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Project Code : RIDG45-3-0008

Project Title : The center of aeration research and testing
Investigators : Petiraksakul A.l, Suriyan TiamPet'

' Faculty of Engineering, King Mongkut’s Institute of Technology North-Bangkok
email address : arp@kmitnb.ac.th
Project Duration ; November 2001-March 2004

The objectives of this research are to search and summarize the information of aeration testing
systemns, to design and set up the testing containers, to prepare the testing equipment for measuring
water quality and aerator performance and, finally, to establish the center of aeration research and

testing (KMITNB).

Three testing standards, namely, ASCE, German ATV and EN standard were collected. Two
testing contrainers were designed and built from steel and reinforced concrete, respectively. The small
testing tank(1.5x2x5m) located in KIMTNB, Bangkok was used to test the performance of diffused
aerators and small mechanical aerators (less than 5 Hps) while the other tank (6x6x5m) located in
KMITNB, Prajinburi was prepared for testing performance of bigger aerators (less than 20 Hps) and a
study of hydrodynamics in aeration tanks. Three DO-meters, power meter, current meter, etc., were

also prepared.

To collaborate with the Pollution Control Department, Industrial Ministry, twe workshop
seminars were arranged. The first protocol named “the protocol of oxygen transfer measurement in
clean water, KMITNB” was prinied in September 2003 after the conclusion of the second workshop
seminar, Furthermore, the testing procedure, organization chart and charge of aeration performance
have been set. Finally, wastewater characteristics including alpha and beta factors were studied and,
the hydrodynamics of venturi aerator was also investigated.

At present, the center can give services in testing of aerator performance in clean water,
training people who work in wasteawter treatment systems and relating area, and measuring water
velocities in an aeration tank. These activities could gain confidence to manufacturers who design and
improve their products, wastewater treatment consultants and customers who use the acrators in their
processes. For the future works, the testing of aerator performance in proces water, and mixing inside
the aeration tank might be studied, and the determination of alpha and beta factors should be

investigated for various wastwwater sources.



Keywords : Aerator, Standard of testing, Oxygen transfer rate(OTR), Aeration efficiency(AE),

Oxygen transfer efficiency(OTE)
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ANUTNTUYBIBNTIIUAYA Y (HaanTu/aAaT)

anududuveseonFruazaian el (Hannsw/ans)
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ﬂ’ﬂllL%ﬂﬂluﬂjﬂﬁ'ﬂi’]ﬂ“]i!.iluﬁ&’ﬁ'lﬂﬂﬂﬂ"lliﬂﬂu (Haansu/ans)

!

- Qd 1 = b -
fFuiseanimsatemuataliniag (w3 l)

>§:
o

t : I ()
1 =] 4 [ A 1 a o =
atm”liﬂmmﬁmmﬂmiﬂmmwﬂszﬁmmsmﬂmmmﬂmmmﬂqﬂaﬂmqqun (1)
1 ar :: 4 r e ! ' as ]
f199) AGUU Lﬁaiﬁmmwmwﬂummmﬁm sodsumaingunig (2.2)

K a =K Lae(z"‘” (2.2)

%20

= roo

Tao O Ao ulmassdsuaguvgl Hawiiiu 1.024 [5]

AARTLUDIDATINTDIWNOBNTAUNINTIU (standard oxygen transfer rate, SOTR) 11150

a & s 1
AMUINFANVFIDE 1 n 98 MWAUMST (2.3)

i KL a2l!i C;‘ Hin
SOTR =) = (2.3)
n
> SOTR
= (2.4)
1
oy SOTR =Ko, C, ¥ (2.5)

. g
c. =C |- (2.6)
i (TQJ

o) ¢ pas v = * *
T : uamesUSurgamgil= ¢ /c 5
& )

Mo
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2.2 mamadszantammsnamoendou

MImANlsEENSnINMIPNDINALIATYIY (standard aeration efficiency, SAE) HIA1A1Y
aAUMs

SAE = SOTR/Power Input

2.7
wagalszaninmmaniomoangiau (oxygen transfer efficiency, OTE)
SOTE = SOTR/W,,, (2.8)
Tau W, =da5ms Inadiwinveeondiou (W,,=0.2765 Q)
o

= 8a51013 MaFalTnasemaiiannznnsg

2.3 MIMENNIA

4 o 1 at = o
esnndanansoiomuanlsfuauunsounnududy  (concentration  gradient)
wenduilsz@nimsdimua  mnsouaas I lugdnuuadeadadumsomanuion  Tasth

a 1

o~y = o oy ] A ] [~ n:id 3 g d'
HNTAMSUNTAANIEAIRIVBINSY A Fiuitourd Taf i mdudy ¢ ) awgili 2.1 uaz
Adulszansmso

UALIDVBIETT A Mdngnszuames Hew Al

D(OC /dZ
. J (9C /125 =

C

(2.9
. o Car T a0
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Tag &k, dudlszdndmaniemuia

»
=Y

W o A A 1
CAI : ﬂ'l'lllﬁ]u‘llusll'ﬂ\‘]ﬂiﬁuﬂmﬂﬂulﬂﬁ‘lﬂwuﬂl’llﬂﬂlmu

= 3/
i%HL‘IjEJ‘NﬂMﬂﬁﬂW‘ULm'UﬁMﬂ'Ii Newton’s law ‘i]%llﬂ

N, =k (C, —Chp) (2.10)

C oA

o
N1y A

= ' o Y
E“l_l‘ﬂ 2.1 ﬂ"ﬁllWin’JQﬂ'l“ﬁml']’l.;fﬂizl.l.ﬁﬁnﬂ-lﬁ

¥ o w A

3} ¥ = 1 A ; oV =R o'
FUATTVTIAUNUDDINANDATINITOIUNUIRUN AT ﬂﬁllﬂﬁaluﬂiguﬁﬂﬁﬁllﬂ'tﬂ'l LLﬁ%I‘]JS

a
vhedarmdududhuduas e

. = ' H ar
JUuuut e sdul sz AN MInmuIauUUNININAAITMITLIMIAIAIDINT A

@auna) Wl unszuafy B uaas awgili 2.2

fl B - Z=0,c4 =Cy5

Z=0C,=Cyy

YaAUHAT A

514 22mstemuIanuDMINIve A Wignszud B

&

auleismImendudszaninisoemulanyd uudld 2 asal A MsuwTEIUMNY
v oo . . } o .
VBIAITNINY  (equimolar counter  diffusion) HazNsUnIvedmsenlsynaume) (single

component)
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J ﬁid 1 er A TN, P w
231 m‘suwsmumwaqmmﬂummnu B ﬂ'li!.LW'iﬂﬂﬁﬂ“h’“U'ENﬁﬁ Ay ‘Nﬁﬂ”])"llf]ﬂ

]
Al e

a3 B fififisms sty 18un (v, = -N,, )i l¥mew bulk flow fugué 91nngues Fick amnsn

b,

[

= o ' ¥
Lﬂlﬂuﬂﬂﬂ“ﬁﬂ]ﬂﬂﬂ]iﬂ1ﬂkﬂﬂ3ﬂqﬂ AU
N, =-CD Vx,+x,(N,+Np) (2.11)

iWie (N, =—N,,) aunmswzangihiu

ac
N, =— —4 (2.12)
AZ AB dZ
auud A Wdnaiaz dudssdninisunsaii
4 C‘-Id'
N, jdz =-D, [dC, (2.13)
o Cy
D s
NA_‘(CAI—CA(S) (2.1
Tae O AUE1IVDIATTUNS (diffusion path) 1AZINFNNITA (2.10) Uaz (2.14)
N,= ké‘ (O C.m‘) (2.15)
Tag k:j = DAB/E)' = guiszANTNISN10mMNIaUDY Colburn-Drew
AIUFUYD AR
N, = ké.‘ (C, _C,ns) = ki (C.u - CA&) (2.16)
Ny =Chi(X =X 5) =k (X~ X ) (217

Tunstivesie  anududumsaunsadeulunsuinagauad
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_ ke

N =5
4 RT

(Py = Pys)=ks(Byy = Pys) (2.18)
P, Aonnuaudey Mitanusudiniududenioulugildadu Tuanungued Dalon fie

N, = Pk:? (Y, ~Yis)= k_:,(YM -Y,5) (2.19}

2.3.2 MIUWIVIA15 A b Mafingaila (stagnant gas) MSUNTVBINS A HIUMIHWYA

] E
11 (B) aunsaaaglaums 2.11) TaasnIddndues B mdugud sail

N, = + 4N (2.20)
A 1B a7 C A
C dC
“r’i%lﬂ NA ]——A =—‘DABifi (2.21)
C dz

AVLAI molar flux LAz diffusivity Ash amnindagal aumsdu

& Cus
Ag dC
N, JdZ=-D, [ —— (2.22)
; a1-C,/C
CD —C,,
N,=—%n 1=Cp/C (2.23)
s 1-C,iC

@muamﬁmaumwﬂﬁw [CI-C,,/C)y-(1-C, /)]

e e,
NAZ*—_ Ru_Ps =— aI_PAA‘ (2.24)
Rm)M( w) az)M( :

Mo

—_C . S /
(1-C,I0), = (1-C, 1C)-(1-C,; /O :{gg_} :[g‘i} (2.25)
M A

In[CI-C,,/C)i(1-C,, /C L C C
kl
N, =— ¢ (C, -C,)=ko(C, ~C,, (2.26)
A (-C, /C)M (Cy 40 c(Cy 15)
N,= kc(c,u . C,w) = kl_ (C.u - C,w) (2.27)
=Ch, (X — X )=k (X, — X ) (2.28)
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PD,,

N, =—"""—(P, - P,; (2.29)
A RT&.(PB)M( Al Aa)

%350
' Pk,
=k (P, —Py =R, P, @.30)
RT(PB).M (PB)M
N =ko(Py = P;) = Pke(Y, ~Y) (2.31a)
:ky(YA[ -Y) (2.31b)
agul1ah
Fuveanad: kY =ck, = ﬁk; =k (X)), =ck,(X,), 2.32)
2 ; P
ufti: D5 = Py = k) = (P kg = B 2.33)

t
L =t

Tunsdudaiuvesemeuazi ssdlszneuddgiisiauly Asfwesndiny  Tuiana

= ) 9/ Gy 9 v : | 3 dyn g ]

sasvanduaznismidmlzveamadigaveni  msowminusaiiiadunona lnnsuns
) ¥

UTOMIWIIBIVIANGHAN (convective mixing) 8T 1weIntstomeangauluiy lumseFine

¥

suusieesveInnmesngut wiradl  aunsoinnennnge] 2 anwd M wo-

- a 4

resisitance theory) #inan I luUTnVRUAIMIIIUMITH M - veura) wnuilanesaIIng

a0y wgatszwivmduimveamstomildudinay Gonm Adui1w (gas film) uazilau
EY

younad (liquid film) Iesngqurzauudldnnudwnmuiaswzuinadduns 2 udldifa

sgvINIFNAT awgalii 2.3

314 2.3 USunwmuaa s interface

4
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Tasanudiudu ¥, war X, fe mnoaduduves A lulavs s uasiauaumainudidy
g Y, uaz X, feanududuues A idaduia (interface) vouravoana uazsauoumnad
anuduiussenae X, oo Y, Tunsdiues dilite solution ausadumiaududuye

]

[ Y o cqy
1%y A ﬂl,uﬂjﬁiﬂlﬂﬂﬁulﬂﬁl'lﬂﬁuﬂﬁ‘llﬂﬂ Henry’s law #1491 @

=mX 2.
YA:‘ mx . {2.34)

Tag  m Ao Aned Henry lunsdlveslulnsmuuazeansisuiian muaisiah 2.2

A1519% 2.2 AR Henry

Qmwgﬁ (") mx 10 (atm/mol fraction)
N, 0,
0 329 2.55
10 6.68 3.27
20 8.04 4,01
30 9.24 4,75
40 10.4 5.35
50 11.3 5.88

d' i o 1 = 3/ ] =Y [T} [ ]
AAANIZAIAT  SATINITOIUMBBNTRUNIIA TN AV NS LRI IMIAUS AT I T B INRIL
Aduvoawad Iaewdndnisoromenndiau iv
AWANEMTOINOBNTIRY = 1Ua0aNFIU / AUND IO - 1987
Shg(Cq = Cygi)
=k,(C, —C)) (2.35)
=y H -4

Tag C,: ANt usanBENWave i
C,:  anududuesndinunfmhidulavesi
C,

v @ o o4
! mmwmuaaﬂmmum‘wﬁmmma’;

B-

3 9 s 3 o o 1 = 1
L“L!Bﬁ]']ﬂﬂ'ﬂﬂl‘ﬂil‘llﬂﬂNQﬂNWTﬂUﬂ?jﬂﬂﬂﬂWEJWﬂ iNLLfT?NﬂTiﬂ'IEIL"V]M')ﬁGluLﬂﬂ‘JJ‘U'EN

dullszdninmamomiuiaio K, vasuseiuau ¢ - C, lav ¢ fenrudiuduinaveavash

auganuaunsie law
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mC =C (2.36)

by

o 3 r=1 a/ (lrlyw
AdUU mmmﬂumanﬂaﬂm ARIU

Wing = kK (¢ —C,) (2.37)

¥
a A

s = n:xd:;‘ w oo o
Tao autlsz@nsng 2 mouduwHsAU a9l

=y (2.38)

WU m SAnna & Taeia lllidunnndy &, dniu &, Safimindifsedy &,

- [ ] ay o Y ] =y 1
anudmmuitiedudinlveg  Aemsdnidavveanas  MdanmItumoandinuds

B

HHolTnesisniiudannsgadusendiau Al
w o X do o
Wins x Nuiduia

FNTINMIRAFUBDNHIU = —
UTIaTUeuna

. A
=k, (C, _Cr);

=k, —C,) (2.39)

= J

o 1
gerwmendinls $ﬁ1flﬁﬂ1‘ifl'lﬂmll'mﬁluﬂ"li EHEJWIE]’E]ﬂ°]iLﬁ]uﬂl@ﬁ!ﬂ?ﬂﬂlﬁljﬂWﬂWﬁﬂzuﬂﬂﬂu

A a’ = -y L
(NI KLa “ﬁﬂlﬂuﬁﬂﬂizﬁ‘ﬂ‘ﬁﬂ?‘iﬂ"lflmij’)fﬁ'J'JJ



UN 3

VUABUMIANHUIIY

nsduiuamIdinieendl 4 dw dway 6 @ou dunaw 2 3 uilegiuld

] = oo =] I=) QIy = 4 dg
Autvanddouwdr 2 1 4 weu(TasveayiAumonadny 4 @weu) Tasliduaoulums

¥ 3
AUNUNUNIHUA A1)

l.

10.
11.
12,

IuTndeyamIvaTeLINTBuALa NIANINIIATTIUAI 150 W1AT§IU ASCE udu el

Mudoyanugmlumisaniuuuag faaitianadey

W
L o'y

TadaguddtouasnagoUN 1S AN IN 1A
o.- d'l =1 ~ J:J = :‘ o g @
TaruaTesdinuasgiulumadinnziidl  mazatsveseendoulinit uazmsiamdalwih
A = 3 9
YBUATOUANDINF 1T UAY
Uszamdumbonuiingitedldud  psumuquuaiie  dninnuunasgiugammngsy
uiindrdamnioudueinia udu e muanuinanisnageums@veinis Taoassans
=y a e & 2/ @ o 13 s 9 o = o
Uszguigalgiansiiesinsmdoyainii protocol Tunarivayuliminareutuiveniy
Raneludszmauaz luaalseme
W 4 2 = o ) lﬂy ¥ = Q’«" a
penuuLfmAgeIIA 1.5X2%5 was e ldlumsAnpuaniudoyaiiiedu Bavade
dyw o3 s Y = q Y]
nagauidigmisnlniudmeasuaussouzasuniouduaimaludosdy  dinmaova
Usznovdisnszenta 1 A (wedm) emnwsetuinmniinuvesginsaldiendes
1 ==} = o 4 ]
tegluazale wasmsnageunialalaslavniing (hydrodynamics) Bum wumsdnuTils
Whdsanui e weanad anwduiianaseugynsal uaz Tusvhdsanududuvesesndioun
v b [
azanelnd dludun damereuilszesnuuuuazisadnldausenadauaussaUz Y AT
a 4w Sdavd o o = a
ANBINAIBIAY TNV WA UDINAFaLINS D UAND INIFUURINTLY
A3 19BMATBUIUIA 15X 2X 5 1UAT
AAADUNIIMIITUADITINATOUUUIR 1.5X 2 X 5 (WA
DONUVVUBNATOUTIUIA 6 X 6 X 5 1UAT
AFUeNATAVAUIA 6X 6X 5 1UAT
NAADVNITHINIUUBIVINATBUUUIA 6X 6 X 5 1UAT
AN UADILLAZHANINDUM 1A NATDL
[ o 1 ar Qs o 1 = w om e
Uszmdurius imiwaunndpuazienyufonswlumaniumizsnunaunssiuitouas

ATIVADVNITIAUDTINIA LALNITIARNBUTY

CmMIinadoumsialszdnsaimeuaieuaueIna



17

14. Anwimynageunnlalas lawiinlutenageuva 6x6x5 wes laud asdnelils
g i 1 o ) 3
vhaganudwosveaunad awdufiennieuginsel uag Tlsvhdesududuvewandoud
¥
a d
azanoTuvih ifudu
Frs wq A =
15. pUSNYASINS IFIAE MG aamaineInfuazmsnagey

16. ayunanuildduiums



UN 4

HanIIA U

4.1, M5 ITINNINTIUNINATOULAZIENTIOUY
4.1.1 SR nageulszEnEnmasendvernalhazen ASCE,
ATV L@z prEN
4.1.2 99U3W catalog mné’wﬁmmmﬁﬁmﬂwm?auﬁummﬁ“luﬂaxmﬁuawin

1lszne

/) w = 4

[ -
4.1.3 s1samenmisiinedestums@uaimes szuuiniainds uazaug

4.2 n3dafsguda

v
[ o= o =

o o v o ¥ =
Isumsariuayuldiedequiismaznadeumaduoma  Taviiaunmeldniain
a ) o = ¥ =) =5 = o & ¥ oA o
Fanssmell  andumaluladnszvewndmssuanmile  UaszAswanludlasnufensiy
» b
nageulszdniaaieaduema walddwushiufdszneuns msfnwauiaveniude
= g o o oa o'y et a o oA o = [ [ '
snamsHanaadud Inddszdninmganaadunszfavdnvedlnssmaruin - Tasaiad
swldvesguilusnanszinadunnduiuunasey Auamivayuninmstionoamalulatms
wuemia swldnnnstneusy sazduanms  veumiuayuiteninniniguazionsu 1y

¥
AU

43 madufiumsdamagiumilasams
W o a = e o 1 we A

AgAmAR I unuganyumsitonn an. sauianue 14 5w udldveeyidmy 2

A yd a A 4w = ¥ v A dy Yo
TI6M3 A0 AAUBNATIT LAZINEN 2 T19MTAB Ieesingungil uazndeslah Tasdunlasuns
ar d:‘ o’g 3 LY ; A w d :’ o sl ¥ o o d’.‘
faass lumsFeminsainsaes ldaunuiadawniosiannusnlmauny agdusiildinmsiage
5 ] 1]
vanualulasimananssigaziBealumsiei 4.1 savimwa 14 519ms JGeyaazideaumaaly

MRHUIN)



P g a"
A1319% 4.1 AFAUN LATINT

PRUIRE lauag i FINUUIN)
1Rty RDG4530008/] 3,423.68
2. ifountunszan RDG4530008/2 3,628.16
2 iTaanauRIAD Y01 R TomSauaz RDG4530008/3 39,911.00
Tsin3y WINDOWS
4. nd®94 Handycam RDGA4530008/4 49,900.00
5. 1n%peneenTinuazaiy 3 40 RDG4530008/5 319,850.00
6. 130 sfANI 1T 1A Ts RDG4530008/6 11,600.00
7. 1w3paiAnuS e N A RDG4530008/7 28,831.15
8. 1A5943ARNALLT TN RDG4530008/8 3,105.00
9. NNAADU 1.5x2x5 IUAT RDG4530008/9 199,754.79
10. fINAAOV 6x6x5 1A RDG4530008/10 1,000,000.00
11, wSeeamaalwih RDG4530008/11 121,552.00
12, (AUBNYBY RDG4530008/12 73,733.70
13. S0 eTaNaA 1A RDG4530008/13 28,888.40
14, ipesan i ni RDG4530008/14 445,120.00
59U 2,329,297.88

ininsiesendiuazawawgli 4.1 Wugdnseld

s

fIEU

a

19

Tumsaaaumsalasunlasa

o A = a
29NFIUALAY UUNLNATDUANTTOULVOUATBAUANDINA [A8UINTFIU ASCE uuzi131aasil
} w Py 1 ] 4 o 1 g g o
msedinnandisuazanlitoond 3 mfealunisiudeyaudazaia Tasnsnagounnainism
. A d'l ') = = 9 ar -ﬂ' s - o~y d
A5 calibrate W3odeINAReNFIUaza10lA lnAIALINY INDAUNITRANAIAIINNS UATIZH
doya wudreengonazasliniiuaniue nlewnnms calibrate 1ISuAURANTIANTOINA

3 o i
vnmsaadaiaiafisendinuazmeludmialid Auiuns calibraie AMguiuazansazae

A w4 d PRI o 1 as
BUA7I ﬁ]\‘llﬂuﬂuﬂllﬂﬁxﬂ’]ﬂﬂ‘Hﬂ’]iWi?ﬂfJﬂ



OO

()

H

tﬂitl-%‘ﬁii{lﬂk :
Systesh
£ Mnian

(V)

20



21

-
u
o

o
o
-

(f)
EJ. E.'l. o oy
7119 4.1 w703 in0andeUAT Y

dl. = [ 5 = a '
i 4.2 dudiereuniaufuenirunin 1.5x2x5 was wnlnsandnuazuduman
g} = [ :!y 3/ = 3 = ) =
mMolundied epoxy danadeuilldeonuuunazAndan dawagamn o Tsdnaumadn
Franssuall Aundweadamaden ideenidiizeanszenvuimlsze 40x40 s 2
UIHIRGAY (@R wBousuyTunanuan Usznew) RsTAunugs 0.5-4.5 ing (3INAAGINTEIN

¥ v
10 ) TaeihinsfAaRanIzanynaANga 1 ms waaeniugdi 4.3



22

o {
NI 2 T

e it

[— s bl

——,

!

319 4.2 GanamoLinTBUALDINIAVUIN 1.5%2X5 (UAS

@ :ay ar g o ] = a (=Y
dmageuiliiiaglszasdioiminameumisudueimaviaanliifu 5 usai) uay
) ¥ 1 1
NATOLIATDAAVBIMAIUY  diffuser DNNIMINAFUNoTUR nuazFunamsaifinueunses
wremaldinaniinganssums Inaveadesoimeeddls mstufinaaniaiildlaoasaninms

a C;. 4 =y (=3 3 a’ ’ 4d' - é =
f‘NLﬂﬂ‘I’lﬂiﬁﬁ]ﬂﬂﬁ'ﬂﬂ?ﬁd!ﬂﬂﬁlﬂ"If'ff)ﬂ‘l/l\?fjﬂﬁ13J'IiﬂfﬂﬂﬂTW“N?J\‘l’ﬂ'lﬂ"lﬂ‘}‘]Nﬁﬂulﬁ‘i]"lﬂ!ﬂi'ﬂQmuEﬂﬂ'lﬁ



23

o

317 4.3 VIUNSLANNTINATEUIATDAANINIAVUIN 1.5x2x5 14A3 NIZAY 1,2 1AL 3 1093

SvsudenagNIn 6x6x5 A3 RS uHUMTAaS19h qaw. Us1duys uamsmugili
o = = o 1 ¥ A R o 24 =
4.4 Wudersuniaaduman meludemdnddwens riedesfumstudleuvinaisitazaw

o A dg et 3/ 1 w L w o A =
AduuIInAaUNs AR l¥naaI 19l ﬂ':n]ﬂﬂgagﬂ']ﬂaluiﬂﬁ\?ﬂaQﬂ“ﬂaﬂ LW'ﬂﬂ:}']iJﬂZﬂ'gﬂcl'Hﬂ'lﬁlﬂU



24

7 { v da o 1 N a o
Wayyn nazgUil 4.5 uanunuonveIug 1 du Naedaneludenaaey inuil ldeenuuunazAnds

= ' = o Yoo 1 4 a i ¥
vinuveuve  senfildlumsendlusenaidioiio  denadewmnaisudneimaiignesnuuuly

1 L7
AMTANAADUIAS o uANaIMIRvLIE Ly 20 usahuaziiiwinen iy 1 du

5U% 4.4 UENATOUINTOIUAUDINAVUIA 6x6x5 1UAT

]
I=1

4 @ < : = ] o : ' =] g

1 4.6 HhunTeadanud nii 2 fame haouTasldvdnmsmeaduusimin vl e
a_ o o - o L. o o d Y ' = o a o
1 sensor ludadsludmmianieg fideamsdanusy deinamgldh 47 Tddnmsdad

4 o g 3 o o o 1 4
wisvianinihuazdiimsmeaeumsiannuivesnszumihludonage NEENI

= 3’ [l 3 L ey = 3 4 - =y = oLt 1
wnAN3INMS Ivaveanszumhludei AlimsAaaunioudueinestianiis Uiz Teminmaiing
B [ o :J dy ¥ o Y ; =2 .\ ] =
fasunnmsanvianrusnhilvzlddudeyafiugulumsdny  hydrodynamics  wBatiawiy

kY . 5 1

owa  snmlumsmaueiaiususauuzhmsdedunssuAueina Tudeszesiiwazms

fanuadsuauomaldinnauemredilszaninm



3

1

=
1

4.5 1IAHINaY 790 Las ﬂWuSBd%ﬂLﬂ?ﬂﬁlaﬂJﬂ'lﬂ"lﬁ

25



26

Sandhludhvpfunn Wlsunsuduwamaasvedlna (computerized fluid dynamics)
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Oxygen-Transfer Measurement in Clean Water

Zhen He* Anurak Petiraksakul** and Warawitya Meesapya**

Abstract

This paper presents the experiments on
measurement of oxygen transfer capacity in clean
water by using desorption and absorption
techniques. Experiments were set up in a
small-scale tank with a volume of 17L. Pure
oxygen was used fo increase the dissolved
oxygen concentration in clean water (desorption
measurement). While sodium suifite was added to
decrease the dissolved oxygen concentration in
absorption measurement. Standard oxygen transfer
coefficient ( K,a,, ) was calculated based on the
variation of dissolved oxygen concentration with
time. For the absorption method, a mean value
of K.z, can be obtained as B8.60 h' with a
water volume of 14L. Meanwhile, standard
oxygen tansfer efficiency (SOTE) was shown
in the range of 4.54.9% with water depth 0.3m
by correcting the airflow condition. Desorption
measurement was investigated to certify the
influence of water depth on SOTE. All the data
on dissclved oxygen concentration and tested
water temperature was read by an electronic DO

meier.

Keywords : dissolved oxygen concentration, oxygen
transfer coefficient ( K a,,), standard
oxygen transfer efficiency (SOTE),
absorption measurement, desorption

measurement and water depth.

1. Introduction

The oxygen transfer capacity and the aeration
efficiency characterize the performance and economy
of aeration installations in activated sludge plants
[1}. From 1978, the guideline for the determination
of the oxygen transfer capacity has been published.
In 1984, the American Society of Civil Engineers
(ASCE), with international participation, published
the ASCE Standard “Measurement of Oxygen
Transfer in Clean Water”. The test water shall be
equivalent in quality to a potable public water supply.
Repetitive testing may be conducted in the same wé.ter,
provided that the TDS is not over 2000 mg/L [2].

This article presents the methods of measurement
based on the second edition of ASCE Standard
and German ATV Standard, and verifies the
influence of measurement contition. A diffuser was
adopted to convey the oxygen into a batch tank.
Absorption and desorption measurements were used
to determine the oxygen transfer coefficient and
oxygen transfer efficiency. All the results were
analyzed based on standard condition, which is
defined as water temperature of 20°C and normal
atmospheric pressure (1013 hPa). A DO meter is the
main instrument to measure the dissolved oxygen
concentration, which can be used to calculate the
transfer rate. Finally, the paper concludes the
characteristic of the diffuser by SOTE. Meanwhile,
various influence factors will be analyzed by the

data treatment.

*  Department of Environment & Resource, Technical University of Denmark.
** Department o f Chemical Engineering, Faculty of Engineering, K ing Mongkut’s I nstitute of Technology

North Bangkok.



2. Theory
2.1 Definitions
2.1.1 Oxygen Transfer Coefficient (K a

LT? hwl)

K,a, is determined by evaluation of an oxygen
transfer test in clean water at a certain aeration
setting and at a certain temperature. It is
converted to the standard temperature of 7=20 'C
as follows:

Ka,=Ka_ *1024@7 (1)
2.1.2 Standard Oxygen Transfer Rate (SOTR,,
kg-0,.h ')

SOTR shows the amount of oxygen transferred
per hour at the standard condition. It can be
calculated by the following:

SOTR = K a30* Cs20* ¥ @
where Cgap is the steady-state DO
saturation concentration at 20°C and ¥ is the

liquid volume.

213 Standard Oxygen Transfer Efficiency (SOTE,
%) -

SOTE refers to the fraction of oxygen in
an input airflow dissolved under the standard
condition. It can be computed by:

SOTE = SOTR / W, 3)
where #p, (kg/s) is the mass flow of oxygen in air
stream, which is calculated by:

Wo, =0.2165 O; @
Q, refers to air flow rate at standard condition
defined as 0 "C, 1.00 atin, and dry air (0% relative
humidity) [1]. Therefore, data about humidity,

pressure and temperature are necessary for the

conversion of the airflow rate.

15
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2.2 Summary of Test Methods
2.2.1 Absorption Measurements

The oxygen transfer is determined from the
increase of the previously, artificially lowered DO
concentration f1]. The depletion of oxygen can be
implemented by either adding chemicals or stripping
with nitrogen gas. Nommally, sodium sulphite is
used to decrease the oxygen by the reaction:

2Na 80, + O, —» 2Na,S0, (&)

To remove 1 kg of dissolved oxygen 8 kg of
Na,80, is required. In order to expedite the reaction,
the catalyst of cobalt should be introduced into a
test tank. Afier the DO reach zero, the aeration
system will be switched on. By dissolving the
oxygen of the air into the water, the oxygen
concentration increases according to the saturation
function:

C=Cs~ (C5- Co)exp(-Ka *1) (6)

where C, C, and C is the DO concentration at time
f, saturation point and initial point, respectively.
K,a can be obtained by the relationship between
C and s .

2,2.2 Desorption Measurements

The oxygen transfer is determined from
the decrease of the previously increased DO
concentration. Pure oxygen should be used to
improve the DO concentration. Hydrogen percxide
can be an alternative of pure oxygen in most cases.
An increase of DO of about 10 mg/L should be
achieved before the measurement. The decrease of
the DO follows a reversed saturation function,

which equals to the one in absorption measurements.

2.3 Correction Factors
Due to the difference between the test condi:
tion and the standard condition, the data from the



measurement should be converted into standard

condition by some cormrection factors.

Cs20 = Cs,T[é) ™
7 is the temperature correction factor equal to
Csr,7/Csr20 where Cy 7 and Cypp0 are the
tabular value of DO surface saturation concentration
at test temperature and 20°C, standard total pressure
of 1.00 atm and 100% relative humidity. Q is the
pressure correction factor, which can be described
as P, /P, where P, and P; are the barometric
pressure at test site during test and at standard
state {1 atm). In this experiment, an assumption was
made that {2 is 1.

3. Experimental Process
3.1 Setup

The equipment includes a 17 L of cylindrical
tank with a diameter of 24 cm., a DO meter (YSI
mode} 550), a cylindrical ceramic diffuser, airflow
meter and aerating device (Figure 1). The DO probe
was installed at half water depth for abserption
measurement. If more DO probes are applied, they can
be installed at different water depth. Conductivity meter

was used 1o measure the content of dissolved solids.

3.2 Operation Process

Both absorption measurement and desorption
measurement were applied in the experiment. The
difference between two methods can be explained

Probe Meter
Baich Lk
DO Probe |
ThiFuser
(4]
0
Q o Axr flow meter
00 e
\3 AW pamp

Figure 1 Sketch for experiment set-up
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—a— Absorp

—a— Doserption

DO (mg/T)
o

0 ¥ T T T T |
o 100 200 300 400 500 600

Time (5)

Figure 2 DO variation in different processes

by the Figure 2. The variation of DO concentration
is completed by cither pure oxygen injection or

chemical addition.

3.2.1 Calibration of DO Probe

Calibration of DO probe is necessary for the
precise measurement. The methods used in this
experiment consist of zero check and saturation
check. The zero check is nn every time afier the
probe is turned on, by putting probe into a 1-L tube
added by 1 g sodium suiphite and 1 mg cobalt.
With excess chemical, the water in the tabe should
contain zero dissolved oxygen. Saturation check
can be done before and after measurement, according
to the operation manual for the probe [3].

3.2.2 Temperature Measurement -

The temperature of test water can be read from
the DO meter. The variation of temperature shall be
with an accuracy of +0.5°C at the beginning and
the end of each test [1].

3.2.3 Airflow Rate Measurement

A laboratory flowmeter made by GA. Platon
Etd is wused to measure the airflow rate. The
accuracy of the flowmeter has been checked before
application. The inverse measuring cylinder filled with
water was used to calibrate air flowrate. The airflow

of 1550 cm*/min was applied in the measurement.



3.2.4 Water ;quality

TDS (Total Dissolved Solid) and conductivity
of the test water were measured by a conductivity
meter, when each test was finished. If TDS shows
a value higher than 2000 mg/L, the test water (clean
water) shall be changed.

3.2.5 Adding Chemicals(Absorption Measurements)

All the chemicals should be dissolved before
they are added. The amount of sodium sulphite
should be 10-15% more than the calculated result
due to a Jag time for admixture. Normally a cobalit
concentration in water of 0.5 mg/L is sufficient.
If the test water is kept same, one time of addition
of cobalt is enough. Cobalt should be added before
sodium sulphite.

3.2.6 Desorption Measurements

Pure oxygen and air tubes were connected to
a three-way valve fitting the other end to the diffuser.
Pure oxygen was fed from an oxygen cylinder by a
pressure-regulator valve through the diffuser into
the clean water. When the DO concentration was
increased to about 17 mg/L, the regulator was shut
off and the air pump was switched on.

3.2.7 Data Collection
With absorption method, when the concentration
of oxygen increases from zero, the test data can

start at about C=0.1C_,. The end point of the test

.. ¥=00031x + 0.0024

*f R’ = 0.9998

1.00

Lny

0.50

0.00 # - op s e —
o 100 200 300 400 500
Time (s5)

Figure 3 Plot of LnY versus time
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0.04

* *
0.02 & v »
L J * L4 * &
-~ * e ¢ .
3 b7 .
E o0.00 b ¢ N,
~— s T T o L & 1 1
| 8] . w o
P *
q 100 200 *0 * 400 ¢ 500
-0.02
* * ¥ o,
-0.04

Time (s)

Figure 4 Plot of residues of DO from a test
AC: Difference between the measured
DO and the predicted DO

should notexceed 0.8 C_,. At least 30 values should
be collected forthe data analysis. Desorption method
demands a start point that is 10 mg/l. higher than
the saturation value,

4. Data Treatment

Linear regression method is used to analyze
the data from the experiment. This method is based
on the model through the DO-versus-time data.
However, equation (5) gives a nonlinear relationship
between DO concentration and time. Transformation
of this equation is necessary before it is applied. A
linear relationship can be obtained by equation (8).

C, -C,
ln[ = 'J:KLaT"t
Cs"'CO

See in Figure 3, the slope of the plot between

®

C.v _Cr
LnY = I’{C,—CO] and time giving a value of is
0.0031 s'. The best estimates of the parameters,
K par, isselected as the values that drive the model
equation through the prepared DO concentration-
versus-time data points with a minimum residual
sum of squares [2]. The residual refers to the
difference in concentrations between a measured
DO value at a given time and the DO value
predicted by the model at the same time (Figure 4).



It the residue shows a curve, normally the
initial values of DO concentration are falsified by
the lapging sodium sulphite oxidation or unstable
mixing conditions. Incorrect values at the end of
the curve could influence the curved path of residues.
So, a new calculation is necessary, leaving out several

initial values or several final values [1].

5. Result and Discussion
5.1 Determination of K,a, in Clean Water

Absorption method is adopted to measure the
oxygen transfer rate in clean water. Results have
been converted into the standard condition by a
temperature correction factor shown in equation (1).
Figure 5 shows the results from the water sample
with a depth of 0.30m. One thing should be noticed
that the following results are not trying to explain
the relationship between temperature and K pagg
or SOTE. Theoretically, values of K;am should be
same due to the temperature correction.

The values of K2, are between 8.3 and 9 h'
inthe range of tested water tenperature of 27.6-29°C.
The mean Kyajgis 8.60 h™'. Temperature, water
depth, and airflow could be the influence factors.

The resulis of SOTE valies are within the
range of 4.52 -4.81% as shown in Figure 6. The
values are much smaller than the reference numbers
because of the low water depth. Water turbuilence

may affect the probe readings. Accurate probe

28 & 29

278 27z 282

Tested waler lemperatuie ("C)

Figure 5 Results of tansfer rate in clean water by

absorption measurement
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BOTE (%)

28.2

28 6 29

2?7 27 8

Tested water temperature ("C)

27.6

Figure 6 Results of SOTE in clean water

L
1/
/

0.2 - 025 0.3

SOTE(%)

038

Waterdepth {m)

Figure 7 Effect of water depth on SOTE

readings generally require a liquid velocity of at
least 0.3 m/sec near the water interface [2]. In this
experiment, we avoid stagnation by rapidly moving
the probe through the sample [31.

5.2 Influence of Water Depth

Desorption technique was use to verify the
influence of water depth in the clean water. Five
different water depths (0.24, 0.26, 0.27, 0.30, and
0.32m) are chosen as test objective.

Since the diffuser is installed at the bottom of
the tank, water depth can indicate the diffuser
depth. Figure 7 shows that SOTE increases with the
water depth because the contact time increases
between the bubble and the water. The increase of
oxygen partial pressure could be another reason for

SOTE’s increasing [5]. However, this relationship



only gives a tendency of variation of SQOTE values,
instead of the precise values. Due to the small interval
of water depths chosen in this experiment, it is
impossible to measure the exact change of SOTE
with water depth. For a precise measurement of SOTE
variation with water depth, a larger interval (0.5mor

more) between water depths should be chosen.

5.3 Comparison of Absorption and Desorption
Measurement

Figure 7 gives a SOTE value of 4.56% at water
depth 0.3m by desorption measurement, which is
within the range of 4.52-4.81% (Figure 6) at the same
water depth from absorption measurement Both
methods can meet the requirement for clean water
With
absorption measurement, TDS shall be controlied
under 2000 mg/L; while no consideration of TDS

is necessary with desorption measurement. The

measurement. addition of chemicals in

economic factor shall be taken into consideration
when choosing 2 method. The comparison of cost
between pure oxygen and chemicals added can be

investigated further,

6. Conclusion -

The practice of absorption and desorption
methods  for
coefficient in the laboratory, have been presented in

measurement of oxygen transfer

this paper. The test condition should be controlled
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strictly, such as temperature, airflow rate and stir of
water. The precision of experiment can be improved
by applying more DO probes at the different test
points.
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“LAgNLNNAR 125,000 0.0089
w:mmuﬁmﬁmm: 2161lm (Inland Seas) 104,000 0.008
@imﬁaﬁﬂmﬂgluuaiu?ﬂﬁqﬁw 1,250 0.0001

wiasiluRuusrlARy
dnluAn (Soil moisture and interuce- 67,000 0.005

diate zone water)

vlAunneluAana@n 0.8 km 4.170.000 0.31
TnldFuTisyAUBnndn 0.8 km 4.170,000 0.31
qtmqﬁﬂttﬁa uazanstinude 29,200,000 515
et luvsstnanruRalan ( o A LNMZLE) 13,000 0.001
nuiatlauazumayns 1,322.000,000 97.2
CREY 1,360,000,000 100.0

P~
I
81984k Strahler and Strahler 1973

Dr. Raymond L.Nace, U.S. Geological Survey, 1964
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1. WWMIg W ASCE (American Society of Civil Engineers)

Measurement of oxygen transfer in clean water
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= 2. German ATV Standard (Wastewater-Waste)
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Advisory Leaflet ATV-M209E Measurement of the Oxygen Transfer in

S N

Activated Sludge Aeration Tanks with Clean Water and in Mixed Liquor
3. prEN 12255-15

Wastewater (reatment plants-part 15: Measurement of the Oxygen

Transfer in Clean Water in Activated Sludge Acration Tanks
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“rate of mass transfer = volumetric mass x driving force
per unit volume of liquid transfer coctficient
-: W = KlaC*-
Sl

:ggﬁ - W — mass transfer rate per unit volume of liquid
B . -
ii‘:ﬁ-ér “*  K,a = overall volumetric mass transfer coetficient in clean waler
T
foa C* = dissolved oxygen saluration concentration
7 i T

C = dissolved oxygen concentration
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ysyuLaznqumsinlssininwiniaudnens

YR e

- dasinnumesndinundudiuinssing (epparent

average volumetric mass transfer)

orR - K,aV(C,-C)

OTR

mass transfer rate per unit volume of liquid

= gverall volumelric mass transfer coefficient in clean water

oo = dissolved oxygen saturation concentration

o
l

dissolved oxygen concentration
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¥ = liquid volume of the aeration system

ik
.
FLAGES 1
i * e
'
g 3
i
R g
B
B
i b - !
V
‘;ﬂ%
o b

il




Mesfrutesngunsiadssnimmaisudueina

C=Cy ~(Co — Clexp—K paty

€. = dissolved oxygen saturation concentration

dissolved oxygen concentration

C, = dissolved oxygen concentration atlime zero
¥V = liquid volume of the acralion system
t = time

1

P ) oﬁ'

Nas§IULaznqugmItalszdninminioudveima

uay T =

»
Aweidmes T uamaguugiivesitlunszumniinaney

8§ = empirical temperaturecorrection facior Wy 1.024

C ., dissolved oxygen surfuce saluration concentration at 20°C, | atm, 100%RH

¢ _ = dissolved oxygen surface saluration concentration al tesi temperature, | atm,
T

100%RH
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. ® = pressure correction factor ﬁmmﬁm’nn'h 6.114A7 (3 = Pb/P‘
P
X PRSP, = barometric pressure at test site and standard pressure 1.0 atm
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1/ HTYD4 water characteristics (Alpha and beta factors)
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Ka= overall volumetric mass transfer coefficient in clean water

C; = dissolved oxygen saturation concentration
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¥ Standard Aeration Efficiency(SAE)

. ¢

SAE = SOTR/power input

CFT
O

o
Ty power input 91UV U wire power, total wire power, delivered power

d 1 i w
130 brake power i lAlAAS AT 52y TR

Wire power = electrical power drawn by a motor

Total wire power = sum of blower, turbine, and pump wire powers
Total delivered power = delivered blower power + delivered

turbine power + delivered pump power

| T
. %“ “
i .
pi ¥ 2 o5 3mlseans -
k] © WIRTHIULASNOEH NN T ANTNMWIATDUAUDINA
fon &
oy e
B . J Delivered blower power )
% RT |{ P
5% DBP = ZTOo0Lny
o5 K P
" @ Tow = weight flow rate of gas N
]
| % R = gas constant
el T, = absolute temperature before compression
; * P, = absolute pressure before compression
P, = absoluie pressure before compression
k = ratio of specific heats = 1.4 for air

K = {k-1)k, = 0.283 for air
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v Delivered turbine power

Nl’
DTP = 277, -
33Xi0

rotational speed(rad/s)

]

JLUNS

f

Tq = torque measured using either a dynamometer sirain gauge(Nm)

N  Delivered pump power
g, (TDHXSG)

3,960

DPPp =
T Q,

liguid flow rate (m%/s)

TDH

I

total dynamic head {m}

8G = specific gravity of water at test temperature

P/ Oxygen Transfer Efficiency(OTE)
&

HANZNINTTIU WNUAIY SOTE

-]
ol ¥ SOTE =  SOTR/W,,
X 1
& AU

Je % SOTE = standard transfer efficiency as a fraction

=
|

g = mass flow of oxygen in air stream (ke/s}) (ias W, = 027650,

air flow rate at standard conditions (m*/s)

B
y
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« Winkler Method

« Membrane Electrode Method
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Winkler (lodometric) Method
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Winkler (lodometric) Method
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}', Online Monitoring
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A.3.2 Aftlitude 100 (o = 10g)101.9 —-

The mean atmospherlc pressure as a functloa of al-

p titude .can be calculaled by the Schmassmann where p, Is lhe mean atmospheric pressure, In
equation - kllopascals, at allitude A, In metres.

Table A.1 — Solubility of oxygen in water as a function of temperature and salinity

’ Correctlon to be subtracted for each degres of
Temparature Solubiltty r;f‘ 0:17?;? ;“2;' :::: E" ?gt):llahrhlm with asllnlty expressed in grams per kilogram of
r ! £ total salts in water [ 4p(0), ]

°C mgf\ _ mgft
0 14,62 0,0875
1 14,22 0.0843
2 3,83 00818
3 13.48 0,0789
4 13,41 0.076 0
5 12,77 0,0739
6 12,45 0,071 4
7 12,14 0,06923
8 11,84 ' 0,087 1
g 11,56 . 0,0650
10 - 11,29 0,0632
1" 1103 0,0614
2 10,78 0,0593
13 10,54 0,0582
14 10,31 0,056 1
15 10,08 0,0545
16 9,87 . 0,0532
17 8,66 0,05t 4
i8 - 9,47 0,05600
19 928 0.0489
20 2,09 00475
21 8.91 0,046 4
22 8,74 0,0453
23 - 8,58 0,0443
24 - 8,42 0.0432
25 8,26 0,0421
%6 8,11 0,0407
27 797 0.0400
28 1.83 0.0388
29 : 7,69 0.0382
30 758 0,037 1
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Table A.2 — Solubility,»’(O),, of oxygen in water as a function of temperature and pressure

Prassure [kPa (atm) ' ]
Temperature ) ’
C 1115 (1.1) 101.3 (1,0 91,2 {0.9) Bi{ (0.8) 708 (0.7} 60,8 (0.6} 50,7 (0,5}
Solubllity, p"(D),imgh)
0,0 16,09 14,82 13,14 11,69 10,21 8.74 727
50 14,066 12,17 1148 10,20 8.8+ 7,62 8,34
10.0 12,43 11,29 16,15 9,00 7.86 8.71 5,58
150 11,190 10,08 49,05 8,03 7.01 5.88 4,86
200 10,02 8,09 8,14 723 6,30 537 4,44
25,0 9,12 8,26 7.40 8.56 5,70 484 400
0,0 8,35 7,56 6,78 5,99 8,19 4,60 31,682
350 759 8,95 622 5.47 475 4,01 3,28
40,0 7.10 8,41 §72 503 434 3,65 2,96

1} Unlts at standard baromedlric pressura (hormal atmospheric pressure at sea ievel) 101,325 kPa,—~ 101325 ki/m?
= | atm ~ 78¢ mmHg.

e

Table A.3 — Variation of almospheric pressure with respect to altitude

Mean stmospharic #Mean atmospheric
Altltude, k prassure, p, Altitude, 4 pressure, g,

m %Pa m “Pa
(4] 10,3 1100 883
100 100,1 1200 ar2
200 88,8 t 300 86,1
- 300 97,6 1400 85,0
400 98.4 1500 g4.0
- 500 95,2 1600 829
600 8940 1700 818
00 92.8 1800 8058
800 oLy 1800 79.9
900 90,5 2000 78.9
1000 89.4 2100 V7.9




mafinmsTamdaveunseufunine
1) fadeNiinanan1ain
2) 11 mgﬂummulumﬁéﬁa%qﬁm%’u
YINNI597
3) fgw, fAasfiang (Delivered power)

4) NSIANIRINTG LWHA

' o ofox : o
1) HaaNNHaGan15In

- Fdn1R9gUNIRIRNSANTLRY (aerator)
Blower, Turbine %78 Pump
- Jeulvresnimagay

Gas rate, Power condition



2) MasFunldlunsansdedmauyinnein

- pedataRaRnen ( Shaft power measurement ) — ASME Power
Test Code PTC 19.7 {i)

- n3iRnNAana AN (Electrical power measurement ) — ASME
Power Test Code PTC 19.6 (i)

- N99ALSNAU ( Pressure measurement ) — ASME Power Test Code

PTC 19.2 (i)

- MIRANIITaelIAnT ( Rotary speed measurement ) — ASME

Power Test Code PTC 19.13 (i)

3) "enN (Definition)
3.1 NMasnangltasagitnan ( Delivered

Blower Power )

wRT

Delivered Blower Power = K




weight of flow rate of gas [ft"']

pAsfiTesuia (LT]

gruunianyrainauds (1)

A HAuANyTRineusR (L)

ATHAUANYTOINGER [fL 7]
gnsrdaurssnaieudumizieduna C/C, | lifiviy =
1.4 &MFUBINIA WAL

(x-1)/k , Telflviing = 0.283 @ ufuennia

3.2 NNAaNaNg lnanmy ( Delivered Turbine

Power )
N
‘ 2 an * : 4
Delivered Turbine Power = 33 10
34
T nafanimlrlasld cradled dynamometer g surface

strain dynamometer(ft ib, Nm]

A lunTv [rpm, rad/s]



Siandard Aerator Efficiency (SAE)

WSBB1RRZITENI oxygen transfer per unit p. wer input

SAE = SOTR /Pov.er Input

wilaenTlu [Ib/hp-H %32 kg/kiv-H]

3.3 fasianglitls ( Delivered Pump

Power )

Q. (TDH)(5G)

Delivered Pump Power = 3960

Q. (TDH)(W)



3.4 NNRNIUNAIAneE ( Total Delivered

Power ;
DeliveredP ower
Wire Power = €,8,C....
R
€, 6.6 = ﬂ?:ﬁﬂ%mmﬂmﬂnﬂﬁuﬁiﬂ:ﬁqﬁﬁ'xmraiﬂ!.%ﬂuﬁ’u L

Ty vawad, Naf, wrawtnay, ...

Efficiency in induction
motors and variable speed
e drives: not an easy problem

P. Van Roy, B. Slaets, R. Belmans,
Katholieke Universiteit Leuven, Belgium



F 1. Introduction

m Induction motors use more than 50% of

total eiectricity in industriaiised
countries

u Already high efficiency, can still be
improved

u Different efficiency standards give
different results

m Comparison between motors requires
reliable standard

m With converters: no standards yet

induction Motor Efficiency KULeuven Belgium

2. Efficiency standafds

m The loss consists of five components:
- Stator copper losses: P,

Iron losses: Pg,

Rotor copper losses: P ;..

Friction and windage losses: Py,

Stray load losses: P ygiional

u P, and Py .: from no-load test

m P, o and P fromR, s and P;,

® P_ditionals €an not be measured directly

L ]

Induction Motor Efficiency KULeuven Belgium



=% 3. Measurement set-up

- TR T _ . s
" Ty
A R : I
AP L &2 3
i " : .
gty Mol
a1
.

Power Analyser
4 3. Torque transducer
4. Encoder

3 «
| motor load 1. Current
transformers
2. Voltech PM3000A

PM3000A e HGE
IEEE 488.2 interface [I_—l

3-phase sinusoidal
supply

Induction Motor Efficiency KULeuven Belgium
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MEASUREMENT OF OXYGEN TRANSFER IN CLEAN WATER

* tial approximations to minimize the residual

sum of squares and reports the final parame-
ter estimates.

For adequate convergence, the initial pa-
rameter estimate for C, should be within
two mg /L of the final estimate. Frequently,
data are taken with time zero defined early
in the test sequence, and this can correctly
result in large negative predicted values of
C, In these cases, the initial parameter esti-
mate for C, may be facilitated by redefining
time zero so that C_ is approximately zero.
This redefinition of time zero does not affect
the model predictions for K,a and C .

The values of DO predicted by the model
based on the final parameter estimates
should be plotted along with the measured
values and examined. A visual examination
of such a plot will indicate any gross mis-
takes or false convergence in the nonlinear
regression. False convergence occasionally
occurs and can be easily remedied, improv-
ing the inifial parameter estimates.

8.0 INTERPRETATION AND
RerorTING OF RESuLYS

8.1 Standard Oxygen Transfer Rate (SOTR)

By convention, the oxygen transfer capac-
ity of an oxygenation system is usually ex-
pressed as the rate of oxygen transfer
predicted by the model at zeru dissolved
oxygen under standard conditions of tem-
perature and pressure, usually 1.00 atm
(101kPa) and 20°C. This is termed the stan-
dard oxygen transfer rate (SOTR). It should
be noted that SOTR is a hypothetical vdlue
based on zero dissolved oxygen in the oxy-
genation zone, which is not usually desir-
able in real oxygenation systems operating
in process water. The SOTR value shall be
determined by correcting the values of K a
and C estimated according to Section 7.2
for each determination point to standard
conditions by:

Koy =K 20" : @

10

CLoy=Cf) @)

where:

K.a = determination point value of appar-
ent mass transfer coefficient estimat-

ed according to Section 7.2;

Ka,= determination point value of K a cor-
rected to 20°C;

6 = empirical temperature correction fac-

tor, defined by Equation 2 (shall be
taken equal to 1.024 unless proven to
have a different value for the aera-
tion system and tank tested);

C?! = determination point value of steady-
state DO saturation concentration es-
timated according to Section 7.2;

C? , = determination point value of steady-
state DO saturation concentration
corrected to 20°C and a standard
barometric pmsure of 1.00 atn
(101kPa);

1 = temperature correction factor,
=G/ c:m'

C* = tabular value of dissolved oxygen
surface saturation concentration,
mv, at the test temperature, a stan-
dard total pressure of 1.00 atm and
100% relative humidity (7);

C*_, = tabular value of dissolved oxygen
surface saturation concentration,
mv>, at 20°C, a standard total pres-
sure of 1.00 atm and 100% relative
humidity (7);

Q = pressure correction factor,

= P,/P for tanks under 20 ft (6.1 m)
(for deeper tanks or elevation
changes greater than 2,000 ft {610 m],
the more rigorous procedure given

in Annex F shall be used);

P, = barometric pressure at test site during
test, fL%;

P, = standard barometric pressure of 1.00

, atm (101kPa), f'% and
T = water temperature during test, °C.
The average value of SOTR shall be calcu-

lated by averaging the values at each of the
n determination points by

w lhe Americon Sociely O Civil Engineers




ATV M 209E

kar
aka@r
MV,

MW,
MW,
oc
a0C
(«)OCr
«OCrx

OAn

aOA*

OCv

kg/h
kg/h
g/(m*h)
g/(m*h)

%Im

%

g/(m’m)

Area of the collector hood for off-gas measurements
Concentration of dissolved oxygen(DO) in the water
Concentration of DO in the water at time t at absorption and

_desorption measurements

Concentration of DO in the water at time t = 0 at absorptlon and
desorption measurements

DO saturation concentration from the evaluation of a clean
water test

Calculated apparent DO saturation concentration from the
evaluation of an absorption or desorption test with mixed liquor

Measured DO saturation concentration or calculated DO
saturation concentration at T°C at clean water tests

~ Standard DO saturation concentration (water vapour saturated

air, p=1013hPa)atT° C

Diffuser depth (height of water above apertures of dlffusers with
aeration switched off)

Depth of water in the tank (still water level)

Oxygen transfer coefficient in clean water at T°C

Oxygen transfer coefficient in mixed liquor at T°C

Molar ratio, moi Oz/mol N, for dry, CO»-free reference air,

MV, =0.266

Molar ratio, mol Ozx/mol Ny, for dry, CO,-free off-gas

Calibration of an instrument for the measurement of the
volumetric fraction of oxygen in the reference air, e.g. MW, =

100

Measured volumetric fractlon of oxygen in the off-gas

Oxygen transfer capacity in clean water under standard
conditions (T = 20° C, po= 1013 hPa, C=0)

Oxygen transfer capacity in mixed liquor under standard
conditions (T =20° C, po= 1013 hPg, C =0}

Volumetric oxygen transfer rate under.standard conditions. OCr
= QCN, aQCr = aOCN

Volumetric oxygen transfer rate under the pro;echon surface of
the off-gas collection hood

‘Oxygen transfer efficiency in clean water under standard

conditions (T = 20° C, p, = 1013 hPa, C = 0} referred to the
diffuser depth hg

Oxygen transfer efficiency in mixed liquor calculated from an
off-gas measurement

.Oxygen transfer efficiency in clean water under standard
conditions (T = 20° C; p, = 1013 hPa, C = 0). OC referred to the
air flow Q and the diffuser depth he

June 1996 L
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aOCLu
® OP
aOP

OVr*

po

r QL,I
Qe
Que
aur

Qun

To
teox

TDS

<X

Ves

Po2

gl(m’x-m)
ka/kWh
kg/KWh

g/{m>h)

kW
hPa
mw/h

m°wh
mnh
m’w/(m™h)
m”».!(m’ih)
mW/(m™h)
m/(m>h)

°C
°C

min

kg f m3N

Oxygen transfer efticiency in !""IXGd liquor under standard
conditions (T = 20° C, p, = 1013 hPa, C = 0). «OC referred to
the air flow Q. and the diffuser depth he

Aeration efficiency in clean water under standard conditions

(T=20°C, p,=1013 hPa C =0). OC referred to the power
consumption P

Aeration efficiency in mixed liquor under standard conditions (T
= 20° C, p.= 1013 hPa, C = 0). aOC referred to the power
consumption P

Volumetric axygen uptake rate of the mixed liquor, calculated
from off-gas measurements

Power input of an aeration installation
Atmospheric pressure, po = 1013 hPa

Air flow rate referred to standard conditions
(T=20°C, po= 1013 hPa, dry)

Air fiow rate to the volume under-the projection area of the
hood, determined by off-gas measurements, corrected for
standard conditions

Flow rate of off-gas, corrected for standard conditions

Volumetric flow rate of off-gas (qL. = QL,J(AA - hw), corrected for
standard conditions

Volumetric air flow rate to the aeration tank, corrected for
standard conditions

Volumetric air flow rate, Q referred to the volume under the
projection area of the hood

Volumetric water flow rate. Sum of all water and sludge flows
referred to the tank volume

Water temperature
Air temperature

Time for the decrease of the saturatlon deficit (Cs - C) by 90 %.
tegw = 60 2.303/ka; kaain ™

Content of dissolved solids, vaporisation residue of the filtrate
Volumetric fraction of oxygen in dry, CO-free injected air
Volumetric fraction of oxygen in dry, COz-free off-gas

Volume

" Aeration tank volume

Interfacial factor
Salinity factor

Density of oxygen (1 43 kglm n at 0° C and 1013 hPa). The '
density of oxygen in dry air correspondingly is 0.299 kg/m°y

June 1996 1N




STD.CEN PREN 12255-15-ENGL 1999 WM 34045449 0209007 457 mm

Page 5
prEN 12205-15:1999

3.6 standard oxygen saturatlon value (C, ,,,, moA):
as listed in EN 25814 for p, = 1 013 hPa, ég: C, ,,, = 9.09 mg

3.7 lest oxygen saturation value (C, .., mgA):

oxygen saturation value of an oxygen transfer test in clean waler at a specific water lemperalura

(T, *C) and a specific barometsdic pressure (&, hPa). The test oxygen saturation value is converted
1o standard conditions as follows:

Cno = Lgpnt (le cuu) * {P:’ M {4)

3.8 mid-depth oxygen saturation value {C, ... mg/):
for ditiused air aeration the mid-depth oxygen saturation value for standard conditions Is calcutated

as follows (10,35 m ol water is equivalent to 1013 hPa):

C,raze= Cumm- 11+ (1,7 (2110,35))) {5)
3.9 diffuser submergence (4, m):
depth of air release below the water level without aeration operating

3.10 normal air flow rate (O, NmP/h);

air flow rate delivered to the aeration tank, comected for standard conditions (dry air, zero humidity,
p=1013hPa, T=0C)

3.11 aeration setting :

for diftused air aeration: a specified alr flow rate al a specified diffuser depth with or without
additional mixing; for surface aeralors: a specified freeboard or a specified itnmersion depth at a
specified rotary speed and with or without balfles and/oi additional mixing.

4 Symbols and abbreviations

i hy ditfuser submergence, in meter {m})

G oxygen concentration at £ = 0, in miligramme per liter (mgh)
G

initial concentration of dissolved oxygen in the tank withoul sodium sulphite, in
milligramme per fiter (g} .

Cs.20 1esl oxygen saturation value at standard condilions, in milligramme per ier (Mgf)

. Coomtn0 mid-depth oxygen saturation value, in milligramma per liter {mgh)

Capoor tesl oxygen saturation value, in milligramme per liter (mg/l)
| Co.po.to oxygen saturalion value afier a prolonged aeration period determined by Winkler
fitration {see EN 25813}, in milligramma per liter (mgA)
Ce.se.r standard oxygen saturation value, in milligramme per liter (mg/)
Cs.5e,7.° standard oxygen saturation value at the temperature at which the saturation vaiue has

been determined by Winkler titralion, in miligramma per liter (mg#)

C. oxygen concentration at time ¢, in milligramme per liter (mg/)

=-';'0peun-tommillce for Stondardization -
SN Y
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§18N19 Superscripts

1 - 1] A ] 1 |
1. A1 8 Milumsiuuden K a fgnmpivaseuhiiflud K a fiannaznnsgw 20°C
K g, = Kab ®"

: Y | 70 ¢ a ] A
2. i Q Wunslfuui ¢, fanzmaseulihiud c, ianemasgi 20°C
uav 1.00 atm (101 kPa)

. . 1 .
Coo20 = Cuo [‘C_Qj[

. ag

P *
Q== uar T=—=
Ps 520
3. 2MANANNENIRTI AR 20°C, 1.00 atm (101 kPa) WAz 36% relative humidity

&

Standard Methods for the Examination of Water and Wastewater, 17" Edition, APHA, WPCF,
AWWA (1988)

5. Wire Horsepower = 2.319x 10° EF Teel E (volts), 1 (amperes) Uay F (power factor)
6. mmnﬁaqummqwﬁa 0°C, 1013 hPa Way zero humidity

. o o . 4 ¥
. nadsdeuda Wafidaanssanimaneumiiands, Mg,

M, =8-{(V-C, 71000)+ (t,, - OC,, /60)]

-

8. In-situ calibration of the DO probes Usznaudian 3 %um‘au Run
- M pre-calibration Tuanamiiun
- NIATRARUAT zero DO TuansazanslnRundalun
. pIRade DO probes Wlmaaay e calibration fiuA oxygen saturation value Mgaannisin

Winkler titration

o Cgi: A8 ADANTIAUATANEBNAN WNIVAAEL, mgh

v ad v o .
10. Eﬂl.L‘LIUﬂTi‘qﬂ']'NLF\?‘BQI.FlN'ﬂ'lﬂﬂﬁluﬂiﬂﬂﬂ'ﬂUﬂﬂBmzﬂ‘N'l



Vel
Diffuser field Bubble field
Diffuser string

Fig. §: Tanks with diffusers arranged in strings and in fields

e pavanyans
Anbeengrans

NeskassBAR S
asssrnasen

FOTITOIES

sreresaE BN
Ly N
errorennnnes

Completely mixed
tanks

REraieiaas
Hnns

Staged diffusefs

| -

Closed loop tank

Fig. 6: Typical tank shapes with different aeration arrangements

11, n17UsENIN time response 183 DO probe
toos, — probe[sec onds] <415/k a

1 §1 K.a 184 aeration facility iAWY 5 b aznudnAn necessary reaction time t,,, < 83 seconds

12, satnanedunnnfnalnfoudalig (Na,S0,)

+

suamsdanagey 1000 m®

A1 DO concentration 11 mg/L

A1 oxygen transfer capacity 120 kg/h

- A" lag time 15 min

FH10u Na,SO, éwifu DO bonding 1000x0.011x8 = 88 kg
UTunnd Na,S0, & il lag time 120x(15/60)x8 = 240 kg
UTund Na, SO, Tu = 328 kg

13. Cg; A Araandiauavaisdudlummaany, mgi
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1. A1 0 Wlinndfuuden K a igruugiinaseuithiludl Ka fanazinnsgiu 20°C
Ky, = Kal e

1 - ) * & | { o o
2. A Q WlunsuFuusen C fanasnageuliifludy €, Hanteunnegiu 20°C

way 1.00 atm (101 kPa)

:' e

3. 2MNARANIENATEIN AR 20°C, 1.00 atm ( 101 kPa) WAz 36% relative humidity

4, Standard Methods for the Examination of Water and Wastewater, 17" Edition, APHA, WPCF,
AWWA (1989)

5. Wire Horsepower = 2.319 x 10° EIF Tt E (volts), | (amperes} uqx F (power factor)
6. mmﬁﬁaqummfj'\u A8 0°C, 1013 hPa W&% zero humidity

oy e . d_ ¥
7. nulnfandslvsnsenissenmageuniias, M,

Mg, =8-[(V-C,/1000)+{t,, - OC,, /60)]

8. In-situ calibration of the DO probes Usznaudiy 3 Fumens Wun
- N9 pre-calibration luanadlun
- PTAsAARaUAl zero DO TusnrazanainAundalvd
- nsRiaka DO probes Mutimagau \evin calibration AUAN oxygen saturation value FEannasin
Winkler titration

9. C A9 AreanTiruarattdumd luniaaay, mg/

Sp°.T A

10, PuUUNIITAATRUANEINIATLIIMARALAN LAY



Vel
Diffuser field Bubble field
Diffuser string

Fig. §: Tanks with diffusers arranged in strings and in fields
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Fig. 6: Typical tank shapes with different aeration arrangements

11, n17UsENIN time response 183 DO probe
toos, — probe[sec onds] <415/k a

1 §1 K.a 184 aeration facility iAWY 5 b aznudnAn necessary reaction time t,,, < 83 seconds

12, satnanedunnnfnalnfoudalig (Na,S0,)

+

suamsdanagey 1000 m®

A1 DO concentration 11 mg/L

A1 oxygen transfer capacity 120 kg/h

- A" lag time 15 min

FH10u Na,SO, éwifu DO bonding 1000x0.011x8 = 88 kg
UTunnd Na,S0, & il lag time 120x(15/60)x8 = 240 kg
UTund Na, SO, Tu = 328 kg

13. Cg; A Araandiauavaisdudlummaany, mgi
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Aspirating Aerator
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X820 oxygen ransler coefficient al T=20°C, in 1/h

K2, oxygen transier coefficient al at tesl lernperature, In 1/h

M, mass of sodium sulphile needed for one lest, in kilogramme

OTRy slandard oxygen transfer rate, in ¢/{m3.h)

O slandard oxygen transfer capacity, in kgm

-4 barometric pressure during sampling for Winkler titration, in hektopascal (hPa)
p* baromalric pressure during a test, in heklopascal (hPa) ‘

pSt barcmetric standard pressure (1013 hPa), in halklopascal (hPa)

o normal air fow rate, in Nmah

L mixing period al oxygen conceniralion €= 0, in minutes (min)

14 fank volume, in m?

5 Princlple and procedures

After decreasing (absomption fest) or increasing (de-sorption test) the dissclved oxygen
concentration of an aeration tank at constant mixing and a cerlain aeration setling the increasing

or d

ecreasing dissolved oxygen concentration is monitored. This is described by the following

equation:

Q= Cipr - (cs,r.t - C)-expl-ka, - ) (€

By a non-linear regression mathod equation & is fitted 1o the measured values of C, The values for
G, G,,.; and k a, ara oblained. The residues (G, (measured) - C, (caiculated)) plottad versus time
shall be randomly distributed. If they follow a curve a new evaluation shall be performed at which
one ar more valuas & elther and/or from the beginning or the end of the curve are to be neglecled.

Any
[198

The

computer program Jor nonlinear parameler estimation may be used, eg Stenstrom et al.
1). Tha disks provided by ASCE (1992}, by ATV [1996] or by FUL (1595] may be used as well.

NOTE 1; The value of ka, is nol atfecled by the calibration of the DO probes. The exact
delormination of C,,,, requires accurately calibraled DO probes or Winkler litration, see
EN 25813 and EN 25814.

NOTE 2: Experienced Institutions may apply Yinear estimation {log deficit method) ol &2
using a measured oxygen saluration value C, .., see Annex A,

oxygen iransler absorption les! is the most common test method at which the dissolved

oxygen concentration of the aeration tank by addition of sodium sulphite or by injeclion of nitrogen

gas

at first is decreased and then aerated close to oxygen saturation. From the increasing

dissolved oxygen concentation munitored during the aeration perlod the oxygen lransfer
coefficient and the oxygen saturation value are 10 be delermined.

ropeon Committea For Stangmdization
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