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Abstract: Phase change dispersions are useful for isothermal cooling applications. As a result of
the phase changes that occur in PCDs, they are expected to have greater storage capacities than
those of single-phase heat transfer fluids. However, for appropriate heat exchanger dimensions
and geometries for use in phase change dispersions, knowledge about the convective heat transfer
coefficients of phase change dispersions is necessary. A test unit for measuring the local heat transfer
coefficients and Nusselt numbers of PCDs was created. The boundary condition of constant heat
flux was chosen for testing, and the experimental heat transfer coefficients and Nusselt numbers
for the investigated phase change dispersion were established. Different experimental parameters,
such as the electrical wall heat input, Reynolds number, and mass flow rate, were varied during
testing, and the results were compared to those of water tests. It was found that, due to the tendency
of low-temperature increases in phase change dispersions, the driving temperature difference is
greater than that of water. In addition, larger heat storage capacities were obtained for phase
change dispersions than for water. Through this experimentation, it was acknowledged that future
investigation into the optimised operating conditions must be performed.

Keywords: phase change slurry; convective heat transfer; Nusselt number; phase change; temperature
control

1. Introduction

Phase change dispersions (PCDs) are two-phase heat transfer fluids (HTFs) that are
comprised of a phase change material (PCM) that is dispersed into a continuous phase
(generally water) and stabilised with the help of surfactants [1]. PCDs are designed so
that the PCM within the PCD changes phase at a temperature where heat can be stored
or isothermally released [2]. During this phase change, the PCD exploits not only the
sensible heat of its relevant components (the PCM and water), but also the latent heat of
the phase change [1,3]. This ensures that PCDs have considerably higher cooling capacities
compared to standard cooling fluids, such as water. As a result of this and the fact that
PCDs can both store and transport heat, they have attracted recent attention in the literature.
PCDs have been the centre of a few recent review articles; O’Neill et al. [1] discussed and
compared the effects of the formulation properties and operational parameters on the heat
transfer performance of PCDs and described the need for a better understanding of the
formulation of stable PCDs with low supercooling degrees. Wang et al. [3] focused on
highlighting the thermophysical, rheological, and heat transfer properties of PCDs, and
Shao et al. [4] reviewed the use of PCDs for the heating, ventilation, and air-conditioning
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(HVAC) industry. From the reviews, the consensus on the required properties of PCDs for
use in thermal management and cooling can be seen as follows [1,3–5]:

• They offer great stability during both storage and thermo-mechanical cycling;
• They have low degrees of supercooling (through either the addition of nucleating

agents or the modification of surfactant properties);
• They have a phase change temperature that matches the desired application in which

they will be thermally managing/cooling;
• They have a higher specific heat capacity (generally listed as twice that of water);
• They have a low viscosity such that they have low pressure drops and, thus, low

pumping powers;
• They have high heat transfer coefficients.

Despite the recent traction in the field of PCD development, there have been few
investigations or productions of PCD with phase change temperatures of over 30 °C [6],
with many focusing on air conditioning (5–15 °C) or refrigeration (3–8 °C) [7]. As a result
of this, most of the literature focuses on determining the performance of PCDs within
this temperature range, and in most cases, the same PCDs are used. Almost all of the
PCDs researched in the literature are based on paraffins due to their abundance in the
desired temperature ranges for comfort cooling, high latent heats, and relatively low
costs [1]. However, paraffins are products of petroleum refining, which removes currently
formulated PCDs as potential contributors to a sustainable energy model [8]. Furthermore,
it has been suggested that, from the point of view of applications, the relative inertness
of paraffins can cause them to separate from the PCD, thereby attaching themselves to
the piping and heat exchangers in systems [9]. The removal of these paraffin layers
is a difficult and time-consuming process that requires strong organic solvents. To the
authors’ knowledge, the only research performed on an organic PCM that was not a
paraffin-based PCD was by Puupponen et al. [10] and in two works by Zhang et al. [11,12].
Puupponen et al. [10] investigated the formulation conditions of two fatty-acid-based PCDs
with stearic and myristic acid as the PCMs. The authors found that stable stearic-acid-based
PCDs were successfully formulated with a combination of both ionic and non-ionic
surfactants. Despite this, the PCDs formulated with myristic acid were found to be
unstable [10]. Zhang et al. [12] prepared PCDs with capric acid, lauric acid, myristic
acid, palmitic acid, stearic acid, and eutectics thereof. The latent heat capacities of the
eutectic formulations were found to be in the range of 36–51 J g−1 [12], which is within the
same range as PCDs formulated with paraffins [1,3]. In a further study, Zhang et al. [11]
determined the stability of a capric-acid-/lauric-acid-eutectic-based PCD and found that the
PCD showed excellent stability over 100 freeze–melt cycles. Alongside the high stabilities
of fatty acids shown by Zhang et al. [11] and Puupponen et al. [10] and the comparable
phase change enthalpies shown by Zhang et al. [12], fatty acids are also have the properties
of being abundant, non-toxic, and bio-based [9], rendering them promising candidates for
PCD development. However, thus far, the research into fatty acids as bio-based alternatives
for PCDs has been limited to thermophysical and formulation analyses; thus far, no heat
transfer experiments have been performed. The lack of research on both PCDs above 30 °C
and non-paraffin-based PCDs has led the authors of this paper to formulate a novel PCD
that has a melting point at 50 °C and is bio-based. The formulation details and the relevant
thermophysical properties of this PCD can be seen in [9]. Additionally, because there are
few articles that have discussed the heat transfer performance of bio-based PCDs, this
article aims to highlight preliminary heat transfer performance results.

Envisioned Application

The PCD developed for this investigation was formulated with a specific application
in mind—for the temperature-sensitive electronic cooling of high-voltage direct-current
(HVDC) converter components at 50 °C. Within high power transmission systems and
devices such as HVDC converters, issues arise with thermal management, as within these
systems, there is a high power dissipation, which can be up to 30% of the total HVDC
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power loss [13]. Not only does this cause problems with thermal runaway in the system,
but the power losses resulting from the high power dissipation result in large maintenance
costs for the operating plants [14,15]. Currently, to prevent this, there are two common
methods that are employed—water cooling and air cooling. Air cooling, which is used
through either forced or natural flux through cooling air channels, is normally used for
electronic devices with power dissipation rates below 1500 W [14,16]. However, in the
case of HVDC, this value can be up to 10 kW, and for this, air is not sufficient [13,14,17].
Water has a high cooling efficiency; however, only sensible heat can be exploited [16],
as the cooling of HVDC converters is required at 50 degrees. As a result of this, it is
envisioned to add PCM droplets to water to form a PCD, thus offering thermal stabilisation
within the desired temperature range of 50 °C. Consequently, with the enhancement of
the heat capacity during the phase change, the lower volumetric flow rates of the PCD in
comparison with water can be used, thus further lowering the operational costs [8]. As a
result of this, this research article will aim to preliminarily demonstrate the merit of using a
newly developed bio-based PCD rather than water. The foundation of this comparison will
be built on the temperature stabilisation capabilities of the PCD alongside the calculated
heat capacities, heat transfer coefficients, and Nusselt number.

2. Materials and Methods
2.1. Materials

Currently, most PCDs are formulated with paraffins as their PCM; however, paraffins
are derived from non-renewable feedstocks and, thus, do not contribute to a sustainable
energy model. Therefore, in this investigation, the PCD consisted of a 16 wt.% dispersed
mixture of Crodatherm 53/Crodatherm 47 (50:50) in water, resulting in a bio-based PCD.
For the surfactant system, two steareth-based surfactants were used at 4 wt.%. The full
formulation details of the PCD used in this investigation can be seen in [9].

2.2. Thermal Characterisation

Differential scanning calorimetry was employed to determine the inlet conditions that
should be used in the experimental test setup, the peak melting temperature of the PCD,
the enthalpy of the phase change, and the specific heat capacity. The differential scanning
calorimeter (DSC) used in this experimental investigation was the Mettler Toledo DSC 832.
The DSC has a reported uncertainty of +/−8% of the melting enthalpy. The heating rate
used during the DSC measurement was 5 K min−1.

2.3. Particle Size Distribution

In this investigation, a Beckman-Coulter LS13320 with polarisation intensity differential
scattering (PIDS) and laser diffraction was used to investigate the particle size distribution
(PSD). A greater stability of the PCD was assumed when the PSD showed particles that
had a small droplet size and a narrow droplet size range. The measuring range of the
instrument was 0.04–2000 µm.

2.4. Experimental Test Rig

The test rig used in this investigation can be seen in Figure 1, and the dimensions
of the experimental setup, which were previously reported by Fischer et al. [18], can
be seen in Table 1. Three stainless steel tubes (1.401/304L) and a heating cable (TWIN,
Arnold Rak GmbH) were used to measure the heat transfer behaviour of the PCD under
a uniform heat flux. Polyisocyanurate shells from Swisspor were wrapped around the
heating cables and tubes to ensure that the system was insulated. Within the tubes, the bulk
and wall temperatures were directly measured with Pt-100 temperature sensors; T101,
T103, T105, and T107 directly measured the bulk fluid temperatures at the outlet of each
tube section by being placed parallel to the flow. T102, T104, T106, and T108 measured the
wall temperatures at the outlet of each tube section. The uncertainty of each temperature
sensor was found to be +/−0.05 °C during calibration. Figure 1 shows the placement of
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a bulk and wall temperature sensor within the tube. The mass flow rate was measured
with a Coriolis flow meter and controlled with an impeller pump (Zuwa NIROSTAR/V
2000-B/PT). The temperature and mass flow rate measurements were collected with an NI
9215 unit in an NI CompactDAQ framework. The specifications of the sensors, which were
previously reported by Fischer et al. [18], can be seen in Table 2. All measurements were
performed under steady-state conditions.

Table 1. Geometrical details of the components in the experimental test rig.

Material of the tubes Stainless steel 1.401/304L
Inner diameter of the pipe (d) 14 mm

Wall thickness of the pipe 3 mm
Total length of the heated part of the pipe 15.966 m

Total length of the measuring section 16.05 m
Material of the flange Stainless steel 1.4404/316L

Flange thickness 14 mm
Length of the inlet section 140 mm

Material of the spring Stainless steel
Diameter of the spring 3 mm

Pitch of the spring 6.36 mm
Thickness of insulation 50 mm

Figure 1. Schematic of the experimental test-rig used in this experimental investigation.
The measuring section is highlighted. The figure was adapted from [18].

Table 2. Specifications and details of all types of sensors used.

Sensor Manufacturer Type Range Uncertainty

Tb (T101/03/05/07) Roth+Co AG PT100 4 wire, A −65–200 °C 0.03 °C
Tw (T102/04/06/08) Roth+Co AG PT100 4 wire, A −65–200 °C 0.03 °C
Coriolis, ṁ Endress+Hauser F83, Type 4x 0–6500 ṁ 0.004
Electrical power, Pel Jumo GmbH JUMO TYA 201 0–4 kW 0.002 Pel
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2.5. Equations of Interest

The objective of this experimental work was to investigate the heat transfer behaviour
of a PCD by using different operational parameters (applied heat flux and mass flow rate).
For this, the interest lies in the local heat transfer coefficient between the bulk of the PCD
and the tube wall under steady-state conditions. Additionally, the local Nusselt numbers
(Nu) are also of interest. Firstly, the specific flux density at the wall (q̇w) was calculated
according to:

q̇w =
Pel − Q̇loss

A
(1)

where Pel is the electrical power input, A is the inner area of the tube, and Q̇loss is the
heat loss, which was calculated to be 54 W for the temperature range in this investigation
(44–50 °C). Using the specific flux density and the temperature difference between the
local wall temperature (Tw,x) and the local bulk temperature (Tb,x), the local heat transfer
coefficient was calculated as follows:

hx =
q̇w

Tw,x − Tb,x
(2)

Using hx, the local Nusselt number (Nux) was calculated according to:

Nux =
hxd
λ

(3)

where λ is the thermal conductivity of the PCD, which was found in a previous investigation
by Fischer et al. [9] to be 0.529 W m−1 K−1 at 25 °C (when the PCM in the PCD was fully
crystallised) and 0.561 W m−1 K−1 at 60 °C (when the PCM in the PCD was fully melted).

Additionally, to calculate the apparent specific heat capacity (c̄p) of the PCD during
melting, in the experimental test setup for determining the quantity of heat that the PCD
was able to store during cycling, the total c̄p over the entire length of the tube was calculated
in accordance with:

c̄p =
Pel − Q̇loss

ṁ(Tb,out − Tb,in)
(4)

where Tb,out and Tb,in are the fluid’s bulk temperature at the outlet and inlet of the tube,
respectively. The specific heat capacity can also be calculated for each section of the tube
(Section 1 (0–5.3 m), Section 1 (5.3–10.6 m), and Section 1 (10.6–16.0 m)) by dividing the
term Pel − Q̇loss by three and taking the bulk fluid’s inlet and outlet temperatures at the
inlet and outlet of each respective section.

3. Results
3.1. Thermophysical Characterisation

The particle size distribution of the PCD used in this investigation before and after
thermo-mechanical cycling can be seen in Figure 2a. Before the PCD was cycled, the PCD
had small particles with a narrow particle size distribution range (0.1 to 1.0 µm). However,
after weeks of continuous thermo-mechanical cycling, larger particle sizes and a wider
particle size distribution (0.5 to 5.0 µm) were observed. These results suggest that the
particles are undergoing coalescence and are not stable after a few weeks of continuous
cycling. The stability can also be determined from Figure 2b, whereby the DSC analysis
showed the calculated specific heat capacity and enthalpy of melting before and after
weeks of continuous thermo-mechanical cycling. Before cycling, the specific heat capacity
reached a maximum at approximately 51 °C with a value of 15.8 kJ kg−1 K−1, and after
continuous cycling, the maximum value was again at 51 °C and was calculated to be
approximately 8 kJ kg−1 K−1. This is indicative that the PCD suffered from instability, most
likely with some of the PCM crystallising out onto the heat exchanger and piping surfaces,
thus resulting in a lower specific heat capacity.
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Figure 2b serves as an additional means of determining the correct inlet temperature
conditions for the heat transfer experiments. For the heat transfer to maximised and for the
best possible temperature stability, the temperature of the PCD must enter the measuring
section at approximately 49 °C to exploit the full range of the enhanced specific heat
capacity of melting. This was taken into consideration and is further investigated in the
following section.

Figure 2. (a) Particle size distributions for the PCD used in this investigation before it was
thermo-mechanically cycled and after it was cycled. (b) DSC analysis before and after the PCD was
thermo-mechanically cycled for several weeks.

3.2. Heat Transfer Analysis

In the study by Fischer et al. [18], the same experimental test setup as that used in this
investigation was validated with water. Due to this, in this investigation, all values of the
heat transfer coefficients and Nusselt numbers for water in the turbulent flow regime are
calculated by using the Gnielinski correlation.

NuGnielinski =
((1.8log10Re − 1.5)−2)/8RePr

1 + 12.7
√

(1.8log10Re−1.5)−2

8 (Pr2/3 − 1)
[
1 + d

L
2/3] (5)

These values were thus used for comparison with the novel PCD presented in this
work. To determine the heat transfer behaviour of the PCD, two experiments were
performed with different operational parameters, and the results were subsequently
compared to those of water. The operational conditions of these two experiments can
be seen in Table 3.

Table 3. The operational parameters used for the initial testing of the phase change dispersion.

Experiment Number ṁ (kg h−1) Reynolds Number (-) Tb,in (°C) Electrical Heat Input (kW)

1 500 4357 43.7 3.2
2 375 3200 43.9 2.5

As mentioned above, the inlet temperatures were chosen on account of the DSC
analysis in Section 3.1. The DSC in Figure 2b indicates that the melting range is from 44 to
50 °C, and it was envisioned that the melting of the PCD along the length of the tube would
replicate the same behaviour. However, due to the high degrees of supercooling (12 K),
when the PCD reached 50 °C, the cooling system could not fully crystallise the PCD, and
therefore, a lower inlet temperature was investigated. This highlights the need for future
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modification of the experimental test setup in order to allow a larger range of operational
parameters to be investigated.

The temperature profiles of the bulk and wall temperatures for experiments 1 and
2 can be seen in Figures 3 and 4, respectively. Additionally, the bulk temperatures of
water under the same operational conditions can be seen in both figures. During both
experiments, the fluid was heated by the applied electrical heat input of the tube wall, and
this was reflected in the increase in the bulk temperatures along the length of the tube. It
is also to be noted that the heat input was higher in experiment 1 than in experiment 2,
which is shown by the higher wall temperatures observed in experiment 1 compared to
experiment 2. A 9% temperature increase was seen for the bulk temperature of the PCD in
the experiment along the length of the tube, but for water, under the same experimental
conditions, a 12% temperature increase was observed. The larger increase in the water’s
bulk temperature compared to that of the PCD was also seen in experiment 2, wherein a 9%
increase of the bulk PCD temperature was observed and a 13% temperature increase was
observed for water. The smaller increase in the bulk temperatures of the PCD compared to
those of water was due to the heat absorption by the PCM droplets in the PCD during the
melting process. Furthermore, when observing each separate tube section, the last section
of the tube (10–16 m) for experiments 1 and 2 showed the smallest increase in the bulk
temperature compared to all other sections due to the PCD being subjected to temperatures
that were closer to the peak melting temperature of the PCD (50 °C). The degree of melting
in each tube section could also be determined by calculating the apparent specific heat
capacities, as outlined in Equation (4). The apparent specific heat capacities calculated for
experiments 1 and 2 and for water can be seen in Figure 5.

Figure 3. The evolution of the bulk and wall temperatures for the PCD for experiment 1 alongside
the bulk temperatures calculated for water along the length of the tube.

From Figure 5, it is evident that in all sections of the tube, the apparent specific heat
capacity of the PCD was higher than for water, which indicates that melting occurred along
the entire length of the tube. This explains why, as shown in Figures 3 and 4, the bulk
temperature increase for water was higher than for the PCD in both experiments. Within the
temperatures used in this investigation, water used only sensible heat, whereas the PCD
used the latent heat of the phase change of the PCM droplets in addition to the sensible
heat of both the PCM and water components. For both experiments, the overall apparent
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heat capacity between the inlet and outlet temperatures (δT = 4 K) was approximately
6 kJ kg−1 K−1, which was a 43% increase compared to that of water. However, in Section 3,
where most of the melting occurred, the apparent specific heat capacities of the PCD are
twice that of water. This suggests that if an enhanced test rig with the capability of cooling
to lower temperatures was installed, the PCD would demonstrate even better temperature
stabilisation and higher apparent specific heat capacities.

Figure 4. The evolution of the bulk and wall temperatures for the PCD in experiment 2 alongside the
bulk temperatures calculated for water along the length of the tube.

Figures 6 and 7 show the local heat transfer coefficients and local Nusselt numbers
for the PCD in experiments 1 and 2, respectively. Additionally, the local Nusselt and heat
transfer coefficients for water are shown for the same operational conditions at the same
Reynolds number. Figure 6 shows that the local heat transfer coefficient increased along
the length of the tube for experiment 1. However, for experiment 2, the local heat transfer
coefficient increased until 11.3 m, and then decreased. The average heat transfer coefficient
for experiment 1 was 2725 W m−2 K−1, and for experiment 2, it was 2450 W m−2 K−1. It
is to be noted that the lower value in experiment 2 most likely resulted from the lower
Reynolds number used. Despite this, experiment 2 showed higher values for the local heat
transfer coefficient at the outlet in Sections 1 and 2 than in experiment 1. This could be
due to the higher heating rate employed in experiment 1; when a higher heating rate is
applied to a wall, the PCM will melt at the wall, which eventually limits the convective
heat transfer through the wall, as it acts as the thermal conductivity of the melted PCD is
lower than when solidified. The local Nusselt numbers for experiment 1 and experiment 2
can also be seen in Figures 6 and 7, respectively. The local Nusselt numbers followed the
same trend as that of the local heat transfer coefficients.

As shown in Figure 6, experiment 1 showed similar local heat transfer coefficients for
water and for the PCD, but much higher local Nusselt numbers for the PCD than for water,
with an average Nusselt enhancement of 12%. Figure 7 shows that for experiment 2, both
the local heat transfer coefficients and local Nusselt numbers were higher for PCD than for
water at the same Reynolds number. The average Nusselt enhancement across the length
of the tube for experiment 2 was 23%. The lower heat flux used in experiment 2 could be
the reason for the higher Nusselt enhancement. Morimoto and Kumano [19] found that
applying a higher heat flux to the wall decreased the local heat transfer coefficient in the
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PCD. Morimoto and Kumano [19] suggested that this is because applying a lower heat flux
means that the heat applied to the wall is distributed primarily to the latent heat of the
melting of the PCM. However, when a higher heat flux is applied, some of the supplied heat
is distributed to the sensible heating region of the PCD because the temperature difference
between the wall and the bulk is higher than at relatively lower heat fluxes.

Figure 5. The apparent specific heat capacities calculated for different sections of the tube for the PCD
in both experiment 1 and experiment 2. The apparent specific heat capacities of water are also shown.

Figure 6. The local heat transfer coefficients and local Nusselt numbers for the PCD in experiment
1. Additionally, the local heat transfer coefficients and local Nusselt numbers for water at the same
Reynolds number are shown.
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Figure 7. The local heat transfer coefficients and local Nusselt numbers for the PCD in experiment
2. Additionally, the local heat transfer coefficients and local Nusselt numbers for water at the same
Reynolds number are shown.

4. Conclusions

A novel PCD based on a fatty acid in water was investigated for its heat transfer
behaviour in a circular pipe under the constant heat flux boundary condition. The DSC
analysis showed that the PCD had a melting range in which latent heat was absorbed
between 45 and 50 °C, with a peak melting temperature of 50 °C, which indicates an
ideal melting temperature for the envisioned application in the cooling and temperature
stabilisation of an HVDC converter. The merit of using the PCD was shown in the evolution
of the bulk temperatures along the length of the tube, whereby bulk temperature reductions
of 1.5 and 2 K were observed for experiments 1 and 2, respectively, compared to water
under the same operational conditions. This reduction in temperature compared to the
current industrial cooling standard (water) is extremely promising in terms of temperature
stabilisation and, thus, the overall energy consumption of the cooling system. From the
apparent specific heat capacities that were calculated along the length of the tube, it
was found that this reduction of the temperature resulted from an increase in the heat
capacity of the fluid compared to that of water. The maximum increase was found to
be over 50% for the PCD compared to water. This enhanced heat capacity eventually
reduces the volumetric flow rate of the pump and, thus, contributes to a reduction in the
pumping power and energy consumption of the system. Additionally, two experiments
were performed with different operating conditions to demonstrate the promising heat
transfer performance of the PCD compared to water. In both experiments, the local
heat transfer coefficients and local Nusselt numbers were higher for the PCD than for
water, with Nusselt enhancements of 12% for the first set of experimental conditions
and 23% for the second set of experimental conditions. The preliminary heat transfer
results thus pave the way for the future optimisation of operational conditions, such as
the heat input and mass flow rate, to be applied for experimentation and, eventually,
applications. An additional and important operational condition is the inlet temperature
used. As mentioned before, in this investigation, a range of inlet conditions could not
be tested due to the large degrees of supercooling observed for the PCD. It is therefore
suggested by the authors that, in future work, a screening of suitable nucleating agents can
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be performed in order to reduce the supercooling of the PCM. A further future research
point is to screen for suitable surfactant systems; the DSC in this investigation revealed
that after continuous operation, 50% of the total heat capacity of the PCD was lost. This
was assumed to be a result of a freezing-out mechanism of the PCM from the continuous
water phase. It is suggested that, in future work, this loss of capacity can be subjected
to further investigation. Despite the aforementioned limitations, this paper presents
preliminary results that demonstrate the potential temperature stabilisation and heat
transfer capabilities of PCDs as novel HTFs. Additionally, the paper presents the heat
transfer performance of a bio-based PCD that, to the authors’ knowledge, is the first to be
investigated for its heat transfer properties.
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The following abbreviations are used in this manuscript:

Roman Letters Parameter
a Thermal diffusivity (m2 s−1)
A Area (m2)
Cp Apparent specific heat capacity (J kg−1 K−1)
d Inner diameter of the pipe (m)
h Convective heat transfer coefficient (W m−2 K−1)
H Phase change enthalpy (kJ kg−1)
L Length of pipe (m)

Mass flow rate (kg s−1)
P Power (W)

Heat transfer rate (W)
r Radius (m)
t Time (s)
T Temperature (°C)
Dimensionless Numbers
Nu Nusselt number
Pr Prandtl number
Re Reynolds number
Ste Stefan number
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Subscripts
b Bulk fluid
w Wall
el electrical
Greek Letters
µ Dynamic viscosity (mPa·s)
λ Thermal conductivity (W m−1 K−1 )
ρ Density (kg m−3)
Abbreviations
HVDC High-voltage direct-current
PCM Phase change material
PCD Phase change dispersion
PSD Particle size distribution
FAE Fatty acid ester
NA Nucleating agents
DSC Differential scanning calorimeter
MPCMS Microencapsulated phase change material slurry
HTF Heat transfer fluid
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