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Characteristics of Fluid Flow and Physical Behavior of Particles in
Centrifugal Oil Purifier

Ho Yun Jung

Department of Energy System Engineering, The Graduate School,
Pukyong National University

Abstract

The centrifugal oil purifier is used in ships for purifying the engine
lubrication oil. The momentum needed for the rotation of the cylindrical
chamber in' this research is obtained by jet injections. The dust particles in
the oil are separated by the centrifugal forces moving to the inner wall of the
rotating cylindrical chamber body. The dust particles are eliminated when the

particles are adsorbed onto the surface lof the inner wall of the chamber body.

To improve the filtrating efficiency ‘of the centrifugal oil purifier, we
investigated the following research. First, the flow characteristics and the
physical behaviours of particles in this centrifugal oil purifier have been
investigated numerically and the filtration efficiencies have been evaluated
along the various variables (particle size and density of the impurities, rotating
speed of oil purifier). And, as a parametric study, It has been investigated the
filtrating efficiency by change of inlet, outlet position and the number of
blades to enhance rising current of flow. For the numerical calculations, SST
k- turbulence model has been adopted. The MRF(Multiple Reference Frame)
method has been introduced to consider the rotating effect of the flows. At

the case under various variables, such as particle size, particle density and
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rotating speed, the filtration efficiencies have been evaluated. The results are
as follow. It has been verified that the filtration efficiency is increased with
the increments of the particle size, the particle density and the rotating speed
of the centrifugal oil purifier. And the 8 blade model shows the highest
filtrating efficiency among three cases(4, 8, 12 blade model) along the all
particle sizes. However, the differences of the efficiencies become small over
the size 50 pm, which implies that the effects of the blade number to the

efficiency is not seen any more over a certain number of blades.

The filtration efficiency under 20 pm is reported about 20 2%(4 and 12 blade
model cases). To improve this filtration efficiency under 20 um, new research
method is needed. The-momentum for going to the outer wall decreases as
the size of particles decreases. So, particles do not overcome the big pressure
difference between the outer wall and axis. For decreasing the pressure
difference, the new method we adopted 1S to. control the centrifugal force by
changing the mechanism of rotating system. We adopted three models which
are fully rotating system (case 1), outer wall rotating system (case 2) and
axis rotating system (case 3). As the result, It was found that centrifugal
force is the'key factor to control pressure differences between the outer wall
and center axis. The pressure difference of case 1 is more 10 times higher
than case 2 and case 3. Also, the filtration efficiency. of case 2 and case 3

have about 2 times. higher than case 1.
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Table 1.1 Wear rate of engine cylinder along the oil purifying
type for various. engine model

(ref. MAN B&W cargo ship engine) [1]

Engine Power Wear rate per
Purifying Type

Model (BHP) 1,000 hours (mm)
8K 7T4EF 13,600 Homogenizer 0.33

8K 74EF 13,600 Centrifuge 0.08

8K T74EF 13,600 Element 0.22~0.29
650VT 2BF 4,000 Centrifuge 0.09
750VT BF 4,000 Element 0.22

6RD 76 9,600 Centrifuge 0.08
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Full flow

Fig. 1.1 Schematic diagram of circulation system of lubrication
oil in marine diesel engine (cited from MANN+HUMMEL

corporation) [1]
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2.2 Multiple Reference Frame(MRF) Method
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3 o] vhebd 4 9

du

d—tp_ FD(u U )—%—gx( )/pp (2.11)

Fp(u—u,): the drag force per unit particle mass

U . fluid phase velocity
u, . particle velocity
0 : molecular viscosity of the fluid
p i density of the fluid
Py . density of the particle
9, . gravitational constant
_18u Cphie
Fy= . D2 o (2.12)
pd |u, —u
P Ulls 213
L
O —a 424 (2.14)
p=a; T Re ' pe? .

2] (212)14 D, = A Aol FdHA G A3 A (2.14)+=
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of 5% AN WA £ o AAE WFO R Y AES
Al AF8}+= discrete particle phase modelS Basset, Boussinesq 18
31 Oseen [41]°] rotating reference frame®] 2 -83}lo] 2] (2.15) <}

ol e AT

dU,

7 o] ojweh mp: vt 2,
F;, : drag force acting on the particle
F, @ buoyancy force due to gravity
Fy ¢ force due to domain rotation
Fy,, + added mass force
F, : pressure gradient force

Fy, - Basset force or history term
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3" % (rotating flow)oll A <}%E (vorticity) w=v X uo Ade
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Fig. 2.2 Centrifugal force acting two objects have different

specific gravity
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_. Impure Qil

Purified Oil

Fig. 3.1 Schematic daigram of a centrifugal oil purifier and oil

flow system
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Rotation

Outer wall:
filter

Fig. 3.2 Computational domain of 8 blades model
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Fig. 3.3 Grid structure for numerical analysis
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Table 3.1 Inlet boundary condition for various rotating speed

Rotating Speed Mass flow rate at inlet
(RPM) (kg/s)
1750 53
2625 4.6
3500 6.2
_ 35 -
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Fig. 3.4 Filtration efficiency for the effects of particle size and

density

Particle density: 1000 kg/m#3 Particle density: 3000 kg/m”3 Particle density: 6000 kg/m”3

Fig. 3.5 Physical behavior of particles for various condition (3500

rpm, 50 um particle size)
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Fig. 3.6 Filtration efficiency for the effects of particle size and

rotating speed
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(a) particle size: 30 pym

3500 rpm.

1750 rpm_

particle size: 75 um

)

(b

conditions

Fig. 3.7 Physical behavior of particles for various
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Fig. 4.2 Filtration efficiency comparison with simple model and

full model
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Particle density: 1000 kg/im~3 Particle density: 3000 kg/im*3

(a) simplified model

Particle density: 1000 kg/m*3 Particle density: 3000 kg/m*3 Particle &énsity: 6000 kg/m~3

(b) full model

Fig. 4.3 Physical behavior of particles for simplified model and
full model along the particle density (8 blade model, 3500 rpm,

particle size: 50 pym)
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12 blade

Fig. 4.4 Analysis domain of ca,s&s-éfi"'BTade 8 blade, 12 blade

models)
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Fig. 4.6 Streamlines of flow field along the various blade models

(rotating speed= 3500 rpm)
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Velocity

Velocity

(b) 8 blade
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Velocity

Velocity

(c ) 12 blade
Fig. 4.7 Physical behavior of particles for the various models

(3500 rpm, particle density: 6000 kg/m"3, particle size: 30 ym)
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Fig. 4.8 Flitration efficiency distribution along the number of

blades
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Fig. 4.9 Comparison of the fluid velocity distribution for the 3
case models (166 mm upside line from exit, 3500 rpm, density:

3000 kg/m~3)
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Fig. 4.11 Filtration efficiency with original model and outlet
position modified model along the particle size (3500 rpm,

particle density: 3000 kg/m?)
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Fig. 4.12 Analysis domain according to the height of inlet

position
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Fig. 4.13 Filtration efficiency along the heights of inlet position
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Fig. 5.1 Filtration efficiency for the various condition at the
result of previous study(effect of particle size and rotating

speed), Jung et al. [12]
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centrifugal force
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Table 5.1 Rotating conditions for control the centrifugal force

Rotating Condition
CASE
Center Axis Outer Wall
CASE 1 rotation rotation
CASE 2 X rotation
CASE 3 rotation X
— 71 —
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Fig. 5.3 Analysis domain to control the centrifugal force

Fig. 5.4 Grid system for analysis
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Table 5.2 Physical properties of SAE 30 oil

Properties Value
Temperature 90 C
Density 853.9 kg/m"3
Viscosity 0.00356 kg/xm
— 74 _
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=

3600 RPM 2700 RPM 1800 RPM

(b) particle tracking
Fig. 5.5 Flow pattern and particle behavior at CASE 1
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3600 RPM 2700 RPM 1800 RPM

(a) stream line

3600 RPM 2700 RPM 1800 RPM
(b) particle tracking
Fig. 5.6 Flow pattern and particle behavior at CASE 2
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1800 RPM

3600 RPM 2700 RPM

(b) particle tracking
Fig. 5.7 Flow pattern and particle behavior at CASE 3
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Fig. 5.8 Pressure distribution at sectional plane along the case
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