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Description

In 1926, the world’s first liquid-fueled rocket was launched by Robert H. Goddard in
Massachusetts. Although its ascent was minimal, that brief flying experience sparked a
revolution. Goddard’s work turned rocket science from speculative fiction to
experimental science, making possible every spacecraft that left Earth since then. My
infographic, Beyond the Fire: A Cosmic Roadmap of Propulsion Evolution, examines
the evolution of Goddard’s original vision of controlled combustion, which is set for the
next century; and how future propulsion technologies may finally drive humanity into free

fall.

Essentially, this infographic is a story about progress and progress is driven by an
efficiency challenge. Goddard realized that rockets should have fuel also an oxidizer, a
restriction instituted in the rocket equation. According to the rocket equation, mass must
be expanded to gain velocity. It has shaped every space mission to date. My visual road
map reflects humanity’s attempts to “break the tyranny of the rocket equation” to
develop propulsion systems that employ propellant more efficiently for faster, farther,

and bolder missions.

The Chemical Foundation (1926-Present)

The leftmost part of the infographic shows Robert Goddard himself, drawing a connection
with an early design of his rocket and a chemical launch vehicle going up on Earth.
Chemical propulsion uses the burning of fuel and oxidizer to generate thrust. Modern
satellite launches remain technologically feasible because rocket technology delivers

thrusts that are simply unreal with respect to aircraft propulsion.

Although chemical rockets are an option for launching space vehicles, they are
inefficient, in other words they have a low specific impulse (Isp). Typical chemical rocket
engines generate an Isp of about 450 seconds. In the infographic, this visual

representation of the inefficiency shows short, intense flames and their trajectories
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remain close to earth. Although chemical propulsion is powerful, it limits missions to
short burns and requires vast fuel tanks, which in turn limits the distance and speed

humans can travel from Earth.
The Electric Transition (2020s-2040s)

As the timeline progresses within the infographic, we come to electric propulsion - a
satellite featuring significant solar panels that emits a slender blue tail. Electric
propulsion systems involve the use of electric fields to accelerate ions to extremely high
velocities. Examples include ion and Hall-effect thrusters. Although the the forces
produced by these engines are very low, they work for months or maybe years building up

huge speeds.

Electric propulsion has much greater efficiency, with Isp values close to 3000 seconds
an order of magnitude greater than chemical rockets. The graphic shows smoother and
longer flow lines and a more extended trajectory into space that represents the increased
efficiency. In the present day, electric propulsion is already utilized for deep-space cargo
transport. This stage of the roadmap signifies the first significant milestone of humankind
moving away from chemical fire. Instead of conducting brute force, this will bring better

precision and efficiency.
The Nuclear Leap (2040s-2060s)

The second part of the infographic shows nuclear thermal propulsion (NTP), which is
represented by a powerful engine with a brighter, hotter exhaust, along with the planet
Mars. Nuclear thermal rockets do not use combustion. A nuclear reactor heats up a light-

weight propellant (usually hydrogen) which is released at high-speed to create thrust.

Nuclear thermal propulsion has an excellent trade-off between thrust and efficiency. NTP
engines are roughly twice as effective as chemical rockets and still provide good

acceleration, with a specific impulse of around 900 seconds. This feature makes them

Page 2 of 4



BEYOND.THE FIRE

A COSMIC ROADMAR;OF PROPULSION EVOLUTION
2 _ (1926-2075+) -

very suitable for human missions to Mars in which a shorter voyage implies that

astronauts are less exposed to radiation and microgravity.

According to the infographic, Mars plays a prominent role at this stage, highlighting the
potential for quick human transportation to the Red Planet in the next few decades. This
phase marks a major milestone; propulsion systems powerful enough to move people

rapidly from planet to planet without chemical burning
The Fusion Horizon (2075+)

The last and most speculative part of the roadmap is fusion propulsion. This is illustrated
by a sleek spacecraft ejecting an intense bright exhaust as it heads out to the outer solar
system. The same process that makes stars shine will be tapped into by fusion propulsion

which fuses atomic nuclei.

Fusion-powered engines not only provide extreme thrust but also exceed efficiency, with
expected specific impulse values of more than 10,000s. This kind of performance would
significantly shorten transit times to the outer planets and allow precursor missions to
the stars. This stage features the representation of Jupiter and Saturn signifies the

extension of mankind outside of the inner solar system.

Although practical fusion propulsion is still many years away, the research in magnetic
confinement and plasma physics suggests it may become possible one day. This last
image in the artwork mixes reality and imagination because Goddard himself was once

considered a dreamer ahead of his time.
Visual Storytelling and Data Representation

The colorful path that links each stage of propulsion action shows how they become
more efficient and fly farther. As shown by the arrow “Isp Efficiency Increases”, everything
in space might not just be powered, but cleverer use of your energy and propellant. All

rocket propulsion stages are introduced with brief informative data of mechanism, thrust
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characteristics, efficiency, and principal application to allow a glance at science and

significance.

The data in the infographic is based on established aerospace research, including NASA
studies on electric propulsion, concepts for nuclear thermal propulsion developed
during the NERVA program, and theoretical fusion propulsion as reported in recent

scientific literature.
Conclusion

Beyond the Fire follows the intellectual line from Robert H. Goddard’s first liquid-fuel
rocket to man’s future among the planets. Goddard proved we could escape the earth
with controlled combustion. In recent times, electric technologies and nuclear
technologies are teaching us how to travel farther with lesser fuel. With fusion

propulsion, we may one day roam the solar system at will.

With each advancement in propulsion, an engine reinvented takes shape, one that
challenges what is possible; one that traces its lineage back to Goddard. This roadmap is
not only a history of engines but also a promise of human efforts to overcome corporeal

limits to explore outer space.

Sources:

e NASA. Electric Propulsion Systems Overview.

e NASA. Nuclear Engine for Rocket Vehicle Application (NERVA) Program Historical
Reports.

e National Academies of Sciences. Space Nuclear Propulsion Technologies.

e Fusion propulsion concepts discussed in contemporary plasma physics and

space propulsion literature.
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