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Vair | Vwater p1 P2 Apl= Ap2= Ap3=
Models
(m/s) | (mls) (Pa) (Pa) p1-p2 p1-p3 p3-p2

Model

. 0.05 0.5 3151.05 | -847.582 | 3998.632 | 3151.05 | 847.582
Model

5 0.05 1 114545 | -5111.06 | 16565.56 | 114545 | 5111.06
Model

3 0.05 2 44019.9 | -20722.3 | 64742.2 | 44019.9 | 20722.3
Model

A 0.05 5 263993 | -122473 | 386466 | 263993 | 122473
Model

. 0.05 10 1019610 | -488455 | 1508065 | 1019610 | 488455
Model

6 0.1 0.5 4646.6 | -1190.97 | 5837.57 | 4646.6 | 1190.97
Model

. 0.1 1 13510.5 | -4294.15 | 17804.65 | 13510.5 | 4294.15
Model

o 0.1 2 45342.7 | -20589.2 | 65931.9 | 45342.7 | 20589.2
Model

9 0.1 5 270252 | -123505 | 393757 | 270252 | 123505
Model

10 0.1 10 1032760 | -494102 | 1526862 | 1032760 | 494102
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A3l 50 Sell 59 G (658 (Ko 0aiS Gl -V L) (Sen upo SV L
Jde oy a5 040 o0 alaxMe F-F Jgoz 10 00,53 5 (Ko (yg03] 5l sdnliamods s Gllas
Y Joe e el S350 VAR wﬂbMuT#uOMftj};JMw;JMj\
Vg F Joe e eV TY b s Sirad gy A 5 ¥ e o 0 VAY (Siccads o ¥ ko s
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abaxde ais (g lolae (Swod gyl b Jae  olod (plpls sl #4005l 5S> o5 Sig laie
@57 (e LJos 4y (g Sl 1B p (093 (Sren £ g ) Joe o LS 45 090 s

ABbgo <S5 551~ S Sl S (] 85 e

Models Vmax | Vmin p1 p2 Apl= Ap2= Ap3=
(m/s) | (m/s) (Pa) (Pa) p1-p2 p1-ps p3-p2
'V'Olde' 312 | 002 | 4646.6 | -1190.97 | 5.84E+03 | 4.65E+03 | 1.19E+03
Model
X 57 | 0048 | 135105 | -4294.15 | 1.78E+04 | 1.35E+04 | 4.29E+03
Model
el 11086 | 01 | 453427 | -20589.2 | 6.50E+04 | 453E+04 | 2.06E+04
Model
del | 2630 | 01 | 270252 | -123505 | 394E+05 | 2.70E+05 | 1.24E+05
Model
X 52 | 0.1 | 1032760 | -494102 | 1.53E+06 | 1.03E+06 | 4.94E+05
Model
el | 104 | 02 | 434E+06 | -1.27E+06 | 5.61E+06 | 4.34E+06 | 1.27E+06
Model
del | 189 | 2.9 | 138E+07 | -6.12E+06 | L9OE+07 | 13BE+07 | 6.12E+06
Model
el | 361 | 3.33 | 5.32E+07 | -207E+407 | 7.30E+07 | 5.32E+07 | 2.07E+07
Model
el | 877 | 3.33 | 2.03E+08 | -1.30E+08 | 4.32E+08 | 293E+08 | 1.39E+08
'V'fge' 1735 | 3.33 | 1.18E+00 | -5.47E+08 | 1.73E+09 | 1.18E+09 | 5.47E+08
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Model{Model{Model|Model{Model|Model|Model{Model| Model| Model
1 2 3 4 5 6 7 8 9 10

N 6739 | 6739 | 6739 | 6739 | 6739 | 6739 | 6739 | 6739 | 6739 | 6739
Mean |4746 |5066 |9339 [9834 (9917 |.4347 |.8807 |.9274 | .9534 | .9722
Normal Sid
ta.
Parameters®? Deviati 48557|.48462|.20057|.05825|.03312.47853|.28506(.22695|.19192| .13784
eviation

Most Absolute 303 289 |412 388 |401 320 | .395 | 404 | 466 | .456

Extreme | Positive |303 289 |371 [388 (401 320 | .338 | .375 | .404 | .420

Differences | Negative | -.274 -.286 -.412 -.339 -.368 -.244 | -.395 | -.404 | -.466 | -.456

Test Statistic 303 .289 4120 388 .401 .320 | .395 | .404 | .466 | .456

Asymp. Sig. (2-tailed) | .000° | .000° | .000° | .000° | .000° | .000¢ | .000° | .000° | .000° | .000Q°

a. Test distribution is Normal. b. Calculated from data. c. Lilliefors Significance Correction.

S ol yly gl (Somod (503l gl F-F Jgu

Spearman’s rho Model 1Model 2Model 3Model 4Model 5
Correlation Coefficient .789 .875 .099 .109 .008
Model 6 i i
Sig. (2-tailed) .000 .000 .000 .000 529
Correlation Coefficient] .192 .183 .072 .233 .318
Model 7 i i
Sig. (2-tailed) .000 .000 .000 .000 .000
Correlation Coefficient] .341 .385 122 .163 .146
Model 8
Sig. (2-tailed) .000 .000 .000 .000 .000
Correlation Coefficient] .262 217 .020 .183 271
Model 9 i i
Sig. (2-tailed) .000 .000 .107 .000 .000
Correlation Coefficient] .194 .098 .015 151 231
Model 10
Sig. (2-tailed) .000 .000 217 .000 .000
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Modell 1 1 1 24.22775 24.22775
Model2 1 2 1 24.22775 12.68038
Model3 1 3 1 24.22775 8.530766
Model4 2 2 1 12.68038 12.68038
Model5 2 3 1 12.68038 8.530766
Model6 1 1 0.5 24.22775 24.22775
Model7 1 1 0.1 24.22775 24.22775
Model8 2 3 0.5 12.68038 8.530766
Model9 2 3 0.1 12.68038 8.530766
Model10 2 3 0.01 14.30555 8.530766
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Model Summary

Change Statistics

R Adjusted R | Std. Error of the | R Square F Sig. F
Model] R Square Square Estimate Change Change [dfl|df2| Change
1 .9302 .865 797 3756.62961 .865| 12.807] 3| 6 .005
a. Predictors: (Constant), ¢, b, a
Coefficients?
Standardized
Unstandardized Coefficients Coefficients
Model B Std. Error Beta T Sig.
1 (Constant) -6713.757 4672.813 -1.437 .201
A -396.694 3404.516 -.025 -.117 911
B -7686.708 1898.280 -.846 -4.049 .007
C -7985.523 3034.162 -411 -2.632 .039
a. Dependent Variable: P
P aiunly ydio 97 9 B Jimo slo puiio gl r (oS (g )5 @l V-F Jgor
Model Summary
Change Statistics
Adjusted R | Std. Error of | R Square F Sig. F
Model R R Square Square the Estimate Change Change | dfl [df2] Change
1 .8702 757 .687 4669.60015 757 10.875 21 7 .007
a. Predictors: (Constant), gama, beta
Coefficients?
Standardized
Unstandardized Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) -41322.108 5117.370 -8.075 .000
beta -182.665 359.284 -130( -.508 .627
gama 1104.790 296.053 .953| 3.732 .007

a. Dependent Variable: P
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Model2: | Model2: | Model2: | Modell: | Modell: | Modell:

Q=0.16 | Q=0.29 | Q=0.42 | Q=0.16 | Q=0.29 | Q=0.42

lit/s lit/s lit/s lit/s lit/s lit/s

N 333 1060 1273 299 624 1024

Normal Mean 35111 | .3802 | .39369 | .374101 | .354349 | .302193
Parameters®?  Std.

Deviation 279167 | .244587 | .240344 | .252224 | .214304 | .173516

Most Absolute | .124 .085 071 119 118 120

Extreme | Positive 120 .085 071 119 118 120

Differences | Negative | -.124 -.076 -.066 -.089 -.068 -.065

Test Statistic 124 .085 071 119 118 120

Asymp. Sig. (2-tailed) | .000° .000° .000° .000°¢ .000°¢ .000°

a. Test distribution is Normal. b. Calculated from data. c. Lilliefors Significance Correction.
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Abstract

In this thesis, the formation of microbubbles inside venturi tube is studied via
numerical and experimental methods. Micro-nano bubble is one of the newest
technologies in the field of nano-fluidics. Its applications include flotation of particles
in the liquid, water and wastewater treatment, drag reduction, medicine and health,
aquaculture and agriculture, especially hydroponic cultivation.

In this research, various samples of venturi tubes were analyzed by OpenFOAM
software and by studying microbubble formation, appropriate samples were selected
for designation of experimental models. For numerical analysis, the standard « ¢
method has been used. Experimental models were prepared and following injection
of air and water flow into Venturi tube, the images and films of the two-phase flow
inside Venturi tube were recorded by a high-speed camera (4500 frames per second).
The prepared images and films were processed by Image processing technique and
programming in MATLAB software. The border between micro and macro bubbles
diameter is considered 1000 micrometers.

The results suggest that flow regimes inside venturi tube are similar to flow regimes
inside horizontal tubes, and for having bubbly flow and consequently formation of
microbubbles, air phase flow rate must be very smaller than water phase. By changing
venturi tube’s dimensions, it was observed that least pressure drop takes place in the
junction of the contraction section to the throat section. It was also observed that
decreasing the slope of diffusion and contraction sections increases pressure drop and
as the slope of contraction and diffusion sections is equal (>24 degrees), better results
are achieved regarding microbubbles formation. Experimental results show that by
decreasing throat section’s length and by increasing flow rate, more micro-nano
bubbles form. the maximum bubble diameter is related to the Sauter diameter with
coefficient of proportionality 1.673.

Keywords: Micro Bubble, Venturi Tube, OpenFOAM, Image Processing, Matlab, standard

K _g, Two Phase Flow, Sauter diameter
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