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Numerical investigation of oscillatory fluid flow through a tesla microvalve
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In the present research, the performance of a Tesla microvalve has been studied under the unsteady
Received 31 October 2017 three dimensional flow. The time averaged of diodicity is the main criteria for the evaluation of the
Accepted 11 December 2017 performance of the valve. By simulation and obtaining the velocity and pressure fields within

Available Online 05 J 2018 - - . . . L
vatiable Dniine & January microvalve, changes in operating parameters of valve including total pressure drop and diodicity

parameter in the range of various frequencies studied under sinusoidal excitation. The results showed

?ﬁ{,“f“;‘?i;ova,ve that the amount of diodicity in steady three dimensional with consideration of third dimension is lower

Diodicity with respect to steady two dimensional flow at entire of studied range of Reynolds numbers. Transient

Three-dimensional simulation effects on microvalve performance in three dimensional is also studied. It is observed that total pressure

Unsteady flow drop of unsteady case is greater than steady case at both of forward and backward directions. This
important result is in a qualitative agreement with simulation results of other researchers which are
obtained by two dimensional simulations. Investigation of effect of applied frequency on Tesla
microvalve performance at different Reynolds number is another part of this study. The results showed
that at the frequencies lower than 100Hz, the performance of the Tesla microvalve is independent of the
frequency, however at higher frequencies greater than 100HZ, its performance is improved by
increasing the frequency. Microvalve performance is improved and diodicity is increased by increasing
of Reynolds number at all frequencies.
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Fig. 1 The effect of difference between conjunction angles on the
creation of diodicity property [1]
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Fig. 2 The solution algorithm of unsteady flow in Tesla microvalve
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Fig. 11. The velocity vectors at the conjunctions at Re=426 and

f=1000Hz in the transition state (t=0.0025 s): a) location C and D, b)
location A and B
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Fig. 14 Streamlines at Re=425 and f=1000Hz at different times:
a) t=0.002s, b) t=0.00225s, c) t=0.0025s, and d) t= 0.00275s

(Gl il claple; o f=1000HZ 4 Re=425 s o o bogkas 14 JSUs
£=0.002755 (s 5 t=0.00255 (¢ £=0.00225s (- £=0.0025

1250 a f=1Hz
A f=10Hz
— @ f=100Hz
———— f=500Hz
121 f =1000 Hz
2z
8 115
o
2
a
11F
105

100 150 200 250 300 350 400
Reynolds number
Fig. 15. Diodicity as Reynolds number at different frequencies

alises sla iS850 jalsn ;) sas ey (SaS Sy Ol sy 16 S

o g0 DU boojlgo 4 Jluw lz 0555 5 o 40 CutS 5y s o
Az 50 g Sl b O o0l Sl gl x Glolas g Sl
) elo e (53lmaned ol Dl nl b oo Gl glly (ST 5
o 00lie BB @3l slagiluans b aS ams oo LS

9 S 1S 9, Shes 1o S 2 Gl 8 S e evmline gl
SR e g (ST 5y S5 16 S 53 oy 2 990 DS
50 48 39 oo 0dpline w00 i Ao jalany ;) Slael o S
oot Sl By Soe (S5 5S (f <100HZ) (s slo il 6
SlolS 5 53 5 009 Koo uilS 5 e 51 Jaas Lo yi5 g Sl
ol e il S il 3 ialidl b o i (f > 100HzZ) YU
Ol o lS 8 )3 (ol il Ol o9 S 4 Gl | £9090
Sy il S8 S 50 48 058 o0 odaline 3 loged ol jo ol coed
Sl e Sm FwiiSy oS, ok Gy sae Sl L et
b e

208



Vb 9 031)exo @B

s 9llgg pSae K3 YIS Flwgs YLD I3 w22

calizes jagiy slasl jo @3ls 2 5 oils Slacgsluand Gl (FoiS5uSy bl 5 CiS n 5 b, gz 90 0 J5 s cdll Jgua
Table 1. Total pressure drop in both return directions and the one-way parameter for permanent and non-permanent simulations in different Reynolds
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