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Abstract 

Liquid crystal displays (LCD’s) are continuously coated with some chemicals in the clean room of a factory. 
Spreading of these chemicals is causing serious problems both in controlling clean room quality as well as to the 
workers inside the factory. It is required to alleviate or properly control the offensive odor which is mainly composed of 
propylene glycol mono ethyl acetate, novolak resin and photo active compound. The control strategy employed is to 
bleed the offensive odor gas out the clean room. A full scale 3D CFD model was created with anisotropic porous media, 
chemical species transport with no volumetric reaction, and thermal diffusion with propane gas (tracer gas) to simulate 
the odor spreading. A segregated implicit solver with standard k- ε model is employed. The detailed CFD analysis made 
it possible to develop an effective method of ventilating the coater room and optimizing their capacities. 

 

1. INTRODUCTION 

A properly designed ventilation system is critical 
for any factory. Precise airflow and balance are required 
to prevent and to contain the spread of offensive odor, to 
maintain a uniform, optimal fresh air and to minimize the 
power requirements by optimizing recirculation air 
quantity.  

The construction and testing of a full-scale physical 
model consisting of air supply and exhaust 
configurations to optimize ventilation design is very 
expensive and time consuming. One of the best tools to 
evaluate smoke management system performance more 
accurately for large-volume spaces involves computer 
simulations based on Computational Fluid Dynamics 
(CFD). With a CFD model, the geometry of the space is 
divided into thousands of brick-like cells over which the 
fundamental equations of fluid flow and heat transfer are 
solved. The use of computational fluid dynamics (CFD) 
models allows the building designers to evaluate various 

ventilation designs and provide for an optimum solution. 
Many configurations of supply and exhaust arrangements 
may be evaluated rapidly and more economically 
compared to typical physical models. 

2. SIMULATION 

The actual combustion process is not as important 
as predicting the effects of smoke and heat in the space 
and how to best manage it. Therefore, CFD models 
usually represent the fire as a volumetric heat source 
with a soot emission rate. It is common practice to ignore 
radiation heat transfer from the fire and conduction heat 
transfer through all surfaces, but it is important for the 
modeler to develop methods to correctly predict plume 
growth rates. 

Fig.1 shows the full scale 3D CFD domain with 
boundary conditions. Air enters from the ceiling of the 
coater room with a velocity of 0.35 m/s downwards. A 
large number of LCD panels are continuously coated on 
the coater table. From the coater surface chemicals 
(mainly composed of propylene glycol mono ethyl 
acetate, novolak resin and photo active compound) are 
propagating into the room, which is the source of odor 
inside the clean room. A perforated access floor is 
provided below the coater table. The access floor helps 
to maintain unidirectional flow in the coater room, to 
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prevent further mixing of chemicals inside the room. 

 
Fig.1 Schematic of the coater room with boundary 

conditions 

Fig.2 shows the bleed ducts around the coater table 
and wall of the room with detailed dimensions. It was 
found that table bleed duct is having more effect on the 
odious gas flows since it is nearer to the source of odor. 
Hence it was decided to optimize the table duct geometry 
with a fixed wall duct of 4cm bleed duct gap (W2) and a 
height of 20 cm (H2). Table 1 gives the details of test 
cases. 

 
Fig.2. Wall and table duct geometry 

3. CASES INVESTIGATED 

In the course of the project, several parameters 
were modified such as duct height, its placement and 
duct gap were independently studied. Also varied the 
mass flow rate through the ducts near the table and wall 
in order to determine the minimum ventilation needed 
(Table 1). All models used are simple enough to solve a 
number of iterations quickly but detailed enough to 
describe the problem. 

Table 1 Computational conditions 

 

4. APPLICATION OF THE MODEL 

A full scale three dimensional, steady, segregated 
implicit solver with standard k- ε viscous model and  
species transport having no volumetric reactions is  
used. Interpolation scheme for the face pressure is 
standard and first order upwind scheme is used for all 
convection terms. SIMPLE pressure velocity coupling is 
enabled. 

Porous media is modeled as a fluid cell zone with 
60% porosity and viscous and inertial resistance in the 
flow direction is considerably (of the order of thousands) 
lower than that in other directions. 

To judge the adequacy of airflow design for the 
parametric CFD analysis, two primary visualization 
methods were used. First, path lines were plotted on 
several imaginary planes cut through the room (Fig.3). 
This technique gave a good indication of how air flowed 
throughout the room. The second visualization method 
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involved the use of iso-surfaces/contour plots to show 
the boundary of a particular concentration of 
hydrocarbon gas. Two monitoring planes, at distance of 
2.0m and 6.0m from the ceiling of the coater room were 
used to obtain hydrocarbon distribution.  When plotted 
in a 3-dimensional view, the iso-surfaces appear as 
clouds in space. The object of this technique is to reduce 
the size of the cloud to a minimum, thereby providing the 
best ventilation. Both visualization techniques were used 
on all parametric models until the best ventilation 
currents and smallest gas clouds were achieved. 

5. RESULTS AND DISCUSSION 

Ducts near the table and wall are given various mass 
flow rates such that velocity of air at duct inlet is limited 
to 0.5m/s and 1.0 m/s in order to avoid mixing of 
chemicals and fresh air in the coater room and to 
maintain unidirectional ventilation. 
 

 

Fig.3 Path line plot around the coater table 

Different table duct configurations were tried by 
varying duct size and height. Concentration of the tracer 
gas was observed in two iso-surfaces, one above the 
table and one below the porous floor (Fig.4) 

 

Fig.4 Hydrocarbon distributions on two-monitoring 
planes 

 
Path line plots gave us an initial guess about the 

placement of the table duct (Fig.3). Simulations were 
done to study the effect of each duct independently and it 
was found that for cases III & IV (Table1) gave better 
performance in bleeding out hydrocarbon gas. 

A rectangular duct around the table 30x60 x35cm 
height with bleed gap of 8cm is selected with 1m/s duct 
inlet velocity (case D in Table 1), since this duct 
geometry gave the smallest gas clouds and maximum 
percentage of hydrocarbon removal from the room 
(Fig.5). 
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6. CONCLUSION 

A bleed duct placed at a distance of 30x60 cm from 
the coater table with bleed duct gap of 8cm and 35 cm 
height was found to give best ventilation for 1 m/s duct 
inlet velocity. 

The detailed CFD analysis made it possible to 
develop an effective method of ventilating the coater 
room and optimizing their capacities. Without this 
analysis, in all likelihood, it would have been necessary 
to substantially reduce the number of LCD panels coated 
in the coater room to maintain proper ventilation, thus, 
reducing the net output of the plant. The design was 
completed in less time and under the projected costs for 
testing of conventional physical models. 
 

REFERENCES 
 

(1) Craig KJ , D.J. De Kock and J.A. Snyman, “Using 
CFD and mathematical optimization to investigate air 
pollution due to stacks,” Journal for Numerical Methods 
in Engineering, 44, 551-565 (1999). 
 
(2) M. Cook, Y.C. Ji and G. Hunt, “CFD modeling of 
buoyancy-driven natural ventilation opposed by wind,” 
Ninth International IBPSA Conference, Montreal, 
Canada, August 15-18 (2005). 

 

2543


	Text1: 대한기계학회 2008년도 추계학술대회 논문집


