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ABSTRACT  
 

The current paper, presents an innovative imaging of funneled concentrator.  The constructing 
its structure and the operating principle are introduced. The incident solar rays are plotted on the 
cooking pot with their reflections by the AutoCAD program. The relationship between the 
concentration of rays by the funneled shape and the angle of the incident sun rays, is investigated. The 
results of the drawings showed that the size of the hot spot, its shape and the distribution of energy 
around it and its center, affected by the angle of the incident solar rays. In addition to theoretical 
analysis, many imaging of rays concentration by the funneled concentrator on the cooking pot, are 
constructed, and experiments are carried out at different angles of the incident solar rays. 
Experimental and efficient heat collection results are obtained for this system. The experimental 
results explain that the stagnation temperature of heating for this system reaches 140 ° C and the heat 
collection efficiency can reach 64%. When the funneled concentrator operates under the Egyptian 
climate, the maximum concentrator ratio equals 9, the water temperature can reach over 93 °C in 
October, Cairo.  

 
Key words: Solar Energy, Solar Concentration, Solar Cookers, Optical Properties Analysis, Funneled 

Panel. 

 
Introduction 
 

Energy will remain a critical parameter in, economic, social and industrial development, as is 
the quality of cooking, especially. Many low / more density population areas, are not only lacking in 
fresh water availability, in most cases, however, there is no electrical grid and no other source of 
energy, except for renewable energy sources, most of which refer to solar radiation. In order for 
people to live in these areas, a respectable human life, "solar cooking" is one of the best solutions to 
their needs. Generally, tropical climates are the best places to use solar cooker as shown in Figure (1) 
(Global Horizontal Irradiation (GHI), 2015). 

 
 Why are we using solar concentration? 

 
The author is finding two reasons for using solar concentration equipments. The first reason, 

the use of the concentrators of solar radiation leads to reduce the size of receiver of these rays, 
whether by reflection or refraction of the fallen rays on a large area, to focus on the absorber which 
has a small area. However, the concentrates can operate at high temperatures (with heat losses 
reduction) and still provide significant amounts of beneficial thermal energy. The second reason for 
using the concentration collectors in solar energy devices and their applications is that reflective 
surfaces are usually cheaper than absorption surfaces. The large amounts of cheap reflector surface 
area can be planted in a field, to concentrate the incident solar radiation on small receiver which is 
more expensive absorption surfaces. Therefore, when using a parabolic solar cooker, a tracking 
system must be used for the movement of the sun across the sky, meaning this would be a great 
addition of cost to the building of the cooking system. 

It is known that the simplest solar concentrator is a flat plate solar collector. For example of 
this collector is shown in Figure (2). This concentrator consists of a very ordinary box solar cooker, 
but it surrounded by a lot of flat mirrors, that reflect the falling sun rays which are around a cooker, on 
the flat plate absorber of solar cooker. Returning to the traditional question, "Why is the concentration 
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used?" , The answer to this question in these lines, to reduce the cost of box solar cooker, it must build 
the fence around this cooker, this fence consist of the cheap reflective mirrors which are made of 
reinforced cardboard with aluminum foil. This concentrating system is usually confined to the solar 
cooker and the mirrors mounted around it, such as the figure shown in Figure (2), the geometric and 
optical concentration ratio of this system is obtained from 2 to 3. 

 

 

Fig. 1: Hot Pot Solar Cooker Worldwide Reference Chart (Global Horizontal Irradiation (GHI), 
2015). 

 
 

 
 

Fig. 2: A concentrating flat-plate collector. 

Literature survey of panel solar cooker 

The funneled concentrator is larger than all solar panel concentrator. The advantage of this 
design is light and low cost. As a result, it has wide applications. The 3-D compound parabolic 
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concentrator is a typical funnel suppression funnel, which has efficient and large hot spot (Krishnan et 
al. (2012); Newton et al., 2014; Welford and Winston, 1989; Li, et al., 2013; Harmim, et al., 2012; 
Shell et al., 2012; Santos et al., 2012; Stefanović et al., 2006). 

Wirz et al., (2012), used Monte-Carlo ray tracing to model 3-D heat transfer in a parabolic 
trough solar concentrator system, and obtained an innovation of the heat transfer model used spectral 
optical data for the absorber tube with selective coating and glass envelop. Sharaf, (2002) proposed 
and implemented a V-shaped repressive center and used it to obtain the high-temperature heat 
collected. Saffa and Abdulkarim, (2013) introduced the principle of the work and thermal 
performance of a new V-type solar collector, which does not require a high-precision tracking device 
and reflective materials. Togrul et al. (2004) also conducted some research on conical solar 
concentrators. Nazmi and Tapas, (2013) built a three-dimensional composite parabolic concentrator 
(CPCC). 

A three-dimensional tracking code has been developed using MATLAB to investigate 
theoretical efficiency and optical flow distribution on the receiver a new funneled concentrator was 
built to provide heat energy to the solar air heater by (Inci and Dursun, 2005). The experimental 
device was created and maximum efficiency was obtained using the aluminum wire mesh and the 
system's maximum efficiency was 84%. The focus of three-dimensional funnel and the form V cannot 
focus on one point, but on an area, and as a result, its concentration ratio is  low, generally less than 
15. In order to obtain a reasonable flow density, some researchers designed secondary concentrator 
(Omer, and Infield, 2000; He et al., 2007; Shariah and Lof, 2009). Unfortunately this design will 
make the size of the equipment become larger, the consumption of many materials, and it is not good 
for installation. In order to improve the advantages of the light funnel concentrator, overcome its 
disadvantages and reduce the need for a tracking system, this concentrator is designed the subject of 
this research.  

Many sets of solar radiation collocation are designed in a focus to improve the performance of 
solar cooker. It must be recognized that the very effective and useful radiation of the solar radiation 
"incident and reflected" on the black cooking pot, lasts for two hours per day, at most. With some 
simple engineering solutions, the radiation falling on the cooking pot can be increased by 
concentration or aggregation. With reference to this point and its scrutiny, it has been found that 
concentrating collectors that use large reflectors to focus solar radiation on a smaller receiver is the 
best engineering solution. The main objective of these engineering solutions is to increase the 
temperature of the collected heat from the sun. When the solar cooker can raise its temperature, it is 
the main benefit of using the reflector, then the efficiency of the cook increases directly.  

The aim of the current work is design a new shape of the panel solar cooker. This design is 
"effective design" which will be widely used in solar cooking and other solar applications, the author 
hopes. When the vertex angle of the right cone  is 30°, all incident rays on the inner cone surface are 
reflect  into cone and do not return to the aperture area. Thus, the funneled shape with the 30° vertex 
angle is the reflector that concentrates solar radiation on the outer surface of the black hot pot without 
returning any solar radiation to the aperture area. The author believes that this form would be suitable 
for use in solar applications.  Therefore, the theoretical and experimental studies are carrying out and 
investigating on the funneled concentrator. Test rig was constructed in "Solar Energy Department, 
National Research Center, Cairo, Egypt" in order to the experimental studies were completed. This 
paper puts forward a new design of funneled panel solar cooker. In addition, outdoor experimental 
tests will carried out using the new funneled solar concentrator. A series of experimental 
measurements were taken on.  

 
Experiment of funneled panel solar cooker, solar concentrating system 

 
Structure of  imaging light funneled cooker   

 
According to the geometric parameters discussed earlier, an experiment will be carried out 

using a funneled cooker. Funneled shape aperture diameter is 90cm, its height is 112 cm and the 
diameter of funnel bottom is 30 cm. The inner surface of the funnel is covered by an aluminum foil 
sticker that has a reflectivity ranging from 85 to 90%.  
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Funneled concentrator 

 
 

Metal black hot pot  
Greenhouse 

 
 
 
 
 

Fig. 3: Schematic drawing of the funneled panel solar cooker, FPSC. 
 

An experimental solar cooker was created which is using the funnel as a reflector, as shown in 
Figure (3), Figure (4) and Figure (5), shows its true image. The experiment apparatus consists of three 
main parts: funneled concentrator, hot black metal pot and greenhouse bowl. In this experiment, the 
outer surface of the black hot pot is used to absorb solar energy. This surface considers as a focus for 
the funneled concentrator of the solar cooker. The metal black hot pot is the receiver and the diameter 
of receiver’s lumen is 25 cm, its height is 25 cm. The metal black hot pot is enveloped by thermally 
treated glass. The size of receiver, the diameter of inside pot is 24.95 cm, its thickness is 0.5 mm and 
it is made from aluminum metal. The outer surface area of hot pot  is 4 π (12.5)2 cm2. Its outside 
greenhouse bowl is made by 3 mm thickness heat resisting glass. 

The concepts of efficiency and concentration ratio will be explained. Three different figures 
of merit can be defined:  

 
Concentration ratio 

The term "concentration ratio" can be used to describe the amount of the solar energy 
concentration which was obtained by a certain collector. There are two different definitions of 
concentration in general use. There are two different definitions of concentration that can be used. 
 

 Enclosure airspace                                                                                                         Black pot cover 

Glass bowl cover 

 

Rubber rings                                                                                       
                          

                                                                                                                                                  
Pot bearer   

 

 

                                                                                                                                             

Black pot

 

 

 

                                     

Glass base

 

Fig. 4: Greenhouse enclosure airspace. 
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Optical or effective concentration ratio (CRo) 

It is define as the averaged irradiance (radiant flux) (Ir) integrated over the receiver area 
(Ar), divided by the insolation incident on the collector aperture (Ia). 

��� =

1
��

∫ �� ���

��
 

 (1) 

Geometric concentration ratio (CRg) 

It is defined as the area of the collector aperture (Aa) divided by the surface area of the 
receiver (Ar). 

 

��� =
��

��
 

 (2) 

 
The optical concentration ratio is directly related to the lens or the quality of the reflector, 

however, the surface area of the receiver in many assembly devices is larger than the concentrated 
solar image. If a higher concentration is required, mirrors or curved lenses are used. 

Collection efficiency (η)   

Collection efficiency is the energy absorbed by the receiver divided by the incident solar 
energy at the aperture area. Recommendations by ASAE S580 will take into consideration, to test the 
solar cooker. In addition, the test identifies many basic criteria and conditions for this test (Kundapur 
and Sudhir, 2009).  Funk et al. (2000) recommended the use of the international standard test for 
tested the solar cooker. 

 

Absorbed flux on the receiver (P) 

The previous recommendations have been taken into consideration and Equation (3) is used to 
find cooking capacity or power of funneled solar cooker in many conditions:  

 Among of the suggestions, use a quantity of 7kg of fresh water/m2. 
 To avoid the water vagaries near the boiling point, the water temperature should be only 

up to 90°C.  
 Δt is the measurement time period and equal 600 seconds.   

Hence the cooking capacity or power of funneled solar cooker is becoming: 

� = (����� + �����) �
��� − ���

∆�
� (3) 

. 
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Greenhouse photo. 

 

 
 

Greenhouse and black pot photo. 

 

 
 
Greenhouse enclosure airspace. 

 

 
Funneled concentrator photo 

 

 
FPSC photo in solar noon 

 

 
FPSC photo in the morning  

 
Fig. 5: Photo of the funneled panel solar cooker, FPSC. 

Normalizing the Absorbed flux on the receiver (Ps) 

P will be normalizing (Ps) to a figure of 700 W/m2 by using the following Equation (4): 

�� = � �
700

��
� (4) 

Incoming flux in an aperture area (Ea)  

The amount of heat is collected by the aperture area and can be determined by Equation (5): 

�� = ��  �� (5) 
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Fig. 6: Ray trace of incident solar rays reflected from spherical mirror in red on to cooking pot in 

black, 40 degree solar altitude angle. 

Collection efficiency calculation (η)  

To calculate the efficiency of collection as a percentage, the following Equation (6) can be 
substituting in it: 

� =
��

��
 

 (6) 

 
The spherical mirror concentrator is one of the important means of concentrating solar 

radiation but it needs tracking and hangs on a tripod. This was relatively easy to trace the rays, 
resulting in good images of the convergence of the reflected rays on the cooking pot, as shown in 
Figure (6). This design is discarded because it is very complex, where a tripod is needed to connect all 
parts of the solar cooker to each other. For example, a cooking pot and a spherical reflector are 
connected through a hole in the reflector to one leg of a tripod. It is also felt that tracking the spherical 
reflector will be very difficult and time-consuming, reducing the desired simplicity of the solar 
cookers which are used by ordinary people without engineering experience. 

The new design consists of a funneled reflector that can be folded for easy carrying as shown 
in Figure (7). This reflector is closer to the concentrator than to the reflector. It is a funneled shape 
with the 30° vertex angle to reflect the rays inside without expels them to the outside again. The 
conical concentrator has and two slots of side to open them, during the morning and afternoon, when 
the altitude angles of the sun are low. 
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Longitudinal incision                               Side incision 

 

 

  

 

  

 

Reflector wing 

  

 

Position at high angles around solar noon Position at low angles in the morning and afternoon
 

Fig. 7: Profile of cooking pot, glass envelope and funneled reflector at low and high angles. 

Ray traces diagrams  
 

As for the design of the funneled reflector and its wings will be one part, and can be folded to 
facilitate transport. In the morning and evening, direct sunlight falls with low solar altitude angles 
from 30 and 40 degrees, for example, and a large part of the incident rays hit the black cooking pot. 
The flare area will also increase when the reflector wings are used as shown in Figures (8) and (9).  

At noon, at high solar angles over 80 and 90 degrees, the funneled reflector does not require 
any additional reflector wings. Because of this, the funneled reflector will become the   complete 
funnel, as shown in Figures (10) and (11). 

 
Results and Discussion  

 
At low solar altitude angle, for example 30 and 40 degrees, Figures (8) and (9) show a trace of 

a sample of solar rays and their embodiment. A high portion of the direct sunlight appears to hit the 
black cooking pot.  In addition to, a large portion of incident radiation reflected from the wings of the 
reflector towards the cooking pot. 

Therefore, the water temperature increases in the morning, so the efficiency of the design and 
its quality is increasing, too. At the high solar altitude angles, for example, 80 and 90 degrees, the 
funneled reflector returns to its complete shaped. Figures (10) and (11) show a sample of the direct 
and reflected sun rays, it appears that a large portion of the direct falling sun hits the black cooking 
pot effectively, the reflected rays are more and incident on the cooking pot from all directions. All 
these powerful rays, whether direct or reflected, lead to a jump in water temperature  which arrives to 
peak  in the afternoon, where solar irradiance is greatest at high sun angles, owning to the smaller 
atmospheric thickness transited by the rays. The water temperature increases from the morning and 
continues to increase until it jumps at noon, and the increment is reinforced by two hours after noon 
by switching the morning mode of the funneled reflector, as shown in Figure (12). 

In the afternoon, the solar altitude angle decreases again, for example, 110 and 140 degrees, 
the funneled reflector returns to the first position which was in the morning, but the inverse situation. 
Figures (12) and (13) show a sample of the direct and reflected sun rays, it appears that a large portion 
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of the direct falling sun hits the black cooking pot, the reflected rays are incident on the cooking pot 
from all directions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8: Ray trace for solar incident for solar 
altitude angle of 30 degrees. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9: Ray trace for solar incident for solar 
altitude angle of 40 degrees. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
Fig. 10: Ray trace for solar incident for solar 

altitude angle of 80 degrees. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
Fig. 11: Ray trace for solar incident for solar 

altitude angle of 90 degrees. 
 

Barely during these two hours, had the funneled reflector managed to keep the water 
temperature almost constant. To show the basic performance of the design, described in Figure (14), 
this figure explains the collection efficiency of funneled panel solar cooker, where efficiency 
increases exponentially; reaching a peak immediately after noon with a huge leap, and then barely the 
efficiency will be fixed in the afternoon by two hours. The efficiency started at 20% with altitude 
angle 30 degrees and it was at 8:30 am, increased to about 45% at 10:00 am. The assembly efficiency 
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continued to increase to reach its peak at 1 pm. The increment of collection efficiency continued to 
increase until 2:00 pm; it started the collapse after that time until the sun left the earth, in that place.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 12: Ray trace for solar incident for solar 

altitude angle of 110 degrees. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Fig. 13: Ray trace for solar incident for solar 

altitude angle of 140 degrees. 
 

 

Fig. 14: Collection efficiency of the funneled panel solar cooker with different solar altitude angle, 
22/10/2017, Cairo, Egypt. 

 
The water heating experiment was conducted from 8 am to 4 pm. The water absorbed 250 

watts of energy within one hour of the experiment. The amount of absorbed energy continued to 
increase to its peak of 470 watts at 1:00 pm, i.e. at altitude angle 100 degrees. The absorbed heat 
remained almost constant from 12 noon to 2 pm, and it began to decline until 4 pm, as shown in 
Figure (15). The temperature of the water as shown in figure (16) increases from 25 to 60 degrees 
Celsius in just two hours, in the morning. The temperature of the water continued to increase to reach 
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its maximum value at one o'clock in the afternoon and recorded 93 degrees Celsius. The temperature 
lasted around 93°C only for one hour and then began to decline until 4:00 pm. 

 

 

Fig. 15: Absorbed heat by the funneled panel solar cooker with different solar altitude angle, 
22/10/2017, Cairo, Egypt. 

 

 

Fig. 16: Water and ambient temperatures of the funneled panel solar cooker with different solar 
altitude angle, 22/10/2017, Cairo, Egypt. 

 
Conclusion  

From the current research, it can be concluded: 

i. Using solar cookers saves a lot of money spent on conventional fuels, where, an enormous 
increment in the prices of fuel and energy is bereavement in world economics. 

ii. The use of clean and renewable energy, such as solar energy, serves the environment and 
promotes overall human health. 

iii. Solar panel cookers are easy to fold, load and transport, so are used in resorts and picnics. 
iv. The new design of the concentrator can be baking bread and making tea on trips. 
v. This was the beginning and will be followed by solar applications using this technique. 
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Nomenclature of Symbols        

Symbols used by others have been altered in all the formulas shown in this paper, and have 
been listed alphabetically. 

English Symbols 

Aa = Aperture area, m2 

Ar = Outer surface area of black cook pot, m2 

CRg = Geometric concentration ratio, dimensionless 

CRo = Optical or effective concentration ratio, dimensionless 

Cpp = Heat capacity of black pot, J/kg K  

Cpw = Heat capacity of water, J/kg K  

Ea = Amount of heat which collects by aperture area, W 

Ia = Insolation average or  Insolation falling on funneled cooker aperture, W/m2 

mp = Mass of black pot, kg 

mw = Mass of water, kg 

P = Cooker Power, W 

Ps  = Normalizing the cooking capacity to 700 W/m2 

Tps = Surface temperature of black cook pot, K 

Tw1  = Initial temperature of working fluid (water or oil), °C 

Tw2  = Final temperature of working fluid (water or oil), °C 

Tamb  = Ambient temperature, °C 

Greek  Symbols   

Δt = Interval time, second 

η = Collection efficiency in % 
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