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Transport in Passive, High Thermal Conductivity Heat Spreaders
Ram Ranjan, Suresh V. Garimella and Jayathi Y. Murthy

NSF Cooling Technologies Research Center
School of Mechanical Engineering, Purdue University, West Lafayette, Indiana 47907-2088 USA

A transient, three-dimensional model for thermal transport in heat pipes and vapor chambers is developed. The
Navier-Stokes and energy equations are solved numerically. A porous medium formulation is used for the wick region.
Phase change at the liquid-vapor interface is modeled using kinetic theory. The performance of a 3 mm thin vapor
chamber with four circular porous posts inside the vapor core is predicted. Liquid flows from the condenser to the
evaporator through two separate paths, viz., the side walls and the porous posts, which lead to a shorter path for
liquid return, and decrease the liquid pressure drop. Optimal placement of the porous posts would help increase the
capillary limit of the heat pipe.

Input heat flux of 89 W/cm2;
condenser side conditions:
T∞ = 293 K and h∞ = 3000 W/m2K

Feeding flow from condenser to
evaporator section of the vapor
chamber: flow vectors are shown
in different planes of the wick
domain; condensate flows from
the condenser region to
evaporator region through the
side walls and the central porous
post

Flow in wick structure on evaporator
side to reach evaporator section,
Re = 0.04

Flow in vapor core from the heated
area towards the liquid-vapor
interfaces on the colder side, Re = 1.1

Computational domain:
quarter of the thermal
spreader (3 cm×3 cm×3 mm)
is modeled
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