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(The shape of scales causes water flow to streak across fish skin,
reducing turbulence and minimizing drag.)
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the roughness of fish scales doesn’t act like typical roughness of other materials. Although
shape and size vary across species, fish scales are essentially rows of overlapping seashell-
shaped bumps. The peaks of the bumpy scales create wakes of slower water behind them. The
overlapping sides of scales form valleys where most of the water rushes through. So as a fish
swims, it has alternating bands of “low flow” behind the scale peaks and “high flow” behind the
valleys.

Bruecker explains a fish swimming in an ocean would not disturb water 100 feet away, and
neither does that faraway water contribute to the friction the fish has to overcome to move
forward. Even water a few inches away has little impact. It’s the critical millimeters-thick
volume of water right against a fish’s skin that causes drag.

If the flow in this thin boundary layer becomes turbulent, Bruecker says the friction drag
increases nearly five-fold. So the scales are keeping drag low by maintaining an even, laminar
flow across the fish’s body. In one experiment, the researchers used dye to visualize flow across
a flat, smooth plate and compared it to a scaled surface. Across the smooth plate, the flow
quickly decayed into turbulent swirling and mixing because no structures were present to even it
out. In contrast, red streaks across the scaled surface indicated a laminar profile was preserved
over a much longer distance than the smooth plate. Of course, as a fish swims faster and faster,
the flow will eventually become turbulent. But scales delay the transition.
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“Generally, if a flow becomes turbulent the skin friction coefficient rises to almost twice its
value for laminar flow at a particular location. The total drag of the surface is the area under the
skin friction curve, therefore, the area under the curve reduces for fish scale array when
compared with the reference flat plate case . . . We have demonstrated that the fish scale array
could delay transition to reduce the net drag.”
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