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Studies on Computation and Application of Over-all
Oxygen Transfer Coefficient of Aeration Tank

(I) ‘Theoretical Investigation of Various Methods for Computing K,a

Masanori Fujita and Susumu Hashimoto

(Nakahama Sewage Treatment Plant, Main Office of Sewerage, Osaka Municipal
Public Work Bureau, Kitanakahama, Joto-ku, Osaka)

Various methods for computing the over-all oxygen transfer coefficient were compared
and investigated in both batch and continuous systems. In the batch system the “table
C.’ method, “measurement Cs’ method and “drawing” method were applied to the comput-
ing of the over-all oxygen transfer coefficient. The “slope” method, “log difference” method
and “moment” method, which had been used to compute the ultimate BOD and BOD rate
constant in the monomolecular equation for BOD, were also employed. These various
methods were compared each other and it was concluded that the over-all oxygen transfer
coefficient was computed most conveniently and exactly by the “moment” methed in both
presence and absence of the oxygen utilization of aeration tank liquor.

In a steady state of the continuous system, the “drawing” method was most convenient
and exact for computing K;a and Cs.
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iZiE Cs DRDHFICE » TROZDDF S 5. o f
Table Cs #: @ #/Kth OFREKE OSBRI BEER 5 T O {_slope -K.o)
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Kia i3 Fig. 1 ok LTkHENSB. Fig. 1. Schematic expression of “table Cs” method
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Table 1. Calculating formulas of mean oxygen

saturation value, Cs in the aeration tank. A Cs 1 BMEHFUCITS XS IKEARE L8

Authors Calculating formula SHEABKICONT, 20 G ZEBHETE
o > L, 2o Cs ZHWWT Fig. 1 oFIEEERKICLT
Oldshue, J.19 Cs:cw(fzc““%gg) Kra #BN 3508 TE 5.
b. BEKRICBENAOD 254 BSERAK S
Pasveer, A.'D CFP—‘%’fq’ WCREFIAOH 2156 OMEHEERES, BFERIME
B4 rr (ppm/hr) L33 ERXTEDEINS.
Ippen, A. T., and Co= 0.21P ,( l—PJL)
Carver, C. E., Jr.'® ~* 760 ¢\ 1—P,/760 ddfzz K7a(Cs—Cr) —rp werereverrenmencens. @3)
I —
Somiya, 1.1 C‘:C'”(l+ 12 4) Table Cs # : BXEEET S ERDLSITILB.
0.2
Where - JrdCz;
. . dz
Cw: Oxygen satulation value in the water at Kpa=" o, reeeeeeeeeeeseseenessseens 4)

atmospheric pressure. (ppm)
O; : Per cent concentration of oxygen in the air T Table 1 p5kd7z Cs, e BEXUY Cr—t B
leaving tank. #WEo Cr LzoBERARe dCr/dt ZARICRAL
Py : absolute pressure in kg per cm? at the depth < Kia %% 5.
of air release. . . U e e
p : pressure in air bubble (atm) ER Cs £ QREZEE LRABELINS.
Vo;: volume of oxygen in air bubble (ml) dCr _ K, ﬂ(cs_‘ rr ——CL) ,,,,,,,,,,,,,,,,,, (5)

Vb : volume of air bulble (ml) ;A Kia

P : total pressure at midpoint of column, equal (BT Comrr/Kra—Cs* E5< &, (BIRIBORD L

to barometric pressure in mmHg+3% column

height in mmHg. pLiasY-1
P, : aqueous vapor pressure, mmHg, at test tem- dCr __ Kra(Ce¥—Cr) weeeeeveemenmeraninnnnens (©)
perature. dz
g’ : solubility of oxygen at given temperature, ] _ i R
(ppm), where the partial pressure of the air CCTEBRAMTE, G BIU Ka R—EEE
plus aqueous tention is 760 mmHg. b, e BENEETIRIBIEAEELLEOD
H : water depth (m) T, Cs—rr/Kra=Cs* B—EEAHIEIN, 6)RDHK

SHARETH 5. 6)R% t=0~t TTHEDT S LRK
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Fig. 2. Schematic expression of “measurement Cs”
method in the presence of oxygen utilization.
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Fig. 3. Schematic expression of “drawing” method
in the presence of oxygen utilization.
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Fig. 4. Schematic expression of “slope” method in  Fig. 5. Schematic expression of “log difference”

the absence of oxygen utilization.
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Cs 2R D DTIERER Cs 2RDES, EED Kia,
Cs EEDRILBZLEEZONS. O L3, EBRE
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Table Cs #:: A&ETIE, Cs %2 [FRBEE RIS
Cs WEER] L% Table 1 OFHERE ALT, B
SEBO#ETE, Thbb BRERO RE, BREE
FEX, 25BAE ZELTICEEL, 2R»5 Kia
x> RpTnB., Kra, Cs ZIRELTHEONI Ci—2
iR ohiciz Tk LEERKEH O TEsEA AN
LMTVEHDTH505, HED Kia ZHET S
72dicid Co—t diign S Kra ZRDZDMNELL,
RlgstETRKD Iz Cs 2HNWT Kra 2813 5 table
Cs RIZEEZED Kra ZREE0.

fENE: . CoOFERDR»SEERD S FHELLT
BEOBOHETH S EEX DN, UTiCh~3
Kz A% AATV S, §bb, AERN
e X 0 EROE S ARD B ey, Cr—t #ifRid
A b~ XTI LTRSS IV, —BICTROBICBG
3 RIABR TR ATBEI B ZT S RICH~NES
EREL, DO £ V4 —icEMT 2 KMOBRGERIE
EPRAE—FBARE—LED, RA~X1L Cz—t #)
BABL RS TS, BEBmEACGEVERE
Tid dCz/dt OFASOEENEL 182, T OkHHlR
DEBDRICEY 5 EROES ERD 2 BIFICEED
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Table 2. Comparison of various methods for computing Kira and Cs of aeration tank, in which

oxygen utilization is absent.

(Kia) .. (Cs) __..
Calculation item (Kza) ——K;;ratxo (Cs) —-C%—ratlo
Method of -
computation . Fixed Kia (1/hr) (ppm)
7.20 8.11 7.20 1.00 8.11 1.00
“Measurement , ,
Cs” method 15.00 4 15- 00 4 4 V4
27.00 ” 27.06 ” 7 ”
7.20 " 7.32 1.02 8.15 ”
“Drawing” ,
method 15.00 ” 14.64 0.98 ’ ”
27.00 ” 27.30 1.01 8.20 1.01
7.20 ” 6.96 0.97 8.32 1.03
“Slope” method 15.00 7 14.58 ” ” ”
27.00 ” 26. 46 0.98 8.22 1.01
g 7.20 ” 7.20 1.00 8.10 1.00
“Log difference”
method 15.00 ” 15. 36 1.02 8.03 0.99
27.00 ” 26. 88 0.99 8.13 1.00
w Y 7.20 " 7.20 1.00 8.11 ”
Moment 15.00 " 15.00 " " "
27.00 ” 27.00 ” 8.13 ”

(Kza): calculated Kza

ABZERBEHICETNDI LIS,
F4lE © Thomas” 3 K & L OFHEIC BT,
=09 L TRINEFELBOEERHLTHS. -
T, C=09 C: Ofif% FThbL, BREIPLTH
T BDT HASH. TOHER Table 2 225 b
33X, MEICHNTRORETBELDI LT
MEEE T COFETRESEZRDZDICERNERE
BEEBRBELTO30THEERIEVY, RRHEZE
ER- XL 0) ik REWT- LA T UALAL - {DR

e 2V MED AR Table 2 5 b3 XS,
ELDTEEDE Kia E%252 5. 120K
FiEid fhihic BT SO TR TH 2. REEMR
b, ZEERE, HoOR—F—2KICE 5 X5 ERD
TEGE, HOQ3BARKGATE .

B. BB IcRFFAOS 35S

Kza=7.20 (1/hr), 15.00 (1/hr), 27.00 (1/hr),
Cs=8.11 (ppm), r»=27.00 (ppm/hr), %7:%& Kia
DEIX LT Cs*=4.36 (ppm), 6.31 (ppm), 7.11
(ppm) %{RE L, B ¢ & Cz DBEAFRE1GRD» 5K,
Boni Ci—t b OEBHEEICKY Kia, Gy,
Cs* kw2 L Table 3 XS5 ITEENBLNS.
Table 3 &b b LS5, (Ka)/Kra 3% d LIGH

(Cs): calculated Cg

PF20RE—4 Y METHD, BOTER G ¥,
SEESE, FREOIEELD, EHEERLAXL
»oTh5B. Ce BIU Co* 13720 KT BEFH
DEVESEBERICIEEAE LIGEUT 243, R
i3 Cs BXY Cs* $i0.2BEOTNETT. 1210
U, E#l Cs ®TIR Cs* BIEEMEEZ AT Kra 23K
iz, Fio table C; HIKLD rr OO BETRD
TEBHICED T TIREK L.
PEroBRFAOBRICHPOL LT, HHRRR
HOBAICIEE— 2 Y MEREDLDTEEL, Lrd
EREC Kza, Cs BEU Ce* KD 2 EMTE 3.
LDlkdE—X Y VEEBREBHFEHEOMFIGER T
5C&3, ELDTEBENTHELEEI NS,
9. EERNBRSHOBE T Ka=7.20 (1/
hr), 15.00 (1/hr), Cs=8.11 (ppm) &{KEL, &
B re it 9 3 Co RN r RO, Bohic
25U Cr fEEZRWT, RO E®A LT table Cs
w, fENEIcLY, shEh (Ka), (C) &R/,
table Cs ¥ TIRREEFBERET AV T RO ERE
D Cw LBEKHEDOHETMEEZERLT Table 1 OFHE
KRAEROTHE LT Cs 2ER LT (K) %K
BDTCVB, fE-T table Cs EDOEEYY Cs EIRE
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Table 3. Comparison of various methods for computing Kza and Cs of aeration tank, in which

oxygen utilization is present.

I Calculation item
Method Fixed | Fixed | Fixed | Fixed -
of (Kza) (ﬁza) (Cs) ((é's_)__ (Cs®) (gs*)
compution Kia Cs ry Cs* i N 8
(1/hr) | ratio | (ppm) | ratio | (ppm) | ratio
(1/hr) | (ppm) |(ppm/hr)| (ppm)
7.20 | 8.11 2700 | 4.3 | 7.20 | 1.00 | 811 | 1.00 | 4.36 | 1.00
“Measurement , , , , ,
e | 15.00 , , 6.31 |14.94 , 8.12 , 6.31 ,
27.00 P P 7.11 |26.82 | 0.99 ” p 7.11 ”
’ 7.20 ” " 4.3 | 7.20 | 1.00 | 8.15 ” 4.40 | 1.01
Drawing 15.00 p " 6.31 |15.36 | 1.02 | 8.10 p 6.35 "
method .
27.00 ” ” 7.11 26.64 0.99 ” ” 7.10 1.00
7.20 ” " 4.3 | 7.02 | 0.98 | 8.28 | 1.02 | 4.43 | 1.02
“Slope” method | 15.00 ” " 6.31 |14.76 ” ” ” 6. 45 ”
27.00 ” ” 7.11 126.22 | 0.97 | 8.31 ” 7.28 "
' 7.90 " ” 4.36 | 7.26 | 1oL | 811 | 1.00 | 4.40 | 1.01
L;ge tﬁggerence 15.00 " P 6.31 | 15.00 P p p 6.31 | 1.00
: 27.00 ” ” 7.11 | 26.94 p 8.12 p 7.12 "
7.20 " " 4.36 | 7.20 p 8.11 ” 4.36 ”
Moment 15. 00 ” ” 6.31 | 15.00 p ” p 6.31 p
method
27.00 ” ” 7.11 | 27.00 ” 8.12 ” 7.12 ”

(Kza): calculated Kia (Cs): calculated Cg

ED Cs THbb T CTRIRE L Ce=8.11 (ppm)
&0, BEMEThITBENEE, 2V 7Kk
GFASVIERE, TABRKEBEISREINETRD
BEVWBLUBUSRETBCLICES, 4L TTZD
RZ£E%0.5% £ LT (Cs)=8.15 (ppm) E{ELT
Kia Z#RDTHI. BOWIBERE —HERRTEHE
Table 4 0 &k HiTii 5.

Table Cs 3=: 5XD Kra & Cs IT2WT, table Cs
BTk (Kra), (C) 22 5TIEIIRE Lc BHE
O Kza, Cs #2NENBEHZ5ERROX DR
3.

. L U OO UUPPPU
(Ked) =ty =ca @
= LA PPN
KLa = m (28)
QUBR» > Cr AL UBET S &
1 _ 1 [(C)=Csl ............
(Kz;a) o Kia + rr (29)

2T Kia, Cs i3H—OF - -HEDHETHD,
(Cs)>Cs D& & table Cs Hed» SR D7:=—E (Co)
U [(Ce)—Csl iE—E LY, Fi 1/Kza —

(Cs*): calculated Cs*

ETHE5, (Kra) 12 rr OFfLE & I T S
ZEMELS bhd, Fiz (C)=Cs DEE (Cs)—Cs
=0 &%V, (Kwa)=Kza BEDID. 2DLEHIT
table Cs H5: T3 (Co)#Cs D& & 7 OZE{LE T
Kra ENEDCERIEH, DT Lt Table 4 ind
(Cs)=8.15 ppm E{ELTR®D Iz (Kia) 78 7r IC
EDEMALT VR ETHAZINS. DED L3I
table Cs H:D Cs (8RR BEREIC B0 TdHE
KR~ e &k S i @ RD BE LRk, v & Co ©
BRoRIC Kra LRIKRELTHZ DT, FIEEHE
TERDtz Cs ZROT Kra 2HET 5 ERBELL
AN
ERE: . R0 SHE L r» ZHOTO30DTAK
Bick b (Kra), (Cs) EIXIICEED Kia, Cs 1
KEbDHTEIL—%KL (Kza)/Kia H, (C;)/Cs K
B3I NTLO0EL - 7. BISROBE L VEELED
DREEDPZBELIBOMSEEZ NS,
Ub»od@mANBIED E8REL S Kia, Cs %
KB HERERESNS DD CERSEE S5 5L E
Z%. LHLUKERECEOTREAD 7»—CL E%
KDL SN DR NDNEFHETH 3.
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Table 4. Comparison of various methods for computing Kza and Cs of aeration tank at the
steady state of continuous system.

Method Fixed | Fixed | Fixed | Fixed Caleulation item
o of ' (Kza) _(_If.gﬂ (Cs) _(g_)_
computation Kza Cs ry Cy La s
(1/rh) ratio (ppm) ratio
(ppm/hr)| (ppm)
(hr) (ppm) 10.0 6.72 7.00 0.97 8.15 1.00
7.90 8.11 20.0 5.33 7.10 0.99 ” ”
30.0 3.94 7.12 ” ” ”
40.0 2.55 7.15 ” ” ”
“Table Cs” 50.0 1.17 | 17.16 ” ‘ ” ”
method 15.0 | 7.11 14. 40 0.96 v ”
30.0 6.11 14.70 0.98 ” ”
15.00 » | 450 | 5.11 | 14.80 0.99 " "
60.0 4.11 14.90 ” ” ”
75.0 3.11 ” ” ” ”
10.0 6.72
20.0 5.33
7.20 ” 30.0 3.94 7.10 1.00 8.10 1.00
40.0 2.55
“Drawing” 50.0 1.17
method 15.0 7.11
30.0 6.11
15.00 ” 45.0 5.11 15. 00 ” ” ”
60.0 4.11
75.0 3.11

(Kia): calculated Kza (Cs): calculated Cs

B I Cw ! RRETOKPEEMEBFZERE (ppm)
e Cs* | Rl otaf R EE (ppm)
BEEzOAREEHERICHT T, TORIERZE Ko RERIEBHZERYK (1/h)
HRABRBORBRENELERWICHBRE L. T 7 BEFFEE (ppm/br)
BHEESRBESETIE, ERISILHOIRTH t  B5RE (hr)
% table Cs ¥, E£#l Cs ¥, BOCIMEREKICME O HHEROBESER (%)
T, BOD KED B#& BOD X BOD #EEIEH Py, [ BERADOKECBT 35E (kg/cm?)
OBEWNMETH 2EFE, W¥EEBITE—2 VY MNE p I KADOESN (atm) (=P)
ZIEHB LY. BREOBREFAOEECHPDLLTE P HbAKBI3LF (KEE+A2EES
—~ AV ERELDTHEECULDIERIC Ka 25 (mmHg))
ZBEEROE L, —HERABRSEOEREY P | FiEBEICET 2 Kk¥KE (mmHg)
RETIE, EREY Kia, Cs OEBICED BEOE Vo : KWEHOBREEE (ml)

WHETH 3 LA LT L. Ve I KAEDERE (mD)
. ¢ [ EKODE+KESZE=760mmHg D & & OFF
B’ = EREOBRKIME (ppm)
Cr AEBZREE (ppm) H K& (m)
Cs . fARERREE (ppm) y HEEOHBITIKHEINIBREEE (ppm)
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