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Introduction
    A submarine is an underwater vessel that uses the concept of buoyant forces to stay below the surface.  The rules of buoyancy state that an object, such as a submarine, must weigh more than the water it is displacing. The first submarine was built in 1623 by a Dutchman named Cornelius Drebbel. His submarine was built out of wood and was encased in leather. It held about twenty men and it was able to dive about fifteen feet. One major purpose of a submarine is ocean exploration. They allow scientists to reach great depths of oceans which, due to extreme pressure, are deadly to humans. Warfare is another key application of submarines. The Civil War was the first war in which submarines were used, although it was merely to spy on enemy ships. WWI saw a new era in submarine warfare as they were actually used to attack ships.  This advancement in naval warfare sparked a worldwide submarine phenomenon.  In the years since WWI, the efficiency and advanced technology of submarines have developed rapidly, and are still being improved upon today.
Objectives

Our goal was to design and build a submarine that could submerge, resurface, move forward, and turn. There are many possible problems that could occur when building a submarine. Our biggest problem was water. First, we had to design and create a submarine that could float on the water, and sink as well. We also needed to have an electrical system that would power the motors to move the submarine. This was a problem because the water could not touch the electrical system or it would fail. Another obstacle we faced was the issue of balance. If the submarine tipped onto its side, it would not work effectively. Our goal was to overcome these problems and make it work.
Procedure

We constructed our submarine out of three inch diameter PVC pipe. As shown in Figure 1, we drilled holes completely down the bottom of the submarine as well as on both sides. The holes were drilled two inches apart and used to take in water and let air out, helping the submarine sink. We also inserted five acrylic buffers spaced out within the submarine, which made compartments, slowing the flow rate of water and air.  This prevented water or air from traveling to one side of the submarine too quickly, keeping it balanced. The PVC pipe was covered on one end by a PVC cap and on the other end by a funnel that made the sub more hydrodynamic. On the top of the sub, we attacked a ballast tank, also made out of PVC. This tank had two nozzles on it, both connected to plastic tubes. As seen in Figure 2, one of the nozzles was connected to a bilge pump that pushes water into the tank, causing the submarine to sink. The other nozzle was connected to a standard bicycle pump. When the pump was used, the water in the tank was replaced by air. This reduced the weight of the sub, making it rise and float. To propel the submarine we obtained two waterproof motors and attached them to each side of the submarine. 

Results

Throughout the process of building the submarine, we tested four different sources of air for the sub.  Table 1 shows the results of these tests, where all variables remained constant except for the air supply.  The idea we utilized for our final design was that of the ballast tank, but much testing was required to help us reach that conclusion.  We initially planned to pump air directly into the submarine.  This idea worked very well in the lab. It sank by itself and rose when we pumped air into it. The waterproof motors worked well. Unfortunately, when it came time to test the submarine in the pool, it failed to work as it had in the lab. It did not sink by itself and when we pumped the air into the submarine it rose unevenly.  The only things functioning properly were the motors that propelled the sub forward.  These drawbacks forced us to drastically change and improve our design.  We added the ballast tank and created a new tubing system. This concept was immensely more successful than the last one. The submarine submerged and resurfaced as intended, while the motors propelled it forward. 
Table 1:  Air Supply Tests
	
	Sink
	Float
	Move Forward
	Turn
	Balanced

	Compressed Air
	no
	yes
	no
	no
	no

	Air Mattress Pump
	yes
	yes
	no
	no
	no

	Bike Pump
	yes
	yes
	yes
	no
	no

	Ballast Tank
	yes
	yes
	yes
	no
	yes


Lessons Learned

Possibly the greatest thing about this experience for us was the new knowledge we attained.  We all knew very little about the topic but quickly learned some basic standards of fluid mechanics. The most important of these was the principle of buoyant forces, and how they affected our submarine’s capability to sink and rise.  If the weight of the sub was greater than its buoyant force, it sank.  To achieve this, we pumped water into the ballast tank using the bilge pump.  If the buoyancy is greater than the weight, it will float. This was accomplished by pumping air into the ballast tank, pushing the water out.  These two actions altered the weight of the sub, allowing us to effectively use the buoyancy concept. Most of all, we learned from our own mistakes and failures.  We faced obstacles while trying to keep the sub balanced, make it sink and float, and propel it.  These complications were disheartening at times, but they allowed us to reexamine our design and further develop and improve our submarine.
Conclusions

We successfully designed and built a submarine that could submerge, resurface, and propel itself forward through water. Although the process was in no way easy, we enjoyed the challenge of it.  The only objective we were not able to complete was the task of making the submarine turn left and right.  This, however, is a minor drawback, and we were very satisfied with the outcome of our project.  Because of our successful results, we will always remember this as a positive experience.  Although the process was long and strenuous, we were able to learn from our mistakes and perfect our design.  The vast amount of new information we absorbed as well as the successful outcome made this experience very worthwhile, and will help us immensely in preparing for college and whatever lies ahead.
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