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Abstract 

The purpose of this study is to fabricate and investigate the grain dryer to dry the grain in a more 

effective and easy way. In India 70 percent of the grain is dried manually in traditional way using 

sun rays and it needs large open field. This leads to increased dependence on the labour and 

weather condition, and loss of grain will occur if dried improperly. Also, the drying of grain by 

the conventional method could not achieve the desired moisture level as per the user’s 

requirement. In this study, the elevator which has been used in the conventional method for the 

transporting and drying the grain is replaced by a blower which is very efficient and is very easy 

for maintenance. This help in reducing the land which is mainly used up for the drying process 

and reduce the labour. The use of grain dryers will not only reduce the environmental 

dependence of the drying process but will also provide customizable moisture content in the 

grain according to user’s demands. The storage of the grain requires to maintain below at a 

moisture level, else it may develop the molds which will damage the grain. So, to facilitate the 
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storage requirement of the grain, the grain dryers are designed to dry the grain quickly and 

efficiently.  

Keywords: Dryer, Grain Drying, Moisture removal rate, Dryer fabrication. 

 

1. INTRODUCTION 

Effective drying and proper moisture maintain of the grain can help in the easy storage of the 

grains for a long period of time. Recent years the proper storage of the grains is a very important 

factor in maintaining the quality of the grain. The older method of drying the grain in the open 

field and then storing it for the other purpose has been the tradition but it has been consuming a 

lot of time and manpower. Grain drying as used mainly refer to the removal of some of the 

moisture from grain by mechanically moving the air through the grain after it has been harvested. 

Grain in the dries naturally as the crop matures, giving up the moisture in the air until the grain 

moisture is in equilibrium with the moisture in the air. Condition becomes less favorable for the 

grain to dry to moisture contents considered safe for the storage as the harvest is delayed into the 

late fall. Heated air drying provides a practical means for drying wet grain at high rate, but close 

control of the final moisture content is essential. In sufficient drying results in grain unsafe for 

the storage and over drying generally results in the monetary loss under the present practice. 

Moisture content of the grain is one of the most important factors in the grain storage. High 

moisture content in the crop leads to the storage problem leading to the formation of the fungal 

and insect problem. The moisture only decreases when the grain has attained maturity and starts 

to dry [1].  

 

Drying is an important operation that can preserve grain and lower losses during storage. In 

India, dryers are used mainly in grain processing industries, such as in rice and pulse mills. Some 

dryers are being used in modern drying-cum-storage complexes. However, 70% of the grain 

stored is sun dried [2]. The reasons for nonuse of dryers at farmer level are: unawareness of the 

importance of Grain drying; non-availability of dryers within their reach; high initial capital 

investment required; and lack of incentive for properly dried grain. Establishing drying-cum-

storage complexes has been suggested as a possible solution [3]. The preservation of agricultural 

produce by drying is a long-established technique. Sun drying in the open, on mud-plastered or 

concrete floors, is the conventional method of drying grain and also cash crops like chillies, and 
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plantation and horticultural crops. The drying time required in the open sun for these crops 

ranges from 5 to 45 days depending upon the crop to be dried [4]. Unfavorable weather 

conditions are likely to occur during the drying period and degradation in quality of the final 

produce therefore becomes unavoidable. It is well-known that deterioration in quality caused by 

improper drying cannot be eliminated until improved drying systems based on mechanical dryers 

have been adopted [5]. However, for many reasons, these systems have not been adopted. The 

main reason that is encountered is a lack of adequate expertise about the drying technique [6].  

 

A second important reason for not using dryers is their high initial costs. Most of the 

commercially available dryers are designed to suit the needs of the processing industry and their 

output capacity is therefore far above the needs of individuals, or even of farmer groups. The 

main objective of any drying process is to produce a dried product of desired quality at minimum 

cost and maximum throughput and to optimize these factors consistently. In the test results, a 

tempering process can increase the drying rate, reduced the energy consumption and crack rate 

during paddy drying. The interaction between the critical moisture content of paddy, drying rate, 

drying time, and hot air temperature, in which the hot air temperature is the main parameter. 

 

2. LITERATURE REVIEW 

This section provides the information regarding the literature referred for the study. Following 

articles are referred from various journals for this study.  

 

A computer model of a cross-flow grain drier was developed in which the equations of heat and 

mass transfer were solved by Euler integration and the drying rate was defined as the product of 

a drying constant, k, and the excess of the instantaneous moisture, M, above an equilibrium 

value, Me [7]. To validate the model, five different combinations of expressions for k 

and Me were used to predict the performance of three cross-flow driers for which test data were 

available. Comparisons were made of the observed and predicted values of grain throughput, 

specific heat energy consumption, temperatures of output grain and grain germination. That 

combination of expressions for k and Me, which gave the best correlation of throughput of wet 

grain and specific heat consumption, was used in the computer model to correct the test results to 

standard conditions and thereby to separate the effect of design from that of operating conditions. 
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Brook (1992) discussed the drying theory for thin layer drying, deep bed drying, grain 

equilibrium heat and mass balances [8]. Drying systems using fans, low temp. Bin driers, high 

temp. Bin-batch driers continuous-flow bin driers, high temp. Column driers, concurrent-flow 

driers are described with diagrams. Grain cooling may be by in-bin cooling drieration 

combination high temperature and low temperature drying. Energy conservation is also briefly 

considered with reference to solar energy, biomass energy, and efficient electrical energy 

systems.  

 

Bunyawanichakul et.al. describes the paddy grain (rice) drying in a pneumatic conveyor where 

gas–particle heat and mass transfer occur simultaneously with transporting and drying operations 

[9]. A one-dimensional macroscopic drying model of the overall bed incorporating mass and 

energy balances and drying kinetics of moisture diffusion inside the paddy grain is developed. 

The set of coupled non-linear ordinary differential equations is solved numerically to illustrate 

the evolution of moisture and temperature of the paddy grain and air stream throughout the dryer 

length. The effect of specific airflow rate, which depends on dryer diameter, paddy feed rate and 

inlet-air velocity on the final moisture content, and temperature of paddy grain and air stream is 

studied. The feasibility of paddy drying in a pneumatic conveyor is evaluated using the 

developed model. This device is found impractical for drying of hygroscopic material such as 

paddy grain because of the low solid residence time for dryers of reasonable size. 

 

Ipsita Das et.al, developed a batch type vibration aided infrared dryer studied the drying 

characteristics of three varieties of high moisture paddy using 0.8 kg each (variety: ADT-37 of 

slenderness ratio (μ)=2.70, Shankar of μ=4.48 and Basmati of μ=5.77) under the optimum range 

of radiation intensity (3100 and 4290 W/m
2
) and grain bed depth (12 and 16 mm). The drying 

rate was found to be dependent on levels of radiation intensity [10].  

 

Two distinct drying rates periods were observed i.e., an initial heating up period and falling rate 

period. The drying took place almost entirely in the falling rate period. For any particular 

radiation intensity level, the drying rate among the bed depths was found to be insignificant 

(p<0.01). The Page model adequately fitted the experimental drying. 
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3. METHODOLOGY 

This chapter gives the brief description of the study. The method usually helps in the drying of 

the grain. The traditional method of drying the grain usually consumes a lot of time and space. 

This method usually reduces the time consumption and the labour involved in it. The existing 

drier usually uses elevator for cyclic drying of the grain but this method uses blower which is 

easier to maintain and use. 

 

Figure No:1 Frame Work 

 

This method uses a moisture meter which helps indicating the moisture content of the grain 

present in it. Thereby helping in knowing the amount of moisture present in the grain. The main 

objective of this study is to the grain with a proper amount of the moisture present in it in order 

to store it safely. This study mainly replaces the traditional method which uses acres of land in 
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order to dry the grain. The huge numbers of the labour who are usually involved in the traditional 

process are replaced in this new alternative method and the labour cost is also reduced in this 

process. Elevators are replaced by the blower which are easy for the maintenance. It helps in 

producing a grain with the required number of the moisture present in it. 

 

4. CONVENTIONAL DRYING METHOD  

At the time of harvest, the moisture content of the rice grains ranges between 18 -25%. Post the 

harvest, the most critical operation is paddy drying. Drying reduces the moisture content in the 

grain which is a requisite if it is to be stored. Delaying the drying process or drying it unevenly 

would result in a qualitative loss. Storing moist grains generally leads to grain discoloration or 

induces mold development. It further escalates the chances of pest attacks, regardless of the 

storage facility used. Higher moisture content also decreases the germination rate of rice seeds. 

The moisture should be further reduced if grains are to be stored for a longer duration. Before 

starting with the drying process, certain guidelines need to be followed. The grains should be 

cleaned so as to avoid uneven drying and wet spots. Grains should be dried immediately after the 

harvest. Depending upon the storage duration, a certain level of moisture content should be 

maintained. 

 

 18% for a maximum of 2 weeks 

 14% or less if it’s to be stored for a month/if it is to be milled 

 13% or less if it’s to be stored for 8-12 months 

 9% or less for long-term storage 

Grains with different moisture content should not be mixed if cracking is to be avoided. 

 

Drying process 

 Sun drying 

 Field drying  

 In-store drying 

 Heated air drying 
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Sun drying 

It is still a preferred technique in many parts of the world mainly because of its low cost. This 

method, however, is labor-intensive and should not be adopted if you plan to mill the grains. 

Field drying 

This involves cutting rice panicles in the fields and stacking them into racks and piles. This 

method sometimes causes a massive heat build-up within the stacks and deteriorates the grains 

rapidly. 

In-store drying 

Grains with the moisture content below 18% are dried slowly inside storage bins. These bins are 

equipped with aeration components and pre-heated air. It controls the humidity level of the air. It 

is a slow and gentle drying process and takes from days to weeks. 

Heated air drying 

This technique involves high temperatures to rapidly dry the grains. It can be stalled whenever 

the desired moisture content is achieved. Used by farmers and small rice millers, this is a labor-

intensive method and leads to uneven drying. 

 

 

Figure No: 2 Grain Storage 

 

In this type of drying there was more efforts needed along with the human source and the time 

taken for this was more. Uneven drying of paddy was happening in this type of drying process. 

International Journal of Scientific Research and Review

Footer Page

ISSN NO: 2279-543X

Page No: 347

ssc
Textbox



8 
 

Foreign objects also come into the paddy while these types of drying process are takes place and 

the removing of those particles also takes more time. 

 

5. EXPERIMENTAL WORK  

This chapter mainly deals with the methods and components that has been used in the study. The 

grain is first made to be stored in the storage section of the drier. From there it is moved on to the 

drying section of the drier. In the drying section there is a heater fan present in it which supplies 

the hot air to the grain which helps in observing the moisture content in the grain. The absorbing 

of the moisture present in the grain can be regulated with the help of a moisture measuring 

device which is fitted at the bottom. 

 

Allowable Storage Time: 

Allowable storage time is an estimate of how long the grain needs to be dried before spoilage 

and maintain grain quality during storage. In grain storage process, fungi or molds are the 

primary concern. Many other factors, such as insects, rodents, and bacteria, also affect the 

condition of storage. The lower the grain temperature is, the longer the allowable storage time 

will be. 

 

Proper moisture levels for safe storage: 

It is possible for long period safe storage if grain moisture content is less than 14%, and stored 

away from insects, rodents and birds. The following figure is the recommended moisture content 

for safe storage. 

 

Storage duration 
Required MC for 

safe storage 
Potential problems 

Weeks to a few months 

storage 
14% or less 

Molds, discoloration, respiration loss, 

insect damage, moisture adsorption 

Storage for 8 to 12 months 13% or less Insect damage 

Storage of farmer's seeds 12% or less Loss of germination 

Storage for more than 1 year 9% or less Loss of germination 

Table No:1 Storage Duration 
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Equilibrium Moisture Content: 

Moisture content in grain is related to the relative humidity and the temperature of the 

surrounding air. Equilibrium moisture content point is the point when grain no longer losing or 

gaining water when contacting with drying air. The final moisture content of the grain is up to 

the amount of moisture in the drying air, which is the relative humidity. The low relative 

humidity means air is dry and it has a large potential of picking up water. The lower the relative 

humidity is, the drier the air is. In general, one-half reduce in relative humidity is caused by 20° 

degree increase in air temperature. 

 

Drying cost: 

The drying cost is made up of two parts: the capital cost and the operating cost. Capital cost is 

largely depending on the drying rate requirement, and equipment cost. Operating cost refers to 

fuel, electricity and labor force cost. The amount of energy required to dry a bushel of grain is 

similar for all the drying methods. Some methods depend largely on natural air, while others may 

use LP heat or natural gas, which make energy cost vary. Basically, fuel and electrical power are 

the major portions of the operating cost. Drying cost is based on the B.T.U. consumption of 

temperature change from environment to desired one. 

 

5.1  DESIGN CONSIDERATION 

While designing the dryer, consideration included quantity of fresh paddy rice to be dried over a 

specified period of time = 24 kg of fresh paddy in 2 h; average ambient temperature and relative 

humidity for area at the particular time under consideration = 27
  
 and 70% respectively. Initial 

moisture content of the paddy is 27% and the final moisture that is considered for safety is 14%. 

 

 Mass of the water to be removed from the paddy  

The mass of the water to be removed from the paddy rice can be calculated using the relationship 

given as [11]: 

 0

100

f

w i

f

M M
m m

M





                                                                                                                      (1) 

Where mw and mi are the moisture to be removed and initial mass of the paddy rice respectively 

in kg; Mo and Mf are the initial and final moisture content of paddy rice respectively in %. With 

International Journal of Scientific Research and Review

Footer Page

ISSN NO: 2279-543X

Page No: 349

ssc
Textbox



10 
 

mi = 24 kg, Mo= 27% and Mf = 14%. Hence, mw = 3.63 kg of the water removed from the paddy 

to obtain the shelf stable moisture content. 

 

Quantity of air required for drying the paddy 

The mass of air required to remove the moisture from the paddy is represented as [11] 

 
w

a

CB

m
M

W n


 
                                                                                                                   (2) 

Using the psychometric chart (at ambient temperature and relative humidit  of  2    c and  0% 

respectively), WB= 0.016 kg/kg dry air and Wc = 0.0236 kg/kg dry air. hence, ΔWCB= 0.076 

kg/kg dry air. Therefore, using a pick factor of 0.25 

 
3.62

1910.52 kg
0.076 0.25

aM  


        

Since drying is to be carried out for 2 hr per batch. Hence, ma= .256 kg/s. 

 

Size of the fan to convey the heated air 

The size of the fan can be deduced by calculating the volumetric flow rate of the heated air 

which was given as 

 v a sm m v                                 (3)     

Where, mv is the volumetric flow of the drying air in m
3
/s. vs is the specific volume of the drying 

air in m
3
/kg. the value of vs is referred from the psychometric chart and ma = 955.26 kg. Hence 

mv = 0.230 m
3
/s 

 

Energy required to heat the air 

There is need to rise the temperature from 2    c to 45   c in order to achieve the required energy it 

is calculated using  

 2 1aQ m h h                    (4) 

Where Q is the amount of heat energy in kJ/s; ma is the air flow rate in kg/s; h1 is the specific 

enthalpy of air at inlet; h2 is the specific enthalpy of the air at drying temperature. The value of h2 

and h1 is referred from the psychometric table. Hence Q = 4.7 Kj 
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5.2  FABRICATION AND ASSEMBLY 

Raw material is transformed to the finished model during fabrication. Each part of the model is 

manufactured by referring to the respective design drawing. Before taking up fabrication, the 

model drawings are studied and a process plan for each part is prepared. Attention is given on 

machineability during design stage itself. During the fabrication, the following procedure was 

followed. Process planning & Manufacturing of the model. 

 

Process planning  

 Systematic determinations of the detailed methods by which parts can be manufactured 

economically from initials to finished stages are taken up. The process sequence is determined 

for a particular part based on the availability of specific machines. Plans are presented in the 

form of process sheets, giving sequence of operations, machine employed, and an estimate of 

time for each operation and related details. 

 

Manufacturing of the model  

 According to the process plan presented in the form of process sheets, manufacturing of 

each component carried out. 

 

Conventional machining  

 According to drawing and process sheet, the raw material is rough machine to the 

geometric features and the size of the part by providing sufficient allowance for machining is 

generally carried out on a lathe, milling and shaping machines. 

 

Arc welding  

 The frame is welded using the arc welding it is a cost effective welding with good weld 

strength versatile process wide choices of electrode. 

 

Surface grinding  

 After machining and welding, cleaning of all side and maintaining right angles, further 

smooth machined on a grinding machine. 
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Bench work  

 Drilling and tapping are carried out using drilling machines. Finishing, corner radius, are 

completed at this stage. 

 

Finishing  

 This is the last stage in manufacturing carried out on a grinding, polishing or lapping 

machines. 

 

5.3  CAD MODEL & FABRICATION 

 

Figure No:3 Interior Design 

 

 

Figure No:4 Side View 
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Figure No:5 Isometric View 

 

 

Figure No:6 Full Assembly 
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6. CONCLUSIONS  

This study provides an effective way of drying the grain present in it. As compared to the 

traditional method this method is more advantages. The designed machine is cost effective 

equipment. Design and safety have been given the utmost importance keeping view of the 

comfort of the user and the use of motor is ecofriendly. The product thus developed is fully 

operational and gives desired motion. It is being tested in a fully automated condition which 

results in successful outcome. The low budget project is very useful for the society and being 

cost effective can play a vital role in agriculture field. In future, automation can be carried out in 

this for producing a better result. Solar cells can be installed in order make it more self-sufficient 

in operating the process and thereby making it more effective.  
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