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Abstract: Solar radiation is available for limited hours only in a single day. As a result it is often necessary to use a storage system to
store this limited hour’s available solar radiation, so that it can be used for various applications. Space heating is one of the most
important demands of people in winters. Therefore there is a need of a storage system which provides heating in off shine hours during
winter. Present work deals with the experimental study of various vital thermal energy storage system parameters such as packed bed
size, heat absorbing material particle diameter and number of beds. Besides this, mass velocity of air in charging and discharging of
heat absorbing packed bed, pressure drop across bed, cycle time of charging and discharging the packed bed are also studied through
experimental setup and validation is carried out through theoretically numerical based equations. Based on the optimization, material
bed length 1.5 m, diameter of material bed 0.1 m, material particle diameter 0.03 m, number of beds 2 and mass velocity of working fluid
in charging and discharging 0.0125kg/m?-s, 0.00796 kg/m?-s respectively, has been proposed.
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Nomenclatures

Symbol Description Unit
A Cross sectional area ofheat absorbing bed m?
Ay Heattranzferarea m?
Cyz  Specific heatofair Jkg-K
Cy:  Specific heat ofzolid Jkg-K
Dy, Diameter ofheat absorbing bed m
dy Particle diameter m
G Massvelocity kg'mi-s
M Mass flow rate kg's
H. Average heattransfer coefficient Wm-C
ke  Effectivethemmal conductivity of air Wm-C
Ly Length ofbed m
I3 Pressure drop across rock bed Pa
tay Average temperature oc
AT  Meanairtemperature a°c
Tagp  Air initial temperature oC
ts Supply air temperature °C
Wy Velocity of air in rock bed m's
Vi Velocity of air at orifice m's
Ay Area of air in heat absorbingbed m
Ay Area of air at onfice I
Qy Heat flux Wim?
1 Dynamic viscosity of air kgm-s
D Effactive particle diameter m
P Density of air kg'm®
gs  Density ofzolid kg'm’

1. Introduction

As the demand for energy increases in the commercial
industry, as well as the household applications, the demand
for more efficient energy system and less expensive
processes is increasing along with it. The continuous
increase in the level of greenhouse gas emissions and hike in
the fuel prices are the main reasons behind efforts to more

effectively utilize various sources of renewable energy. A
study on energy efficiency in buildings (EEB) shows that the
global building sector needs to cut energy consumption in
buildings 60 percent by 2050 to help meet global climate
change targets. According to the World Business Council for
Sustainable Development (WBCSD), buildings account for
40 percent of the world’s energy use with the resulting
carbon emissions. The sun is the powerful source of energy,
it provides much more energy in some hour than used by the
people in one year, but then limitations of the source turn up.
The amount of sunlight that arrives at the earth surface is not
constant. Thermal energy storage is efficient to domestic hot
water and space heating demands but still need auxiliary
energy to cover the demands.Space heating is one of the
most important fields that offer simple, direct utilization of
solar energy since only a relative small increase in
temperature is needed. The main aim of this comparison
study between waste hard rubber and clay is to find the best
suitable material for long term heat storage.

1) To determine the optimum mass flow rate for hot air
which is maintained at three different temperature i.e. 40°
C, 45° C and 50°C.

2) To determine the Optimum supply air temperature and
mass flow rate throughout the night for comfort inside
the room.

3) Optimization of heating bed parameters such as:

 Length of the Bed.

* Diameter of the Bed.

* Porosity.

* Rubber Particle Diameter.

* Number of Beds.

» Charging and Discharging Characteristics of Bed.
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2. Experimental Details

Packed beds generally represent the most suitable storage
units for air-based solar heating systems. Storage in
Packed bed is accomplished by heating the heat absorbing
material with hot air with the help of solar air heater when
solar insolation is available (day) and then utilizing it as a
source of heating when solar insolation is absent (night).
Packed bed acts as a regenerator in charging and discharging
processes. A schematic diagram of packed bed sensible heat
storage technique is as shown in Fig.1.1. The cylindrical
heater is made up of 1m long Iron pipe and nichrome wire
and screws. The cylindrical hollow heater have 10.6cm outer
diameter with heavy insulation and 7.6cm inner diameter of
iron pipe which hold heavy insulation above the surface of
the iron pipe about 3cm in thickness which is insulated by
using coconut rope and Paris of plaster material . Nichrome
wires are mounted circularly on the cylindrical rod made of
Paris of plaster as shown in above figure. The cylindrical

heater gave heat to the packed bed with help of
blower.Cylindrical heater is placed 2.7m away the packed
bed to supply heat to the absorbing material placed in the
packed bed.
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Figure 1.1: Schematic Diagram of Experimental Setup

Figure 1.3: Photographic view of Outer section of heater insulated with P.O.P and Coconut Rope

3. Design of Circular Duct/Packed (Heat Absorbing) Bed

Length of the packed bed L,= 1.5m
Diameter of the packed bed D,=0.10m
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Figure 1.5: Photographic view of packed bed without insulation

Figure 1.6: Photographic view of preparing for packing/rapping the Glass Wool (insulation) over the 1.6m long pipe for
proper insulation

After assembling the whole experimental setup, the
measuring instruments were installed in proper position and
electric connections of the following namely variac;
temperature indicator and cylindrical heater were made. Air

is sucked through the blower, driven by motor to the
duct/packed (heat absorbing) bed. Before heating the
duct/packed (heat absorbing) bed all thermocouples were
checked by adjusting the corresponding selector switch
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position. Before starting the experiment all the joints are
sealed with the help rapid fast araldite and m-seal, so that no
leakage occurs from the duct/ packed (heat absorbing) bed.
After that Variac should be adjusted to the proper voltage
and this voltage is supplied to the strip heater. The steady
state condition occurs after 1.5-2 hours after starting the
heater and blower. When steady state condition occur the
temperature of different thermocouples should be noted.
Then the mass flow rate can be changed with the help of
gate valve attached to the blower and thus by changing the
different decided temperature and mass flow rate the process
should be repeated until all the readings are achieved for the
material placed in the packed (heat absorbing) bed.

(a) Fg Clay Balls (b) Rubber balls
Figure 1.7: Photographic view of Absorbing materials

Figure 1.8: Photographic view of experimental setup (duct side)

4. Results and Discussion

The execution of packed bed heat storage system relies on
different parameters. The impact of three distinctive air
channel temperatures i.e. 40°C, 45°C and 50°C and the three
mass flow rates of air i.e. 0.00796 kg/s, 0.00985 kg/s, and
0.0125 kg/s on charging and releasing profile of packed bed
were studied. The measurements of the bed were 1.5 m in
length and 0.1 m diameter with uniform porosity of 0.39 and
material of 0.04 m in diameter.This part incorporates the
approval of present work with Transient investigation
utilizing numerical method, charging and discharging profile
of plastic material inside the bed for three distinctive mass
stream rates of air with diverse air inlet temperatures.

4.1 Results for Air Inlet Temperature of 40°c During
Charging for Waste Hard Rubber Material

At first air inlet temperature was situated to be 40°C utilizing
electric heater and blower and the mass flow rate was set to

be 0.00985 kg/s utilizing electric Variac. Presently the
warmed air was gone through the packed bed. As the
warmed air goes through the packed bed, the temperature of
the packed bed will increment because of heat exchange
from high temperature air to shakes. The temperature profile
inside the packed bed at the time interim of 10 minutes was
plotted in graph. The temperature from inside the packed
bed diminishes with length of bed and this profile moved
upwards with the compass of time. It is seen from the graph
that packed bed achieve an estimated uniform temperature of
40°C after 80 minutes.The charging time of bed with inlet
air temperature of 40°C and mass flow rate of air as 0.00796
kg/s decreases to about 20 minutes, as compared to mass
flow rate of 0.00985 kg/s and same inlet temperature. It also
decreases to 15 minutes when mass flow rate is 0.0125 kg/s.
The optimum result for charging bed inlet air temperature at
40°Cwhen mass flow rate is 0.0125 kg/s is 45 minutes as
shown in Fig 2.3.
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Figure 2.1: Temperature profile of charging packed bed with th=0.0677 kg/s and inlet air temperature at 40°C.
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4.2 Results for Air Inlet Temperature of 40°c During
Discharging

In the wake of discharging cycle, the climatic air is gone
through the heated packed bed, during which the heat
exchange happens from warmed bed to air and the
temperature of air will increment with the lessening in
temperature of material utilized inside the bed i.e. Waste
Hard Rubber. The ambient air temperature coming directly
from the blower during the discharging cycle was around
31.6°C, so, when the temperature of the bed goes down the
ambient temperature of the air during the discharging cycle,
the bed was assumed to be discharged completely. The
temperature profile of waste hard rubber material inside the
packed bed for mass flow rate of 0.00796 kg/s, in the wake
of charging time of same mass flow rate with 40°C air inlet
temperature is plotted in Fig.1.8. It is seen from the figure
that the packed bed releases totally following 120 minutes.
The discharging time for the mass flow rate of 0.00985 kg/s
and inlet air temperature 40 °C decreases to 20 minutes
when compared with the mass rate of 0.00796 kg/s Fig.2.1
shows that the discharging time further decreases to 40
minutes when mass flow rate was 0.0125 kg/s for the same
inlet charging temperature of 40°C. The discharging time
reduces to 60 minutes and 20 minutes for the mass flow rate
of 0.0125 kg/s when compared to the discharging time for
the mass flow rates of 0.00796 kg/s and 0.00985 Kkg/s
respectively for same inlet bed charging temperature of
40°C. The optimum result for discharging bed for

maintained temperature at 40°C when mass flow rate is
0.00796 kg/sis 120 minutes as shown in Fig 2.2.

This impact is plainly seen from the results, in which the
mass flow rates were taken as 0.00985kg/s and 0.0125 kg/s
separately. The charging time from the figure watched were
65 minutes and 50 minutes for two diverse mass flow rates
as specified previously. The optimum result for charging bed
inlet air temperature at 45°Cwhen mass flow rate is 0.0125
kg/s is 50 minutes as shown in Fig 2.2.

4.3 Results for Air Inlet Temperature of 40° C During
Charging for Clay Material

Here, the air inlet temperature is situated to be 50°C and the
charging profile of material inside the bed is to be
concentrated on for mass flow rate of 0.00796 kg/s of
air.Results demonstrate the temperature profile of bed
during the charging for mass stream of 0.00796 kg/s and
50°C inlet air temperature. It is observed from the figure that
the charging time after the bed gets completely charged is
nearly 90 minutes. It is also observed from the result that the
maximum temperature reached to about 50°C very slowly as
compared to inlet temperature of 40°C and after that it
reaches to uniform temperature of 50°C. As the mass stream
rate of air expands, the charging time of the bed diminishes.
This impact is plainly seen from the result, in which the
mass flow rates were taken as 0.00985kg/s and 0.0125 kg/s
separately.
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Figure 2.2: Temperature profile of discharging bed with rh=0.00796 kg/s and ambient temperature of air as 27.5°C
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Figure 2.3: Temperature profile of charging packed bed with tm=0.0125 kg/s and inlet air temperature at 50°C.

The charging time from the figure watched were 70 minutes
and 55 minutes for two diverse mass flow rates as specified
previously. The optimum result for charging bed inlet air

temperature at 50°Cwhen mass flow rate is 0.0125 kg/sis 55
minutes as shown in Fig.2.3.
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4.4 Results for Air Inlet Temperature of 40°c During
Discharging

Releasing cycle of the bed was considered for distinctive
mass flow rates when the charging was done at temperature
50°C. Results demonstrate the temperature profile of bed for
the mass stream rate of 0.00796 kg/s and 50°C air inlet
temperature. During discharging period the air at ambient
temperature of 27.5°C was flowing through the bed with a

mass flow rate of 0.00796 kg/s, 0.00985 kg/s, and 0.0125
kg/s respectively and 50°C air inlet temperature. The bed
gets discharged completely when the temperature of the
charged air after taking away the heat from the bed goes
below that temperature i.e. 27.4°C. The bed get discharged
after 70 minutes with mass flow rate of 0.00796 kg/s and air
inlet temperature of 50°C while the ambient air temperature
was 27.5°C.

DISCHARGING TEMPERATURE AT 400C and 10=0.00796 kg/s
- A —=— 30 MINUTE
S 4 —+— 45 WINUTE
i —— @0 WINUTE
E 20 | —+—T75MINUTE
> —e—90 MINUTE
> —— 100WINUTE
E 13 1 ——110MINUTE
2 120 MINTTE
1 —+—125MINUTE
0 01020304050607 0809 1 11121314 —m— 130 WMINUTE

LENGTH(II‘I) #EFEFI

Figure 2.4: Temperature profile of discharging bed with th=0.00796 kg/s and ambient temperature of air as 33.4°C

The discharging time of the bed decreases with increase in
mass flow rate of air. The bed get completely discharged in
125 minutes with a mass flow rate of 0.00796 kg/s. Fig. 2.4,
and Fig. 2.2, as compared to Fig. 2.3, shows decrease in
discharging time with 110 minutes and 80 minutes for mass
flow rate of 0.00985 kg/s and 0.0125 kg/s respectively for
same inlet air temperature of 50°C. The optimum result for
discharging bed for maintained temperature at 50°C when
mass flow rate is 0.00796 kg/s is 130 minutes as shown in
Fig 2.4.

5. Conclusions

The following are the optimum conclusion that we obtained

from our experimental setup are as follows:

e Mass flow rate increases the charging time and
discharging time decreases in the packed bed.

e During charging Nusselt number decreasing and at the
time of discharging the value is increasing in the packed
bed.

e As the mass flow rate increasing the pressure drop is
decreasing in the packed bed.

e During charging value of Reynolds number decreasing
and at the time of discharging the value is increasing in
the packed bed.

e Optimum mass flow rate till now for charging is
m=0.0125 kg/s.

e Optimum mass flow rate till now for discharging is
m=0.00796 kg/s.
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