
International Journal of Research in Advent Technology (IJRAT) Special Issue “ICADMMES 

2018” 

E-ISSN: 2321-9637 

Available online at www.ijrat.org 
 

374 

 

Performance Analysis of Packed Bed Solar Flat 
Plate Collector By Using Different Fluids 

Keerthi Priya 1, N. Srinivasa Rajneesh 2, 

1, 2 Department of Mechanical Engineering, MallaReddy Engineering College, Hyderabad, India 

Email:keerthipriya.kp79@gmail.com1, rajneeshsrinivasa@gmail.com2 

 

Abstract-- With the increasing demand of energy and growing depletion of resources for energy generation, a 
global movement towards production of renewable energy (RE) is being thought. Renewable Energy is generated 
from resources which are renewable or which may last forever like sunlight, wind, rain, tide, geothermal energy. 
The main objective of this project is to harness solar energy by using solar flat plate collectors and store it by 
packed bed system and to determine the performance of the system by using various secondary working fluids 
and reflectors. Solar energy is a very large, inexhaustible source of energy. Solar energy has two other factors in 
its favor. First unlike fossil fuels and nuclear power, it is an environmental clean source of energy. Second, it is 
free and available in adequate quantities. Solar flat plate collector works by absorbing the direct solar radiation 
and converting it into thermal energy, which can be stored in the form of sensible heat or latent heat or 
combination of sensible, and latent heats. Packed beds are used to store the thermal energy over a period and 
utilize whenever it is required. Packed bed consists of materials possessing high thermal conductivity. The solar 
reflectors are used here with the solar collector to increase the reflectivity of the collector. Thus, the reflector 
concentrates both direct and diffuse radiation of the sun toward the collector. and comparison made between 
them. 

 

Index Terms-Solar Flat Plate Collector 1, Packed Bed 2, Reflector 3. 

1. INTRODUCTION:  

With the increasing demand of energy and growing 

depletion of resources for energy generation, a global 

movement towards production of renewable energy 

(RE) is being thought. Renewable Energy is generated 

from resources which are renewable or which may 

last forever like sunlight, wind, rain, tide, geothermal 

heat etc. 

1.1 SOLAR ENERGY 

Solar energy is the energy produced by the sun. The 

sun creates its energy through a thermonuclear 

process that converts about 650,000, 0001 tons of 

hydrogen to helium every second. The process creates 

heat and electromagnetic radiation. The heat remains 

in the sun and is instrumental in maintaining the 

thermonuclear reaction. The electromagnetic radiation 

(including visible light, infra-red light, and ultra-violet 

radiation) streams out into space in all directions. 

Solar technologies are broadly characterized as either 

passive solar or active solar depending on the way 

they capture, convert and distribute solar energy. 

Active solar techniques include the use of 

photovoltaic panels and solar collectors to harness the 

energy. Passive solar techniques include orienting a 

building to the sun, selecting materials with favorable 

thermal mass or  

 

 

light dispersing properties, and design spaces that 

naturally circulate air. 

 

1.2 FLAT PLATE COLLECTORS 

        Flat plate collectors can collect and absorb both 

direct and diffuse solar radiation. They are 

consequently partially effective even on cloudy days 

when there is no direct radiation. Flat Plate 

Collector(FPC) is widely used for domestic hot water, 

space heating/drying and for applications requiring 

fluid temperature less than 1000C. 

Threemain components associated with FPC namely, 

 absorber plate, top covers and heating pipes. The 

absorber plate is selective coated to have high 

absorptivity. It receives heat by solar radiation and by 

conduction; heat is transferred to the flowing liquid 

through the heating pipes. The fluid flow through the 

collector pipes is by natural (thermosiphon effect) or 

by forced circulation (pump flow). For small water, 

heating systems natural circulation is used for fluid 

flow. Flat plate solar collectors may be divided into 

two main classifications based on the type of heat 

transfer fluid used. Liquid heating collectors are used 

for heating water and non-freezing aqueous Solutions 

and occasionally for non-aqueous heat transfer fluids. 

Air or gas heating collectors are employed as solar air 

heaters. The principle difference between the two 
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types is the design of the passages for the heat for the 

transfer fluid. 

 

1.3THERMAL ENERGY STOTAGE 

             The thermal energy storage can be defined as 

the temporary storage of thermal energy at high or 

low temperatures. Thermal energy storage is an 

advances technology for storing thermal energy that 

can mitigate environmental impacts and facilitate 

more efficient and clean energy systems. The main 

types of TES are sensible, latent and thermos 

chemical. Sensible TES systems store energy by 

changing the temperature of the storage medium, 

which can be water, rock, soil, etc. Latent TES 

systems store energy through phase change, e.g., cold 

storage water/ice and heat storage is melting paraffin 

waxes. Thermo chemical TES is more complex and 

more flexible than other thermal energy storage. 

Storage based on chemical reactions has much higher 

thermal capacity than sensible TES. Seasonal sensible 

thermal energy storage (SSTES) systems are designed 

to collect solar energy during the summer and retain 

the stored heat for use during the winter. The 

application requires large inexpensive storage 

volumes and the most promising technologies were 

found. SSTES use energy stored or extracted by 

heating or cooling a liquid or a solid, through a heat 

transfer interaction and does not change its phase 

during this process.  

The basic equation for heat transfer Q can be 

expressed as: 

 

Q= ʃmcpdT      ……… (1) 

Where 

 

m denotes the total mass of the storage material and 

cp the specific heat capacity of the storage material, 

t1 is the initial temperature of the storage material, t2 

is the final temperature of the material and 

dt is the temperature difference before and after the 

storage operation. 

2. THEORITICAL ANALYSIS 

SOLAR RADIATION ON THE EARTH’S 

SURFACE 
           From the point of utilization of solar energy, 
we are more interested in the energy received at the 
earth's surface than in the extra-terrestrial energy. 
Solar energy received at the surface is entirely 
different due to absorption and scattering in 

atmosphere. The atmosphere scatters and absorbs 
some of the Sun's energy that is incident on the Earth's 
surface. 

 

Fig: 1. The effect of atmosphere on solar radiation 

reaching the Earth’s surface 
The fraction of the total solar radiant energy reflected 
back to space from clouds, scattering and reflection 
from the Earth's surface is called the albino of the 
Earth-atmosphere system and is roughly 0.3 for the 
Earth as a whole. Figure shows that a plane on the 
Earth's surface receives: 

Beam (or direct) radiation - coming straight through 

the atmosphere to hit the plane (very directional);  

Diffused radiation – scattered in all direction in the 

atmosphere and then some arrives at the plane on the 

Earth’s surface (not directional). 

Reflected radiation – beam and diffused radiation that 

hits the Earth’s surface and is reflected onto the plane. 

3. EXPERIMENT AND INVESTIGATION 

The experimental investigation includes the study of 
the apparatus used and their specifications and 
prerequisites 

1. Solar flat plate collector  
 

2. Packed bed  
 

3. Inlet and outlet ducts   
4. Blower at the inlet  

 
5. Anemometer  

 
6. Dimmer stat  

 
7. Voltmeter  

 
8. Ammeter  

 
 

In addition to the above components, thermocouples 
are used for the measurement of fluid and surface 
temperature.  

The location of these thermocouples is chosen 
depending on the requirement and the locations are:  
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TI=Fluid inlet temperature  
T2=Fluid outlet temperature 
T3=Glass surface temperature 

T4=Bottom surface temperature 

T5=Side surface temperature 

T6=Space between glass and bottom 

 

 
Fig: 2. Experimental Setup 

 

3.1 SPECIFICATIONS OF SOLAR 

COLLCECTORS 

 

Absorber 
Coating 

Selectively Coated 
Continuous Electroplating of 
Black Chrome over nickel 
substrate on Copper sheet of 
0.2mm thickness with heat 
treatment to withstand 
temperature up to 300°c. 

Optical 
Properties 

Absorptivity= 0.92  ± 0.02, 
Emissivity  = 0.12 ±0.02 

Riser Tubes Copper  tube  of  diameter  
12.5mm  ±  0.5mm,thickness 
0.56 mm 

Header Tubes Copper  tube  of  diameter  
25mm  ±  0.5mm,thickness 
0.71 mm 

Bonding 
between Riser 
& Header 

 

Brazing 

Back 
Insulation
  

Resin bonded Rock wool of 
48/m3 

Collector Box 100mm X 25mm Aluminium 
Channel, Thickness 1.63mm 

Collector 
Stand 

Corrosion resistant  

Glazing  Toughened glass, Thickness 
4mm with low Iron 
transitivity> 85% @ near 
normal incidence 

Retainer 
Angle for 
Glass 

Aluminium Angle, size 
25mmX25mmX1.6mm 

Beading for 
Glass 

EPDM Rubber 

Absorber 
Area 

2sq. meter ± 0.2 sq. meter / 
Collector 

Collector Tilt 24.5o to HORIZON for places 
located between 120 North 
and 15o South 

Heat Transfer 
Medium 

Air, Water  

Collector 
Area 

2.03 m2 

Number of 
Fins 

27 

Maximum 
Working 

245 Kpa (5 to 6 kg) 

3.2 BLOWER 

The blower is attached at the inlet tube to vary the 

flow rates at various voltages. The voltage is varied 

using the dimmer stat. 

 
3.4PACKED BED MATERIALS 

 In this particular project, the different kinds of 

packed bed materials are used for trapping of heat 

from the bottom of the solar collector in a specially 

designed base for accumulation of the packed bed 

materials with dimensions (100*200*12) in cms . 

These are used because of its ability to absorb 
maximum heat. 

 

3.5 REFLECTORS 

A flat plate collector with plane reflectors is a simple 

non imaging concentrating collector and represents an 

effective means of getting slightly higher temperature 

than are obtainable with a flat plate collector alone. 

With a single collector, it is possible to use two 

reflectors, one of which faces north and the other 

south. The reflector used may reflect the radiation in a 

specular or diffuse manner. 
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Where β=slope of the collector. 

The main objective of the project is to maximize the 

output for a constant input of solar radiation. 

 

The following experiments are conducted as follows: 

Solar flat plate collector without any packed       bed.  

Solar flat plate collector with packed bed materials 

based on fluids passing through packed bed, the 

experiment is further divided into 2 stages: 

 Packed bed with air as secondary working 

fluid. 

 Packed bed with water as secondary working 

fluid. 

 Solar flat plate collector with reflectors. 

 

4. RESULTS AND DISCUSSION 

 
EXPERIMENT ON SOLAR FLAT PLATE 

COLLECTOR WITHOUR ANY PACKED BED 

 

        In this, the experiment is carried on simple flat 

plate collector. The water is allowed to flow through 

the collector from an overhead tank and comes out of 

the collector due to natural convection process. The 

inlet and outlet temperatures are recorded and the 

results are given below: 

 

 
 

 
 

EXPERIMENT ON PACKED BED SOLAR FLAT 

PLATE COLLECTOR THROUGH WHICH AIR IS 

CIRCULATED 

 
    In this, the experiment is carried on packed bed 

solar flat plate collector. The packed bed consists of 

gravel stones. As similar to the above case, the water 

is circulated through the flat plate collector and air is 

blown through the copper tube in packed bed 

consisting of packing material (gravel stones). The 

temperatures corresponding to inlet and outlet of 

water and air are recorded and the result is: 
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EXPERIMENT ON PACKED BED SOLAR FLAT 

PLATE COLLECTOR WITH WATER AS 

SECONDARY WORKING FLUID 

 

              In this, the experiment is conducted on 

packed bed solar flat plate collector consisting of 

packing material (gravel stones). The water is 

circulated in both the circuits (primary and secondary) 

and the corresponding temperatures are recorded the 

result is  

 

 
 

 
 

 
 

EXPERIMENT ON SOLAR FLAT PLATE 

COLLECTOR WITH REFLECTOR 

 

        In this, the experiment is carried on solar flat 

plate collector with reflector. The water is allowed to 

flow through the collector from an overhead tank and 
comes out of the collector due to natural convection 

process. The inlet and outlet temperatures are 

recorded and the results are given below: 

 

 
 

5. CONCLUSIONS 

 

From TIME VS INTENSITY graph, we can conclude, 

as time increases, intensity increases and reaches to 

maximum value and then decreases.  

 

From INTENSITY VS USEFUL HEAT GAIN graph, 

we can conclude that useful heat gain increases with 
respect to intensity.  

 

From INTENSITY VS EFFICIENCY graph, we can 

conclude that, as intensity increases efficiency 

increases.  

The maximum intensity of solar radiation is observed 

during the time interval 12:00 to 3:00. 

 

From calculations, Efficiency of solar flat plate 

collector is 29.48%  

 

Efficiency of solar flat plate collector with packed bed 

and air as secondary working fluid is 34.3%  

 

Efficiency of solar flat plate collector with packed bed 

and water as secondary working fluid is 35.98%  

 
Efficiency of solar flat plate collector with Reflectors 

is 37.3% 
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