Engineering

OPEN a ACCESS Freely available online

\Journal of Aeronautics & Aerospace

Perspective

Overcoming the Challenges of Manufacturing Aerospike Nozzles

Rodriguez Olalla”

Department of Bioengineering & Aerospace Engineering, Universidad Carlos III de Madrid (UC3M), Madrid, Spain

DESCRIPTION

Aerospike engines are a type of rocket engine that has been the
subject of research and development. An aerospike engine uses a
unique type of nozzle design that allows for increased efficiency
and performance compared to traditional rocket engines. History
and mechanics of aerospike engineering and explore some of the
benefits and challenges associated with this technology.

History of Aerospike Engineering The first aerospike engine was
developed in the 1950s by NASA engineer Robert Salkeld.
Salkeld's design featured a nozzle that was shaped like a truncated
cone, with the combustion chamber located at the base of the
cone. The shape of the nozzle allowed the engine to maintain a
high level of efficiency at different altitudes, unlike traditional
rocket engines which experience a drop in efficiency as they
climb higher into the atmosphere. Despite the promise of the
technology, the first aerospike engine was never used for a real-
world mission due to a lack of funding and technical challenges
associated with manufacturing the complex nozzle shape.
However, research and development on aerospike engines
continued throughout the decades, and several prototypes were
developed by various organizations, including NASA, the Soviet
Union, and private companies.

How aerospike engines work

Aerospike engines work by using a unique type of nozzle design
that differs from traditional rocket engines. Traditional rocket
engines use a bell-shaped nozzle that is optimized for a specific
altitude range. As the rocket climbs higher into the atmosphere,
the air pressure decreases, and the exhaust plume expands,
causing a loss of efficiency. Aerospike engines, on the other
hand, use a nozzle that is shaped like a truncated cone, with the
combustion chamber located at the base of the cone. The cone
shape allows the engine to maintain a high level of efficiency at
different altitudes. As the rocket climbs higher into the
atmosphere, the expanding plume of exhaust gases interacts with
the surrounding air, creating a virtual nozzle that extends the
effective length of the aerospike nozzle.

Benefits of aerospike engines

Aerospike engines offer several advantages over traditional rocket
engines, including increased efficiency, improved performance,
and reduced weight. By maintaining high efficiency at different
altitudes, aerospike engines can reduce the amount of fuel
needed to reach orbit, making them more costeffective and
environmentally friendly. Aerospike engines also have the
potential to improve spacecraft performance. The extended
nozzle shape allows for greater thrust and acceleration, making it
possible to reach higher speeds and altitudes. Additionally,
aerospike engines have a smaller overall size and weight
compared to traditional rocket engines, making them ideal for
small spacecraft and satellites.

Challenges of aerospike engines

Despite the potential benefits of aerospike engines, there are
several challenges associated with this technology. One of the
biggest challenges is the complex design of the aerospike nozzle.
Manufacturing the truncated cone shape requires a high level of
precision, which can be costly and time-consuming. Another
challenge is the development of materials that can withstand the
extreme temperatures and pressures of the combustion chamber.

Traditional rocket engines use materials such as graphite or
carbon-carbon composites, but these materials may not be
suitable for aerospike engines due to the complex nozzle design.

Finally, there is the challenge of integrating aerospike engines
into existing rocket systems. The unique nozzle shape of
aerospike engines requires modifications to the rest of the rocket,
including the fuel and oxidizer tanks and the structural
components. Aerospike engineering represents an exciting and
innovative approach to rocket engine design that has the
potential to revolutionize the aerospace industry. While there are
still technical and financial challenges to overcome, the benefits
of aerospike engines make them an attractive option for future
space missions. By reducing the cost and environmental impact
of space travel, aerospike engines could help make space
exploration more accessible and sustainable for future generations.
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