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 فٍ انخخشٍَ ولج حعشَش هى انعًم هذا يٍ انهذف. آخز ولج فٍ يُهب نلاسخفبدة يعٍُ ولج فٍ انطبلت احخجبس هى انطبلت حخشٍَ :الخلاصة

 انطبمت نًبدة حعبئت يسخىي وأفضم يُبسبت يسبيُت بىسبئظ انخشاٌ يمء طزَك عٍ يًكُت فخزة لأطىل انسبخٍ انًبء حخشٍَ خشاٌ

 انهىاء حسخٍُ وَظبو انشًسُت ببنطبلت انًُبِ حسخٍُ أَظًت يجبل فٍ وحطبُمبحهب انحزارَت انطبلت حخشٍَ طزق انىرلت هذِ حخُبول. انًعبأة

 يكىَت لأسزة انعبدٌ انًُشنٍ نلاسخخذاو انخجبرة أجزَج. احخزافٍ بشكم انحزارَت انطبلت حهه عهً نهحفبظ انًسخخذيت وانًىاد انشًسٍ

 خشاٌ إنً ببلإضبفت يفزغًب أَبىبًب 21 يٍ يكىٌ شًسٍ ويجًع نخزًا 021 سعت خشاٌ يٍ يكىٌ شًسٍ سخبٌ ببسخخذاو أفزاد خًست يٍ

 انىسبئظ يٍ يخخهفت يسخىَبث وببسخخذاو يسبيُت وسبئظ اسخخذاو بذوٌ انخجبرة أجزَج. نخزًا 01 بسعت انًسبيُت انىسبئظ نخخشٍَ

 حزارة درجت عُذ انسبخٍ انًبء جهُشح فٍ حسبهى انًسبيُت انىسبئظ يسخىي سَبدة أٌ انُخبئج أظهزث(. يهى 001 ،011 ،001) انًسبيُت

 الاونً انخجزبت فٍ انسبخٍ انًبء يٍ نخز 202 اسخهلان حى حُث .انُىو يذار عهً( يئىَت درجت 21 فىق) انًُشنٍ نلاسخخذاو يفُذة

   انخبيست. انخجزبت فٍ نخز 212و انزابعت انخجزبت فٍ نخز 261و انثبنثت انخجزبت فٍ نخز 273 و انثبَُت انخجزبت فٍ نخز 273و

1. INTRODUCTION 

The solar energy possesses a big influence upon the today's economy. The use of solar energy reduces the 

consumption of conventional fuels, leading to reduce the emissions. In order to limit these emissions, it's 

necessary going towards the energy improved usage, and increasing the renewables penetrations into the mixture 

of energy, like the solar energy (SE). The local hot water manufacture is one the highly attractive usage of SE, 
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Abstract 
The energy storage is the detention of energy at one time to utilize the for 

another time. The aim of this work is to enhance the storing time in a hot water 

storage tank as long period as possible by filling the tank with a suitable porous 

media and the best filling level of the packed bed material. This paper deals 

with the methods of thermal energy storage and its applications in the region of 

systems of solar water heating along with system of solar air heating and the 

substances used to preserve that thermal energy professionally. The experiments 

were conducted for normal household use for a family of five persons using a 

solar heater consisting of a storage tank of 120 liters and a solar collector of 20 

vacuum tubes in addition to a tank for storing porous media with a capacity of 

50 liters. The experiments were conducted without using porous media and 

using different levels of porous media (150, 300, 450 mm). The results showed 

that an increase in the level of porous media contributes to the supply of hot 

water at a useful temperature for domestic use (above 20 
o
C) throughout the 

day. Where 256 liters of hot water was consumed in the first experiment, 273 

liters in the second experiment, 273 liters in the third experiment, 261 liters in 

the fourth experiment, and 207 liters in the fifth experiment. 
. 

Keywords: Porous media; latent heat storage; thermal energy storage; thermochemical energy storage; 

organization of PCM; applications of phase change material. 
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particularly into residential buildings described via a significant and a consistent requirement of hot water, during 

all the year [1]. One of the most important applications that used in almost of the world for the solar benefit in the 

domestic application is a Solar Water Heater (SWH), which is used in many applications, such as for washing, 

bathing, home central heating, etc. The solar collector and the storage tank as a considered the main parts of the 

solar thermal system; the first one captures the heat from the solar energy into the working fluid within the 

collector, whereas the second one being a storage tank (ST), which store an available energy where it is needed to 

offset a thermal load. Other parts include circulation pumps, piping, mains supply and the load. The circulation 

pumps system that moves a fluid of heat transfer between collectors as well as ST is available in most of the solar 

thermal system. A simple diagram of a system of solar heating is depicted in figure (1). Auxiliary heating may be 

required if the fluid temperature when the fluid leaving the tank is below the temperature set point required by the 

load. 

 

 

Figure 1 A schematic of the solar thermal system [2]. 

Numerical simulations of convection heat transfer in porous media are usually founded on two various models for 

the energy equation, i.e. the local thermal equilibrium, and non-equilibrium model. In latest years, the model of 

local thermal non-equilibrium has been utilized more regularly in theoretical and numerical study of convection 

heat transfer in porous media to extra correctly model the convection heat transfer procedures in porous media [3]. 

Some studies exposed a mathematical model of double duct solar air collector with fins attached to the backside of 

the heat absorbing plate (solar cell) to augment the transfer of heat to the flowing air for developing the 

presentation of the hybrid collector [4]. This collector didn’t state the potential problematic of irregular 

distribution of flow in the different riser tubes of the header and riser design, nonetheless serpentine collectors 

can’t work efficiently in thermo siphon mode (natural circulation) and want a pump to mix the transfer of heat of 

fluid [5]. submitted an experimental evaluation of the addition of the cylindrical encapsulated Paraffin wax to the 

water storage tank as a Thermal Storage Material. Tests were performed in India on sunny days. A Flat Plate Solar 

Collector having a (2 m
2
) surface area was used by authors for supplying a 47L cylindrical tank with hot water. 

For storing the latent heat. Four aluminum cylindrical encapsulated Paraffin wax layers having around (60°C) 

melting temperature were put into the tank. The outputs of discharge demonstrated that the influence of the heat 

storage of the PCM continued for a period of (100 min). It was inferred that Paraffin wax provided a big 

improvement in the SWH thermal storage for a long time through a consistent rate of charge and discharge. 

[6]. performed several outdoor experiments for investigating the influence of the rate of mass flow of HTS upon 

the efficiency of a TES water tank (48 L) containing aluminum cylindrical capsules including Paraffin wax having 

a melting temperature of (60°C). Three various charging HTF rates of volume flow (2, 4, and 6 L/min) were 

studied, also the outputs manifested that the rise into the rate of flow as well as the inlet temperature caused an 

increase in stored energy and a decrease in the charging time[7]. Most of the previous research focused on 

improving the performance of the solar collector or improving the latent thermal storage. In this study, porous 

media was used to improve the sensible heat storage and thus increase the time of supplying hot water to the solar 

water heater.  
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Table 1: Nomenclature 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2 : Abbreviations 

Description Symbol 

solar energy SE 

Solar Water Heater SWH 

Storage Tank ST 

Porous Media PM 

Thermal Energy Storage TES 

Latent Heat Storage  LHS 

Phase Change Material PCM 

Heat Transfer Fluid HTF 

Units Description Symbol 

o C The temperature of the water entering the storage tank T1 

o C The temperature of the water leaving the storage tank T2 

o C The temperature of the water leaving the storage tank T3 

o C Water temperature at the bottom of the storage tank T4 

o C Water temperature under the porous media tank T5 

o C Water temperature at high 150 mm for porous media tank T6 

o C Water temperature at high 300 mm for porous media tank T7 

o C Water temperature at high 450 mm for porous media tank T8 

kW Hourly useful heat gained from the system         

kg/s Water mass flow rate  ̇ 

kJ/kg. K Water specific heat     

kJ/kg. K Porous media specific heat      

°C Temperature difference    

kg Mass of water in storage tank    

kg Mass of porous media      

hr Time of starting time increment Time 

hr Time step    
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2. STORAGE TANK MODES 

In the domestic thermal application for a hot water storage tank, there are several modes in the storage tank. They 

can be classified as a water behavior into the ST depending on the collector as well as the load.  When the water 

being hot flows from collector to tank, the tank can be considered as in a charging mode. Also, when the water 

being hot is drained from tank to load, it’s called a discharging mode. The two mentioned dynamic modes may 

operate separately once and may operate together in the storage tank. If there is no charge or discharge mode, the 

tank can be considered as in a static mode state. Figure (2) shows three modes in a simple sketch. The significant 

and easier way for storing hot water in the tank, as long time as possible, is by thermal insulation. 

  

 
Figure 2 Three model types of solar storage tank from right: (a) The mode of charging (b) The mode of discharging 

(c) The mode of charging and discharging    (d) The mode of standby (static) [5]. 

3. THE SOLAR ENERGY STORAGE IN WATER TANK SYSTEM 

The thermal energy can be kept as variation in the material's internal energy as a latent heat, a sensible heat, or a 

thermo chemical or a combination of them. The sensible heat storage being owing to material's temperature 

variation, whereas the latent heat storage being owing to the phase transformation it's either solid-solid, solid-

liquid or liquid-gas. Various kinds of the thermal energy storage of solar energy are displayed in the figure (3) [8]. 

 
Figure 3 Various kinds of the thermal storage of solar energy [8]. 

4. LATENT STORAGE MATERIAL 

Latent heat storage system (LHS) is gaining much attention due to its ability to store and release heat 

isothermally. In a typical solid–liquid PCM, heat storage system heat is absorbed by the PCM during charging 

where it gains its latent heat of melting. During the discharging process, the stored heat is released back to the 

surrounding (or working fluid) that is at temperature below the freezing point of the PCM material. The energy 

released during its discharge can be used for applications such as building heating, heat pumps, drying 



Khali L. Abdul sada et al 

Wasit Journal of Engineering Sciences, 2022, 10(2)                                                                                                                 pg.161 

applications in agriculture and industries, and several other applications [9]. Common phase change materials are 

salt hydrates, metallic, paraffin’s and non-paraffin organic materials, and eutectics. The desirable properties of any 

PCM includes: (1) high latent heat of fusion, (2) high thermal conductivity, (3) moderate melting point, (4) 

stability at different temperatures, (5) high specific heat, Cp (6) ability to undergo repeated cycles of melting and 

solidification without significant change in its properties, and (7) non-toxicity and non-flammability [10]. Latent 

heat of melting dictates on the amount of heat a given mass of PCM can store. Therefore, it is desirable to have a 

high latent heat of melting to provide high energy storage density. Large latent heat values of PCMs make them an 

attractive means for thermal energy storage [11]. Successful implementation of LHS is highly dependent on 

configuration of energy storage device and properties of PCMs such as thermal conductivity, specific volume, 

heat of fusion etc. Challenges associated with system and PCMs need to be addressed systematically to get high 

performing LHS systems [12]. Due to their properties, molten salts have become very popular in heat storage 

systems in recent years. The advantages of molten salts include a wide range of phase transition temperatures; 

good thermal conductivity; high density of stored heat; no undesired exothermic chemical reaction; good thermal 

stability at high temperatures; non-toxicity; and low price [13]. Geometric, operational and design parameters 

should be taken into account in assessing the energy performance of TES latent heat. The energy and exergy 

performance for latent thermal energy storage with various influence factors including the HTF mass flow rate, 

HTF inlet temperature, PCM melting temperature and number, additives for PCMs, reference temperature, storage 

unit dimension, heat exchanger surface enhancement, and sensible heating and sub-cooling [14]. 

5. EXPERIMENTAL WORK 

This part involves the experimental setup, the steps for assembling, installing and testing a solar water heater with 

a capacity of 120 liters are described with the addition tank full with a porous media have a capacity of 50 liters, 

which was installed and tested in the home of a family of 5 people in the city of Kut, Iraq (32.5 latitude and 45.82 

longitude). The usual home use experiments were performed in addition to the laboratory experiments in the case 

of using porous media and without porous media, and the results were compared. As shown in figure (4) and (5).  

 

Figure 4 Solar water heater, Porous media tank, Measuring device 
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Figure 5 Show the schematic diagram for the experimental rig. 

6.  MEASURING DEVICES AND EQUIPMENT 

      In order to measure the temperatures for different points of the system, the amount of water flow, and the 

intensity of sunlight, in the experimental work, many measuring devices and equipment were used as shown 

below; 

1. Thermocouples: Type K thermocouples were used to measure the temperatures. They were fixed in the 

plastic pipe by making holes until (1mm) and material was put to prevent leakage (Epo putty two-part 

type adhesive), and the calibration of these entire thermocouples is shown in Appendix A. There were 

eight thermocouples, and their distribution was as follows: One of them was used to measure the 

temperature of the water entering the system, the second to measure the temperature inside the storage 

tank, the third to measure the temperature of the water coming out of the storage tank, and the fourth to 

measure the temperature of the water prepared for the load. The rest from the fifth to the eighth were used 

to measure the temperature distribution inside a porous media tank starting from the base tank. A distance 

of 150 mm between the measurement point and another was left, as shown in figure (6). 

storage tank

pump

IN

OUT

T 3

T 4

T 2

T 1

T 5

T 7

T 6

T 8

Flow meter

1 3 2

4

 

Figure 6 Temperature measurement points. 
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2. Data logger: (MODEL: PP222 USB TC-08), 8-channels was employed. The data logger was equipped 

with (PICOLOG 6) Manager Software which can visualize the data in the form of tables and graphs. 

3. Solar Power Meter: A light meter type TES (1333) was used to measure the solar irradiation in W/m². 

Besides dealing with high power (up to 2000W/m²) it also handles a very wide spectrum, from UV 

(400nm) to IR (1000nm). This sensor is a photovoltaic silicon sensor, which ensures stable and accurate 

measurements over a long time. and the devices are placed perpendicular to the solar collector to measure 

the intensity of the solar radiation falling on it. 

4. Flow meter: The YF-S201 turbine electronic flow meter was used to measure the flow rate of the water 

prepared for the load, turbine flow meter is attached to the Arduino, which gives an electrical digital 

signal. It measures flow rate up to (60L/min) and maximum current (5mA). 

7. HABITUAL HOME USE EXPERIMENTS 

Experiments of habitual home use were conducted for a family of (5) people 

1 - The first experiment was with a solar heater without the additional tank and an entire day during which the 

readings of temperature, flow rate and solar radiation rate were recorded. 

2 - The second experiment was using an additional tank with a solar heater, without using porous materials. 

The experiment was also carried out during a whole day during which all readings were recorded. 

3 - The third experiment was using (150 mm) porous materials for a whole day and all readings were recorded. 

4 - The fourth experiment was using (300 mm) porous materials for a whole day and all readings were 

recorded 

5 - The fifth experiment was using (450 mm) porous materials for a whole day and all readings were recorded 

6 - The sixth experiment was using (450 mm) porous materials and day (partially cloudy) and all readings were 

recorded. Thus, the sum of practical experiments is (6) the experience of normal home use. 

8. RESULTS AND DISCUSSION (NORMAL HOME USE EXPERIENCES)  

Five experiments were conducted for normal domestic use in the house of a family consisting of five persons in 

the city of Kut. Through it, it can be observed the period of time during which the water is hot at a useful 

temperature higher than the temperature of the source water, as shown below: 

1. Experiment in 30 Jan, 2021 lasted 13 hours and 30 minutes from 8:22 AM to 21:52 PM. This experiment was 

conducted without the use of a porous media tank, and the temperatures, water flow rate and amount of water 

used were recorded every ten minutes. Where the temperature of the source water was T1 at 13.351°C and the 

temperature of the exit water T4 at 13.597°C at the beginning of the experiment, then the temperature of the 

exit water T4 rose to 21.523 °C at 8:52 AM, which can be considered a useful temperature for domestic use, 

and the first use of water was at 8:52 AM with temperature of 21.523 °C and flow rate (4 liters / min), and 

the use of hot water continued at different intervals and flow rates throughout the experiment. It is noted that 

the highest temperature of the outside water T4 was 41.65 °C at 12:52 AM. The water was at temperatures 

useful for domestic use for 10 hours from 8:52 AM to 18:52 PM, when the temperature became 19.871 °C. It 

should also be noted that the useful amount of water used is 256 liters. As shown in figure (7) 

2. Experiment in 31 Jan, 2021 lasted 12 hours and 20 minutes from 9:38 AM to 21:58 PM. In this experiment, 

the porous media tank was used without placing the porous media in it, which means that it was filled with 

water only. and the temperatures, water flow rate and amount of water used were recorded every ten minutes. 

Where the temperature of the source water was T1 at 14.255°C and the temperature of the exit water T4 at 

22.241°C Water exit temperature from porous media tank T8 at 24.308 °C at the beginning of the experiment, 

then the temperature of the exit water T4 rose to 22.241°C at 9:38 AM, which can be considered a useful 

temperature for domestic use, and the first use of water was at 9:38 AM with Temperature of 22.241 °C and 

flow rate (4 liters / min), and the use of hot water continued at different intervals and flow rates throughout 

the experiment. It is noted that the highest temperature of the outside water T4 was 46.003 °C at 12:58 AM. 

The water was at temperatures useful for domestic use for 11 hours and 10 minutes from 9:38 AM to 20:48 

PM, when the temperature became 19.43 °C. It should also be noted that the useful amount of water used is 

273 liters. As shown in figure (8). 

3. Experiment in 1 Feb, 2021 lasted 14 hours and 10 minutes from 8:49 AM to 22:59 PM. Porous media was 

used in this experiment with a height h = 150 mm. And the temperatures, water flow rate and amount of 

water used were recorded every ten minutes. Where the temperature of the source water was T1 at 10.705 °C 

and the temperature of the exit water T4 at 17.362 °C Water exit temperature from porous media tank T8 at 

10.878 °C at the beginning of the experiment, then the temperature of the exit water T4 rose to 21.332 °C at 

9:09 AM, which can be considered a useful temperature for domestic use, and the first use of water was at 

9:09 AM with Temperature of 21.332  °C and flow rate (4 liters / min), and the use of hot water continued at 
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different intervals and flow rates throughout the experiment. It is noted that the highest temperature of the 

outside water T4 was 45.473 °C at 11:39 AM. The water was at temperatures useful for domestic use for 12 

hours and 20 minutes from 9:09 AM to 21:49 PM, when the temperature became 19.261 °C If the periods in 

which the temperature of the water outside T4 is less than 20° C. are excluded. It should also be noted that the 

useful amount of water used is 273 liters. As shown in figure (9) 

4. Experiment in 2 Feb, 2021 lasted 12 hours and 40 minutes from 9:38 AM to 22:18 PM. Porous media was 

used in this experiment with a height h = 300 mm. And the temperatures, water flow rate and amount of 

water used were recorded every ten minutes. Where the temperature of the source water was T1 at 14.183 °C 

and the temperature of the exit water T4 at 28.567 °C Water exit temperature from porous media tank T8 at 

20.965 °C at the beginning of the experiment, and the first use of water was at 9:58 AM with Temperature of 

31.344 °C and flow rate (4 liters / min), and the use of hot water continued at different intervals and flow 

rates throughout the experiment. It is noted that the highest temperature of the outside water T4 was 45.722 

°C at 12:48 AM. The water was at temperatures useful for domestic use for 11 hours and 50 minutes from 

9:58 AM to 22:18 PM, when the temperature became 18.612 °C If the periods in which the temperature of 

the water outside T4 is less than 20° C. are excluded. It should also be noted that the useful amount of water 

used is 261 liters. As shown in figure (10). 

5. Experiment in 3 Feb, 2021 lasted 11 hours and 50 minutes from 8:34 AM to 20:24 PM. Porous media was 

used in this experiment with a height h = 450 mm. And the temperatures, water flow rate and amount of 

water used were recorded every ten minutes. Where the temperature of the source water was T1 at 14.725 °C 

and the temperature of the exit water T4 at 20.835 °C Water exit temperature from porous media tank T8 at 

15.35 °C at the beginning of the experiment, and the first use of water was at 8:34 AM with Temperature of 

20.835 °C and flow rate (5 liters / min), and the use of hot water continued at different intervals and flow 

rates throughout the experiment. It is noted that the highest temperature of the outside water T4 was 38.753°C 

at 12:45 AM. The water was at temperatures useful for domestic use for 11 hours and 50 minutes from 8:34 

AM to 20:24 PM, when the temperature became 20.145 °C If the periods in which the temperature of the 

water outside T4 is less than 20° C. are excluded. It should also be noted that the useful amount of water used 

is 207 liters. As shown in figure (11). 

9. THE TOTAL EFFICIENCY OF THE SOLAR COLLECTOR 

     The total efficiency of the collector (η), is simply the ratio of the received heat to the total incoming solar 

energy [15]. 

     The daily efficiency of the evacuated solar collector system for 150 mm height level of the porous media and 

flow rate 2 L/min, calculation is: 
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10. CONCLUSIONS 

1. The addition of the porous media tank and the increase in the height of the porous media in it contributes 

to the supply of hot water useful for domestic uses at a temperature (more than 20 
o
C) throughout the 

day. 

2. Although the specific heat capacity of water is 4184 J/kg.℃ and the specific heat capacity of glass is 837 

J/kg.℃ it is possible to use the porous medium filled with water for the purpose of perceptible thermal 

storage for a longer period in order to prepare hot water during the day. 

3. Since the thermal conductivity of water is 0.655 W⁄(m℃) and the thermal conductivity of the glass is 

0.197 W⁄(m℃), this results in the porous medium retaining heat for a longer time when water passes 

through it. 

4. The results of the daily efficiency of the solar collector showed that it increased with the increase in the 

level of the porous media and for all flow rates (2, 4, 6 and 8) L/min.  

11.  FUTURE WORK 

1. Studying the effect of placing porous media in the upper half of the storage tank on increasing thermal 

storage 

2. Adding a reflective surface for solar radiation under the tubes of the solar collector to increase the heat 

energy gained. 

 
Figure 7 Temperature vs. time of thermal storage system, Regular home use Without porous media 
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Figure 8 Temperature vs. time of thermal storage system, Regular home use Without porous media, h=0 mm 

 

 

Figure 9 Temperature vs. time of thermal storage system, Regular home use with porous media, h=150 mm 
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Figure 10 Temperature vs. time of thermal storage system, Regular home use, With porous media, h=300 mm. 

 

 

Figure 11 Temperature vs. time of thermal storage system, Regular home use with porous media, h=450 
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