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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”
Discuss the above statement in relation to ‘Front Crawl’ and ‘Back Crawl’ showing a sound understanding of the different types of resistance/drag, swimmers need to overcome.

Swimmers are constantly trying to understand the best possible way to travel through water as efficiently as possible. There are many factors needed to be taken under consideration such as drag, resistance, propulsion and buoyancy to time consuming factors such as turns and dives. Swimmers also need to achieve an energy expended vs speed ratio. They need to reduce the amount of energy used to reach the same speed as they would be swimming non-efficiently. Gary Sr. (2015) quotes “Swimming efficiency is really more appropriately defined by the body’s speed in the water versus the energy expended to reach that speed.” This is a great definition which tells you that its not all about how fast or how much force you are pulling throughout the water but how smoothly you do simple things efficiently to get the same impact whilst saving energy. I will be looking at some of the factors mentioned above throughout this essay and see how swimmers can overcome these to swim more effectively using front crawl and back crawl as strokes. I will use many sources which include the internet, books and articles that I have found, and I will back my statements up when necessary. 
Firstly, front crawl is the fastest stroke and is used by triathletes and professional swimmers the most of all other strokes. The world record is currently 46.91 for 100m freestyle however, that’s only 3 seconds faster than the butterfly 100m world record at 49.82 (Leroy 2015) Front crawl is the fastest because it is the most streamlined position in the water, it uses your strongest muscles, pectoralis major, deltoids and trapezius whilst also most of the action takes place within the body range which doesn’t disrupt the surrounding water which minimizes resistive drag. Croswell’s (2017) definition of drag is ‘Drag is produced by your body's friction against the water, which slows the body down with each stroke in the water. Even minimal amounts of drag catch against the water and serve to slow you down constantly throughout your swim.’ To reduce this the swimmer must maintain a lateral alignment in the water, push water forward instead of backwards and take up at little space with good shape whilst traveling in any direction. The legs should do roughly 6 kicks with the downwards sweep being the most powerful and giving the most propulsion. The feet should break the water surface which raises the legs and that minimises drag, also a slight bend at the knee will give you the most flexibility to comfortably use your feet to forcefully kick down. Some people may find it difficult kicking the feet and this could be because the legs are stiff, or they aren’t rotating at the hips that can cause a scissor-kick motion. Common causes of poor body position which leads to resistive drag such as frontal, eddy, fictional and wave are, dorsi-flexed ankles, hips not rotating enough and lifting your head out of the water whilst breathing.
Osness (2000) says that ‘Frontal resistance occurs when the body rides too low in the water, producing a large surface area that pushes against the water in the direction opposite of forward motion.’ Frontal drag is the overall drag swimmers present to the water which is why they should be as tight and streamlined as possible. The area they take up in the water is another big affect and that can lead to frontal drag as you want to create less ‘splashing’ around your body. To reduce frontal drag you need to keep your head down with eyes looking just in front which reduces surface drag, pull and a high elbow when entering to water, keep as streamlined as you can at the start and whilst turning in the water, you should keep your kick as tight as possible and keep you knees inside of the hip width and finally wear a silicone race cap is another good way to reduce drag (Gary Sr 2016). Backstroke has a similar drag resistance by (Gary Sr 2016) bending the elbow, rather than pulling with a straighter arm like front crawl. Gerber (no date) says ‘Just like in freestyle, straight-arming the water in the catch phase will not only detract from your overall propulsion, but also drive the torso up and the legs down - a big no-no for drag reduction.’ Overall there is not much difference between font crawl and backstroke frontal drag, if the swimmer creates propulsion behind them in laminar flowing water then it will be the most effective. However, swimmers do not want turbulent flow as this is the most amount of resistance where the molecules rebound and that’s when you get rough water around the swimmer.  
Eddy drag is caused by the movement of the water around the swimmer. Ris (no date) says ‘The swimmer causes eddy currents which is when the water is unable to fill in instantly behind the swimmer. Whenever a swimmer executes a front crawl stroke, an eddy shaped as a vortex or whirlpool, forms at the water surface. If the stroke isn’t executed properly, the vortex will remain. If the vortexes accumulate around the body of the swimmer, the water resistance is increased.’ This suggests that the swimmer will get sucked back into the hole that is created behind them because of the low pressure. In back stroke the eddy drag/current is produced when the swimmer’s hand propels too deep within the water which creates force pushing up onto the swimmer and ultimately slows them down by creating the same type of suction as front crawl. Swimmers can experience eddy drag simply by putting their hand in the wrong position can create propulsion that acts up onto the swimmer which creates eddy drag that looks like white water in the surrounding areas.
Viscous drag is the least affective on the swimmer, it is the friction between the body/skin on the water. Ris (no date) suggests the best way to deal with skin resistance is ‘The most popular method/option is to either shave or wax all visible body hair. When a swimmer shaves or waxes their body hair, they decrease the surface area of their skin. A similar result can be achieved through the design of the racing suits which mimic characteristics of shark skin. The surface of the suit is constructed with a series of ridges that tend to reduce drag when it passes through the water because the ridges act to deflect water away from the surface of the suit.’ You see professional swimmers use these swim suits at the olympics and are constantly developing new ways to get quicker times and suits seem to be the way they are going as it can increase your speed dramatically unlike board shorts which can slow you down. However, little things like shaving the hair off your body is not going to make such a big impact. Rushall (no date) explains this here ‘The relationship of frictional drag to velocity is linear; causing a minor effect upon performance as speed is increased.’ This suggests the faster you swim the less friction the comes between your skin and the water. 
Wave drag appears when air meets water. Typically wave drag is created by a swimmer’s head or lower back where part of the body is in contact with water and air. This creates a bow wave and ripples in water which pushes the swimmer back and creates drag. Since waves carry energy, the source of that energy comes from the swimmer. Rushall (no date) explains this in his article by suggesting that ‘Energy that could be applied to productive force is lost by unnecessary wave production. Although body position in the water has been described as contributing to form drag by increasing frontal resistance, it also contributes to wave drag by increasing following turbulence.’ Although swimmer’s experience a combination of different drags it is unknown which type of drag slows you down the most. Scientists have begun researching how trout move through water whilst swimming, although humans are nothing like fish, there findings can be altered slightly to suit humans. Pease (2012) says the ‘Initial work has demonstrated that during swimming at or near the water surface wave drag may be contributing up to 60% of the total drag experienced by the athlete.’ This tells us that this could be the biggest contributor to swimmers when it come to reducing drag and scientists are constantly looking at ways to reduce it. 
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