
>The assumptions I make for these calculations are:
>
>Lunar surface to lunar orbit: 2.2 km/s
>Lunar orbit to trans-Earth: 0.9 km/s
>Attitude control: 0.1 km/s
>
>Propellant exhaust velocity: 4.4 km/s
>Propellant oxidizer/fuel ratio: 6-to-1
>
>There is no propellant for braking into Earth orbit.  Braking, or
>descent to Earth, is assumed to be performed entirely using a heat
>shield.  The mass figures increase and become logistically very
>difficult if the heat shield is reusable or imported from Earth; I
>assume here that the heat shield is ablative, constructed of lunar
>materials such as rutile or silica blanket (source: Mining the Sky, by
>John Lewis), and weighs 15% of the inert payload.  Rocket stage
>structural mass is 10% of fuel mass, but is also assumed to be mostly
>manufactured on the Moon (structural tanks made of titanium or
>aluminum), except for the engines, which are on negligible mass.
>
>This means that the best-case figures, per kilogram of payload, are:
>
>Hydrogen: 0.201 kg
>Oxygen: 1.208 kg
>Total propellant: 1.409 kg
>
>A NOTE ON EXHAUST VELOCITY: Exhaust velocity is the product of *thrust
>coefficient*, which is purely a function of nozzle design, and
>*characteristic velocity*, which is purely a function of the
>propellant chemical properties such as enthalpy.
>    Surprisingly, characteristic velocity is not strongly dependent on
>mixture ratio.  Adding fuel (hydrogen), with its low molecular weight,
>to the proper stoichiometric mixture barely reduces the average
>enthalpy of the propellant but significantly reduces the mixture's
>average molecular weight, thus increasing the specific heat of the
>fuel and reducing combustion chamber temperature to tolerable levels.
>    Characteristic velocity would increase very slightly with more
>oxidizer, but the increase in combustion temperature would be larger.
>Engines could, in theory, be designed for much higher temperatures;
>the cooling systems would be much heavier, though.  If the
>stoichiometric oxidizer-fuel ratio of 8-to-1 is used, launching a
>kilogram of payload would then require 0.157 kg hydrogen and 1.252 kg
>oxygen.  For now, use the conservative (fuel-rich) figures I mentioned
>earlier.
>
>Rich
