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Abstract

Mixing is a very important unit in water treatment process. A mechanical stirring method is generally used
for mixing, but recently, the use of pressurized water mixing method (pump diffusion flash mixer) has
gained interest because it is more advantageous in terms of mixing time, noise, energy consumption, and
maintenance. The following conclusions were obtained from the study of pressurized water mixing method
by Computational Fluid Dynamics. Firstly, the mixing degree in the pipe increased as the density of water
increased. Secondly, even if the relative velocity between flow rate in the pipe and the pressurized water
was constant, the mixing degree decreased as the flow velocity in the pipe increased. Thirdly, the stronger
the injection energy the higher the mixing degree. It was also found that the mixing degree was greatly
affected by the injection velocity as compared to the injection flow amount. Finally, the required energy to
achieve 95% mixing degree at the distance of 10 times diameter in big pipes of 500 mm to 3000 mm was
0.3 to 4.5 kJ. The result of this study could be used in the process design of injection with water
purification chemicals, such as, ozone, chlorine, and coagulant.
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1. Introduction el Bl EFE=E Fristal, gEs BAMEY J43% 24

&5 % ZBBAE iP5t dIBAAM HE EFAY

E3(mixing)S A8 2NN W 23 BT g gE7] 9 28 A & AEFoezA H sl
2 gag 9ET 2L JA-AAEF, Ruggae T3 4A &8 F Ae 712 AA AAE AAsted 2 54

L AN B 181 SAAS BIets . aAA B3 o At o] Ell AA FAY dFNME dHF E3F

7R OgFstA &&= JAtHClark and Srivastava, 1994; d 'Y 2SS NAE 5 A, FFEA AF AEIA=
g 23 BEA ARE 28T F AE Aot

Hudson and Wolfner, 1967, Kawamura, 1976; Vrale and
Jorden., 1971). A2] FFAA EF2 dHH o2 7|A A
Q wuhkA o] Wol &8 Fal lovt FF F4FH FAld wh
2A #3994 £ F e HZ dFH 334 (Pump
Diffusion Flash Mixer) §°] &&°¢] Z7}3}a lt}. o]¢} 2
< 4Eg EsA e 7129 VA EshdA R Z5AIRT,
&, AR 2H], FAHY SHAA FEar] dEoltiKim
et al., 2017; Panneerselvam et al., 2009; Park and Park,

A 7P BAA oL aFAd -'5’}"?;‘%* 2o Wr(Klm and Lee,
2006; Lee et al., 2003; Park, Kim et al., 2008; Park, Park et
al., 2008).

HEF £35F B oA FHFE A
BEALRY g, AP, mEolU §3 HA AR F
< ThFS FHajo] Qlth o] g e st WA s 4]

2 AX 2317 AA AT V] WEe] HA =3
Hkglaly] 5ok A2 98 Computational Fluid Dynamics)
A FA7IH2 $AHE TF 9 AA(Choi et al, 2018; Jun et
al,, 2014) ¥t ofje} Tt A1) Fopll A B SlSHA &
€(Cho et al., 2011; Kim et al., 2017) H3 YA g+ A
d U AYUFS gz F RN g+ =7
BE& B Atele ZotR7] o Aot

okl Mo

2.1

=

BAlg A4,

B

(‘)_h

o B

n
_AN_':

o 2 O of

—E‘rl-u:

ro
e

e

,s_?_‘

S}
H
Ei

HU_YE{‘.:

@ rfr |o
=,
1 = o2

L L
2hs
-

il
tjo
R
=]
o,

e
-
=

ol
oot
rlo
My 2

B
=)

2. Materials and Methods
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Fig. 1. Injection direction and diameter distance at the big pipe.

A FAE FHAA EEHIL e FEF 3L
A g AP &St s Bk ol FFAHA
o pEd AlZ ARGA] 94 g, S BAAY S o Table 2. Evaluation condition of uniformity index
& FohA AAJQAES AAlskaL A Xk Js Aol Dia. of Dia. of Vel. of Vel. of Temp
gehd B ATNNE 45 SEUFOR & Y BAR pipe | injection | pipe | injection '
A FHASFE BEAlsts A9 tsl CFDE €83 93 500 mm 20 mm 0.5 m/s 55mis | 4T, 27T
Fataeh FAGZE ] HI Bl FHFE EAS F9oll
Table 1. Flow rate and Kinetic energy depending on injection diameter and flow velocity (Unit: m*hr, kI
Vi) 5 10 15 20 25 30
d(mm) Flow Kinetic Flow Kinetic Flow Kinetic Flow Kinetic Flow Kinetic Flow Kinetic
Rate Energy Rate Energy Rate Energy Rate Energy Rate Energy Rate Energy
10 141 0.0049 2.83 0.0393 4.24 0.1325 5.65 0.3140 7.07 0.6133 8.48 1.0598
20 5.65 0.0196 11.30 | 0.1570 1696 | 0.5299 | 22.61 12560 | 2826 | 24531 3391 4.2390
30 12.72 | 0.0442 | 2543 | 03533 | 38.15 1.1922 | 50.87 | 2.8260 | 63.59 | 5.5195 76.30 9.5378
40 22.61 0.0785 | 4522 | 0.6280 | 67.82 | 2.1195 | 9043 | 5.0240 | 113.04 | 9.8125 135.65 | 16.9560
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v Hgle] w2 9% Hrb 2702 Table 29 2t} o
A v FFES 0.5 m/is, 1 m/s, 1.5 m/s9 2o] 374A] B¢
el EARES %2—8— 7y 5.5 m/s, 6.0 m/s, 6.5 m/sE A}
dtA st = Aol E FIFsHA T
I HJr% &3 = 500 mm, 1000 mm, 2000 mm
o ZZt Table 13 22 EAME A4, BAMHS
o2 AESFE AR T 4 PRy JF AREE £7=
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29 MALSH MA =H

=2BEo 1]

CFDE A@olv 492 o] AH L 8 E& Fat
EHE ol&std 4 did 38 RS A2 AR B H
47 AAZAE F3 & Fe= U ol tHAmirtharajah
and Mills, 1982). 192 & CFD Z233<] Fluent 19.0
7} CAD tool Design Modelerg AHESIA T 1A E Sl
AR tetrad # hexad 4,528,0004 7] 2 Fig. 2+ #AIE F
H gAY Az s vERd adolth fAY /5 54
I fA9 £ H2Y Hste 7EFHOE ASYFA, B
wWE g2 (Navier-Stokes Equation) 5= AHE3IH T G
A5g BASH] YA+ Standard k-¢ BRES AFE3SE F4)
SR AASAT A LA ELS Semi-Implicit Method
for Pressure-Linked Equations (SIMPLE)o] i, ¢} Egd<
& standard schemeg AR oW, UMz HEE o3 4
F=2(second order upwind)?1¥ S AF&3 T

FAY FZAA FAY fFE5Edov %Y 285 E
7bote HHo 2 FHA AlA(Tracer test)o] AR OZ &
S5 et AA FFAA FHAR AR FHAAY #45
54, A1 S8R 5= 53 5 A /lge] Bo] &
THE d&id A9 o) thKawamura, 2000; Mazzolani et al.,
1998). stAI%F HAFE 7HFF7eA o] FolA & AFA A
3 FAA U R oR uf g3 &olsHA Al 1‘1’-
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HAL H] 4 Bl (Transient state)Z A]7Fe] W2 F2 =}
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3. Results and Discussion
31 F=2HSH| e &8
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2R 1 x}cﬂ ?To}ﬂ Aoﬂ 27C EFEM 4CEFE
£ A9l & Fig. 59 Zo] UehiAth 27 EFE Ao
T =9 ws UEla, AlRto] Fagted wet 59 Fhol
#asitzh 20D AelA HF EFE Aole F -0.1%E
el 2 27C EF% Bt 4T 27 0.1% 4S5
o}E‘rL Sulolt}y, & W7 =2 B

o] & o] ROt AS & F AUtk

Table 3. Ranking of kinetic energy (Unit: Ranking)

) M 10 20 30
10 1 3 7 10
20 2 6 11 13
30 4 8 12 15
40 5 9 14 16

. — . —

Fig. 2. Cross-sectional view of mesh around the injection pipe.

Fig. 3. Profile of velocity by pressurized water injection in

the pipe.
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Fig. 4. Mixing degree at water temperature 27C and 4C.
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Fig. 5. Difference in mixing degree at water temperature
27C and 4C.
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Fig. 6. Mixing degree depending on fluctuation of ground
velocity in the pipe.
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Fig. 7. Mixing degree depending on diameter and velocity of injection in the 500 mm pipe.((a) : 10 mm injection pipe, (b) : 20 mm,

(c) : 30 mm, (d) : 40 mm).
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Fig. 8. Mixing degree depending on diameter and velocity of injection in the 1,000 mm pipe.((a) : 10 mm injection pipe, (b) :

20 mm, (c¢) : 30 mm, (d) : 40 mm).
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Fig. 9. Mixing degree depending on diameter and velocity of injection in the 2,000 mm pipe.((a) : 10 mm injection pipe, (b) :
20 mm, (¢) : 30 mm, (d) : 40 mm).
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Fig. 10. Comparison of mixing degree at the same flow
amount(10mm_20 m/s and 20 mm_5 m/s).
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Fig. 11. Comparison of mixing degree at the same flow
amount(20 mm_20 m/s and 40 mm_5 m/s).
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Fig. 12. Mixing degree depending on Kinetic energy(Pipe
diameter, (a) 500 mm, (b) 1000 mm, (c) 2000 mm).
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