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Abstract

S| U XX AE T CFD(MARRH S| ATTA 24

Case study comparisons of computational fluid dynamics modeling versus tracer
test to evaluate the hydraulic efficiency of clearwell

Tae Kyun Kim' - Young June Choi' - Young Mahn Jo®”

(20114 6% 42 H4; 2011 9& 162 47 , 20114 92 202 AHEH)

Hydraulic efficiency was a vital component in evaluating the disinfection capability of clearwell. Current practice evaluates these

system based on the tracer test only.

In this paper, CFD(Computational Fluid Dynamics) was applied on the clearwell for alternating

or supplementing the tracer test. The baffle factor derived from the CFD modeling closely matched the values obtained from full

scale tracer testing. And, for suggesting proper numerical model in clearwell; the turbulence model, discretization scheme,

convergence criteria were investigated through separate simulation runs. The model validation was conducted by comparing the

simulated data with experimental data. In the turbulence model, the realizable £ —¢e model and the standard «—& model were

found to be more appropriate than RNG & —& model. The residuals of convergence criteria should be used as not 10~ but 107

or 1075, In discretization scheme, the difference of simulated values in 1st, 2nd, 3rd upwind scheme was found to be insignificant.

Moreover, the result of this study suggest that CFD modeling can be a reliable alternative to tracer testing for evaluating the hydraulic

efficiency.
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Fig. 1. Schematic diagram of clearwell
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Fig. 2. Vertification of CFD reliability
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Experiment(Chlorine conc., mg/L)

0.02 0.03 0.04 0.05
CFD(Chlorine conc., mg/L)

(a) Fluoride concentration

Fig. 3. Correlation analysis of tracer test and CFD
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gk &k FAuE0] FAH 3 (Total sum of squares)
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T R} w7] wiitel] FAu& A AT o =4 YEk
v Zog gaE),

312 FXHX} Al CFDO| A FAIZE BAAIS 55
AT (B =t1/ T E 3
EEQA A pE 1R
Ay CFDe AlFAIZE
(Retention time) ¥ kA5~ (Baffle factor) S Table 1

o] YeERASITE

FAALY] FAHEo] 0.1 5 FAAFE] 10%7} WA vhe
W] ARHto) & ARESE A3 322 A7 CFDE] AlFAl
7S ZFZF 86.8 min, 88.8 minC. & YER o AFA7RES
o] g3ty MAITE =St Ao 4 AF ] SkAR

Experiment(Cumulative RTD)

<Table 1> Comparison of hydraulic efficiency of tracer test and CFD

0.0 0.2 0.4 0.6 0.8 1.0
CFD(Cumulative RTD)

(b) Cumulative RTD

= 0.77, CFDY] X5 0.79% @ AH= 2.3% % Vbt
t}h o] W FYHEHQS 3,840 mYholi, EHE(V)S
7,225 m’2 o] 24l AFAZHT=V/Q2 113 min o|t}.

A U 255 B (CTAup/CTozp) = 3
7Fetl o, CTanps &2 Gasrs} AFAIZ o)
gato] AEsIlom, CToeps F5AE71E50l

A
T
KR
L

= ©

B 714 ) 422 ol §319.0m, ANAIE Table 20
cehiglc.

A Aol FFAE @5 A0 g
£ 0.05 NTU, &5A49] v%+ 0.59 mg/L, pHe 7.3,

22 22.7CE Yehgh,

<Table 2>°] LFERS v}le} 7ro] =22} 2183} CFDY)
AE5S P74 A3} vpolel A BBASME 47} 44.1,
45.302 JeRgon xojtjo} Xgo] B3| = 7z
6.5, 6.6°0% UElT) Hlo)gjAsk Xojro} Zge] B3
Aol iated 221 283} CFD| @312 et 4
T 247t 2.7%, 2.3%% ERY A Aa%E e A 2t
52 Aol §lrkal e

3

Retention time(tio, min) Baffle factor(to/T) Remarks
Tracer test 86.8 0.77 )
- T=113 min
CFD 88.8 0.79
«CFD A=A : HRRE(Standard k-¢), RHEH(1X} AFFAHR), -7 Z(ZHR}F : 107)
<Table 2> Evaluation of disinfection performance of tracer test and CFD
CToeale. Virus Giardia
Baffle factor (M) (mg - min/L) Inactivation ratio Inactivation ratio
Tracer test 0.77 52.0 441 6.5
CFD 0.79 53.4 453 6.6
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37kst 43} Standard « — & ¥} Realizable ¥ — e 29
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el whet CED sliAlgke] Eebd 4= Q7] vl 5] 3l
Aol 2ghet 2Rt = ’L‘ﬂiﬁé Ho7t Ut & AFex =
2R ol 3Pl

ZREEAE AAIA 91
difference)ﬂ AAE FAAA 2] 3
I fresal] AR5 #s ARgshe A0
o] tiiddel A7) FANE
th xRERe] wE
upwind difference scheme), 22}
3x 2 FAHE3rd
difference scheme) 0.2 H-F3lo] % 7}0}031:}

Fig. 5 (@), (b)= Aol & 884 a

A} 437 v wsk Ao)t). Fig. 5 (a) ol e vt

%kﬂ FskA o

FA| AL
H9kgE A ‘?Q T o]
Tt 85 13 FARE (st
FAHE(2nd upwind
upwind

difference  scheme),

_]

Oi
E‘T‘

ol

A R AFALE IR Ao 1A, 23, 37 B

2

2 U} o2} 7.1%E 71 s Aoz wregich o

RNG k¥ —e F2& Yakhot (1992) ol 2J&f 7hde Wi Bo 747} 88.8%, 89.2%, 89¥- 07 UEhton, 2%}
g2 73 31135 (Rotating flow) Hi= 228-50] (Swirl) ARAIH86.8) A LR 2.3%, 2.8%, 2.5%F = A
7} AR o] A gahd AT = 4 AN o o7k M. AFEE AFAREE olgslo] EAAITE w4
A3t 320 A& F4A] RN AEs] o o}g g Aol m 12 23 32F AARARE Al
707 eIt Fig. 4 (b)= Wine Mz Ay 15 0.786, 0.789, 0.7883% xREHel uhe gMbAlT Aol A
AZEE: 0] g-3l0] FMAGE BAE AFfolt), FAA} AF # ekskow (Fig. 5. (), F2A A3 ] @Abw 3%0]
o] B 0,772 LRt o ], Uar o] salgs U2 vk xRel wel CFD a4 ghe] =27 Wk
0.71 ~ 0.79% 55k 5, Standard x —e TS A Q) BEoME T 9A1E Fo]7] Y& 23 =
0.79, RNG x—e ®9L 0.71, Realizable £ — & & 37ke] ST AR S ARSI 4R s Al
07605 UEh} HA] iXle] Hakst dmmEe o= 12 ARk A8l 2 s AT =
Realizable k¥ — e T3+ Standard «# — ¢ dFEES 28 ATkl Freketh

o} Hrta ATk

94 4 — 4
[ Tracer test 084

[ Tracer test
92 4 [Z2 CFD(Standard) 0.82 4 P72 CFD(Standard)
i) CFD(RNG)‘ I CFD(RNG)
90 4 CFD(Realizable) 0.80 4 CFD(Realizable)
88 0.78 1

86 1 0.76 4

Baffle factor

84 1 0.74 4

Retenton time(min)

82 0.72 1

80 1 0.70 4

78 1 0.68 A

76 1 0.66 A

T 1 T ; T f T :
Tracer test CFD(Standard) CFD(RNG) CFD(Realizable) Tracer test CFD(Standard) CFD(RNG) CFD(Realizable)

(a) Retention time (b) Baffle factor

Fig. 4. Evaluation of hydraulic efficiency with turbulence model
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[ Tracer test
V7] CFD(1st upwind) ] Tracertest
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£ i 5 078
o -
£ 861 £ 076 4
5 o
g 841 £ 0744
2 o
& 821 0.721 S
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Tracer test  CFD(1st upwind) CFD(2nd upwind) CFD(3rd upwind)

(a) Retention time

Fi

% 1 [ Tracer test
96 [ZZ CFD(10-3)
[0 CFD(10-4)
94 4 CFD(10-5)
92 A
90 A
88 -
86
84 4
82 A
80 A
78 A
76 A

Retenton time(min)

e

Tracer test CFD(10-3) CFD(10-4) CFD( 10-5)

(a) Retention time

Fi

323 TH7|F0| o2 T2 g8t

CFD 2= o] 7]l whe} a4 gho] 2ebA]7] ui
o A4 Ao Aget FH7=S ANT Bar) ek
B oATeNE FEvlEe wdss 4w 3R
(Residuals) & o] &stgloH, o] xxk= FH7]F&S i
= RS o] FAR gholth s A xF, vE
o H&, WA dRFeluA (k) 8 dHRAAHE
(&) ZatResiduals) = Z2F 107°, 1074, 107 2]

2 et ags Frlsisich

Fig. 6 (@), (b)= sd7]5l o2 +gdhy 82 +
22} A%y} vl wdt dzlot). Fig. 6 (@)l vERd vhe}
Po] 7| wet AFATES Frrs Ay At
1074, 107°¢1 2% F4a Agdaele] o= 74zt
2.3%, 1.5%% JeRd dhde] 2} 10778 2¢ 3 3¢
AFA7I0] 969807 ZAHz ANAIsle] 92}
11.2%= S71EE A= Yelth Fig. 6 (b) & A4

Baffle factor

g. 5. Evaluation of hydraulic efficiency with discretization method

Tracer test ~ CFD(1st upwind) CFD(2nd upwind) CFD(3rd upwind)

(b) Baffle factor

0.94 4
0.92
0.90
0.88 4
0.86
0.84 1
0.82 4
0.80 1
0.78 1
0.76 q
0.74 1
0.72 1
0.70
0.68
0.66

[ Tracer test
72 CFD(10-3)
CFD(10-4)
CFD(10-5)

PP

e

0. 6. Evaluation of hydraulic efficiency with convergence criteria

Tracer test CFD(10-3) CFD(10-4)

(b) Baffle factor

ATALLE ol g510] FAAE
4 BbAs 0775 »rw w3} 1078 A8
Ql 4% 0.78% 53

o1
=4
of 2t

CFD( 10-5)

A5 Ajolt, 324

= %Wﬁﬂf?% 0.78 ~ o 969& Jehgt) 437
AL 227} 11.2%2 Z714

=71z ow A 107
10 00 X‘]_Q_“GLJJO7]- \;].Jj J}D}Eh:].

1} Computational cost effectives 11 &
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