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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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€ ¢ mmduduveseendiouazawiiimiifiguugi 20°C awdu i
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USTOIMA 100 % AWFU
P, Aanusuanysaivesanuinadeu
P
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5uenimageu

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)



11

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
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Sandhludhvpfunn Wlsunsuduwamaasvedlna (computerized fluid dynamics)
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. o
Coy = Co| — (4.6)
o020 o
782
@ Jo 1 5 * *
T : ummesiSudgungli= ¢ e
2 uilaeesuiumanuiu=p/p
* =Y Ica :’ 3 =
c. - anududuvesesnBanazmeiAniiquvginedey

g

ANAYU | UTTUINA 100% ANUFY
] ¥ o
c..  anududuvesoendiouasmoidnifiguvgi 20°C

AMAY 1 UTIONIA 100 % AT

P, L AnuRuduysaivesanuiinadel
P C AMuAUANYelNATEIU 1 UsSEIne
14 - lFuastimagsy

MIMAUTEFNTNIMMIAVOINIANIATY U (standard aeration efficiency, SAE) W1 1914

SAE = SOTR/Power Input 4.mn

UszA@NFAMMINWNDBNEIIU (oxygen transfer efficiency, OTE)

SOTE = SOTR/W,,, (4.8)
W, = 6R31M3 IMaFINIaues0endn (W, = 0.2765 Q)
Q. =98nyIMs MamelSuasenmaian1znasgu

by

o _ o o @

MIMUIUAIAIAII M total delivered power) azfde IWAIRTI0TI0 Rersan Fadl Mida

3 1 o o 1 o . L4 . .
dasan 1dun waswwesmdadninWaan (delivered blower power) 1197 113 (delivered turbine

power) wazily (delivered pump power) nFpaaND1MA lagn hlan l¥maeduand1aty



33

oo e o 0 a o, . Y A g @ 4 ar
surface aerator MAGAMIded v mes Uyl vz submerged turbine ABIUMBITINNWADULLAS

be

= ° oo 1 a ot = o
maﬂuﬁ 'i'lﬂ'ﬁ&ili]ﬂﬂ“l.lﬂﬂﬂ15ﬂ’lu'lmﬂ'lﬂﬂﬁdmﬂﬂ@l}ﬂim!!ﬂﬁﬁ‘ﬁuﬂ uﬁﬂﬂﬁ'mu
o ar 1 @ =5 o o Ay = g o Y o

i MAIFIVEINATAY HUTUD fﬂﬂ\‘]'ﬂff’lﬂ\?tﬂ"l'iﬂ’m"ﬂﬁ]'H%]ﬁ’\ﬂiﬂﬂ]iﬂﬂﬂ?ﬂ]ﬁﬂ'ﬂﬂi?ﬂﬁvl‘ﬂﬂ
o o ] a =g ¢ o .
WFILIDULASATUHR UV NATHINHUR ﬁTIJ'I‘Jﬂﬂ'Iu'JmTﬂE’JﬁNJJﬂElﬂ MINADA (cornpressmn) U

o @ = = . . . ar dy
INIFAAUANHMZVBIOZIABIIAD {adiabatic compression} @MU

W RT, (P, k
Delivered blower power = ——— || —~ | —1 (4.9)
K A

T
a o :J o 1)
W, . 80313 IMAFI N (weight flow rate) YoIR1Y

1 = o
T AAINYBDINIH

-~ =

. quuiiauysaineumsda

L AVUAUANY T NBUMIER

U

o

3

L ANUEUELYSEIMAINITOn

Fd

: 8@sdau C/C,

”

- (e Dk dhumen 1 vnulia iy 0.283 S wvduenia

a_ w0 o £ 0w A ' o o by 3/
¥ Mdsdsveunasdlud  muneds didsiignawmiaemedlmi aunsodanld Taold

L Y]

a ded o o o = g a . [ e
T‘n'i'llll.ﬂﬂi‘nﬁll’W‘LlﬁﬂuIﬂﬂﬂiﬂﬂUﬂ’]ﬁ?ﬂiLiﬂﬂJﬂ (torque) HAaZAITULII NYIYU (angular Ve]OCity) ﬂ\iﬁ

Delivered turbine power = ZJTL; N, (4.10)
Ty
Tq - usadie 0193 lae 1Y cradled dynamometer W30 surface strain dynamometer (HIAU-

AI)
=1 =
N, . ANUEIOUNINY (50U UMW)
B 1 o ) =y Sy
Tumsmmddweames s oldnmadnnalddmsudseans-mwvssuamasuas

AuauiAvaurad Taafinasinn wire power gudslsz@ninmvounes il



34

a_oes 1 o &

o 1 o
A midsdgueatly nnsdaddsignmemlaeily mansednnaidlasordfonnuduiug

3
5319199931013 TuaiFa1/511as AURULLUUD DS IHa U2 total dynamic head A9T)

Delivered pump power = Q. (TDH)(W) (4.11)
T

0, :8a5ms vaunsvedlva @munemuasAud)

TDH . total dynamic head ({W@3)

W ﬁymﬁ’ﬂ%1sw1mmi§1ﬁqmﬁgﬁmﬁau (Hadwgnuisimag)

Wi Tumsmnidsdesiivenldmsdmamon wire power gudvlszAninimves
i

9 ﬁ‘l‘cullﬂﬂﬂ1ﬁihﬂi]u (Total Wire Power)

Taontalalida T 9 Taoweinsd (Wire Powen) finnmduiuifuidadadail

Wire power = Delivered Power (4.12)
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