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Abstract

In this study, two mathematical models were constructed to predict the thermal
performance and internal flow characteristics of a five-layer structure vapor chamber in
two limiting cases, fully uniform and fully nonuniform, where the chamber is heated on
one side and convectively cooled on the other side. The three-dimensional temperature
fields of copper plates under non-uniform heating conditions were solved first. The flow
fields in the liquid and vapor core regions are assumed to be two-dimensional. Mass
fluxes due to phase change are computed according to the interface heat flux, and used
for solving the pressure and velocity fields. The main difference between the two
models lies in the assumption whether heat is fully mixed or completely unmixed in the
vapor core region. The commercial software ANSYS is used to examine the rationality
of some assumptions and most of all the accuracy of the mathematic derivations. The
model predictions were finally compared with experimental measured. It is found that
the relative error falls within 25%.

The mathematical models were then employed to investigate the influence of
various factors on the thermal performance of the vapor chamber. The results show that
under a fixed vapor chamber cross-sectional area and heat source power, the thermal
resistance decreases with increasing heating area. Both models reach the same value
when the heating area is equal to the vapor chamber cross-sectional area. As the aspect
ratio of the vapor chamber increases, the two models yield opposite results. When vapor
is uniformly mixed in the vapor core, a smaller aspect ratio leads to a better
performance. When the environmental heat transfer coefficient and effective thermal
conductivity of the capillary structure increase, the reduction in thermal resistance and
the increase of pressure drop become less significant. This work also compares the
capillary limits of four working fluids: water, methanol, ethanol, and acetone. The result
shows that water has the highest maximum heat flux, followed by methanol, acetone,

and ethanol, which is consistent with the research results mentioned in the literature.

Key words: vapor chamber, pressure drop, thermal resistance, capillary limit, maximum
heat flux.
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Liquid Viscosity (Ns/m?)
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Liquid Viscosity (Ns/m?)
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