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Abstract: Interphase transport between atmospheric gaseswanter surface is achieved economically
achieved through mass transfer principles. It a&stablishes a solid relationship between oxygeuraiidn
concentration of liquid and oxygen concentratiomga$. The concentration of dissolved oxygen (¥X®rie of
the important parameter used to assess the qudliyater. Improvement of DO concentration in ptabl
water bodies ensures the endurance of aquatic ismgan In addition to it, Oxygen is important fdr @gae,
macrophytes and also for abundant chemical reactioat are important to stream and lake for itedife
functioning. Aeration process is possible in themghannel by providing suitable stepped cascasgersy
which is possible based on prevailing site condgicSubstantial air entrainment is promising inahie- water
interphase due to the plentiful of turbulence crednim it. This paper illustrates the experimentakstigation

of Potable water (PW) with and without deoxygenatad water. The experiment was conducted for seven
different flow rates and in stepped cascade aeraystem constructed for 1.80 m height. This wwds
carried by varying the tread dimensions of the digpkeeping constant channel width and step height.
regression equation using dimension-less paramwiessleveloped based on the results from the erpats.
Keywords: Aeration; stepped cascade aerator; dissolved oxygesulence.

Introduction

Aeration of water by stepped cascade system isred to be one of simplest method if natural slape
available in the stream and also in the water aastevtreatment process. Stepped cascades areeredsis a
very efficient means of aeration because of imgfrturbulent mixing characteristic, making theytaresidence
time and the substantial air bubble entrainmene parformance of such a system depends on theteslec
geometry of cascade system for particular hydrdolialing. The performance of cascade aeration bas b
studied experimentally by a number of investigaibré/ost of these literature highlights the geomaify
cascade system is prime predominant governingrfactorder to enhance the aeration. Cascade aenaiiy
also be used to remove chlorine and to reduce abmexaste and odourn the present work, geometry of the
stepped cascade is selected in such a way to mothppe flow over the steps while the slope oftcthee and
width of the channel as constant. By varying tlevflate and changing the tread length, the aerafioziency

of the system was evaluated. It is common pradiiee aeration efficiency of water is determinedemft
deoxygenating (ie, from reduced level of oxygemfriss naturally available level). In the presentrkydhe
performance of the selected geometry of steppethdassystem was evaluated with and without deoxatgen
the water.
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Previous research

Hydraulic aspects of cascade system of aerators baen investigated extensively and it is shown tha
existence of strong relationship between flow @td step geometries about its performance on aerahd
energy dissipatidff It is to be noted that from the results of theiperiments, stepped cascade is
characterized by a succession of nappe flow atveer flow rates and skimming flow at higher flovtes In
between nappe and skimming flow, there is posgibiiif transition flow to occur due to instability i
hydrodynamics and unsuitable wave phenomena opedepascade. Chanson, 1994 observed a change from
aerated to non-aerated nappe in the transitiomedgiBaylar, 2000 found that the length of non-aetdlew
region decreased when the step height was increaskdlso for all I/h (length of the step / heighthe step)
ratios the aeration efficiency increased with iaseein step heighit Chanson and Toombes, 1997 concluded
that aeration in the nappe flow is more efficidwrt the skimming flow and similar observation is made latter
by Emiroglu et. al., 2003 Baylar et. al., 2007 reconfirmed through furttievestigation that nappe flow
provides effective aeration when it compared witimsning flow””. Moulick et. al., 2010 conducted
experimental study on aeration performance of tangular stepped channel system with a height@d &.
The study provides that 90 % of aeration is achikv# cascade system consists of 14 steps fordaalic
loading 0.009 ris/nt with a slope of 0.35% Another study by Baylar et. al., 2011 indicatecréased aeration
efficiency with increased energy-loss ratio in bekimming and nappe flow regimes and also the study
indicates that nappe flow enables more energypsitisn and greater aeration efficiency than skingnfiaw °.
Stepped cascade systems become very versatileentrgears because of appreciable low cost andlgpee
construction. The paper presents the results adréarental investigation made in a rectangular stdpghannel

of height 1.80m to identify the effect of the trdadgth on aeration and its performance on flow exzduated
with and without deoxygenating the water.

Aeration efficiency

Self aeration is a natural phenomenon of transfarxggen from air to the water across a free seafahe
aeration efficiency depends on the quantity ofiriake at hydraulic structure. Gameson, 1957 sugdesn
equation for finding aeration efficiency as givesidw:

E=2e”C 0
C,-C,
Where G— Concentration of dissolved oxygen in the dowmrstref hydraulic structure
C. - Concentration of dissolved oxygen in the upstred hydraulic structure
Cs — Saturated level of dissolved oxygen for a giaatbient conditions.

Aeration efficiency of one indicates full transfdroxygen in the water. Since the temperature péaysal role
in mass transfer mechanism, aeration efficiencglsi¢e be converted based on standard temperatulive®
et. al., 1990 developed the relationship based assrtransfer similitude to adjust aeration efficieto 26C
and denoted as,§£° .

1
E,n=1-(1- E)f (2)
Where f is an exponent

f =1+0.02103T - 20) + 8261107 (T — 20)2 3)

If the efficiency value is ‘zero’ means, aeratiorogess not occurred and if it is ‘1’ means 100%aten

process occurred in the system. The saturationerdrations at various temperatures were obtaired the
charts. Suitable methods should be identified&dlieate the effect of salinity from the water. thirs study the
saturation concentration were determined by thet tyaMcGhee, 1991
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Experimental Set-up

Fig.1 shows the experimental set up, which consisi stepped cascade of 0.6 m wide and 1.8 m théigh
series of precast concrete slabs was laid ovew#igt slab which was fabricated using steel ‘L'temtangles.
The waist steel section provides a link betwedlingtitank and supply reservoir with an angl€.1Bhe steps
were constructed over the precast slabs in CM ddbitavas plastered to provide a smooth surface. sire of
the tread ranges from 0.40 m to 0.60 m with aneimemt of 0.05 m was constructed in sequence. Tlerwa
was pumped from the supply reservoir to the stlitank, from which water flown over the seriesstdps
through an approach channel, The first step levtd vespect to top of collecting tank was made &sm.
Discharge was measured using electromagnetic fletermprovided at the inlet pipe. The experiment was
conducted to identify the effect of aeration withdawithout addition of sodium sulfite (B&0O;) and cobalt
chlorite (CoC}). During each trial of experiment, the walls o€ ttanks were completely cleaned with clean
whip to remove the contaminant residues that gid o due to the addition of the salts. Each expent was
started by filling the storage tank with PotabletavgdPW) which was collected from Reverse OsmaRiS)(
water purification plant. The water quality wasnitored periodically during the investigation tonimize the
effect of repetition in experiments. Hence a camisteater quality was maintained through out theeexpent.
Flow rate was controlled by a valve available rtexihe pump and slope of the channel was kept aohdDO
was measured simultaneously both in upstream sideabso in downstream side using hand held DO meter
Temperature was measured in degree Celsius.

Dz O
e

Mzgarse N Fmom Hede

flew mo= pump s

Fig 1 Sketch of experimental setip

In the present study, investigation on the aergperiormance with different water quality and floates was
conducted on nappe flow condition only. The cowndii given by Chanson, 2002 for a nappe flow over th
stepped cascades are presented as folfows

d/h<0.89 - (h/l); 0.06< ()< 1.8 and >0.02 m 4)

Where, d= (q,79)"* = critical depth in a rectangular prismatic chdr(n®, q, is hydraulic loading rate (th
m of width /day); h is step height (m); | is stemdth (m). Therefore, the specification, along witéir ranges
(agreeable the above mentioned conditions), wemrified and presented in Table 1.
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Table 1 Design Parameters along with their ranges

S. No. Parameters Ranges
i) Hydraulic loading rate (g 0.015 — 0.105 Afs /nf
(To be varied at 10 levels) at an interval of 0.02 #m?/s
i) Step Height (rise) (h) 0.225 m
iii) Step length (1) 0.60 m, 0.55 m, 0.50 m, OmM&nd 0.40 m
iv) Step Width (W) 0.60m
V) Over all height of the stepped cascade (H) ni.8
Vi) Steps Number 8

The various ranges of the variables are shown bleTa and these values closely matches with thiedlp
design information for a cascade type aerationegygjiven in equation 4. Also the cascade geomewy, (
length and height of the steps) and the flow rageevselected to be nearly full-scale to minimize plotential

scale effects.

Result and discussion

In this research work, the efficiency of aeratidrastepped cascade channel was obtained for eavgilue of
tread of the step (t) and unit discharge (q) kegpionstant step height (h). Potable drinking wetas used for
the entire experiment and the results were cogelatith the same quality of water after deoxygemati The
following segment presents and discusses the sdfeultieration efficiency, &

(i) Effect of non — dimensional parameters in aerabn efficiency

Results from experiment shows that efficiency afaien was improved based on the type of flow
regime, which is the function of step geometry diodv rate. Generally nappe flow was observed at the
decreasing unit discharge and increasing step tei@@ased on the experimental results a transitiow
regimes was found in increased flow rates whichlted in reduction in aeration efficiency.
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Fig.2 Graph showing variation in aeration efficieng with d/h for PWWC
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Fig.3 Graph showing variation in aeration efficieng with d/h for PWWOC

Fig.1 and 2 show the relationship between non-d#ioe@l parameters {th) with aeration efficiency. It was
found that aeration improvement is directly prdjorl to the unit discharges {fs), however a tendency of
the decrement was witnessed at the highest floss @.021r1is) . In higher flow rates, the residence time of
water in the steps was decreased because the haserpransport of gas and water is not established.
Improvement in the results especially in highenfiates will be possible if the channel width isrigased. The
ratio of critical water depth to height of the wage/h) which is an important non-dimensional parambts a
strong influence in the aeration improvement. &intype of trend was observed in both the casete first
case PWWC (Potable water with chemical) shows 3X%evation improvement whereas the PWWOC
(Potable water without chemicals) yields 34% whghklightly greater than the previous quality oftevaThis
difference in efficiency might have been resultate do the presence of residues that develops during
deoxygenation process. Experiments were conducteddven different flow rates, so obviously theuhss
were analyzed for seven different non — dimensipashmeters. Among various/fg values, 0.045 found to

be better in both cases as it is received 41% ivgonent in the first case and 42% in the second. &serall
results shows that performance of PWWOC is fourighy better than PWWC, it may be due to
concentration of reactive salty agreement on themgirface which the affects the diffusion process

(i) Effect of ratio of tread and height of the st@ to aeration efficiency
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Fig. 4 Graph showing the effect of t/h on aeratioefficiency for PWWC
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Fig. 5 Graph showing the effect of t/h on aeratioefficiency for PWWOC

Fig. 3 and 4 shows the effect of tread and heifithe steps in different flow rates in aerationiagéncy. The
present work is investigated for a single step ttef@.225 m) with a combination of 5 different tie®.60 m,
0.55 m, 0.50 m, 0.45 m and 0.40 m. The notatidr) (Epresents the ratio of tread of the step tghiesf the
step.

Experiment result indicates that the aeration igfficy is strongly affected by t/h which in turnwnétion of
step geometry. Observed result shows that the rimame in dimensions of tread leads to good aeration
improvement in all kinds of flow rates. Even themgatrend was found in both qualities of water.
Comparatively better aeration efficiency is found with 0.6 m tread length then the water treatét \esser
treads. The range of average aeration efficierforedifferent t/h combination varies from 0.28 t3@ and 0.30

to 0.40 for PWWC and PWWOC respectively.

Regarding flow rates, the experiments was conduiedeven different flow rates which starts frond@B
m/s to 0.021r1s which have an equal increment of 0.00%sm In lower flow rates where the water spread
over the surface of the step like a sheet whiclblen@ produces a least aeration efficiency becatisewer
turbulence and increased step width. Observatiomowarces that the increase in flow rate is directly
proportional to the aeration improvement. It alsdi¢ates that higher flow rates able to generatal gesults
when the step width is increased. In the presemtyst aeration improvement was found increased when
flow rates increased up to 0.018sand then a small downturn was witnessed in the higher flow rate
0.021ni/s. For same geometry of cascade, increase inrfitevabove 0.018 s brings transition state of flow
regime Despite good turbulence in higher flow rdkessmaller width of channel, tread length ang $teight
causes the water to flow over to next steps witlatnsiorbs sufficient quantity of oxygen from the asphere.
Present study resolutely shows the accord betweerrdte and channel width.
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(iii) Effect of water quality on Aeration efficiency
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Fig 6 Graph showing the effect of water quality oraeration efficiency
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Fig. 6 clearly indicates the existence of variafiomeration efficiency of water with deoxgenatammd without

deoxygenation. Plot evidently proves that PWWOG Bhown good results when it is compared PWWC.
Potable water collected from RO plant is completede from any contaminants able to snap a minimum
In addition of sodium sulfitthemical used for deoxygenation the original DO
concentration is completely is reduced. Reverse d3@mprocess is capable of removing up to 99% ef th

guantity of oxygen.

dissolved salts (ions), particles and colloids fritlie feed water. So addition of Sodium sulfite 8{&) in the
RO water leads to stagnation of reactive salt agentthe surface of water which retards the diffagirocess.

But the mean difference between two qualities ofewds low, as it shows an average of 34% for PWWC

whereas it shows 40% for PWWOC.
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Fig. 7 Comparison of measured and predicted valuesf oxygen transfer efficiency
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A regression was generated from the data colleftted our experiment to predict the efficiency ofygen
transfer as follow

Ezo = - 0.0730 + 5.40 [¢h] + 0.0992 [t/h] (5)
R*=0.81
Where d is the critical depth in meters, h is height &f gtep and t is tread of the step

The observed efficiencies were compared with thésligted equation. Good agreement between obsened
predicted values was obtained. This expressionbeansed for finding aeration efficiency of cascagistem
having different geometry.

Conclusion

In the present experimental study, aeration perdoce of stepped cascade system of selected geowesry
investigated for water with and without deoxygematiThe result of the study confirms that when ftbey
through cascade increases from the threshold vahee performance of cascade decreases since time of
exposure decreases. Further, it is to be noted tthatigh the turbulent mixing of water appearshat top
surface level, but the width of the channel rettribe improvement of aeration efficiency. Resiithe study
indicates that selected geometry of cascade syshews better performance with PWWOC when compared
with PWWC. It could be due to logging of surfacaatve salts on the water surface which minimadigiuces

the aeration process. Further, it was found froenstiudy that positive influence of tread lengthtlom aeration
enhancement of flow. The non — dimensional paramgtéh) shows that steps with increased treadtteng
depicts increased performance when compared wetbttier combinations.
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Notations
Cq - Concentration of DO in f - Correction factor for temperature
downstream (mg/l) g - Acceleration due to gravity (/s)
C, - Concentration of DO in upstream HP - Horse Power
(mgfl) PW - Potable water
Cs - Saturation concentration (mg/l) PWWC - Potable water with chemicals
d. - Critical flow depth (m) PWWOC- Potable water without chemicals
d/h - Dimensionless discharges Q - Flow rate in (rfis)
DO - Dissolved Oxygen (mg/l) Ow - Hydraulic loading rate (fts)
E - Transfer efficiency at the water r - Rise of the step
temperature t - Tread of the step
Ezo - oxygen transfer efficiency at the T - Temperature
20°C
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