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Abstract

Sedimentation tanks have a vital role in the overall efficiency of solid particles removal in treatment units. Therefore, an
in-depth study these tanks is necessary to ensure high quality of water and increasing the system efficiency. In this work, an
experimental rectangular sedimentation tank has been operated with and without a baffle to investigate the system behaviour
and effectiveness for the reduction of solid particles. Turbid water was prepared using clay, which was collected from the
water treatment plant of Al Magal Port (Iraq), mixed with clear water in a plastic supply tank. Raw and outflow samples were
tested against turbidity after plotting a calibration curve between inflow suspended solids versus their corresponding turbidity
values. The key objective was to assess the impact of different flow rates, particle concentrations, heights and positions of
the baffle on the system efficiency. Findings showed that the tank performance was enhanced significantly (p < 0.05) with
the use of a baffle placed at a distance of 0.15 of tank length with height equal to 0.2 of tank depth. Higher removal efficiency
(91%) was recorded at a lower flow rate (0.015 dm®s%) and higher concentration (1250 mg-dm=3), as the treatment efficiency
enhanced by 34% compared with the operation without a baffle. Placing the baffle in the middle of the sedimentation tank
produced the worst results. System efficiency for solids removal reduced with increasing baffle height. Further research is

required to evaluate the efficiency of an inclined baffle.
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INTRODUCTION

Solid particles are one of the most persistent contami-
nants in wastewater [KOwaALCzYyK et al. 2019; MAL-
CZEWSKA, BiczyNsK1 2017], and the reduction of these pol-
lutants is considered an important step in water and
wastewater treatment plants. Sedimentation using primary
and secondary settling tanks separates suspended particles
from water by gravity [JAWECKI et al. 2017]. This method
has been widely used over the years for the purification of
turbid water. Treatment occurs when solid particles settle
down along the tank due to the low flowing rate of turbid
water [GHAWI, AL-JEEBORY 2010; SHAHROKHI et al. 2013].

Sedimentation basins account for around thirty percent
of the total cost of any treatment unit, and as a result, en-
hancing the efficiency of these tanks is the desired target for
designers and operators [SHAHROKHI et al. 2013]. The per-
formance of settling basins is affected clearly by functions
of these systems. Therefore, much attention is needed in

terms of key functions that affect the process of settling.
These factors mainly include tank dimensions, flow rate,
settling velocity [MALL, SHRIRAM 2014], type of flow, par-
ticles characteristics and concentration, flow pattern, angle
between the baffle and the system bed [SAaDY 2012], and
finally baffle position and height [TAMAYOL et al. 2010].
Previous research on sedimentation tank treatment sys-
tems provided valuable information about the impact of tank
dimensions on the settling efficiency [MALL, SHRIRAM
2014]. Regarding the impact of the baffle, YooN and LEE
[2000] mentioned that the baffle in settling basins is capable
to spread out the flow over the whole tank, squander the in-
flow kinetic energy, and enhance the circulation time (to in-
hibit short-circuiting). Therefore, many researchers have fo-
cused on the use of baffle either experimentally [GOULA et
al. 2008] to assess the impact of the baffle on the flow pat-
tern or numerically [AL-SAMMARRAEE, CHAN 2009; TAMA-
voL et al. 2010] to examine the impact of different baffle
configurations. SHAHROKHI et al. [2012] concluded that
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increasing the number of baffles boosted the tank perfor-
mance, but the authors ignored the cost of these baffles com-
pared with the resulted enhancement. Recently, different
modelling approaches have been used to study the effect of
the settling area [NGUYEN et al. 2019] and particles distri-
bution [FAN et al. 2020] on the system efficiency. However,
it has been noticed that the full impact of the main operation
variables on the efficiency of sedimentation tanks is still
limited. Apart from ASGHARZADEH et al. [2011], no inves-
tigations have been reported to assess the efficiency of set-
tling basins depending on the particles removal or outflow
concentrations, as these two parameters are very important
to evaluate the basin performance. ASGHARZADEH et al.
[2011] have focused on the efficiency of a settling tank used
to treat kaolin at concentration of 400 and 1000 mg-dm-3
depending on velocity profile and outlet concentrations.
However, the impact of different flow rates and wider range
of inlet concentrations have not been observed. In addition,
the system was operated to examine the impact of a baffle
placed in two positions only, which were not enough to eval-
uate the performance of an eight meter channel. Thus, this
research will be the first to focus on the impact of different
factors, in detail, based on the profile of particles distribu-
tion and the efficiency of settling tank in particles removal
in one full study. These factors include baffle height (Hy),
baffle position, inflow rate (Q), and inflow concentration
(Cin). This could create an opportunity to increase the tank
efficiency and to provide more understanding about the tank
performance.

In this work, findings of experimental studies are dis-
cussed to assess the performance of a lab-scale secondary
sedimentation tank designed to eliminate particles. The ob-
jectives are to examine the impact of the: presence and ab-
sence of a baffle, its position and height, low and high in-
flow particulate concentrations, and low and high inflow
rates (reflecting the contact time) on the system efficiency
for the removal of solid particles.

MATERIALS AND METHODS
EXPERIMENTAL PROTOCOL

A laboratory-scale experimental sedimentation tank
was operated at the university using a stainless steel rectan-
gular tank of 120 cm in length (L), 30 cm in width (W), and
40 cm depth in (D). System dimensions were as recom-
mended by MALL and SHRIRAM [2014]. These authors men-
tioned that the preferable length to width ratio of rectangular
settling tank ranges between a ratio of 3:1 and 5:1, and
higher settling efficiency achieved at a ratio equal to 3:1 or
4:1. They also founded that the lower basin depth is prefer-
able. Hence, in this research a ratio of 4L:1W was used with
a depth of 40 cm — which was enough for sludge storage.
Figure 1 demonstrates a schematic diagram of the system.
The slope of the tank bed was zero, and the inlet at the height
of 13 cm has a rectangular cross-section. The height of the
sharp-edged outlet weir is 38 cm, and the total depth of flow
was 40 cm.

The system was operated several times with and with-
out a baffle placed in the system bed. The bed baffle was

Inflow T—.Is —l

a0

( Locations of baffles N
N W f
]» ‘ﬂ ;\‘ Varied height Outiet =
. 8 —*
. 13
s |
'H
e
/, |

. 24
|n|et’f/ J(—1s—+—15—+—12+11£—+ |

opening

Fig. 1. A schematic diagram of the settling tank used in this study
(all dimensions are in cm); source: own elaboration

selected instead of the surface baffle for enhancing the set-
tling tank efficiency [TAMAYOL et al. 2010], due to the fact
that it efficiently interrupts the extreme rapid jet and de-
creases the speed of flow within the tank bed [HEYDARI,
MEHRZADEGAN 2014]. In the first case, the tank was oper-
ated without a baffle. In cases from 2 to 5, a single baffle
was used and placed in the system bed at distances of 18,
33, 45 and 60 cm from the inlet opening. At each distance,
three baffles of 8, 13, and 24 cm in height were examined,
which were below, equal and above the height of the inlet,
respectively. The tank was operated in separate runs using
two different concentrations (low: 250 £5.45, and high:
1250 +4.49 mg-dm~3) and inflow rates (low: 0.015 and high:
0.06 dm3-s! reflecting contact time of 9600 s and 2400 s,
respectively), which have not been studied before. These se-
lected values were within the design guideline recom-
mended by JOVER-SMET et al. [2017]. Each run exceeded
the contact time needed to collect enough data on inflow and
outflow samples. The results of each run were repeated three
times under the same conditions to make sure that all results
are reliable. All cases were examined using Reynold number
of 0.0508. Table 1 summarises each case of operation.
The Q was fixed at the desired value using a flow valve, and
measured by a flow meter installed between the supply tank
and the inlet.

TURBID WATER PREPARATION AND MEASUREMENT

The turbid water was prepared as a settling suspension
of clay to examine the basin efficiency (specific gravity of
2.65, Dsp = 1.7 mm), which was collected from the water
treatment plant of Al Magal Port (Irag) and mixed with clear
water in a plastic supply tank. A supply tank of 250 dm? is
placed at a distance of 40 cm above the ground. It contained
a mixer to ensure that no particles settle down in the supply
tank. To evaluate the tank efficiency, raw and outflow sam-
ples were tested for turbidity after plotting a calibration
curve between the inflow suspended solids versus their cor-
responding turbidity values. Turbidity was measured using
a turbidity meter (LP2000-11 Precision Bench, HANNA).
Suspended solids were tested according to the method stated
by APHA 2005 [EATON et al. (eds.) 2005]. Treatment effi-
ciency (TE, %) of the sedimentation tank has been investi-
gated as defined below (Ci, and Coy are inflow and outflow
particle concentrations, respectively):

TE = [(Cin — Cou)/Cin)] 100 @
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Table 1. Studied cases of the experimental sedimentation tank (in-
flow concentrations 250 and 1250 mg-dm™3, inflow rate 0.060 and
0.015 dm?3s%, over flow rate 0.0001670 and 0.0000416 m's* high
and low values, respectively)

Case Baffle Distance? Baffle height
(cm) (cm)
1 no baffle — —
2 single baffle 18 8,13, 24
3 single baffle 33 similar to case 2
4 single baffle 45 similar to case 2
5 single baffle 60 similar to case 2

Y Distance from the inlet opening.
Source: own elaboration.

DATA ANALYSES

The resulted data was analysed using Microsoft Excel
2016. Statistical analysis using IBM SPSS 23 was con-
ducted with the non-parametric Man-Whitney U test, to
compare the difference between two independent samples.
The Shapiro-Wilk test was computed to examine the nor-
mality of data.

RESULTS AND DISCUSSION
PROFILE OF PARTICLES CONCENTRATIONS

The profile of particle concentrations at varying depths
(0, 5, 10, 15, 20, 25, and 30 cm) along the tank and in dif-
ferent distances (15, 30, 40, 55, 75 and 100 cm) from the
inlet opening with and without a baffle are discussed below.

Case of ‘no baffle’. Results clearly showed that particle
concentrations at a distance of 15 cm from the inlet opening
in case no baffle is ued (Tab. 1, case 1) were scattered along
the tank depth (Figs. 2a and g for cases of high and low in-
flow rates, respectively). Subsequently, most particles are
accumulated within the middle parts of the basin depth for
both studied inflow concentrations and inflow rates. This
was interpreted by the pattern of jet flow through the inlet
as mentioned by ASGHARZADEH et al. [2011]. A similar par-
ticles distribution was found in Figures 2b and h, showing
values at a distance of 30 cm from the inlet, indicating that
the flow pattern was also similar. However, the vertical pro-
file of solids at distances of 40, 55, 75, and 100 cm from the
inlet showed a different path, as presented in Figures 2c, d,
e, and f (high flow rate), and Figures 2i, j, k, and | (low flow
rate), respectively. Particles concentrate on the tank bed
with their gradually reduced presence in upper layers, espe-
cially near to the end of the tank. These results are explained
by the fact that particles move towards the system bed and
settle down after a specific distance of more than half of the
channel length, especially the heavier ones [ASGHARZADEH
etal. 2011].

Case of a baffle placed at 0.15 of the tank length.
When the baffle was fitted at a distance of 18 cm (Tab. 1,
case 2), results showed that the profile of particles at 15 cm
from the inlet (before the baffle) and using a plate of 8 cm
height were scattered, which was due to the pattern of inlet
jet (Figs. 3a and g in case of low and high inflows, respec-
tively). These scatterings were dissimilar if compared with
the case of ‘no baffle’ (Figs. 2a and g). It was because

particles had reduced concentration in the mid-depth of the
tank and increased concentration in the other parts. How-
ever, in case 1, the particles were scattered randomly along
the tank height with some accumulation in the mid-depth
only. These results were explained by the impact of the baf-
fle, which works as a barrier accumulating particles in front
of it [AL-SAMMARRAEE, CHAN 2009]. The degree of accu-
mulation was also affected by the plate height. Behind the
baffle, at distances of 30 and 40 cm from the inlet, particle
concentrations were gradually decreasing (with length) in
the top layers to increase again in the tank bed (Figs. 3b, c,
h, and i) because of particle re-suspension [ASGHARZADEH
et al. 2011]. At distances of 55, 75 and 100 cm from the
inlet, the particles distribution was very uniform and con-
centrations increased clearly towards the system bed (de-
pending to the baffle efficiency) as shown in Figures 3d—f
(high Q), and Figures 3j—I (low Q). A trend of particle dis-
tribution was found when 13 cm and 24 cm baffles were
used (data not shown).

Case of a baffle placed at 0.275 of the tank length. In
case the Hy 8 cm baffle is placed at a distance of 33 cm from
the inlet (Tab. 1, case 3), at a distance of 15 cm (before the
baffle) particles were dispersed and highly concentrated
(similar to case 2). Solids accumulation near to the inlet in
case 3 (Figs. 4a and g) was higher than in case 1 (Figs. 2a
and g) due to the impact of the baffle. However, the accu-
mulation was lower in comparison with case 2 (Figs. 3a and
g) due to the baffle position. However, the trend of particles
distribution was similar. At a distance of 30 cm from the
inlet, most particles accumulated in the middle part of the
tank depth, with some reduction in particles concentrations
(Figs. 4 b and h). This may indicate that solids started to
move towards the system bed. After the baffle, at a distance
of 40 cm, a clear reduction of particles concentrations was
noticed (Figs. 4 ¢ and i). Then, the concentrations decreased
sharply in the upper parts comparing with these at the sys-
tem bed (Figs. 4d—f, case of high Q and Figs. 4j-I, case of
low Q) depending on baffle effectiveness. A trend of
particles distribution was noticed using 13 cm and 24 cm
plate heights (data not shown).

Case of a baffle placed at 0.375 of the tank length.
Figure 5 shows particulates profile when the 8 cm baffle
placed at a distance of 45 cm from the inlet (Tab. 1, case 4).
In this trial, the vertical profile of particles at a 15 cm for all
inflow rates exhibited equivalent distribution to the corre-
sponding profile of case 2 (Figs. 3a and g) and case 3 (Figs.
4a and g). However, particles showed lower accumulation
in this case (Figs. 5a and g) due to the impact of the baffle
position on treatment efficiency, which was lower than in
cases 2 and 3. Following on from that, at distances of 30 cm
(Figs. 5b and h) and 40 cm (Figs. 5¢ and i) a small reduction
was noticed in the concentration of particles as solids started
to move down. However, particle concentration at a distance
of 55 cm (directly after the baffle) decreased in top layers of
the sediment tank and significantly increased in the system
bed. This can be interpreted by the effect of the baffle (Figs.
5d and j). Then, the concentrations showed a sharp decrease
at top layers of the settling tank (Figs. 5e and f, and k and I).
This trend of particles distribution was similar using 13 cm
and 24 cm baffles (data not shown).




66

D.A. YASEEN, S. ABU-ALHAIL, R.N. MOHAMMED

a . b C
40 —&—Low Cin 40 /.
= X = 40
X=15) e Highcin (x = 40)
. 30 t
§ 15 g
= I T 20 ¢
10 |t
1 L g y L L L J 0 1 1 1 o )
0 250 500 750 10001250 0 250 500 750 10001250 0 250 500 750 1000 1250
Cout (Mgdm-3) Cout (Mg-dm=) Cout (Mgdm-3)
d 40 r(x =55 e40 = 75) f40 r(x=100)
30 30 30
5 £ £
~ 20 | £ 20 £ o0
I T T
10 | 10 10
O 1 1 1 'I ) o 0
0 250 500 750 10001250 250 500 750 1000 1250 250 500 750 1000 1250
Cout (Mgdm?) Cout (Mg-dm-3) Cou (Mg-dm)
40 ¢ h i 40 -
9% =15 40 1 = 30) (x = 40)
30
E £
g 820
I T
10 |
L L —@—! ) L L L y 0 n L L - y
0 250 500 750 10001250 0 250 500 750 10001250 0 250 500 750 1000 1250
Cout (Mg-dm3) Cout (Mg-dm-3) Cout (Mg-dm?3)
j - - | 40
] 40 r=55) K40 r(x=75) (x = 100)
~30r 30 30
T 20 T 20 T 20
10 10 10
0 T 1 1 'I ) O 0
0 250 500 750 10001250 250 500 750 10001250 250 500 750 1000 1250
Cou (Mgdm) Cout (Mg-dm=) Cout (Mg-dm3)

Fig. 2. Profile of particles in case of ‘no baffle’: a)-f) flow rate of 0.06 dm?3s-
x = distance from the inlet (cm), Cin and Cout =

1, g)-1); flow rate of 0.015 dm?s*; H = tank depth,
inflow and outflow concentrations of particles (mg-dm~2); source: own study
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Case of a baffle placed at 0.5 of the tank length. Fig-
ure 6 shows the profile of particles when the 8 cm baffle is
fitted in the middle of the tank length, 60 cm from the inlet
(Tab. 1, case 5). Particles showed vertical distribution
within the distance of 15 cm from the inlet (Figs. 6a and g),
and their concentration was higher than in the case of ‘no
baffle’ and lower than the other cases. This may indicate low
efficiency in the system performance. Then, the concentra-
tions reduced progressively, and a remarkable reduction was
found within the area behind the baffle (Figs. 6e, f, k and ),
as particles concentrations reduced in top parts and in-
creased in lower parts of the system depth. This reduction
was lower than in other cases of using baffles and the case
of ‘no baffle’. The profile of particles showed similar trend
using 13 cm and 24 cm baffle heights (data not shown).

According to the above, it is clear that the impact of Ci,
on particles distribution for all studied cases (with and with-
out baffle) was to some extent similar for both studied con-
centrations (Figs. 2-6). However, the accumulation of par-
ticles in the system bed was higher using 1250 mg-dm=in-
flow values. This was due to the sedimentation which in-
creased with growing concentrations and could contain
much heavier and larger flocs as mentioned by SAADY
[2012]. The author confirmed that the collision force
between particles increased at higher concentrations and
lead to the formation of larger and heavier flocs that settle
down in the system bed. Interestingly, AL-SAMMARRAEE et
al. [2009] concluded that the settling process of larger par-
ticles in sedimentation channels occur rapidly compared
with smaller ones. These outcomes indicate that the Ci, af-
fect particles accumulation in the system bed, but does not
affect the vertical distribution of particles along the settling
tank.

Regarding the impact of Q on particles distribution, re-
sults confirmed that a lower rate of flow corresponded to
higher particle accumulation in the tank bed and smaller
concentrations at the top parts of the settling tank (higher
removal efficiency). These results are observed for all stud-
ied cases (with and without baffle), as presented in Figures
2,3,4,5,and 6ato f (Q = 0.06 dm3s?) versus to Figures 2,
3,4,5,and 6g to | (Q =0.015 dm®s?). This is because the
kinetic energy is affected by the flow rate, and at low levels
of flow this energy decreases leading to higher sedimenta-
tion efficiency [JOVER-SMET et al. 2017; PATZIGER, KIsS
2015]. These results reflected the impact of particles reten-
tion time in the channel, as a lower flow rate means more
and enough time for particles to settle down. This conse-
quently translates into higher removal efficiency, and vice
versa. Although, authors have treated activated-sludge using
a circular sedimentation tank, these findings confirmed that
the Q affects the system performance, at different levels, re-
gardless the system is supported by a baffle or not.

The impact of baffle configurations showed a similar
trend in particle profiles for all baffle heights. However,
particles settling at the end of the tank when baffle placed at
a distance of 18 cm from the inlet (for both studied flow
rates) was better in case of Hy = 8 cm (Fig. 3) followed by
the case of H, =13 cm, and the lower settling corresponded
to Hy = 24 cm. These outcomes were noticed for all baffle
positions of 33, 45 and 60 cm, although the values were not

the same. Therefore, the best height of a baffle is 8 cm and
13 cm, which represent 20% and 32.5% of the system depth.
These findings indicated that the best settling efficiency is
achieved when Hy is less or equal to the height of the inlet
opening, and this efficiency decreases with growing Hp. In
terms of a baffle position and comparing it with the case of
‘no baffle’, the settling of particles is high in the system bed
when the baffle is placed at a distance of 18 cm from the
inlet for all studied inflow values, flow rates, and baffle
heights (Fig. 3), except the case of H, = 24 cm as an inef-
fective (data not shown). The same profile of particles dis-
tribution, with less efficiency, was found in the case of
a baffle located at 33 c¢cm, followed by 45 cm, and then 60
cm from the inlet.

TREATMENT SYSTEM EFFICIENCY

The efficiency of the studied sedimentation tank for
particles removal according to particle concentrations in in-
flow and outflow water is shown in Table 2.

Impact of inflow concentration. Results revealed that
the system performance was affected by the Ciy, as all stud-
ied cases showed higher treatment efficiency (TE) linked
with Cin of 1250 mg-dm~2 than 250 mg-dm3 (Tab. 2). This
is because at Ciy, a significant proportion of particles is floc-
culated and settled down in the tank bed [JOVER-SMET et al.
2017]. Many authors have confirmed these outcomes [LIu,
GARCIA 2011]. Note that the differences were significant
(p < 0.05) for both high and low flow rates in cases of
Hb = 8 cm, except when the baffle was placed in the mid-
-length of the tank.

Impact of flow rate. Treatment efficiencies (TE) were
higher when the system operated at a lower flow rate
(Tab. 2). This is due to the fact that a lower Q means longer
retention time for particles in the system and consequently,
a higher TE as mentioned before. Statistically, the differ-
ences between the treatment efficiencies at high and low rate
of flow were significant (p < 0.05) for all studied cases (ex-
cept the cases of un-efficient baffle).

Impact of baffle. Table 2 shows that the TE is signifi-
cantly affected by baffle height and location. The removal
efficiencies were higher when the baffle was placed at dis-
tances of 18, 33, and 45 cm from the inlet and the baffle
height was 8 cm and 13 cm, if compared with ‘no baffle’
treatment. Therefore, only these cases were effective for im-
proving the settling tank performance, and the H, of 8 cm
was the best case. HEYDARI and MEHRZADEGAN [2014]
concluded that for enhancing the trap efficiency in the chan-
nel and decreasing the dead zones size and turbulent flow in
the system, the Hy should be between 0.2 and 0.4 of water
depth. In this study, effective baffle heights were within this
range, which reflected the enhancement of the system effi-
ciency. Statistically, significant differences (p < 0.05) were
found between the case of ‘no baffle” versus a baffle placed
at 18 cm and 33 cm from the inlet and a baffle height of 8 cm
as the best height, for both studied flow rates. Treatment ef-
ficiencies at Hy of 24 cm were lower than the case of ‘no
baffle’, which indicated that higher baffle reduces the effi-
ciency of the settling tank. It is because already settled par-
ticles tend to re-suspend due to the strong jet flow and higher
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Fig. 6. Profile of particles in case of baffle placed at 60 cm with a height of 8 cm: a)—f) flow rate of 0.06 dm3-s 2,
g)-1) flow rate of 0.015 dm?:s~; explanations as in Fig. 2; source: own study
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Table 2. Treatment efficiency of secondary sedimentation tank for particles removal

Flow rate: 0.06 dm®s!

Low rate: 0.015 dm®s*

Case Baffle height Co= 1250 mgdm ® Cin = 250 mg-dm 3 Cin = 1250 mg-dm3 Cin =250 mg-dm®
Case 1: no baffle - 58 51 68 60
L 8 75 65 91 79
)((:;iselg.czlqngle baffle 13 69 59 80 69
B 24 53 46 65 58
. 8 72 60 85 72
Sisgg.czlqngle baffle 13 62 54 75 64
= 24 52 44 60 4
. 8 66 58 76 65
)((:zisi;l_cf]:ngle baffle 13 60 52 72 60
- 24 49 39 58 48
i 8 48 40 56 46
)((:iszg_cf]:ngle baffle 13 41 34 50 40
24 39 32 48 36

Explanations: x = distance from inlet opening, Ci, = inflow concentration of particles.

Source: own study.

flow velocity that occurs when higher baffles are used. This
also increases the recirculation zone and finally reduces the
settling efficiency [ASGHARZADEH et al. 2011].

Regarding the baffle location, the TE was higher in case
of a baffle placed at 18 cm, followed by 33 cm, and then 45
cm from the inlet if compared with the case of ‘no baffle’
(Tab. 2). Statistically, a significant dissimilarity (p < 0.05)
was found between the case of ‘no baffle’ and a baffle
placed at 18 cm and 33 cm from the inlet with a baffle height
of 8 cm. Thus, the system performance improved when the
baffle was located between 0.15 and 0.375 of tank length,
and a higher TE was achieved when the baffle was located
between 0.15 and 0.275 of the tank length. These results
nearly match investigations by Razmi et al. [2013] confirm-
ing that higher performance of a settling channel can be
achieved by placing a baffle between 0.1 and 0.2 of the tank
length, i.e. near to the entrance jet.

However, when the baffle was located in the middle of
the tank length, the TE was lower than the case of ‘no baffle’
and other studied cases with the use of a baffle. These find-
ings do not match those of ASGHARZADEH et al. [2011] who
concluded that the removal efficiency of particulates was
higher when a single baffle was placed in the middle of the
tank length. However, SHAHROKHI et al. [2013] confirmed
that a baffle located at 0.125 of the tank length provided
higher performance, and the efficiency of treatment de-
creased with length. They also showed that a baffle located
in the middle the tank length represented the worst case of
treatment, which corresponded with findings of this study.
These findings can be interpreted by the fact that high re-
moval is achieved when the baffle is placed in the middle of
the circulation area. This is because the baffle reduces the
circulation volume (dead zone size) to small parts and the
turbulent kinetic energy in comparison with inefficient
cases.

According to the above, it is clear that a baffle with
a height of 8 cm located 18 cm from the inlet (0.15 of tank
length) was the best for the improvement of the system per-
formance. As the removal efficiency increased by 29% and
27% using a flow rate of 0.06 dm3-s at high and low inflow
concentrations, in that order, and by 34% and 30% using
a flow rate of 0.015 dm?-s'* at high and low inflow concen-
trations. Similar results have been reported previously, but

the baffle increased the removal of particles by 9% [GouLA
et al. 2008] and 11% [HUGGINS et al. 2005] only. This may
be due to the impact of operating conditions.

CONCLUSIONS

1. Higher concentration increases the system efficiency.

2. The flow rate affects the system performance, as the
higher flow rate decreases the system efficiency, whether
supported by a baffle or not.

3. Baffle height and location significantly affect the set-
tling process.

4. The best settling efficiency is achieved when a baffle
height is less than or equal to the height of the inlet opening,
and this efficiency decreases with the increasing baffle
height. This is very important to avoid extra cost related to
higher baffles.

5. Baffle located within the circulation zone highly im-
proves the treatment, and it is not acceptable to place a baf-
fle (of any height) far from the circulation zone.

6. System efficiency without a baffle (51-68%) is better
comparing with corresponding values in case of a baffle
placed in the middle of the tank length (32-56%).

7. Baffle depth of 0.2 of the tank height located at 0.15
of the tank length is the best case for improving the system
performance.

8. Removal efficiency increased by 29% and 27% using
a high flow rate at high and low inflow, respectively, and by
34% and 30% using a low flow rate at high and low inflow.
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