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Abstract

The contents of the technical document contains three concepts from each team member, each concept is for a sub-system that is focused on a single design criteria. After which three cumulative designs for sub-systems that were created from a meeting that was held after each individual had designed their three sub-systems. Is discussed and explained.

































Introduction 

	During this design period each one of our team members had independently thought about how to both overcome obstacles as well as succeed at achieving certain design criteria goals. During this period each team member was assigned to brainstorm three subsystems. After which we convened to both cut away the fat of the design and to hone the positives of them.   


Christopher Zhang	Comment by Christopher Zhang: ill edit my part maybe tomorrow morning i gtg work on some other shit.
For the subsystems that were designed by Christopher Zhang the main intentions were to focus primarily on alleviating cost as well as solving the issue in regards to powering the system. It was thought that by making the system as low power and possibly even requiring zero-power it would alleviate costs. This made logical sense as not only would requiring a power source cost money to manufacture it would also cost more to run and replace in the 1event of damage, to add to this it also adds more potential points of failure. Thus the main goal in mind was to keep cost in mind. As well as considering the benefits of a low-power to zero-power system.	Comment by Christopher Zhang: put ur stuff in third person

	One sub-system design that was thought up was the use of cut in half pipes with the flat side down pipes to be used as a means to hold water and plants with grommets to secure the plants.  This could help alleviate costs as it would effectively could multiply the floor surface by ½*pi (according to the formula of the perimeter of a half circle). Allowing to plant the plants in a staggered pattern allows for higher plant density. This would not only benefit the cost of the hydroponics system but as well as the structural system requiring less floor space potentially. However, a point of conflict does come into play when considering the difficulty of replacement requires very certain measurements. Also a potential failure point in which the plants may slip through the grommets and be flushed away with the water. 
[image: ]
Fig 1.  Pipe design concept

	The next sub-system was designed to achieve a near-zero or zero power requirement. One of the main reasons why power might be needed is the technique in which water will be circulated. The logical conclusion would be a low wattage pump however that is both costly and requires power bringing up questions about possibility of failure in regards to keeping the system running. To alleviate this the design of a hand pumped air tank with a valve to control its release was conceptualized. This would not only make the circulation of water require zero power it would also be easy to operate but also easy to replace cheaply. An added benefit is ease of control of the flow as the valve can be adjusted. A few drawbacks are that it requires regular maintenance to keep the tank full and under pressure, as well as the potential concern for the danger of a pressurized air tank. 
[image: ]
Fig 2. Air tank with a controlled release valve


	The last sub-system that was brainstormed by Christopher Zhang was to use a simple drip system with perforated tubing to supply plants with water and a rain collector/water reservoir. It was spurred as a way to achieve a similar goal as the pressurized air tank previously thought up of as a zero power method of flowing water to the plants. This design arguably has the same pros but better, it’s cheaper, easier to operate and repair and even has less points of failure and may require less amounts of maintenance to keep running. However, what prevents this design from being clearly more effective is its lack of reliability as if it doesn't drip properly it would be somewhat hard to notice before the crop may be harmed. To add to this in order to control flow rate it is not as simple as the valve where the release rate can be increased or decreased it would require the holes of the tubing be enlarged which brings up concerns about variety of crop as well as if the holes are too large whether plants down the channel of the tube will get sufficient watering. 
[image: ]
Fig. 3 An example of a hydroponics utilizing the drip method
	
	Overall in the designing of the subsystems some things became apparent. The lower the power requirement the more maintenance is required. As well as that even with zero power requirements not all subsystems are one-hundred percent cost efficient as almost always there is a design that is more simple but also cheaper but potentially not necessarily better performance wise. It becomes a balancing act between three variables, keeping it low to zero power, simplistic to operate and overall performance. 

Muhammad Owais Tabassum
For the three subsystems that Muhammad Owais Tabassum was responsible for, it was important to make each as spacially and cost efficient as possible. To construct and design an efficient hydroponic system it was important to consider the many components involved and to make them as efficient as possible in

The shape of the design itself is a very important component that needs to be considered with caution. This is due to the possibly very small and limited space that has been allocated to the hydroponic system itself. The two routes that can be taken are the deep water culture or the nutrient film technique. Either route will lead to similar issues, there is a limited amount of space and materials to build the hydroponic system. 

[image: ]
These are the two possible frames of design put into a visual. For the nutrient film technique we can maximize crop quantity with respect to space by stacking the shelves as high as possible whilst still allowing for the crops to properly grow with space and sunlight. This approach will save space but will also be more difficult for the water with the added nutrients to get back to the very top, it will be important to have large reservoirs and a pump of some kind. Therefore this method will use more energy and cause issues in the energy sufficient area. The deep water culture method will not maximized crop quantity with respect to the space given to us as it will be placed all on one height. This method is useful as it will be easier to have a steady and energy sufficient water flow throughout the whole system.

Another important component of the hydroponic system is the shape of the rafts that are going to be holding the plants and water. Box shaped rafts are an efficient design as changing the the rafts after they start to get old and break is important to do, something even more important is the difficulty of changing out the rafts. These box shaped rafts will be easy to build and change as time goes on. The box shaped raft will allow for the crops to be spread across each raft with alternating patterns allowing for the maximization of space and quantity of crops. It will also allow for the crops to be placed vertically instead of on some angle. This is because the box shaped raft itself is vertical. Another shaped raft like a upside down half pipe will cause difficulty in planting the crops vertically up. 
[image: ]
		This is the box shaped raft design, as seen, there is an alternating pattern between plants allowing for quantity within a designated space. The crops are also all vertically straight up.






The final subsystem Owais is talking about is the water pump used for the hydroponic system allowing for water flow to be created and sent through the system. When this project has been discussed, very important factors were that in terms of energy the system should be self sufficient, low energy or zero energy using, also as efficient as possible. After some research it was seen that a hydroponic system pump may be affordable. The budget for the hydroponic team is $100, a pond pump that can work on its own for 48 hours without being plugged into a source of power and can pump up to 80 GPH costs around $16 after taxes.
[image: ]
This pump is both efficient and very easy to maintain. The most maintenance this hydroponic system will take with the help of this pump is for someone to come clean the pump every couple of days. This will ensure the quality of the pump for a longer lifetime. If this pump is used for the hydroponic system it is important to adjust other design aspects to correspond with this subsystem. A negative of this pump is that the maximum water height gained from the flow rate and power of this pump is 2.6 ft (1.8m), this is not seen high enough for the film nutrient design to work. This is due to the height aspect of the film nutrient design; it is likely going to be much taller than the pumps capabilities to reach. Therefore the hydroponic system pump comes with its pros and cons with respect to different design strategies.

Rami Alsattah
	For the subsystems that Rami Alsattah was responsible for, it was of paramount importance to emphasize efficiency, self-sufficiency and mobility as my design criteria. In order to do that, it is important to optimize the design of many different components of the hydroponic system. These include the powering system used to distribute water to the plants, the physical design of the hydroponic system and the materials used in its design. 

After doing some research, it is obvious that using a submersible pump is appropriate for the hydroponic system. It sits in the water tank and is cooled by the water. A possible disadvantage of this system is its limitation in power production. However, this is mitigated by the fact that the system its powering is fairly small, and so it does not require much power. The hydroponic system used in this case will be a deep water culture that uses a raft that floats. The plants will be over the raft with their roots submerged in a water tank. Solution is moved through the tank and slowly delivers nutrients, in order to not cause any disruption. The temperature stability makes this design great for tropical regions. 

[image: ]
The physical design of  the tank needs to also be light, yet reliable. Mobility is also an important feature to consider when designing the hydroponic system. Not only must the tank be light, but it should also have some sort of mechanism that allows easy movement. One possible solution is to place the system on top of a large wheelbarrow to enable easy movement. The advantages of doing this is it allows movement while also keeping the system stable and sturdy, when movement is not required. A possible disadvantage of this is that it would constrain the area of the tank, which could reduce the number of plants that can be grown in the system.
[image: ]

Finally, it is important to ensure that the materials of the hydroponic system need to be light enough to enable easy movement, yet sturdy enough to maintain the system. It is therefore appropriate to use thin glass for the tank, and a small, light pump. Styrofoam is also an appropriate material to use for the rafts, since it is light and floats well on water. This design would minimize the weight of the system while maintaining its reliability. 

In conclusion, the system needs to be reliable, cheap, and power efficient. Ensuring all three conditions are perfectly met is a very difficult task, and so some conditions need to be compensated. It is important for the team members to combine ideas, discuss, and finally come up with a solution that fulfills these criteria as much as possible.











Thabo Lewis

Concept 1(Thabo Lewis)

[image: ]


This sketch displays an angled hydroponic system. The nutrient water mixture is pumped from the from the reservoir using a submersible water pump through the hosing. Once the mixture reaches the opening at the top, and enters the pvc pipes soaking the roots of the plants, the water flows down back to the reservoir by the force of gravity and then is recycled. A disadvantage to this design is the ability for each plant to receive equal amounts of sunlight.











Concept 2(Thabo Lewis)
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This sketch displays a vertical hydroponic system concept where two towers and two reservoirs are used. The first reservoir contains the nutrient mixture, and a pump that transport the water to the second reservoir. The second reservoir uses gravity to transport the water to the towers. They are drainage pipes at the bottom of each tower which transport back the water to reservoir 1and then water is recycled. 












Concept 3(Thabo Lewis)
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This concept is similar to concept 2 but instead of using a second reservoir, it solely depends on a water pump and gravity. A disadvantage to this design is the ability for the plants to get equal amounts of sunlight. Also, this design would occupy a lot of space in the greenhouse.


















Meeting results

  After much consideration our group has decided that three important global concepts to be focused on were power efficiency, form factor and a simplistic design. Considering these designs we wanted to rank them for the purpose of organization in order to better understand our goals to make a plan of attack. Thus we conversed. After which we came to the conclusion that of the global concepts to be focused on power efficiency was the most important design concept. This was because of how much it alone affected. The power the power the lower its dependency on power it would have as well having less points of potential failure within the system. Second global concept was the simplistic design. We all agreed that the "simple is best" design philosophy was good. However, we did hot mean simple in the conventional sense. We meantin the way with as few moving parts as possible which would prevent failure as well as make it more simple for the user to operate. Finally, the last global concept of high importance was mobility,  while mobility is a definite perk to the system and can greatly increase not only ease of use but also manufacturing costs. The system itself is intended for primarily stationary use and thus mobility is not the most imperative design concept. After we had drawn to this conclusion we discussed further drawing a mock schematic for a potential design for our system.
This was the culmination of the discussion. The system is focused on pure power efficiency. Being completely human-powered only needs the air tank to be filled via hand pump and the water reservoir maybe needing to be filled if there is no rain. It works by cycling the water through the system slowly by releasing a controlled amount of air that also simultaneously adds oxygen to the water. It's simple having an intuitive design and mobile as since the pressures being dealt with are relatively low it only requires friction fit for the pvc fittings thus allowing it to be disassembled for easy repairs or transport.[image: ]
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