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Abstract 

This paper presents a study on the characterization of density as a function of temperature for phase 

change materials (PCMs). More specifically, in this study we analyze organic alkane PCMs, often 

called paraffins. PCMs are materials that have the ability to absorb a substantial amount of heat 

during phase transition from solid to liquid, and therefore prove to be useful in thermal energy 

storage. The density of paraffin wax PCMs is largely dependent on temperature, and during the 

phase change process, the density decreases dramatically as the PCM transitions from solid to 

liquid. Consequently, the PCM experiences dramatic volumetric expansion during this transition. 

Besides the thermal energy storage uses of PCMs, this volumetric expansion that they exhibit is 

also used in thermal actuator applications, often referred to as wax motors. While density of PCMs 

does affect their thermal and mechanical performance, the property is not well-characterized 

within the literature. In this paper, we examine ten paraffin wax PCMs with varying melting 

temperatures and characterize their densities as a function of temperature. This characterization 

was done using a piston and cylinder dilatometer test setup within a temperature-controlled thermal 

chamber that we designed and validated to the well-characterized density properties of water. The 

density and temperature relationships were further analyzed using piecewise linear regression 

analysis to develop mathematical models of density as it relates to temperature, which will be 

useful to those wishing to analyze designs in which PCMs are used, such as in PCM-filled 

heatsinks. 

Keywords: Phase Change Material; Paraffin Wax; Density; Thermal Expansion; Thermal Energy 

Storage; Thermal Management 

Nomenclature �� cylinder bore area, cm2 �� cylinder diameter area, cm þ��Ā mass of PCM, g þ1 mass of beaker before filling cylinder, g þ2 mass of beaker after filling cylinder, g �2 coefficient of determination � PCM temperature, °C �1 top thermocouple temperature reading, °C �2 top-middle thermocouple temperature reading, °C �3 bottom-middle thermocouple temperature reading, °C �4 bottom thermocouple temperature reading, °C �� average of thermocouple readings at ith timestep, °C �̃ LVDT AC voltage reading, volts �0 reference PCM volume, cm3 �� volume of PCM at nth timestep, cm3 � LVDT position, cm �0 initial piston position, cm ��  piston position at ith timestep, cm �� piston position at nth timestep, cm Ā0 reference density, g/cm3 Ā�  density at ith timestep, g/cm3 
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Ā@20°�  density of given PCM at 20°C, g/cm3 Ā@25°�  density of given PCM at 25°C, g/cm3 Ā@48°�  density of given PCM at 48°C, g/cm3 Ā@80°�  density of given PCM at 80°C, g/cm3 

1. Introduction 

Thermal management is a critical aspect of modern technology architecture design, with growing 

demands for increased performance leading to the need for more efficient methods of dissipating 

heat in numerous applications including Lithium-ion batteries (Grimonia et al., 2021), thermal 

energy storage (TES) systems (Alva et al., 2018), and electronics cooling (Tang and Cao, 2023). 

Enhanced thermal management of such technologies is also crucial in global efforts to reduce 

carbon emissions by pivoting to the use of improved batteries in electric vehicles (EVs) and more 

efficient TES systems (Zhang et al., 2022, Sharma et al., 2009). Considering this, phase change 

materials (PCMs) have garnered attention in recent years, with their ability to absorb and release 

a significant amount of heat during the phase change process, thus allowing them to be used for 

passive temperature control (El Idi et al., 2021). Of the wide variety of PCMs, organic alkane 

PCMs, also referred to as paraffins, have emerged as a promising candidate for use in passive 

cooling applications. Paraffins are preferential because of their low-cost, reliability, non-

corrosiveness, and they are chemically inert at temperatures less than 500°C (Sharma et al., 2009). 

These alkanes also have a wide range of transition temperatures, increasing with the number of 

carbon atoms, and therefore can be chosen specifically for the temperature limits specific to the 

system in need of cooling (Sharma et al., 2009). 

Beyond their use in thermal management, paraffin wax PCMs are also used within devices called 

thermal actuators or linear motors. Thermal actuators are small solenoid-like devices that have 

PCM hermetically sealed within a chamber, and upon transition from solid to liquid during 

melting, the hydrostatic pressure created by the paraffin’s volumetric expansion is used to generate 
linear motion (Tibbets, 1992). Thermal actuators of this kind are used in spacecraft and automobile 

mechanical systems. Tibbets (1992) also presents a sample graph of the volumetric expansion as 

a function of temperature for paraffin. This is the expected behavior of the density-temperature 

relationship for this study. 

Despite the historic and growing interest in paraffin wax PCMs, a comprehensive understanding 

of their density behavior as it relates to temperature is lacking within the literature. Being that 

paraffin density is heavily dependent on temperature, it’s a critical parameter for the design and 
optimization of PCM-based thermal management technologies. Humphries and Griggs (1977) 

have reported the density as a function of temperature for tetradecane, hexadecane, octadecane, 

and eicosane, but this data lacks fidelity during the solid-liquid transition range and doesn’t present 
a continuous characterization. Moreover, these paraffins characterized have relatively low melting 

temperatures ranging from approximately 5°C to 25°C (Humphries and Griggs, 1977). Therefore, 

there is a need for proper density characterization of paraffins with greater melting temperatures, 

since the thermally optimal range for lithium-ion batteries is 20°C to 40°C, and electronic chips 

typically have maximum operating temperatures ranging from 85°C to 120°C (Zhang et al., 2022, 

Kandasamy et al., 2008). 
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In this study, we aim to address this gap in the literature by characterizing the density of ten 

paraffin wax PCMs with melting temperatures ranging approximately 28°C to 76°C. This 

characterization encompasses the density as a function of temperature within the solid, liquid, and 

transitionary phases of each paraffin. The experimental technique used for this characterization is 

a piston and cylinder test setup using the design aspects of dilatometry designed and verified to 

the characterized density-temperature properties of water. Additionally, mathematical models of 

each of the ten PCMs have been derived from the experimental data to predict their density 

behavior. These mathematical functions will be useful for modeling of PCMs and accurately 

describing their physical properties as a function of temperature; such information will have 

potential implications with the design of electronics cooling and TES systems where paraffin 

PCMs are being explored. 

2. Test Design and Setup 

To measure the density change as a function of temperature, the goal is to measure the volumetric 

change of the PCM and relating it to a change in density. To do so, the height increase and decrease 

across an applicable temperature range within a rigid vessel was measured during heating and 

cooling. The test design is effectively a dilatometer in a piston and cylinder arrangement, where 

the expansion and contraction of the PCM within the cylinder will cause the piston to be forced 

upward during heating, and the PCM will be compressed during cooling. This displacement was 

measured using a Linear Variable Differential Transducer (LVDT). The piston and cylinder were 

designed using the Machinist’s Handbook Ed. 29 (Oberg and McCauley, 2012) and the O-ring 

grooves on the piston were designed using the Parker Hannifin Handbook (2021). The test design 

is shown below in Figure 1. 

Table I is the list of alkanes, a class of high performance organic PCMs, that were chosen to be 

characterized in this effort. The PCMs were chosen based on cost as well as having varying 

transition temperatures. The alkanes were purchased from through Thermo Fisher Scientific. For 

all the alkanes listed, besides eicosane (C20H42), tricosane (C23H48), and hexatriacontane (C36H74), 

the density data was provided by the vendor. For the remaining three, the density data was 

referenced from Haynes (2014). The solid-liquid transition temperature ranges were provided by 

the vendor for all the alkanes studied. These melting temperatures are consistent with values found 

in literature (Haynes, 2014). 
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Figure 1. PCM Density Characterization Test Design 

The weight is added to the system to ensure that the PCM is uniformly distributed within the 

cylinder bore and that vacuum voids or air voids do not form within the structure of the PCM 

during solidification. Threaded thermocouples at varying heights were used to measure the 

temperature of the PCM during the temperature change. 

 

2.1. Test Procedure 

2.1.1. Test Materials 

The materials necessary to conduct the testing described herein are listed in Table II. 

2.1.2. LVDT Calibration 

The LVDT was first connected to an AC power supply with an input voltage of 3 Vrms and input 

frequency of 2.5 kHz based on manufacturer recommended specifications (TE Connectivity, 

2017). The output of the LVDT was connected to the DAQ such that the output reading is the 

voltage differential between the two coils within the LVDT; this was done by connecting the green 

and blue wires. See Figure 2 below for the LVDT wiring diagram. 
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Figure 2. Wiring Diagram for LVDT 

The LVDT rod was then affixed to the end of a Vernier caliper such that displacement of the rod 

can be measured by the Vernier caliper. A zero point was set based on when the voltage difference 

reading from the DAQ was near 0 V, which occurs when the LVDT core is centered between the 

two output coils. From there, voltage readings were taken at various displacement values within 

the ±50 mm linear stroke range per manufacturer specifications. See Table III and Figure 3 below 

for the LVDT calibration data and curve. 

 

Figure 3. LVDT Calibration Curve 
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By using linear regression, the calibration curve for the LVDT was determined to be: 

 � = (17.778 þþ�Āýā) �̃ 2 0.4399þþ (1) 

With R2=1, the LVDT exhibits completely linear behavior when the LVDT core is positioned 

between ±40mm with respect to the center of the LVDT. The LVDT was only used within this 

range, which is conservative, however, because the manufacturer states a linear stroke range of 

±50mm (TE Connectivity, 2017). 

2.1.3. Piston Assembly Setup 

Prior to assembly of test setup, the O-rings shall be installed within the grooves on the piston head. 

See Figure 4 below for piston assembly. 

 

Figure 4. Piston Assembled with Set Screw and O-rings 

2.1.4. Installation of Thermocouples in Cylinder 

The NPT-threads on the thermocouple probes were first wrapped with PTFE thread sealing tape. 

Then, they were torqued into the tapped holes on the side of the Cylinder. The wire leads of the 

thermocouples were routed through the access hole in the side of the thermal chamber to the DAQ 

and connected into channels 101-104, in order from top thermocouple to bottom thermocouple. 

See Figure 5 below for thermocouple installation in cylinder. 
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Figure 5. Thermocouples Installed into Cylinder 

2.1.5. Preparing Cylinder and PCM for Filling 

The Cylinder bore was sterilized with isopropyl alcohol allowed to flash prior to filling with PCM. 

The PCM was poured into a beaker and placed inside of the thermal chamber at a sufficient 

temperature until the wax was completely melted. After melting, the liquid PCM and beaker’s 
mass was recorded using the Sartorius scale. The PCM was then poured into the cylinder until 

liquid PCM sufficiently covered the top-most thermocouple rod. After filling the cylinder, the 

mass of the PCM and beaker were recorded. The mass within the cylinder is the difference in the 

recorded mass before and after filling. See Equation (2) below for mass calculation. 

 þ��Ā =  þ2 2 þ1 (2) 

2.1.6. Installation of Piston 

Prior to installation of the piston, the cap screw threads were wrapped with the PTFE thread tape 

to prevent leaks. Within the thermal chamber, the piston was installed into the cylinder until the 

piston face pressed against the liquid PCM. The piston was pressed down further until the level of 

the liquid PCM reached the top of the threaded screw hole in the piston head. The hex socket head 

screw was installed into the threaded hole in the piston head, ensuring no spillage of the PCM past 

the screw head. The screw was tightened to a quarter-turn past hand tight and after torquing, the 

donut weight was installed onto the Piston. See Figure 6 and Figure 7 below for the test setup after 
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the installation of the piston. Note that since the donut weight is made of carbon steel, it is prone 

to rusting, however, this has no impact on density results. 

 

Figure 6. Test Setup After Installation of Piston and Weight 

 

Figure 7. Test Setup After Installation of Piston and Weight 
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2.1.7. Setup of Piston-Cylinder in Thermal Chamber 

Assemble the Rod Clamp onto the Rod Stand. The LVDT was placed within the rod clamp facing 

downward such that movement of the piston will impose displacement of the LVDT core. The rod 

clamp was then rotated 180° from the rod stand base to ensure that the test setup can go directly 

beneath the LVDT. The Piston-Cylinder assembly was placed underneath the LVDT and within 

the thermal chamber. The height of the Rod Clamp and LVDT were adjusted such that the Piston 

Rod was touching the LVDT rod. See Figure 8 below for test setup with LVDT. 

 

Figure 8. Placement of Piston-Cylinder Assembly underneath LVDT 

2.1.8. Measurement of Piston Displacement and Temperature 

After the test article had been setup completely, the door to the Thermotron was closed in 

preparation to begin testing. The thermal chamber was programmed to ramp through applicable 

temperature ranges of each of the PCMs based on solid, liquid, and transitionary temperature 

regions. Table IV lists the temperature ranges that the thermal chamber was programmed for and 

the corresponding PCM. 

The AC waveform generator was set to the output settings as described in Section 2.1.2. The 

Thermotron program was powered on, and data collection occurred henceforth. The data gathered 

by the DAQ during testing were the four thermocouple readings within the cylinder and the LVDT 

output voltage. The temperature of the substance within the cylinder was determined by averaging 

the four thermocouple readings for every timestep. See Equation (3) below. 
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 �� = �1 + �2 + �3 + �44  ĀĀÿ �ýý � g 1 (3) 

The LVDT rod position was determined by using the voltage readings in Equation (1) for every 

reading. Then, the position of the piston at every timestep relative to the initial position was found 

by subtracting every position calculated by the initial position. The initial position, thus, being the 

zero-point for all measurements made afterward. See Equation (4) below for piston position 

relative to the initial position. 

 ��+1 = �� 2 �0 ĀĀÿ �ýý � g 1 (4) 

2.1.9. Determination of Density Change as a Function of Temperature 

To determine the density of the substance within the test setup, the volume of PCM within the 

cylinder must be determined. Since we have density data at a specific temperature for each of the 

PCMs, we can use that data along with the measured PCM mass to calculate the volume at a 

specific temperature. See Equation (5) for volume calculation at the specified temperature. Table 

V lists the volume of PCM at each specific temperature where the density is known based on 

supplier data and Haynes (2014). 

 �0 = þ��ĀĀ0  (4) 

Now that the density at a specific temperature is determined, we use the piston displacement 

between each timestep and known cylinder bore area to calculate the volume of PCM for each 

timestep. The cylinder bore area is defined in Equation (5). 

 �� = ÿ4 ��2 = ÿ4 (1.742 �ÿ)2 = 2.383 �ÿ2 (2.54 �þ1 �ÿ )2 = 15.376 �þ2 (5) 

The volume of PCM is calculated at every timestep, starting at the calculated volume in Table V 

and proceeding recursively forward and backward from the calculated volume. Thus, we will need 

to define recursive formulae for the volume at every timestep. When the volume of the substance 

is increasing from the calculated volume, the incremental piston displacement is defined by 

Equation (6). Conversely, when the volume of the substance is decreasing from the calculated 

volume, the incremental piston displacement is defined by Equation (7). Since measurements were 

taken while the PCM cooled from liquid to solid, volume and displacement decrease with 

increasing timesteps.  

 �� = ��+1 + ��(�� 2 ��+1) ĀĀÿ �ýý �ÿāÿāÿÿĀ ÿ f 21 (6) 

 �� = ��21 + ��(�� 2 ��21) ĀĀÿ �ýý �ÿāÿāÿÿĀ ÿ g 1 (7) 

Recall that Equation (4) defines the volume when n=0. With volume being known at every 

timestep, and mass taken to be constant in this control mass setup, the density can therefore be 

calculated at every timestep. The density of the PCM at every timestep is defined by Equation (8) 

below. 
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 Ā� = þ��Ā��  ĀĀÿ �ýý �ÿāÿāÿÿĀ � g 1 (8) 

2.2. Validation of Test Setup 

The test setup for determining PCM density as a function of temperature was first validated using 

water because of its well-tabulated density values through wide temperature ranges; for this study, 

the saturated water table was referenced from Cengel and Boles (2015). During this validation, 

38.8g of water was placed within the cylinder at an initial average temperature of 23.552°C. The 

initial density is therefore 0.9973 g/cm3. The temperature of the thermal chamber was then ramped 

from room temperature to 90°C. This resulted in the water temperature increasing from 23.552°C 

to 87.028°C. The temperature as a function of time graph is provided below in Figure 9 and density 

comparison for water below in Figure 10. 

Initially, we fabricated the piston and cylinder using a carbon steel, which is a common material 

used for piston and cylinder components. However, there were two main issues with this material 

choice. The first issue was that all the thermocouple readings were not in alignment throughout 

the heating process, and at steady-state the bottom-most thermocouple was reading 8-10 °C cooler 

than the top-most thermocouple. This means that averaging the thermocouple temperatures may 

not accurately describe the temperature of the material within the cylinder. Secondly, raw carbon 

steels are prone to corrosion when exposed to moisture and humidity and will occur in room 

temperature environments. Both of these issues were solved by changing the material to 304 

stainless steel. The thermocouple readings were much closer in agreement between one another, 

and this is believed to be because stainless steel has 3-4 times lower thermal conductivity as 

compared to the carbon steel that was initially used. With this material being a better insulator, its 

temperature increases may be slower, however, it doesn’t allow for heat to escape at the rate that 
the carbon steel was allowing. This improvement in the test setup allowed for further confidence 

in validating the apparatus using water. 
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Figure 9. Temperature vs Time for Water Validation Test 

 

Figure 10. Density vs Temperature for Water Compared to Tabulated Data 

As presented in the above figure, for temperatures between 23.552°C and 70°C, the percent error 

between the test setup and tabulated data is between 0.003% and 0.142%. At the extreme end of 

87.028°C, the percent error peaks at 0.578%. Given that the error readings are well below 1% for 

the two data sets, we believe this experimental set-up will provide high confidence in the density 

results obtained for all the alkanes listed on Table I. 
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3. Results and Discussion 

The density as a function of temperature for each of the alkanes listed on Table I are shown below 

in Figure 11 through Figure 20.  

 

Figure 11. Density vs Temperature (Octadecane) 
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Figure 12. Density vs Temperature (Nonadecane) 

 

Figure 13. Density vs Temperature (Eicosane) 
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Figure 14. Density vs Temperature (Docosane) 

 

Figure 15. Density vs Temperature (Tricosane) 
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Figure 16. Density vs Temperature (Tetracosane) 

 

Figure 17. Density vs Temperature (Hexacosane) 
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Figure 18. Density vs Temperature (Octacosane) 

 

Figure 19. Density vs Temperature (Dotriacontane) 



21 

 

 

Figure 20. Density vs Temperature (Hexatriacontane) 

For each of the alkanes, the phase change does not occur instantaneously at a specific temperature. 

Rather, the phase change occurs during a transition region where the alkane transitions from a solid 

to a solid-liquid mixture, also referred to as a gel, before transitioning fully to a liquid. As 

temperature increases, the solid region is characterized by a linear decrease in density, the 

transitionary region when the alkane becomes a gel is characterized by sharp slope change and 

sharp decrease in density, and the liquid region is characterized by further linear decrease in 

density. It should also be noted that the density slope is slightly greater in magnitude during the 

liquid phase as compared to the solid phase. Furthermore, there are apparent discontinuities in the 

density figures for each of the alkanes. This is thought to be caused by the cyclical temperature 

control nature of the thermal chamber that was used for the testing. Since the thermal chamber is 

effectively a convection oven, it has a fan that is cycled on and off periodically during heating and 

cooling and this is what is believed to be the cause of any discontinuities in data. The density-

temperature behavior of the PCMs does indeed appear to follow the behavior seen within the 

literature (Tibbets, 1992).  

Piecewise linear regression analysis was performed using OriginPro to obtain curve fit functions 

for each of the ten PCMs. These functions and density characterization data are useful because 

they will allow for more accurate modeling whenever the use of a PCM is desired. It was 

determined that breaking the PCM density as a function of temperature into three distinct segments 

makes the most physical sense. The regions being the liquid region, the transitionary region, and 

the solid region. Density is a state relation of a substance, and the melting or solidification of a 

substance is typically modeled as having three distinct regions, linear solid and liquid regions with 

slopes �� and �ÿ, and a linear transitionary region in between with much greater slope than that of 
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the solid and liquid regions (Alexiades and Solomon, 1993). Therefore, the mathematical models 

of the studied PCMs have been chosen to be segmented into linear piecewise functions. Equations 

(5) through (14) are the piecewise functions describing the density as a function of temperature for 

the ten PCMs studied. Since there could be differences in the reference densities used in this study 

and the actual PCM density received from any given vendor, the functions have been modeled to 

be independent of the specific density values used in this study from Table I. Hence, the density 

at a specific temperature term in the y-intercept term of Equations (5) through (14). In this study, 

those density terms came directly from Table I, but could be substituted with the actual density of 

the PCM in further studies or models. 

For Octadecane (C18H38): 

Ā(�) = {(20.000256939)� + (Ā@25°� + 0.02616), � < 22.64733℃(20.00846)� + (Ā@25°� + 0.21189), 22.64733℃ f � f 25.00083℃ (20.000666998)� + (Ā@25°� + 0.01711), � > 25.00083℃  (5) �2 = 0.99751 

For Nonadecane (C19H40): 

Ā(�) = {(20.000319261)� + (Ā@25°� + 0.01851), � < 23.23546℃(20.00642)� + (Ā@25°� + 0.16038), 23.23546℃ f � f 29.44586℃ (20.000486428)� + (Ā@25°� 2 0.01448), � > 29.44586℃  (6) �2 = 0.99825 

For Eicosane (C20H42): 

Ā(�) = {(20.000217177)� + (Ā@20°� + 0.00423), � < 30.28677℃(20.01158)� + (Ā@20°� + 0.34827), 30.28677℃ f � f 32.54581℃ (20.000547501)� + (Ā@20°� 2 0.01068), � > 32.54581℃  (7) �2 = 0.99635 

For Docosane (C22H46): 

Ā(�) = {(20.000197051)� + (Ā@25°� + 0.00476), � < 37.81625℃(20.00915)� + (Ā@25°� + 0.34351), 37.81625℃ f � f 41.30076℃ (20.000457609)� + (Ā@25°� 2 0.01569), � > 41.30076℃  (8) �2 = 0.9995 

For Tricosane (C23H48): 

Ā(�) = {(20.000240654)� + (Ā@48°� + 0.06787), � < 36.87265℃(20.00731)� + (Ā@48°� + 0.32852), 36.87265℃ f � f 44.76006℃ (20.000554301)� + (Ā@48°� + 0.02615), � > 44.76006℃  (9) �2 = 0.9995 

For Tetracosane (C24H50): 

Ā(�) = {(20.000225567)� + (Ā@25°� + 0.00566), � < 42.76771℃(20.00883)� + (Ā@25°� + 0.37374), 42.76771℃ f � f 47.72973℃ (20.000541465)� + (Ā@25°� 2 0.02197), � > 47.72973℃  (10) 
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�2 = 0.99983 

For Hexacosane (C26H54): 

Ā(�) = {(20.000119088)� + (Ā@25°� + 0.00301), � < 47.80722℃(20.00779)� + (Ā@25°� + 0.36966), 47.80722℃ f � f 53.69639℃ (20.000551716)� + (Ā@25°� 2 0.01893), � > 53.69639℃  (11) �2 = 0.99972 

For Octacosane (C28H58): 

Ā(�) = {(20.000178996)� + (Ā@25°� + 0.00432), � < 52.17155℃(20.00834)� + (Ā@25°� + 0.42985), 52.17155℃ f � f 58.05282℃ (20.00054907)� + (Ā@25°� 2 0.02217), � > 58.05282℃  (12) �2 = 0.99981 

For Dotriacontane (C32H66): 

Ā(�) = {(20.000241584)� + (Ā@25°� + 0.00612), � < 57.48626℃(20.00493)� + (Ā@25°� + 0.27574), 57.48626℃ f � f 65.80226℃ (20.000557644)� + (Ā@25°� 2 0.01208), � > 65.80226℃  (13) �2 = 0.99935 

For Hexatriacontane (C36H74): 

Ā(�) = { (20.0001876)� + (Ā@80°� + 0.05856), � < 68.3255℃(20.00812)� + (Ā@80°� + 0.60028), 68.3255℃ f � f 73.57196℃ (20.000530518)� + (Ā@80°� + 0.04220), � > 73.57196℃  (14) �2 = 0.99914 

4. Conclusions 

This study has presented comprehensive results for the temperature-dependent density properties 

of several commonly used paraffin wax PCMs across a wide range of melting temperatures. Our 

key findings indicate that the density of such PCMs exhibit significant variation with 

temperature. The various PCMs were experimentally tested in a dilatometry-inspired setup that 

was validated against the well-characterized properties of water. The density as a function of 

temperature results were further analyzed using piecewise linear regression analysis to generate 

mathematical models for the density as a function of temperature behavior. This data and these 

mathematical models can therefore be used in thermal and mechanical models of systems where 

paraffin wax PCMs are being used, most notably within electronics cooling designs, thermal 

energy storage systems, and thermal actuators. This research contributes to the field of thermal 

management by offering deeper insights into the behavior of physical properties of paraffin wax 

PCMs, forging a path for improved development of PCM-based thermal management systems. 

5. Future Work 

Future research direction could focus on further characterization of PCMs by analyzing the 

temperature dependence of thermal conductivity and specific heat capacity, being that these are 

key contributors to a substance’s thermal performance. Moreover, exploration on how the density 
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properties of PCMs affect microencapsulation, and conversely, how microencapsulation affects 

the density characteristics of PCMs. Additionally, more research should be done regarding how 

the addition of nanoparticles and composite structures within PCMs might affect the 

thermophysical properties of the mixture and how to optimize the volume fractions of the mixture 

of various thermal management applications.  
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7. Tables 

Table I. Chosen PCMs and Approximate Transition Temperatures 

PCM 
Transition Temperature 

Range (°C) 
Density (g/cm3) 

Octadecane (C18H38) 28 0.782 at 25°C 

Nonadecane (C19H40) 32-34 0.786 at 25°C 

Eicosane (C20H42) 36-38 0.7886 at 20°C (Haynes, 2014) 

Docosane (C22H46) 43-46 0.770 at 25°C 

Tricosane (C23H48) 47-50 0.7785 at 48°C (Haynes, 2014) 

Tetracosane (C24H50) 49-52 0.799 at 25°C 

Hexacosane (C26H54) 56-58 0.800 at 25°C 

Octacosane (C28H58) 61-63 0.8067 at 25°C 

Dotriacontane (C32H66) 68-71 0.812 at 25°C 

Hexatriacontane (C36H74) 76.2 0.7803 at 80°C (Haynes, 2014) 

 

Table II. Experimental Equipment and Materials 

Component Quantity Additional Characteristics 

Machined Piston 1 
304 Stainless Steel, 1.7385 in Piston 

Diameter, 16 µin RMS finish 

Machined Cylinder 1 
304 Stainless Steel, 1.742 in Bore 

Diameter, 16 µin RMS finish 

Nitrile O-rings 2 Size 2-222 

Threaded Rod Thermocouples 4 Type K 

Paraffin Wax 35-45g Alkanes on Table I 

M12-50 LVDT Assembly 1 - 

Hex Socket Head Cap Screw 1 #10-32 x 1.5in, Stainless Steel 

Donut Weight 1 1018 Cold Rolled Steel Bar, 4.75 in OD 

Rod Stand and Clamp 1 - 

Thermotron Thermal Chamber 1 With temperature controller 
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Sartorius CPA225D Scale 1 - 

Data Acquisition System (DAQ) 1 Agilent DAQ 34972A 

AC Waveform Generator 1 - 

Agilent Data Collection Software 1 - 

PTFE Thread Sealing Tape As Required - 

 

Table III. LVDT Calibration Data 

Measured Displacement (mm) Output Voltage (V) 

39.88 2.2735 

34.88 1.986 

30.00 1.7072 

24.47 1.3953 

19.65 1.1281 

14.96 0.86487 

9.91 0.58281 

4.87 0.30318 

-0.42 -0.01352 

-5.17 -0.2577 

-9.90 -0.5218 

-15.22 -0.8228 

-20.19 -1.1075 

-25.00 -1.3793 

-30.03 -1.6655 

-35.07 -1.9524 

-39.37 -2.1982 

 

Table IV. Thermal Chamber Temperature Ranges 

PCM Thermal Chamber Temperature Range (°C) 

Octadecane (C18H38) 0 - 50 

Nonadecane (C19H40) 0 - 50 

Eicosane (C20H42) 15 - 70 

Docosane (C22H46) 15 - 70 

Tricosane (C23H48) 15 - 80 

Tetracosane (C24H50) 20 - 80 

Hexacosane (C26H54) 20 - 85 

Octacosane (C28H58) 20 - 90 

Dotriacontane (C32H66) 20 - 120 

Hexatriacontane (C36H74) 20 - 120 
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Table V. Volume of PCM at Specific Temperatures 

PCM Measured Mass (g) Volume of PCM (cm3) 

Octadecane (C18H38) 35.7573 45.7254 at 25°C  

Nonadecane (C19H40) 36.9829 47.052 at 25°C 

Eicosane (C20H42) 35.6439 45.199 at 20°C 

Docosane (C22H46) 37.5584 48.7771 at 25°C 

Tricosane (C23H48) 34.99 44.9454 at 48°C 

Tetracosane (C24H50) 38.7415 48.4875 at 25°C 

Hexacosane (C26H54) 37.3508 46.6885 at 25°C 

Octacosane (C28H58) 35.8212 44.4046 at 25°C 

Dotriacontane (C32H66) 40.6 50 at 25°C 

Hexatriacontane (C36H74) 41.6 53.3128 at 80°C 

 


