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Project Name – Additive Manufacturing of Liquid Cooled Frames 

 
Overview 
The advent of additive manufacturing over the past several years has led to a 
wider range of possible industrial applications. Lockheed Martin is looking to 
improve on current manufacturing practices by utilizing this emerging 
technology while also verifying the structural integrity of 3D-printed parts. 
 

Objectives 
 Design a cooling frame capable of being 3D printed. 

 Conduct an engineering confidence test focusing on the porosity of the 3D printed aluminium 
cooling frame. 

 Analyze the engineering confidence test results and conclude with a trade study comparing 
additive manufacturing of the liquid cooled frames with traditional manufacturing methods. 

Approach 
1. Researched topic/project and formulated a list of questions and deliverables for Lockheed. 
2. Gathered customer needs during on-site visit with Lockheed Martin at Owego, NY plant. 
3. We conducted a patent search and discovered a design patent for an additive manufactured 

lattice heat exchanger that provided us with a foundation for how others have approached 
designing for 3D printing.   

4. The concept generation stage was revisited several times during the span of the project and a 
concept selection matrix focusing on optimizing fluid flow and cooling decided our final design. 

5. We refined our design after running CFD (computational fluid dynamics) analysis in SolidWorks 
and learning that our center channels received less flow than the other channels. 

6. CAD models of each concept were generated in SolidWorks. 
7. We 3D printed three revisions of plastic prototypes, an aluminium pressure test piece, and a 

final aluminium prototype. 
8. We conducted CT scan tests focusing on porosity and defects in our aluminium 3D printed 

designs through GE (General Electric), pressure tests determining factor of safety through ARL 
(Applied Research Lab), and a wax submersion test to determine porosity through ARL. 

9. Theoretical calculations and models were validated by a factor of safety of 4 from the ARL 
pressure test.   

10. The pressure test graphs of pressure vs. time and strain vs. time concluded that a linear 
increase in pressure/strain over time meant that there were no leaks or failures in our part. 
Video evidence from the pressure test proved there were no air bubbles or dye leakage. 

Outcomes 
 Lockheed Martin will save $1,500 per 3D printed aluminium heat sink as a result of 

this project. 

 Lead times were reduced by 17-27 weeks as a result of this project. 

 As a result of the pressure test data, CT scans, and wax submersion tests, 3D 
printing of aluminium heat sinks shows promise for the future.  Further testing 
will have to be conducted by future teams to conclude that 3D printing is equally 
reliable to traditional manufacturing methods of heat sinks such as brazing. 


