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AIRSHIP/SPACECRAFT 

Teghnical Field 

The present invention is a combination airship and spacecraft that uses its lifting gas as fuel forthrusters to achieve space 

5 flight. The airship aspectoperares to provide lift with lifdng gas in one or more gas retaining struclUreS that may change in volume. 

The spacecraft aspect provides control. power, services, and interior space for missions of the airship/spacecraft. An 

a.Ushiplspaceeraft may be connected in arrays wilh others of its kind to form larger space sttuctures and spacecraft. 

A reaction thrusting power plant which may use lifting gas as fuel is included in the present invention. Such thrusters 

are capable of accelerating the airship/ spacecraft to sub-orbital and orbital speeds and altitudes. and may be used on any aircraft 

10 or spacecraft having a large reservoir of gaseous fuel combustible by oxidation or in some otherexothennic reaction. Theprefetred 

gasc0us fuel for the thruster is a gaseous fuel that contains hydrogen gas. 

The reservoir containing such gaseous fuel may be a gas retaining structure of an airship, such as a gas bag, wherein the 

gaseous fuel also serves as a lifting gas. Such reservoirs may also be pressure vessels which will efficiently hold internal and 

cil:temal overpressures, such pressure vessels also being included in the present invention. The separation of a gas retaining 

15 suuctuft' into separate gas tight compartments with the use of a flexible folding diaphragm membrane is also included in the 

invention. 

The invention also includes a method for the attainment of orbit by the airship/spacecraft with the use of the inventions 

disclosed herein as optional components of the airship/spacecraft. 

The pment invention has elements that are covered generally by class 244, aeronautics, and maybe considemi under 

20 the following subclasses: 3, compound aeronautical machines; 12.2, circular; 12.3, dual propulsion; 12.4, thrust tilting; 24 

miscellaneousain:raft;29, propelled aeronautical machines; 61. aircraft powerplants adapted to use the sustaining gas of an airship 

as fuel; 97, devices for changing buoyancy of lighter-than-air craft; 125. construction of hull and intemal structure of lighter-than­

aircraft; 114, ships, particularly subclass 342; 126, construction of outersurfac:e oflighter-than-air craft; lSS, machine or structure 

25 
· designed for travel in the upper reaches of and/or beyond the atmosphere of a celestial body; and, 60, power plants, particularly 

SUbclilSs 246. Although folding diaphragms and folding membranes exist in prior art, such as in United States Patent Nos. 

4,056,697 and 3,979,295, a special classlsubclasi for the diaphragm membrane disclosed herein could not be found. 

k1mroundArt 

There is presently a quest for a means to achieve economical heavy lifting into space. Construction of the limited space-

30 sfation Using multiple rocket launches, with assembly by crews manning the U.S. Space Shuttle orbiter, bas proven to be expensive 

and uncertain by reason of the cost and risk. Current space technology, most notably in the United States of America. continues 

totelyuponconventionalrocketconfigurations to achieve a substantial presence inspace. The principal prospect of departure from 

suCh reliance exists in the space-plane project currently in the de\'elopment phase. All such technologies require sttUctures and 
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materials that will withstand high g-forces and temperatures, because all such technologies involve high speed operation with 

significant atmospheric friction and rapid acceleration and decelemtion. 

Recent entries in the field are known from United States Patent Nos. 5, 730,390 and 5,842,665 in which prior art in space 

launch technology alternate to conventional rocket powered orbital insertion is discussed. Both of these inventions are for single 

stage, thruster-driven-rotor, rotor-driven, vertical-take-off spacecraft, and therefore rely upon aerodynamic effects to achieve 

altitude. The rust of these, titled "Reusable Spacecraft", also relies upon the shape of the spacecraft to aclas an aerodynamic lifting 

body to gain altitude under power. That patent claims "a disk-shaped casing configured to generate buoyancy in horizontal travel 

dlroUgh a gas atmosphere". Although the tenn "buoyancy" is used there, it is clear that the concept of aerodynamic lift was 

intended, because only aerodynamic lift is generated as a result of "horizontal travel through a gas atmosphere". Moreo\lilr, the 

patent does not include as an element of the invention the use of a lifting gas to create "buoyancy", as in the operation of a lighter­

lhan-eir-craft ... Buoyancy" as used in the present application means the effect of an object rising in a fluid as a result of the relative 

lightness of the object wilh respect to the weight of the volume of the fluid the object displaces. Both of the above-referenced 
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inventions require the consumption of fuel to take-off and climb through the atmosphere; with power supplied by thrusters which 

bum such fuel. Neither of these inventions involve the use of a lighter-than-air system .for lifting the spacecratHhrough the 
atmosphere, or involve the use of lifting gas as fuel for thrusters or other power generation. 

That rockeis have been carried aloft by balloons and launched from altitude is well known: the balloon was an 
S expendable flexible gas envelope that was discarded upon launch. without a frameWork structure and without any role in the 

enhancement of the lifting capacity of the lifting gas except to expand as the pressUn: of the ambient atmosphere dCCRBSCd with 

altitude. The present invention is clearly distinct from such a system; The present in~tion is an airship and a spacecraft. The 

present invention may include dynamic gas retaining structures with expandable frameworks which are used to maximize the 

altitude to which the lifting gas will be effective to lift the airship. Such gas retaining structures may also be components of a 
10 · pressure vessel which will efficiently hold internal and external overpressures. Such a pressure vessel would function by reducing 

the pressure strain on any one gas retaining sttucture in a group of nested· gas retaining structures, i.e. a series of gas retaining 

structures each of which encloses gas ret8ining structures of lesser ,·olume. to a fractional value of the overall pressure diffinntial 
existing between the interior of the innermost gas retaining strueture and the exterior of the outermost gas retaining structure. A 
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similar pressure vessel is disclosed in United States Patent No. 4,228, 7S9. However, th~ "pressure-sustaining vessel" disclosed 

in that patent is limited to construction with "concentrically nested shells" and by the in!)lusioii of other limiting elements. 

The lifting capacity of the airship/spacecraft may be controlled by the partitioning of one or more of the gas retaining 

strucluleS with a flexible gas impenneable membrane within each gas retaining structure. Such a membrane would separate a gas 

retaining structure into gas tight companments that may each have the same potential volume as the volume of the gas retaining 

structure. A membrane within a gas retaining structure functions as a pump by which gas introduced into the gas retaining structure 

on one side of the membrane causes the gas on the opposite side of the membrane to Oxbaust tiom a port in the gas retaining 

structure. Such a flexible membrane may be a folded diaphragm. The separation of a gas fctaining SlrUCture into separate gas tight 

compartments with the use of a flexible folding diaphragm membrane is also inclu4ed in the invention. For ascent of the 

airship/spacecraft the partitioning of the gas retaining siructure is utilized to gradually introduce lifting gas into one or more of the 
gas retaining structures while exhausting·the atmospheric or other gases to be displaced by the lifting gas: thereby controlling the 

lifting capacity of the airship/spacecraft. ·Although the partitioning of gas tight envelopes is known ftom United States Patent No. 

4.032,08S, Dirigible, Especially Non-Rigid Dirigible, in which the gas containingpartitionsare"adapted to receivepressurewithout 

any substantial defonnation"; United States Patent No. 4,773,617. Lighter-Than-Air Craft, in which "gas tight bulkheads" that 

"divide" a "gas tight poc;ket into a plurality of sepaiate longitudinal compartments"; ind United States Patent No. S,OOS,783, 

Variable Geometry Airship, with "a flexible gas envelope which is fixed" to an airship frame, the shape of such envelope being 

changeable with "adjusting lines"; there does not appear to be any prior art concerning the division of a gas retaining structure by 

a Oexa"ble membrane which can separate the gas retaining structure into two compartments that may each have the same potential 
volume as the volume of the entire gas retaining structure to be thus divided. Also, there does not appear to be any prior art 

concerning the use of the flexible folded diaphragm membrane component for such companmentalization of gas retaining 

structures. or concerning the component itself. 

'lbe present invention uses the lifting gas as fuel for thrusters which then power on the flight of the entire 

airship/spacecraft. The present invention provides a single-stage launch vehicle which can use the airship structures as components 

of space-fiames and larger spacecraft. 

'lbe types of propulsion systems which create a propulsion force known as thrust to propel vehicles at high altitudes are 
the rocket motor and the jet engine. The propulsion force is the reaction force arising from jncreasing the backward momentum 

of a mass by the action of the propulsion system. In lhe case of the rocket motor. the rearward ejected mass comes from the 
propellant chemicals carried with the vehicle, and the backward momentum from the reaction between those propellant chemicals. 

In the case of the jet engine, addition of heat energy 10 a controlled flow of air passing through the jet engine increases the backward 

momentum of the airflow. 

Some of the features oflhe present in\'ention disclosed here as the "turbo-rocket thruster" relate to features of both jet 
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engines and rocket motors. The use of the hyphenated description "turbo" in the present invention relates to the inclusion in the 

present invention of a turbine ccfupr#Ssor driven by a gas turb~ne, as in a jet eni~!Jb;:l)The noun "rocket" relates to the fact that the 

present invention involves the ii~~~ ejection of mass which may come from the chemical reaction of propellant chemicals which 

are carried with the vehicle, in this case a reservoir of fuel in a gaseous state and a reservoir of oxidizer. Unlike conventional jet 

s engines which compress intaken air, the turbine compressor of the turbo-rocket thruster is used to compress intaken gaseous fuel, 

which may not olherwise have sufficient density for efficient combustion, to a state of greater density. Also, unlike conventional 

jet engines. the combustion of the gaseous fuel compressed by the turbine compressors takes place with a stored oxidizer which 

is injected into the compressed gaseous fuel stream. 

The use of gaseous hydrogen as fuel forpowerplants which compress air with turbine compressors is known from United 

IO States Patent No. S,O 12,640, The Combined Air-Hydrogen Turbo-Rocket Power Plant. The power plant disclosed in that patent, 

however, uses evaporating liquid hydrogen to drive a turbine which powers a rurbinecompressor to compress air into which gaseous 

hydR>gen is iajected for combustion, and does not use the turbine compressor to compress the hydrogen. Also, that power plant 

does not use stored oxidizer to bum the hydrogen, but uses the air which has been compressed for such combustion. 

lS Disclosure oflnvention 

The present invention is an airship/spacecraft that uses its lifting gas as fuel for thrusters to achieve transition from airship 

operation to space flight. Such thrusters may be of the turbo-type, which intake and may compress gaseous oxidir.erand/orgaseous 

fuel; of the rocket type, which use stored oxidizer; and/or hybrids of those types. At least one of the thnlsters must be capable of 

functioning without an atmospheric oxidizer, as in the case of a rocket thruster. Other thrusters may be employed to operate where 

20 an atmospheric oxidizer is available, as in the case of an atmospheric turbojet engine. Propeller thrusters may also be used for low 

altitude stahilmtion and maneuver. 

The lifting component of the ainihip is comprised of one or more gas reraining structures, which may be Oexible, as in 

the case of balloons and blimps; semirigid, as in the case of a gas retaining structure that is partially or completely supported by 

a mmework; or rigid, as in the case of dirigibles, in which a framework supports a hull, which itself may be a gas retaining 

25 structure, to contain other gas retaining structures, such as flexible gas bags. A gas retaining structure may also be a combination 

of the types described above. Each gas retaining structure comprises one or more conduits for nansporting gases into and out of 

the gas retaining structure. 

The airship in the present invention may also have a gas retaining structure with an integrated framework to restrict 

expansion and contractionorallow for flexion, expansion. and con1raction of the structure. An example of such a structure is shown 

30 in the diagrammatic view of the airship/spacecraft shown in FIG. 1 in which the the framework of the gas retaining structure is 

constmcted of toroidal elements. Such a framework may also be employed in a hull structure that contains gas bags, or be 

integrated with gas bags. Such a framework may also be dynamic, to effect controlled changes of size and shape of the framework 

and redistriQlation of framework stress. 

Agas retainingstructun:mayalso be comprised of a plurality of other gas retaining structures of oneormoreofthe types 

35 deseribed above ,hereinafter referred to as a "compound gas retaining structure". Such a compound gas retaining structure is shown 

in FIGS.Sand 6, but contained within a larger structure. which can also be a gas retaining structure. The component gas retaining 

struc:tures of compound gas retaining structures may contain gases different from one another in chemical composition which are 

under pressures different from one another, from the environment within a larger containing structure, which may also be a gas 

retaining structure, and/or from the external environment. 

40 Another kind of compound gas retaining structure is one in which gas retaining strucrures of various sizes are arranged 

as nested shells. as shown in FIGS. 7 and 8, in which a plurality of gas retaining structures are constructed so that a gas retaining 

structure contains another gas retaining structure, and where the containing gas retaining structure itselfis contained within another 

gas retaining structure, and soon. As with others of the compound type different shells of the nested structure may contain different 

gases. The pressure vessel is designed to sustain a pressure differential between its interior and its surroundings, by forming a hull 

4S from a multiplicity of such nested shells, including an innermost shell and several outer shells separated by intervening fluid filled 
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clearances, with a means for transporting fluid into and out of each of the nested shells. The pressure vessel may also have a means 

for adjusting and maintaining the individual pre~"'. in each fluid filled clearanc~ at a fractional value of the overall pressure . 

differential between the interjor of the: innennost shell and the outside. the sum ()f ihe individual pn:ssures in said clearances 

. equaling said overall pressure differential. Such a pressure vessel will efficiently hold' Internal and external overpn:ssures. and 

S would function by reducing the pressure strain on any one gas retaining struc:ture in a giJ>up ofnested gas retaining structures to 

a fractional value of the overall pressure differential existing between the interior of the ~ost gas retaining struc:ture and the 

exterior of the outennost gas retain!ng structure. 

When a compound gas retaining suucture functions as such a~ vesscl,·the structural demand on each component 

gas retaining stnacture is reduced by maintaining the differential in the pressure held beiWecn successively contained struc:tures. 

I 0 The pressure contained or withstood by each of the component structures would be ·red~ed to the pressure differential between 

the immediately successive component structures, thus pennitting lighter construction of the component structures. A compound 

gas retaining structwe also allows for control of the center of mass of the entire sll'licture by altering the density of the gases 

contained in the component sttuctures, either by pressure or composition. For example,~ system shown in FIGS. 7 and 8 would 
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always maintain an upright orientatiOn in an atmosphere iflbe density of the gas within the successively smaller nested structun:s 

were less than the next larger one. The same would also apply to the system shown in FIGS. S and 6 if the density of the gas in 

the component gas retaining structures is controlled sci that the center of mass of the sys~!:m is below its spatial center. 

The preferred embodiment places the thrusters on a structure which may include ~ntrols, machinery, lanks for fuel and/or 

oxidizer, and interior space for crew., passengers, cargo, or equipment, or all of them, which shall be hereinafter referred to as the 

spacccmft body. The spacecraft body may be separate from but connected to the gas ~ng structure as shown in FIG. I. An 

example ofa spacecraft body, which is shown diagrammatically in FIGS. l and 2, has 'thrusters which arc shown as spherical 

suuctures partially imbedded in the structure of the spacecraft body. Although the prefeiied embodiment separates the functions 

of the spacecraft body from the gas retaining SIJ'UCtUl'C, one or more functions of the ipacecraft body can be integrated with a gas 

ICtainingstrucrure. Indeed, the spaceCJaft body struc:ture may even be a compartment of a gas retaining structure. as shown in FIGS. 

9-11. The spacecraft body may include a fuel and oxidizer supply for thrusters, and may itself be a heavier--than-air lifting body, 

as shown in FIG. 2. detachable from the airship component and capable of gliding or powered flight. Comrol surfilces for 

BCIOdynamically controlling the spaC:ecraft body in ~ynamic flight can be included (or such operation. 

One object of the invention is to provide an airship which has sufficient buoyancy to rise vertically to and beyond an 

altitude of neutral buoyancy in the ~gion of the stratosphere/ionosphere and higher.· If~ region of the atmosphere at which the 

vehicle reaches neuttal buoyancy has sufficient atmospheric oxidizer for the combustion of fuel in an atmospheric oxidizer 

compressing thruster, thrust from .one or more such thrusters may be used to further the ascent of the airship. Where the 

atmospheric oxidizer compressing thrusters can not function because sufficient atmosp~ere cannot be compressed to provide 

atmospheric oxidizer for the combustion of fuel, thrusters which utilize stored oxidizer fot.0xidation of the fuel are used to further 

the ascent of the airship. During the application of thrust the flight path of the airshiplspiu:ecraft may be controlled by directing 

lbetbrust. 

Up to the point of the application of thrust. and by reason of operation in an atm~sphere of sufficient density to provide 

buoyancy, the airsbiplspaceeraft is, operated as an airship. However, when the· effect of buoyancy is insignificant, the 

aitsbiplspacecraft must be operated purely as a thruster powered spacecraft. The point ofuansition from operation as an airship 

depends in part on the altitude at which the airship reaches neutral buoyancy, which is the al~tude at which the density of the lifting 

gas will no longer provide a buoyant force to contribute to the ascent of the airship. The altitude of neutral buoyancy may be 

conbO.lled by the regulation of the density of the gas in gas retaining structures, either by \tenting to the atmosphere, rarefaction 

by pumping gas out. or by increasing the volume of gas retaining stnictun:s, as shown in ~e structural expansion from FIG. 12 

to FIG. lS, or a combination of thereof. The preferred method of increasing the altitude at which neutral buoyancy occurs is by 

increasing the volume of gas retaining structures. 

The gas retaining structure contemplated has the ability to withstand sustained internal and external ovcrpressures. The 

preferred gas retaining smicture is one constructed using one or both of the structural systems which arc the subjects of United 
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States Patent Application N08. :091276665 and 091276666. Such gas retaining suuctures can also be constructed to have the 

eapability of changing.volume Jkil's"#iape while maintaining sttucrural strengtb.~Mli~ver. gas n:taini11g structures so constnJc:ted 

have sufficient strength and size to include as components in the framework of permanent space platforms, space habitats, and 

spacecraft for space voyages. Thus, the gas retaining structure may also be used as the framework for centrifugal artificial gravity 

5 which can be generated by rotating circular arrays thereof, as sho\\n in FIGS. 16-19. 

The lifting capacity of the airship/spacecraft may also be controlled by the gradual introduction oflifting gas into the gas 

retaining structures while exhausting ballast gases, which may be atmospheric gases, preferably nitrogen. This may be 

accomplished without rhe mixing of the lifting gales with the ballast gases by partitioning one or more of the gas retaining 

structures with a flexible gas impenneable membrane within each. Such a membrane would separate the lifting gases being 

I 0 introduced into a gas retaining structure from the ballast gases being extracted by separating the gas retaining structure into two 

compartmenlS that may each have the same potential volume as the volume of the gas retaining structure. Such a membiane should 

be roughly of the same shape as one of the halva of the gaS retaining structure compartmentalized, and attached within the gas 

Jetaining structu~ so that separate gas tight compartments may be fonned by the walls of the gas retaining structure and the 

membrane. Such a membrane should be attached within the gas retaining structure so that it can be expanded to the shape of either 

15 half of the gas retaining stnaclUre. The membrane within the gas retaining structure also functions as a pump by which a fust gas 

introduced. into the gas retaining structure on one side of the membrane, the fiist side, with a greater pressure than a second gas on 

the opposite side of the membrane, the second side, will cause the second gas on the second side of the membrane to exhaust from 

a port in the gas retaining structure on the second side of the membrane. For ascent of the airship/spacecraft the partitioning of the 

gas retaining structure is utilized to gradually introduce lifting gas into one or more of the gas retaining structures while exhausting 

20 the ballast or other gases to be displaced by the lifting gas; thereby controlling the lifting capacity of the airship/spacecraft. This 

process is illustmted in the frames shown schematically in FIGS. 4a through 4i in which the hatched area 64 represents the 

compartment of the gas retaining structure 61 filled with lifting gases, and the blank area 62 the compartment of the gas retaining 

strucrure 61 tilled with ballast gases. The compartments are separated by the membrane 63 within the gas retaining structure 61. 

FIG. 4a shows the gas retaining structure 61 completely filled with ballast gases 62, with the membrane 63 laying against the 

25 boUom of the gas retaining structure 61. FIG. 4i shows the gas retaining structure 61 completely filled with lifting gases 64, and 

the l\1embrane 63 pressed against the top oftbe gas retaining structure 61. The remaining intennediate FIGS. 4b through 4h 

sequentially show the gas retaining structure 61 being increasingly occupied by the lifting gases 64 as the lower compartment 64 

of the gas retaining structure 6lis filled with lifting gases 64 and the lessening volume of the gas retaining structure 61 being 

occupied by the ballast gases 62 as they are pumped out of the upper compartment 62 of the gas retaining structure by the lifting 

30 gases 64 as they force the membrane 63 upward. Initially the lifting gases should be stored as liquid gases in tanks, which may 

be then evaporated and expanded in to a gaseous state for introduction into a gas retaining structure. 

JS 

The flexible membrane by which a gas Maining strucrure is separated into two gas-tight compartments may be a sheet 

material thin enough to confonn roughly to the shape of the bottom half and likewise the top half of the gas retaining structun: while 

maintaining its structural integrity and separation of the lifting gases from the ballast gases. The material would roughly fonn a 

flexible container which would approximate a part of a bag that would have roughly the same shape as the bottom half and likewise 

the top half of the gas retaining structure. If the gas reraining structure is sufficiently symmetrical the membrane may be a folded 

diapbmgm, as shown in FIGS. 3a and 3b as 66. and which may be expanded by pressure above or below to confonn roughly to the 

shape of the top or bottom of a gas retaining stnacture as shown in FIGS. 3a as 6S, the folds being shown as 66 therein and in FIG. 

Jb. A requirement for the material of the folded diaphragm membrane is that the material of the membrane itselfbe flexible enough 

40 so as to allow the expansion to approximate an interior half of the gas retaining structure. The fold creases in the membrane may 

be reinforced with a spring wire, which may be metal, polymer or other suitable material. The folds may also be pennanently 

fonned with the membrane by other methods, such as molding or casting. Although the example shown in FIGS. 3a and 3b has 

twenty (20)panefsand nineteen (19) folds, larger and small numbers of panels are possible. The larger number of folds and panels, 

the flatter the folded diaphragm membrane will be relative to the shape it has when expanded. 
45 Ballast exhaust may also be used ro provide thrust for rhe airship/spacecraft while moving through the atmosphere. 
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Ballas1 exhaust may be uansponcd through conduits from gas retaining structures with buoyancy lifting i;apacity control systemS 

to a t>allast exhaust gas thruster, which. has one or more directional thruster nozzles'(or ballast exhaust gases to direct the thrust of 

the exhaust. Such a ballast exhaust thnjstermay assist the lift and steering of the airsbiP/spacecraft. 

· The preferred lifting gas for the airship phase is diatomic hydrogen, whic~ pn>Vides the greatest lift and is a commonly 

used rocket fuel. The lifting force of diatomic hydrogen in air at sea level, both being at standard temperanue and pressure, is 

approximately 6S pounds per I ,000. cub~ feet of hydrogen. 

Depending on the lifting glll!es used and the .rapidity of the introduction of iiuch lifting gases into the gas retaining 

structures, a fully loaded airship/spac~raft may teach a venical \'elocity of 300 ~second by the time it reaches neutral 

buoyancy without the necessity to c:onSume any fuel for thrusting. With the advantage of the momentum provided by the 

acceleration due to buoyancy, the continued ascent of the airship into space as a spacecraft is then a result of the application of 

thruster power. With hydrogen as a lifting gas. hydrogen may be used as fuel at any time during the airship phase of the ascent. 

Secondary to being the lifting gas. hydrogen gas can tuel the thrusters in the transition !?om airship to spacecraft, and then tue1 

the spacecraft phase. As hydrogen is consumed by thrusters in the transition from ai~p to spacecraft, several effects oc:curwhich 

act to assist in the extension of the ascent of the airship: firstly, when hydrogen is pumped out to fuel the thrusters, with the volume 

of the involved gas retaining structure maintained. the density of the hydrogen in the gas retaining structure is reduced, resulting 

in the buoyant prolongation of the ascent; secondly, the total mass of the airship is ~ed by the consumption of hydrogen 

consumed by the thrustm from the gas retaining structure. resulting in a lesser and decreasing gravitational force on the airship. 

and thus a greater and increasing acceleration of the airship fora given strength of thrust; and. thirdly, when an atmospheric oxidizer 

is not available in sufticient quantity, consumption of stored oxidizer by the thrusters also reduces the overall mass of the ainhip 

and thus the effect of the weight of countering buoyancy. Together these effects contribute to the extension of the ascent of the 

ainbip. 

The thruster which intakes gaseous fUcl may be described as a "tUtbo-roc:ket thruster", and shall hereinafter be refcr=l 

to u such. A turbo-rocket thruster is a reaction tluusting power plant which uses a gaseous fuel and is capable of accelerating a 

spacecraft to sub-orbital and orbital speeds and altitudes. The turbo-rocket thruster niay be used on aircraft and spacecraft having 

a large reservoir of gaseous tuel combustible by oxidation, and in panicular as an integral component of the present invention. The 

turbo-rocket thruster can compress the gaseous fuel for efficient combustion with an injected oxidizer to produce reaction thrust. 

In the case of an airship which uses lifting gas that includes gaseous hydrogen, such~ lifting gas may serve as the gaseous fuel for 

the IUl'bo-roc:ket rhruster. The turbo-rocket thruster is panicularly suited to operate with hydrogen lifting gas, which may have been 

rarefied by an increase in volume of the scruc:ture in which hydrogen lifting gas is co~taincd, by compressing the hydrogen lifting 

gas with a turbine compressor. 

Although the turbo-rocket thruster hu been disclosed as operating by oxidizing a gaseous tuel, it may also operate with 

other combinations of propellant chemicals which react cxothennally or are otherwise productive in the release of energy in some 

Coma. Rcfaence herein to a propellant chemical also means a compatible mixture of propellant chemicals. In the latter case of 

operation of the turbo-thruster, a first propellant chemical is gaseous and intaken for compression as such, and the second propellant 

chcmical is either liquid or gaseous and injected into the compressed first propellant cheinical. 

The embodiment of the turbo-rocket thruster illustrated in FIG. 20 includes a cluct casing 1 which defmes a gas duct 2, 

which in tum defmes a gas intake 3, a combustion chamber 4, and an exhaust nozzle S, and surrounds an axial compressor stage 

6, a combustion chamber stage, and an axial turbine stage 7. The axial compressor stage 6 has at least one compressor rotor 8 

having a plwality of compressor blades 9 extending radially therefrom. The compressor rotor 8 of the axial compressor 8 and 9 

is located downstream of first stator guide vane l 0 which suppons a first hub 11 coaxially with the longitudinal axis of the gas duct 

2 10 n>tatably support the compressor rotor 8. The axial compressor 8 and 9 is dri~ via a shaft 19 by the axial turbine stage 7, 

which includes at least one turbine rotor 12 with a plurality of turbine blades 13 extending radially therefrom. The axial turbine 

12 and lJ is driven by the burning gaseous fuel passing across the turbine blades 13. The !Urbine rotor 12 of the axial turbine 12 

and 13 is located downstream of a second stator guide vane 14, which suppons the oxidizer injectors IS and in which the oxidizer 

injectorS IS are located. The second stator guide vane 14 suppons a second hub 16 coaxially with the longitudinal axis of the gas 



c;.--.. -.... --.. --r.•-. -.-~.__.,..,.,,..,... ..... • .,....~, ...,...""'!-~ .""""!' .. ··-~·. 

W000/66425 PCl'/US00/0!1617 

duct 2 to also rotatably suppon ,the compressor rotor 8 with the first hub 11. The turbine rotor 12 of the axial turbine 12 and 13 

is located upstream of a. third s~!~r ~uide vane 17, which suppons a third hub;ltl;~~ially with the longitudinal axis oflhe gas 

duct 2 to also rotatably suppon. 'together with the second hub 16, the turbine rotor 12. 

The operation of the rurbo-rocket thruster commences with the intaking 2 of gaseous fuel 20 drawn from one or more 

5 reservoirs, or from the upper atmosphere, by the axial compressor 8 and 9. With compression by the axial compressor 8 and 9 the 

gaseous :fuel is sent to a combustion chamber 4 to be mixed with an injected 15 oxidizer for ignition and burning. The energetic 

products of the combustion of the gaseous fuel then flow through and power the axial turbine 12 and 13, which is connected to and 

powers the axial compressor 8 and 9 via a shaft 19 and/or transmission. The energeric exhaust gases 21 then exit ftom the exhaust 

nozzle S to the space outside the gas duct 30 to provide reaction thrust 

10 Gaseous fuel is supplied to the turbine compressor 8 and 9 from a gas reservoir by at least one gaseous :fuel pipe 22. The 

process of supplying gaseous fuel to the turbo-rocket thruster may be assisted by electromagneticaDy accelerating the gaseous tUel 

to the intake. pumping. including ultrasonic pumping, pre-compression, and contraction of the gaseous filel reservoir. 

1'he cin:uit for supplying oxidizer to the supply tube 23 stans at an oxidizerreservoir24 storing oxidizer having an outlet 

connected to pwnp 25 which may pump the oxidizer from the n:servoir 24 into supply tube 23. An oxidizer such as liquid oxygen 

1S may be first pumped 25 through a heat exchanger 26 in.eluded in the third stator guide vane 17 in the exhaust nozzle 5 so as to 

absorb the heat of the exhaust gases passing through the exhaust nozzle S and cool the third stator guide vane 17. The temperature 

of the liquid oxygen passing through lheheat exchanger26 is raised and rhe liquid oxygen vaporized so that gaseous oxygen passes 

through a supply tube 23 connected to the outlet of the heat exchanger 26. Liquid oxygen may also be made to pass through another 

beat exchanger consisting of tubes around and through the casing I of the exhaust nozzle Sand the lhird hub 18 so as to absorb heat 

20 from the exhaust gases 21 and thereby initially raise its temperature and cool the exhaust nozzle S and the third hub 18. 

Under certain operating conditions. or for certain oxidizers useable without vaporization prior to injection into the 

eombustion chamber, the heat exchanger 26 may be bypassed by allowing the qxidizer to flow through bypass tube 27 and 

subsequently into supply tube 23 by the use of the tlJree.way, three-port valves 28 and29. 

1be process of supplying hydrogen, or other lifting gas that may be used as filel. to such a thruster may be assisted by 

25 clecuomagnetically accelerating the gas to the intake, pumping, including ultrasonic pumping, and pre-compn:ssion. Contracting 

the gas retaining structures is another means for assisting the extraction of gas from gas retaining structures for supplying fuel to 

the thrusters, such as the tiansition shown between FIGS. 12 and 14. Such supply of fuel gas from a gas retaining structure may 

be direct by intake from a gas retaining structure. with or without baffles. or by pipes, ducts. or other gas conduits, or one or more 

of same used in combination. 

30 Anodlertype ofthnistercanoperatewherethe hydrogen is rarefied in the gasretaining structures, but with an atmospheric 

oxidiz.er, an example of which is shown in FIG. 21, in which a thruster as shown in FIG. 20 is combined with a thm.ster that intakes 

a gaseous oxidizer to form a dual thruster. The general configuration is similar to dual turbojets, but with a common combustion 

chamber. Such a thruster intakes 31 and compresses 32 filel gas 39 drawn from gas retaining structures with a first compressor 

32. and sends it to a combustion chamber 34 where it is mixed with a gaseous oxidi7.er 40, which may be drawn from the 

3S atmosphen: 41 and compmsed 42 by a second compressor 42, for ignition and burning in the common combustion chamber 34, 

44. The energe1ic products of combustion then flow through and power two turbines 36, 46, each of which are connected to and 

power the compresson 32, 42 via their n:spective shafts 35. 4S and/or transmissions. The energetic exhaust gases 3&, 48 then exit 

from the exhaust area37, 47 to the space outside the airship/spacecraft system to provide reaction thrust. 

Two configurations of such a dual thruster are possible! one of which is to provide injected oxidizer only to the bydrogen-

40 intake side of the dual system with a means for mechanical division of the combustion chamber to isolate it from the oxidizer­

intake side, which may be used with injected fuel; the other is to provide injected oxidizer to both sides of the dual system shown 

in FIG. 21, with both sides intaking fuel gas. The operation of each component thruster of such a dual thruster could also be 

isolated from the other by one or more mechanical doors separating the gas flows in each in the region where the combustion 

chambers may be joined. 
45 Conventional surface rocket launched and powered spacecraft are designed to make the thrust of the rocket engines as 
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large as possible by ejecting mass as rapidly as possible and with the highest possible relative speed. A rapid consumption of fuel 

and oxidizer also reduces the mass of the ~t that is being accelerated., and thus the acecleration of the rocket is thus~­

In the launching of spacecraft from the surface of the eanh rapid consumption of fuel is considered to be an advantage. provided 

that the spacec:zaft and its conrents can survive and endure the extreme acceleration. , .· 

S In the case of the present invention g-forccs in the buoyant ascent throtigh ihe atmosphere to space flight would be 

significantly moderated by the lack of the necessity for the rapid bum-oft' of weighty fuel c:Juring that phase of operation. inasmuch 

as activation of the thrusters is not necessary until after the airship has reached neutral buoyancy. The airship may have significant 

upward momentum at the point of neutral buoyancy. the airship having accelerated upWafd during buoyant ascent in overcoming 

gravitational foree. The regulation of such acceleration of the airship/spacecraft during buoyant ascent by the regulation of the 

10 buayanc:y is inherem in the airship aspeci of the present invention. The reduction of the level of g-forces is also possible for the 

descent from space flight and can be accomplished with conm>lled deceleration by retrofiring of thrusters, rather than by 

uncontrolled atmospheric braking. so that the speed of the spacecraft is slowed to the extcmt that airship buoyancy will provide the 

braking for descent. Neutral buoyancy will occur at a higher altitude as a result of the lower density of the gases in one or more 

gas retaining structures. The gas retaining structures may contain hydrogen that was collected in space or unconsumed in the 

lS ascending flight, and thus available to fuel thrusters for further retrofiring. The gas retaining structures may also have hydrogen 

and atmospheric gases in separate compartments of one or more of gas retaining structures. The rest of the descent is then 

accomplished as an airship using the atmosphere as ballast by gradually increasing the· density of gas within one or more gas 

mention structures. 

20 
The method by which an airShip/spacecraft may attain orbit after being laun~ from a the surface of a planet such as 

the earth commences with the launch of the airship/spacecraft with detachment from its moi>ring,jettisoning solid or liquid ballasts, 

thus permitting ascent of the airship/spacecraft as a lighter-than-air airship. During the 8l!CClll the buoyant force is regulated by 

the gradual introduction oflifting gases into the gas retaining structures of the airship/spacecraft and the concummt exhaustion of 

ballast gases to the atmosphere. The initial ballast gases would best be gases that could not react with the lifting gases undernonnal 

conditions, such as nitrogen if the lifting gas was hydrogen. Nitrogen could also serve .Sa lifting gas. especjally if was heated 

25 and/or maintained at a lower density in the gas retaining structures than that of the density of the aunospbere outside of the 

airship/spacecraft. The introduction of the lifting gas into the gas retaining structure shOuld proceed as rapidly as neccssaiy to 

maintain the upward acceleration required to reasonably maximize the momentum of the airship/spacecraft at neutral buoyancy, 

to maximize the altitude at which neuttal buoyancy occurs, and to minimize the acceleration experienced by the airship/spacecraft, 

30 

JS 

40 

4S 

its load. and its occupants. As the lifting gases are inuoduced into the gas reraining structures the tanks in which Ibey were stored 

as liquid or otherwise should be jettisoned to reduce the mass of the airship/spacecraft. At the point of maximum venical velocity 

due to buayanc:y acceleration. the thrusters of the airship/spacecraft Should be activated. In the preferred embodiment of this 

method the activation of the thrusters should occur when lhe mass of the airship/spacecraft was at a minimum in its buoyant ascent, 

that is when all of the ballast gases had been exhausted and the tanks that bad been emptied ofliquid lifting gas had been jettisoned. 

At such a point the airship/spacecraft may .reach a vertical velocity as great as 300 meters/second without having eonsumed any 

fuel for thrusting. With such advantage of the momentum provided by the acceleration due to buoyancy, the continued ascent of 

lhe airship imo space as a spacecraft is then a result of its operation under thruster power. In the preferred embodiment of the 

method, such thruster power is fueled by the lifting gas which is diatomic hydrogen, and is produced by fuel breathing turbo-rocket 

thrusters. 

At the time of launch the airship/spacecraft has a horizontal velocity which is the same as the tangential velocity of the 

surface of the rotating plane at the latitude of launch. Such motion is largely the same as the atmosphere as it rotates with the 

planet. Such horizontal velocity should not be augmented or countered by acceleration from thrusting at an altitude below fifty · 

miles to minimize atmospheric drag and less productive expenditure of fuel. Above about SO miles the climb angle of the 

airsbipfspacecraft should be adjusted by redirecting the thrusters on the spacecraft body to increase the horizontal component of 

accelcnuion to bring the airship/Spacecraft· to the appropriate rangential velocity for injection into the orbit desired. Such an 

increase in tangential velocity also results in an increase in the centrifugal lifting force. The continued lifting with thrusters to the 
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orbital altitude desired, augmented by buoyancy and centrifugal acceleration, is gradually decreased with the increase in the 

tangential velocity to the point \Y~iat orbital injection, there should be a very small,componcntofvelocitythat is vertical relatlve 
. ~;~· ~ • .. · ';: . 

to the horizontal velocity of the airship/spacecraft. The completion of the method is the adjustment of the tangential velocity for 

orbital injection at the chosen altirude. 

S A method for sub-otbital travel from one location on the surface of a planet such as earth to another location on the 

surface of the planet may be derived as a variation of the method of attaining orbit. The tangential deceleration and descent 

requited may commence with retrofiring of the thrusteB and the effect of increasing buoyancy at a point where approximately half 

of the ground distance to the destination point on earth has been traveled by the airship/spacecraft. 

A method for travel from an orbit about a planet such as the earth to the surface of the planet may be initiated with the 

10 retrofiring of thrusters to reduce tangential velocity and reduce descent velocity to the same levels as occurred during ascent at an 

altitude of approximately 50 miles. At this point, which is directly above the destination on the surface of the planet. the only 

tangential velocity that the airship/spacecraft should have is approximately the tangential velocity of the surface of the planet at 

the surface destination. Also atthis point, a number of die gas retaining structuresshould be near vacuum. and should start to take 

on ballast gases as the external pn:ssun: increases with the descent through the atmosphere. However, the density of the gases in 

ts the gas n:taining structures should be regulated to regulate the buoyancy thereof so as to reduce the velocity of descent to avoid 

atmospheric friction heating and adverse deceleration effects on the load and occupantsoflhnirship/spacecraft. Below the altitude 

ofneuttal buoyancy. the descent may be regulated by controlling die buoyancy of the airship/spacecraft and retrofiring of thrusters. 

Law:ting of the airship/spacecraft is then as an airship augmented by thruster lift and control. 

The airshiplspacecraftandmethodsfortransition to space navel disclosedhereinareadaptable tootherplanet-atmosphere 

20 systems. and are not intended to be limited solely for use in the eanh system. 

2S 

While the invention has been disclosed in connection with a preferred embodiment, it will be understood that the~ is no 

intention to limit the invention to the particular embodiment shown, but it is intended to coverthevariousaltemativeand equivalent 

eonstructions included within the spirit and scope of the appended claims. 

Brief Description of the Drawings 

FIG. l is a diagrammatic side view of the airship/spacectaft. 

FIG. 2 is a diagiammatic perspective view of the spacecraft body of the airship/spacecraft shown in FIG. t. 

FIG. 3a is a diagrammatic side view of a diaphragm membrane for compartmentalization of gas retaining structures expanded 

(above). and (in cross-section) folded (below). 

30 FIO. lb is a perspective view of the diaphragm membrane shown in FIG. 3a. 

3S 

FIGS. 4a through4i are schematic side views ofa gas retaining structure separated into two gas-tight compartments with a flexible 

membrane in the sequence of the process of introducing gas into the lower compartment and exhausting gas from the upper 

companment. 

FIG. 5 is a diagrammatic side cutaway view of a gas retaining structure containing other separate gas retaining structui:es. 

FIG. 6 is a diagrammatic perspective cutaway view of the gas retaining structure shown in FIG. S. 

FIG. 7 is a diagrammatic side cutaway view of nested gas retaining structures. 

FIG. 8 is a diagrammatic perspective cutaway view of 1he nested gas retaining structures shown in FIG. 7. 

PIG. 9 is diagrammatic perspective view from below of an airship/spacecraft with a structurally integrated spacecraft body. 

40 FIG. 10 is a diagrammatic perspective cutaWay view from below of the airship/spacecraft shown in FIG. 9. 

45 

FIG. 11 is a fragmentary view of the region of cutaway shown in FIG. 10. 

FIG. 12 is a diagrammatic side view of the airshipispacecraft with a gas n:taining structure constructed of toroidal structural 

elements and with a spacecraft body designed for imegration into a space structute. 

FIG. 13 is a diagrammatic perspective view from below of the airship/spacecraft shown in FIG. 12. 

FIG. 14 is a diagrammatic side view of the airship/spacecraft shown in FIG. 12 with a contracted gas retaining structure. 
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FIG. 15 is a diagrammatic side view of the ainhip/spacecraft shown in FIG. 12 with an expanded gas retaining structure. 

FIG. 1 ~is a diagrammatic perspective view from abo,•e of a space structure comprised o_f an array of three of the airship/spacec:mft 

shown in FIG. 12. 

FIG. 17 is a diagrammatic perspective view of a space structure comprised of a linear array of six of the space structures shown 

5 inFIG.16. 

FIG. 18 is a diagrammatic perspective view from above of a space struchlre comprised of an array of six of the airship/spacecraft 

similar to that shown in FIG. 12. 

FIG. 19 is a diagrammatic perspective view of a space struchlre comprised of a linear array often of the space structwcs shown 

inFIG.18. 

1 o FIG. 20 is a longirudinal sectional view of a thruster which operates by turbo-compression of hydrogen and combustion with 

injected oxidi7.er. 

FIG. 21 is a diagrammatic perspective view of a dual thruster which operates by separate tuJbo.compression of hydrogen and 

atmospheric oxidi7.er and mixing for combustion. 

15 Best Mocie for Carrying Out Invention 

20 

Although the ainhip/spacecraft which uses lifting gas as fuel for thrusten to attain orbit may be utilized with various 

types of thrusters and gas retaining structures, the best mode of the invention includes components which are also inventive, such 

as the turtJo.rocket thruster, gas retaining structures companmentalized by a flexible membrane, ballast exhaust thrusten, and 

pressure vessel gas reraining structures, as part of the present invention. 

lnduslrial Applic&bility 

Objects of the invention are to provide: an airship which has sufficient buoyancy to rise vertically to an altitude of neutral 

buoyancy in the region of the stratosPherelionosphere; an airship/spacecraft which uses its lifting gas as fuel for thrusters to power 

it to sP8CC flight; and, an airship/spacecraft that can descend to a planet's surface from space flight. It is also an object of the 

25 invention to reduce g-fon:es and atmospheric friction beating during ascent and descent It is also an objectofthepresentinvention 

to provide a reaction thrusting power plant which uses a gaseous fuel and is capable of accelerating a spacecraft to sub-orbital and 

mbital speeds and altitudes. 

30 

35 

40 

45 
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CLAIMS 

What I claim as my invention is! 

Claim l. An aitshlp/spacccraft: comprising: 

one or more gas retaining structures; 

a Spacecraft body connected to one or more gas retaining structures; 

one ormDM lifting gases; 

one or more thrusters fueled with a lifting gas; and 

--""""'-~---------·-- ··-
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a means of supplying a lifting gas from one or more gas retaining slnlctures to one or more thrusters. 

10 Claim 2. The airship/spacecraft of claim l wherein one of the lifting gases is hydrogen. 

Claim 3. The ailship/spacecraft of claim 1 wherein one of the lifting gases is heated nitrogen. 

Claim 4. The airship/spacecraft of claim l wherein the gas retaining structures are torsion structures. 

Claim S. The airship/spacecraft of claim 1 further comprising a means for controlling the volume of one or more of the gas 

retaining Struc:tutes. 

lS Claim 6. The ailShip/spacecraft: of claim 1 filrther comprising a means for controlling the density of the gas in one or more of the 

· gas retaining structures. 

Claim 7. The airship/spacecraft of claim I wherein the lifting gas is intaken and compressed by the thrusters that are fueled with 

lifting.gas. 

Claim 8. The ainhlp/spacccraft of claim I further comprising one or more dual thrusters that separately intake and compress lifting 

20 gas and atmoSphcric oxidizer for combustion. 

Claim 9. The airsbiplspacecraft of claim 1 wherein the spacecraft body is detachable from the buoyancy lifting component of the 

airship/spacecraft for independent aerodynamic flight. 

Claim 10. The aitshiplspacecraft of claim 1 wherein the spacecraft body has control surfaces for aerodynamically controlling the 

spacecmft body in atmospheric flight. 

2S Claim 11. The airship/spacecraft of claim I further comprising a means for direction of the thnlst of one or more of the thrusters. 

Claim 12. The airship/spacecraft of claim l further comprising a framework for a bull the shape of which is changeable under 

control. 

Claim 13. The airship/spacecraft of claim 12 further cOlllprising a framework hull which is also a gas retaining structure. 

Claim 14. A piessute vessel designed to sustain a pressure differential between its interior and its surroundings, comprising: a hull 

30 fanned from a multiplicity of nested shells including an innennost shell and several outer shells separated by intervening fluid filled 

clearances. 

Claim 1 S. The pressure vessel of claim 14 further comprising a means for transporting fluid into and out of each of the nested 

shells. 

Claim J 6. The prasure ves.sel of claim 14 further comprising a means for maintaining the individual pressure in each fluid filled 

JS clearance at a fiactional value of the overall pressure differential between the interior of the innermost shell and the outside, the 

sum of the individual pressures in said clearances equaling said ovcmll pressure differential. 

Claim 17. A pressure vessel comprising a hull fanned from a multiplicity of nested gas retaining structures including an innermost 

gas retaining structure and seveml outer gas retaining structures separated by intervening fluid filled clearances_ 

Claim 18. A pressure vessel comprising a hull formed from a plurality of nested gas retaining structures including an innermost 

40 gas remining structure and a plurality of outer gas recaining structures separated by intervening gas filled clearances. 

Claim 19. The pressure vessel of claim 17 or claim 18 further comprising a means for transporting fluid into and out of each of 

the nested gas retaining structures. 

Claim 20. The pressure vessel of claim 17 or claim 18 further comprising a means for maintaining the individual pressure in each 

gas filled clearance at a fractional value of the overall pressure differential between the interior of the innermost gas retaining 

45 structure and the outside, the sum of the individual pressures in said clearances equaling said overall pressure differential. 
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Claim 21. The pressure vessel of claim 17 or claim 18 in which the gas recaining sttuctures are compound gas retaining structures. 

Claim 22. A buoyancy lifting capacity co~trol system comprising: 

a flexible gas impcnneable membrane attached within an airship gas reraining structure ; 

said membrane being roughly of the same shape o{one of the halves of the gas retaining S1JUC1Ure, 

5 so that said membrane can be expanded to the shape of either half of the gas retaining structure; 

which panitions the gas retaining structure so that separate gas tight compartments may be fonned by the walls of the gas n:taining 

structure and said membrane; 

so that each gas tight compartment may each have approximately the same volume as the volume of the gas retaining structure 

when the membrane is ful~y exjianded. 

I 0 Claim 23. The buoyancy lifting cap~ty control system of Claim 22. wherein a she~t material thin enough to conform roughly to 

the shape of one half of the gas retaining structure while maintaining its structural integrity and .separation of the gases on either 

side of the membrane. 

Claim 24. The buoyancy lifting caPai:ity control system of Claim 22, wherein the flexible membrane is a folded diaphragm. 

Claim 25. The buoyancy lifting capacity control system of Claim 24, wherein the folded diaphragm flexible membmne is of a 

IS sufficiently flexible material so that the membmne can expand to approximate the shape of a half of the gas retaining structure. 

Claim 26. The buoyancy lifting capacity control system of Claim 24, wherein the fold creases in the folded diaphragm flexible 

membrane arc be reinforced with a spring wire, 

Claim 27. The buoyancy lifting capacity control system of Claim 24, wherein the folds in the folded diaphragm flexible membrane 

are pennanently fonncd with the ml!mbnnc. 

20 Claim 28: The buoyancy lifting capacity control system of Claim 20, wherein the flexible membrane functions as a pump to . 

exhaust a second gas fiom the gas retaining structure motivated by the introduction ofa first gas into the gas retaining structure . 

on one side of the membrane, the first side, with a greater pressure than a second gas on the opposite side of the membrane. the 

second side, so that the second gas on the second side of the membrane is exhausted from a pon in the gas :retaining structure on 

the second side of the membrane. 

2S Claim 29. The buoyancy lifting capacity control system of 28, wherein the second gas is ballast gas. 

Claim 30. The buoyancy lifting cai>Bcity control system of Claim 29, wherein the balWt gases exhausted from a pon in a gas 

retaining structure is piped to thruster nozzles. 

Claim 31. The buoyancy lifting capacity control system of Claim 28, wherein the f11St gas is lifting gas. 

Claim 32. The buoyancy lifting capllcity control system of Claim 31, wherein the lifting gases are stored as liquid gases in tanks 

30 for expansion into a gaseous state for introduction into a gas retaining sttueture. 

Claim 33. A ballast exhaust gas thruster comprising: 

one or more buoyancy lifting capacity control systems; 

conduits for ballast exhaust gases from gas retaining s1n1ctures with buoyancy lifting capacity control systems; and 

one or more directional thruster nozzles for ballast exhaust gases to direct the thrust or the exhaust; 

35 so that lift and steering of the airship/spacecraft an: assisted. 

40 

Claim 34. A buoyancy lifting component of the airship/spacecraft comprising: 

one or more gas retaining srruccures; 

one or more lifting gases; . 

one or more ballast gases; and 

one or more buoyancy liftin~ capacity control systems. 

Claim 3S. The buoyancy lifting component or the airship/spacecraft: of claim 34 wherein the gas retaining structures are torsion 

structura. 

Claim 36. The buoyancy lifting component of the airship/spacecraft of claim 34 wherein the gas retaining structures are toroidal 

tonion slrUetUrcS. 

45 Claim 37. The buoyancy lifting com~ncnt of the airship/spacecraft of claim 34 further comprising or more ballast exhaust gas 
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c;Iaim 38. The buoyancy lift~;.i:orilponent of the airship/spacecraft of claim 34 fbtiher comprising a means for controlling the 
. :. ~ 

volume of one or more of the gas retaining structures. 

Claim 39. The buoyancy lifting component of the airship/spacecraft of claim 34 further comprising a means for controlling the 

S density of the gas in one or more of the gas retaining structures. 

Claim 40. The buoyancy lifting component of the airship/spacecraft of claim 34 wherein the one or more gas retaining structures 

arc compound gas retaining structures. 

Claim 41. The buoyancy lifting component of the airship/spacecraft of claim 34 wherein one or more gas retaining structures are 

nested to fonn a pressure vessel. 

10 Claim 42. A method of controlling ascent of an airship with a buoyancy lifting capacity control system comprising: 

(a) tilling the membrane partitioned airship gas retaining structures with ballast gases on one side of the membrane so that the 

compartment on the opposite side of the membrane is empty; 

(b) introducing lifting gas into such empty compartment; 

(c) exhausting the ballast gases as they are displaced by the expansion of the compartment into which the lifting gas is being 

1 s introduced; 

so that a chosen value for vertical acceleration of the airship is maintained as desired. 

Claim 43. The method of claim 42 wherein the step of introducing lifting gas is performed so that the introduction oflifting gas 

is gradual. 

Claim 44. The method of claim 42 wherein the step of exhausting the ballast gases is pcrfonned so that the exhaustion of the ballast 

20 gases is gradual 

Claim 45. The method of claim 42 wherein Ibo steps of introducing lifting gas and exhausting the ballast gases are performed 

simultaneously. 

Claim 46. The method of claim 42 wherein the step of exhausting the ballast gases is perfonnedso that the exhaustion of the ballast 

gases is directed to provide directional thrust for the airship. 

25 Claim 47. The method of claim 42 wherein the step of exhausting the ballast gases is performed so that the exhaustion of the ballast 

gases is assisted by an exhausting means. 

Claim 48. The method of claim 42 wherein the step of exhausting the ballast gases is perfonned so that the ballast gases are 

exhausted fiom a port in the gas retaining structure on the ballast gas side of the membrane. 

Claim 49. The method of claim 42 wherein the steps of introducing lifting gas and exhausting the ballast gases arc perfonned 

30 without the mixing of the lifting gas with the ballast gases. 

Claim SO. The method of claim 42 wherein the step of introducing lifting gas is preceded by the expansion to a gaseous state of 

lifting gas stored as a liquid in tanks. 

Claim S 1. An Wrship/spacecraft array comprising a plurality of connected airship/spacecraft. 

Claim 52. A method for providing centrifugal artificial gravity comprising: rotating an aiishiplspacecraft array at sufficient 

JS rotational velocity. 

Claim 53. A gaseous-fuel breathing, stored oxidizer turbo-rocket thruster comprising: 

(a) a gas duct defining a gaseous-fuel intake; 

(b) a source of gaseous fuel; 

(c) a souree of stored oxidizer: 

40 (4) a compressor means for compressing gaseous fuel. the compressor means being disposed axially within the gas duct; 

(e) injector means to inject oxidizer into the compressed gaseous fuel so that the oxidizer mixes with the compressed gaseous fuel; 

(f) a turbine means operatively associated with the compressor means to drive the compressor means, the turbine means being 

disposed axially within the gas duct, wherein the rurbine means is driven by the gaseous fuel burning with the oxidizer; and 

(g) a nozzle means operatively associated with the gas duct to exhaust gases from the gas duct. 

45 Claim 54. The turbo-rocket thruster of claim 53, further comprising a heat exchange means interposed between the stored oxidizer 
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source and the oxidizer injectors to raise the temperature of the oxidizer before entering the combustion chamber and to cool at least 

one component of the nozzle means. 

Claim SS. The turbo-rocket dlruster of claim 53, wherein the source of gaseous fuel is a reservoir of such gaseous fuel 
. ... ' I 

Claim 56. The turbo-rocket thruster of ~laim S3, wherein the gaseous fuel is hydrogen.; 

5 Claim 57. The turbo-rocket thruster of claim 53, wherein the compressor means C!)lllptjses an axial compressor for compressing 

gaseous fuel, the axial compressorC91Dprising at least one compressor rotor, each compre~rotorhavingapluralityof compressor 

blades extending radially therefrom. ~d ~isposed within the gas duCL · ·· 

Claim 58. The turbo-rocket thruster of claim 53, wherein the turbine means compri5es an axial turbine for driving the rmnpi:essor 

means, the axial turbine comprising at least one turbine rotor, each turbine rotor havins, a plurality of turbine blades c:xtending 

10 radially therefrom and disposed within the gas duct. 

Claim 59. The turbo-rocket thruster of claim SJ, further comprising a pump means to pUmp the oxidizer from the soun:e of stored 

oxidizer through the oxidizer circuit to the injector means. 

Claim 60. A turbo-rocket thruster comprising: 

(a) a gas duct defming a gaseous-fuel intake; 

IS (b) a source of gaseous fuel; 

(c) a source of stored oxidizer; 

(d) a turbine compressor for compressing gaseous fuel,· the turbine compressor being disposed axially within the gas duct; 

(e)oneormorc injectors to inject oxidizer into the compressed gaseous fuel so that the oxidizer mixes with thecomprasedgascous 

fuel; 

20 CO a gas turbine operatively associated with the turbine compressor to drive the turbine coq>reSSOr, the gas turbine being disposed 

axially within the gas duct, wherein the gas mrbine is driven by the gaseous fuel burning with the oxidizer; and 

(g) a nozzle operatively associated with the gas duct to exhaust gases from the gas duct. 

Claim6 l. The turbo-rocket thruster of claim 60, further comprising a heat exchanger interposed betweenthestorcdoxidizersource 

and the oxidizer injectors to raise the temperature of the oxidizer before entering the: combustion chamber and to eool at least one 

2S component of the nozzle. 

Claim 62. The turbo-rocket thruster of claim 60, wherein the source of gaseous fuel is a reservoir of such gaseous fuel. 

Claim 63. The turbo-rocket thruster of claim 60, wherein the gaseous fuel is hydrogen. 

Claim 64. The turbo-rocket thruster of claim 60, wherein the turbine compressor comprises an axial compressor for compressing 

gaseous fuel, the axial compressor comprising at least one compressor rotor, each comprcssc;irrotor having a plurality of compressor 

30 blades extending radially therefrom and disposed within the gas duct. 

Claim 65. The turbo-rocket thruster of claim 60, wherein the gas turbine comprises an axial turbine for driving the turbine 

compressor, the axial turbine comprising at least one turbine rotor, each turbine rotor havi11g a plurality of turbine blades extending 

radially therefrom and disposed within the gas duct. 

Claim 66. The turbo-roc:lc:et thruster of claim 60. tbnhercomprising a pump to pump the oxidizer from the source of stored oxidizer 

35 through the oxidizer circuit to the injectors. 

Claim 67. A turbo-rocket thruster comprising: 

(a) a gas duct defining a gaseous-fuel intake; 

(b) a source of gaseous first propellant chemical; 

(c) a source of second propellant chemical; 

40 (d) aturbinecompressorforcompressing the gaseous first propellant chemical, theturbinecompressorbeingdisposedaxiallywithin 

the gas duct; 

(e) one or mare injectors to inject the second propellant chemical into the compressed gaseous first propellant chemical so that the 

second propellant chemical mixes with the compressed gaseous first propellant chemical; 

(t) a gas turbine operatively associated with the turbine compressor 10 drive the turbine compressor, the gas turbine being disposed 
4s axially within the gas duct, wherein the gas turbine is driven by the gaseous first propellant chemical reacting exothermically with 
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the second propellant chemical; and 

. (g) a nozzle operatively associltea iiiith the gas duct to exhaust gases ftom t~·gas fiuct. 

Claim 68. The turbo-rocket thruster of claim 67, wherein the source of gaseous first propellant chemical is a reservoir of such 

gaseous first propellant chemical. 

S Claim 69. The turbo-rocket thruster of claim 67. futther comprising a heat exchanger interposed between the second propellant 

chemical source and the second propellant chemical injectors to raise the temperature of the second propellant chemical before 

entering the combustion chamber and to cool at least one component of the nozzle. 

Claim 70. The turbo-rocket thruster of claim 67, wherein the turbine compressor comprises an axial compressor for compn:ssing 

the gaseous first propellant chemical, the axial compressor comprising at least one compressor rotor, each compressor rotor having 

10 a plurality of compressor blades extending radially therefrom and disposed within the gas duct. 

Claim 71. The turbo-rocket thruster of claim 67. wherein the gas turbine comprises an axial turbine for driving the turbine 

compressor, the axial turbine comprising at leastone turbine rotor, each turbine rotor having a plurality of turbine blades extending 

radially therefrom and disposed within the gas duct. 

Claim 72. The turbo-rocket thruster of claim 67, further comprising a pump to pump the second propellant chemical ftom the 

IS souice of stored second propellant chemical through the second propellant chemical circuit to the injectors. 

Claim 73. A method of extracting fuel gas from a gas retaining structure comprising the step of contracting the ihuneworic of the 

gas retaining structure. 

Claim 74. A multi-turbo-rocket thruster comprising: 

a plurality of turbo-rocket thrusters connected so that the thrusters have a common combustion chamber: 

20 a somce of gaseous tUel; 

a source of oxidizer; and 

one or more mechanical doors separating the gas flows of the turbo-rocket thrusters from each other when said mechanical doors 

are closed. 

Claim 15. The multi-turbo-rocket thruster of claim 74, wherein the oxidizer is atmospheric oxygen intaken by one or more of the 

25 thrusters and the gaseous fuel is intaken by the remaining thrusters and burned with the atmospheric oxygen in the common 

combustion chamber. 

Claim 76. The multi-turbo-rocket thruster of claim 74, wherein gaseous met is intaken by all of the thrusters and burned with 

injected stored oxygen. 

Claim 77. The multi-turbo-rocket thruster of claim 74. wherein the combustion chamber doors are closed and gaseous tUel is 

30 intaken by one or more of the thrusters and burned with injected stored oxygen and atmospheric oxygen is intaken by one or more 

of the remaining thrusteis to bum injected fuel. 

Claim 78. A method for attaining orbit about the earth with an airship/spacecraft following launch ftom its moorings and jettison 

ofballast, comprising lhe steps of. 

(a) regulaling the buoyancy of the gas retaining structures of the airship/spacecmft to control the ascent of the airship/spacecraft; 

35 (b) activating one or more thrusters of the airship/spacecraft at approximately the altitude of neutral buoyancy; 

(c) continuing the ascent of the airship/spacecraft with the application of ihNster power; 

(d) decreasing the climb angle of lhe airship/spacecraft; and 

(e) increasing the tangential velocity of the airship/spacecraft to oi:bital velocity while decreasing the climb angle. 

Claim 79. The method of claim 78 wherein the step of regulating the buoyancy includes introduction of lifting gases into the gas 

40 retaining structures of the airship/spacecraft and the concurrent exhaustion of ballast gases to the atmosphere. 

Claim 80. The method of claim 78 comprising the additional step of jettisoning tanks in which liquid lifting gas was stored after 

the contents have been removed. 

Claim 8l. The method of i:laim 78 wherein lhe step of regulating the buoyanc;y includes regulating the upward acceleration of the 

airship/spacecraft during buoyant ascent to maximize rhe altitude at which neutral buoyancy occurs. 
45 Claim 82. The method of claim 78 wherein the step of regulating the buoyancy includes regulating the upward acceleration of the 
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airship/spacecraft during buoyant ascent to maximize the momentum of the ainhip/spacecrafi at neutral buoyancy. 

Claim 83. The method of claim 78 wherein the step of regulating the buoyancy inclildes regulating the upward acceletalion of the 

airship/spacecraft during buoyant ascent to minimize the acceleration experienced by th~ ainhiplspaceciaft to the point of neutral 

buoyancy. 
•· 

S Claim 84. The method of claim 78 wherein the steps of regulating the buayancy, activating one or more thrusters, and continuing 

the ascent of the airship/spacecraft with the application of thruster power inclu~e maintaining vertical ascent of the 

airship/spacecraft through the abnosphere until abnospheric drag on the airshiplspac~ft becomes insignificant. 

Clahn 85. The method of claim 78 wherein the steps of regulating the buoyancy, activating one or mon: thrusters, and continuing 

the ascent of the airship/spacecraft with the application of thnister power include maintaining vertical ascent of the 

10 airship/spacecraft through the atmosphere to an altitude of approximately SO miles. 

Claim 86. The method of claim 78 wherein the sreps of regulating the buoyancy, activating one or more thrusters, and c:ontinuing 

the ascent of the airship/spacecraft with the application of thruster power include maintaining the horizontal velocity impaned to 

the airship/spacecraft at launch due to the rotation of the earth during the ascent of the ~hip/spacecraft through the atmosphere 

until abnospheric drag on the airship/spacecraft becomes insignificant. 

1 S Claim 87. The method of claim 78 wherein the steps of regulating the buoyancy, activating one or more thrusters, and continuing 

the ascent of the airship/spacecraft with the application of thruster power include maintai~g the horizontal velocity imparted to 

the airship/spacecraft at launch due to the rotation of the earth during the ascent of the aifship/spaccc:raft through the atmosphere 

to an altitude of approximately SO miles. 

Claim 88. The method of claim 78 wherein the steps of activating one or more thrusters, continuing the ascent of the 

20 airship/spacecraft with the application ofthnlsterpowerand increasing the tangential veloc;ity include fuelingthrusten with lifting 

gas. 

Claim 89. The method of claim 78 wherein the step of increasing the tangential velocity includes adjusting the tangential velocity 

and climb angle of the airship/spacecraft for orbital iJtjcction at the chosen altitude. 

Claim 90. A method for suborbital travel between two surface locations on a planet with an atmosphere with an airship/spacecraft 

25 following launch from its moorings and jettison of ballast. comprising the steps of: 

(a) regulating the buoyancy of the gas retaining structures of the airshiplspacecrafi to con~I the ascent of the airship/spacecraft; 

(b) activating one or more thrusten of the airship/spacecraft at approximately the altitude of neutral buoyancy; 

(c) continuing the ascent of the airship/spacecraft with the application of thruster power; · 
. . 

(d) decreasing the climb angle of the airship/spacecraft; and 

30 (e) increasing the tangential velocitY of the airship/spacecraft while decreasing the· ~limb angle and venical velocity to 

approximately zero at a point above the planet's surface which is approximately equidistant from the location of launch of the 

ainhip/spacecraft on the planet's surface to the location of the destination on the planet's surface. 

(f) retroriring and directing thrusters so that the airship/spacecraft travels on a trajectory to a point above the location of the 

destination on the planet's surface at which the airship/spacecraft has neutral buoyancy a~d a tangendal velocity approximately 

35 that of the location of the destination on the planet's surface due to rotation of the planet. 

(g) regulating the buoyancy of the gas retaining structures of the airship/spacecraft to control the descent of the airsbip/spaceciaft; 

(h) maintaining a tangential velocity approximately that of the location of the destination ~n the planet's surface due tO rotation 

of the planet during descent. so that the descent is vertical; 

(i) retrofiring of thrusters to augment buoyancy force to land the airship/spacecraft at the location of the destination on the planet's 
40 surface. 

Claim 91. The method for suborbital travel between two surface locations on a planet with an aishiplspacecraft of Claim 90, 

wherein the planet is the earth. 

Claim 92. A method for travel to the surface of a planet from an orbit about the planet with an airship/spacecraft. comprising the 

steps of: 
45 (a) retrofiring and directing thrusters so that the ainhiplspacecraft travels on a trajectory to a point above the location of the 
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destination on the planet's surface at which the airship/spacecraft has neuiral buoyancy and a tangential velocity approximately 

that of the location of the destinatiqn on the planet's surface due to rotation of the planet; 
' '\ ~. . '··· 

(b) reducing lhe tangential ana aes&nt velocities ; ... 

(c) regulating the buoyancy of the gas retaining structures of the airship/spacecraft to control the vertical descenl of the 

S airship/spacecraft; 

(d) maintaining a tangential velocity approximately that of the location of the destination on the planet's surface due to rosacion 

of the planet during descent, so that the descent is venical; 

(e) retrofiring of thrusters to augment buoyancy force to land the airship/spacecraft at the location of the destination on the planet's 

surface. 

10 Claim 93. The method for travel to the surface of a planet from an orbit about the planet with an ainhiplspacecraft of Claim 92, 

wherein the planet is the earth. 

15 

Claim 94. An airshiplspacecraft comprising: 

one or more gas retaining stnictures; 

one or more gas retaining stractures each further comprising a buoyancy lifting capacity control system; 

one or more gas retaining structures each further comprising a pressure vessel designed to sustain a pressure dilfCll:nlial 

between ill interior and its surroundings; 

a spacecraft body connected to one or more gas retaining structures; 

one or more lifting gases; 

one or more thrusters fueled with a lifting gas; 

20 a means of supplying a lifting gas from one or more gas retaining structures to one or more thrusters; and 

one or more ballast exhaust gas thrusters. 

2S 

Claim 95. An airship/spacecraft comprising: 

one or more gas retaining structures; 

one or more gas retaining sttuctures each funher comprising a buoyancy lifting capacity conttol system; 

a spacecraft body connected to one or more gas retaining structures; 

one or more lifting gases; 

one or more thrusters fueled with a lifting gas; 

a means of supplying a lifting gas from one or more gas retaining structures to one or more thrusters; and 

one or more ballast exhaust gas thrusters. 

30 Claim 96. An airship/spacecraft comprising: 

o.ne or more gas retaining structures; 

35 

40 

4S 

one or more gas retaining structures each further comprising a buoyancy lifting capacity control system; 

a spacecraft body connected to one or more gas retaining structures; 

one or more lifting gases; 

one or more thrusters fueled with a lifting gas; and 

a means of supplying a lifting gas from one or more gas retaining structures to one or more thrusters. 
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