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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
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vatiable niine & 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‘rova,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. 5. Change of the diodicity parameter in terms of time step at a
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Fig. 8. Velocity contours at Re=426 and f=1000Hz at different times:
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Fig. 9. Velocity vectors at the valve output at Re=426 and f=1000Hz at
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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. 12. The velocity vectors at the conjunctions at Re=426 and
f=1000Hz in backward mode (t=0.002s): a) location C and D, b)
location A and B
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Fig. 10. Three-dimensional velocity vectors at Re=426 and f =1000Hz
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Fig. 13. Pressure contours at Re = 425 and f=1000Hz at different times:
a) t=0.002s, b) t=0.00225s, c) t=0.0025s, d)t=0.00275s

@ ilize slagle; o F=1000HZ 5 Re=425 15 JLis (ol guils 13 S
£=0.00275s (d £=0.00255 (¢ 4=0.00225s (b £=0.002s

01 o)less 18 0951397 ORI )3 3w Suile wdiye


https://dorl.net/dor/20.1001.1.10275940.1397.18.1.18.5
https://mme.modares.ac.ir/article-15-908-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-16 ]

[ DOR: 20.1001.1.10275940.1397.18.1.18.5]

Vb 9 031)exo @B

M 9llg9 )Sa0 S 9IS Flwgs VLD B33 w2

—&—— Re=104
—®—— Re=200
——— Re=304

12| ——&— Re=426

|

Diodicity

—
—
L

T

11F
Los b .’—./d'/l/
1 1 L L
10° 10" 10° 10°
Frequency (Hz}

Fig. 16. Diodicity as actuation frequency in different Reynolds
numbers

@l g, olasl o S0 GuilS )8 s (SOS 9SOl s 16 o

W15 g 5 315 (518 (63l Aunglio 46
Silwted @l L ol 1ol 5 gomans ilmaned @i 17 U5 o
A by e gl b e s gl el ouls anglae @Sls 5 (saman
53.27% sgu> gl GBS 2510 ol oud 055 b il 15 alos
OB mSla s ail o0 426 j0g, sae 5 1000HZ L5 )6 4y bogy o
s 5 4y BO0HZ 5 100HZz 10HZ dHZ sla wils )5 L w3ls > mls
a Ol se 455 gl 1 ] 1.95% 5 0.78% 0.42% .0.36% sgu>
Cranl s (F < 100HZ) by sl bS5 50 1,35 &Il a5 ¢é 5
sanlive o Coanl o (F > 100HZ) YU sl uilS )5 45 5 ol (5,205
5 099 pd dliio @510 ) g ol Gl g0 o Dl s Wy, 4 0ed oo
S IRV P CUABWE R WP PP SU-SX Sk sCEL VIR R KV-RIPRS NP3 P UI0
@l L gadge (S oo JIKET 1) L3S sl (sjloands Conl dylis
L5 Lol oo (i Slgson g 00,5 ooliiul samgs J> 5 a5 [2] g 5o
Sloslawl an s moS e 8l 5 ol Aliio Lo loges 0,
Db oo gaman slagluand

(o dw Sl 3 89S0 3 Shee LS SIS e 53 (6
5 oh, Cogr g0 5o 5 JLad el Sley bawgte Jald sowlens 4 mls
3 JS e cdl 55 9 (1000HZ uils)8) oils 1l (g 5lwands (gl iy
oa=d (5155 1 oz 50 ol silwand sl iS5 08, S 90
3o S Led coil el 9o b gul 5o 39,000 Uil 4 asSilan ol
7ol e 45 0Bl o ;5855 ) Sz o o] SBlie | ety
a5 jshilan 05800 ]SS 5 ) IS Sy 0 e 3 Shos e
e 39 5 ooty S ot o il 3 S b 2 ws s
[2] am po gl b gl ol sl i wils Cdls gl jl ctS g 2,
St lagjludd 4 by je ol (o8 Sl Ll o)ls (A4S Bl
il oo yiolezel LB aeios ol o el

&5 ol -7
Il B e igas Sy laie 4 S g Sino o,Shec allie oyl

O ygm0 dmy @310 18 g uman b g (Bly A Lyl b Cod S e

01 opless 18 0931397 ORIV ()3 Sule wie

d

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 oy o bogkas 14 JSUs
£=0.002755 (s 5 t=0.00255 (¢ £=0.00225s (. £=0.0025

150 a f=1Hz
A f=10Hz
— @ f=100Hz
———— f=500Hz
121 f =1000 Hz
=y
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 S )8 50 jalsn ;) sas ey (SaS Sy Ol sy 16 S

o g0 LWL boojlgo 4 Jluw liz 9555 5 Jdo 40 CutS 5y s o
Az 50 g Sl i O o0l Sl gl x Glolae g Sl
) ooy (53lwaned ool Dt cnl b oo Gl glly (ST e
o 00lie JB @3ls glagilwans b aS ams oo LS

9 S 1S 9, Shes 1o S 2 Gl 8 1 e evmline sl
oS P e (ST 5y S5 16 S 53 gy 2 990 DS
50 48 39 oo 0dpline w00 i AlBe jalaiy ;) Slael o S
oot Sl By Soe (S5 5 (f <100HZ) (ol slouil 6
SlolS 5 53 5 009 Koo uilS 5 e 51 Jies Loy g Sl
ol e Gl S il 3 ialidl b o i (f > 100HzZ) YU
Ol eS8 )3 (ol il OLAlE (o9 S 4 Gl ) £9090
S0 il S8 S 50 48 058 o0 odaline 3 loged opl jo ol coed
Sl e g Sm SaiiSy oS, oo Gy sae Gl L et
b e

208


https://dorl.net/dor/20.1001.1.10275940.1397.18.1.18.5
https://mme.modares.ac.ir/article-15-908-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-16 ]

[ DOR: 20.1001.1.10275940.1397.18.1.18.5]

Vb 9 031)exo @B

s 9llgg pSae K3 YIS Flwgs VLD I3 w22

calizes jalgiy slasl jo @3ls 2 5 il Slacgsloand Gl (FoiS5uSy ol 5 CiS n 5 b, gz 9o 0 J5 s cdll Jgaa
Table 1. Total pressure drop in both return directions and the one-way parameter for permanent and non-permanent simulations in different Reynolds

numbers
(LOOOHZ oilS 3) yoss S il o gl by S s Sl il Sl oae
ﬁBackward(kPa) ﬁForward(kPa) D_l APBackward (kPa) APForward (kPa) Di
7.70 7.18 1.07 6.62 6.38 1.04 104
19.83 17.31 1.15 17.31 15.51 1.12 200
38.27 31.78 1.20 33.02 28.33 1.17 304
67.04 53.67 1.25 57.00 47.15 121 426

009y S Gk ol o byl o Slae (qus ) aS 0l 0 LS S
G s Olaslie Wil o b oo b (gl 380 5 aiald)
yoba aS ol (S 0y, eansS ISCaT wlgt so 5ukns ol ol el g

[

[21

B3]

[41

[5]

(6]

[71

8]

[]

g walys as BB allaslesl sla o b 30

e S 4g8 -8

(kgmls?y Lz P

JU 5,50 ko D

JUE 9,500 (Sdgyoen b Dy,

Sy 88 f

BRUSTRICNTS Re

) oo t

ms™) ce o u;

JU 5,80 250 w

LN

kgmlsty Soalos el 2

kgm?®) J& p

©) e 25 Sloy o p S plil Gl T
&9

K. Mohammadzadeh, E. M. Kolahdouz, E. Shirani, M. B. Shafii, Numerical
study on the effect of the number of stages on the performance of Tesla
microvalve and comparison with nozzle/diffuser microvalve, Modares
Mechanical Engineering, Vol. 12, No. 6, pp. 124-135, . (in Persian .. ls)

K. Mohammadzadeh, E. M. Kolahdouz, E. Shirani, M. B. Shafii, Numerical
Investigation on the effect of the size and number of stages on the Tesla
microvalve  efficiency, Journal of  Mechanics, Vol.29, No.3,
September 2013, pp. 527 534, 2013.

E. M. Kolahdouz, K. Mohammadzadeh, E. Shirani, Design, simulation and
experimental validation of a piezoelectric micropump with modified tesla-
type valves, 21st Annual International Conference on Mechanical
Engineering, School of Mechanical Engineering, Khajeh Nasir Toosi
University, Tehran, Iran, 7-9 May, 2013.

C. L. Sun, K. H. Huang, Numerical characterization of the flow rectification
of dynamic  microdiffusers, Journal of Micromechanics and
Microengineering, VVol.16, No. 7, pp. 1331-1339, 2006.

C. T.Wang, T. S. Leu, J. M. Sun, Unsteady analysis of microvalves with no
moving parts, Journal of Mechanics, Vol. 23, No. 1, pp. 9-14, 2007.

C. K. Chung, T. R. Shih, B. R. Wu, Simulation of the novel micro-valve
using dynamic analysis, Proceedings of the 2009 4" IEEE International
Conference on Nano/Micro Engineered and Molecular Systems, Shenzhen,
China, IEEE, January 5-8, 2009.

S. M. Thompson, B. J. Paudel, T. Jamal, D. K. Walters, Numerical
investigation of multistaged tesla valves, ASME Journal of Fluids
Engineering 136, no. 8 /081102, pp. 1-9, 2014.

B. Dennai, M. E. B. Belboukhari, T. Chekifi, R. Khelfaoui, Numerical
investigation of flow dynamic in mini- channel: Case of a mini diode tesla,
Fluid Dynamics & Materials Processing, Vol. 12, No. 1, pp. 102-110, 2016.
Y. Sato, K. Yaji, K. lzui, T. Yamada, S. Nishiwaki, Topology optimization
of a no-moving-part valve incorporating Pareto frontier exploration,
Structural and Multidisciplinary Optimization, Vol. 56, Issue 4, 839-851,
2017.

F. Forster, R. Bardell, M. Afromowitz, N. Sharma, A. Blanchard, Design,
fabrication and testing of fixed-valve micropumps, Proceedings of ASME
International Mechanical Engineering Congress and Exposition San

209

] R
— A f=10Hz
—@— f=100Hz
—&— f=500Hz
12} ——w—— f=1000Hz
————— Steady solution
P
L 115+
S
2
[a]
111
1.05 -

Il Il Il Il Il Il Il
100 150 200 250 300 350 400
Reynolds number

Fig. 17. Diodicity of Tesla microvalve in three-dimensional simulation

for steady and unsteady conditions

PR U [ Ep JURTR CT VORGSR W S WORRE X CEL SV O I G )

5

o

lo

el Cawd 45 15 oo b g 0l aslllas go0e

oBe gy 3590 50)gn; Slasl oogazms pled 1o (gamans (g5lwand -
A ongd Silwded an S | 08 (SaS Sy el
o Lid Cdl sloml cozge o dm 3929 )5 0 Sl
o S (SRS 5y e 215 a4 jomie Sule )0 45 S9d e
Db se S 9o >

Sd; Sz 90 8 50 g See il e Sl il o 5 jLad il -
L ot 4o ol oo don o il Sl gy Sl eaiS
an ]y 255 ilwaned o aes cnl o allie (o (LS mly
b Ll tls S ly e ciogs o3l plool (simigs e
Folezel Ll oo (ul 5o oadiplnil (gamans lasjludnd o oS
RES

3gh ) olael ;o Wl ot S 0 Shoe p (Jlael Gl 3 5l (o -
ClpilS 3 50 S o 5y Ko 5, Shas a5 a5 ol Lt Ciliske
2 aS b ooy Jeel Guils )35 Jites (f < 100HZ) 40l
LS5 ialsdl U o o, Skae (f > 100HZ) YL, slo uilS 5
OISR e o (S 9SG loged Dk g bios S5t
L Lails 2 selad )3 09 Gy jalgin; shael ooled sl 6018
Slaie g 0l o Sgne ety Se 3 Shos Gadg ) sace ol Sl
b glPl ol (FanS Sy

Sy S0 4y paend BB Gaizg ol 5l ode] s 4 ol Lelue

01 o)less 18 0951397 ORI )3 3w Suile wdiye


https://dorl.net/dor/20.1001.1.10275940.1397.18.1.18.5
https://mme.modares.ac.ir/article-15-908-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-16 ]

[ DOR: 20.1001.1.10275940.1397.18.1.18.5]

Ubled 9 031)dexo IS

s 9llgg pSae 2 09)S Slwgs VLD BI3e W) 2

operation of a Tesla-type valve for pulsating heat pipes, International
Journal of Heat and Mass Transfer, Vol. 105, pp. 1-11, 2017.

[14] B. J. Paudel, T. Jamal, S. M. Thompson, D. K. Walters, Thermal effects on
micro-sized tesla valves, Proceedings of the ASME, 4th Joint US-European
Fluids Engineering Division Summer Meeting, FEDSM2014, Chicago,
Ilinois, USA, pp. 1-8, August 3-7, 2014.

[15] E. M. Kolahdouz, K. Mohammadzadeh, E. Shirani, S. Ziaei-Rad,
Performance of piezoelectrically actuated micropump with different driving
voltage shapes and frequencies, Journal of Scientia Iranica B, Vol. 21, No. 5,
pp. 1635 - 1642, 2014.

01 opless 18 095.1397 RIS (e Sulse swiie

Francisco, CA, New York, USA, pp. 39-44, 1995.

[11] F. Forster, B. Williams, Parametric design of fixed-geometry microvalves —
the tesser valve, Proceedings of ASME International Mechanical
Engineering Congress & Exposition, New Orleans, Louisiana, November 17-
22, pp. 431-437, 2002.

[12] A. Gamboa, C. Morris, F. Forster, Improvements in fixed-valve micropump
performance through shape optimization of valves, Journal of Fluids
Engineering, Vol. 127, Issue 2, pp. 339-346, 2005.

[13] S. F. de Vries, D. Florea, F. G. A. Homburg, A. J. H. Frijns, Design and

210


https://dorl.net/dor/20.1001.1.10275940.1397.18.1.18.5
https://mme.modares.ac.ir/article-15-908-fa.html
http://www.tcpdf.org

