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& Project’s Technical Objectives

« Understand Range of Alternative Fuel Options

» Understand Alternative Fuels Supply Chain &
Stakeholders

« Understand Propulsion and Fuel System Suppliers
& Issues

 Down-select Alternative Fuels for Rotorcraft
Conceptual Design & Integration Studies

« Evaluate impacts of Alternative Fuels on Rotorcraft
Designs (Small, Intermediate, & Large)
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Alternative Fuels Database

» Repository for Conventional, Alternate, and
Alternative Fuels Data

» Populated by materials specialists at P&W and
United Technologies Research Center

Paraffins, %
Olefins, %

* A ‘living’ document

* Fuels attributes data include:

»Composition (e.g. %Paraffins, Sulfurs, etc.

Energy Density, volumetric
CORROSION

»Properties (e.g. Density, Viscosity, etc.)

»Combustion (e.g. Energy Density, etc.)

Metal Incompatibilties

[Compsites Incompatibilities

» Distribution & Storage (e.g. Color, Toxicity,
Water Solubility, etc.)

Elastomeric Compatibiliies

Elastomeric Incompatibilties

Lubricant Compatibilities
[Lubricant Incompatibilies |
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, Alalloys, Carbon
denum Steel, 0.5 -3%(Moly
6 Chromium
Molybdeum Steel, 300 &
steel, Monel

Ni Steel, 4- 6% Chromium
Volybdeum Steel, 300

 Chromium
bdeum Steel, 300 &
tainless steel,Monel

Nylon, Kel-F, Trithene, Nylon, Kel-F, Trithene,
HDPE, Buna N, HNBR,
Kalrez, Kalre: Kalr

Chemraz,Flurothene A, Chemraz,Flurothene A, Chemraz,Flurothen
Vinyiite, Teflon, Fluor Vinylite, Teflon, Fluorel, | Vinyite, Teflon, Flu
Viton, Fluororsilicon, Viton, Fluororsilicon, Viton, Fluororsilic

Polyacrylate, Polyacrylate,
Epichlorohydrin,
TDPE, Cholroprene, Butyl
Natural Rubber, EPDM,
SBR, Polybutadiene,
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Fuel Categories

Conventional Alternate

« JetA Synthetic Blends
« JetA-1 *50/50 Jet A/ F-T
«JP-4 *50/50 JP-8 / F-T
« JP-5 * 50/50 JP-8 / SPK
« JP-7 * Etc.

« JP-8 100% Synthetics*
« JP-8+100 * F-T SPK

«JP-10 * Bio JP-8

» Avgas 80 * Bio SPK

* Avgas 91 * Etc.

* Avgas 100

* Avgas 100LL

* Not fully compatible with current BoM

Alternative

» Ethanol

* Methanol

 Butanol

* Propanol

« Ammonia
» Hydrazine
« Hydrogen
* Methane

* Ethane
* Propane s e e

JP-10

JP-8+100

[ ]
JP-8
JP-7
* Diesel
P-4
JetB

* Biodiesel and
* Etc.

Avgas100
Avgas100LL
Avgas91l

Avgas80

Liquefied Natural Gas
Ethane

Bio-Based SPK Soy
io-Based SPK Soy/Canola
Bio-Based SPK Coconut
Bio-Based SPK Jatropha

[
>
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Heat of Combustion, Volumetric

10 15 20 25 30 35
Heat of Combustion, Volumetric, MJ/kg
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Survey & Study Supply Chain & Stakeholders

FEEDSTOCK PROCESS FUEL ISSUES

Hydrocracking, Distillation
Synthetic

Natural gas Kerosenes,

Geologic
Deoxygenation / Isomerization
Jatropha, Coconut, Canola
Synthetic
Liquefaction primarily Kerosenes,

Biologic

Biodiesel
Acetaldehyde
Aldol condensation

Natural gas
Oxo process to produce propanal,
Hydrocarbons, Fusel ol followed by catalytic hydrogenation

Fractionation and Liquefaction

Mainly methane, Cryogenically
cooled to -160C

Fractionati d Liquefacti No present issue,
ractionation and Liquefaction e e,

redesign of aircraft

engines, fuel
Fractionation and Liquefaction infrastructure and

operation would be
required in the future
Natural gas Partial catalytic oxidation of hydrocarbons

Transport, Bulk Storage
Hot coke, Syngas
Haber-Bosch process or Steam Hydrogen - -
reforming or partial combustion Corrosive, Toxicity
Ammonia

Sodium hypochlorite, Chemical reactions in presence
olati Toxicity, unstable
sodium hydroxide of gelatin, glue or starch

Steam reforming, Coal gasification,
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@ Processes & Life Cycle Analyses

Black: Coal (CTL process)

Blue: Natural Gas (GTL process) Steam

e.g. CTL FISCHER-TROPSCH
PROCESS o ot s

JP8

Synthesis Diesel Fuel
H2C

0)
Gas Recycle

Gas Recycle

| to F-T Fuel ( CCS)

Qil Shale to Jet Fuel

Soy Oil to HRJ Fuel (LUC 51)
Qil Sands to Jet Fuel

Matural Gas to F-T Fuel

Coal to F-T Fuel (w/ CCS)

de to ULS Jet Fuel

Cru o Conventional Jet
Coal and Biomass to F-T Jet
Algae Qil to HRJ Fuel

Oil to HRJ Fuel (LUC S0)
latropha to HRJ Fuel

Palm Qils to HRJ Fuel (LUC P1)
Palm Qils to HRJ Fuel (LUC PO)

Biomass to F-T Jet Fuel

1.0 1.5

Normalized Life-Cycle GHG Intensity
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3' Down-selection Process

FUEL . : Biomass
I)
AT e T FUC Feedstock? — e
\4
NO
“Compatible” Food
D — < —
i w/Rotorcraft? Feedstock? MEC
Apply
Toxic? — Weighting

Factors

¥ \4
YES Down-Select
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3 Down-select to 2 Fuels: Biodiesel & Butanol

Avoid
Feedstock Fossil
Fuel?

Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
[Methanol ~ [Biomass Yes

Ammonia

L Down-se

Biomass-
Based?

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No

2. Butanol
3. Ethanol

Compatibility Heat of

Food w/ Combustion

Feedstock?| Conventional

No
No
No
No
No
No
No
No
No
No

lect Results: | |
i - Biodiesel L

[ Gravimetric

Rotorcraft (MJ/kg)
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Low
Moderate
Low
Low
Low
ow

Proceed to engines & rotorcraft design
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| Category ] or\.
Subcategory

LHV BTU/Ib
JP-818,300
Biodiesel 16,770
(-8%)
Butanol 14,300
(-22%)

Smoke Point mm

CORROSION
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Survey & Study Propulsion & Fuel Systems
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‘\./:. Rotorcraft Sizing: Conventional Baseline (JP-8)

« Sizing: Small, Intermediate, & Large Utility Rotorcraft
— Small: Payload 1200 Ib; Radius 125 nm, V,cp 150 KTAS
— Intermediate: Payload 3600 Ib; Radius 250 nm, V,,cp 170 KTAS
— Large: Payload 25,000 Ib (External); Radius 125 nm, V,,cp 170 KTAS
— All at 95°F @ 6,000 ft

« Parametric Rotorcraft CATIA models
— Small, Intermediate, & Large
— Scalable dimensions

« Parametric Engine CATIA models
— 1000, 3000, & 6000 SHP engines
— Scalable dimensions
— Proprietary OEM information protected

* Fuel system schematics
— Capture size effects
— Materials compatibility
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Notional Transport Mission Profile — Intermediate Rotorcraft

Loiter
Cruise, 170 kts

250 nm

30 min
6000 ft

Hover 6000 ft Hover 05°F Hover
in Ground 95°F In Ground In Ground

Effect Effect

1 mmute 1 minute 1 minute
6000 ft 6000 ft 6000 ft
95°F 95°F

Design Gross Weight (Ib)
Empty Weight (Ib) 11,900 12,100
Fuel Weight (lb) 3,575 3,975
Fuel Capacity (USG) 530 544
Rotor Diameter (ft) 58.5 59.4
Max Power (SHP) 2,700 2,800

20,400 21,100

Use or disclosure of this information is subject to the restriction on the title page of this document.

Cruise, 170 kts
250 nm
6000 ft

95°F

|
\\ 1 minute
6000 ft

+3.4%

+1.7%
+11.2%

+2.6%

1.6%
3.7%

Intermediate Rotorcraft Sizing

Reserve
Loiter
30 min
6000 ft
95°F
In Ground
Effect

Hover

e
O

22,500
12,700
4,850
713
61.4
2,950

+10.3%
+6.7%

+35.7%

+34.5%
5.0%
9.3%




'~ Intermediate Rotorcraft Internal View

MR Diameter, Butanol — 61.4 ft
MR Diameter, Biodiesel — 59.4 ft
MR Diameter, JP-8 — 58.5 ft

Volume, Butanol — 713 USG
Volume, Biodiesel — 544 USG
Volume, JP-8 — 530 USG

Intermediate Rotorcraft Sizing Variations  JP-8  Biodiesel Butanol Intermediate Rotorcraft Design Constants
) 0

Use or disclosure of this information is subject to the restriction on the title page of this document.



Average Impact on Rotorcraft Sizing

Biodiesel vs. JP-8 Butanol vs. JP-8
Design Gross Weight +2% +7%
Empty Weight +1% +5%
Max Power +3% +7%

Fuel Volume +2% +32%

Rotor Diameter +1%
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“Alternative Fuels Might Simplify Logistics
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Project Recommendations

Explore additives and blends to biodiesel and butanol to mitigate impact to
future gas turbine engines and their operation.

Define a superset of materials for the complete fuel and propulsion system
to accommodate all of the following: alternate fuels, 100% synthetic biojet,
biodiesel, and biobutanol.

Define a robust propulsion system architecture (nozzles, combustor,
turbines, etc.) that accommodates alternate fuels, 100% synthetic
kerosenes, biodiesel, and biobutanol.

. Begin developing certification procedures for selected alternative biofuels.

Explore possible synergies between future ground transportation and
rotorcraft fuel infrastructure, civilian and military (wartime and peacetime).

Perform trade studies to understand the costs & benefits of alternative fuel.
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