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Numerical Study on effective Mixing Chemical Liquid using

Hydraulic Energy in a Water Treatment Plant

K. S. Song, S. Y. Oh, Y. B. Park

The present study is developed device that effectively mixes raw water and chemicals by using
the residual head of fluid in the front pipe of flocculation basin, and performed non-dimensional
analysis and presented design standard to apply to water plants that have different equipment
capacity. The variables for design are a proper ratio between an outer diameter of deflector and a
diameter of pipe, a distance between deflector and orifice and a determination of orifice diameter
for an optimal mixing. Numerical study has analyzed flow field on a basis of turbulent intensity in
an orifice downstream. As Reynolds number of In-Line Orifice was increased from identical design
variable, the turbulent intensity of pipe center was no changed almost.

Key Words: 91 2}¢l 235 A(In-line Orifice), ©&) $%(Separation flow), £3H(Mixing),
A3t o 9 (Recirculation region), 3] #(Deflector)

D: & ANE
d 892 WH
B:ARBE 7|Fez gy WAR(=d/D)

04, 05, 06, 0.7, 0.8)

d’: dhel #(deflector)d) &7
(d’/D =004 ~ 0.2)

U s v At A
(I’/D = 015 ~ 05)

[ =&y vsjaae Ag

T —~
=1

« 2001 11¢ 1320 H4

139, ARFALTAL FAUATE A7

2 uiale, F2EANTN YA TE AYATY
S uE g, FE5AATA FrUdTE YA T

1. 4 2

durxgo g AMZ & BikY fAS TEAH

wyog wukrlel gdrl(Impeller)ol 23k ut
H, 7 Al ¥ AolE olgdld FHH =
E§AI7iE  Ejectordl 93 W olodx
V-notch weir, Parshall flume, Orifice, Throttled
valves, Swirl Chamber 5& Ab&3le] W29
Lo oA HAHHE 9 GFE ol&5ld
FAE ETEAZ & AduH1,2] ZEu), o] E 9y
FolA k7l gt £ fFAe &3y
F FHsA Bk RAE EHANE
Hel shubelth gy, KA £FA
U gle dfde #4 2227 7
A FHRAVAE oj&dte T EHoZ
HAE AFouA B7}F glo] EFAIZIA ¥

T i

fo

~
-

o ok
RN o o
o 4 0 g gte o
ol

U ()



+44 - 249

- rdul erEMALe T LR

H A2 28 M99 fAEsH T 7% F
o ER2 st AFPZAA A nHY 7t
A7 Qe Ao &R Ut wpA B dFe
AN =58 T FEFAH, FUE FFol
] dHdeflector) & AUBEA FHE2Y Fito=
A 12 E3ke} 13 EFHAE A 459 &
Fo] 28928 AuaAg A 5P it
& #%3E In-Line Orificed |73%ch 2d
e FA7 Bhee 93 Wiz {49
wslel zgte] A e, dFAEATE AEH
o2 olgdte FA FHE FAHINE FHESHA
4 2B gEEdFE FAsFA AH
o] &3tz AFE eH2rt vk E3E A%
AgE eggxdles TUY A5 AEH
3 Jen T3]3 AA o] AAHA Fop A
A B ool . oo & AFE= I
BFgdA A" F dve E£348 E5FH29
AR 7ieg wtdzZa B9 dME i £
A7 E 48329 FLUENTE AM43893, 2E
A2%E AdME § @ s HAE BN
)

TF 2439A=s vasA

o

2. XS WY

Jge F& AAEY EAE Fig. 13 2ok T
Bl £FHT Qe AFFe A AY §3F
g Azez @ AR 9@ AolEz(Re

VD/ w3 ¥YE 50x10° ~ 45 x10° ojth
v 29 WAW(B=d/D)E 04, 05 06, 07,
08% ¥ n, WaHe AU d' /D= 004 ~
02 oz, a9 WAk Au|( '/ D)
£ 015 ~ 05 oltt. &3 wafiwe Az

(I/De &3t A7) 93e] flo] 0.015DZE 3}
A1), oldd 7latatAA 4o wshe] whe}
29 AE Ens: ¥ 2A0A GE =g
HaFo2 gt

Fig. 2& #W9 g2 Y, =29 g4
o2 A7 AxRE olfsgd #AZe aiE

1 .
2 ATl S EHze &I E
&

Nozzle Deflector

]

/

Fig. 1 Schematic diagram of domain

Fig. 2 Grnid of orifice, deflector and nozzle

B3t 55 0%, 9vaE 23A71T, 2o
ssh gaBRY AD()E 2YA2E FHOE B
Aee AR olEATAA FARNE ik

2.2 Au @A

2 died #FE53de AujlAdAL Navier-
Stokes ¥4tk FEHAHP S Vo2 ¢H
3 &5 BAL PISO ¢nIFE o859 3, &
7t °]4t3tE Quick Schemed Ag3dlgen,
F 2de 2 #A42 2dY EF k-e modelE
o] 435t 349 A& YAt FFHFEFAA
¥ Bz 2248 £=7uE e A Fa
71 Al E B ARV Bedn, AMAT
HoEAl 28522, ¥ R Standard Wall
Functiong AH&-3tdch.

2.3 Validation
U E Fig. 39 FAdA LDVE o] 434
T P mE {59 gy £ zﬂ‘ﬂZ} HAS

A"ageHe] B dFdA Z=E AEFE 95d
F @ £x& vz JF z}:ﬁuq o

(Step)e] #o](H)E 55mmeo]t}.



A7A A23. 2002. 6

Ar3E FRAHAE o183 JA}Fe] &

£3Q £31& A8 #9443

900mm
; L
v -
s T G _HO”'."'_L__. [gg0mn ___[MOmm N/ _
Fi X
D:g:ctlor\

Fig. 3 Schematic diagram for wvalidation
Fig. 3014 & Soido] Azse f4x9) & F
Ag dFdeow slo A 535mmeol A SA4E 4
o RIS AT AAZHoR ALEEA &
Ne 23 & UA fE5o2 Asiges, 947
274X AgHW Exot WFHFLFA 9

grae et 2o

l-ﬂ

wn = 9706 - 13.8381ly - 1025531y° - 150.894y°
kin = 0.393 + 12.70dy - 229.193y° + 2340.987y°

I

2.4 A=A

AN d9Le AT FFE 1Y 22
ARE IDUF AAAFHZL, EFY YA e 28
gx &7 Wgog 5DF 993 A 285
29} w3 H(deflector)S FA7} gl WOz 7}
Aot FEdde XAz, FHB AA
U oE FUS A =E9 FYBE F 48%F

of PlxE Pl AEROE dYste] o8 x
dobA wATh 459 fUYSEE AN Aol
zeol o8 2393, FFY FASEE A5

£ko 2dl2 AT =& BREL 002D 3}

3, 223 495 dHFZAEE FYUYS5EY 10%=2
AP m, FEF Q5 FFHE 80X10™Me)

n, GES FY BAS 459 2e 244 A
319 4 g vt A 279 23
e 479 #F} 7Y £ WA @y
£ zdoz ANsdn ¢ ave B FAAA
o URPEE #H FFo= Agagn,

3. TXsiA A
Be &2 4% ojs) =43 Hojck

_‘9]_
2 3 99 Egos FTFEE( %) 9
) S w22 g9e] Edele HF £EwW)

® Experimental
Numerical data

1H gsn o 11H

|
|
|

£0.50.00.5 1.0 Dimensionaless velocity [u/u ]

Fig. 4 Streamwise mean velocity

of dall FFge wew F A £ AR u, u'E
L olue e FEd &g £ 2%
d TS F= dFAEDE 4 OF #2ok

(u)?dt

Fae s A

u u

tt+ T ]1/2

= (N

1

(W + v+ ww)—%?
(2)

17
Ie—2 U U

Nl

dHFAAAUAE A 2)9 Zo] FYHu
T HEAES SWAHozE 7HASE, dEAE
= A 37 Zeo] Fogr

3

Uu

O

[e>

I:

3)

4 3 2dds 4% 435 TR @
wigez & 2= PFE AN IYUBE
AAste] $AHY sk

3.1 ACHS AR

Fig. 4= §#59%029 FEEEE TA5Y
o AP B BEEE(0e=97Im/s) S 71E
o £52 FAYsd 1H=ZE =ASHAG A
23 9xE APAME 10H~1HAA =81



4 24 -249

¥ prEmar g MF N

Rer, & dFolMs 9HelAM AF-Fo] o] Fo
Atk ol @ Aol AEolA LDVZE HHelA
o AdAHR2 HuHg ofF =Y w’]"]"“*i &
EE FA%A Ry, & d7dME qEsE
Standard Wall Functiong& Ahg&3tc] HHo 2R
Hel SE7AE 247 Wiz dddd
Y {57 dAdMe £ £¥x= 4¥ 2
e & dAFE &+ U

|

T

3.2 Reynolds number @} 32| g

Fig. 5& %% (Vena contracta) *<9 & +
g HALERE TAT 2ot =543
A & Wdo| nRHA ¥xE ] H3ty
%9 Ho d=& FAL Ut ZEH
A E #L 30m/s, EEHEY Hd
50m/s, 4%, SerdFd, ZA g3
60m/sS AU ¥= HF FHoE FAE
ATH7].

Fig. 5914 974 BF £EE 60m/isZ 3 o
e 7, dedFE gl g4 3 = -4
Ty B AFE) F W0%E AAI}R
g Eoltt, #AL J|Foz Quy29 WA
B)E 04, 05, 06, 0.7, 082 ¥, &2 #ol
EZ2FNA gFto] AZFE AL 3 FY #

o M
H :10-{

fo ke M
o)
r[o

Bl fa R o

—_
et

BE ol gadoh BA YT 28 W

79 vl(g)7F 04, 05, 06, 0.7, 0.8 LA F=
dAe dolzzx4E Zz 17, 21, 25, 3.1, 36
X 10°0] o},

Fig. 6& A7} 04, 05, 06, 0.7, 08, d'/D=
015, I'/D= 04 I/D= 005904 #elz=4s}
B7F e wWE FEELAS EAF 1‘“&01‘4
B ol E4% 2 Eil°]ha=i-r°ﬂ*1 E£AF 57t
:‘7‘3] ol B F Utk 87t 0.4?4_ o, o]

7} 86%10 01”01 5 &£Hdo] 479
, B HF gA £x9 dolERFoAE
A ] 6.15m7} = At}
b 87t 05,06, 07, 080 A= & HF UA
olERFA FF &40l ImE 9
3114 87t 0401]*1 072 F7t3t#
o} Zrasirhrt
Bt

A71

. Head loss[in]

d/0=0.15, I7D=0.4, I/D=0.05

Critical Mean vélociq = 6mis ,

/////

g |1 :”“”D /5
3 R R L2
[ R
g by '
k- R i
@ 2
> i H
< ! /
[x] . . .
o — b
P = - : L
] :
ol |
Sa10®  su10" Ta1d’ &x10'omi0* 10" 0 Py “«n'

Reynolds number

Fig. 5 Mean velocity on the pésition of
maximum velocity magnitude
(d’/D=0.15, I'/D=04, 1/D=0.05)

d'/D=0.15, 17D=0.4, /D=0.05

.8}

AR PRIy s e i &

50x10'  1ox10'  1.8x10°  20x10°  25x10°  3.0x10°  3sxt0'  40xt0’

Reynolds number

Fig. 6 Head loss of In-Line Orifice
(d’/D=0.15, I’/D=04, 1/D=0.05)

ol A7t 08014 4 w, ISO 5167(8]1 At
ASMEJAME 28d 2 AAA 87 07574 &5
A Y olfs & Aoz IAddHT o=
HHE A¥olA eEF s FFY A FFo
Hael 73 As Z&o o3| £4ASFed &A
gkl Atat® HYE 3A veEhdd

Fig. 7= 28d2 AF #&o2 05D, 37 ¥
o2 5D7HR S # FAHAAMY GYHAZDE &
ARt golm 247t 50X 10°~2.6%X10%712) ¥ ol
e} B &t F7ska, oldd wEr x4
SHT Zrlsld GEAR A wsish glioh



A7A A23F. 2002. 6 Ay 4=

FAUAE o] &3 AAGFe] 284Q £335 A8 FeY 5

B=d/D=0.8, d/D=0.15, I/D=0.05, I/D=0.4

0.7 4 s
—e=— Re = 5.0x10
—e— Re =7.5x10°
0.6 —~#— Re = 1.0x10°
z —»— Re = 1.5x10°
§ 0.5 —+— Re = 2.0x10°
& —+— Re = 2.6x10°
[+
g 0.4+
=3
2
2 0.3
0.2

0 1 2 3 4 5

Fig. 7 Turbulence intensity on the center line of
pipe with different Reynolds number
(B8=06, d’/D=0.15, I’/D=0.4, 1/D=0.05)

Re=1.5x10", d/D=0.15, //D=0.05, I/D=0.4

161 —e—p=04
—e—p=05
—a3=06
Z .24 —»—p$=07
© ——p=08
2
=
8
e 0.8
2
>3
£
2
0.4
0.0 T T T T T
0 1 2 3 4 5
x/D

Fig. 8 Turbulence intensity on the center line
of pipe with £
(Re=15%10°, d’/D=0.15, I'/D=0.4, 1/D=0.05)

gebd R
o) Wejo] o3

Fig. 82 #ol¥&
g3z WA
A WAL 2
4se fa0l Fren
Fol 2ava AUBA WAuI 3845 32
3 Z7tdh ole £8 999 &5 a9
2 49 f479 Ao), ealvs WH o3
A28 Boett KA A Y BFHA
Aol FA% Aol # FHozel Mol
Ja 7lelEn 2#A eelvse FAdA R

Re=1.5x10°, p=0.4, 1YD=0.2, /D=0.05

184 —e— g/D=0 04
—— d/D=0.08
15 —a—g'D=0.12
: ——d/D=0 16
—e— d"/D=0.20

1.2

Turbulence Intensity
p (=]
o -]
1 1

e
w
1

0.0

)
Fig. 9 Turbulence intensity on the center line
of pipe with d’
(Re=15%10°, £=0.4, I'/D=0.2, 1/D=0.05)

Re=1.5x10°, p=0.6, I7D=0.2, /D=0.05

0.8 —»—d7/D=0.04
—— J¢/D=0.08
——d7/D=0.12
—»—d/D=0.16
—e—d/D=0 20

I
o
)

Turbuience intensity
o
-
L

e
N
s

0.0

o
-
~N
s
s
4]

Fig. 10 Turbulence intensity on the center
line of pipe with d’

(Re=15%10°, B=06, I'/D=0.2, 1/D=0.05)

T 8 %Z2oZ 01DAAN dHEZE FAF Wil
£ olfre dRAAAURAN s B §4
g met HoHI dgs 4+ dokh WHEHE(E)
7 068TH 22 Hols walge o4guc} o
a2l oz AF IdFHE Z74v o
ages AL ¢ & g
3.3 Deflector®| 2|Z0] o8t Y5k (4")
Fig. 9, 10, 11%& deflectore} 2] 7of & <3
(d)& AZAH7E 04, 06, 089 it = AI&S

th. A ZH7F 042 Fig. 9914 28928 £33



6 24 - 2449

- vl pEmar g TR

Re=1.5x10°, p=0.8, //D=0.2, /D=0.05

06
: —e—d/D=0.04
0.5 —e—d/D=0.08
——d/D=0.12
—v— d/D=0.16
2 0.4 —e— d/D=0.20
2
i)
=
- 0.3
o
| =4
g
8 0.2
=
2
0.1
0.0 ™ T — T T T T
) 1 2 3 4 5
x/D

Fig. 11 Turbulence intensity on the center
line of pipe with d’
(Re=15%10°, B=08, I’/D=0.2, 1/D=0.05)

ox fir

Borlr £ o o
2
o
=

2 A H]7]- 08°1 Fig. 1101]/\1—— 3
sol edslzs 53§
3“%9] Aol FrtETH

:?L—
oﬁ. =)
mlo
ol
o
St

El
o2 uade 9 7o 7%%4 = ‘%%ﬂf&% At
Fol o UEARE A EF AWt ¥

fo rf & ot 1o fo of m
e

@ o
o
hu
L
)
kL

9

3.4 WajEa zjojagtel Hejof o
)

Fig. 12, 13& 9 Au|(d/D)7} dAT Haa
s zste Azlol % JBUNE AR
06, 0801 st} =A ATk H A} 042 ©,
29 2g 53

%

;

-

gaigol Helg FEE B
#5ET we DHH WP T FPo)
A9 gk

A A7t 069 Fig. 12014 waiaa eesx
ol At ANesE e dAYA &L
£ &aE Jdgdz Jd. FAE7E 08

GRAES} B Mw oz, ERREE
o

Re=1.5x10°, B=0.6, d/D=0.15, /D=0.05

1.0
—a— [/D=150
—e— [/D=250
0.8 —a— [/D=350
—v— [/D=450
=
2 0.+
8
E
Q
[}
& 044
3
£
=]
=
0.2
o'o . T T T T T T

xD

Fig. 12 Turbulence intensity on the center line
of pipe with !
(Re=15%10° B=06, d’/D=0.15, I/D=0.05)

Re=1.5x10°, B=0.8, d/D=0.15, /D=0.05

0.6 —a— [/D=150
T —e— //D=250
0.5 —a— {/D=350
—v— [/D=450

°
P
1

Turbutence Intensity
o o
N w
1 I3

o
-
L

0.0

x/D
Fig. 13 Turbulence intensity on the center line
of pipe with [’

(Re=15x10° B=0.8 d’/D=0.5, I/D=0.05)

Fig. 1394 9alHE S F5° 249
g2 T3 % FFS A SATg ¥
29 AEst MREFE, cERA Lo
2 GFEAE 4 dGgg Hojm, e AE
sHstEA HRPEE F43 Bago

1. 84 E
At 2EHse & AHe FFE F
Holz=Z(Re= VD/ V5 2829 WAH(S



A78 A23F. 2002. 6

AF3N FRAFUAE ol &8 AAGF &

X9 E3E A% FEUHH 7

=d/D), ¥ade AAu( 4"/ D),
slele] Au( '/ Dl 3t -T—;q HFAe
Pat At

L 59N, dolEzsst FHeSE
49 UF BEE A9 W57t o

2 0@l ARH (Bt FEFE BF
= 348 Frbshd, 1ERd S%7 3
He %% WAE doth E@ &4 4
7

3. e Aol AAFF wads A
ol ¥ HEAZE VA8 12 &3
#Z 71 Ao

e R L

A4 gFe] NE GE 7

drgel A date A

&3 mWea} Fig. 6o LTl YAu} 5

E£4% AAS] HAA 72 2B

A A 8t A o

el URUA BAAE A5 Bof £

Adstes Ve

ejste] 4AARE
. .

patd mlm

ik

aEel

A Al 8¢

[1]1 Appiah Amirtharajah, Mark M. Clack, and
R. Rhodes Trussell, Mixing in Coagulation

and Flocculation, AWWA, (1991), p.35.
[2] Mark M. Clack, & 79,
Mixing

Design of Processes

Selection and
for

Coagulation, AWWA, Denver, (1994), p.9.
[3] Howard S. Bean, Fluid Meters - Sixth

edition, ASME, (1971), p47.

[4] 2LEAXUNY, AFZAL AN g
IA, ZEFAA Y1, (1998), p.25.

[5] eAd, 9 49 “¢ Eﬂ“ ol &8 He
WoESER A

B

2

e @ A7,

KSME &Agt&sd3 =&3 E, AFdgz,

(2001), p.777.

(7] 8735,

A8 F99 By W
of e 4PH AT, A
FHe7ed, A (1989).

HEE NH E, FFEEDI,
(1997), p.123.

[8] International Organization for Standardization,

Measurement of Fluid Flow by means of
Pressure Differential device(Part1 ), (1998),

p. 23.



