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introduced at a bell-shaped entry extends undisturbed the
whole length of the glass tube. Transition is seen in the sec-

ond of the photographs as the speed is increased; and the
last two photographs show fully turbulent flow. Modern

traffic in the streets of Manchester made the critical
Reynolds number lower than the value 13,000 found by

S
R nkend\haequﬂ\“d Reynold
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TRANS rT7an) TO TULRVLEAT

Figure 3.11 The Fanning Inction lactor versus the Reynolds number

10’ =

Turbulent velocity fluctuations “mix” slow moving
and fast moving fluid and in doing so transfer the
stress from the wall, that is opposing flow, into
the middle of the pipe. Result: high pressure
drop for a given flow than if the flow were laminar.
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Figure 2.17 Relationship between the shear stress and shear rate for Newtonian and non-Newtonian fluids. Fluid
properties are Newtonian fluid, x = 0.01 g cm™' s°*; Bingham plastic, r, = 0.01 dyn cm2, j, = 0.01 g cm' s°'; shear-
thickening fluid (dilatant), m = 0.01 g cm’, n = 2.0; and shear thinning fluid (pseudoplastic), m = 0.01 gcm' s°'5,

rest file format.
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Figure 2.18 Apparent viscosity versus shear rate for fluids shown in Figure 2.17.
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B0 Frow)

In the largest arteries for humans, the Reynolds
number is large enough that we would expect
turbulent flow and for the first few generations of
the arterial system the flow is pulsatile.

So there are some limits to exact application of
the analysis that we can do.

However, we can get some useful insights so we
shall proceed. (You can read more at another
time.)



Figure 2.30 (a) Shear stress versus shear rate for blood at a hematocrit of 0.40. (b) Data in (a) replotted according to
Equation (2.8.6). (Adapted from Ref. [25].)
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Figure 2.30 (a) Shear stress versus shear rate for blood at a hematocrit of 0.40. (b) Data in (a) replotted according to
Equation (2.8.6). (Adapted from Ref. [25].)
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file format.

Figure 2.32 The apparent viscosity of RBC suspensions (divided by the plasma viscosity) as a function of shear rate.
NP = normal RBC in plasma; NA = normal RBC in isotonic saline containing 11% albumin in order to make the liquid
viscosity equal the plasma viscosity; HA = glutaraldehyde- fixed RBC in the same saline solution. (Reprinted with
permission from Ref. [29], © 1970 American Association for the Advancement of Science.)
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Can we say anything about how the blood vessel
branching might occur?

There is obviously a trade off between size and
pressure drop

This is similar to capital versus operating costs
for a chemical process.

We might suspect there are physiological
constraints.

Perhaps there is a "sweet spot" in the amount of
wall shear that this collection of components finds
optimal.

Let's check some numbers....
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