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A separator used by marine engine functions as a purifier by dividing engine oil into pure oil and impurities. By rotating the
separator at a high speed between 1800 to 4500 rpm, fine particles of oil inside the separator are centrifuged due to the
weight difference when the engine oil is refined. The impurities, so-called sludge, should be manually removed by taking
the separator apart from the oil purifier system unless the accumulated sludge is measured and monitored in real time. A
manual discharge of the sludge causes an increase of cycle time to clean the engine oil as well as operator exposure of
safety risks. Therefore, the development of automatic system with a sludge monitor and an actuator is necessary for ship
engine efficiency. In this paper, the pressure difference from the accumulated sludge is monitored via a pressure sensor. By
measuring the pressure exerted at the wall surface, the amount of sludge was quantitatively estimated within the error of
0.032-0.091 kg when the oil purifier system has been automated.
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Table 1 The parameters for calculation of the accumulated sludge
on the wall of oil separator

Angular velocity () 250 rad/s
Outer radius of oil separator (r) 0.13m
Inner radius oil separator () 0.01 m
Mixed oil density (o) 840 kg/m’
Sludge density (p,) 1210 kg/m®
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2.2 Experimental Setup
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(Arduino, Italy) =9} ¢HHAAE o]-85}tt Arduino Due?)
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Table 2 The specifications of Arduino Due

MCU AT91SAM3X8E
Operating voltage 33V
Digital I/O pin 54
Analog input pin 12
Analog output pin 2
Flash memory 512kB
SRAM 96 kB
Clock speed 84 MHz
oil
separator Pressure Transmission of
sensor pressure measurement
: ' Control
module
Due
C d of

sludge discharge

Fig. 1 A schematic of automatic sludge discharge system. The
Arduino Due board on the OS is connected with the pressure
sensor to transmit the measurement data of pressure to
control module
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Fig. 2 Configuration of flexiforce A201 pressure sensor
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Fig. 3 An algorithm for automatic sludge discharge system

Table 3 Experimental parameters of sludge discharge system

Volume of oil 200 L
Oil type SAE 30 & 40
Oil pressure 6.8 bar
Rotational speed 2400 rpm
Operating time 80 min
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(a) Red clay (600 g) (b) Carbbn (600 g) (c) Silica (600 g)

Fig. 4 Composition of sludge for experiment. The 600 g of red clay,
carbon and silica are added into the pure oil respectively for
containing 1.8 kg of sludge in pure oil

Fig. 5 Accumulated sludge in the oil separator (thickness of the
sludge: 17 mm). The oil separator has been operated for 4
hours at 2400 RPM
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Table 4 Comparison calculation with experiment

Calculation 47.8 kPa

Accumulated N
Sludge (17 mm) Experiment 60.4 kPa
Difference 12.6 kPa

Table 5 Experimental results for automatic discharge system

1 2 3
Weight of oil separator =g ¢ 18617 18,508
(before experiment) [kg]
Weight of oil separator
(After experiment) [kg] 20.099 20.160 20.140
Weight of accumulated 1591 1543 1632
sludge [kg]
Weight of estimated
sludee [ke] 1.5 1.5 1.6
Accuracy [%] 93.9 97.1 98
e -
LED1
LED 2 %
LED3 =,
LED 4

Fig. 6 LEDs for checking operation of sludge monitoring system
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(c) Estimated sludge 1.0kg (d) Estimated sludge: 1.6 kg

Fig. 7 Weight of estimated sludge at control monitor from 0 kg to
1.6 kg. With measuring the pressure inside the OS, weight of
sludge matched the pressure is printed the monitor
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Fig. 8 Weight of estimated sludge as a function of time. The weight
of estimated sludge is increased logarithmically
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