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Simulation of Electroosmotic and Pressure-Driven Mixed
Flow of Viscoelastic Fluids in Converging-Diverging Tubes
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Abstract ;. The electroosmotic and pressure-driven mixed flow was widely used in various biochemical microflu-
idic fields, where the elastic instability of the viscoelastic fluid cannot be ignored. A viscoelastic fluid was used
to numerically simulate electroosmotic and pressure-driven mixed flow in a 10 : 1 : 10 microchannel converging-
diverging tube. The effects of different pressures and different polymer concentrations on the fluid flow were
studied, and the superposition principle for the velocity distributions of Newtonian fluids and viscoelastic fluids
in converging-diverging tubes was analyzed. The results show that, the reverse pressure brings the viscoelastic
fluid into higher instability, which makes the inlet vortex larger by 25 wm for every 1 Pa pressure increase. The
positive pressure makes the eddy current smaller. For a relatively small reverse pressure, the inlet vortex in-
creases with the polymer concentration and tends to be stable gradually. For a relatively large reverse pressure,

the vortex size first increases and then decreases with the polymer concentration.
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Table 1 Numerical simulation parameters

parameter name value
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the vortex current sizes under different outlet pressures
23 mRMEREEMRENEZWL
LR 3 M AN [7) 3R W B X IO A i TR/ N R i [0 5 fid it e s 1 TR 7, BV — AN BTl R g
Pow « 3TN Newton JifAF] 600 ppm 5 BT A3 /D, 24 g L A/INSE, anf&l 10 i 1 Pa #13 Pa.
B S R K/ B S A U B R K TR S R F1 8 3 P I S 9K/ 3 A W B



%6 M B 4 GRS TR R TR TR TR BB R IR A AT ST 651

#) 500 ppm Ja#a T2 11 HidEE P R (0,0) b s R B R R, B IR BT RE A N ¢, =o/u, Kb o
ARAEZE e TN RT LUE M B s 7 3G O [l — SR -G Wik B2 B R B 15 O 3l B 1A R
FEPEIHG TR | 18] Fe ) AE A AT LA KRR SR I A I AR k.

MG RF 5 Pa I, Newton it ATEAR IS A AL A TR I 7 2F | 3 5 4l H 8 I/ S ) s J7 IEAS
[F] , 720 F V8 B/ N S 1) s BIR B INE  4i T3CRE A 1 AR W i 7 A Bl B SRS WD B 1S K 18I 7E 100 ppm
KRB AR, AR E B 5 vk BE R3S R8N , 7258 G W0k B 35 21 300 ppm & F M #VE 525X 2 K]
R RSB B 1) i 258 Ak B s ik — 25 B, EOF 3K 2 A I AR A A L AL ek itk A, B Newton i 4
WAE A TR = AR Y R A YR BE IR E] 100 ppm J& , Ji AR 0 350 18 RO I9 3t 149 52 W) R 3 3 ik /N
TP U 1) ) 5383 52 T 30008 Tk 1 — 20 14 R AEL B 2R 5 0k P8 A0 8088 R DR R0 B DR, N T A 8 3 R R
R, TR S NI TR AR IR 5 Pa B, A0 v A 9 28 ﬁr{hﬂ@ﬂlfﬁ%ﬂ]ﬁrﬁﬁﬂm SR
5 2l EOF AR 12 AT LUE B A Wik BB K, It ARG B 34 i, 39 B2 32 i T 5 i/ ) 32 4
A 2 P TUT B 7 A B B W ik S35 80/ )y Helmholtz-Smoluchowsko 3 B # /2 {H K2 1] FE 75 300 3 B2 s /)
R AR | SR T H 30300 T v o B2 7 12 SR 5 0 W 2 I LAV 3R 6 0 W 2 i s K

208 " Poy=1Pa |
0.12 e Pou=3Pa
160 F A P=5Pa A4
g120f 0.08} )
=4 . _m
~ - A c / -
»d 80k A & /
i A 0.04 e /
/ o
40 —0— Pou=5Pa A
/ —0— Pou=3Pa S
or V_I, in 7|, 1 =P e =1 Pa 0 f I L L I
0 200 400 600 0 200 400
Cp /ppm C, » /ppm
B 10 E =20V, K/NEERE YL B A1 SE T b R A R R AR
Fig. 10 For E = 20V, the change of the vortex size Fig. 11 The dispersion coefficient of the midpoint
with the polymer concentration velocity of the channel
1.5
—— 100 ppm
—— 200 ppm
—— 300 ppm
1.0 | —— 400 ppm
5 500 ppm
~
£
=
NG
B
0.5
ok
1 1 1
-1 0 1
2y/H

B 12 p,, = 5Pa, Wy Wi#EES T
Fig. 12 The velocity distributions along the y- axis, p,,, = 5 Pa



652 A R~ G SO | ) = 2023 4F 3 44 B

#

3 4 0

AR PB L 5 Oldroyd-B i (AL #5717 10 ¢ 1 2 10 B4 URHGE TE | X Zh stk AR pg B8
IRA IR T THUEWTSE , $2 T H I Bt iR EOF AFeUE 2 A —E AR T, YR A
Y 24 300 ppm I, 2347 14l EOF 5 HA R8T (p,, = 3 Pa) (B EIR-EG YRS . 5 0] 5 ) B AA7E
AR HOE A AL TR SR AR S AR E P A A IR TS R, R I R R 1 Pa IRIRAE K 25 pum, [ )
B R %8 L 1 R 5 rp R R Ty 25— E R B R R E I A 0.
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TESL ] R 38/ NI T3 i it o 585 R J32 18 185 T34 K, I 38 Wi T e T A S 1) . T B R i, 481 4
Pow = 5 Pa, WU K/ N — SRS THAY S B3 02 IR Dy > B ) 7 L 68 I, 7E Newton i FTEA HALE
SR TR, TS G 3R Dk B2 3G R, SNSRI s T8 Tl 28 K, Ak 21 KRB W vk B2 5 3R i
R, T AR B B B AR, S B iR Vi TRRE.
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