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Abstract
Background and Objectives : The objective of this study was to develop the dynamic modeling of Recirculation
Ring Plug-Flow Reactor (RRPFR) and Recirculation Ring Completely- Mixed Stirred Tank Reactor (RRCSTR) of
a Recirculation Ring Drown Flow Filter Reactor of Groundwater (RRFRG).
Methodology : The flow direction is perpendicular to the Recirculation Ring Drown Flow-cylindrical reactor. The
inflow into the iron reactor diameter 0.15 m., height 4 m., connected to the second resin reactor, diameter 0.15 m.,
height 1.2 meters of 12 reactors had a diameter to length ratio (D:L) (<1:4)
Main Results :It was found that the ratio (R) was 3 with the background concentration iron (Fe*) and the background
concentration hardness (CaCO3*) were 0.071 and 0.032 mg/L. The hydraulic retention time (HRT) at 0.09 day was
the highest efficiency to remove Fe and CaCO3 were 99.867% % and 99.996 % in groundwater.
Conclusions : The development of the mathematical model, it was found that second- order reaction occurred in
Recirculation Ring Completely- Mixed Stirred Tank Reactor (RRCSTR) with a coefficient of constant k, , were
3396.80 1/day and 11091 1/day.
Keywords : The development of the mathematical model ; Recirculation Ring Drown Flow Filter Reactor of

Groundwater
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Feed Recirculation

QR,Cout-C*

) o ()
Ceed 4 sl dW) Q .
Q,Cin-C* \ } cc \ / c-d(c-c7) } Q,Cout-C*

Figure 1 Recirculation Ring Plug-Flow Reactor (RRPFR)
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ann Figure 1 141 (Q+QR) ludnsnisluadiniudnsnisluanyuiden uiianielzunmnsEusiu (Initial of volume, Vi)
aauNLANBNIRIgNAY (capacity of volume, Vo) lunisulasuulaifiunsuaaans (dv) Tnadaanudindudin
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Ring Plug-Flow Reactor: RRPFR) a4
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Cout =C * + (14)
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t A wmarlunisAnny ()
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A8 UTNIRTNIAANT (QNUIATINAT)
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V
Q A dnsnislualdin (aNUNATNRAS/TW)
k. @B ﬂ'"nmﬁm@Lﬂ?ﬁlﬂuuﬂmmmm@miﬂﬁﬁ?‘mﬂumwﬁq (n=1) (WM
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NINANWIULILIAIABINATALATENLTNTOITINIUAANINUNIUYY LI (RRCSTR)

114 Ideal Completely Mixed Flow Reactors (CMF) lddms1dauiduciiuausnaasanaineig (<1:4)
an130 14 uny reactor viraszuuaTTNEAlnan1sdseunaulAuanansil a1% rapid-mix tank luanaunischemical
coagulation , aeration tank 112121119914 biological reatment, BN WU TIT N sAN AT UARENG
vidadneusenauanAnudindulussnUTissenniunsinaasvinTusaea e ifinsanlng A LLAN AN ITRIAT Y
duiulufianiennsvamanudiniufianasdasiaanniesinifiy (HRT) (Reynolds, 1982; Jirasak, 1985; Kadlec &
Wallace, 2009) Luﬁimdi'mﬂﬁmz:ﬂﬁamummqLmeHuﬁﬂu (RRCSTR) Lﬂumﬂmmgmu“lua'mLﬁm‘fwmmﬁu%u
Tuszunufideanniunislvaaziviniunass wasiinananlngauLanAg0sALiniuiianadasnedoy
mguﬁ?_lu (Recirculation ratio; QR/Qin= R) LaZlIa1N13NNLAL (Hydraulic Retention Time, HRT) (Suksomboon et al.,

2019; Suksomboon et al., 2021a; Suksomboon et al., 2021c) B ANN1FUAIAINNFDLIIAY (the equation of continuity)

£2
o

Fauananisiasuntasrespnsudindusentasnalunwsay element aa9iBunsluiidnisvasail (Figure 2)

Discharge <

Q,CinC* _— ——

uolje|nalioay paad

Q,Cout-C* QR,Cout-C*

Figure 2 Recirculation Ring Completely-Mixed Stirred Tank Reactor Models(RRCSTR)

?1n Figure 1 #nvualdiensnisluadin wazensnislvasenteseauaiwindi wazwindy Q uaz V ifluliunms
wazl¥ (Q+QR) Wudnsnisluadindudnsinisluanyudauaes reactor wazliinarudindudn influent 1flu Cin-c*

wazANisduaen Effiuent 1l Cout-C* (Kadlec & Wallace, 2009) iiasannielu reactor dpannudindiuyiniumn

v
[ A v a a

90 ATIUAIENNIDTEUANNITUARY material balance 993 reactor WAt AansnulfAsandudumils (n=1)

dc .
V —=(Q +0QR )(Cin —C*) —(Q + QR )(Cout —C=*) — (1— f)Vk,_ (Cout — C=) (15)

dt

1st
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d' 3| al' o Y v i 1 dd'cz . .
gaifluannisuananigduntsresanudindunialu reactor siaviasnalunsiimilu transient loading
TneiAn (Q+QR), V, Cin-C*, uaz k(Cout-C*) k @4 (Q+QR) uay Cin-C* @wnsnagflu function aagaan Tnadawlug

N1388NLUL reactor ¥navhiadnilu steady state Taetlszanns (dC/dt=0) Asdnu1sadauannsd (15) Ty

0=(Q +QR )Cin —C* —(Q +QR )(Cout —C*) — (1— f)Vk, (Cout —C%*) (16)

1st

(Cout —C* -(Cin —C* (-1

(Cout — C *) Q@+ R)
Inglannis
(Cin — Cout )
(Cout —C *)
Kig = t (18)
1+ R)

ANaNN19N 2 Asunsulyaunisdmiuanudndvaesiunsanaaswadn RCSTR azl

Cin —C *
Cout —c=y &N -CY) (19)
1 klstt
Lot
(1+R)

WansnUlfisendunuans (n=2)

dc

\Y e (Q +QR)(Cin —C*) —(Q + QR )(Cout —C*) — (L— f)Vk,, (Cout —C=*)?* (20)
z@mfazmﬁ', VdC/dt=0

0=(Q +QR )Cin —C* —(Q + QR )(Cout —C=*) — (L— f)vk,, (Cout —C*)?* (21)

(Cout —C*) — (Cin —C?¥*) k a1- f)v (22)

(Cout —C *)° Q@+ R)
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(Cin — Cout )
2
Cout —C *
k2nd = ( ) (23)
t
1+ R)

AMNANNI9N (21) AeriunisufitTymannisiiasaesanysnidmiuaudnduresiuuanasanadh RCSTARALA

Cout :C*—(1+R)+ (1+R)£Cin —C*+MJ (24)

2k2ndt andt 4'k2ndt

P8 Cin, Cout A8 ARG UTRINIARNTEN wazean I UUTNEAR ANNA1FL (HAANTN/ART)

* A Y v d” [ % a a o a
C AR AHLINALNUNAY (NAANTHN/ART)

f A8 ATWNNLAD TN UANNMLNLLLYBINIadN T TunTlaTag

t A8 1anlunsinAy ()

R AR RIAIUNINLIILY

A &

v Ao UMNRINIaa1e (QNUIATHNAS)
Q e dhsnisinaidin (gnuaafiame/du)

Ko, Aa ApsnsiasuulasteasaansUfTsendudumile (n=1) (NRs/d)
k Aa AAsnsanuuasmesnaanslisanduiiaes (n=2) (wmai)

In29a519iLg1WI89921Y RRERG
AataLnsnin 1 1anieiad (p.v.c) IWIAEUHIUANENAIG 0.15 AT ANNEILDITIaENT 4 A 14Ty

Lmuﬂmqlu@’éwLmoﬁ“ul,mﬂumimmwﬂﬂLmztﬁmﬂn%L@uﬁﬂmmiﬂ?uﬁmﬂmwgwﬁﬂu (Recirculation ratio;
QR/Qin= R) fagszuusioan lunisineiniadindmeiiuinadlunznaumdn (Fe) iivelinaununislians
nsaaLNaniia JAn sluaaInuuatans (Drown Flow) Anduarunnimed (f) winiu 0 (Xing et al., 2017; Burger

et al., 2008) azN1UENNLU AL AIANMAN LN TRNBINALATANTANAZN AL

PAfILNIOIN 2 PUNAEURUANENAT 0.15 AT ATINGIT2IBET 1.20 LNAT AWK 12 §ednEaaiiung

WL HAANITIMA’INULAIANS (Drown Flow) nuludeussaansnseastuienas 50 AafluAunimes (f) iy
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0.50 (Jarawae et al., 2017) aznntinngssailasuutlasanaanungzing (Caco3) lhun n1suanilasuleas (lon
Exchange Resins)

n17nAaaNselll RRFRG

Anwrszuy RRFRG gadednsain 1 uununatdluairsuseduuazlunisnszaiaiinaziiu

ABNTLAL L%Wi@ﬁﬂﬂqmﬁqﬂﬁﬂiﬂiﬁ 2 117 IARLLILNWIIUAY (Recirculation Ring Drown Flow) 8A318n419284
Funsedtlszanns 0.15 1. fAudnvestunses (h) WinriL 0.60 AT 3B9ANNGRENLNTDT 1.20 LuAT A1UIU 12 6
T enadaudunuguinanasianaIneng (DiL) (<1:4)

PANNITNINULBITZUL RRFRG Tmﬂmmﬂmﬁuﬂa’@ﬂﬁmﬂiﬁﬁﬁ (Qin) WinAY 1.44 gRUNATAT/AY LAY

Daifuszuuthvyudsuicadnsnisivanywdeu (QR) windu 1.44, 2.88, 4.32 waz 5.76 gnuAiiune/du Ineld

Lqmuguﬁﬂu (Hydraulic recirculation time; HReT) 1 1 falu4 (Suksomboon et al., 2021b) $1n19LALHN AN
'ﬂqmﬁ 1,2 waz 3 (Figure 3) way (Table 1)

jgon Reactor

)
>
@
=
]
@
o
Q
=]

ojoeay UIsoY
Jo10paY uisey
jopyeay uisey

bl

E

Figure 3 Recirculation Ring Flow Filter Reactor of Groundwater (RRFRG)
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Table 1 The quality of Groundwater at various recirculation ratios (R) in terms recirculation ration (R).

W Head Q, Qg Fe,, CaCoOg3,, Feout of FSRG CaCO3out of FSRG
middle end middle end
Pipe Pipe Pipe Pipe

(/M) (/M) (mg/L) (mg/L) (mg/L)  (mg/L) (mg/L) (mg/L)

1.6 1 1 15 240 0.26 0.25 1.6 1.4

2.4 1 2 1.5 240 0.24 0.225 1.38 1.18
Groundwater

3.2 1 3 1.5 240 0.22 0.2 1.20 1

4 1 4 1.5 240 0.20 0.18 0.98 0.78

A1n (Figure 3) iNN19ATIRFBLAAINTEIANN Standard Method (APHA et al., 1999) w1Usz@nsningegalunig
ANdAAIWMAN (Fe) WAy AIINNIZAIY (CaCO3) (Removal Fe & CaCO3 Efficiency) taatindayanlfilszuaana
TuTdsunsu Microsoft Excel i ldgnisunsnaonuidinduiundaivdn (Fer) uazannaudindunundsnonunszfing

(CaC03*) Inaldannis? (5) aun1s (12) aun159 (17) wazannisi (22) wazdFudiausaaliseandunni

-
a

WAZARd (N=1 LAY n=2) unAduLszansaasnistesdans (k,_ waz k, ) Iaeldaunnsh (6) aun1sh (13) @unsi (18)

st 2nd

WATANNIIN (23) NN19ATagaUANNuNuEnTIne i aun199 (7) aun199 (14) 49N139 (19) WAZANNNTN (24) U84

LULANA89NadR( RRPFR) LAZLULANAR9NadH (RRCSTR)

NAN152A8

1/228n50 N8R AUNEN (Fe) Az AIINATZAN (CaCO3) (Removal Fe & CaCO3 Efficiency)

o o

ugagud (Qin) Al ensInIsnansyuden (QR)

NARINNIFANEITYUL RRFRG ﬁmﬁ\iﬂﬁmtﬁﬁ 1 wluwnunanelugiiusenunazlunisnszanainuaziis
a = v v 1o el . X . ~ o o

aandiau imensedingadadlnenin 2 nasluasuuuusaunauas (Recirculation Ring Drown Flow) HRAa1un4naaesdis
N9991921194 0.15 AT VANNANIBITUNIET (h) WNAY 0.65 LNAT 289ANGIENL N0l 1.25 AT AU 12 0
SL?'ﬁé’miﬁzﬁ'quﬁumu@juﬁﬂmm@mmumq (D:L) (<1:4) (Suksomboon et al., 2019; Suksomboon et al., 2021a;
Suksomboon et al., 2021c) WUANSRUEN (Qin) Wil 1 ARsad U dasnasiuanywday (QR) Wiy 3 Ang/
W17 Aamsdaunyuda (R) Wi 3 (Suksomboon et al., 2021b) iatlse@nEn1ngegalunisnianaAuan (Fe)
LAY AINNNTZANN (CaCO3) (Removal Fe & CaCO3 Efficiency) Winfil 99.867% Waz 99.996% ﬁﬁﬁmmgmmmmﬁﬂ

(Fe) Tiiu 0.5 RANFN/ART LazANNNTZAS (CaCO3) Tifiu 100 AAnTu/ans (Table 2) uax(Figure 4)
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Table 2 Effect of optimum recirculation ration (R) to the Fe and CaCO3 removal efficiency in terms recirculation

ration (R).
W Head Q, Qg Fe;, CaCO3,, Removal Fe Removal CaCO3
Efficiency (%) Efficiency (%)
middle end middle end
filter filter filter filter
(L/M)  (L/M)  (mglL) (mg/L) (mg/L)  (mg/L) (mg/L) (mg/L)
1.6 1 1 1.5 240 99.827  99.833 99.993 99.994
2.4 1 2 1.5 240 99.840  99.850 99.994 99.995
Groundwater
3.2 1 3 1.5 240 99.853  99.867 99.995 99.996
>4 1 4 1.5 240 99.867  99.880 99.996 99.997
100
100 o
© 9= R=4Head=4m. § CaCo3
g -8 R=3Head=32Zm. L % FR=4 Head=4
Z | 4 R=2Head=24m. < # R=3Head=3.2
© & R=1Head=16m. 2 4+ R=2Head=24 i}
0 v : K 90,897
= S 4 R=1Head=16
% 9983 % 99.506 / 00,996
3 99,867 0,—/. 59,867 © /
g 90,853 k____l-/-_______‘ 08,85 E 98.995 98,935
« Be.84 98.833 & 99.0984 /
= 99827 - . 99.994
93.80 T 99.99 0 .

T
middle filter end filter middle filter
position of filter

end filter
position of filter

Figure 4 Effect of optimum recirculation ration (R) to the (Fe) and CaCO3 removal efficiency in terms

recirculation ration (R) with overflow

N12ANIANNTUTUNUNAUNAN (Fe*)basANNITNTUNUNAIAIINNTZAN (CaCO3*) 1845211 RRFRG

fmni:mmiﬁﬂmﬂizaw%mwgmmm RRFRG lun19n19aA1LUAN (Fe) WAz ANNNTEANT (CaCO3)
(Removal Fe & CaCO3 Efficiency) TnatinAdnsidaunyuideu (R) windu 1 was 3 anudindumanida (Fein) uay
AN NI UANNNTZANEN (CaCO3in) WINAU 1.5 kAT 240 RAnTN/anT A Ndndwuanasn (Feout) winfiu 0.25

uaz 0.2 RanFn/ans uazAdnsdindunlnunszinaasn (CaCO3out) Winfiu 1.4 Uaz 1 mg/L iauidaNng 2 Aaudls 184
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' '
=

aunnsnuulaglannnsi (5) aunasi (12) auni9d (17) uazaunisi (22) nudiaraudisduiieanganesingn
(Fe*) wazmnudinduiiosNgnaasnanunsziing (CaCO3*) winiu 0.071 uax0.032 AANFN/ART (Jirasak, 1985;

Metcalf, 1991; Kadlec & Knight,1996; Kadlec & Wallace, 2009) (Table 3)

Table 3 The background concentration Fe* and CaCO3* of Groundwater at various recirculation ratios (R) 1 and 3

Models Models Models Models Models Models Models Models
RRPFR 1% RRPFR 2" RRCSTR RRCSTR RRPFR RRPFR 2™ RRCSTR1® RRCSTR 2™
order of order of 1 order 2" order of  1%order of order of order of order of

Fe* Fe* of Fe* Fe* CaCO3* CaCO3* CaCO3* CaCO3*

R=1&30f R=1&30of R=1&30f R=1&30f R=1&30of R=1&30f R=1&30f R=1&3o0f
Eq. (5) Eq. (12) Eq. (17) Eq. (22) Eq. (5) Eq. (12) Eq. (17) Eq. (22)

0.198 0.146 0.159 0.071 0.999 0.599 0.599 0.032

n12AN®IA1 LS LAANL2=ANBIBNNIZEIREIAANE (k) IBNAUUAR (Fe) Az AIINATZAIN (CaCO3) U84

7211 RRFRG
HARINNIIAN U5z ANBNINGI4ALR992UL RRFRG Tun1anndna1man (Fe) uaz AMunzding (CaCo3)

(Removal Fe & CaCO3 Efficiency) Tasiinaansndauunuieu (R) winiu 3 kazinaAeasanudindutiasnaaaas
y 3 5

al

Wian (Fe*) wazponudindutioangnaaiaaunazsing (CaCo3*) Wil 0.071 uaz 0.032 Hadnin/ans tnatindiays

]
'

A

MHlsznnanalunuudnassnadneazasdinsailanuauuuosunaunyuidau (RRPFR) WATLULAIABINAIHLATE

Unsndienaunanaunaunyuiay (RRCSTR) InelEannshi (6) aunisi (13) aunnsh (18) uazanuniai (23) wudn

v
o A

NRUNATEEUAL 1 uaz2 HeAdulssAnizednistiaaanieeasAnman (Fe) Al k,, WAT k, , 1BILLLAIABINATA
(RRPFR) #iniL 104.57, -306.64 1/4% {pn R® winriLl 0.7948, 0.8579 UAY k, WAT k,,, TBIHLILIANABINATH (RRCSTR)
Winfiu 438.19, 3396.80 1/3u {1 R® inriu 0.8579, 0.9298 uazAduilscAvaaednistiesaanaaadA1aunzfig

(C aCO3) Al k,, WAT k,, ABIUULANABINGTH (RRPFR) Winfiu 239.72, -44.74 1/34 HA1 R® wihriu 0.7755, 0.8745

st1
WAY Kk, hA% k,  IBIULLA1ADINAYA (RRCSTR) 1W1AL 10736, 11091 1/91 way R® 11y 0.8745,0.9558
(Suksomboon et al., 2019; Suksomboon et al., 2021a; Suksomboon et al., 2021c) (Table 4) was (Figure 5)

(Figure 6)

48



9ANTINIANGATYINT T 29 (AULT 1) WNIIAN — WEIEL WA, 2567

BURAPHA SCIENCE JOURNAL Volume 29 (No.1) January — April 2024 UNAINNARE

Table 4 Kinetics of 1% order and 2" order models

Reactor w Try Models Rate constant, k ( day”) R?
RRPFR 1% order , 2™ order 104.57, -306.64 0.7948, 0.8579
Fe
RRCSTR 1% order , 2" order 438.19, 3396.80 0.8579, 0.9298
RRFRG "
RRPFR 1% order , 2™ order 239.72, -44.74 0.7755, 0.8745
CaC03 "
RRCSTR 1% order , 2" order 10736, 11091 0.8745, 0.9558
150

= R=3Hssd=3.2 m.[Fg)

=
E
-
o
b .
000 . .
000 001 Hydraulic retention time (Day) 002 003
100 1800
1% Order of RRPFR (Fe) 1" Order of RCSTR (Fa)
o [ ] = o
b ) B &
" " |
x | . [ ]
:‘; & y = 104 57x + 0.3528 | & L
e e = y = 438.19x + 1.1839
=] - S
'_I' R*=0.7348 R*= 0.B8579
0.00 0.00 -
t
0.00 0.05 o.m 0+ m 0.05
m o+ m su.00
.00 @ 2 Order of RESTR (Fe)
g 2™ Order of RRPFR (M)
i o
- _ . Y L]
é y = -306,64x - 08285 t% '-I'- ¥ = 3306 8x + 61983
= |
| R® = 0.8578 | = R? = 0.9208
£ g g
| L] ==
£ -
= 0.00
5,00 ) t
1 0.00 0.05
PP " o+ R

Figure 5 Prediction of kinetic reactions using 1% order and 2™ order models kinetic study of Fe
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240.00
—E‘“ =@~ R=3Head=32 m(CaCa3)
@
g
&
0.0 Y
0.00 0.01 ooz g
Hydraulic retention time (Day)
9.00 120.00
"
g g 1" Grdar of RRPFR (CaCO3) é — 1 Ordar of ROSTR (0aCO3
K .
el
"
! . * T T ¥ = 10738x + 27.001
Fl Y = 230 T2 + 0 8562 R R* = 0.8748
a1 g5
§ a R*=0.7755 Bl 3
&
. . 0.00 & T
0.00 0+ R 003 0.00 0o+ m 05
0w e 360.00
’:S‘“ 2™ Qrder of RRPFR (CaC03) ol” 2 Order of RCSTR {CaCo3)
5 2l &
% ¥ = -4 T3Ex - 0.1128 ‘E o
E R* = 08745 E’ fa}
— [ ¥ = 110914 + 15,836
T g| 3
g AR R? = 0.8558
¢ s 8| g
g dlg
VBO | 000 @ i
P 000 PR 0.08

Figure 6 Prediction of kinetic reactions using 1* order and 2™ order models kinetic study of CaCO3

W11 ADNALBAANARITINATE RRPFR ae RRCSTR 98431111 RRFRG

HAAINNNIANEILIEANBNNGIqn TUN19AN9RAIUAN (Fe) WAz AIINNIZAIS (CaCO3) (Removal Fe & CaCO3
Efficiency) 189 RRFRG ﬁﬁﬂﬁ/\‘iﬂﬁm‘ﬂiﬁ 1 LﬂuLmuﬂmﬂum’éNLmﬁumﬂumimmmﬁwLL@:Lﬁuﬂﬂﬂ%mu Fausia
L?ﬁwqmﬁqﬂﬁﬂifﬁﬁ 2 NM3AURLILIIUMIUAY (Recirculation Ring Drown Flow) Hénsndaudusinugugnanssianis
819 (DiL) (<1:4) TnetinAndmsaaunyuilen (R) windu 3 wazoaniniiy (HRT) 7 0.05 uaz 0.09 fu gniinnlg
mArdiszAvsresnaiasuulas () Lﬁmzqdmuuﬁmmlmqﬂﬁm‘ﬁlqm antimafEunstndasiedan 14
Aun197l (7) aNNNaT (14) ANNIT (19) WATANNI (24) TBILLILANABINATH RRPFR UAY ULLAI9RWaTH RRCSTR

AuFumzrageuANLNLEN (Figure 7)
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start

Cptimum reirculstion ration () 3 Hydraulic retentan bme

[HRT) to the remaval Feand CaCo3

Model FRCSTR fatc ofwickt: deptn < 1:4 ; Madal RRPFR ‘
i !

Celibration Kinefies moels 1 arder

Calibratian Kinatics modsts 1 crder

Calibration Kinetics models 1° arder Calioratien Kinetics madls 2 order

— A .
fa em. {18 el constant Fe and CaCod, ky, 438.1910726 oy far eq. {23] Rate conetant Fe and CsCod, k"398 8H103183 ™ | for e, {6, Rate constank Fe snc CaCu3, k, S10457, 23872 dgy” || for en (13)Rate constent Fe and CaCud, b, = 0654 447 day”

R=05288, 09558 R=07948, 07755

I I i )
Simulatie graph medels 1% 3 ormler Simuatiz qraph medaks 12" order

RE=08579, 05745 R=0.3679, 04745

for en. {7RE=0.7546,2q. (4] R'=0.7755 and Experiment [iata

- —
+ ]

fareq. (19];RZ:D.9293,eq. [24]‘R::D 9363 and Experiment Data

The eiperimental dsta fitted the RRCSTR madel 2nd arder better than the 15t arder.

Figure 7 Flow charts of calculation processes using mathematical models

anN19aaeInIeatinA1ans Inaldllsunsu Microsoft excel lunisanaasnisatinaaniaanudninyisen
FUAL 2 UBILLUAINADINATH RRCSTR NANENUIcANTUe9ni1stiasdaasuedA1wman (Fe) warAnduilsy@nsaadanns
et ARNEUBIAIANNIZANN (CaCO3) k,, , WL 3396.80 uaz 11091 1/31 AanuudugnTun1991a09fiAn R windu

0.92981La% 0.9558 (Suksomboon et al., 2019; Suksomboon et al., 2021a; Suksomboon et al., 2021c) (Table 4) Las

(Figure 8)
1.5 4 2400
—— 1% Order of RRPFR (RRFRG) R?=0.7048  —— 1% Order of RRPFR (RRFRG),R*=0.7755
— 1% Order of RRCSTR (RRFRG),R?=0.8579 —_— 1#Order of RRCSTR (RRFRG),R*=0.8745
== 2™ Qrder of RRPFR (RRFRG),R?=0.8579 m——— 2" Order of RRPFR (RRFRG),R*=0.8745
. = 2" Order of RRCSTR (RRFRG) R?=0.9208 E— 2" Order of RRCSTR (RRFRG),R*=0.9558
g VAN Experimsnt Data % A Experiment Data
i g
lw}
)
o
0.0 T T T T T T T T T 0.0 T T T T T T 7 T T
000 001 002 003 004 005 006 007 008 009 010 DoD 001 002 003 004 005 006 007 008 009 010
Hvdraulic Recirculation Time (Dav) Hydraulic Recirculation Time (Day)
Figure 8 Comparison of RRPFR and RRCSTR models (HRT=0.088 days and R=3)
a o a o
ARMTUANANTTIAEY

Tunns3saniasald miﬁmmLmu@immwafmLﬁ%\aﬂ@mzﬂﬂﬁﬂiu@LLUUNLmeHuﬁﬂu (Recirculation

Ring Plug-Flow Reactor: RRPFR) uazuiLA1aesnadaiasestjnsniianaunanasumaumyuidas (Recirculation Ring
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Completely-Mixed Stirred Tank Reactor Models: RRCSTR) 114n1311A1 Feout Aa AnNdinduaesniagnsaaqwman
(Fe) aanlunilagad uay CaCO3out An AUTLILI8ILIAANIT89ANNNNTEEN (CaCO03) aanlunilgad Uszneay
Aasa kU asuan mﬁmgﬂu?‘ﬂuﬁﬁ@ﬂﬁqm (background concentration: C*)am9 (Jirasak, 1985; Metcalf, 1991; Kadlec &
Knight,1996; Kadlec & Wallace, 2009) ANULWNLAATUNUAITNNL LnuredNanslunila g (f), AMT149UNT

UL (R), AAITnsitlaeuulaseeenasn st §isendudunile (k) Arpsiniaaeuulasaeasnaasyjise

1St
fuALAD (k,. ) (Suksomboon et al., 2019; Suksomboon et al., 2021a; Suksomboon et al., 2021c) uazyiTNIILLALY
LIANTANLAL (Hydraulic retention time; HRT) Lﬂummwguﬁﬂu (Hydraulic recirculation time; HReT) LNLIND
AMUAANAZEIAT89UNNELNNILTUL 918955 UL RRFRG iialsendanasenu duiuiinanenmaniuazisansld

lunnsaanwuy

a71nans3e

lunaWRLNKLLAA8NATA RRPFR LAZULLA1ABIWATH RRCSTR Te9vULiAiansasinnanansivasy
KUY (RRFRG) H#AN19n19 IMaanLLaIans (Drown Flow) Lfﬂmmﬁqﬂﬁmtﬂmﬁﬂ (Fe) Wuuwnunanaluasna
LLNﬁuumlumimmwfﬁLL@xLﬁmﬂn%mummmLﬁumu@uﬁﬂmq 0.15 LNATIZALAINNGS 4 LURAT L%m’m%mm
ﬁqﬂﬁmtﬁlﬁu‘ﬁ' 2 N7 1189 ULLLIUMIUAY (Recirculation Ring Drown Flow) ﬁmfmmf”m\‘i‘um%ummﬂixmm
0.15 1. FAanuAnTasiunsas (h) Wiy 0.50 4. 293ANQILNIOT 1.20 LNAAIWI 12 T3 Hemdauiduniu
AutnanamanI Nend (DiL) (<1:4) Wi (Qin) Wi 1.44 anuATNA/dU AU dnsnisiuanywian
(QR) Winfiu 4.32 gnunafiuns/du Hensdounyuideu (R) wiaiu 3 iiadsz@ngningegalunisindnanman (Fe)
WAz AYINNTEAN (CaCO3) (Removal Fe & CaCO3 Efficiency) Winfil 99.867% waz 99.996% 4 wmiuiislnaluguau

v @

W andnAy (HRT)A 0.09 51 TANANE NI UNUNaUAn (Fe*) wazAudinduiunaanaNNnsz@ng (CaCO3*)

o

Winfiu 0.071 ua 0.032 Haaniu/ans INALHTTaNauAL 1 uag 2 HAnduilsr@nsanenistiasdaaaadAuan (Fe)

o a

Al K, UAT K, 1DIULLANABINATH (RRPFR) L 104.57, -306.64 1/41 A1 R® winriu 0.7948, 0.8579 uae k,,
WaE k, , 1BILLUANABINATH (RRCSTR) 111U 438.19, 3396.80 1/91 A1 R 1911771 0.8579, 0.9298 LayAn

v
o a

ANtleANire9N19tREAATEUBIAIALINNTEAN (C aCO3) Avll k,, WaT k, JBILULANABINATR (RRPFR) L

st1
239.72, -44.74 1/5u {A1 R Wil 0.7755, 0.8745 UAT k,_ UAT k, , 189UULRNA89WATH (RRCSTR) Wiy 10736,
11091 1/3u uaz R® vinriy 0.8745, 0.9558 ANUULANABIANAAIAATAINYNFABINUINAALSATESUAL 2 189
LULANARINATH RRCSTR flﬁ"wﬁuﬂﬁ‘;’a%%ﬂlmﬂW?Lﬂ?ﬂlﬁluuﬂ@mmﬁ'ﬁmﬁﬂ(Fe) wazAnduilsrAnaresninilaeuutla
289ANAINNTEZA (CaCO3) K, RRCSTR 111111 3396.80 way 11091 1/3u AuNuE Tun1TaNae9lAn R? Windu

0.9298 Lax 0.9558
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