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RSS drying in a smoke house is the oldest method of drying operation used in raw rubber 

manufacturing industry. Not only in RSS manufacturing process, it is perhaps one of the 

oldest. most common and most diverse of chemical engineering unit operation. It has been 

reported that in literature data over four hundred types of dryers are used in industries as 

well as in house hold activities. among these one hundred distinct types are commonly 

available (3 ). 

Drying occurs by effecting vaporization of the volatile matters by supplying heat to the \Yet 

feedstock. Heat may be supplied by convection (direct dryers). by conduction (contact or 

indirect dryers), radiation or volumetrically by placing the wet material in a microv,ave or 

radio frequency electromagnetic field. Over 85 percent of industrial dryers are of the 

convective type with hot air or direct combustion gases as the drying medium. Over 99 

percent of the applications involve removal of \Vater. This is one of the most energy

intensive unit operations due to the high latent heat of vaporization and the inherent 

inefficiency of using hot air as the (most common) drying medium (3). 

In RSS manufacturing process, the final and the most time consuming operation prior to 

grading and packaging is the drying and smoking of \vet sheets inside a smoke house. But 

in RSS manufacturing process the dryer used (Smoke House) has these three modes of heat 

transferring to get dried rubber sheets. Therefore, it can be inferred that the smoke house is 

a combinational type dryer which is involved three modes of heat transferring mechanism. 

2.2 The Drying Curve 

The drying curve describes the drying characteristics for each and every product that are to 

be dried at specific temperature, velocity and pressure conditions. For a specific product, 

this drying curve is a unique. Fig 6 shows a typical drying curve of a specitic product. 
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Fig 6: Typical drying cune of a product 

There are three phase can be identified in this curve as First Phase, second phase and the 

third phase. 

2.2.1 The first phase, or initial period, is where sensible heat is transferred to the product 

and the contained moisture in the mass. This is the heating up of the product from the 

loading condition to the process condition, which enables the subsequent processes to take 

place. The rate of evaporation increases dramatically during this period \Vith mostly free 

moisture being removed. 

In some instances. pre-processing can reduce or eliminate this phase. For example. if the 

feed material is coming from a reactor or if the feed is preheated by a source of v;aste 

energy, the inlet condition of the material will already be at a raised temperature. 

2.2.2 The second phase, or constant rate period. is when the free moisture persists on the 

surfaces and the rate of evaporation alters very little as the moisture content reduces. 

During this period, drying rates are high and higher inlet air temperatures than in 

subsequent drying stages can be used without detrimental effect to the product. There is a 

gradual and relatively small increase in the product temperature during this period. 

Interestingly. a common occurrence is that the time scale of the constant rate 

period may determine and affect the rate of drying in the next phase. 
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2.2.3 The third phase, or falling rate period, is the phase during which migration of 

moisture from the inner interstices of each particle to the outer surface becomes the 

limiting factor that reduces the drying rate. 

The nature of the material being dried and the heat transferring mechanism affect the 

drying curve which explains the drying characteristics of the material (3 ). 

Possible heat transferring mechanisms during the drying process of sheet rubber 111 a 

smoke house are briefly discussed below. 

2.3 Heat transferring modes in a Smoke House 

The subject of heat is that a branch of knowledge dealing with the motions of molecules. 

\Vhether they are in a gas. a liquid. or a solid. Adding heat to a body increases its energy. 

There is a significant difference between the temperature of a body and the thermal energy 

it contains (4). 

There are three main types of heat transferring modes are recognized, 

2.3.1 Conduction. 

2.3.2 Convection. 

2.3.3 Radiation. 

2.3.1 Conduction 

Smoke house consists with a bat1le plate. These solid metal parts are good sources to 

conduct heat from the burner to rubber sheets hang on reapers. This is an atomic or 

molecular process. It occurs in the presence of a temperature difference and is not 

accompanied by any microscopic or bulk motion in the medium. Conduction is the only 

mode of heat transfer in a solid medium. It may also occur in a stagnant liquid or gaseous 

medium. The basic law of conduction is Fourier's law is explained as follows ( 4 ). 

The law states that if two plane parallel surface each having an area A are separated by a 

distance Land are maintained at temperatures Tl and T2 respectively (Tl>T2) (Figure 7). 

the rate of heat conduction Qat steady state through the wall is given by 
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Q = kA (Tl-T2) 

L 

Where. k =thermal conductivity of solid (assumed to be constant throughout the wall) 

A = Surface area facing to the direction of heat transfer. 

T1 

L =length ofthe medium. 
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Fig 7: Heat transferring through a plan \Vall 

2.3.2. Convection 
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This is the most productive type of heat transferring mode in a smoke dryer. Flue gas from 

the bio mass fed burner supplies heat as well as certain chemical substances that can be 

acct as a fungicide and antioxidants which prevent mold growih on the rubber sheets and 

deterioration of sheets at high temperatures. Convection means the transport of heat energy 

by way of displacement of fluid element from one point to another point which is at a 

diflerent temperature. Convection type heat transferring can be achieved by existence of 

motion or a velocity field in a liquid or a gaseous medium. This speed of the motion of the 

gaseous medium greatly enhances the rate of heat transfer. In the SS dryer the air inlet at 

the bottom of the front door (Fig. 8) can supply air to the burner and this air can come out 
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from the exit duct on the roof of the dryer. This supply of air can give a very good gaseous 

medium and it can be also controlled by adjusting the flappers of the exit duct as well as 

the plate of the inlet air point ( 4 ). 

Convection may be of two types, 

Forced convection - occurs when motion in the medium is caused by an external 

mechanical energy such as a pump, a blower. an agitator. etc. or by an externally imposed 

pressure gradient. In the SS dryer it does not has a forced convection since it does not 

consists a pump or a fan. 

Free or natural convection- occurs when motion in the medium is created by an adverse 

density gradient, as a result of temperature difference. This happens if the temperature of a 

t1uid at a lower level becomes higher than that at an upper level. The SS dryer has free or 

natural convection. Although the forced convection can dry the products in a short time of 

period. the rubber sheets in the smoke dryer should not be dried in a very short time since 

smoke should contact with rubber sheets for a long time period and also the crust 

formation due to fast drying can be a±Tected the inner drying of the rubber sheets. 

2.3.3. Radiation 

Radiation method to increase the efficiency of drying is introduced in SS dryer. the stones 

on the gravel layer can be act as a heat source for radiation heat. Once it gets heated up due 

to the heat supply from the heat source. the stones can absorb the heat and it can be 

supplied heat as a radiation heat. The radiation heat can be expressed as a body at a 

temperature above absolute zero always emits energy in the form of electromagnetic 

\Vaves. The rate of release of such energy is proportional to the fourth power of the 

absolute temperature of the body. This phenomenon is called radiation and the basic 

governing law is known as the Stefan-Boltzmann law. Ordinarily, the contribution of the 

radiative component to the total rate of heat transfer from a body becomes significant. if 

the temperature of the body is sufficiently high. The Figure 8 shc)\VS the graphical 

representation ofthese three heat transferring modes inside the SS dryer (4). 

The Stehm-Boltzmann law is given by the following equation. 

E = kT+ 



Where, 

E =energy radiated per second by a body at an absolute temperature T. 

k = proportionality constant. 

T = Absolute temperature. 
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In systems of the smoke house interested, heat transfer mostly occurs by a 

combination of all of the above three methods. 

Specific Heat. 

The specific heat is the amount of heat per unit mass required to raise the temperature by 

one degree Celsius. 

6H = m X c X 6t 

where, 

6H =total heat added in Kilo call. 

m =mass ofthe body. 

6t = raise in temperature in °C 
I 
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Fig 8: Graphical representation of Heat transferring mode ofthe SS dryer 
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2.4 Introduction of the conventional type Smoke House used in RSS Drying 

The sheets after three or five hours of dripping under direct sunlight are placed in the 

smoke house where the temperature is maintained between 48 °C and 54 °C. In the smoke 

house, sheets are dried gradually whereby formation of blisters is avoided. In addition, the 

creosotic substances present in the smoke are allowed to adsorb to the surface of sheets to 

prevent mould grow1h on smoked sheets. 

Conventional smoke houses used consist of a single story building or (two or three storey 

building (for larger daily crops more than 500 kgs). internal wooden racks to hang the 

sheets and an external furnace. The smoke rooms are constructed from brick and cement. 

Heat and smoke are generated in the wood-fired furnace and allowed to move up inside the 

smoke house. In order to minimize the fire risk. a baff1e plate of heavy gauge metal is 

placed between the furnace and the opening of the main duct which carries smoke through 

the duct system into the drying chamber. Since it takes 4-5 days, smoke house should have 

a capacity to accommodate at least five days crop. For example. to process 2500 kg of 

daily crop. the capacity of the required smoke house would be 12,500 kg. A brief 

comparison of cost involved with conventional drying chambers to handle a crop of 2.500 

kg at different drying periods is given beiO\v. 

Table 3: A brief comparison of the cost involved in different size conventional smoke 

houses 
Drying period 5 day 3 day 2 day 1 day 

Capacity 12500 7500 5000 2500 

No of stories 03 03 03 02 

Approximate 60'x19'x21 36'x 19'x21" 24'x19'x21' 20'x19'x14' 

dimension 

Approximate 2,200,000.00 1.300.000.00 800.000.00 500,000.00 

construction 

I crop (Rs) 

(an estimation) 

\ 

j 
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The usual drying time in this type of smoke house is four to five days. The disadvantages 

of this type of smoke house are that only batch wise operation is possible and more labour 

is required, since sheets are turned over on the reapers every day. 

Drying of sheets in a smoke house has definite advantages. 

1. It is quicker than sun-drying and does not cause oxidation by ultraviolet 

radiation. 

2. Inside the smoke house, there is only limited supply of air and it is mostly filled 

with smoke and carbon dioxide. Hence. chances for oxidation of rubber are 

very limited. provided the temperature is within the said limits. 

3. Also, the creosotic i.e. materials present in smoke. get deposited on the surface 

of the sheets thereby preventing mould growth on sheets. 

Also a good smoke house should have the following features for the better output and 

quality RSS sheets. 

* Minimum drying time 

* Maintenance of temperature in the range of 48-54 °C 

* Maximum fuel eUiciency 

* Minimum heat loss 

* Minimum drying cost 

* Easy loading/unloading of sheets 

* Minimum labour requirement 

There are various types of smoke houses, all working on the same general principle. The 

essential features of a smoke house are a chamber in which the sheets can be placed on 

reapers, a furnace outside the chamber and a flue duct connecting the furnace to the 

chamber. 

Smoke houses are of tvvo types. those in which the furnace is inside the drying chamber 

and those in which the furnace is outside. 



19 

2.4.1 Furnace inside the Chamber 

Smoke house of the pit-fired-type and trolley box type which are used in Sri Lanka come 

under this. In the pit-fired-type, smoke is generated by burning firewood in a central pit, 

which is inside the smoke house. A thick gauge galvanized iron sheet slightly larger in 

size than the mouth of the pit is fixed 25 em above so as to spread the smoke. The sheets 

are hung inside the chamber and a minimum space of 200 em between the fire and the 

bottom layer of the sheet is given to avoid overheating of the sheet near the pit. In the 

trolley box furnace-type, smoke is generated in a fire trolley on \Vheels. The advantage of 

this type of smoke house over the pit-fired-type is that the smoke house can be kept clean 

since operations such as loading of firewood and removing the ash can be done outside the 

smoke house. 

2.4.2 Furnace outside the Chamber 

There are two types of smoke houses with external furnaces, the ground-f1oor type and the 

tunnel-type. In the ground-floor type, the smoke from the furnace is directed to the centre 

of the smoking chamber. The sheets are hung on reapers fitted on a wooden framework. 

Fresh sheets, after dripping, are put on reapers ncar the ground and on the next day they are 

taken from the lower reapers and hung on the upper ones. 

Generally, the sheets are turned on the reapers every day for uniform smoking and drying 

and to avoid reaper marks on dry sheets. Four days of smoking is generally sufficient under 

normal conditions, but during the rainy season five to six days are required for satisfactory 

drying of sheets. 

lrrcspecti ve of the type of smoke house, in the conventional systems, sheets are loaded into 

the chamber daily and hung on the reapers and turned every day to get rid of reaper marks. 

This cumbersome practice is necessary which would otherwise downgrade sheets. The 

sheets which are first hung on reapers near the ground are moved to the upper level each 

day. The drying process is therefore. interrupted every day for this purpose by keeping the 

smoke house opened for few hours to reduce the temperature inside the smoke house in 

order to enter it. During the unloading period of completely dried sheets also interrupts 

the continuous drying of sheets. During this interrupted period, a considerable amount of 
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heat is wasted. Discontinuous drying again reduces the efficiency of the dryer as extra 

energy should be supplied to reheat the entire chamber to the required drying temperature 

( 48 -54 °C). In addition, heat losses occur due to leaks as the conventional smoke houses 

which are not well insulated. 

In the conventional system, labour requirement is significant as it is necessary to load the 

wet sheets and unload the dried sheets into and from multi-storey buildings. Labour is also 

required to turn the sheets every day and to feed fire wood and controlling of its burning. 

Inside the conventional smoke houses, there is only limited supply of air and it is mostly 

filled with smoke and carbon dioxide. Therefore. current smoking practices are not carried 

out in a healthy and conducive environment. Workers. therefore, are not willing to work 

inside a smoke house. It has been identified many disadvantageous in the existing smoking 

process and some ofthem are briefly discussed below. 

The drying operation is interrupted for loading and unloading of sheets which are primarily 

responsible for poor drying efficiency in conventional smoke houses. In addition to the 

poor drying efficiency, a number of other problems in the existing drying system have 

been identified and some ofthem are summarized below; 

1. Rubber wood. which has been the main source of energy for the drying of rubber for 

many years has become a very expensive and scarce source of energy due to its high 

timber value, after chemical treatment (Mohd and Sop ian, 199 L Walpita et al. 1984 ). 

Rubber wood as timber also has an expanding international market \Vhich should be 

exploited as a foreign revenue (Karunaratna, 1993 ). 

2. Unhealthy working environment and cumbersome operating practices. 

3. Continuous vigilance to prevent downgrading of the quality of rubber while smoking. 

According to above explanation. it is well understood that the efficiency of smoke house 

will enhance the productivity and the quality of RSS production. Raw Rubber Process 

Development & Chemical Engineering Department of RRI Sri Lanka was studied this 

matter thoroughly and made a one day efficient smoke house for RSS Drying. This dryer is 

also operated by burning very low cost readily available energy source. Furt~fi~~e 
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operation of the smoke house is very simple and can be handle done by lesser number of 

operators very easily (5). 

A study on the conventional smoke drying of sheets has been carried out to optimize the 

process of smoke house in many ways. Department of Mechanical Engineering, Prince of 

Songkhls University, Hat Y ai, Thailand carried out a very good survey on the smoking 

process of rubber sheets. They have monitored the smoking process and found that only 

31% of the input heat was useful while the other 51% has been lost through the conduction 

and another 11.8% lost through the ventilation. In order to improve the efficiency of the 

smoke house, it has been found those two parameters such as energy and the moisture 

contents of fire wood and inlet air shouLl be managed. Furthermore, it has been suggested 

that use of a dehumidifier at the air inlet could significantly increase the productivity and it 

could decrease the processing time too. ( 6) 

Another research vvork has also carried out in the same university on the factors affecting 

the curing of rubber sheets in smoke houses. It was studied with respect to surrounding 

humidity, air t1ow rate and loading density. It has been reported that the curing time was 

inversely proportional to the relative humidity of inlet air. Also role of air tlow rate at 40% 

relative humidity and specific air t1ow rates of 0.012 - 0.083 m
3
/h kg was not clearly 

found. In addition, it is found that the moisture content of fire\vood used is affect 

significantly to the smoke drying period (7). 

Use of solar energy for the smoke process was carried out and they have studied a model 

of the solar assisted RSS system using finite element method. These solar assisted rubber 

smoking system can be decreased the fuel usage of the smoking forces. In that research 

work, it has been introduce the pre heating system prior to the smoke drying process to 

lower the moisture content of the rubber sheets to be dried. It could increase the efTiciency 

of the drying process due to low percentage of moisture content of smoke sheets (8 ). In the 

single day smoke drying process, the dripping step under the sun light at 6 hours can 

increase the same manner. 

In addition to above research vvorL researchers in Prince of Songkla Uni'versity, Thailand 

has been introduce a computational simulation in order to improve the t1ow uniformity and 
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temperature variation inside the smoke house. The effect of the size, position and number 

of gas supple ducts and ventilating lid which were at the inlet and the outlet of smoke room 

investigated using computational fluid dynamics (CFD) simulation. It has been found that 

size, position and number of gas supplied ducts and ventilating lids significantly affect the 

temperature and velocity distributions. The researchers aimed to save energy by least 

31.25% using that study. Also they suggested the size of the hot gas supplies ducts for 

specific size of smoke driers. The temperature variation of the di tlerent levels of the smoke 

house was studied and found that the range of variation 60 °C to 65 °C. The 5 °C of 

\'ariation is a good character for typical smoke house, since large temperature variation can 

affect to product quality (9). 

The health effect of smoke process also taking in to consideration. In Thailand, researchers 

found that shoots particles produced from rubber tree wood combustion can be negatively 

a1lected on workers health as well as poor quality rubber sheets. So that it is introduced 

separation equipment for removing shoots particles. It has been reported that impaction 

wall can collect large shoots particles. In the SS drier chamber the gravel layer act as a 

barrier for shoot particles; hence it can stop contamination shoots particles with rubber 

sheets ( 1 0). 

In Sri Lanka, researches at RRISL reported that effect of drying conditions on the 

technological properties of natural rubber. The rheological and technological properties of 

rubber compounds were tested and found that sun drying of rubber sheet for up to 2days 

with smoking for up to 2 days give equivalent physical properties compared to purely 

smoked rubber sheets. Also it has been reported that 2 to 4 days of drying under the sun 

light has no effect to the physical properties of rubber sheets. This work would encourage 

the dripping process under the sun light for extended hours (11 ). Another research was 

carried out to explore the possibility of utilizing sun light to drying raw latex grades of 

rubber. In this work they found that the sun drying of sheet rubber (RSS) for 3 to 4 days for 

complete dryness would not adversely affect the physical or vulcanization properties of 

rubber .But they recorded sun drying is carried out only for one or t\VO days to get 

honey/brown colored rubber sheets ( 12 ). 


