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Abstract

The main objective of this work is to designighhefficiency curved-blade-surface mechanical @erfor oxidation ditch,
which is used to treat municipal and domestic sewagration experiments were conducted in oxidatiiich made up of mild
steel sheets to study the design characteristicsunfed blade surface mechanical aerator. The pejterally examines six
different configurations of aerators, which wereveleped, fabricated and tested in the laboratoryitf® various dynamic
parameters, such as diameter of aerators (D), gipdea@ind immersion depth (h). Out of the differennfigurations tested, the
curved blade rotor (CBR) emerged as a potentiataemwith blade tip angle of 47°. The overall oxygeansfer co-efficient
(K_a) was observed to be as high as 10:3%uhd the optimum aerator efficiency (AE) was fotade 2.269 kg@kWh. The
standard aeration efficiency (SAE) of CBR was obserto be higher as compared to other aerators faseakidation ditch
process. Dimensional analysis was used to devejoptions that describe the aerator’'s behavior.heura CFD model is also
developed for better understanding of the prockas takes place inside the ditch. To prepare ita3id steady flow, k-e
turbulence model of flow was used and the simufatiins were carried out for one phase model torgésm¢he data so as to
compare it with experimentally observed values.

Keywords: Oxidation ditch, dissolved oxygen, aerator, oMaygygen transfer coefficient, aeration efficienGFD

1. Introduction

Oxygen transfer, the process by which oxygemaissferred from the gaseous to liquid phase,\igah part of the waste-water
treatment process (Metcalf and Eddy, 2001). Dudote solubility of oxygen and consequent low rate afygen transfer,
sufficient oxygen to meet the requirement of aeraléste does not enter through normal surface aieminterface. To transfer
the large quantities of oxygen that are neededitiaddl interfaces are created by employing aemafioocess. The creation of
additional interfaces enhances the rate of oxygmwster so that the dissolved oxygen level getedhio allow aerobic bacteria to
remove biochemical oxygen demand of the effluemt.pfovide the required amount of oxygen, an aemasigstem is always
needed. Aeration is usually the single largest @ost waste water treatment system comprising ashras 50-90% of the total
energy requirements of a secondary waste-watemntegd plan (Wasnest al, 1977). Dissolved oxygen (DO) concentration is one
of the most important water quality parametersctifigg the quality of waste-water. Various typesaefation systems have been
developed over the years to maintain the desireel lef DO concentration in the waste water as dortefo improve the energy
efficiency of the oxygen mass transfer process.thhee basic categories of aeration methods arak{€hkt al, 2008 a): -

1) Surface or mechanical aeration method, whicreemes interfacial area by spraying water droptetthe air.
2) Diffused aeration method, which release air hetbbeneath the surface of water.
3) Combined and turbine aeration methods, whialoéhtced large air bubble into water and reduce 8ieés mechanically.
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Out of these three, the mechanical surface @wsrate widely used because they offer betterieffay as well as convenience in
operation and maintenance (Rao and Kumar. 2001hén) oxygen transfer rate from gas to liquid ghissdependent on various
factors for given method of aeration such as dynamariables like speed, mixing intensity and tuemgle, geometrical parameters
like size and number of blades, depth of flow etd physicochemical properties of the liquid. Evlough the designer or
operator can fix or control some of these pararmsegerccessful design requires the knowledge oéffeet of all such parameters
on reaeration rate. A wide variation in performarafeaerators in terms of standard aeration effigjewas found, viz.
“Taiwanese” aerator (1.17 kg@®Wh), “Japanese” aerator (1.03 kgkWh) and Auburn university design (2.25 kgkWh)
(Boyd and Watten, 1989; Boyd, 1998). For propertien, i.e., proper mixing of DO throughout the gravolume, American
public health association (APHA, 1985) mentionedt tthe power-to-water volume ratio should lie witt.01-0.04 kW/rh
However, the water volume used in the aerationistudonducted so far has not been quantified phppbr the field of
wastewater treatment, many investigators have safidy made use of the theory of dimensional asialgnd obtained optimal
geometric similarity of horizontal rotor aeratorsder different conditions (Eckenfelder, 1956; Hahval984; Ognean, 1993;
Zolkarnik, 1976; Schmidtke and Horvath 1977) présérthe occurrence of scale effects due to the &tdgrand the Froude’s
laws of the aeration performance under similar getamconditions. The criterion of power per unitwme was found to be very
useful in geometrically similar systems for scafeet horizontal rotor aerators (Rao, 1999).

Application of the aeration phenomena in wastew treatment and aquaculture has been diffefEm needs of the
aquaculture industry, however, are different thaosé of the waste-water treatment industry. In egjtare applications, the
dissolved oxygen concentration must be much higiem that in waste-water treatment (Canshal., 2004). Boyd and Watten
(1989) summarized the importance of the dissolwgdyen concentration in aquaculture. They have shinhmost warm water
species can tolerate concentrations as low as B/Bahdissolve oxygen, and many cold-water specass tolerate 4 or 5 mg/I.
The problem is that aquatic organisms eat and dgretter and are healthier when the dissolved oxygaeentration is at or near
saturation. But in case of waste-water treatmeat dissolved oxygen concentration of 2 mg/l is sidfit to carry out the
treatment process.

Several aerators for oxidation ditches haveadlyebeen developed. It is necessary to investipatefficiency of aerator that has
been used from the point of view of energy consionptQuestions such as best number of blades usdhei design, the
necessary number of blades, the shape of the blddeselevant geometric parameters involved innttass transfer, which are
interesting to study in order to determine theroptn aeration efficiency have yet not been deterdine

To design high efficiency surface aerator inecessary to identify the parameters that are aateto the oxygen transfer
phenomena and to investigate the best way to apithie aeration efficiency value. This means thatvialue of overall oxygen
transfer coefficient (Ka) must be increased and the power consumptionlmugtpt at the same level or diminished.

Therefore, the objective of the present reseamtk is to design a high efficiency curved bladeface mechanical aerator for
oxidation ditch and to determine optimum aeratiffitiency, which could be used to treat municipatiadomestic sewage with
minimum power consumption. Secondly, to generateodel based on computational fluid dynamic (CFD)asoto match the
results generated by physical model with that oDQRodel. The experimental apparatus of the oxidaddch with different
aerators was designed, fabricated and install¢iteimesearch laboratory of the institute.

2. Materials and Methods

A simplified schematic sketch of experimentalipeused for present study is shown in Figure e aération experiments were
conducted in Oxidation Ditch (OD) of dimension 215< 0.35 mx 0.2 m.The oxidation ditch used for experimentation waslena
up of mild steel sheet and was situated above tbang with the supports provided at front, rear amddle of the ditch.
Arrangements were made during fabrication of difoln,varying the depth of immersion of the rotored®s and sprocket were
mounted on rotor shaft and d.c. motor, respectiv€lyain drive was preferred over belt drive to dvslip during the power
transmission. The motor was connected to varigided controller to obtain variation in the speedatdtion The experimental
setup mainly consists of an Oxidation Ditch, D.@ton (0.25 H.P, 1 Amp) with variable speed cont@mldigital wattmeter (range
0-200W), dissolve oxygen meter, thermometer, agdalitachometer.

2.1Fabrication of aerator rotor: CBR was fabricated using impeller fans made ufibef and are used in centrifugal pump, which
are available in the market in various sizes. Ac8in diameter fan disc with a 12 small fins ofes& cmx 3 cm mounted on it
was selected to configure an aerator so that fieetefe diameter of the disc becomes 26 cm. A fibee of 1.5 inch, 2 inch, 3
inch of appropriate length was cut into pieces dheth 24 equal strips of length 14 cm and 4 cm lwigdére yielded from each
pipe. The different diameter pipes were used stw abtain the change in blade tip angles. A paifaofdisc was taken and the
strips thus fabricated were screwed on projectesldf the fan discs as shown in Figure 2.

Figure 2 represents the side view of the aerafmresenting the fin dimensions for a fiber pip& inch diameter, which yielded
the blade tip angle of 47 degrees. 1.1 cm indicdtegrojected length of the fin thus obtained rafitédorication. Since optimum
oxygen transfer was observed with 47 degree bipdmgle, therefore this configuration of aeratorapresented in the figure.
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Figure 1. Experimental setup for oxidation ditch, aeratard driving mechanism

Figure 2. Side view of the curved blade aerator (All dimensiin cm)

The fiber pipe of 1.5 inch and 3 inch diameteravused to get different blade tip angles. Bygisinove diameter pipes, blade
tip angle of 27 degrees and 60 degrees were obtalfiace these configurations did not prove toheeliest for the optimum
aeration efficiency, therefore the figures pertagnio these configurations are not provided.

The strips were screwed in such a fashion thatprojected length of the strip over the disc fives 1.5 cm. Therefore the
effective diameter of rotor thus fabricated amount®29 cm with 12 blades (fiber strips) mountedeath aerator rotor. The
overall dimensions are shown in Figure 3.This abbgwf aerator was fastened tightly to the shaft then fixed in the bearings
provided on the collars of the oxidation ditch.

The depth of immersion (DOI) was varied from 41@ to 7.2 cm and the speed was varied from 36 @0 rpm. The
performance was evaluated for each kind of configon of aerator rotor by changing various paransesech as, aerator blade
tip angles, speeds, and depth of immersion witheetsto power consumption.
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Figure 3. Front View of curved blade aerator (All dimensan cm)
3. Aeration Test

The deoxygenating-oxygenation procedure used theson-steady-state reaeration test (Moulatkal 2005; Thakreet al,
2009). The test water was deoxygenated with 10 nod/sodium sulphite, cobalt chloride was not usedrd) test since it is
considered hazardous to human health (Cancino,)28@#r maintaining DO between 0.0 — 0.1 mg/L &vout 5 minutes, both
the aerator were put in operation at the same mbuiuath at the same rotational speed and immersipthdéncrease in DO
concentration was measured by DO probe at thecudBwater and at the half depth from the surfate readings were taken at
equal time intervals until DO increased from 0%usaion to at least 90% saturation. The dissolvegigen saturation
concentration (¢ used for calculating the ld was estimated using the highest dissolved oxggaoentration from each test.

4. Results and Discussion

Out of the various factors which may affect éeraor dissolve oxygen level, time of aerationptieof immersion, speed of
aerator, and blade tip angle mounted on the aeratermainly considered for performance evaluatiban aerator. For every set
of observation, overall oxygen transfer coefficighf, which is a measure of aeration, is computedi@nbehavior is studied
with respect to other variables, keeping otheraldes constant at that time, & the overall oxygen transfer coefficient is thger
of oxygen transfer for a unit saturation deficidahis constant for particular system of aeratidssessment of overall oxygen
transfer coefficient of an aeration system is ohthe most important factors. Underestimating tikggen transfer rate results in
over designed system, which may be energy intereivk expensive to operate. On the other hand, stimaing the oxygen
transfer rate results in inadequate oxygen supyhich in turn, reduces efficiency.

4.1 Mathematical model for measurement of overall oxygen transfer co-efficient ( K_a)

For treatment of domestic and industrial wastathematical modeling is done. The engineers vasiit &in analytical function
based on observed data or to evaluate the paramdtsome prescribed functional representation. digkt types of equations are
used and out of these equations, linear fit eqnai@dopted for mathematical modeling in the prestudy. Aeration is transfer
of air or oxygen in the water (Kumar, 1991; Tha&tral. 2008b). The oxygen transfer through water is goe® by Fick's Law of
diffusion and is a liquid film controlled process.aeration, the rate of oxygen transfer was exgg@®arlier as,

do/dt=K, .a.(G - Cy) 1)
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where,K,a is the rate of oxygen transfer for saturation defitherefore, this is referred as measurementeoétaon and it
forms a good basis of studying the behavior undeious variables. This is employed in the studthi unit of mift or hf*.The
rate of oxygen transfer equation was converted into

_KL.a.h

—KL.a.h
C(t+h) =C;e +Cg(l-e ) ) (2

This is comparable to the equation of straight bhéhe form;

Y=m.X +A ©)

Thus, if a plot is obtained in betweett(t+h) andC; , it would yield a straight line and slope of thirse (m) represent the

-K,.a.h

value of € from which K .a can be calculated. Similarly, the intercept on xisa(A) represents the term

.a.h
Cs(l-e L ) from which the value ofCg can be known. Thus it clearly indicates that inesrtb determine the value of

KL .a, it must be carried out at a uniform interval iofe.

In the present study the curves have been drawmekat C(t+h) againstC; and time interval h is taken as 15 minutes. The

slope of this line is known and the value of ovemadygen transfer coefficienK| .ais calculated. This method is used for

calculation of performance of different aeratoreeTplot betweerC . andC; is obtained for different configuration of rotor
aerator at different speeds of 36, 42, 48 and 0. fphe data generated from different rotors folldwifferent curves and
indicated different values of l& and aeration efficiency.

4.2 Variation of DO with Time for various depth of immersion

We refer to figure 4, which illustrates that therease in DO concentration is very high in fitStminutes, and then it gradually
attains a saturation value pertaining to the peréorce of the respective aerator. It is observettiisamaximum increase in DO
concentration, that is, from 0.0 mg/L to 8.2 mgglattained by CBR aerator when the blade tip aisgle degrees and the depth
of immersion is 5.5 cm. All the curves were ploted48 rpm aerator speed. The literature citedheyauthor reveals that the
optimum performance is generally obtained at blaatge of 45 degrees. Therefore the above blade amghosen.

4.3 Variation of K_a and power for various blade angles and speed

From Figure 5, it can be observed that the tiariaof K .a and power for various blade angles and speel,redipect to CBR
aerator and considering the depth of immersioncibis an optimum value. It is very clear from figuhat as the power and
speed increases the corresponding values, afdfso increases. It is also evident from the égilmat at a speed of 48 rpm the
power requirement is observed to be in the medamge that is 73.8 W, whereas there is a considerablease in value of i&
in the tune of 10.33h As the power consumption decreases below 73.&h@/yalue of Ka also decreases accordingly, which
further decreases the aeration efficiency, whiatisacceptable as per the values quoted by teamsers.

When the power consumption increases beyond VK3.8here is a marginal increase ipakvalue, but aeration efficiency drops
sharply from 2.269 kg&kWh t01.37 kg@kWh. As the speed of CBR aerator is increased #8mpm to 60 rpm, it is observed
that splashing of wastewater outside the ditch gghace, which deteriorates the surrounding atnergphnd thereby causing
problems for working people present at the plahis Tnay also create problems in driving mechanisntha motor is mounted
below the ditch.



6 Bhuyar et al./ International Journal of Engineering, Science and Technology, Vol. 1, No. 1, 2009, pp. 1-15

——DOI 4.8CM —— DOI 5.5CM —=— DOl 6.3CM —— DOI 7.2CM

X
X

M| oX
Lo3)
L]

DO Concentration mg/

45 60 75 90 105 120

Time Interval min

Figure 4.Variation of DO with Time for different depth ahimersion and blade tip angle of 47 deg.
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Figure 5. Variation of K.a and Power for CBR for various Blade angles aree8g, depth of immersion 5.5 cm

4.4 Variation in DO for various blade tip angle with Time

The variation in DO for various blade tip anglith time is shown in Figure 6. The figure 6 reneis the curves plotted at 42
rpm and 5.5 cm depth of immersion. Three typedaddotip angles were tested, which suggest thatrmaw DO concentration is
achieved when the blade tip angle is at 47 degh&fth. this configuration, DO level of 8.2 mg/L ist@ined in 45 minutes and
thereafter the DO concentration curve remains emsthich indicates that the saturation deficioxygen is met.
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Figure 6. Variation of DO Vs Time for various angles of CBspeed 42 rpm and DOI- 5.5 cm

Figure 7 and Figure 8 represent the same plot egeatollow the similar trend as that of Figure Gn@bined analysis of all the
three figures reveals that the optimum performascecorded at blade tip angle of 47 degrees.

—a—DO 27 deg —a— DO 47 deg —e— DO 60 deg
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60 75 90 105 120
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Figure 7. Variation of DO Vs Time for various angles of CBspeed 48 rpm and DOI- 5.5 cm

4.5 Plot between C .y and C; for determination of K, a

As stated earlier, the plot betwe@r, .,y and Gwill yield a straight line. The slope of the lire known and the value of K is
calculated. The time interval h is maintained asndibutes (Figure 9). The data obtained for differdapth of immersion
produced different curves. It is quite evident frtima figure that the curve obtained for 5.5 cm Hegftimmersion, 48 rpm speed,
and 47 degree blade tip angle yielded maximum vadug a.
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Figure 8. Variation of DO Vs Time for various angles of CBépeed 60 rpm and DOI-5.5 cm
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Figure 9. DO Level at time (t+h) Vs DO Level at time t foetermination of Ka

The variation in iKa and power required are presented in Tablelsdt suggests that depth of immersion is directlypprtional
to the power consumption. On the other hand thee&se in Ka is not that significant. As a golden mean, thieievaf K a is
finally taken as 10.33"hwhen the power required is 73.8 W and it is obseithat the value of AE is the highest for thedaas
which is discussed later on.

Table LVariation of K a and Power with Depth of Immersion for 48 rpm Sbee

S.No. | Depth of Immersion (cm) K (h) Power (W)
1 4.8 8.414 69.9
2 5.5 10.33 73.8
3 6.2 10.58 93.5
4 7.2 10.93 136
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4.6 Variation in Aeration efficiency and K_a with respect to power

Figure 10 describes the variations gBkand AE for various blades tip angles and speeds.
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Figure 10. Variation in ka and AE with different blade angles and speeds

Out of the three configurations tested, it cansben that at 48 rpm and 47 degree blade tip ,ahgl@ptimum value of Ka is
observed to be 10.33'fand recorded the highest value of AE that is 212§9,/kWh. This is because, the AE is the function of
power and as stated earlier the power requireg@sgs with increase in speed and depth of immersien though the values of
K,a at 60 rpm and 27, 47, 60 degree blade tip amgkesnore than that of 48 rpm, the power requireattiend the same is quite
higher. Therefore, the AE values for above configjon and speed decreases drastically to 1.363, 1.37 kgQ/kWh as against
the AE values of 1.683, 2.269 and 1.239 kfk@/h at speed of 48 rpm.

The performance of aerator is better judged Ipa@meter known as aeration efficiency (AE), whillefined as amount of
oxygen transferred per unit power under field ctods. Standard Aeration Efficiency of the aerasodefined as the amount of
oxygen transferred per unit of power, at standavdditions of 20C water temperature, 0 mg/L initial dissolved oxyge
concentration, one atmospheric pressure, and @pawater is used.

In the present study, the AE is observed to B€2 kgQ/kWh, which can be considered as field conditiolugaThe water
temperature was ranging from 24to 17.5C during the experimentation. Secondly, after addiof sodium sulphite to the water,
the initial concentration of water was sometimesesbed to be on negative side, even though thenives quantity of sodium
sulphite was added to the water as mentioned ititdrature. (Kumar,1991). Therefore optimum AE egsed in terms of SAE
i.e. at standard conditions. The SAE of aeratorgthesl for present study comes out to be 2.95 #g®h. Table 2 shows the
comparison of different aerators in terms of aeraéfficiency.

Also in the present study, the inner surfacehef ditch was coated with anticorrosive paint thgreninimizing the frictional
losses. Therefore, it was observed that the flowvafer in the ditch remains in turbulent stage frostorl to rotor 2 and
subsequently loss of kinetic energy was also fotmdbe less because of negligible frictional losd¢snce the efficiency is
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observed to be on the higher side as compared Yol BI998). More-over the limitation of the presstidy is that, it was a
laboratory setup and therefore only few influencpayameters which are responsible for aeratiorieffty were concentrated
upon of out of many, otherwise, the standard ammatificiency in the present case may have inccbasdeast 1.3 times than the
efficiency obtained presently.

Table 2 Comparison of different aerators in terms of dead aeration efficiency (SAE)

Standard aeration
Sr.No Aerator type efficiency References
kg oxygen/kWh
1. Taiwanese aerator 1.17 Boyd and Watten 1989 B898
2. Japanese aerator 1.03 Boyd and Watten 1989; Ba§@
3. Auburn University 2.25 Boyd and Watten 1989; 83dp98
4, Present Study 2.95

4.7 Model

In this paper attempts are madectorelate the data generated in the laboratoryth@diata calculated by using mathematical
model. In this phenomenon, the author used two feo&eom the study of the data generated in laboyathe attempts are made
to identify the dependent and independent variadesby using Buckinghamtheoremconcept, these variables are correlated by
developing dimensionally homogeneous equations.

H 1038

K a = 000074 (N)”GS(BJ (o)032 @
L1412

P = 0.069 (N)Z-OGZ(BJ (a)0.1942(KLa)—0.1729 5

where,
K a — overall oxygen transfer coefficient mjn
N — Speed of aerator in rpm,
h/D — Ratio of depth of immersion to the diametea@rator,
a - Blade tip angle in degrees,
P — Power required in watts (W).

The calculated values using the above modeldgdegood coefficient of determination3jRwith the experimentally observed
values which are in good agreement with standamor @f estimation. A program in CPP is developednterrelate the various
influencing parameters mentioned above and areedddy multiple linear regression analysis methagufeé 11 and Figure 12 are
the plots between the experimentally determinedesbnd the calculated values from the model fatedlfor Ka and power
respectively.

It has been estimated that the simulation egnat{4) and (5) predict the values gfakand power with an average standard error
of estimation of 0.0164 and 7.66 respectively arith Vi values of 0.9797 and 0.9892 respectively, when pawed with
experimentally determined values. Thus equatiohsafdl (5) are justifiable by taking into consideatall of the experimental
errors themselves. Therefore, the above equati@yshb@ used with confidence for predicting theakand power (P) and can be
considered as design equations for CBR aerator sidmalard error of estimation for power happensetdarge (7.66) because of
the fluctuation in the power supply from the sourtevas observed during the experimentation thatvoltage fluctuation was
from 210 V to 235 V. To minimize the error for pawaeasurement, the average readings were taken.
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5. CFD Model

The computational fluid dynamic model of an éaraised for treatment of waste water in oxidatiinh is a crucial part of this
study. The results of this phase have a huge impacthe quality of the results obtained by expernitak setup and the
mathematical model developed. The main problemtewasodel the geometry of the aerator and the oxidatitch. Actually the
CFD part of this study is only to find out the adation between the experimentally observed dadadata generated by the CFD
model and if the CFD model thus developed estaddigiood correlation with the observed data, itaddid used to analyze the
various parameters of the said system without ¢alirig the physical model. It is relatively trivia draw the aerators in Gambit,
but the problem is the overall number of elemeAtsingle aerator has a number of groups with 12ld8aeach. Going further
with the computation, it can be seen that in thelation ditch there are 2 aerators with 2 groupg@blades each. Overall, it is
about 48 elements. The source of momentum in tich @& the rotating aerators. To model the aerdt@snoving mesh option in
fluent is used and the part of aerator that is ®rged in the water is created.

5.1 Modeling the Aerator

The aerator can be modeled in different way® die that is finally used is the one phase, 3Dalhdd model the moving wall
in fluent a volume with the shape of aerator wasatrd and to define the constant velocity of isarulefined function is used.
This way the cells that were source of momentum wacte working like moving wall were created. Theme low and high
pressure regions before and after the rotor blaeggsectively, while a strong turbulence is credigdhe blades. Because it was
decided to use a one phase model, instead of mgethe whole aerator, only the part of the aenatmler water level is used.

5.2 Computational domain

The model dimensions are 32 x12 x 4.3 cm (lemgtlidth x height). Only the part of the aeratoattis submerged in the water
is modeled. The sides of the model are symmethoahdary conditions. That way, we represent a nurabgroups of rotating
blades. After meshing 2, 40,000 cells were created.
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5.3 Setting up fluent
Model:
Solver: 3 D, Pressure based, steady state
Viscous: Standardck—e (k-epsilon) fluid model
Material:
Water: Density 1000 kg/rh
Viscosity 0.001003 kg/m-s
Operating conditions. Gravity OFF

5.4 Boundary conditions

Inlet — pressure inlet — Pressure inlet with relafressure equals 0, instead of creating any iflésvproviding as much water to
the model as it is needed. This way aerator i®tte source of momentum in the ditch.

Outlet — Pressure outlet — Similar to inlet pressemuals 0. As inlet is not creating any flowsillowing water to go out of the
model.

Side walls — symmetry - This way a very wide aarathich contains a number of blades groups isasgnted.

Bottom — wall — Roughness and other parameters@rémportant because they do not have influencéherflow very close to

the aerator.

Free surface — symmetry — It is a standard methodgresent a free surface.

Mesh: The tetrahedral 3-D mesh is used with mefidition applied at inner wall.

5.5 Solving

The case was computed after approximately 26&fations. In this research paper, an attempt idema correlate the data
generated in the laboratory with the model devedopging Computational Fluid Dynamics. A series iafudation experiments
were carried out on the CFD model developed.(So@&waNSYS - FLUENT).
Flow governing equations used were, the Reynoldseaed, Navier-Stokes equations, governing thee tdnmensional, steady,
incompressible flow in the oxidation ditch.
The turbulence kinetic enerdy and its rate of dissipatiogy are computed from the transport equations forStendard ke
turbulence model.

oxygen
{Stroamling 1)

. 7 Se+000

5.6e+000

2.592e+000

1.296e+000

0.000e0-+000

Figure 13: Streamlines of Oxygen Transfer in the water preseOxidation Ditch

Figure 13 shows the variation in the oxygengfanin different zones. It is clearly visible fraime figure that oxygen transfer in
the vicinity of aerators is quite predominant thiaat of other parts of the ditch.

The velocity profile was copied very close te thrush. It was done in order to minimize the iafice of the flow in the ditch on
the velocity profile. The copied values were meadutO cm from the end of the rotors blade. As thbulence is created, the
dissolved oxygen (DO) transport was modeled usimitgfrate chemistry. The reaction was set to chdd@ in the water.
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Velocity
{Strocamline 2}

I 1.3772-001
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Figure 14.Streamlines of velocity of water flow in Oxidati@itch

5.6 Determination of K, a from CFD model

A model with large amount of moving parts woudd too complicated to be created and because bfittlie sometimes
impossible to solve to obtain accurate results.oVercome this situation simple logic was used. Vakcity of flow in the
oxidation ditch should be in the range of 0.25 /6.6 m/s, (Abusarat al. 2002). During laboratory experimentation, theezpe
of the aerator was maintained at 36, 42, 48 andp@f so that the above-mentioned velocity rangddcbe satisfied. It was
observed that the lower limit of velocity was stiid by maintaining the speed at 36 rpm and 0.5welscity was observed at 60
rpm. As the speed was increased beyond 60 rpng thas rise in velocity but splashing of water frima ditch was observed,
which is not tolerable, because oxidation ditchsed to treat the sewage.

It was a difficult task to model the brush raiat It was, therefore decided to maintain the gigjoof flow from 0.25 m/s to 0.5
m/s so that the speed of rotation of aerator chwalddetermined from the experimental observatioresedfter, the rise in DO
concentration was measured for equal interval metand a plot is obtained betweena@d C. As stated earlier the plot
between . nand Gwill yield a straight line. The slope of the lireknown and the value of K is calculated.

Figure 15 illustrates the relationship betwesnabserved values of K and simulated values of & obtained from CFD model
simulation. The Rvalue of 0.9609 is obtained by plotting the abwakies against each other, which suggests thaZfiemodel
and the simulation values thus generated are id ggoeeement with the experimental model and therehsion recorded therein.
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Figure 15. Relationship between Experimental values and ®fdel values
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6. Conclusions

The following conclusions are drawn from the stadpducted:

1.

The aerator configured in the present study @adicitly used for oxidation ditch process onlydathe speed of
rotation was in the range of 36 rpm to 60 rpm. Btrpm speed, 47 degree blade tip angle and 5.5 epth dbf
immersion, the optimum value of aeration efficief&E) was obtained and was observed to be 2.269/kgdh.
Secondly, with such a low speed, the back splastition did not occur, as was observed in the odideeterson E.L
and Walkar M.B. (2002).Whereas the speed of padtikel aerator is of the tune of 135 rpm (Moultlal, 2005) and
therefore, the occurrence of backsplash is vemifisgnt at higher speed using paddle wheel asaatar.

The standard aeration efficiency of curved blaelator was observed to be 2.95 kg@/h.

It has been estimated that the simulation egost{4) and (5) predict the values afakand power with Rvalues of
0.9797 and 0.9892 respectively, when compared evigferimentally determined values. Thus equatiohsuid (5) are
justifiable by taking into consideration all of tlexperimental errors themselves. Therefore abovatems may be
used with confidence for predicting theakand power (P) and can be considered as desigi@ugifor CBR aerator.
The model of the brush was created to undergtenthfluence of an aerator on the flow velocity.

The oxygen transfer analysis gave all the resagtwere expected, but tracing the particles inough to model all
the processes that takes place in the ditch, bedheschemical, biological and physical processe® harge influence
on settling of particles.

A CFD model thus developed shows a good coefftodf correlation (R= 0.9609) with the experimentally observed
values and proves to be best-fit model with respeokidation ditch.

Finally, it can be concluded that aeration can l@enmore effective by optimizing various factorfeeting it viz, speed of

aerator,

depth of immersion, blades angles etc. TRB model developed leads to the improved qualftyhe waste-water

treatment while saving money as required for rugr@ind maintaining it.

Nomenclature

dc/dt  Rate of oxygen transfer in water.

Cs Saturation concentration of dissolved oxygen a&tewx (mg/L).
G Concentration of dissolved oxygen in water at tamg ‘t’.

h Time interval for taking observations (min).

Cwn  Concentration of dissolved oxygen in water afteeti(t+h).
DO Dissolved oxygen (mg/L)

AE Aeration efficiency (kg@kwh).

SAE  Standard aeration efficiency (kgkd/Vh).

DOI Depth of immersion (m).

CFD  Computational fluid dynamics.

K.a Overall oxygen transfer coefficient nin

N Speed of aerator in rpm,

h/D Ratio of depth of immersion to the diameterefator,

a Blade tip angle in degrees,

P Power required in watts (W).
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