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HYDROBLASTIC EYFRCTS IN THE AORTA BIFURCATION ZONE

A. 8, Vol'mir, M, 8. Gershteyn and B. A. Purinya
Alr Torce Engincering Academy, Moscow;
Latvian SSR Academy of Sclences
Ingtituto of Mechanics of Polymors, Riaa
According to data from autopslies ond cardlovascular surpery, /16N

the process of sclerotic plagque formation and embrlttlement in persons
of all agew, but chlefly in the elderly, frequently oceurs where the
major vessels ramify, ospeclally at the aortle bifurecatlon. Serilous
diseases rosulting in inadequate blood supply to the leps are asso-
clated with these processes.

Analysis of the hydroelastle aspects of such phenomena would
lead Lo a better understanding of their oripins. One obvious cause
of atherosclerotic plagues, mosi often encountered at the edges of
the bifurcation, 1s the formation of closed eddles where other major
vessels branch off from the aorta. Comblned solution of hydrodynamic
and elastlcity equations ls required for analysis of the mechandical
behavior of blood and vessels at the bifurcatior.. Our work [1] has
shown that, in general, a blood vessel should be treated as a mulbi-
layered envelope, one layer ol which -- the muscular -~ through accive
contraction exerts a substantlal influence upon the 'nitial (for ecach
given hemodynamic problem) condition of -the vessel-envelope.

structurally, the aorta 1ls an elastic-type vessel. The inner
coat of the aorta (the intlma) is distinguished by i1ts complex
structure and, in comparison with the intima of smaller-caliber
vessels, ilts relative thilckness. The middle coat of the aorta is
made up of dozens of alternating layers of elastlc and smooth muscle
tlssue, und its external coat 1s comparatively poorly developed.
Bearing in mind that the intima 1s considerably less riglid than the
other coats, whille the middle coat, because of its large number of
layers, 1ls esscentlally homopeneous, we can use a sinple-layer envelope
as a model of the aorta. Similarly [2], we shall write the equation

¥Numbers in the margin indicate papination in the foreipn text.



of motion for it as:
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where x, y, anc¢ z are the coordinates for the median surface of the 4;§§
envelope. Displacements in the 2, y, and z directlons are correspondingly
deslgnated as u, v, and w, medlan surface gtress as Nw, Ny, and ', and
the bending and torque wmwoments as Mx, My, and H. The density and thick-
ness of the envelope material are p and h; kx and ky are the medlan

surface curvatures.

Now let's deal with the blood flow equations. A number of models
are known to c¢escribe blood rheology in the cardiovascular system [3].
When analyzing blood flow in the major vessels, we may consider the
blood a wviscous Newtonian fluid whose movement 1s described by the
Navier-Stokes equations
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and the continuity equation
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where «, », and @ are fluld particle coordinates; Vs Uy and vy are
1ts velocity projections; v = u/pf is the kinematilc~viscosity coeffic-
lent; pj 1s the fluld density, The equatilon of state p = p(pf) should
be added to these equatlons,

Boundary conditions for the fluid at the deformed walls of the
vessel are:
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The forces exerted by the flowing blood on the walls of the aorta
are determined using the relationships

duy  du
Pie= \Pf("'o‘;}**'**"—ézf-): pr= /7-"2\91-5— (7)

As can be seen in equations (1) - (3), we shall disregard the force Py

The statilonary blood flow through the bifurcation during dlastole
may be taken as the original state of the system. Combined integration
of the system of equations for the envelope (1) - (3) and the hydro-
dynamic equations (4) and (5) under the corresponding envelope and
fluid resistance conditions (6) and (7) should be performed, giving
the changes in pressure at the entrance to the area of the aorta under
consideration at the bifurcation and the blood flow during systole.
These "entry" functions may be provided as based upon measurement data
which are availlable in the literature.

The difficulties assoclated with integrating these equations
for a non-symmetrical area and in the event of a non-~-stationary process
are obvious. They can only be surmounted by using numerical methods /166
and a large digital computer.



As a first approximation, we can
consider the problem of fluid flow in a
similarly shaped smooth channel, which
will provide a tentative description of
blood flow through the bifurcation. This
problem is considered [5] with the assumption
that the channel walls are rigid, Navier-
~-3tokes equations for an incompressible
fluld are transformed Into the eddy
transfer equation [6]:
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Figure 1

where ¢ 1s the flow functlon assoc¢iated with the fluld velocity ratios

When veloeclty changes are uneven, a closed eddy gradually forms at the
external angle of the bifurcation near the entrance to the large
channel, but 1t substantilally affects the primary flow zone as well
(fig. 1). The most intense fluld particle rotation is found at the
outslde of the streamline, goilng away from the separation point.

As the current develops in time, the streamline nearest the wall
pradually diverges from it, while the separation point (designated
in fig. 1 by 0) shifts upward somewhat along the flow. A low pressure
area forms at the center of the closed eddy. Of extreme importance
in this case are the high shift stresses in the area where the closed
eddy forms.

The sclerotic phenomena mentioned above are obvlously assoclated
with this condition.

We should note that simllar processes are observed in the ducts
of large hydraulic systems, and they consist of salt deposition on the
walls where the duct systems branch.
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