
• Objectives: Develop 3D printed heat exchangers with creative internal patterns for Mechanically

Pumped Fluid Loops (MPFL).

• Background: Leveraging 3D printing techniques like ultrasonic additive manufacturing (UAM) for

enhancing time efficiency as well as reducing labor cost and complexity in manufacturing.

• Approach and Results: Optimization with genetic algorithm (GA) and machine learning (ML).

Increase the heat rejection performance to pressure drop by a factor of 3 while reducing the

weight greater than 20%. ML reduces optimization time from 40 hours to 1 second.

• Significance/Benefits to JPL and NASA: MPFL used on Mars Science Lab (MSL), and M2020

Landers, and upcoming Europa Clipper mission to reject heat during the cruise stage and

maintain the electronics temperature within allowable flight temperatures.
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(a) Schematic of a pin fin channel
(b) Evolution of the pin fin geometry over generations
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