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CHAPTER 1 

1. INTRODUCTION 

The increasing demand for smaller and more powerful portable electronic devices has 

led to advancements in ultra-thin vapor chambers. This project delves into the latest 

breakthroughs, focusing on key areas such as the vapor-liquid transport process, 

selecting optimal working fluids, packaging techniques, designing efficient wick 

structures, and enhancing capillary wick surfaces. Additionally, it addresses the 

complications and solutions in fabricating ultra-thin vapor chambers, including the 

critical decisions of choosing suitable working fluids and designing successful 

capillary structures. 

 

Fig.1.1. Schematic Dia. of Vapor Chamber 

 

Maintaining the proper temperature is crucial in designing temperature-sensitive 

appliances like electronic components to minimize the adverse effects of excessive 

heat on their performance. The electronic industry has advanced rapidly by scaling 

transistor sizes down to the Nano scale and incorporating billions of them into modern 

processors, enhancing speed and efficiency. However, to sustain this progress, 

effective thermal management is necessary to handle the considerable heat generated 

by these transistors. Compact electronic devices such as smartphones, tablets, and 

laptops face challenges with traditional cooling techniques due to their size 



 

Design & Development of ultrathin vapor chamber for electronic cooling application  

 

 

Pimpri Chinchwad College of Engineering, B.Tech. Mechanical 

2 

 

constraints. A promising solution is the vapor chamber, a flat heat pipe, which is a 

two-phase passive cooling device utilizing phase changes between liquid and vapor to 

transfer heat. With its large surface area and nearly uniform heat distribution, the 

vapor chamber efficiently removes heat from small, high-heat electronics. These two-

phase thermal management systems have become popular for dissipating concentrated 

heat in electronic devices due to their unique heat transfer capabilities, making them 

well-suited for this task. 

Two-phase cooling setups, such as vapor chambers (VCs), are unique due to their 

highly effective heat transfer, lightweight design, and versatility in applications. They 

are often referred to as 'flat heat pipes' due to their modest length-to-diameter ratio. 

These systems outperform single-phase counterparts by conveying thermal energy 

hundreds of times faster and with higher energy-to-weight ratios. Utilizing a VC as a 

base for a solid metal heat sink can reduce overall weight by over 40% compared to 

traditional sinks, enhancing reliability and usability by eliminating mechanical pumps 

and moving components. Vapor chambers and heat pipes (HPs), the two most popular 

modern two-phase heat transfer systems, share similarities in design and operation. 

However, despite numerous studies, vapor chambers have not fully realized their 

potential to provide high heat-flux cooling due to limitations such as the Critical Heat 

Flux (CHF), which occurs when the surface becomes dry. The complexity of two-

phase systems poses challenges for traditional equations and formulas, which struggle 

to accurately describe the heat and mass transfer processes involved. Specialized 

formulas based on experiments or semi-analytical approaches provide insight into 

specific vapor chamber designs and conditions but cannot be generalized to predict 

thermal performance in other scenarios. While some sentences flow smoothly, others 

require more focused attention to grasp their meaning. Nonetheless, the main idea 

remains clear and understandable. 
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1.1. NEED OF THE PROJECT 

The project's goal is to improve critical needs in terms of performance, reliability, 

user experience, and environmental impact, making it a crucial project for the 

advancement of mobile technology: 

Over the past few years, the constant push for smaller and more powerful 

electronic devices has presented a continuous struggle to regulate temperatures 

effectively. While heat pipe technologies have shown impressive heat transfer 

capabilities, their size constraints hinder practical use. 

Additionally, the traditional one-dimensional heat transfer mode of heat pipes fails 

to address the numerous hot spots on electronic chips. As a result, the vapor 

chamber (VC) has risen as a groundbreaking heat pipe alternative. by allowing 

efficient lateral heat distribution, VCs offer a promising solution to this persistent 

challenge. 

 

1.2. PROBLEM STATEMENT  

● The proposed project primarily focuses on developing an “Ultrathin Vapor 

Chamber” specifically designed for efficient temperature control of GPU/CPU 

chips in various electronic applications, including laptops, gaming PCs. 

● This is crucial for optimal performance of the system. While heat pipes 

currently fulfill this function, their bulky size makes them impractical for these 

applications. Therefore, our goal is to develop a compact yet equally effective 

design and model that will maintain specific temperature limits. 

 

1.3. OBJECTIVE  

1) To numerically investigate the performance of vapor chamber heat spreaders. 

2) To investigate the thermal performance of vapor chamber of 3mm thickness 

having sintered wick structure and water as working fluid. 

3) To study temperature distribution over the condenser surface. 
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1.4. SCOPE  

The project's scope encompasses a variety of applications, including: 

1. Automotive Sector 

Vapor chambers play a critical role in the automotive field, particularly for 

managing the thermal conditions of electronic components in electric vehicles 

(EVs), hybrid models, and even conventional combustion engine cars. Their 

efficiency helps optimize performance and reliability. 

2. Aerospace Applications 

In the aerospace industry, vapor chambers are essential for effectively 

dissipating heat from electronic components utilized in avionics, satellites, 

radar systems, and other vital technologies that contribute to mission success. 

Their reliability is paramount in the demanding environments of flight and 

space. 

3. Electronics Industries 

Vapor chambers are instrumental in cooling high-performance processors, 

graphics cards, and various electronic components. By ensuring efficient heat 

management, they enable advanced technologies to operate at their best 

without overheating. 
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1.5. METHODOLOGY  

                                     

 

Fig. 1.2. Methodology Planned 
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CHAPTER 2 

2. LITERATURE REVIEW 

2.1.  VAPOR CHAMBER PARAMETER 

The performance of vapor chambers is influenced by key parameters such as the 

wick structure, which supports capillary action for fluid movement, and the 

working fluid, which undergoes phase change for heat absorption and dissipation. 

The case/envelope material, typically with high thermal conductivity, ensures 

efficient heat transfer, while the heat flux determines the heat dissipation capacity. 

These factors collectively impact the thermal efficiency and reliability of vapor 

chambers in electronic cooling applications. 

2.1.1. Wick 

Wenjie Zhou (2019) the wick typically composed of porous materials like 

sintered metal, PTC, or woven mesh, plays a vital role in heat pipes and vapor 

chambers. Its main purpose is to absorb the working fluid, usually a liquid such 

as water or ammonia, at the evaporator end and transport it to the condenser end. 

Capable of moving the fluid against gravity, the wick utilizes capillary action. 

At the condenser end, the working fluid releases heat and condenses back into a 

liquid. The wick then facilitates the return of the condensed liquid to the 

evaporator end, completing the cycle. Menisci on the wick's surface and inside 

is where the working fluid evaporates, absorbing heat from the heat source. 

Additionally, the wick provides capillary forces and flow paths, aiding the 

condensation fluid's backflow to the evaporator section. Consequently, the wick 

structure significantly impacts the thermal performance of both UTHP and 

Vapor Chambers. [9] 

 

Mesh-Type Wick: Mesh wicks have become the primary choice for flexible 

UTVCs due to their excellent flexibility, larger capillary pressure, thickness 

controllability, and regular structure, compared with sintered particles and 

microgroove wicks. Typically, homogeneous wicks in UTVCs refer to three 

structures: sintered meshes, sintered porous particles, and microgroove wicks. 

For example, all utilized two layers of copper mesh as the wicks of flexible 

https://www.sciencedirect.com/science/article/abs/pii/S0196890418312743


 

Design & Development of ultrathin vapor chamber for electronic cooling application  

 

 

Pimpri Chinchwad College of Engineering, B.Tech. Mechanical 

7 

 

UTVCs. This makes mesh wicks extremely suitable for the increasing demand 

for UTVCs. [2] 

 

   

 

 

 

 

 

 

Groove Wick: Microgroove wicks, renowned for their simple structure and 

ease of manufacture, involve creating grooves on the inner wall of a vapor 

chamber to enhance fluid circulation. They boast high permeability and 

thermal conductivity, rendering them ideal for silicon and aluminum UTVCs. 

However, their primary drawback lies in their low capillary pressure. To 

counter this limitation, researchers have devised various microgroove wicks 

with diverse structures, including rectangular, circular, triangular, convergent, 

and trapezoidal shapes. [2] 

 

            

 

 

Fig. 2.1. Mesh-Type Wick [7] 

Fig. 2.2. Groove Wick [7] 

https://www.sciencedirect.com/science/article/abs/pii/S001793102101214X
https://www.sciencedirect.com/science/article/abs/pii/S001793102101214X
https://www.researchgate.net/figure/Screen-mesh-wick-15_fig3_304020187
https://www.researchgate.net/figure/Screen-mesh-wick-15_fig3_304020187
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Sintered Powder Wick: The performance of vapor chambers relies heavily on 

capillary pumping, especially in those with regular thicknesses where sintered 

powders are commonly employed. These powders offer high effective thermal 

conductivity and significant capillary force, crucial for efficient operation. 

However, several factors affect their effectiveness in Ultrathin Vapor Chambers 

(UTVCs), including particle size, arrangement, porosity, powder thickness, 

sintering process, and material properties.Despite their advantages, such as ease of 

fabrication and strong capillary pressure, sintered powder wicks face challenges. 

One major issue is the high flow resistance within the porous structure, hindering 

timely condensate flow and consequently degrading heat transfer performance. 

Additionally, their low mechanical strength and flexibility make them unsuitable 

for flexible UTVCs, limiting their broader application in this field. [2] 

 

 

 

 

 

 

 

 

 

 

 

 

Composite Wick: To achieve optimal performance in UTVCs, it's essential to 

address the challenge posed by the inverse relationship between capillary 

pressure and permeability in homogeneous wicks like sintered metal powder 

wicks. While these wicks can generate substantial capillary pressure, they tend 

to offer lower permeability. Conversely, microgroove wicks provide excellent 

permeability and thermal conductivity but lack in capillary pressure 

generation. To overcome this, composite wicks have been developed, 

combining different wick structures to balance the conflicting factors. Various 

Fig. 2.3. Sintered Powder Wick [8] 

https://www.sciencedirect.com/science/article/abs/pii/S001793102101214X
https://www.researchgate.net/figure/Metal-sintered-powder-wick-15-Leong-et-al-16-investigated-the-heat-pipe-with_fig1_304020187
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types of composite wicks are commonly utilized, such as hybrid mesh wicks, 

biporous powder wicks, mesh-groove wicks, mesh-micropillar wicks, powder-

mesh wicks, and groove-powder wicks. These composite wicks aim to achieve 

the dual objectives of high capillary force and permeability, essential for 

efficient UTVC operation. [2] 

 

              

 

 

 

 

 

 

 

 

2.1.2. Working 

Feng Zhou (2023) the development of ultra-thin vapor chambers (UTVCs) is crucial 

for effective thermal management in high-performance electronic devices, which face 

increasing demands for efficient heat dissipation. Research highlights key challenges, 

such as optimizing vapor-liquid transport mechanisms and addressing the limitations 

of conventional vapor chamber theory under ultra-thin conditions. Improvements can 

be made through the exploration of advanced working fluids, innovative inner cavity 

designs, and multi-gradient composite wick structures to enhance capillary action and 

reduce flow resistance. Additionally, surface modification techniques can create 

beneficial micro-nano structures that improve heat transfer performance, while new 

packaging technologies are needed to ensure the structural integrity of UTVCs. A 

comprehensive approach combining theoretical, computational, and experimental 

methods is essential for advancing UTVC technology and meeting the thermal 

management needs of next-generation electronics. [1] 

Fig. 2.4. Composite Wick [8] 

https://www.sciencedirect.com/science/article/abs/pii/S001793102101214X
https://www.sciencedirect.com/science/article/abs/pii/S0894177716300930
https://www.researchgate.net/figure/Metal-sintered-powder-wick-15-Leong-et-al-16-investigated-the-heat-pipe-with_fig1_304020187
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Swapnil Chitnis (2022) The review covers advancements in vapor chamber (VC) 

technology as an effective thermal management solution for modern electronic 

devices. VCs outperform conventional cooling methods by effectively mitigating 

hotspots due to larger condensation areas. Key findings indicate that copper is 

preferred for terrestrial applications, while aluminum is favored in space, requiring 

innovative wick designs for microgravity performance. Various performance limits—

capillary, boiling, sonic, entrainment, and viscous—are highlighted, particularly in 

ultra-thin configurations. Hybrid wicks generate higher capillary pressures, though 

further research is needed to assess their effects on critical heat flux and dry-out 

limits. Different working fluids, such as ethanol, methanol, and de-ionized water, 

exhibit varying thermal performances, with de-ionized water proving superior at 

elevated loads due to its higher specific heat capacity. Optimizing filling ratios, 

improving dropwise condensation, and enhancing liquid-vapor flow separation are 

emphasized to extend dry-out limits and improve response times. Overall, VCs 

present significant potential in addressing the thermal challenges of compact, high-

performance electronic systems. [2] 

2.1.3. Case/ Envelop  

Munonyedi Egbo (2022) This review focuses on the outer casing of vapor chambers, 

which is crucial for thermal management in high-heat flux applications like 

electronics and renewable energy systems. The casing must balance mechanical 

strength, thermal conductivity, and thermal expansion to support the internal 

components, such as the evaporator, condenser, and wick. Materials like copper, 

aluminum, and stainless steel are commonly used for their high thermal conductivity 

and durability. However, optimizing the casing material for specific conditions 

remains challenging. Recent advancements in composite materials and surface 

treatments aim to improve heat spreading and reduce thermal resistance, enhancing 

overall thermal performance. The outer casing’s design is critical for achieving 

efficient heat transfer and maintaining the integrity of the phase-change process. [6] 

 

https://www.sciencedirect.com/science/article/abs/pii/S001793102101214X
file:///C:/Users/admin/Downloads/6.%09Munonyedi%20Egbo,%20A%20review%20of%20the%20thermal%20performance%20of%20vapor%20chambers%20and%20heat%20sinks:%20Critical%20heat%20flux,%20thermal%20resistances,%20and%20surface%20temperatures,%202022;%20122108
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2.1.4.  Heat Flux 

Munonyedi Egbo (2022) This review focuses on vapor chambers, a phase-change 

thermal management system used in high-heat flux applications like electronics and 

renewable energy. These devices consist of an evaporator, condenser, and a capillary 

wick, which facilitates the phase-change process of a working fluid. Despite their 

established presence, vapor chambers face challenges with critical heat flux (CHF) 

limitations and high thermal resistance due to evaporator dryout. Recent studies 

indicate that thermal performance—specifically CHF and heat transfer coefficients 

(HTC)—is largely governed by the wick's capillary performance. The effective 

meniscus/pore radius and permeability are critical: smaller pores enhance capillary 

pressure but reduce permeability, while larger pores improve liquid transport but 

decrease capillary pressure. Balancing these characteristics is essential for optimizing 

performance. Notably, vapor chambers with sintered metal powder wicks demonstrate 

superior performance by leveraging varying pore sizes to optimize both CHF and 

HTC, highlighting opportunities for improved designs. [6] 

2.2.Experimental 

 Jason Luke Velardo (2019) The research examines vapor chamber (VC) heat 

spreaders, highlighting a composite wick design that integrates sintered powder and 

mesh wicks. The VC demonstrates superior spreading resistance compared to an 

equivalent-sized copper heat spreader, especially at larger heat source sizes. However, 

startup issues at low heat inputs were observed due to unfavorable operating 

temperatures affecting phase change efficiency. Key thermal performance challenges 

include vapor phase pressure losses and lower heat transfer coefficients. A validated 

numerical model quantified effective thermal conductivity in the vapor region, 

showing dependence on heat source size. The study identifies an optimal range for the 

inner wick's effective thermal conductivity, emphasizing the importance of wick size 

and structure. Overall, the findings offer valuable insights for enhancing thermal 

management solutions using composite wick VCs. [3] 

 

file:///C:/Users/admin/Downloads/6.%09Munonyedi%20Egbo,%20A%20review%20of%20the%20thermal%20performance%20of%20vapor%20chambers%20and%20heat%20sinks:%20Critical%20heat%20flux,%20thermal%20resistances,%20and%20surface%20temperatures,%202022;%20122108
file:///C:/Users/Admin/Downloads/3.%09Jason%20Luke%20Velardo,%20Thermal%20performance%20investigation%20of%20vapor%20chamber%20heat%20spreader,%202019
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Danny J. Lohan (2024) The experimental study evaluated the effect of different wick 

structures—sintered posts, machined posts, and vapor vents—on vapor chamber 

performance for high-power heat dissipation. Fabricated using 60–120 µm sintered 

copper particles, the vapor chambers were tested under air jet impingement and liquid 

cooling setups. The results showed that combining machined posts with vapor vents 

achieved the lowest thermal resistance (0.28 K/W) and highest heat flux (589 W), a 

26% improvement over monolayer wicks. While sintered or machined posts alone had 

limited impact in the low-power evaporation region, their performance improved 

significantly in the boiling regime. The addition of vents further reduced thermal 

resistance by about 50%, enhancing liquid return and vapor removal. The study also 

noted that power dissipation was limited by the power supply, suggesting untapped 

potential for higher heat dissipation with further testing.[10] 

Meng-Chang Tsai (2013) The study on vapor chamber heat spreaders (VCHS) 

investigated the thermal performance under varying heat inputs and orientations. The 

experiments focused on assessing the thermal resistance, which was found to decrease 

with increasing heat load. The analysis indicated that the spreading resistance was the 

dominant factor influencing the overall thermal resistance of the vapor chamber. 

Interestingly, no clear correlation between temperature uniformity and inclination 

angle was observed, suggesting that the orientation did not significantly affect the 

uniformity of the temperature distribution. However, the highest thermal resistance 

was recorded at an inclination angle of 90°, highlighting the importance of heat source 

orientation and gravity effects on the VCHS performance. This study provided 

valuable insights into the behavior of vapor chambers under different operational 

conditions, contributing to the optimization of their design for efficient thermal 

management.[11] 

2.3. Numerical 

Yasushi Koito (2005) The study presents a mathematical model of a vapor chamber, 

encompassing the vapor region, liquid-wick region, and solid wall region. The model 

simulates heat flux applied from a small heat source at the bottom, while a large heat 

sink cools the top. By numerically solving the equations of continuity, momentum, 
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and energy for each region, the researchers obtained velocity, pressure, and 

temperature distributions within the vapor chamber. The results indicated that the 

capillary pressure head required for fluid circulation was effectively achieved, 

although significant temperature drops were observed in the liquid-wick and solid 

wall regions near the heat source. Importantly, the top of the vapor chamber exhibited 

nearly uniform temperature, suggesting efficient heat spreading to the heat sink. The 

good correlation between numerical and experimental results validates the 

mathematical model, providing a solid foundation for further enhancements in vapor 

chamber design and performance. [4] 

Jason Luke Velardo (2019) This research investigates vapor chamber (VC) heat 

spreaders with a focus on numerical simulations to quantify their thermal 

performance. A composite wick design, incorporating sintered powder and mesh 

wicks, was analyzed, revealing that the VC outperforms an equivalent copper heat 

spreader in terms of spreading resistance, especially at larger heat source sizes. 

Numerical simulations were crucial in modeling the effective thermal conductivity 

within the vapor region, highlighting its dependence on the heat source size. The 

simulations also provided insights into the key thermal performance challenges, 

including vapor phase pressure losses and lower heat transfer coefficients. 

Additionally, the study emphasized the importance of the inner wick's size and 

structure, identifying an optimal range for its effective thermal conductivity. Despite 

startup issues at low heat inputs, attributed to unfavorable operating temperatures, the 

validated numerical model proved essential in understanding the thermal behavior and 

improving the design of composite wick VCs for enhanced thermal management. [3] 

 

 

 

 

 

file:///C:/Users/Admin/Downloads/4.%09Yasushi%20Koito,%20Hideaki%20Imura,%20Masataka%20Mochizuki,%20Yuji%20Saito,%20Shuichi%20Torii,%20Numerical%20analysis%20and%20experimental%20verification%20on%20thermal%20fluid%20phenomena%20in%20a%20vapor%20chamber,%202006;%2010.1016/j.applthermaleng.2005.11.012
file:///C:/Users/admin/Downloads/3.%09Jason%20Luke%20Velardo,%20Thermal%20performance%20investigation%20of%20vapor%20chamber%20heat%20spreader,%202019
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2.4. Literature Summary 

The review emphasizes the need for advancements in ultra-thin vapor chamber 

(UTVC) technology for better micro-heat pipe solutions in electronic devices. It 

highlights the importance of vapor chambers in managing hotspots and high heat 

fluxes. The thesis investigates vapor chamber heat spreaders through experimental 

and numerical methods, comparing different sizes and heat inputs, envelop materials, 

wick structures, working fluids and their perfect combinations. Also, modifications in 

the designs may improve the results to a greater extent. 

 

Research Gap: 

To reduce the overall thermal resistance of vapor chamber we are proposing a design 

in which the condenser side wick is eliminated and replaced by novel arrangement of 

studs surrounded by wick, which act as support to vapor chamber, and ease of liquid 

flow is maintained in the vapor chamber. 
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CHAPTER 3 

3. Numerical Analysis 

3.1. STEADY STATE THERMAL ANALYSIS 

Conducted a steady-state thermal analysis of a vapor chamber using ANSYS. 

The primary goal was to create a geometric model and perform numerical simulations 

to validate our findings against existing research. I referenced the work of Velardo to 

replicate their model, ensuring consistency and accuracy in our simulations. This 

comparative analysis confirmed the reliability of our results, enhancing our 

understanding of the thermal performance of vapor chambers. 

Following the validation of the initial model, I proceeded to analyze a modified 

geometry of the vapor chamber. These design modifications aimed to improve the 

efficiency of the vapor chamber, allowing us to explore enhancements in its thermal 

performance. The results of this analysis provide valuable insights into the potential 

for optimizing vapor chamber designs for better heat management. 

Conducted similar analyses on a copper block with a double-sided wick configuration 

for both the evaporator and condenser, as well as a single-sided wick located solely on 

the evaporator plate side. This comparative analysis was primarily aimed at 

demonstrating that the proposed vapor chamber design exhibits superior efficiency 

compared to conventional configurations. The findings further highlight the potential 

advantages of our design in practical applications. 

3.1.1. BOUNDRY CONDITONS: 

The layer by layer geometry is created in ansys steady state and same 

boundary conditions are applied to all the 3 geometry and computed the results 

to understand the how much increase in the performance of vapor chamber 

compared to the conventional vapor chambers and the copper block. 

The boundary conditions are as follows: 

 

Heat Load=60W 

Heat transfer coefficient = 30w/m
2
k 

 

Material  Effective Thermal Conductivity(w/mk) 

Copper 400 

Sintered Copper Wick 32  

Vapor Region 1900 

Table.1 Effective thermal conductivity used in Analysis [3] 
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3.1.2. RESULTS: 

 

i. Copper Block 

          

     

 

ii. VC with double side wick 

        

 

 

 

Fig. 3.1. Steady state thermal analysis of copper block 

Fig. 3.2. Steady state thermal analysis of double side wick vapor chamber 
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iii. VC with single side wick 

 

 

 

 

 

 

 

 

 

 

  

 

 Table 2.  Comparison of thermal resistance reduction in vapor chamber with copper block 

Fig. 3.3. Steady state thermal analysis of single side wick vapor chamber 
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3.2.CFD Analysis to visualize flow pattern in vapor chamber : 

A analysis of a vapor chamber was conducted using COMSOL Multiphysics. 

The geometric model from Yasushi Koito's research was replicated to validate the 

numerical simulations. A comparison of the obtained results with those from Koito's 

study confirmed the accuracy of the simulations, with any deviations falling within 

acceptable limits. Subsequently, a new geometry was created to analyze the velocity 

and temperature distributions within the vapor chamber, contributing valuable insights 

into its thermal performance. 

3.2.1.  Geometry Creation: 

In component using different commands created 2D axisymmetric geometry as per 

research paper provided by Koito.  

2D Axisymmetric Geometry Calculation  

Condenser and Evaporator Plate:- 

Radius of Condenser: 

   √
  

 
  =  √

      

 
        

Wick Column: 

 
       

 
 
         

 
 
 (     )          

 

 

    √
   

 
  √

    

 
          

Heat Source: 

    √
   

 
  √
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3.2.2. Assigning Material: 

1. Porous Material in wick region 

 

 

2. Water Vapor in vapor region 

 

  

3. Copper metal in condenser and evaporator region 

 

 

3.2.3. Applying boundary conditions: 

1. Laminar flow Interface:  

In the vapor region of a vapor chamber, the Laminar Flow Interface in 

COMSOL Multiphysics can be used effectively when the flow is low velocity 

and incompressible. By coupling it with heat transfer interfaces, you can 

simulate the combined effects of phase change, heat transfer, and fluid 

Fig. 3.4. 2D Axisymmetric Geometry of Vapor Chamber 



 

Design & Development of ultrathin vapor chamber for electronic cooling application  

 

 

Pimpri Chinchwad College of Engineering, B.Tech. Mechanical 

20 

 

dynamics. This is particularly useful for understanding the performance and 

efficiency of vapor chambers in thermal management applications.

 

 

2. Brinkman equation : 

The Brinkman equation is a key tool in COMSOL for simulating flow 

through porous media, and it is particularly useful in the vapor chamber 

context, especially for modeling flow in the wick material. By using this 

equation along with temperature-dependent properties and phase change 

models, you can accurately simulate the behavior of the working fluid inside 

the vapor chamber, helping to optimize its design and performance. 

 

 

3. Heat Transfer in Porous Media 

In a vapor chamber, heat transfer in porous media is a critical aspect of the 

design and performance. The heat is transferred through the wick via 

conduction in the solid matrix and convection in the fluid phase. Additionally, 

phase change due to evaporation and condensation significantly contributes to 

the thermal management process. By using the Heat Transfer in Porous 

Media and Porous Media Flow interfaces in COMSOL, you can model both 

the heat transfer and fluid flow in the porous wick, as well as the latent heat 

effects from the phase change in the vapor chamber, providing valuable 

insights into its thermal performance. 
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 Heat flux: Q =60 W 

 

 Heat Sink: h = 32 W/m
2
K 

 

3.2.4. Mesh Generation: 

Statistics:  

Mesh vertices: 435 

Number of Elements: 637 

Triangle: 459 

Quads: 78 

 

 

 

 

 

Fig.3.5.  Meshing of Vapor Chamber 
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3.2.5. Results 

 

 

 

 

 

Fig. 3.6.  Fluid Flow in Vapor Chamber 

Fig.3.7. Temperature Distribution along Vapor chamber 
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CHAPTER 4 

4. DESIGN & MANUFACTURING 

4.1. VAPOR CHAMBER DESIGN CALCULATIONS:  

a. Effective capillary radius and permeability for Sintered powder wick 

             

                  

               m   

Here, 

    = radius of sintered copper powder (m) 

    = effective capillary radius (m) 

b. Permeability  

    
  

   

          
 

    
                  

              
   

  K= 20.0826           

c.  Capillary Performance  

           
  

    
 

           
       

         
 

                           

 

d. Vapor flow pressure drop 
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e. Liquid flow pressure drop 

    
      

        
 

               

f. Maximum heat load  

       

  
    

   
 
          

        

        
    

   
      

        

 

  

     
          

              
 

     =         watt 

 (Neglecting gravity pressure drop because sinφ term will be 0 as there is no 

inclination in mounting of VC) 
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4.2.  HEAT SINK DESIGN CALCULATIONS:  

ITERATION 1: 

Assuming height = 10mm. 

   
  

 
 

         

           
 

Finding air properties at mean temperature, 

   
     

 
       

                          
…. (By Interpolation) 

 

Now,  

1.     
  

 
 

         

                  

  Laminar Flow 

2.     
   

 
 

But values are available in standard table 

  by interpolation method 

Pr for               

3. Nusselt Number 

            
   

   
   

                           

         

 

4.   
        

 
 

K at        by interpolation                

  
              

    
            

 

 

 Finding Resistance in vapor chamber  

 a) Heater and Vapor Chamber interface resistance: 
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b) Resistance of Vapor Chamber: 

    
  

 
 

 

  

            

 

 

 c) Resistance at Heat Sink Interface: 

    
 

  
 

        

             
              

 

 

 d) Resistance at Heat Sink Base: 

      

    
 

  
 

      

             
              

 

 

 e) Resistance due to Heat Sink: 

  

       
 

   

                   
     

  
          

                         

                                 

                

 

 

Calculating Fin Efficiency: 
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where, 

   √
   

   

        

  √
       

          
       

      
 

 
                    

  
                      

               

       

 

 

Now, calculating heat sink area by resistance formula: 

    
 

   

       
 

             
            

                               

               

                                       

                  
                    

 

Now the further Iterations are done using python coding and final results are obtained. 

Python code used is as follows: 

import math 

# Constants 

V = 2.78  # Air velocity in m/s 

nu = 1.726e-5  # Kinematic viscosity in mÂ²/s 

Pr = 0.7248  # Prandtl number 

k_air = 0.026805  # Thermal conductivity of air in W/mÂ·K 

k_fin = 190  # Thermal conductivity of fin material in W/mÂ·K 

t = 0.003  # Fin thickness in m 

R = 0.4602  # Thermal resistance in K/W 

 

# Initial height 

L_current = 0.01  # Initial height of the heat sink in m 

height_diff = 1  # Initial large value for difference to start loop 

iteration_count = 0  # To keep track of iterations 
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# List to store iteration data 

iterations_data = [] 

 

# Iteration loop 

while height_diff > 0.00001: 

    iteration_count += 1 

 

    # Step 1: Reynolds number 

    Re = (V * L_current) / nu 

 

    # Step 2: Nusselt number 

    Nu = 0.332 * (Re ** 0.5) * (Pr ** (1/3)) 

 

    # Step 3: Heat transfer coefficient 

    h = (Nu * k_air) / L_current 

 

    # Step 4: Calculate fin efficiency 

    M = math.sqrt((2 * h) / (k_fin * t)) 

    Lc = L_current + (t / 2) 

    efficiency = math.tanh(M * Lc) / (M * Lc) 

 

    # Step 5: Calculate area from thermal resistance equation 

    A = 1 / (h * efficiency * R) 

 

     

 

   # Step 6: Calculate new height 

     h_new = (A - 0.0144)/4.92 

 

     # Calculate the difference between the current and new height 

     height_diff = abs(h_new - L_current) 

 

     # Store the current iteration data 

iterations_data.append([iteration_count, L_current, Re, Nu, h, efficiency, A, 

h_new, height_diff]) 

 

     # Update the current height for the next iteration 

     L_current = h_new 

 

# Print iteration-wise results 

print(f"{'Iteration':>10} | {'Current Height (m)':>20} | {'Reynolds No.':>15} | 

{'Nusselt No.':>15} | {'Heat Transfer Coeff. (h)':>25} | {'Efficiency':>12} | 

{'Area (mÂ²)':>10} | {'New Height (m)':>15} | {'Height Diff. (m)':>15}") 

print("-" * 140) 

 

for data in iterations_data: 
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    iteration, L_current, Re, Nu, h, efficiency, A, h_new, height_diff = data 

    print(f"{iteration:>10} | {L_current:>20.6f} | {Re:>15.6f} | {Nu:>15.6f} | 

{h:>25.6f} | {efficiency:>12.6f} | {A:>10.6f} | {h_new:>15.6f} | 

{height_diff:>15.6f}") 

 

# Print final area and height 

print(f"\nFinal Area: {A:.6f} mÂ²") 

print(f"Final Height: {L_current:.6f} m") 

 

OUTPUT: 

 

 

 

 

 

 

 

 

Therefore,  

Final Area = 0.076715 m
2
 

Final Height = 0.012659 m
2 
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4.3. MANUFACTURING DETAILS: 

The vapor chamber works in a special way. It has two main parts: the condenser and 

the evaporator. These are made from copper. This helps them work well. The design 

lets them be put together easily. It also has holes in the corners. This lets the chamber 

be clamped during testing. Fabrication is important. The condenser and evaporator are 

each made separately. But they come together in one chamber. All parts must be made 

just right for best results.  

4.3.1. Vapor Chamber:   

In this section, we focus on the manufacturing of the vapor chamber components, 

specifically the condenser, evaporator, and integrated evaporator wick. By leveraging 

advanced materials and precision engineering, we aim to produce high-performance 

vapor chambers tailored for cooling electronics applications. 

a) Evaporator Plate: 

The manufacturing of the evaporator plate begins with blind cutting to prepare the 

base material, followed by sheet forming using a die to achieve the desired shape. 

Dimple structured studs are then integrated to enhance structural strength and promote 

fluid movement. Precision laser cutting is employed for profile cutting, ensuring 

accuracy in dimensions. Key features, such as clamping holes at the corners, are 

included to facilitate secure testing and seamless integration into larger systems. 

                                      

 

 

 

 

 

 

 

 

                Fig. 4.1. CAD Model Evaporator Plate Fig. 4.2. Actually Manufactured Evaporator Plate 
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Size 110 70 0.5 (mm) 

Material Copper  

 

b) Condenser Plate: 

The manufacturing process for the condenser plate focuses on optimizing heat 

dissipation. Initially, blind cutting prepares the base material, followed by sheet 

forming using a die to shape the plate. Strategically placed holes are incorporated into 

the corners to facilitate secure clamping during assembly and testing, ensuring system 

integrity under various operating conditions. Finally, precision laser cutting defines 

the profile, guaranteeing accuracy and performance in the final product.         

 

 

 

 

 

 

 

 

 

 

Table 4. Condenser Plate Specifications 

Size 110 70 0.5 (mm) 

Material Copper  

 

c) Evaporator wick: 

The manufacturing of the evaporator wick is essential for effective fluid 

transportation through capillary action. To enhance performance, we eliminate the 

condenser-side wick to reduce thermal resistance, addressing the inherent low thermal 

conductivity of the wick material. The process involves covering all studs with 

sintered copper powder, which facilitates optimal fluid movement. Sintering is 

Table 3. Evaporator Plate Specifications 

Fig. 4.3. CAD Model of Condenser Plate Fig. 4.4. Actually Manufactured Condenser Plate 
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conducted to fuse the copper particles, ensuring a robust structure that maximizes 

thermal efficiency in the evaporator. 

 

 

 

 

 

 

                             

 

Size         (mm) 

Material Copper  

 

d) Final Model: 

 

 

Fig. 4.5. CAD Model of Evaporator Wick 

Table 5. Evaporator Wick Specifications 

Fig. 4.7. CAD Model of Vapor Chamber 

Fig. 4.6. Actually Manufactured Evaporator Wick 
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4.3.2. Blind Cutting: 

The process begins with blind cutting a 0.5 mm thick sheet metal to create the basic 

shapes for the evaporator and condenser plates. Each plate measures 110 mm x 70 

mm x 3 mm. This initial step ensures precise dimensions for subsequent forming 

operations, laying the foundation for accurate and efficient manufacturing of the 

vapor chamber components. This process helps in reducing wastage.  

 

 

 

 

 

4.3.3. Sheet Metal Forming: 

As vapor chamber is going to manufacture firstly in India, we have manufactured die 

required to form evaporator and condenser plate. Firstly, die design is modeled 

according to geometric requirements of condenser and evaporator plate in Solidworks. 

 

 

 

 

 

 

 

 

Fig.4.9. Evaporator Plate Die Fig.4.10. Condenser Plate Die 

Fig. 4.8. Blind Cutting 
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Using the specialized dies created earlier, the cut sheets undergo forming processes to 

shape the evaporator and condenser plates. This shaping is crucial for achieving the 

desired thermal performance and structural integrity of the vapor chamber. 

 

4.3.4. Laser Cutting: 

Following the sheet metal forming process, laser cutting is employed to achieve 

precise profiles and features on the evaporator and condenser plates. This technology 

utilizes a high-powered laser to cut through metal with exceptional accuracy and 

efficiency. Laser cutting is a non-contact process that involves directing a focused 

beam of light to melt, burn, or vaporize material in a controlled manner. This method 

is particularly advantageous for cutting metal sheets. 

 

 

 

 

 

 

Using laser cutting technology, the formed evaporator and condenser plates 

undergone precision cutting to achieve the final profiles and features. It ensured 

accurate dimensions and clean edges, which are critical for optimal thermal 

performance and structural integrity in the vapor chamber.  

 

 

Fig. 4.11. Evaporator Plate Laser Cut Design 
Fig. 4.12. Condenser Plate Laser Cut Design 
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4.3.5. Sintering of Copper Powder: 

 

Sintering is a critical process used to create the evaporator wick within the vapor 

chamber. This method involves compacting copper powder and then heating it to a 

temperature below its melting point, allowing the particles to bond together and form 

a solid structure. This technique widely used in powder metallurgy to produce 

complex shapes and components from metal powders. In this context, copper powder 

is utilized to create the wick structure that enhances the capillary action necessary for 

efficient heat transfer within the vapor chamber. 

4.3.6. Assembly: 

a) Sealing and Tube Insertion: 

The sealing and charging tube insertion process is a crucial step in the assembly of the 

vapor chamber, ensuring that the internal environment is properly sealed and filled 

with the working fluid. This step plays a significant role in maintaining the chamber's 

performance and longevity. After the evaporator and condenser plates have been 

formed and the wick has been sintered, the next phase involves sealing the plates 

together and inserting a charging tube. This tube facilitates the introduction of the 

working fluid, into the vapor chamber. 

b) Working Fluid Insertion: 

Charging fluid insertion under vacuum is a critical step in the final assembly of the 

vapor chamber. This process ensures that the working fluid is introduced into the 

chamber without any contamination or introduction of air, which is essential for 

maintaining the chamber's performance and efficiency. After sealing the evaporator 

and condenser plates and securing the charging tube, the chamber is evacuated to 

create a vacuum environment. This vacuum is crucial for preventing oxidation and 

ensuring that the working fluid, that is water can be efficiently introduced. 
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Process Steps: 

The assembled vapor chamber is connected to a vacuum pump through the charging 

tube. The pump removes air and any residual gases from the chamber, achieving a 

high-quality vacuum. 

Throughout the evacuation process, vacuum levels are continuously monitored using 

a gauge to ensure that the required vacuum pressure is achieved. This monitoring is 

crucial for determining the optimal conditions for fluid insertion. 

Once the desired vacuum is reached, the charging tube is connected to a fluid 

reservoir. The working fluid is then carefully introduced into the chamber. The 

vacuum allows the fluid to enter without resistance, preventing the formation of 

bubbles or air pockets. 

c) Final Pinch off: 

The final pinch off is a critical step in the assembly of the vapor chamber, ensuring 

that the internal environment remains sealed and that the working fluid is securely 

contained within the chamber. This process finalizes the manufacturing and prepares 

the vapor chamber for operational use. After the charging fluid has been inserted 

under vacuum, the final pinch off involves sealing the charging tube to prevent any 

leakage of the working fluid and maintain the integrity of the vacuum environment. 

This step is essential for the long-term reliability and performance of the vapor 

chamber. 

 

 

 

 

 

Fig. 4.13.  Vapor Chaber 
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 4.3.7. Heat Sink: 

The heat sink is a crucial component in thermal management systems, designed to 

dissipate heat away from sensitive components, ensuring optimal performance and 

longevity. In this project, we are manufacturing heat sinks using aluminum due to its 

excellent thermal conductivity, lightweight nature, and corrosion resistance. 

Heat sinks function by increasing the surface area available for heat dissipation, 

allowing for more effective cooling. The choice of aluminum as the primary material 

enhances the heat sink's performance, as it efficiently transfers heat away from 

electronic components or other heat-generating sources. 

Holes are provided at the corners of heat sink for fan mounting, allowing for secure 

attachment of cooling fans, which ensures airflow over the heat sink, improving heat 

dissipation and maintaining optimal temperatures for the components. 

 

 

 

 

 

 

  

                    

Size 120     17.6 (mm) 

Material Aluminium 

No. of fins 20 

Fin Height 12.6 mm 

Spacing 3 mm 

Fig. 4.14. CAD Model of Heat Sink 

Table 6. Heat Sink Specifications 

Fig. 4.15. Actually Manufactured Heat Sink 
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CHAPTER 5 

 EXPERIMENTATION: 

         The goal of the experiment is to study how well the vapor chamber functions in 

different situations and pressures. By strategically positioning thermocouples and 

carefully applying power, scientists can collect information on how heat is distributed 

and removed from the chamber. By using a PTC (Positive Temp. Coefficient) Heater, 

DAQ System, data logger, and insulation sheet. The study focuses on the process of 

generating and transferring heat, which gives us a better understanding of how the 

vapor chamber manages heat.  

 

 

 

 

 

 

 

 

 

 

 

Fig shows: 1-Computer, 2-DAQ, 3-Fan, 4- Heat Sink, 5-Vapor chamber, 6- Heater, 

 7- Insulation, 8- Voltmeter and ampere meter 9- Heating system 10-Thermocouple 

 

 

 

 

 

 

 

Fig.5.1. Block Diagram of Testing Set-Up 

Fig.5.2. Actual Testing Set-Up 
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5.1. EXPERIMENTAL COMPONENTS: 

 

1. Data Acquisition System:                             2.   Power Supply: 

 

 

 

 

 

 

 

 

  3.   Fan:                                                                      4.  PTC Heater 

 

 

 

 

 

 

 

 

  

                        CFM 85                                                    V=34V DC, Power=60W 

 

  5.    Thermocouple: 

 

 

 

 

 

 

 

 

Fig.5.3. DAQ System 
Fig.5.4. Heating System 

Fig.5.5. Fan Fig.5.6. Heater 

Fig.5.7. Thermocouple 

 

Type= K-Type 

Range= -200 to 600 ℃ 
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4. Insulation Block: 

For the test setup of the vapor chamber, glass epoxy is utilized as insulation 

material. This choice provides excellent thermal insulation properties, minimizing 

heat loss during testing and ensuring accurate temperature readings. 

Slots are integrated in epoxy block of size 150         mm for placement of 

heater and thermocouples with the help of vertical milling machine. 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.2. Set-Up  

a. Eight K-type thermocouples are attached five on the condenser plate at the 

top and the other three at the evaporator near the heating source. 

b. At the bottom beneath the chamber PTC heater is placed, which is directly 

in contact with the chamber or the evaporator. 

c. Positive and negative poles of the DC power supply are connected to two 

ends of the nichrome coil (Heater’s Wire) 

d. Current of 2A flows through the coil so we are using a 30 V DC power 

supply such that it will produce a power of 50 W to 60 W. 

e. The experiment was carried out at 5W to 60 W interval of 5W. 

f. The reading was taken using an 8 channel Data Acquisition System.   

Fig.5.8. Epoxy Insulation Block 
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5.3.  Experiment Procedure  

1) First the harnessing of wires with DC supply and PTC heater was carried 

out and the DC supply was connected to the power source. 

2) Then Vapor Chamber was placed on the PTC heater and then casing was 

placed such that the heat dissipated will not escape in X and Y direction. 

3) Reading were taken form 5W to 60W with an interval of 5W like 5W, 

10W, 15W……60W. 

4) The iterations were carried out until a constant temperature was achieved. 
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CHAPTER 6 

RESULTS AND DISCUSSION: 

A. Copper Block 

Sr.No. Power 

(Watt) 

Evaporator Temp. 

TE (℃) 

Condenser Temp 

TC (℃) 

Thermal Resistance 

RTh (℃/W) 

1. 5 32.03 31.18 0.17 

2. 10 35.67 34.04 0.163 

3. 15 39.40 37.00 0.16 

4. 20 43.30 40.06 0.162 

5. 25 47.10 43.06 0.162 

6. 30 50.70 45.74 0.165 

7. 35 54.63 48.76 0.167 

8. 40 59.60 52.68 0.173 

9. 45 63.20 55.42 0.173 

10. 50 66.77 58.16 0.172 

11. 55 69.53 60.12 0.171 

12. 60 72.43 62.40 0.167 

 

 

 

Table 7. Copper Plate Readings 
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B. Vapor Chamber 

Sr.No. Power 

(Watt) 

Evaporator Temp. 

TE (℃) 

Condenser Temp 

TC (℃) 

Thermal Resistance 

RTh (℃/W) 

1. 5 30.13 29.68 0.090 

2. 10 32.6 31.88 0.072 

3. 15 35.30 34.18 0.074 

4. 20 37.97 36.54 0.0715 

5. 25 41.03 39.12 0.0769 

6. 30 43.20 41.08 0.0707 

7. 35 46.30 43.70 0.0743 

8. 40 48.57 46.06 0.0630 

9. 45 51.80 48.56 0.0720 

10. 50 53.90 50.52 0.0676 

11. 55 56.77 53.20 0.0650 

12. 60 60.17 56.18 0.0665 

 

 

 

 

 

Table 8. Vapor Chamber Readings 
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The reduction in thermal resistance of Vapor chamber at 60W compared with Copper 

block is 60.17% is obtained from the experimental results. The Vapor Chamber excels 

in thermal performance, maintaining significantly lower thermal resistance than the 

Copper Plate and demonstrating its ability to handle higher power loads effectively. 

These traits make it an ideal choice for modern, high-performance thermal 

management systems. 
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CHAPTER 7 

CONCLUSION: 

In this project, we successfully designed and developed a vapor chamber with 

improved thermal performance. Our initial research laid the foundation for 

understanding the principles and potential improvements in vapor chamber design. By 

incorporating a novel arrangement inside the vapor chamber, we aimed to reduce the 

overall thermal resistance and enhance heat transfer efficiency. 

The final design incorporated innovative features that addressed the limitations of 

traditional vapor chamber structures. These modifications allowed for better thermal 

distribution and faster heat dissipation, improving the chamber's overall performance. 

Upon manufacturing the vapor chamber, we conducted rigorous testing using a proper 

test setup to verify the thermal performance. The results confirmed that our design 

significantly reduced thermal resistance, demonstrating the effectiveness of our novel 

approach. This achievement opens up new possibilities for applications in areas 

requiring efficient thermal management, such as electronics, power devices, and high-

performance computing systems. 

In conclusion, the project successfully met its objectives, contributing valuable 

insights and advancements to the field of thermal management systems, particularly in 

the design and development of vapor chambers. 
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CHAPTER 8 

 FUTURE SCOPE: 

1.  Miniaturization - With devices becoming increasingly compact and 

powerful, heat management is critical.  

2. The shift to electric vehicles in the automotive industry necessitates 

efficient thermal management to ensure optimal battery performance and 

longevity. Vapor chambers offer a promising solution for cooling EV 

batteries, helping to maintain ideal operating conditions and prolong their 

lifespan. 

 

3. Temperature regulation is vital for medical devices like MRI machines and 

X-ray machines to function safely and effectively. Incorporating vapor 

chambers can help maintain optimal operating conditions without increasing 

noise from cooling systems. 

 

4. People are becoming increasingly concerned about the environment, leading 

to a rising demand for developing vapor chambers using eco-friendly materials 

and methods. This involves utilizing recyclable materials and implementing  

energy-efficient processes to contribute to environmental preservation. 

 

 

 

 

 

 

 

 

 

 

 



 

Design & Development of ultrathin vapor chamber for electronic cooling application  

 

 

Pimpri Chinchwad College of Engineering, B.Tech. Mechanical 

47 

 

CHAPTER 9 

EXPENDITURE: 

 

Sr. 

No 
Part Name Cost Remark 

1. 
Evaporator and 

Condenser die 
₹40,000 

Manufacturing of Evaporator 

and Condenser die. 

2. 

Sintered Wick die 

And manufacturing of 

vapor chamber 

₹40,000 
Manufacturing of wick die and 

vapor chamber manufacturing  

3. Heat sink Manufacturing ₹5,000 To transfer heat from condenser 

4.  Fan ₹350 
To dissipate the heat in 

atmosphere 

5. Thermal Paste ₹70 To apply at junction 

6. PTC Heater ₹180 
Nichrome coil winded inside 

the square PTC plate 

7. K-type thermocouple ₹6000 
8 k-type thermocouples to 

monitor the temperature. 

8. Wires ₹200 
Used as extension DC power 

supply & Heater 

9. Epoxy Block ₹500 To provide insulation  

10. 
Manufacturing Of Test 

Set-Up 
₹7000 - 

11. Fevi quick ₹20 To join the insulation 

 Total ₹98,820  

 

 

 

 

Table 9. Final Costing 
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