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ABSTRACT 

A packed bed for solar energy storage in the form of sensible heat has been investigated using two-

phase continuous model. The system contains quartzite as the filler material. The aim of this 

work is to propose an eco friendly storage system which uses natural concrete and certified suitable 

material for medium temperature thermal storage. Using the developed model, the performance of the 

graphite has been compared with two different metals which has shown that the graphite could 

efficiently be used as a heat transfer fluid for a working temperature below 80°C. 

 

I. INTRODUCTION   

 Concentrating Solar Power (CSP) plants generate electricity by concentrating direct normal 

irradiation (DNI) from the sun through mirror systems on receivers and converting the gained thermal 

energy into electricity in a heat engine. This is due to the conversion of the incoming radiation into 

thermal energy, which can be stored cost-efficiently. On the other hand, this conversion means that 

CSP plants have thermodynamic cycles that limit their efficiency by the high and low temperature of 

the Carnot cycle. In order to achieve high conversion efficiencies, high temperatures at the heat 

engine energy source and low temperatures at its energy sink are necessary. 
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Design of TES system 

Sensible heat storage in a material depends strongly on its heat capacity, ρ.Cp, which determines the 

energy density and the thermal diffusivity, k/ρ.Cp, which determines the rate at which that heat can be 

released and extracted. 

• The amount of energy stored is given by the following equation 



 

1075 | P a g e  

                                              Q = m Cp ∆t 

Q- energy stored 

m - mass of the storage medium 

 Cp - specific heat of the material and  

∆t-temperature change during the process. 

The designs are proceeding with the aim that the system has to store 50000 J of heat energy with a 

30°C temperature change during the process. 

Q = 50000 J m Cp ∆t  

   = 50000 

               =         

Mass of storage material, m=          

                                               =      

                                               =    

Calculation of Reynolds number 

It is needed to fix the flow rate and porosity to get the proper design. ε = 0.22 

Volume flow rate through 15mm diameter pipe is set as 5 litres/ min. 

 =  

Since, the flow is through the 15mm diameter pipe velocity of flow in m/s is 
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This 15mm pipe is connected to the centre core pipe of 32mm diameter. Superficial velocity 

(Ubs), based on the area of an equivalent empty container is 

A1 V1 = A2 V2 

Ubs = 0.10m/s 

Reynolds number for a packed bed of porosity ε is Re   =                           

Dp = Effective particle diameter 

Sv – Specific surface of a particle 

Vp – Volume of a particle 

Sp – Surface area of a particle 

 = 

= 

= 
   

         

      

=       0.01 m 

μ = Absolute viscosity of the 

fluid =  

 Re =  

 =  

=           484.23 

Re < 2300, hence the flow is laminar. 
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Storage tube dimension 

• L/D is the ratio of the tube length to its diameter. 

• Efficient heat transfer in laminar flow occurs in the thermal entrance region. 

Its value for fully developed laminar flow conditions is given as 

Le ≈ 0.05 Re D 

Diameter of tube is fixed to 32 mm. So that the length of tube required is calculated from 

using this equation with the computed Reynolds number. 

Le = 0.05 Re D 

 = 0.05 x  484.23 x .032 

 = 0.77 m 

Quantity of air to pass through heater 

Air is heated with the heater while flowing through the pipe.  

Inlet temperature and the outlet temperature difference is 30°C, by considering inlet at 30°C and 

outlet at 60°C. The mass of air that to be transferred to get 50000 J is calculated using realtion 

Q = ma Cp ∆t 

 ma =  

 = 1.65kg 

Density of air is taken for the bulk temperature (45°C). 

In terms of volume, 

 V =  m3 

=      1483 litres.  

Time for charging 

Volume flow rate (Vf)  = 0.083 litres/second 

Therefore the time taken to transfer  1483 litres is, 

 =  

=        17803 seconds 

≈        5 hours 
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Critical thickness of insulation 

Thickness upto which heat flow increases and after which heat flow decreases is termed as critical 

thickness. Insulation material used is fibre glass blanket. Critical thickness for a solid cylinder is 

 Rc =  

=  

=    0.0348 m   ≈     35 mm 

IV.FIGURES 

PACKED BED SYSTEM [CREO DESIGN] 
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BOTTOM VIEW 

 

RIGHT SIDE VIEW 
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LEFT SIDE VIEW 

 

PHOTOGRAPHY 

 

CONCLUTIONS 

A two phase dynamic model of packed bed thermal energy storage has been presented. The model has 

been used to test the performance of the Palm oil as the heat transfer fluid in a packed bed of 

Quartzite. A comparison study with other working fluids used in industrial scale concentrated solar 
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power systems has also been presented. The results show higher solid temperature distribution when 

charging with the Palm oil than when charging with the other synthetic oils. Simulations have shown 

efficiencies of storage and recovering between 0.35 and 0.75 for a one cycle of charge and discharge. 

This study should be completed with an experimental investigation of the chemical properties of the 

Palm oil as a function of temperature. 
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