












USAF Interest

�� Based on discussions with the F-16 SPO in 2012 (Paul Hoth and Mary 
Wyderski�������W�K�H�\���K�D�G���H�[�S�U�H�V�V�H�G���L�Q�W�H�U�H�V�W���L�Q���D���J�U�H�H�Q���‡�G�U�R�S-�L�Q�·���U�H�S�O�D�F�H�P�H�Q�W��

�� Recent SPO discussions have suggested minor modifications to existing 
platform may be allowed.

�� Compared to the current use of H-70, green propellants could result in 
reduced environmental impacts and associated costs: 
�– reduced potential for harmful worker exposure and health screening costs
�– labor for inspection and maintenance of PPE and propellant trailer 
�– training related to occupational health requirements
�– hydrazine response team training/monitoring 
�– shipping costs for tanks and H-70, and disposal costs

�� There are 25 domestic & 5 international F-16 bases and 11 hydrazine 
refueling locations.
�– Significant cost savings could be attained as existing fire departments can 

respond to green propellant EPU activations and spills.
�� Potential to use for the U-2 Emergency Start System.
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Potential replacement to Hydrazine

2011 Tommy Hawkins/AFRL Briefing to Partners in Environmental Technology Conference
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MSFC Testing of Green GG

�� Of the two leading green propellants, the Air 
Force prop burns hotter.
�–So a watered-down version was chosen to emulate a 

blend similar to H-70 to obtain lower combustion 
temperatures.

�� MSFC worked with AFRL/Edwards on modifying 
the prop.
�–Conducted mini-pino tests followed by ignition delay.

�� MSFC never tested any version of the LMP 
propellant but would like to in the future.
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Agreements Reached with AFMC
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Hardware Status

�� �0�6�)�&���G�L�G���Q�R�W���N�Q�R�Z���W�K�H���F�R�Q�G�L�W�L�R�Q���R�I���W�K�H���(�3�8�¶�V���W�K�D�W���Z�H�U�H���O�R�F�D�W�H�G���D�W���’�0�$�)�%��
�� That is why MSFC decided to obtain two units to increase chance of valid hardware and potential spare.
�� Jan 2014 pre-test CT scan showed that the gas generator 

a) Had catalyst material
b) No obvious voids, so intact for our use

12Distribution A



MSFC Component Development Area

�� Existing test facilities and 
propellant storage that was 
used for the 2014 testing at 
MSFC can be re-used.

�� Accommodations have been 
made for the MSFC 
laboratories to conduct the 
compatibility testing we will 
be performing in the next few 
months. 13Distribution A



General Layout at Test Bunker
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Heater Options

Option Pro Con

A �t Fuel
Heater

Easy to control, Issueswith reaction are 
TBD, May require a bleed 
system, potentially slow 
response.

B �t Strip 
Heater

Easyto install Hard to tell the catalyst 
temperature

C �t Heated
Purge Gas

Easy to implement, easy to 
know when the catalystis at 
temp

May take the longest to get 
to temp.

Risk of 
detonation

Thermal mass and control of temp

Selected due to decreased risk 
and control of temp
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Testing Summary (Nov 2014)
�� Used basic F-16 configuration

�– Including F-16 GG and control valve
�–Added preheat source

�� Testing
�–2 days testing
�–55 lbs of AF-M315EM (~5 gal)
�–64 pulse sequences

�� Results
�–Equivalent chamber pressure
�–Peak chamber temperatures reveal near 
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Key Accomplishments �–Video 1

�� Demonstrated that AF-M315EM can be decomposed 
using Shell 405 (Hydrazine catalyst).

Chamber Temperature Chamber Pressure Feed Pressure
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Key Accomplishments �–Video 2
�� Demonstrated that lower temperature decomposition can be achieved by pulsing.

*Note: Accuracy of temperature measurements have not been verified.

Chamber Temperature Chamber Pressure Feed Pressure
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Coordination of Community (TIM)

�� MSFC has led previous workshops and technical interchange meetings on 
green monopropellants.

�� Most notably, we had a successful JANNAF TIM in Aug 2015.
�– 4 Universities, 8 NASA organizations, 7 DoD locations and 28 Companies
�– Thruster development: Aerojet, ATK, Busek, Moog, ECAPS
�– Catalyst and ignition development: 

�� Sienna �–Dr. Ender Savrun
�� Ultramet �–Dr. Art Fortini
�� Systima �–Ms. Stephanie Sawmill
�� PSI �–Dr. Prakesh Joshi
�� Plasma Processes Inc. �–Dr. Tim McKechnie
�� Honeywell �–Mr. Gary Seminara

�– Valves and components: Moog, Vacco
�– Primes: Boeing, LM, Loral, ATK, Ball

�� As a result of the JANNAF TIM, I led the development of a joint NASA/DoD 
�U�R�D�G�P�D�S���Z�L�W�K���������R�W�K�H�U���J�R�Y�¶�W���F�R�O�O�H�D�J�X�H�V���D�F�U�R�V�V���P�X�O�W�L�S�O�H���&�H�Q�W�H�U�V���D�Q�G���’�R�’��
Research Facilities.
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