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Introduction and Organization

Three major areas of research were proposed for this project:  1) Fuel Development; 2) Engine Development; and 3) Airframe Development.  In addition, a fourth major effort was proposed to conduct an ethanol workshop for the aviation community.  Each of the research areas also involved several tasks.  In order to organize what had become a large volume of work, it was decided to arrange this final report as a series of appendices that provide the details of each major work area of the project.  These are listed as Appendices 1 through 7.  Each of these can be considered as a self-contained report for their respective activities.  In order to tie together all of the work and results generated by this project, an executive summary follows this introduction to provide the reader with a quick overview.  
EXECUTIVE SUMMARY

Fuel Development:  RON and MON Testing – Conoco Phillips

Detonation performance is probably the most important characteristic of any spark-ignition aviation fuel.  More concern has been expressed about this one parameter by the industry than almost all other fuel related parameters put together. Because of this, an effort was undertaken by Conoco-Phillips petroleum company to determine the detonation resistance of Aviation Grade Ethanol (AGE).

There is, indeed, a strong MON and RON temperature dependency with ethanol-based fuels while little or none exists for gasoline.  The evidence supports the hypothesis that detonation suppression in ethanol fuels is, at least in part, related to temperature and the high latent heat of vaporization for ethanol.  Because of this, the standard MON test can not be considered a good predictor of in-flight detonation suppression performance of ethanol-based fuels.  These data suggest that, at a bare minimum, the MON test may have to be modified for ethanol fuels or the output of the test be rescaled to correlate with standard gasoline results. 

Fuel Development:  Development and Promulgation of an ASTM Specification
At the December 2002 ASTM D2 Petroleum meeting, a task force was created to “Work toward the prosecution of an ASTM specification for ethanol based aviation fuel.”  This Pre-Ethanol Specification Task Force has met every six since months since that date at the regular meetings conducted in June and December of each year.

A proposal was made at the June 2003 meeting to use existing specifications, i.e. E85, biodiesel, D-910, Defstan 91-91, etc., to develop a laundry list of specification parameters for ethanol.  Additional parameters specific to ethanol and aviation may need to be added.  This information would be used to develop a straw-man specification. 

At the December 2003 Mr. Behnken of Great Planes Fuel Development presented a comparison of the D910 (aviation gasoline) and D5798 (automotive E85 gasoline) specifications per an action item from the June 2003 meeting.  Three different groups of ethanol based fuels currently in work:

· Aviation Grade Ethanol blend (AGE85) – 80 to 85% ethanol, a pentane isomerate stream, <0.5% biodiesel

· Denatured anhydrous ethanol

· Hydrous ethanol (Brazilian specification)

Two basic specification structures:

· Blended products are typically performance based with some composition requirements

· Neat products are typically composition based with some performance requirements.

The chairman laid out the following plan to be accomplished before the next ASTM meeting in June 2004:

· Send out Mr. Behnken’s “list” (draft specification from his presentation) to all tack force members.

· All task force members are to consider Mr. Behnken’s “list” of potential specification parameters and test methods and add/delete any that they feel are missing/extraneous.

· All task force members are to forward their input to the Chairman in the next 2 months.

At the June 2004 meeting the laundry list of specification properties had been begun by Ted Aulich and Fred Cornforth and then reviewed once in a teleconference in May 2004.  The laundry list was opened for comment and additions on the floor of the meeting and the following suggestions were made:

1. To the Antiknock section add RON as a property to consider.

2. To appearance section add the White Bucket test and Clear and Bright.

3. To volatility, add Simulated Distillation Test D2887, and V/L.

4. Composition, Methanol and higher alcohols, and ether limits. Add e1064 water content for ethanol. (Same method as Karl Fischer?)Comment: keep harmonization with other ethanol specs, eg D4806 denatured alcohol, E85, etc.

5. Corrosivity, Copper strip test only works for sulfur, add D1614 for alkalinity, and silver strip test.

6. Gum, add potential gums, non volatile matter 1353, and other non volatile tests.

7. Oxidative stability, teat for copper SMD 6442(x-ray method).

8. Electrical Conductivity, Comment: D2624 may not have meters with enough measurement limit. Question: what are fuel tank sensor requirements, and what are appropriate test methods for these requirements?  Add permittivity.

9. In materials compatibility under additives consider lubricity.

10. Question do we need hydrocarbon compositional limits? Discussion, RVP will limit isopentane, some other component limits to be decided later.

11. Question: What denaturants used for auto ethanol? Discussion: mostly natural gasoline.

12. What are next steps? Chair suggestions, continue list as evergreen way to bring up important considerations, and start working out spec details for each list item. 

13. These comments and suggestions are added to the “List” and the edited list is attachment 2. 

At the December 2004 meeting a draft specification was presented for consideration.  After review by several task force members, the draft specification was again reviewed at the June 2005 meeting.  The draft specification can be found at the end of Appendix 2.  

Engine Development:  Detonation Testing – Lycoming

An experimental ethanol based aviation fuel designated AGE-85 was evaluated in an IO-360-A series engine.  Power output increased by 5% over aviation gasoline.  Detonation performance equivalent to 100LL aviation gasoline was obtained by retarding ignition timing to approximately 15 degrees BTDC which negated much of the gain in power output.  For constant ignition timing, brake specific fuel consumption with AGE-85 was 48% higher than with aviation gasoline.

No degradation in starting performance was observed with AGE-85.

The initial brake specific oil consumption was 0.0055 lb./hp.-hr. which is an acceptable result.

The mixture distribution test results for AGE-85 can be found in curves 3792-01 through 3792-03 and for 100LL in 3792-04 through 3792-06.  While all of these demonstrate good fuel/air mixture distribution, there are two significant differences between the fuels.  First, the fuel flows required for AGE-85 are much higher.  At 2700 rpm and full throttle the best power brake specific fuel consumption for AGE-85 is .71 lb./hp.-hr. which is 48% greater than the 100LL BSFC of .48 lb./hp.-hr.  This 48% increase in fuel flow also occurs at best economy operation.  Note that these values were obtained with ignition timing at 20 degrees BTDC.

Secondly, cylinder head and exhaust gas temperatures are significantly reduced with AGE-85.  Corrected peak cylinder head temperatures were 35 – 45 (F cooler with AGE-85.  The greatest difference occurred at the highest power setting.  Peak exhaust gas temperatures were also reduced by a similar amount with AGE-85.  Unlike CHT,  this EGT delta does not vary appreciably with changes in power setting.

The full throttle performance test resulted in 209.2 corrected brake horsepower at 2700 rpm and 0.7 lb./hp.-hr. BSFC.  This is greater a than 5% gain over the typical output with 100LL.  See curve 3792-7.

Detonation performance with AGE-85 and ignition timing at 20( BTDC was significantly degraded from that of 100LL as shown in curves 3792-8 through 3792-21.  Leaning to best economy could only be accomplished at power settings below 115 bhp.

Improved detonation performance can be expected with retarded ignition timing.  The variable ignition timing tests, curves 3792-22 through 3792-24, show that reducing ignition advance from 20( to 12.5( BTDC would reduce engine output by approximately 5%.  This would bring the output back to the equivalent of 100LL.

Detonation testing with AGE-85 at 12.5( BTDC ignition timing resulted in essentially no detonation at power settings as high as 162 bhp as shown in curves 3792-25 through 3792-27.  The additional test at 15( BTDC ignition timing was also detonation free, see curve 3792-28.  This test, conducted at 2400 rpm and 150 bhp, indicates that detonation performance may be acceptable at 15( which would allow AGE-85 to retain a portion of its advantage in engine output.

Detonation performance with 100LL was as expected.  See curves 3792-29 through 3792-32.

Complete detonation results are summarized in Curve 3792-33.  This summary indicates a difference in detonation behavior between the two fuels.  100LL displays typical gasoline response to changes in engine speed, increased detonation at lower engine speed.  AGE-85 behaves in the opposite manner with detonation increasing with engine speed.

Cylinder pressure data with AGE-85 fuel is plotted in Curves 3792-34 through 3792-41.  For the maximum power condition at 2700 rpm, full throttle, and 20( BTDC timing the peak cylinder pressure was 741 psi at 14( after TDC.  With the more detonation resistant ignition timing of 15( BTDC the peak pressure dropped to 622 psi at 18( after TDC.

Engine Development:  Radial Engine Modification and Testing
The first task of this project was to identify and acquire a suitable aircraft.  A 1978 Grumman model G-164B equipped with a Pratt & Whitney R-1340 AN-1 engine was acquired by the end of 1999.

The second task of conforming the aircraft for flight test and data collection purposes was complete by the summer of 2000, as verified by the issuance of an Experimental for the purpose of Research and Development Airworthiness Certificate. 

Task three required the project aircraft to be converted and operational on AGE fuel.  This was accomplished through several iterations of carburetor modifications to increase fuel delivery.  The aircraft was considered to be running normally on AGE by the spring of 2001.

While the ultimate goal of this project was to make substantial progress toward an FAA approval for the use of AGE in an agricultural aircraft, a major factor in the selection of the Pratt & Whitney R-1340 AN-1 engine for testing was to evaluate the performance of AGE on an engine known to have valve related problems when operated on an unleaded fuel.  This characteristic became evident in preparation for Task Four when, during a basic engine check in a test cell after overhaul, a valve guide failure occurred with 11.0 hours of operation.  Due to the nature of the failure, it was determined that flight testing could not be safely conducted until the problem was eliminated.  An arrangement was made for additional test cell work for this purpose.  As a result, new valve guide and valve stem materials were installed on the engine.  Continued engine operation on the test cell has shown no reoccurrence of the problem with the new material valve components.  This indicates that all aircraft engines with this type of valve component materials will require upgrading before AGE can be used. 

With the additional time in the test cell required by the valve difficulties, an opportunity to improve the carburetor modifications and determine the affect of AGE on horsepower and fuel economy was presented.  The results, an increase in horsepower of 9% and an increase in fuel flow of up to 30%, are typical of other engines, despite the low compression ratio of this engine.

The determination has been made that the modified engine is now safe to install on the aircraft for further testing.  At that time the aircraft will be instrumented, and further data collected.  

The significance of this work is in the discovery of a corrective action that can be implemented on engines that would otherwise be incompatible with an unleaded fuel with respect to valve components.  This discovery, along with the increasing volume of data showing AGE to have detonation performance equivalent to 100LL, validates the continued exploration of AGE in aircraft utilizing spark ignited reciprocating engines, and suggests the expansion of work to include issues associated with specific aircraft applications.  Continued efforts toward an approved ASTM specification and FAA certification will be needed to be able to fully expand the use of AGE throughout the general aviation fleet.  In fact, this project has developed international ties to the aerial application industry in South America.

Airframe Development:  Materials Compatibility– EERC
The University of North Dakota Energy & Environmental Research Center (EERC) and John D. Odegard School of Aerospace Sciences (UND Aerospace) conducted a series of fuel immersion-based tests to evaluate the compatibility of aviation-grade ethanol (AGE) with materials commonly utilized in the fabrication of piston-engine aircraft. Materials evaluated include 11 steel, 18 aluminum, three copper, one zinc, and 19 plastic, rubber, and other non-metal materials. Materials were evaluated using fuel immersion-based procedures specified by American Society for Testing and Materials (ASTM) and Society of Automotive Engineers (SAE). In general, the procedures involved full immersion of material coupons or other appropriate specimen in AGE, 100-low-lead (100LL) aviation gasoline, and a 50%–50% AGE–100LL blend, in conjunction with a specific set of time, temperature, data acquisition, and fuel change-out conditions. The guideline utilized in assessing AGE materials compatibility was whether specimens immersed in AGE and the 50–50 AGE–100LL blend were in equivalent or better condition than those immersed in 100LL. Parameters used to assess condition include mass loss, thickness loss, appearance of corrosion or other indicator of degradation, loss of adhesion, decrease in adhesive strength, loss of flexibility, and excessive swelling or shrinkage.

In assessing the potential impact of AGE use on aircraft fabrication materials in real-world aviation applications, it is important to know how materials are utilized, since utilization scenario will dictate fuel exposure scenario. For example, does exposure happen via continuous immersion in fuel, sporadic fuel spills onto outdoor-air exposed surfaces, or somewhere in between? Tables ES-1 and ES-2 list typical application scenarios for many of the materials evaluated for AGE compatibility. Information in the table was provided by UND Aerospace. Key results of the AGE materials compatibility evaluation are summarized below the tables.


Steel Materials
Steel materials evaluated include eight stainless steels and three cadmium-plated steels. The primary parameter utilized in these evaluations was mass loss over a 12-week fuel immersion period. Mass losses measured for all stainless steels in all fuels were minimal, and no significant fuel-specific differences in mass loss were observed. AGE- and AGE–100LL blend-immersed cadmium-plated steel test specimens lost roughly 5 to 8 and 2 to 4 times as much mass, respectively, as their 100LL-immersed counterparts, with the major portion of mass loss occurring  during Weeks 6–12. Mass losses associated with AGE immersion equated to up to 2% of the mass of the original cadmium plating. Because, as shown in Table ES-1, cadmium-plated steels are used for bolts, nuts, and washers, level of concern regarding AGE compatibility is dependent on whether these materials are typically immersed in fuel for extended periods.

Table ES-1. Metal Materials – Typical Aircraft Applications
	EERC No.
	Material
	Application

	SS1-1–8
	Stainless steels
	Fire wall, high-strength bolts

	St1-9–11 
	Cadmium-plated steels
	Bolts, nuts, washers

	Al2-1
	Chemical film-coated or anodized 2117 aluminum
	Structural rivets 

	Al2-2, 3, 5
	Epoxy-coated 2024 aluminum
	Wing and fuselage, aircraft skin

	Al2-4
	2024 aluminum
	Primary structure and fuel tanks

	Al2-6–9
	Anodized 2024 aluminum
	Primary structure and fuel

	Al2-10  
	Epoxy-coated 5052 O aluminum alloy
	Gas tanks—welded parts (outside skin on tanks)

	Al2-11, 12
	Chemical film-coated and bare 5052 aluminum
	Fluid lines, oil tanks, gas tanks

	Al2-13–15
	Bare, anodized, and chemical film-coated 6061 T6 aluminum
	Aircraft fittings, brake and hydraulic pistons

	C3-1
	Cast copper
	Bushings, turnbuckles, connectors 

	C3-2
	Cast bronze
	Bushings, bearings 

	C3-3
	Cast brass
	Threshold and pipe fittings

	Z4-1
	Die-cast zinc
	Fuel Flow Sensor Housing


ALUMINUM AND COATED ALUMINUM MATERIALS
Aluminum materials were evaluated on the basis of observed effects of a 12-week immersion in fuel. Of the 11 bare and anodized aluminum materials evaluated, all exhibited minimal mass losses with all three fuels. Although mass loss was typically slightly greater with 100LL immersion than with AGE immersion, these fuel-specific differences were minimal and likely within the range of process and analytical error. Chemical film- and epoxy-coated aluminum materials were evaluated on the basis of a 9-week immersion. With the three chemical film-coated materials, measured mass losses for all three fuels were minimal, and no significant fuel-specific differences were observed. 

Table ES-2. Non-Metal Materials – Typical Aircraft Applications
	EERC No.
	Material
	Application

	P5-1
	Nylon
	Fuel bladder substrate (reinforcemnet), cabin interiors

	P5-2
	Teflon
	Fuel and oil hoses, O-rings, seals

	P5-3
	Reinforced polyester resin
	Fuselage wing structures and flaring  

	P5-4
	Reinforced epoxy resin
	Fuselage wing structures and flaring

	R5-5
	Neoprene rubber
	O-rings and gaskets for lubricants

	R5-6
	Silicone rubber
	Window and door seals

	R5-7
	Nitrile rubber (Buna N)
	Fuel system and tank access doors

	R5-8
	Fluorocarbon rubber (Viton)
	O-rings and gaskets for fuels and lubricants—15° to 400°F

	R5-9
	Fluorosilicone rubber
	O-rings and gaskets for fuels and lubricants—100° to 400°F

	R5-10
	Nitrile sponge rubber
	Sound deadening, shock absorbing 

	R5-11
	Nylon-reinforced nitrile rubber
	Fuel bladder 

	R5-12
	Glass-reinforced silicone rubber
	Window and door seals

	P5-14
	Polysulfide sealant
	Fuel tank and fuselage seals

	P5-16
	Acrylonitrile butadiene polymer
	O-rings and gaskets for high-temperature fuels and lubricants

	P5-17
	Cork gasket
	Engine valve covers, fuel tank transmitters and covers

	P5-19
	Hysol adhesive film
	Structure and wing tanks

	P5-22 P5-23
	Carbon/graphite
	Wing spar, primary structure

	P5-24
	Fiberglass
	Wings, fuselage, control surfaces, fairing, tip caps 


Of the four epoxy-coated materials evaluated, one experienced major metal–epoxy adhesion failure soon after immersion in AGE and the AGE–100LL blend. The likely cause of adhesion loss was failure to apply a chemical film coating underneath the epoxy coating, since the three other epoxy-coated materials, all of which included a chemical film undercoating, did not undergo adhesion loss as a result of AGE immersion. However, these three materials sustained significant losses in coating mass and thickness as result of immersion in AGE and the AGE–100LL blend. Coating mass and thickness losses measured for coupons immersed in the AGE fuels were about 20 to 60 and 4 to 10 times greater, respectively, than for their 100LL-immersed counterparts. Because epoxy-coated aluminum is utilized in aircraft skin applications, actual-use fuel exposure scenarios will likely involve open-air fuel splashing rather than full, long-term immersion.


Copper and Zinc Materials
Three copper materials and one zinc were evaluated on the basis of observed effects resulting from a 12-week immersion in fuel. Minimal mass losses were measured for all four materials in all three fuels, and no fuel-specific mass loss differences were observed with any of the four materials.


Plastic and Other Non-Metal Materials
Ten plastic and other non-metal materials were evaluated on the basis of observed effects resulting from a 9-week immersion in fuel. Materials evaluated include nylon, teflon, reinforced polyester resin, reinforced epoxy resin, polysulfide sealant, acrylonitrile butadiene polymer, adhesive film, two types of carbon composite, and epoxy-based fiberglass. Material specimens were evaluated based on measured changes in mass and thickness. With seven of the ten materials, minimal mass and thickness changes were observed with all three fuels, and no significant fuel-specific mass or thickness changes were observed. Although polysulfide sealant and acrylonitrile butadiene polymer experienced average mass losses of about 4% and 8%, respectively, these losses were approximately equal in all three fuels and not fuel-specific. In the case of acrylonitrile butadiene, the test specimen employed was an O-ring, and AGE-immersed O-rings sustained slightly greater thickness loss than their 100LL-immersed counterparts (5.2% versus 4.0%). On the basis of a cursory flexibility test conducted with dried (as opposed to fuel-soaked) O-rings, no flexibility or resiliency differences were observed between O-rings that had been immersed in AGE and their 100LL-immersed counterparts.

Evaluation of Hysol™ adhesive film comprised 1) binding two aluminum coupons together with Hysol™ to create a “lap joint,” 2) immersion of lap joints in fuel for 9 weeks, and 3) measuring the shear strength of the dried lap joints using an ASTM-approved procedure. Results indicated that lap joints immersed in AGE and the AGE–100LL blend sustained shear strength losses of about 5% versus the 100LL-immersed lap joints. Because the adhesive film is typically used to bind aircraft structural and wing tank components together, it is likely that most actual-use fuel exposure scenarios for the adhesive will involve open-air splashing rather than complete, long-term immersion. However, if the adhesive is used for inside-tank anti-splash baffles or inside-tank structural components, long-term immersion is likely, and a 5% loss in shear strength may represent a risk requiring further evaluation.

In light of the mass and thickness losses measured for aluminum-adhered epoxy coatings immersed in AGE, it is important to note that two non-metal-bonded epoxy-based materials—reinforced epoxy resin and epoxy-based fiberglass—experienced AGE immersion mass and thickness losses equal to or less than those sustained through 100LL immersion.


Rubber Materials
Nine rubber materials were evaluated including neoprene, silicone rubber, nitrile rubber (also known as “Buna N”), fluorocarbon rubber (Viton), fluorosilicone rubber, nitrile sponge rubber, nylon-reinforced nitrile rubber, glass-reinforced silicone rubber, and cork gasket material (which is held together with a rubber binder). Evaluations comprised 1) fuel immersion for 6 weeks, 2) acquisition of mass and volume data for fuel-soaked test specimens, 3) acquisition of mass data for dried specimens, and 4) cursory comparison of fuel-specific effects on specimen flexibility and resiliency. Because the actual-use scenario of many of the rubbers includes long-term fuel exposure and complete immersion between sustained periods of no fuel exposure, it is critical to evaluate these rubbers in both a fuel-soaked and a dried condition. As a rule, rubbers in a wet or fuel-soaked condition displayed significant increases in mass and volume, while dried rubbers returned to their original (pre-fuel-immersion) mass. Of the five rubber materials associated with the highest level of actual-use fuel exposure (see Table ES-2)—nitrile, fluorocarbon, fluorosilicone, nylon-reinforced nitrile, and cork gasket material with rubber binder—the only material to display a fuel-specific difference in a fuel-soaked condition was cork gasket, which experienced a slight (2.9%) volume reduction following immersion in AGE. 

Based on a cursory flexibility test conducted with dried (as opposed to fuel-soaked) rubber and acrylonitrile butadiene specimens, none of the materials exhibited any fuel-specific differences in flexibility or resiliency and none displayed any cracks on bending or twisting. Only nitrile sponge rubber displayed significant resiliency loss and stiffness gain (but no cracks), and these observed changes did not appear to be fuel-specific, since they did not appear to vary in magnitude with fuel type.

To investigate the possibility of nitrile material attrition due to solubilization in AGE, mass data were obtained for dried specimens of the four nitrile materials (nitrile rubber, nitrile sponge rubber, nylon-reinforced nitrile rubber, and acrylonitrile butadiene) that had been immersed in all three fuels for at least 6 weeks, dried overnight in an exhaust hood, and stored for 6 months in unsealed plastic bags at room temperature. The results showed that for each material, roughly equal mass losses were sustained regardless of fuel type, which indicates no fuel-specific difference in material attrition. 

Although silicone rubber underwent major swelling in 100LL and glass-reinforced silicone rubber underwent swelling-induced delamination in 100LL, because these materials are typically used in window and door sealing, their actual-use fuel exposure scenarios are likely to be open-air splashing rather than full, long-term immersion. Similarly, although nitrile sponge rubber underwent major swelling in all fuels, because this material is typically used for sound deadening and shock absorbing, its actual-use fuel exposure scenario is not likely to include full, long-term immersion.

Airframe Development:  Flight Testing – UND Aerospace
In flight testing conducted by UND Aerospace was focused on collecting data that would be useful in developing modified AFM operating procedures when operating on ethanol based fuel.  The aircraft selected for flight test was a stock 1988 Piper Aircraft Corporation PA28R-201, low wing, retractable gear aircraft, from the UND Aerospace training fleet.  The aircraft was powered by a Textron Lycoming IO-360-C1C6, fuel injected, 4 cylinder, horizontally opposed air cooled engine.  The aircraft was chosen because it represented an engine and airframe combination representative of the general aviation fleet.  In addition most of the materials, components and systems to be exposed to ethanol based fuels were widely used in the construction of many general aviation aircraft.  

With minor modifications to the aircraft fuel system, both AGE and 100LL produced satisfactory performance.  

Extensive exposure to AGE produced no visible signs of deterioration or corrosion of airframe and engine materials, components or systems.

At all power settings the AGE fuel flow (FF) was higher 

At all power settings AGE produced significantly lower exhaust gas temperatures 

At matched power settings AGE produced higher indicated airspeeds

At matched airspeeds AGE produced lower manifold absolute pressures (MAP) 

At temperatures approaching 20 degrees F., the engine required preheat for starting, when operating with AGE

When operating at reduced power with 100LL, during taxi and especially during approaches, closer mixture control and throttle management is required 

The overall results of the flight program indicate that ethanol based fuels can be viable alternatives for 100LL aviation grade gasoline.  With 5760 hours of physical exposure of the airframe and engine fuel system to AGE, through a wide range of temperatures, there was no indication of deterioration or corrosion that would adversely affect safety or performance. 

While the fuel flows were as much as30% - 34% greater at some matched power settings, which would result in a marked reduction in range, reducing power to matched airspeeds also reduced fuel flows an additional 10%.  Although a significant increase over 100LL fuel flow levels, the operational limitations are acceptable.  At 65% best power range with 45 minute reserve, AGE will still provide about 5 hours of flight time in the PA28R-201.

Additionally, regardless of power setting, AGE exhaust gas temperatures were consistently lower than with 100LL.  This was true even at 75% power, leaned to peak EGT.  Temperature differences ranged from 4 degrees F to 70 degrees F with an average decrease of 44 degrees.  A potential benefit to lower EGT temperatures is better cylinder upper end wear characteristics, and reduced potential for detonation.

Starting procedures for the Lycoming IO-360-C1C6 were not significantly different for either fuel until approximately 20 degrees F.  At this point preheating of the engine was required to provide proper vaporization and ignition of the AGE fuel.  While it was felt that engine starts should have been possible to at least 10 degrees F, no determination was made concerning the inability to do so.  One consideration was the percentage of pentane isomerate in the particular AGE blend provided for this project.  Additional investigation is required to determine an optimum blend for cold weather starting.  While this series engine can be started as low as 0 degrees F on 100LL, Textron Lycoming Service Instruction 1055 recommends pre-heating anytime temperatures are 10 degrees F or lower.

Because the fuel servo was modified to provide a higher flow rate necessary for AGE, it also increased the flow rate of 100LL, resulting in an overrich mixture condition.  Although the aircraft engine operates well with either fuel, additional attention to leaning procedures is necessary through all flight and power regimes. This is particularly important during taxi, approaches and other environments in which power is reduced to idle.  Under certain conditions if the mixture was not leaned accordingly, there was a tendency for the engine to quit.  This typically occurred during the landing flare when the throttle was closed.  Fuel control system changes are not envisioned as necessary, as appropriate changes to the AFM check list and operating procedures should more simply address this concern.      

Ethanol Workshop

On May 21-22, 2002, UND Aerospace, along with South Dakota State University, Great Planes Fuel Development, UND Energy & Environmental Research Center, and The American Coalition for Ethanol, hosted the Ethanol in Aviation conference at UND Aerospace on the campus of the University of North Dakota. The purpose of the conference was to provide a forum for discussion of the use ethanol as a potential replacement for 100LL aviation gasoline.  The conference was open to anyone interested in the development of alternative fuels, however the focus of discussion was primarily on aviation.

Attendees and presenters represented a wide range of interests.  While there were some end users, primarily general aviation pilots, agricultural operators, and flight training providers in attendance, the preponderance of attendees represented airframe and engine manufacturers, federal regulators, aviation organizations (AOPA, EAA, GAMA), petroleum and ethanol producers.  Presenters and their topics included:

History of Aviation Ethanol:  Max Shauck, Chairman, Baylor Institute of Air Science, Baylor University

Aviation Fuel Today:  William Schultz, General Aviation Manufacturers Association

Conversion, Performance and Maintenance Benefits of Aviation Ethanol:  Jack Johnson, Texas Skyways and Jim Behnken, Great Planes Fuel Development

Aviation Ethanol Distribution & Marketing: J. Mark Wagner, Phillips 66 Company and Ron Lamberty, American Coalition for Ethanol

Development of Standards and Procedures for Aviation Ethanol: Ted Aulich, Energy & Environmental Research Center, University of North Dakota

FAA and General Aviation Acceptance/ASTM Approval Process (panel discussion):  Earl Lawrence, Experimental Aircraft Association, Mark Rumizen, Federal Aviation Administration, Dan Fletcher, Textron Lycoming, Ron Wilkinson, Coordinating Research Council, Andrew Werking, Aircraft Owners and Pilots Association. 

This report includes a DVD of the proceedings of the Ethanol in Aviation Conference.
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