Conclusions

This is a mission to Callisto, Ganymdede, Europa, and by implication, to all the ice moons of the solar system,

using a steam rocket.

You start with ice from the Moon Poles and use it to make a 10,000 ton ice ship.

You use nuclear heated steam rockets with a power density like what the USA tested during the 1960's.

This was about 300 megawatts per ton of nuclear reactor. 

If you don't use a nuclear reactor, you can't do this at all.

You can use hydrogen propellant.

Every rocket scientist in the world who hasn't calculated a steam rocket will tell you to do so.

The tank masses will be comparable.

But when you get to Callisto, you don't have any hydrogen gas station.

You have 500 tons of nuclear thermal rocket engines on your ship, and not a one of them works with ice.
Not a one of them can make the liquid hydrogen needed to get anywhere.

The entire mass of the space ship is insufficient to make the hydrogen in a year needed to get anywhere.
You are stuck. You need an infrastructure that exceeds the mass of what you brought with you, just for the hydrogen gas station.

If you use ice, you can use some of the 500 tons of steam reactor rocket engines to melt ice, and to power the water trucks on and off Callisto, Ganymde and Europa, so you can drive around.

The mission starts at Earth-Moon HEEO, a 120 x 1.3 orbit.  

You buy 350,000 tons of ice from the moon guys.

You had launched 590 tons of nuclear heated steam rocket reactor engines.

You launched about 301 tons of poly-benzoxazole bladder tanks to hold ice slush.

You attached all this to your 10,000 ton ice ship.

You made a 10,000 ton torus ship out of ice. This was a puny ship, but hey, it was all the world could afford.

It is 160 meters in diameter, about 520 feet across, a slightly bigger than the playing field of a football or baseball stadium.  It weighs about 10,000 tons because it is made of ice.

300 people eat a pound per day of food, and the mission lasts for 10 years. 

	77
	rooms
	

	4
	people per room

	308
	people total

	1
	lbs / day
	food

	10
	years duration

	1124200
	lbs 
	food 

	511
	tons
	metric tons food


They got plenty of food, and lots of water. The food is boring. too bad.

You start at 120 earth radii, past the moon, twice as far as the moon, way out there. You drop toward earth, just skimming it by 1.3 earth radii. When you get there you thrust for 1 hour at about 0.1 G.

You develop about 3557 m/s with this acceleration. You are using a Warp - zero,  Warp Drive, Wo  This is just the Oberth maneuver, which uses the zero order gravity space-time term:  you thrust at the point of maximum space-time curvature, and more specifically, when you are deepest in the gravity potential energy well. You develop about 9,000 m/s actual velocity, which puts you on a direct, minimum energy trajectory to Jupiter.

This trip takes a while.  Your travel time is about 1/2 x (  (5.3+1)/2  ) ^^ 3/2  years

	5.3
	a.u.
	jupiter orbit

	1
	a.u.
	start orbit

	3.15
	a.u.
	transfer orbit semi major axis

	2.795347698
	years
	one half orbit, hohman transfer time


2.8 years travel time.

When you arrive at Jupiter, we all go hide in the radiation shield part of the ship, and do a measly 312 m/s delta V. This puts us into a 1.1 x 1000 High Elliptic Jupiter Orbit. 

A 26.7e RJ orbit has 16.7 day orbital period. so a 1000 RJ orbit has 1000/71 ^^ 1.5 times longer orbit.

	0.014084507
	C.O.U
	callisto orbit unit, 71 RJ === 1 unit

	14.08450704
	C.O
	1000 RJ = 14 units

	7.049295775
	C.O
	transfer orbit semi major axis

	16.8
	days
	Callisto orbit

	0.430729901
	years
	one half orbit, hohman transfer time


After about  5 months (0.43 years) you get to the top of the elliptic orbit around Jupiter.

edit point 7/7/99 8:17:58 AM

When you get there, you do a thrust of about 239 m/s

	-1030
	m/s
	

	1270
	m/s
	

	239
	m/s
	to Callisto from 1.1 RJ


 to raise your perapsis so up from just skimming Jupiter at 1.1 RJ to skimming the Callisto orbit at 26.373 RJ.

Your orbit now has a 1000 x 26.373 RJ orbit parameter, and your  trip time is about 6 months (0.476 year).

Edit point 7/7/99 9:42:34 AM

	input
	1
	C.O.U
	callisto orbit unit, 71 RJ === 1 unit

	input
	14.08450704
	C.O
	1000 RJ = 14 units
	

	
	7.542253521
	C.O
	transfer orbit semi major axis

	
	16.8
	days
	Callisto orbit
	

	
	0.476692272
	years
	one half orbit, hohman transfer time


You are now at Callisto.

You thrust with 1622 m/s to capture into the 1 x 30 Callisto orbit, and a

715 m/s thrust to drop to Low callisto orbit.

This doesn't take too long. like a day or so.

This whole thing took you about: 3.7 years to do.

If you spend 3.7 years getting there, 3.7 years getting back, and twice as long as a one way trip doing things, you are there for 

4 x 3.7 years, or about 14.78 or 15 years.  You may as well just stay and be a Callistite or Ganymite

besides, you are spare parts for other humans, and in an emergency, you are food.

	0.476
	yrs
	HEJO to Callisto

	0.43
	yrs
	getting to HEJO

	2.79
	yrs
	getting to Jupiter

	3.696
	years
	total one way trip time


----------------------------------------------

At Callisto

You are now there and must go get the water off the surface of Callisto to go any farther or to get back home.

Lunar Steam Rocket Coincidence

Since one steam rocket truck can haul about between 7,000 and 40,000 tons per year to lunar escape from the lunar surface, it can do about the same from Callisto. The place has all the ice you want, so just hauling it is your job.  You have about 590 tons of engines, and each ton generates about 300 MWatts, so you can spare 10 or 20 tons of engines to use as shuttles to the Callisto Surface and to haul water.  With 10 or 20 engines, it won't take you a year.

The moon steam rocket engine happens to work on all the ice moons in the solar system, and most moons are ice moons.

 In 1 year a one ton of steam rocket (300 MW/ton) can haul 7000 go 40,000 tons of ice to low lunar or low Callisto orbit, or Low Ganymede orbit or low Europa orbit. They are all  approximately the same gravity.  Ten tons of engine haul 70,000 to 400,000 tons.  You have more than 500 tons of engines on your ice ship.  So you use a few or ten engines to get the 340,000 tons of ice you need to go back home, if you wish.

You only need about 50,000 tons to get to Ganymede and Europa.

You could go to Ganymede, for a mission delta V cost of about 3110 m/s.  This requires about 45,000 to 50,000 tons of ice, or about 1 engine-year of ice hauling.  Once at Ganymede, you have unlimited ice again, so you can use 12 trucks and get fuel in 1 month,. and remember, you have 500 trucks worth of engines to spare.

Ganymede

The trip time to Ganymede from Callisto takes about a week or two. Your main problem is timing the maneuver, not the travel time.

Europa 

Europa = 670,900  km

Callisto   1,883,000 km from Jupiter

same thing.

Going to the other moons is trivial

once you are there.

What is the delta-V to get to Callisto of Jupiter?  To Ganymede? To Europa?

You go to Callisto First, and then they are all ice moons, so you fuel up and go on from there to Ganymede and Europa. The coincidence of nature is that the steam rocket that works on the moon works on all of the ice moons of the solar system, and most moons are ice moons.
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   Ganymede ("GAN uh meed") is the seventh and largest of Jupiter's known satellites. Ganymede is the

third of the Galilean moons. 

        orbit:    1,070,000 km from Jupiter

        diameter: 5262 km

        mass:     1.48e23 kg

                            Ganymede Statistics

          Discovered by

                                                 Simon Marius & Galileo Galilei 

          Date of discovery

                                                                    1610 

          Mass (kg)

                                                                1.48e+23 

          Mass (Earth = 1)

                                                               2.4766e-02 

          Equatorial radius (km)

                                                                   2,631 

          Equatorial radius (Earth = 1)

                                                               4.1251e-01 

          Mean density (gm/cm^3)

                                                                    1.94 

          Mean distance from Jupiter (km)

                                                                1,070,000 

          Rotational period (days)

                                                                7.154553 

          Orbital period (days)

                                                                7.154553 

          Mean orbital velocity (km/sec)

                                                                   10.88 

          Orbital eccentricity

                                                                   0.002 

          Orbital inclination (degrees)

                                                                   0.195 

          Escape velocity (km/sec)

                                                                    2.74 

          Visual geometric albedo

                                                                    0.42 

          Magnitude (Vo)

                                                                    4.61 
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Callisto ("ka LIS toh") is the eighth of Jupiter's known satellites and the second largest. It is the

outermost of the Galilean moons. 

         orbit:    1,883,000 km from Jupiter

         diameter: 4800 km

         mass: 1.08e23 kg

 Mean distance from Jupiter (km)

                                                                     1,883,000 

           Rotational period (days)

                                                                      16.68902 

           Orbital period (days)

                                                                      16.68902 

           Mean orbital velocity (km/sec)

                                                                          8.21 

           Orbital eccentricity

                                                                         0.007 

           Orbital inclination (degrees)

                                                                         0.281 

           Escape velocity (km/sec)

                                                                          2.45 
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 Europa of Jupiter,

                                  Europa Statistics 

           Discovered by

                                                     Simon Marius & Galileo Galilei  

           Date of discovery

                                                                         1610  

           Mass (kg)

                                                                      4.8e+22  

           Mass (Earth = 1)

                                                                   8.0321e-03  

           Equatorial radius (km)

                                                                        1,569  

           Equatorial radius (Earth = 1)

                                                                   2.4600e-01  

           Mean density (gm/cm^3)

                                                                          3.01  

           Mean distance from Jupiter (km)

                                                                      670,900  

           Rotational period (days)

                                                                     3.551181  

           Orbital period (days)

                                                                     3.551181  

           Mean orbital velocity (km/sec)

                                                                        13.74  

           Orbital eccentricity

                                                                        0.009  

           Orbital inclination (degrees)

                                                                        0.470  

           Escape velocity (km/sec)

                                                                          2.02  

           Visual geometric albedo

                                                                          0.64  

           Magnitude (Vo)

                                                                          5.29  

Data

Jupiter 5.203 AU, e= .0485, i= 1.305  Vcir = 42,160, R=71398  km

    Callisto 26.4 RJ,  Vcir 1.57 km/s

Saturn 9.539 AU, e= .05565, i= 2.489  Vcir = 25,120, R=60,000  km

Uranus 19.18 AU, e= .0472, i= .773  Vcir = 15,390,  R=25400 km

Neptune 30.06 AU, e= .00858, i= 1.7727  Vcir = 23,400, R=24300 

Pluto 29.44 AU, e= .25, i= 17.17  Vcir = xxx, R= ?2500

Anthony Ice Ship to Callisto-Ganymede

	Callisto-Ganymede ice ship

	160
	
	meters
	ship diameter, Total, outer edge

	7
	
	meters
	torus diameter, cross section

	1
	
	meters
	wall thickness outer edge

	0.91
	
	g/cc
	wall density

	1
	
	1
	largest number of g's at your living space

	
	
	
	

	output
	
	
	

	10059.101
	
	tonnes
	wall mass inner torus

	90.551204
	
	psi
	wall stress, at living G

	3.3422538
	
	rpm
	rotation rate

	17.951958
	
	seconds
	period to rotate at living G

	19344.425
	
	m*m*m
	torus volume, shielded, liveable

	77.570158
	
	houses
	number of houses at 1100 sq ft x 8 ft (2.4 meters)

	
	
	
	100 cu. m is 441 sq ft x 8 ft, 21 ft on edge

	91
	
	g/cm^2
	shielding, 100  is 1 meter water, 50 r become 5 r/yr


77 houses with 4 people per house is 300 people, after some get mad and quit before the trip.

4 people in an 1100 square foot house is like a lower middle class family.

this is the 1 G space.  We could allow some 1/2 G space and make the ship a bunch bigger, e.g. 300 meters, before the tension in the ice would get to 90 psi. you would have 2.5 times as much space. oh well. the ship would be 2.5 times as much mass, and you could not afford the propellant.

1. go from HEEO to Jupiter transfer orbit

2. at Jupiter, go to a high elliptic Jupiter orbit (HEJO), perigee Jupiter, with apogee to give 3 years orbital period ellipse.

3. at HEJO apopasis, drop to Callisto orbit periapsis.

4. capture to orbit Callisto to High Elliptic Callisto Oribt  HECO

5. drop from HECO to Low Callisto Orbit LCO

Question: how much delta-v does this require?

Assume you have high power steam rockets. lots of gigawatts.

Use the thrust to weight ratio that NERVA got, 300 Megawatts per ton, because that is what the INEEL guys still say you can do with water coolant..

Take a water truck down to  the lunar surface, and to the surface of all the ice moons of the solar system you visit,  to get huge amounts of water to refuel the whole voyage.

Place water at HEJO for future voyagers.

Amalthea or Lysithea might be fuel stops, as they are supposed to be errant captured comets. But we don't need them forsuccess.

1. go from HEEO to Jupiter transfer orbit

V-infinity of 8851 m/s gets you on Jupiter transfer orbit.

	
	
	
	
	basic hohman xfr data

	
	reference  Earth to Jupiter

	
	1
	
	R / Ro
	R/Rvcir ref periapsis

	
	5.3
	
	R / Ro
	R/Rvcir ref apoapsis

	
	29790
	
	m/s
	circular orbit velocity reference

	
	optional input
	

	
	0
	
	m/s
	velocity far from object

	
	
	
	
	

	
	output
	
	
	

	
	8851
	
	m/s
	delta V to go up

	
	-5649
	
	m/s
	delta V to go down

	
	3.15
	
	R / Ro
	"a"

	
	5.590
	
	relative period
	orbit period relative to reference period

	
	3487
	
	m/s
	Warp Zero: delta V at periapsis needed  to achieve Vinfinity

	
	0
	
	ratio
	delta V gain:    V-infinity / delta V


It takes about 8851 m/s to get to Jupiter minimum energy transfer orbit.

call it 9000 m/s so we have a slight amount of margin.

this gives us a warp-zero maneuver delta-V we must achieve in about 1 hour as we pass closest to Earth. We want to pass only within 1.3 Earth radii because that is there is debris out to about 1.2 Re, and we need some margin.

	reference  Earth HEEO to Jupiter

	1.3
	
	R / Ro
	R/Rvcir ref periapsis

	120
	
	R / Ro
	R/Rvcir ref apoapsis

	7905
	
	m/s
	circular orbit velocity reference

	optional input
	

	9000
	
	m/s
	velocity far from object

	
	
	
	

	output
	
	
	

	2819.1
	
	m/s
	delta V to go up

	-615.9
	
	m/s
	delta V to go down

	60.65
	
	R / Ro
	"a"

	472.3
	
	relative period
	orbit period relative to reference period

	3557.0
	
	m/s
	Warp Zero: delta V at periapsis needed  to achieve Vinfinity

	2.530
	
	ratio
	delta V gain:    V-infinity / delta V


The warp-zero delta V is 3557 m/s.  this means we must achieve 3557 m/s in about 1 hour. this is an acceleration of about 0.988 m/s/s, or about 0.1 G.  

when we do this maneuver, we are on an Earth-Jupiter Hohman trajectory.  We started at 120 Earth radii, about 2 times as far as the Moon. when we got to about 2 Earth radii, we turned on the thrusters. then we thrusted for about an hour.

2. at Jupiter, go to a high elliptic Jupiter orbit (HEJO), perigee Jupiter, apogee 3 years out.

reference  High Elliptic Jupiter Orbit  to Earth transfer

3. At HEJO apopasis, drop to Callisto orbit

4. Orbit Callisto to High Elliptic Callisto Oribt  HECO

5. Drop from HECO to Low Callisto Orbit LCO

	reference  Earth to Jupiter
	reference  Earth HEEO to Jupiter
	reference  High Elliptic Jupiter Orbit  to Earth transfer
	reference  High Elliptic Jupiter Orbit  to Callisto
	Callisto low orbit capture and warp from 1000 RJ
	
	

	1
	1.3
	1.1
	26.373
	1
	R / Ro
	R/Rvcir ref periapsis

	5.3
	120
	1000
	1000
	30
	R / Ro
	R/Rvcir ref apoapsis

	29790
	7905
	42160
	42160
	1732.4
	m/s
	circular orbit velocity reference

	optional input
	optional input
	optional input
	optional input
	
	

	0
	9000
	5649
	5649
	3250
	m/s
	velocity far from object

	
	
	
	
	
	
	

	output
	output
	output
	output
	
	
	

	8851.4
	2819.1
	16619.3
	3250.3
	715.1
	m/s
	delta V to go up

	-5649.1
	-615.9
	-1270.7
	-1030.9
	-72.5
	m/s
	delta V to go down

	3.15
	60.65
	500.55
	513.1865
	250.5
	R / Ro
	"a"

	5.59
	472.3
	11198.7
	11625.5
	3964.7
	relative period
	orbit period relative to reference period

	3499.861106
	3557.0
	311.2
	1451.4
	1622.4
	m/s
	Warp Zero: delta V at periapsis needed  to achieve Vinfinity

	0.285725624
	2.53
	18.1
	3.89
	2.00
	ratio
	delta V gain:    V-infinity / delta V

	
	
	2173.4
	is At Jupiter
	
	

	compute Earth-Jupiter transfer orbit
	leave Earth high elliptic orbit for Jupiter transfer orbit
	capture at Jupiter into 1.1 x 1000 orbit
	raise orbit periapsis from 1.1 RJ to Callisto orbit;  
	capture into 1 x 30 high elliptic Callisto  orbit;   drop to low callisto orbit
	
	

	
	
	-1270.7
	-1030.9
	5730.4
	
	

	
	
	
	239.7
	total mission dV Earth to Callisto
	
	


The 5730.4 m/s  is the sum total to capture into a Low Callisto Orbit.

The 3557 m/s is at Earth, thrusting for 1 hour or less at 1.3 Re, just out of the debris zone, to get the Vinfinity of  5649 m/s, the hohman transfer from Earth to Jupiter.

The 2173 m/s is the sum total of thrusts at Jupiter, high elliptic jupiter orbit (HEJO), and at Callisto.

The initial capture at Jupiter has periapsis at 1.1 RJ, and apoapsis at 1000 RJ.  The 311.2 m/s maneuvber at Jupiter closest approach does this. the transfer orbit is 5649 m/s too slow at Jupiter's orbit, coming up from Earth orbit, but the 311 m/s maneuver makes up for it.  this is the advantage and beauty of the Warp Zero maneuver.  311 m/s gives the equivalent of 5649 m/s.  the Warp gain is about 18.1 times.  This orbit is (1000/2)^^3/2 longer than a minimum Jupiter orbit.

Thick, 1 meter of ice shields people from the intense radiation of Jupiter.

The 311.2 m/s maneuver puts the vehicle into an elliptic orbit about jupiter with apoapsis (top of orbit) about 1000 jupiter radii out.  When the ship gets there it does an apo-apsis maneuver of 239.7 m/s  to change periapsis from close to Jupiter, at 1.1 RJ,  to just skimming Callisto's orbit, at 26.373 RJ. this is the ( 1030.9 - (-1270.7)) calculation 

the space ship in this orbit, skimming the Orbit of Callisto around Jupiter, is moving about 3250.3 meters per second too fast when it skims Callisto's orbit. the objective is to time the maneuver so that when we skim Callisto's orbit, Callisto is right there where we are.  One would need to supply 3250.3 m/s of thrust to change our orbit to one that just moves along with Callisto. But fortunately, Callisto has enough mass to perform a Warp Zero maneuver.  A thrust of 1622.4 m/s at the closest approach to Callisto achieves both the 3250.3 m/s and places the vehicle into a highly elliptic orbit around Callisto.  The orbit has an apoapsis (top of orbit) about 30 Callisto radii out, and a periapsis (bottom orbit) at low callisto orbit, or just about exactly, very slightly more than  1 Callisto radius.  

We do NOT need to circularize our space ship to the Low Callisto orbit.  The small shuttle vehicles on board can do this. They will go down to the surface of Callisto itself and get more ice for propellant. 

Incidentally, the space ship DOES have enough thrust to land itself,  the entire ice ship, on the surface of Callisto.  We just need some more water ice for propellant to do so. The problem would be to get it back up.  

You will need to time the orbit synchronization properly.

You have degrees of freedom of actual apoapsis and periapsis at Jupiter to do this.

We would design our ship with a bit of margin so that it could do more than just 5730 m/s.  otherwise, we would have to scrounge around for some propellant, like maybe some ice that makes up the space ship.  this would not be so nice. 

Drop from Low Callisto Orbit LCO to Callisto's surface.

this is almost identical to getting on and off the Earth's moon.

Callisto has a 2.45 km/s escape velocity, so it has a Vcir of 1.73 km/s, and a delta V to go from escape to Vcir is difference: .7158  km/s

A Callisto Steam Rocket

the mission delta V is about 5730.4 m/s. But one needs a little extra because mission maneuvers are not perfect and there is some gravity loss. We assume about a 20% delta-V margin, to give a desired delta-v of 6833 m/s.

	input
	
	
	calculates mass ratio given Isp, tank fraction, delta-V

	Callisto Steam Rocket
	

	198
	
	sec
	Isp  specific impulse

	0.002
	
	kg / kg
	tank mass per propellant mass

	1.186
	
	factor
	multiplier factor on G due to slow acceleration

	5730.4
	
	m/s
	desired delta-v

	output
	
	
	

	6800
	
	m/s
	delta-V rocket must achieve

	1940.4
	
	m/s
	specific velocity

	33.26
	
	kg/kg
	initial / final mass

	0.969
	
	kg / kg
	fuel mass per initial mass

	0.0281
	
	kg / kg
	payload mass per initial mass

	0.0019
	
	kg / kg
	tank mass per initial mass

	34.48
	
	kg / kg
	fuel mass per payload mass


for a 10,000 ton ship, we need 34.48 times as much ice as payload, or 

just about 350,000 tons ice for propellant.

Jupiter Vicinity steam rocket

when we get to Jupiter we need to thrust to achieve 2173.4 m/s. when we leave Earth we need to achieve 3557 m/s.  We have some margin because we specificied the ship to be able to do 6800 m/s delta-V.   At Jupiter our ship needs abourt 2.07 propellant masses per payload mass.  This means we would need about 25,000 tons of ice propellant when we get there.  This means that most of the propellant is needed just to leave Earth orbit for the long trip to Jupiter.

	
	Jupiter Vicinity Steam Rocket

	
	198
	
	sec
	Isp  specific impulse

	
	0.002
	
	kg / kg
	tank mass per propellant mass

	
	1
	
	factor
	multiplier factor on G due to slow acceleration

	
	2173.4
	
	m/s
	desired delta-v

	
	output
	
	
	

	
	2173.4
	
	m/s
	delta-V rocket must achieve

	
	1940.4
	
	m/s
	specific velocity

	
	3.0650943
	
	kg/kg
	initial / final mass

	
	0.67374576
	
	kg / kg
	propellant mass per initial mass

	
	0.32490675
	
	kg / kg
	payload mass per initial mass

	
	0.00134749
	
	kg / kg
	tank mass per initial mass

	
	2.07
	
	kg / kg
	propellant mass per payload mass


We should just spec the ship to handle all 350,000 tons of ice, even though this is conservative.

the calculation specifies that the entire 350,000 tons of propellant be expended during 1 hour.

	propellant
	350,000
	tons
	

	
	350,000,000
	kg
	

	time
	1
	hours
	thrusting time

	
	97222.2
	kg/s
	mdot

	
	198
	sec
	Isp

	
	1940.4
	m/s
	Vsp

	
	1.83028E+11
	watts
	

	
	183.0
	GW
	power needed

	
	300
	MW/ton
	specific power

	
	610.0
	tons
	engines

	
	0.15
	G 
	G's thrusting acceleration designed for.

	
	5292
	m/s
	velocity if you just accelerated for 1 hour at constant acceleration

	
	0.1008
	G
	G's needed


This says that to expend all the propellent in 1 hour, the allotted time, one needs 610 tons of engines with a specific power like that of NERVA. 

	Callisto ship water tank
	

	350000.000
	
	tons metric 
	FIRST GUESS at propellant mass

	300,000
	
	psi
	yield stress of tank wall material

	0.92
	
	g/cc or tons/cu.meter
	propellant density, rho

	0.1
	
	psi
	propellant pressure

	3
	
	g/cc, tons/m^^3
	tank mass density

	2
	
	factor
	safety factor for stressing tank, >>1 is very safe

	0.15
	
	fraction 
	number of G's tank will experience when ful, 1 Gee - 9.8 m/s/sl

	0.03
	
	fraction 
	ullage, propellant left in tank when tank is "empty"

	0.005
	
	inches
	minimum thickness of material, gage limit

	10000
	
	tons
	ASSUMED

	output
	
	
	

	0.000 867
	
	<<1 is very good
	tons tank mass per ton propellant

	0.208 
	
	inches
	total tank thickness: conservative: sum of pressure & hydro term

	3.035 E+05
	
	kg
	total tank mass, kg

	1.153 E+03
	
	>>1 is very good
	tons propellant per ton tank

	380434.7
	
	m^^3
	propellant volume

	89.90
	
	meters
	diameter of tank if it were sphere

	
	
	
	

	301252.03
	
	kg 
	tank mass for Hydrostatic  = acceleration term

	0.207
	
	inches
	thickness of tank for hydrostatic pressure = acceleration

	2282.41
	
	kg
	tank mass for Vapor Pressure term

	0.00058
	
	inches
	thickness of tank for vapor pressure containment


you need 610 tons of steam rocket engines.

the tank for 350,000 tons ice, 

	301
	
	tons 
	tank mass for Hydrostatic  = acceleration term


designed for .15 G acceleration for 1 hour at earth perigee, to achieve V infinity, at oberth maneuver.

--- --- ---

Ganymede

Callisto:

         orbit:    1,883,000 km from Jupiter

Ganymete orbit:

        orbit:    1,070,000 km from Jupiter

	Callisto warp transfer to Ganymede
	Callisto to Ganymede
	Ganymede warp capture from Callisto

	1
	26.373
	1

	30
	14.986
	30

	1732.4
	42160
	1937.47

	
	optional input

	1221
	0
	1408

	
	
	

	output
	output
	output

	677.74833
	-1220.9
	757.9716

	-235.9
	1408.1
	-263.8

	15.5
	20.6
	15.5

	61.0
	94.03
	61.02

	327.2
	4621.4
	385.1

	3.7312428
	0
	3.6557132


To go from  Callisto to Ganymede, high elliptic orbits, takes 327.2 + 385.1 m/s, or about 713 m/s delta-V.

to go from Low orbit to low orbit adds 677.7 + 757.9 m/s, or about 1436 m/s.

The sum total is 2148, which would require about 25,000 tons of ice for propellant.

Just the basic bus trip of 713 m/s requires about: 

	
	input
	
	
	calculates mass ratio given Isp, tank fraction, delta-V

	
	Callisto - Ganymede HEO Steam Rocket

	
	198
	
	sec
	Isp  specific impulse

	
	0.002
	
	kg / kg
	tank mass per propellant mass

	
	1
	
	factor
	multiplier factor on G due to slow acceleration

	
	714
	
	m/s
	desired delta-v

	
	output
	
	
	

	
	714
	
	m/s
	delta-V rocket must achieve

	
	1940.4
	
	m/s
	specific velocity

	
	1.444
	
	kg/kg
	initial / final mass

	
	0.307
	
	kg / kg
	propellant mass per initial mass

	
	0.6915
	
	kg / kg
	payload mass per initial mass

	
	0.00062
	
	kg / kg
	tank mass per initial mass

	
	0.445
	
	kg / kg
	propellant mass per payload mass


.445 tons propellant per ton ship, or about 4450 tons ice, which is about 2% of the capacity of the propellant tank for the vehicle.

Ganymede to Europa is similar

	Ganymede warp transfer to Europa
	Ganymede to Europa
	Europa warp capture from Ganymede

	1
	9.4
	1

	30
	14.986
	30

	1937.4726
	42160
	1428.3557

	
	optional input

	-1328.3604
	0
	1493.81273

	
	
	

	
	output
	

	757.9
	1493.8127
	558.7

	-263.88434
	-1328.3604
	-194.542469

	15.5
	12.193
	15.5

	61.023561
	42.576098
	61.023561

	349.5
	4202.0694
	525.1

	-3.7999306
	0
	2.84431448


[image: image1.jpg]



You need 340.5 + 525.1 to go from Ganymede to Europa.

you add 757 + 558  to go from low orbits.

--- --- --- 

Hydrogen Propellant Option for 10,000 ton ship.

Earth maneuver to place vehicle into Earth to Jupiter transfer, minimum energy orbit.

	750
	
	sec
	Isp  specific impulse

	0.1
	
	kg / kg
	tank mass per propellant mass

	1
	
	
	multiplier factor on G due to slow acceleration

	3557
	
	
	desired delta-v

	
	
	
	enter value or = G_loss_factor*perigee_deltaV

	3557
	
	m/s
	delta-V rocket must achieve

	output
	
	
	

	7350
	
	m/s
	specific velocity

	1.6224633
	
	kg/kg
	initial / final mass

	0.3836533
	
	kg / kg
	fuel mass per initial mass

	0.5779814
	
	kg / kg
	payload mass per initial mass

	0.0383653
	
	kg / kg
	tank mass per initial mass

	0.6637813
	
	kg / kg
	fuel mass per payload mass


you need 0.66 kg/kg for this part of the misson.

Total Mission performed with a NERVA type propulsion.

	750
	
	sec
	Isp  specific impulse

	0.15
	
	kg / kg
	tank mass per propellant mass

	1
	
	
	multiplier factor on G due to slow acceleration

	6833
	
	
	desired delta-v

	
	
	
	enter value or = G_loss_factor*perigee_deltaV

	6833
	
	m/s
	delta-V rocket must achieve

	output
	
	
	

	7350
	
	m/s
	specific velocity

	2.5336472
	
	kg/kg
	initial / final mass

	0.6053121
	
	kg / kg
	fuel mass per initial mass

	0.3038911
	
	kg / kg
	payload mass per initial mass

	0.0907968
	
	kg / kg
	tank mass per initial mass

	1.9918715
	
	kg / kg
	fuel mass per payload mass


Whole mission needs 1.99 times payload, or about 20,00 tons liquid hydrogen.

	Callisto ship Liq. Hydrogen Tank

	20000.000
	
	tons metric 
	FIRST GUESS at propellant mass

	300,000
	
	psi
	yield stress of tank wall material

	0.09
	
	g/cc or tons/cu.meter
	propellant density, rho

	20
	
	psi
	propellant pressure

	3
	
	g/cc, tons/m^^3
	tank mass density

	2
	
	factor
	safety factor for stressing tank, >>1 is very safe

	0.15
	
	fraction 
	number of G's tank will experience when ful, 1 Gee - 9.8 m/s/sl

	0.03
	
	fraction 
	ullage, propellant left in tank when tank is "empty"

	0.005
	
	inches
	minimum thickness of material, gage limit

	10000
	
	tons
	ASSUMED

	output
	
	
	

	0.014 051 712
	
	<<1 is very good
	tons tank mass per ton propellant

	0.112 813 076
	
	inches
	total tank thickness: conservative: sum of pressure & hydro term

	2.810 E+05
	
	kg
	total tank mass, kg

	7.117 E+01
	
	>>1 is very good
	tons propellant per ton tank

	222222.2222
	
	m^^3
	propellant volume

	75.15007765
	
	meters
	diameter of tank if it were sphere

	
	
	
	

	14390.00907
	
	kg 
	tank mass for Hydrostatic  = acceleration term

	0.014191124
	
	inches
	thickness of tank for hydrostatic pressure = acceleration

	266644.2
	
	kg
	tank mass for Vapor Pressure term

	0.098621952
	
	inches
	thickness of tank for vapor pressure containment


	input
	propellant
	20,000
	tons
	

	
	
	20,000,000
	kg
	

	input
	time
	1
	hours
	thrusting time

	
	
	5555.555556
	kg/s
	mdot

	input
	
	750
	sec
	Isp

	
	
	7350
	m/s
	Vsp

	
	
	1.50063E+11
	watts
	

	
	
	150.0625
	GW
	power needed

	input
	
	300
	MW/ton
	specific power

	
	
	500.20
	tons
	engines


266 tons tanks

500 tons engines.

about the same as that of a steam rocket.

except:

there is no hydrogen either on the moon or on any of the ice moons.

you need to liberate it using electricity.

this infrastructure weighs about 1000 to 10,000 tons.

tough shit, nasa ass holes.

steam wins.
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