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Abstract 
This study looks at how temperature changes without any direct heat transfer, with a 
particular emphasis on how pressure affects phase transitions. This study examines how 
pressure affects the behavior of ice and lowers melting points, beginning with the traditional 
regelation of ice experiment. Fundamental thermodynamics is discussed in relation to 
practical applications like pressure cookers, glaciers, ice skating, and atmospheric 
processes. The significance for sustainable thermal management is highlighted by recent 
advancements in barocaloric materials and nanoscale pressure-induced phase transitions. 
Lastly, the use of pressure-driven phase-change materials (PCMs) for next-generation 
computer cooling is suggested as a novel application, offering a possible route for effective 
and sustainable substitutes. 

 

1. Introduction 
Temperature changes are typically associated with the addition or removal of heat, 
consistent with the first law of thermodynamics. However, physics often reveals more 
complex pathways for altering thermal states. One such pathway is the use of pressure to 
drive phase changes, such as melting ice without heat input. This paper investigates the 
thermodynamic principles underlying this phenomenon, illustrates them through classical 
demonstrations, and explores their potential application in advanced cooling technologies. 

 

2. Theoretical Background 

2.1 Effect on Gases 

The ideal gas law, PV=nRT, describes the relationship between pressure, volume, and 
temperature. At constant volume, pressure is directly proportional to temperature (P∝T), 
showing how mechanical compression can induce heating in gases. 

2.2 Regelation of Ice 



Unlike most solids, water contracts upon melting, giving it a negative ΔV\Delta VΔV. The 
Clausius–Clapeyron relation, 

 𝑑𝑃
𝑑𝑇 = 𝐿

𝑇∆𝑉

indicates that for water, an increase in pressure lowers the melting point. This explains why 
ice melts under localized pressure and refreezes when the pressure is removed—a process 
known as regelation. 

 

3. Experimental Demonstration: Wire Cutting Through 
Ice 
A classical demonstration involves suspending weights on a wire placed over an ice block. 
The wire gradually passes through the block without splitting it apart. Pressure beneath the 
wire reduces the local melting point, producing a thin water layer. Once the pressure is 
released above the wire, the water refreezes, allowing the wire to cut through while leaving 
the ice block intact. 

 

4. Real-World Applications 
●​ Ice Skating: Pressure from the blade melts ice, creating a lubricating layer of water.​

 
●​ Glaciers: Immense pressure at the base induces localized melting, facilitating glacial 

movement.​
 

●​ Pressure Cookers: Elevated pressure raises water’s boiling point, cooking food 
more efficiently.​
 

●​ Adiabatic Compression: Rapid compression increases gas temperature (e.g., in 
diesel engines).​
 

●​ Atmospheric Cooling: At higher altitudes, lower pressure allows air to expand and 
cool.​
 

 

5. Advanced Concepts 

5.1 Phase Diagrams 



Phase diagrams plot pressure against temperature to illustrate equilibrium states. For water, 
the solid–liquid boundary has a negative slope, reflecting the pressure dependence of 
melting. 

5.2 Barocaloric Materials 

Barocaloric materials undergo significant temperature changes under moderate pressure, 
offering eco-friendly alternatives to refrigerants in solid-state cooling. 

5.3 Pressure-Induced Transitions in Nanomaterials 

Research in 2D and quantum materials demonstrates that pressure can alter conductivity 
and thermal properties. This insight provides opportunities for nanoscale thermal 
management. 

 

6. Proposed Application: Pressure-Driven Cooling for 
Computers 

6.1 Motivation 

Modern processors and quantum devices generate substantial heat, often exceeding the 
capacity of conventional cooling methods. 

6.2 Proposed Mechanism 

By applying pressure to phase-change materials with negative ΔV\Delta VΔV, their melting 
point can be modulated to absorb heat during phase transitions. Releasing pressure resets 
the cycle, enabling continuous cooling. 

6.3 Potential Benefits 

●​ Localized and rapid cooling near heat sources​
 

●​ Reduced energy consumption​
 

●​ Environmentally sustainable if barocaloric materials are used​
 

6.4 Challenges 

●​ Engineering suitable materials with negative ΔV\Delta VΔV​
 

●​ Managing mechanical stress from repeated pressure cycles​
 



●​ Integration with microelectronics at small scales​
 

 

7. Literature Review and Research Gap 
While barocaloric cooling and PCM-based systems are active fields of study, no direct 
research has yet applied pressure-induced phase changes to computer cooling. This gap 
highlights the novelty of the proposed concept and its potential interdisciplinary impact. 

 

8. Conclusion 
Pressure-induced phase transitions provide a powerful mechanism for thermal control, from 
classical regelation experiments to modern nanomaterials. By bridging foundational physics 
with emerging materials science, this paper proposes pressure-driven cooling as a new 
direction for efficient and sustainable computer hardware design. 
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