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Abstract: A swirling-type micro-bubble generator was designed : 2. B ,
. . . L . Air | Static swirl element
in this paper. The main structure of swirling-type microbubble l Venturi tube
generator consisted of annular gas injection mechanism and [ ™ PP RERER ST iy
new-type bubble breaking mechanism. Among this, the annular v, .. Nl /
gas injection mechanism adopted the structure of “center :> HERRE , :
ring+micro-plate”. The new-type bubble breaking mechanism : :
was composed of the static swirl element and the venturi tube. Lo :
The static swirl element was coaxially set in the inlet section of -
venturi tube. Compared with traditional venturi tube, the new-
type bubble breaking mechanism had some technical advantages
and may produce much smaller microbubbles. With the help of ANSYS FLUENT software, the numerical simulation
of the flow path of the new bubble breaking mechanism was carried out and compared with the conventional venturi
flow path. The simulation results showed that the velocity, radial velocity gradient, turbulent kinetic energy and
turbulent dissipation rate in the new bubble flow path were larger than those of the conventional venturi channel. By
introducing the simulated data into the empirical formula, the calculated particle size of micro-bubbles produced at the
exit of traditional venture tube was about 2 times of the new bubble breaking mechanism. The results indicated that the
new bubble breaking mechanism can produce smaller microbubbles. In order to improve the bubbling efficiency of
axial swirling type microbubble generator, the optimization design of new type bubble breaking mechanism was taken.
The structure of the rotating element was optimized by the corresponding surface method. The optimized blade exit
angle was 35°, the center cylinder diameter was 12.3 mm, and the leaf length was 10 mm. The particle size of micro-
bubbles produced by the optimized bubble breaking mechanism was calculated to be 75% before optimization, which
indicated that the optimized new type bubble breaking mechanism can deeply improve bubbling efficiency of axial
swirling type microbubble generator.
Key words: gas-liquid flow; micro-bubble generator; static swirl element; venturi tube; numerical simulation;
turbulent flow
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Fig.1 Outline of axial-swirling-type micro-bubble generator
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Table 1  Structural dimensions of annular gas injection

mechanism
Parameter Value
Injection tube diameter, Do/mm 4
Outer ring inner diameter, D;/mm 25
Inner ring outer diameter, D,/mm 18
Inner ring inner diameter, Ds/mm 10
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Fig.3 Leaf line diagram of guide vane adopted by the static
swirl element
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Table 2 Main structural parameters of the guide vane

Parameter Value

Arc packet length, Z/mm 12.56
Blade length, /mm 10
Blade exit angle, g/° 20
Blades number, n 4
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Table 3 Factors and levels adopted for the critical structural parameters of static swirl element

Factor
Level Leaf export angle, X1/° Center cylinder diameter, X,/mm Blade length, Xs/mm
High, 1 35 15 14
Intermediate, 0 30 12 12
Low, -1 25 9 10

4 BRLEETHXBEMIELSRRER
Table 4 Simulation scheme and results of the critical structural parameters of static swirl element

Group X1 X, X3 Maximum turbulent dissipation rate, gmax/(m?/s%)
1 0 0 0 3144.79
2 -1 1 0 2936.87
3 0 1 -1 2812.55
4 0 1 1 3407.6
5 0 0 0 3144.79
6 0 0 0 3144.79
7 0 -1 -1 2261.53
8 1 1 0 2891.13
9 -1 0 1 3036.37

10 0 0 0 3144.79
11 1 -1 0 2598.43
12 -1 -1 0 3394.65
13 0 0 0 3144.79
14 1 0 -1 5801.07
15 0 -1 1 3036.59
16 -1 0 -1 5649.67
17 1 0 1 2738.89




940 U = B

18 %

R4 BBD it s /7 & AR Gt ¥ B K e
FEHUR, FIA Design-Expert [5]V-1 77 R i Wi S 5 B )
RE, B RO REFE R [ . 7 7% -

Y = 6683+ 4100.25X, +1363.75.X, +1935.25X, +
547.75X,X, + 6073.25X,X, —1543.75.X,X, +
3989.88)(12 —3737.13)(22 + 5772.88X§. (8)

P E TR X> X, Xa>Xo, R H EEE(S)
EE Hh 0 [B R AR BLAR (Dey) FH 3 38 I 4 B2 (D) 0 i 3 B8 K
it BEFE IO 1) 5 ) B 55

f& B Design-Expert #AF B DIRE, TR %
&max=5810.39 m?/s®, AL 5 B 454 2553 7l o p=35°,
Dy=12.3 mm, =10 mm. # smax FRAT(6)THE 13140
JE I RAUAL 7= A BRI AR N AR 1Y) 75%.

5 % i

Wik 7 — Ml e TR R AR, ARG
WTEE SN R SV A s, (5B ANSYS
FLUENT $A0r SRR BEAT 140, 45 2000 T 45
-if/lﬁ\;:

(1) BB SRR W A PR /K AT B L AR ) T
FEREFE it 21 Be A BEFE B 35 KT S e LAt IE
RSS2 3 1) BT D) R E FH B A

(2) B SC e BLE P A B ) AR R B
WERENLAIY 2 £, SRUE T AL R A M

(3) el B i T A vE AR AL S B SR B O A
35°, ML EFABEARAN 12.3 mm, SHRMH A KEN 10
mm, Ak E 2R SIS IE I B R AT ) 75%.

&30

[1] Rodriguez-Rodriguez J, Sevilla A, Martinez-Bazan C, et al.
Generation of micro-bubbles with applications to industry and
medicine [J]. Annual Review of Fluid Mechanics, 2015, 47(1):
405-429.

[2] Terasaka K, Hirbayashi A, Nishino T, et al. Development of micro-
bubble aerator for waste water treatment using aerobic activated
sludge [J]. Chem. Eng. Sci., 2011, 66(14): 3172-3179.

[31 YunJE, KimJ H. Development of venturi system for microbubble
generation [J]. Trans. Korean Soc. Mech. Eng. B, 2014, 38(10):
865-871.

[4] Tabei K, Haruyama S, Yamaguchi S, et al. Study of micro-bubble
generation by a swirl jet [J]. J. Environ. Eng., 2007, 2(1): 172-182.

[6] #hizHs, AHE—, EHEL, % dml 2 2 G0N
A 2 uATWEEKBOTY 0. HAREIERE (4
A ], 2008, 27(2): 133-141.

Hiroyuki T, Shinichi H, Kenji U, et al. Interference of two opposing
swinging micro-bubble generators [J]. Journal of the Japan Fluid
Mechanics Association, 2008, 27(2): 133-141.

[6] Sato K. Recent patents on micro and nano-bubble applications and

potential application of a swirling type generator [J]. Recent Patents

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

on Mechanical Engineering, 2011, 4(3): 202-211.
Ohnari H. Swirling fine bubble generator:
2002-05-07.

Ohnari H. Swing type fine air bubble generating device: US7261283
[P]. 2007-08-28.

BHBR, REGZ, AWE. MAWEERE.
CN104039432A [P]. 2012-12-21.

Shimada C, Nobuyuki A, Watari M. Micro-bubble generating device:
CN104039432A [P]. 2012-12-21.

RIS —, REE L. — RO R AR e B R R R AR
CN104023833B [P]. 2012-12-21.

Shuichi S, Nobuyuki A. A micro-bubble generating apparatus and a
swirling flow generating apparatus: CN104023833B [P].
2012-12-21.

Abe H, Matsuuchi K, Idaka M. Micro-bubble generator, vortex
breakdown nozzle for micro-bubble generator, vane swirler for
micro-bubble generator, micro-bubble generating method, and
micro-bubble applying device: US7997563 [P]. 2011-08-16.
Kogawa H, Naoe T, Kyotoh H, et al. Development of micro-bubble
generator for suppression of pressure waves in mercury target of
spallation source [J]. J. Nucl. Sci. Technol., 2015, 52(12):
1461-1469.

Wik, Wi R, KR, 5. e dNUR0E R A 4 B 5 e
7t [3]. AKFIKHEEAR, 2016, 47(5): 141-144.

Yang T, Li Z K, Zhang Y R, et al. Design and experimental study of
swirling micro-bubble generator [J]. Water Resources and
Hydropower Engineering, 2016, 47(5): 141-144.

XA, 2T R, fIfR, & —FhiEm AU IR R AR A S A B
L7792 CN104117299A [P]. 2014-10-29.

DengJS, Li ZK, He W, et al. A swirling micro-bubble generator and
a method for generating micro-bubbles: CN104117299A [P].
2014-10-29.

MH2, B2, PIHK, 5% —MECKBHIRERE AL
FHJEi %% : CN101565230A [P]. 2008-04-24.

Xing X H, Lv F X, Chu L B, et al. A micro-bubble generation device
and its special cyclone: CN101565230A [P]. 2008—-04-24.

R, LR, KERAE, . —Foa K A A AR R
/s 3 B R FoAd U510 CN106277150A [P]. 2016-09-07.

Zhang C W, Hao H B, Zhang R G, et al. An air flotation micro-bubble
aeration device for petroleum water treatment and its using method:
CN106277150A [P]. 2016-09-07.

kA, AR AER IR ST [D]. B B
K%, 2015: 68.

Zhang Y R. Experiment and research on self-priming swirling bubble
generators [D]. Kunming: Kunming University of Science and
Technology, 2015: 68.

Li Z K, Shi W L, He W, et al. Computer simulation method for the
bubbling performance of the vortex micro-bubble generator[C]//
International Conference on Electro Mechanical Control Technology
and Transportation. Paris: Atlantis Press, 2015: 250-253.

B2, WIHK, FE, %O AMORIER & R &M AE
[3]. LI 254, 2011, 62(6): 1537-1542.

Lv F X, Chu L B, Zhou J, et al. Development and performance of a
new type of micro aeration equipment [J]. CIESC Journal, 2011,
62(6): 1537—1542.

Yin J, Li J, Li H, et al. Experimental study on the bubble generation
characteristics for an venturi type bubble generator [J]. Int. J. Heat

US6382601 [P].



5 1

TEMREE Al B AU I R SR S A BT S BUE R

941

[21]

[22]

Mass Transfer, 2015, 91: 218-224.

HAVHS, R A ELAR T W A O A A A R
S [J]. HUBHIE, 2016, 54(11): 27-28.

Ma Y P, Li Z K. Effect of cavity diameter on flow field in self-
sucking swirling bubble generators [J]. Machine Made, 2016, 54(11):
27-28.

Rabe K, Hardli L. Flotation unit for purifying water, such as a CFU
(compact flotation unit): US9284199 [P]. 2016—-03-15.

[23] Ghanem A, Lemenand T, DellaV D, et al. Static mixers: mechanisms,

[24]

[25]

[26]

[27]

applications, and characterization methods—a review [J]. Chem.
Eng. Res. Des., 2014, 92(2): 205-228.

Paglianti A. Recent innovations in turbulent mixing with static
elements [J]. Recent Patents on Chemical Engineering, 2008, 1(1):
80-87.

Casidy J J, Falvey H T. Observations of unsteady flow arising after
vortex breakdown [J]. J. Fluid Mech., 1970, 41(4): 727-736.

Spall R E, Gatski T B, Grosch C E. A criterion for vortex breakdown
[J]. Physics of Fluids, 1987, 30(11): 3434-3440.

Hiroyuki K, Takashi N, Harumichi K, et al. Development of micro-
bubble generator for suppression of pressure waves in mercury target
of spallation source [J]. J. Nucl. Sci. Technol., 2015, 52(12): 1-9.

[28]

[29]

[30]

[31]

[32]

[33]

e, ol SrURKE M TS HBOTrEReT s [1.
TALME, 1999, 26(1): 21-24.

Jin Y H, Fan C. Research on the parameter design method of the
guide blade cyclone [J]. Chemical Machinery, 1999, 26(1): 21-24.
BRI, BRSO 4 T A A B R S e v BE AT
[D]. Jbxt: dextzZidRey, 2017: 34,

Lei B B. Numerical simulation and experimental research on axial
guide vane cyclone [D]. Beijing: Beijing Jiaotong University, 2017:
34.

Fujiwara A, Takagi S, Matsumoto Y. Bubble breakup phenomena in
a venturi tube [C]//ASME/JSME 2007, Joint Fluids Engineering
Conference. 2007: 553-560.

Gabbard C H. Development of a venturi type bubble generator for
use in the molten-salt reactor xenon removal system [D]. Oak Ridge:
Oak Ridge National Laboratory, 1972: 47.

Kress T S. Mass transfer between small bubbles and liquids in
cocurrent turbulent pipe flow [D]. Tennessee: University of
Tennessee, 1972: 55.

Lasheras J, Martinezbzan C, Montanes J. On the breakup of an air
bubble injected into a fully developed turbulent flow. I. breakup
frequency [J]. J. Fluid Mech., 2013, 401: 157-182.



