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“Water is 1000 times more dense than air, so when the body moves forward through it, the water resists its movement”

Introduction

In this assignment, I will be exploring the above statement in great detail and looking at how water can resist the human body. In order to achieve this, I will be looking at density, resistance and how swimmers are able to overcome these factors while swimming. I will then also be linking this specifically back to front/back crawl.
As water is so much more dense than air, this makes swimming far less efficient than other sports. This is due to the athlete’s having to produce far more force in order to travel through the water. ( Maglischo, 2003 ) explains how “swimmers will accelerate forward so long as the propulsive forces they apply are greater than the resistive drag forces holding them back”. It also then stated why swimmers have to deal with resistance while in the pool. Resistive drag is encountered when a swimmer moves forward as they have to push streams of water molecules out of their way. This has to be done in order to open a hole in the water for the body to pass through. Resistance is an important object to overcome as ( Toussaint, 1992 ) states how The success of a swimmer is determined by the ability to generate propulsive force, while reducing the resistance to forward motion. 
Water, is able to resist the body in more than just one way. It is able to resist the body in four different ways. These different types of drag include; frontal, eddy, viscous and wave. 

The different types of water resistance

As I stated above, there is more than just one way for water to resist the body from moving forward. I will look into and explain the four different types of resistance (frontal, eddy, viscous and wave).
Frontal resistance is a big factor in relation to the overall amount of resistance felt. Frontal resistance occurs when the body of the swimmer is positioned too low in the water. As a result of this, this means that the surface area that is pushing against the water in the direction opposite of forward motion becomes larger ( Physics In Swimming, 2012 ). To be able to try and keep frontal resistance to as little as possible, the swimmer needs to try and keep their body high and near the surface of the water. As well as that, a rolling action while performing the ‘crawl’ strokes can also help to minimise this resistance.
The second type of resistance I will be looking into is called ‘Eddy drag’. ( Physics In Swimming, 2012 ) state that “eddy resistance is caused by poor stroke technique and riding too low in the water. The water is unable to fill in instantly behind the swimmer – causing them to pull water and air bubbles along with them; slowing them down.” This will slow them down as they will be pulled back due to having a lower pressure behind them in comparison to what is in front of them. To try and reduce this type of resistance from occurring, the swimmer should try and execute stroke techniques as well as possible and also by having a higher body position in relation to the surface of the water.
Another type of resistance which swimmers can occur is called viscous drag (skin friction). This form of drag doesn’t contribute as much to the overall amount of resistance as the other types. This type of friction is easy to describe – it is the amount of friction that takes place between the swimmer’s skin and the water. As the swimmer is moving through the water, water molecules are also pulled along as well. As a result of this, they will exert a frictional effect with the molecules in adjacent streams causing a small amount of resistance. A method of trying to minimise this type of resistance would be to simply shave the body or wear tight fitting costumes. This will make the surface smoother and have a lower surface area and less molecules will be pulled along resulting in less friction.
	The fourth and final type of resistance I will be looking at is called wave resistance. This resistance takes place at the surface of the water when turbulence occurs. Turbulence on the surface of the water is where a wave occurs. Waves are created by a swimmer when they move a body part at the water’s surface. From the heads and trunks of swimmers moving forward and the recovery movement of their arms and legs, bow waves are formed at the surface of the water. As a result of this, the size of the wave depends on the amount of force exerted by the swimmer. Following on, the bigger the wave is, this results in more resistance for the swimmer to overcome.
Front Crawl
It is well known that front crawl is the most common stroke amongst many. Front crawl can also be found as one of the most efficient and fastest out of the strokes. This is due to many different points. These include; it has the most streamlined body position, continuous propulsion from the arms and majority of action takes place within the body range. All of these factors contribute to help this crawl be so efficient when used correctly in the water. I will now look at different areas of front crawl specifically and how these relate to the resistance when performing this stroke. 
Firstly, the body position is very important for this stroke. The body position of the swimmer needs to be kept narrow and streamlined to minimise the surface area that is facing the water coming in the opposite direction. As well as that, the body needs to be high and near the surface of the water. If these are followed, then the swimmer will have a reduced amount of frontal resistance acting against them.
Next, I will be looking at the position and movement of the legs and how this can affect the amount of resistance that is needed to overcome. The action of the leg movement has a few different purposes. The first is to generate propulsion to help move the body forward, to balance the stroke and also bring the legs up high in the water. The legs should be high in the water without breaking the surface as, again, this will help to minimise the amount of frontal resistance that takes place.
Following on, I will now be looking at the movement that the arms produce and relate this back to the types of resistance that may occur. The main type of resistance that will occur due to the arm movement is wave resistance.  This is because the arms have to constantly come in and back out of the water in order to provide propulsion. While the arms are in the recovery stage, wave resistance will be produced as a large amount of the water surface will be broken. However, this action needs to be performed for the stroke to be possible so this type of resistance will also be there, it’s just about trying to minimise it.
The other two types of resistance (eddy and viscous) are types which can be affected and reduced as a result of the swimmer. Eddy drag is all about technique and how poor technique can cause more resistance. So this is down to the swimmer to improve on this. Also, viscous drag is all about the amount of friction that occurs with the skin. Again, it is down to the swimmer to either shave or wear a tight costume which will reduce friction.
Back Crawl
The next stroke I will be looking at and relating to how and where friction may occur is ‘back crawl’. Back crawl is similar to front crawl, however the swimmer is on their back for the duration of the swim. The back crawl also involves an alternating arm stroke combined with a flutter kick.
I will look at the body position again and see how this can affect the resistance produced. The hips and legs should remain shoulder width and this is to reduce the frontal resistance. By keeping narrow, the swimmer is reducing the surface area which is facing the water coming from the opposite direction. Another way to help minimise the frontal resistance produced is to keep the body horizontal to the surface of the water.
The movement of the legs in this stroke will result in some resistance as the toes and feet break the surface in order to help produce propulsion. This would be wave resistance. However, some resistance is expected as this stroke can’t be executed well without a little bit of the water surface being broken. Although, the amount of resistance should try to be reduced as much as possible by keeping the legs (apart from feet) under the surface of the water.
Following on, I will be looking at how resistance is produced as a result of the arm movement. Similar to front crawl, the main type of resistance that will take place is wave resistance. This is a result of the arms moving in and out of the water constantly while performing this stroke in order to help provide propulsion for the swimmer. Wave resistance will be produced as the water surface will be broken by the movement of the arms. There is going to be some resistance as the arms are needed to move in and out of the water, however, it is about trying to reduce this resistance as much as possible. A simple way of trying to do this would be by rolling the body as this would minimise the surface area broken.
There are another two types of resistance (eddy and viscous) and these types can be affected and reduced as a result of the swimmer. Eddy drag is all about technique and how poor technique can cause more resistance. So this is down to the swimmer to improve on this. Also, viscous drag is all about the amount of friction that occurs with the skin. Again, it is down to the swimmer to either shave or wear a tight costume which will reduce friction.
Conclusion


	So, in conclusion, I have realised how resistance can be formed in many different ways. In swimming, this needs to be minimised as much as possible and there are different techniques for the different types of resistance. The different forms of resistance include; frontal, eddy, viscous and wave. I have also gathered information and found out that front and back crawl produce different amounts of various forms of drag. It is clear to see that the more resistance is formed, the more propulsion needs to be made in order for the swimmer to continue moving forward.
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