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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.
 In aquatic locomotion the major resistance force is the water (hydrodynamic resistance or drag), it is imperative to measure and determine these factors and conditions when assessing and analysing the strokes (Gatta et al., 2015). By assessing and breaking down the stokes and resistance it will enable the swimmer to use a refined technique that will enable them to travel through the water effectively. The human body travels through water creating a number of forces which consist of; resistance, drag, lift, gravity and buoyancy. Resistance is a force that is an element of any human locomotion. Dependent on the density of the water, and the overall resistance can determine the speed, propulsion and efficiency of the movement and stroke. The speed of the movement requires an increase in propulsion, and decrease in resistance (Gatta et al., 2015).  The drag and resistance are the major influences when propulsive action is required in swimming, with density having the most validity and effect on drag and resistance. At room temperature air has a density of 1.225kg/m3 (Dmitry et al., 2010), whereby water has a density level of 1000kg/m3 (Koech, 2015) therefore water is almost 1000 times denser than air generating a much larger force and resistance than air produces, meaning movements would be slower, and more strenuous in the water, which requires more energy to generate a propulsive movement to push the body through the water.  This essay will demonstrate a sound understanding of the different types of resistance and drag that a swimmer would need to undertake, and will determine the types of drag that would be shown in the biomechanics of the front crawl and back crawl.  
Hydrodynamic resistance has many types of drag, such as pressure/ form drag, friction drag and wave drag, with the pressure drag being the most contributing drag form at moderate swimming level (Pendergast et al., 2005). When discussing resistance, these types of drag can also be known as Frontal resistance, frictional and eddy resistance (physics in Swimming, 2017). Pressure drag increases when the swimmer creates speed and propulsive movements. The largest area of pressure drag will initially come from the head, as this is the prime area of the body that is out of the water. The swimmers method of breathing technique and body position of the head when rotating during the stroke is significant and it is essential to refine these movements to generate a lower resistance. The legs produce a much lower pressure drag (Crosswell, 2017) but also has the same significance, as the legs still produce propulsion and needs minimal resistance in the water. Frontal drag/ pressure drag is an important aspect to assess when looking at a progressive swimming technique. Frontal drag is very sensitive to any minute changes in the water, especially speed and body position. The speed of the swimmer in the water creates a higher pressure drag and resistance, therefore technique and body positioning is imperative when trying to create maximum speed or efficiency. Being streamlined with a better technique would minimise the frontal drag (Hall, 2017). 
The frontal drag is also influenced by the weight in the water and the distribution of the swimmer’s body position (Pendergast et al., 2005). The resistance is lower around the surface area of the swimmer’s hand. Steady, secure and paddle like hand position will help to reduce the wave drag and will provide a practical and seamless environment to swim in. The resistance of the stroke will depend on the density of the water, the surface area of the hand, velocity, drag and lift hydrodynamic factor (Gourgoulis et al., 2015). The frictional drag in swimmers is a component that may create friction, such as choice in clothing and body hair. To decrease frictional resistance, latex swimming caps, and shaving the body hair can reduce the friction to allow the body to glide through the water seamlessly minimising total drag (Naemi et al., 2010). 
The laminar flow is another type of resistance that occurs in the water, whereby the water is moving parallel to the body, and would typically end at the largest area of the head. The laminar flow is where the water particles are following alongside your body in a consistence line, with little water displacement or interruption. Turbulent flow occurs generally below the knees, as the turbulent flow is where the water is more disrupted and infrequent, generating a slight whirlpool effect where the water is disturbed by variations in speed, direction and momentum, caused by eddies (Oxford reference, 2017). The flow of water from the swimmer’s whole body is neither completely laminar or turbulent, it is seen as a transitional flow. Generally, the upper part of the body will be in a laminar flow and the lower part of the body such as legs would be in a transitional flow of resistance, (Pendergast, 2005). The wave drag is acquired when the body is accelerating through the water pushing the water away from the body, creating a line of movement/ wave. The wave drag is created by the transverse and divergent waves that generate behind the swimmer. The wave is dependent on the speed, with the wavelength being equal to the swimmer’s body length (Vennel, 2006). 
Front crawl and back crawl compared to any other styles of swimming will mainly rely on the catch and pull phase. This is seen to be the most imperative motion in the stroke to generate speed and propulsion. The catch and pull phase is where the swimmer develops between 85-100% of their propulsion by catching and pulling the water back to produce the opposite force, applying a force to push the body forwards (Newsome, P. and Young, A, 2015). It is essential that the hand is generating a large surface area, making sure fingers remain together, as this will create a more intense pull phase which will increase propulsion and speed (Newsome, P and Young, A, 2015). The technique of the catch and pull phase is extremely important and a stage that should be taught and developed accurately, using a smooth entry into the water which will reduce the resistance displacing the water particles. Breaking the water surface allows the body to glide through the water facilitating minimal disturbance of the water, this will reduce the wake/ wave drag. The wave drag is inevitable in swimming as when the body moves through the water it creates an unsteady turbulent wake from the limb displacement and speed of propulsion (Arellano et al., 2017). During aquatic locomotive, the forces are created by the limbs and the surrounding water of the body. All movements from the body will create a displacement of water and will create vortices. The force created when pulling through the water will naturally create propulsion from the pressure field exerted by the fluid from the body’s surface (Arellano et al., 2017). 
An efficient and productive way to reduce further drag in front crawl is to ensure that the head is low in the water when breathing as this would cause the whole body to lift making the legs sink creating a further resistance from the legs not being in line with the torso, arms and head. Swimmers who keep their head low in the water when inhaling create a bow wave which forms at the top of the swimmer’s head when travelling through the water creating a trough of air near your mouth allowing the swimmer in inhale with minimal drag (Newsome, P and Young, A. 2015). In front crawl and back crawl, it is essential for the swimmer to maintain a streamline leg kicking action to decrease an active drag resistance. The position of all body limbs in front crawl and back crawl will have a low drag as the whole body should be streamlined, and the catch and pull phase provided from the arms produces a much larger force. The arms generate 90% of the propulsion in front crawl and backcrawl, compared to other swimming styles such as butterfly or breaststroke (Madureira, 2012). The hydrodynamic drag would need to be reduced to lower the displacement of water by refining the body movements in the water to improve the swimming technique and efficiency, as minimal movement and body displacement would achieve minimal resistance. In front and back crawl, the gliding of the stroke is extremely vital as the gliding occurs during starts, turns and within the stroke phase, so is constantly functioning. During the glide phase, the streamlined position must be included for a seamless stroke. In the front crawl the body should be elongated with arms extended forward and hand pronated and overlapping, with the feet pointed (plantar Flexed) and close together, minimising drag as much as possible (Naemi et al., 2010). In the back crawl to minimise drag, it is imperative that the rotation of the arms is correct. 
Using BLAPT will produce a correct posture when using any strokes and when the position of the body is streamlined it reduces drag. BLABT is a tool that can be used when breaking down the swimming strokes, BLAPT: (Body position, Leg action, Arm action, Breathing and Timing) (Swimsmooth, 2017). To reduce any excess resistance BLAPT is a useful method to enhance the swimmer’s technique. Swimmers body position will improve the flow of the stroke, minimising resistance and increasing propulsion and speed by kick effectiveness, core awareness and head position. Avoiding lifting the head in the water, and breath from the trough the head makes, as this will reduce the bow wave from the legs. Back crawl and front crawl require an aligned straight body position. Kicking effectively will reduce drag by keeping the legs and hips high in the water. Breathing technique is extremely important as the strong exhalation removes excess buoyancy from the chest which created a more streamline body position meaning the legs will be more in line with the chest rather than a sinking effect, increasing the laminar flow and reducing the wave drag (Swimsmooth, 2017). The body roll especially in back crawl is necessary to reduce drag from the arm surface area, the swimmer needs to lift one shoulder out of the water, allowing the other shoulder to drop in the water, keeping their body in line and parallel. The swimmers head will need to be laying back with the tip of the nose facing upwards, switching the shoulders every stroke (Luebbers. M, 2018). Timing is important especially in front crawl, as during the body roll this will allow the swimmer to catch their breath from the trough which means that if the application of the larger movements is completed at the same time the drag would only apply once per stroke (Swimsmooth, 2017).
To conclude resistance and drag is a force that is inevitable in any environment, however much denser environments such as water requires more energy to move forward and create propulsion which generate a more noticeable drag effect on the swimmer’s movements.  Suggested by, Koech, (2015) lower temperature corresponds to a much higher density, therefor meaning that open water swimming would have a higher resistance and require more energy, not only due to the temperature but also the surrounding water being disrupted from external factors such as wind will generate a more turbulent swimming flow. The relevance for reviewing the drag and resistance in water during any environment is mainly to understand how to improve swimming technique and to minimise the resistance that occurs from the body’s circumference, to increase speed, seamlessness and being as energy efficient as possible, allowing long distance swimmers to travel further without being exhausted and fatigue. The speed of propulsion generates a much higher resistance and drag effect, so it is essential to make sure the body position is streamlined and positioned correctly, with excellent timing and breathing technique to allow competence and proficiency in the water when using front crawl and back crawl. 
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