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A Study on the Performance Analysis of
Flocculator by PIV
Young-Geon Park

Lepartment of Mecharnical £Fngimeering

Craduvate School Korea Maritime University

Abstract

KOWACO ChangWon Branch has conducted a new study which
aimed to improve flocculation process performance in horizontal
paddle mixers. The purposes in this study is to increase the
flocculation efficiency by  finding significant operating factor
affecting flow characteristics.

In the result of this research, the error in equation of G-value
estimation and mixer RPM calculation which have been used until
quite recently was corrected in mathmatical form. Also, computer
program to calculate G-value and RPM was developed and their
statistical list was represented.

PIV  experimentation was conducted with flocculation model
mixers by 1/10 size ratio. Characteristics of all flow fields were
examined by several operating conditions with clear description of

complex three-dimensional flow fields.



Nomenclature

A, : Area of flocculator's blade

B, : Height of flocculator’s blade
Crg : Cross—correlation coefficient
C, : Coefficient of drag force

Fr : Froude number

fi : Grey level of 1st frame

G : Flocculator's factor

g : Gravitation acceleration

gi : Grey level of 2nd frame

L, : Width of flocculator’'s blade
N : RPM(blade revolution per minute)
pps : Number of pictures per frame
P, : Horse power per blade

Flow rate(m®/s)

: : Diameter of flucculator’s blade

Re : Reynolds number

T, : Torque

U : Representative velocity

u, v : Velocity in the x, y-direction

_iv_



Y ; Volume per blade (Z=H %)

Vi : Coefficient of viscosity (S8 M H )
w : Angular velocity

X : Distance in horizontal direction

y : Distance in vertical direction

Greek Letters

S) : Rotation angle of image
Y : Specific weight

n : Total efficiency

p : Density
Superscripts

- : Time averaging
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(nl]\lﬁiofjszez 2w, [V 0 1
30 C, =4 A
i:1(Axri ) (2.8)

N:( 30 ) G2 2V 1
ricof G (JAxE A AT+ [AxE)

2.1.2 Gatel AL o

NG Bl BE SUA ALY E Evh pAHNA 3
g0l L, HEFS B2 Fdsd gea 2L gES 2un

r, =0438m, B =o01m, L =23m
r, =0.82sm, B, =0am, L, =2.3m
r, =1213m, B, =oam, L, =2.3m
r, =1eom, B, =o1m, L, =23m
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HEGAo] g dHASL Cd=1.8, FE=HAHAST cof=0.75, 181 1
o Ao wuly] 3 A4 N=35mpmel® 19 AAL V=163m° o]}
i gk

A@26)el wetA Edol= WA Gits Ated,

1
1.2133)2 =17.47(1/ S)

1

(
G, =1308X (0.8253); =9.80(1/S)
(
G, =13.08% (1.603)2 =26.47(1/ S)

Grel &2 A(2.9)7F Et

G=> G =379+980 + 17.47 + 2647 = 5753 [1/s] (2.9)
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1 2313
- 2 DDE:D 4 [gof E D)* (2.10)
i=4 1 i=4
T, :szi :EpEZD Eofsz@rfﬂ\
i=1 i=1
:%pl]:D lfrofz[ézm]\lj @ LA
srldof
[C, N?
2( j gj @r (2.11)
@ GgroziE z+ o s}
G = R , P, =G?x1000xv, xV [W]
My’
(. p=1000kg / m°) (2.12)
PWi :Twi X x cof (2.13)
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P 3x10* xy_ xV

wi = = a |E;iz [Nl]n]

wx cof 77N Ldof (2.14)

= 3x10% xv. xV | &
TW :ZTWi = n ZGiZ [N Ijn]

i=1 7N [dof i=1 (2.15)
214 =329 AL
FEHE 2t Beol= AAAY G T@ g oo AFse
FEd P,E 22165 Fakste A1 ol Fath. A
1,000 AAAT s2AAAGE ko Had drgroly A2H
oAM= 22 mEbA ZA WeA Fo2 A HeAd 1,0009 #
& Adesksit.

P, =1000xv. xV xG?

i=4 =
P, :ZPWi =1000xv,; xV XZGiz [W] (2.17)
o i=1 .
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(2.18)
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O HAHAHA2.11)
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222 AL o

¥2.2 AL 9

R A oS
G- 1.8x10°x11.0x0.45° 1
1 5x1.792%10° x 168 - {1 318 _ BL(UXB.SXO.75j3}z
2 1792x10° 168\ 30
=54.7 sec™

x~/2.76x0.438° =7.874x0.482=3.79

= J 1.8x10°x2.76 (2nx3.5xo.75j3

2x1.792x10°° x168 60
G,=3.79
x~/0.4375° +0.825° +1.213° +1.60°
G, =9.80
=33.41sec™
2 G, =17.47
G, =26.47

(+A=A,=A,=A, =2.76n7)

G=) G =5753sec™

( 277N x cof J
Vi = ri Xw= ri Xe—

60

P, =1000x1.791x107° x168
P, =57.53 x1.792x107° x168
3 x(3.79% +9.80% +17.47° + 26.47%)

=996.4 [W] =335 [W]
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Reference Mo,

4-1-0
) CEE
Sirowdzs 1 {3 Flzetiz [
gk A [m] % [m] & 0] [m]
rq: 0438 Bi:0T L1 23
rz: 0,625 Bz: [0 Lz:[23
rz:[1.213 Ba: 01 Ls: 23
ra: [1.600 Ba: 01 L4123
A Xak
o BE (M) O ZAMSEG)
EET: [0 [°c1
YL G |18
HEEEH 2 cof: 075
E|HA=N: (35 [rprml
CrE g2k |16G [l
22706 a2 |

Flocculation System Design Program

H o2 3

SHAMA v 1792 2 10" [nifs]

CHHE & 1 11,0400 [m?]

[ Al [ A2 83 [ A |

[[O%= | 27600 | 200 | 700 | 27600

FASE G 57,5899 [1/s]

I ] Gl G2 G3 G4

| ZASE] 37949 98100 | 17.4896 | 26.4953

2|FH 23500 [rpm]

E23 Tw ! 1224 5581 [N.m]

| Twl Tw2 Tw3 Towrd

| E=3 [ 18721 10535973 33,0039 | 7688248

SEE Pw | 336,7362 [

[ Pl Pw? P Pard

I FEE I 43356 | 289726 92.0890 | 2113418

HE{E% Pm @ 3961634 [W]
=)

5

Reference Mo,
A-1-0

A0 W o2
L. . g
Stowlz i [T Feetim [ | SEAHS P17 107 ]
|
gt [m] Z [m] 200 | SHEE A 110400 [
ry: [T438 B1: [0 L1273 N T M|
CHoH E
ro: [0S o [T L 3 [TE== | 270 | 27600 | 27600 | 27600
r: [T213 B3 [0 Lai[23 FMSE @ 53,0000 [1/s]
; : : [ [ G2 &3 &4
1.0 Bl ] il [EA=E] 38578 | 100502 | 17.9179 271441
EIPIES -
COEBELN) 6 AMNSEG F@ N 13557 [rpr]
E23 Tw: 1265 15% [h.m]
2ET!0 [°cl Twi | Twe | Twd | Twd |
s [TF [TES3 | 16,2097 | 10,8522 3459953 7940268
sEEEHacof: [0 452 Py : 3534314 )
{ Pwl | Pw2 | Pwi [ Puwd |
- =52 [ 4506 | 04060 | 639 Z2lei
zusc6 BT O
t Hed QE{SS] P : 4158016 Wl
o Vi i
nifoE g | [FERlEE A =2sm E 2

Flocculation System Design Program
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¥24 mAW Gzrol M9, G=59 sec |, 5= 0C 71%9)

7 (r) m 0.438 0.825 1213 | 1600 | A &G

==z |B, 0.1 0.1 0.1 01 | A=17.11m*
(Fig. 2.3) | G, | 3888 10050 | 17.920 |27.144|  G=59

ne=z B 025 0.20 012 | 005 | A=11.04m”
(Fig. 24) |G, | 6128 14169 | 19568 |19.135|  G=59

FLOC Ver 1.0 (S&IA AN T2 )8 ) -

et Flocculation System Design Program
B 7 M AV G
Blowz: I Rteeddifd ‘ SEAH v i1.7%2 % 10° [m7s]
a2 [m] = [m] 2 0l [m] IS 4 ¢ 17,1120 (]
1 Bt - e 5?&00 l 522200 | 321320 laAguu ]
rp: [0625 fz: [0.20 L2:[23 EEEEd ‘ : :
rs: |72 B [I12 Lsi[23 I%'M%E G ss,nnnnl J J [1/e]
: ; : &1 a2 a3 &4
P B0 L [ZAEE| 61283 | 1406 19576 19137
AN S——
CEE ) & HASEG) ST N 3550 [rpm]
E93 Tw: 10662314 tN.m]
2eTi0 rcal [ [ Twl [ Twz | Twa | Twd |
s o T8 [[E23 | M558 266114 4134798 39 3049
sEeEH ol [0 ﬁga pwl: zsv‘zaaal ‘ J [w1‘
Pl P Pl Puud
! i | =5 | 105063 | e04d3 15200 N0ZH
ZASE G5 [1/5]

EEI=8 Pm : 349, 7080 [

agn: 0B o wp | [PEEmEERzTE.] =ze@| = aw |

Fig. 2.4 Edlol= % wslA Auus s
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242 W S=8ol=EJF SE9 Z7

(1) 1H(G=59, %2.5)

25| BHAAS10° | NS | Eed | £7Y
(€) [m®/s] (tpm) | (N-m) | (W)
0 1.792 3.56 12652 | 3534
1 1.732 3.52 12368 | 3416
2 1.675 3.48 12093 | 3303
4 1.568 3.40 11575 | 309.3
6 1472 3.33 1109.9 | 290.4
8 1.386 3.27 1066.1 | 2734
10 1.308 3.20 10256 | 258.0
12 1.237 3.14 988.0 243.9
14 1172 3.09 953.0 231.1
16 1.112 3.03 920.4 219.3
18 1.057 2.98 889.9 208.5
20 1.007 2.94 861.5 198.6
22 0.960 2.89 834.8 189.4
24 0.917 2.85 809.6 180.9
26 0.877 2.80 785.8 173.0
28 0.840 2.76 763.2 165.6
30 0.804 2.72 741.7 158.6
32 0.771 2.69 721.3 152.2
34 0.741 2.65 702.2 146.1
36 0.713 2.62 684.1 140.5
38 0.686 2.58 667.2 135.3
40 0.661 2.55 651.0 130.5
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(2) 2vH(G=42, %£2.6)

22| BHARAS10° | AAS | Ee3 | £FY

(C) [m®/s] (rpm) | (N-m) | (W)
0 1.792 2.83 804.2 179.1
2 1.675 2.77 768.7 167.4
4 1.568 2.71 735.7 156.7
6 1.472 2.66 705.4 147.2
8 1.386 2.60 677.6 138.5
10 1.308 2.55 651.9 130.7
12 1.237 2.51 628.0 123.6
14 1.172 2.46 605.8 117.1
16 1.112 2.42 585.0 111.1
18 1.057 2.38 565.7 105.7
20 1.007 2.34 547.6 100.6
22 0.960 2.30 530.6 96.0
24 0.917 2.27 514.6 91.7
26 0.877 2.24 499.5 87.7
28 0.840 2.20 485.1 84.0
30 0.804 2.17 4714 80.4
32 0.771 2.14 458.5 77.1
34 0.741 2.11 4463 74.1
36 0.713 2.09 434.9 71.2
38 0.686 2.06 424.1 68.6
40 0.661 2.03 413.8 66.1
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(3) 3H(G=22, %£2.7)

22| BHARAS10° | AAS | Ee3 | £FY
(C) [m®/s] (rpm) | (N-m) | (W)

0 1.792 1.84 339.6 49.1

2 1.675 1.80 324.6 46.0

4 1.568 1.76 310.7 43.0

6 1.472 1.73 297.9 404

8 1.386 1.69 286.1 38.0
10 1.308 1.66 275.26 35.9
12 1.237 1.63 265.2 33.9
14 1.172 1.60 255.8 32.1
16 1.112 ! 247.0 30.5
18 1.057 g 238.8 29.0
20 1.007 1.52 231.2 27.6
22 0.960 1.50 224.0 26.3
24 0.917 147 217.3 25.2
26 0.877 145 210.9 24.1
28 0.840 1.43 204.8 23.0
30 0.804 141 199.1 22.1
32 0.771 1.39 193.6 21.2
34 0.741 1.37 188.4 20.3
36 0.713 1.36 183.6 19.5
38 0.686 1.33 179.1 18.8
40 0.661 1.32 174.7 18.1
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(4) 4H(G=13, %2.8)

22| BHARAS10° | AAS | Ee3 | £FY

(C) [m®/s] (rpm) | (N-m) | (W)

0 1.792 1.30 168.4 17.2

2 1.675 1.27 160.9 16.0

4 1.568 1.24 154.0 15.0

6 1.472 1.22 147.7 14.1

8 1.386 1.19 141.9 13.3
10 1.308 117 136.5 12.5
12 1.237 1.15 131.5 11.8
14 1.172 1.13 126.8 11.2
16 1.112 1.11 122.5 10.6
18 1.057 1.09 1184 10.1
20 1.007 1.07 114.6 9.6
22 0.960 1.05 111.1 9.2
24 0.917 1.04 107.7 8.8
26 0.877 1.02 104.6 8.4
28 0.840 1.01 101.6 8.0
30 0.804 0.99 98.7 7.7
32 0.771 0.98 96.0 7.4
34 0.741 0.97 93.4 7.1
36 0.713 0.95 91.0 6.8
38 0.686 0.94 88.8 6.6
40 0.661 0.93 86.6 6.3
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243 Wl==2ol=E7 F5E2 27
1) 19H(G=59, %2.9)
22| BHARAS10° | AAS | Ee3 | £5Y
(C) [m®/s] (rpm) | (N-m) | (W)
0 1.792 3.55 10662 | 297.2
2 1.675 3.47 10192 | 2778
4 1.568 3.40 975.5 260.1
6 1.472 3.33 935.4 244.2
8 1.386 3.26 898.4 230.0
10 1.308 3.20 864.3 217.0
12 1.237 3.14 832.7 205.1
14 1.172 3.08 803.2 194.3
16 1.112 3.03 775.7 184.4
18 1.057 2.98 750.0 1754
20 1.007 2.93 726.0 167.0
22 0.960 2.88 703.5 159.3
24 0.917 2.84 682.3 152.2
26 0.877 2.80 662.2 145.5
28 0.840 2.76 643.2 139.3
30 0.804 2.72 625.0 133.4
32 0.771 2.68 608.0 128.0
34 0.741 2.64 591.8 122.9
36 0.713 2.6 576.6 188.2
38 0.686 2.6 562.3 113.8
40 0.661 2.6 548.7 109.7
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2) 2vH(G=42, %2.10)

22| BHARAS10° | AAS | Ee3 | £FY

(C) [m®/s] (rpm) | (N-m) | (W)
0 1.792 2.83 677.7 150.6
2 1.675 2.77 647.8 140.8
4 1.568 1.71 620.0 131.8
6 1.472 2.65 594.5 123.8
8 1.386 2.60 571.1 116.5
10 1.308 2.55 549.4 109.9
12 1.237 2.50 529.3 104.0
14 1.172 2.46 510.5 98.5
16 1.112 241 493.0 93.5
18 1.057 2.37 476.7 88.9
20 1.007 2.34 461.5 84.6
22 0.960 2.30 447.2 80.7
24 0.917 2.26 4337 77.1
26 0.877 2.23 420.9 73.7
28 0.840 2.20 408.8 70.6
30 0.804 2.17 397.3 67.6
32 0.771 2.14 386.4 64.8
34 0.741 2.11 376.1 62.3
36 0.713 2.08 366.5 59.9
38 0.686 2.06 357.4 57.7
40 0.661 2.03 348.7 55.6
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3) 3w(G=22, %2.11)

22| BHARAS10° | AAS | Ee3 | £FY
(C) [m®/s] (rpm) | (N-m) | (W)

0 1.792 1.84 286.2 413

2 1.675 1.80 273.5 38.6

4 1.568 1.76 261.8 36.2

6 1.472 1.72 251.3 34.0

8 1.386 1.69 241.1 32.0
10 1.308 1.66 232.0 30.2
12 1.237 1.63 223.5 28.5
14 1.172 1.60 215.6 27.0
16 1.112 ! 208.2 25.6
18 1.057 1.54 201.3 244
20 1.007 1.52 194.9 23.2
22 0.960 1.50 188.8 22.2
24 0.917 147 183.1 21.2
26 0.877 145 177.7 20.2
28 0.840 1.43 172.6 19.4
30 0.804 141 167.8 18.6
32 0.771 1.39 163.1 17.8
34 0.741 1.37 158.8 17.1
36 0.713 1.35 154.7 16.4
38 0.686 1.34 150.9 15.8
40 0.661 1.32 147.3 15.3
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4) 49 (G=13, *2.12)

22| BHARAS10° | AAS | Ee3 | £FY

(C) [m®/s] (rpm) | (N-m) | (W)

0 1.792 1.30 141.9 144

2 1.675 1.27 135.6 13.5

4 1.568 1.24 129.8 12.6

6 1.472 1.21 124.5 11.9

8 1.386 1.19 119.6 11.2
10 1.308 117 115.0 10.5
12 1.237 1.14 110.8 10.0
14 1.172 1.12 106.9 9.4
16 1.112 1.10 103.2 9.0
18 1.057 1.09 99.8 8.5
20 1.007 1.07 96.6 8.1
22 0.960 1.05 93.6 7.7
24 0.917 1.04 90.8 7.4
26 0.877 1.02 88.1 7.1
28 0.840 1.01 85.6 6.8
30 0.804 0.99 83.2 6.5
32 0.771 0.98 80.9 6.2
34 0.741 0.97 78.8 6.0
36 0.713 0.95 76.7 5.7
38 0.686 0.94 74.8 5.5
40 0.661 0.93 73.0 5.3
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