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The J–2X Engine
NASA’s New Upper Stage Engine 

The next generation of space exploration has 
begun with the development of NASA’s Space 
Launch System, an advanced heavy-lift launch 
vehicle. As part of this endeavor, NASA is devel-
oping the J-2X rocket engine, a highly efficient 
and versatile rocket engine which will power 
the rocket’s upper stage. The Space Launch 
System will carry NASA’s Orion spacecraft, 
cargo, equipment and science experiments to 
space – providing a safe, affordable and sustain-
able means of reaching the moon, asteroids and 
other destinations in the solar system. 

The J-2X engine design leverages 50 years of 
experience in human spaceflight with state-of-the-
art technology in design processes, materials and 
manufacturing to enable further human exploration.

J-2X E10001 Assembly Complete. (NASA/MSFC)

Capabilities
The J-2X is a liquid-oxygen/liquid-hydrogen fueled 
rocket engine that produces nearly 300,000 
pounds of thrust in a vacuum. It is designed to 
start at altitude as part of a second or third stage 
of a large, multi-stage launch vehicle. In order to 
meet the requirements of specific mission profiles, 
the J-2X is designed to provide in-space restart 
and can operate at either the nominal throttle set-
ting or at approximately 82 percent of nominal. 
The J-2X engine’s specific impulse– a measure 
of propulsive efficiency – is higher than any previ-
ous rocket engine in its class and of its type. It is 
equipped with a modern control and data system 
that is fully redundant and includes self-diagnostics 
to promote flight reliability and safety.

Background
Like every next generation, the J-2X leans heavily 
on previous generations for its essential makeup. 
This engine owes its name and point of departure 
to the flight-proven J-2 rocket engine of the Apollo 
era and the Saturn V launch vehicle that first took 
humans to the moon. The other historic predeces-
sor was the experimental J-2S engine developed  
in the 1970s as a technology demonstrator.

However, beyond these two legacy name-
sake engines, the J-2X is the beneficiary of the 
advancements of rocket engine technology in 
the areas of design, analysis, development and 
operations as demonstrated on the space shuttle 
main engine and the RS-68 engine used on the 
Delta IV launch vehicle. From these origins and 
from this accumulated knowledge base, under 
the auspices of modern design, construction  
and safety standards, the J-2X has taken shape.

Description
The J-2X uses a conventional gas-generator 
cycle – meaning that the turbomachinery is pow-
ered by a small, internal combustion chamber 
separate from the primary combustion chamber 
producing engine thrust. This is the same cycle 
that was used for the J-2 engine but the J-2X 
is at a power level elevated by approximately 
25 percent. The J-2X turbomachinery used to 
pump the propellants through the engine can be 
traced to the J-2S engine, but with significant 
advancements in design, analysis and materials. 



The gas generator combustor design can be traced to 
the RS-68 engine as can the designs for the main injector 
and the main combustion chamber. The nozzle consists 
of two parts: the upper (forward) portion is a hydrogen-
cooled tube-wall construction while the lower, or aft portion 
consists of a nozzle extension nearly 8 feet in height and 
cooled by a combination of supersonic film coolant flow 
from the turbine discharge and passive radiation.

With its full nozzle extension installed, the J-2X mea-
sures over 15 feet tall and 10 feet in diameter at its 
base. It weighs approximately 5,400 pounds. Thus, its 
thrust-to-weight ratio is modest as compared to legacy 
systems but this is more than compensated by the 
higher specific impulse and a more robust, producible 
and affordable design.

Development
The development approach for J-2X was based upon the 
early identification of development risk, and the pursuit of 
risk mitigation through component and sub-component 
testing, and the application of robust design practices. 
Early risk mitigation testing included subscale testing of the 
main injector; subscale and full-scale, of turbomachinery 
elements; characterization and margins testing of highly 
stressed turbomachinery airfoils; subscale testing of the 
nozzle contour, cooling schemes, and materials; and a long 
and instructive series of tests using a modular workhorse 
gas generator. Numerous engine components such as the 
engine controller, valves, valve actuators, and lines and 
ducts have undergone development testing as a natural 
consideration for flight qualification for these parts.

Workhorse 
gas-generator 
testing at 
NASA Marshall. 
(NASA/MSFC)

E10001 installed in 
NASA Stennis test 
stand A-2. (NASA/SSC)

The J-2X Critical Design Review was conducted in fall 
2008 and engine system testing began in summer 2011 
with the first development engine E10001. Testing is 
being performed at NASA’s Stennis Space Center near 
Bay St. Louis, Miss., on the reconfigured test stands that 
have supported the Apollo and Space Shuttle Programs.

Engine full-power operations were achieved by the third 
test of the E10001 series demonstrating clearly the over-
all success of the risk mitigation activities leading to this 
point. Beyond E10001, there will be additional develop-
ment engines, a full-scale turbomachinery test bed, and 
two flight certification engines demonstrating the final 
configuration to support space exploration operations.

E10001 testing on NASA Stennis test stand A-2. (NASA/SSC)

The J-2X is designed and built by Pratt & Whitney 
Rocketdyne of Canoga Park, Calif., for NASA’s Marshall 
Space Flight Center in Huntsville, Ala.

Connect with J-2X:
On the Web: http://www.nasa.gov/j2x 
Blog: http://blogs.nasa.gov/cm/newui/blog/viewpostlist.
jsp?blogname=J2X
Facebook: http://www.facebook.com/J2XEngine
Twitter: http://twitter.com/J2XEngine
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