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Abstract—In order to investigate the flow phenomena in the human arteries a specific constitutive equation
which represents the rheological behavior of blood should be determined. In present study the non-Newtonian
viscosity of blood is expressed as a function of the shear rate using the Carreau model, the modified Cross
model, the modified Powell-Eyring model and the modified power-law model. These models are applied to
the momentum equation to simulate the steady circular tube flows of blood. The effect of Reynolds number
on the centerline velocity and pressure variation of blood flow is discussed for the Carreau model, the modified
Cross model, the modified Powell-Eyring model and the modified power-law model. A further modification
for the power-law model is presented to account for the higher range of the shear rate.
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Fig. 1. Blood viscosity versus shear rate.
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Table 1. Models for the non-Newtonian viscosity of the human blood

Model Non-Newtonian viscosity Rheological values
=T
Carreau =n.+ (no—nw)[l—l-)»z«'yzj(iz‘“) n0=0.056 Pa-s, n,,=0.00345Pa-s
A=331s, q=0.357
Modified =+ o—n.) 1 no=0.056 Pa-s, n,=0.00345Pa-s
Cross MM T ™ ) " Gy e A=374s, n=241, a=0.254
Modified In(Ay+1) M9=0.056 Pa-s, n.,=0.00345Pa:-s

N="Ne+ Mo M)

Powell-Eyring Ayl A=242s, n=1.09

Modified m vy ! ¥<Yo m=0.0256 Pa-s", n=0.615

power-law n= { ~m y"! Yo2Y2Yo ¥,=0.130s7Y, y,=182s7"
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Fig. 2. Centerline velocity of blood flow for different
rheological models at Re=100 and D=20
mm.
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Fig. 3. Centerline pressure variation of blood flow
for different rheological models at Re=100
and D=20 mm.
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Fig. 5. Centerline pressure variation of blood flow
for different rheological models at Re=800
and D=20 mm.
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by the Carreau model for the tube diameter
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Fig. 7. Centerline velocity of blood flow calculated
by the modified Cross model for the tube
diameter of D=20 mm.
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Fig. 9. Centerline velocity of blood flow for Re=100
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