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Jamie Miller
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.

The purpose of this essay is to discuss the title statement “water is 1000 time more dense than air, so when the body moves forward through it, the water resists its movement”. So, it must be discussed for what reasons does water resist movement and what is present for this to happen. Also, how does this apply to different movements through the water such as front crawl and back crawl. 
As water is more dense than air a resistance is provided when a body attempts to move through it, this resistance is known as ‘Drag’. Drag is a force that acts to prevent propulsion. This is due to Newton’s third law where when a force is created there will be an equal and opposite force to react to it (Grant, 2017), in this case drag is the reaction to propulsion. When drag is greater than the propulsion the swimmer will decelerate (Narita et al, 2017). Propulsion is the force generated to propel the swimmer forward (Narita et al, 2017). The influence of drag is also backed up by Formosa et al (2013) stating “Drag has a major influence on swimming performance because swimming is performed in water, which has a greater density than air.” This statement also further reinforces the title statement that water has a greater density an air. Drag is created by a change in the flow of the water molecules, flow can be categorised into ‘laminar’ and ‘turbulent’ flow. Grant (2017) describes laminar flow as “smooth flow where the molecules travel in the same direction” and turbulent flow as “interrupted flow where the molecules rebound wildly in all directions”. During a swimmer’s motion turbulent water intrudes on laminar streams, swirling water from this then causes a difference in pressure in front of the swimmer compared to behind where the flow is more laminar, this large difference in pressure then holds the swimmer back (Grant, 2017). This can be interpreted as the creation of drag.
Now we have the cause of drag we must discuss the different types of drag that may be present for different strokes. Three main components of drag resistance that act upon a swimmer during motion thought water are friction drag (also known as skin drag), form drag, and wave drag (Tor et al, 2011).
The first of these is frictional drag, Tor et al (2011) state that “Frictional drag represents the resistance produced as a result of friction between the water and the surface of the swimmer” while Grant (2017) describes as the kinetic friction between a swimmer’s skin or suit and the water. Swimmers will sometimes attempt to reduce the amount of drag by using compression and body suits, another method is to shave off visible body hair (Grant, 2017).
The next of these is form drag, “Form drag is the result of the differences between pressure at the leading and trailing edges of the body with boundary layer separation from the swimmer being the principal contributor” (Tor et al, 2011). This is caused when the swimmer’s body rides too low in the water, this then produces a large surface area that pushes water in the opposite direction to forward motion (Grant, 2017). Technical causes for this sort of drag are the shape and position of the swimmer (sites.google.com, 2017) an example of this would be lifting the head too high in the water while breathing, swimming or both (Grant, 2017).
Wave drag is force created at turbulence at the surface of the water, this is because when a swimmer moves a body part at the water’s surface a wave is created, these are bow waves that can be created by the heads and trunks of swimmers as they move forwards, sideways, up or down, the bigger the wave created the bigger the force exerted by the swimmer and consequently a larger resistance force (Grant, 2017). Cause of drag is also reinforced by Tor et al (2011) stating drag “occurs when swimming at or near the surface of the water. Wave drag is considered the most deleterious of all the types of drag, as it has been shown to increase at a rate of up to the sixth power of speed compared with linear and squared relationships for friction and form drag, respectively.6,7 Wave drag is mainly caused by energy lost in creating wave systems around the vessel or swimmer”. This is also stating wave drag as the strongest of the three types of drag mentioned, this could be as the force of drag is proportional to the force created by the swimmer meaning the harder the swimmer works the more drag is created to resist their force; “the relations between the swimming velocity, propulsion (P), and drag (D) can be formulated from the characteristics of hydrodynamic forces, which are proportional to the square of the velocity” (Narita et al, 2017).
Another form of drag not discussed yet is ‘eddy drag’. This is resistance caused when as the swimmer travels water is unable to fill in instantly behind them as it is displaced, this then causes the swimmer to pull water and air bubbles along with them (Grant, 2017). This is caused as the swimmer moves through the water, during the movement “a swimmer's hand enters the water a bound vortex forms around the swimmer’s hand and arm. Bound vortexes formed around the hand, arm, feet, and legs create the resistance in the water that the swimmer uses to propel them forward” (Grant, 2017). Grant also states that this can be caused by poor stroke technique and riding too low in the water. From these it can be assumed that when the swimmer is travelling through water they are creating a hole in the water behind them and when this hole is created and unable to be instantly filled, the water moving to try and fill the space creates the Eddy resistance.
From this it must now be discussed, how does drag relate to swimming technique. During the motion of swimming front crawl, the swimmer’s hand/arm travels downward into the water before then moving backwards to propel the swimmer forwards. By creating and equal and opposite reaction the swimmer is then kept afloat and propelled forward (Grant, 2017). From this it can be established that the motion of the swimmer’s arms is imperative in creating the thrust to move them through the water. During this motion the swimmer’s one hand begins to pull at the water while their opposite hand completes the push of water behind them, the arm entering the water is motionless (or moving very slowly) while the opposite arm begins recovery (Havriluk, 2017). Factors that affect the front crawl stroke include: active drag forces, effective propulsive forces, propelling efficiency and power output (Toussaint, 1992). As front crawl technique is heavily influenced by the swimmer’s arms the types of drag present can be assumed as; form drag because this is influenced by the swimmer’s technique, another present would also be wave drag as stated earlier the swimmer’s hand enters the water’s surface, so this form of drag could be created. As drag is created it is then up to the swimmer’s technique to determine how much drag is created as stated earlier on poor technique can increase the amount of drag making it more difficult for the swimmer to create propulsion.
In conclusion it can be established that drag is the main obstacle for a swimmer to overcome in order to travel through water. The effects of drag working against the swimmer’s motion give merit to reinforce the statement that water is 1000 times more dense than air therefore creating difficulty and a force the swimmer has to overcome. The swimmer can use methods to limit these forms of drag, for example, a swimmer could wear a suit to reduce friction drag. The swimmer’s technique is also imperative in prevention of drag. It is also fair to conclude that if the swimmer’s technique is lacking the force of drag will be greater than their force of propulsion making them unable to move forwards. Drag will always be present when attempting to move through water as Newton’s third law means that each action will have an equal or opposite reaction.
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