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EXECUTIVE  SUMMARY

The attached report was prepared for the Advanced Vehicles/Fuels/Lubricants (AVFL) Committee of the CRC by Southwest Research Institute (SwRI), the contractor for the subject research program.  This Executive Summary has been prepared by the members of the AVFL Committee to explain the purpose of the research program, to explain the choice of fuels and tests used in the study, and to provide the Committee’s interpretation of the results.

Background

In 1997, a group called the Ad Hoc Compression Ignition Direct Injection (CIDI) Engine Research Group began a research program intended to identify the benefits of advanced diesel fuel formulations in reducing emissions of oxides of nitrogen and particulates emitted by modern compression ignition engines.  The group consisted of the three auto companies that made up the partnership for a New Generation of Vehicles (DaimlerChrysler, Ford, General Motors), several major oil companies (Arco, BP Amoco, ExxonMobil, Shell), and the Department of Energy.  Each auto company selected one of their own engines to evaluate in the program.  All of the engines were modern, turbocharged, and equipped with direct injection, common rail, fuel delivery systems.

The advanced diesel fuels selected for the Ad Hoc CIDI engine research program included a variety of fuel technologies that might affect engine out emissions.  The first fuel technology selected was a highly hydrocracked petroleum-based fuel with very low levels of sulfur and aromatic compounds (LSLA).  It represents an extreme to which may be reached using conventional refining to help reduce diesel emissions.  The second fuel was the same LSLA base fuel blended with 15 volume percent of the oxygenate, dimethoxymethane (DMM).  Although it is doubtful that such a fuel blend would ever be used commercially due to the high volatility of the DMM, this fuel represented an attempt at understanding the benefits of oxygenate additives on reducing diesel emissions.   The third test fuel was a sample of synthetic distillate fuel produced from a commercial version of the Fischer-Tropsch process (FT100).  This natural-gas-derived fuel provided a zero sulfur, zero aromatic test sample.  The fourth fuel was a “typical” southern California, diesel fuel formulation (CA) prepared by a specialty blending refinery.  Although the bulk properties were specified to meet those of typical California fuels based on data derived from industry surveys, the actual test fuel was blended using a finite number of blending components.  Thus, the specific hydrocarbon composition was not at all typical of fuels manufactured in California.

The properties of the test fuels and the test conditions used in measuring engine out emissions are detailed in a Society of Automotive Engineers (SAE) paper (2001-01-0151).  The results of the Ad Hoc CIDI Engine Research program are not the subject of this current report.  Statistically different results in engine-out emissions were measured for some of the fuels at some of the test conditions.  In general, none of the fuels had a great affect on oxides of nitrogen emissions, but particulate emissions with the DMM15 and FT100 were substantially lower than those for the other fuels.  Details of the research project and the emissions results can be obtained from the referenced SAE paper.

During the period in which the Ad Hoc CIDI Engine Research program was being conducted, the AVFL Committee decided that a companion research program was needed.  Previous commercial practice had indicated that low sulfur, low aromatic diesel fuels might contribute to fuel system durability problems in service.  It was decided that research should be conducted on the physical properties of the fuels used in the Ad Hoc CIDI Engine Research program and that the performance in standardized fuel system durability tests should be evaluated.  Thus, the AVFL Committee issued a Request for Proposal identifying several laboratory test procedures to use in determining the effect of the advanced fuels on different aspects of engine durability.  Southwest Research Institute was selected to perform the tests based on its proposal response.  This report represents the summary of test results collected by SwRI as contractor for the CRC AVFL Committee on this project.

Fuel Pump and Laboratory Wear Tests

Two different laboratory fuel-injection-pump durability tests were conducted with each of the test fuels.  The first test used a relatively low pressure Stanadyne opposed piston pump similar to those used on some current North American engines, and the second test used a relatively high pressure Bosch common rail injection pump such as those used currently on some European engines.  The tests were scheduled to operate for 500 hours under severe load conditions that are described in the report.

All of the fuels completed duplicate 500-hour evaluations in the Stanadyne pump tests.  Despite completing the tests, there were substantial differences in the condition of the pumps evaluated with each fuel.  CA, the baseline fuel, was the only fuel containing a lubricity additive.  Even with the presence of this lubricity additive, there was substantial transfer pump wear and poor pump performance presumably as a result of heavy brown deposits that formed in the pump during the tests with the CA fuel.  These deposits demonstrated that this simulated commercial fuel had poor oxidation stability characteristics, a finding that was confirmed from failing results in a standard laboratory oxidation test.  The conclusions from these tests taken together indicate that the CA fuel should not be used to represent current commercial practice or fuel performance.

Although the Stanadyne pump tests with each of the other test fuels completed 500 hours, all fuels produced high wear.  Since none of the other fuels contained a lubricity additive, these results are not surprising.  It is encouraging that the fuels did complete the tests and the results with the advanced fuels should be re-evaluated in future test programs when blended with suitable lubricity additives.

In order for the test fuels to complete tests in the Bosch pump, a low load, 2–hour break-in period was required.  Even with the break-in period, many of the fuel tests did not complete 500-hours.  Pump failures occurred in some of the tests at least once with all of the fuels and appeared to be caused by catastrophic component failures as opposed to high wear rates.  Since some of the advanced fuels did finish 500 hours on test (all but FT100), the failures cannot be blamed at this time on the advanced fuels alone.  Additional work is needed to determine the benefits of additive treatments to the performance of the advanced fuel formulations.  It can be concluded that the Bosch common-rail, high-pressure fuel pump is more sensitive to the advanced fuels than is the Stanadyne pump in this severe duty-cycle test.

Although the laboratory high frequency reciprocity rig (HFRR) tests were able to distinguish between those fuels that contained lubricity additives and those that did not, there was little correlation with pump durability results.

Material Compatibility

Five different elastomers that were identified as being used in current engines or candidates for future engine applications were chosen to assess material compatibility.  Three of the materials were nitrile based and two were fluorocarbon based.  Elastomeric materials were aged in each test fuel for periods of 72, 216 and 1024 hours at 40C.   For each elastomer, the effect of fuel on tensile strength, ultimate elongation, modulus of elongation, hardness, mass change and volume change were determined and compared with recommended values. 

A detailed summary included in the attached report shows that none of the four test fuels and five materials went through all of the testing without any negative effects.  A composite rating derived from all of the tests and evaluation criteria demonstrates that the LSLA fuel had the least negative effect on the elastomers, followed in order by the FT100, the CA and the DMM15 fuels.  In general, the fluorocarbon materials were more compatible with the advanced fuels than were the nitrile materials, although the DMM15 was not compatible with the fluorocarbon elastomers.  As with the pump durability tests, future test programs should evaluate the benefits of additive technology in improving performance of commercial elastomers with advanced fuel formulations.

Thermal Stability and Low-Temperature Properties 

ASTM D 3241 (JFTOT) and Octel F-21 tests were conducted on each of the advanced fuels to determine their oxidative stability.  In the JFTOT test the CA fuel formed substantial deposits as in the Stanadyne pump test.  The other fuels performed satisfactorily in the ASTM test.  

The DMM15 fuel was not evaluated in the Octel test because of its volatility.  All of the other fuels performed satisfactorily in the Octel test.  The fact that the CA fuel formed unacceptable deposits in both the pump test and the JFTOT tests but passed the Octel F-21 test may indicate that the CA fuel is sensitive to heated metal surfaces.  It’s not clear what components of the CA fuel contribute to this tendency to form deposits.

To determine the low-temperature properties of the advanced fuels, four different test procedures were used.  These tests included ASTM D 5773 (the Cloud Point), ASTM D 5949 (the Pour Point), ASTM D 4539 (the Low-Temperature Flow Test), and CFPP (the Cold Filter Plugging Point Test).  In all of the test procedures, the CA fuel performed as expected for commercial diesel fuels and all of the advanced fuels performed poorly.  Since none of the advanced fuels contained low temperature flow additives, these results might be expected.  A future test program should evaluate the effect of commercial low-temperature flow modifiers on the properties and performance of the advanced fuels.

Summary

Although the advanced diesel fuel formulations demonstrated limitations with respect to various durability and performance tests, such results might also be expected with current commercial diesel fuels that were not blended with suitable additive technology.  Future test programs should be designed to determine if the same additive technology that provides improved performance for petroleum based fuels will also provide improved performance for advanced fuels similar to those evaluated in this test program.
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