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IntroducUon	
  
Mars	
  explora/on:	
  	
  
	
  
u Mobility	
  is	
  not	
  

just	
  important	
  
–it	
  is	
  essen/al.	
  

	
  
u Deep	
  Drilling	
  

necessary	
  
	
  
NRC	
  1999	
  

Is	
  there	
  life	
  on	
  Mars?	
  	
  



IntroducUon	
  

Rovers	
  

Point	
  Scale	
  
	
  
§  Soil	
  examina/on	
  
§  Small	
  range	
  
§  No	
  capability	
  for	
  

atmosphere	
  
§  Inves/ga/on	
  
§  	
  No	
  capability	
  for	
  soil	
  

drilling	
  
	
  



IntroducUon	
  
Orbiters	
  

Global	
  Scale:	
  
	
  
§  Poor	
  resolu/on	
  
§  No	
  capability	
  for	
  

atmosphere	
  and	
  
soil	
  inves/ga/on	
  

	
  	
  



IntroducUon	
  



IntroducUon	
  
Regional	
  Scale,	
  
One	
  shot	
  
	
  
Mach	
  0.65	
  
Alt=1.5km	
  
Weight	
  =175kg	
  
Range=600km	
  
T=4.2h	
  
	
  
	
  
	
  



MANGLE:	
  Global	
  Scale	
  Mobility	
  

•  MulU-­‐ScienUfic	
  Missions	
  
•  MarUan	
  aircraX	
  
•  Land	
  explorer	
  
•  Nuclear	
  jet	
  engine	
  
•  High	
  liX	
  Co-­‐flow	
  jet	
  	
  
•  VTOL	
  



Preliminary	
  ConsideraUons	
  

Size	
   Endurance	
  



MANGLE	
  



Airframe	
  



Weight	
  Analysis	
  
Electronics	
  

Structures	
  

Nuclear	
  Reactor	
  

Shielding	
  

Propulsion	
  Components	
  

Miscellaneous	
  



Co-­‐Flow	
  Jet	
  High	
  LiX	
  	
  System	
  
•  Zero-­‐Net	
  Mass	
  Flux	
  

Flow	
  Control	
  
•  DrasUcally	
  Increase	
  

LiX	
  and	
  	
  Stall	
  Margin	
  
•  Ideal	
  for	
  Low	
  Re	
  

MarUan	
  Flow	
  	
  	
  
•  DrasUcally	
  Reduce	
  	
  

Drag	
  or	
  Generate	
  
Thrust(negaUve	
  Drag)	
  

•  Low	
  Energy	
  
Expenditure	
  	
  



Co-­‐Flow	
  Jet	
  High	
  LiX	
  	
  System,	
  open	
  
slot	
  reduce	
  energy	
  expenditure	
  



Discrete	
  Co-­‐Flow	
  Jet	
  High	
  LiX	
  	
  System	
  
Reduce	
  jet	
  mass	
  flow	
  rate	
  



Propulsion	
  System	
  
Mass	
  flow=0.5-­‐2kg/s,	
  	
  
PR=50	
  
T_turbine=1400-­‐1800K	
  
D=0.98m	
  
L=1.7m	
  

Total	
  power:	
  0.4-­‐2.1MW	
  



Dust	
  Filtering	
  
Filtered	
  Atmosphere	
  

Dust	
  



Nuclear	
  Reactor	
  



Nuclear	
  Reactor	
  



Reactor	
  CriUcality	
  
Thermal	
  Power	
   Atomic	
  Mass	
   Fission	
  Energy	
  

​​𝑃↓𝑡 ​𝑀↓25 /𝐸   ​𝑁↓𝑎  	
  

CriUcal	
  Mass	
  



Shadow	
  Shielding	
  



Sample	
  CollecUon	
  



Takeoff	
  and	
  Landing	
  

Li`ing	
  Fan	
   Nozzle	
  



Entry,	
  Descent,	
  and	
  Deployment	
  



Conclusion	
  



Conclusion	
  

§  MANGLE:	
  A	
  global	
  mobility	
  system	
  for	
  Mars	
  
ExploraUon	
  in	
  Atmosphere	
  and	
  on	
  Ground	
  

§  Nuclear	
  Jet	
  Engine	
  Feasible	
  to	
  Use	
  CO2	
  to	
  reduce	
  
weight,	
  Power	
  0.4-­‐2.1MW	
  

§  High	
  LiX	
  Co-­‐Flow	
  Jet	
  To	
  Minimize	
  the	
  Size	
  and	
  Weight	
  
and	
  overcome	
  Low	
  Reynolds	
  number	
  Flow	
  

§  Compact	
  Nuclear	
  reactor	
  feasible	
  to	
  integrate	
  to	
  the	
  
engine	
  system	
  	
  	
  

	
  
	
  



Conclusion	
  

§  1	
  MarUan	
  Year	
  OperaUng	
  Time	
  
§  Can	
  Land	
  any	
  place	
  of	
  interest	
  on	
  Mars	
  
§  2/3	
  Ume	
  fly	
  and	
  1/3	
  on	
  ground,	
  	
  
§  Range:	
  160	
  circles	
  around	
  Mars	
  
§  Power	
  available	
  for	
  deep	
  drilling	
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