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1. Introduction

It is a trend to use Over the Range (OTR) on 

household gas oven with microwave hood 

combination in electronics companies recently. that is 

the process of cooking food in the oven using the 

heat from the gas oven[1-5]. However, harmful gases 

that occur in the process of cooking variety of foods 

in the kitchen as well as the surrounding environment 

can have a bad impact on the human such as 

respiratory disease and lung disease, asthma, atopic 

dermatitis, respiratory disorders, nervous system 

disorders[3,6-8]. Therefore OTR for the filter that can 

block harmful gases is required by the situation. That 

is currently being used in the form of a Mesh Filter 

consists of mesh geometry, the removal efficiency of 

the Oil Mist Filter to appear very low, there is a 

problem[1]. Therefore it is priority to have a higher 

removal efficiency of the Oil mist Filter than existing 
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ABSTRACT

Small drops in gas cause some problems for downstream equipments such as turbine, compressor and etc. In 

some cases, we are obliged to remove hazardous liquid mist from gas. In order to remove water or other liquids 

from the gas, there are some equipments like mesh mist eliminator and vane-plate mist eliminator. oil mist filter 

is a kind of liquid eliminator equipments used to remove the liquid with 1-10um droplet diameter from the gas. 

In this paper is determine the factors affecting the oil mist filter efficiency using CFD. length and angle of the 

filter were considered and the results and compare the results of the efficiency tests, showed error of less than 

3%. optimum filter can remove more than 87.3% between 1 and 10um of oil mist.
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Mesh Filter.

Existing research on OTR has focused on 

improving the performance of OTR and filter research 

was almost nonexistent. Jeon W. H studied the 

characteristics of the noise of the OTR sirocco fan, 

seized the noise characteristics of OTR and 

investigated in the development of a low-noise fan 

based on the numerical analysis and experiment[9]. Y. 

I. Shin mainly studied the changing of ventilation of 

a motor and hood for OTR to improve high-capacity, 

cooking space and performance[5]. J. Gharib studied 

trapping efficiency through the theory of numerical 

analysis and CFD interpretation to identify 

performance of filter[2]. Lee studied a performance of 

trapping efficiency and pressure drop through the 

optical design about a shape of Filter to remove big 

mist that is larger than 1mm.

In this study, to maximize the efficiency of the 

Filter and Filter pressure drop can be minimized by 

design using ANSYS Fluent 13.0 which is 

computational fluid dynamics analysis program that 

performs the analysis and select the optimal model to 

produce the product, develop with high removal 

efficiency and low pressure drop in the Oil Mist 

Filter Efficiency Test and develop high-performance 

Filter through a comparison with existing products[4,10].

2. Materials and Methods

In order to perform analysis, four assumptions are 

defined. 1) Droplets are assumed as spheres. 2) 

There's no interaction between liquid-liquid. 3) There's 

no re-entrainment of the trapped liquid. 4) The only 

acting force is drag. 5) 2-D Analysis due to the same 

feature in the width direction[2].

The water volume fraction is 0.09, so it satisfies 

the fundamental assumption that mentions the 

dispersed second phase occupies a low volume 

fraction. In Eulerian-Lagrangian model the continuum 

phase is fluid phase and it is solved by Navier-Stokes 

equations, while the dispersed phase is solved by 

tracking the droplets through the flow field. The 

dispersed phase exchanges momentum and energy 

with the fluid phase[2,11].

2.1 Droplet motion equation 

The motion of a single particle of arbitrary density 

is governed by the following equations[2,12-14].

  







       (1)

: the gas velocity,  : the droplet velocity. 

 : the droplet relaxation time. 

  is calculated as follows;

   






       (2)

  is calculated according to Schiller-Naumann;

   




        (3)

Drag coefficient is function of Re number of 

droplet. Re number is defined as follows;

   


       (4)

The variables needed for the solver are: gas 

densities, droplet diameter, volume fraction of liquid 

(BIS PHTHALATE), mean gas velocity, Reynolds 

number.

  





        (5)

where  : the particle velocity,  : the flow 

velocity,  : the fluid density.  : additional 

acceleration,  : drag force,  : the particle density. 

  is the drag force per unit particle mass and 

can be obtained from;

   








       (6)
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2.2 Continuous phase model

Standard k- is reasonable accurate and it is a ε

semi-empirical model, so that the equation derivation 

relies on phenomenological considerations and 

empiricism. This model is applicable to wall-bounded 

flows. The turbulence kinetic energy k, and its rate 

of dissipation , are obtained from the following k-ε ε

Transport Equations[15-16].




 






 







 




 








 




   (7)







 

 







 









 








 






  (8)

And the model constants are as below. k and σ σε

are the turbulent Prandtl numbers for k and , ε

respectively. These default values have been 

determined from experiments with air and water. 

Navier stokes equations are as follow[17]:

  





       (9)

  












 




 


  




       (10)

  












 







 




       (11)

3. Design Modeler and Analysis

3.1 Design modeler and material selection

Full size of Filter is 326 × 136 × 10mm, and was 

composed of a total of 54Cell. backflow can occur 

due to the flow of the fluid, this is the reason why 

we modeled the inlet portion and the outlet portion 

larger. In addition, the shape of the filter is shown in 

Fig. 1 and deformation angle and length of the six 

shapes modeled Filter.

Filter for OTR, due to excellent heat resistance and 

excellent mechanical strength, PPS resin one of the 

super engineering plastics was selected. PPS was 

selected as the material for OTR filter by the reason 

PPS is superior to injection molding, and also when 

compared with equivalent mechanical properties of the 

material with the cheaper price.

3.2 Fluid flow analysis

The oil of the size from 1 to 10 in the air in 

Filter inlet has been flowing at a rate of 1.15m/s, 

between the incoming oil and oil cannot interact with 

each other to flow. In addition, escape condition 

granted in part the inlet and the outlet of filter and 

the fluid was able to pass through like Fig. 2, 

granted Reflect the peripheral wall portion was tossed 

out in the case the fluid touches the wall. If the oil 

touches each cell of the filter, it can be removed. 

trap conditions were granted. the flow mesh size is 

about 1.4mm, each of the nodes and elements are 

organized into 334,730 dogs and 330,914. By adding 

refinement conditions, generated mesh to evenly 

divide size of mesh around filter. The flow analysis 

was performed until the fluid in the flow field to 

fully converge.

The physical properties of the air and oil used in 

the analysis was set as shown like Table 1 The oil 

was used in the analysis of material used the BIS 

Phthalate the material.

(a) Type 1 (b) Type 2
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Fig. 1 Filter shape of types

Fig. 2 Boundary condition

Table 1 Operating conditions and properties

Fluid Air-Liquid

Pattern Dispersed

(kg/m3) 980

 (kg/m3) 1.225

 (kg/m s)∙ 0.0242

 (kg/m s)∙ 0.001

4. Results of Numerical Analysis

4.1 The characteristics of surface roughness

Fig. 3 shows the flow of the fluid velocity inside 

the filter, Fig. 4 is expressed by particle size 

distribution was detected in each type outlet. all six 

types of a total of 306,000 particles was entered 

through the inlet. In the case of the type 1, the 

number of particle from outlet is 222,649 and shown 

as the analysis results. it was confirmed that 1 to 10 

escaping evenly. In the case of the type 2, the size 

of the joint angle is 90 degrees and total 91,413 of 

particles were passed through. It is indicated larger 

than of 5 or more is 70% or more of the removal 

efficiency, less than 50% is not been removed not 

that much and then escaped. In the case of the type 

3, the number of particles at the outlet is 62830, 

more than 5 of particles are removed more than 90%. 

However, the particle removal efficiency is less than 

50% much of the fine particle is not removed and 

left. The number of particles detected is a total of 

213,425 of the type 4 in the outlet. we confirmed 

that 1 to 10 of them escaped evenly. the case of the 

type 5, the number of particles detected in the outlet 

is a total of 90,400, particle less than 5 of them 

went through a lot. It seemed the high removal rate 

of particles which is larger than it, but 10 particle 

was not removed as all did. In the case outlet of the 

type 6, a total of 51,135 particles were detected. Less 

than 4 particle went out bet more than 8 particle 

were removed was found. 

(c) Type 3 (d) Type 4

(e) Type 5 (f) Type 6

(a) Type 1 (b) Type 2 (c) Type 3
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Fig. 3 Velocity distribution of fluid flow

Fig. 4 Distribution of output particle of filters  

Fig. 5 and Table 2 show the removal efficiency in 

each type of the results of the flow analysis 

performed. There are six types of flow analysis 

results showed 27.2% removal efficiency of the Oil 

Mist filter consists of inner angle 120° in the first 

type. Removal efficiency of small particle size less 

than 1 is about 15% and most of particle was not 

being removed by just drained. Removal efficiency of 

the biggest particle 10 or more is about 50%, it was 

confirmed most of particle was drained. at this time 

pressure loss of filter is about 1.6mmAq, Filter shape 

is simple so removal efficiency is low, but the 

pressure loss is low.

In second case which consists of 90 degrees of 

joint angle and removal efficiency of particle is about 

70.1%, so removal efficiency was more rapidly 

increased than joint angle 120 degrees. removal 

efficiency of less than particle size 1 is low as about 

30%, more than 10 are almost removed. The pressure 

loss of the second type is 6.68mmAq and it is 
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extremely increased than the first type. It appears to 

be filter shape, as removal efficiency is increased, as 

pressure loss is also increased.

In the case of third type, filter efficiency is 

significantly better as about 80% than existing two 

types. particle less than 1 is confirmed that removed 

approximately 40% and 6 or more particle is removed 

100%. Pressure loss of third type is considerably 

higher as 7.4mmAq than existing two types. An 

analysis results showed 30.2% removal efficiency of 

the oil mist filter consists of inner angle 120° in the 

fourth type. In the case oil mist by particle size 

particle removal efficiency compared to small size 1, 

less than 20% removal efficiency, showed removal 

efficiency of about 50% in 10 biggest Particle. 

Pressure drop of first type is about 1.76mmAq.

We were able to get very good results of the fifth 

type, consisting of filter inner angle 90 ° which the 

removal efficiency is approximately 67.8% better than 

the other types. In the case 1  removal efficiency of 

oil mist particle by size was about 20% not enough, 

but more than 4 were 50%, and 9 close to 100% 

removal was confirmed. The second type of pressure 

drop was about 2.38mmAq. Lastly, the sixth type 

consisting of the same length of the each cell filter, 

inner angle 90°, was very high as 83.2% in the 

removal efficiency of the oil mist. In addition, 

particle size removal efficiency was more than 70% 

in 1 and almost 100% removal was confirmed in 6. 

The pressure drop showed a slight increase in the 

degree of pressure drop 3.3mmAq than the earlier 

two types.

The results of filter flow analysis, filter made of 

inner angle 90° showed the highest removal 

efficiency. consisting at 120° filter was better in the 

pressure drop but even if the pressure drop is higher 

3.3mmAq, it is the best to use a third type of filter 

consisting of 90° in the superior removal efficiency 

of fine particle removal efficiency.

Fig. 5 Collection efficiency according to filter type

Table 2 Concentration efficiency by particle size 

according to filter type

Efficiency for Particle Size (%)

Size(um) 1 2 3 4 5 6 7 8 9 10 Avg.

Type1 13.4 14.1 14.8 15.5 21.4 25.1 0.1 35.2 41.1 51.2 27.2

Type2 33.8 39.9 51.1 53.9 61.4 75.5 89.5 95.5 98.5 99.7 69.9

Type3 40.2 42.3 50.5 68.9 92.6 100 100 100 100 100 79.5

Type4 17 17.6 18.3 19 24.6 28.1 33 37.9 44.2 53.2 29.3

Type5 22.8 25.3 31.5 48.8 72.6 85.2 94.8 96.7 99.3 99.6 67.7

Type6 71.9 73 76.9 85.9 93.8 97.9 99.1 100 100 100 89.9

5. Performance Evaluation with 

Experimental Results

To conduct performance evaluation type 6 model 

of the Filter with the best results flow, analysis was 

modeled using a CAD program CATIA V5, 3D 

printer was constructed using a Rapid Prototyping 

System. ABS resin was used in the material 3D 

printer.
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Fig. 6 Type 6 filter created with 3D printer

First, the efficiency of performance evaluation 

experiments evaluated the performance utilizing the 

equipment in the picture below. Fig. 7, measuring 

apparatus for measuring the oil mist atomizer, 

generate a particle filter fan with a constant air flow 

from 1 to 10 in atomizer, measured from the back 

side of the particle number. efficiency was calculated 

by measuring the number of the particle filter with / 

without.

Fig. 7 Experimental equipment for the evaluation of 

filter performance

Table 3 Efficiency result comparison of analysis and 

test

Efficiency for Particle Size (%)

Size(um) 1 2 3 4 5 6 7 8 9 10 Avg.

Analysis 71.9 73 76.9 85.9 93.8 97.9 99.1 100 100 100 89.9

Test 62.5 65 74.6 88.7 91.5 94.5 97.5 98.7 99.9 99.9 87.3

(a) Collection Efficiency

(b) Pressure Drop

Fig. 8 Result comparison of analysis and test(Type 6)

Table 3 and Fig. 8(a) is compared analysis and 

experimental values of type6 efficiency Type 6 filter 

efficiency test results slightly reduced with an 

efficiency of 87.3% and it is almost similar trend and 

the resulting value. the analysis and experimental 

values showed error of less than 3%. There is a 

difference of about 10% in the particle size of 1,2um, 

but there is almost a match in the size of more than 

3um. this analysis, applying between particle without 

interaction, but less than 2 can occur in real test due 

to a conflict by interaction in particle. Therefore, it 

can be less than 2 is considered that the difference.

The pressure drop of type 6 filter measured by 

airflow rate. air flow rate was set at 120, 180, 240, 

300CFM. we received a better result of pressure drop 

in the actual test than interpretation results, but also 
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showed a similar trend. the interpretation results of 

pressure drop test and efficiency were compared with 

the data shown in Fig. 8(b) and Table 3.

6. Conclusion

 In order to improve the performance of 

microwave hood combination filter, this study is 

performed by changing the shape of the filter using 

the program ANSYS13.0 Fluent which is for studying 

fluent computational fluid dynamics. selected one of 

the best performance based on the analysis results, 

produced mock-up using equipment performance 

evaluation then performance evaluation test was 

performed.

As a result of the analysis performed by modeling, 

the three types of Filter, the inner angle 90° has 

excellent performance rather than an angle of 120°. 

we believe that the smaller size of inner angle, the 

higher efficiency we could get. due to the nature of 

the filter that cannot design with less than 90°, inner 

angle 90° is the most suitable.

It is also determined that the difference in length 

of filter was caused, the longer the length of the 

filter can be attached to the particle filter area is also 

increased and thereby the difference in efficiency 

occurs. in type 6 filter the interpretation of the results 

and compare the results of the efficiency tests, 

showed error of less than 3%.

When applying the type 6 filter to the OTR filter, 

the optimum filter can remove more than 87.3% 

between 1 and 10um of oil mist. in addition, it could 

contribute to the prevention of environmental pollution 

by emitting less oil mist outside.
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