
Nova Concepts - NASA
 
American heavy-lift orbital launch vehicle. Nova was NASA's ultimate launch vehicle, studied intently from 1959 to 1962. Originally conceived to allow a direct manned landing on the moon, in its final iteration it was to put a million-pound payload into low earth orbit to support manned Mars expeditions. It was abandoned in NASA advanced mission planning thereafter in favor of growth versions of the Saturn V. 

Before there was Saturn, when it was still known as the Juno V, there was - NOVA. The US Air Force had begun development of a 1.5 million pound thrust engine, the F-1, in the 1950’s. When NASA was formed, it considered a new launch vehicle beyond the Saturn, using the F-1 engine and capable of sending a manned expedition to the moon. This launch vehicle was identified as Nova in NASA’s first long range plan, delivered to President Eisenhower on January 27, 1959. 

NASA, Von Braun’s team at Huntsville, and major aerospace contractors conducted a number of design studies of Nova from January 1959 to June 1960. A common characteristic was the clustering of modular units consisting of an F-1 or J-2 engine and their associated propellant tanks. The first Nova designs used four F-1’s in the first stage and had a translunar payload of only 24 tonnes. Once the three-man, 5 tonne Apollo capsule was settled on, payload for a direct landing on the moon increased quickly - first to 45 tonnes, then finally over 60 tonnes. The number of F-1’s in the first stage correspondingly increased to 8 or 9. 
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Nova - NASA Designs - Jan 1959 to Feb 1962
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In April 1961 President Kennedy set a national goal of a manned lunar landing before 1970. As NASA and its contractors scrambled to make the necessary decisions to reach this goal, it was felt that Nova, which would require construction of new manufacturing facilities, could not be developed in time to meet the deadline. Instead a member of the Saturn family, would have to be used. It was initially planned that two Saturn C-3’s (three F-1’s in the first stage) would put the Apollo spacecraft and its translunar boost stage into earth orbit. After docking and fuel transfer, the combined spacecraft would set off for the moon. Eventually lunar orbit rendezvous was selected as the landing mode, resulting in a single Saturn C-4 launch to send the Apollo spacecraft and lunar module toward the moon. At the last minute an extra F-1 engine was slid in ‘for insurance’ and the Saturn C-5 was the configuration that went into production. The dimensions of Saturn were limited by the mundane realities of the ceiling height and bay lengths of an existing factory at Michoud, Louisiana, where the Von Braun team intended to build the S-IC first stage. Ironically, the Saturn V as it eventually flew was of essentially the same lift-off mass and payload capability as the Nova! 

Despite the selection of Saturn in 1961, studies on Nova continued into the middle of 1962. There were those at NASA headquarters who advocated using large solid rocket motors in place of an F-1 liquid fuelled first stage. They were sure these could be developed in time for the deadline, allowing the use of Nova to launch a direct landing mission to the moon. The first Nova did not finally die until the great ‘mode debate’ was settled in June 1962 with the selection of lunar orbit rendezvous for the landing method. This marked the end of consideration of Nova designs dedicated to launch of a direct-landing Apollo spacecraft. 

But was not quite the end of Nova. The launch vehicle was now recharacterised as the ‘next’ launch vehicle after the Saturn V. Design objective was a million-pound payload to low earth orbit. Two major rocket companies that did not receive production contracts for Saturn stages - General Dynamics (Convair) and Martin Marietta - were given ‘consolation’ study contracts for Nova in July 1962. Philip Bono of Douglas Aircraft characteristically did his own study without a contract. The contractors were to make preliminary designs of million-pound-payload launch vehicles that explored all possible combinations of: 

· one versus two stages 

· use of existing (F-1A and M-1) engines versus higher thrust, higher performance engines 

· recovery and reuse of either or both stages 
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Nova - Martin Marietta Basic Designs - September 1963
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Martin handed in the most comprehensive study, with all possible combinations evaluated, and advanced concepts such as plug nozzles and air augmented engines being considered. 
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General Dynamics had the most conservative designs, using existing engines or enormous conventional bell-chamber engines in the 3 million pound thrust class. 
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Bono at Douglas characteristically was optimistic about achievable stage mass fractions and had designs with masses considerably less than calculated by the other two contractors. 

The following table cross tabulates the Nova launch vehicle types versus contractor, indicating lift-off masses, in millions of kg, normalised to a million pound payload: 

	Type
	Martin Marietta
	General Dynamics
	Douglas Aircraft

	2 stage, F-1A Lox/Kerosene Stage 1
	11.7
	14.2
	7

	2 stage, Advanced Lox/Kerosene Stage 1
	-
	11.7
	5.2

	2 stage, Solid Stage 1
	14.4
	19.4
	-

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

	2 Stage, Lox/LH2 Stage 2
	6.4
	
	6.6

	2 Stage, Lox/LH2, 1st stage reused
	6.9
	-
	-

	2 Stage, Lox/LH2, all reused
	7.8
	-
	-

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

	1 1/2 stage Lox/LH2
	9.3
	8.9
	-

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

	Single stage to orbit, Lox/LH2
	8.4
	-
	8.5

	Single stage to orbit, Lox/LH2, reused
	7.8
	-
	11.4

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

	Single stage to orbit, Air augmented
	6.9
	-
	-

	Single stage to orbit, Air augmented, reused
	9.7
	-
	-


Another aspect of Nova was how to transport and erect such huge launch vehicles. NASA had already selected and purchased land for Nova launch sites north of the Saturn V’s LC-39. Nova and others of its ilk essentially require transport by water from the factory to the launch site and launch from sea or at least seaside facilities. NASA had the Army Corps of Engineers study some ingenious launch facility designs using barges and water channels under the pad to move the vehicle into position. Because of the enormous sound that would be generated in a Nova launch, remote off shore or towed launch platforms were considered essential. One exotic concept was to launch Nova not from Cape Canaveral, but from launch tubes hollowed into the side of Hawaiian cliffs! 

By the end of 1963 NASA no longer foresaw any need for such huge launch vehicles. Saturn V studies had already begun which indicated that, using solid strap-on motors, the Saturn could deliver up to a million pounds to orbit without the need to build new vehicles or facilities. More importantly, most at NASA saw the follow-on to the Saturn V to be a reusable winged shuttle, which would land at air strips and be fully reusable. Nova was cancelled quietly in 1964. However throughout the 1960’s visionaries like Truax and Bono continued to design and advocate very large or single stage to orbit designs like Sea Dragon and Rombus. But in the absence of political support for human colonisation of space or exploration of Mars, the need for such large launch vehicles has not materialised to this day. 

Status: Cancelled 1964. 
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Nova Images
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Nova LV 
Credit: © Mark Wade 
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Nova NASA 6 F-1 
Credit: © Mark Wade 
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Nova NASA 4 F-1 
Nova NASA 4 F-1 / Nerva 
Credit: © Mark Wade 
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Nova Model B 
Nova General Dynamics Model B 
Credit: © Mark Wade 
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Nova B and E 
Cutaway view of General Dynamics Nova B and E concepts. 
Credit: Lockheed Martin 
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Nova GD Advanced 
General Dynamics advanced Nova designs 
Credit: Lockheed Martin 
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Nova - GD 
Nova Concepts - General Dynamics 
Credit: © Mark Wade 
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Nova Model E 
Nova General Dynamics Model E 
Credit: © Mark Wade 
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Nova Model F 
Nova General Dynamics Model F 
Credit: © Mark Wade 
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Nova F, H and J 
Cutaway view of General Dynamics Nova F, H and J concepts. 
Credit: Lockheed Martin 
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Nova Model H 
Nova General Dynamics Model H 
Credit: © Mark Wade 
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Nova Model J 
Nova General Dynamics Model J 
Credit: © Mark Wade 
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Nova - Martin Marietta Basic Designs - September 1963
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Nova - Martin 
Nova Concepts - Martin Marietta 
Credit: © Mark Wade 
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Nova 24G, 34, and 33 
Nova Martin Marietta designs 24G, 34, and 33 
Credit: Lockheed Martin 
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Nova Martin Marietta 
Cutaway view of Martin Marrietta air-breathing single stage to orbit Nova R10R-2 concept 
Credit: Lockheed Martin 
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