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he US Air Force is the largest con-
Tsumer of energy in the federal gov-

ernment, spending $9 billion in 2008
to fuel aircraft and ground vehicles as well
as provide energy to installations.! In that
same year, the Air Force's fuel bill of $7 bil-
lion amounted to more than half of the US
government’s total fuel cost.? Because of the
critical and central role that energy plays in
completion of the Air Force's mission, the
secretary of the Air Force has developed an
Air Force energy plan supported by three
pillars—“Reduce Demand,” “Increase Sup-
ply,” and “Culture Change”—and guided by
the energy vision “Make Energy a Consid-
eration in All We Do” (fig. 1). In response to
the Air Force's energy program and vision,
Air Force Institute of Technology (AFIT)
researchers are helping realize the first two
pillars by developing a new academic spe-
cialization in alternative energy, designing
hybrid-electric remotely piloted aircraft
(RPA), testing synthetic fuels, creating a
new course of study concentrating on man-
aging fuels distribution, and conducting re-
search on the storage, management, and
distribution of fuel. The third pillar, “Cul-
ture Change,” lies outside the scope of this
article. Given the success of the academic
programs and promising research results,
the Air Force should continue to expand

http://www.airpower.au.af.mil
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Figure 1. Three pillars of the Air Force energy
plan. (Reprinted from Air Force Energy Plan 2010
[Washington, DC: Assistant Secretary of the Air
Force for Installations, Environment, and Logistics,
2010], 7, http://www.safie.hg.af.mil/shared/media
/document/AFD-091208-027.pdf.)

energy-related curricula and research at
AFIT. Increased support would allow estab-
lishment of an energy-focused research cen-
ter at AFIT that could help the Air Force
tackle its energy-related challenges.

*At the Air Force Institute of Technology (AFIT), Wright-Patterson AFB, Ohio, Lieutenant Colonel Harmon serves as an assis-
tant professor of aeronautical engineering. Lieutenant Colonel Branam served as an assistant professor of aerospace engineering at
AFIT, he is currently an instructor at the Air War College, Maxwell AFB, Alabama. Lieutenant Colonel Sandlin is an assistant profes-

sor of logistics and supply chain management at AFIT.

34 | Air & Space Power Journal




Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number.

1. REPORT DATE 3. DATES COVERED
2011 2. REPORT TYPE 00-00-2011 to 00-00-2011
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Achieving the Air Force' sEnergy Vision £b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Air Force Resear ch Institute (AFRI),Air & Space Power Journal,155 N. | REPORT NUMBER
Twining Street,Maxwell AFB,AL ,36112

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONYM(S)
11. SPONSOR/MONITOR’ S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for public release; distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER 19a. NAME OF

ABSTRACT OF PAGES RESPONSIBLE PERSON
a REPORT b. ABSTRACT c. THISPAGE Sa_me as 7
unclassified unclassified unclassified Report (SAR)

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



N7/ AIR FORCE INSTITUTE OF TECHNOLOGY

Academic Specialization in
Alternative Energy

Researchers are investigating possibilities
for alternative energy (e.g., hybrid-electric
systems, fuel cells, biofuels, and solar
power) in the United States to reduce our
dependency on foreign oil. Most of this re-
search has examined automotive transporta-
tion and ground-based facilities, but this ar-
ticle discusses the rising interest of and
momentum from the military and industry
in applying clean, renewable energy to air
and space applications. The strategic plan
of the American Institute of Aeronautics
and Astronautics for 2009-13, which em-
phasizes energy as well as air and space,
lists “Improve Aerospace Energy Efficiency
and Advance New Energy Technologies” as
a strategic imperative. According to this im-
perative, “ATAA must provide a collabora-
tive, information-sharing environment to
ensure that the best technical professionals
and most creative innovators are focused on
fuel efficiency challenges facing the aero-
space industry and on emerging opportuni-
ties to contribute to future sources of clean,
affordable energy.”® The Air Force, defense
contractors, and industry need researchers
and engineers who have technical expertise
in the fields of aerospace engineering and
alternative energy. Many universities offer
excellent programs in these disciplines, but
very few emphasize merging the two. AFIT
is bridging the gap in academia by enhanc-
ing its curriculum with energy-related
courses, hiring faculty members with expe-
rience in both fields, and expanding its lab-
oratory facilities.

In response to the Air Force’s pressing
need for engineers with educational back-
grounds in alternative energy and aero-
space engineering, AFIT has developed an
academic specialization in alternative energy
systems within its aeronautical engineering
and astronautical engineering master’s de-
grees. This specialization, an extension of
the two current master’s degrees, requires
courses in energy, optimization, and air and

space design. The specialization seeks to
provide a coherent course of study for aero-
space engineering students interested in
pursuing research topics in alternative en-
ergy and advanced propulsion systems for
micro air vehicles (MAV); small RPAs; and
high-altitude, long-endurance aircraft. Two
students completed the sequence in 2010,
and six more are expected to do so in 2011.

Two other universities, Wright State Uni-
versity and the University of Dayton via the
highly successful Dayton Area Graduate
Studies Institute program, are contributing
to academic specialization in alternative
energy. The state of Ohio approved both
universities’ proposals to offer master’s de-
grees in clean and renewable energy, and
both have developed courses that AFIT stu-
dents may take to fulfill requirements for
this specialization. The collaboration allows
them to receive instruction at local civilian
schools and leverage research already be-
gun at the other universities.

As part of the specialization, AFIT has
developed an independent-study course to
educate students on methods of analyzing
the performance of small RPA propulsion
system components such as electric mo-
tors, advanced batteries, internal combus-
tion engines (ICE), and fuel cells. As inter-
est in the new academic specialization
increases, the institute plans to develop a
laboratory course on the fundamentals of
fuel cell technology, motors, advanced bat-
teries, and ultracapacitors.

AFIT is playing a critical role in meeting
Air Force and industry demand for more
engineers trained in alternative energy and
aerospace engineering. These new engi-
neers will help the Air Force implement the
energy plan’s call for reducing demand by
increasing the efficiency of propulsion sys-
tems and augmenting the supply of energy
via alternate fuels. Its strategic location
near the Air Force Research Laboratory
(AFRL) at Wright-Patterson AFB and numer-
ous air and space contractors allows students
to obtain practical work experience without
relocating. The fact that this new program

Summer 2011 | 35




offers students a “hybrid” degree in energy
and aerospace disciplines makes it unique.

Hybrid-Electric
Remotely Piloted Aircraft

Industry members and university re-
searchers are exploring new propulsion
means such as hybrid-electric systems for
air and space applications. Some hybrid-
electric designs use an ICE and electric
drive system whereas others are based on
fuel cells. At the 2009 Experimental Aircraft
Association’s AirVenture Oshkosh, German
aircraft designer and builder Flight Design
displayed a parallel hybrid-electric propul-
sion system with an ICE and electric motor
(fig. 2) for a general aviation aircraft. A
battery-powered 30 kilowatt (kW) electric
motor provides boost power to a downsized
86 kW Rotax 914 engine for takeoff and
climbing.* The power-assist parallel hybrid
configuration allows the pilot to stretch a
glide with electric power in the event of en-
gine failure. For large RPAs, AeroVironment
is hybridizing a hydrogen-burning piston
engine with an electric drive system on its
high-altitude, long-endurance Global Ob-
server aircraft.’ Previously, three research-

Figure 2. Flight Design’s hybrid-electric propul-
sion system. (Reprinted by permission from Jason
Paur, “Hybrid Power Comes to Aviation,” Wired.com,
28 July 2009, http://www.wired.com/autopia/2009
/07/hybrid-aviation.)
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ers at the University of California-Davis de-
veloped a conceptual design of a small
hybrid-electric RPA that laid the foundation
for a prototype of such an aircraft currently
in development at AFIT.®

Former AFIT student Ryan Hiserote
compared three distinct parallel hybrid-
electric conceptual designs for a small RPA,
each with three battery-discharging profiles,
for a total of nine configurations.” His analy-
sis determined that a configuration using an
ICE, an electric motor, and a clutch to dis-
engage the engine during electric-only
quiet operation was the most suitable for a
typical five-hour intelligence, surveillance,
and reconnaissance (ISR) mission. The en-
gine is shut off during the ISR mission seg-
ment to reduce the aircraft’s acoustic signa-
ture. Military and civilian students at AFIT
in the Aeronautics and Astronautics Depart-
ment, under the direction of Assistant Pro-
fessor Fred Harmon, are designing a proto-
type of the hybrid-electric RPA based on the
two-point conceptual design, which in-
cludes an ICE sized for cruise speed as well
as an electric motor and a battery pack
sized for a slower endurance speed (i.e.,
loiter). The parallel hybrid-electric design
gives the vehicle longer time on station and
greater range than electric-powered vehi-
cles, together with smaller acoustic and
thermal signatures than gasoline-powered
vehicles. The resulting design takes the
form of a 13.6 kilogram RPA that uses 40
percent less fuel than a conventional ICE-
powered aircraft and that includes en-
hanced capability supplied by a “quiet”
mode during ISR operations, utilizing only
the electric system. These efforts illustrate
the growing interest in applying hybrid-
electric technology to air and space systems
and the benefits that those systems can of-
fer war fighters.

In addition to hybrid-electric systems
with hydrocarbon-powered engines, numer-
ous companies and universities are re-
searching fuel-cell-based systems for avia-
tion applications. Boeing recently flew a
manned aircraft (two-seat Dimona motor-
glider with a 16.3-meter wingspan) powered
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by a proton-exchange-membrane fuel cell /
lithium-ion-battery hybrid propulsion sys-
tem.® The company’s researchers believe
this type of fuel cell technology could
power small manned and remotely piloted
vehicles. For large commercial aircraft, de-
signers could apply solid-oxide fuel cells to
secondary power-generating systems, such
as auxiliary power units. The Georgia Insti-
tute of Technology has designed, built, and
flown a fuel-cell-powered RPA.° The Navy
recently flew a small RPA, the Ion Tiger,
powered by a 500-watt fuel cell.’ The AFRL
has flown a fuel-cell-based system on a Puma
RPA. Under a small-business-innovation re-
search contract with the AFRL, modifica-
tion of the original battery-only-powered
Puma with a fuel cell hybrid system ex-
panded its mission capabilities by tripling
flight endurance time from three to nine
hours." In July 2009, the experimental
Antares DLR-H2 became the world’s first
manned vehicle to take off under fuel cell
power.'? Not long ago, AFIT initiated an ef-
fort to develop a conceptual design tool to
better understand the advantages and trade-
offs of using fuel cells in MAVs."® The tool
integrates precise analyses of aerodynamics,
propulsion, power management, and power
sources to determine the endurance capa-
bility of a given mission for an MAV.

These hybrid-electric system efforts,
whether based on ICEs or fuel cells,
clearly reflect the interest in applying
alternative-energy concepts to aircraft ap-
plications. The previously mentioned de-
signs will prove useful, depending on
mission requirements as well as size and
type of aircraft. For example, as described
earlier, AFIT researchers are testing a
prototype of a hybrid-electric system for a
small RPA to demonstrate its usefulness
during a typical ISR mission. Further-
more, a current AFIT student’s work on a
conceptual design of a hybrid-electric sys-
tem for a trainer aircraft will determine
how much fuel and energy it can save
during a typical training mission. The Air
Force should support the expansion of
AFIT’s research on fuel-cell-based sys-
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tems to ascertain the improvement in
range and endurance for small RPAs and
MAVs. For larger aircraft, such systems
may be useful for auxiliary power units.
Hybrid-electric systems will contribute to
the first pillar of the energy plan by help-
ing lessen the demand for energy.

Testing Synthetic Fuel

AFIT is contributing to the second pil-
lar—increasing the supply of energy—by
conducting research into alternate fuels.
Aviation fuel is a substantial expense for
both the Air Force and commercial air-
lines. In 2006 fuel became the largest ele-
ment of operating costs for US airline car-
riers for the first time in history.!* As the
most prolific consumer of aviation fuel in
the federal government, the Air Force uses
approximately 2.5 billion gallons per
year.”” The service can reduce fuel costs by
using alternate fuels (e.g., Fischer-Tropsch
[FT] fuels), designing more efficient en-
gines or new propulsion systems, or de-
signing more aerodynamic configurations
and lighter structures.!®

Commercial industry and the govern-
ment have both established organizations to
research and certify the use of alternate
fuels. A coalition known as the Commercial
Aviation Alternative Fuels Initiative strives
to enhance energy security and environ-
mental sustainability for aviation by engag-
ing the emerging alternative jet fuels indus-
try to use those fuels in commercial
aviation.'” Bill Harrison, technical adviser
for fuels and energy for the Propulsion Di-
rectorate at the AFRL, also stresses the
need to increase the supply of domestic
fuels by researching, testing, and certifying
new alternative/domestic fuels.’® Alterna-
tive fuels could replace many traditional
ones such as JP-5, JP-7, and JP-8. For ex-
ample, in August 2007 the B-52 aircraft was
certified for a 50/50 blend of a synthetic
fuel and JP-8.' The Air Force also stood up
the Alternative Fuels Certification Office in
2007 with a charter from the secretary of
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the Air Force to manage certification of all
Air Force platforms (over 40 types), support
equipment, and base infrastructure on a
50/50 blend of FT fuel and JP-8.%° Nearly
the entire Air Force fleet has been certified
to fly on a synthetic fuel blend.

AFIT actively researches the replace-
ment of traditional jet fuels with alterna-
tives. Jet fuels fall into the broad class of
hydrocarbon materials referred to as kero-
sene fuels.”? Compared to traditional jet
fuels produced from petroleum (e.g., JP-8),
FT fuels are synthetically derived from
other sources such as coal, natural gas, or
biomass—the product of a catalyzed chemi-
cal process that initially converts feed fuels
into carbon monoxide and hydrogen and
then combines those chemicals into longer-
chain hydrocarbon molecules. Theoreti-
cally, the energy content of these fuels is
sufficient to replace traditional ones, but we
need more research on their use in devices
originally designed for traditional jet fuels.?
AFIT is researching the use of FT fuels in
an ultracompact combustor in the Combus-
tion Optimization and Analysis Laser labo-
ratory, which has several diagnostic tech-
niques available (e.g., measuring the
amount of unburned hydrocarbon and ni-
trogen oxides) to analyze the performance
of these new fuels. Initial results show
promise and demonstrate that FT fuels can
substitute for traditional jet fuels.

Academic Course of Study in
Petroleum Management and
Research into Fuels Distribution

Recently, AFIT developed a specialized
fuels-management track in its master of sci-
ence program in logistics and supply chain
management. In the fall of 2010, five Air
Force fuels officers began this new course
of study, which encompasses inventory
models, demand forecasting, supply-chain
resiliency, alternative fuels, environmental
issues, and the transportation, distribution,
and storage of petroleum. Graduates of this
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program will be assigned to the Air Force
Petroleum Agency, the Defense Logistics
Agency, and other petroleum-management
positions on major command staffs.

Students, both domestic and interna-
tional, from AFIT’s Department of Opera-
tional Sciences have conducted numerous
in-depth, cutting-edge studies on fuels.
For example, Maj David Mazzara did a cost-
benefit analysis of air refueling of RPA
systems.? Maj James Nicholson investi-
gated the cost-effectiveness of replacing
petroleum-based diesel-like fuels with
biodiesel fuels in Air Mobility Command,
determining the price needed to offset the
cost of producing biodiesel if the price of
traditional fuel increases.* Lt Col Juan
Salaverry developed a model for forecast-
ing jet fuel prices in his home country of
Argentina.? Maj Murat Toydas developed
two nonlinear optimization models that
examined the trade-off between departure
fuel weight and loaded cargo for a given
origin, destination, and tanker base loca-
tion.? And Lt Evren Kiymaz conducted a
study that measured airlift fuel effi-
ciency.?” All of these studies illustrate
methods either to decrease fuel demand
or to increase its supply.

In one very successful study, Maj Phil
Morrison, a recent graduate of AFIT's Ad-
vanced Study of Air Mobility program, com-
pleted research on reballasting the KC-135.%
He hypothesized that shifting ballast fuel
out of the forward-body fuel tank and com-
pensating by adding weight (such as armor)
elsewhere on the plane would yield two sig-
nificant benefits: (1) tankers could off-load
more fuel to receiver aircraft, and (2) the
Air Force would reap significant savings
through improved fuel economy of its
KC-135 tanker fleet. Major Morrison’s re-
search indicated that, if implemented, his
proposal would pay for itself in less than
two years and mitigate an additional $14
million in fuel cost each year thereafter.
The Air Force recently committed funds to
make the ballasting change in the KC-135.



AIR FORCE INSTITUTE OF TECHNOLOGY

Conclusion and
Recommendations

The Air Force is striving to lower its en-
ergy expenditures and raise energy security
by reducing demand, increasing supply,
and changing its culture. AFIT researchers
are contributing to the first two pillars of
the energy plan by developing new curri-
cula that concentrate on alternative energy
and fuels, designing hybrid-electric propul-
sion systems, testing synthetic fuels to re-
place traditional fuels, and advancing re-
search in the area of fuel distribution and
management. AFIT military and civilian
graduates who have backgrounds in aero-
space engineering, alternative energy, and
fuel management will assume technical
leadership positions and possess the knowl-
edge to leverage technologies and tools for
critical air and space applications to help the
Air Force carry out its energy plan.

The Air Force needs to fully support
AFIT in this endeavor. AFIT should expand
its curricula to incorporate more courses on
energy and fuels as well as construct labora-
tories to test hybrid-electric systems, fuel
cells, and synthetic fuels. Conceptual de-
sign tools need improvement in order to
analyze options for future Air Force aircraft
such as hybrid-electric trainers and RPAs.
AFIT also needs to conduct further research
on fuel-cell-based systems to determine the
enhancement in range and endurance for
small RPAs and MAVs. For larger aircraft,
AFIT should conduct more research into
how fuel-cell-based systems may prove use-
ful for auxiliary power units. Additionally, if
the institute received appropriate support,
it could establish an energy-focused inter-
disciplinary research center. Clearly, AFIT
has a vital role to play in helping the Air
Force achieve its energy vision. @

Wright-Patterson AFB, Ohio
Maxwell AFB, Alabama
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