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Prediction of Micro-Bubble Releasing Concentration with the
Retention Time of a Micro-Bubble Generating Pump
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Department of Environmental Administration, Catholic University of Pusan, Busan 46252, Korea

Abstract

The mechanism of micro-bubble generation with a pump is not clarified yet, so the design of water treatment systems with
a micro-bubble generating pump is based on trid and error methods. This study tried to explain clearly quantitative
relationships of experimental micro-bubble concentration (Car) of continuous operation tests with a micro-bubble generating
pump and theoretical air solubility. Operation parameters for the tests were discharge pressure (Py), water (Quo) and air (cp)
flow rates, orifice diameter (Do), and retention time (t). The experimental micro-bubble concentrations (Car) at 4.8 atm of
discharge pressure (Py) werein the range of 21.04 to 25.29 mL/L. When the retention time (t) by changing the pipe line length
(Lp) increased from 1.22 to 6.77s, the experimental micro-bubble concentrations (Csi) increased from 25.86 to 30.78 mL air/L
water linearly. The dissolved and dispersed micro-bubble concentrations (Cir) are approximately 4 times more than the

theoretical air solubility.

Key wards : Micro-bubble, Retention time, Releasing concentration, DAF, Pump

AetAl S&F 7|5 AN dissolved air flotation :
DAF) 542 3Eo)2(saturator), tA|7 |2 WYL 5
of ofsl] wglepoll 715 BBl EAA7 1= Aol wt
A 34 25 H Adso] Db 4= qiriLee et
al., 2009). DA
of ujg} ES}EF(saturator type), 3-5313(cavitation
type), 3] 5E5(rotationing-flow type) 32| 502
TR, 72 B4 9 g7l et Rkt

ﬂ
of
oX,
1o
£
rik
N
__>:L‘

N

'
~N
e

L
3
Otr.
>

T7} A8y =] o] LFcHFujiwara, 2006; Ohnari, 2000; An
etd., 2002).

Sadatomi et al.(2012)= Q. 2|u]A9) thaato] A%
= oA 37| (multi-fluid mixer)E o]85}o] mlA|
7)3E B S5 AR R|Q) o| 2R E v]wsto] AAIEH
o, o] Auolx] 2w Ao} thyto] FFo whet &
U= AMAF=H20 ~ 65 L/min) 2 7]AG5H1 ~ 20
L/min)o] Z7fsim miA|7]sz HAgol e goks Frkal
HslsIct Ohnari et al.(1999)2 Ho|4 EEEl=
o] 314 553 vlAl7 | WIS o8ste] 71A|

Received 21 March, 2016; Revised 11 April, 2016;

Accepted 11 April, 2016

"Corresponding author : Chang-Han Lee, Department of Environ
-mental Administration, Catholic University of Pusan, Busan 46252,
Korea

Phone : +82-51-510-0624

E-mail : chlee@cup.ac.kr

© The Korean Environmental Sciences Society. All rights reserved.
 This is an Open-Access article distributed under the terms of the
Creative Commons Attribution Non-Commercial License (http:/
creativecommons.org/licenses/by-nc/3.0) which permits unrestricted
non-commercia use, distribution, and reproduction in any medium,
provided the origina work is properly cited.



830 RS QERAL - o) 3RE

o oile] 991 917 % 7lelzizulol wet ula|E o
A g F7 gebrkar s19ict. Fukushi et al.(1995)
£ DAF 4212 olg3lo] 243t 212(0.4-05 MPg)]
A pEor ESE= 37 nA7|Ee] o] 2291 HiAIA
(theoretical specific volume)-S AFgsle] AIAsISIL.
Fujiwara(2006)+= %<1 50 ppm<] HEeR=2] 27}
8k 2704 100 o] w71 ES WA 4= P
Wise] e mlA)E AR o) ke AAEH
%It} Pérez-Garibay et al.(2012)-S #3123 DAF 3
7 2] &0 9Jo] 0.01 ~ 0.06 cVse] 7| A1 E7 o)) A
7IAIAIFEE 0.4 ~ 0.8%0]1, o] ZxiofA] HAgEl= 1]
M7|Z27HL oF 80 ~ 150 pmE YfERATia 3kck
Murayama et al.(2013)2 7|82 o]-85lo] 32 ~ 40
m®] vA7| 3z Tigh 714 HA7H(gas holdup)at &3
A4 (mass transfer coefficient) & Lafo] B2
E42 Prisignh a7 Lee et a., 2014)0)4] 1]
A7 12 DEFAE o851 7] frhu]o] ke A
713 FEeot o[ 24101 nA7 | S o] AR Rl gt
AE AARE HF ARAEE Z1efut miA|7 |2 EAgof] Thgt 7]
2 994Fujiwara, 2006; Pérez-Garibay et d., 2012;
Murayama et d., 2013)2} AdidlHLee et a., 2014)
Az iE v AR oA Gl 37
Fol o243l nA7 |2 STk B Ueh = A0S

a) -m?crc;bt.Jl e geherati ng pup syéfe’n

) operation after 2 min

BEl1 olele: Ro] qlgick oleid BAIS shdst
7] Slste] 2 gl mAPIE WA Ede
RS 2T 4 Y CelmAE BHTH] AU
(R, 2512 27(DO), AFARHY 2 o) E 55
(Ca) ) ATIAZ ) A1 et o &< )
AP 520] Aol Al TRlstska gk

2, M=z 3 U

2.1, OJN|7|® Sim o

Fig 12 2 efol 48l e w71 gy
of nA7|27F WlE = AElE Ehglen, 571
U, 7RI 4, 9 ol wet Aol 2 GE
371 e 3o ofsf el EArE A nlA7] a2
7} Az tHLee e d., 2009). Fig. 22} o] ujAf|7]3z
A L= 271 0] HE(HE 1713259 9k HE 2072
BalEAD)7H A E R AAEe] Qs otk ulA7|
MM} SR, 3 19] Alopd o Fig. 20]
R At o] 5A(Quo) et FU571(00)7F -S4l
Y. G40t B BIA LY} v (R
FAIE Aol et HolE 7HAl= vi(Le) ol Al
FolHA 3717} oA Gapiate TR
ESMBEE F8) th7]9 el E viEE A Ath7]32(q)

W}

m{m

d) operation after 5min

Fig. 1. Photographs of micro-bubble generating pump system and operation test.
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Fig. 2. Schematic diagram and mass baance of micro-
bubble generating pump system. 1) qo : air inlet, 2)
g: ar outlet, 3) Py : Pipe pressure, 4) Quo : water
inlet, 5) Qw : water outlet, 6) Lp : pipe length, 7)
Do : Orifice diameter 8) C,r : dispersed or
dissolved air concentration.
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Table 1. Approximate coefficients of molecular diffusion and diffusion coefficients for gases of low solubility in water at 20°C

Gas Coefficient of molecular diffusion, cm?h Gastransfer coefficient (K.), cmvh Estimated film thichness, cm
0, 6.7x107 32.3x1.018"%® ~2x10°
N2 6.7x10” 34.0x1.019"%® ~2x10°®
Air 32.1x1.019"® ~2x10°
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Fig. 3. Relationships of water flow rate (Qwo) and the pressure of pump and pipe line (Pg) with Orifice diameter (Do).
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Fig. 4. Comparison of water (Qwo) and air (qo) flow rates at two micro-bubble generating pump and pipe line pressures (Py).
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Fig. 5. Effect of retention time in the micro-bubble generating pump and pipe line on dissolved/dispersed air concentration (Car).
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Table 1. Variation of operating parameters for different pipe lengths (Lp) of micro-bubble generating pump

Water inlet Air inlet Air outlet (q), Car

Lo m (Quo), LPM LS (), LPM LPM m(L(qZ\i?IiQx;er
05 47783 12216 0.1829 0.0504 25,8628

1 45954 15137 0.1760 0.0578 25,7185
15 45090 18057 01773 0.0597 26,0875

2 44259 20078 0.1743 0.0575 26,3038
25 43457 23898 01723 0.0489 28.3878

5 42474 3.8500 01725 0.0487 20,1403
75 41022 53102 0.1649 0.0498 28,0728

10 3.7206 6.7705 0.1659 0.0514 30.7817

Cp,, = 0.8080¢ + 25.0349, * = 0.7777
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