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Abstract- Food and water fuel and sustain life on earth. 
Since ancient time, their sourcing and preservation have been 
very important issues to humanity. In modem times, 
experimentation is a major step in analyzing how cold storage 
problems in the Medical and Food Science Technology fields 
can be addressed. For investigating spoilage of new products 
and/or growth of pathogens in such cases, it is necessary to do 
experiments at different low temperatures for prolonged periods 
and check the effects. While this can be undertaken in a 
conventional two chambers fridge, it takes a long time to 
investigate a whole range of feasible storage temperatures. This 
paper describes work intended to triple the samples in such 
investigations, and therefore, significantly reduce their time. Six 
well insulated chambers were constructed from plastic and wood 
and set at different temperatures. An ordinary deep freezer was 
used as the main heat sink for the chambers. Experiments were 
done with different fruits at settings between 0 and 15°C over a 
period of 8 months. It was finally established that a properly 
designed six chamber system can successfully be added to an 
ordinary freezer to provide different medium to high 
refrigeration temperatures without use of a multi-pressure 
refrigeration cycle. 

Index Terms- food preservation, food spoilage, food 
storage, food cbain, refrigeration 

1 INTRODUCTION 

Before the invention of the mechanical refrigeration 
system, various methods of preserving food were used by 
people of different cultures. Some preferred to use snow 
or ice that was available in and around the areas where 
they lived, brought down from the mountains and stored 
in cellars, which kept these rooms cool. The first cellars 
were holes dug into the ground, lined with wood or straw 
and then filled with ice and snow. This refrigeration 
principle goes back to the year 1000 BC when ice was cut 
into pieces in winter and stored for the summer by the 
Chinese, as well as the Hebrews, Roman and the Greeks. 
This seasonal harvesting of ice or snow was very common 
through the ancient cultures. Pickling, salting, spicing, 
drying and smoking were other methods used for 
preservation. These techniques were used mainly for 
cheese, salted meats and bread. Rapid spoilage of food 
could not be prevented by the use of window boxes or 
cellar storage for products such as milk and cheeses. 
These products were considered as being the most 
difficult to keep fresh . Pasteurization was not understood 
at the time, therefore, infestation of bacteria was 
widespread and in the colonial days during the warm 
weather, it was common to die of ' summer complaint' 
because of spoiled food. Indeed, a form of improved food 
preservation was desperately needed. 

At the beginning of the ice industry revolution, the first 
refrigeration machine was designed by an American 
inventor called "Oliver Events" and vapour was used 
instead of liquid in 1805. Although the system was not 
built by him, a similar machine was used by John Gorrie, 
an American physician in 1842 in a Florida hospital for 
cooling patients suffering from Yellow Fever. To date the 
refrigeration designee foundation most frequently based 
on the basic principle of "John Gorrie" machine. This 
successful method involved compressing the gas to cool 
the air, which was then sent through radiating coils that 
lowered the temperature of the gas, then the gas expanded 
to lower temperature of the surrounding. He stopped 
practicing medicine to focus on his experiments to make 
ice after the first US patent for the production of 
mechanical refrigeration was granted to him in 1851 , [1]. 

2 THE PHENOMENA 

Heat flows in the direction of decreasing temperature, 
that is from the higher temperatures to lower 
temperatures. Reversing this phenomenon is possible and 
is not in violation of the thermodynamic second law if 
additional work has been done onto the system [2]. A 
system called 'refrigerator' is required as an intermediate 
device to transfer heat from low temperature regions to 
high ones. The dividing line at _70° C or lOO°F marks the 
temperatures within the refrigeration system where 
physical philosophies and methods are applied to achieve 
low temperatures. Below this, cryogenic devices take 
over. 
In industrial technology and science, experimentation is 
an important issue, where constant monitoring and 
observation of systems are done. When the desired result 
is not achieved, further research has to be conducted until 
a final and successful result is achieved. Such 
experiments may run for years to achieve the desired 
outcome if only one or two items are monitored at a time. 
Most refrigeration systems have one or two chambers and 
precise temperature control in their chambers is limited. 

3 PROBLEM STATEMENT 

Due to the growth of the world's population and the 
necessity to ensure adequate food supply, high level 
experiments have been performed globally with high skill. 
To date the issue of malnutrition remains a major 
challenge globally [3]. Increase of agricultural output is a 
possible solution but it could irreversibly harm the 
environment, especially in low income countries [4]. 
Worldwide production of food with post-harvest losses 
averaging about 25 per cent, needs to be reduced, this 
should be the major focus - according to Snyder. But how 
is this to be done? For fruits and vegetables, refrigeration 



is an attractive option for reduction of post-harvest losses. 
This is because it preserves most of the initial food 
quality. Hence, consumers can be provided with 
wholesome and safe foodstuffs. The lack of the 
refrigeration infrastructure in many countries, and 
specifically in less developed ones, means it is still neither 
sufficiently nor equally used to ensure safety and security 
of food. Yet this is where undemourislunent along with 
the population growth is greatest. Contributing to 
reduction of post-harvest losses by quickly establishing 
suitable storage conditions is the aim of this study [5] . 

Other methods which can be used for reducing post
harvest losses of foodstuffs include high pressure 
processing, salting, electrically pulsed fields and canning 
[5]. However, none of these methods has the ability to 
extend the shelf life while maintaining the initial 
chemical, physical , sensory and nutritional properties 
desired for the consumer as is possible with a 
refrigeration system [4]. In addition, Snyder argues that 
the use of refrigeration system is the greatest method for 
ensuring the best nutrition in terms of quality and 
quantity. The main issue of undernourislunent, 
specifically in the less developed countries, could be 
addressed significantly by the contributions of 
refrigeration systems. It is reported that refrigeration 
technology would allow less-developing countries to 
increase their food supply of perishable foodstuffs 
extensively and reliably by about 15 per cent. This would 
let them approach similar food security to that in the more 
industrialized countries [6]. The vital effectiveness of the 
cold chain is to cool and store food at the site of 
production. Accordingly, the adequate training of local 
engineers and technicians is essential for the cold chain 
plants. 

According to Gustavsson et al. [2011], there is a growing 
demand mainly for processed food with characteristics of 
high quality, nutrition ' s, and ease of preparation. These 
demands have been met where the refrigerated foods were 
developed with extent shelf life [5]. Such types of food 
have received precooking or minimal processing where 
their shelf life is limited and refrigeration is their 
preservation. They include: cured meats, luncheon meats 
and the new generations of processed refrigerated foods, 
like seafood, vegetable salads, pasta sauce, soups, 
complete meals etc. [7]. They require less heat to prepare 
than the heat required for commercial sterility. 

One of the major causes of food loss in low income 
countries is the poor environmental conditions while it is 
on display. According to Gustavsson et al. [2011] . poor 
temperature management on shelves where food is 
displayed causes various problems like chilling or heat 
sensitivity . 

According to Sonnino, Faus and Maggio [2014], 
refrigeration along the different stages of the food chain 
has an important contribution to make for sustainable 
food security, by applying the roles of preventing food 

losses for period of time. However, refrigeration, 
especially in developed countries, also constitutes a major 
source of types of emissions [8]. Coulomb [2008], 
estimates that 15% of electricity consumed worldwide is 
used for refrigeration. With current changes in ambient 
temperature this value is likely to increase worldwide [2]. 

Transportation and refrigeration of food in the post
production stage has received most scientific and media 
attention and are closely connected to food security [9], as 
well as in related research. Yilmaz and Karadeniz, [2014] 
point out that it is important to understand that every 
refrigerator has an area (or a surface) where the 
temperature is lower than that of ambient. For the cooling 
of an object, one needs to establish thermal contact 
between this object, the cold area of the refrigerator, and 
the heat flowing from the object to the cold surface, until 
the temperature of the object is balanced with the cold 
area of the refrigerator. 

For example, Yilmaz and Karadeniz [2014] carried out 
research on quince fruit, which is produced by the 
deciduous tree of the Rosaceae family, Cydonia Oblonga 
Miller and it is widely produced in Turkey. Samples were 
stored using four cooling rooms at 5, 20, 30 and 40 °C for 
nine months and analyzed each month. 

The findings from this study show that TFC and 
antioxidant activity of quince nectar decreased 
significantly after storage at all four various storage 
temperatures of the experiment. The ascorbic acid and 
phenolic compounds were the most important contributors 
to the antioxidant activity in the quince nectar. Kinetics of 
L-ascorbic acid degradation reaction showed that the first
order kinetic model was most suitable for quince nectar 
storage at 20--40 °C while non-enzymatic browning 
followed a zero-order reaction [10]. 

Following the usefulness of a refrigerator for experiments 
and the industry, there is a need for new technology to 
facilitate researchers in the course of their studies. 
Furthermore, the industry needs refrigeration technology 
that will help to keep food at proper temperatures to avoid 
food spoilage. 

3 THE DESIGN 

3.1 The testing chamber 

The testing chamber was designed to consist of the 
following (Fig 1) 

a- The wood shield 
b- The Plastic box 
c- The air tray 
d- The sheet metal rem 
e- The air outlet 

f- One side Self-adhesive foam 
g- The air Inlet 
h- Foam 
\- Fan 



Fig. 1. The experimental chamber 
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Fig 4. The experimental chamber door 

3.5 The main cooling chamber (deep freeze) 

3.2 The base Chest deep freeze was used as main cooling chamber. 

The base has a top and bottom, made from two layers of 4 Readiness 
6 nun thick plywood (comm ext 6 mm) to provide enough The prototype components had to be assembled 
strength and its dimensions are 1000 x700 nun. The window t th 
dimensions are 200x 600 mm constructed in both layers oge er. 
separated by two frames, one on the outer circumference and . 
the other on the windows made of pin bar wood 25 x 100 mm 4.1 The Base: the base was assembled wIth the lay down 
with the block offoam 100 nun thick cut to shape and placed deep freezer by removing the original cover of deep 
between the layers for insulation Fig 2. freezer, then using 25 nun high and 50 nun thick one-

Fig 2. The base 

3.3 The back cover 

Fig 3 represents the back space cover of the prototype 

Fig. 3. The back space cover 

3.4 The experimental chamber door 

Two layers of visible plastic material, 50 mm in 
thickness with dimensions of 270x270 nun with a rubber 
gasket fitted on the inner portion to seal the chamber 
tightly to prevent air from leaking. Both of these layers 
are connected by a double-sided self-adhesive foam strip 
16 mm thick and 15 mm wide, so the two layers are 
separated by the thickness of the foam making the door 
heat resistant (Fig 4). 

sided self-adhesive foam stripes cut to the length and the 
width of the freezer and placed along the edges with the 
adhesive side facing up. Before placing the base on top of 
the deep freezer, the underside of the base was covered by 
a self-adhesive aluminium sheet that is the size of the 
deep freeze gate. This allows heat to be reflected in the 
deep freeze and create resistance for the transfer of heat 
through the base, even though the insulation in the base is 
100 mm thick foam, as an additional precaution. The next 
step was to remove the protection tape of the one-sided 
self- adhesive 25x 50 nun foam strips which had already 
been placed on the edge of the gate of the deep freezer, 
and then the base placed on the top of the gate over the 
tape of the self-adhesive foam . It is essential that this is 
symmetric. At this stage the base acts as the deep freeze 
door except that the window in the base allows the 
circulation of the air between the deep freeze, which acts 
as the main cooling chamber, and the back cover space 
(Fig. 5). 

Fig. 5. The main cooling chamber with the base assembled 

4.2 The chambers: a six chambers have to be arranged in an 
array as 3x2 columns and rows, as based on the design this is 
the best arrangement for reducing the height of the chambers 
tower as much as possible. Double-sided self-adhesive foam 
measuring 20 x25 mm would be used to separate the 
chambers from each other, the third paragraph). The outlet 
tubes are connected in place and suspended in the deep 



freeze or main cooling chamber (Fig. 6) illustrates the 
assembling of the experimental chambers. 

Fig. 6. Assembling of the experimental chambers 

4.3 The back cover: After the base and the chambers 
were assembled, the cover was replaced at an angle 
between the base and the chambers tower - where the air 
delivered to the testing chamber is blown out back to the 
main chamber. Fig. 6 demonstrates the assembling of the 
cover with the base and the testing chambers tower. 

Fig. 7. The complete prototype 

5. TESTING AND EXPERIMENT A TION 
BEFORE LOADING 

At this stage, the prototype was ready for testing and 
experiments. The results were to be collected and 
compared with each other. Fig 8 shows the photograph of 
the actual unit and its set up. A thermometer (not in 
picture) was also installed in the back cover to measure 
the temperature of the cold air at the back of the 
chambers. 
Furthermore, the upper chambers were set to a higher 
temperature and the lower chambers to a lower 
temperature to comply with the properties of the air where 
the hot air always rise up compared to the cold air. 
Experiments were run on the prototype and each one 
provided data in the order listed below. 

Fig. 8. The built prototype 

I-Testing at 0 fan speed: the testing chambers doors are 
placed on the sheet metal rim to close them. The 
temperature was recorded in each chamber. Initially all 
chambers would be at the same temperature. The deep 
freeze would then be switched on and run for 12 hours -
in which time, it would reach the lowest temperature at 
that time. This test demonstrated how much heat would be 
transferred to the chambers by comparing the first and last 
readings from the digital thermometers on the doors of the 
chambers, recording the temperatures of the deep freezer 
and that at the back cover space. If the temperature in the 
testing chamber dropped slightly this would be acceptable 
as at this stage the design of the prototype would be 
considered satisfactory, if there is a larger change, the 
design for the control inlet would have to be modified. 
2- Testing at maximum fan speed: After the prototype 
passed the previous test, then this second test was done. 
The thermostat of each testing chamber was set to equal 
temperature for all and the fans switched on when the 
deep freezer temperature reaches its maximum. The 
minimum time for monitoring the temperature drop for 
each of the testing chambers was 45 minutes to an hour. 
The test provided information about the cooling speeds 
for the testing chambers and, whether the testing 
chambers would cool down to the same temperature at the 
same time or not. 
3- Testing at chambers temperature: if the previous test 
is successful, this test followed: the thermostat of each 
testing chamber was set to the desired temperature. The 
temperature drop for the testing chambers would be 
monitored every 30 minutes for 4 hours or more, as this 
provided information regarding the question of how 
higher temperature chamber fans stoppages would affect 
performance of lower ones. 
These tests provided information for future research in the 
design analysis while the result of these experiments with 
this prototype and the design are considered as the outputs 
of the current project. 

6 OBSERVATIONS AND RESULTS OF 
TESTING 

This section will demonstrate the results of the three 
tests applied to the prototype, keeping in mind that other 
tests have been applied to the different designs and this 
design considered to be the final. 
6.1 At 0 fan speed: After 48 hours the temperature of the 
main chamber was at its lowest. The result appeared to be 



satisfactory except for a negligible change in air 
temperature behind the back cover. 

30 
Temperature in chambers ·C 

Fig. 9. The first test result 

6.2 At maximum fan speed: At the temperature peak of 
the main chamber, the fans of the chambers turned on and 
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the thermostat set to 0° C, rapidly reduced the temperature Fig. 11. The Third test result 

of the chambers as well as of the back cover space. 6.4 TESTING AFTER LOADING 
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Fig 10. The second test result 

6.3 At chambers temperature: After the prototype 
passed the two previous tests, again at the peak 
temperature of the main cooling chamber, the surrounding 
temperature on that day was 28 CO . Each chamber was 
set to the desired temperature, chamber fans turned on. 
The desired temperatures 5 Co, 7 Co, 9 CO for the lower 
row, where chamberl , chamber 2 and chamber 3. for the 
above row 11Co, 13 Co, 15 CO for the lower row, where 
chamber 4, chamber 5 and chamber 6 in order, the 
periodical monitoring was each 30 minutes. Fig 11 
demonstrates the result of this test. 

The cambers fans of the prototype were switched off 
and the chambers loaded with approximately 200 grams' 
apple. The apples were first placed in the surrounding 
temperature at 28°C for six hours. The thermostat of each 
chamber kept at the same set of the previous test when the 
chambers were not loaded, and at the last temperature 
each chamber reached. Data was collected each half hour 
period. Fig. 12 demonstrates the results of this test. , 

Temperature "·C" vs time while Loading 
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Fig. 12. The fourth test result 

7 CONCLUSION 

On the basis of the results obtained in this study, 
the following conclusions can be drawn: 

• The first test proved that the air is very poor at 
self-cooling by convection if the desired space to 
be cooled is directly above the source of the cold 



• 

• 

(evaporator). The temperature at the back space 
decreased only one degree from 26° C to 25° C 
after 48 hours. The temperatures of the chambers 
did not change, which provides self-control for 
the air flowing to the chambers. 

The second test shows that after 48 hours the 
temperature of the main cooling chamber rose. 
The temperatures in the lower chambers were 
lower than those in the upper chambers. 
The third test run without load applied to the 
chambers and, the result shows that the different 
desired temperatures in the chambers had been 
reached periodically after seven and a half hours. 
They remained constant in each chamber at 
levels they had been set. The phenomenon is 
that, when the thermostat of the sixth chamber 
set the fan speed to zero, the heat generated by 
this fan is eliminated, and that can be evident in 
the temperature decreasing of the main cooling 
chamber temperature and, every time when the 
different chambers thermostat set the fan speed 
to zero, the main cooling chamber temperature 
decreased. 
The fourth test run with load applied to the 
testing chambers and started at the end of the 
third test. The result shows that, the temperature 
of the chambers increased fast especially the 
upper chambers where the higher temperature 
region and, the higher temperatures in them. The 
temperature of the main cooling chamber 
increased too. The main cooling chamber 
temperature dropped down a little bit within half 
hour, and then stabilized for three hours, after 
which, for some reason which could be the load 
capacity of the main cooling chamber and the 
speed of the air flowing from the chambers, it 
rose up for half an hour, before it started to 
decline again. The temperatures of chambers: 
one, two and chamber three were constant at 
fIrst. Later, they declined at different rates, with 
chamber 2 showing the slowest rate. The steady 
state in the lowest temperature chamber was 
achieved at 5°C. Hence, the objective of having 
different chambers at different set temperatures 
between 5 and 15°C was achieved. The system 
can therefore be used to test food storage at these 
'high' refrigeration temperatures. 
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