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Abstract
The hydrodynamic separator unit is established for the removal and recovery of oil from wastewater, Which 

including, flotation system and sedimentation of solid materials. Several operating parameters are investigated 
such as feed flow rate, percent of oil in feed flow rate, percent of water in feed flow rates, air flow rate and type of 
water (salinity). Separator unit is found to be simple in the design, fast in operation and effective under all possible 
operating conditions. 
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Introduction
Car service stations, restaurants, machine maintenance, oil mills, 

food- processing factories are the main sources of oil and grease 
in wastewater. In addition, oil tanker accidents, explosions, sea 
pipelines, oil drilling operation and oil explorations and productions 
are the principal causes of oil in marine areas. The failure of some of 
the conventional wastewater treatment plants is mainly because of 
the presence of excess oil and grease [1]. Oil pollution has harmful 
effects on sea life, economy, tourism, wastewater treatment plants and 
human activities because of its coating properties. Common methods 
are used for the removal of oil spill from marine areas such as booms, 
chemical [2], mechanical [3-6] and biological [7]. The disadvantages of 
some of these methods are their inefficient, high cost and low rate of 
removal and recovery of oil from sea water. Therefore, the removing 
and recovering of oil spill from marine areas have been studied by 
numerous researches [8-13].

The present work is to design a simple system for removal and 
recovery of oil from wastewater. Operating parameters such as feed 
flow rate, percent of oil in feed flow rate, percent of water in feed flow 
rate, air flow rate, type of water (salinity) and oil film thickness are studied.

Design and Construction 
Figure 1 shows the basic parts of the hydrodynamic separator unit. 

It consists of three main parts, separation tank, flotation system and 
settling part. The hydrodynamic separation tank is divided into two 
stages of a rectangular shape as follows:

Primary stage includes

a) Feed basin: oil separated from water by gravity settling and air
flotation (air distributor system). 

b) First water room: collecting water, which is separated from
feed basin.

Secondary stage: It increases the separation of water from oil 
or vice versa by gravity settling, which includes:

a) Second basin: increase the separation of water from oil feeding 
from feed basin.

b) Second water room: collecting water, which is separated from
second basin.

c) Oil room: collecting oil, which is separated from second basin.

Air bubbles from an Air distributor in the feed basin are used to 
sweep and move small oil droplets that cannot be removed by density 
difference between oil and water to the surface of water, which increases 
the separation of oil from water. Primary stage has a rectangular 
pyramid section in the base of it for settling of solid materials. Basin in 
primary and secondary stages are designed to fill with water to a certain 
level before used (Figure 1). 

Results and Discussion
Principle of separation

Hydrodynamic separation tank operates by using two physical 
processes, gravity separation and flotation. The performance of the 
separation tank is depending upon the difference in the specific gravity 
of oil and water. Solid materials, if present in the oil feed, will generally 
collect or settled at the bottom of the two rectangular pyramid 
sections of the first stage of hydrodynamic separation tank and can be 
discharged.

Operation

The two stages of the hydrodynamic separation tank filled with 
water to a certain level before the operation. Two air distributors were 
placed in each side of the feed basin in the primary stage. A cleanup 
technique used in this work is a continuous process where the feed (oil 
and water) is pumped to feed basin. Air distributors in the feed basin 
release very small air bubbles attach to the oil droplets and lift them to 
the surface of the separator, or it pushes the formed droplets towards 
the surface of feed basin. Water removed from feed is released into 
first water room in the primary stage and separated oil released second 
basin in the secondary stage, which excessive separation of water from 
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oil or vice versa by gravity settling. After that, oil is released into an oil 
collecting room and water removed from the second basin is released 
into second water room. Finally, the recovered oil discharge from oil 
room to a storage tank and separated water in the water collection 
rooms are discharged.

Operating variables
Used motor oil collected from car maintenance centers in Jazan, KSA, 

was used in all experiments. Properties of used motor oil are presented 
in Table 1. The amount of oil recovered from the hydrodynamic unit is 
determined by mass using an electronic balance (GH-7001, China), at 
interval time (Kg/min). The concentration of oil in water is determined 
by FluoroCheck II (ARJAY ENGINEERING Ltd).

Effect of feed flow rate (oil only): In this experiment, the effect of 
oil flow rate on the recovery of oil was varied (from 1 to 6 L/min) at 
operating conditions (0% fresh water in feed flow rate and temperature 
28°C). Figure 2 shows that the feed flow rate affected the oil velocity in 
the recovery unit (feed basin and second basin). The increasing in feed 
flow rate provided an increase in oil velocity at the surface of water in 
the recovery unit, which lead to increase the amount of recovered oil. 

Effect of percent of water in feed flow rate (VH2O/Vfeed ): Figure 3 
shows that the effect of water percentage (from10% to 60% by volume) 
in the feed flow rate on the amount of oil recovered at operating 
conditions (fresh water, feed flow rate 1 L/min and temperature 28°C). 
It can be seen that the amount of oil recovered increases with decreasing 
the percent of water in feed flow rate. This increase may be due to the 
increase in the percent of oil in feed flow rate, and therefore, oil velocity 
is increased, which lead to increase the amount of oil recovered.

Effect of percent of oil in feed flow rate (Voil/Vfeed ): Figure 4 shows 
that the effect of oil percent (from 10% to 60% by volume) in the feed 
flow rate on the outlet water at operating conditions (fresh water, feed 
flow rate: 1 L/min, 5 minutes and temperature 28°C). It indicates that 
the concentration of oil in the outlet water is very small and increases 
with increasing the percent of oil in feed flow rate. 

Effect of airflow rate: Figure 5 shows that the effect of airflow 
rates (from 1 to 2 m3/sec) in the amount of oil recovered at operating 
conditions (30% fresh water in oil feed, 5 minutes, feed flow rate: 1 L /
min and temperature 28°C). In the presence of air circulated through 
the oil–water system, the oil droplets are moved to the surface under 
the influence of the force’s balance between the buoyancy and the 
hydrodynamic forces on one side versus the gravity and the drag 
forces on the other side [4]. Figure 5 indicates that the presence of 
the air circulation in recovery unit (hydrodynamic forces) increases 
significantly the separation rate of oil. 

Effect of type of water: Oil spill may occur in different environments 
of fresh and sea water. Therefore, it is important to investigate the role 
of the type of water (salinity) on the rate of oil recovery behavior. 
Density and Salinity of seawater and fresh water are presented in Table 2.

Figure 6 shows that the effect of the type of water in the amount of 
oil recovered (kg/min), at operating conditions (30% seawater in feed, 5 
minutes, feed flow rate: 1 L/min, air flow rate: 2 m3/sec and temperature 
28°C). It indicates that the amount of separated oil increases by using 
seawater than fresh water. This is due to the increasing of the density 
difference between water and oil.

Conclusions
The following conclusions are found:

1. The amount of oil recovered increases with decreasing the 
percent of water in feed flow rate.

Figure 1:The Basic components of  Hydrodynamic separator unit.
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Figure 2: Effect of feed flow rate (oil only) on the oil recovery.
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Figure 3: Effect of water precent in feed flow rate in oil recovery.
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Figure 4: Effect of oil  precent in feed flow rate in outlet water.
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Properties Value
Viscosity (35°C) cp 34.85

Specific gravity 0.856
Color Very dark

Table 1: Properties of motor used oil.

Type of water Density (Kg/m3) Salinity
Fresh water 1000 Less than 0.05%
Sea water 1025 3.5%

Table 2: Density and Salinity of seawater and fresh water.
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Figure 5: Effect of air feed flow rate in in oil recovery.
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Figure 6: Effect of type of water in oil recovery.

2. The amount of oil recovered increases with increasing the
percent of oil in feed flow rate.

3. The presence of the air circulation within the oil spill
(hydrodynamic forces) enhances significantly the separation
rate of oil.

4. The amount of separated oil increases in seawater than fresh
water.
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