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Abstract

The study seeks to develop an evaporative cooler that can assist the small scale agro producers in preserving and
maintaining the quality of vegetables, to avoid the deterioration which may result in possible decline in market
value. It was established that the lack of cheap and effective preservation methods has constantly created a problem
for small scale farmers in the country. Three cooling system concepts were generated. The best solution was chosen
by the use of binary dominance matrix for further development into a detailed design development. Simulations
were done using solid works on the operations of the unit. Also cost and evaluations were carried to test the
feasibility of the concept implementation. It was recommended that tests be carried out before large scale production
of the refrigerator to accommodate any relevant practical adjustments for functionality.
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1. Introduction
In Zimbabwe, agriculture forms an important role in ensuring food security. The diverse agro-climatic conditions
prevailing in the country enables the growing of many crops and vegetables (Narman 1991). There is need to reduce
the deterioration process of vegetables thus making possible an appreciable gain in terms of shelf life and marketing
periods (James and James 2013).Most people in the country rely on selling agricultural produce to earn a living and
they are also involved in farming to ensure they have food for their families. Small scale farmers grow vegetables
and fruits. Most of the post-harvest losses incurred on agricultural produce are mainly due to inadequate produce
preservation or storage facilities. The vegetables need to be as fresh as possible for good market value. Vegetables
like tomatoes always create problems for storage and transportation because they are perishable in nature. Such
losses are significant in developing countries due to less investment in produce preservation. In developing
countries, statistics show that post-harvest loss ranges from 20 to 50% (Kader 1992). It is against this background
that some study is necessary to develop a cooling system that is affordable, environmentally friendly and big enough
to store varied vegetable produce. Lower quality vegetables has reduced market value, there is need to create an
effective produce preservation method for small scale.

2. Background
Chilling increases the life of food before any signs of decay are identifiable. The process involves the lowering and
maintaining of the temperature of a product such that bad changes which can occur to the quality of the produce are
significantly reduced. These changes include growth of microorganisms, color changes and loss of nutrients and
moisture (James and James 2013). Temperature reduction sometimes increases a food nutrient value. Lower
temperatures decrease significantly microbial activity (James and James 2013). Consumers regard chilled food to be
the ones closest to the highest value of freshness due to the ability of freezing to increase a product’s life and
maintain product nutritional value for long periods (PHAM 2008). Temperature is the major factor as it affects
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activity and growth of bacteria which causes food decay. Temperature lowering has other functions such as air
conditioning and pre-cooling. The goals of lowering temperature entail tying up some free water, reducing water
activity, killing some bacteria, and lower temperatures to slow down chemical reactions.

3. Farm produce evaporative cooling review
3.1 Food preservation
Temperature is the major factor that affects the quality of food like vegetables. Microbial growth and activity is
mainly affected by temperature. Microorganisms have a range of temperature in which they thrive most. These
temperatures are specific for any each microorganism type. For this range there is maximum growth and
reproduction. But when this temperature range is avoided there is an effect on the organism rate of growth and
reproduction (James and James 2013). Usually when temperature is lowered significantly the rate of growth
decreases meaning food can be stored for large periods of time. In addition to microbial safety, nutritional quality
also depends on temperature. Nutrients retention is depended on temperature and humidity. Properly cooling food
provides the most significant nutrients to people (Bhowmic and Pan 1992). When food is not properly cooled it loses
nutrients like vitamins. Note that sometimes freezing is not the best method as it increases loss of vitamins in
tomatoes, for example tomatoes should be stored preferably at a temperature of 12ºC. Also when not properly
preserved, loss of water results in the overall effect of loss of weight. This affects the marketability of the produce
foods especially tomatoes.

3.2 Evaporative cooling
In an evaporative cooler, the cooling effect is accomplished when a hot stream of air evaporates water from a wetted
surface resulting in the decrease in temperature and increase in moisture (Spartz 2004). This process is an
inexpensive way of cooling, as it has no mechanical processes involved. Evaporative cooling is mostly used in hot
dry areas when warm air evaporates water on a surface. The direct type of evaporative air cooler uses wet surfaces
which evaporate water into the fresh air supplied to the space being cooled. This may be achieved with a bank of
sprays as in an air washer or by use of extended wetted surface material e.g. aspen wood glass, fibers metal wire or
extended paper. Indirect cooler type uses the evaporative principle to cool water in a device, which is similar to a
cooling tower system. The resulting chilled water would then be passed through a coil to cool the air which is
supplied to the occupied space. Evaporative cooling is commonly used in air conditioners systems. The evaporative
cooler components are the fan, evaporative pads and pump. The fan continuously circulates air around usually
within a confined space or area. Evaporative pads provide a surface for evaporation (Figure 1). They are usually
made of aspen shavings. They are soaked with water and a hot stream of air evaporates the water resulting in
moisture being added to the air steam (Spartz 2004).

Figure 1: An evaporative pad
Then the pump is the device used to move water by mechanical action (Anythony 2013) as it circulates to pick up
the heat.
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4. Methodology
Three concepts of a cooler were generated. Solid works 2016 was used to draw the concepts and give a visual
display of the general outlook. Careful consideration and analysis lead to the selection of the best suitable concept
for further development. Binary dominance matrix is used to choose the best concept. The design of the system
entailed the sizing of all components which make up the system, the orientations of the components, integration of
all subsystem and components into the final system using the collected relevant data. Solid works 2016 was used to
generate both 3D and 2D assembly drawings of the design.

5. Detailed design development
Through use of a binary dominance matrix, the best concept was chosen for development into a detailed design
based on how much they met the selection criteria to produce a temperature drop of more than 12ºC. The selection
criteria was based on functionality, efficiency, reliability, weight, life span, ease of maintenance, ergonomics, cost,
ease of manufacture, quality, simplicity of layout and noise level of the design.

Figure 2: Evaporative cooler design concept
The system uses evaporative cooling principles as given in Figure 2. The vegetables are placed in the food trays.
Water is pumped by the centrifugal pump onto the evaporative pads through water nozzles. Warm air passes into the
cooler through the mesh at the top. Water evaporates from the aspen pads thereby decreasing the temperature as the
air passes through the pads. The cool air is blown by the fan into the storage compartments thereby cooling the
temperature of the vegetables for example tomatoes. The fan is driven by a motor connected by a pulley-belt system.
This system is designed for capacity and efficiency.
This cooling system is considered best for vegetables since they are best preserved at around 12ºC. The system
generally cheap as it uses little electricity. Water is used as the refrigerant and is freely available in nature. Since
there is no chemical reaction which takes place, this system can be considered as eco-friendly. On the downside, the
machine generally takes a lot of space, and is somehow noisy.
The evaporative cooler unit is to be made with removable food trays (Figure 3). The food trays are meshed to allow
free air circulation in order to lower the temperature efficiently. They can be removed so that they can be loaded
with the vegetables or fruits and placed into the cooler. To increase storage area, they can be removed and the fruits
or vegetables placed directly into the cooler.
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Figure 3: Removable food trays
The storage area is insulated with hard plastic material. This insulation lowers heat transfer thereby keeping the
storage area cool. The insulation material increases the efficiency of food preservation.

Figure 4: View showing the inside insulation
The door on the cooler allows the user to place or remove food from the cooler. It also traps cool air in the cooler.
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Figure 5: Final evaporative cooling unit design
This estimation shows that the total cost of manufacturing this unit is $179. This value does not take into
consideration the labor costs and design costs.
Table 1: Cost Analysis
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6. Recommendations and conclusion
The research conducted throughout this study showed the importance of food preservation and how the evaporative
cooling could be employed in food preservation.
The developments and design of the cooling unit was important although there is need for continuous improvement
for the design. This refrigerator unit is specific for vegetable since it does not freeze foods. It is effective in the
preservation of vegetables (i.e. temperature values above 0 °C ), but it is not able to freeze food below the 0 °C
mark.
To make this a universal cooler, there is need to improve it so that it is able to freeze foods. It is recommended to
use modern control electronic devices like microprocessors to adjust the temperature of the cooler. Other foods
especially meats are best preserved when they are in frozen form, therefore there is need to improve the performance
of this design.
It is recommended that this unit can be improved on a larger scale for use on farms and market gardening units to
store a variety of vegetables before taking them to the market in a fresh condition.
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