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Abstract  

Vapor chambers can offer a passive heat spreading solution for thermal management in 

electronics applications ranging from mobile devices to high-power servers. The steady-state 

operation and performance of vapor chambers has been extensively explored. However, most 

electronic devices have inherently transient operational modes. For such applications, it is critical 

to understand the transient thermal response of vapor chamber heat spreaders and to benchmark 

their transient performance relative to the known behavior of metal heat spreaders. This study 

uses a low-cost, 3D, transient semi-analytical transport model to explore the transient thermal 

behavior of thin vapor chambers. We identify the three key mechanisms that govern the transient 

thermal response: (1) the total thermal capacity of the vapor chamber governs the rate of increase 

of the volume-averaged mean temperature; (2) the effective in-plane diffusivity governs the time 

required for the spatial temperature profile to initially develop; and (3) the effective in-plane 

conductance of the vapor core governs the range of the spatial temperature variation, and by 

extension, the steady-state performance. An experiment is conducted using a commercial vapor 

chamber sample to confirm the governing mechanisms revealed by the transport model; the 

model accurately predicts the experimental measurements. Lastly, the transient performance of a 
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vapor chamber relative to a copper heat spreader of the same external dimensions is explored as 

a function of the heat spreader thickness and input power. The mechanisms governing the 

transient behavior of vapor chambers are used to explain the appearance of key performance 

thresholds beyond which performance is superior to the copper heat spreader. This work provides 

a foundation for understanding the benefits and limitations of vapor chambers relative to metal 

heat spreaders in transient operation and may inform the design of vapor chambers for improved 

transient performance. 

 

Keywords: transient, vapor chamber, heat pipe, heat spreader, transport mechanisms 

 

Nomenclature 

A, B1, B2, C1, C2 temperature measurement locations 

Cp specific heat capacity [J kg-1 K-1] 

h convection coefficient [W m-2 K-1] 

hfg specific enthalpy of vaporization [J kg-1] 

K permeability [m2] 

k thermal conductivity [W m-1 K-1] 

MVC-Cu transient performance of a vapor chamber relative to a copper spreader 

m  mass flux rate [kg m-2 s-1] 

P pressure [Pa] 

Q input power [W] 

R specific gas constant [J kg-1 K-1] 
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T temperature [K] 

Tsat saturation temperature [K] 

T ambient temperature [K] 

t time [s] 

u x-component of velocity [m s-1] 

V  velocity vector [m s-1] 

v y-component of velocity [m s-1] 

w z-component of velocity [m s-1] 

x x-coordinate (length) direction [m] 

y y-coordinate (width) direction [m] 

z z-coordinate (thickness) direction [m] 

Greek  

vap vapor-core thickness [m] 

 temperature relative to the ambient (T-T) [K] 

µ viscosity [Pa s] 

 density [kg m-3] 

 accommodation coefficient [-] 

 porosity [-] 

Subscript  

A thermocouple location A 

B-C difference in values between thermocouple locations B and C 

Cu copper spreader 
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avg average surface based on the 5 thermocouple location measurements 

eff effective wick property 

int wick–vapor interface 

l liquid phase 

m volume-averaged 

p evaporator maximum 

p-m difference in value between evaporator maximum and volume-averaged 

VC vapor chamber 

vap vapor core 
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1. Introduction  

A vapor chamber is a phase-change-driven passive heat spreading device. A typical design 

consists of a hollow chamber with a liquid-saturated porous wick lining its inner surface 

enclosing a central vapor core. The operation of a vapor chamber is illustrated in Figure 1. A 

localized heat input on the outer surface of the chamber is conducted through the wall causing 

evaporation at the wick-vapor interface. Localized vapor generation causes vapor to flow away 

from the heat input and into the vapor core. The vapor condenses onto the opposing (colder) 

wick-vapor interface, and the heat is rejected from the condenser surface. Capillary forces in the 

porous wick draw the condensed liquid back towards the heat input region, enabling continuous 

passive operation. 

Heat spreading provides a critical function in the thermal management of electronic devices 

that has, in part, allowed engineers to develop systems operating at ever higher heat loads and 

densities. Vapor chambers have been extensively studied for this purpose, with potential 

applications ranging from the low powers (< 10 W) in mobile electronic devices, to the high 

fluxes (> 500 W/cm2) in radar power amplifiers and high-performance computing systems [1]. 

Tight space constraints and the need for spreading of transient heat loads are common in these 

applications. For example, mobile electronic devices experience low heat loads during idle 

operation with intermittent high-power bursts to execute functions such as video recording; the 

internal thickness allotted for thermal management and heat spreading is less than a millimeter.  

Previous work in the design of vapor chambers has focused on improving their steady-state 

thermal performance [2–10]. Many studies have identified the important transport mechanisms in 

a vapor chamber operating at steady state and accordingly proposed designs to improve 

performance under these conditions. Prasher et al. [11] developed a resistance-network-based 
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model for heat pipes, in which the transport processes in the different sections of the wall, wick, 

and vapor core are assigned thermal resistances. This model reveals that the resistance across the 

evaporator wick is most significant for vapor chambers subjected to localized, high-heat-flux 

inputs. Hence, considerable design efforts [5–10, 12–19] have been targeted at achieving a low 

resistance during evaporation or capillary-fed boiling in this region of the wick. Recent work by 

Yadavalli et al. [20] revealed the performance-governing mechanisms for thin vapor chambers 

operating at low powers; at extremely low thicknesses, the thermal resistance in the vapor core 

was shown to limit the vapor chamber performance relative to metal heat spreader. This 

understanding was used in our previous studies for designing the condenser-side wick [4] and 

selecting the working fluid [21] in ultra-thin vapor chambers, for low-power, hand-held 

applications. 

Several studies have considered the transient behavior of heat pipes and vapor chambers. El-

Genk and Lianmin [22] experimentally studied the heat-up and cool-down of a heat pipe under a 

range of evaporator-side input powers and condenser-side coolant flow rates, concluding that the 

transient vapor temperature profiles could be locally represented by an exponential function in 

the cases investigated. Tournier and El-Genk [23] developed a finite-volume-based model to 

simulate the mass, momentum and thermal transport in the vapor chamber wick to predict 

pooling of the liquid phase at the condenser. Zhu and Vafai [24] developed a model for heat 

spreading from a central heater in disk-shaped and rectangular vapor chambers. The analytical 

model solved for 1D transient conduction in the vapor chamber wall and wick while the quasi-

steady vapor hydrodynamics was modeled using an assumed spatial velocity profile. The model 

was used to simulate the startup process of a vapor chamber in terms of the transient temperature 

and velocity fields. Harmand et al. [25] developed a finite-volume-based transport model to 
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Table 1. Copper and wick properties. 

 

Property Value 

Wick effective thermal conductivity (keff) 40 W/mK 

Copper volumetric thermal capacity 

( )P s
C  

3.42×106 J/m3K 

Wick porosity ( ) 0.6 

Copper thermal conductivity (k) 387.6 W/mK 
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Figure 1. Illustration of the typical geometry, internal layout, and operation of a vapor chamber. 
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Figure 2. Geometry (not to scale) and boundary conditions for the transient heat spreading 

simulations showing (a) a section view for the copper spreader case, (b) a section view for the 

vapor chamber case, and (c) a bottom view of the evaporator-side that is common to both cases. 
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Figure 3. Comparison between the vapor chamber and the copper spreader simulation results 

(vap = 40 µm) showing the temporal variation of the (a) peak temperature θp, (b) volume-

averaged mean temperature θm, and (c) difference between the peak and mean temperatures Δθp-m 

= θp - θm. 
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Figure 4. The profile of local temperature difference from the mean (θ - θm) along a line on 

the evaporator-side surface of the heat spreader (dashed line in Figure 2c) at different times, for 

(a) the copper spreader and (b) the vapor chamber. Note the different scales of the vertical axis 

for (a) and (b). 
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Figure 5. (a) Photograph of the vapor chamber sample in top view, (b) diagram of the locations 

of the thermocouple beads and heated length, and (c) illustration of the experimental test setup. 
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Figure 8. Vapor chamber local surface temperatures difference from the average surface 

temperature ( -avg) at the thermocouple locations at different times from (a) the experiment and 

(b) the simulation.  
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Figure 9. Comparison between the vapor chamber and the copper spreader simulation results 

(vap = 200 µm) showing the temporal evolution of (a) peak temperature θp, (b) volume-averaged 

mean temperature θm, and (c) difference between the peak and mean temperatures Δθp-m = θp - 

θm. 
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Figure 10. Contour plot of the metric for the thermal performance of a vapor chamber relative to 

a copper spreader (MVC-Cu), for a range of vapor core thicknesses, and as a function of time for 

(a) t < 100 s and (b) a zoomed-in view for t < 5 s. Threshold lines (MVC-Cu = 0) for the thermal 

performance of a vapor chamber relative to that of a copper spreader as a function of time for a 

range of vapor core thicknesses at different input powers in the range (c) t < 100 s and (d) a 

zoomed-in view for t < 5 s. 

 

 


