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Abstract 

Computational Fluid Dynamics (CFD) and 
experimental studies of the temperature distribution in a 
present rubber smoking room of cooperatives were 
carried out. FLOVENT V5.2 program was used for 
simulation and input conditions were obtained from 
measurements. Temperatures in an empty room were 
measured at 15 points for 64 hours to determine a near-
steady period. Results from measurements were then 
compared with those from CFD simulation. It was found 
that the temperature difference is 0.12-2.43ºC for the 
front plane, 0.20-1.54oC for the middle plane and 0.23-
4.46ºC for the rear plane of the room. These results are 
used as a benchmark for future study of the smoking 
room in which the rubber sheets are present.  

 
1. Introduction 

Rubber sheets are an important exporting product of 
Thailand. Their value is about 12,500 million baths per 
year. Most of the ribbed smoked sheets (RSS) are 
produced at the entrepreneur groups in the community 
level. At present, about 500 rubber cooperatives are 
undergoing the RSS production throughout the country, 
particularly in Southern Thailand. The rubber smoke 
room is a critical component in the rubber smoking 
process. From previous work [1], it was found that 
variation of the temperature distribution in the rubber 
smoke room is as large as 15ºC. This resulted in a non-
uniform drying of the rubber sheets, and hence, the 
quality of the dry sheets is affected. Improvement of the 
temperature and velocity distributions in the rubber 
smoke room is then necessary to increase uniformity of 
rubber sheet and efficiency of fuel usage. 

Computational Fluid Dynamics (CFD) is an 
essential tool in solving problems involving fluid flow 
and heat transfer. This technique can be used to study 
flow and temperature characteristics in rubber smoke 
room. CFD involves discretization of the conservation of 
mass, momentum and energy. Study of literature 
indicated that CFD technique has been widely used by 
many researchers to analyze problems of fluid dynamics, 
both for indoor and outdoor environments.  

Nielsen [2] was one of the first to apply the CFD 
technique for the numerical prediction of the indoor air 
flow. The validity of the results however remains an issue 

of concern given the necessary discretization and the 
numerical input parameters [3, 4]. 

However, many flows of engineering interest are 
turbulent. The prediction of turbulent flow needs 
additional terms called the Reynolds stresses that require 
additional equations to solve the problem. This is called 
turbulence modeling. There are several different kinds of 
turbulence models [5]. The turbulence models most often 
used in the built environment are variations of the 
standard k-epsilon ( k ε− ) model. This model is a time 
average representation of turbulence that is considered 
very robust, thus provides accurate results with low 
computational overhead [6]. 

In this research, CFD technique is used for 
simulation of the present empty rubber smoke room and 
experimental results will be benchmarked against the 
values obtained for the CFD technique. This will lead to 
the methods of the rubber smoke room improvement by 
the CFD technique. 

 
2. Governing equations and turbulent modeling 

The fluid flow can be described by the conservation 
of mass, momentum and energy. Given the boundary 
conditions, the resulting flow and temperature pattern are 
determined by solving these equations all together. The 
governing equations, based on the low-Re k ε−  model 
for natural convection flows, are given by: 
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Energy equation 
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Where, iu  is the mean velocity components 
( , ,u v w ), iu′  is the velocity fluctuation and P  is the 
pressure. The diffusion term is indicated by viscosity µ . 
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Here, ix  is the coordinate axis ( , ,x y z ), ρ  is the density, 

ig is the gravitational acceleration vector and β  is the 
thermal expansion coefficient. 

The Boussinesq approximation is employed in the 
last term of Eq. (2.2) where, 1

2ref h cT T T= +  is the reference 
temperature and T  is the mean temperature, T ′  is the 
temperature fluctuation. 

The averaging process results in new unknown 
terms, ''

jiuuρ−  and ''Tuiρ− , so called Reynolds terms. The 
first term is called the Reynolds stress )( ijτ . The latter can 
be considered as a diffusion term for the enthalpy. 

The correlation of the Reynolds terms to the mean 
flow field is resolved by turbulence models. One of the 
most widely used turbulent models is the standard k ε−  
model [7]. The equations for the kinetic energy of 
turbulence ( k ) and its dissipation rate ( ε ) are given by 

k  Equation: 
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ε  Equation: 
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The model constants are [7] 

1 2 30.09, 1.44, 1.92, 1.0, 1.0, 1.217kC C C Cµ εσ σ= = = = = =  

The last term in equation (2.4), ρε , is the destruction 
rate, and P  is the shear production and G  is the 
buoyancy production term, which are given by: 
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Where tµ  is called the turbulent viscosity and is given by  

 
ε

ρµ µ

2kct =  (2.8) 

 
3. Experimental works 

Experimental works have been carried out to obtain 
the temperature distribution in the rubber smoke room for 
a long period of time. A portion of the results when the 
temperature is nearly constant was selected for the 
steady-state case representation.  

The experiments have been done with an empty 
room at Ban Tai - Prik Tok Rubber cooperatives, Sadao 
district in Songkhla province. The smoke room 
dimension is 2.6 x 6.2 x 3.7 m. The room floor has 12 
four-inch-diameter inlet ducts which are used for hot air 
introduction. Two 0.6x0.6-m ventilating lids are installed 
at the ceiling for air outlet. An 8-inch-diameter and 8-m-
long chimney is used for gas exhaust. 

     Lid 1     Lid 2

 
Figure 1. Positions of temperature probes on each plane 
shown from the side view of the rubber smoke room. 
 

Type-K thermocouples were used for temperature 
measurements at 15 positions shown in Fig. 1. Moreover, 
ambient temperature and temperature of hot gas inside 
the chimney were measured. Data logger (DataTaker, DT 
500) was used to record the temperatures at 2-minute 
interval to ensure continuous reading. 

Air Velocity at burner inlet and the velocity of 
exhaust gas at the ventilating lids were also measured for 
comparison purpose. Hot-wire type anemometer (Airflow, 
TA400T) is used for the velocity measurement. 

Fuel wood of known mass was fed to the burner to 
supply heat to the smoke room. Its moisture content was 
determined on dry basis by drying a sample in a 
laboratory oven at 105ºC until totally dried. Heat supply 
by the wood can then be determined from the heating 
value of the wood which is dependent on the moisture 
content [9]. 

In this experiment, the moisture content of wood and 
the ambient temperature are uncontrollable parameters. 
The steady state is only an approximation of the period 
that the standard deviation of the temperature is 
sufficiently low. 

 

 
Figure 2. Temperature history at 15 positions in the room 

and ambient. 
 

Results of the temperature at 15 positions in the 
smoke room are shown in Fig. 2. Total time for this 
experiment is 64 hours. The near-steady state that is used 
for benchmarking is the period during the hours of 50-56 
hours. The rate of wood supply in this period is 20 kg per 
2 hour. The temperature used in benchmarking is the 
average values at all positions in 6 hours. 
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4. Simulation 

Computational Fluid Dynamics technique can be 
used for improvement of the temperature and velocity 
distributions in the rubber smoke room because it is quick, 
inexpensive and effective. In this work, Flovent V 5.2 
that uses a finite volume method was employed for the 
flow and temperature study in an empty smoke room.  

 

 
Figure 3.  The rubber smoke room model. 

 
The model of rubber smoke room is shown in Fig 3. 

Constant static pressure boundary condition was used to 
represent the system surrounding. Outside temperature 
was set constant at 26.7ºC. Geometry and material 
properties of the smoke room are shown in Table 1. 

 
Table 1. Details of component, material, size and 
material property of the rubber smoke room.  

Material property 

Component Material Size Thermal 
conductivity 

(W/mK) 

Density
(kg/m3)

Specific 
heat 

(J/kgK) 
Furnace 

door Iron 0.6x0.8 m.,   
thickness 5 mm. 80.2 7,870 447 

Furnace 
wall 

Brick & 
cement 

1.0x1.9x1.3 m., 
thickness 0.25 

m. 
1.0/0.72 2,645/ 

1,860 960/780 

Wall of 
supply gas 

room 

Brick & 
cement 

2.0 x6.2x1.1 m., 
thickness 0.25 

m. 
1.0/0.72 2,645/ 

1,860 960/780 

Slope floor Concrete 
(stone mix) 1.1x6.0 x0.5 m. 1.4 2,300 880 

The smoke 
room floor Cement 2.4x6.0 m.,  

thickness 0.1 m. 0.72 1,860 780 

Supply 
ducts Iron Diameter 4”, 

thickness 2 mm. 80.2 7,870 447 

Enclosure 
of the 
smoke 
room 

Brick 2.6x3.7x6.2 m., 
thickness 0.1 m. 1.0 2,645 960 

Door of the 
smoke 
room 

Iron 2.4x3.3 m.,  
thickness 3 mm. 80.2 7,870 447 

Chimney Iron 
Diameter 8”,   

long 8 m.,      
thickness  3 mm.

80.2 7,870 447 

Ceiling Ceiling 
tiles 

2.4x6.0 m.,    
thickness 5 mm. 0.056 380 1,000 

Ventilating 
lid 

Ceiling 
tiles 

0.6x0.6 m.,    
thickness 5 mm. 0.056 380 1,000 

Localize grid scheme was used for setting fine grids 
where high accuracy is needed and coarse grids were 

used elsewhere. Local grid of the smoke room has 
maximum size of 10 centimeters. Locations of fine grids 
include air inlet, heat source, air supply ducts and air 
outlets. The total number of grids of the current model is 
559,569. 
 
5. Results and Discussion 
5.1 Heat Source  

In the experiment, the moisture content of fuel wood 
is about 60.5% dry basis. Average heat supply rate of 
wood in 6 hours is 28.78 kW.  However, some heat loss 
in the room through leaks at the front door and ceiling 
causes the lower actual heat supply to the rubber sheets. 
From iteration, it was found that a heat source of 16.0 kW 
is appropriate and results in minimal error between 
experimental and simulation results. This is 
corresponding to a 56% overall thermal efficiency. 
 

 
Figure 4. The temperature contours on the front, middle 

and back planes of the model room. 
 

 
Figure 5. The velocity vector plane on the supply duct 

line in the model room. 
 
5.2 Temperature 

The temperature contours of the front, middle, and 
rear planes of the model room are shown in Fig. 4. The 
figure shows that the highest temperature took place at 
the bottom edge of each plane, since this area is near the 
heat source. The temperatures at the rear plane are 
highest where the front plane temperatures are lowest. It 
can also be seen from the figure that there is a back flow 
to the room through the ventilating lid at the front plane. 
This is confirmed in Fig. 5 where the velocity vectors are 
shown. This may result from spatial variation of velocity 
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at hot air supply ducts. The supply ducts near the front 
end have lower velocity than the rear end as shown in Fig. 
5. Comparisons of the results of the temperature between 
experiment and simulation are shown in Figs. 6-8 for 
each individual plane. In these figures, temperatures are 
plotted against the positions on each plane as indicated in 
Fig. 1. 

Temperature difference between the experiment and 
simulation is 0.12-2.43ºC on the front plane (Fig. 6), 
0.20-1.54ºC on the middle plane (Fig. 7) and 0.23-4.46ºC 
on the rear plane (Fig. 8). Highest deviation is about 
4.03%. Agreement between the experimental and 
simulation results is quite good considering that the flow 
is natural and uncontrollable. Summary of the 
temperatures at all positions is given in Fig. 9. 

Deviations at positions 4, 5 and 15 are larger than 
others positions because these positions are close to the 
hot gas inlet this results in high temperature gradient. 
Increase of grids near these locations would enhance the 
accuracy of the simulation. Part of the deviation may 
result from the unsteady behavior of the experiment. 
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Figure 6.  Comparison of temperature between the 

experiment and simulation at the front plane. 
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Figure 7.  Comparison of temperature between the 

experiment and simulation at the middle plane. 
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Figure 8.  Comparison of temperature between the 

experiment and simulation at the rear plane. 
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Figure 9.  Comparison of temperature between the 

experiment and simulation at all positions. 
 
5.3 Velocity 

Comparison of velocities is shown in Table 2 for 3 
positions. Agreement at all positions is quite good. The 
back flow at the front ventilating lid is confirmed by the 
experimental result. 
 
Table 2. Comparison all positions of velocity between 
experiment and simulation. 

Position Experiment Simulation 

Air inlet (m/s) 2.62 2.84 
 

Ventilating lid 1 (m/s) 
 

       -0.20 
 

       -0.22 

Ventilating lid 2 (m/s) 0.62 0.63 

 
6. Conclusion 

Results from benchmarking of the velocity and 
temperature in the rubber smoke room indicate that the 
agreement between the experiment and simulation are 
quite good. Overall thermal efficiency for this case is 
about 56%. Therefore, it is possible to use the CFD 
technique for modeling the present rubber smoke room. 
Future work includes the simulation of the smoke room 
that contains rubber sheets. Improvement of the room can 
be carried out subsequently by this method as well. 
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