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ABSTRACT: 

Three different configurations of plastic oil-gas separator for diesel engine valve chamber cover were studied using 

numerical simulations. The distribution of flow velocity, pressure and oil droplets collection from simulation results 

were assessed to find out an optimum design for the oil-gas separator. Further, the oil-gas separation efficiency from 

simulation and experimental test was also reviewed to verify the simulation model as well as selection of the best design 

amongst the considered three configurations of the oil-gas separator. 
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1. Introduction 

The emission of particles from the diesel engine crank 

case exhaust system is a concern for many vehicle 

manufacturers owing to tighter emission regulations. 

One way of tackling this issue is to improve the oil-gas 

separation efficiency. The existing diesel engine valve 

chamber cover and oil-gas separator are mostly 

aluminium casting, which leads to a heavy cover 

resulting in poor fuel economy. Plastic materials for 

valve chamber cover offer more complex oil-gas 

separator design to increase the oil-gas separation 

efficiency in diesel engines [1-2]. The oil-gas separator 

segregates the oil droplets from mixed gas through its 

internal partitions as shown in Fig. 1. The functioning of 

oil-gas separator involves complex three dimensional 

turbulence and two-phase flow. Hence, it is very difficult 

to predict the internal flow using analytical methods.  
 

 

Fig. 1: Typical cross section of an oil-gas separator 

Numerical simulation using computational fluid 

dynamics (CFD) benefits shorter time for product design 

and undertaking a complete analysis of the oil-gas 

separator with less capital investments. Hence, the fluid 

flow in the oil-gas separator investigation using 

numerical simulations is the main focus of this paper. 

Numerical simulations have been previously used in the 

literature for labyrinth oil-mist separator [3-6], gravity 

oil-gas separator [7-8] and cyclone oil-gas separator [9-

10]. In this work, CFD simulations and experimental 

tests are undertaken to investigate the efficiency of 

sedimentation type separator with baffle (STB), 

labyrinth type separator with baffle (LTB) and labyrinth 

type (LT) separator. The flow velocity field, pressure 

field, oil droplets collection and oil-gas separation 

efficiency from the simulations were compared for the 

considered three designs to conclude an optimum 

structure for the oil-gas separator. The oil-gas separation 

efficiencies from simulations are also verified through 

laboratory experiments. 

2. Simulation model and test bench 

Discrete PHASE Model (DPM) is often used to model 

the simulation of gas-liquid two-phase flow. This model 

uses Eulerian equations to describe the gas phase flow 

field and Lagrange equations to describe the movement 

of oil droplets. In this paper, gas phase flow field is 

calculated using SIMPLE method. The trajectory of oil 

droplets is tracked using DPM. The force between gas 

flow and oil droplet in DPM is given by [11-12]: 

   tmFFF SQD    (1) 

Where mS is oil droplet mass. FQ force may include 

different forces, for example, gravity, buoyancy, 

pressure, temperature gradient force, Brownian 

movement force, false mass force, Basset force, Magnus 

force and Saffman force. FD is gas flow resistance that is 

given by： 

 uu
d

ReC
F s

s

D
D 

224

18




    (2) 

Where us and u are liquid and gas phase velocity. d is oil 

droplet diameter. ρs and ρc are oil droplet and gas 

density. μ is dynamic viscosity. CD is drag coefficient. 

Re is the relative Reynolds of oil droplet that is given by: 
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The trajectory of oil droplet in gas flow can be 

derived from the oil droplet force. The momentum 

equation of oil droplets per unit mass is given by: 

 
QD

s FF
dt

du
     (4) 

Force of oil droplet and reaction force of gas is 

reversible. So a negative sign was added in the right 

hand side of Eqn. (4). In gas liquid two phase flow of 

separation, the diameter of oil droplets is very small and 

their concentration is very dilute. Hence, other forces can 

be neglected for being very small in magnitude 

compared to the fluid drag force. 

Oil-gas separator geometric models of STB, LTB 

and LT designs are shown in Fig. 2 to Fig. 4. The oil-gas 

separator geometry is modelled using tetra elements with 

finite element size of 2mm. The simulation model 

generated using STAR CD version 3.2 software contains 

587000 elements. The oil-gas separator material is PA66 

+ 15%Mineral + 25%GF with elastic modulus of 2084 

MPa (150°C, RH0), Poisson’s ratio of 0.33, density of 

1470 kg/m
3
, and coefficient of thermal expansion of 

3.5×10
-5

 m/m/ºC. Lagrangian multi-phase model with 

two phase flow respectively for air and oil droplet is 

used. Thermal modelling considers the effects of 

temperature change, heat transfer and thermal radiation. 

High Reynolds number turbulence is taken into account 

in the modelling. Gravity effects are considered in the 

simulation. Medium physical properties of oil and gas, as 

given in Table 1, are used for the simulation. Calculated 

fluid is assumed to be incompressible air. Piston air 

leakage of 180 l/min applied. The measured value of 

total oil droplet mass is 2 g/h before separation. 
 

 

 

Fig. 2: Oil-gas separator – STB design 

 

 

Fig. 3: Oil-gas separator – LTB design 

 

 

Fig. 4: Oil-gas separator – LT design 

Table 1: Physical properties of oil and gas 

Property 
Fluid properties 

(Blow-by-gas) 

Particle properties 

(Oil droplets) 

Temperature 80°C 80°C 

Density 1 kg/m³ 843 kg/m³ 

Pressure 101325 Pa - 

Viscosity 2.09x10-5 Pa*s - 

 

The boundary layer was set as two layers. FAME 

grid was used. The grid was properly encrypted in the 

high velocity region. The model is analysed for steady 

state conditions. Simple algorithm is used for solving the 

CFD problem. Relaxation factor of all the calculated 

physical quantities is selected. Upwind difference 

scheme is used for distribution calculation.  

3. Oil-gas separation efficiency 

The oil-gas separation efficiency () is the ratio of the 

collected oil droplet mass (S2) relative to the oil droplet 

mass entered (S1) the cover per unit time and is given by: 
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Where S3 is oil droplet mass at outlet. The oil-gas 

separation efficiency is experimentally evaluated using a 

test bench as shown in Fig. 5. From the CFD simulation 

results, the oil-gas separation efficiency is calculated by: 
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Where N1 and N2 are the unit number at inlet and outlet 

of the chamber cover respectively. 
 

 

Fig. 5: Oil-gas separation efficiency test bench photograph 
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4. Results and discussions 

The overall flow velocity, pressure distribution and 

pressure loss at inlet and outlet of the engine valve 

chamber cover are obtained from the gas continuous 

phase flow simulations. The flow velocity results of 

STB, LTB and LT oil-gas separator designs are shown in 

Fig. 6 to Fig. 8. Flow velocity of all designs at inlet is 

0.6 m/s. For STB design, the flow velocity in 

sedimentation field was slow such that the oil droplet 

sinks easily into the separation chamber wall under its 

gravity and collection of oil droplets was completed. 

Flow velocity in the baffle field was fast such that the oil 

droplet was collected through fast impacts on baffle. For 

LTB design, mixed gases of oil and gas flow at higher 

speed in the labyrinth cavity and the oil droplet easily 

impacted the baffle. The mixed gas travelled along the S 

path in the cavity for easier collection of oil droplets. For 

LT design, the collection of oil droplets was completed 

by fast impact of oil droplets on labyrinth. The pressure 

distribution of STB, LTB and LT designs are shown in 

Fig. 9 to Fig. 11. A summary of peak velocity and 

pressure is given in Table 2. LT design proved to 

generate the fastest flow. STB design has the smallest 

pressure loss than the LTB and LT designs. 
 

 

Fig. 6: STB design - Velocity (in m/s) distribution 

 

Fig. 7: LTB design - Velocity (in m/s) distribution 

 

Fig. 8: LT design - Velocity (in m/s) distribution 

 

Fig. 9: STB design - Pressure (in Pa) distribution 

 

Fig. 10: LTB design - Pressure (in Pa) distribution 

 

Fig. 11: LT design - Pressure (in Pa) distribution 

Table 2: Comparison of peak velocity and pressure loss 

Peak value STB LTB LT 

Velocity (m/s) 8.691 8.871 11.54 

Pressure loss (Pa) 63.83 199.7 276.8 
 

The distribution of oil droplet collection for STB, 

LTB and LT designs were in shown in Fig. 12 to Fig. 14. 

For STB design, much of oil droplet is collected in the 

sedimentation and baffle fields resulting in a more even 

distribution of droplet collection. LTB had much oil 

droplet collection in the baffle field. For LT design, oil 

droplets collection was mainly centralised in the 

labyrinth zone resulting in the best oil droplet collection 

amongst the considered three designs.  

 

Fig. 12: Oil droplet capture (in kg) distribution of scheme one 

 

Fig. 13: Oil droplet capture (in kg) distribution of scheme two 

 

Fig. 14: Oil droplet capture (in kg) distribution of scheme three 
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The oil-gas separation efficiencies from numerical 

simulations and experimental tests for STB, LTB and LT 

designs of oil-gas separator are shown in Table 3. The 

efficiency results from tests are better than the 

simulation ones. The test separation efficiency of LT 

design was the best one when compared with the 

efficiencies of STB and LTB designs. Hence, LT design 

was adopted as an optimum design for the oil-gas 

separator of the diesel engine valve chamber cover. 

Table 3: Oil-gas separation efficiency – Simulation vs. Test 

Diameter Simulation results (%) Test results (%) 

(µm) STB LTB LT STB LTB LT 

3 65 67 68 67 68 70 

5 67 68 72 70 72 75 

10 72 74 79 76 78 85 

5. Conclusions 

Numerical simulation of oil-gas separator for diesel 

engine valve chamber cover was carried out using CFD 

software. Gas phase flow field, oil droplet motion and 

oil-gas separation efficiency were analysed for STB, 

LTB and LT design configurations of oil-gas separator. 

Experimental tests were carried out to predict the oil-gas 

separation efficiency. Based on the results from 

simulations and tests, the labyrinth type configuration 

was found to be an optimum design for the oil-gas 

separator amongst the considered three configurations. 

The separation efficiencies from simulation were lesser 

than those from the experimental tests. This may be due 

to the negligence of oil droplet rebound motion. 
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