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Abstract
In the present study, a novel two-dimensional CFD model for a nitrogen pulsating heat pipe (PHP) has been developed in ANSYS Fluent. The total length of the PHP is 120 mm, with each of the three sections equal to 40 mm. The volume of fluid (VOF) model has been chosen as the multi-phase

Eulerian model, and the Lee model as the phase interaction model. A user-defined function (UDF) code is written to solve the mass transfer between the two phases and the corresponding heat transfer due to evaporation and condensation. The CFD model helps to understand the transient

behaviour of temperature and the evolution of flow patterns with time. Furthermore, an experimental setup of a single-loop PHP has been constructed with stainless steel as the tube material. The condenser section of the PHP is contained inside a condenser shell filled with liquid nitrogen. The

entire PHP is kept inside a double walled vessel to avoid undesirable heat leakage.

• In the 1990s, Akachi invented a new type of heat pipe known as the pulsating or oscillating
heat pipe (PHP or OHP).

• The operating temperature of a PHP is between the triple and critical points of the working
fluid.

• Cryogenic PHPs offer various applications such as cooling of superconducting magnets used in
MRI systems, cooling of infrared sensors (IR sensors).

• In this study we aim to develop a 2D CFD model for a cryogenic PHP using nitrogen as a fluid
to understand its complex two phase behavior.

• Furthermore, an experimental setup has been developed to investigate the thermal
performance at different operating conditions.

GOVERNING EQUATIONS

Energy source term
𝑆ℎ= ሶmlv ∗ hLH= - ሶmvl ∗ hLH.

Force due to surface tension.

Continuity Equation

Momentum Equation

Energy Equation
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If 𝑇𝑙 > 𝑇𝑠𝑎𝑡 (Evaporation):

ሶ𝑚𝑣𝑙 = 𝛽𝑒 ∗ 𝛼𝑙𝜌𝑙 ∗ (
𝑇𝑙 − 𝑇𝑠𝑎𝑡
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)

If 𝑇𝑣 < 𝑇𝑠𝑎𝑡 (condensation):

ሶ𝑚𝑙𝑣 = 𝛽𝑐 ∗ 𝛼𝑣𝜌𝑣 ∗ (
𝑇𝑣 − 𝑇𝑠𝑎𝑡
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)
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Solid

Fluid

• Structured mesh 

• Denser at the fluid-solid interface to capture 

the wall effects

• Working fluid- Nitrogen

• Vapor density – Ideal gas

• Other properties- polynomial 
functions with temperature 

PROPERTIES:

• Fill Ratio – 50%

• Initial temperature – 77K

• Initial pressure – 101.325 kPa

INITIALIZATION:
𝒒′′ = 𝐜

𝒒′′ = 0

T = 𝟕𝟕 𝐊

BOUNDARY CONDITIONS
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• The temperature fluctuations give rise to the

oscillating/pulsating motion of fluid inside the PHP.

• The fluid flow is slug flow and the direction of fluid

flow changes with time.

• A 2D CFD model has been established for a single loop nitrogen pulsating heat pipe using ANSYS

Fluent. The temperature contours and the volume fraction contours provided a better insight into the

temperature fluctuations and flow structure inside the PHP.

• An experimental setup has been developed with the condenser section kept inside a condenser tank

and cooled using liquid nitrogen. The evaporator and the adiabatic section assembly are placed inside

a copper shield, and the entire PHP assembly is kept inside a vacuum insulated LN2 bath to avoid

any heat leak.
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