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Structural Design and Optimization of Three-Channel Tesla Valve
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Abstract ; The existing Tesla valve has only two ports, which can not discharge the fluid flowing back due to the reverse
pressure exceeding the critical value, thus impacting the normal operation of the front mechanical parts. A three-channel
Tesla valve was proposed and its structure was optimized . The design theory was claimed in combination with the flow
field simulation firstly, and the variables affecting the working efficiency of the structure were proposed, then the
response surface of the relationship between the design and target variables was constructed using the Kriging surrogate
model, and the optimization of the total objective function used by particle swarm optimization ( PSO) was achieved, so
the multi-objective optimization design of the three-channel valve was completed, in the end, CFD software was used to
verify the optimization results. The results show that the radius parameter is an important factor affecting the efficiency,
and the response surface fitting effect is good. After optimization, the inlet static pressure is reduced by 6.85% , and the
flow ratio is reduced by 10.56% , the working efficiency of the valve is improved. The optimized structure can improve
the condition of backdraft and backflow, and has no movable parts, so it is convenient to process and use.
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Structure of Tesla valve unit
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Figure 2 Velocity nephogram of

forward and reverse flow
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Figure 3  Pressure drop of forward and reverse flow
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Figure 4  Structural of three-channel Tesla valve
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Table 1  Optimal space-filling design and
calculation results

5 R, /mm R,/mm it i/ Pa
1 21.33 18.00 0.385 621.93
2 22.67 19.33 0.368 630.36
3 18.67 21.33 0.372 451.89
4 20.67 20.67 0.372 458.51
5 18.00 17.33 0.463 751.30
6 19.33 18.67 0.403 526.67
7 20.00 22.67 0.356 464.08
8 22.00 22.00 0.356 487.55
9 17.33 20.00 0.439 486.19
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Table 3 Verification of optimal calculation results

=] #i 1/ Pa i Ll
WA 504.25 0.373
RIAEL R 469.70 0.334

5 45iE
1) PRTZH A A S L AR ) BT 2l 3 1) 4, 2

T b R R AE AU B 2] I ) = e R S R T, e

W1 TC AT shaltey , HAT 3 Finat sy =X, BEAE S B A

]y 0K 5 RS W= S 1 By O S m e
2) PRV B 5T 2 B 1 i He AL 2 bE AT A4

S AL =303 ] S B AL 3l 5 3 AR B 9E

EEAE RS RAY R/ TARRCRA BN . i

LR CFD B e 45 R R W], 24 R, B 19. 86 mm, R, HX

22.83 mm I}, A F#RE AT FEAK 6. 85% , i it LL T B AIG

10.56% , 1] ARG 2
3) PRSI SE A5 R R A D — FHUAR i 7 0 1%

PE WAl T RS bR . AR AR

WA ARSI SR 2%

S 3K

[1] TESLA N. Valular conduit: US1329559[ P]. 1920-02-03.

[2] THOMPSON S M, PAUDEL B J, JAMAL T, et al. Numerical
investigation of multi-staged Tesla valves [ J ]. Journal of Fluids
Engineering,2014,136(8) :1 - 7.

[3] REED ] L. Fluidic rectifier; US 5265636 P]. 1993-11-30.

[4] GAMBOA A R,MORRIS C J,FORSTER F K. Improvements in fixed-
valve micropump performance through shape optimization of valves
[J]. Journal of Fluids Engineering,2005,127(2) :339 - 346.

[5] MOHAMMADZADEH K, KOLAHDOUZ E M, SHIRANI E, et al.

Numerical investigation on the effect of the size and number of stages

on the tesla microvalve efficiency[ J]. Journal of Mechanics,2013,29

(3):527 - 534.
(6] HBefkdi, Rk MEAAHEE[M]. AL . FhT A% HKRH,
2005 :54.

(7] Z#EW, AW, KEE MERIIRROFR G Z R AR
5 ] 2 T4 ,2015(6) : 1 —4.

[8] X XEA BH&E, % HENEESEEENS iRkt
7. 438 R ,2018,40(4) 22,

(9] Eume#, Wt 2T Kriging B4 oy B A S 20 4k it (1] i
72 %4 ,2005,26 (5) 545 - 549.

[10] # % 4e. Kriging A R R B AR F A RH#A R[] MUEFHK,
2016,37(11) ;3197 —3225.

[11]  E4R,7DER, 2T, %, £ T Kriging (32 42 27 & 4 | 41 =
T Mtk B 2 [J]. E 5 A 5h,2019(1) . 78.

[12]  #R4 M, s &, R, %, L8 %3t R Kriging 77 5L @ £ £ 1L
Bt ey R LT]. A eAUR G B 3 e THAK,2017(1) :62 -
65.

[13] 7% BRI 5H TR ITRIM]. doog: & ZF R4, 199%:
55 -57.

[14] KENNEDY J, EBERHART R. Particle swarm optimization [ C]//
Proceedings of ICNN’ 95-International Conference on Neural
Networks. Perth, Australia; IEEE Service Center, 1995. 1942 -
1948.

[15] &M@ MATLAB L 5 ik E 0 247 5 BRI [ M. deat: 4k
2 iR 4k ,2015 :476 —493.



