
Design and Operation of a Cryogenic 
Nitrogen Pulsating Heat Pipe

Luis Diego Fonseca Flores

Advisor: Franklin Miller
Co-Advisor: John Pfotenhauer

Department of Mechanical Engineering
University of Wisconsin-Madison



Overview

• Concept

• Main Design Parameter

• Experimental Setup

• Results

• Future Improvements

• Questions

2



PHP Concept

• Pulsating Heat Pipes: oscillations/pulsations are cause by the change in 
volumetric expansion and contraction in evaporator and condenser.

• Liquid plugs and vapor bubbles are formed.

3



PHP Main Design Parameter
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PHP Main Design Parameter
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Air bubbles through different fluids in vertical plates White and Beardmore (1962) .
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PHP Main Design Parameter
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PHP Main Design Parameter
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Experimental Setup
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Experimental Setup: PHP Core

• Condenser section have 
an OD of 65 mm.

• Capillary tubing are 
soldered to both sections. 

• PHP core are supported 
by SSL 304 Wires.
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Experimental Setup: Support Structure
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Experimental Setup: Thermal Jacket and MLI
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Experimental Setup: Vacuum Pumps
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Experimental Setup: Future Test Bed

Inclination test bed to run PHP at different orientation angles.
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Experimental Results

• Horizontal orientation.
• Cooldown curve took 12 hours to reach saturation temperatures.
• Pressure in PHP around 140 kPa.
• At heat load below 2 W, time periods reached 5.8 min.
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Experimental Results
• Horizontal orientation.
• Maintained constant cryocooler temperature of 74 K.
• Increased heat load from 2 W to 3.5 W.
• ΔT between sections decreased from 3.3 K to 1 K.
• Oscillations periods decreased dramatically, most frequent were between 18 

and 42 seconds.
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Experimental Results
• As heat load increases effective thermal conductivity keff increases but Fill 

Percentage fliq decreases.

Ntotal =
PfinalVtank

RTamb
+
PfinalVgas-lines

RTgas-lines
+ rl ,satVl + rv,sat VPHP -Vl( ) 𝑓𝑙𝑖𝑞 =

𝑉𝑙
𝑉𝑝ℎ𝑝
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Experimental Results
• it should be noted that the effective thermal conductivity is higher at low fill 

percentages at a constant cryocooler cold tip of 74 K.
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Future Work

• Build inclination test bed.

• Test different adiabatic lengths.

• Divide evaporator section in 3 sections to have 3 independent heaters.

• Test experiment in a zero gravity environment (Parabolic Flight) to verify 
usage for space applications. NASA’s flight opportunity program.

• Currently building another PHP to test more than one cryogen: Argon, 
Nitrogen, Helium, Neon and Hydrogen. (Supported by Sumitomo)
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Questions?


