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More stringent effluent requirements combined with decreasing land a-
vailability (at an ever.increasing cost) presents a unique design problem
to those engineering industrial and municipal wastewater treatment plants.
Where treatment plants exist but expansion is required, land surrounding
the existing treatment plant is either unavailable or carries a prohibi-
tively high price tag. For these feasons, biclogical treatment piants'
are being constructed on smaller land areas utilizing deeper aeration

basins.

As the available surface area decreases, the use of surface aerators may
become objectionable hecguse the application of sufficient power at the
surface to provide the required oxygen transfer can yield an esthetically
unpleasing plant due to surface turbulence. Where the ratio of energy
input to available surface area must be high in order to provide the de-
sign oxygen transfer, the resultant high turbulence with surface aerators
produces a colloidal liquid particie termed "mist". This material can
become objectionable when it is blown by the wind outside the property
boundary of the sewage treatment plant. Additionally, closely.confined
saerators may create a unoise problem by their pumping action as they pump

large quantities of liquid through the air.

-

Sub-surface aeration systems eliminate m#ny of these problems in that

high power inputs beneath the surface of the aeration basin can ﬁe utilized
with minimal surface turbulence. This reduces the noise level substanti-
ally in the sewage treatment plant and produces minimal colloidal "mist".
'Submerged turbine aeration devices provide additional benefits in thaﬁ

100% process flexibility is obtainable. Systems are designed to run with
no air supplied to the mixing turbines and at this design poiné total

solids suspension is obtainable with no oxygen transfer. As the air is



.

turned from 0 to 100% of the design capacity of the system, oxygen pransfer5
is increased up to the maximum design point. 100% flexibility with con-
stant mixing is obtained whilg simultaneoulsy ;educing the_air quantities
that would otherwise be required with'diffused“air type systems. Reduction
in air quantities reduces mist production and provides minimal surface
turbulence for the quietest possible operation. Additionally, dissolved
oxygen levels can be contrﬁlled during periods of low loading thereby pre-
venting problems with denitrification in the final clarifief. These
systems can be designed to haﬁdle any uptake rate and industrial Biolog-
ical treatment systems with uptake rates substantially exceeding 200
mg/L/hr have been insta;led and-operatéd satisfactorily. There is no
maximum size to the units that can be appliéd and 300 HP:units are be-

coming a more common occurrence. (1)

-Since the submerged turbine systems can satisfy any design uptake rate
withouf relying on the surface_area of the basin for oxygen transfer, ex-.
tremely_deeﬁ geration_tanks can be provided which means minimal use of land
area. Installations with 30"1iquid depths are now in operation and

depths two and three times this value are totally_plausible.

As the use of submerged turbine aeration devices gained in promihence,
testing of this type equ}pment become more commonplace. Little information
has been pub;ished concerning the evaluation of these type aeration sys-
tems and a cogpiete spectrum on tﬁg,data analysis procedure has been useéd.
The so-called surfaceIaerato;'mgthematical model waé initially used in
analyzing submefged systems.because,the surface aerator model was simple

to use and readily available. Unfortunately the surface aerator model is
totally inadequate fo; this fype déta analysis and error exceeding 50% are

not uncommon.



This inadequacy has been noted by numerous investigators (2) and various
mathematical models have been proposed in an attempt to compensate for the
incorrect method of data analysis. Additiqn&lly, testing procedures vary
widely and simple modifications to the so-called un-steady state re-
aeration test can cause additional errors in evaluationg submergeg tur-
bine systems. One may have a tendency to rely on BOD removal information
rather than clean water testing of sub-surface aerations systems. This is

a dangerous practice that can lead to gross errors and totally inadequate

plant design,

The solution to the problem is a correct test procedure designed to elim-
inate errors caused by impropver sampling, chemical effects, oxygen con-
centration gradients, ete. Secondly, the data must be evaluated properly
in order that correct conclusions regarding performance are drawn. A
further method for minimizing problems in the Field is to test full scale
units rather than relying on "scale-up". If testing is impossible, a de-
tailed review of past data is imperative and & re-evaluation of the dats

submitted should be undertaken using an eppropriate mathematical model.

Sub-surface aération is defined as oxygen transfer that results when an
oxygen containing gas is continuously released below the free surface of
the liquid to be aerated. Because of turbulence, bouyancy, and interfacial
tension(B’h) the gas becomes the discontinuous phase and assuﬁes the fo;m
oflbubbles. Mass transfer takes place from each bubble as it rises to and

breaks the free surface of the liquigd.

Superscript numbers throughout the text refer to bibliography.
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DETERMINATION OF OXYGEN CAPACITY

The performance of surface aeration devices is usually determined by the
standard non-steady state or transit re-aeration of tap water. This pro-
cedure has been discussed in detail by Landberg, et al.(5) Inlorder to
discuss the evaluation Oflsub-surface aeration systems, using the same
'experimental test; & brief féview of the model and in particular the

‘assumptions used when evaluation surface aeration systems is in order.

The basic equation used in this model is:

W - % . ' -
Iag g%. = KLa(T) (c* - ¢C) .'.""(l)

The assumptions %hat_are implicitly made when this equation is used to .
describe the re-geration process are as follows:

1. The non-éonvective mass transfer takes place in a zone where the
partial pressure and the concentration of the gas being
transferrfed remains constant is the gas phase. i.e. C¥* remains
constant during the experiment and will only change when the
water tempefature and/or stmospheric pressure changes.

2. The major resistance to mass transfer resides in the liquid film
and therefore the Kia(?) depends only on the liquid properties.

3. The total mass of liquid being aerated is instantaneously at the
uniform concentration C., (Convective mass transfer rate much
greater than mass transfer rate due to turbulent diffusion at

gas-liquid interface.)

When these assumptions are satisfied, equation (1) can be integrated to



the usual logarithm of the dissolved oxygen deficit proportional to time
form. Use of this form allows the Kra to be determined from the slope

of the semi-log plot of deficit versus time,

When the method of aeration is sub-surface and a non-steady state re-
aeration experiment is conducted, how are these assumptions modified?

Of the three assumptions listed above, the first is the one that must be
be relaxed for application to sub-surface aeration. This can be éasily
understood by recallihg that oxygen obeys Henry's Law which says that the
2gquilibrium concentration of a solution of gas dissolved in a ligquid at

a given témperature is proportional to the partial pressure in the mix-

ture above the liquid.(é)

c*(T) = H(T) Mgy Pp_ e (2)
When applied to an aeration system in which the mass transfer occurs only
at the free ligquid surface at a constant water temperature, the threg fac-
tors on the right hand side of equation (2) are all constant since H(T)
depends only on gas-liquid pair and the liquid temperature. The mole
fraction, MOQ, oxygen in the atmosphere is constant at .209. This in
effect, assumes the atmosphere is an infinite supply of oxygen and re-
plenishment of atmospheric oxygen in the region of the interface occurs
much faster than the rate at which it is depleted. The diffusion coef-
ficient of oxygen in air is approximately 10h times the diffusion coef-
ficient of oxygen in water so for all intents and purposes depleted at-
mospheric oxygen is instantaneously replaced., And Pp, the atmospheric
pressure, does not usually change over the time period of an experimental

run.



Now let's examine what takes place when the gas phase is present in the
form of a bubble submerged and rising in an oxygen depleted liquid. At
the point of bubble release M02 is .209 assumiqg atmospheric air is used
for the gas supply. The absolute pressure in the dbubble at a depth Zb

below the free ligquid surface is:

It is assumed that the characteristic bubble size ry3» 2 */Pp so there are

(1) As the

no interfacial effects influencing the internal pressure.
bubble riseg it will transfer oxygen (we_assume here that the liguid is
saturated w;th nitrogen and the gas is saturated with water vapor so the
only species.heing transferred is oxygen) and therefore both Pgp and Moo
will be decreasing. Decreases in PT are caused.by the movement of the
bubble toward the free surface and hence regions of lower hydrostatic
pressuré. Decreases in Myo are caused by transfe; of oxygen from the

gas inside the bubble to the liquid. A gas bubble, unlike the atmcsphere,

cannot be considered as representing infinite supply of oxygen.

It is clear that C* for the sub-surface aeration system is no longer a
simple constant. The bubble, the basic mass transfer element, "sées" a
constantly changing equilibrium concentration in the liquid depending

on where it is with respect to the free surface and how much oxygen is
being depleted or the mass transfer rate. At the beginning of a re-
aeration experiment'when the dissolved oxygen concentration is approxi-
mately zéro, the mass transfer rate is high and the depletion is rapid.
Conversely, after an extended period of aeration, the mass transfer rate

_approaches zero and in some regions (upper portions) of the basin oxygen



is transferred from the liquid to the gas and in other regions (iower
portions) oxygen is transferred from the gas to the liquid. Here we have
& dynamic steady state situation in which absorption and desorptioﬁ are
occurring simultaneously such that the net transfer rate of oxygen ap-

proaches zero.

Under these conditions the dissolved oxygen concentration no longer
changes with time and assumes a value intermediate to C*(T) at the surface
"and C*(T) at the point of air introduction. The exact steady state level
willldepehd on the design of the equipment used and prdvides an impor-

tant experimental clue to where and how the mass transfer takes place.

Thé'conciusioﬁfthat can be drawn from this discussion is that equation (1)
is not, in principle, applicable to data obtained frdm a sub-surface
aeration system since it does not reflect, physically., what we know re-
garding gas-liquid equilibrium. Therefore, characteristic parameters such
as KLa(T) or mass transfer rates obtained from the surface model are not

subject to physical interpretation.

In practice, if the liquid depth is one or two feet and the maximum per-
centage absorption, E,is less than 10%, the effects discussed above will
be negligible when compared to experimental variability. However, in a
full scale system where the liquid depths range from 8 to 30 feet and
absorption efficiencies as high as 40%, the effects must be accounted
for if a realistic characterization of the equipment at standard conditioﬁ
is to be determined. Standard conditions for aeration eguipment in Norih

America are taken to be: water temperature of 20°C, 1 atmosphere (1L.7



psi) pressure and 0.0 mg/e dissolved oxygen. The oxygen mass itransfer
rate at standard conditions is commonly referred to as the SOR (standard
oxygen rate). In practice, it is usually not possidble to measure the
oxygen transfer rate at standard conditions. The quantity that can be
determined experimentally, however, is the overall mass transfer coeffi-
cien? KL&(T)ZS.

When KLa(T)Zs hag been obtained, use of the model presented here enables
one tp calculate the oxygen absorption efficiency (E(T)). The mass trans-
fer coefficignt can then be corfected to 20°C and the absorption effi-
ciency and.oxygen transfer rate at standard conditions obtained. These
calculations.are simplified by the use of a single curve, derived from
-the model, that relates the oxygen dbsorption efficiency to a dimension-

less mass transfer number u.



SUB;SURFA‘CE'AERATION MODEL - THEORY

.In order to quantifaﬁively account for the effects discussed above, a math-
ematical model has been developed(8’9) that incorporates these complexities
The resulting expression indicates how the changing gas phase comPosition
and pressure are related to‘the mass transfer rate. The model is shown

schematically in Figure 1.

CONTACTING
ZONE

Figure 1.

The assumptions made here are: ‘
l. Plug flow of gas and liquid through the contacting zone

2, Mass transfer coefficient independent of position in the contacting
zone

3. UNo transfer of nitrogen
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An overall mass balance at a given time results in the following relation:
G(Y; - Yo) = mass transfer rate veeaa(3)

A mass balance around a differential section d4Z provides:

(e*(y,2,1) - C) ' el (B)

az G

The functional dependence of C¥ on the gas phase composition Y and the

pressure,depth Z,has been explicitly shown. Assuming a perfectly mixed

____basin we have: .
W dac Zs '
—— = K T % » Z Y T - C dz “- s 8 8w
Iag It La( ) [0 (c*(yY ) ) (5)

This model is a generalization bf‘the-suffaée aerator model. The driving
force for mass transfer is still the diffefence between equilibrium partial
pressure and actugl partial pressure. It relates the increase in dissolved
oxygen with time to the changing conditions in the contacting zone through
equation (5), and relafes the changing conditions in the contacting zone

to the increase in dissolvéd oxygen concentration through equation (L),

In this way we have exprésséd the coupling that exists between the mass

transfer rate and gas phase composition in a sub-surface aerator.

Equation (5) can be written as:

w4 = gpa(miz, (aC)

106 at
where: '
. I
(AC) = — f “(c*¥(y, z, T) - c)daz
Zs Jo

is the mean driving force.

i
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The mole fraction oxygen can be expressed in terms of the weight ratio, Y,

of oxygen to nitrogen, as:

M - -—I--
02 Y+J

The weight ratio, ¥, is used because in a non-steady state re-aeration test
the tap water is, or can be, saturated with nitrogen and therefore.changes
in gas phase composition are most eaéily characterized by Y. The nitrogen
flow rate G, can be obtained from the standard cubic feet pér minute inlet

air flow rate (SCFM) as:
G = -3,47T x SCFM

Henry's Law can now be expressed as:

c*(r) ¢y Z
* = —
c*(y,z,T) 3.09 T3 (Pg +¢°)
Two interesting relationships can be derived from the above equations. The

first is é-predictiou of the steady state dissolved oxygen concentration, C=

Steady state is reached when Q% = 0. When this occurs the overall mass
transfer rate is zero. From equation (3) we see that Y, = Yi under these

conditions. Y is no longer a function of Z and can therefore be removed
from the integrand in equation (5). Putting these conditions in equation

(5) gives:

.
s fc*(T) (.209) Z - -
So ( 3709 ) (Py +¢7) - C=)dz = 0
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Evaluating the integral and solving for C« gives:

PO + %PZg
® = (7)) [ ——— R )
c c#(T) o7 (6)

which says that the .steady state dissolved oxygen concentration is the
average of the equilibrium dissolved oxygen concentration teken at the
free surface and at the point of air introduction. This result is a
direct consequence of assuming that the mass transfer coefficient is in-

dependent of position (Z) in the contacting zone.

Experiments have shown (see Figure 3.) that when a mechanical sub-surface
aerator is used the steady state value reached is that given by equation
(6). Preliminary evidence indicates that equation (6) does not hold for
certain non-mechanical sub-surface aerators. This is a direct indication
that the mass transfer coefficient is dependent on position in the con-
tacting zone.(g) In systems that approach a steady state conecentration

different than that given by equation (6), considerations should be given

to generalizing the model presented here.

It has been our expgrience'that there does not exist a universal model

for the evaluation of sub-surface aerators. Models must be developed,
from general principles, that incorporate the operating characteristics

of the system under study. This requires extensive experimental work
usually full scale (10 - 30 ft. deep tanks). It is only on scales of this
magnitude that it is possible'to obtain reliable measurements of the

effects described here.
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In the limiting case when the point of air introduction is very close to

the free surface as is the case for a surface aerator Ce becomes:

PO

Ce = C*(T)lh 7

which is the value used when evaluating a surface aerator. Thus this

model reduces to the conventional surface model as a limiting case.

The second relationship is particularly useful for evaluating experimental
results. It provides the connection between the absorption efficiency E
and the overall mass transfer coefficient KLa(T)ZS at 0.0 mg/ dissolved

oxygen concentration. The derivation starts with equation (4) with C=0.0.

aY _ C*(T) Kra(T) ¥ (Pg + 02)

s

4z 3.09 G Y+J

If we letd = C*(T% EgaéT} and separate the variables Y and 2 we have
Y -
(1 + Z)ar = s(py + €2)az

Integrating both sides of this equation and using the boundry values at:

Z =12 Y = Yi

7 = 0 ' T Y = Yo

gives:

+

Y, - Y, + 7T ln(%§) = ¥%2_ (Pg + %€Z,) ceeeesas(T)

Thg absorption efficiency, E, is related to Y; and Yo as:
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Using this in equation (7) gives:
YiE + J la(y3g) = 2 (py + %€z )

This equation cannot be solved in closed form for E in terms of the other
variables. However, Figure_2 shows a graph of E x 100 as a function of

the dimensionless group:

_ C*¥(T) Kra(T)Zs (pa + gezs) ’ ceee...(8)
3.09 G

Concentration versus time data can be used tb obtain KLa(T)ZS. ¥ can
then be calculated from equation (8). Using this value of u and the
graph, Figure 2, a corresponding value for E can be obtained. The Kpa(T)
is then corrected to staﬁdard conditions by the relation:

kpa(20) = K a(T) 1.02420°T

and setting:

c*(20) 9.2 mgl

Py 1k.7 psi

A value for u at standard conditions can be calculated. This can be used
with the graph in Figure 2 to obtain an efficiency, E(20) at standard con-

ditions. The SOR can then be computed from:

SOR = G ¥, E(20)

- 100

When determining the dissolved oxygen concentration by using the Winkler
method for measuring dissolved oxygen concentrations, corrections should

be made for cobalt interference which has been discussed by Kalinski,

(10)

et al pvefore a comparison with equation (6) can be made. We have found



that the cobalt effect results from a chemical precipitate that titrates
as if it were dissolved oxygen when analyzed by the Winkler procedure.
This effect is a complex function of cobalt ion CO++, Na580), pH, and
other dissolved saltslin the test water., This chemical precipitate

is an additive to the true value of dissolved oxygen when.analyzed

by the Winkler procedureland this erroneously high dissolved. oxygen
level (chemical addition plus the true dissol?ed oxygen) interfers with

correct data analysis providing results which appear high.

The addition of this chemicai blank (the titrated chemical precipitate)
to each dissolved oxygen level measured during a non-steady state re-
aeration test produces an errcr in the evalusgtion of surface aeration‘
equipment that can exceéd 50%. It is important that this chemical
effect be understood and accounted for in the évaluation of any test
data for all types of aeration systems, even though the degree of

error is less with sub-~surface systems.

The amount of precipitate formed is extremely dependent upon pH. For
any fixed cobalt concentration the quantity of precipitate increases

at a pH greater than 7 and will not form at all at a pH less than 5.
With all of these variables interacting, it is difficult to predict in
advance the quantity of chemical precipitate that will Dbe involved in

a test. Iﬁ order to determine oxyéen tr%nsfer only, all oxygen trans-
fer guarantees should be based upon test results from which the chemical

10 propose running at

effects have been removed., Some investigators
very low cobalt levels to obtain chemical free test results. Low cobalt

concentrations do not necessarily eliminate the chemical effect and the
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parameters of pH, duration of aeration, quality of the test water, etc,
cén still provide significant chemical effects. A more accurate proce-
dure is to use sufficient cobalt, (2ppm cobalt) to produce a measurable
chemical precipitate, to measure the resulting blank, and deduct this

from each dissoclved oxygen measurement. The blank can readily be meas-
ured by titrating a sample of the test water directly without the ad-
dition of manganous.;ﬁlfaﬁé'tMnSOh) or alkali-iodide azide reagent but
with the addition of potassium iodide., This effectively measures the blank

and when data are analyzed with the blank removed from each dissolved ox-

ygen measurement, chemically cqrrebted test results are obtained indi-
cating true oxygen tranéfera ' This has been ¢ross-checked in conjunction

with the dissolved oxygen probes with excellent agreement.

Two examples are presented to illustrate 1) the use of the proposed
model and 2) the misleading results that can be obtained when the data

are analyzed using the surface model.

The concentration versus time data for the first example is shown in
Figure 4. A smooth cﬁrve has been drawn through the points. If we now

re-write equation (5) as:

W de - KLa(TjZSC

| A
| KLa(T).f ® c*(y,z,T)dz
106 dt 0

and recall that as %%.ﬂ.o C~ Cw, which is independent of time, then

for low absorption rates (toward the end of a non-steady state experi-

ment) the right hand side of the abdove equation tends to a constant

de
106 at

value. This implies that there is a linear relationship between

and C in this range.

The data were used to, manually, obtain an approximation to %% by taking

differences in concentration over short time intervals. Numerical curve

fitting techniques can and should be used for this step. We have done
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this step manually to show that it can be done guickly (10-15 mins.).

W
A plot of g de versus C is shown in Figure 8. The error bars show

10 dat
the range of variation due to the precision in the concentration measure-
ments. As can be seen from an examination of Figure 5, a linear rela-

tionship does exist between de and C when the absorption is below about

dt
10%. The slope of this line was used to obtain an estimate of the over-
.all mass transfer coefficient. This value was used to calculate u at
the conditions of the test and a corresponding absorption efficiency

from Figure 2. The AOR was then calculated, plotted, and labeled in

Figure 5 at 0.0 mg/edissolved oxygen.

The calculated AOR seems to be in line with the measure rates. In fact,
if the line drawn to obtain the mass transfer coefficient is extrapolated

back to C=0 it intercepts the —Eg %% axis about 5% higher than the

, 10
value obtained by calculation. This is reasonable since the absorption
efficiency is only 17% at C = 0 and a large difference would not be ex-

pected.

The AOR, using the same data set, was then obtained by the conventional
surface model. The standard deficit versus time plot is shown in Figure
6. This AOR was then plotted and labeled on the graph in Figure 5. The

surface model, in this instance, gave a 26% higher value.

Example 2 (Figures T, 8 & 9) shows the result of the same analysis using
another set of data. These data were selected to show the effect of

a rather large absorption rate. This was accomplished by keeping the
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same power level (as Example 1) on the aerator turbine and reducing the
gas flow rate by a factor of approximately 2.8. Referring to Figure 8,
we see that the SOR determined by the proposed method is in line with the
measured rates. In this case extrapolating the line used to determine

the mass transfer coefficient to C = 0 resulted in a 23% higher value for

the SOR.

The results of a surface model analysis of this set of data is plotted
and labeled in Figure 8. A 65% higher SOR is obtained with the surface

model. A summary of the results for these two examples at standard con-

ditions is shown in Table I.

This illustrates the magnitude of errors we believe are made when the

changing gas phase composition and the effect of depth is not accounted

for in any manner.



K, a(20)
SAQR

E(20)

KLa(20)
SOR

E(20)

Surface Model

Th. 8T

688.8

23.0

19.

TABLE I

Example 1

Proposed Model

Example 2

Surface Model

58.

536.50

51.

31

2

51.95
538.9

18.0

Proposed Model

% Difference

33.76
324,90
31.0

by, 1
27.8
27.8

% Difference

T2.7
65.1
65.1
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ALTERNATE METHODS

Various other mathematical models have been used to evaluate test data
obtained from sub-surface aeration systems. The following is a brief de~

scription of some of the commonly used models.

LOG MEAN DRIVING FORCE

This method of data analysis has been successfully used as both a corre-
lating tool and # method of &ata analysis. In a manner similar to the
procedure Just discussed, oxygen transfer pér.incremegt=or time is de-
veloped ffom a plot of dissolved level vs. time as shown in Figures T and
8. The absorption efficiency per time interval the;eby allows the sat-
urgtion value of dissolved oxygen to be detefmined at the surface. The
saturation value of dissolved oxygen at the point of air introduction is
known and therefore the driving forece at this point and at the sﬁrface

Ay

of the liquid can be determined for each time interval.

It is then a simple matter to determine the log mean driving force for
each time interval (dissolved oxygen data closer than 1 mg/f to the equi-
librium value at the surface should not be used) and plot this against

. oxygen transfer in pounds per hour. The slope of this line on arithmetic
paper passing through the origin provides the KLa under test conditions.
This KLa can then be converted to standard conditions and a trial and
error solution is then used to determine the standard oxygen rate (SOR).

This procedure provides excellent results since it corrects for both

pressure and changing gas concentration on the rising bubbles.
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LOG MEAN SATURATION VALUE

In a like manner, the data analysis can be accomplished using a log mean
saturation value rather than & log mean driving force. The two logarith-
mic averaging procedures yield results quite close as long as the air

introduction depths remain less than avoroximately 20 ft.

AVERAGE SATURATION VALUE - ASSUMED OXYGEN TRANSFER EFFICIENCY

Some investigators have pfomoted the use of a constant saturation value
determined as the average saturation value between the surface and the

- sparge.. This has been further modified by assuming a nominal oxygen
transfer efficiency of 10-20% in determining saturation value at the sur-
face of the liquid. For a low uptake rate system in tank depths no

greater than 20 feet, this method yields a good approximation (though

sometimes optimistic) of the oxygen transfer capability of a submerged
.device. The saturation value is held constant throughout the balculation
and data analysis is accomplished on semi-log paper using the surface
aerator procedure but substituting the corrected saturation value for

handbook wvalues.

SURFACE MODEL

The surface aerator model was briefly covered at the beginning of this
articlg. The degree of error obtained by utilizing this method of analysis
can be significant. ©No correction is made for pressure or oxygen concen-
tration of the rising gas bubdble and therefore the surface model is totally

inadequate.

The two previous examples have been worked out using the above procedures

and the results are tabulated on Table II.
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TABLE IXI

Log Mean Average

Proposed - Log Mean Saturation Saturation Surface
Model Driving Force Value Value Model
Example _
I 538.9 518 / 504 598 _ 688.8
Example ‘ -

II 324 .9. 3k2 37h 365 536€.5
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SUMMARY ARD CONCLUSIONS

Significant errors result when data obtained from submerged aeration de-
vices are mathematically gnalyzed with no correction being made for tank
depth ;nd changing oxygén‘concentration of the rising gas bubbles. Var-
ious procedures have been presented to correct fof these effects. Qur
findings are that a; long as reaéonahlé corrections are made, with the sur-
face model the notable exception, the various procedures provide comparable

results.

The following conclusions- can be: drawn:
1. It is necessary to include both depth and the absorption efficiency
- of the rising gas bubbles in any analysis of submerged turhine aer-
ation systems. |

2. The surface model is totally inadequate and erroneously high ratings
of submerged aeration systems can be obtaiqed. For instance, Example
2 indicates an oxygen transfer efficiency of 537 pounds per hour for
data analyzed by the surface model. We believe actual oxygen transfer
is closer to 350 pou;ds of oxygen per hour.

3. Testing surface or submerged devices with no correction for the effects
of chemicals can artificially inflate the "true” oxygen transfer cap-
ability of the system tested. Any data ansalysis procedure should in-
clude the removal of all chemical effects prior to data analysis.

b, A reasonable correction for pressure and absorption efficiency utili-
zing the first three data analysis procedures discussed will provide
oxygen transfer values that agree within experimental error.

S. The mathematical model presented appears to fit submerged eeration sys-

tems utilizing mechanical agitation to contact oxygen bearing gasses with

clean water.
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FIG, 6
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EXAMPLE 2
SCFM=1000 FT¥MIN :
AIR INTRODUCTION DEPTH = 14.9 FT.
VOLUME = 237,770 GAL.
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Q-lnu
o

¢ (1)

AOR

SOR

NOMENCLATURE

Weight of water in test basin (Lb.)

Time rate of change of dissolved oxygen concentration
(mg/¢ -hr)

Dissolved oxygen concentration

Dissolved oxygen conceatration is equilibrium with air
(21% Q05 79% Np) at L atmosphere total pressure and
T°C (mg/e) -

Test water temperature (°C)

Time (hrs. or mins.)

Overall mass transfer coefficient at temperature T°C.

(Lb 02/hr-mg/e)

Henry's Law constant (mg[e/Lb)inz)
Absolute pressure in gas phase (Lb/in?)
Atmospheric pressure (Lb/in?)

Standard Atmosphere 14.7(Lb/in?)

Hydrostatic pressure of water per foot of depth Lb ‘)
in2-f¢

Interfacial tension (Lb/in)

Bubble size (in)

Mole fraction oxygen

Mole fraction in inlet gas

Fraction oxygen absorbed (E = 1-Yo/Yi)

Oxygen transfer rate at test temperature Egd Bressure and
0.0 mg/e dissolved oxygen concentration _E?Q“

Oxygen transfer rate at 20°C and 1 atmosphere barometric
pressure and 0.0 mg/e dissolved oxygen concentration

(1r 02/hr)

Gas phase concentration (Lb 02/Lb N2)

Nitrogen weight flow rate (Lb N2/hr)



dz

ax
4z

KLa(T)

C*(YQZ’T)'

SCFM

Yi

Yo

Distance from free liquid surface to plane in contacting
zone (ft)

Distance from free liquid surface to plane of air intro-
duction (ft)

Differential segment of contacting zone (ft)

Rate of change of gas phase concentration with respect -to
depth (ft~1)"

Mass transfer coefficient per foot of contacting zone at
temperature T. (Lb 02/hr-mg/ -ft)

Egquilibrium concentration of oxygen in water at gas con-
centration Y, depth Z, and temperature T. (mgle) . . )

Ratio of molecular weights 02 to N2 (32/28)

Volumetric air flow _rate into liquid at 1 atmosphere pres-
sure and 20°C  (FT3/min)

Steady state dissolved oxygen concentration (mg/e )

Mass transfer number

-
)

Gas phase concentration of inlet air
air) (Lb 02/Lb N2)

(.302 for atmospheric

Gas phase concentration of air leaving contacting zone
(Lb 02/Lb N2)
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