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The combustion of gas turbine fuels is the subject matter for the next
two sessions. In the papers in this session combustor technology programs,
as distinguished from combustion research of a more fundamental nature, are
discussed, and the results of Government-funded contracts with engine manu-
facturers are described.

To evolve the combustor technology required for use of broadened-
property fuels, several levels of combustor technology are being investiga-
ted. First, unmodified inmservice combustors are being evaluated with
broadened~property fuels, The intent of these investigations is to deter-
mine the extent to which fuel properties can be varied, to obtain a data
base of combustion - fuel quality effects, and to determine the trade-offs
associated with broadened-property fuels, Second, subcomponents of in-
service combustors such as fuel injectors and liners, as well as air distri-
butions and stoichiometry, are being altered to determine the extent to
which fuel flexibility can be extended. Last, very advanced technology
consisting of new combustor concepts is being evolved to optimize the fuel
flexibility of gas turbine combustors.

The increasing concerns regarding the supply and quality of gas tur-
bine fuels at present and for the future has served as the impetus for ex-
panded research in many fuels and combustion areas. Department of Defense
programs aimed at military aviation applications form a significant part of
the material presented in this session. Specifically, two Air Force Wright
Aeronautical Laboratory (AFWAL) programs are described by Thomas A. Jackson
of AFWAL. These are the Fuel Character Effects on the J79 and F101 Engine
Combustion Systems, a recently completed effort, and the Air Force Fuel
Mainburner/Turbine Effects program, a major program currently in progress.

NASA Lewis programs aimed toward civil aviation applications include
analyical evaluation of the effects of broadened~specification fuels on
high~bypass turbofan engine combustors, which is described later in this
overview; the Experimental Combustor Study program, a recently completed
effort, which is described by John M. Kasper and Edward E. Ekstedt of the
General Electric Co.; and the NASA Broadened-Specification Fuels Combustion
Technology program, which is described in the papers by James S. Fear of
NASA Lewis, Dr. Robert P. Lohmann of Pratt & Whitney, and Willard J. Dodds
of General Electric Co.

A third area of fuels and combustion research, stationary—-power gas

turbines, is being pursued in the Department of Energy/NASA Low-NO, Heavy-
Fuel Combustor Concept program. This program consists of contracts with
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five engine manufacturers and is aimed at evolving fuel-flexible, environm
mentally acceptable combustors capable of using heavy oil fuels and synfuels
(non-petroleum-derived fuels) in utility and industrial applicatioms. Al-
though a presentation of this program is not included in this session, the
program has been described in a recent ASME paper (ref. 1).

Before the NASA Lewis combustor technology programs were implemented,
analytical studies were conducted under contracts with Pratt & Whitney Air-
craft and the General Electric Co. These studies consisted of in-depth ana-
lyses of broadened-property fuel effects on the performance and emissions of
current high-bypass-ratio, commercial aircraft engine combustors and future
engine combustors of the Energy Efficient Engine (£3) type. These studies
have been completed and the results published as NASA Contractor Reports
(refs. 2 and 3).

Study results indicated that in conventional combustors the use of
broadened-property fuels could have the following undesirable effects:

1. Liner temperatures could be higher because of increased flame radia—
tion to combustor walls. Local liner temperatures could increase by as much
as 40 kelvins. The higher temperatures could reduce liner fatigue life by
25 to 40 percent.

2. Attempts to reduce liner temperatures by providing increased coolant
airflows could adversely affect combustor exit—temperature—-distribution uni-
formity and thereby reduce turbine life.

3. Broadened-property fuels have poorer atomization characteristics,
which would produce poorer, less~uniform fuel sprays and result in poorer
ignition and altitude relight performance, deteriorated temperature distri-
butions, increased smoke at high—power conditions, and higher emission lev-
els of carbon monoxide and unburned hydrocarbons at low-power conditions.

4, Maximum allowable fuel temperatures could be reduced by as much as
12 kelvins because of the poorer thermal stability of broadened-property
fuels.

Study results also indicated that the effects of broadened-property
fuels on combustors could be minimized by using multizone, lean-~burning com-
bustors. In these advanced combustor designs the combustion processes are
more carefully controlled than in conventional combustors, and radiation
levels to liners are minimized by burning at fuel-lean conditions during
high-power operation. These indications have been substantiated in test rig
and engine short-term evaluations where conventional combustors and multi-
zone combustors were fueled with Jet A and broadened-property distillate
fuels (refs. 4, 5, and 6).
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INCREASE IN LINER TEMPERATURES WITH ERBS FUEL
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