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A Study on the Pressure Loss coefficient
of Non-Newtonian Fluids in the Stenotic Tubes

Sang-Ho Suh, Sang-Sin Yoo and Nam-II Chang

Key Words : Stenotic Tube (%] &4, Non-Newtonian Fluid (#] & ), Modified Power-
Law Model (=& 2 wel) Carreau Model, Finite Element Method (-&-3F .2 4+

2

), Pressure Loss Coefficient (9} 4= 4] 7] )
Abstract

The pressure loss coefficient of Newtonian and non-Newtonian fluids such as water, aqueous
solutions of Carbopol-934 and Separan AP-273 and blood in the stenotic tubes are determined
experimentally and numerically. The numerical analyses for flows of non-Newtonian fluids in the
stenotic tubes are conducted by the finite element method . The effect of the contraction ratio and
the ratio of length to diameter on the pressure drop are investigated by the experiments and
numerical analysis. The pressure loss coefficients are significantly dependent upon the Reynolds
number in the laminar flow regime. As Reynolds number increases, the pressure loss coefficients
of both Newtonian and non-Newtonian fluids decrease in the laminar flow regime. As the ratio
of length to diameter increases the maximum pressure loss coefficient increases in the laminar
flow regime for both Newtonian and non-Newtonian fluids. Newtonian fuid shows the highest
values of pressure loss coefficient and blood the next, followed by Carbopol solution and Separan
solution in order. Experimental results are used to verify the numerical analyses for flows of
Newtonian and non-Newtonian fluids. Numerical results for the maximum pressure loss coeffi-
cient in the stenotic tubes are in fairly good agreement with the expeimental results. The relative
differences between the numerical and experimental results of the pressure loss ceefficients in the

laminar flow regime range from 0.5% to 14.89%.
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Table 1 Rheological properties and density of working fluxds‘6 153

Properties o tkg/ Rhelogical Rheloglcal
Fluids m?*) model vaqlues
m=0.001
Water 1000 Newtonian n=1.00
10==0.001
Modified =0.023
Aqueous Carbopol H "
10w solution 1004 power law, n=0.799
e Eq. (4) 110=0.0366
166=0.018
Aqueous Separan 1000 Carreau, 1.=0.0016
500wppm solution Eq. 5 A=25
¢ =—0.62
10="0.06
Aqueous Separan 1001 Carreau, 16.==0.0026
1000wppm solution | Eq. (5 ' A=0.5
|
q=0.45
110==0.056
Blood 1050 | Larreau, #=0-0035
Eq. 5) A=3.313

|

‘ q=0.356
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