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Understanding the thermal behavior and heat transfer characteristics of submerged tubes
in phase change materials (PCMs) like N-octadecane is crucial for numerous engineering
applications. This article provides a comprehensive overview of a thin-walled, horizontal
circular tube with a diameter of 0.025 meters submerged in a container filled with N-
octadecane, a widely used PCM known for its high latent heat capacity and suitable
melting point. We will explore the physical properties, heat transfer mechanisms, phase
change phenomena, and practical applications relevant to this setup, providing insights for
researchers and engineers working in thermal energy storage, heat exchangers, and
related fields.

Physical Properties of N-octadecane

N-octadecane, also known as octadecane, is a hydrocarbon with the chemical formula
C18H38. It is a paraffin wax that exhibits phase change behavior around a specific
temperature, making it ideal for thermal energy storage.

Key Characteristics of N-octadecane

e Melting Point: Approximately 28°C (82.4°F), but can vary slightly depending on
purity and additives.

e Latent Heat of Fusion: About 250 kJ/kg, enabling significant energy storage during
phase change.

e Thermal Conductivity: Ranges from 0.15 to 0.25 W/m-K, which influences heat
transfer rates.

¢ Density: Approximately 900 kg/m? in solid phase and slightly lower in liquid phase.

e Viscosity: Low in liquid phase, facilitating natural convection during melting and
solidification.

These properties govern how N-octadecane interacts with the embedded tube and the



surrounding environment, affecting heat transfer efficiency and phase change dynamics.

Geometry and Setup of the Thin-walled Circular
Tube

The specified tube features the following characteristics:

Specifications

e Diameter (D): 0.025 meters (25 mm)

e Wall Thickness: Thin-walled, typically on the order of a few millimeters, which
minimizes thermal resistance while maintaining structural integrity.

e Orientation: Horizontal, with the axis parallel to the ground.

The tube's placement within the container is critical for heat transfer analysis, as the
orientation influences natural convection patterns and phase change behavior.

Thermal Phenomena in the System

The interaction between the tube and N-octadecane involves complex heat transfer
processes, including conduction, convection, and phase change.

Heat Transfer Mechanisms

1. Conduction: Heat transfer through the tube wall and within the solid PCM, driven
by temperature gradients.

2. Natural Convection: Occurs in the liquid phase of N-octadecane, driven by
buoyancy effects due to temperature-induced density variations.

3. Phase Change (Melting and Solidification): Involves latent heat absorption or
release, significantly affecting temperature distribution and heat transfer rates.

During operation, the tube can serve as a heat source or sink depending on whether it is
heated or cooled, influencing the melting or solidification of N-octadecane.



Modeling Heat Transfer in the System

Accurate modeling of this system involves solving coupled heat transfer equations that
account for phase change and fluid flow.

Governing Equations

e Heat Conduction Equation: Describes temperature distribution in the PCM and
tube wall, incorporating thermal conductivity and heat capacity.

¢ Navier-Stokes Equations: Govern the fluid flow in the liquid phase, capturing
natural convection effects.

e Enthalpy Method: Used to model phase change by treating the latent heat as an
enthalpy term, facilitating the tracking of melting and solidification fronts.

Boundary Conditions and Assumptions

e Constant temperature or heat flux applied to the tube surface depending on the
scenario.

e Initial temperature distribution of the PCM, typically uniform and below melting
point.

e Neglecting radiative heat transfer for simplicity unless high-temperature gradients
are involved.

Modeling techniques such as finite element or finite volume methods are employed to
simulate the transient thermal behavior accurately.

Factors Affecting Heat Transfer and Melting
Behavior

Several factors influence the efficiency and dynamics of heat transfer in this configuration:

Material Properties

e Thermal conductivity of N-octadecane affects the rate of heat transfer;



enhancements such as adding metal fins or nanoparticles can improve conduction.

e PCM purity and additives can modify melting characteristics and thermal stability.

Geometric Factors

e Tube diameter and wall thickness determine the thermal resistance and surface area
for heat exchange.

e Placement orientation influences natural convection currents, which can accelerate
or hinder melting.

Operational Conditions

e Temperature of the heat source or sink applied via the tube.
e Rate of heat application, affecting the phase change front progression.

¢ Initial PCM temperature and state (solid or partly melted).

Applications of Horizontal Thin-Walled Tubes in
PCM Systems

This configuration has practical relevance in various technological domains:

Thermal Energy Storage Systems

- Storing surplus renewable energy by melting PCM during periods of excess and
solidifying it during demand peaks.
- Enhancing energy efficiency in solar thermal systems.

Heat Exchangers

- Using PCM as a medium to achieve temperature stabilization in industrial processes.
- Incorporating submerged tubes for efficient heat transfer.



Heating and Cooling Applications

- Providing controlled temperature environments in building heating systems.
- Cooling electronic components through phase change heat sinks.

Design Considerations for Optimal Performance

Designing an effective system involves balancing multiple factors:

Material Selection

- Ensuring compatibility between the tube material and PCM to avoid corrosion or
degradation.
- Choosing thermally conductive tube materials like copper or aluminum.

Enhancement Techniques

- Attaching fins or extended surfaces to increase heat transfer area.
- Incorporating nanoparticles or metal foams to augment thermal conductivity.

Operational Strategies

- Modulating heat input or removal rates based on phase change progression.
- Implementing insulation to minimize heat losses.

Conclusion

The study of a horizontal, thin-walled circular tube submerged in N-octadecane involves a
multi-faceted analysis of heat transfer, phase change, and fluid dynamics. Understanding
these phenomena enables the design of efficient thermal energy systems capable of
leveraging the high latent heat capacity of N-octadecane. By optimizing geometric
parameters, material choices, and operational conditions, engineers can develop advanced
thermal storage solutions, heat exchangers, and temperature regulation devices. Future
research may focus on enhancing thermal performance through nanotechnology,
experimental validation of models, and integration with renewable energy systems to
promote sustainable energy management.

Keywords: N-octadecane, phase change material, heat transfer, thermal energy storage,
thin-walled tube, natural convection, melting, solidification, thermal modeling, energy
efficiency



Frequently Asked Questions

What are the key thermal properties of N-octadecane
relevant to heat transfer in the submerged tube?

N-octadecane has a high latent heat of fusion (~246 kJ/kg), a melting point around 28°C,
and a relatively low thermal conductivity (~0.16 W/m-K), which influence its heat storage
and transfer capabilities when used in thermal applications involving the tube.

How does the diameter of the circular tube (D=0.025 m)
affect heat transfer performance in the N-octadecane
environment?

The small diameter increases the surface-area-to-volume ratio, enhancing heat exchange
efficiency between the tube and the surrounding N-octadecane, but it may also influence
flow characteristics and thermal gradients around the tube.

What are the dominant heat transfer mechanisms when
a thin-walled circular tube is submerged in N-
octadecane?

The primary mechanisms include conduction through the tube wall, convection between
the tube surface and N-octadecane, and possibly phase change-related latent heat transfer
if the temperature crosses the melting point of N-octadecane.

How does the phase change of N-octadecane impact the
thermal performance of the submerged tube?

During melting and solidification, N-octadecane absorbs or releases latent heat, which can
significantly enhance the thermal capacity of the system and stabilize temperature
fluctuations around the phase change point.

What considerations should be taken into account
regarding buoyancy effects in the container with N-
octadecane?

Due to density differences between solid and liquid phases of N-octadecane, buoyancy-
driven convection may occur, affecting heat transfer rates and the uniformity of
temperature distribution around the tube.

How does the orientation of the horizontal thin-walled
circular tube influence heat transfer in the N-



octadecane?

The horizontal orientation promotes symmetrical heat distribution around the tube and
can facilitate natural convection currents, which aid in efficient heat transfer compared to
vertical orientations.

What are potential applications of a thin-walled circular
tube submerged in N-octadecane?

Applications include thermal energy storage systems, passive cooling devices, and
temperature regulation systems where phase change materials like N-octadecane enhance
thermal capacity and stability.

What are the challenges associated with modeling heat
transfer in this system?

Challenges include accounting for phase change phenomena, variable material properties
with temperature, complex convection patterns, and the thin-walled nature of the tube, all
of which require sophisticated numerical methods for accurate modeling.

How might the size of the container influence the
thermal behavior of the system?

Container size affects heat dissipation, temperature gradients, and convection patterns
within N-octadecane, thereby impacting the efficiency and uniformity of thermal transfer
around the submerged tube.

Additional Resources
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Introduction

The application of heat transfer principles in thermal management and energy systems
has garnered increasing attention in recent years. Among various configurations, the use
of thin-walled circular tubes immersed in phase change materials (PCMs) offers promising
avenues for efficient thermal regulation. Specifically, the scenario of a horizontal, thin-
walled circular tube with a diameter of 0.025 meters submerged in N-octadecane—a well-
studied PCM—presents a compelling case for investigation. This setup encapsulates
complex heat transfer phenomena involving conduction, convection, and phase change,
which are critical in designing thermal energy storage units, cooling systems, and
temperature regulation devices.

This article provides a comprehensive analysis of this configuration, exploring the



fundamental principles, the properties of N-octadecane, the behavior of the tube under
thermal loads, and the implications for practical applications. Through detailed discussion
and critical insights, we aim to elucidate the key factors influencing heat transfer and
phase change processes in such systems.

1. Overview of the System Components
1.1 The Circular Tube

Geometry and Material:

The tube in question is characterized by its diameter (D=0.025 m), which is relatively
small, indicating a compact configuration suitable for applications where space is limited.
Its thin-walled construction suggests a wall thickness significantly less than the diameter,
reducing conduction resistance and potentially enhancing heat transfer with the PCM.

Orientation and Positioning:

The tube is placed horizontally within the container. This orientation influences the flow
and natural convection patterns of the PCM around the tube, affecting heat transfer rates
and the phase change process.

Material Considerations:

Material choice for the tube influences thermal conductivity, durability, and compatibility
with N-octadecane. Common materials include metals like copper or aluminum, known for
high thermal conductivity, which facilitate efficient heat transfer.

1.2 N-octadecane as a Phase Change Material

Chemical and Physical Properties:

N-octadecane (C18H38) is a hydrocarbon with a melting point around 28-30°C and a
latent heat of fusion approximately 200 kJ/kg. Its high latent heat capacity makes it an
excellent candidate for thermal energy storage, as it can absorb or release substantial
amounts of heat during phase transitions with minimal temperature variation.

Thermal Conductivity and Specific Heat:

Typically, N-octadecane exhibits a thermal conductivity of around 0.15 W/m-K, which is
relatively low, posing challenges for heat transfer efficiency. Its specific heat capacity
varies between the solid and liquid phases but generally ranges from 2 to 3 kJ/kg-K.

Phase Change Behavior:

The phase change process involves solidification and melting, which are highly dependent
on temperature gradients, heat fluxes, and the geometry of the container and embedded
components.

2. Fundamental Heat Transfer Mechanisms in the System

Understanding the dynamics of heat transfer in this configuration necessitates analyzing
conduction, convection, and phase change phenomena.



2.1 Conductive Heat Transfer

Within the Tube Walls:
The thin-walled tube primarily conducts heat from its interior (possibly heated or cooled)
to its exterior surface. The conduction is governed by Fourier’s Law:

\[
q {cond} = -k {wall} \cdot A \cdot \frac{dT}{dx}
\]

where \(k {wall}\) is the thermal conductivity of the tube material, \(A\) is the surface
area, and \(\frac{dT} {dx}\) is the temperature gradient.

In the PCM:
The PCM's low thermal conductivity impedes heat transfer, requiring design strategies
such as increasing surface area or employing finned structures to enhance conduction.

2.2 Convective Heat Transfer

Natural Convection in N-octadecane:

As the PCM undergoes melting or solidification, density differences induce buoyancy-
driven flow. The orientation (horizontal) influences the convection pattern, resulting in
complex flow regimes that affect heat transfer rates. The Rayleigh number (\(Ra\))
characterizes this process:

\[
Ra = \frac{g \beta \Delta T D3} {\nu \alpha}
\]

where \(g\) is gravitational acceleration, \(\beta\) is the thermal expansion coefficient,
\(\Delta T\) is the temperature difference, \(D\) is the characteristic length, \(\nu\) is
kinematic viscosity, and \(\alpha\) is thermal diffusivity.

Forced Convection:
If external flow is introduced (e.g., via pumps or fans), forced convection can significantly
enhance heat transfer, especially during the melting phase.

2.3 Phase Change Dynamics

Latent Heat Absorption and Release:

The phase change involves energy absorption during melting and release during
solidification, which stabilizes the temperature near the melting point. This process
introduces nonlinearities into the heat transfer process, as the PCM'’s effective heat
capacity increases dramatically during phase transition.

Nucleation and Growth:

The process of melting and solidification involves nucleation sites and growth patterns
that influence the rate and uniformity of phase change. The presence of the tube affects
the local temperature distribution, potentially leading to uneven melting or solidification
fronts.



3. Analytical and Numerical Modeling of the System
3.1 Governing Equations

The heat transfer process can be modeled using energy conservation equations coupled
with phase change models:

\[
\rho ¢ p \frac{\partial T} {\partial t} + \rho L \frac{\partial f} {\partial t} = k\nabla”™2 T

\]

where:

-\(\rho\) is the density,
-\(c_p\) is specific heat,

- \(L\) is latent heat,

- \(f\) is the liquid fraction,

- \(k\) is thermal conductivity.

This equation captures both conduction and the phase change via the enthalpy method.
Numerical techniques like finite element or finite volume methods are typically employed
to solve these equations due to the complexity of the problem.

3.2 Boundary and Initial Conditions

- Initial Temperature Distribution: Usually, the PCM starts at a uniform temperature below
melting point.

- Boundary Conditions:

- The tube surface may be subjected to a specified heat flux or temperature boundary
condition.

- The outer container walls can be insulated or held at a controlled temperature.

- Symmetry or periodic boundary conditions may be used depending on the setup.

3.3 Challenges in Modeling

- Capturing moving phase change fronts accurately.

- Dealing with low thermal conductivity of PCM.

- Incorporating natural convection effects, which can be highly nonlinear and dependent
on turbulence models.

- Ensuring mesh independence and numerical stability during phase transitions.

4. Practical Implications and Applications
4.1 Thermal Energy Storage
The described configuration is particularly relevant in latent heat thermal energy storage

(LHTES) systems. Embedding a thin-walled tube within N-octadecane allows for efficient
heat transfer during charging (melting) and discharging (solidification). Advantages



include:

- Compactness due to small diameter.
- Enhanced heat transfer via the tube’s surface.
- Controlled melting/solidification rates.

Such systems can be integrated into solar thermal plants, waste heat recovery, or building
climate control.

4.2 Cooling and Heating Devices

In electronic cooling or temperature regulation systems, thin-walled tubes immersed in
PCM can serve as heat exchangers, absorbing excess heat during peak loads and releasing
it during off-peak periods. The horizontal orientation facilitates uniform phase change and
minimizes thermal stresses.

4.3 Design Optimization

Critical design parameters include:

- Tube Material and Thickness: High conductivity materials and minimal wall thickness
maximize heat transfer.

- Placement and Spacing: Multiple tubes or arrays can improve thermal performance.

- Container Geometry: The shape and size influence convection patterns and phase change
dynamics.

- Operational Temperatures: Maintaining the PCM close to its melting point ensures
efficient phase change cycles.

5. Challenges and Future Directions

5.1 Material Compatibility and Stability

N-octadecane, while effective, can face issues such as leakage during melting, phase
segregation, and stability over multiple cycles. Encapsulation techniques and composite
PCMs are areas of ongoing research.

5.2 Enhancing Thermal Conductivity

Adding high-conductivity fillers like metal particles or carbon-based materials can improve
the PCM’s thermal response, reducing melting times and increasing efficiency.

5.3 Advanced Modeling Techniques
Incorporating turbulence models, phase change kinetics, and multi-physics interactions in
simulations will improve predictive accuracy, aiding in the design of more effective

systems.

5.4 Experimental Validation



Empirical studies, including infrared thermography and temperature measurements, are
vital to validate models and understand real-world performance.

Conclusion

The consideration of a horizontal, thin-walled circular tube of diameter 0.025 meters
submerged in N-octadecane encapsulates a complex interplay of heat transfer mechanisms
pivotal to modern thermal management solutions. The configuration leverages the high
latent heat capacity of N-octadecane and the efficient heat conduction facilitated by the
tube’s design to enable effective thermal energy storage, temperature regulation, and heat
exchange.

Understanding the fundamental principles—from conduction and convection to the
nuances of phase change—is essential for optimizing such systems. While challenges such
as low thermal conductivity and phase change dynamics persist, ongoing research into
material enhancements, advanced
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