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Abstract

Bioheat transfer plays an important role in analyzing living systems due Received: 13 November 2021
to its ability to diagnose and treat the disease. Recently, CFD has been Accepted: 23 January 2022
increasingly used in biomedical researches of coronary artery disease Page Number: 57-70

because of its high hardware and software performance that makes it
possible to identify and treat the risk factors for coronary artery disease
progression. The purpose of this paper was to investigate blood flow and
heat transfer in normal state and in several cases of plaque with a real
geometric model of a vessel in an artery by using a commercial Software.
Blood is considered as a non-Newtonian and non-compressible fluid and
viscosity is modeled using Carreau equations. Unlike many previous
studies, the inlet velocity is considered to be transient (pulsatile) and heat
transfer has been investigated with the assumptions of constant blood
inlet temperature and constant vessels wall temperature and the outlet
wall heat transfer has been calculated. A real geometric model in
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different plaque progressions has been studied as well. Plaque Keywords:

progression in the artery, increases the wall pressure and shear stress, Bioheat Transfer,

which is very dangerous in cases of severe blockage and may cause high Computational  Fluid
risk of rupture. Increased plaque also reduces the blood heat transfer to Dynamics,

the arter?z’s walls. The_ results show that there !s a change bet.ween Simulation, Blood Vessels,
10-70% in the dynamic parameters after clogging, but there is no Plague

significant change in the outlet temperature.
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Figurel. Three dimensional model of a carotid artery[12].
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4. Navier-Stokes
5. Shear Thinning

1. Pennes Bioheat Transfer Model
2. Weinbaum-Jiji Bioheat Equation.
3. Grabcad
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Figure 2. Blood velocity profiles in two periods[14].
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Table 1. Fluid and thermodynamic blood properties [15].

Density | Heat capacity

J
K

Thermal conductivity

w
(ﬁ)

1060 3617 0.52
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Figure 3. Final Result of meshing.
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Table 2. Accuracy comparison with increasing elements.

Time step ()

Number of element

Average pressure (Pa)

Average outlet Temperature (K)

Base 92400 0.01
Secondary 142700 0.01
Difference % 54% 0

13355.9 310.069
13357 310.079
0.008% 0.003%

il alS LEALS b aSach & dewslis ¥ Jgaa

Table 3. Accuracy comparison with time step reduction.

Number of element

Time step (s)

Average pressure (Pa)

Average outlet Temperature (K)

Base 92400 0.01 13355.9 310.069
Secondary 92400 0.005 13355.8 310.076
Difference % 0 = 0.0007% 0.005%

1. Hybrid
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Figure 4. Velocity, pressure, viscosity and temperature changes (without plague).
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Figure 7. Mass flow in one-time step (scenario 2 & 4).
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Figure 8. Heat flow in one-time step (scenario 2 & 4).
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Figure 9. Temperature in one-time step (scenario 2 & 4).
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Figure 11. Inlet Pressure in one-time step (All scenarios).
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Figure 13. Heat flow through wall in one-time step (All scenarios).
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Table 4. Parametric comparison of simulation results.

(1]

(2]

(3]

(4]

(5]

Scenario4
Parameter (Wiszsz::Le) (Plagque) Changes (%)
(m/s) Velocity Oy 0.7486 0.38 -49.2%
(m/s) Velocity O, 0.6829 1.88 175.3 %
(kg/s) Mass flow O, 0.0113 0.00275 -715.7%
(kg/s) Mass flow O, 0.00485 0.0134 176.3%
(Pa) Inlet pressure 13915 16005.5 15%
(Pa) Wall shear 6 10 66.7%
(w) Wall heat flow -1885 -1700 -9.8%
(k) Temperature O; 310.07 309.49 -0.2%
(k) Temperature O, 310.24 310.217 0]
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