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Fig- 1 a)}Delsunay wiangle(—) and voronoi polygon{—};

b) reconnection of voronoi ploygon (—)

Fig. 2 A fluid element
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Fig. 4a Comparison of velocity between the muerical
result and the analytical solution
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Fig. 4b The ratic of flow rate per cross-sectrion versus

Pressure gradient
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Fig. 6 Flow geometry (1) y =0.1(2083 Voronoi cells, 68 elements near the surface of the cylinder) ;
(2)y=0.2 (1786 Voronoi cells,64 elements near the surface of the cylinder) ;
{3)3=0.4 {1963 Voronai cells, 102 elements near the surface of the cylinder}
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Fig. 7 Comparison of velocity between numerical results and analytical solutions
a) Quter cylinder is fixed,inner cylinder rotates
b) Outer cylinder rotates, outer cylinder is fixed
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Fig. 8 Comparison of shear stress between numerical results and analytical solutions
a) Outer cylinder rotates,inner cylinder is fixed
b} Outer cylinder is fixed, cuter cylindr rotates

Fig. @ Flow geometry {3669 Voronoi Cells, 122 elements near Fig. 10 Streamline pattern. Contour vslues have been
the cylinder) normalized and drawn every 0.1 intervals between -1 and 1
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Fig. 13 A part of the flow geometry (2990 voronoi cells in whole flow field)
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Fig. 14 Stream patterns (a} contraction flow (b) expansion flow

Values of stream function:

0.0; 0.00073; 0.0073; 0.028; 0.104; 0.216; 0.352; 0.499; 0.647; 0.783; 0.895; 0.971; 0.999; 1.0;
Values of stream function correponding to vortex: — 0.00075; — 0.0006 ; — 0. 00045; — 0, 0003; — 0. 00015
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Fig. 15 Velocity filed of 4:1 planar contraction flow
{Vortex size X= Ly/Hy)
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Fig. 16 A part of the flow geometry (2870 Voronoci
cells in whole flow field)
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Fig. 17 Stream pattern

Values of stream function:

0.0; 0. 00036; 0.028; 0.103; 0.215; 0.35; 0.5;
0.645;0.78;0.892:0.967; 0.999; 1.0; Values of
stream function correponding to vortex: — (0.00074;
—0.00049; - ¢.00025

RMUBHEHELSRRLRGRALE, RIE
THEBH KRR FENSERAERE, RN
H—ENAETEREBRENR S TRERE
THR

Bt M E Bristol X % Dr. Xue-feng Yuan P84
fE.



286 w4 FOo¥ M 2000 4

REFERENCES

Yuan X F,Ball R C,Edwards S F. J Non-Newtonian Fluid Mech, 1993,46:331~350

Yuan X F,Ball R C,Edwards S F.J Non-Newtonian fluid Mech, 1994,54:423 435

Yuan X F,Ball R C.} Chem Phys, 1994,101:9016— 9021

Yuan X F,Edwards S F.] Non-Newtonian Fluid Mech, 1995,60:335~ 348

Yuan X F,Doi M. Colloids and Surfaces A : Physicochemical and Engineering Aspects,1998,144:305~318

Li Xianfeng( ZEf 8 ) , Zhao Delu(# 3 # ) . Annual Report of PPLAS, Institute of Chemistry, Chinese Academy of Sciences( P # B {b % B %
SFEELREFR), 19986364

7 Li Xianfeng(ZER# ), Zhao Delu(#X 8 # ). Annual Report of PPLAS, Institute of chemistry, Chinese Academy of Sciences{ P B B {L ¥ Hr

A TFRALREFM), 19986162

Landau L D, Lifshitz E M,Fluid Mechanics,2nd ed. Oxford: Pergamon Press,1987. 51 ~ 56
Miwsoulis E. ] Non-Newtonian Fluid Mech,1998,76:327 ~ 350

10 Liu A W,Bornside D E, Armstrong R C,Brown R A. ] Non-Newtonian Fluid Mech,1988,77:153~ 190

1t  Nguyen T H. The influence of elasticity on die enay flow,Ph D Thesis, Monash University, Clayton, Victoria, Australia. 1978. 272

12 Boger D V,Hur D U, Binnington R J. J Non-newtonian fluid Mech,1986,20:31 49

13 Viriyayuthakorn M, Caswell B. J Non-Newtonian Fluid Mech, 1980,6:245 ~267

14 Kim-E M E,Brown R A.Ammustrong R C. ] Non-Newtonian fluid Mech,1983,13:341 — 363

15 Boger D V. Ann Rev Fluid Mech,1987,19:157—182

16 Walters K, Webster M F. Phil Trans R Soc Lond A,1982,308:199~ 218

S B W N e

THE LAGRANGIAN-EULERIAN METHOD
——SOLUTIONS FOR VARIOUS NEWTONIAN FLOWS

LI Xianfeng, ZHAO Delu
( Polymer Physics Laboratory , Institue of Chemistry ,Chinese Academy of Sciences , Beijing  100080)

Abstract The Lagrangian-eulerian method has been used to simulate two dimensional creeping flows of
Newtonian fluids in various flow fields. For Poiseuille and Couette flow and flow between rotating cylinders,
the numerical results have been directly examined by the analytical solutions. For the flow around a cylinder
between parallel plates, the present results are compared with the previous reports given by Mitsoulis and
Liu et al.. The dimensionless drag of 130.94 is consistent fair well with the values given by Mitsoulis
(132.31) and by Lu et al. (132.34) , respectively. For the flow through abrupt contraction geometry, the
numerical results have been compared with the experimental observations of Nguyen and the numerical
prediions of Viriyayuthakorn and Caswell. The size of the upstream vortex, measured in terms of a
dimensionless re-attachment length is 0. 18, excellently agrees with the previous reports. For the flow
through recunded re-entrant corner, excellent agreement between the present results and the experimental
observations of Walters and Webster is obtained. In conclusion, the Lagrangian-Eulerian method has
predicted accurate results for all cases of the flows presented in this paper.

Key words Lagrangian-Eulerian method, Newtonian flow



