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ABSTRACT

In this study, the effect of flow-guide structures on the heat-spreading characteristics of a vapor chamber was systematically
investigated using a non-contact thermographic method. The tested vapor chamber had external dimensions of 106 mm x 106
mm % 4 mm (length x width x thickness) and possessed a 1 mm thick wick on its bottom plate. Flow guides with expansion
angles of 0°, 22.5°, and 45° were incorporated into the vapor space to control the flow of the vapor-phase working fluid and
to enhance structural rigidity. Approximately 6.5 mL of distilled water, corresponding to approximately 130 % of the wick void
volume, was charged into the evacuated vapor chamber. The heat-spreading characteristics of the vapor chamber were evaluated
in terms of the temperature distribution and the cumulative effective thermal conductivity distribution, measured by non-contact
thermographic camera. The vapor chamber exhibited a central region with a uniform temperature distribution and a high
effective thermal conductivity within a radial distance of 3.5 cm from the center, whereas in the outer region, the accumulation
of excess liquid-phase working fluid resulted in a rapid decrease in both temperature and cumulative effective thermal
conductivity. The cumulative effective thermal conductivity increased with heat flux due to the higher mass flow rate of the
working fluid at elevated heat fluxes. At a heat flux of 200 W cm?, the measured cumulative effective thermal conductivity
reached 8 900 W m™ K' + 1 100 W m™ K' at an approximately 95 % level of confidence, which corresponded to an
approximately tewnty-times higher value than that of copper. The heat-spreading performance of the vapor chamber decreased
with increasing expansion angle of the flow guide, mainly due to greater contribution of conduction through the solid flow

guide relative to convection of the vapor-phase working fluid.
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Fig. 2 (a) Internal structure of the vapor chamber with different types of flow guides and (b) photograph of the sintered wick
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Table 1 Variation in solid fraction of the flow guide for
different expansion angles

Flow guide expansion angle(@ew)

0 22.5 45
Solid fraction of
the vapor flow 0.03 0.23 0.45
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Table 2 Uncertainty budget of the cumulative effective
thermal conductivity at a heat flux of 200 Wcm™
.. | Sensitivity | Contribution | Impact/
Factor Value Unit coefficient | /W m? K| %
Coolant flowmeter uncertainty
Uy (Vind |59 x 107 | m’ s 244 5.17
: - o35 x 10°
v, (Vi) |63 x 107 | m’s! wsmt k| 22 0.04
Uy (Vo0 |36 x 107 | m® s 127 1.40
Outer radius uncertainty
g 1.3 x 10°
Upalr) | 1.0 x 107 | m W m? K 1.31 0.00
Inner radius uncertainty
g 9.1 x 10°
Upalr) | LOX 107 | m W m? K 9.14 0.01
Coolant temperature difference uncertainty
Ue(aty) |35 x 107 K 165 235
b 47 x 10°
U ,) | 60 x 107 K W K2 283 6.94
U ltneo) | 60 x 107 | K 283 6.94
Radial temperature difference uncertainty
) 5.1 % 10°
Uy (Atys) | 18 x 107 | K W K2 914 729
Thickness uncertainty
22 x 10°
U, |10 x 10| m W m? K 222 428
Cumulative effective thermal conductivity uncertainty
Ul | 1074 [V 1.00
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Table 3 Variation in the cumulative effective thermal conductivity
with flow guide expansion angle. The measurement uncertainties

are expressed at an approximately 95 % level of confidence
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