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Norman R. Augustine
Chairman
Review of U.S. Human Space Flight Plans
C/- Office of the Administrator
NASA
Washington, DC 20502

Dear Norman,
Managing environmental impact of space flight, alternate Ares V architecture to NASA June 2008 recommendation and changes to Ares I first stage – update from May 13 letter
After watching via the NASA website the first public meeting of your committee and doing some further research I have updated my comment and resubmit it.

President Obama’s commitment to human space flight, expressed in John Holdren’s letter to NASA of 7 May 2009 requesting the Review, is most welcome. 

The Review is opportune as it comes at a time when work on Ares I and Orion is far enough advanced to understand the safety, technical, environmental, commercial, competition, education, national interest, cost and benefit issues of post STS human space flight. The ESAS and PEIS for the Constellation programme contributed immensely to shaping the possibilities and constraints of human space use and exploration. The Review will guide the path the U.S. and other nations will follow in space.
As economic activity grows across the globe, so does the demand to reduce its environmental impact. The worldwide space launch industry, particularly NASA, is concerned to be a good global citizen. The Review of U.S. Human Space Flight Plans is an appropriate time to consider what will be required to be a good global citizen in environmental terms as our adventure into space unfolds.

The preferred architecture for Ares V in the June 2008 report of the three-year study is perhaps the best available at this time, but the constraints imposed from the ESAS onwards create unease with the preferred architecture as to whether the best mission risk, cost and environmental trade-off has been achieved. 
Space shuttle launches attract large audiences. In part for the sheer wonder of the spectacle, in part to see the crew launch safely for which many people say a prayer each time. The space program even has its own two-word prayer for a safe journey – God speed. The Ares I design reduces lift-off risk. The Ares V design does not reduce lift-off mission risk compared to the Space Shuttle, even though it does not put crews at risk. But it does put ground crew at some risk. Where possible, we need safer, less spectacular, less emotional draining for the viewer, launches. 
I attach suggestions for launch vehicles with minimised environmental impact for mass to LEO missions of less than 30 tons, and a cheaper, less risky architecture for launching large cargos for Moon and Mars missions and future space stations.
Regards,

Peter Egan

8E/1 Francis Rd

Artarmon 2064

Sydney Australia

+61 4 1450 9700

PeterEgan2001@gmail.com

Managing environmental impact of space flight and alternate launch vehicle architectures

1. Suggestion for reducing environmental impact of space flight

For the foreseeable future only a few percent of launches will require a mass to LEO of greater than 30 tonnes. The few percent of larger missions are for the Moon/Mars program and future LEO space stations. The 30 tonne and lower mass launches are for research, education, national security and, increasingly, commerce. Tourism has commenced with Soyuz flights and Space Ship One promises a space tourism industry. 

While atmospheric pollution during launch can be justified for research, national security and high value commerce, it is less justifiable for education, lower value commerce and tourism. Atmospheric pollution from launches will increasingly become an unacceptable cost of space use and not just for measurable environmental impacts. The vision for space exploration presented by movies, TV series and science fiction writing is of non polluting space exploration. The space program needs to deliver on this community implied, rather than a Government imposed, requirement.
For two decades NASA has gradually reduced pollution causing products across all its activities. The key exception to this has been its use of solid fuel rockets for cost and safety reasons. New entrants in the space launch business are using polluting solid and liquid fuels.

While the environmental impact of the exhaust of PBAN solid rocket fuel, particularly its HCl component, is acceptable today, the increased quantities expected in the future are not compatible with worldwide efforts to reduce the environmental impact of the aerospace industry. Fuels other than LOX/LH2 should be reserved for large cargoes. LOX/LH2 is easily produced from renewable/solar energy. The open space at KSC and other NASA facilities is suitable for large arrays of solar panels to generate energy to produce LOX/LH2 propellant and power the facilities. 

Three RS-68 engines are adequate for a first stage to lift 30 tonnes to LEO (780 tonnes GLOM with a T/W of 1.2 at lift-off). This equates to a Delta IV with a more powerful second stage. A first stage, only powered by LOX/LH2, can be recovered with a parachute water landing much like the Shuttle SRBs. The engines could, alternatively, be separately jettisoned after first stage separation. Components can be salvaged for reuse in other rockets, or recycled for their high priced metals and other materials. The aim should be to recover components of both first and second stages where possible as the present approach of dropping first and second stages into the oceans effectively amounts to littering with very expensive hardware.
With a view to long term requirements for LOX/LH2 only launches from launch pads and carrier aircraft, long-term cost reduction projects should be commenced for the RS-68 and J-2X engines and their competitors.
While more complex and possibly less safe (higher PLOC, PLOC) than a single SRB first stage, a first stage with only one, two or three RS-68 engines flying for up to 150 seconds will be adequately safe for long term space flight. Post flight engine recovery and testing and recycling of parts along with a continuous engine simplification program and life extension program will lead to simplifier, safer engines.
2. Suggestion for a Spaceship One: t/Space style architecture
Transformational Space Corp’s proposal for a Spaceship One style launch vehicle deserves further consideration. It avoids the need for a LAS and opens up the possibility for a mono-stable re-entry vehicle like Soyuz. Carrier aircraft launch has more environmental impact than Suggestion 1 above, but is hopefully less costly. High altitude launch means greater Isp and possible elimination of the first stage, or a much smaller first stage. The table below compares possible carrier aircraft with the largest aircraft of the type built to date and the Delta IV Medium and Heavy launch vehicles.
	
Carrier aircraft type
	
Sub-sonic aircraft 
	Aluminium skinned aircraft 
	Titanium skinned aircraft w/- P&W J58 type engine

	Maximum launch velocity
	Mach 0.95 (280m/s)
	Mach 2.2 (650 m/s)
	Mach 3.4 (1000 m/s)

	Max launch altitude
	~15 km
	~20 km
	~25 km

	Atmosphere below
	~85%
	~91%
	~95.5%

	Lift-off mass savings using carrier aircraft
	~20%
	~35%
	~50% (single stage rocket)

	Flight time saved based on Delta IV at 100 sec achieving ~1330m/s
	~35 seconds
	~65 sec
	~85 sec

	Mass of carried vehicle based on Delta IV Medium mass of 259 Tonnes
	205 tonnes
	165 tonnes
	130 tonnes

	Mass of carried vehicle based on Delta IV Heavy mass of 733 Tonnes
	585 tonnes
	475 tonnes
	365 tonnes

	Largest aircraft built to date and its gross take-off mass
	A380       590 tonnes 
	Concorde          185 tonnes
B-1A bomber   180 tonnes
	SR71           78 tonnes


Importantly, rockets could be launched from many specialist and military airfields within 500 km of a suitable launch site – based on the carrier aircraft travelling 500 km to reach launch altitude and velocity. The rocket could be assembled in a standard aircraft hanger and no crawler transporter is required. Fuelling would need an isolated area close to the runway. 
A subsonic carrier aircraft could have an architecture that is a cross between a Boeing C-17 transport and an Erickson S64 Aircrane helicopter (see photos at end of this paper). It could perhaps use the main wing of an A380. It would have two major wing mounted legs for the wheels and a smaller leg for nose wheels. Arms each side will support the rocket and supply top up LOX/LH2. Supersonic aircraft will need a delta wing.
The GE90 engine produces over 500 KN of thrust. The 590 tonne maximum lift-off weight Airbus A380 has four 340 KN engines (total 1360 KN). It should thus be possible to build a skeletal four engine subsonic aircraft using existing technology with a gross take-off weight of 900 tonnes (with a cargo capacity of up to 600 tonnes) that can achieve 15 Km altitude and Mach 0.95 (280 m/s) at rocket release. The 185 tonne Concorde was powered by four 170 KN engines. Eight P&W F135 engines (180 KN) could power a 400 tonne gross take-off weight Mach 2.2 class aircraft with a cargo capacity of 250 tonnes. The 78 tonne SR71 was powered by two 145 KN P&W J58-P4 engines. Eight 145 KN engines could power a 320 tonne gross take-off weight Mach 3.4 class aircraft with cargo capacity of 160 tonnes.
A launch scrub after take-off would require burning the rocket fuel before landing. In an emergency, the procedure would be to jettison and explode the launch vehicle but retain the spacecraft until it reached a height for safe return before it was jettisoned or carried back to ground by the carrier aircraft. The pilots of the carrier plane could have ejector seats. The spacecraft crew would be at most risk while the carrier plane was stationary on the runway. If the launch was scrubbed after take-off, most of the LOX/LH2 would need to be dumped for landing.
3. Suggested alternate Ares V architecture to NASA June 2008 recommendation and changes to Ares I first stage
3.1 Alternate Ares V

NASA June 2008 Ares V architecture and commercial architectures
In a July 2008 issue of the Marshal Star, Steve Cook, director, Exploration Launch Projects Office at MSFC advised that in a three-year study for Ares V (completed in June 2008) 1700 concepts were considered. No information was publicly released on what the 1700 concepts were apart from the one adopted. I assume the concepts were variations of the options considered in the publicly available ESAS and PEIS studies as the PEIS did not mention new architectures were under consideration.

As a result of the study, an extra half segment (total 5.5 segments) was added to each of the solid rocket boosters (SRBs), and an extra 16 ft (4.9 m) of fuel tanks and one RS-68B (total six RS-68Bs) were added to the Core. The total lift-off thrust now appears to be 50 MN with GLOM 3704 mT, LEO mass 188 mT, TLI mass – 60 mT and the TLI mass in combination with Ares I – 71 mT.

There has been agreement that upper stage engines to reach LEO should be LOX/LH2 powered, but there has always existed a divergence of opinion on first stages with a variety of rockets presently used and under development for commercial and government use. Recently, there have been proposals for commercial rockets with RP-1/LOX first and second stages and even solid fuel first and second stages to reduce the variety of parts and launch infrastructure required. There is thus still room for considerable innovation in launch vehicle architecture.
Ares I is an innovative, elegant design despite its slenderness, SRB mid-burn (T+70 to T+90) vibration and first to second stage transition issues. However, the innovation barrier for Ares V is very high considering it is intended only for cargo launch and this has led to a more expensive design. 
Need for an alternate Ares V architecture

a) Weaknesses in current architecture

Even though 1700 concepts were considered by the study completed in June 2008, the desire to leverage off proven designs and existing manufacturing reliability, meant the barrier to innovation was very high. Ares V has some key weaknesses – the dry mass to gross mass ratio for the ATK solid rocket boosters is very high (~20% for Ares I); the impulse (Isp) of the RS-68 engine is low compared to the SSME, J-2X and CECE; and the eight engines (two solid fuel and six liquid fuel) used for an Ares V lift off add significant complexity, create reliability issues and increases cost. The RS-68 engines effectively waste two hundred tonnes of the 1587 tonnes of the Core’s LOX/LH2 propellant due to their inefficiency and pre-lift-off burn. The simplicity and elegance of the Ares I design justify its weaknesses, although I believe the slenderness and vibration issues can be addressed (see below).

b) Future demand for large launch vehicles

The 400 tonne plus ISS will have taken more than thirty construction flights. More than twenty Ares V flights are expected to create a Lunar south polar base. The larger capacity of Ares V compared to STS is purely to carry a similar cargo load from LEO to the Moon. 
Larger cargos to the Moon and Mars mean less complexity in the bases and less flights and less cost.
Ares V does not use all of the 55 MN and possibly higher thrust permitted at KSC (see Constellation PEIS).

Its more than 35 years since Space Shuttle development began. The service life of both aeroplanes and spacecraft is increasing. Ares V will be the Western world’s heavy lift vehicle for the next 50 years due to the cost of development for a launch vehicle that will be used perhaps 100 to 200 times. No doubt the Chinese will eventually develop a similar sized or even larger rocket. While the Russians have an industry capacity to also build a similar sized heavy lift launch vehicle, it is too small a nation for such a large cargo capacity and present Russian foreign policy does not encourage others to increase their reliance on Russia for provision of nationally significant space launch services. India is expanding its space exploration capacity and can be expected to get into a space race with China in years to come even if we are not around to see it.
Apart from Moon and Mars missions, large cargos to LEO can be expected for future LEO space stations. The International Space Station has an expected life of 10 years past it 2010 completion date. It will likely survive till 2030 by which time the maintenance of a structure, with so many parts that exist only because of the small size of the station segments that could be carried by the Space Shuttle, will surly be uneconomic. 

With the development of a significantly cheaper commercial capacity to launch people into space, a demand for a space station for twenty or more people will surely arrive before 2030 for tourism, adventure and research purposes. The ISS orbits earth at 75 degrees to the solar plane to maximise earth coverage and solar power. While not appropriate as a base for solar system exploration, the ISS orbit is great for Earth Observation. Thus we can expect to see several LEO space stations in the years ahead.
c) Environmental constraints on launch vehicle size

Ares V has grown considerably (800 mT) since the ESAS study. Its likely further growth will be required for manned missions to Mars. See appended Table 4 for comparison of mass and performance data from Apollo to STS and Ares I & V.
The latest Ares V design with 5.5 segment SRBs would appear to be the largest of its architecture that can be launched. The vibration issues of the 5 segment SRB of Ares I, cast doubt over the 5.5 segment SRBs of Ares V. 
The maximum Space Shuttle mass (including payload) in LEO is 121 metric tons (see Table 1 comparison of launch vehicles from Apollo to Ares). At Launch the STS has 33.1 MN of thrust. Ares V with 50 MN lift off thrust can lift 188 mT to LEO. On that basis, the 54.7 MN lift off thrust acceptable at KSC under the PEIS will lift about 205 mT to LEO.

	Table 1 - The first 68 kilometres in altitude – the different approaches from Apollo to Ares I & V

	Spacecraft
	Altitude at first stage or SRB separation

Miles/km
	Gross mass 
on 
launch pad

Metric tons
	Mass carried to LEO

Metric tons
	Mass lost at first stage 
or SRB separation

Percent
	Percent of east launch LEO velocity (7500 m/s) achieved at first stage, or booster, separation
	Lift off thrust MN

&

1st stage fuel
(PBAN
 solid fuel)

(RP-1 / LH2 liquid fuels)
	Liquid fuel burnt before lift off

Metric tons
	Thrust of 
2nd stage, or Core (after SRB separation) compared to lift off thrust

Percent
	Average Isp 
(sea level) 
at lift-off

Seconds 
or KN.s/kg (measure of engine efficiency)
	Isp (vacuum) of 2nd stage or Core (after SRB separation)

Seconds

(Fuel for all is LH2–LOX)

	Apollo 17
	42/68
	2951
	119
	75
	37
	33.4 
RP-1 (Kerosene) –LOX
	60
	15
	311
	418

	STS (Shuttle)
	28/45
	2054
	121
	65
	18
	33.1
PBAN &
LH2–LOX
	10
	20
	297
	452

	Ares I
	36/58
	907
	23
	79
	24
	14.7
PBAN
	0
	   9
	265
	452

	Ares V 
(ESAS)
	24/39
	2903
	148
	68
	15
	40.8
PBAN &
LH2–LOX
	17
	28
	310
	452

	Ares V
(PEIS)
	24/39
	3360
	148
	62
	15
	44.9
PBAN &
LH2–LOX
	26
	35
	292
	409

	Ares V 
(NASA 06/2008)
	22.6/36.4
	3705
	188
	61
	15
	50.1
PBAN &
LH2–LOX
	32
	40
	298
	409

	Ares V
(PE 09/2008)
	36/58
	3700
	188
	71
	22
	55
PBAN
	0
	20
	275
	440

	Note: From the Space Shuttle onwards maximum acceleration has been limited to 3g and maximum dynamic pressure from the atmosphere has been limited to 27 kPa (Jan 2009 Ares V now permitted a 40% increase to 4.17g and 38.3 kPa to reduce gravity losses). This limits the stresses and vibration on all components and thus increases reliability, but  reduces weight of cargo, increases the gravitational loses and increases the overall mass of the lower stages.


While 54.7 MN is accepted in the PEIS as suitable for a KSC launch, depending on weather conditions, a 60 MN thrust at lift off will not be measurably noisier in the key KSC neighbouring community of Titusville and will likely be permitted.
Major changes to Ares I or Ares V launch vehicles require another NEPA review but this should not affect the Ares V schedule. Stennis EIS noise approval includes approval for ground tests of groups of 5 large engines, i.e., 5x12 MN minimum (i.e., 60 MN minimum in a single test, but no maximum stated).

The terrestrial and in-space communications revolution has seen NASA open communication rooms across the country that can control launches, missions and landings. Presently, staff in communication rooms at MSFC, JSC and ATK Utah are heavily involved in KSC launches. It’s feasible to open a minimalist launch site at a remote Pacific or Indian Ocean island to launch very large cargos. SpaceX uses the Omelek launch site on the Kwajalein atoll – part of the Ronald Reagan Ballistic Missile Defence Test Site. Wake Island and Aur Atoll are also possible launch sites.
A design with the flexibility for larger or smaller cargos will have long-term benefits.
d) Current Ares V architecture issues

1) Efficient LOX/LH2 burn

The current Ares V design does not burn liquid fuel as efficiently as other possible designs. It will consume 32 mT of LH2/LOX before lift-off. The six RS-68Bs have a 10% lower vacuum Impulse (Isp 409s) than either the gas generator engines - SSME and J-2X (450s). (Note: the expander cycle CECE engine has achieved 465.5s Isp vac in tests). The Isp of an engine is also 12% lower at sea level (RS-68B expected IspSL is 359s) than in the thin upper atmosphere or the vacuum of space. The effect of the lower Isp of the RS-68B is equivalent to 1/8th or ~200 mT of the Ares V Core’s 1587 mT of useable LH2/LOX being wasted. The commercial use RS-68A, which PWR has under development, has 5.9% more power than that quoted in NASA literature for the RS-68B (with same Isp??). For a high altitude start, where RS-68 engines can be reduced from six to three and the nozzle diameter thus increased to 4.4 m dia, an Isp vac of 440s and a ~3.9MN vacuum thrust are possible. The LOX/LH2 wastage due to lower Isp using the proposed RS-68C compared to an SSME is just 2%, or ~12 mT, when the LOX/LH2 quantity in the second stage is 620 mT.

PWR has treated its rocket engines as a family and is developing the J-2X and RS-68B with commonality for the gas generator, control computer, main propellant injector and main combustion chamber. Development of a high altitude start, higher Ispvac RS-68C using more of the J-2X R&D should not be a difficult task.

2) Side mounted SRB drag

The side mounting of the Ares V SRBs increases total dynamic atmospheric loads by about one third compared to a 10 m diameter architecture without side mounted SRBs. Over 100 m2 cross-section area compared to 78 m2 without side mounted SRBs. The side mounted SRBs also add to surface area drag.

3) Reliability

There is a case for greater use of solid rockets even though the Space Shuttle SRB PBAN IspSL is only 265s. Space Shuttle SRB failure rate is 1/3rd that of SSMEs. Total failure rate of SSMEs is 20 times the SRB failure rate. 

For each STS SRB there are 4 pair of separation motors fore and aft. Each STS thus has 34 solid rocket motors. Ares I, apart from its main SRM, has 4 pairs of SRMs for each of stage separation and ullage settling for 2nd stage ignition, and LAS abort, jettison and steering – a total of 20 SRMs. SRMs, as presently designed, range in thrust from a few kilonewtons of thrust to ~17 MN. 

Using six liquid fuel and two solid fuel rockets for lift off adds complexity and cost to both development and operations. As Ares I demonstrates that adequate control can be obtained from a single SRB, a single larger SRB should be developed for Ares V (see proposed design below).

Alternate Ares V launch vehicle architecture

a) Available proven componentry
Keeping the desire for proven technology in mind, another option can be considered for Ares V even though NASA has let $50 million in contracts for further studies based on their June 2008 design. The proposed architecture is a cross between Ares I and Apollo (see attached figures). It resembles Apollo in having three stages but has a solid fuel first stage.
A new design for a 60 MN class solid rocket first stage will draw on much of the componentry for the Ares I first stage. The key differences are in static parts and thus few development and flight tests are required to achieve a high reliability standard. With a PBAN nozzle diameter of 5.4 m, at least the 275s IspSL of the GEM 60s is expected.

b) Recovery of launch vehicles from the ocean

The entire Core and SRBs of Ares V and both the First and Second stages of Ares I could be designed to be disposable but recoverable from the bottom of the Atlantic and Pacific Oceans. The addition of electronic beacons or transponders and grappling points will enable recovery for performance testing and possible reuse of parts. 

NASA has not disposed of a large rocket engine in flight since the 1970s. The present proposal is to dispose of six RS-68Bs and one J-2X for each Ares V – $140 M in engines per flight.

Former Administrator Michael Griffin emphasised the need to learn as much as possible from each launch and recovery of components from the ocean depth aids that learning. NASA should also endeavour to recover all components to set a good example of ocean pollution avoidance.

c) Proposed first Stage

The first stage is a 2650 metric tonne (mT) PBAN solid rocket. It has a fuel segment with 2425 mT of solid fuel PBAN in three concentric cylinders. The outer casing, a 10 M diameter one-piece cylinder of carbon composite (proven in earlier disposable SRBs), carries ~1300 mT of PBAN on its inner surface forming a ‘cylinder’ ~20.5 M long and ~1.22 M average thickness. The inner casing (perforated steel?), ~3.73 M in diameter, carries ~740 mT of PBAN on its outer surface and ~385 mT on its inner surface, both ‘cylinders’ 20.5 M long and 1.22 M average thickness. Its total height is about 33 M. LEO load capacity can be adjusted by extending or shortening the fuel ‘cylinders’(PBAN density is assumed to be 1.95 mT/m3). With 5.4 m diameter nozzles, a minimum 4% improvement to the GEM 60 IspSL of 275 s is expected. If vacuum casting requires, the fuel segments can divided horizontally with bolted joints in the casing. If the Ares I SRB has a late burn vibration frequency of 12.3 Hz, this design is expected to have a higher frequency with a much lower amplitude and lower impact on crew, cargo and equipment.
The inner and outer casings are connected by a load transfer structure covered with an ablative material to transfer inner casing loads to the external casing.
The surface area of a solid fuel tunnel increases as it burns, increasing the rate of fuel burn and thrust. However, the surface area of a cylindrical void remains constant if its surfaces are burnt away at the same rate, making it easier to maximise early thrust.

The PBAN is mixed and the casing/mound filled in lifts of 100 mT to 200 mT, or the fuel segments are further divided into cylindrical segments joined together like the present SRBs. Whereas the STS and Ares V require SRM segments to be produced in pairs, this new design only requires that the mix is concentrically consistent. The larger, squatter design is expected to reduce late burn vibration. The Ares I anti-vibration strategy can be applied to this Ares V if necessary.
The high value parts of the first stage could be designed to be recoverable by parachute landing. The fuel segment and the gas chamber below it would be disposable. A recoverable ring above the fuel segment could contain the small SRBs (one for the tunnel and perhaps six for the annulus) used for ignition of the PBAN, avionics, inert gas, range safety, parachute, floatation and recovery systems. The base ring below the chamber contains avionics, 3 nozzles with steering systems, 4 pairs of SRM stage separation motors, post base ring separation steering system, parachutes, floatation and recovery systems. 

Each nozzle of the main SRB will deliver up to 20 MN. Total thrust is up to 60 MN. The stage burns for approximately 136 seconds before separation is initiated. The maximum acceleration and maximum dynamic pressure Q of the new design will be a little higher than the current NASA proposed Ares V – respectively 4.17g and 38.3 kPa.
The first stage acceleration will be between that of Ares I and Ares V (June 2008) – see Table below.
Recovery of the first stage top and base rings commences after separation with the first stage falling back into the heavier atmosphere; then the top section parachutes are deployed to right the stage; the bottom ring is then jettisoned, steered sideways and its parachute system deployed; the casings and chamber are then jettisoned from the top ring into the ocean, leaving the top ring to continue its controlled parachute descent. 
Alternatively, the first stage could have grappling hooks and transponders attached and be allowed to fall into the ocean and recovered from the ocean floor in one or more pieces.
MSFC has a capacity to test a 1/8th scale model of this SRM to prove the concept.

The fuel segment would be constructed at Michoud and filled at Stennis if filling and assembly safety is a concern at Michoud. The first stage test program would take place at Stennis. Once filled and assembled, the fuel element would need to be transported in the vertical position (21 M high) to KSC. It will require modifications to the transport barge.

Weather checks ensure exhaust cloud from the First Stage is carried over the ocean.

d) The Interstage

The Interstage, as per Ares I, carries 4 pairs of SRM ullage settling motors. The Interstage could also carry a parachute and recovery systems.

e) The Second Stage

The second stage is similar in design to the Ares I upper stage but much larger. It is the same 10 M diameter as the currently proposed Core but is half the height. It has a mass of approximately 680 mT of which about 620 mT is propellant. It has three RS-68C engines with larger nozzles (approx 4.4 metre diameter) designed for an Isp in a vacuum of 440 sec (close to the Isp to the SSMEs and J-2Xs) compared to the RS-68Bs 409 sec IspVAC. Consideration should the given to enclosing the heads of each of the RS-68Cs in a thermal resistant aeroshell, including a parachute, flotation bag and recovery system, and jettisoning the engines after 2nd stage separation. At $20 M each they are worth salvaging for parts testing as a minimum. The development work for the J-2X can be carried over to the RS-68C.

f) The Third Stage

The third stage is the NASA proposed EDS. 

3.2 Alternate Ares I first stage solid rocket architecture

While, due to environmental concerns, I have proposed under 30 tonne to LEO launch vehicles have LOX/LH2 first stages, a new design solid rocket for Ares I should be studied. 

An annular space gives a better thrust profile than a tunnel. A 6.0 m diameter first stage SRB, with the same 635 mT of PBAN as the present first stage, using an annular space design would be ~21 metres shorter than the present SRM motor. The outer casing would carry about 508 mT of PBAN and the central column about 127 mT of PBAN in layers 1.1 m thick. The fuel elements will be divided horizontally in to cylindrical segments if required for vacuum casting. 
The frustrum will be shorter with only a 0.5 metre diameter change from SRB to Upper Stage. As it is much wider than the present Ares I SRB, the frustrum can contain both the avionics, parachutes and other systems. The construction of the first stage will be similar to that proposed for the Ares V upper stage. Hopefully, the dry mass of the first stage will be reduced 50%. 
3.3 Costs and benefits of the alternate solid fuel rocket architectures
The simplicity, reliability and safety benefits of solid rocket motors (SRMs) see them used extensively in ICBMs and commercial space launch vehicles. The Ares I design has over 20 SRMs of varying sizes and the current Ares V design has nearly 40 SRMs. However, SRMs have higher fuel mass for a given thrust; early shutdown is not possible, they contribute to atmospheric pollution; and thrust control is limited to shaping the solid fuel and possibly to control of exhaust flow from the rocket nozzles. 

The Ares V design proposed above uses 1.74 times the PBAN of the June 2008 Ares V, but requires only about 39% of the LH2-LOX fuel and half the number of RS-68 engines (three rather than six). As the proposed PBAN first stage sits fully under the 10 M diameter LH2-LOX stage with only the three nozzles protruding outside the 10 m dia (10 m2 total protrusion), air pressure load is 20% less. 
The proposed design has an 8% lower average impulse (Isp) for lift-off compared to the Ares V of June 2008, but has an 8% greater Isp for the 2nd stage compared to the Core post booster separation stage of the June 2008 Ares V. The overall result is a more efficient rocket. 

Fitting six RS-68B engines under the 10 M diameter Core restricts the size of the bell of the nozzle and thus the Isp of the engines. The RS-68Bs are optimised for take-off and not for the near vacuum of the upper atmosphere where most of their mission takes place.
At the rate of 2 to 4 Ares V launches per year, the safety and reliability benefits of the greater use of solid fuel rockets justify the environmental costs.

The present and proposed generations of SRBs produced by ATK in Utah for the Space Shuttle and proposed Ares I and Ares V are the largest present and proposed solid rockets for any space program. However, their size is presently limited by the journey from ATK Utah to launch sites. Shifting production of SRBs to the Michoud plant, and filling with PBAN and ground testing them at Stennis would allow much larger SRBs to be produced. KSC should also be considered for the manufacturing plant.
Ares V as presently proposed is the largest vehicle of its architecture that can be launched from KSC. The addition of a 3rd or 4th SRB would apparently require major structural changes to the flame trenches and crawler transporters.

3.4 Safety

Table 2 below presents comparison data on launch vehicles from Apollo, to the Ares V of June 2008 and my alternate design using data from the ESAS study. I believe mission risk can be significantly reduced with a new launch vehicle architecture.

	Table 2 - Safety comparison of existing and proposed launch vehicles

	Apollo
	STS
	Ares I 
(ESAS)
	Ares V (ESAS)
	Ares V
 (PEIS)
	Ares V
(06–2008)
	Ares V
 (PE 02–2009)

	PLOM  – 1:7??
PLOC –1:10??
	PLOM – 1:110??
PLOC –1:100??
	CLV

PLOM – 1:460

4% total mission risk

PLOC –1:2148
	CaLV

PLOM – 1:124

14% total mission risk

PLOC – 0
	CaLV

PLOM – 1:100??

17% total mission risk??

PLOC – 0
	CaLV

PLOM – 1:80??

20% total mission risk??

PLOC – 0
	CaLV

PLOM – 1:400??

5% total mission risk??

PLOC – 0


3.5 Engine testing and production

The J-2X test program continues with the second of four sets of tests on the gas generator completed in August 2008. The J-2X will not fly on the Ares I-X test vehicle next year which is designed to test the first stage solid rocket. The first human J-2X powered flight will be in 2015. For Ares V, the J-2X will undergo 42 tests including 3 flights by 2020. 

The RS-68B will undergo 185 tests and 18 flights (3 craft) by 2020 and is planned to be produced at rate of 12 to 18 per year once certified as at technology readiness level (TRL) 6. This programme of tests has yet to commence and can easily be changed to an RS-68C development programme.

3.6 Costs and Programme

Development costs for the Constellation programme to 2020 are $125 Billion. Of this the Ares V launch vehicle is 18.0%.
Six to eight years are required to design, develop, test and engineer a new rocket engine. The RS-68 (2.95 MNsl) was selected for development on 25 May 2006 as it has a projected cost of $20M per engine. This very favourably compares with the SSME cost of $50 M per engine to produce 1.87 MNsl. Production is planned to be 12 to 18 RS-68B engines per year once certified. Testing is to begin 2012.

At the present very early stage of Ares V development, and even the present stage of Ares I development, there is still time to explore alternate architectures. 

3.7 Air and water impact

Since 1990 NASA reduced overall annual ODS usage, excluding rocket fuels, from 1600 mT to less than 69 mT. NASA is committed to finding replacements for rest.

However, NASA has permitted Ares I and Orion contractors to use toxic propellents in both the Orion Service and Crew Modules. The ESAS study proposal was to use non toxic fuels which could, in part, be manufactured from regolith on the Moon and Mars.

In 2005 NASA energy consumption produced 250,000 mT CO2 equivalent, 100 mT CO2 equivalent from foam blowing, 8100 mT CO2 rocket exhaust, 3200 mT CO2 equivalent simulated high altitude rocket exhaust. 

Between 2009 and 2020 33,900 mT of solid propellent emissions (33 STS equivalent) including 7,000 mT of HCL and 10,000 mT of Al2O3 particulate matter are currently forecast for US space launches. [Al2O3 is 30% by mass of PBAN exhaust and HCl is 21% by mass of PBAN exhaust.]

The FAA estimate (see Constellation PEIS) 1,136 launches worldwide between 2000–2010 resulting in 16,209 mT HCl and 29,329 mT AL2O3. The FAA estimates the worldwide rate continuing for 2011–2020. The Constellation program will contribute 13% of the HCl and 10% of the Al2O3 particulate matter.

The annual global ozone reduction due to the US space launches is 0.0038% from HCl and 0.0014% from Al2O3 for a total of 0.0052%. The proposed change to Ares V design will have negligible impact on ozone before 2020 and a 0.0005% extra reduction in global ozone from a 10% increase in US emissions over the present design (based on 3 Ares V launches per year post 2020). There will be an additional 640 mT of HCl and 910 mT of Al2O3 per year released into the atmosphere. Table 3 below shows the HCl and Al2O3 emissions from current and proposed launch vehicles.

	Table 3 - HCl and Al2O3 emissions from space vehicles

	Space launch vehicle
	HCl and AL2O3 in exhaust

	STS
	210 mT HCl & 300 mT Al2O3 particulate matter (PM) 

	Ares I (ESAS)
	131 mT HCl & 188 mT PM

	Ares V (ESAS)
	263 mT HCl & 375 mT PM

	Ares V (06/2008)
	289 mT HCl & 413 mT PM

	Ares V (PE 02/2009)
	502 mT HCl & 717 mT PM (1.74xAres V 06/2008)

	Note: Approx 2/3rd of the exhaust is emitted in the Troposphere and 1/3rd in the Stratosphere. Speed through upper Stratosphere means little increase in emissions into the stratosphere .for a first stage that reaches a higher altitude.


KSC soil is high in calcium carbonate and quickly neutralises acid rain (HCL) and thus the long term impact of 9% more HCL is minimal. The impact of PBAN rocket testing in the dry climate of ATK Promontry, and MSFC rocket development testing, from HCl and Al2O3 is minimal. The impact of NOX and other PM is also small.

3.8 Transportation risks

Moving the manufacture and filling operation to the Gulf coast reduces the risks associated with rail transport from Utah to KSC. ATK had one “minor rail incident” – a derailment that resulted in significant delay in delivery as the segments had to be returned to Utah for inspection and testing. Most segments were never used in flight.

Transportation of external tanks by sea from Michoud to KSC has not experienced any significant mishaps and can negotiate weather extremes. The sea transport route is away from built up areas.
	Table 4 - Apollo to Ares performance and mass data

	Apollo 17  1972
Height 110.9m
	STS 2008
Height 54 m
	Ares I May 2008

50.3mSRB+48.7mUS=99m
	Ares V Mk 3 June 2008

70+14+10+22 = 116 m
	Ares V Mk PE Feb 2009

33+35+14+10+22 = 114 m

	PERFORMANCE
	
	
	
	

	L/O T/W = 1.155

2951mT & 33.4 MN

After 1st stage jet 150 sec  68 km alt   2756m/s

- 2nd stage T/W = 0.70

      734mT & 5MN

- GLOM/2nd stage mass ratio 734/2951=0.25

- GLOM/2nd stage thrust ratio 5/33.4=0.15

- LOX/RP-1 propellant burn before L/O =60mT

- 2nd stage burn ?? sec
	-L/O T/W = 1.64

2054.4mT & 33.1MN

-After SRB jet 123sec 45.5km1340/1372/1437m/s

- Core T/W = 0.97

      719mT & 6.8MN

- GLOM/SRB jet mass ratio 719/2053=0.35

- GLOM/SRB jet thrust ratio 6.8/33.1=0.20

- LOX/LH2 propellant burn before L/O = 10mT

- Burn aft SRB jet 387 sec
-Ave accel 11.14m/s2 1st st
	-L/O T/W 1.71

927mT & 15.56MN

-After SRB jet 125.8 sec 57.5 km alt  1811 m/s

- 2nd stage T/W = 0.71

       188mT & 1.3MN

- GLOM/2nd stage mass ratio 188/907=0.21

- GLOM/2nd stage thrust ratio 1.3/14.7=0.09

- LOX/LH2 propellant burn before L/O = 0mT

- Burn aft SRB jet 540 sec
Ave accel 11.26m/ s2 1st st
	-L/O T/W 1.38

3704.5mT & 50.1 MN

-After SRB jet 121.6 sec 36.4 km alt 1120(??) m/s

- 2nd stage T/W = 1.42

      1447mT & 20.2 MN

-GLOM/SRB jet mass ratio 1457/3704.5=0.39

-GLOM/Core thrust 
ratio 20.2/50.1 = 0.40

-LOX/LH2 propellant burn before L/O = 32mT

- Burn aft SRB jet181.5sec
Ave accel 9.19m/ s2 1st st
	L/O T/W 1.52 to 1.65
3700mT & 55 MN–60 MN

-After 1st Stage jet 140 sec

58 km alt 1400 m/s

- 2nd stage T/W = 1.089

      1040mT & 11.1 MN

- GLOM/2nd stage mass 
ratio 1040/3700=0.28

- GLOM/2nd stage thrust
 ratio  11.1/55 = 0.20

- LOX/LH2 propellant burn before L/O = 0mT

- 2nd stage burn      245 sec
Ave accel 10.0m/s2 1st st

	SAFETY
	
	
	
	

	PLOM 1:7??

PLOC 1:10??
	PLOM   1:110??

PLOC    1:100??
	CLV - PLOM (ESAS)1:460

        4% total mission risk

         - PLOC 1:2148
	CaLV  - PLOM 1:80??

  20% total mission risk??

             - PLOC launch 0
	CaLV  - PLOM 1:400??

  5% total mission risk??

             - PLOC launch 0

	ENGINES
	
	
	
	

	Apollo

F-1 LOX/RP-1 Isp SL 350s

F-1 LOX/RP-1 Isp va 338s

F-1 6.675KN (SL ?) 

F-1 8.35mT

F-1 LOX/RP-1 IspSL 311s 
J-2 LOX/H2 Isp vac  418s

J-2S LOX/H2 Isp vac436s

J-2 1.0MN, 2.4mT


	STS

SRB PBAN Isp SL   265.4s

SRB PBAN Isp vac  296.3s

SRB Isp 242s SL??
SRBsl thrust=12.91MN

SRB Isp 268s vac??

SSME OX/H2 Isp vac450s

Ares I LAS  2.2MN abort

-Abort motor Isp SL  250s

-Alt control Isp SL     227s

-Jettison Isp SL          221s
	Ares I 2008 Update

Ares I     927T gross mass

SRB 5segSL=15.6 MNmax

J-2X 1.3MNvac, 2.3mT

Velocity at separation = Mach 5.84 =1723m/s 

Accel max = 3.79g

Alt sep = 57.4km
Launch T/W = 1.76

1st stage PBAN    70% L/O mass
	Ares V Mk 3

SRB PBAN Isp SL   265.4s

SRB 5.5segSL     16.2 MN

RS-68B            2.95MNSL
RS-68B IspSL          359s

RS-68B          3.37MNvac

RS-68B IspVac          409s

RS-68B                   6.8mT

J-2X       2.3mT       1.3MN


	Ares V Mk PE

SRB PBAN Isp SL   275s

SRB thrust SL     55/60MN

RS-68C IspVac           440s

RS-68C vac             3.7MN

RS-68C                    8.3mT

J-2X IspVac                450s

J-2X vac                  1.3MN

J-2X                         2.3mT

1st stage PBAN = 66% L/O mass

	MASS DISTRIBUTION
	
	
	
	

	GLOM(Apollo17) 2951mT

1st stage 5-1C      2217mT

LOX/RP-1 (Kero)1771mT

5xF-1 engines           42mT

Tanks                     404mT
2nd Stage   5 – II    569mT

LOX/LH2               454mT

Tanks                     103mT

5xJ-2                        12mT

3rd Stage  5 – IVB  120mT

LOX/LH2               109mT

Tanks                      8.6mT

J-2 engine               2.4mT
3rd stage LEO 70mT

LEO 3rd/CM/LSAM 115T

TLI   CM & LSAM  45mT
	GLOM(STS-124) 2054mT

2xSRB tot          1135mT

2xSRB prop         999mT

2xSRB dry           136mT

ET gross mass     798mT
ET prop               771mT

ET tank                  27mT

Orb&PL L/O       121mT

Orb&PL land         90mT

Pay load                31.0mT

SRB 45KM 1342m/s 

11 pt star top seg

SSMEmass               3.6mT
LEO gross (shuttle)121mT

LEO net PL            31mT

MECO 510s   
	GLOM                   927mT

SRB gross M       720mT

SRB PBAN          635mT

SRB casing, etc     85mT

2nd stage gross M   156mT

2nd stage prop        138mT

2nd stage tank         14.8mT

2nd stage J-2X          2.4mT

LAS                         6.2mT

SRB top segment 12 pt star
2nd st dry 17.5mT

Incl avionics ring 2.5mT

Interstage  4.1mT

Up St 25.6m, 5.5m dia

LEO net  (Orion)  22.9mT
	GLOM              3704.5mT

2xSRB gross M  1587.0mT

2xSRB PBAN     1397.0mT

2xSRB casing,etc 200.0mT

Core gross M     1761.2mT

Core use prop    1587.3mT

Core dry               157.6mT

Core burnout       173.9mT

6xRS-68B                  42mT

Core tank            115.6mT

Interstage               15.1mT

EDS gross M        278.5mT

EDS use prop      251.9mT

EDS dry                 24.2mT

EDS J-2X                2.3mT

TLI PL 53.6+6.4    60.0mT

PL shroud               9.1mT
LEO gross            187.7mT

TLI PL A 65.2+5.8   71mT
	GLOM                 3700mT

SRB gross M       2650mT

SRB PBAN          2425mT

SRB casing, etc     225mT

2nd stage gross M   680mT

2nd stage prop        620mT

2nd stage dry             35mT

2nd stage burnout      ??

3xRS-68C                 25mT

Interstage x 2         22.4mT

EDS gross M        278.5mT

EDS use prop      251.9mT

EDS dry                 24.2mT

EDS J-2X                2.3mT

TLI PL 53.6+6.4   60.0mT

PL shroud                9.1mT
LEO gross            187.7mT

TLI PL A 65.2+5.8   71mT

	110.95m ht

1st stage 2217mT

2nd stage 569mT

3rd stage 120mT

PL 45mT

Total 2951mT

SSME current         $50M

RS-68 current         $14M

RS-68B NASA est   $20M

RS-68C  PE est       $23M


	LEO speed      8000m/s

East launch    7535m/s

West launch   8465m/s

Earth rotation 465m/s

-PBAN ave=0.9max thrust

[11.57MNave/12.91MN max=0.896 say 0.9]
- PBAN at Isp (ave) = 0.35T/s/MN

- LOX/LH2 450s (Isp vac) = 0.227T/s/MN
	Ares V

- Heat rate at PL shroud separation 129 km, 1.136 kW/M2 

- At 188 km orbit decay is 675 m/orbit.

- 4 day loiter will lose approx 43.2 km =200.3 km

35% margin added to give 130 hours = 5 days 10 hrs

- 4 orbit 6 hr engine cool orbit decay to 185.2km
	Event
GLOM 3704.5T

Lift-off

Max Q

SRB sep

PLS sep

MECO

EDS CO

EDS bur

EDS TLI

Core brn aft sep
	Sec
0.0

78.8

121.6

295.0

303.1

806.0

502.9

424.9

181.5
	Km alt
0.0

14.4

36.4

126.9

133.3

243.5


	Event
GLOM 3700.0

Lift-off

Max Q

1st st sep

PLS sep

2nd CO

EDS CO

EDS bur

EDS TLI

2nd stage burn
	Sec
0.0

70

136

295.0

361

864

502.9

424.9

225
	Km alt
0.0

14.4

58

126.9

133.3

243.5

	Gravity and friction losses to LEO = 2000m/s
	Isp = KN.s/kg (measure of engine efficiency)
	-LAS jet 161.2sec 80.98km Mach 7.67  (2263 m/s)
-MECO 327s 106km 4809m/s S jet 392 130.5km
	Maximum GLOM for TLI direct 3706.6mT

- Q @ SRB sep 36.4 km = 5.95kN/ms2 
	Ares V 06/2008 
- Max Q =38.3 kPa

- Max acc 4.17g=40.9 m/S2 

- Formally 3g &28.7 kPa
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Proposed Ares V First Stage
(Proposed Ares I First stage similar except without the central tunnel and only one nozzle)
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Carrier aircraft with wing and tail design of Boeing C-17 (top) and 
skeletal frame of Erickson S64 Aircrane (bottom)

