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= Conversion of electricity to shaft power (50% at gate then 50% on shaft)
o Advantages
" Pumping system in place at gate
= Easder averaging of the power load on grid: off peak storage — cheaper
= |esstechnology risk once we know how to store safely on airplane
®  |felectricity were green and free, this might be the best?
¢ Fuel cell concept (H2/FC Battery Hybrid)
o Concerns:
= Battery life time
= Battery performance {can it be achieved)
" Waeight
= Requiresdevelopment of two different energy source technologies
o Advantages
= Fasier averaging of the power load on grid {using H2}): off peak storage —
cheaper
= Fasier to capture yater at altitude

The group continued the discussion of the individual scoring for additional concepts added by
group members: Concepts 7, 8, and 9, which were the distributed propulsion (DP), lov energy
nuclear reactor (LEMR), and the turboprop concepts respectively. For Concept 7, the group
assumed incremental improvements over the N+4 reference concept and identified that there
may exist some technical risks associated with the DP implementation. Consensus was drawn
on the key technologiesto enable and/or enhance the concept and included:

¢ BLI—-Some concern over technology risk (how weell will it really work?}
+ ‘Wing tip propulsor integration to reduce induced drag

¢ Low loss mechanical or electrical poweer distribution

Concept 8 (LENR) had the same issue with being able to draw the boundary on energy. The
group identified that the LENR concept could have tremendou s benefits, but the technical risks
are extremely high. Lastly, Concept 9 {turboprop) also showed some benefit over the N+4
reference concept, but the group identified that a low noise propeller design was needed. The

team then compared the three concepts side by side and concluded:

¢ |EMR nuclear has important advantages, but extremely high risk — if it works
revolutionary to World energy
¢ DP distributed propulsion is enhancing to multiple conceptsifit works as advertised

¢ TP turboprop scorers were worried about noise
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¢ Many H2 cryo aspects will be covered in recommended LNG/methane work below
¢ 5See also energy study above
5} Methane — Low cost and possible early deployment of cryo techs
¢ Methane GT SOFC driving a generator with variable speed pitch low noise props... or
... Methane GT SOFC Hybrid with lov noise turboprop
¢ Methane asfirst step on a roadmap for a cryo fuel / superconducting
¢ GGE to check on providing Methane GT and Methane GT SOFC cycle for N+4 task
6) Combined Approach to N+4 technology/config assessment:
+ Adv. Tech Configuration with integrated synergistic technologies
¢ Aft fuselage BLI integration — synergy with methane GT SOFC to drive aft electric
fan (Gold schmied-like device)
+ Technologies that are evaluated separately and could be combined into the Adv.
Tech Configuration {or others)
¢ Llow noise props — investigate variable RPM and shape memory alloys, plasma
actuators?

Asaresult of the workshop recommendations, a number of side studies vwere identified to help
the group conclude on a possible N+4 concept to pass to the higher fidelity analysis. The group
called these inspiration ideas that composed a wish list of research that could possibly be
condu cted within the scope of the current SOW:

1) LENR
¢ Study to set goals
* ‘Watch tech feasibility and development
+ Investizate system architecture options
¢ Develop baseline system design and system performance targets
2] Hybrid Electric
¢ Life cycle energy study
¢+ Follow and encourage battery tech and system community
¢ Multiple parallel battery technology developments
3) Methane — Low cost and possible early deployment of cryo techs
¢ (Gasturbine designissues
* Aircraft system issues & techs
¢ Infrastructure issues & techs
¢  Synergistic technologies
¢ PMethane GT SOFC driving a generator
¢+ Methane GT SOFC Hybrid

¢ (Cryofuel / superconducting
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