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Abstract:  A packed bed is made up of a container filled with tightly packed solid material components 

that have a high heat capacity. To transfer heat energy, hot air flows from the top of the bed to the bottom. 

Solid materials warm up, and having a well-insulated packed bed helps to preserve energy. By forcing 

cold air to rise to the top of the bed, the stored energy can be released. The packed bed energy storage 

system is schematic for solar air heaters. Predicting this kind of system's performance is necessary to 

construct a packed bed energy storage system for the specified system and operational parameters. 
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Introduction:-  

Heat transfer from flowing air to solid material packed in a container and vice versa is the focus of a 

packed bed's thermal performance. During the charging phase, heat transfer occurs from air to storage 

material as hot air moves from the top to the bottom of the bed. The physical qualities of air and solids, 

the local temperature of the air and the surface of the material elements, the mass flow rate of air, and the 

features of the packed bed all affect the rate of heat transfer to or from the storage material elements in a 

packed bed. The bed can be set up haphazardly or systematically. The most typical configuration, known 

as random packing, is produced when particles the placed within a container that is the same general size 

and form. The form and arrangement of the storage material components as well as the bed's void 

percentage determine the properties of the packed bed. A complicated process is used to transfer heat 

between solids and air. Significant heat transfer resistance occurs at the air-solid interface and is 

negatively correlated with the convective heat transfer coefficient. Heat conduction from the solid's 

surface to its inside is temporary and is responsible for the temperature rise of material constituents. A 

lesser extent is also dependent on the transmission of heat between particles when the neighboring 

material element makes direct physical contact with it. The way the packed bed works is also affected by 

heat transfer across the walls of the container. Because of the eddies produced as the fluid passes through 

the intricate network of flow tunnels, there is also mixing activity in the air, which affects the rate of heat 

transmission. 
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                        Fig. 1. Energy storage system for solar air heaters. 

 

 A typical packed bed unit of length or height ‘L’, diameter ‘Db’, and cross-sectional area ‘A’ packed with 

material elements and having void fraction ‘ε as shown in fig1’. It is assumed that the initial uniform 

temperature of the bed is ‘Tbi’. The air enters at mass flow rate ‘m’ and temperature ‘Tai’. The temperature 

of the air at the exit of the bed is ‘Tao’. The bed is assumed to consist of an ‘N’ number of elements of 

thickness x each. One of the bed elements ‘m’ at initial uniform temperature Tb,m is shown in Fig.   

Air enters into this bed element at temperature Ta, m and exits at Ta, m+1 as has been described by Howell et 

al. [2].  

Methods & calculation:- Normally, the entrance temperature of a packed bed solar heating system is not 

constant. Variable solar radiation, ambient temperature, collector inlet temperature, load needs, and other time-

dependent factors cause the collector outlet temperature to fluctuate during the day. This causes the packed bed 

to have a temporary inlet state while it is charging. Two-phase and single-phase models have been presented for 

determining the transient response of packed bed heat storage units. Two-phase models, where the mean heat 

transfer coefficient describes the interphase heat transfer, allow for differing temperatures for the fluid and solid 

phases. The majority of the work that has been published to date is on the Schumann model. The mean fluid and 

solid temperatures at a specific cross-section are predicted by this model as a function of time and axial location. 

Schumann's two-phase packed bed system model was introduced by Duffie and Beckman [1], as will be covered 

in more detail below. 

The two-phase model operates under the assumption that 

➢ The bed material has infinite heat conductivity in the radial direction and there are no temperature 

gradients in the radial direction or plug flow. 

➢ The axial thermal conductivity of the bed material is zero. 

➢ Both solid and fluid have consistent and homogenous physical and thermal properties. 

➢ The heat transfer coefficient in the bed remains constant regardless of the time or location. 

➢ Axial conduction or dispersion in a fluid phase does not occur. 
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➢ No mass transfer takes place. 

➢ The fluid has no thermal capacitance and there is no loss of heat to the surroundings. 

The energy balance for air:- 

Rate of energy supply by air at entry to the bed = (Rate of energy transfer to bed material) + (Rate of 

energy accumulation by air in the bed) + (Rate of energy leaving the bed with flowing air) + (Rate of 

energy loss to environment) 

It can be represented mathematically as; 

    (4.1) 

The energy accumulated with air in the bed and energy loss to the environment can be neglected as per 

the assumptions. By multiplying with ‘L’ on both sides, the above equation can be written as; 

      (4.2) 

       (4.3) 

       (4.4) 

where NTU (Number of Transfer Units) = 
( )

ap

v

mC

ALh

    (4.5) 

Energy balance for material elements can be written as;  

Rate of energy transfer by air to the material elements = Rate of energy storage in the material elements 

    (4.6) 

Multiplying by ‘L’ and dividing by 
( )

apmC
 on both sides of the above equation; 

    (4.7)  

       (4.8) 

where τ (dimensionless time) = 

( )
( ) ALC

tmC

sp

ap
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Eqs. (4.4) and (4.8) are partial differential equations that describe the thermal performance of a packed 

bed. Air temperature leaving the bed element ‘m’ may be obtained by integrating Eq. 4.3 as given below; 

 

      (4.10) 

     (4.11) 

      (4.12) 

where N = L / x          (4.13) 

Eq. (12) can be written as; 

      (4.14) 

Rate of energy transfer from air to bed element of thickness 'x' is given by; 

      (4.15) 

Substituting the value of (Ta, m –Ta, m+1) from Eq. (4.14) in the above equation; 

     (4.16) 

Air temperature at exit of bed elements can be obtained by solving the above equation. 

Similarly, Eq. (4.8) can be transformed to obtain the mean temperature of bed element ‘m’ as given below; 

      (4.17) 

where C is a constant and equal to 1–e–NTU/N. An extension to Eq. (4.17) permits energy loss to the environment 

at temperature Tamb. Therefore, the above equation can be written as; 

   (4.18) 

Eq. (4.18) can be solved by finite difference method. Initially, all bed elements are at ‘Tbi’ (initial bed 

temperature). The process will start at bed element ‘1’ to which an inlet air temperature is known. An outlet air 

temperature from Eq. (4.16) and a new mean temperature of the bed element can be calculated from Eq. (4.18). 

This outlet air temperature will become an inlet temperature for bed element ‘2’. This process will continue till 

the last element of the bed 

 

. 

                          CONCLUSION  
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➢ Packed Bed Composition: The packed bed consists of a container filled with 

solid materials that possess a high heat capacity. These materials are tightly 

packed to maximize the heat transfer surface area. 

• Heat Transfer Mechanism: Hot air is directed from the top of the bed to the bottom. As the air 

flows through the packed bed, the solid materials absorb and store thermal energy. 

• Insulation: The packed bed is well-insulated to minimize heat loss, ensuring efficient storage 

of thermal energy. 

• Release Mechanism: Cold air is forced to rise through the bed, causing the stored energy to 

be released. This controlled release enables the utilization of stored heat when needed. 

➢ Operational Process: 

• Charging Phase: During the day, when solar radiation is available, the solar air heater warms 

up the air, and it is directed through the packed bed. The solid materials absorb and store 

thermal energy. 

• Discharging Phase: When there is a demand for heat (e.g., during the night or cloudy 

periods), the cold air is forced through the packed bed. This causes the stored thermal 

energy to be released, providing a continuous and controlled source of heat. 

➢ Performance Prediction: 

• Modeling: Duffie and Beckman's work likely provides detailed insights into the modeling and 

operational characteristics of such systems. Understanding these aspects is crucial for 

predicting performance accurately. 

• System Optimization: Predicting the performance involves considering parameters such as 

the type of solid materials used, their heat capacity, the flow rates of air during the charging 

and discharging phases, and the insulation properties of the packed bed. 

➢ Efficiency Analysis: The efficiency of the packed bed energy storage system can 

be assessed by comparing the amount of thermal energy stored and released 

against the energy input from the solar air heater. 
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