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Numerical Study on Imbrovement of Mixine Equipment' Plan
in a Water Treatment Plant

S. Y. Oh, D. S. Hyun, J. J. Oh, S. H. Lee, N. Y. Lee

Key Words: Chemical Mixing(2F%23}), In-line Orifice Mixer(ZW 2. 23 2~9]A), Computational
Fluid Dynamics (H2Hr3 9 8h), k- ¢ model

Abstract

In this study, we used In-line orifice mixer for efficient chemicals mixing in water treatment. The
method of using In-line orifice mixer has been already proved the improvement of water treatment
efficiency. Numerical study was performed using FLUENT, a commercial code, to standard design and
production of effective In-line orifice mixer. As variable for exactly standardizing, a proper ratio
between an outer diameter of cone and a diameter of pipe, a distance between cone and orifice, a
determination of orifice diameter for an optimal mixing, a distance between injection nozzie's position
and cone, Numerical study has been performed for optimal standard and analyzed flow field on a basis
of turbulent intensity in an orifice downstream.

JlEMy G, - B =% 7[27(gradient)oll o8t
v : kinematic viscosity F 20U x/el Mo
o : density G, : FEHol o8 R 2F olH{X[el MM
u 1 dynamic viscosity v, 4&EM ©hRe| fluctuating dilatation
¢ * property of material Sy
u © X-axis velocity C, : orifice discharge coefficient
v - y-axis velocity A, : Area ( 2D*/4)
U - velocity vector ) :
) S the Diameter ratio (d/D)
P . pressure
S,- source of material LM =

k . turbulent Kinetic energy

e . dissipation rate of turbulent Kkinetic

M A% 3 PRAYFE A5l GFE

enerey 340 48T 20 EhgAF BuleeF sy
A(In Line Orifice Mixer)ol w3 A& HA =

T SEagdEAl SaddTe 27F BlEEte) AZGAA AT AAAY R
* gutg et 7)) wa AzEdel o fFEsfe i 2 & HFol
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HAe oFF £ Jtv AR E BUvId o
ol o Fot. olgk 2L FTAYE HAsux
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He ZHE 7oz 2AXNE ANG22A B 339 FEFO Eg ASPHAL 42), B4
Hedgsj2grme] Az 8z gt FH3 8 wgAe 237 7o ¢ =1 oW
o2E B B3 BF AH He,
g eelvaztel 17, HAe EE 4
& eeus 77, Bdx=EY HAe wHAH

L)+ dis(0pU) =dioT" grad$)+ Sy (1)

o AYAYE W Hd A4 H9e Lt ui(ol)=0 @
o, oI 2 FqFAM dF A= (turbulence P
intensity)9] A71E &4 JEoz o {EF ’aggtﬂl+div(puU)= % +dip gradw)+ Sy,

L FAEA 3 o 3} ")\tﬂ)\o
AHAAT Fig. 18 Fulesnau49 o M—i—dz’v(pvl/) aP—f—a’zv(u gradv)+ Sy,

iz, 9571 Avs FelzZo FAF = ot
Z9 oI wagd e o F
o] zu3 wslge) ¢xF £ At —Qig%”l-l-div(pwU): —%+div(y gradw)
+ Suz 3)

2.1.2 ‘=& 2 (Turbulence model)

Ir

B2 ATl

b oro

oo

& &7] $8A Navier
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Z st 21(4)¢} o] Reynolds-averaged Navier
-Stokes $A A& B LA

o

Fig. 1 Schematic diagram of In-Line Orifice Mixer
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gHH (Numerical method)

B Ao §EA9 x]uﬂﬁgzg*‘v‘l Navier-

A e o o Rk b = =
Scheme AMEBHOM, UF wade RANS oo ord BT 6N SUHA gl AU o
(Reynolds-averaged Navier-Stokes)g 7|22 2 A% df SHEe AAT Agsh WA
9} A3 o} 8 (Eddy-Viscosity concept) & °} &3 TE s/l A8 darie Addn.
Zols= 22(Reynolds stress)de AR AL Boussinesq7h A ¢k & 94 A A4 (Turbulent
2 B2 zdol EFE k-e modele o]&aS eddy viscosity)E E=dstd dHsHE 4G9
A st ok 2}

2.1.1 X|4i2E Al(Governing equation)

5 kS, (5)
B AdFelA FEde Aw e 4D
Navier-Stokes ¥4 2] o}t
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F WA (Turbulent kinetic energy): 21(6)7 2+
°of B £x2 ZAAJ}

Ho
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~ K
I = . (7)
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Aoz BHEY 4 9t}

ak d Ve ok
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de. ) _ ¥ _de
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= 10‘1:( CaPet Cal'y— Cae)
2(8), (9 A

2
=C.ct

C.,=0.5478, C;=0.1643, 0,=1.0
0:=1.3l4, Ca=1.44, Cu=1.92, C4=1.0
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Fig. 2 Computational domain
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Fig. 3 Typical orifice meter construction
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Table 1 Condition of Analysis

. . Distance | Orifice-| Distance
Index | Dimension R

of Cone between aner l?ereen

nozzle and | diameter ) orifice and

Case (mm) cone(mm) [ (mm) | cone(mm)
Case 1 100 29 1000 400
Case 2 100 29 800 400
Case 3 100 29 600 400
Case 4 160 40 900 200
Case 5 160 40 850 200
Case 6 160 40 800 200
Case 7 240 29 800 400
Case 8 200 29 800 400
Case 9 160 29 800 400
Case 10 100 87 | 800 400
Case 11 100 58 800 400
Case 12 100 40 750 400
Case 13 100 40 750 200
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a. case 1

b. case 2

c. case 3

- . o
1.67e-02 3.73¢-01 72901 1.08e+00 1.44+00

Fig. 4 Contour of case 1 ~ case 3
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Fig. 5 Plotting of case 1 ~ case 6
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Fig. 7 Plotting of case 7 — case 9
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Fig. 8 Plotting of case 7 ~ case 9
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Fig. 9 Plotting of case 2, 10 and 11,

respectively
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