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A Numerical Simulation on Mixing Enhancement by Inlet Flow Pulsation
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Abstract

A numerical study has been conducted to investigate the effect of an inlet flow pulsation on mixing of
two solutions with different concentrations in a micro conduit. We treat an unsteady, incompressible and
two-dimensional flow through a micro conduit by adopting the momentum equations with the electrostatic
force due to streaming current and the concentration equation. The feasibility of the inlet flow pulsation to
enhance the mixing process inside the micro conduit is carefully examined by varying the inlet pulsation
frequency. When a low-frequency pulsation is induced at the inlet, the interface between two solutions with
different concentrations becomes wavy, which results in mixing enhancement. As the pulsation frequency
increases, the waviness of the interface becomes meager, and the concentration gradients at the interface
approach the value for the non-pulsating steady flow.
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Fig. 1 Schema of a T-junction microchannel.

2.2 &X|sly
AR AES £7) A F ¢ Patankar]

SIMPLER algorithm& AM8-3}5ith [6]. 4(9)%} (10)9)
HHFFe vlgdd FAA QUICK schemed H4E-3}
2 Fgie FYAE-H(central differencing)d A}
43ten, HFHog Aol diA4E TDMA
(tridiagonal matrix algorithm)& Alg-dto] sj& 3
Hrt

slo|22 Adel WY Zoje L = 10 HE 3%
1 150x5071e] AAHE AHE-SIGh XFe2e T
99, YEo2E WU F £899 HA™E 9
A3k FAE2A A7 4PHEE -

3. @ ¥ B9

B AFAe silica glass® 715E H=10 pmée)
ulo] 22 ajdeA 25°Ce] 20X Nacd 893
Age e mdch xH=10, Z = -1, 9%
7} AR Qe AR 7% G = 0, G = 100
o2 aRRAYG & AFAA HolsRFE wiola
2 {29 ¥ f48 18l Re =1, BWF &
EAEZL A = 052 3AIPTL, HUEFSE
St=fH/V, &= 02 ~ 108 ¥ olA WA} #
U] E4E DNA moleculed] &3 SAAISE 183ty
Sc = 6400002 1A3YTE W EAQ Biomolecule)
$AsE E 19 VeERAQTH

¥ 1 Mass diffusion coefficients for

biomolecules
. Mass diffusion coefficient D
Biomolecule 2
(cm/sec)
Bovine serum -7
albumin 6.7 x 10
Ovalbumin 71 x 107
Lysozyme 115 x 107
TMV 04 x 107
DNA 0.2 x 107

Fig. 2= ulolaz AdelN Rdde e gxdgd
£z B ¥ vX|= streaming currentol] 23 W73
E7E Jepdrt. Streaming currente]] 2% 7)<
Ade 10 um Z9f wlo]ag AdY HIEEE %
8 % ZAA7 UYL ¢ & Uk 1BZ wlola
2 AN f=2r139 ade FRIdy & 5

- 233 -



Ack. 22 dA AT e biochip vlolaz
AHae] Zo] 100 imAERZ A1 wf$ = F& (U
<1 mm/s)YE 7 9 streaming currento]] <]
ANFETE FAE § e $£Fo2 Addh

1

U/Uo

Fig. 2 Effect of the streaming current on
the fully developed velocity profile.
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Fig. 3 Time-periodic variation of streaklines according to the inlet flow pulsation. (a) St = 0.2; (b)
St = 1; (¢) St = 10.
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Fig. 4 Time-periodic variation of streamlines according to the inlet flow pulsation. (a) St = 0.2; (b)
St = 1; (¢) St = 10.
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Fig. 5 Time-periodic variation of concentration according to the inlet flow pulsation. (a) St = 0.2;
(b) St = 1; (c) St = 10.
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Fig. 6 Concentration profile at the exit.
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Fig. 7 Concentration gradients along the
centerline of the microchannel.
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Fig. 8 Effect of Strouhal number on the
concentration gradient at the center.
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