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The Relentless Rise of CO,
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2019 U.S. GHG Emissions by Sector

Transportation 29%

Il Transportation - 29%

I Electricity - 25%
Industry — 23%

Il Agriculture - 10%

B Commercial - 7%
Residential - 6%
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2019 U.S. Transportation Sector GHG
Emissions by Source

Aircraft 10%
Il Light-Duty Vehicles - 58%
. I Medium- and Heavy-Duty Trucks — 24%
. M Aircraft - 10%

Il Other - 5%
M Rail - 2%
Ships and Boats — 2%

Net aircraft emissions
29% x 10% = 2.9%
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Drag Polar

{ For an airplane, almost half the drag is directly dependent on weight }

Airplane  Viscous Inviscid drag
zero lift gdrag due due to lift
drag ‘tolift .- (induced drag)

C More weight > more liftr e g>Gmbre drag >
_ more thrust r e g>0rmre power r e g>0mre
and L =W energy r e g>ambre battery weight
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Energy/Unit Weight is Important

HYDROGE

JET FUE
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Energy/Unit Weight is Important

HYDROGE

JET FUE 12,000

¢ M S

LFAIR m 1,700

SOLAR IMPULSHQN |pisel

5,000 10,000 15,000 20,000 25,000 30,000 35,000
Specific Energy (Wh/kg)

https://en.wikipedia.org/wiki/Big_Mac
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He S-1 Turbojet

A Built in 1936, tested in April
1937

A Manufacturer: Heinkel-Hirth
Mortorenbau

A Designer: Hans von Ohain

A Axial + centrifugal compressor

A Gaseous hydrogen-powered

A Rotor radius: ~ 30 cm (1 ft)

A Thrust: ~1,100 N (250 Ib)

Combustor ~—, ¢

Centrifugal
stage

Radial
turbine
v/

Axial stage

IGV/blade/stator/injector sections

ADA505106 AMCs Future - _Sustainable Air Mobility. A.D. Reiman.pdf
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Used for pressurizing LH,
tank and purging
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Martin E 57 Canberra

ADA505106 AMCs Future - Sustainable Air Mobility. A.D. Reiman.pdf

A First flight 1955

A NACA Lewis Flight
Propulsion Laboratory

A Standard B-57 with Wright
J65 engine

A Mach 0.75 @ 50,000 ft

A Switched from JP-4 to H,

A 21 minutes on H,

A Switched back to JP-4




