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Introduction
Lamar designed wetsuits are worn by race-winning swimmers worldwide.

Different wetsuit designs have begun to produce record breaking times. The final goal of
this final project was to visualize any reason why one Lamar wetsuit design would
produce faster race times than two other designs. The initial wetsuit design is a smooth
surfaced neoprene suit. The second wetsuit tested was the same smooth surfaced suit
with raised painted circles ranging from three eights to three quarters of an inch. The
final, and the fastest race proven, suit design consisted of flat recessed dimples with
diameters ranging from three eights to three quarters. To determine why one suit is faster
than others, we photographed different designs’ boundary flow characteristics in a stream

of water.

Experimental Setup

Figure2: (a) The water flume setup, (b) Side view of the Flume

A picture of the open channel water flume is shown in Figure 2, which is located
at the civil engineering department basement, with the permission to use by Professor
John Crimaldi. The water flume has a 2 ft x 3 ft x 15ft channel bed with the water level
in the working section of the flume approximated to about 5 inches high. Pictures were
taken from the bottom of the flume through a clear layer of glass. In order to get
sufficient light, one set of high-powered 500 watt halogen lamp is used to illuminate the

environment in addition to fluorescent ceiling lights. A foam insert is enclosed by the



wetsuit in order to simulate a human body form. The foam insert also provided buoyancy
so that the wetsuit did not sink down to the bottom of the flume. The speed of the flow
was set to 40 Hz, and it is estimated to be about 2.3 ft/s.

Fluid Dynamics

According to [1], the flow characteristic can be determined by calculating the

Reynolds number for the system which is given by:

Re=V*D/y
Where V is the velocity of the water, D is the length of the wetsuit, and v is the
kinematics viscosity of water. The velocity of the water is estimated to be about 2.3 ft/s.
With v =1.08x107 ft¥/s, V = 2.3 ft/s, and D = 2.5 ft, the Reynolds number is calculated to
be Re =4.9x10° which is less than the critical point Re < 5x10°, and therefore, the flow
is laminar.

The recessed dimples of the third wetsuit, which is shown in figure 4, are trapping
the air bubbles flowing in the stream of water. The bubbles being trapped increase the
buoyancy of the wetsuit. This increase in buoyancy is equivalent to the mass of water the
bubbles are displacing. Assuming the wetsuit was to trap 0.1 Liters of air underneath the
suit, the buoyant force would be as follows [2,3]:

The mass of air displacing the water is equal to the volume of air multiplied by the
density of air:
Mair= V*pair = 0.1L*1.3kg/m’*0.001m*/L = 0.00013 kg
The mass of water displaced equals the volume of air multiplied by the density of water:
Muater = V¥pyater = 0.1 L * 998 kg/m’® * 0.001 m*/L = 0.01 kg
The buoyant force is equal to the difference in masses multiplied by the acceleration of
gravity:
Fb= [Myater - Mair] * g =[0.01 kg - 0.00013 kg] * 9.8 m*/s = 0.097 N
This force is the buoyant force helping lifting the swimmer out of the water. The more
the swimmer is out of the water the faster the swimmer can swim since water is more
viscous than air, and the lighter the swimmer, the faster he can swim.
Figure 3 shows a comparison of the three different types of wetsuit. The image

on the left corresponds to the smooth surfaced neoprene suit, while the middle image is



the smooth surfaced suit with raised painted circles, and the last image is the flat recessed
dimples, which is the fastest one. The images clear illustrated that no bubbles were

trapped on both of the smooth surfaced suits while a lot of bubbles were trapped on the

receded dimples on the third image.

Figure 3: Comparison of three different types of wetsuit.

Visualization Techniques

By placing the wetsuit in fast flowing water, air bubbles inherently found in the
water stream across the wetsuit and help to illustrate how the water flows over the
wetsuit. Our pictures illustrate this by showing air bubbles caught in the recessed
dimples of one wet suit and few bubbles caught on the wetsuit with no dimples and even

fewer bubbles with no dimples at all.

Photographic Techniques
The camera used to take the image was a Canon EOS Digital Rebel XT with 8.0
Megapixel. Some of the details of the photographic techniques are listed below:
e Field of view — 18 in by 10 in
e Distance from object to lens — 1 ft
e  Lens focal length and other lens specs:
- Focal length — 26 mm
- ISO light sensitivity of 400
e  Type of camera — Canon EOS Digital Rebel XT
o  #pixels —2304 x 3456

e  Exposure specs



- Aperture — 4.6

- Shutter speed — 1/40 sec

- F-Number — F/5.0

- Exposure time — 1/40 sec

Adobe Photoshop CS is used to process the image shown in figure 1, which is the
final image. The image was cropped to isolate the desired image. Some adjustments
have been made to create a more dramatic image, and they are:
e  Contrast and brightness — Contrast level is increased to +20 to bring out the

contrast of the clouds and the brightness level is increased to +10

Conclusion
The images shown in the above sections clearly demonstrated the different

boundary layer of the three different types of wetsuit under water flows. The images also
illustrated the reason why the wetsuit design consisted of flat recessed dimples is faster
than the others, and that is, due to the buoyancy effect of the air bubbles that were
trapped underneath of the dimples of the wetsuit. The most we like about the image is
that it is easy to visualize the air bubbles that were trapped on the wetsuit as well as the
water streamline. The most we dislike about the image is the lighting gradient across the
wetsuit, and it was impossible for us to get a uniform gradient of light all across the
wetsuit. Is the air bubble the only reason why the wetsuit is faster than the other ones is
the equation that we would like to ask. Overall, we are able to visualize the reason why
one Lamar wetsuit design would produce faster race times than two other designs,
therefore, our intent is fulfilled. One improvement can be done is injecting dye into the

water and produces a better view of the water streamline as well as the air bubbles.



Figure 4: Original image
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