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A 3D PRINTED ENGINE  
OPTIMIZED FOR SPACE

The engine has a regenerative cycle 
circuit, which collects a large part of 
the heat from the combustion via the 
engine wall and then transfers that 
heat to the fuel, which passes through  
channels in the chamber. 

Accompanied by its static ignition 
bench, the engine is designed to  
deliver a thrust of 100 kg for  
30 seconds. It uses liquid fuel  
(liquid oxygen and kerosene) to  
provide thrust via a system of  
injectors and an internal cooling  
circuit. The technological challenge is  
therefore to 3D print the complete  
engine in one go with a focus on the 
channels inside this part.

AddUp has chosen to support the Estaca*, a French College of  
Aeronautics and Automotive Engineering , to produce a brand new  
regenerative cycle space engine in Inconel® 718 using metal additive 
manufacturing. 

This project, called Aurora Liquid Engine, is being carried out in close 
partnership with engineers from Ariane Group and Air Liquide, and 
its objective is to demonstrate the relevance of Powder Bed Fusion 
(PBF) technology for the aerospace sector.

* (Ecole supérieure des techniques aéronautiques et de construction automobile)

AURORA

Aerospace

3D print a space engine with
internal channels

Fluidic, topological and thermal optimization
Excellent heat resistance
Control of the combustion
Part printed in one go
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SOLUTION RESULTS

Traditionally, these engines are constructed with 
thousands of components which have to be  
assembled and welded. The large number of the 
different parts adds time and complexity to the 
manufacturing process, and allows for potential 
weak spots in case of welding defects.

With metal additive manufacturing, these  
thousands of parts are consolidated into one, 
printed in a single block, which results in improved 
performance and weight reduction. In addition, all 
sealing problems are removed. The numerous fuel 
supply and cooling channels are integrated into the 
part with a good surface finish, achieved by the use 
of fine powder.

With the AddUp’s expertise in metal additive  
manufacturing, the engine was optimized and then 
printed (in Inconel 718) without any support on an  
AddUp FormUp® 350 machine which uses PBF  
technology. To achieve maximum performance, the  
engine has to operate at high temperatures under 
high stresses. Hence the choice of the Incone material. 
The good compromise between yield strength, creep  
resistance, and fatigue makes Inconel 718 one of the 
most used alloys for high temperature applications (up 
to 650°C/700°C).

The surface finish of the final part is very smooth. This  
result is due to the use of fine powder and FormUp 350’s 
roller spreading system. 

The cooling channels are printed horizontally, support-free 
and without any design modifications. Normally the  
channels would be printed vertically to preserve shape 
and maintain a good internal surface finish, but with the 
FormUp 350 these orientation constraints are removed.
The success of this production was only possible through 
the use of fine powder and roller layering system, allowing 
to push the limits of manufacturing.

The project was completed with a static test bench  
firing at Ariane Group’s Vernon site, where the Ariane 6 
engines are tested, including analysis of engine  
performance data for 30 seconds, the time needed for 
a rocket to reach the stratosphere.

3D view of the engine’s internal channels
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