Development and Testing of Hydrocyclone Separator

for Biodiesel

ABSTRACT

Hydrocyclone is an equipment that uses a cyclone or tangential injection flow process with centrifugal
forces to separate liquids of different densities. The denser liquid move downwards in a spiral path into an
underflow chamber, while clean liquid which is less dense move upwards to the center of the spiral,
towards the top outlet. Colman and Thew’s hydrocyclone geometry analysis approached was used in the
design and the assumed inlet chamber diameter (D) used for this design was 150 mm and a reducing
section length of 1500 mm at a reducing angle of 20°. The capacity of the designed hydrocyclone system
in volume is 5.5 liters. The developed machine was tested with 15 liters of palm kernel oil (PKO) as raw
material using two different pressures gauge (70 and 80 kPa) and also effect acid concentration
(sulphuric acid) at 3 different experimental runs. After the experiments, it was deduced that at constant
temperature level, as the pressure rate increases, there is a corresponding increase in the discharge rate
at the underflow and overflow outlets where 2.04 minutes and 1.67 minutes were used to separate
biodiesel and glycerin under 70 and 80 kPa respectively. Also, it was deduced experimentally that PKO
with sulphuric acid gives a higher yield of biodiesel of 47.74% while the one without has 38.49% vyield
under same experimental and operational conditions.
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1. INTRODUCTION

According to IEA [1,2] report, apart from hydroelectricity and nuclear energy, the majority of the world's
energy demands are met by petrochemical sources, coal and natural gases which are limited and might
soon run out at current consumption rates. The use of vegetable oil as a fuel source in diesel engines is
as old as the diesel engine itself, but the demand to develop and utilize plant oils and animal fats as
biodiesel fuels has been limited until recently [3]. Based on research outputs from Petrovsky et al. [4],
existing technologies allow for the direct conversion of such fuel source into heat or power as well as the
production of gaseous, liquid, or solid fuels from such waste; biodiesel, bioethanol, and biogas are seen

to have the most promise.

Biodiesel is easy to use, environmentally benign and biodegradable and are created by chemical trans-
esterification of vegetable oil [5]. As the degree of purity impacts the performance of the fuel and the
dependability of systems using it, the resulting biodiesel contains contaminants like glycerin or particle
matter that need to be separated [6]. Simple and cost effective technologies for separating contaminants
should be made available for the process of purification of the mixture produced [7]. According to He et al.
[8] engineering wise, hydrocyclones are frequently employed for separating solid-liquid, gas-liquid and
liquid-liquid mixtures. For the liquid-liquid case, both dewatering and deoiling methods have been mostly

utlized in the oil industry [9]. Hydrocyclones have emerged as an economical and effective alternative for



produced water deoiling and other applications over the conventional methods [4]. Advantage of swirl
chamber hydrocyclone provides an increased swirling motion as well as develops a larger centrifugal
force differential between two phased liquid when compared with parabolic and conical swirl chambers
[7]. Moreover, according to Motin and B enard [7], hydrocyclone with hyperbolic swirl chamber raises the
redial pressure gradient in the flow field, which also accelerates the motion of dispersed droplets toward
the center giving it an advantage over others. Looking at the cost implication of installing industrial
hydrocyclone with complex operational process, it is important to design a laboratory size low cost
hydrocyclone that can be used for experimental purpose. This study focuses on the design of economical
and easy to use laboratory size liquid-liquid hydrocyclone (LLHC) with hyperbolic swirl chamber to

remove glycerol from biodiesel using a conventional gravity based approach.

2. METHODOLOGY

The Alternate Energy Laboratory of the Department of Agricultural Engineering, Federal University of
Technology Akure has designed a LLHC for Biodiesel separation. The LLHC hydrocyclone is designed to
work using centrifugal forces which acts on suspended particles in the swirling liquid stream [10; 11].
Unlike centrifuges, the designed LLHC machine separates without the need of mechanically moving
parts. The only equipment used in this design is a pump and the necessary vortex motion is induced by
the fluid itself. Based on density difference, the dense liquid move outward to the hydrocyclone wall, at

which they are transported downwards to the apex of the hydrocyclone.

21 Description of Hydrocyclone
The low-cost hydrocyclone consists of four major compartments:

i the inlet chamber which is a cylindrical type has a designed capacity of 2.5 liters. It comprise of a
cylindrical feed chamber which serves to convert the incoming flow to a tangential flow with
minimal turbulence.

ii. the reducing section which is a very important section of the hydrocyclone. At this section, there
is a movement of the pumped liquid in a particular order which help to allow return and separation
of the glycerol from the biodiesel.

iii. the tapered section which is designed at an angle of 1.5°. The tapered section is incorporated
majorly to allow the backward flow of the biodiesel.

iv. the tail pipe section leads to the underflow. This is the area that delivers the glycerol to the

underflow exit. It is characterized with a long, straight cylindrical pipe.

The hydrocyclone uses centrifugal pump and the effect of vortex finder to separate the biodiesel from the
glycerol. The glycerol is collected via the underflow exit of the tail pipe section while the biodiesel leaves
through the overflow exit. The pump is connected through the inlet chamber section with a pressure
gauge attached to determine the pressure at which the pump is jetting the mixture into the inlet chamber.
Likewise the vortex finder aids the effective upward flow of the biodiesel. The capacity of the designed

hydrocyclone system in volume is 5.5 liters.



2.2 Design Calculation for the Hydrocyclone

The hydrocyclone design calculation was resolved based on Colman and Thew's hydrocyclone geometry
analysis and ration following the diagram in Figure 1. The Colman and Thew [12] geometry was
specifically applied in the design of this liquid-liquid hydrocyclone. For the purpose of this research, the
diameter of cylindrical inlet section called a characteristics diameter (D). This D is assumed at the initial
stage of design calculation and this is the only assumed parameter that resulted to the remaining

dimensions of the hydrocyclone component design.

This geometry rations approach has been used in dimension calculation and design of LLHC by different
researchers like [13; 14; 15; 16; 11; 4 and 10]. The inlet chamber diameter (D) was assumed as 150 mm
and this gave the bases for the design. The ratio for the inlet chamber height to the diameter is given by
the formula according to Colman and Thew [12] in Equation 1. The height of the inlet chamber was noted
“L;” = D =150 mm.

2=1 (1)

The reducing section which is the next part to the inlet chamber was also designed for with the diameter
of the base of the reducing section noted as D,. The ratio of the diameter of the base of the reducing
section to the diameter of the inlet chamber is 0.5 based on Coleman and Thew’s hydrocyclone geometry
analysis as seen in Equation 2.
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D, =75mm
The angle of reducing section is a which geometrically determined using right angle triangle formula.
a =20°

The section next to the reducing chamber is the tapered section. The diameter of the base of the tapered
section is denoted by D, and the ratio of the diameter of the base of the tapered section to that of the

diameter of the inlet chamber is 0.25 as expressed in Equation 3
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150

D, =375mm

The reducing angle of the tapered section is noted with symbol “B” = 1.5°. The last section of the
hydrocyclone is tail pipe section. The length of tail pipe section is noted as Lz and the ratio of L3 to D must

not be greater than 15 as established by Colman and Thew’s hydrocyclone geometry analysis and ration.



Figure 2: Colman and Thew's hydrocyclone geometry analysis and ration

Equations 4, 5 and 6 provide the expression for calculating the length of the tail pipe, tapered angle and

diameter of overflow exit pipe as established by Wang et al. [17].

Z2<15 (4)
L3 used for this designed is 1500 mm.

3.0°< B > 0.75° (5)
The diameter of the overflow exit pipe is denoted by D,. The ratio of the diameter of the overflow exit to
that of the diameter of the inlet chamber is

% <0.05 (6)
For this design, D, was taken as 7.0 mm.
The Colman and Thew [12] geometry has been applied in this project work with 150 mm diameter of
cylindrical inlet section called a characteristics diameter (D). This D, is assumed at the initial stage of
design calculation and this is the only assumed parameter that resulted to the remaining dimensions of

the hydrocyclone component design.

3. RESULTS AND DISCUSSION
The results obtained from the experimental testing of hydrocyclone are discussed in this section. The

sectional and pictorial view of the developed hydrocyclone can be seen in Figure 1 and 2 respectively.
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Figure 1: Sectional View of the Designed LLHC

3.1 Machine Test Procedure

The developed machine was tested using Palm Kernel Oil (PKO) as the biodiesel source. 15 liters of PKO
and 3.0 liters of methanol (i.e. 20 % by volume of oil) were utilized in the test batch production. In order to
completely remove or reduce the level of FFA in the PKO, sulphuric acid was added to the PKO before
pre-heating. 15 liters of palm kernel oil containing 1.87 liters of acid was pre-heated to a steady
temperature of 60 °C using a magnetic heater/stirrer. With the aid of the measuring cylinder 3.0 liters of
methanol was measured and poured into the beaker. 135.0 g of NaOH pellet was measured using an
electronic precision scale (KD-TBE-1200) with a sensitivity of 0.01 g and maximum load of 1200 g and
added to the methanol. The content of the beaker was stirred vigorously using Chemglass 135 mm round
top analog hot plate stirrer system until the NaOH was completely dissolved in the methanol to form
sodium methoxide (CH3;ONa). The CH3;ONa was poured into a stainless bucket containing the preheated
oil and stirred using the round top analog hot plate stirrer system at a steady temperature of 60 °C
(Thermo-hygrometer (CENTER 315) was used to take the temperature reading of the hot oil). This
method has been effectively utilized by Ojolo et al. [18] and Eze et al. [19].



Figure 2: Developed HHLC machine.

The heating and stirring was stopped after 40 minutes and the product was poured into another container
through which the pre-heated mixture is transferred via a centrifugal pump (1 HP Single Impeller
Centrifugal Pump CM 32 - 1980 GPH - 110V/220V - 1PH) for the separation process. The hydrocyclone
was opened at the bottom allowing the glycerin at the bottom to run off after which the biodiesel was
collected through the overflow section and stored. This process is continued with variation in the speed of
the centrifugal pump using a variable frequency drive, which consists of an alternating current (AC) motor
and a variable frequency controller (VFC). As the speed of the centrifugal pump is varied, the
corresponding pressure is also noted for evaluation purpose. Readings were taken throughout the
process and the timed used for each turn of separation viz a viz the speed was also noted for efficiency
evaluation of the hydrocyclone.

3.2 Effect of acid concentration on cyclone collection efficiency

Effect of acid concentration was investigated in the testing of the developed hydrocyclone to detect the
efficiency of the hydrocyclone. Variation in the density and viscosity of biodiesel and glycerol in relation to
the proportion of chemical mixture was firstly evaluated and analyzed. Two different experiments were
carried out with respect to addition of sulphuric acid. In the first experimental run, 3.0 liters of methanol
(20 % of PKO) was measured and poured into the beaker, with 135.0 g of NaOH pellet which was
allowed to completely dissolve in the methanol was allowed to react with 15 liters of PKO pre-heated to
temperature between 60 and 55 °C for 40 minutes before allowed to pass through the hydrocyclone for
the separation of biodiesel and glycerol.



The second experimental run was carried out with same amount of Methanol and NaOH but the PKO was
mixed with 1.87 liters of Sulphuric acid (ratio of PKO to acid = 8:1) before pre-heating to 60 °C and mixed
with methanol and NaOH mixture. After the two experimental runs, it was deduced that the amount of
biodiesel discovered when sulphuric acid was added was higher than that with no addition of sulphuric
acid. And this occur as a result of the chemical reaction that took place when sulphuric acid was added
reducing the amount of PKO wasted as a result of saponification. These findings result is consistent with
most of the previous studies of Zhang et al. [20], Xu et al. [21] and Tang et al. [22] when they investigated
the effect of acid concentration, loading and viscosity on the collection efficiency of biodiesel and glycerol.

The results of this experimental runs is tabulated in Tables 1 and 2.

Table 1: Results for the PKO separation experiment without sulphuric acid.

Experimental conditions 1 Run 2" Run Average
Reaction temperature (°C) 60.00 60.00 60.00
Reaction time (min) 40.00 40.00 40.00
PKO quantity (liters) 15.00 15.00 15.00
Methanol quantity (liters) 3.00 3.00 3.00
NaOH concentration (g) 135.00 135.00 135.00
Biodiesel obtained (liters) 6.85 6.97 6.91
Glycerol obtained (liters) 5.65 5.53 5.59
Losses (liters) 5.47 5.41 5.44
Biodiesel yield (%) 38.15 38.72 38.49

Table 2: Results for the PKO separation experiment with sulphuric acid.

Experimental conditions 1°' Run 2" Run Average
Reaction temperature (°C) 60.00 60.00 60.00
Reaction time (min) 40.00 40.00 40.00
PKO quantity (liters) 15.00 15.00 15.00
Methanol quantity (liters) 3.00 3.00 3.00
NaOH concentration (g) 135.00 135.00 135.00
Sulphuric acid quantity (liters) 1.87 1.87 1.87
Biodiesel obtained (liters) 9.07 9.90 9.48
Glycerol obtained (liters) 5.30 4.40 4.85
Losses (liters) 4.42 4.46 4.44
Biodiesel yield (%) 45.67 49.82 47.74

3.3 Effect of inlet velocity on cyclone efficiency
For the experimental testing of the fabricated hydrocyclone, the inlet velocity of the pump was used to

determine the effect on the efficiency of the machine as related to the discharge rate at the underflow and



overflow section of the hydrocyclone. The variable frequency drive was utilized to control the speed of the
pump so as to determine the effect on the discharge rate and cyclone efficiency as a whole. Two different
pump pressures were utilized to determine the effect of inlet velocity on the cyclone efficiency. The
Pressure at inlet for the first run of experiment was fixed at 70 kPa and that of the second run was fixed at
80 kPa. It was recorded that at constant temperature of 60 °C as the pressure rate increases, there is a
corresponding increase in the discharge rate at the underflow and overflow outlets. Stopwatch was used
to determine the suction rate and discharge rate. It was established that for experimental run of 70 kPa,
15 liters of PKO, 2.04 minutes was used to suck and separate the PKO and 1.67 minutes was used to
separate that of 80 kPa. It was also noticed that the separation efficiency was higher during the
experimental run with the higher pressure due to increase in swirling force created as a result of high
pressure from the pump similar results was recorded by Oriaku et al. [23], Jing-Xuan et al. [24] and
Lianjun et al. [25] when they carried out effects of inlet velocity on cyclone collection efficiency for
different hydocyclones designed. Figure 3 shows the picture of the separated glycerol and biodiesel in

one of the experimental runs.

Biodiesel

Glycerol

Figure 3: Glycerol and Biodiesel in container after separating process.

4. CONCLUSION

This research work at completion developed a hydrocyclone for production of biodiesels from palm kernel
oil. The experiment gave a percentage conversion of palm kernel oil to biodiesel as 80%. The research
also established the effect of applying the use of hydrocyclone in the separation of biodiesel as it is more
time efficient compared with using decantation as a mode of separation. The developed device is a model
format that is aimed at replacing the settling tanks in hydropower plants to minimize head loss and

increase the separation efficiency. Furthermore it has established the effect of velocity variation and acid



addition over the machine efficiency and also the yield of biodiesel. A simple procedure to design and to
predict performance of hydrocyclones using Colman and Thew geometry analysis was presented in this
paper. The use of this geometry procedure allows other researchers to build a custom-made

hydrocyclone with respect to geometry analysis for a specific purpose.
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