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Abstract

Solar distillation is an often overlooked method for providing potable water to coastal, poverty stricken nations with abundant amounts of solar energy available.  A single asymmetrical, automatic feed solar distiller was designed to take advantage of the solar energy available in these regions, such as Somalia, Africa.  During this process, factors that will optimize single day productivity while minimizing costs have been explored.  All aspects that will affect clean water output have been analyzed including:  effect of surface area on productivity, material selection and analysis, internal air circulation, overall thermal efficiency, and the potential effectiveness of an automatic water feed system.  Factors that will directly impact overall build cost per unit have also been evaluated, such as material selection, size, and simplicity.  Final design adds numerous features to increase the efficiency of a basic asymmetrical solar still.
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The Need for Project 

	Solar energy can be harnessed to provide clean water in impoverished regions without access to suitable drinking water.

	Easy access to clean, uncontaminated water is an integral part of daily life.  Its impact on agriculture, industry, overall health, and well-being is impossible to ignore.   The majority of water on Earth, excluding some rainwater, is contaminated with impurities and/or chemical substances.  Therefore it cannot be used for agriculture, industry, and daily human consumption.  
The unavailability of healthy drinking water in impoverished regions is increasing at an alarming rate parallel to increasing populations throughout the world.  Rather than use expensive non-renewable resources to meet this demand, solar energy can be harnessed to power a simple distiller.  Solar distillation is an affordable and reliable source for potable water that is often ignored and underutilized.  In areas with ample amounts of sunlight and access to sea water, a solar distiller can potentially provide a family or small community with sufficient water for daily consumption.   




The Design Project Objectives and Requirements
	The device must be solar powered and produce 2 to 4 gallon of drinking water per day.

The device should also be relatively affordable for a poverty stricken region without access to clean water.
	Design Objectives
The goal of this project is to create a solar powered water distillation device that achieves maximum efficiency while minimizing manufacturing costs per unit.   The solar distiller should be able to provide a small family with two to four gallons of drinking water per day.  The distiller will also allow for the user to maintain a constant supply of water, with easy cleaning and minimal user interaction.  
Design Requirements

· The device must be solar powered
· The device must be affordable for an aid organization

· The device must produce 2 to 4 gallons of clean water per day

· The device must be portable and moveable by 2 people

· The device must be easy to clean

· The device must maintain the highest level of efficiency


Design Concepts Considered

	Useful ideas discovered include maintaining a constant water level, insulating the still, and increasing the surface area of the basin. 
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Mexican Still
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Rainmaker 550
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Wicking System
	Through patent and product searches, numerous beneficial designs and concepts were discovered that could potentially be combined into a single device.  The most relevant designs are outlined below.

The Mexican Aid Project
The Mexican Aid Project is possibly the most basic design for an asymmetric solar distillation device.  It is an enclosed basin with an inclined glass surface over the top to allow solar radiation to reach the water in the basin.  The glass also serves as the vapor condensing surface.  Inefficiencies of the Mexican Still include lack of insulation on the outer walls of the basin, and the fact that all of the water is placed in the still at one time.  This requires a significant amount of solar energy to heat up the large volume of water before any distilling can take place. 

The Rainmaker 550
The Rainmaker 550 is the only basin type solar distillation device currently on the market.  The design of it is extremely similar to that of the Mexican Still, however the Rainmaker incorporates insulated walls to retain heat.  The Rainmaker still requires that all of the feed water be placed into the still at once.  

Patent Searches
During the patent search process many beneficial ideas were discovered and many impractical ideas which were then dismissed.  The beneficial ideas included utilizing lenses to concentrate incoming radiation, and allowing water vapor to condense on surfaces that will transfer heat to another trough of water (called a multiple effect system).  Many of these ideas were evaluated, but dismissed due to their required cost and complexity.  Impractical ideas that were encountered include the use of solar panels and heat exchangers to increase water output, and the use of a wicking system that would require a significant amount of maintenance.


Design Concept
	The design concept is similar to a basic asymmetrical solar still; however this design incorporates numerous additional features in order to approve overall efficiency and output of clean water.
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Slotted Basin (with float valve in background)
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Thermal Circuit
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Small Scale Prototype
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Recommended Design Concept (CAD)
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Recommended Design Concept (under construction)
	A simple asymmetrical solar still was used as the basis for the design concept.  This design has been improved by adding various features from researched patents and periodicals.  The idea is to take the basic solar still design and thoroughly improve the efficiency.  The following features were added:
· Insulated basin and side walls to prevent solar energy and heat flow from leaving the device.

· Slotted basin to allow for multiple smaller bodies of water to be heated at a faster rate than a single body of water.

· Float valve to regulate water in basin to the optimal level of 1.5 to 2 cm.

· Mirrors on the side walls of the basin to reflect all incoming solar radiation into the water rather than absorb the energy into the walls.

· Input tank that is preheated throughout the day so that less solar radiation is required for evaporation.

· Door that opens to allow for easy cleaning of the basin and removal of salt debris.

· Adjustable feet to insure proper internal level of water.

· Single appliance design for minimum amount of space

· Ergonomically sized stand to hold basin

· Effective water collection and easy access spout to fill containers with distilled water

Analytical Investigations

The first step in analytical investigation was to develop a thermal circuit of a solar still (shown to the left).  This thermal circuit models the convection, conduction, and radiation of energy throughout the device, as well as the evaporation and condensation processes.  With this thermal circuit a program was developed that allows for an iterative process to determine required area for a specified water output.  Variable inputs include area of still, outside temperature of location, insulation length and thermal conductivity, known daily sum of solar radiation (based on location), average wind velocity of location, number of daylight hours, and desired water output, as well as correlations for natural and forced convection heat transfer coefficients on involved surfaces.  Based on data from a specific location, in this case Somalia, the area required to distill 2 gallons was determined.  With approximately 6300 Whr/m2 of solar energy available in a single day in Somalia, the solar still was determined to be about 1 m2 to output 2 gallons of clean drinking water.  These inputs also gave a glass temperature of 334 K and a water temperature of 354 K.  This temperature difference indicates that water will condense onto the glass.

Experimental Investigations

A small scale prototype was developed for testing.  This prototype included some features of the final design.  The device was placed on the roof of Snell Engineering for 12 hours with approx. 2 liters of salt water.  Thermocouples on the device monitored the temperatures of the glass and water throughout the day.  The output amounted to 0.2 liters of distilled water.  This is mainly due to the fact that only 1800 Whr/m2 of solar energy was available on the day of testing.  In Somalia about 3.5 times as much solar energy will be available.  The thermocouples indicated a constant temperature difference between the glass and water throughout the day.  This is a clear indicator that the thermal circuit is an accurate representation of the design concept.
A prototype to actual scale is being constructed at this time and will be tested within the next two weeks.

Key Advantages of Design Concept

Many different features make the recommended design concept superior to a basic asymmetrical solar still.  A basic solar still has a set amount of water input at the beginning of the day.  This large body of water must heat up and then evaporate.  However only the top 1.5 to 2 cm of water absorb solar energy.  The basic solar still also does have any insulation.  This is a highly inefficient design.
On the other hand, the recommended design concept has multiple small bodies of water being heated up simultaneously.  These small bodies of water are regulated by a float valve to ensure that the water level stays within the 1.5 to 2 cm range.  This design also incorporates mirrors on the walls in order to reflect all incoming solar radiation towards the water.  Almost no radiation is absorbed into the walls of the still, and heat loss is further reduced by insulation on the walls and bottom of basin. 


Financial Issues
	Final design concept may not be affordable for target areas.  Therefore target may shift to aid organizations.
	The prototype cost amounted to about $300 to $400.  The final design that is mass manufactured may drop the price to around $100 to $200.  However the GDP of most countries where this device would be used is only around $600 to $1000.  Therefore the device would either have to be financed over a long period of time, or targeted to aid organizations such as Red Cross.  It would be less expensive for these organizations to supply the device rather than have water imported on a regular basis.  The device would repay itself within a certain amount of time.



Recommended Improvements
	The next step is to develop a more mass-producible design that incorporates an injection-molded thermoset basin, plastic walls, and aluminum framing.
	The function of the current prototype is satisfactory and the only remaining improvements relate to efficient manufacturing. The prototype is rather bulky in design and is not the envisioned, stream-lined production design. The production design should incorporate an injection-molded thermoset basin, extruded plastic walls, and aluminum framing for easy assembly.
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