F4RE [EICAL 85174 #2- 34605 (2012) 73

()

AFMEZLEBICH T /8y TILERBIC L 3 KCERERE

S R -SSR £

VIRHTEMR  BIFEAT

H O F
(T 329-0105 MiRE THEAEF AR JIIH 1-1 E-mail : misuharu. terashima@kurita. co.jp)

_3), # J: :IL 5’1\4)

PACIUNTE LR EIRSEREE TAEER

(T 808-01351 dbUMTHEMIX O & 1-1  E-mail ; hidenari-yasui@kitakyu-u.ac.jp)
VHAL Y KRB ERBER A 7E A

(T 980-8579 MG M HFEEX HAFEHEE 6-6-20 E-mail : suto@er. kankyo. tohoku.ac.jp)
VHILKESE  REEBRERBERIAIF 7R

(T 980-8579 MIEHHFEX AEHEYE 6-6-20 E-mail : inoue@er. kankyo. tohoku. ac.jp)

B =
KD HFINE % E3EE O KEICOWT, KWK ORENE 79y 7 ORI 5
FOFBELEES) TRy TIVEREIL L S EOKERIFE A, CFD 5HETRO7/z b L —H =il
O R ORBMAE 7Oy 7 OR RN SBE L7z KGO BNk v 4550 5 R
(1—=01) R HEARMEERERTATEE L, SWafE 79y 7 OBREREPE Lz, Ny 7 IVOREIC
Lo THUKEZELTH L LFAOENIELN, 7AXRY MEE 02005 2 EDWHEETH -
720 PEAY 3500 mm DF EAEORE, Ny TIVEEREIZ X o T 1000 mm OKGEEE L TH I LA

T&7,

F—7— R HERE, B sEE, N B3, RTD Mi#E, CFD

REiesft 2012.4.17 REEEIE 2012.6.19

. & U & I

T % B HEK I & F 5 30 % 50 B R
FF LR TH Do MEFLEETI, B4
FlZNmL CREWE Y EE 7T Y 7 & L2k, Al
SGirRELTCRENE 7Oy 28 L, e F L
NOFFHEEIZB TR EGEET 2, WMEIZX - T
FEHELFLEAD 2T LA LT L, AT LR
FY =L o TRNANFEE T 5 [HEEKIZFE LA T
OROKE 2 HE) 7Y,

7 EAER VLA &\ o 72 OB BEREE T,

FARICE N MAE GF EAOLE), FAER T
(LB ORA) O KEDOFETHEK L FHLKED
ISR AN E U AT LT XY, BEEF & W) B
RARBRTE DS FEA L, T AR B
(92, F BT A L2 KIE EA L CoKTE 5
29 o FEO LI, 8% <, NOEIN/-EER
TAEIS S 22 B0 SO THNIZEIBN D HNDTFER
MR (BEEE) 2T, FICZ I TREfME 7
Oy 7 O EENAT LIS Y o ARTEIR O % LA Tl K
¥ CHEBR R GHIE & 72 A D O OB K EUK I O 3% 18 7 15
LRTHIETRIFRMBEATELHLHEENT
WDUH IS, BRI RO /2D10E, ST
AT R BN TER S5 2 EDRLETH 5,
IEF 2 EoF A, KEfEsEm (LV) (2&kD
ERERT AT ) VO I R A S R REAPEE S Do K

EICA: 17(2-3) 73-80

RIZDOWTIE, F L BESR O & ISR OB S
HRWHANRBWEEZZ LNLD, RVIKEIL, RSO
K, MUBER B OB R K UOKIE DRI & 2% W BE5s EE
DOWIMERE, BERBEAPEREAMOM KL L6
LB, B INOE SO RIZHEWIEEROAE &
WREL R DLDOT, FFICREIOBAGTIE, B2 0Lt
REDT2DIIIKIBE R IR THLENPELLEEZ BNA,
TR R 52 5 2 L TR A IZ 5 2 L 2K D,
FERLAH OB EDIEE S Tl 9 |\ G BRI A S S AR &
B2 piEE L LT, BIRODINY 7 )V % 318 L 72 % b A
WEDH Do NIDOHIDF LRI OWTIN Y 7 VAN
WA LB LG EOIEREBREIT VY, Ny TV R RE
FTHI LX), R R U S D AR A
Y BHZE, SSOEERENM ETHI L, 2512 CFD
(Computational Fluid Dynamics, &%) 5HE12 L > TG
BB TLHIEDRENTWLY, T2, &
& E U/ F EAEC RTD (Residence Time Distribu-
tion, R MR 53A) TR OO FEERAE RN H D W KB 7
RS2 578y 7V O % B G BRI SR & 9 S LI 15 5H
HARELTBREDRD LI ERHEEN TS, &
DNy TIVORIRIZ L USIEREHEIR /NS (T 52
LICEoT, HEEHEEEZRELTLIENTE, 20
FERIKIER NS T D EDRTELUREMEDLD 5,
Kt % WFE$ 2 B LB RS i C I I o R gufak
AIMEFLEEEFNRCHOWONTWS, Ny TIVikE
(2 & BB RE O ) E I3 /NELR EAECIERIRAR S



74 PR E EEE IS BT /Ny 7 IVERIEIC & 2 KRR

TW2H00, ZNIDHRIEIZL A IV ZXEHDE L
FitED RN R AN WRELF FAET D AR SRR S
LML TR, 72, ISR OHIEF AETIE,
FR LIRS S 72 ARSI MANZ ) 2 W IR IZ IR 25 %
72OIMINE ERBEDNE S B D T D7D, HIFELE
P RIBRIC, WBEORECIIERTSSEL, Efo
JEAR AT IR E L 728y 7 ViE Z OIERTT % 550
THEHIRZ KT 28RKDH 5 DPAHTH 5,
Bl AR5 (CFD) BHRE TR, BERSLEERO
WEIZLDKOMNEFETLHIENTE L7720, M
B3R PN OREIEE 2 a2 ¥a—% FTHBT A
EIMTE D, MG AT D CFD 5HE4E 27 LDV (Laser
Doppler Velocity meter) |2 X % Jit R Ol E G H & —F 3
HIEmRLIEMEIDRD L, T2, KULHEEED
KRR E2#T 0L L CHEER>f (RTD)
f#Asd 20, RTD Mi#iE CFD 5HRIZ & - THE
BAROOLNDL Z EDPMEINTNSHE0,
AKWFgETix, CFD 5HEZ T, KEL o FIME F
FEEEOKEIZOWT, KEEER SN E 7
Oy 7 OFRFEIK T 5B LR, 612, fi5Y
YTRN Y TIVER B X B AREOGERN R 2 B L7

2. 5 &

2.1 MMEZEEBOEE & EEEM

AW Tl i gLt K T O INE 5 _E 2518 & Wi o R
E L7z EELFEROWESM% Table 1 12787,
T T 28 Ok % Fig. 1 ISR 3, % B 1%
(R) 13500 mm & L, #& (H) % 1500 mm % 5
4000 mm ¥ TEALEEL T ETT AT M (H/R)
% 043 205 1.14 122 b &2 720 Bk I oI
TR, RSO WNE TEA I D OIFRTH

Table 1: The dimension and operating condition of DAF

Item Unit Value
Radious, R mm 3500
1500, 2000, 2500, 3000, 3500
Tank depth, /7 mm or 4000
Aspect ratio, 7/ R 0.43, 0.57, 0.1711,40.86, 1.00 or
Separation area, 4 m?2 38
Tank volume, V' m? 58, 77, 96, 115, 134 or 154
LV, QA m hr! 10
. Outlet1
i Water surface M
R e
... Ring-type
! baffles
‘ I | =
i Inlet Outlet2

Fig.1: The structure of DAF for CFD (left: control, right: with
baffles)
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Table 2: Models and conditions for the simulation of DAF

Items

Condition

Multiphase model
Phase

Drag coefficient
Turbulence model

Geometry
Mesh
Number of element

Wall

Gas phase

Liquid phase

System

Eulerian- Eulerian!¥

2-Phase

Ishii- Zuber model'?

Standard k-¢'® (Liquid phase)

Laminar (Gas phase)

2- Dimension, axi—symmetric

Hexa

About 10,000

Slip (Gas), Non-slip (liquid)

Non-compressible, Air at 10 °C

Constant bubble size(100 pm)

Water at 10 °C (density: 1000 kg m'3,
viscosity 0.0013 Pa s)

Flocs are described using algebra
slip model (floating rate: 15 m/hr)

Intel® Core™ i7-2920XM CPU op-
erating at 2.5 GHz
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Fig.2: Comparison of experimental and calculated
RTD curves?®
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Fig.3: Air volume fraction in the DAF tanks (left: control, right:
with baffles, upper: //=1500 mm, middle: /7= 2500, under: /7
= 3500 mm )
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Fig.4: Floc mass fraction in the DAF tanks (left: control, right:
with baffles, upper: 2 =1500 mm, middle: /= 2500, under:
H=3500 mm )
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Fig.5: Vector expression of water velocity in the DAF tanks (left:
control, right: with baffles, upper: //=1500 mm, middle: /7=
2500, under: 7= 3500 mm )
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Fig.6: Computational RTD curves (legend; Control or Baffles,
aspect ratio)
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Fig.8: The parameters (1-6o, n) from RTD
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Fig.9: Relationship between aspect ratio and floc removal rate
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Mitsuharu Terashima ", Hidenari Yasui?, Koichi Suto® and Chihiro Inoue®

Y Research & Development Division, Kurita Water Industries Ltd.
? Faculty of Environmental Engineering, The University of Kitakyushu

¥ Graduate School of Environmental Studies, Tohoku University

T Correspondence should be addressed to Mitsuharu Terashima :

(Research & Development division, Kurita Water Industries Inc.
E-mail : E-mail : misuharu. terashima@kurita. co.jp)

Abstract

Studies are conducted on the hydraulic performance of large scale dissolved air flotation with a
central feed well by the analysis of RTD curves and removal efficiencies of the floc aggregated
microbubbles. Through the extensive studies using the Computational Fluid Dynamics, it is clearly
shown that the introduction of ring type baffles just outside the center well are very effective to
improve the hydraulic performance and the floc removal efficiency even if the depth of the flotation
tank is reduced. The baffles increased the clear zone in the flotation tank, and then reduced the
parameter, 1-61, degree of short time flow through, resulting that about 1 m height reduction can be
achieved for a 3.5 m radius dissolved air flotation system.

Key words : Wastewater treatment, Particle separation, Dissolved Air Flotation, RTD, CFD




