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Abstract

Objective Previous studies have demonstrated that gradient wick vapor chambers exhibit high temperature uniformity, low thermal
resistance, and a high capillary limit. However, most reported vapor chambers with gradient wicks are fabricated from copper; they
typically employ either a single gradient wick layer or a dual-section gradient structure connecting the condenser and evaporator sides. By
contrast, aluminum vapor chambers incorporating two gradient wick layers are rarely investigated. In this study, an aluminum vapor
chamber featuring two gradient wicks was fabricated to investigate its performance under specific operating conditions and varying wick
gradient orientations. The findings provide a thermal-management reference for electronic devices in typical operating scenarios.

Method Aluminum powder was used as the working material. A 2X2 factorial design was established based on the gradient orientations
at the evaporator and condenser sections, and four aluminum vapor chambers with dual-gradient wicks were fabricated accordingly. A
test platform was established for porosity, permeability, thermal resistance, and temperature uniformity characterizations. Meanwhile,

Ap was introduced to quantify the gradient difference between the upper and lower wick structures.

Results and Discussion Experiments show that under general operating conditions, the vapor chamber C—featuring inward-decreasing
pore sizes at the evaporator end and outward-increasing pore sizes at the condenser end—exhibits excellent heat transfer and start-up
performance. This is because the evaporator-end design directionally guides the working fluid backflow, thus reducing the risk of “dry-
out” ; additionally, the high permeability at the center of the condenser end accelerates heat exchange between the working-fluid vapor
and condensate. At 80 W, vapor chamber C achieved the fastest start-up response time of 385 s. Compared with the start-up response
time of 657 s for a nongradient vapor chamber, the structure of vapor chamber C enables more efficient working fluid circulation, thus
accelerating start-up. Under pulsed operating conditions, thermal accumulation is governed by the structure. As the number of pulses
increases, thermal accumulation decreases rapidly, with the reduction rate positively correlated with the pulse period. Under pulse

periods of 360, 600, 960, and 1200 s, thermal accumulation during the third pulse decreased by 57. 70%, 72.85%, 78.77%, and
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82. 21% compared with that during the first pulse, respectively.

Conclusions Vapor chamber C—featuring inward-decreasing pore sizes at the evaporator end and outward-increasing pore sizes at the

condenser end—exhibited optimal temperature uniformity. Compared with a non-gradient vapor chamber, the in-plane temperature

differences at both ends of vapor chamber C were 24. 02% and 26. 07% lower. Ap values confirmed that an optimized gradient structure

significantly enhanced the vapor chamber performance. For vapor chamber C (Ap>0) , the graded structure successfully balanced the

capillary driving force and viscous pressure drop. Under high power (80 W), vapor chamber C attained a minimum thermal resistance of

0.11 C/W and the shortest start-up response time of 385 s. Under pulsed loading, the temperature drop at low power was almost

unaffected by the structure but increased with the pulse period. As the pulse period increased from 360 to 1200 s, the temperature drop

increased from 57. 70% to 82. 21%.

Keywords aluminum; gradient pore-size wick; pulsed loading; thermal accumulation
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Fig.1 Structure of the vapor chamber
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Tab.1 Configuration of vapor chamber types
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Fig.2 Details of vapor chamber structure
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Fig.4 Sensor pasting location
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Tab.2 Test results of porosity and permeability
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