU!L :ROAD WAD 5. 7 4 KW ( 7. 70 HP) 
TF.ST iiEIGBl' 1587 KG ( 3500 LM} 

DRY BOLB !EJfPEiA:l'CiE 21.1'c { 70.0
1
F) lfOX HOXIDITY C.F. .892 

2 
STABILIZED 

{505-1372 SEC.) 

,015 
.oo 

.003 

.43 

.ooo 
.oo 
.008 

1.85 

2.036 ( 
.122 ( 
.000 ( 

.742 ( 

.000 { 

.000 

.oo 

.ooo 

.00 

.001 
.14 

.000 

.00 

.000 
.oo 

,274 
.oo 
.ooo 
.00 

3.276) 
.196) 
.000) 

1.194) 
.000) 

3 
Im TRAISIB!f 
( 0- sos S!C.) 

.013 
.00 

.001 

.oo 

.ooo 

.00 

.015 
3.09 

.ooo 

.00 

.000 

.oo 

.001 

.10 

.000 

.oo 

.ooo 
.oo 

.209 
.oo 
.ooo 
.oo 

.017 

.002 

.000 

.005 

.000 

.000 

.001 

.000 

.000 

.284 

.000 

CiOTOHALD. KG/KJI (HGi1lI) 
ISOBOTYR+!El !GjKH (MG/KI) 
BENlliDKHYDE MG/KM (KG/KI) 
HEXAHALDEHYDB HG/KM illG/XI) 
~L l!G/K! (lfC/IIT) 
ETHANOL :tlG/KK (!Gi1Ul 

.ooo ( ,( 

.111 ( •. 

.000 ( .( 
,000 ( ,I 

288 .321 ( 463. ! 
,000 ( .I 



SOtJra't1Wf iESEllCH IllSTIME • DEPillm OF MSSIOiiS RESEARCH 
COJPUTER PROOWI LDT 1.0-i 3 .. B!G CARB F'1P VEHICLE B!ISSIOH ~TS PROJECT HO. 08-45:>.7-00S 

VEHICLE NIDIBER 
VEHICLE !ODEL 
EBGIIE 
fflBSKISSIOH 
oootmn 

577 
88 CHM COiSrCA 
2.8 L (171 CID)-V-6 
5! 
14896 KX ( 9258 JULES} 

WOJIE'?ER 744.2 !K RG { 29.30 IR HG) 
ll!Jl!VI Jitl!lt)Iff 38.6 Pel. 

BAG ROJIBBI 
BAG DESCRIP.rIOI 

a ,m smms 
DRY/ffl OOWCTIOO FACIOR, S!!P/BACK 
mSURED DISi'AHCE KK (HIW} 
BLOWER FLOW RATE SCKK (SCFH) 
GAS mBR Fl.OW P.ATE SQQ( (SCP!) 
TOTAL FLOW SOI (SCF) 

BC S!KPLB lll.m/RANG£/PPX (BAG} 
HC BCKGRD M.B1ER/.iWGE/PPft 
CO SAMPI.E Jmm/R!l{GE/PP! 
00 BCKGRD Dl'Bi/RAHGE/PPJ{ 
CO2 sm>LE fflRR/RANCE/PCl 
(X)2 BCKGRD XETER/lll{GE/PCI' 
HOX S!XPLB fflBR/RAHGE/PPK {B!G) (D) 
HOX BCKGRD KETER/RA!mB/PAI 
CH4 S!!PLB PPX (l.120) 
al4 BCKGRD PPH 

DILO?ION FACIOR 
BC CORCEfii'RA'l'IOX PPK 
00 rollCEKTR!TIOlf PPM 
CO2 OOHCE!fTR!'IlOH PCT 
llOX COHCOOR!TIOK PPK 
ai4 OJHCEHTRATION PPM 
liHIIC OOHCEHTRA'UOll PPM 

me KASS GRAMS 
00 !ASS~ 
CO2 ILl.SS GRAKS 
IOI KASS GRAMS 
CH4 l!!SS GRAK.S 
HKHC KASS GRAMS (FID) 
FDBL ffASS KC 
roEL F.COHOKY L/lOOKK (IIPG) 

3-B!G tulPOSITE RESUL'lS 

THC G/HI 
CO G/HI 
NOX G/!I 

TE,qlf CC•l'l'-01 
DATE li19/93 :Ralf 
lMiO 2 BAG WT 2 
At'i'UAL iOAD LO!D 5.74 Ki ( 7.70 HP) 
TEST liEIGBT 1587 KG ( 3500 LBS) 

Dll BULB TB!PER!!UBE 22.2·c { 12.o'P) 

1 
COLDfflHSI!JIT 
( 0·505 SBC.) 

505.2 
.9n/.9&9 

5.76 { 3.58) 
15.78 ( 557.2) 

.01 ( ,27) 
132.9 { 4694.) 

37.t/ 2/ 37.78 
7.6/ 2i 7,60 

33.6/ 12/ 32.60 
1.1/ 12/ l,04 

77.8/ 14/ .6203 
14.0/ 14/ .0478 
45.8/ 1/ 11.43 
l.5/ 1/ .38 

4.29 
2.54 

18.42 
30.59 
30.61 
.5751 
11.07 
1.as 

.13 

6.521 
4.737 

1399.64 
2.4i8 
.167 
.010 

1.031 
22,55 ( 10,H) 

.40 CB4 

.91 mmc 

2 
STABILIZED 

{505-1372 SEC.) 
!67.0 

.980/.989 
6.16 ( 3.83) 

15.77 ( 556.9) 
.01 ( .27) 

22a.o ( sos1.) 

11.9/ 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.?j 1/ ,08 

GillI 
G/JU 

1.9/ li .48 
3.55 
2.52 

24.78 
2.40 

14.77 
.4193 

.22 
1.13 
l.07 

.365 
3.920 

1750.06 
.Oas 
.172 
.141 

1.279 

26.18 ( 8.98) 

.05 

.02 
.27 C!RBOBYL G/KI .01 

ALCOHOL G{!I 
POEL ECOW HPG (L/lOOKM) 9.91 (23,73) lOIOG C/ltI 

IEl'li.ij{()L EK-1399-F 
FUEL DBNSt'rY 6,620 LB/CAL 
H .126 C .375 0 ,499 X ,000 

lfOX HUHIDITY C.F. .880 

3 
KOT mBSIEKf 
( 0- SOS SEC. ) 

505.4 
.978/.989 

5.74 { 3.57) 
15.76 { 556.5} 

.01 ( .27) 
132.8 ( 4689. i 

11.5/ 2/ ~ . ~ 
9.7/ 2/ i.69 

10.6/ 12/ 10.16 
1.3; 12/ 1.23 

74.1/ l4j .5601 
13.8/ U/ .0470 
27,0/ 1/ 6.77 
1.1/ 1/ .28 

4.39 
2.51 

20.57 
2.27 
8.70 

.5154 
6.51 
2.00 

.02 

.189 
1.345 

1253.19 
1.454 

.17& 

.001 

.914 
20.08 ( 11. 71) 

.3'/ 
,396 



SOUTHWEST RtSE!RCll US'l'T'l'f'nE - DEPARHENT OF EMISSIONS RESEJ.i!CH 
rom>U'l'ER PROGRAM LOT l.0-R 3-BAG CAlIB FTP VEHICLE EMISSION .RE.SULTS PIDJEC'l' HO. 08-4527-008 

VEHICLf: BUHBBR 
VEHICLE l!OORL 
EHGillE 
fiAKS!ISSIO! 
OOOXETER 

577 
88 CHEVY CORSICA 
2.8 L (171 CID)-V-6 
51{ 

14896 KK ( 9258 HILES) 

BAR0mll 744.2 JUl HG ( 29.30 Ilf HGj 
RELATIVE HOJITDITY 38.6 PCT. 

&G HIDIBER 
BAG DESCRIPl'IO!f 

FOi!W.J)RIMlE 
PPB 
HASS XG 

ACErALDBHYDE 
PPH 
KASS HG 

ACROLEIN 
PPX 
!ASS KC 

ACrTOli'E 
PPK 
MASS MG 

PROPION!LDERYD.E 
PPM 
KASS HG 

CROTON!LDEHYDf 
PPK 
HASS 1iG 

J.SOBUTYR+HEK 
PPM 
KASS HG 

BEliZllDEHYDE 
PPX 
MASS HG 

HElliiALDEHYDE 
PPll 
HASS MG 

HnH!HOl 
PPM 
KASS MG 

ETHANOL 
PPH 
1fASS KG 

1 
COLD 'lli.NSIM 

0-505 SBC.) 

.252 
38.71 

.035 
7.&3 

.Gl5 
4.39 

.048 
11.22 

.OlJ 
3.B 

.000 
.00 

.000 
.co 

,(:00 
.00 

.ooo 
,()I) 

36.4H 
62i9.2? 

.000 

.oo 

3-B.\G COMPOSI1E RESULIS 
FO:RMALDEH'iDE NG;'KH (MG/1Hi 
!CET}.LDEHYDE KG,tKM ( RG_!HI) 
ACROLEIH KGiKK (RG/Mil 
ACETONE HGjKK iMG/XI) 
PROPIONALD. KG;K!I (XGilH j 

TEST CC-T'l'-01 JIETH.ijtOL E!-1399-F 
DATE l/19/93 Rt,"H F!:EI. DENSITY 6.620 LB/G!L 
DYXO 2 BAG CART 2 H .126 C .37S O .499 X .000 
!C!Il!L RO~.D L-0).D 5. 74 KW ( 7. 70 HP) 
TEST w"EIGHT 1587 KG ( 3500 LBS) 

DRY BOLS !EKPllii'URE 22.fc ( 72.o'F) NOX HUlfiDITY C.f •• 680 

2 
Sl'!BILUED 

(505-1372 SEC.} 

.008 

.oo 

.01S 
5.54 

.0)0 

.00 

.059 
25.06 

.000 
,0.J 

.000 

.00 

.001 

.04 

.ooo 

.00 

.000 

.0(1 

.238 
21.59 

1.396 :' 
.779 ( 
.15S ( 

2.872 i 
.li3 ( 

.000 
.00 

:2.24i) 
1.253 j 
.255) 

4.622) 
.U.2j 

3 
HOT TP.!HSIENT 
{ 0- 505 SEC. ) 

.011 

.00 

.005 

.65 

.000 

.oo 

.036 
?.57 

.000 
.oo 

.000 
.00 

.000 
.oo 

.cioo 
.oo 

.000 

.00 

.i73 
i.45 

.ooo 
.00 

B!CKC'ROUND 

.014 

.002 

.000 

.OU 

.000 

.000 

.001 

.ooo 

.000 

.171 

.000 

CROTONAID. KG/KK O(Gj)H) 
ISOBUTYR"-MEK HG/KJI t HGiHI) 
BENllLDfiliYDE HG/KM (l!G;Mr; 
HEXANALDBHYDE KG!KM (MG/Hil 
Ht!H.A.HOL MG/KM {MG!Mii 
ETIL\XOL HGiKH (KG/Ht) 

.ooo ( .0( 
.003 i .01 
.ooo ( .O< 
.ooo ( .01 

228.389 (361 .f 
.000 i .O! 
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FAX COVER LETI'ER 

DATE: fYl&t£,6I, 1990 
PLEASE DELIVER TO: __ ;]t'-'e..-M;sg~ .. ~ :5©~· ~G ..... £,;:,c..S _________ _ 

COMPANY/FIRM: 1eKaS ,ic-6= 
FAX NUMBER: 8 Dire ~ '] 4,p., - 3 S' "¥0 

FROM, keo i ,,, lo brl:n9r 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 

-ouSTO~ ·txAS e 1)£TR01r \IICHJGAN • W4Sl'<tNGTCP, :::c 



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

From: Kevin Whitney 
Southwest Research Institute 
21 ()... 522-5869 voice 

Jesse. 

Attached are 6 page• /test data from your Corsi.. The data ha.s been processed 
according to CARB met;;J'of ~~. so there are no OMHCE numbers. The NMOG numbers are 
calculated using the F1D 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 il ran rough while in open-loop. 

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

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

Sincerely, 

'(~.\/\~. 
Kevin Whitney 



------- . ·---- ·---- --~ 

SOliTml'fST RESWCH INSTITUTE - DF.PAR'fflJft' OF EMISSIONS RBSWCH 
OO!POT£R PiOGRJJI IM 1.2-R l·BAG CUB FTP VEHICLE FJUSSION RESULTS PROJECT NO. 08-6761-004 

iUICLE IURBER 
,"EHICLE lfl>£L 
EHCOO: 
?lllSIU~IOH 
WlllETEl 

Si7 
S8 WVY CO~!CA 
2,8 L (171 CID}·V-6 
K5 

30983 MILES ( 49851 Kif) 

~ 29,32 Ill BG {744. 7 KK HG) 
iELA!I\'E mrut>Il"l' 80. 7 PCT, 

&GIUBBER 
BAC DESCiIP1'IOlf 

J1JJ rm: SEOOiDS 
Dl2Yiffl a>w:crror F!CIOR, SA!PiBAQ{ 
lf..1.9j)ll) DISTllCE lltES (Kil) 
BWall FWi UTE SCfX {SCD) 
GA.5 fflEl FI.Qi iATE SCFX (SCKK) 
MAL Fl-<* SCF (SCK) 

BC SIDLE JIE'l'ERfRAKGE/PPM (BAG) 
BC OCKGRD X£TEi/P.AIG£/PPl 
ro SAJIPLE KETEi/WGE/PP! 
CX> BQCCRD JIE'l'ER/RAXGE/PPH 
CO2 SAJIPLE KE'l'ER/illGE/PCr 
a>2 BO<GRD IIETEi/iAHGE/rel' 
IIOX smu XETER/W(;E/PPII (BAG) (D) 
a>I DCKGRD KETEi/iA!fCEJPPM 
CH4 S!KPLE PPll (l.160) 
CB4 ea::GiD PPK 

DIJ.DrIOI FAC'roi 
BC OOICOO'llTIOH PPM 
0) OOICFJITRA'l'ION PPX 
002 caJCEfflllIOIJ PCT 
lk>I COffCEHTiATIOli PP! 
CH4 COIICEHTRATIOK PP! 
me CX>HCEHTRATIOlf PP!I 

THC KASS GWS 
CO HASS GiAJIS 
CO2 HASS GRAJf.5 
JrOX !ASS GWIS 
CH4 MASS GRAMS 
QIIC KASS GWS (FID) 
nJEL IIASS KG 
FOEL F.OOHOKY !PG ( L/lOOKK) 

3-BAG a>!POSITE llSOUS 

TEST TECHJ.2/94 
DAIE 12/16/94 iUH 
DYHO 2 BAG CW 2 
ACTOAL RO.AO LOAD 7.70 BP ( 5.74 KW) 
TEST WEIGHT l500 LBS ( 1587 KG) 

DRY BULB i'EKPERATORE 68.0°f ( 20.o'c) 

l 
COLD TJWrSIEIH' 
( 0-505 SBC. ) 

505.5 
.968/.981 

3.61 ( S.80) 
565.4 il6.0l) 

.27 ( .01) 
4766, ( 135.0} 

82.Sj 2i 82,45 
5.7/ 2j 5.70 

86.0/ 13j 214,97 
.2/ 13/ ,44 

80.2/ 14/ .6589 
12.1; 14/ .0387 
53.2/ 1/ 13.22 

.6/ 1/ .16 
8.90 
2.27 

16.78 
i7.10 

204.71 
.6225 
13.07 
6.77 

-3.33 

17.296 
32.166 

1538.14 
3.S35 

.609 

.000 
1.174 

9.23 ( 25.50) 

2 
STABILIZED 

(SOS-1372 SEC.) 
867.2 

.972/.981 
3.84 ( 6.18) 
567.2 (16.06) 

.28 ( .01) 
8202. { 232.3) 

10.9/ ·2/ 10.89 
5.3/ 2/ 5.30 

37.6/ 12/ 36.74 
.2/ 12/ .20 

66.4/ 14/ .4456 
ll,9i 14/ .0380 
12.9/ 1/ 3.29 

.5/ 1/ ,13 
7.20 
2.34 

25.69 
5.80 

35.11 
.4090 
3.16 
4.95 

.06 

.777 
9.494 

1739.54 
1,4il 

.766 

.008 
1,278 

9.02 ( 26.08) 

TBC G.!I 1.167 CH4 G/MI 
(X) C/BI 4.280 
lllX GiXI .690 

ron £CoDY RPG IL/ 100KX} 

JfflRC G/KI 
CARBOHYL GiKI 
ALCOHOL G/.llI 

9. 73 ( 24. l8) h'}(()G G/l{l 

METIWiOL !85 AS .RtCEIV 
FUEL DENSITY 6.620 LB/GAL 
H .126 C .375 0 .499 X .000 

XOX HUMIDITY C.F. 1.048 

3 
007 TP.!!iSIRHT 
( 0- 505 SEC.) 

505.7 
.970/.981 

3.58 ( 5.77} 
562.9 (15,94) 

.28 ( .01) 
4747. ( 134.4) 

14.5/ 2/ 14,49 
4,7/ 2/ 4.70 

43.6/ 13j 99.87 
.2/ 13/ .44 

72.8/ 14/ .5354 
12.3/ 14/ .0395 
'56,0/ 1/ 13.91 

.Of 1/ .00 
10.22 
2,45 

21.17 
10.02 
95.25 
.4978 
13.91 
7.88 

.55 

.830 
14.906 

1225.11 
3,746 

.706 

.043 

.910 
11,83 ( 19.89) 

.193 

.004 

.022 
.948 

.975 iill=l.00) 



SOOTir•tsT iESEARCli IHS!ITUTE - DEPAfflElfl' OF EMISSIONS RESEARC.11 
a>!PC'IEi PiOGiAK WI' 1.2-i 3-BAG CllB FTP VEHICLE EMISSION RESULTS PROJECT liO. OS-6761-004 

577 \-1.lUCLE lU1ISn 
\1'B1CU JIOD£L 
EIGIJE 
TWS!ISSIO!l 
w.ti1Ei 

8S CBE'li CORSICA 
2.8 L (171 CID}-V-6 
l{5 

309S3 1ULF.S ( 49851 KK) 

&\UET.Ei 29.32 II BC (744.i KM HG} 
IWfM BiJKIDITY 30. 7 PCf. 

Bl<: IUJIBER 
&C~ICII 

f0m1J)£SY])E 
M 
!A$ llG 

ACETALDEH'il>E 
PP! 
!A$ IC 

!CiOLEII 
PP! 
KASS !G 

ACEtOHE 
PP2I 
IIASS KC 

PiOPIOKALOEBYDE 
PPK 
KASS KG 

CiOIOIALOEHYDE 
PP! 
!ASS l{G 

lSOOO?Yi+XEK 
ml 
!AS.5 !G 

BEllAU>£IM>E 
PR 
!ASS KG 

HEIWLD£HYDE 
PPK 
~ !G 

METIWIOL 
PPB 
IIASS llG 

f.'?WOL 
ml 
IIASS IC 

1 
COLD TiAKSIEKT 
( 0-505 SEC. } 

2.127 
345.48 

.051 
11.&7 

.000 

.oo 

.020 
4.32 

.012 
3.10 

.000 

.oo 

.022 
6.88 

.ooo 

.oo 

.ooo 

.oo 

93.944 
16315.29 

.000 

.00 

3-BAG ~IrE llSOL!S 
f'OW.U>EHi'DE llG/KI 
ACE!ALDmi"DE IIG/!I 
1Ci0LEII IIC/IU 
AC£T0KE lfCjJU 
PiOPIWLD. XG/KI 

TEST 7ECH12/94 
DATE 12/16/94 RUH 
DY1i0 2 BAG CART 2 
ACTUAL ROAD LOAD 7. 70 HP ( 5. 74 KW) 
TES? WEIGHT 3500 LBS ( 1587 KG) 

DRY BULB i'EKPEiATIJRE 68.o·F ( 20.0°c} 

2 
~ABILIZED 

(505-1372 SEC.} 

.012 
.76 

.001 

.00 

.000 

.00 

.005 

.00 

.002 

.00 

.000 

.oo 

.006 
.68 

.ooo 

.00 

.000 

.oo 

.199 
1.35 

.000 

.00 

20.094 
.6S6 
.000 
.707 
.216 

3 
H0'1' TmSIEH'l' 
( 0- 505 SEC,) 

.012 
.52 

.000 

.00 

.000 

.oo 

.026 
5.95 

.004 

.49 

.000 

.oo 

.010 
1.97 

,000 
.00 

.000 

.00 

.612 
72,64 

.000 
.00 

CROTOHALD. KG/JU 
ISOBOT'ii+!EK KG/KI 
BEHZALDEHYDE KG/MI 
HEX!NALDEHYDE KG/MI 
KETHAHOL HGiMI 
tTBJJfOL KG/MI 

METRAlfOL 1185 AS RECEIV 
FUEL DENSITY 6.620 LB/GAL 
H .126 C .375 0 .499 X .000 

HOX HUJIIDH'Y C.F. 1.048 

BACKGROmID 

.009 

.001 

.000 

.OOi 

.002 

.000 

.005 

.000 

.000 

.201 

.000 

.000 

.641 

.000 
.000 

947.966 
.000 



SOOilr•"IS'I iFSWCII IXSTITIJTE - DEP.ARHEHT OF EMISSIONS 'RESEARCH 
amt'rEi PiOa.\K WI l.O--i 3-BAC CAiB FTP VEHICLE EHISSIOH RESULTS PROOF.Ci NO. 08-4527-008 

VflilCLE IJIIW 
','F.IIICLE DEL 
001£ 
'WISlUSSIOH 
CO'.'AIETEi 

577 
88 CllM OOi.SICA 
2.3 L (171 CID)-v-6 
5JI 

9258 JULES ( 14896 KK) 

BAiOIIE!ER 29.32 UI 8G (744,7 'KK BG} 
REL\TtvE BUKIDITY 44.2 PCT. 

BAG IUE£R 
B&G DF.SCilPlIOK 

DTI!ISIXXDS 
DlYtffl OOWCfIOH FACIOR, SA!PiBACK 
n:ASrnD DISTAIICI JULES (KJI) 
BLOOl FWi lltE SCE1l (SOOI) 
GAS mn FW. iA'lE SCFll (SCIUf) 
TOTAL FLOW SCF (SOI) 

BC SAMPLE KETER/RAllGE/PPK (BAC) 
BC BQ(GiD ftETEi/RAl«iE/PPM 
00 SA!PLE HETEifmGE/PPH 
CO BCKGiD KEffl/WGE/PPM 
0)2 SAIPLE KETEi/.llNGE/PCT 
a>2 BCKCRD KETEi/iAHGE/PCI' 
IK)l SA!PLE mEi/~E/PPK (BAG) (D) 
IDX BCKGRD fflER/liKGE/PJIH 
CH4 SA!PLE PPM (1.UO) 
CH4 BCKGIID PP! 

DILUTIO! f!Cl'OR 
BC OOVCE:h'TRATI01f PPM 
CO OOICEmATIO!f PPK 
002 ())ICEffi!'flOI PCT 
Ill calCEllnATIOlf PPK 
CB4 O>JCEHTRATIOH PPK 
IKBC COiCEH'WTIOH PPM 

THC lfASS GR!MS 
CO KASS GRAMS 
002 !ASS GRAMS 
HOX HASS CRAHS 
CH4 KASS GRAMS 
me !ASS GWS (f'ID) 
roF.L JIASS KG 
roEL EOlUY KPG (LjlOllQ() 

3-BAG ~Itt WCI.rs 

TEST CC-TT-02 
DAT& 1/20/93 ROH 
DYiO 2 BAG cm 2 
ACl'IJAL ROAD LOAD 7. 70 HP ( 5. 74 Kii) 
TES1 WEIGHT 3500 LBS ( 1587 KG) 

DRY BULB TEHPERllURE 70.0'F { 21.l"C) 

1 
OOLD TBA!SIEM'I 
( 0-505 SEC. ) 

505.3 
.976j.989 

3.57 ( 5.74} 
557.5 (15.79) 

.27 ( .01; 
4697. ( 133.0) 

46.0i 2i 45.97 
9.4/ 2/ 9.39 

58.1/ 12j 56.81 
2.9/ 12/ 2.76 

77.5/ 14/ .6152 
14.4j 14i .0494 
39.9/ 1/ 9.9i 
2.3/ 1/ .5& 

4.10 
3.30 

18.47 
37.09 
52.38 
.5685 
9.42 
.98 
.oo 

8.136 
8.112 

13&4.57 
2.139 
.087 
.000 

l.025 
10.45 ( 22.51) 

2 
STABILIZED 

(505-1372 SEC.) 
867.7 

.979/.989 
3.82 ( 6.15) 
557.1 (15.78j 

.27 ( .01) 
8061. ( 223.3) 

12.1/ 2/ 12.09 
11.0/ 2/ 10.99 
13.6j 12/ 13.06 
2.3; 12; 2.19 

67.7/ 14/ .4680 
14.5/ 14/ .0498 
l.S/ 1/ ,38 
3.1/ 1/ .7& 

3.90 
3.18 

24.5S 
1.55 

10.63 
,4202 
-,37 
.85 
.59 

.210 
2.1124 

1756.07 
.000 
.130 
.078 

1.282 
8.96 { 26.26) 

TBC G/!1 .51 CH~ G/111 
CO C/Kl .96 
S>I CiKI .15 

FtEL ro:.>lfi KPG ( L/l00¥J( i 9.87 (23.84} 

mmc G/KI 
CillOH'iL GjX[ 
ALCOHOL G/KI 
MXOG GjlU 

METHANOL Df·1399-F 
FUEL DEKSITY 6.620 LBiGAL 
H .126 C .375 O .499 X .000 

MOX IIOKIDI'IY C.F •• 892 

3 
HOT m!tSIM 
( 0- 505 SE~.) 

507.l 
.977/.989 

3.57 { 5.74) 
556.6 (15.76) 

.27 ( .Ol) 
4706, ( 133.3) 

12.l/ 2/ 12.09 
10.7/ 2/ 10,69 
11.8/ 12/ 11.32 
2.7/ 12/ 2.57 

74.7/ 14/ .5695 
14.9/ 14/ .0515 
7.8/ 1/ 1.96 
1.0/ 1/ .25 

4.77 
3.12 

20.23 
l.93 
8.56 

.5206 
1.72 
l.80 
-.04 

,163 
1.328 

1270.27 
.391 
.160 
.000 
.926 

11.56 ( 20.35) 

.035 

.011 

.005 

.464 

.479 



socnral'.ST R~WCH INSTITUTE - DEPAlOO:H! OF EJUSSIOHS RESEARCH 
calPO'l'il PiCQ.l.Jl LD'1' l.O-i 3-Bli.G C.>JW rrP 'iEHICLE &MISSION RESULTS PROJECT HO. 08-4527-008 

5;7 iUICLE MliKBEi 
va!'.ICLE lKlDEL 
EJGllI 
~IOI 
cwn.m 

88 arevY a>iSICA 
2.8 L (171 CID}•V-.6 
51 

92S8 JULES ( 14896 KK} 

BllalEl'El 29.32 IX RC (744.7 HK HC} 
m.mvE HmllDm u .2 PCr. 

BAG IU!BEi 
BAG DESCiIP'l'IOi 

FOWW£Hi1)£ 
ml 
IASS KC 

ACl."f!l.DEHYDE 
PP! 
KASS KG 

ACiOWX 
PPII 
!ASS KG 

ACETOIIE 
PP! 
!ASS KG 

PiOP!OK!UlDIYDE 
PP! 
!ASS 11G 

CiOJCiALDDiYDE 
PP! 
llASS !G 

ISOBOTYi+Jnlt 
PP! 
!ASS JlC 

BE1Zill>£HYDE 
PPll 
KASS KG 

HIIAIALDEHYDE 
PPI 
KASS JlC 

HETIWIOL 
PPK 
KASS XG 

E1'BllK)L 
WI( 

USS KG 

1 
(X)[.I) TRAHSIEHT 
( 0-505 SEC. ) 

.363 
56.32 

.012 
2.36 

.000 

.oo 

.043 
12.14 

.000 
.00 

.000 

.00 

.007 
2.61 

.000 
.oo 

.000 
.00 

-46.346 
7975.38 

.000 

.oo 

3-B.\C ~I?E RESULTS 
FOWLDEHYDE 11G/XI 
ACl.1W>fliYDE !GillI 
ACiOLEIK KCiKI 
ACET'Ol'E !G/l!I 
P20PIOIAI.l). JIG/!! 

TEST CC-T'I-02 
DATE 1/20/93 RON 
DYMO 2 BAG CAR! 2 
.ACTUAL ROAD LOAD 7. 70 RP ( 5. 74 KW) 
TFST WEIGHT 3500 LBS ( 1587 KG) 

DRY BULB TEMPERATURE 70.o"F ( 21.1°C) 

2 
STABILIZED 

(505-1372 SEC.) 

.015 

.00 

.003 

.u 

.000 

.oo 

.008 
l.85 

.000 

.00 

.000 
.00 

.001 
.14 

.000 
.OD 

.000 
.00 

.274 
.00 

.000 
.oo 

3.276 
.196 
.000 

1.194 
.000 

3 
Im TRAXSIEMT 
( O· 505 SEC.) 

.013 

.oo 
,001 
.oo 

.ooo 

.oo 

.015 
3.09 

.ooo 

.00 

.ooo 
.oo 

.001 
.10 

.ooo 

.oo 

,000 
.oo 

,209 
.oo 

.000 

.00 

CROTONALD. KG/HI 
ISOBGTYR+KEK MG/KI 
BEHZALDERYDE llG/1f.1 
HEXANALDElfiDE KG/!I 
METIWIOL !Gj11l 
ETHAMOL MG /KI 

METHAHOL EH-1399-F 
- FUEL DEllSITY 6.620 LB/GAL 

H .126 C .375 0 .499 X .000 

HOX RUKIDITY C.F . • 892 

B!CKGROIJJID 

.017 

.002 

.ooo 

.005 

.000 

.000 

.001 

.000 

.000 

.284 

.000 

.000 

.179 

.000 

.ooo 
463.908 

.000 



SOl;,m:sf ~F.ARCB I!JSTITUTE - DEPmENT OF OOSSIOHS RESEARCH 
COKPU?ER P~ LDT 1,0-i 3•SAG CARB F'l'P VF.!IlCLE EH1SSIOH RF.SOLTS PROJECT :WO. 08-4527-00t 

\UlCl.E lt!BtR 577 
,f.!Ia.E D)£L gg CIIm CORS[C! 

2.& L (171 CI0}-V·6 
SK 

Et:IIE 
YIAJSIISS1~ 
Wllll"f[i 92S3 !ILF.S { 14896 KM) 

BAiOKETEi 29. 30 IlC BG (7 44 .2 !(]t RG) 
lEU?I'r"E B:tlKIDI?Y 38.6 PCT. 

BAG IOXBEi 
BAG DESCiIPTIOII 

D 'fW: SECOIDS 
Dn,m OOUECfIOI FACl'Oi, SAMP/B!O< 
m.5DllD DISYAICE !ILES (Kll) 
81.<ltll FWi RA!I SCFJl ( scmt) 
G.\S 111.'fER FLOW RATE SCFJl (SCD} 
MAL rtm SCF (SC!) 

!IC SAIIPLE KE'l'EijRAHGE/PPJt (BAG) 
BC Ba<GiD RETEi/P.AHGE/PPM 
CD SAMPLE KETEljRMroEjPPK 
CD BQ{GRl) IU."f£i/WCE/PPll 
002 SA!PLE fflEi/mGE/PCT 
0)2 llGID fflEi/m<iE/PC'l' 
l)I SAIPLE fflEi/WGE/mt {BAG) (D) 
l«>I BCK<im> JIETER/RAIGE/PP!t 
014 SAMPLE WK (1.120) 
CH4 Ba<GRD PPX 

DIWTIOH FAC?OR 
BC COHCEHTUTIOH PPM 
m alilCJlTi!TIOll m 
(X)2 <XICFJTllTIOM Pt'J' 
IK>I CXIICF.ftWIC* Pl1l 
014 calCElffllTIO! PPK 
DBC <Xl!ICmllTIOI PPX 

me HASS ems 
00 ~ GRAMS 
002 HASS GRAMS 
JtOX ~~ 
CH4 MASS GiJJl5 
MJmC MASS GVJIS {FID) 
FOEL 10.SS KG 
FUEL F.OJl:)l{Y !PC ( LilOOOli 

3-BAG CO!POSIT£ i&SOLTS 

TEST CC-IT -01 
DATE 1/19/93 ROH 
m110 2 BAG cm 2 
ACTUAL ROAD LOAD 7.70 HP ( 5.74 KW) 
TF.ST WEIGHT 3500 LBS ( 1537 KG) 

D:RY BOLB ?EMPERA'l'OiE 72.0'F ( 22.2°C) 

1 
<DLD mBSIEHT 
( 0-505 SEC. ) 

505.2 
.977/.989 

3.58 ( 5.76) 
557.2 (15.78) 

.27 ( .Ol) 
4694. ( 132.9j 

37.3/ 2j 37.78 
7.6/ 2i 7.60 

33.6/ l2/ 32.60 
1.1/ 12j 1.04 

77.8/ 14/ .6203 
14.0/ 14/ .0478 
45.S/ 1/ 11.43 
1.Sj 1/ .38 

4.29 
2.54 

18.42 
30.59 
30.61 
.5751 
11.07 
1.88 
.n 

6.521 
4.737 

1399.64 
2.47S 
.167 
.010 

1.031 
10.43 ( 22.55) 

2 
STABILIZED 

(505•1372 SEC.) 
867.0 

.980/,989 
3.83 ( 6.16) 
556.9 {15.77) 

.27 ( .01} 
8051. ( 228.0) 

11.9/ 2/ 11.89 
9.9/ 2j 9.89 

17.l/ 12/ 16.47 
1.4/ 12/ 1.33 

67.4/ 14/ .4640 
13.7; 14/ ,0466 
2.7/ l/ ,68 
1.9/ li .u 

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) 

THC G/KI .4( CB4 G/lU 
<D G/MI .91 
11:)1 G IJlI • 27 

Full. EmtOlfl' KPG ( L/ lOOKJl) 9.31 (23.73i 

llMHC C/IU 
CWIOirtL G/MI 
!Lt'OROL G/JU 
HKOG G/!I 

HETHAllOL .EK-1399-F 
· FOEL DENSITY 6.620 LB/GAL 

H .126 C .375 0 .499 X .000 

NOX BOKIDITY C.F •. 880 

3 
HOT mHSIElff 
( O· 505 SF.c.) 

505.4 
.978/.989 

3.57 ( 5. 74) 
556.5 (15.76) 

,27 ( .01) 
4689. ( 132.8) 

11,5/ 2/ ll.49 
9.7/ 2/ 9.69 

10.6/ 12/ 10.16 
l.3/ l2j 1.23 

74.1/ 14/ .5601 
13.8/ l4j .0470 
27.0/ 1/ 6.77 
1.1/ 1/ .28 

4.39 
2.51 

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 

.oio 

.009 
.367 
.396 



9:Xi1'H'•1ST iFSU..RCB I!stlTU!E - DEPARIIEHT OF EMISSIONS :RESEARCH 
ca(?Jt£i PiCQ.l.J WI' l.lri l-RAC CARB ITP VEHICLE OO~IOH RESULTS PROJEG 110. 08-4527-008 

5--;/ iUIW: 11.-ell 
\llIQ.l la)EL 

EJGI1t 
~S.SIOI 
W£i 

U an:vY OOR.1ICA 
2.8 L il71 CID)-V-6 
SK 

92S! !ILES ( 14S96 KH) 

WOll'!Ei 29.30 IJf BG (744,2 HH HG) 
iELATfi'I EUXIDirY 33.6 PCT. 

BAG DBEi 
MG DfSGIP!IOI 

FOilWDYD£ 
PPK 
IA$ J:; 

!CE'f AIDEBYDI: 
PAI 
KAS.5 KG 

!CiOLEIK 
PPII 
~ !G 

AC£'l'OIE 
PP! 
llA$ lG 

Pi0PIOIWDEHYD£ 
PP! 
]IA$ J(G 

CiOTCIALDEHYDE 
PP! 
11.S.5 ~ 

I~tm< 
PP! 
!AS,$ JIG 

BfJmDEHYDE 
m 
KASS MC 

BEUJAWEHYDt 
PP! 
llASS .KG 

llETBAWJL 
PP! 
~ 1tC 

m.wL 
PP! 
!!.$ KC 

1 
COLD 1'RAlfSIEHT 
( o-505 SEC. ) 

.252 
38.71 

.035 
7.33 

.015 
4.39 

.048 
11.22 

.010 
3.13 

.000 

.oo 

.000 

.oo 

.000 

.oo 

.ooo 
.00 

36.444 
6279.27 

.000 

.oo 

M>i.!,G c:iKPJSin: ll.SOLTS 
rowLDDM>E XC/KI 
Acrf!U>t:BYDE t1Gi11I 
ACiOLEIK XCjKI 
Act.10IE JIG/Ill 
PiOPIWLD. JIG_:'!! 

TEST CC-Tf-01 
DATE 1/19/93 RUll 
DYKO 2 BAG CART 2 
ACTUAL ROAD LOAD 7. 70 BP ( 5, 74 KW) 
TEST WEIGHT 3500 LBS ( 1587 KG) 

DRY BULB !E!PERATDRE 72.0'F ( 22.21 C) 

2 
STABILIZED 

{505-1372 SEC.) 

.oos 
.oo 

.015 
5.54 

.ooo 
.oo 

.059 
25.06 

.000 

.00 

.000 
.oo 

.001 
,04 

.ooo 

.oo 

.000 

.00 

.238 
21.59 

.ooo 
.oo 

2.247 
1.253 
.255 

4.622 
.182 

3 
ROT mHSIER'r 
( 0- 505 SEC.) 

.011 
.oo 

.005 

.65 

.ooo 
.00 

.036 
7.57 

.ooo 

.00 

.000 

.00 

.000 

.oo 

.000 

.oo 

.000 

.oo 

.173 
l.45 

.000 

.00 

CROTON!LD. KG/JU 
ISOBOTYR+KEK MG/III 
BENZALDEBYDE KGiKI 
HEX.AHALDFJM>E MG/III 
KETHAHOL MG/Kl 
ETH.'.HOL MGj.lU 

HE~OL EJl-1399-F 
FUEL DEHSITY 6. 620 LB/GAL 
B .126 C .375 O .499 X .000 

!fOX HUHrDIT~ C.F •. 880 

.014 

.002 

.000 

.013 

.ooo 

.000 

.001 

.ooo 

.000 

.l7l 

.000 

.ooo 
.005 
.000 
.coo 

367.476 
.000 
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SOUTHWEST RESEARCH INSTITUTE 
6220 CULEBRA ROAD • POST OFFICE DRAWER 28510 • SAN ANTONIO. TEXAS. USA 78228-0510 • (512) 684·5111 • TELEX 244846 

ENGINE , FUEL. ANO VEHICLE RESEARCH DIVISION 

TELECOPIER: 512/522-201!1 

Dr. Tim Maxwell 
Department of Mechanical Engineering 
Texas Tech University 
Lubbock, Texas 79409 
Fax. 806-742-3540 

July 7, 1992 

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 using S02 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 S02 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 



Dr. Tim Maxwell 
Texas Tech Univeristy 
Southwest Research Institute EVR
July 7, 1992 
Page 2 

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 FfP transient cycle will be initiated as follows. 

Test 1 

The oil consumption under the Ff P 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. 

Test2 

The oil consumption under the Ff P 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 TIM:E 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. 



Dr. Tim Maxwell 
Texas Tech Univeristy 
Southwest Research Institute EVR
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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. 

Approved: 

tl rll. 
' ' 

/sjh 

Sincerely, 

~/VF~ 

Susumu Ariga 
Acting Manager 
Engine Tribology Section 
Department of Engine Research 



SOUTHWEST RESEARCH INSTITUTE 

ENGINE. FUEL. AND VEHICLE RESEARCH DIVISION 

TELECOPIER (2101 522·2019 

Dr. Tim Maxwell 
Professor 
Depanment of Mechanical Engineering 
Texas Tech Research 
Lubbock, Texas 79409 
Fax: 806-742-3540 

April 23, 1993 

Subject: Progress Repon No. I for Southwest Research Institute Project 03-5461, 
"Oil 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 • DETROIT. MICHIGAN • WASHINGTON. DC 
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Texas Tech Research 
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to the exhaust pipe close to the manifold flange. The original oil was drained, saved, and a i.ero 
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 i.ero 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 i.ero 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 stan 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 S02 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 NOx signal interfered with the 
S02 signal. Therefore, the measured S02 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 perfonned 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 perfonned at steady-state conditions. 
These were 2675 RPM in founh 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 18D°F. It will be extremely 
imponant 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. 

Approved: 

-· ~ c:. 
-~ 

L--- {~"c't·;, ;, ~ { ·(:___~ ;57 
Susumu Ariga, Acting Manager 
Engine Tribology 
Department of Engine Research 

ckh 

' -· 

Sincerely, 

~";;.;,,L' 7." ~ ~~ -..;!.c--::_. 

Jim Barbee l 

Engineering Technologist 
Department of Engine Research 



EPA URBAN DYNAMOMETER DRIVING TEST 
FROM COLD ST ART USING METHANOL FUEL 
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FIGURE 1 

EPA URBAN DYNAMOMETER DRIVING TEST 
FROM HOT ST ART USING METHANOL FUEL 
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EPA URBAN DYNAMOMETEA DRIVING TEST 
USING METHANOL FUEL 
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FIGURE 3 

EPA URBAN DYNAMOMETER DRIVING TEST 
USING METHANOL FUEL 
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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. Oil 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-fuelea 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. 

Oil 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 die 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 re1ationship between oil consumption, 
catalyst efficiency, and lubricant additives trapped in the catalyst in order to detennine the 
significance of oil consumption increase for a long drivfog 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. 
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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 fanned in the crevices of the piston and ring 
pack. A large degree of component wear increases blowby and oil 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. 

1 



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 
pei;f ormance 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. 
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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. Oil 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 
TEST #1 vs TEST #2, COLD START 
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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 oil 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 fihn 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-fi METHANOL ENGINE 

31,080 MILES 

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 
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Steady-State Tests: Following the transient cycle tests, three add,itional tests were performed 
under steady-state conditions. These were a 2675-rpm engine speed in founh 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 to increase as the vehicle accumulates its mileage, 
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and it increases exponentially 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 50 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 detennine the level of oil consumption that should be 
targeted for future engines. · 

90~-----~.--------,--------r-------, 

• 

0o 20 30 40 
PHOSPHOROUS REACHING CONVERTER (g) 

FIGURE 6. THE RELATIONSHIP BETWEEN HYDROCARBON CONVERSION 
EFFICIENCY AT A CATALYST AND THE AMOUNT OF PHOSPHOROUS 

REACHING THE CATALYST 

11. A. Spearot and F. Cmaciolo. "Engine Oil Ph~spherus Effects on Catalytic Converter Pexfonnance 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" 
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 ca1 
of high oil consumption under hot-start conditions. 

5. Oil consumption under steady-state conditions significantly increased (223 percent) a 
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 funher investigation will be necessary to understand the differences in the degree of 
oil consumption increase depending on steady-state and transient con~tions. 
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