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1e Navier-Stokes equation is obtained b

quation (3.3.16):

.i.p?a% + pv+Vy = —Vp + uV2v + pg.
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A question that combines a
couple of the issues mentioned
above is how much power is
necessary to pump a required
amount of fluid through a certain
a vessel network ?

Our brains need a steady
supply of oxygen to remain
healthy — and to think all of our
great thoughts !



Circle of
Willis

Py = A

s‘l

basilar \* T
-‘ external carotid
intemta| carotid ‘ . ' arteries
e P . ’ ommon carotid
vertebra =\ - arteries
( # subclavian
', arteries
innominate artery -

MDQE O\GDUN@/\NC Y Tw4 N
\ N OTREL (ALSS OF

200

30357_8_29_17 13/35 8/29/17



Internal Middle
carotid cerebral

artery | artery

Basilar
artery

Bottom view of brain

FADAM.

30357_8_29_17 14 /35 8/29/117



CI\RCLE oF W VLG

Anceror
commuricating
Miodie antery
corobeal
anery

Amerior

corobeal
anery

Ophthaimic
anery

Internal
carotid

anery

Antenar

Posterior
communicating
anery

\ e el N \'¥
SR E
—
— = [ -
ANOVS Y
V>
MG
-g' ' | J -
( | \
T 2 ‘ ’\‘ \ \ '

Postenor
Inferior

anery cerebellar
anery

Under normal conditions, blood flow in the communicating arteries is negligible.
However, if a subject has an atypical Circle of Willis, e.g., missing one of the main
arteries or communicating arteries or under pathological conditions such as complete
or partial occlusion of one of the cerebral or carotid vessels, the flow car be redirected
to perfuse deprived areas [22, 23]. The borderzones are then per “through the
network of communicating arterioles. The ring-like structure of the Circle of Willis
is often incomplete or not fully developed. It has been found that in more than 50%
of healthy brains [2, 42, 43| and in more than 80% of dysfunctional brains [51], the
Circle of Willis contains at least one artery that is absent or underdeveloped. The most
common topological variations include missing communicating vessels, fused vessels,
string-like vessels, and presence of extra vessels [3]. These topological variations may
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In modern times, if there is a
problem with a chemical plant,
or if we wish to do an
modification or expansion, we
first use our mathematical
models of the process to
determine what is best, and to
make sure it will work.

Why not the same
before surgery?



Sometimes there are multiple
options for how to fix something.

There may be a question if the
successful surgery will really fix
the problem.

So in addition to the medical
tests and imaging, perhaps you
would like to consult an
engineer to do some
calculations! (Not likely today.)



Schematic of circle of Willis
For calculations

F1G. 3.1. Topology of the Circle of Willis and boundary conditions and numbering convention,
see also Table 3.1.



A common question from fluid flow is how much
power does it take to maintain a specific flow rate
of a liquid through a conduit of radius R?
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This gives some general insight, but what about a
specific blood vessel? Whatis A £©7¢
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To proceed we need a formalism that can
describe mass, momentum and energy transport
and can be adapted to all problems of interest.

This formalism is the set of partial differential
equations that | showed before.

We will start by explaining where these
come from.

Then, we will use them!
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Figure 2.3 Motion of fluid through a volume Ax Ay Az.

Yy

// i : .

ITVI Nl Transport Phenomena in Biological Systems, Second Edition ”wgs.“:ym,mmo'rm

George A. Truskey, Fan Yuan, and David F, Katz All rights reserved.

CONSERVATION PALNGPLE;

RATE OF CHAMBE OF MASS TN 0.
=  F1O0AERE OF MR VYOV

— TLOWRANE OF MASS OV
O C. V.

Z

30357_8_29_17 30/35 8/30/16



WhaeT 1< R\YE OF CHAME
OF M{cL 1NG Y. ¢

. 2
% ,_BAF(@MA@&)

ONRY 1€ =780

DAx AyAZ o
at

Fow A2oor RN Y InFow'?

Need a way to keep track of any flow situation

Thus we consider each face separately and allow
1 in_flow and 1 out_flow for each coordinate

direction.
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Called: "Continuity equation”



