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Changing the ParadigmChanging the ParadigmChanging the ParadigmChanging the Paradigm

• Low Energy Capability:

– Current mission planning focussed on science driven 
requirements, using energy capabilities from existing space 
transportation propulsion and power capabilities.

– The mission is established based on science voids.

– Current chemical energy systems yield low specific energy which 
lead to energy conversion systems with a low performance 
design, <10 km/s.

• High Energy Capability:

– Using higher specific energy systems can deliver much higher dv, 
namely from nuclear processes. 

– Inherent energy releases are much greater per unit mass.

– Can broaden current limitations and science horizons

– We must embrace science driven missions which utilize higher 
energy capabilities. Both are important and coupled.



DefinitionsDefinitionsDefinitionsDefinitions

• JET POWER is the net power of the rocket engine, after you have 
accounted for all the inefficiencies, the useful work performed 
computed from the product of THRUST and EXHAUST VELOCITY.

• SPECIFIC POWER is for the propulsion system, engine + power 
source + thermal management system.
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Propulsion CapabilityPropulsion CapabilityPropulsion CapabilityPropulsion Capability



Flyby Mission: 1Flyby Mission: 1Flyby Mission: 1Flyby Mission: 1----4444----StageStageStageStage

• Fusion Energy for Space Missions in the 21st Century, NASA TM4298, Normal R.Schulze, 1991.
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Vista, 1987Vista, 1987Vista, 1987Vista, 1987----2000200020002000

• 6,000 tons, 4,165 tons propellant, 
1,835 tons dry mass.

• T=2.4×105N (Mars mission)
• Vex=170 km/s
• Pj = 20.4 GW
• Psp = 11.1 kW/kg



Project Project Project Project LongshotLongshotLongshotLongshot, 1988, 1988, 1988, 1988

• Vex=9,810km/s

• Pj=730 kW/kg

• Need Psp=285 kW/kg
to achieve mission.
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• High mass ratios required for interstellar.

• Low abundance of He-3 would dominate the mission costs.

• Chose to optimize payload/propellant ratio.

• Assumed for a particular value of specific mass there is a value of R 
which makes mu/mp a maximum.
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• For 40 year mission to be possible, 
require specific engine mass lower 
than 2.5×10-8 kg/W.

• Chose 1×10-8 kg/W but difficult to 
achieve.

• Optimum R at 150 with 
mu/mp=0.0036.

• But final design had 1st stage engine 
mass of 1,290 tons producing 44 TW 
power, equating to specific mass 
2.5×10-8 kg/W. 
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• Pj=0.5×106×107ms-1×7.54×106N~40TW

• Psp=40TW / 944,000 kg ~42.4 MW/kg
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• The lower the specific engine mass the higher the 
payload/propellant mass fraction.
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• Vex=15,000 km/s

• T=1×109 N

• Pj=7.5×1015W

• Psp=75 MW/kg

Interstellar (Dyson) Orion, 1960s



EnzmannEnzmannEnzmannEnzmann (slow boat) Starship, 1960s(slow boat) Starship, 1960s(slow boat) Starship, 1960s(slow boat) Starship, 1960s

• Vex=11,700 km/s

• Mdot=5.02 kg/s

• Pj=344 TW

• Mdry=30,000 tons

• Psp=11.5 MW/kg



ConclusionsConclusionsConclusionsConclusions

• Examined specific power requirements for an interstellar mission.

• Strong correlation with mission time.

• For interstellar probe (robotic or crewed) the specific power likely in the 

10s MW/kg range.


