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Abstract
Background and Objectives : This study on hybrid mathematical modeling aims to enhance the sustainability of
agricultural practices in the Chi River basin by developing a wastewater treatment system for high-yield greenhouse
cultivation. This system is expected to reduce financial risks associated with flooding and mitigate the worsening
degradation of the Chi River. The researcher has designed a rooftop wastewater treatment system using
mathematical modeling to regulate the temperature in floating melon greenhouses, addressing both flood-related
challenges and wastewater issues. The system utilizes the sloped greenhouse roof (tilted at 20 degrees) to remove
biochemical oxygen demand (BOD), ammonia (NH3), and nitrate (NO3) from wastewater. Furthermore,
mathematical models were developed to regulate greenhouse temperature, including the Plug-Flow Volume
Temperature Reactor (PFVTR) and the Completely-Mixed Stirred Volume Temperature Reactor (CSVTR). These
models, based on first-order and second-order reactions (n = 1 and n = 2), control temperature (T) by adjusting the

recirculation ratio (QR/Qin = R) and hydraulic retention time (HRT), utilizing the ratio of cross-sectional area to

longitudinal area (AC: AL) to determine background concentration temperature (T*) and the Coefficient of

Temperature (kT) for model validation.
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Methodology : The CTFMG system (Control Temperature in Floating Melon Greenhouses) measures 5.0 meters in

width, 3.0 meters in height, and 6.0 meters in length with a floating melon density factor (f) of 0.5 and a total volume

of 90 cubic meters. The cross-sectional to longitudinal area ratio (AC: AL) is less than 1:4. The system's 18-square-
meter plastic-sheet rooftop is inclined at 20 degrees. Water recirculation rates were set at 3, 4, 5, 6, and 7 liters per
minute, while wastewater inflow (Qin) was maintained at 1 liter per minute. The treated wastewater was analyzed
for BOD, NH3, and NO3 levels. The air exchange system operated with an airflow rate (QAin & QAout) of 576 cubic
meters per day, utilizing laminar flow with hydraulic retention times (HRT) of 22.33 and 44.66 days. Temperature
measurements were taken during April, the hottest month, to assess the impact on melon production. The input
temperature (Tin) was controlled at 36 + 2.5°C, and the output temperature (Tout) was recorded to determine the
effect of different recirculation ratios (QR/Qin = R). Data were processed using Microsoft Excel to calculate
background concentration temperature (T*), first- and second-order reaction rates (n = 1 and n = 2), and the
Coefficient of Temperature (kT) for both PFVTR and CSVTR models. The accuracy of the mathematical models was
verified, and the feasibility of floating melon greenhouses was assessed based on Net Present Value (NPV) and
Benefit-Cost Ratio (B/C Ratio), with a one-year project lifecycle.

Main Results : Results from the study on the Control Temperature in Floating Melon Greenhouses (CTFMG) utilize
a roof area of approximately 18 square meters, inclined at 20 degrees from the horizontal, for wastewater treatment
using plastic sheet materials. The recirculation ratio (Recirculation ratio: QR/Qin = R) tested at values of 3, 4, 5, 6,
and 7 achieved removal efficiencies for BOD, NH3, NO3 (Removal BOD NH3 NO3 Efficiency) as follows: (5.36 +
2.59%, 2.83 £ 2.85%, and 10.00 + 0.031%), (25.07 + 2.56%, 20.49 + 2.83%, and 10.75 + 0.0295%), (30.14 + 2.52%,
22.07 £ 2.81%, and 14.25 + 0.0275%), (59.72 + 2.49%, 31.29 + 2.8%, and 23.50 + 0.027%) and (72 + 2.45%, 34 +
2.78%, and 32.50 + 0.0265%). The efficiency of temperature reduction decreased by 6.81 + 2%, 8.36 + 2%, 9.86 +
2%, 11.32 + 2%, and 12.74 + 2%, respectively. The Control Temperature in Floating Melon Greenhouses (CTFMG)

system, with a cross-sectional area to longitudinal-section area ratio (AC: AL) (< 1:4), achieved the highest treatment

efficiency at R = 7, with removal rates of 72 + 2.45% BOD, 34 + 2.78% NH3, and 32.50 + 0.0265% NO3, and a
maximum temperature reduction efficiency of 12.74 + 2%. The system controlled the temperature from an inlet

temperature (Temperaturein: Tin) of 36 + 2.5°C to an outlet temperature (Temperatureout: Tout) of 31.00 + 1.5°C.
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From the Plug-Flow Volume Temperature Reactor (PFVTR) and Completely-Mixed Stirred Volume Temperature
Reactor (CSVTR) models, first-order and second-order reactions (n = 1 and n = 2) were observed. background
concentration temperature (T*) was 15.55 + 2.0°C. The Coefficient of Temperature (kT) values for both models were
as follows: 0.008, 0.00004 (1/day) and 0.0009, 0.00006 (1/day). The coefficient of determination (R?) values were
0.8398, 0.8497, 0.9306, and 0.9526. From the economic feasibility analysis of the floating melon greenhouse for
agriculture, based on Net Present Value (NPV), the system yielded 1,680 THB per square meter, with a Benefit —
Cost Ratio (B/C Ratio) of 1.68 and a payback period of 1 year.
Conclusions : The Control Temperature in Floating Melon Greenhouses (CTFMG) system exhibited a second-order
reaction (n = 2) in the Completely-Mixed Stirred Volume Temperature Reactor (CSVTR) model. The Coefficient of
Temperature (kT) was determined to be 0.00006 1/day. In terms of economic feasibility, the floating melon
greenhouse demonstrated a Net Present Value (NPV) and a Benefit-Cost Ratio (B/C Ratio) that supported its
financial viability, with a payback period of 1 year.
Keywords : Dynamic model of Plug-Flow Volume Temperature Reactor ; Dynamic model of Completely-Mixed
Stirred Volume Temperature Reactor ; Mathematical of Control Temperature in Floating Greenhouse

for Wastewater Treatment

*Corresponding author. E-mail : Rpol9@hotmail.com
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Methodology
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Tout -T*

] T —

KT, = In =17
1T TR (I-V ®)

-

AMN&NN137 (5) dnluglanndudugumniaan (Tout) LAASFIANNIIN (6) WLLANABINATALATEY PFVTR Ufnsen

o o
AUALNLN

(R+1L)( l—f}V
(—KTgst)

Q1000
T =T*+(T -—-T*e 6)
out In
WansonUdfisendusudnd (n = 2)
12 12
QU000 (- 1% = QU0 T T - 4(T-TH]- (T, )T-TH?R+DA-HV) @
Jnglannng
12
2
QLO%0(T — %) = —(KTp g )T = %) ° R +2)(2- Hd(V) (@)
AUTIiNIA QAN (8) Faasdng
Tout * _ \Y
AT -1 _ =~ (KTom) R +1)(1—f)jd(v) (9)
0

fin (T=T%? (2
( ) {QlOOOJ
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1 1 R+1)(1-f)V
- :(—szHd)ﬁ————gg———)—— (10)
(T =-T% (T. -T% 1.2
out n —
Q1000
AnannsluglanduilszAnsaeanisnlasuulasguung (k)
1 1
(T  =-T% (T. -T%
KTyng = - out in (11)
n (R+D(1-f)V
1.2
QlOOO

anaxn19h (11) anlugtpondudugauugiiean (Tout) wanefsannian (12) wuuaasanadniAses PRVTR Ufjisen

AUALADS
(Tin -T%)
out (R+1)(I-FV(T.-T*)
_ _T%
1= KTy (T, =T I
QlOOO

MINENWILLILAI88INATAATEUANTITINIUAANSUNNH (CSVIR)

'
=l Y o

lunuuanaeawadnirzasdnsalianaunanguugi (CSVIR) Tdudninouriiunuindnaaiaseiuivings
ANEND (Agt A (<1:4) mmm‘l%lmmﬂu%wmxﬁaﬂﬁmmil,l,mﬁuiummumamuu,‘uuNammuﬁuﬁ@wﬂ’wﬁqﬁa
v %7/ £ £ dl i: o 1 o £ £ a U
soauseanuar oA ndndulusuunasaniunisluaaziniunaen Acududug gl (T) anassaamsdou
muﬁﬂu (Recirculation ratio: QR/Qin= R) Laza1N19inLiL (hydraulic retention time: HRT)@Nmﬂ“ll@\‘im’mﬁi'aLﬁm

Fanananiaildsundasresnnsduduluniaz easmlsznauresdinnnsluianisluansil (Reynolds, 1982; Jirasak,

1985; Kadlec & Wallace, 2009) (Figure 2)
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(R+1) Q1% Tout-T*

-

Q121090 Tip T+

(KT)(R+1)(1-f)(V)(Tout-T*)

Figure 2 Completely-Mixed Stirred Volume Temperature Reactor (CSVTR)

[

AN Figure 2 nnuualidnsinis lnadndiaa@inidsiugnsndauaesnanumnuuiuenia (Pair) LazANUWILLL

a

299111 (Pwater) 11 uazaanaesredrariNiL wazwiniy Q" uaziiAn R+1 284 V iflutinang uazligauugi

i Tin-Truazgungeaanidly Tout-T* (Kadlec & Wallace, 2009) iagainanaludeljnenifiasnsdudumaiu

a

o

Y = = o |a vo & a aaa o o K
V]‘ﬂqm ﬂquu"‘]\iﬂqﬂqﬁ‘ﬂLﬂﬂumﬁ\lﬂqﬁ'ﬂﬂﬂqﬂluﬂﬂﬂ{]ﬂﬁ'ﬂﬂﬂ U W’Qqﬁ‘mqﬂgﬂﬁ‘ﬂq'ﬂuﬂuﬂu\? (n = 1)

i =Q%(Ta -T%)- Ql°°°( ot = TX) = (R+DA-F)MKT ) (T, —T7) (13)

AN192AST, VAC/dt=0 ANN@NNN3T (13), WAAIAIANNTN (14)

0= Q1°°° (T, —T*)— Q1°°° (T —T*)—(R+1)(A-HRV(KT (T, —T*) (14)
( ) 1= (k_l_lst )(R +1)(1—f)V (15)
( out T*) Q%

AnannsuglAndulssavsaesnisnlaauulasgungd (k1)
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(Qmoo j(Tin - Tout )

-T*)(R+1)A-HV(T,, —T*)

out

KT, = (16)

(T,

out

A naxn19h (16) Anlugtpnidudugnimgiiean (Tout) waneAsaxnIan (17) wuLAIaeInadnAses PFVTR Ufjisen

[ A =<

ALY
(T, = T%)
T =T*+ g (17)
! (R+1)(1-H)V
1+ (KT 5
Qﬁ
Wansondfisendusudnd (n = 2)
V?TI — QU (T, = T#) = Q% (Tyy — T%) = (R + DA~ R + DV(KT, Xy = T2 (18)
anazasi, VAC/dt=0 ana1unsti (18), uansiaaunsii (19)
12 12
0= QM (T, = T%) = Q™ (Tyy, = T*) = (R+1) (A~ V(KT g (T = T*)? (19)
(To ~ Tow) R+1)(1-f)V
O (KT g )# (20)
(Tox =T7) Qi
fé“mumﬂugﬂﬁ'wﬁuﬂixaw%rmmmil,ﬂﬁlﬂw,l,ﬂm'aqmunmﬁ (KT)
12
(Qmoo J(Tin - Tout) - (Tout -T%)
= (21)

2nd

(R+1)(1-F)V(T,

out

—T>*)

ANENNIN (21) dnlugtanudndugoimgiiasn (Tout) WAPNAIANNIIN (22) LULANABINATALATEY PFVTR Ufnsen

v o

AUALADN
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(Qm’] (22)

4(KT,, R +1)(1-f)V

12 12
T =T*— + T, —-T*+

2AKTg JR+1)A-HV 1/ (KTpg R +1)A-FV| "

Toeil Tin, Tout An Ae guuiidn wazeanTuuilatas mNaAU (1A a/ans)

a

o

a4 19 = - - o
Q  #Aedhsnisinadn uazesnaasunaanslunilsmad (gnuaAriums /4)
f Aa AunsnAaT

V Ae UFnnsunilaag (QnuiArfiums)

KT, A2 Aasfinaasuudasesgumnidisenduduniis (n = 1) (1/4w)
o 4 o lmaee e e .
KT, A8 Aesiimalaeuulaseesgumniilfisendusuaes (n = 2) (1/40)

n1gnaaadsell CTFMG

ANBULIZUL CTFMG ANNINLIZHL 5.0 LIRS A4 3.0 LHAT LATAITNEND 6.0 Rl AuNINIAafAN

PUWUULNADUADE () 1WNAY 0.5 2991381519950 AaaUaR8UN (Vollume;V) Windu 90 gnuAAn (Jongpluempiti

[%

et al., 2020; Ruaypom & Yartjaroen, 2022) TR EaIRe R A anuen (Ac: A (< 1:4) (Suksomboon
et al,, 20212; Suksomboon et al,, 2021b; Suksomboon ef al., 2021c) sxuvldNuAMA ATz 18 AIT19IAT
VINYNLBEN 20 mmﬁ“‘uLLuQixuﬂuiuﬂﬁiﬁﬁmﬁﬁLﬁﬂimﬁmﬁqmml,tiuwmaﬁﬂ (MAIPIRAINNTILTENN 3 1AS
WATANNENT 6.0 LUAT) Tmﬂﬁ’]ﬂﬁ?LﬂﬂﬁNﬁ?MHuL’aﬂuLﬁﬂﬁU 3,4, 5,6 uar 7 ARsAnT uazilaeetindedn (Qin) Wi
1 ans/u1A iﬁiﬂﬂi:@’mﬁmﬁdﬂﬁ (Suksomboon et al., 2021b; Suksomboon et al., 2021c) Immﬁu{i’] PRERN
Fumiefi1 uaz 2 S1uan 3 Asa Idur A Tle7 (BOD) wesituifly (NHs) uazluinmm (NOs) fewrinnismadaunnnm
‘fiﬁmm Standard Method (APHA et al., 1999; Kadlec & Wallace, 2009) (Figure 3) waz (Table 1)

Table 1 The quality of wastewater at recirculation ratios (R)

R BODin BODout NH3in NH3out NO3in NO3out
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L

3 173.84 +2.63 164.53 + 2.56 27.67 +2.87 26.89 £ 2.83 0.200 £ 0.043 0.18+0.019

4 173.84 +2.63 130.25 +2.49 27.67 £ 2.87 22.00 £2.80 0.200 £ 0.043 0.18+0.016

5 173.84 +2.63 121.45 +£2.42 27.67 +2.87 21.56 £ 2.76 0.200 £ 0.043 0.17+£0.012

6 173.84 +2.63 70.03 £ 2.35 27.67 £ 2.87 19.01+2.73 0.200£0.043 0.15+£0.011

7 173.84 +2.63 48.08 £ 2.28 27.67 £ 2.87 18.26 + 2.69 0.200£0.043 0.14+0.010
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Table 2 The temperature at recirculation ratios (R)

R Tin Tmid Tout
(o) (o)) (mg/L)

3 36+25 345+20 3350+1.5

4 36+25 34.00+ 2.0 33.00+£1.5

5 36+25 33.50+2.0 32.00+£1.5

6 36+25 33.00+2.0 31.50+1.5

7 36+25 32.00+2.0 31.00£1.5

Fan Discharge
(1.2/1000).T,
s - Q*(1.2/1000).T,,

(KTHR=1)(1-N/Q(1.2/1000), Tout - !

Recirculation Pump

T
~F ad

Flow Meter

L
and Control

\'ah:
Figure 3 Unit Operation Control Temperature in Floating Melon Greenhouses for Wastewater Treatment: CTFMG

wazidladaipalevdn uazinanszLnzenAeendesRsnTivazasenis (Q) Wuazean (Air Flow;
QAin & QAout) iy 576 gnunAfiumasedu ldauFaauetil 0.00022 wasdeiud ilunislvatesaesainie
H1udngnaegnuaar (Reynolds number, Rel) A Rel < 103 aziilunnsluauuusnuiEay (Schiichting, 1979; Bell &
Mehta, 1989; Catalano et al., 2003) Tagldiaaninifiu (HRT) 7 22.33 waz 44.66 T lunsifugnugd ludaaiien
Luw’mumi'}:LﬂuLﬁﬂuﬁ%uﬁqmmnmﬁifamawamqﬂLu@'fau TaeiAgruugiLdn (Tin) wiariu 36 + 2.5 °C uazaan( Tout)
Fumia?l 3,4 Az 5 A1uaw 3 A%t a1n (Figure 3) WAz (Table 2) 1iFia wilsdmandaunyuide (Recirculation ratio:

QR/Qin= R) Wndayantalszunanalulilsunsy Microsoft Excel MnA1aasdudunundsaesguugi(T) Tneld

a q

'
=

ANNT9AN (4), ANNTN (10), ANNT9AN (15) wazannIsi (20) UsuieumaAdizenanAuivileuazass (n = 1 uay
n=2)kazA1dNtsraniaesnindasundad (kT1stPFVTR, kT2ndPFVTR, kT1st CSVTR warkT2ndCSTVR) 2124

WULANABINATA(PFVTR) WAZLLLANAR9NATH (CSTVR) I9aun139 (5), a1n1s9 (11), @NN1397 (16) WazdNn139 (21)
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'
a

WAZNNNIINTIAFLANN WKL Ine lFaNn197 (6), @NNTTR (12), aNA1IN (17) WAZANNITN (22) WAZALATIZWAIN

AnANelseFaLNARARENANINERAIANLAATTAq1T1gNT (Net Present Value; NPV) §R3491186aRaLunuse

q

v

s (Benefit - Cost Ratio; B/C Ratio) lan13insmsiianginsenis 1 1 (Meenaphant, 2007)

Results

Use@nBninnaiingia il sasidaunaudey (R) 18995 U1AIANS NN IITOUINADLABEIN

HAAINNNIANETELL CTFMG M Nuindannlszanns 18 ANTISLNASINYNIBEN 20 B9AITULWITEUNL
IumiﬁﬁmﬁqLﬁﬂiﬁﬂf?@@ﬁwmmmuwmﬁﬂ (MAIANANNNTILTENNNL 3 LUAT WAZAINENG 6.0 WAT) (Ruaypom
et al., 2015; Jongpluempiti et al., 2020; Ruaypom & Yartjaroen, 2022) ¥ nLHUNA gAY N2 Ta sz
Mguﬁﬂuﬁq%mﬁﬂwwwuuuﬁam WUINAERI149UuNH UL Y (Recirculation ratio: QR/QIN = R) Ny 7
(Zafarzadeh et al., 2010; Suksomboon et al., 202 1a; Suksomboon et al., 202 1b; Suksomboon et al., 2021c) q
Usz@niningegalunisindasi BOD NHs NOs (Removal BOD NH3 NO3 Efficiency) T4 72 + 2.45%, 34 + 2.78%

WaT32.50 + 0.0265% uaz lsaFanlgninaeuansinlina I 9Llszunn 5.0 1WRAT 49 3.0 AT LAZAIINET 6.0 LNAT

¥

(Jongpluempiti et al., 2020; Ruaypom & Yartjaroen, 2022) HNWANENARLI1ERNUTIMENFARRINENT (A A ) (< 1:4)
(Suksomboon et al., 2021a; Suksomboon et al., 2021b; Suksomboon et al., 2021c) UsrAnsnInanadguu iy

I3qBeuNaeuantin (CTFMG) 9na 12.74 + 2% (Table 3) uay (Figure 4)

Table 3 The removal efficiency quality of wastewater and temperature in terms recirculation ration (R)

R (%) Removal BOD (%) Removal NH3 (%) Removal NO3 (%) Removal temperature
Efficiency Efficiency Efficiency Efficiency

3 5.36 £ 2.59 2.83+2.85 10.00 £ 0.031 6.81+2

4 25.07 £ 2.56 20.49 £ 2.83 10.75 + 0.0295 8.36 +2

5 30.14 £ 2.52 22.07 £ 2.81 14.25 + 0.0275 9.86+2

6 59.72 £ 2.49 31.29+2.8 23.50 £ 0.027 11.32+2

7 72.35+2.45 34 +£278 32.50 £ 0.0265 12.74 + 2
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100 100

=== BODR=7,Remove BOD Efficiency=72.35+2 45% mm BO0OD R=7 Remove Temperature Efficiency=12 74+2%
80 4 o U 30

mm NH3 R=7 Remove NH3 Efficiency=34.00+2 73%
EL

NO3.R=7 Remove NO3 Eiﬁl:ienc,l=32.50:tﬂ.0255f6 0
0 4
60 4 T 50 -
50 4 50
a0 40

E T T
2t 4 E 1 1 20
I

10 1 I 1 ] T T 1
} S
o t T T T T o ;
200 3.00 400 500 600 T00 =3 la)
Recirculation ratio (R)

30

Remove Efficiency BOD NH3 and NO3 (%]
Remaove Efficiency Temperature [%]

T T T T
200 300 400 5.00 800 T.o0 800

Recirculation ratio (R}

Figure 4 Effect of optimum recirculation ration (R) to the BOD, NH3, NO3 and temperature removal

efficiency in terms recirculation ration (R) with overflow

M2AN1AMINTURNUNAIGUUDH (T*) 2895211 CTEMG

ANuaNNIANENLszAMENNgIgAe9 CTFMG lunnsrindnengaumgil (T) (Removal temperature Efficiency)

Kl

7 "o

Tmﬂﬁﬂmﬁmﬂdmuuwﬁﬂu (Recirculation ratio: QR/Qin = R) 177U 3 WAz 6 WazAI9UUYR LN (Tin) winfiy

36 + 2.5 °C fiugoumniean (Tout) winfiu 33.50 + 1.5°C uay 31.00 + 1.5 °C waufannig 2 dauils Taaldaunie® (4),

aun3N (10), aNn13N (15) waTaNNI99 (19) WudruuLanasanadnAsesdnsafdnguunglideinamns (PFVTR)

a

wazUUUAIABINATRLATENL NIl NauNANguUNR (CSVTR) RAUJATENEUAL 1 uay 2 HA1 4 AnAs ududy

a

WUNaIU0990uMnR (T%) Winfiu 54.74 + 2.0 °C, 36.85 + 2.0 °C, 30.88 + 2.0 °C uaz15.55 + 2.0 °C AenuAldAanu

Liﬂ%’uﬁuuﬁwm’qmugu (T*) winniu 15.55 + 2.0 °C (Jirasak, 1985; Metcalf, 1991; Kadlec & Knight,1996; Kadlec &

Wallace, 2009)

maAns NSy lse@nsrednisulasuilay (k) 18980und (T ) 9895211 CTEMG

HaaINNNIAnIUssAnsningegalunistinindn BOD NH3 uay NOs (Removal BOD NHs NO3 Efficiency)
219492 UL CTFMG N8m3149unyuLaeu (Recirculation ratio: QR/Qin = R) L1 7 (Zafarzadeh et al., 2010;
Suksomboon et al., 2021a; Suksomboon et al., 2021b; Suksomboon et al., 2021¢) LL@?&ﬁﬁﬁiﬁﬁmmﬁqﬁL% (Tin)

Wiy 36 + 2.5 °C grumniean (Tout) Winfiu 31.00 + 1.5 °C H (Jirasak, 1985; Metcalf, 1991; Kadlec & Knight, 1996;

Kadlec & Wallace, 2009) Iaaindayanlatszuaanalunuudaiaeanadmaseslijnsnildnguuglidadsuamsg

' '
o A

(PFVTR) AINANNTN (5) WATANNIN (11) LLaszuﬁmmwmmmmﬂﬁmdﬁqmummﬁmugﬁ (CSVTR) @1n@&uNg

71 (6) wazaNN199 (20) NudUARLUNATEEUAL 1 uaz 2 HArdudszAnsresninanuulasesgmuuni (T) Al

KT1stPFVTR, kT2ndPFVTR a2 kT1stCSTVR, kT2ndCSTVR ¥NML 0.008, 0.00004 1/9% k& 0.0009, 0.00006 1/9%
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Az R® WAy 0.8398, 0.8497 waz 0.9306, 0.9526 (Jirasak, 1985: Metcalf, 1991; Kadlec & Knight,1996; Kadlec &

Wallace, 2009) (Table 4) waz (Figure 5)

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

Reactor w Try Models Rate constant, k ( day”) R?
PFVTR 1% order , 2" order 0.008, 0.00004 0.8398, 0.8497
CTFGH T t "
CSVTR 1% order , 2" order 0.0009, 0.00006 0.9306, 0.9526
100

Temparature °C)
o
[=]

0.00 10,00 20.00 . 3am . e0m
Hydraulic Recirculation Time:HRT [(Day)
040 o4
1" Order of PR/TR (CTFEH) 1% Order of CETWR [CTFGH)
[T
i l: ® = °
E i
= I c |z
£ E|F T = 00014 + D027
= 00005 + 00315 2 - 03308
F* = 0LEZRE
LI 0o @
zeo [A-FIRV/TAM1.21000) 200,00 .00 (-ARiani 21000) 400.00
0.020 0.03
- 2™ Order of FR/TR (CTFGH) 2™ Order of CETVR [CTFGH)
_— Lt
\
c
E E
\ '
e c
| =
=
- | e
&
e
L

000 (-DRGA(1.21000) 32324 0.00 (-DRA1.2710000  agoon

Figure 5 Prediction of kinetic reactions using 1% order and 2" order models kinetic study of T in terms

recirculation ration (R = 7)

MaufFadiEAg A (1) TayANIINAREY FULLILIAIABY PFVIR WAE CSVIR 98471 CTEMG

AN (Table 4) MN9NaiFauiiguAIgUUYH (1) 53 edayan1sMaaeeiuULILAIA8Y PFVTR WAZ CSVTR

NensdauNIIIgUREY (RIWINAU 34,56 uay 7 Tnaaunis? (6), aunsh (12), aun197 (17) wazaNnIsn (22) 199

a

WULIA1ABINATH PFVTR WATULILIANAB9NATHA CSVTR ANgRUNYH () lunmaaaslidfinuuansteiueenafiadn Aty

al

19495 (p > 0.05) (Table 5) Anisz@nsningagalunisnidn Aliten(BOD) wanluity (NHs) wazluinm (NO,)
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UUNUNUAIAIMIHNIBES 20 B9ANTLRMITEUI LA LITANENINgega luanatgn)RaeelseTauiaauaasiil
NamadaunyudE (Recirculation ratio: QR/QIN = R = 7) uaz Arasduduiuasresgnmni (T%) wini 15.55 +

2.0 °C vinnsmaagaumnuuiugnlngldlisunsn Microsoft excel WUANALINALATINEUAL 2 2BIULLAIABINATA

o

CSTVR dAnduilsz@nsaeansilasunlasesguuni (kKTandCSTVR) Wi 0.00006 1/31 A auusiuenlunisanass

a

LA R Winiy 0.9526 (Suksomboon et al., 2019; Suksomboon et al., 2021a; Suksomboon et al., 2021¢) (Figure 7)

ANTLATITHANNANAI T8990 ULINABUARYLNAN1FINEATAINYAANTAq1TUgNS (Net Present Value; NPV) 1,680

UIMABANTNLNAT ERTIAIULRINARBLUNUABFAUYU (Benefit - Cost Ratio; B/C Ratio) 1Ll 1.68 ﬁixmﬁunu 14

[ stat |

N y

——

ptimum recirculation ration (R} 7 and hydraulic detention

time (HRT) to the highest removal temperature

_ —

o

Model CESTVR _— T Muodel PFVTR

— ratioofAct Al = 1:4 _.j

l

l

l

l

Calibration Kinetics models 1% order
for eq. (18),Rate constant, k=0.0003
day " R*=0.9206

Calibration Finetics models 2™ order
for eg. (21),Rate constant, k=0.00006
day " R%=0.9526

Calibration Kinefics models 1* order
for eq. (5),Rate constant, k=0.008
day"R*=0.8298

Calibration Kinetics modsals 27 order
for eq. {11).Rate constant, k=-
0.00004 day™"R*=0.8497

' 4

Simulatic graph models 1% 2 ordar
for eq. (17);R*=0.9306 eq. (22}:R*=0.9526

and Experiment Data

R

| !

Simulatie graph models 1% 2 order

for aq. (6);R*=0.8395 eq. (12);R*=0.8457

and Experiment Data

1

The a:perimental data fitted the C3TVR model
2™ aorder better than the 1% ordar.

The experimental data fitted the PFVTR model
2 order better than the 1* order.

Figure 6 Flow charts of calculation processes using mathematical models
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Table 5 The Comparison of Temperature (T) between Experiment Data with PFVTR and CSVTR models at
recirculation ratios (R) 3, 4, 5, 6 and 7
R=3
Reactor Try Models Rate constant, k (day™) Tin (C°) Tmid (C°) Tout (C°)
1* order 0.008 36+2.5 35.03+2.0 34.01£1.5
PFVTR
2" order 0.00004 36+2.5 33.49+2.0 314715
CTFGH 1* order 0.0009 36+2.5 34.69+2.0 33.45+1.5
CSVTR
2™ order 0.00006 36+2.5 34.63+2.0 33.50+1.5
Experiment Data 36+2.5 34.50+2.0 33.50+1.5
R=4
1* order 0.008 3612.5 34.6812.0 33.3611.5
PFVTR
2™ order 0.00004 36+2.5 32.76+2.0 30.35%1.5
CTFGH 1 order 0.0009 36+2.5 34.26+2.0 32.72+1.5
CSVTR
2™ order 0.00006 36+2.5 34.22+2.0 32.87+1.5
Experiment Data 36+2.5 34.00+2.0 33.00¢1.5
R=5
1 order 0.008 36+2.5 34.3412.0 32.72+1.5
PFVTR
2" order 0.00004 3612.5 32.09+2.0 29.38%1.5
CTFGH 1" order 0.0009 36+2.5 33.85+2.0 32.04+1.5
CSVTR
2" order 0.00006 3612.5 33.85+2.0 32.31£1.5
Experiment Data 36+2.5 33.50+2.0 32.00¢1.5
R=6
1" order 0.008 36+2.5 34.01+2.0 32.13+1.5
PFVTR
2" order 0.00004 36+2.5 31.47+2.0 28.53+1.5
CTFGH 1* order 0.0009 3612.5 33.55+2.0 31.51£1.5
CSVTR
2™ order 0.00006 36+2.5 33.50+2.0 31.82+1.5
Experiment Data 36+2.5 33.00+2.0 31.50+1.5
R=7
1* order 0.008 3612.5 32.71£2.0 30.83%1.5
PFVTR
2™ order 0.00004 36+2.5 30.89+2.0 27.78+1.5
CTFGH 1% order 0.0009 36+2.5 33.08+2.0 30.69+1.5
CSVTR
2" order 0.00006 36+2.5 32.17+2.0 31.37+1.5
Experiment Data 36+2.5 32.00+2.0 31.00¢1.5
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Figure 7 Comparison of PFVTR and CSTVR models (HRT=22.33 and 44.66 days of R=7)

Discussion
”Lumﬁ@‘fﬂm%\ir;i@”lﬂmiﬁmmLLuuﬁi’mmmmcﬁmmamﬁwuﬁﬁﬁmﬁﬂLﬁﬂmﬂ‘mLLuuuHuﬁﬂuuwﬁam
NNRENINI TyNeIARsinasasrAnEnngeanlunianidn Andlen (BOD) wanluiile (NHs) Tumsn (NO,) uag
AndutlszAnsnnsi Asuutlas (k) (Metcalf, 1991; Kadlec & Knight, 1996) TneldAnnuiiaraanislualunisinge
@NN13229 Manning mmﬂluuuu'ﬁmmwmiﬁ]m?lmﬂﬁmmiﬂg”ﬂL%qﬁuﬁiummuuguﬁﬂu (Recirculation Plug-Flow
Areal Reactor: RPFAR) Ll,mm?‘lmﬂﬁﬂiﬂfﬁ/ﬂmumuuguﬁﬂu@ompletely-Mixed Stirred Tank Areal Reactor Models:
CSTAR) (Suksomboon et al., 2021a; Suksomboon et al., 2021b) LL@tIuLLUU'ﬁ’]@ﬂ@W@&E‘ILﬂ%ﬂﬂﬂﬁﬂi‘ﬂjﬂ%ﬂ'ﬂqquﬁ
19130179 (Plug-Flow Volume Temperature Reactor: PFVTR) LLaxLmu‘-ﬁmmwafiﬁ]Lm?;mﬂf]mmiﬁ\imumugmmﬁ

(Completely-Mixed Stirred Volume Temperature Reactor: CSVTR) $2LILA5911N1912 4519919 2 Uannauyinuineinfim

Y NFDNUANTNFARINEINT (Act A (< 1:4) Uag (> 1:4) uaziluAudsninasa v LduNaaaes (f) lunnsgadu

ANREUUNH (T) luLLuuﬁmmwaﬁmLﬂ?mﬂﬁmmiﬂﬁﬂ@mmﬁL%\‘nﬁmm (PFVTR) LL@:LLuuﬁmmmeLﬂ?mﬂﬁmmi
denaunangun)d (CSVTR) lulsaisauwmaauastie i Fauimaunisasaivinvesiusaui Agomnil (T) g 7

Tusaud
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Conclusions
. o L Y d oo X d¥
anilymgnnaisuarAN@aNanINTNANIN N8I3 InF AN AT AN BT U BAE o ng gy
UszannTifieAouideNgesan 1 sasuRmuININNIaINERsaslaAnAw Ananinszuuiintdadndanisinanuy
wBRsuUBIaIA T A NATiaAaaSALANY N ATIT auNaa uaR U TaeFauaaatnNlAINNGNa
1720104 5.0 lWAT g9 3.0 LWAT LATAINENG 6.0 LNAT TINA N INABTAN MU LULLNARUADRE (f) WINFL 0.5 184

P3umslsaFauinaauantin (Volume; V) 1iniu 90 gnuiAriues AR aa196aNunniifaninein

¥
o

(AgiA) (< 1:4) szuu CTFMG N uANAIALZNNL 18 ANIUHNAT (MAIANHANINAT9LEN0 3.0 WAT LazANN

819 6.0 LNAT) NIANNLRUNANARN ‘v‘hmiLﬂmﬁuizuuﬁwguﬁﬁuﬁq%mﬁﬁww@ﬂuuuﬁqm NUINANBFTIEIU
WNUALU (Recirculation ratio: QR/Qin = R) Wiy 7 Hdse@niningegalunistinindn BOD NHs NOs (Removal
BOD NH3 NO3 Efficiency) 6114 72 + 2.45%, 34 + 2.78% Waz 32.50 + 0.0265% waznudniie dainanletindn uay
WAANTLUNEDINIABANAQEEAIINITINATRIBINTA (Q) Wwazaan (Air Flow: QAIn & QAout) WinfiL 576 QnNUAAT
wnssedu ManmFaanedii 0.00022 wnssadund unisluasesasainiaduingnegnuaad (Reynolds
number, ReL) A8 ReL < 103 aziflunisluauuusuFeulagldnaniniiu (HRT) 7 22.33 uay 44.66 5u SA1A2N
Lﬂi’miuﬁuuﬁwqummﬁ (T*) Wiy 15.55 °C 1ARUGAseNEUAL 1 uaz 2 fiAndusrantaesninasuudacses
auuni (T) F9% KT1sPFVTR, KT2ndPFVTR ez KT1sCSTVR, KT2ndCSTVR winriLs 0.008, 0.00004 1/4% uaz 0.0009,
0.00006 1/94 waz R® i1y 0.8398, 0.8497 WAz 0.9306, 0.9526 AINULLAIABIAUAAIAATAITNYNABINL I
NinUgNFeduaAL 2 1esuuuanaeswadn CSVTR ﬁﬂ'wzﬁ”mﬂiz?m%rmmﬂ’mﬂgﬂul,l,ﬂmmm@qmuqﬁ (T) kT2ndCSTVR
WinAiL 0.00006 1/9u AuuiugNluN133Na89RA R® WL 0.9526 a1ndinsnziirandnAedlsEaumaauas
Lﬁ@mj‘mwmmngamﬂﬁﬁqu% (Net Present Value; NPV) 1,680 UNNABAITINAT EATIEIUTBINARDLUNUGAD

R (Benefit - Cost Ratio; B/C Ratio) inriul 1.68 Hszeizmuyu 1 1
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