
 

 

Thermal study of the utilization of rice husks using the forced 

convection method as energy for a rotating cylinder dryer  

  
.

ABSTRACT  
 
Small farmers in rural areas use the sun as their main energy source to dry post-harvest 
products. Due to limited knowledge and technology, farmers depend on the sun through 
direct drying. Direct use of the sun for the drying process has disadvantages in uncertain 
weather such as cloudy or rainy. This results in the drying process not being optimal or even 
stopping. This research aims to use rice husks as energy to replace direct sun drying to 
produce optimal temperatures so that drying time is shorter and the quality of the dried food 
is hygienic. Rice husk as an energy source is applied through a rotating cylinder dryer. This 
dryer is tailored to farmers' needs, namely easy to operate at an affordable price. This 
energy can be utilized sustainably because it is abundant through a forced convection 
system and energy conversion using a heat exchanger. The design of the compact rotary 
dryer includes an integrated drying chamber in one unit with the combustion furnace and a 
heat exchanger. The drying chamber includes a rotating cylinder and a fixed cylinder. The 
test results show that hot air from burning rice husks flows through the heat exchange pipes 
by conduction from the furnace to the walls of the drying chamber and by forced convection 
through an exhaust fan installed in the drying chamber. The average environmental 
temperature of 29.55-29.69

o
C has increased when using one exhaust fan to 64.46

o
C and 

two exhaust fans to 60.11
o
C. This drying temperature can produce shorter drying times, so it 

can be applied to post-harvest product drying, which is energy-efficient and sustainable for 
small farmers. Based on research results, rotating cylinder dryers powered by rice husks are 
very suitable for small farmers to replace direct sun drying. 
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1. INTRODUCTION 
 
Rice husks as waste from agriculture have quite good potential to be used as a substitute for 
solar and fossil energy. Utilizing rice husks as an energy source can save post-harvest 
costs, especially in the drying process. The drying process involves energy conversion using 
a heat exchanger. Especially for drying grain, it is more effective to use a rotating cylinder 
dryer known as the rotary type.     
 
Rotary dryers are in the form of drums that rotate and obtain heat from an energy source in 
the form of electricity, sun, or biomass. In this case, the energy source used is rice husk 
biomass. Utilization of rice husk biomass in rotary dryers because this waste is easy to 
obtain and cheap. Energy needs through the use of biomass can reduce the use of firewood 
and improve the economic status of rural communities in developing countries [1, 2]. Rice 
husks, as a by-product of rice production, have the potential to be used as an energy source 
and are available in abundant quantities. Specifically in Lombok and West Nusa Tenggara, 
based on 2020 data, the amount of rice husks was 269,420.20 tons and 533,150.80 tons 
respectively [3]. Apart from that, the calorific value of rice husks is equivalent to half the 
calorific value of coal, namely 11-15.3 MJ/kg; suitable for heat energy use because it 
contains silica, lignin, and cellulose and has a maximum temperature of 560

o
C and 556.5

o
C 

respectively through tests carried out on direct combustion and using a stove [4, 5, 6, 7]. 
Using rice husks as an energy source for drying through an energy conversion process with 



 

 

a heat exchanger can produce a shorter drying time than sun drying [8]. Small farmers who 
carry out the process of drying grains such as corn, coffee, and grain also need a tool so that 
when working, they are not exposed to sunlight and do not require a product-turning 
process. This can be achieved by using a drying device that can rotate, namely a rotary 
dryer. 
  
The application of rotary dryers for grain foods provides uniform drying results, affordable 
costs, and easy operation. Maintenance of rotary dryers requires low prices, and the specific 
energy consumed is less, namely 15 to 30% [9]. Rotary dryers in the form of cylinders or 
drums that rotate continuously with energy from biomass are very suitable for use by small 
farmers. Mixing, cooling, heating, and drying processes for granular materials widely use 
rotary drums [10, 11, 12]. Rotary dryers with rice husk energy sources are carried out using 
the energy conversion method using a heat exchanger. The application of a heat exchanger 
for the heat transfer process is due to temperature differences from burning rice husks to the 
environmental air flowing in the heat exchanger pipes. The temperature difference between 
two fluids separated by a wall produces a heat transfer process using a heat exchanger [13]. 
A heat exchanger from a parallel tube arrangement can optimize heat transfer from burning 
rice husks to the environmental air used for the drying process [14, 15]. Utilization of a heat 
exchanger to optimize heat transfer to the drying chamber so that the drying temperature is 
maximized. The research was carried out with a forced convection system using an exhaust 
fan to determine the temperature conditions that the rotary dryer can produce. In addition, 
rotary dryers that suit needs and are designed based on worker participation as users to 
replace direct sun drying can lighten the physical burden when working. A participatory 
approach is the most effective way to build manual tasks and lighten the physical workload 
[16, 17]. 
 

2. MATERIAL AND METHODS  
 
The research was carried out by testing the results of a rotary dryer design with a forced 
convection system using two variations of exhaust fans placed in the drying room. The rotary 
dryer in this study was designed to be compact, namely, the drying chamber is in one unit 
with the combustion furnace. The combustion furnace is equipped with air circulation holes 
in the walls, ash reservoir, and heat exchanger pipes. The drying chamber consists of two 
cylinders, including the outer part, which is a fixed cylinder in the form of a noncircular 
cylinder that is attached to the combustion furnace and connected to heat exchange pipes. 
Meanwhile, the rotary cylinder is located inside the fixed cylinder as a place to dry food 
ingredients. The drying process takes place by following the rotation of the cylinder to 
produce a product with a more even temperature. This cylinder can rotate and is driven by a 
motor with a gear transmission. The dryer design is tailored to the needs of small farmers. 
The materials and tools used include rice husks, iron plates, iron boxes, stainless steel 
plates, stainless steel pipes, iron shafts, 1 HP dynamos, gearboxes, insulating rubber, trolly 
wheels, transmission systems, drying cylinders, exhaust fans, type K thermocouples, rotary 
cylinder, and data logger. The rotary cylinder has dimensions, namely an inner diameter of 
400 mm and a length of 800 mm. Furnace with a rice husk capacity of 18 kg with dimensions 
of 800 mm x 400 mm x 500 mm. The size and diameter of the heat exchanger pipes are 450 
mm and 1 inch. The test uses a dryer design, as in Figure 1, with the test method shown in 
Figure 2.  

 
 
 
 
 

 



 

 

  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1. Compact rotating cylinder dryer design with rice husk energy 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Testing of a compact rotating cylinder-type dryer using rice husk energy 
 

The research was conducted to evaluate the performance of a rotary dryer powered by rice 
husk using a forced convection system by comparing the use of one and two exhaust fans. 
The rotary dryer test was carried out to treat a constant amount of rice husk, namely 18 kg, 
and there was no addition of rice husk mass during the trial. Evaluation based on 
environmental temperature, heat exchanger pipe temperature, drying room temperature, and 
drying time.  
 

3. RESULTS AND DISCUSSION 
 
Forced convection system rotary dryers are measured based on tests carried out on the 
utilization of one and two exhaust fans. Measurements are based on drying room conditions 
without load and include environmental temperature, heat exchanger pipe, drying room, and 
drying room exit temperature. In testing, it was found that the drying time for the rice husk 
mass was constant, namely 480 minutes. Tests were carried out on one and two exhaust 
fans, respectively. For one and two exhaust fans, the environmental temperature does not 
affect the thermal test of the rotary dryer. Thermal conditions were measured when the rice 
husk ignition time had been running for 5 minutes. Comparison of environmental 
temperatures between one and two exhaust fans for a test time of 480 minutes, as shown in 
Figure 3.  
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Fig. 3. Comparison of environmental temperatures of one exhaust fan (Tl-1) and two 
exhaust fans (Tl-2) for 480 minutes 

 
The environmental temperature during the 480-minute test time for the use of one and two 
exhaust fans each had an average of 29.55

o
C with a range of 27.88-30.59

o
C and 29.69

o
C 

with a range of 27.37-30.69
o
C. This environmental temperature is less than optimal if used 

directly in a food drying process. Based on tests on rotary dryers using rice husk as an 
energy source, it was found that the environmental temperature (Tl) had increased and could 
be seen in the exit temperature of the heat exchanger pipes, as shown in Figure 4.  
 
 
 
 
  
       

        
 

 
 
 
 
 
 

 
 

Fig. 4. Comparison of the exit temperature of the heat exchanger pipes of one exhaust 
fan (Ti-1) and two exhaust fans (Ti-2) for 480 minutes 

 
The increase in environmental temperature (Tl) measured at the exit temperature of the heat 
exchanger pipes when using one and two exhaust fans is 312.63% - 262.83%, respectively. 
The average exit temperature of the heat exchanger pipes when using one exhaust fan (Ti-
1) is 122.24

o
C with a range of 63.28-125.22

o
C. Meanwhile, for two exhaust fans (Ti-2), it is 

107.48
o
C with a range of 52.61-122

o
C. This exit temperature is the temperature entering the 

rotary drying chamber. From the measurement results, it was found that the average 
temperature in the rotary drying chamber was 64.46

o
C and 60.11

o
C when using one and two 

exhaust fans, respectively. This is shown in Figure 5. 
 
 
 
 
 



 

 

 
 
 

 
 
 
 
 
 
 

 
 
 
 

Fig. 5. Comparison of drying chamber temperatures for one exhaust fan (Tr-1) and two 
exhaust fans (Tr-2) for 480 minutes 

 
The temperature of the drying chamber follows the temperature pattern at the exit of the heat 
exchanger pipes. This temperature pattern follows the process of burning rice husks in a 
furnace due to the absence of an additional mass of rice husks. At the beginning of the rice 
husk burning process, there is a temperature pattern that has not yet increased. This is 
because the rice husks undergo a process of evaporation of water content at the beginning 
of the combustion process. Rice husks have a water content of 6-10% [18, 19]. In general, 
biomass, before undergoing further heating, begins with a process of evaporation of water 
content, which is called the drying zone [20]. This can be seen from the burning smoke, 
which is still high. The temperature has a pattern; namely, at the start of combustion, it rises 
until it reaches the maximum temperature, then decreases as the mass of rice husks in the 
furnace decreases. 
 
The application of a rotary dryer with rice husks as an energy source in a combustion 
furnace with heat exchange pipes for the energy conversion process is capable of producing 
a fairly high increase in environmental temperature. Rice husks are suitable for heat energy 
use because they mostly contain cellulose, lignin, and silica [21]. Lignin presents a greater 
combustion enthalpy, which facilitates its application in combustion processes [22]. Likewise, 
the choice of heat exchanger with fixed tubes is to facilitate wider utilization and traditionally 
minimize total annual costs [23]. Based on the temperature characteristics, the results of this 
research can be continued for testing on food ingredients that comply with the permitted 
temperature standards. Apart from that, the dryer model is suitable for small farmers in rural 
areas with an affordable price and is easy to operate. The use of rice husks has an impact 
on the process of maintaining a sustainable environment starting from a small area. This is 
related to how to process energy waste and reduce forest logging. 
  

4. CONCLUSION 
 
Furnaces are used for direct combustion of rice husks, heat exchange pipes for indirect 
methods, and exhaust fans for forced convection systems. The results show that the thermal 
conditions of the rotary dryer based on the temperature of the drying room using ambient air 
can be improved optimally. The heat from the rice husks is transferred to the ambient air 
flowing in the heat exchanger pipes. The hot air is channeled into a non-circular fixed 
cylinder and used to heat the rotating cylindrical drying chamber. Heat transfer by 
conduction through the furnace walls and drying chamber. The heat produced is capable of 
producing a constant high temperature. For an environmental air temperature with an 
average of 29.55-29.69

o
C, it can have an average drying room temperature for one and two 



 

 

exhaust fans of 64.46
o
C and 60.11

o
C, respectively. Results like this can be used as an 

alternative for developing post-harvest dryers for small farmers that are energy efficient and 
sustainable.  
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