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Abstract 
Next generation aircrafts are currently investigated to allow a significant reduction in the quantities of 
greenhouse gases emitted in the aviation sector. Thermal Management System (TMS) is a crucial 
aspect in the aeronautical field, where compactness and lightness are necessary due to the limited 
space and the need not to increase the required propulsive power. Among the possible solutions for 
temperature-sensitive applications are Phase Change Materials (PCMs), materials that undergo a 
phase change in the temperature range desired for heat storage, under form of latent heat. Their 
behavior can potentially be exploited to absorb occasional peak loads or anomalies of the next 
generation aircraft TMS. Depending on their chemical composition, solid-liquid PCMs can be organic, 
inorganic and eutectics. With the aim of studying and optimizing the spatial and temporal behavior of 
specific PCMs, a 1-D analytical model has been developed using a commercial software. The model 
is applied to determine the temperature profile and the variation of the melting front position during 
time along the PCM. A dynamic sizing analysis of several PCMs is proposed and their performances 
evaluated varying the initial solid wall temperature. 
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1. Introduction 
Next generation aircrafts are emerging as a challenging option to achieve a significant reduction of 
greenhouse gases (GHG) emitted in the aviation field, which is responsible for approximately 2% of 
global CO2 emissions. To reach the net zero emissions (NZE) scenario by 2050, the EU is working 
with the international community to develop globally usable measures. [1] Moreover, the following 
strategies are identified by the next generation aircraft roadmap: integrate new avionics systems and 
additional electronical components, promote sustainable aviation fuels (SAFs) production and 
blending capacity, reduce in-flight energy through investments in new propulsion systems, and re-
capture emitted CO2 emissions. [2] Historically, new generation aircrafts have led to a 20% reduction 
in energy consumption compared to the aircrafts they replace. [3] 
Mainly there are three possible candidates to replace conventional aviation fuels: SAFs, hydrogen 
and batteries. One of the most promising solutions is the hydrogen-powered fuel cell (FC) system as 
it could meet the aeronautic requirements of compactness and lightness, which are fundamental in 
order not to increase the propulsive power required. The electrification of the traditional internal 
combustion engine with electrically-powered systems relies on large and high-power electrical 
equipment (e.g., fuel cell system, batteries, electrical motors, converters, power electronics, and 
others) that dissipate a large amount of heat [4]. For a high efficiency system, the electric loads are 
supplied from power buses by using power converters. The high-power density converters reflect into 
additional volume and weight required [5]. Thus, the cooling system must be able to cope with the 
progressively increasing demand of thermal loads without adding too much burden to the overall 
weight and size of these systems [6].  
Still, there are several crucial challenges to be addressed  in the early design stages to achieve the 
benefits of next generation aircrafts in terms of sustainable aviation. First, the design of thermal 
management system (TMS) to dissipate the heat released by the overheated components, which 
strongly affects the overall energy consumption and has a direct impact on realizing durability, cost, 
and performance targets required for an effective electrified aircraft. Therefore, the major design goal 
of TMS is to minimise its on board impact, lowering cooling drag and fuel penalty, allowing each 
component/subsystem to operate within a safe temperature range, by managing heat transfer 
between heat sources and heat sinks [7]. Moreover, the high power density energy storage and the 
efficient power management system for balancing power requirements between electric motors, 
combustion engines, and other auxiliary equipment should be optimized [8]. 

1.1 Background of TMS  
In this section, a brief overview of the main heat transfer technologies and TMS architectures is 
provided. Since the thermal management system have gained significant attention from the scientific 
community, researchers have recently made concerted efforts to synthesize the exploration of 
relevant technologies through several review articles.  
Generally, there are two available heat removal techniques: active cooling (using air, liquid, and 
phase change) and passive cooling (using heat pipes and heat spreaders), or in addition a hybrid 
cooling system (combining the above methods). Coutinho et al. [9] recently reviewed the 
developments in TMS for next generation aircrafts, pinpointing the most reliable TMS technologies 
for heat transfer with a medium/high TRL (>3-4) in the aeronautical field, as follows: 

• Liquid cooling systems; 
• Air/steam cooling cycles; 
• Forced air cooling (ram air heat exchanger); 
• Pumped two phase systems; 
• Integrated heat exchangers (skin heat exchanger); 
• Phase Change Materials (PCMs); 
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• Absorption refrigerators; 
• Thermoelectric effects; 
• Passive cooling systems. 

Direct liquid cooling methods rely on the use of a coolant (typically water, which has a specific heat 
coefficient which is around four times that of air) to extract heat from the heat source. These 
technologies are the most consolidate and mature (TRL>7), together with air cooling systems. 
Particularly, air cooling (using natural and forced convection) is the simplest option since it does not 
require any additional equipment and there is no risk of leakage. However, it has a low thermal 
efficiency, due to the small heat capacity of air that makes it difficult to achieve temperature uniformity 
of the component [10]. Furthermore, air cooling is less effective during take-off and ground operating 
mode, since during periods of high power large amount of air is required. Thus, natural and forced 
convection could not be sufficient to dissipate abundant heat generated especially from high power 
components. Compared to air, liquid cooling method emerges to be more effective in heat transfer 
with a better temperature distribution. However, the need for more space increases system 
complexity, power consumption and cost, so it can outweigh the merits [11].  
Conversely to active cooling, hybrid system using phase change materials (PCMs) are emerging as 
potential cooling strategies (TRL>4-5 [12]) due to their simple structure, high reliability, and no extra 
energy consumption, as detailed in section 1.2. This study focuses on the investigation of PCMs as 
innovative cooling, as reported in section 1.3. Typically, air cooling and passive cooling are suitable 
for small-medium scale (<5-10 kW), instead liquid and PCMs cooling could be a promising solution 
for high power levels (>10 kW) [13].  
Regarding TMS architectures, Heerden et al. [14] provided an extensive overview of the main TMS 
in a conventional aircraft. Ram air (RA) heat exchangers are widely employed thanks to their 
simplicity and effectiveness; specifically, RA cooling exploits the dynamic pressure generated by the 
movement of the aircraft to ingest air into a duct. The air is then sent to directly cool down the devices 
or it can be transferred to a ram air heat exchanger. Despite the advantages, RA system generates 
significant cooling drag which should be minimized and additionally, during stationary or low speeds 
travel conditions, a fan is required to pull in air. Engine fan air (EFA) is another cooling method which 
consists of using atmospheric air on gas turbine propelled aircraft to dissipate the heat to the engine 
bypass air. To overcome momentum losses and avoid performance degradation, a surface/skin heat 
exchanger (SHX) could be adopted. An SHX system rejects the waste heat through the skin of the 
wing, fuselage, or other aircraft surfaces, which are in contact with the atmospheric air. In addition, 
the cooling capabilities of heat exchangers can be enhanced improving the heat transfer mechanism 
and lowering the pressure drops. Several techniques have been reported in the literature. The use of 
fins which allows the creation of new geometries, the introduction of microchannels characterized by 
small hydraulic diameter which increase the heat transfer surface area and the use of new 
manufacturing techniques, such as additive manufacturing (AM). Particularly, the outstanding 
benefits of HX enabled with AM include optimized geometries with improved surfaces, controlled 
surface roughness, fully controlled and organized porous structures, eliminating the need for welding 
or brazing, as reported in various works [15], [16], [17]. On the other hand, there are some challenges 
to overcome to achieve the full benefits of AM technologies. In another review article, Srinath et al. 
[18] explored TMS architectures proposed for hydrogen-powered propulsion technologies. A 
combination of TMS with the engine fuel system, and potentially compressor intercooling, turbine air 
cooling heat exchanger, and flow expander has been suggested by the authors as one of the future 
architectures for next generation aircraft. Most of the technologies previously described are used in 
the current research projects on TMS architectures for electrified aircraft propulsion, as summarized 
in another study of Coutinho et al. [7]. In a recent article published by Asli et al. [19] a classification 
of heat exchangers based on several criteria and a description of new emerging technologies in HX 
design, which is beyond the scope of this work, are provided. In particular, the authors have 
highlighted three main areas where heat exchangers are used in the next generation aircrafts, 
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including the propulsion cycle, environmental control system (ECS) and the TMS. 

1.2 Phase Change Materials overview 
Phase Change Materials are latent heat storage materials that undergo a phase transition between 
solid and liquid that occurs isothermally upon melting or solidifying. During phase transition, as 
pictured in Figure 1, the PCM stores thermal energy in the form of latent heat by an endothermal 
process that dissolves the chemical bonds of PCM and release it exothermally when being cooled to 
recover its solid state. 

 
Figure 1. PCM phase change transition. 

The total amount of energy absorbed by PCM (𝑄𝑄), which is the sum of the sensible and latent heat, 
can be calculated as follows: 

𝑄𝑄 = ∫ 𝑚𝑚𝑐𝑐𝑝𝑝,𝑠𝑠𝑑𝑑𝑑𝑑
𝑇𝑇𝑚𝑚
𝑇𝑇𝑖𝑖

+ 𝑚𝑚∆𝐻𝐻 + ∫ 𝑚𝑚𝑐𝑐𝑝𝑝,𝑙𝑙𝑑𝑑𝑑𝑑 = 𝑚𝑚𝑇𝑇𝑓𝑓
𝑇𝑇𝑚𝑚

�𝑐𝑐𝑝𝑝,𝑠𝑠(𝑇𝑇𝑚𝑚 − 𝑇𝑇𝑖𝑖) + ∆𝐻𝐻 + 𝑐𝑐𝑝𝑝,𝑙𝑙(𝑇𝑇𝑓𝑓 − 𝑇𝑇𝑚𝑚)�   ( 1 )                                 

Where 𝑐𝑐𝑝𝑝,𝑠𝑠 and 𝑐𝑐𝑝𝑝,𝑙𝑙  are the specific heat of solid and liquid PCM, respectively, ∆𝐻𝐻 denotes the latent 
heat capacity, 𝑇𝑇𝑖𝑖, 𝑇𝑇𝑚𝑚 and 𝑇𝑇𝑓𝑓 represent the initial, melting, and final temperature, respectively [20]. 
PCMs can be classified into different categories based on their phase state, chemical composition or 
melting temperature, as reported in Figure 2. 
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Figure 2. Classification of Phase Change Materials. 

According to the desired range of operating temperature several type of PCMs with different melting 
temperature can be considered.  
Organic PCMs can be paraffins and non-paraffin, the former involves fatty acids, alcohols, glycols 
and esters. They are rather stable, safe, and have a high latent heat of fusion (>180 kJ/kg). However, 
these compounds are also flammable, toxic and have a low thermal conductivity (0.1–0.35 W/(m·K)). 
Particularly, the enhancement in thermal conductivity acquired great attention recently.  
Inorganic PCMs are composed of inorganic molecules, they are salts hydrates (most used), molten 
salts, and metals. Inorganic materials have attractive characteristics, not only they propose a wide 
melting temperature range (>5–130 °C), but they are also thermally safe and have a high latent heat 
rate (>220 kJ/kg). However, super cooling, phase segregation and lack of long-term stability of these 
materials still represent an issue; consequently, inorganic PCMs applications are limited as latent 
heat storage systems. This poor stability has been reported in the literature and result from two 
factors: poor stability of the materials properties itself due to thermal cycling, and/or corrosion 
between the PCM and the container.  
Eutectic mixtures are a combination of two or more low melting temperature components of organics, 
inorganics, or both, compounds at specific atomic ratio of products at which the mixture melts. Due 
to this, they have more desired features such as a higher latent heat, a sharp melting point, and no 
super cooling and phase segregation phenomena [21], [22].  
The widespread application of PCMs still faces challenges mainly related to the improvement of their 
low thermal conductivity and the growth of volume and liquid leaking after melting. Therefore, an 
effective PCM-based TMS should have high latent heat of fusion, high chemical stability over multiple 
cycles, compatibility with aeronautic materials and relatively low cost.  
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1.3 Aim of this work 
This work aims to assess with a preliminary modelling analysis the potential application of PCMs, as 
thermal energy storage (TES) devices, to dampen thermal loads of the heat source  [20]. On this 
matter, section 2 describes the methodology used to preliminary evaluate the thermal behaviour of a 
PCM with a simplified one-dimensional (1-D) analytical model developed on MATLAB.  
In section 3 the main outcomes of the modelling analysis are discussed and finally the following 
section outlines the conclusion of this work. 
Subsequently, a more accurate 3-D physical model will be implemented to characterise the phase 
change material in two concentric pipes with a heat transfer fluid, in order to compare a conventional 
cooling system with an innovative one based on PCM. 
 

2. Methodology 
This section details the phase change problem in a semi-infinite medium filled with a pure PCM, where 
the conduction heat transfer is 1-D transient, was formulated as a Stephan problem [23] and solved 
with an analytical solution [24] through a MATLAB script.  

2.1 Geometry  
The simplified geometrical configuration of the system analyzed (surface of the heat source covered 
by a layer of PCM) is schematized in Figure 3.a. Further, Figure 3.b pictures the melting process of 
the phase change material. 𝐻𝐻𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 is the height of the cylindrical component, 𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  its radius and 𝑅𝑅𝑇𝑇𝑇𝑇𝑇𝑇 
represents the system total radius. In addition, the interface between solid (PCM s) and liquid (PCM l) 
state of the material is highlighted with a red dashed line. 
The sizing procedure of a PCM, according to the analytical solution of Neumann (section 2.3), is 
summarized in the logical diagram illustrated in Figure 4. 

 
Figure 3. a) Top view (top) and cross-section (bottom) of the simplified geometric system. b) Scheme 

of PCM melting process. 
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Figure 4. Logical diagram of the PCM sizing procedure. 

2.2 Simplifying assumptions  
The model is developed under the following simplifying assumptions : 

• The PCM is considered as a perfectly pure, homogeneous and isotropic material; 
• The phase change process is isothermal; 
• The interface between the solid and liquid phases of the PCM is fine (surface);  
• The thermophysical properties (i.e., specific heat capacity, density and heat conductivity) of 

the PCM are constant both in solid and liquid phases, but they may differ from phase to phase; 
• Conduction in the PCM is the only heat transfer mechanism in the two phases (solid and liquid) 

and it is 1-D transient; 
• Natural convection within the liquid phase and radiation are ignored.  

2.3 Analytical solution 
The energy conservation equations which govern the temperature variations in the liquid (subscript 𝑙𝑙) 
and solid (subscript 𝑠𝑠) phases are formulated respectively as: 
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𝜕𝜕𝑇𝑇𝑙𝑙
𝜕𝜕𝜕𝜕

= 𝜕𝜕
𝜕𝜕𝜕𝜕
�𝛼𝛼𝑙𝑙

𝜕𝜕𝑇𝑇𝑙𝑙
𝜕𝜕𝜕𝜕
� ,        0 < 𝑥𝑥 < 𝑋𝑋𝑓𝑓 , 𝑡𝑡 > 0 liquid phase       ( 2 ) 

𝜕𝜕𝑇𝑇𝑠𝑠
𝜕𝜕𝜕𝜕

= 𝜕𝜕
𝜕𝜕𝜕𝜕
�𝛼𝛼𝑠𝑠

𝜕𝜕𝑇𝑇𝑠𝑠
𝜕𝜕𝜕𝜕
� ,        𝑋𝑋𝑓𝑓 < 𝑥𝑥, 𝑡𝑡 > 0 solid phase       ( 3 ) 

In these formulations 𝑇𝑇 refers to the temperature, 𝑡𝑡 is the time, 𝑥𝑥 represents the spatial coordinate in 
the melting process domain and 𝛼𝛼 denotes the PCM thermal diffusivity, defined as: 

𝛼𝛼 = 𝑘𝑘
𝜌𝜌𝑐𝑐𝑝𝑝

            ( 4 ) 

Where 𝑘𝑘, 𝜌𝜌 and 𝑐𝑐𝑝𝑝 represent the thermal conductivity, the density, and the specific heat of PCM, 
respectively. 
The initial conditions (at t = 0) applied are: 

𝑇𝑇𝑠𝑠(𝑥𝑥, 0) = 𝑇𝑇0, 0 ≤ 𝑥𝑥 ≤ 𝑅𝑅𝑃𝑃𝑃𝑃𝑃𝑃          ( 5 ) 

𝑋𝑋𝑓𝑓(0) = 0             ( 6 ) 

The boundary conditions (at t > 0) imposed are given by: 

𝑇𝑇𝑙𝑙(𝑥𝑥 = 0, 𝑡𝑡) = 𝑇𝑇𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤           ( 7 ) 

𝑇𝑇𝑙𝑙(𝑥𝑥 = 𝑋𝑋𝑓𝑓 , 𝑡𝑡) = 𝑇𝑇𝑠𝑠(𝑥𝑥 = 𝑋𝑋𝑓𝑓 , 𝑡𝑡) = 𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚             ( 8 ) 

𝑇𝑇𝑠𝑠(𝑥𝑥 → ∞, 𝑡𝑡) = 𝑇𝑇0           ( 9 ) 

Therefore, the temperature distributions for liquid and solid phases can be written with the following 
relationships:  

𝑇𝑇𝑙𝑙(𝑥𝑥,𝑡𝑡)−𝑇𝑇𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤
𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚−𝑇𝑇0

=
erf � 𝑥𝑥

2�𝛼𝛼𝑙𝑙𝑡𝑡
�

erf (𝜉𝜉)
,        0 < 𝑥𝑥 < 𝑋𝑋𝑓𝑓 , 𝑡𝑡 > 0 liquid phase       ( 10 ) 

𝑇𝑇𝑠𝑠(𝑥𝑥,𝑡𝑡)−𝑇𝑇0
𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚−𝑇𝑇0

=
𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 � 𝑥𝑥

2�𝛼𝛼𝑠𝑠𝑡𝑡
�

𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒(𝜈𝜈𝜈𝜈)
,        𝑋𝑋𝑓𝑓 < 𝑥𝑥, 𝑡𝑡 > 0 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑝𝑝ℎ𝑎𝑎𝑎𝑎𝑎𝑎        ( 11 ) 

Where 𝑒𝑒𝑒𝑒𝑒𝑒 and 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 are the error function and the complementary error function built in MATLAB, 
respectively. ν is the ratio between the PCM thermal diffusivity of the liquid or solid phase (𝛼𝛼𝑖𝑖), 
expressed by: ν = �𝛼𝛼𝑙𝑙/𝛼𝛼𝑠𝑠 and 𝜉𝜉 is a constant parameter that can be obtained by solving a 
transcendental equation, which is a function of the Stephan number.  
Thus, the temporal evolution of the liquid-solid interface (𝑋𝑋𝑓𝑓) is defined as follows: 

𝑋𝑋𝑓𝑓(𝑡𝑡) = 2𝜉𝜉�𝛼𝛼𝑙𝑙𝑡𝑡           ( 12 ) 

Phase transition occurs when the melting/freezing time (𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚) of the PCM is achieved. Consequently, 
the solid-liquid interface moves away from the heat transfer surface and the location of this moving 
zone is not known a priori. Thus, the solution of a phase change problem is not so easy, even when 
the heat transfer process is assumed to be conduction controlled. Analytical solutions for the 
estimation of 𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 are possible only for simple geometry and for simplified boundary conditions [25], 
[26]. These analytical solutions are expressed in terms of dimensionless phase transition time (𝑡𝑡∗), 
which is defined according to the relationship: 

𝑡𝑡∗ = 𝛼𝛼𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
𝑅𝑅𝑃𝑃𝑃𝑃𝑃𝑃
2             ( 13 ) 
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Where 𝑅𝑅𝑃𝑃𝑃𝑃𝑃𝑃 is the PCM thickness. Additionally, for a cylindrical system the approximate solution of 
Solomon can be used to estimate 𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚: 

𝑡𝑡∗ = 0.11 + 0.25
𝑆𝑆𝑆𝑆𝑙𝑙

           ( 14 ) 

Where 𝑆𝑆𝑆𝑆𝑙𝑙 is the Stephan number for the liquid phase. 
Finally, the volume (𝑉𝑉𝑃𝑃𝑃𝑃𝑃𝑃) occupied by the material to store the thermal energy released is calculated 
with the equation: 

𝑉𝑉𝑃𝑃𝑃𝑃𝑃𝑃 = 𝜋𝜋 ��1
2
𝐷𝐷𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 + 𝑋𝑋𝑓𝑓(𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚)�

2
− �1

2
𝐷𝐷𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐�

2
� ∙ 𝐻𝐻𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐      ( 15 ) 

The mass of the PCM (𝑚𝑚𝑃𝑃𝑃𝑃𝑃𝑃) is given by the product of the obtained volume by its density: 

𝑚𝑚𝑃𝑃𝑃𝑃𝑃𝑃 = 𝑉𝑉𝑃𝑃𝑃𝑃𝑃𝑃 ∙ 𝜌𝜌           ( 16 ) 

With the aim of better understand and optimize the spatial and temporal behavior of the phase change 
material, a simulation campaign for several PCMs was performed in section 3 varying the initial wall 
temperature of a module, according to literature data concerning Li-ion batteries [27], [28], [29], [30]. 
 

3. Preliminary results and discussion 
According to the sizing procedure illustrated in Figure 4, an estimation of mass and temperature 
distribution along the PCM has been evaluated. The PCMs selected for this preliminary analysis are 
reported in Table 1. 
 

Table 1. Main properties of PCMs considered. 

 
In addition, a PCM thickness of 0.05 m and 263 K as initial temperature of the PCM are the 
assumptions for this preliminary assessment. By applying an initial wall temperature profile of the 
component to be cooled down, the model can be useful to analyse and compare the thermal behaviour 
of different PCMs.  
Figure 5 evidences in blue the temperature profile simulated for the considered heat source, the 
melting temperature of the magnesium chloride hexahydrate (salt hydrate) is pictured in green, while 
the orange curve represents the evolution of the solid-liquid interface. Notably, the temperature rising 
inside the module ranges from a typical operating temperature (298 K) to a dangerous condition (400 
K) which is critical for safety issues, resulting in failure of the component. As shown in Figure 5, when 
the melting temperature is reached and the phase transition takes place, the melting front position 

PCM 
Specific heat 

capacity, 
kJ/(kg K) 

Density, 
kg/m3 

Heat 
conductivity, 

W/(m K) 

Melting 
point, 

°C 

Heat 
storage 

capacity, 
kJ/kg 

Abbreviation 𝑐𝑐𝑝𝑝,𝑠𝑠 𝑐𝑐𝑝𝑝,𝑙𝑙 𝜌𝜌𝑠𝑠 𝜌𝜌𝑙𝑙 𝑘𝑘𝑠𝑠 𝑘𝑘𝑙𝑙 𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝐿𝐿 

Paraffin wax 
RT18HC [31] 2 2 880 770 0.2 0.2 18 260 

Paraffin wax 
RT70HC [32] 2 2 880 770 0.2 0.2 70 260 

Urea-KCl [23] 1.69 1.96 1370 1370 0.83 0.66 115 227 
Magnesium 
chloride 
hexahydrate [23] 

2 2.4 1570 1570 0.7 0.58 117 150 
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changes leading to the PCM storing heat. 

 
Figure 5. Salt Hydrate PCM: Wall temperature profile (blue curve), melting front evolution (orange 

curve) and melting temperature (green dashed line). 

Table 2 shows the results obtained from the adopted modelling approach. In particular, the salt hydrate 
stands out to potentially absorb higher amounts of thermal power compared to the other PCMs 
considered. This might be related to its higher thermal conductivity respect to the two paraffins; 
however, an increase in the thermal conductivity of PCM lead to a decrease in the latent heat of phase 
change material and subsequently to a higher mass value. 

Table 2. Output results from MATLAB model. 

 

4. Conclusion and future work 
The electrification of aircrafts offers a viable solution to address the limitations posed by the relatively 
low energy densities of batteries in fully electric aviation. However, this technical strategy results in 
increase of electric loads compared to traditional aircraft system. Effective and compact thermal 
management system is a critical challenge in next generation vehicles. To maintain high 
performances and homogeneous temperature distribution over time of the critical components, an 
efficacious TMS of heat sources should be designed. Therefore, several cooling methods (i.e., active, 
passive and hybrid) are investigated to guarantee the heat dissipation.  
This study provides a general background of TMS architectures and technologies, with a focus on  
PCMs as cooling solution. Moreover, this work aims to assess through a simplified 1-D modelling 
analysis the potential use of PCMs to dampen the thermal peaks of a heat source of a next generation 
aircraft. Preliminary results reveal that a salt hydrate may be more efficient than common paraffins in 
dissipating the heat produced by the surface of the overheated component and this could be mainly 

Output parameter Paraffin 
RT18HC 

Paraffin 
RT70HC Urea-KCl Magnesium chloride 

hexahydrate 
Mass, kg 3.092 5.298 9.033 8.314 
Volume, m3 0.004 0.006 0.007 0.005 
Thermal power 
absorbed in Δt, kW 0.111 1.035 5.203 15.418 
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due to its higher thermal conductivity. 
From the perspective of practical application, TMS uses PCM could not purely rely on PCM cooling. 
Particularly, composite PCM with higher energy density values (ranges between 100 and 200 kJ/kg) 
compared to pure PCM should be preferred [33]. A hybrid system that integrates both PCM and liquid 
cooling should be the optimal choice for removing heat from the heat source. This solution combines 
the advantages of active and passive cooling, which provides temperature uniformity, saving 
electrical consumption and with relatively high cooling efficiency.  
Further in-depth modelling analysis will be devoted to a comprehensive understanding of the thermal 
behavior of a phase change material, to maintain the temperature of the heat source in the design 
criteria range. To this end, a  3-D physical model will be developed to characterize the PCM in two 
concentric pipes with a heat transfer fluid, in order to compare a conventional cooling system with an 
innovative one based on PCM. 
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