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Dear Mr. Augustine,

All of the current rocket designs are 64 years old. There has not been any innovation since the V2.  Please consider this alternate design.  It is far simpler with fewer moving parts, and less problematic failure modes.

Yes, it is different.  Maybe someone can spend ten minutes reading this on the off chance it might save a few future lives.

Thanks You,

Sterling  Huxley

Sterling.Huxley@gmail.com
Contact: Sterling.Huxley@gmail.com
http://sites.google.com/site/sterlinghuxley/v3
A Rocket design with simplified tanks, thrust structure and Aerospike engine control.

ABSTRACT

Current rocket designs derive from the V2 developed by von Bruan and the Peenemunde Group during World War II.  The basic design of the V2 in 1944 has changed little.  Mercury, Gemini, Apollo, Atlas, and Delta rockets, and the Space Shuttle all have the same exoskeletal tank using a vectored thrust engine. 64 years in rockets, from 1944 to 2008, has seen little innovation in the basic design. 64 years in airplane design saw the Wright Flyer in 1903 to the SR-71 Blackbird in 1967. This was tremendous innovation.

Traditional rockets are complex.  This design tries to simplify the both the propellant tank and the engine.  Traditional tanks are exoskeletal.  This tank is endoskeletal.  Traditional engines are gimbaled with vectored thrust.  This engine uses a linear aerospike with differential thrust.  Only two moving parts produce differential thrust.  The passenger version has a modular heat shield to protect the vehicle during re-entry, and a cargo hold with a modular flight deck for passengers.
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DRAWINGS- FIGURES

Fig. 1
shows the cargo version

Fig. 2
shows the propellant apportioning subsystem.

Fig 3
shows the aerospike engine.

Fig. 4
shows a cross section of a manifold pipe.

Fig. 5
shows a transistor.

Fig. 6a to 6g show a transistor in various positions inside a pizzabox.

Fig. 7
shows the passenger version

Fig. 8
shows a rocket using the historically typical standard design.

The Endoskeletal Way

The advantages are incorporated into three subsections, the tank, thrust structure and engine control. The passenger version in Fig 7 has two additional subsections, the skidplate and cargo hold.

Let's look at the advantages:

Simplified tank

Implement the propellant tank as a single tank with a vertical common bulkhead 12 partitioning the tank into a fuel side 20 and oxidizer side 32.  Turning the bulkhead vertical means both propellants are pushed by the tanks bottom base plate. Unlike the current standard designs, a vertical bulkhead does not have to support the full weight of one of the propellants.  The vertical bulkhead has hydraulic pressure from the fuel side pushing on the bulkhead towards the oxidizer side and hydraulic pressure from the oxidizer side pushing towards the fuel side.  These two force vectors are in opposite directions. Subtracting one vector from the other results in a smaller net vector. The vehicle acceleration during flight multiplied by the smaller net vector determines how strong the vertical bulkhead has to be, which is much smaller than the stress on a horizontal bulkhead of the current standard design.  The stress on a horizontal bulkhead is essentially a multiplication while the vertical bulkhead is a subtraction. No pipe is necessary to carry one of the propellants to the base plate. Both propellants ride on the base plate. The tank is simplified to four parts, the tank skin, common bulkhead vertical partition, and fore and base plates.

Simplified thrust structure

 With a vertical bulkhead partitioning the propellant tank into two spaces, the entire vertical space on each side of the vertical bulkhead from the tank base plate up to the fore plate is open.  Put a vertical steel I-beam inside the tank from the base plate to the fore plate.  The base plate pushes both propellants. The I-beam pushes the fore plate which pushes the payload.  The skin of the propellant tank and the common bulkhead are not part of the thrust structure.  They have stress from hydraulic pressure of the propellants, but they do not carry thrust loads.  We use the word I-beam as a proxy for the phrase ''longitudinal axis thrust support''.  The I-beam could be one beam as pictured in Fig. 1, or several smaller I-beams, say two in the fuel side and two in the oxidizer side.  The thrust structure is simplified to three parts-  the base plate, the fore plate, and the longitudinal support beam(s).

With the thrust structure on the inside, the propellant tank becomes the external skin of the rocket.  The current standard model of Fig. 8 is exoskeletal: the thrust structure on the outside contains the tank on the inside.  This design in Fig. 1 is endoskeletal: the tank on the outside contains the skeleton on the inside.  The current standard model needs an outer skin covering the external skeleton. In this design the tank on the outside is the outer skin.

Simplified stability and guidance control

Rockets driven by aerospike engines control the vehicle with differential thrust rather than vectored thrust.  Differential thrust could be accomplished through ''differential throttle'' which uses a fuel/oxidizer pair of valves for each thrust generating surface of a linear aerospike. For an eight surface aerospike there would be eight fuel valves and eight oxidizer valves.  A better way is differential propellant flow.

Differential propellant flow uses the fuel and oxidizer turbo pumps to control the total amount of propellants going to the engine, but not which surface the propellants go to.  The fuel travels from the fuel tank, through the fuel turbo pump, then to a structure I call a pizzabox. Fig. 2 shows the propellant apportioning subsystem. From the fuel pizzabox the fuel goes into a manifold pipe 30.  The manifold pipe in cross section, Fig. 4 looks like a pie sliced into as many pieces as there are engine thrust generating surfaces, eight in this example.  This manifold 30 splits the single stream of fuel into eight separate streams, one for each surface of the aerospike engine.  Fuel mainfold Wedge pipe 1 delivers fuel only to surface 1. Surface 1 gets its fuel only from fuel manifold wedge pipe 1. The seven other wedge pipes and surfaces have the same relationship. Ditto for the Oxidizer manifold wedge pipes and surfaces. Fig. 3 shows a 4 segment, 8 surface aerospike engine.

It is inside the pizzabox that ''differential flow'' occurs. A steel plate with a hole, Fig. 5, fits inside the pizzabox 28. Its a sloppy fit.  The steel plate can move in the plus and minus X axis and the plus and minus Y axis.  Fuel comes from the fuel turbo pump 24 in a big supply pipe into the pizzabox 28, through the hole in the steel plate, then into the manifold pipe 30 which mechanically splits the single stream of fuel into eight separate streams.  Each of the streams goes to one of the eight surfaces of the aerospike engine 46.  It is the steel plate moving inside the pizzabox that causes the differential fuel flow. I call the steel plate a transistor -  a transistor uses a small amount of energy to control a larger flow of energy.  The transistor plate, Fig. 5, controls the flow of the fuel into the manifold pipe.  By moving the transistor plate inside the pizzabox the hole can expose more or less of the eight manifold wedge pipes 66 to the fuel flow.

The transistor is the only part inside the pizzabox.  There are no hydraulic actuators, electric motors, or pulleys and cables. The transistor is moved using magnets.  The transistor has edges with areas of North and South magnetic fields.  The magnetic fields around the transistors edge alternate the North and South poles.  So, on one face of the transistor plate the four corners would be magnetized North - South - North - South.  While the other face would have the same four corners magnetized South - North - South – North.

On the outside of the pizzabox are coils of wire 64.  Each coil can have electric current flowing through it.  If the current flows through the coil in one direction the coils generates a magnetic field oriented North/South.  If the current flows in the opposite direction the magnetic field is oriented South/North. If there is no current flow there is no magnetic field.  The coils are electromagnets.  The electromagnets on the outside of the pizzabox generate magnetic fields that interact with the permanent magnets built into the transistors.  This interaction can push and/or pull the transistor into various positions inside the pizzabox.

Moving the transistor inside the pizzabox exposes and occludes the wedge pipes. Fig. 6A - G shows a transistor in various positions inside a pizzabox .  Fig. 6C show a transistor in an unbiased, neutral position which delivers the same amount of propellant to all wedge pipes. As the transistor occludes a wedge pipe the propellant has a harder time moving into the wedge pipe.  This creates a higher pressure region. As a wedge pipe is exposed the propellant has an easier time moving into the wedge pipe. This creates a lower pressure region.  A higher pressure area and a lower pressure area is a pressure gradient. We will see more about this later.

If the fuel transistor plate moves to the left inside the pizzabox, Fig. 6B, the hole in the transistor plate covers more of wedge pipes #3/4, Fig. 4, and exposes more of wedge pipes #7/8.  Because this causes less fuel to flow into wedge pipes #3/4 they deliver less fuel to engine surfaces #3/4.  Fuel does not magically disappear. Wedge pipes #7/8 have more surface area exposed to the fuel flow, get more fuel, and deliver more fuel to surfaces #7/8.  So, surfaces #3/4 get less fuel, surfaces #7/8 get more fuel. Surfaces #3/4 produce less thrust, and #7/8 produce more thrust.  This is differential flow and causes differential thrust.  The left side of the vehicle has more thrust and the right side has less thrust and so the vehicle responds with a change in Yaw.

If the fuel transistor plate moves to the right, Fig. 6D, it causes surfaces #7/8 to generate less thrust while #3/4 generate more thrust and the vehicle responds with a change in negative Yaw.  Moving the transistor down, Fig. 6E causes more thrust from surfaces #5/6 and less from surfaces #1/2 and the vehicle responds with pitch up.  Moving the transistor up, Fig. 6A, causes more thrust from surfaces #1/2 and less from surfaces #5/6 which is pitch down.  If the transistor is rotated clockwise, Fig. 6G, the square hole covers more of wedge pipes #2/4/6 and 8 and exposes more of wedge pipes #1/3/5 and 7.  This cause less thrust from the even numbered surfaces and more from the odd numbered surfaces. The vehicle responds with a change in clockwise roll.  Rotating the transistor counter clockwise, Fig. 6F, causes counter clockwise roll. By moving the fuel transistor plate in X and Y and rotating it, the vehicle is controlled in yaw, pitch and roll.  There is a pizzabox 28 and transistor on the fuel side and another pizzabox 40 and transistor on the oxidizer side.  That is two moving parts.  Far simpler than the gimbaling and actuators in a vectored thrust engine.

Simplified Failure Modes

Let's fail a transistor and see what happens. Chart 1 shows the normal state of fuel and oxidizer flow to the eight thrust generating surfaces.  In the chart the phrases like 10/10 indicates the number of units of fuel and oxidizer input to that surface. The large numbers next to 10/10 indicate the amount of thrust generated. The digits 1 to 8 are the surface numbers and correspond to the wedge pipe numbers in Fig. 4 and 6.  The vertical and horizontal lines indicate the four linear aerospike segments of the engine 46. he chart does not show any units of measure.  10 units of oxidizer burns 10 units of fuel generating 10 units of thrust.  Chart 2 shows fuel / oxidizer / thrust levels during a yaw change.  Chart 3 shows fuel / oxidizer / thrust levels during a yaw change when the fuel transistor has failed. Chart 4 shows fuel / oxidizer / thrust levels during a yaw change when the oxidizer transistor has failed.
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The pilot is commanding a yaw change as shown on Chart 2 with the fuel transistor responding as shown in Fig. 6B, when she declares the fuel transistor to be operating incorrectly.  We don't know why it failed- it just did.  The pilot shuts down the current going to all of the electromagnet coils on the fuel pizzabox as indicated in Chart 3 ''FuelTran Failed''.  Without any electric current the coils can not generate a magnetic field.  Without any magnetic fields pushing or pulling the fuel transistor, the fuel transistor can not maintain a pressure gradient across the fuel manifold 30.  Any currently existing pressure gradient pushes the fuel transistor hole towards the center of the manifold reducing the pressure gradient.  The fuel transistor is centered over the fuel manifold pipe in Yaw, Pitch, and Roll. Now, all eight fuel wedge pipes have the same amount of exposed surface area, they all receive the same amount of fuel, they all deliver the same amount of fuel to their engine surfaces. Fig. 6C show the fuel transistor centered over the fuel manifold pipe. Look carefully at Chart 3.  It shows 10 units of fuel being delivered to each surface.

The oxidizer transistor still works.  The oxidizer transistor can still create a pressure gradient and differential oxidizer flow. As shown in Chart 3, surfaces 3 and 4 receive 9 units of oxidizer and surfaces 7 and 8 receive 11 units.  Surfaces 3 and 4 have 10 units of fuel and 9 units of oxidizer.  Surfaces 3 and 4 can each burn only 9 units of the fuel and each waste 1 unit of fuel.  This generates 9 units of thrust on surface 3 and 4.  Surfaces 7 and 8 have 10 units of fuel and 11 units of oxidizer.  Surfaces 7 and 8 each burn all 10 units of fuel and waste 1 unit of oxidizer.  This generates 10 units of thrust on each surface.

Surfaces 7 and 8 generate twenty units of thrust while surfaces 3 and 4 generate eighteen units of thrust.  This is a 2 unit differential, in yaw, which is what the pilot had commanded.  With surfaces 3 and 4 wasting 2 units of fuel and surfaces 7 and 8 wasting 2 units of oxidizer, 2 units of thrust are lost reducing the total thrust to 78 units.

The fuel transistor fails and is shut down.  The pilot can still control the vehicle in yaw, pitch, and roll. The vehicles response to yaw, pitch, and roll commands is slower and total thrust is reduced. These are inefficiencies not catastrophes.  Vehicle response is sluggish, total thrust decreases, but there is no catastrophe.

Let's fail the oxidizer transistor and see what happens. The pilot has commanded a yaw change when she declares the oxidizer transistor to be operating incorrectly and shuts down the current going to all of the electromagnet coils 64 on the oxidizer pizzabox 40 as indicated in Chart 4 ''OxTran Failed''.  The oxidizer transistor can not maintain a pressure gradient and is centered over the oxidizer manifold pipe in Yaw, Pitch, and Roll. The fuel transistor still is working and creating a pressure gradient. Surfaces 3 and 4 are getting 9 units of fuel and 10 units of oxidizer and generate 9 units of thrust with 2 units of oxidizer wasted.  Surfaces 7 and 8 are getting 11 units of fuel and 10 units of oxidizer and generate 10 units of thrust with 2 units of fuel wasted.  Surfaces 7 and 8 generate 20 units of total thrust, surfaces 3 and 4 generate 18 units of total thrust.  This is a 2 unit differential, in yaw, as commanded. Total thrust is 78 units.

The difference between a fuel and oxidizer transistor failure is which propellant is wasted where. Neither results in a catastrophe.  With either failure the vehicle responds as the pilot commanded.

The vehicle is controlled through thrust differentials. When both, or only one transistor is working, differential thrust is created through differential propellant flow.  Loosing a transistor does not cause a catastrophe.

The fuel 24 and oxidizer 36 turbo pumps control the total amount of thrust.  They do not control stability or guidance.  As we just learned, a transistors can failed without catastrophe.  The vehicle can operate successfully with only one.

The Passenger Version
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An additional embodiment could be a passenger version as shown in Fig. 7.  Like Fig. 1, the passenger version is an endoskeletal tank driven by an apportioning aerospike engine.  The passenger version has the additional requirement of surviving re-entry through the Earths atmosphere.

The passenger version is a lifting body design.  It starts with the basic cargo version, changes the tank shape to a lifting body, then adds a heat shield to protect the body and engine during re-entry. I call the heat shield a skidplate 58.

The skidplate mechanically nests with the tank 16 like two paper cups nest when one cup is placed inside a second cup.  This nesting holds the skidplate and tank together in the plus and minus X axis, plus and minus Y axis, and the plus Z axis. The skidplate and tank can be separated only in the minus Z axis. A few bolts are used to keep the skidplate and tank together in minus Z.

During launch the full weight of the skidplate is carried on the tanks fore plate 10 right where the payload would be in the cargo version. When there is stress and vibration on the skidplate in the plus and minus X axis, the skidplate cap 60 and tank fore plate 10 form one anchor point. The left and right sides of the base 18 and engine 44 plates, and the left and right sides of the skidplate, form two more anchor points.  These three points hold the skidplate to the tank.  When there is stress and vibration on the skidplate in the plus and minus Y axis, the skidplate cap and tank fore plate form one anchor point. The bottom of the base and engine plates and the bottom of the skidplate form a second anchor point.  The two ears 56 on the base 18 and engine 44 plates and the left and right lips 62 on the skidplate form a third anchor point.  These three points hold the skidplate to the tank.  When there is stress and vibration on the skidplate in the plus Z axis, the entire weight of the skidplate is on the skidplate cap 60 which rides on the tank fore plate 10, right where the cargo version would carry its payload.  There is minus Z axis stress when the main engine is shut down and momentum tries to carry the skidplate forward. This is a small amount of stress and a few bolts can keep the skidplate attached to the tank.

The passenger version has a cargo bay 54.  The cargo bay is where a flight deck is installed.  The cargo bay does not provide a human safe environment.  It is just a hole.  It is the flight deck that provides the human safe environment.  The flight deck fits inside the cargo bay. The flight deck has life support, communication, flight instruments, and seats for the passengers.  The flight deck is modular and can be removed and replaced with a different flight deck.  During launch the flight deck rides on the base plate 18.  During re-entry the flight deck rides on the I-beam 14.  These are the two most stressful times of the vehicles flight. The flight deck is supported by two of the strongest parts of the vehicle, the base plate and the I-beam.  The other stressful time is Main Engine Cutoff (MECO).  Compared to launch and re-entry, this is a minor stress. The flight deck is held in the cargo bay with a few bolts.

The tank, engine, skidplate, and flight deck are separate, modular parts. The tank sets the form factor.  Once the tank form factor is standardized, the engine, skidplate, and flight deck can be made to fit the form factor.  Different manufactures can make parts that work with parts from other manufactures. These are interchangeable parts.  The current standard model is custom designed and manufactured.  They do not have interchangeable parts.

The endoskeletal design of the propellant tank is simpler than the exoskeletal designs.  The endoskeletal thrust structure is simpler and weighs less than exoskeletal designs.  The apportioning aerospike engine has fewer moving parts, simpler stability and guidance control, and failure modes that are less catastrophic than gimbaled engines.

The Old Way

Fig. 8 shows a schematic overview of the current standard design. This design is vertically stacked.  From the top down the major parts are:  the top oxidizer bulkhead, the oxidizer tank, horizontal bulkhead, oxidizer supply pipe, the fuel tank, fuel base bulkhead, turbo pump, combustion chamber, and the exhaust bell.
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Let's look at the disadvantages:

Exoskeletal

In the current standard model, Fig. 8, the fuel and oxidizer tanks are stacked vertically with a horizontal bulkhead separating them. The vehicle acceleration multiplied by the weight of the propellant above the horizontal bulkhead determines how strong the bulkhead and lower thrust structure has to be.  This type of design is mass symmetric around the vehicle centerline.  Trying to build vertical parts of a thrust structure, e.g., a pillar, through the horizontal bulkhead is difficult.  It is easier to move the thrust structure outward to the skin of the vehicle.  This creates an exoskeletal design. The skeletal thrust structure on the outside contains the tanks on the inside. The exoskeletal thrust structure must support the full weight of the propellant tanks, and the weight of the payload at multiple G's. This means the thrust structure has many parts and increases the vehicle weight.

Plumbing

If the oxidizer tank 102 is above the fuel tank 108, then routing the oxidizer plumbing to the engine is difficult.  The oxidizer supply pipe 106 could be routed from the oxidizer tank completely outside the vehicle, down the side, and back in to the engine.  Or, the pipe could run inside the skin, but outside the lower fuel tank, folding the fuel tank around the pipe.  Or, the pipe could run through the inside of the fuel tank.  All three possibilities are difficult to implement. If the oxidizer pipe runs through the fuel tank, usually there is a large temperature difference between the propellants necessitating insulation around the oxidizer pipe.

Complex Engine

The vectored thrust engines have to move the exhaust bell to point the thrust in some direction to control the vehicle during flight. When the engine is running and generating thrust it has to lift the entire weight of the vehicle, and it has to pivot.  The engine gimbal and hydraulic actuators are hard to design and build.

Figures 2 - 6
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