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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 ‘Dv’, and cross-sectional area ‘A’ packed with
material elements and having void fraction ‘e as shown in figl’. It is assumed that the initial uniform
temperature of the bed is ‘Tvi’. The air enters at mass flow rate ‘m’ and temperature ‘Tai’. The temperature
of the air at the exit of the bed is ‘Ta0’. The bed is assumed to consist of an ‘N’ number of elements of

thickness Ax 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;

ai a

(mC,) T, =h (T, -T,)ddx+

aTa . aTai
+(pc, ). eAdx?+(mcp ). {Tm. +— dx}

+Ul (T, -T,, ) 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;

aT, h, AL

= (L. -T)

a(x/L) (me )a 4.2)
JT

or —a =-NTU(T, -T,)
A(x/L) (4.3)
d

or —2a =-NTU(T, -T,)
a(x/L) (4.4)

[me ja (4.5)

Energy balance for material elements can be written as;

where NTU (Number of Transfer Units) =

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

h, (T, -T, ) 4.dv=(pC, ) (1 )AdxaTb
— . = —& R
Vo P=r ), By (4.6)
. o (mc,) | |
Multiplying by ‘L’ and dividing by P’a on both sides of the above equation;
pC oT, h AL
) (g A o )
(me )a of (me )a (4.7)
JT,
or — =NTU(T, -T,)
ot (4.8)
(mc, ).t

(C,).@-e)AL

where 1 (dimensionless time) = (4.9)
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Egs. (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;

m+l 9T
] —~—=—-[NTU 3(x/L)
m T, =T, (4.10)
Ta  m+1 - Tb m
or In—————— = — NTU(Ax/L)
Tom =Ty om (4.11)
or Ta Jm+1 - Tb Jm - NTU /N
Ta mo Th Jm (412)
where N = L / Ax (4.13)

Eqg. (12) can be written as;

Ta,m _Ta,m+1 _ l—eiNTU/N
Ta mo Tb \m (414)

Rate of energy transfer from air to bed element of thickness 'Ax" is given by;

9= (mcp )G (Ta P ) (4.15)
Substituting the value of (Ta m —Ta, m+1) from Eq. (4.14) in the above equation;

(MC‘D )a (Ta m -7, m+l )

=(mc, ) (T, ,, =T, )(1=¢ ™) (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;

dr,
-cN(T -7
dt o ~Tim) (4.17)

where C is a constant and equal to 1-e NTYN, An extension to Eq. (4.17) permits energy loss to the environment
at temperature Tamp. Therefore, the above equation can be written as;

ar, ., (UAA)
— = CN(Ta,m _Tb.m)Jr_im(Tamh _Tb,m)
drt (me )a (4.18)

Eqg. (4.18) can be solved by finite difference method. Initially, all bed elements are at Ty’ (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

S I IFANS 192

Y . fntermational Journal ot
Fa o Mutrittonn! Scioncos




IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES
ISSN PRINT 2319 1775 Online 2320 7876

Research paper  © 2012 IJFANS. All Rights Reserved, [Vc{efe/:N:{ N E=Ye KR ToTvTs 00 ) M LTV T ET /) (V135 10 B Yo )l B X B Lo p )

» 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.

e 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.

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

of thermal energy.

e 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:

e 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.

e 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:

e 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.

e 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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