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AERATION SYSTEMS

Because of low solubility of oxygen , low rate of oxygen transfer:;

sufficient oxygen to meet the requirement of aerobic waste
treatment does not enter water through normal air-water

Interface.

To transfer the large quantites of oxygen ;
additional interfaces must be formed
alr or oxygen can be introduced into liquid

the liguid in the form of droplets can be exposed to the atmosphere
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Factors Affecting Oxygen Transfer

The rate of gas transfer is generally proportional to the difference
between the existing concentration and the equilibrium

concentration of the gas in solution

dc
dt

c =

=Ko v AC._C)

KLa

Cs —CO
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» The overall mass transfer coefficient (K ) Is determined in test or

full-scale facilities.

> If pilot-scale facilities are used — Scale up must be considered to

determine K,
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Determination of K, . In clean water (ASCE, 1992)

» Dissolved oxygen (DO) is removed from a known volume of water

by the addition of sodium sulfite

» Then the water Is reoxygenated to mean the saturation level. During

reoxygenation (reaeration) period, DO concentrations are measured

Experimental Data:

Time, min DO Concentration, mg/L
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Cs—Ct _ ~(KLat) _Cy)=log(Ce —Cp) — La
Cs—CO_e = log(Cs ~Ct) =l0a(Cs ~Co) —=1-

Using experimental data, Cs-Ct versus t is plotted

Cs-Ct

Slope = K, /2.303 =K, = (slope) (2.303)

/

Logarithmig
Scale time

y
»



Determination of K, , In wastewater

Uptake of oxygen by microorganisms must be considered.

Typically, oxygen is maintained at a level of 1 to 3 mg/L and the

microorganisms use the oxygen as rapidly as it is supplied.

dc Rate of oxygen used by microorgnisms
—>

a — KLa(CS - C) —Im can be determined in lab by using respirometer

If the oxygen level is maintaned at a constant level, dc/dt =0 and ;

'm

(G -C)

'm =KLa(Cs -C) - KLa=
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The mass transfer coefficient K, , is a function of:

» Temperature

> Intensity of mixing (type of aeration device & geometry of mixing basin)

» Constituents in water
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Effect of Temperature on Oxygen Transfer

o(T—20)

“La(T) =% a20°c)

6 =1.015-1.040

1.024 is a typical for both diffused and mechanical aeration devices.
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Effects of mixing intensity & tank geometry

o varies with;
o= K| _g(wastewater
K| _g(tapwaten > Type of aeration device
» The basin geometry
» The degree of mixing
» The ww characteristics
a=03-1.2

For diffused aeration equip. = 0.4 - 0.8
For mechanical equipment =0.6 —1.2

I\/ILSS)2,3

_1-0.16
* (5000 o

Popel Equation ——
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Effects of wastewater characteristics

B — is used to correct the test system oxygen transfer rate for

differences in oxygen solubility due to constituents in the water

such as salts, particulates, and surface-active substances

- C,(wastewater)

p

~ Cs(tap water)

B=0.7-0.8
(0.95 is commonly used for ww)

11
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CALCULATION OF ACTUAL AMOUNT OF OXYGEN
REQUIRED UNDER FIELD CONDITIONS

PeST.H L
Cs,20

AOTR = actual oxygen transfer rate under field conditions, kg O,/ hr

AOTR=SOTR 10.024T =20y ) (P

SOTR = standard oxygen transfer rate in tap water at 20 C, and zero dissolved oxygen, kg O,/ hr
B = salinity-surface tension correction factor = C, (ww) /C (tapwater)

C, 1t = average dissolved oxygen saturation concentration in clean water in aeration tank at temperature T
and altitude H, mg/L

C, = operating oxygen concentration, mg/L

Cs ., = DO saturation concentration in clean water at 20 C and 1 atm, mg/L
T = operating temperature, C

o = oxygen transfer correction factor for waste

F = fouling factor (typically 0.65 —0.9) is used to account for both internal & external fouling of1a2|r
diffusers.
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internal

caused by impurities in the compressed air

Diffuser Fouling

external
caused by the formation of biological slimes

and inorganic precipitants

13
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CoT 1y =CST,H>( d__,Oty| For surface aerators
CS,T,H — CS,T,H

Cstn = 0Xygen saturation concentration in clean water at temperature T
and altitude H ), mg/L (see Metcalf & Eddy, 2004, Appendix D)
Py, = pressure at the depth of air release, kp,

(Patm,H t I:)w,effective depth)

Patm,H = atmospheric pressure at altitude H, kPa (see Metcalf & Eddy, 2004, Appendix D)

O; =% oxygen leaving tank (usually 18 — 20 % )

14
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CSTH=CSTH

1, A | O
Z(Patm,H " 21)

The term in the brackets when multiplied by one-half represents the

average pressure at mid depth and accounts for the loss of oxygen to

biological uptake.

If biological uptake is not considered,

I:)am +Pwmi e
CS_TH:CS,T,H( t’HP mide pth)

atmH

P mid depth = Pressure at mid depth, above point or air release due to

water column.
15
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Specific Oxygen Transfer Efficiency (SOTE) of Diffusers
(% OTE / m water depth )

SPOTHY%/m) =9—8.63104MLSS+ 25610 OMLSS

Oxygen Transfer Efficiency (OTE) of Diffusers

OTH%)=SpOTE x m waterdepth

16
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Typical clean water transfer efficiencies (SOTE) for various diffused air devices — M&E, 4t
Edition Table 5.27, pg. 437

I Table 5-27
Typica! information on the clean water oxygen transfer etficiency of various cir diffuser systernsa

Air flowrrare /diffosar

Diffuser rype and placement 2 el 3 i SOTE imgi s M
Ceramic disks—grid A3 A QO.01—0.1 o5 35
Ceramic dcrnes—grid o525 0.1 5007 27F—37
Ceramic plates—grid 2.0—-5.0° O.6-1.54 26—33
Rigid porous plastic tubes

Crict 2.4 0 SO0 11 2?28-32

Dual spriral Foll 3.0—11.0 00803 128

Single spiral roll 20120 1325
MNonrigid porous plastic tubes _

Grid 1.0-7.0 Q0302 256358

Single spiral roll 2.0-7.0 OO0 2 19—37
Perforoted membrane tubes

Grid 1.0—4.0 D.O3—0.T1 2229

Clucrter points 2040 Q046017 17—-24

Single spiral roll 2.0-6.0 0.6-017 15-1%
Perforcted membrane ponels LA P, 38 -A3=
J=r geration

Side header S5a4-300 1.5-8.5 15—-24
MNonporcus diffusers

CDual spiral rell 3310 o128 12-13

Mot A 2—A45 O 1Z2-1.25 10—13

Single spiral roll =35 0.28-1 O F—T1Z

“Adapted in part from YWPCF [1988] and L5, EPA [ 178%1.

ESOTE — stardard ocxygen transfer eMiciency. Standaord conditions: fap woter 209 [GB2F]; ot 1301 3 kNy/m (147 lbyfin?; and
initicl dissclved gxygen — 2 mgsL i

=lfnits are AR of diffuser-min. 17

Hinits are m?/mM? of difuser-rmin_

=Parzairal communcation, Parkson Corporaticon.

rSAs — nor applicable.
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Example: Calculate the required total blower capacity necessary to supply

oxygen requirement of 2892.7 kg/d for the plant having following characteristics.

»Fine bubble aeration system

»DO in aeration basin = 2 g/m?3

»Site elevation = 500 m (pressure 95.6 K )
»0=0.5,p=095F=0.9
»Liquid depth for aeration basin = 4.9 m

» The point of air release for the aerobic diffuser is 0.5 m above the tank bottom

18



Solubility of Dissolved Oxygen in Water as a Function of Salinity and
Barometric Pressure

Ref: Metcalf & Eddy

Table D—-1 _
Disso -oxygen concentration in water as a function of temperature and salinity
(barometric pressure = 760 mm Hg®

—ie  Eaaeceean
o 14.60 14.11 13.64 13.18 12.74 12.31 11.90 11.50 T1.11 10.74
1 14.20 13.73 13.27 12.83 12.40 11.98 11.58 11.20 T0.83 10.46
2 13.81 13.36 12.91 12.49 12.07 11.67 11.29 10.921 10.55 10.20
3 13.45 13.00 12.58 12.16 11.76 11.38 11.00 10.44 10.29 .95
4 13.09 12.67 12.25 11.85 11.47 11.09 10.73 10.38 10.04 .71
5 12.76 12.34 11.94 11.56 11.18 10.82 10.47 10.13 2.80 .48
& 12.44 12.04 11.65 11.27 10.921 10.56 10.22 .89 2.57 .27
7 12.13 11.74 11.37 11.00 1065 10.31 .98 .86 .35 2.06
8 11.83 11.46 11.09 10.74 10.40 10.07 °.75 .44 914 8.06
= 11.55 11.19 10.83 10.49 10.16 9.84 9.53 2.23 8.94 £.66
10 11.28 10.92 10.58 10.25 2.93 .62 9.32 2.03 8.75 8.47
11 11.02 10.67 10.22 10.02 .71 .41 @12 8.33 8.54& 8 30
12 10.77 10.43 10.11 .80 9_50 2.21 8.2 8.65 8.38 e.12
13 10.53 10.20 2.89 .59 9.30 2.01 874 8.47 8.21 796
14 10.29 o.98 2.68 2.38 2.10 8 82 8.55 8.30 8.c4 7.80 .
15 10.07 77 .47 219 8.91 8.64 8.38 8.13 7.88 7.65
16 .86 °.55 2.28 2.00 8.73 8.47 5.21 7.97 7.73 7 50
17 965 ©.36 .09 8.82 8.55 8.30 8.05 7 81 7.58 7.36
18 .45 917 3.90 8.64 8.39 8.14 7.90 7.6 7.44 7.22
19 226 8.99 8.73 8.47 8.22 7.8 7.75 7.52 733 7.09
20 .08 8.81 8.56 8.31 8.07 7.83 7.60 7.38 77 6.96
21 8.90 8.64 8.37 815 7.21 7.6 7.46 7.25 7 .Ca 5.82
z2 8.73 8.48 8.23 8.00 777 7.54 7.33 1.12 6.91 &8.72
23 8.506 8.32 8.08 7.85 7.63 7.47 7.20 6.99 879 19s.60
24 8.40 8.1& 7.93 771 7.49 7.28 7.07 6.87 6.68. 6.49
25 8.24 8.01 7.79 7.57 7.36 715 6.95 &6.75 6.56 6.38
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B-2 CHANGE IN ATMOSPHERIC PRESSURE
WITH ELEVATION

In SI vnits
The following relationship can be used to compute the change in atmospheric pressure

with elevation:

-2 = axn

P, ¥ RT

where P = pressure, 1.01325 X 10° NAqn?
g = 9:81 m/s*

M = mole of air (see Table B-1) = 28.97 kg/kg-mole
z = elevation, m

20




_SEE———

Ref: Metcalf & Eddy

R = universal gas constant = 8314 N-m/kg-mole-K
= 8314 keg-m?*/s**kg-moleK
T = temperature, K (Kelvin) = (273.15 + °C)

In U.S. customary units

The following relationship can be used to compute the change in atmospheric pressure
with elevation.

P.l'} g‘!w(:h o :u:]:|

p, P ¢ RT

where P = pressure, 1b/in”

32.2 fitfs?

32.2 ft-lb_/lb-s?

= mole of air (see Table B-1) = 28.97 1b/lb-mole
elevation, ft

= univcrsal gas constant = 53.3 ft-1b/lb-air-°R

= temperature, “R = (459.67+ °F)

N e R 0
|

21
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Ref: Metcalf & Eddy

Table B-1

Molecular weight, specific weight, and density of gases found in
wastewater at standard conditions (0 C and 1 atm)

Molecular Specific weight, Density

Gas Formula weight Ib/ft? g/L
Air _— 28.97 0.0808 1.2928
Ammonia NH., 17.03 0.0482 0.7708-
Carbon dioxide CcO, 44.00 0.1235 1.9768
Carbon monoxide CO 28.00 0.0781 1.2501
Hydrogen H, 2016 0.0056 0.0898
Hydrogen sulfide H,S 34.08 0.0961 1.5392
Methane CH, 16.03 0.0448 0.7167
Nitrogen N 28.02 0.0782 1.2507
Oxygen o, 32.00 0.0892 1.4289

a Adapted from Perry, R. H., D. W. Green, and J. O. Maloney (eds.) (1984) Chemical Engineers’
Handbook, 6th ed., McGraw-Hill, New York.

22
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Ref: Metcalf & Eddy

Table B-2
Composition of dry air at 0° C and 1.0 atmosphere

Percent Percent
Gas Formula by volumeb-< by weight
Nitrogen N, 78.03 75.47
Oxygen O, 20.99 23.18
Argon Ar 0.94 1.30
Carbon dioxide CO, 0.03 0.05
Other — 0.01 —

#

aValues reported in the literature vary depending on the standard conditions.

> Adapted from North American Combustion Handbook, 2d ed., North
American Mig. Co., Cleveland, OH.

<For ordinary purposes air is assumed to be composed of 79 percent N, and
21 percent O, by volume.

4Hydrogen, neon, helium, krypton, xenon.

Note: (0.7803 x 28.02) + (0.2099 x 32.00) + (0.0094 x 39.95) +
|0 0003 x 44.00) = 28.97 (see Table B-1).

23
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Ref: Metcalf & Eddy

B-1 DENSITY OF AIR AT OTHER TEMPERATURES

In Sl units
The following relationship can be used to compute the density of air p_.

_ P
Pa™ RT
where P = atmospheric pressure = 1.01325-10° N/m?
M = mole of air (see Table B-1) = 28.97 kg/kg-mole
R = universal gas constant = 8314 N-m/kg-mole-K
T = temperature, K (Kelvin) = (273.15 + °C)

For example, at 20°C, the density of air is

(1.01325 X 10° N/m?)(28.57 kg/kg-mole)
Pazre = = 1204 kg/m’
(8314 N-m/kg-m.ole-K:)[ (273.15 + 20)K]

24
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Ref: Metcalf & Eddy

In U.S. customary units

The following relationship can be used to compute the specific weight of air . at other
temperatures at atmospheric pressure.
_ P (144 in%/ft’)

‘ RT

where P = atmospheric pressure = 14.7 Ib/in?
R = universal gas constant = 53.3 ft-Ib/lb-air-°R
T = temperature, °R (Rankine) = (459.67 + °F)

For example, at 68°F, the specific weight of air is

i (14.7 b/in?) (144 in*/f2)
Ta8 = (533 fulb/Ib-air’R) [ (459.67 + 68)°R]

= 00753 Ib/ft

25




Aeration Syste

Diffused Air
Systems

Blower , air
mains, header
pipes through

which air passes

Diffusers that are
submerged in ww

*Porous diffusers
*Non-porous diffusers
*Other diffusion devices

ms Used for WW Treatment

Mechanical
Aeration Systems

High Purity Oxygen
Systems

Aerations w/ vertical
axis

—ssurface aerator

—submerged aerator

Aeration w/ horizontal
axis

—surface aerator

—submerged aerator

Downflow bubble
contactor

U tube contacter

26




Typical Porous Air Diffusers

» Domestic disks membranes
> Tubes

> Plutes

a) Aluminum Oxide Disc h) Ceramic Dome

27



Typical Porous Air Diffusers (continue)

Polyethylene disk

Threaded
retainer ring

™ Base plate

Mechanical wedge
section for
attaching base

control
orifice and
check valve

a) polyethylene disc

Stainless-steel lift limiter
and backflow valve

L.

Membrane

Polypropylene
support disk

Stainless-steel
Threaded clamping ring

connection

b) perforated membrane

28



Diffused — Air Aeration Systems

air is introduced into liquid being aerated in the form of bubbles which
typically rise through the liquid

common device for ;
transferring oxygen in aerobic biological treatment

systems stripping of volatile organics

> the size of bubbles varies from
coarse to fine

 fine-bubble diffusers
« coarse bubble diffusers

T '- e

f: http://www.brightwaterfli.com/diffused_aeration_systems.htm

FINE BUBBLE

Ref:http://www.hellotrade.com/diffused-gas-technologies-incorporated/ss-series-plenum-coarse-bubble-diffusers.html 29

COARSE BUBBLE



Siffused — Alr Aeration Systems (continue)

gas transfer rate o size of bubbles

— smaller bubbles — greater A/ — more efficient than larger sized
bubbles for mass transfer

» Porous diffusers  (e.g., plate, dome, disc, tubular diffusers)
» Nonporous diffusers (e.g., fixed orifice, valved orifice)

» Other diffusers  (e.g., jet aeration)
30
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Diffused — Air Aeration Systems (continue)

Typical Porous Diffusers

DOME DIFFUSER DOME DIFFUSER DISC DIFFUSER

(&)

' Ref: Metcalf & Eddy, 1991, McGraw Hill

Dome, disc diffusers = are mounted on or screwed into air manifolds

31



'.Dliffused — Alr Aeration Systems (continue)

Typical Non Porous Diffusers

Valved orifice diffuser Perforated tube diffuser
”;;;m.ﬁy raatic o Stainless-steel
Q\'\? —— \< - = ' ;"/ riffusar
= JE —_— .

Control orifice

header {h) Tube
pipe

Ref: Metcalf & Eddy, 1991, McGraw Hill Ref: Metcalf & Eddy, 1991, McGraw Hill

» Produce larger bubbles than
VALVED ORIFICE DIFFUSER porous diffusers
(non porpous diffuser)
Device that contains a check value to i . .
prevent backflow when air is shut off. » Lower aeration emC'enCy
Mounts on air distribution piping.

»> Lower cost, less maintanance ,,



Diffused — Air Aeration Systems (continue)

Typical Other Diffusion Devices

Jet aerator Aspirating aerators

Waler in .
Bir in

{behind) \ /

Aar injectedd
into the walar

e e e S .
x\é. o S v e
L o R N S R
N e
p S Wi

e, W o,

& ' / I [y h q—-——{:qu ‘ P;f;gxeiier %&%‘:«?:»m“m

Adr and water out S — N “»~-li'_"_‘j1-*.,m
g ) {c) Aspirating Aerator

Jet aerator

discharges a mixture of pumped liquid and
compressed air through a nozzle.

33



375l Water Depth = 15.0 ft.
Disc/Dome Grid
30.0 +
Porous Tubes
22.5 %~
= ’
—
S 15.04
Coarse Bubble
751 -
o + ¢ - + +
3 [ £ 12 1s
Air Flow Rate Per Diffuser {(scfm)
main header
o
= 2
===
S
5 = g
- =
S
=
=

tHHH |

FIGURE a4.13

Schematic of the air supply systcm.

bilower with inlet '

filter and silencer .

T ii———

(flow control) vaives

zone header with
Iaterals and diffusers
(acration grid)
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Wastewater Flow

+ - e Ex
+ - + -
-+ - B -
-~ - - -
-+ -+ + -
- + e +
-~ - - e
- 9~ .. -
-~ - - -
Single Spiral Roll Mid-wWidth Dual Spiral Roll
. (Center)
+- + + + - + + =+
- + > -
- b s - -
g S L SRy, o= g EP=<
- + = -
> = + =
> @ > - B I
- + + -
i i . - -+ - »
Cross Roll Total Floor Coverage

3

1 Y Blower station 8. Diffuser element

2z Air supply header 9. Diffuser (here membrane diffuser KKI 215)
3. Dropleg 10. Drainage coupling VPL 90

9. Zona header 11. VWater coliection pipe

= Bottom mountting bracket TPK 150 12. Purge hose/pipe

6. bottom mounttling bracket HPK 210 13. Pipe supporting

7. Connection sleeve HSY S0-90 14, Expansion joint

/ Acration \
group

®| P

|
rowus
\ > a P /
I nfluent -

i I r

Eoprzsm] - [@miswm] 35

\

Placing of diffusers in an oxidation ditch {(race track) equipped with flow generators









TABLE 10-6

Description of air diffusion devices®

Type of diffuser Transfer See
or device efficiency Description Figure
Porous
Plate High Square ceramic plates instalted in fixed holders on
tank floor.
Dome High Dome-shaped ceramic diffusers mounted on air 10-10a
distribution pipes near tank floor.
Disc High Rigid ceramic discs or flexible porous membrane 10-10b6
mourted on air distribution pipes near tank floor.
Tube Moderate Tubular-shaped diffuser that uses rigid ceramic 10-10c
to high media or flexible plastic or synthetic rubber sheath
mounted on air distribution pipes.
Nonporous
Fixed orifice
Perforated Low Air distribution piping with small holes drilled along
piping the length.
Spargers Low Devices usually constructed of molded ptlastic and 10-10d
mounted on air distribution pipes.
Slotted tube L ow Stainless steel tubing containing perforations and
slots to provide a wide band of diffused air.
Valved orifice L.ow Device that contains a check valve to prevent 10-10e
backflow when air is shut off. Mounts on air
distribution piping.
Static tubes Low Stationary vertical tube mounted on basin bottom 10-10fF
that functions like an air lift pump.
Perforated Low Perforated hose that runs lengthwise along basin
hose and is anchored to the floor.
Other devices
Jet aeration Moderate Device that discharges a mixture of pumped liquid 10-10g
to high and compressed air through a nozzle assembly
located near the tank bottom.
Aspirating Low Inclined propeller pump assembly mounted at 10-10hH
basin surface that draws in air and discharges
air/water mixture below water surface.
U-tube High Compressed air is discharged into the down leg of 10-10i
a deep vertical shaft. 38

®* Adapted from Ref.

63.
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DIFFUSER PERFORMANCE
The efficiency of oxygen transfer depends on many factors;
» Type, size, and shape of diffuser
» The air flowrate
» The depth of submersion
» Tank geometry including the header and diffuser location

> WWw characteristics

Aeration devices — evaluated in clean water (SOTE, standard oxyen transfer
efficiency) -

— the results are adjusted to process operating conditions



Typical Nonporous Air Diffusers (continue)

» Non-porous Diffusers; (produce more bubble than porous
diffusers)
 Orifice
* tube

I
|
ontro e,
™ -‘ i a .
Discharge (4 holes typical) s .

{a) Crifice (b) Tube

40




Other Diffusion Devices

» Other Diffusion Devices
» Jet aerator
 Aspirating aerator
e U-tube

e ~ Mixing
Vertical & _\ Entraining  opamber
i e Pressurized Water i
Jet flux iy . ater in -
& N 7 air (behind) \ Airin
: 2 ,..'-_f 2 \ ,f‘
N
L Jet aerator O ;
Horizontal liquid \
jet plume '
Air and water out
() Jet Aerator (b} Jet Aerator in a manifold arrangement
particularly suited for deep (=Bm] tanks pressunzed air and liguid are combined in a mixing
chamhber

41
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Other Diffusion Devices (continue)

Air intake

Air injected
into the water

(C) Aspirating Aerator

42
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Blowers;
3 types of blower are commonly used for aeration;
» Centrifugal

» Rotary lobe positive displacement

» Inlet guide vane-variable diffuser

43
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Centrifugal blowers (capacity > 425 m3/min
> discharge pressure ranges 48-62 kN/m?

» similar to low-specific-speed centrifugal pumps

» the operating point is determined by the intersection of the
head-capacity curve and system curve

Centrifugal Blowers

44
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Rotary lobe positive displacement (capacity < 425 m3/min)

> for higher discharge pressure applications > 55 kN/m?

» 1S a machine of constant capacity w/ variable pressure

» the units can not be throttled but capacity control can be
obtained by the use of multiple units or a variable speed drive

45
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Inlet guide vane-variable diffuser (capacity 85 — 1700 m3/min)

S w— » arelatively new blower design
d
> asingle stage centrifugal operation that
T Incorporates activaters to position the inlet
guide vane and variable diffuser to vary

. blower flowrate.

- » well suited to applications with medium to
high fluctuations in inlet temperature,
discharge pressure and flowrate

> blower capacity 85 — 1700 m3/min at pressures up to 170 kN/m?

» turndown rate (Qmin/Qmax) : 40% is possible w/o significant
reduction in operating efficiencies

» high initial cost , sophisticated computer control system 46
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In WWTP, blowers must supply a wide range of airflows under varied
environmental conditions. Provisions have to be included in the

blower system design to regulate or turndown the blowers

Methods to achieve regulation or turndown;

» Flow blow-off or by passing — effective method of controlling
surging of a centrifugal blower

> Inlet throttling are applicable only to adjustable
»discharge diffuser |centrifugal blowers

» variable speed driver — more commonly used on positive
displacement blowers

» parallel operation or multiple units 47



MECHANICAL AERATORS

» By producing a large air-water interface the transfer of oxygen
from atmosphere is enhanced

» Can be VERTICAL SHAFT or HORIZONTAL SHAFT

Ref: http://en.wikipedia.org/wiki/File:Surface_Aerator.jpg Ref: http://www.waterandwastewater.com/www_services/newsletter/april_18 2011.htm
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MECHANICAL AERATOR PERFORMANCE

» are rated in terms of kg O, / kw — hr at standard conditions, 20 C,
DO =0, test liquid is tap water.

» commercial size surface aerators range in efficiency from 1.2 - 2.4
kg O,/ kwhr

For design purposes, the standard performance data must be adjusted
to reflect field conditions by using the following equation;

N = NO(BCWS|§;C'—))1.024T—ZOOL

49



N
N = kg O,/ kw.hr transferred under field conditions
N, = kg O,/kw.hr transferred in water at 20 C, and 0 DO.
B = salinity-surface tension correction factor (usually 1)

C..ai= 0XYygen saturation concentration for tap water at given

temperature and altitude (Appendix D) (Figure 5.68)

C, = operating oxygen concentration, mg/L

T = temperature, C

o = oxygen transfer correction factor for waste (Table 5.32, pg.447)

Figure 5.68 (Metcalf & Eddy, 2004

\

Oxygen

Solubility
Correction Cs(alt) = Cs(at sea leveDxFa

Factor (F,)

: 50
Elevation, 103



Oxygen transfer data for various types or mechanical aerators — Table 5.31,
pg. 446 (Metcalf & Eddy, 4™ Edition)

J Table 5-31
Typical ranges of oxygen transfer capabilities for various types of mechanical aerators?

- Transfer rate, Transfer rate,

I A e Ib O,/hp-h kg 0,/kW-h

“Adration systom Standard® Fleld: Standard Field
Surface low-speed 2.5-35 }.2-2.4 1.5-2.1 07-1.5
Surfoce low-speed with draft fube 2.0-4.6 1.2-2.1 1.2-2.8 0.7-1.3
Surface high-speed 1.8-2.3 1.2-2.0 1.1-1.4 0.7-1.2
Submerged furbine with draft tube 2.0-3.3 1.2-1.8 1.2-2.0 0.6-1.1
Submerged lurbine 1.8-3.5 1.1-2.]
Submerged turbine with sparger 2.0-3.3 1.2-1.8¢ 1.2-2.0 0.7-1.0
Horizontal rotor 1.5-3.4 0.8-1.8 1.5-2.1 0.5-1.1

*Derived in part from WPCF (1988} and WEF (1998b).
bStendard condifions: tap water 20°C (68°F); at 100 kN/m? (14.7 Ib/in?); and initial dissolved oxygen = 0 mg/1
“Figld conditions: wastewatsr, 15°C [59°F); allitude 150 m (500 R}, a = 0.85, 8 = 0.9; operating dissoived oxygen = 2 mg/L

dBased on rasearch results, it appears that a values may be lower than 0.85; reported ranges vary from 0.3 1o 1.1, WEF
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