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Abstract— Contamination that exceeds the specification is 

one of many causes that contributed to a poor quality 

product in HDD cleanroom manufacturing process. The 

purpose of this research was to utilize CFD simulation to 

study the airflow in a clean room to find out the cause(s) of 

high contamination and to propose a remedy. The results of 

the simulation show that some areas in the production line 

had vortex flow and collected a large number of particles 

which were similar to the results of actual measurement in 

that clean room. A particular area, which was a long 

rectangular area near the middle of the clean room, 

stretching from one side of the room to the other, showed 

high particle concentration compared to other areas. To 

solve this problem, we closed one of the ULPA filters which 

was an inlet of that area. Subsequent simulation showed 

that there was less vortex flow and a significant reduction of 

particle concentration. Our method proved to be able to 

improve contamination control in a manufacturing clean 

room. 

 

Index Terms— CFD simulation, clean room, computational 

fluid dynamics, contamination, particle concentration, 

ULPA filter 

I. INTRODUCTION 

Clean room is a controlled environment, typically used 

for housing a manufacturing line. It needs to be 

controlled to stringent levels of cleanliness, temperature, 

and humidity in order to ensure good quality products 

manufactured in industries such as aerospace, 

microelectronics, pharmaceuticals, medical devices, 

healthcare and food. Contamination control is a critical 

aspect that must be kept reliable in order to ensure that 

the quality of the products is up to the specifications and 

for scrap prevention. The building structure, design and 

layout that houses a clean room as well as the 

temperature, pressure, humidity and ventilation system in 

a clean room must be well defined & controlled. 

Computational fluid dynamics (CFD) has been 

successfully used to simulate and validate particle 

concentration in clean rooms. For example, Noh et al. [1] 

have used CFD analysis based on particle concentration 

measurement and airflow to improve yield in LCD 

manufacturing. Thongsri et al.  [2]-[3] have used CFD to 
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simulate airflow and particle trace over and around a 

piece of HDD machinery in an HDD factory in order to 

determine the best airflow setup later which was later 

adopted by the factory. CFD was also applied to rooms in 

a hospital to reduce contamination in operating room and 

to optimize rooms for efficient ventilation as opening and 

closing doors can transfer contamination into other rooms 

in a hospital [4]-[6]. Lui et al. [7]. have used CFD to 

investigate the effects of medial lamp and thermal plume 

on the airflow in a medical operating room and were able 

to apply the results to reduce the number of infection 

incidents. CFD is a fluid mechanics software that uses 

numerical analysis and algorithms to solve problems that 

involve fluid flows and display the solution data in color 

graphics which makes it easy to analyze the model. The 

advantages of using CFD mainly are less time consumed 

and cost saving compared to conventional experiment 

that may be difficult to perform and the accuracy of the 

results may be questionable. Our research study was 

conducted in an HDD Manufacturing clean room at 

Seagate Technology, Thailand (Korat plant), which 

manufactured HDD reader head. The big clean room 

environment needed to be under strict contamination 

control, and the reason we selected this particular clean 

room was mainly because it had never been studied in 

this way since its establishment.  The scope of this study 

covered air flow pattern, contamination concentration, 

and the way to reduce contamination based on the 

experimental results. 

II.  THEORETICAL BACKGROUND 

Airflow pattern was determined by solving a set of 

partial differential equations that consist of mass, 

momentum and energy conservations, written in (1), (2), 

and (3), below respectively: 

                                       (1)  
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This study used a standard k-ε model [8]. It is a model 

based on model transport equations of turbulence kinetic 

energy (k) and its dissipation rate (ε). The model 

transport equation for k was derived from the exact 

equation, while the model transport equation for ε was 

derived from physical reasoning and bears little 

resemblance to its exact mathematical counterpart. The 

standard k-ε model in ANSYS Fluent [9] falls within this 

class of models and has become the workhorse of 

practical engineering flow calculations in the time since it 

as proposed by Launder and Spalding [8]. 

This airflow study used the standard k–ε turbulence 

model that consisted of the following Navier-Stokes 

equations: 

(ρ ) μ(ρ )
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i t
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where                                  ,            = Reynolds  stress  

 

linier of Boussinesq [10].   

 

        .           

      

ANSYS Fluent solved a set of partial differential 

equations of (1) - (5) to determine the airflow pattern and 

other parameters. 

 Inlet and outlet airflow conditions are according to the 

following mass flow rate equation, 

  

Mass Flow rate (kg/s) = ρAv.                   (6) 

 

where A is the cross-sectional area that the air flows 

through and v is the velocity perpendicular to that area. 

III. RESEARCH METHOD 

A. Model Description 

This clean room was class 6 that it had particles of size 

0.3 um < 102,000 part/m
3
 and particles of size 0.5 um < 

35,200 part/m
3
 [11]. It was used for manufacturing very 

small reader head of hard disk drive called “slider”. 

When particle counts exceeded the specification, the 

product quality would be poor. It was crucial to keep 

contamination level under control and as mentioned 

earlier, no similar studies had been conducted before. 

That was the reason that this clean room was selected to 

be studied. The schematic illustration in Fig. 1 shows the 

environment that was in operation at the time of the study. 

The dimensions of this clean room were 26.81 m (L) × 

27.1 m (W) × 3 m (H). Two walls were built across the 

clean room but there were openings to the spaces next to 

them. These spaces held machines of different types. A 

worker could walk through to all of the spaces. There 

were 3 smaller rooms inside the clean room. They were 

called ‘service room’ which held maintenance machines. 

The air inside the clean room would be vented into these 

service rooms. On the clean room wall, there were 25 

return grilles of outlets and on the ceiling were 55 ULPA  

Filter inlets with the size of 0.6 m × 1.21 m.  

Outlets and Inlets in the fluid model are shown in Fig. 

1 We constructed 4 mesh models with different numbers 

of Tetrahedron elements (6-38 millions) and nodes (1-7 

millions). All of these mesh models were put through a 

mesh analysis, and it was found that the mesh model 

shown in Fig. 2 that was constructed with 10.36 million 

elements and 1.99 million nodes were the best model in 

terms of the quality of the results and computation time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TYPE SIZES FOR CAMERA-READY PAPERS 

B. Fluent Settings 

There were 55 inlets (ULPA Filters) that were mass 

flow inlets of which boundary conditions were around 

0.1-1.4 kg/s and 47 outlets of which boundary conditions 

were 0.3% - 5.2%. All air velocity measurements were 

done with an airflow meter under actual operating 

conditions. The inlet velocities were measured under the 

ULPA filters at the center of each filter, and the outlet 

velocities were measured at the center of the return grille 

and the measuring time at each position was at least 10 s. 

Approximately 10 measurements were averaged at each 

point. The flow in the cleanroom was assumed to be 

consistent. The standard k- ε turbulence model was used 

for the simulation. Fluent settings were as shown in Table 

I. 

IV. RESULTS AND DISCUSSION 

A. Validation 

We considered the air velocities at points P1~P21 as 

shown in Fig. 3. The positions along the x-axis of P1~P8 

was X=17.45 m, of P9~ P15 was X=8.49 m, and of P16~ 

P21 was X=7.50 m. The air velocities at these positions 
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Figure 1. Schematic illustration of the environment in the clean 
room 

 
Figure. 2 Mesh model 

 

 
Figure. 2 Mesh model 

 

 
Figure. 2 Mesh model 

 

 
Figure 2. Mesh model. 
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are shown in Table II, III, and IV respectively. The height 

Z from the ground to the point where the airflow velocity 

was measured was 0.82 m for each point. We selected 

those points because those were in the area where the 

production parts were placed. During the measurements, 

the operators and the machine were operating normally in 

the clean room. The air flow meter was activated for 1 

minute for each single measurement. We verified the 

model by comparing the velocities of airflow at these 

points from CFD simulation to the measured velocities. 

The comparison result shows that the percentage error (%) 

of every point was less than 13% as shown in Table II, III, 

and IV respectively, and so it was concluded that our 

model (CFD) was able to accurately reproduce the air 

velocities in the clean room. 

 
Figure 3. Measuring points P1-P21. 

TABLE I.  ANSYS FLUENT SETTINGS 

Parameters Settings 

Solver Pressure based 

Velocity Formulation Absolute 

Time Steady 

Model k-epsilon 

k-epsilon model Standard 

Pressure-Velocity Coupling Coupled 

Algorithm Pseudo Transient 

Solution Initialization Hybrid Initialization 

Convergence Criterion 1.00E-06 

TABLE II.  SHOWS THE VELOCITIES OF AIRFLOW AT P1~P7. 

X= 17.45 m 

Point 
Y(m) velocity (m/s) 

% Error 
Experiment CFD 

P1 21.30 0.22 0.21 5.89 

P2 18.73 0.07 0.06 10.87 

P3 16.20 0.13 0.14 7.03 

P4 13.60 0.13 0.14 9.88 

P5 11.10 0.03 0.03 5.19 

P6 8.43 0.25 0.28 12.09 

P7 5.77 0.34 0.34 1.78 

TABLE III.  SHOWS THE VELOCITIES OF AIRFLOW AT P7~P14. 

X= 8.49 m 

Point 
Y(m) velocity (m/s) 

% Error 
Experiment CFD 

P9 4.80 0.08 0.07 8.54 

P10 7.25 0.09 0.08 6.31 

P11 9.90 0.08 0.07 10.99 

P12 12.45 0.07 0.06 9.66 

P13 15.00 0.06 0.06 6.32 

P14 16.90 0.06 0.06 5.55 

TABLE IV.  SHOWS THE VELOCITIES OF AIRFLOW AT P15~P21 

x = 7.50 m 

Point 
Y(m) velocity (m/s) 

% Error 
Experiment CFD 

P16 19.00 0.08 0.08 6.18 

P17 16.30 0.07 0.07 1.39 

P18 13.75 0.09 0.10 8.45 

P19 11.20 0.26 0.24 8.02 

P20 8.70 0.10 0.09 11.30 

P21 6.20 0.09 0.10 9.37 

 

For validation, we considered the graphic vectors of 

velocities in range of 0-7 m/s. Fig. 4 shows the airflow 

velocities at Plane z=0.82m and at Plane y=15.3 m. It can 

be seen that the area near P9-P15 (service room 1 and 2) 

didn’t have turbulence or vortex flow. However, there 

was some vortex flow at P3-P4 where there were blue 

bands of higher velocity vectors (service room 3). This 

was probably the result of higher air velocities coming 

out of the ULPA Filter at the ceiling above colliding into 

a cabinet at that location and causing vortices.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B. Measurement of Particle Concentration 

An optical particle counter (Lighthouse, Soliar 3100+) 

was used to measure particle concentrations for 

investigation of contaminant spatial distribution, the 

sources of contamination, and their movement routes in 

the clean room. All measurements were carried out under 

normal operating conditions. Twenty-one measurement 

points were selected as shown in Fig. 3 as same as 

measurement velocity in the previous section. The 

particle counter was activated for 1 minute and 3 

measurements were averaged at each point. We observed 

that the concentration at every point was within the 

specification except the concentrations near P3 and P4 

were higher than those at other points which related with 

the velocity data as shows in the previous section. To 

solve this problem, we considered to reduce the 

contamination at P3 and P4 in the next section. 

C. Improvement 

We observed the existence of vortex flow at P3 and P4 

from the simulation. The air velocity coming out of the 

ULPA Filter at the ceiling above P3 and P4 was very high 

and the airflow was not smooth because there was a 

cabinet obstructing the flow at that location.  Considering 

 
Figure 4. Velocity of Air flow at Plane z= 0.82 m and Plane y = 15.3 m 

(Actual condition of production line) 
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the particle concentration and the velocity distribution, 

we were able to understand that the main contamination 

source near P3 and P4 was a vortex flow.  
At first, we tried to reduce the vortex flow by adjusting 

the airflow rate coming out of the UPLA filter but it 

could not be done because the flow rate of all ULPA 

filters were centrally controlled and could not be adjusted 

individually. Moreover, the cabinet that obstructed the 

flow could not be moved away to another location. 

Therefore, we decided to close the ULPA filter (flow rate 

= 0 kg/s) at the ceiling over these positions, and the 

vortex flow and particle concentration were reduced. We 

compared the pre and post-action from CFD simulation in 

Fig.4 and Fig.5 as well as Fig.6 and Fig.7. They showed 

that the particle contamination at point P3 and P4 

improved significantly after the improvement, as shown 

in Fig.8.  

 

Figure 5. Velocity of Air flow at Plan z= 0.82 m and Plan y = 15.3 m 

(Post-Action). 

 
Figure 6. Velocities of air flow by CFD at Plane Z= 0.82 m and Y= 15.3 

m  (Zoom Pre –Action). 

 
Figure 7. Velocities of air flow by CFD  at Plane Z= 0.82 m and Y= 

15.3 m  (Zoom Post –Action). 

 
Figure 8. Particle concentrations at P1-P21Pre and Post improvement. 

 

V. CONCLUSION 

This study accurately simulated (CFD) the airflow 

pattern of a clean room in a hard disk drive production 

line in order to investigate the particle concentrations and 

airflow distribution in the room and compare them with 

the actual measured values. An area of high particle 

concentration of which vortex flow collected the particles 

was found near the observed positions P3 and P4. After 

improvement action was performed by closing an ULPA 

Filter (flow rate = 0 kg/s) at the ceiling over these 

positions, the vortex flow and particle concentration were 

reduced. This study showed that CFD methodology can 

be utilized to predict the distribution of contaminated 

particles whenever an environmental change take place. 
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