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Abstract—In this paper numerical simulation of viscoelastic fluid flow through 4:1 axi-symmetric contraction is pe-
rformed by using Upper Convected Maxwell fluid and Leonov-like-Giesekus fluid model. By considering the fact that
the governing equations describing above viscoelastic fluid flow change type, a proper form of vorticity equation is
introduced and used for the numerical simulation. A type-dependent difference scheme is employed for the numerical
approximation of vorticity equation. Investigated is the effect of elasticity on the strength of corner vortex, distribution
of stresses, and change of type by increasing Weissenberg number. The results show that the corner vortex gets bigger
as the elasticity effect increases, and the strength and size of corner vortex is much bigger than those of planar flow,
which are in the same trend with the results of existing experimental works. Also change of type of vorticity equation
is clearly identified in the results of numerical simulation.

Keywords : Change of type, vorticity equation, leonov-like-Giesekus fluid, upper convected Maxwell fluid, corner
vortex, type dependent difference scheme
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Table 1. Location for Sonic condition and pressure
gradient for UCM and LEL fluid flow in
pipe (R=.84)

W Sonic point dp/dx  Sonic point dp/dx
UCM fluid UCM fluid LEL fluid LEL fluid

0.1 absent —8. absent —7.28
0.2 absent —8. absent —6.00
0.3 0.0481 -8. absent —491
0.4 0.2582 —-8. absent —4.09
0.5 0.3073 —8. 0.2142 —3.48
0.6 0.3257 —8. 0.3234 —3.02
0.7 0.3317 -8. 0.4023 —2.65
0.8 0.3319 —8. 0.4664 —2.36
0.9 0.3292 —8. 0.5210 —-213
1.0 0.3248 —8. 0.5690 -1.93

VORTICITY EQUATION
1S ELLIPTIC

(8) RW > 64/9

ELLIPTIC

(b)) 4/9 ¢ R¥Y ¢« 64/9

ELLIPTIC

" _KyPsmsoLic

(C) RW ¢ 4/9

Fig. 1. Planar 4 : 1 contraction flows : (a) RW >64/9;
(b) 4/9 <RW <64/9; (c) RW <4/9.
(taken from Yoo & Song[5])
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ra: pipe radius, Va: exit average velocity, c=dp/
dx; pressure gradient
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Table 3. Maximum Value of Stream Function
w R Ymx: UCM fluid  Wmax : LEL fluid
number number FD2 FD4 FD2 FD4

00 0.0 050210 0.50210 0.50210 0.50210
02 0.0 050285 0.50285 0.50218 0.50218
04 0.0 0.50691 0.50691 0.50302 0.50302
06 0.0 0.51300 0.51300 0.50393 0.50354
0.8 0.0 0.52089 0.52089 0.50497 0.50425
10 0.0 0.52690 0.52689 0.50526 0.50527
12 0.0 0.53540 0.53540 0.50657 0.50657

14 0.0 0.53991 0.53990 No No
16 0.0 0.52984 0.52982 Convergence Convergence
0.6  0.84 0.51062 0.51062 0.50180 0.50180
1.0  0.84 052096 0.52096 0.50168 0.50168
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Fig. 3. Distribution of stream function (R=0.0).
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Fig. 4. Distribution of stream function (R=0.84).
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Fig. 5. Distribution of Sonic Line (R=0.84, W=0.6).
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Fig. 7. Distribution of Stresses.
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Table 4. Stresses at the re-entrant corner for LEL

fluid
W number o Y T &
0.2 1058 —0.0252 —2.267 0.0
0.3 1.385 -0.3095 —1.777 0.0
04 1460 —04063 —1.429 0.0
0.5 0.6995 1.229 —0.8323 0.0
0.6 0.6749 1355 —0.7312 0.0
0.7 0.6561 1481 —0.6568 0.0
0.8 0.6310 1596 —0.5986 0.0
0.9 0.6043 1698  —0.5519 0.0
1.0 0.5780 1789 —0.5139 0.0
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Table 5. Stresses at the re-entrant corner for UCM R : #o]&= 4 (Reynolds number)
fluid W @ slo]Al 2 4= (Weissenberg number)
W number i Y t 060 M : A=A n}3} 4= (Viscoelastic Mach number)
0.2 1.828 05427 —2967 X
. o o
0.4 2705 00834 —1926 00 n o ATE (zero sl?ear .rate)
0.6 3.103 0.0095 —1.620 0.0 A o]2FX] 7} (relaxation time)
08 3427 00274 —1501 00 v SEE4 (stream function)
1.0 3.507 0.0567 —1.407 0.0 . S} (vorticity)
12 3831 00095 1416 00 © vorticity
14 3737 1014  —1323 0.0 LA L
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