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Abstract: Problem statement: The oxidation ditch system has been used to tvaeabus types of
wastewaters. Several types of aerators are ussdpfay the treatment process with oxygen. Amongehe
devices, the disc aerator has certain advantagesdiag foam generation over the brush and paggle t
rotors, but the main disadvantages of this aeiattie limited oxygenation capacity. The main objess

of this study were to study the effects of varidesign parameters and system operation parameténe o
oxygenation capacity of the systeApproach: A bench scale oxidation ditch system equipped withsc
aerator was used to gain better understandingeoptienomena of oxygen transfer and to study tretsff

of hole diameter, number of holes per disc, discktiess, disc speed, immersion depth and number of
discs on the oxygenation capacity of the systene iisteady state method with sulphite oxidation was
used to deoxygenate the water. The test involvezinidal removal of dissolved oxygen from water
followed by oxygenation. The power consumed was sweml, the oxygen transfer coefficient was
determined and both the oxygenation capacity andenation efficiency were calculateldesults. The
oxygen transfer coefficient was affected by the Bmsion depth, hole diameter, disc speed, disc ileisk
and number of discs, with the disc speed havinggtkatest effect. The results showed that thresiphly
processes simultaneously contributed to oxygersteauby the disc aerator: bubble aeration, eddgtiar
and surface aeratio@onclusion: The use of sodium sulphite with cobalt chloridedeoxygenation of the
water via the oxidation ditch was effective and tbsults were very consistent and repeatable. €rea
disc of 2.55 cm thickness, 1.92 cm diameter andhe@l8s was found to achieve the highest oxygenation
capacity. The system is anticipated to provide aatirrange of oxygen transfer rates under actual
conditions (23-164 mg$lL-h) to meet varying process demands encount@radriobic treatment systems.

Key words: Oxidation ditch, aeration, deoxygenate, oxygensfem oxygenation capacity, disc aeration,
coefficient, biological treatment, mass transferchamisms, diffusion coefficient, liquid
phase, sodium sulphite

INTRODUCTION process should be accomplished at the least cast pe
kilogram of waste treated.

Wastewaters have been successfully treated using The oxidation ditch system has been successfully
aerobic biological systems. (Pell and Worman, 2008used for wastewater treatment (lgual., 2009; Xieet
LaPara and Alleman, 1998; Groweisal., 1992; Fenlon ., 2006; Xia and Liu, 2003). The ditch essentially
and Mills, 1980). The main functions of any aematio Consists of a closed loop, open channel in whighidi
device are to: (a) supply a sufficient quantityoaf/gen circulation and oxygen input are maintained by a

- : o ; I mechanical device. The disc aerator described hy, (W
tq the liquid mgdym N malntam.aerc-)blc condltlpfb; 1995; Gomolka and Gomolka, 1991; Ghaly and Kok,
circulate the liquid to keep solids in suspensionl a

id i distrib h d lii 1986) is an alternative to the brush and paddleelvhe
avoid settling, (c) distribute the oxygenated Iui .5 which are traditionally used in oxidationctiies

throughout the liquid body to avoid anaerobic ZONegioulick et al., 2002; Jonest al., 1971). It has certain
and (d) keep good contact between the microbid$,cel a4yantages with regard to foam generation but the
nutrients and dissolved oxygen to ensure efficienbxygenation capacity of an individual disc was mépad
biodegradation of the organic matter (Gresghal., to be limited and the use of a number of discshan t
2010). From the viewpoint of the operators, theten rotating shaft was suggested in order to allow dor
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wider range of oxygenation capacities (Dregisal.,  Where:

1972). From the point of energy consumption, it ldou Dg = The diffusivity coefficient through the gadnii
be more fruitful to try to improve the oxygenation (cnfs™

capacity of a single disc aerator rather than rgemee D, = The diffusivity coefficient through the liquid film
large numbers of discs. This can be achieved higibet (cnfs ™)

understanding of the mechanisms of oxygen trafsfer Dg = The eddy coefficient of diffusion from the gas
the disc aerator and investigating the effectsasfous liquid film (cm™s™?)

disc design parameters and system operation pagesmet ¢c

on the oxygenation capacity of the disc. g = The partial pressure gradient perpendiculahéo t

The main objectives of this study were to: (a)
investigate the effects of various disc design patars
(hole diameter, disc thickness and number of hpés %—‘h

cross-sectional area (gct

e two film theory: The interface between two
hases is modeled as a set of two stagnant filmespa
e gas side and the other at the liquid side. Mass

disc) and system operational parameters (rotation
speed, immersion depth and number of discs) on th

oxygen _transfer : coefiicient, (b) calculate  the transfer then occurs by sequential molecular difus
oxygenation capacity of the system and (c) undedsta through the two films as shown in Fig. 1 (Haut and

the_ physic_al phenomena of oxygen transfer in thEHaIIoin, 2003). With this concept, equation 2 can b
oxidation ditch. written in terms of a gas and liquid films as folw

Oxygen transfer: Aeration is used to transfer oxygen

to a biological treatment process. It is a gasifiqu N=KA(Cs~C\)=KA(P, -F;) 3)
mass-transfer process in which interphase diffusion

occurs when a driving force is created by departurgyhere:

from equilibrium (Greschet al., 2010; Pawaret al., N = The time rate of mass transfer {ys

2009). The driving force is a difference in acyvit K = The liquid film rate constant, defined as
between the two phases (gas and liquid) and isllysua DU/Y . (cms?

expressed in terms of a concentration or partiegure Kes= The gas film rate constant, defined agYR
difference (Pawaet al., 2009). However, the various (gPalcm?s™
mass transfer mechanisms that have been reported 8 _— Tha concentration of solute in the liquid e t

the literature are based on Fick’s Law of diffusion interface (gcrff’)

C. = The concentration of solute in the liquid (g&m
N = DA(dC] (1) Ps = The partial pressure in the gas phase {gcm
dy P = The partial pressure at the interface (ggm
A = The cross-sectional area through which diffasio
Where: occurs (cr)
N = The time rate of mass transfer-ys
D = The diffusion coefficient (cfs™) . For a sparingly soluble gas such as oxygen, the
A = The cross-sectional area through whichjiquid film resistance controls the rate of masssfer.
diffusion occurs (cr) The diffusion is assumed to occur only in a dil@tti
de _ The concentration gradient perpendicular to theperpendicular to the interface and the two filme ar
dy thought of as persisting regardless of how much
cross-sectional area (gt turbulence is present in the gas and liquid (Eatldef,

1959; Wang, 1995).
Two mechanisms have been suggested for
explaining the mass transfer between the_g:’;\s-liquie|-he penetration theory: It is postulated that the
phases: the two film theory and the penetratiomie  ,ntact between phases occurs in a series of iittentn
Assuming equilibrium at the gas-liquid interfaclget stepsand the mass transfer ratea fimction of

mass transfer can be expressed as follows: the contact time. Elements of fluid move periadly
from the turbulent core tothe phase roauy,

N =DGA(de:DLA(dC]=DE[de (2) restthere a short time and ahent replaced
dy dy dy by other elements from the bulk liquigig. 2).
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Gas film where, tis the time of exposure of the eddy to air (S).
Dankwarts (1951) discovered that the displacement
Liquid film of fluid elements from a phase boundary is compjete

random and there is no dependence on the time of
contact. He assumed the rate of displacement oidliq

Liquid bulk elements to be constant over the whole contact dinae
defined K as follows:

K, =4D.r (5)

where, r is the rate of surface renewal (§ec
However, neither the time of exposure of the eddy

Interface to the gas phaseg)tnor the rate of surface renewal (r)
can be easily calculated with accuracy (Ghaly and
Gas Edwards, 2011).
film
Pe
: Over-all volumetric mass transfer coefficient: In
GAS bulk \ most types of gas transfer systems, it is not ptessd
P

measure the interfacial area of contact betweeragds
liquid. For this reason, use is made of the ovkr-al
& volumetric mass transfer coefficient in which are

c . ) : .
- combined the interfacial area per unit volume amal t

Fed Liquid mass transfer coefficient (Ghaimt al., 2010). At
¥y steady state, when the oxygen concentration in the

liquid phase remains relatively constant, the fiems
Fig. 1: Schematic representation of gradients ie thrate is calculated by means of the following edprati

stagnant gas and liquid films during interphase
mass transfer N=K.aaV(Cs-C)) (6)

Where:

V = The volume of the system (&m
Kia= Tthe overall volumetric mass transfer
@ @ coefficient based on the liquid phase {$gc

The objective of aeration and agitation
management in a wastewater treatment system is to
Fig. 2: Suggested mechanism of mass transfer acrogghleve a value of fa such that the_ oxygen _supply

) . meets the oxygen demand of the microorganisms at a
an interface via eddy surface renewal

value of G sufficient for the microorganisms to exist.

The mass transfer takes place exclusively by mtdecu
diffusion during the period of contact in a directi

perpendicular to the interface with regular frequen _ Experimental apparatus A bench scale oxidation

i.e., the time that each element of fluid remains i . . . .
contact with the phase boundary is constanfthCh system (Fig. 3) equipped with a disc aeratas

(Nedeltchevet al., 2007). The rate of oxygen transfer set up to gain an understanding of the phenomefion o

(K.) was defined as follows (Miller, 1964: McCabe oxygen transfer and to study the effects of thes dis
al., 2004; Nedeltcheet al., 2007): design parameters and system operation parameaters o

the rate of oxygen transfer in deionized water. The
equipment included the oxidation ditch and hood,
(4)  aerator discs and rotating shaft, a motor and &dspe
e controller.
664
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Fig. 3: Schematic diagram of the oxidation ditcld associated apparatus

A race track type oxidation ditch was Fisher Scientific, Montreal, Quebec, Canada). The
constructed of acrylic plastic (Fig. 4). The thielss motor shaft was attached to the disc shaft throaigh
and height of the ditch walls are 0.4 and 16.0 cmchuck assembly. The disc immersion depth was
respectively. The walls of the ditch were gluedooa adjusted by lowering or raising both the drive alist
76x38 cm acrylic plate of 0.6cm thickness. shafts to the required height using two pieces of

The inner and outer diameters of the circular parPlexiglas of the same thickness (2.5 and 5.0 crdpun
of the ditch were 15 and 30 cm, respectively. Thethe bearings. A generator tachometer (Servo-Tekellod
length of the ditch side was 31.5 cm. This lengsw ST-9540-20, Fisher Scientific, Montreal, Quebec,
used to obtain a ditch area of 1000°@nd a volume of Canada) was connected to the disc shaft by meaas of
16 000 cii The aerator was covered with an acrylic Tygon tube to measure the speed of rotation.
hood to avoid loss of the ditch contents by splaghi A general purpose filtering funnel (Kimble 28950

The aerator discs were fabricated of acrylic pdast No 10-322E, Fisher Scientific, Montreal, Quebec,
The diameter of the discs was 29 cm. Holes wer&€anada) was used to gradually add sodium sulphie a
drilled in the outer 7 cm, parallel to the discsaxthe cobalt chloride solutions to the ditch. The funmels
independent variables considered in the desigrhef t connected to the ditch by a Tygon tube. An impetier
discs were: disc thickness, hole diameter and nuwibe 31 cm length and 4.4 cm propeller diameter was
holes. Five levels of disc thickness (0.32, 0.6281 connected to a stirring apparatus (Dyna-Mix Modg&| 4
1.92 and 2.55 cm) and five levels of hole diameterFisher Scientific, Montreal, Quebec, Canada) wité t
(0.00, 0.32, 0.64, 1.28 and 1.29) were studiedotalt propeller at the mid-depth of the ditch and used to
of twenty five discs were fabricated. The number ofcirculate and mix the ditch contents during the
holes drilled in the discs was such that all disad the deoxygenation process. Dissolved oxygen was
same perforated area (123%out of 660 crhor 19%). measured by a polarographic electrode (Beckman
This resulted in 1536, 384, 96 and 43 holes parfiis 39553 Q Sensor) connected to a dissolved oxygen
the discs having 0.32, 0.64, 1.28 and 1.92 cm holeneter (Beckman Fieldlab Oxygen Analyzer Model
diameters, respectively. 1008, Fisher Scientific, Montreal, Quebec, Canada).

The disc was mounted on a rotating shaft so that iThe signal from the dissolved oxygen meter was
was partially submerged in the ditch contents. dise  recorded continuously on a servo recorder (Health
shaft was driven by an adjustable speed (0-500 rpmylodel Eu-20B, Fisher Scientific, Montreal, Quebec,
electric motor (Steadi-Speed Stirrer No. 14-498A,Canada). Liquid temperature was measured by a
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thermistor sensor (Beckman Model 39590, Fisherompared with those obtained when using singlesdisc
Scientific, Montreal, Quebec, Canada) and airof the same thickness and double thickness.
temperature was measured by a mercury thermometer. In the fifth set of experiments, the oxygenation
The barometric pressure was measured by a mercugapacity of the optimum disc was determined atoesi
barometer (Fisher 2-383, Fisher Scientific, Moritrea speeds. The values of & were used to calculate the
Quebec, Canada). Power requirements were measurédygenation capacity. The Oxygenation Capacity (OC)
by a single element wattmeter (Crompton Parkinsoryvas defined in this study as the weight of oxygen p
No. 1672070, Tyco Electronics, Witham, Essex, UK).unit time (gQ/h) that could be introduced into a
A Locam 16 mm High Speed Motion Picture Cameracompletely deoxygenated body of water af@Gand
(500 frames per second) was used to film the moneme 101.3 kPa and it can be described by the following

of bubbles and eddies during the aeration process. ~ €duation:

OoC=KaGV (7)
Experimental design: Three independent disc design _ o _
variables (disc thickness, hole diameter and nurober The oxygenation efficiency was defined as the

holes) and three operational variables (disc imioers Weight of oxygen that can be introduced into a
depth, disc rotational speed and number of disespw compleliely deoxygenated body of wa(’;er at’CZQaﬂd
considered for manipulation to maximize the oxygeni01-3 kPa per unit energy consumed 440). The

; power requirement of the system operating with the
transf_er capacity of th_e system. How_ever, a Completdisc of 2.55 cm thickness, having 48 holes of ko2
factorial experiment including all six factors was

. ; . ' diameter and an immersion depth of 7.5 cm, was
consu_jereoi |mpract|c_ala Ttherefore, five sets Ofmeasured at 50, 100, 150, 200 and 250 rpm. Thermpowe
expelrrwlr?rfen f?rgze;:tc(iifr:zipgr?ﬁents the oxygen transf :ppqé o tf;]e ?-Otﬁr-?ﬂve was measured with amth

o ' ' . ' liquid in the ditch. The net power input was ta e
coefficient (Ka) was determined at three immersion difference between these two measured power values.
depths (2.5, 5.0 and 7.5 cm) and five disc speB@s ( . )

100, 150, 200 and 250 rpm) using the disc of 0:84 ¢ Experimental procedure: A number of experiments
thickness having 48 holes of 1.28 cm diameter. were performgq to determme the.valyes qf the omyge

In the second set of experiments, the effectssaf d transfer coefficient (Ka) in the oxidation ditch under

) ’ ) various conditions. During each experimental rumg t
speed and hole diameter ona&Kwere studied. An

) . ) ) ditch contents were aerated, deoxygenated and then
immersion depth of 7.5 cm and a disc thickness @40 oaerated. The unsteady state method with sulphite

cm were maintained during all experiments. Thesegyxidation described by Ghaly and Kok (1988) was
values for immersion depth and disc thickness wergsed. The test involves the chemical removal of
chosen randomly. Five hole diameters (0.00, 0.3%,0 dissolved oxygen from water by oxidation of sodium
1.28, 1.92 cm) and five disc speeds (50, 100, 280, sulphite (with cobalt added as a catalyst). Thargbal
and 250 rpm) were used. All of the discs havestirae  reaction is as follows:

perforated area.

In the third set of experiments, the effects afcdi N&SQ; + 0.5 QC,Cl, N&:SO; (8)
speed and disc thickness onaKwere studied. Four . 1 . L
discs of 0.64, 1.28, 1.92 and 2.55 cm thickness (al 1 neoretically, 7.9 mg L sodium sulphite is

: 3 . needed for each mg 1of DO. However, because it is
having equal perforated volumes of 85°rand five

. necessary to mix the sodium sulphite throughout the
disc speeds (50, 100, 150, 200 and 250 rpm) WE®. US aeration tank before the test starts, oxidatiorsarhe

An immersion depth of 7.5 cm was maintainedsy|phite occurs during the mixing period. Therefdhe
throughout the experiments. addition of approximately 1.5-2.0 times of the
In the fourth set of experiments, an attempt washeoretical quantity of sodium sulphite has been
made to study the effects of using more than on&t@e suggested by Ghaly and Kok (1988) as being negessar
disc on the rotating shaft on & Because of the limited to deoxygenate the basin.
width of the ditch (7.5 cm), it was only feasible t Initially, the ditch was cleaned thoroughly witipt
install a maximum of two discs spaced at 2.5 cnthen  water and then flushed several times with deionized
rotating shaft. This was done for two disc thiclsess water before each run. Eleven litres of deionizedew
(0.32 and 0.64 cm). An immersion depth of 7.5 cns wawere then added to the ditch. The dissolved oxygen
maintained during the experiments,aKvalues were meter, recorder and aerator were started simultesteo
obtained for these two discs at five disc speeds (5 and the liquid and air temperatures and barometric
100, 150, 200 and 250 rpm) and the values wer@ressure were recorded.
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12 Deoxygenation At a time t = 0, €= 0 and the above equation on
S i | T Reasating investigation yields the following equation:
10— r— I
o | =
- C =Ce" (10)
_é: Oxidation
= o The values of (C.) were plotted on semi-
oy =s==== logarithmic study against time resulting in a i

e line with a slope equal to the negative value @A K

(Fig. 5). Ka values obtained under laboratory
conditions were converted to their equivalent valaé
20°C and 101.3 kPa. Using the following equations:

02 4 6 & 10 1214 1618 20 22 24 26 28 30 32 34 36

Tims {min}
P
. . . C,=C,=2 11
Fig. 4: The oxygen concentration curve obtainedndur * TP (11)
a typical experimental run
i K a, = K aq, (1.2457 (12)
g
8 Where:
— 6 C,p = The concentration of O in water at
<3 = laboratory barometric pressure (myL
= - Csp = The concentration of On water at standard
G 3 atmospheric pressure (gL
o) Pap = The absolute laboratory barometric pressure
(kPa)
Pt = The standard atmospheric pressure (kPa)
Kiaz0 = The overall volumetric oxygen transfer
] coefficient at 26C (min™)
D 1 2 3 45 6 7 8 & 10 i1 1213 14 Kiam = The overall volumetric oxygen transfer
Time (min) coefficient at atmospheric temperature (min
1
. o )

When the oxygen saturation concentratiog) (€as

reached (the oxygen concentration curve becaatg fl Equation 11 was used to correct the valuesair(_d
i equation 12 was used to correct the value @f. K his
the aerator motor was switched off af8.8 mL

of 0.10 M NaSO, solution (173.8 mg of sodium left K_a exclusively a function of the design parameters

sulphite) and 1.6 ml  of 001 M CoGHO0 of the disc aerator in the oxidation ditch.
solution (2.2 mg of cobalt chloride) weadded.

These solutions were distributed throughout the
oxidation ditch by the impeller. When the water was

completely deoxygenated, the impeller was shuoléf o\ arsion depth of Ka was studied at various levels of
the disc aerator was started. The dissolved oxygefjisc speed. The perforated disc of 0.64 cm thicknes
concentration (Q then increased until it reached the having 48 holes of 1.28 cm diameter and the non-
satura}tlont concentrz_itlo(r; £tp Durlngt_l ath typical perforated disc of the same thickness were used. Th
experiment, ¢ remained at zero until the exCess gtert of the immersion depth on & at various disc
sodium sulphite had been oxidized, rose rapidlthat speeds is shown in Fig. 6. The effect of the dised on

beginning and then slowly approached its saturation 5 ot various immersion depths are shown in Fig. 7.
value again (Fig. 4). The overall volumetric oxygen

transfer coefficient was then calculated accordinthe  Hole diameter experiments: The results of these

RESULTS

Immersion depth experiments. The effect of

following equation: experiments are shown in Fig. 8-9. The effect & th

hole diameter on Ka at various disc speeds is sown in
dc i i i
*-kac-q) ) Fig. 8.. The effgct of the_d|sp speed opakat various
dt hole diameters is shown in Fig. 9.
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Table 1: Ka, oxygenation capacity, specific oxygenation capagower requirements and oxygenation efficientihe aeration system
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Specific Power requirements Oxygenation
oxygenation efficiency (gQ/MJ)
K,a Oxygenation capacity No load load etN
Speed (rpm) (mif)  capacity (g@h) (gGy/h) (Watts) (Watts) (Watts) (%)* Net Gross
50 0.180 1.090 0.099 54 63 9 14 33.6 4.8
100 0.366 2.220 0.202 61 72 11 15 56.1 8.6
150 0.640 3.890 0.354 67 81 14 17 77.2 13.3
200 0.916 5.560 0.505 74 90 16 18 95.7 17.2
250 1.230 7.470 0.679 80 99 19 19 109.2 21.0

*Percent of total power with load. Disc thicknes2.85cm Number of holes = 48 Hole diameter = 1/®2ramersion depth = 7.5 cm

1.6
14 |

12

K a(min-!
L

e
(3] B (=% [=:] =
— T

Immersion depth="7.50 cm

Hole diameter=1.28 cm

g 96 Holes
== 48 Holes

32 Holes
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=
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150
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200 250

Fig. 11: Effect of disc speed on the oxygen transéefficient at various numbers of holes
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Fig. 12: Effect of disc speed on the oxygen transtefficient of single and double discs of varithisknesses
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of the disc aerator in deionized water
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Double disk experiments. The

results of these

experiments are shown in Fig. 12.

Oxygenation capacity: The Ka,

input

power,

oxygenation capacity, specific oxygenation capacity
and oxygenation efficiency are listed in Table heT
oxygenation capacity and power requirements are als
presented graphically in Fig. 13. The oxygenation
capacity was calculated from & using Eq. 5. The
specific oxygenation capacity was determined by
dividing the oxygenation capacity by the ditch voki
Fig.13: Oxygenation capacity and power requirement§ he oxygenation efficiency was calculated by dingli
the oxygenation capacity by the power consume.
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DISCUSSION Cancino (2004) found that K increased as depth
increased for a flat plate aerator up to an imroersi

Immersion depth: The immersion depth had a genth of 235% of paddle height. Mouliekal. (2002)
significant effect on Ka. Increasing the immersion depth ¢, \4 the immersion depth of a paddle wheel aetator

g}g::iéslﬁgrggsfi% rgbfr;[g ?rlwempeerrsfi(()) rr?tggpatlﬂdfrg(r):'g%rggtedhave a significant effect on aeration. AI—A_hmngQ)
increased Ka by 30-93% for the non-perforated disc andlnvesugated the oxygen transfer capacity in a benp
by 40-193% for the perforated one, depending on th cale subsurface aerator and found that by incrgasi

! e water depth the average bubble residence time

rotational speed. A further increase in immersieptd | ) :
from 5.0-7.5 cm nearly doubled these values. Thidncreased allowing more time for oxygen transfer to

increase in Ka was due to several factors. First, Occur. As water depth rose from 0.5-4.6 m (820%
increasing the immersion depth increased the disa a mcreasse) the oxygen transfer capacity rose frort 728
passing through the liquid. About 32, 57 and 77%hef 90/mM’hr (844% increase). Gillott al. (2005) and
disc area were passing through the liquid for 3.6 ~ Bayramoglu et al. (2000) developed models to
and 7.5 cm immersion depths, respectivelgb@3). determine oxygen transfer rates in diffused aiaten
Second, increasing the immersion depth increased tianks and found the water depth to have significant
number of holes passing through the liquid (Fig. Eér  effect on the oxygen transfer.
immersion depths of 2.5, 5.0 and 7.5 cm there \B&e In this experiment the effect of disc speed on the
70 and 96 holes passing through the liquid peK,a was also extensive. Increasing the disc speed
revolution respectively. Third, increasing the increased Ia for both the perforated and non-
immersion depth increased the average residenee tinperforated discs. The rate of increase was depéaen
of the holes and therefore, presumably the resilendhe immersion depth; the greater the depth the more
time of the bubbles. Fourth, increasing the imnuersi rapid was the increase in & For all disc speeds
depth increased the extent of the oxygenated andowever, the perforated disc had much highea K
thoroughly mixed layer (Table 4). values compared to those of the non-perforated. disc
Increasing the number of holes increased the nuwiber

Table 2: Percentage increase ipaKdue to increase in immersion bubbles passing through the quuid per unit time

depth, at various disc speeds

although it decreased the average residence time.
Paolini (1986) performed a study on a Rotating

(from 2.5-5.0 cm) (from 5.0-7.5 cm) Biological Contractor (RBC) aerator used in waste

water treatment and found that as the disc speed

Increase in immersion depth

Speed Non- Non- - .

(rpm) perforated Perforated perforated Perforated !ncreased from 3 rpm to 25 rp_m (733% m_creaseg)a K
50 30 20 56 77 increased from 0.11-0.33 min (200% increase).
100 92 85 108 150 Moulick et al. (2002) obtained similar results when
150 93 193 120 264 adjusting mixing speed in a paddle wheel aerator.
200 61 134 92 213 o

250 67 147 111 229 Clarke et al. (2006) tested the effects of alkalinity on

the oxygen transfer coefficient in a New Brunswick
Table 3: The effect of immersion depth on the disea passing b'oreacmr and found that th_e effects of alka“n"_l?re
through the liquid, the number of holes per revoltand  tied to the speed of the impeller. The addition of

the thickness of the oxygenated layer alkalinity increased Ka at speeds above 300 rpm and
_ Disc area Number reduced Ka at speeds below 300 rpm. The authors
L“;g‘tﬁrs'on &?ﬁi‘gﬁ po(:rholes I§:¥ge”at9d concluded that alkalinity improved turbulence ahdst
(cm) Liquid (cnf) (%)  revolution (%) oxygen transfer rate.
25 208 32 38 23
5.0 377 57 70 46
7.5 506 77 96 69

Table 4: Percentage increase irakiue to the presence of holes, at
various immersion depths and disc speeds.

Immersion depth (cm)

= =0
Speed (rpm) 2.5 .0 75\ Xl O 202 g0 em
50 272 304 323
100 335 320 424 . . . .
150 219 383 428 Fig. 14: The effect of the immersion depth on tligcd
200 157 271 317 wet area and the number of holes passing
250 140 254 272 through the liquid per revolution
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_— Rotation In this experiment the effect of the disc speed on
K a was profound. For all discs, increasing the disc
oo speed increased K rapidly. Increasing the disc speed

from 50-250 rpm increased thg &value by 829-1014
percent depending on the number of holes.

It should be noted that, except for the disc which
had a 0.64 cm thickness (96 holes), tha Kchieved at
a given rotational speed was relatively constant,
irrespective of the disc thickness (and numberabés).
These observations were interpreted as being diveoto
opposing effects: an increase ipakdue to an increase
in the number of holes and a simultaneous decrigase
K_a due to a decrease in disc thickness. Appareotly,
most of the discs theses two effects practically
cancelled each other.

Double disc: For all aerator discs (single and double),
£ increasing the disc speed increased tha kKapidly.
Flow Increasing the disc speed from 50-250 rpm increased
(b) K a by 583-1824 percent for single aerator discstand
1990-2456 percent for double aerator discs, depgndi
Fig. 15:Path of bubbles and formation of eddieslisg on the disc tF;]ickness N I pgnd
aeratorb(al): Patht_of awfbgbgltis at IO(\jN sgg_ed (5t0 It should be noted that i values obtained from a
Ll?nr?.s(e)ed (()erSn(?r'O;)o ubbles and eddies aly, ple aerator disc of 0.32 cm thickness (two didcs
gnh sp P 0.32 cm thickness each, spaced at 2.5 cm and opgrat

Effect of hole diameter: The presence of holes as well in parallel) were similar to those obtained witre th
as the diameter of these had a great effect,@n RKhe  single disc of 0.64 cm thickness over most of theesl
presence of small holes of 0.32cm diameter incceaserange; it was however 19 percent greater at 25Q rpm
the K.a value by 44-152 percent over that of the non¥or the double aerator disc of 0.64 cm thickness, a
perforated disc, depending on the rotational spéed. lower speeds (50-150 rpm) & values were lower than
further increase in the hole diameter from 0.32Xkf  those of single discs of 1.28 cm thickness. At &igh
resulted in additional increases in& of 134-182 speeds, they were however considerably greateto up
percent. There were only slight differences amongst6 percent at 250 rpm.
K,a values obtained for discs having holes of 1.28 an
1.92 cm diameter. Visual observations: High speed movies were taken
Disc speed also extensively affected aK during an aeration test in order to gain a better
Increasing the disc sped increasea Kapidly for both  ynderstanding of the physical processes involvettién
perforated and non-perforat(_ed discs. Increasinglige oxygen transfer. The films were analyzed frame-by-
speed from 50 to 250 rpm increased th@ Kalue by frame on a photo optical data analyzer which gave a
1161 percent for the non-perforated disc and b2¥87 4,4 picture of the liquid and air bubble movement.
2100 percent for the perforated discs, dependinthen Three mechanisms are believed to have contributed

hole diameter. simultaneously to the process of oxygen transfaeyT

Effect of number of holes: In this experiment the two aré (&) bubble aeration, (b) eddy aeration and (c)
factors, disc thickness and number of holes pec, dis Surface aeration.

were confounded (i.e. the two factors were notsros  1he holes of the disc had a great effect on the
classified; all levels of each factor did not appeith ~ addition of bubbles and creation of turbulence hie t
each level of the other) since the perforated velwh liquid. The bubbles are formed when the disc erttegs
each disc was the same. The effects of these tetorga  liquid and the latter replaces the air trapped@holes.
could therefore not be separated. The experimest walrhe bubbles are then detached from the disc and
arranged in this manner so that for all discs,cataé  continue with the fluid as shown in Fig. 15. The/gen
rotational speed, equal quantities of air (in tlides)  transfer then occurs from the air bubbles intolidpeid
would be transferred below the liquid surface. phase through the gas-liquid interface.
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The disc not only adds bubbles to the liquid butfound that when the immersion depth was increased

also serves as an agitator. The liquid is caughthly
edges of the holes and eddies are formed. As g di
rotates and holes leave the liquid, a mass of eddie
brought above the surface of the liquid as showrign
15. These eddies are considered as continuallysaxgpo
fresh liquid surface to the air, then gliding sWifaway
and mixing into the bulk of liquid. During the expoe

of any portion of the liquid to air, transfer of ygen
occurs by molecular diffusion as described previous
The rate of production of fresh surface is a fuorctf
the disc rotational speed. Degleh al. (1998) stated
that intermediate and high frequency eddies artebet
able to cause bubble breakup. They found that gginn
non-perforated discs tend to generate low frequenc

to the edges of the discs to improve bubble breakup
this study, the larger hole diameter and higheredpe

from 5-14 cm (180% increase), the oxygenation
capacity rose from 147-391 g/hf §166% increase).
Although the measurement of the power
consumption of a model scale system is not nedgssar
meaningful, it was done for the sake of completenes
The results showed that the drive system of thataer
disc was rather inefficient; only about 14-19% bét
input power was apparently consumed in the aeration
process. This would not necessarily be the cause in
full-scale ditch in which an efficient aerator diddve
system would be installed. However, increasingdilse
speed from 50-250 rpm (400% increase) increased the
net power by 110% and the net oxygenation effigienc
by 225%.
Y" As is evident from the results, the system studied

Gehieved a very high specific oxygenation capacity.

However, as the specific oxygenation capacity of a
system is increased, the allowable maximum oxygen

created high frequency eddies with improved bubblejemand of the medium can be increased to allow more

breakup and higher oxygen transfer.
Oxygen transfer, from atmosphere to the liquid
body, may also take place at the liquid surface¢hian

concentrated waste to be treated. . This thenresyt
in a smaller ditch volume but higher energy
requirements. Therefore, in the design of an amrati

ditch. The dissolved oxygen concentration of thesystem these two evaluation factors may be tradied o

surface layer will be higher than that of the botto
layer so that the oxygen will be transferred dowrnisa
Eckenfelder (1959) found that surface aerationhis t

result of bubble breakup and the velocity gradients

present at the liquid air interface. Ghaly and Edisa
(2011) found that increasing the disc speed inegkas
the water velocity at the surface layer and impdotres
oxygen transfer rate.

Oxygenation capacity: The oxygenation capacity of
the system was a function of & and was thus affected
by the immersion depth, hole diameter, disc thiskne
and disc speed with the disc speed having the egeat

effect. Increasing the disc speed from 50-250 rpny

(400% increase) increased the oxygenation caphgity
585%.
Thakre et al. (2008) assessed the effects of

against each other to find the highest specific
oxygenation capacity at the lowest total cost.

CONCLUSION

The use of sodium sulphite with cobalt chloride fo
deoxygenation of the water via the oxidation ditzdes
effective and the results were very consistent and
repeatable. The oxygen transfer coefficient wascaéd
by the immersion depth, hole diameter, disc spdid,
thickness and number of discs with the disc speed
having the greatest effect. The results showedtkinae
physical processes simultaneously contributed to
oxygen transfer by the disc aerator: bubble aeratio
ddy aeration and surface aeration. The aeratoradis
2.55 cm thickness, 1.92 cm diameter and 48 holes wa
found to be achieved the highest oxygenation cépaci
The system is anticipated to provide a broad rasfge

immersion depth on the oxygenation capacity andoxygen transfer rates under actual conditions @8-1

power consumption of paddle wheel aerators anddounmgQ/L-h) t

that increasing immersion depth allowed for a maabi
increase in oxygenation capacity and a dramateiris
power consumption. Thakret al. (2009) tested the
effects of immersion depth on the oxygenation ciypac
of curved blade aerators and found that as imowers

0 meet varying process demands
encountered in aerobic treatment systems. However,
increasing the specific oxygenation capacity will
increase the power requirement and these two factor
may be traded off against each other to find thestmo
effective oxygenation capacity with the lowest totzst.

depth was increased from 4.8-7.2 cm (50% increase),

the oxygen transfer coefficient (K) rose from 8.41-
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