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ABSTRACT   

Phase change materials (PCMs) can be great solutions as heat sink for energy storage in microgravity 

conditions. To guarantee the reliability of the systems, the thermal behavior of the PCMs and their 

degradation should be understood. Two different configurations of heat sink devices, a cylindrical and a 

finned hollow parallelepiped based on phase change material (PCM), were investigated. The hydrated salt 

sodium phosphate dibasic dodecahydrate (Na2HPO4·12H2O) was used as the PCM material, in three 

different volumes. Were also investigated the effect of copper sponges in the effective thermal 

conductivity, and the thermal property degradation in the finned heat sink by the sequential heat cycles. 

The PCM was replaced in each experiment and two power supply heat flux levels were studied. In the 

second heat sink configuration, consisting of finned heat sink hollow block provided with internal fins, the 

PCM was not replaced, to observe its property degradation. Power supplied in finned devices varied from 

75W to 100W. Experimental results showed a reduction of approximately 50% in the maximum 

temperature of the heat sink when the copper sponge is inserted. Gaps in hydrated salt decrease the thermal 

conductance of the heat sink. The PCM thermo-physical properties degradation is negligible for a few 

numbers of continuous heating cycles.  In the case of finned block device, it was observed a variation of 

6% in latent heat storage at the first cycles when the same test was realized several times. Contact area loss 

increased up 15% at the end of the experiments.  
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1. Introduction 

Experiments, designed for tests under microgravity conditions, present several limitations due to weight, size 

and number of components allowed on board of the testing vehicles, such as sounding rockets [1]. Besides, 

the replacement of materials or damaged parts, during previous to launching qualification tests, is limited, 

which means that the performance of all experiment components must be well known a priori. Commonly, 

experiments involving heat transfer devices in microgravity conditions require a heat sink for energy storage, 

such as phase change materials (PCM), a latent heat storage method. Besides the high energy storage capacity, 

mainly advantage of PCMs consists in the constant temperature of the phase change [2], it can stabilize the 

heat sink temperatures [3], but its application is limited due to the thermophysical property degradation and its 

phase segregation [4], [5]. In addition, density differences between solid and liquid state yields a decreasing in 
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the contacting area between PCM and the heat exchanger device. Hydrated salts are promising inorganic 

PCMs, especially in temperature applications below 100°C, due its prominent advantages of large thermal 

energy storage capacity, low price, rich and easy to obtain, non-toxic and non-flammability, besides its cleaner 

production [6]. However, these materials present technological challenges to solve, before consider it reliable, 

both under gravity and under microgravity conditions. According to references [7] and [8], some of these 

disadvantages of salt-hydrates that require attention are the corrosion of metal, supercooling and the phase 

separation. Reference [9] affirms that the low thermal conductivity and thermal instability of the salt hydrates, 

can result in unsatisfactory performance, especially for extended thermal cycling. Both the supercooling and 

the phase separation can cause a storage capacity degradation if the PCM is not able to solidify or melt 

between the process temperature range of charging and discharging [7]. A well designed PCM heat sink must 

be able to keep its temperature as close as possible to the melting temperature of the selected hydrated salt and 

should avoid the decrease of the contact area between PCM and the heat exchanger, during the fusion process 

of the dry salt, improving the heat exchange between PCM and the tested device. 

Energy storage have been widely studied nowadays especially due its high applicability also in renewable 

energy systems. Reference [10], for example, studied the effect of radial fins in an annulus cylinder type for 

latent thermal energy storage, and concluded that the thermal performance improves considerably.  Reference 

[11] demonstrated that the use of copper foam and other solid matrixes increased the thermal conductivity of 

the PCM thermal control device. Reference [12] investigated the behavior of PCM thermal storages, using 

three types of solid meshes (triangle, square and hexagonal). The perimeter or area of these solid matrix were 

maintained the same as well as the amount of phase change material. They concluded that the time taken for 

the complete melting of PCM is the shortest for the triangular mesh, followed by the rectangular and, finally, 

hexagonal. Reference [8] studied a new copper foam/hydrated salt composite PCM as supporting matrix for 

thermal energy storage, and based in the discussions about the thermal conductivity and thermal stability of 

the composite, they concluded, among other things, that copper foam/SAT composite PCM is promising due 

its good thermal stability, low supercooling degree and high thermal conductivity. Reference [13] studied the 

improvement of thermal and heat transfer characteristics through the mixture of different inorganic salt 

hydrates. Reference [14] combined sodium acetate trihydrate (SAT) with xanthan gum and copper foam to 

prepare a composite PCM in order to improve its thermal conductivity. Reference [15] analyzed the thermal 

performance of a mobilized thermal energy storage system applied to renewable energy or to recover the 

industrial waste heat. The system consisted of sodium acetate trihydrate as phase change material (PCM) 

filled into a tube-in-tank heat exchanger. Thermal efficiency estimated by the author was about 79,4%. 

Reference [16] evaluated computationally the effect of different numbers and distributions of fins of 

consecutive melting and solidification of a PCM in a horizontal double tube.  Reference [17], developed a new 

type of hot water collector tank with a new finned-type cell structure and compared the performance of PCM-

loaded finned cell-based tank with PCM-loaded no finned tank and the standard insulated tank. The authors 

concluded that the finned tank presented an improvement of 10% in relation to the standard tank and of 4-5% 

to the no-finned tank.  Reference [7] charged and discharged the storage of a prototype at different mass flow 

rates over a fixed temperature range duration. The authors analyzed the presence of phase separation and 

supercooling and observed a gradual decrease of the effective storage capacity associated with it.  

In the present paper, to improve the knowledge of PCM thermal performance and its degradation, two heat 

sink devices are experimentally studied in the laboratory. The heat sinks have different geometries, one 

cylindrical and another finned, and they utilize the hydrated salt sodium phosphate dibasic dodecahydrate 

(Na2HPO4·12H2O) as the PCM material. 

2. Material and methods 

Provide sufficient detail to allow the work to be reproduced. Methods already published should be indicated 

by a reference: only relevant modifications should be described. 
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2.1. A. Phase change materials (PCM) 

The phase change material (PCM) analyzed in this experimental work is the hydrated salt sodium phosphate 

dibasic dodecahydrate (Na2HPO4·12H2O). The hydrated salt consists of pellets with heterogeneous crystal 

particle sizes, which is the original form supplied by the manufacturer, without any compression or melting. 

Table 1 shows the thermophysical properties of the PCM. For the sample preparation, the PCM material was 

inserted in two conditions: solid (pellets) and liquid (melted). 

Table 1. Sodium phosphate dibasic dodecahydrate properties 

Thermo-physical properties Literature (Farid et al., 2004) Experimental 

Specific heat    [kJ/kg°C] 2  

Latent heat     [kJ/kg] 254  

Apparent density of solid     [kg/m
3
] -- 851  10 

Liquid density    [kg/m
3
] -- 1664  10 

Thermal conductivity   [W/m.°C] 0.5  

Melting temperature    [°C] 36  

2.2. Experimental apparatus 

Two different experimental heat sinks are used in this research: the first one consists of a cylindrical recipient 

with an electrical resistor located coaxially, and the second one consists of a fin-based device, with two 

resistances located at its bottom. Power in both cases is supplied by TDK lambda GEN300-17 equipment. 

Data acquisition is performed through NI SCXI-1000 equipment and the interface is controlled by Lab-view® 

2013. 

2.2.1. Cylindrical heat sink 

This apparatus consists of a brass cylindrical recipient filled with the PCM and a heater in the center. The 

recipient dimensions are 71 mm of external diameter (OD), 0.3 mm of wall thickness, and 70 mm of length. 

The heater consists of an electrical resistance of 567 Ω, 9.52 mm of external diameter, and 67 mm in length. 

The resistance cartridge is located coaxially, as shown  

Figure 1. The container includes a copper sponge matrix in some tests, looking to improve the effective 

thermal conductivity of the device. The copper sponge has undefined external geometry, varying between 0.5 

x 1.0 and 1.0 x 1.0 mm of cross-section. Due to the variated configurations, different quantities of sodium 

phosphate dibasic dodecahydrate are used to fill. The external surface of the cylinder is isolated with mineral 

wool. Temperature is measured by 5 Type T thermocouples (± 1°C of uncertainty) equally spaced, embedding 

into the salt and sealing with silicon to avoid damages. In  

Figure 1, T1 is located over the cartridge heater external surface. T2, T3, and T4 are installed in uniform 

distances in the radial direction over a small radial rod, provided to accommodate the thermocouples. T5 is 

installed at the internal surface of the recipient. The differences in the device configuration are presented in 

Table 2. 
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Figure 1. Cylindrical setup [mm] 

Table 2. Cylindrical heat sink parameters and test procedures 

PCM 

component 

Mass  

[g] 

Salt 

condition 
Filling type 

Copper sponge 

matrix [g] 

Power 

[W] 

Heat flux 

[W/cm
2
] 

Time 

[s] 

Case 1 183.6  1.0 New Solid PCM 0 3.4  0.1 15.9 3600 

Case 2 396.0  1.0 New Melted PCM 0 3.4  0.1 15.9 3600 

Case 3 360.2  1.0 New Melted PCM 77.9  1.0 3.4  0.1 15.9 3600 

Case 4 360.2  1.0 
Used in case 

3 
Melted case 3 77.9  1.0 7.0  0.1 31.8 12600 

2.2.2. Finned heat sink 

The fin-based heat sink setup involves a hollow parallelepiped aluminum block of 130 x 700 x100 mm, 

assisted by 9 (nine) fins, much larger than the cylindrical heat sink. One lateral wall is made of an acrylic 

sheet, which allows the visualization of the interior region of the block, as shown in Figure 2. Two parallel 

electrical resistances embedded in rectangular copper blocks supply the heat at the bottom. The resistances 

have an external diameter of 10 mm, a length of 100 mm length, and equivalent electrical resistance of 76.4 ± 

1.0 Ω. The copper block dimensions are 120 x 20 x 20 mm. The free spaces between fins are filled with 714.0 

± 1.0 g of phosphate dibasic dodecahydrate in the liquid state. As in the cylindrical setup, the temperatures are 

measured by 9 (nine) sealed thermocouples embedded into the salt, preventing deterioration due to contact 

with hydrated salt. Thermocouples 1 to 6 are located in the middle fin, as shown in Figure 2. The cartridge 

heater temperature is measured with T7 and T8. The last thermocouple measures the ambient temperature. 

The finned heat sink parameters are shown in Table 3. 

 

 

Figure 2. Experimental setup of the fin-based sink [mm] 

Table 3. Finned heat sink configurations and test procedures 

PCM 

component 
Mass [g] 

Number 

of tests 
Salt Power [W] 

Heat flux 

[W/cm
2
] 

Time [s] 

Case 5 0 1 -- 100  2 1.25 1000 

Case 6 714.0  1.0 1 New 100  2 1.25 1000 

Case 7 714.0  1.0 10 Used in case 6 75  2 1.7 3600 

2.3. Experimental procedure 

The experiment procedures vary for each studied case. The dissipated power and the duration of each test are 

presented in Table 2 and Table 3, for cylindrical and finned heat sink, respectively. One should note that the 

power levels were selected considering a maximum heat flux to be dissipated by the PCM heat sink, 

considering the future application in microgravity experiments. For the tests depicted in Table 2, after each 

test, the recipient was emptied, cleaned, and refilled with a new hydrated salt for the next test. The exception 



 PEN Vol. 9, No. 4, October 2021, pp.744-754 

748 

was Case 4 that used the same hydrated salt as Case 3. In fin-based heat sink tests, the degradation of the 

thermal properties is evaluated, so the hydrated salt is not replaced. The tests were performed with ten heat 

cycles of one hour and cooling periods of at least 48 hours. The power supply in the finned device varied from 

75 W to 100 W, considering long-term tests and flight simulation tests, respectively. 

3. Results and discussion 

3.1. Cylindrical heat sink results 

Case 1: This test configuration involves the deposition of the PCM salt pellets in the empty cylindrical heat 

sink space. There is a great amount of air between the pellets that acts as a thermal insulator. Figure 3 shows 

the temperature profiles during the test. The cartridge temperature increases rapidly and ripping when 

compared to the other temperatures. The reason for that is the gaps and poor contact between the PCM 

material and the cartridge surface. One should note that the relative difference of densities between the PCM 

in pellets and liquid states is very high (almost 50%, according to Table 1). So, when the solid PCM melts, its 

volume decreases, creating voids. The gaps reduce the ability to act as a heat sink, as both the air and salt have 

low thermal conductivities (see Table 1). In this case, the salt did not melt completely, as thermocouples 3, 4, 

and 5 show temperatures lower than the salt melting temperature. 

 

 

Figure 3. Case 1: Temperature profile of the cylindrical heat sink with PCM in pellets without copper sponge 

Case 2: In the second experimental test, the pellets were melted before inserted into the recipient. The thermal 

equilibrium between the PCM and the ambient air was achieved (20ºC) to initiate the test procedure.  

Figure 4 presents the thermal behavior of the PCM. After 2000 seconds, the temperature T1 is lower than the 

same one for Case 1. The better salt accommodation into the container provides a higher salt-heater contact, 

increasing the heat dissipation. In addition, comparing the thermocouple T1 of Case 1 and Case 2, the 

maximum temperature decreased from approximately 80°C to 60°C. Besides that, the temperature of 

thermocouple T2 shows an increasing trend, above 36°C (PCM melting temperature, see Table 1), indicating 

that the melted PCM in this region. The thermocouples 3, 4, and 5 show a slow increase in the temperatures 

when compared to Case 1. However, without achieving the melting temperature. 
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Figure 4. Case 2: Temperature profile with melted PCM without copper sponge 

Case 3: The third case consist of the cylindrical heat sink with a copper sponge to improve the thermal 

conductivity. As in the case 2, the PCM was melted before add-ed. Figure 5 illustrates the thermal 

performance results from case 3. All temperatures increases while 3.4 W is applied. At 3600 seconds, the 

temperature (T1) achieves a maximum of 60°C, 10°C lower than the maximum temperature measured in Case 

2. No salt accommodation and temperature decreasing were observed. 

 

 

Figure 5. Case 3: Temperature profile with melted pellets of PCM with copper mesh 

Case 4: Figure 6, with the same configuration from case 3 but subjected to six power input (7 W) heating 

cycles for 3.5 hours, shows the temperature profile device. The objective of the test was to verify the 

performance of the PCM before degrading. Thermocouples T3, T4, and T5 measured almost uniform 

temperatures proximately to the salt melting temperature (~ 36°C). The maximum temperature (T1) at the 

heater surface remained almost the same for all the cycles. Temperature oscillations occurred when small 

particles of salt felt close to the thermocouple. 

 

Figure 6. Case 4: Temperature profile with melted pellets of PCM with copper sponge 

3.2. Fin-based Heat Sink 

Case 5 and Case 6: Figure 7 illustrates the temperature measurement for the empty device subjected to natural 

air convection. The results show a rapid increase in the temperature distribution, reaching the maximum value 

allowed, 85 °C, at 1000 seconds.  

Figure 8 shows the temperature distribution of the device with PCM. Although the system does not reach the 

steady-state condition, the highest cylindrical cartridge surface temperature was around 45°C, a reduction of 

almost 45%, when compared to the previous case (Figure 7). 
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Figure 7. Temperature profile of fin-based device at natural convection 

 
Figure 8. Temperature profile of fin-based and filled with PCM material 

Case 7: The degradation of the PCM thermal-physical properties was analyzed, testing it ten times with an 

identical procedure. Between each test, it waited long enough for the salt to solidify again. The contact losses 

between salt and walls were minimized by filling the hydrated salt at its liquid state and waited for 

solidification. The liquid salt shrinks during the solidification process by almost 5% of the total volume, 

caused by the different densities between liquid and solid phases.  

Figure 9 shows several photos of the PCM melting process taken at an interval of 600 seconds. In the 

beginning,  

Figure 9 demonstrates free space between the heat sinks after the PCM solidification. The melting process 

starts at 2400 seconds. Images from 2400 to 3600s show a defined interface liquid-solid. At 3000 and 3600s, 

the image shows the complete melting of the salt. 
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Figure 9. Phase change in case finned heat sink device 

 

Figure 10 shows the results of the proposed tests. In all figures, the elapsed time observed to start the phase 

change from solid to liquid was similar, around 600 seconds. The phase change phenomena finished at 2400 

seconds in the first test, but in tests 2, 3, and 4, this phenomenon ended at 2100 seconds, decreasing the latent 

heat storage capacity of approximately 6%. Tests from 5 to 8 and 9 to 10 the phase change phenomena period 

decreased to 1800 and 1200 seconds. The resulted latent heat storage capacity was reduced by approximately 

50%. 

 

Besides the melting profile difference, the final temperature observed in the tests increased almost 5°C from 

each experimental procedure to another. In all testes, the liquid-solid interfaces have similar behavior to those 

observed in  

Figure 9. The free space shown in  

Figure 9 slightly increases between the solidification cycles, but this variation is neglected. The liquid volume 

in the fourth test decreased by almost 17% of the total volume. This volume was estimated using a geometric 

method, measuring the void space observed over the acrylic sheet. The tenth solidification resulted in a void 

volume of approximately 17%, representing a loss of the contacting surface between the salt and heat sink of 

~15%, as shown in Figure 11. 
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Figure 10. Phase change in case finned heat sink device 

 

Figure 11. Free space after solidification 

3.3. Phase change storage 

The phase change storage ability is the most important thermal propriety of a PCM in a heat sink recipient. It 

can represent capability of the energy storage of a PCM. If there is a degradation of the salt proprieties, a 

reduction of the thermal performance and the phase change term is verified. To estimate the latent energy that 

can be absorbed by the salt, the energy analysis should be complete. In the Case 7 tests, the total energy (ET) 

delivered was calculated neglecting the heat loads to the environment, using the following equation  

          
  

  

       (1) 

where Qel is the power supplied to the heater, t2 and t1 are the final and the initial time, respectively. The total 

energy is composed by the sensible and latent heats and is expressed as follows 

         
  

         
                   

   
   

            

       
  

         
               

 (2) 

where m is the mass flow in kg/s, Ti and Tf the PCM fin wall interface temperature in the beginning and in the 

end of the test in °C, respectively. The first term of (2) comprises the solid PCM sensible heating, up to the 

melting temperature. The second term is related to the solid-liquid phase change latent heat. The last part of 

the equation is related to the liquid sensible heating, from the melting point to up to the final temperature. 

Considering the phase change onset at 600s for the ten tests, when the mean melting temperature of the PCM 

was 36°C, the total sensible heat is the same for every test, as presented in Table 4. Each component of latent 

and sensible heat of the liquid, given in (1), can be calculate for the four first tests. Tests from 5 to 9 showed a 



 PEN Vol. 9, No. 4, October 2021, pp.744-754 

753 

stable heat storage like test 4, and finally, for test 10 and 11 it is shown a latent heat storage degradation. The 

results are shown in Table 4. 

 

Table 4. Heat distribution for each test of case 7 

TEST 

N° 
      
  

  

 
 

     
      
  

  

 

Test 1 20.0 225.7 24.3 

Test 2 20.0 215.7 34.3 

Test 3 20.0 214.3 35.7 

Test 4 20.0 212.9 37.1 

Test 5 20.0   

Test 6 20.0   

Test 7 20.0   

Test 8 20.0   

Test 9 20.0   

Test 10 20.0   

 

Therefore, according to the experimental results, the phase change storage capacity decreased by less than 6% 

between Tests 1 and 4. However, as the number of heat cycles increases, the phase change energy decreases, 

reaching a small region of latent storage, depicting a reduction of almost 90% in Test 10. As heat supplied was 

kept the same, a slight increase of sensible heat storage is observed as the tests are performed. The fin surface 

temperature, Tf, increased around 13%, from 53 up to 62°C. 

4. Conclusions 

Two heat sink devices are experimentally studied in the laboratory to improve the knowledge of the hydrated 

salt sodium phosphate dibasic dodecahydrate (Na2HPO4·12H2O) thermal performance and its application 

conditions as PCM material. The present study provides the following main contributions: 

• Inserting a metallic sponge inside the PCM material improved its thermo-physical properties and 

reduced the maximum surface temperature by approximately 50%. 

• Fulfilling the hydrated salt at the liquid phase decreased the air content within the PCM and improved 

the contact area. 

• Repeated tests in a row showed that four procedures decreased the latent heat storage capacity by 

approximately 6%. Then, its properties rapidly degraded, reducing the latent heat storage in the tenth 

test by 50%.  

• The final temperature observed in the experimental procedures increased almost 5°C from each test to 

another, caused by the thermophysical properties degradation. Also, the contacting surface between the 

salt and heat sink decreased by 15%. 

The present study showed that hydrated salt sodium phosphate dibasic dodeca-hydrate is a promising PCM 

material for thermal storage devices. 
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