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Experimental and numerical investigation of unsteady
turbulent flow in a fluidic oscillator flow meter with
derivation of characteristic diagram
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Abstract- In this article, a special duct is introduced in which, inlet water jet initiates to oscillate after a short time and
it causes the velocity and pressure to oscillate regularly. Considering that there is a linear relationship between the inlet
jet velocity and its oscillations frequency, the flow rate can be calculated by measuring the pressure frequency. In order
to study flow field inside the current geometry of fluidic oscillator and also to find an optimum location for sensor to
detect the pressure oscillation, the unsteady turbulent Navier-Stokes equations are solved by ANSYS CFX software.
Having studied grid independency, capability of K-¢ and SST turbulence models for numerical simulation of unsteady
flow inside the fluidic oscillator is considered. Then, according to the quality of pressure signals of some points,
suitable position of sensor is identified. This flow meter is manufactured for the first time in Iran. Using this prototype
and inserting the pressure and Piezoelectric sensors at the suitable point, the numerical simulation results are validated
by the experimental data. Comparison between the numerical and experimental results shows that the SST model is
more suitable for this flow simulation. Finally, by performing experiments in different flows, acquiring and processing
pressure signals, the flow meter characteristic diagram (inlet jet oscillations frequency- inlet jet velocity) are derived.
Keywords: Fluidic Oscillator Flow Meter, Turbulence Numerical Simulation, K-g, SST (Shear Stress Transport), Pressure Sensor.
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2. K-¢
3. Hot-Film Sensor
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1. Coanda Effect
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1. Finite Volume Method
2. Reynolds Decomposition

WA (530 Bolass ¥ 893 (99 90 SR wwdian

i 4 lapleg awais g5 55 qmyn b (0] 25 sl
JB (o3 osguzme ounin ol ol 5 e
o, bles ol uol8l 1) oS la oo )0 egazay (5 Sojlul
5 b Calodds gy FO o salen, U i o0 g9 0l
o ol oy Lol sl o)l 2l b V] il Ken
S o i glayall 5l (S sileaine s o 50 4k
S b U (@ ¥ J50) Ble o)l (o amain
S ol Gline 4 winygl Cuss 4 gk g 4 JWSKw
o Jlom 2 s lS 3 5 (38,0 U kS
10 39> g0 wlilazel Jbls a4 as T o ead olu| slape 4
Slog 3 Shoe 03guze Lrnl )o il G0 ol (>
slaeh Y Lit/min 4 # Lit/min gle o5 Gm pheew
b5 [Y] a5l aslige (FO- - v 5l S Loy Sulsay,
sebie 4 o] Slug caols 5l ol slawain 6,554
2 9 (oY) oyles 4 Suop bz o sledl ol
Fe S3leSeS jshe 4 ol Ul Ll osg 4
0,5 oolatal oy yei 0 4

oo DYl gl anaia b ol gy 0 allie o
Ol el oals il )l i 28 0 )8 8 eolail (gl s oLy
Sl emS 7 3l 6ons Oz Fombe (Boler ln awas
4 Samd )00l 5 oniss o (FETIL e 5 e Bl
G Yee) jadsn, oo 3l sty osgamme o L slo o
O 20 099950 ¢ owiid Slal Gl b aS e o v 050
Jsb 55 b olag sbml (595 se Y6 m¥/h 4 VY0 Lit/h
53 Jlw Glug 5l et sl (S B rimen 0S5 0 (e
Py 0dgume 40 g odg O-HZ 5l S a5 550 00gaxe
S b b alin 9 o 05 a5 b G J o3l
ol oeslie Y oHz Luls 3 2Slas G Y] JgsT 5 V]

Sk Gl TS

59,9 ‘;ué‘ 6‘,’7@0 o)‘%.)

I X O I anwaze (all

D] SL g [F] 1y Lags oo asl) avsain ¥ S5

Yy



O 9 (Soue dae>

coe 0 ilo s wiuby GOUE g (I (oM

Joe Ned oo TS o Gelladl Lid slalol S
)5.‘04.: JM C"" ol 00 ‘_§>|).'a )5.‘44.0 u.»‘ 6‘;} LS’U’“‘U’“‘
sy sae b (2l )0 K Joaw Vb U5 lojee
P19 50 Ok YL QU 5 (o)l 4 So03) by
30 Cewlad LSl o 1) (oyles 1 4e0) YU juden, b

. & . .. e O . 7
‘_,’.‘>|)Jo 6‘4-‘95 £ égb Q—i‘ Ngls oo o )SJ“».\S‘ L M‘
Joe sl sl G jlade slhls o)lgs (o5 jo a5 eul
shoslaiul) yao jlade glyls o)las 5l Heo >lgs jo o (Kel-S
2 ok bz 4 ez bUIY] b (oS e
e 435 (Gl de o0 a4 (sl o)lpo

85,5 (0 sy

o 059> gaaSands ~Y-Y
Gk slp ol ly g SO ol &l avais e
ooliiul amin jo i a5l e S leSS g i
2 Ogee iy jo UK a8 )] dlawly 4 uizes 0gd o
ol el Tosal (g c3 ey eb 4 gom g0 JSCS
G 90 K& p ogee sl ) 55 Jlw Gl byl
ol csls saalys SLS Loy byls ) S8 dwais
4 ogee bl ;o Y Y Ohgo a4 mhaw jo Jlke a0
ool 4 gauaSed g5 ol 4 0sde S e
. . . e Vo
aSeS 5l g o)lgns (0 50 S o sy, (maSed
(Y US8) 05 g0 soliul (6550 4Y o gathe

(o ilwans opl jo ead eslaul oyles AU
0yl ab o el [Al Knadlowlh jusY L2y, atil guons
5 4Y ) odgiome a5y (X ladse Laws
Sk DYolro yo eolanul glp les SGoy slecoasg
Sl a1y ojles By (i aibe o)les ooy polie
20 09 2,8 a5 aiS o Jate glaisSa ol ol jo atuly
ol o0 88lg azas] ks ailace (S50 AY edgaze

5. Blending Function
6. Extrude
7. Sweep Meshing
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1. Reynolds Stress

2. Boussinesq Hypothesis

3. Computational Fluid Dynamics
4. Shear Stress Transport (SST)
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4. Scalable Wall Function
5. Automatic Wall Function
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1. Sub-Layer Viscose
2. Buffer Layer
3. ANSYS CFX
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1. Opening

2. Time Step

3. Turbulence Intensity
4. Gauge Pressure

5. Polarized Crystal
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4. Peak-to-Average power Ratio

WA (530 Bolass ¥ 893 (99 g0 SR wwdian

ot Sl s 2Bl W ool 5l LS
R e
Jow bwgi adgl gooe Jo G opll b oogl oo oolanal
oM (il (026 @l beg jee &5 Sl
(S Coabye 4 4z b g ond cwp S ailed and
S el Slacasdse w25 Sl 55 Jlw cx Gl
50 (F US8) wigd go i Wlo |y Olilug aseid ool
&l 5l o g ol sl o)l LS 5o alads Al (JSS 0
s P L oY 5 ) o Vakis ] o a8 cdll cnd F S)
Joe s gl sl )3 ahll 93 (W)ls H13 7 5 o O
bt (g 5 @ slecend ¥ US) o] 4 Jlw o 5)55
5 (0 Cend ¥ USE) wlo 5l S g (el lizme o)l LS
ools lid (6 cwand ¥ JS0) iS5k slyome jo (Sladais
0557 3 ys5he bl JLid i JiKms s ol 00
28,5 bl calio alads U codds gy g denlio il 3

s Vem/s ol e a4 699y S Cx e
Ll ) peizmes adloe YMs 1,35 Jo Sl slepls
Diloe (O Sz ,0) N M/S (09,9 Eae s adgl

5 ked Slleg 5l snwl caws 4 Gl iR (o) 2 &)y
ol bamgi 4255 oS 39 g0 00liil T 4155 i
S I Sy g0k Sy b ogr aales 3B o565l
oS b b 5 008" Jitie GulS 5 0j9> 4 Gloj 0j9>
WJuSs Bilon o 5l nl a8 gl | ol ys 9z se
JEKws (iS5 3 oogume a5 WS o ol 1) el oyl
L ootlacl slaJiSow (ouilS 3 0dg0me (rizean 5 «osllas
FFT jlogas 88l jee .aigd ool Lais Sl 4 VJ’”J
2 OlF Goges jymme g JiSew o 50 Sezse slauils
D] ses o olas 1) lauils 3 o1 5l las

oSS A Az ;0 (0 5o Cwond O SO FFT jlages jo
ey 4 s Sl S ol g JiS & by
5 asS glabais sl it G5 s pie bS8
el Jowln K ceal gl 09d o0 2l o JLKw ]
JESC UL WU US T O TR

Do 3y
1. Contour
2. Fast Fourier Transform (FFT)
3. Noise
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1. Data Acquisition (DAQ) Card
2. LabVIEW

3. MATLAB

4. Low pass Filter
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