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ABSTRACT

Oil and water separation due to gravitation is extensively applied in water and wastewater
treatment to get rid of the oil droplets. Optimum inlet baffle configuration may facilitate the
formation of favorable flow fields and heighten the separator tank’s removal efficiency.
Experimental tests were carried out to ascertain appropriate position for an inlet baffle in a
rectangular separator tank. There are four parts in the experimental measurements. First of
all, measured velocity fields make use of an acoustic Doppler velocimeter. Second of all, the
uniformity of flow is measured by drawing a comparison of the standard deviation of the
velocity profile. The oil concentration at both inlet and outlet points was later on assessed.
Finally, the separation tank’s removal efficiency was evaluated. The results provide an indi-
cation that a uniform flow pattern improved when the inlet baffle position gave a minimum
standard deviation value. In this case, the minimum concentration of oil at the outlet and
the highest removal efficiency have been obtained.
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1. Introduction

Issues concerning fat, oil, and grease (FOG) in
sewer systems have not been given much attention,
although in the long run, this might hint at (inter alia)
blockages and sanitary overflows [1]. FOG deposits
are the main cause of 40-50% of sewer overflows all
across the country and the secondary cause of another
10-25% of sewer overflows. Statistics point to the fact
that 138,000 sanitary sewer overflows (SSOs) occur
annually, resulting from the pipe blockages due to

*Corresponding author.

hardened and insoluble FOG deposit accumulations
[2,3]. These waste materials include source waste from
petroleum and petrochemical refining and processing;
tramp oil from mechanical repair stores, utility
operations, and various others [4].

The removal of (FOG) from water and wastewater
by the gravity separation rectangular tank is one of
the most popular methods in treatment units. Floating
is defined as the separation of oil droplets that is
lighter than water via the gravitational effect. The
main factors that leave an impact on the separation
process are the criteria of oil droplets and water
phases that are linked with the floating process and
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hydraulic condition of the flow pattern inside the
separator tank. A uniform flow is fundamentally
significant to the efficiency of oil and water separation
inside the rectangular tanks. Thus, flow pattern adjust-
ment increases the coalescing oil droplets, and as an
effect, enhances the rate at which oil droplets reach
the water surface of the separation tanks (Stokes” law).
In reality, there is a scarcity of scientific studies that
have been conducted to establish design guidelines for
oil and water separator tanks.

Morrow and Dodget [5] had elaborated on an
installed flat platform in front of the internal flow at
a number of locations and they showed that the
inlet liquid flow of oil and water in a separator tank
has a remarkable effect on separation performance.
Experiments were run in a rectangular tank measur-
ing 1.83m long and 0.46 m wide. The measured
axial velocity values at the centerline were validated
with the aid of computer predictions, and there was
a good agreement. Chu and Ng [6] illustrated that
an 8-10% improvement in removal efficiency can be
obtained for oil and grease by adding tube settlers
inside the separator tank. Aziz et al. [7] studied the
results of numerical and experimental models (in
various restaurants) and the alternative inlet geome-
try as well as outlet and baffle wall designs for
FOG mixtures with water, where they studied the
removal efficiency in gravity separator compartments
by measuring FOG concentration in the influent and
effluent of a grease abatement device via the sample
collection. The relation between inlet velocity values
and oil diameter in the oil and water separator
tanks using computation fluid dynamics (CFD) is
examined, and the results show that the mixture
velocity of 0.5m/s had more benefit than that of
1.0 m/s, and that the oil diameter of 1 mm had
given the best results in comparison to 0.5 and
0.25 mm [8].

The main aim of the present study is to confirm
on the most preferred optimum of an inlet baffle in
the rectangular oil and water separator tank. As far
as the experiment goes, water and palm oil was
mixed to ensure the floating tank and the velocity
fields were measured using an acoustic Doppler
velocity (ADV). The oil concentration at influent and
effluent and the tank’s removal efficiency were then
measured. The effects of different baffle positions on
the efficiency of the water and oil separator tank
were examined by performing an assessment over
the concentration of oil, velocity values, uniformity
of flow, and removal efficiency in the flow field of
each case concerned.
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2. Experimental setup and methods

A set of laboratory measurements is tested for six
inlet baffle positions in a rectangular oil and water
separator tank (with water depth to tank length ratio of
0.31) [9,10]. Fig. 1 shows the experimental setup
and measurement system. This figure illustrates a rect-
angular oil and water separator tank with the
length L = 130 cm, width W =50 cm, height H = 42 cm,
height of inlet opening H;, =10 cm, height of weir
H,, =40 cm, and height of end baffle H,, = 31.8 cm. The
distance from the tank bottom to the inlet opening is
H; =15 cm. The end structure baffle was constructed
on the distance d./L =0.77 [11]. A submerged pump
(model pond-150) inside a big storage tank discharged
flow to the flume. The laboratory experiments were
conducted for six cases for inlet baffle positions at a
flow rate equal to Q =120 L/min. In case 1, there was
no inlet baffle; cases 2-6 had inlet baffle located at
various distances from the inlet to tank length ratios,
that is, d/L = 0.04, 0.11, 0.15, 0.23, and 0.30, respectively.
The ratio of the inlet baffle height to water depth
H;,/H = 0.24. For all cases, the Froude number inside
the tank was F = 0.0047 and in the inlet F;, = 0.04, an
inlet Reynolds number at 27°C was read as R;, = 4,652.

Between each case, the channel was drained and
cleaned two times to ensure all o0il droplets that pasted
on the flume walls were removed and filled again
with a tap water from the reservoir. Experimental
measurements of the cases were conducted, and the
measured values of dimensionless x- and z-velocity
profiles were recorded.

In this research, a palm oil was used
(density = 910 kg/m?) to test the removal efficiency of
the water and oil gravity separator tank. Mix 5% vol-
ume of oil with 95% volume of water inside a 50-L
container. The emulsion mixed for about 20 min [12]
using WiseStir Lab Mixer (Model No. HS-30D) at
1,200 revolution per minute (rpm), prior to the initia-
tion of the experiment to ensure all the droplet inter-
face between oil and water would be broken [6].
Within mixing, the emulsion was pumped by a sili-
cone tube to the main tank using a digital Masterflex
pump (Model No. 7519-06) at a constant discharge
rate of 1,000 ml/min. The inner diameter of the tube
was 0.6 cm and it released the emulsion at the center-
line of the bottom of the inlet slot. The time injection
of the synthetic emulsion for each case to the tank
was about 5 min. While injecting, samples were taken
from the tank (three samples from inlet and three
samples from the outlet) and each sample is an aver-
age of nine points (section A-A).
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Fig. 1. (a) Schematic diagram of the tank, (b) Photo of intake samples, and (c) Photo of inlet baffle, end baffles, and ADV.

2.1. Velocity measurements device

The three velocity components were measured
using an ADV. This device, which is an intrusive
remote sensing system, can serve the functions of
other flow meters, including electromagnetic current
meters, propeller meters, hot films, and hot wire
probes [13]. The ADV is relatively rugged, easy to
operate, and can be readily mounted and maneuvered
with the flow field [14]. A 10-MHz Nortek ADV meter
(Nortek AS, Norway) is used to measure the instanta-
neous velocities of liquid flow at different points in
the oil and water separator tank. The velocity of parti-
cles was measured in a remote sampling volume
based on the Doppler shift effect [15,16]. The probe
head includes one transmitter and four receivers.

In this study, the remote sampling volume was
located 5 cm from the tip of the transmitter. However,
several studies have shown that the distance might
change slightly. The probe was inserted into the flow,
while the sensing volume was away from it. The pres-
ence of the probe generally does not affect the mea-
surement. The accuracy of the measured data does not
exceed +0.5% of the measured value =1 mm/s [17].
After measuring the velocity with ADV device, the
post-processing process should be evaluated on col-
lected data before calculating the flow characteristics.
In steady flows, the first step of signal processing is
the elimination of all data samples with communica-
tion errors, average correlation below 80% and signal-
to-noise ratio (SNR) below 15 dB. According to the
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manufacturer, the SNR is a function of turbidity, i.e.
the quantity of particulate material in the flow. For
high-frequency measurements (>25Hz), SNR > 15
decibels (db) is recommended. In this study, six pro-
files are used to measure the velocity in the centerline
of the separator tanks for each case of inlet baffle loca-
tion. The velocity of each profile was then measured
at eight points along the vertical line.

2.2. Analysis of oil concentration using the gravimetric
method

Oil and grease are characterized by their poor sol-
ubility in water which causes difficulties in their trans-
portation through pipelines, their degradation in
biological treatment system, and their disposal into
natural water bodies. In this study, the gravimetric
method [18] was used to determine the palm oil con-
centration in wastewater. Palm oil/water sample of
400 ml was collected from the separator tank. Before
measuring the concentration, a 500-ml conical flask
was washed and dried in an oven and the dried flask
was weighed after cooling to room temperature. Two
separatory funnels were attached to a retort stand and
one was positioned above the other. Wastewater sam-
ple was added at the top separatory funnel and to
ensure all the samples had been collected and trans-
ferred to the separatory funnel, the measuring beaker
was rinsed with some distilled water, followed by the
addition of a little (10 ml) 40/60 petroleum ether
repeatedly. Five drops of methyl orange and several
drops of sulfuric acid were added to the sample until
the indicator color in all sample changed to red, then
100 m1 40/60 petroleum ether solvent was poured into
the separatory funnel. After capping the funnel, the
sample was then rigorously shaken for about 60 times
by opening the funnel tap from time to time to release
the pressure through shaking. After mixing, the sepa-
ratory funnel was left still for approximately 2 min so
the solvent phase and aqueous phase could separate.
Then, the lower aqueous layer was drained into the
bottom separatory funnel, leaving behind the solvent
layer at the top separatory funnel. 100 ml 40/60
petroleum ether was added to the aqueous layer at
the bottom separatory funnel again and it was shaken
for another 60 times. Next, the lower layer was
released into the beaker. The organic layer was trans-
ferred from the top funnel into the bottom funnel, and
the top funnel was washed with petroleum ether to
make sure that all organic materials were collected.
Distilled water of 300 ml was added to the bottom
separatory funnel by way of shaking it gently. Then,
the lower layer was drained. Five drops of methyl
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orange indicator were then added. The red mixture
shows that acid is still present and the step of wash-
ing with distilled water has to be repeated until all the
redness disappears. The separated layer was passed
through a filter paper into a dry 500-ml conical flask.
To make sure no water will escape into the conical
flask, a little anhydrous sodium sulfate was added
onto the filter paper. After collecting the filtrate in the
flask, the contents were evaporated on water bath at
70°C for about 1 h. Then, the conical flask was
oven-dried at 100°C for about a minute and weighed
after placing it in a dessicator that was cooled at room
temperature.

The following equation is used to calculate oil and
grease concentration in the sample [19]:

mg oil and grease/L = W,/V; 1)

where W, is the total weight of flask and residue,
minus tare weight of flask in milligram, and V; is the
initial sample volume in liter.

The performance of the baffle location in the oil
and water separator tank was evaluated by calculating
the percentage removal of the influent flow concentra-
tion at the outlet concentration. The following
equation was used to assess the performance [7]:

Removal efficiency % = (@) x 100 ()

in

where C;, is the inlet oil concentration, mg/L, and
Cout is the outlet oil concentration, mg/L.

3. Confidence of experimental results

The standard deviation indicates the flow unifor-
mity by quantifying the discrepancy of velocity from
the average velocity. The following equation is used to
calculate the standard deviation, o:

1 n 0.5
0—[n_12(uiﬁ)] €)

where 7n is the number of observation, u; is the
x-velocity measured, and u is the average value
determined as follows:

1
P=23 @
n i=1
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4. Results and discussion
4.1. Velocity laboratory measurement

The x and z direction velocity at the varying
sections of 10, 25, 45, 60, 75, and 90 cm from the inlet
tank was shown in Fig. 2. In Fig. 2(a) at section
x =10 cm near the inflow entrance where the baffle
was placed (the inlet to tank length ratios) d/L = 0.15,
0.23, 0.3, and without the inlet baffle, the value of the
x-velocity profile is approximately near, because in
this section, these baffle positions could not be
affected on the flow field. However, when the baffle
was constructed at d/L = 0.04 (before section at x = 10),
the affected baffle on the value of x-velocity, especially
the velocities in the middle of profile, were noticeably
reversed, while the top and bottom of the velocity
profile had positive values. In the baffle placed in
d/L = 0.12, there was a limited effect on the flow field.
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In another section at x = 25 cm, the maximum velocity
occurred after the baffle position was d/L = 0.15 on the
top of the tank and this region close to the water
surface is very important for oil droplet stability in the
surface, hence whenever the velocity of flow achieves
to the minimum, oil droplets coalesce with other dro-
plets and to rise rapidly toward the separator surface.
In all other sections at x =45 to 90 cm in Fig. 2(a), the
x-direction velocity in all baffle cases are approxi-
mately of the same values, in comparison with the
case with no inlet baffle where the maximum velocity
was near the middle profile, because all baffle cases
were constructed before these sections.

The main objective to place the inlet baffle in the
oil and water separator tank is to contribute to energy
dissipation, thereby more uniformity could be pro-
duced to allow the oil droplet to coalesce with other
droplets and floating to the tank surface. On the other
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Fig. 2. Experimental velocity component of different inlet baffle location d/L for (a) x-direction and (b) z-direction.
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hand, constructing the inlet baffle far away from inlet
has a negative effect on the flow pattern and that
leads to reduce the performance of oil droplet
floatation.

An installed flat platform in front of the internal
flow at several locations was described and it is
demonstrated that the inlet liquid flow of oil and
water in a separator tank has a significant effect on
separation performance.

Fig. 2(b) shows the z-direction velocity profile
inside the oil and water separator tank. After section
x =45 cn (when there is no baffle constructed), all
z-velocity components were the same and the unifor-
mity of flow field was achieved. In the top part of the
tank, most velocity magnitude near zero and this
situation allows oil droplets to coalesce with other
droplets and allows it to be separated from the water
then to rise toward the water surface, thus increasing
the efficiency of the tank separator. Meanwhile, in
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section 90 cm, the z-velocity carries negative values
because this section is near to the end part of the
baffle.

What is important in the separator tank is the flow
pattern between inlet baffle and end baffles, so in
Fig. 2(a) and (b), it can be seen that baffles constructed
at the location with d/L ratio 0.12 had the lowest
amount of x and z direction velocities and established
more uniformity flow field in comparison with those
from other cases.

Fig. 3 shows the velocity distribution of streamline
inside the oil/water separator tank for different inlet
baffle structure locations.

The standard deviation is another indicator that
can be used to verify the best location of baffle inside
the oil and water separator tank [20]. For each baffle
location case, the axial velocity is retrieved at eight
equally spaced points along four vertical positions in
the separator tank, and then, the SD is calculated.
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Fig. 3. Computed streamlines in x-direction for inlet baffle cases (a) d/L = 0.04, (b) d/L = 0.12, (c) d/L = 0.15, (d) d/L = 0.23,

(e) d/L = 0.30, and (f) no inlet baffle.
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Fig. 4. Standard deviation of x-direction velocity across the
separator tanks with different baffle locations d/L.

Table 1
Standard deviation of the longitudinal velocity in separator
tank

Standard deviation of
x-velocity (m/s)(x107%)
Sections x (cm)

Inlet Baffle Location (d/L) 45 60 75 90

0.04 1452 1.182 0.898 0.712
0.12 1.296 1.094 0.862 0.698
0.15 1326 1.156 0933 0.733
0.23 1302 1224 1.000 0.760
0.30 1357 1255 1.085 0.816
No inlet baffle 1404 1461 1.491 1.431

Notes: The bold values show the minimum values of standard
deviation.

The minimum standard deviation SD of the
x-direction velocity across the sections in Fig. 3 has
achieved the best uniformity of the flow pattern. Fig. 4
and Table 1 show the SD of x-velocity across the sepa-
rator tank sections 45, 60, 75, and 90 cm with all cases
of the inlet baffle position (d/L) and in the case with
no inlet baffle. It can be seen that the baffle location at

Table 2

24339

d/L =0.12 has the minimum magnitude (SD) along
the separator tank, and thus, it exhibits the best
performance.

4.2. Concentration and efficiency laboratory measurement

The oil removal efficiency at different inlet baffle
locations in the oil and water separator tank was
examined and shown in Table 2. This table describes
the number of samples measured from both the inlet
and outlet in milligram per liter, then the oil removal
efficiency performance was calculated by taking the
average of three samples in the tank inlet and outlet.
The highest oil removal performance efficiency
(79.5%) had occurred with the inlet baffle location
d/L = 0.12. It is clear that the difference in the removal
efficiency between the constructed inlet baffle and
without the inlet baffle separator tank was 19%. In
addition, the removal efficiency in the inlet baffle
location at d/L = 0.04, 0.12, and 0.15 gave results 78.1,
79.5, and 78.4%, respectively, and these values were
very close together, while placing the inlet baffle at
d/L = 0.23 and 0.30 had yielded the removal efficiency
of 75.8 and 71.7%, respectively. Consequently, when-
ever the inlet baffle was placed far from the inlet, it
would achieve low removal efficiency performance.
The case without the inlet baffle construction inside
the oil and water separator tank indicates a minimum
removal performance of 60.5%.

5. Conclusion

Attaining the best flow uniformity in the oil and
water separator tank would prove the improvement of
the maximum removal efficiency of oil droplets from
water. Studying the effect of the inlet baffle position in
a separator tank is a method that improves flow
uniformity. The optimum inlet baffle position must be
created to mitigate the inlet horizontal velocity as

Inlet and outlet experimental results of oil concentration and removal efficiency

Inlet (mg/L
Inet baffle location (d/L) et ™M8/L)

Outlet L
utlet (mg/L) Average removal (%)

Sample 1 Sample2 Sample3 Samplel Sample2 Sample 3
0.04 302 269 213 67 49 55 78.1
0.12 258 281 221 45 52 58 79.5
0.15 261 279 263 35 67 70 78.4
0.23 270 274 NA® 71 52 75 75.8
0.30 296 266 222 NA? 79 69 71.7
No inlet baffle 311 232 253 90 103 119 60.5

NA = Not Available.
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much as possible and to enable more uniformity to be
achieved. This situation permits oil droplets to coa-
lesce with other droplets and to rise at a fast pace
toward the separator surface. Nevertheless, studies
have yet to look into two directions of the velocity
profile, uniformity flow, the distribution of oil concen-
tration, and removal efficiency to ascertain the opti-
mum inlet baffle position in the oil and water
separator tank. Despite the fact that no comprehensive
standard for creating a suitable inlet baffle configura-
tion exists, the results of this study have a role to play
in the design of highly efficient baffles for the
separator tanks.

In this current work, experimental tests had been
performed in three stages, to study the effects of dif-
ferent inlet baffle positions on the flow pattern. Firstly,
the x and z velocity of the flow was measured using
the ADV. Secondly, the uniformity was compared
using the standard deviation (SD) of x-velocity across
the cross section. Thirdly, the inlet and outlet oil con-
centration were also measured. Lastly, the removal
efficiency of the oil and water separator tank was
computed. The results have established that the instal-
lation of inlet baffle at optimum position can well
improve the tank removal efficiency. Comparing this
to the case without the inlet baffle, a tank with inlet
baffle reduces the kinetic energy, or rather the velocity
magnitude. To add, the results of this four-part experi-
ment have confirmed that the inlet baffle should be
placed at the location d/L =0.12 leaning on the best
uniformity flow minimum SD, minimum outlet oil
concentration, and the highest value of the removal
efficiency. We cannot dismiss too, the fact that the
removal efficiency ratio is considered as good removal
if we compare this to the ongoing high discharge in
the oil and water gravity separator tanks.
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