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INTRODUCTION
Often, technical advances are necessary for scientific progress. The article by Marqués-
Bruna and Grimshaw models the interactive fluid dynamic effects originating from natural
environment on time-trialing cycling performance. These advances are achieved by
quantifying interactions between physical altitude and weather, expressed in terms of the
associated air density, and its resultant drag force to take advantage of the rigorous theory
that underlies aerodynamics and hydrodynamics. 

APPLICATION TO SWIMMING
To put this advance into basic swimming research, it is important to understand that air and
water differ in their resistance to change in volume: Water is incompressible at ordinary
pressure, whereas air is easily compressed by small pressures resulting in an increase in
density [1]. Consequently, although air and water are both classified as fluids, it does not
mean that the physical laws that apply to one also apply to the other. In other words, it is
inadequate to call upon the laws of physics to explain how movements can generate
propulsion in water directly. 

In human swimming, several attempts have been made to calculate hand forces from
kinematic data using information collected by suspending plaster models of swimmers’
hands and arms in wind tunnels and water channels [2]. The models are held in place while
air or water is pushed past using some mechanical device [2]. However, this method is
invalid since the fundamental requirement that air and water do not always obey the same
physical laws has been overlooked. This assumes, for example, steady flow. A more general
approach has been proposed and involves trying to measure active drag with testing done in
a swimming flume of water canal [3]. Other researchers have tried to estimate active drag by
having swimmers push off from a series of fixed underwater force plates and still others
examined changes in speed after known extra drag was added [4]. 

Computational fluid dynamic modeling of the flow of water permits estimation of the
resistive force acting on a swimmer. Nevertheless, there is at present no validated model
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based on fundamental engineering and physical principals able to estimate the total power
output required by a swimmer to overcome hydrodynamic resistance, rolling resistance,
frictional losses, and change in potential and kinetic energy. There is also no practical tool
that enables the swimmer to predict race performance based on expected mechanical,
physical and environmental conditions. Moreover, time is also of concern in the computation
of the resultant effects on the hydrodynamic power and drag forces. We need to develop
some better fundamental tools to measure the forces swimmers exert against water when they
move through it. Recently, attempts have been made at modeling swimmers using existing
software. As previously, these noteworthy attempts were limited to hand models or passive
bodies in water [5-7]. There appears to be a long way to go before a swimmer of irregular
shape and with two moving arms and legs can be modeled. 

Several further organizational and technological steps will be needed for progress to be
made. Engineers have been able to build robotic tuna fish that really swim and biologists
have been examining and modeling animals moving in water for many years. Human
competitive swimming might not be of sufficient interest to motivate such investment in
human resources but, for example, rehabilitation in water has a large world-wide following.
Nevertheless there is very little known about the actual load [8] of any rehabilitation
programme in water on the patient.

There is also a problem of technology. Human gait analysis received a major boost when
automatic tracking systems were introduced. Now extensive data could be collected on a
hundred patients in the time that was previously needed to get a single data set. Gait patterns
can be modeled before potential surgery to examine expected results. Systems that track
body markers underwater are not readily available to sport scientists. In addition, humans are
not adapted to water as are fish and thus much more individualized information needs to be
collected on movements and muscle patterns of a large number of swimmers of diverse
performance levels. Furthermore, the movement of water surrounding the swimmer needs to
be visualized and quantified. It is obvious that much work is needed to understand why one
swimmer is more successful than another. 

CONCLUSION
Coaches must deal with real people, having individual capacities (mechanical, physiological
and psychological). It cannot be said that if one person’s technique is transferred to another
person a predicted result will always ensue. There may be many interrelated factors that
make, say, Michael Phelps’ dolphin kick so effective. The work presented by Marqués-Bruna
and Grimshaw offers a way to take into account many of these factors at the same time. It
offers a new way to a mainstream method in basic swimming research that characterizes so
much of human competitive swimming today. 
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