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Abstract: To meet energy needs in the absence of an energy source, practical energy storage devices can be combined with home 
and industrial systems. The thermal properties of a practical energy storage system with numerous cylindrical channels are 
investigated in this work experimentally during the charging and discharging cycles. By adjusting the mass flowrate of air from 
0.022 to 0.031 kg/s and the input air temperature from 45 to 75 °C, the transient temperature distribution, energy storage, energy 
release, and charging/discharging energy efficiency are assessed. At an intake temperature of 55 °C and an air mass flowrate of 
0.031 kg/s, the maximum charging energy efficiency of 81.3% was discovered. The maximum discharging energy efficiency is 
discovered to be 74.3%, which corresponds to an air mass flowrate of 0.031 kg/s and an inlet temperature of 45 °C. 
Keywords: Charging, Discharging cycles, Transient temperature distribution, Sensible Energy Storage System, Thermal propert 
ies.  
 

I.      INTRODUCTION 
All of modern society's energy needs can be met by the energy we receive from the Sun. The sunlight cannot be harnessed during 
the off-sun hours because it is available during the daytime throughout the sunshine seasons. However, year-round use of solar 
energy is now possible because to tremendous technological breakthroughs in energy storage.  
Energy storage technology has been around for a while, but it has undergone constant development in terms of storage system types, 
solar collector integration, and discharging techniques for various applications.  
The heat transfer fluid is circulated through the storage medium in a single phase or through phase transformation in thermal energy 
storage systems to store energy in a sensible or latent form. A typical storage device that includes a solar collector collects solar 
energy from the collector panel and converts it into thermal energy that is transported by a working fluid that circulates through the 
storage device.  
During the charging cycle, the working fluid receives the energy by passing it via the storage medium. The discharging cycle 
describes how the working fluid is circulated while being heated to atmospheric pressure to release energy that has been stored in 
the system. 
 

II.      LABORATORY SETUP AND DATA CAPTURE 
In the lab, a concrete mixture is poured to form a sensible energy storage system with an external diameter (D) of 0.29 metres and a 
length of 0.95 metres.  
The concrete store contains cylindrical passageways with 0.019 m internal diameter (d). A plot is created to study the impact of 
change in the number of passages on the length of the storage bed, as shown in Fig. 1. This is done in order to discover the 
combination of the ideal bed length and the number of fluid flow passages corresponding to a fixed storage capacity. With a total of 
19 tubular channels, 0.95 m bed length is discovered to be the ideal combination. For the concrete bed to properly set and harden, 
enough curing is required to maintain the necessary moisture levels. The geometrical elements of the concrete energy storage 
system with several cylinder tubes are shown in Figure 2. 
Due to its reduced cost-to-energy storage ratio and simplicity in shaping into the necessary shape, concrete was chosen as the bed's 
storage material. The advantage of concrete is that it loses less thermal energy while in standby. The air is employed as the heat 
transfer fluid in the temperature ranges between 45 and 75 °C and fluid flow rates from 0.022 to 0.031 kg/s in order to develop the 
storage system suited for a solar air heater. 
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Fig. 1 Length of the sensible energy storage system as a function of number of cylindrical      passages 

 

 
Fig. 2 A concrete energy storage system with cylindrical passages 

 
A heater chamber that is attached to the variac has ceramic heating elements with a 3 KW rating. The heating elements are 
positioned so that as air passes through the heater chamber, it absorbs the most thermal energy possible. A circuit breaker 
mechanism supplies the heating elements with electrical energy, and separate switches are used to control the functioning of each 
heating element. A digital Voltmeter and Ammeter are used to measure the voltage and current flowing through the circuit. To 
isolate the system from its surroundings, cement sheets are placed over the heater chamber and are followed by glass wool 
insulation. 
The storage system is created by filling it with M30 grade concrete, which has a specific heat capacity of 850 J/kg/K and a density 
of 2200 kg/m3 [2]. The test rig utilised for data gathering in this investigation is depicted in real life in Figure 3. Fig. 4 depicts the 
test rig's many components in a schematic form. Separate blowers with a 3 HP capacity connect the charging and discharging loops. 
Fig. 5 shows where the thermocouples are located on the SESS. 

Fig. 3 Actual photograph of the test rig 
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Fig. 4 Schematic arrangement of the test rig 
 

 
Fig. 5 Thermocouple location in axial and circumferential directions on SESS 

 
To collect data at various mass flowrates of heat transfer fluid, experimental test runs are undertaken. A charging fan is used to 
pump atmospheric air into the charging loop to start the charging process. Using the regulating valve, the mass flowrate of air 
through the storage system is controlled (RV1). Via a variac, the electrical energy is delivered to the heating components at the 
desired pace. By opening the stop valve (SV1), the air is heated in the heater chamber to the necessary input temperature and 
bypassed to the atmosphere through stop valve (SV3), with the stop valves (SV2) and (RV2) remaining closed during this process. 
By opening the stop valves (SV2) and (SV1) and closing the stop valves (SV3) and (RV2), the hot air at the desired temperature is 
fed to the sensible energy storage system. A data-logging system is used to record the storage temperature as well as the air 
temperatures at the intake and exit of the storage system. When the air temperature at the entry and the exit of the test segment are 
confirmed to be equal, the charging cycle comes to an end.  
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The discharge procedure comes next, for which the stop valves (SV1), SV3, and SV2 are opened and the stop valves (SV1) and SV3 
are closed. The discharge fan is turned on to create atmospheric air in the test area, and the regulating valve is used to change the 
mass flowrate of air (RV2). The storage mechanism releases thermal energy during the discharging phase until the air's exit 
temperature reaches the inlet temperature. 
By delivering the heat transfer fluid at various flowrates as the temperature varied from 45 to 75 °C, the SESS stores the thermal 
energy. 
“The thermal energy saved or released during the charging or discharging phase in the concrete bed at any instant (t) is given as 
follows: 
 Ec = ρc Vss Cps [T(t) − Ti]  (1) 
 Ed = ρc Vss Cps [T(t) − Ti]  (2) 
where T(t) is the temperature of the time-dependent SESS and (Ti) is the initial temperature. 
The storage system's volume (Vss) is provided as follows: 
                                     Vss = = గସ

 [D2 − n(d)2] L                                     (3) 

where D is the concrete bed's diameter and d is the cylindrical passage's inner diameter. 
Following is a definition of the total thermal energy input over a specific period of time: 
                    Ec,inp =  ∫ ݐd˙ݍ

௧ଵ
଴  +  ∫ ݐd˙ݍ

௧ଶ
௧ଵ  + ∫ ݐd˙ݍ

௧ଷ
௧ଶ  + …                      (4) 

where 
q̇ = ṁ C pa(Tin − Tout)                (5) 

The total thermal energy retrieved in certain duration is defined as follows: 
Ed,ret =  ∫ ݐd˙ݍ

௧ଵ
଴  +  ∫ ݐd˙ݍ

௧ଶ
௧ଵ  + ∫ ݐd˙ݍ

௧ଷ
௧ଶ  + ….                                      (6) 

where 
q̇ = ṁ C pa(Tout – Tin)”[1]                 (7) 

The following definitions apply to the charging/discharging energy efficiency at the specified time. [3]: 
Ƞc=  ா௖

ா௖,௜௡௣
                                            (8) 

Ƞd= ாௗ,௥௘௧
ாௗ

                                            (9) 
The results of the uncertainty are displayed in Table 1. 
 

III.      RESULTS AND DISCUSSION 
A. Transient Temperature Distribution of SESS  
SESS Transient Temperature Distribution. The energy storage system's transient response reveals the thermal properties of the 
charging and discharging processes at various temperatures as well as the mass flow rate of air. 
 

Table. 1 Experimental Uncertainties 
S. no. Parameters Uncertainty 

1 Energy input/retrieved ±1.9% 
2 Charging/discharging energy efficiency ±3.6% 
3 Energy stored in system ±3.6% 

 
Fig. 6 displays the localized temperature variation of the SESS with respect to time for an intake air temperature of 45 °C and an air 
mass flowrate of 0.031 kg/s (a). In the charging phase, it can be seen that the spatial temperature of the SESS falls as the 
dimensionless length (x/L) gets closer to 1, whereas in the discharging process, the temperature of the SESS slightly increases up to 
(x/L) of around 0.2 and then decreases. With the development of the charging and discharging processes, the spatial temperature 
variation of SESS becomes negligible. This trend is explained by the high heat transfer zone produced at the SESS entry, which 
causes the SESS inlet temperature to decrease during charging and increase during discharging. For 75 °C inlet air temperature and 
0.031 kg/s mass flowrate of air throughout both the charging and discharging processes, Figure 6(b) illustrates a significant 
temperature change of SESS in the longitudinal direction, notably near the inlet. Figures 6(b) and 6(c) show that there is no clear 
correlation between the temperature variation of SESS and changes in the mass flowrate of air. 
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Fig. 6 Localized temperature variation of sensible energy storage system: (a) Ta = 45 °C, m = 0.031 kg/s; (b) Ta = 75 °C, m = 

0.031 kg/s; and (c) Ta = 75 °C, m = 0.022 kg/s 
 
For a full charging-discharging cycle, Figure 7 depicts the fluctuation of the mean temperature of SESS as a function of time. The 
plot shows that with the higher air inlet temperature, the mass flowrate has a stronger impact on the temperature rise. Due to the 
greater temperature difference between the fluid and the storage material, the temperature of SESS increases more quickly during 
the initial charging phase. Similar to this, throughout the first 120 minutes of the discharging process, a higher drop in SESS 
temperature is seen. 

Fig. 7 Mean temperature variation of the SESS 
 
B. Energy And Efficiency Characteristics 
By adjusting the mass flow and air temperature at the air inlet over time, the amount of energy stored in the SESS is assessed. Fig. 8 
illustrates a clearly discernible impact of the mass flowrate of air at lower inlet temperature. However, it becomes less significant as 
the temperature of the input air rises.  
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Due to greater heat penetration in the presence of multitubular cavities in general and in particular at lower inlet air temperatures, it 
appears that an increase in mass flowrate causes a greater increase in the internal energy of SESS. As depicted in Fig. 9, a 
comparable occurrence is seen during the discharge process. 

 
Fig. 8 Energy stored with time 

 

 
Fig. 9 Energy released with time 

 

 
Fig. 10 Variation of charging energy efficiency 

Fig. 11 Variation of discharging energy efficiency 
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The charging and discharging efficiencies are analyzed with regard to time in Figs. 10 and 11, respectively, to evaluate the SESS's 
ability to store energy. As observed in Fig. 10, the charging energy efficiency of SESS rises over time, reaches a maximum between 
30 and 60 minutes, and then consistently falls off after that. Regardless of the change in air mass flowrate, the SESS's charging 
energy efficiency rises as the inlet air temperature does. The highest energy efficiency for charging is discovered to be 81.7% and 
82.8%, or 75 °C inlet temperature and 0.022 kg/s and 0.031 kg/s, respectively, of air mass flowrate. Similar to charging energy 
efficiency, discharging energy efficiency varies with regard to time. The maximum energy efficiency for discharging is determined 
to be 94.1% and 89.8%, respectively, for an input temperature of 75 °C and an air mass flowrate of 0.022 kg/s and 0.031 kg/s. 
Figures show that over the first 60 minutes, there are noticeable fluctuations in the charging or discharging energy efficiencies.  
 

IV.      CONCLUSION 
The following findings are the result of the experimental inquiry into the practical energy storage system with numerous cylindrical 
passages: 
1) The sensible energy storage system's temperature variation investigation reveals that during charging and discharging cycles, 

the greatest spatial temperature differences occur close to the inlet section. 
2) The temperature variation of SESS is moderately influenced by the mass flowrate of air, and a higher rise in temperature is seen 

during the early charging period. 
3) For SESS at a higher inlet temperature, the mass flowrate of air has very little bearing on the amount of energy storage and 

energy release. However, by increasing air mass flowrate at lower air inlet temperatures, the energy storage increases. 
4) The existence of multitubular cavities allows the system to diffuse a significant quantity of energy in a shorter length of time 

with a higher mass flowrate. 
5) It is discovered that the highest charging energy efficiency is 82.8% at an intake temperature of 75 °C and an air mass flowrate 

of 0.031 kg/s. 
6) It is discovered that the highest discharging energy efficiency is 94.1%, which corresponds to an air mass flowrate of 0.022 kg/s 

and an inlet temperature of 75 °C. 
7) During the first 60 minutes, there are significant variations in the charging and discharging energy efficiencies. 
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