Problem & Solution: Circulation — Insert Miracle Here
by Michael G. Windheuser, Ph.D.

f you want to water your grass, any

number of sprinklers or branching

sprinkler systems would work just fine.
But let’s say you wanted to water every
blade of grass individually and to the same
extent. That would be a problem that needed
a very specialized and meticulous engineer-
ing solution.

This problem is similar to the one faced
by the human body which needs to contin-
uously provide oxygen and nutrients to and
remove waste from every one of its one
hundred trillion cells. We are told that the
solution to this problem, a closed circulatory
system under positive pressure from the
heart that branches into minute vessels
called capillaries, came about by unguided
chance and natural selection. But this idea
seems even more miraculous than the actual
solution provided by the Creator which so
wonderfully meets our needs.

A branching network from a single
large aorta to smaller and smaller arteries,
arterioles, and finally microscopic capillar-
ies permits the surface area for gas and waste
exchange to become very large while occu-
pying a small volume. Thus, virtually every
cell in the body can be reached by blood.
In about 30 levels of branching, the surface
area of the aorta compared to that of the
capillaries increases 1000-fold, and the pres-
sure and speed of blood flow decreases by
1000-fold.! This provides sufficient surface
area and time for gas and waste exchange
to occur efficiently. So, a branching net-
work is the first key design element of the
solution to our problem.
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FIGURE 1. (A) Illustration of fluid dynamics.
Because of friction at the inner surface of the
blood vessel, blood-flow velocity is greater at

the center. As a result, the individual blood
cells spin. (B) Axial streaming arises as a con-
sequence of the accumulation of blood cells at

the center of the vessel.
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The other key element of the solution
is blood. Blood is composed of 45% by
volume of cells. This makes the viscosity
of blood about twice that of water to begin
with, accentuating the problem of flow in
small vessels. But even if blood were just
pure water, like our example of a sprinkler
system, the turbulence caused by branching
and the cumulative friction of water mole-
cules against the large capillary surface area

would require a pump with power far be-
yond that of our heart. Instead, — insert
miracle here — because blood behaves as
a non-Newtonian fluid containing cells, and
because of how these cells flow through
small vessels, the resistance to flow in these
small vessels actually goes down rather than
up!

In small blood vessels water flows more
swiftly in the center than at the edges, which
causes blood cells to spin. This spin, in
turn, causes blood cells to group along the
centerline of the vessel, away from the
friction-generating vessel wall. Called the
Magnus effect, the result is axial streaming
of blood cells which actually reduces blood
viscosity in very small diameter vessels.!
This is a very good thing for us, and some-
what miraculous when appreciated as both
the elegant and precise solution to the prob-
lem of using blood flow in tiny vessels as
the means of gas and waste exchange. This
perfect physiologic solution is, in my view,
yet another evidence of the Creator’s mag-
nificent engineering prowess, as well as His
great love for us.
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