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Abstract - Am studying for improving the performance of the air heating was using a solar panel with anti 
reflective coating. The inlet and outlet air temperature were measured every five minutes, until outlet air 

temperature steadiness. The lowest value of reflectivity was calculated using the changing on the value of 

reflection index of the coating material. Then it was appointed the best operating temperature of the cell at 

variable intensity of lighting.  

It was found that in the case of using the three panels together, the amount of energy absorbed was significantly 

greater than in the case of one and two panels. 
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I. INTRODUCTION 

 

Solar heaters and their various designs are of 

economic importance in energy consumption and are 

widespread in many countries of the world. There are 

two ways to store energy in solar collectors: one is 
sensible heat storage, and the other is latent heat 

storage. Storage is based on the concept of heat 

capacity and the high temperature of the storage 

medium, while in the case of storage with latent 

energy, it depends on the phase change of the storage 

material [1 - 3]. 
 

Conventional solar heaters are usually used in a 

number of structures as solar collectors and converted 
to heat transported by fluid through pipes or sewers to 

proper storage means, such as regular storage in the 

case of liquid or rock bed. These are stored in 

compact complexes because they work on storage 

and assembly in one [4, 5]. Solar home heaters are 

one of the most widespread applications of solar 

energy in the world. A number of theoretical and 

experimental studies have been conducted over the 

past two decades in determining the thermal 

performance of these heaters. For example, Claus [6] 

suggested a mathematical model introduced into the 
concept of the mean temperature of the system, 

assuming that the thermal degree distribution in the 

solar thermal power reserve and the solar modules 

was acquired and the class model was subsequently 

developed [7, 8]. 
 

In this research, we try to apply the absorbent board 

model as a buffer cell, to obtain heat conversion of 

energy and to heat the air inside a closed and 
insulated tank and use a non-reflective coating on the 

panels exposed to light. The minimum possible 

reflectivity of the falling light will be calculated for 

the thickness and types of material used, then the 

measurement of air temperature difference, and then 

study the operating temperature of the cell for the 

intensity of light falling on it. 
 

II. THEORETICAL PART 

 

The process of absorbing light is actually absorbing 

photons with its large capacity and small momentum. 

The higher the photon's projected power, the more 

absorbent absorbent plate is absorbed. It is known 

that the photon energy of sunlight absorbs at a few 

microns from the surface of the board [9]. This is 

more applicable to light absorption by a 

semiconductor panel and limited to a non-reflective 

coating  .The use of calibrated reference cells under 

standard light conditions is the most common and 

easiest way to achieve two conditions: 
 

First, the natural response of the reference cell and 

laboratory is similar within certain limits. 
Second: the light used for the test should be close to 

that found in the standard radiation and within its 

limits. 
It may be preferable to use monochromatic light or 

white light through a narrow beam prism. Typically, 

the maximum efficiency of ordinary solar cells is 

between 28-29% and the efficiency of the cell is 
reduced with increasing temperature for its effect on 

open circuit voltages,other factors also include 

surface roughness which will reduce reflection, Such 

as sodium hydroxide[10]. 
 

The cell or solar panels are used in the process of 

heating a block of air by placing the light source and 

requires that the intensity of the light vertically in 

what is known as the mass of air and determine the 
air mass ofthe equation (1): 
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Note that the intensity of the light on the board is the 

amount of light power per unit of area illuminated 

vertically per second and the unit (W / m2) or (W / 

cm2). 
The performance of the cell is inversely proportional 

to the increase in temperature, i.e., the board, which 
operates at low temperature, has an extra percentage 

of performance. The operating temperature of the cell 

should therefore be measured roughly. It is the 

practical data showing that the operating temperature 

of the solar cell is higher than the temperature of the 

ocean, so the approximate relationship of the 

temperature of the cell according to the following 

relationship (1): 

 

)/(*3.0)()( 2cmmWIntensityCTCT ambientcell  
    

---- (1) 

Flat plate cells are used to heat water or heat the air. 

It consists of a glass-covered box or an insulated 

plastic that contains a copper or aluminum absorbent 

panel or semi-conductive material such as silicones 

and is coated with a dark color of reflective coating 

that absorbs the heat and retains it better than the 

coated metal: . 

 
Figure (1): Non-reflective coating layer in a light absorbing 

panel. 
 

Antireflection coating 

Non-reflective coatings on solar cells are similar to 

those used in other optical devices, such as camera 

lenses. It consists of a thin layer of insulating 

material, with a thickness carefully selected so that 

the thickness of the coating causes the reflected wave 

from the coating surface to be in phase contrast to 

that reflected wave from the upper coating surface of 

the semiconductor. This phase contrast between the 
reflected wave cancels each other, resulting in a net 

reflected energy being zero. 
The amount of energy dispersed and absorbed by the 

coating thickness (d1) can be controlled. The 

thickness of the coating is chosen so that the 

wavelength in the buffer is one quarter of the 

wavelength of the falling wave equation (2(. 

1

1
4

od    ------------------------------- (2) 

 
Figure 2: Effect of non-reflective coating thickness d on the 

amount of energy absorbed by light. 
 

In Figure (2) the non-reflective layer of the thickness 

(d1, n) represents the reflection coefficient. And so it 

can 

Measurement of the reflected energy ratio (R) at the 

lowest reflectivity when an optical beam falls on the 

absorbent board of the following relationship (3). 
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Under geometric optics, maximum reflectivity value 

can be obtained when the reflection coefficient of the 

coating for the sides of the coating side reflection is 

as follows (4): 

21 nnn o     ------------------------- (4) 

The cells are covered with a glass layer to increase 

the ideal value of the refractive coating to about 2.3 

and the efficiency of the cell can be improved using a 

non-reflective multilayer coating. These layers reduce 

the reflection to a wider range of positive lengths. 

The number of reflective coating increases by 35%. 

Experimental work 

 

First: Simulation and Programs: 

MATLAB programs were organized to calculate the 

approximate value of the paint thickness (d1) and the 

type of the buffer where the paint was (n1) using the 
equations (2), (3) and (4) and then the minimum 

reflective value (Rmin) and then painted as a curve. 

In the following program was calculated the best 

operating temperature of the cell and several levels of 

intensity. 

Second: Practical preparations: 
A typical solar heater was manufactured in 

dimensions (14.5x20x23 cm) and was completely 

isolated from the outside. 
Three porous absorbent plates (12.5x16.5 cm) were 

prepared and coated with non-reflective coatings for 

the purpose of increasing absorption. The calculated 

values were used in the first. 
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Dual thermal mode to measure the temperature of air 

entering and exiting the solar heater. 
Provided with an air conditioner for the purpose of 

drawing air from the solar heater after heating. 

The source of energy is a light bulb (100 watts). 
Put inside a glass panel as a cover for solar heater and 

thickness (2) mm and dimensions (20 x23 cm). 
Stopwatch. 
Figure (3) Manufactured cell after performing initial 

calculations and simulation of the values of the 

program. And then carried out other measurements. 
 

 
Figure (3) Model of air Heater Based on Absorbent Solar 

Panels. 

 

 

Third: Measurements and calculations: 

Approximate fish thickness values were calculated 
from the relationship (2) and (d1 = 0.7 µm) (3) and 

(4) to obtain the approximate value of the absorbent 

coating reflection coefficient (n1 = 2.38) after 

considering the floor of the silicon panel with (n2 = 
3.8). 

The best absorption value at the lowest point of the 

curve can be estimated from Figure (4). It is the 

lowest value of reflectivity. 

The following program calculates the operating 

temperature of the cell and several levels of optical 

intensity applied to the absorbent board. Where the 

power intensity is (50,100,200 and 300 watts / cm2) 

(Fig. 6). 

In the third part of the work was measured 

temperature of air at the ocean of the cell. Then it 

emitted a different light intensity. The temperature of 
the air before entering the cell and after leaving it and 

the difference in the temperature every five minutes 

until the temperature of air out of the solar heater is 

established. 

Repeat steps and measurements using the three panels 

combined together so that the distance between the 

board and another is (2cm) and do the same steps 

above. 

The same work was done in different intensities of 

(50, 100, 200, 300 watts / cm2) and in the same way 

calculated the temperature difference. 
The initial temperature of the heater was recorded and 

then exposed to a power source until the temperature 

rose to (19 °C) above the primary level and then the 

vacuum was activated for the purpose of drawing the 

hot air after cutting the source of the pressure from 

the device and the air temperature was calculated 

every half Min until the temperature of the air exits 

the heater. 
Measurements are organized in Table 1 and the 
shapes shown below are drawn.

Time 
(sec) 

T( 
o
C) 

One plate 

T( 
o
C) 

Two plates 

T( 
o
C) 

Three plates 

0 3.6   

5 5 4.1 1.7 

10 6.3 5.5 3 

15 6.7 6.5 3.8 

20 7.3 7.5 4.3 

25 7.9 8 4.8 

30 8.2 7.9 5.3 

35 8.8 8.8 5.5 

40 9.2 9.9 6.3 

45 9.9 10.2 6.5 

50 10.5 10.3 6.8 

55 11.2 10.8 7.3 

60 11.2 10.8 7.4 

65 11.2 10.8 7.4 

70 11.2 10.8 7.4 

Table 1: The Difference In Air Temperature Before And After Entering The Cell. 
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Figure (4): The lowest reflectivity of a non-reflective absorbent 

panel for different values of the reflection coefficient. 

 

 
Figure 5: Difference in air temperature between air intake and 

exit from the cell with one plate, two plates and three plates per 

five minutes. 
 

 
Figure (6): The operating temperature of the cell when exposed 

to different intensity and different ambient temperature 
 

III. RESULTS 

 

Figure 4 shows that the reflectivity value R of the 

absorber plate for different values of the no reflective 

reflection coefficient shows the lowest reflectivity of 

Rmin at (n1 = 2.38), which corresponds to the value in 

equation (4) where (n2 = 3.8). 

Figure (5) shows the difference in air temperatures 

out of time and time. In the case of the use of a single 

absorbent plate, the difference in the temperature of 
the incoming and outgoing air (ΔT) with time (t) was 

significant as the amount of absorbed energy was low 

However, when using two soluble panels with each 

other, we found that the difference in temperature 

was slightly lower than in the case of the absorbent 

plank alone. However, if three pipettes were used, the 

difference between temperatures was significantly 
lower than in previous cases. This indicates that the 

amount of energy absorbed in the case of the three 

panels was very large compared to the second case 

and the first case. 

Figure (6) shows the relationship between cell 

operating temperature and ambient temperature t and 

when the intensity of light increases the higher the 

temperature of the operation of the cell. 

Analysis of the data from the second part shows that 

the use of three plates with each other, the amount of 

hot air and flow of the heater was a larger quantity 

and for a longer period of time than in the case of the 
use of the boards feeder with each other and the turn 

is better than if using a single absorbent plate 

Indicates that the amount of energy stored in the case 

of the use of the panels more than in the case of 

boards and board absorbent one. 
 

CONCLUSIONS 

 

For the purpose of improving the performance of 
solar air heater, it is preferable to use more than two 

absorbent panels to increase the amount of energy 

absorbed by these absorbent panels and to retain a 

large amount of hot air mass for use in homes and 

plastic houses. For the purpose of heating and 

cooling. The efficiency of this heater can also be 

developed in addition to the use and development of 

the efficiency of the absorption board used by 

choosing the thickness and the appropriate type of 

non-reflective coating material. Depends on the value 

of the reflection coefficient. We also consider some 
additional factors that eventually lead to the 

development of the efficiency of the solar heater very 

much so we can benefit from this efficiency in all 

practical applications. 
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