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Abstract— Vegetables are important constituents of Indian 

agriculture and for nutritional security due to their short 

duration, high yield, nutritional richness, economic viability 

and ability to generate on-farm and off-farm employment. 

The vegetable production system is linked with quality seed 

use. Clean seed have better germination ability and better 

storability. Vegetable seed generally contain lighter 

impurities which are of same size as seed. Pneumatic cleaning 

is most suitable to clean vegetable seed as it is simple in 

construction and have less moving parts. In general, 

vegetable seed growers are small and marginal farmers. So, 

small capacity cleaning machines are required. With about 

300 clear, sunny days in a year, utilizing solar energy for 

cleaning is an ultimate solution for energy conservation, 

which can be a viable option for small and marginal farmers. 

Engineering properties of selected seed (bottle gourd, sponge 

gourd, garden pea and radish) were determined and results 

depicted that size, angle of repose, coefficient of friction, 

terminal velocity increased with an increase in moisture 

content. . On the other hand, bulk density and true density 

decreased with moisture content. Number of blades and tilt 

angle were optimized to get maximum velocity and minimum 

power consumption. Result revealed that 4 blades with 70º 

tilt angle yielded maximum air velocity with minimum power 

consumption. 

Key words: Seed, Engineering Properties, Solar Power, 

Pneumatic Cleaner, Blades 

I. INTRODUCTION 

India is the second largest producer of vegetables in the world 

next to China with 2.8% of total cropped area under 

vegetables. Present production of 163 million tons (NHB, 

2014) with availability of 318 g per capita per day against 

recommended requirements of 400 g. The potential yields of 

vegetables are 5-10 times higher than any cereal crop. India 

ranks first in production of okra in the world (73% of world 

production) and second in other vegetables such as brinjal 

(27.55%), cabbage (13%), cauliflower & broccoli (36%), 

onion (19.90%), potato (13%) and tomato (11%). With 

projected population of 1330 million in 2020, 1460 million in 

2030, 1570 million in 2040 and 1650 million in 2050, we 

have to produce 190, 210, 225 and 240 million tons of 

vegetables by respective years. With increasing trends in 

processing and export, the production targets are likely to 

further increase. Vegetable production is more remunerative 

than cereals and other filed crops, specifically in Indian 

conditions. 

Vegetables are important constituents of Indian 

agriculture and nutritional security due to their short duration, 

high yield, nutritional richness, economic viability and ability 

to generate on-farm and off-farm employment. Increasing per 

capita income, health consciousness, urbanization, increasing 

working women, shifting of farmers to high value vegetables 

due to higher income, favourable income elasticity of demand 

and annual growth rate for vegetables are also important 

ingredients for fuelling vegetable growth in the country. In 

addition to carbohydrates, it provides proteins, rare mineral, 

vitamins and bulk which along with some cereals and other 

foods form the essential component of a balanced diet. 

Despite being the second largest producer of vegetables in 

world, India lags far behind in its productivity in comparison 

to developed countries (Verma et al., 2002). Productivity of 

vegetables in India (17.34 t/ha) has been observed to be lower 

than Spain (37.2 t/ha) and world average (18.8 t/ha). Hence, 

the major challenge, which lies ahead, is to harness maximum 

yield potential as well as reduce production cost to enhance 

quality and productivity of vegetables under reducing land, 

declining natural resources and increasing biotic and a biotic 

stresses. Agricultural productivity is linked with use of 

quality seed and more specifically in vegetable production. 

Vegetables are important constituents of Indian agriculture 

and nutritional security due to their short duration, high yield, 

nutritional richness, economic viability and ability to 

generate on-farm and off-farm employment increased. 

II. REVIEW OF LITERATURE 

Khoshtaghaza and Mehdizadeh (2006) conducted 

experiments to measure and analyze the terminal velocity and 

drag coefficient of wheat kernel and straw by air column 

method. Increasing moisture content from 7 to 20% (w.b.), 

the terminal velocity was increased linearly from 6.81 to 8.63 

m/s. The reason for increasing the terminal velocity with 

moisture content was because of growing the kernel mass. 

The drag coefficient of wheat was reckoned to 0.96 which 

resembled to cylindrical shape. The minimum terminal 

velocity of wheat and maximum terminal velocity of wheat 

straw were observed 7.04 m/s and 4.85 m/s, respectively. It 

was recommended that the air flow should be between 4.85 

and 7.04 m/s for separating the straw from wheat mass. 

Altuntas and Demirtola (2007) determined the 

physical properties of garden peas. The average length, width, 

thickness, geometric mean diameter, and unit mass of pea 

seed increased as the moisture content increased from 8.20% 

to 14.56% (w.b.). On the contrary, bulk density and true 

density of seed decreased as moisture content increased. A 

linear increase in angle of repose was observed with 

increasing moisture content of seed. The static coefficient of 

friction at any moisture content was higher than that of the 

dynamic coefficient of friction. The static and dynamic 

coefficients of friction linearly increased with moisture 

content for all surfaces. 

Gupta et al. (2007) investigated the aerodynamic 

properties of sunflower seed for designing of air conveying 

system to separate impurities from seed mass. It had been 

concluded that the physical properties such as density, shape 

and size were found vital parameters for computing terminal 
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velocity and drag coefficient of the agricultural seed. The 

insight of terminal velocity and drag coefficient were 

observed obligatory for pneumatic separation or conveying of 

materials. The results illustrated that terminal velocity and 

drag coefficient of sunflower seed were linearly related with 

moisture content in study range 6% to 14% (d.b.); irrespective 

of varieties. 

Ogunsina et al. (2010) determined physical, 

mechanical and compositional properties of sponge gourd 

seed. The length, width, thickness and equivalent diameter 

were found 9.6, 6.17, 1.59 and 4.53 mm, respectively. 

Sphericity, surface area, seed mass, bulk density and apparent 

density were computes as 0.47, 0.57 cm2, 0.079 g, 

0.43g/cm3, 0.50 g/cm3, respectively. Coefficient of friction 

against wood, aluminum, galvanized steel and mild steel 

surfaces were observed as 0.50, 0.59,0.64 and 0.70, 

respectively. 

III. MATERIALS AND METHODS 

This chapter deals with the materials used and methods 

followed in conducting experiments of the proposed study. 

The objective of the study was to obtain design and 

operational parameters for pneumatic system specifically for 

vegetable seed to develop a prototype pneumatic cleaner with 

minimal seed quality losses and higher cleaning efficiency. 

The experiments were conducted at Division of Agricultural 

Engineering, Indian Agricultural Research Institute, New 

Delhi. The details of the materials and equipment methods 

used for present study are described under the following 

broad headings. 

 Raw Materials 

 Engineering Properties 

 Measuring Instruments 

 Experimental Setup for Blade Optimization 

 Solar Power Pack 

 Performance Evaluation of Developed Prototype 

 Statistical Analysis 

 Cost Economics 

 Raw Materials 

Raw materials have been collected from Seed Processing 

Unit (SPU), IARI. Four different types of seed have taken i.e. 

bottle gourd (Pusa Naveen), sponge gourd (Pusa Sneha), 

garden pea (Pusa Pragati) and radish (Pusa Chetki). The seed 

lots each cultivar was conditioned to required moisture 

content levels i.e. 15.5% through hydration in desiccation. 

 Moisture Content Determination 

Moisture content was determined using standard hot air oven 

method (ISTA, 1999). Three samples of 10 g each of bottle 

gourd, sponge gourd, garden pea and radish; respectively 

were taken in moisture dishes and dried for 17 h at 105°C, 6 

h at 130°C, 24 h at 105°C and 1 h at 130°C in hot air oven 

(Plate 1). The bone dried samples were weighed using 

electronic balance (Mettler Toledo, New Classic ML) having 

accuracy of ±0.001g (Plate 2).  

 Properties 

Geometrical, physical, frictional and aerodynamic properties, 

of seed were determined at four levels of moisture content for 

selecting design values of pneumatic cleaning system. 

 Solar Power Pack PV system 

The SPV array size was designed on the basis of peak power 

requirement, peak current and voltage characteristics of 

motor, solar insulation, module efficiency, module electrical 

characteristics, ambient temperature and geographical 

location. The sizing of various components of the PV system 

should be done in such a way that the utility factor should 

remain as close to 1.0. The theoretical daily expected energy 

output of the PV array in Wh could be expressed by the 

equation: 

 Balancing of System 

Balancing of system is of utmost important as system power 

output is affected by environmental factors: temperature, 

shadow, dust, longitude and latitude; mounting factors: PV 

orientation, connection cable, power conditioning system. 

Indicated module power is always at Standard Test 

Conditions (STC). The STC are cell temperature: 25ºC and 

solar irradiance: 1000 W/m2. Increased cell temperature 

reduces the module output. Hence, a temperature correction 

factor and production tolerance factor were taken as 0.95 and 

0.89. Dust deposition, conductor and control module also 

induce loss of power and in turn net available power reduces 

considerably. In order to counter balance; dust loss factor, 

ohmic loss factor and control power factor was considered as 

0.95, 0.98 and 0.98. Overall a safety factor of 0.75 was taken 

to balance the system against the instantaneous surge loads. 

Flow ability of granular mass closely linked with dockage 

content and higher flow ability is pre-requisite for further 

processing operations such as grading and sorting to achieve 

greater process efficiency with reduced losses. Removal of 

lighter impurities can be addressed by utilizing human power. 

However, manual cleaning operation is imbedded with 

drudgery, low capacity, non-consistency, efficiency and high 

cost of operation. In general, commercially available powered 

cleaning system are cost intensive and of higher capacity. 

 Performance Evaluation of Developed Prototype 

The developed pneumatic seed cleaning system with the solar 

power source (SPV array) and control module were 

connected following specific circuit. The set up was initially 

operated without any load and mechanical as well as 

electrical critical points were thoroughly inspected. 

Abnormal noise and electrical parameters such as voltage and 

current were considered as alarming parameters for system 

faulty operation. Five samples in three replications of bottle 

gourd, sponge gourd, garden pea and radish of five levels (2, 

4, 6, 8 and 10%) of lighter impurities were prepared. The 

sample size of bottle gourd, sponge gourd, garden pea and 

radish were 5, 5, 10 and 5 kg; respectively. The samples were 

subjected for cleaning by the developed machine and the 

machine performance evaluation was done by analyzing 

cleaning parameters. 
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 Cleaning efficiency 

Samples of bottle gourd, sponge gourd, garden pea and radish 

were subjected to cleaning by the prototype. The outputs of 

different outlets were collected separately. Those collected 

outputs were analyzed for their compositions. Fraction of 

clean seed was determined for feed, product outlet and reject 

outlet. The cleaning efficiency of the machine was calculated 

through the formula suggested by Sahay and Singh, 2010. In 

general, commercially available powered cleaning system are 

cost intensive and of higher capacity. 

 Physical purity 

Physical purity analysis was done as per ISTA (2015) rules. 

The working sample was separated into three components i.e. 

pure seed, other seed, and inert matter. The percentage of 

each part was determined by weight. The working sample 

weight for purity analysis was determined so as it should 

contain at least 2500 seed. Working sample for bottle gourd, 

sponge gourd, garden pea and radish were taken for the study 

1000g, 700g, 1000g and 300g; respectively. Amount of 

impurities viz. other seed and inert material, was separated 

manually. The physical purity was calculated in percentage 

by weight of pure seed. 

 Statistical Analysis 

Factorial CRD method with asymmetrical factors was applied 

for optimization of blades. SAS software was used for 

analysis of data. The variables, level and measurable 

parameters are depicted in Table 3.2:  

Total number of treatment combinations = 3 x 7 x 5 = 105 

Number of replications = 3 

Total number of treatments = 3 x 7 x 5 x 3 = 315 

Variables Levels Parameters 

Number of Blades   

Blades 

Blades 
3  

6 blades   

Tilt Angle   

a) 70o  Air flow rate (m³/s) 

b) 75o  Power requirement (W) 

c)  80o 

d) 90o 
7  

e) 100o   

f) 115o   

g) 120o   

Replications 3  

Table 3.1: Variables selected for optimization of design 

parameters of blades 

IV. RESULT & DISCUSSION 

Experiments were carried out in Processing Lab of Division 

of Agriculture Engineering IARI, and New Delhi. The results 

obtained were reported and discussed as under.  

 Engineering Properties of Selected Seed: 

Engineering properties of seed were determined which 

includes geometrical properties (physical dimensions, size, 

sphericity and projected area), physical properties (bulk 

density, true density and porosity), frictional properties (angle 

of repose and coefficient of friction) and aerodynamic 

properties (terminal velocity and drag coefficient) at four 

levels of moisture content. 

 Effect of moisture content on physical properties: 

Physical properties of all selected seed are presented in Table 

4.2. These properties were found inversely proportional to 

moisture content. The bulk density of bottle gourd, sponge 

gourd, garden pea and radish was computed in the range of 

451.59±5.68 - 412.22±3.21 kg/m3, 552.24±10.45 - 

468.98±6.36 kg/m3, 729.66±7.36-718.24±2.92 kg/m3and 

706.84±8.63 - 661.8±3.24 kg/m3; respectively in selected 

moisture content range. Garden pea and radish can be 

classified as high density seed whereas bottle gourd, sponge 

gourd as low density seed (Fig. 4.4). The observation is also 

supported by the particle density data. The bulk density 

decreased with increase in moisture content might be due to 

the increase in kernel size with moisture content thereby, 

resulting in a decreased amount of seed occupying the same 

volume. Similar results were obtained by other researchers 

(Sahoo & Srivastava 2002; Sacilik et al. 2003). Physical 

purity analysis was done as per ISTA (2015) rules. The 

working sample was separated into three components i.e. 

pure seed, other seed, and inert matter. The percentage of 

each part was determined by weight. The working sample 

weight for purity analysis was determined so as it should 

contain at least 2500 seed. Working sample for bottle gourd, 

sponge gourd, garden pea and radish were taken for the study 

1000g, 700g, 1000g and 300g; respectively. Amount of 

impurities viz. other seed and inert material, was separated 

manually. The physical purity was calculated in percentage 

by weight of pure seed. The true density of bottle gourd, 

sponge gourd, garden pea and radish were varied from 

resulting in a decreased amount of seed occupying the same 

volume. 

Respectively in range of moisture content 7.5-15%. 

The reducing trend of true density was observed with 

increasing moisture content irrespective of its type (Fig. 4.5). 

The highest true density was obtained for garden pea 

followed by radish, sponge gourd and bottle gourd, 

respectively. It was seen that volumetric increase in 

individual seed was higher as compared to their weight owing 

to decrease in their true densities (Altuntas and Demirtola, 

2007). Geometrical properties of selected seed (bottle gourd, 

sponge gourd, garden pea and radish) were determined. The 

result depicted an increasing trend in geometrical properties 

with an increase in moisture content except sphericity due to 

absorption of moisture by the seed and resulted in increased 

in size. The terminal velocity of different seed (bottle gourd, 

sponge gourd, garden pea and radish) increased with an 

increase in moisture content. It was noticed that the terminal 

velocity was higher for garden pea (10.13±0.21) m/s as 

compared to the other seed. 

Unlike other physical properties porosity of selected 

seed did not exhibited any particular relationship with 

moisture content (Fig. 4.6) except garden pea. In case of 

garden pea seed decreasing trend was observed with increase 

of moisture content 42.0±0.4 to 38.5±3.2. It might be due to 

bulk behaviour of garden pea seed. Similar observations were 

observed by other research workers Desphande et al. (1993), 

Joshi et al. (1993), Balasubramanian (2001), Nimkar & 

Chattopadhyay (2001), and Konak et al. (2002) for soybean, 
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pumpkin seed, raw cashew nut, green gram and chickpea 

seed. 

 
Fig. 4.1:  Plate 11: Developed solar powered pneumatic 

cleaning system (prototype) 

 Throughput Capacity 

Throughput capacity of the machine was found to be 

maximum for garden pea seeds and it was around 90 kg/h. 

The capacity changes with the type of seed and impurities. 

 Cleaning efficiency 

Cleaning efficiency was found to be maximum for garden pea 

seed (97.65%) followed by sponge gourd (96.52%), bottle 

gourd (96.46%) and radish seed (90.03%); respectively as 

shown in Fig. 4.13. This may be due to the fact that garden 

pea seed have higher weight as compared to other seed with 

lighter impurities. Seed of sponge gourd and bottle gourd 

have almost same cleaning efficiency as they have almost 

same terminal velocity. Radish seed found to have lesser 

cleaning efficiency as there is not much critical difference in 

seed and impurities. Thus it is observed that cleaning machine 

is very much favourable for cleaning seed of same shape and 

size As impurities but of different aerodynamic properties 

The similar trend was reported by Muhammad et al. (2013). 

Clean seed and impurities of radish seed are shown in Plate 

12. Pictures of seed before and after cleaning are presented in 

Plate 13 for sponge gourd seed and Plate 14. 

 
Fig 4.2: cleaning efficiency for selected seed in pneumatic 

seed cleaner 

 Physical purity 

Physical purity of seed shown in Fig. 4.2 was determined 

experimentally before and after cleaning and it was observed 

that all seed have more than 99% physical purity. From this 

it was revealed that cleaning machine there was not much 

difference in physical purity between seed. 

 
Fig. 4.3: Plate 12: Clean seed and impurities of radish seed 

after cleaning 

 
Fig. 4.4: Plate 14: Garden pea seed: before cleaning and 

after cleaning 

 Cost Economics 

The cost of operation of solar operated pneumatic seed 

cleaner was calculated by taking into consideration fixed cost 

and variable cost. It was then compared with cost of manual 

cleaning, and comparative cost saving was determined. 

Fixed cost of Pneumatic seed cleaner  = 9.35/hour 

Variable cost of Pneumatic seed cleaner = 0.73/hour 

Cost of operation of Pneumatic seed cleaner = 10.08/hour  

Cost involved in solar powered Pneumatic seed cleaning

  = 0.126/kg 

 Cost involved in manual cleaning,   

  = 12.73/hour 

Cost saving = 12.604/hour 

Cost saving = 98.01% 

V. SUMMARY 

Vegetables are important constituents of Indian agriculture 

and critical for nutritional security due to their short duration, 

high yield, nutritional richness, economic viability and ability 

to generate on-farm and off-farm employment. In vegetable 

production productivity is linked with use of quality seed. 
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Harvested seed mass contains various contaminants 

like weed seed, other crop seed, and inert matter e.g. plant 

parts, dirt etc. Removal of the contaminants from the seed 

mass in order to attain minimum quality standard based on 

physical purity. Envisaging the significance of vegetable seed 

in Indian context, vegetable seed industry is rapidly mounting 

and major players are multinational companies (Mazumdar, 

2012). This matrix is exploiting the resource poor Indian 

farmers. In this way, they are multiplying money on the 

backbone of processing infrastructure as framers cannot 

afford to have cost intensive processing machines. In this 

context, a study was undertaken to develop machine for 

primary processing of seed and powered with assured green 

energy source, which will enable farmer to process seed even 

at remote farm level. For this, engineering properties of seed 

were determined which includes geometrical properties 

physical properties, frictional properties and aerodynamic 

properties at different levels of moisture content. 

Geometrical properties of selected seed (bottle 

gourd, sponge gourd, garden pea and radish) were 

determined. The result depicted an increasing trend in 

geometrical properties with an increase in moisture content 

except sphericity due to absorption of moisture by the seed 

and resulted in increased in size. It was observed that with 

increase in moisture  content the geometric mean diameter of 

bottle gourd seed increased (6.79 mm to 7.03 mm) followed 

by garden pea (6.42 mm to 6.88 mm), sponge gourd (6.34 mm 

to 6.67 mm) and radish (2.68 mm to 2.87 mm). The result 

showed projected area had a positive relation with moisture 

content. It was found to be highest for bottle gourd seed, 

followed by sponge gourd, garden pea and radish. The bulk 

density of the selected seed decreased with an increase in the 

moisture content. Highest true density was obtained for 

garden pea followed by radish, sponge gourd and bottle gourd 

respectively. It was seen that volumetric increase in 

individual seed was higher as compared to their weight owing 

to decrease in their true densities. 

Frictional properties had a tendency to increase with 

increase in moisture content. Moisture content had a positive 

effect on coefficient of friction of different seed. Angle of 

repose was also found increasing trend with moisture content. 

Initially it depicted maximum for radish seed up to 12.5% but 

at higher moisture level garden pea showed high angle of 

repose. The terminal velocity of different seed (bottle gourd, 

sponge gourd, garden pea and radish) increased with an 

increase in moisture content. It was noticed that the terminal 

velocity was higher for garden pea (10.13±0.21) m/s as 

compared to the other seed. The drag coefficient of 

0.92±0.062 was found highest for garden pea followed by 

radish, bottle gourd and sponge gourd. Further condition of 

blades was optimized (number of blades, angle of inclination) 

for maximum air velocity with minimum power 

consumption. 

The regression analysis between the independent 

variables namely number of blades and tilt angle over power 

consumed were carried out .it revealed that the regression 

model for power was highly significant at 1% level of 

significance with coefficient of determination 99.72%. 

Analysis of variance revealed that the individual effect of 

number of blades and orientation was highly significant on 

power consumption at 1% level of significance. 

The regression analysis between the independent 

variables namely number of blades and tilt angle over air 

velocity were also carried out and it revealed that the 

regression model for air velocity was highly significant at 1% 

level of significance with coefficient of determination value 

of 99.92 %. 

It was found that for all the orientations power is 

increasing with respect to the Number of blades, which is 

obvious as more number of blades needs more power to 

operate, whereas the air velocities were slightly increased up 

to 4 Number of blades and then after decreased for 6 Number 

of blades. The reason might be due to by increasing the 

number of blades from 3 to 4 more air was pushed from the 

blades but when it was increased further upto 6 blades the 

area available for air intake was considerably reduced and 

eventually reduced the resulting air the for both the power and 

air velocity it was observed that for 4 Number of blades air 

velocity was maximum and the corresponding power was 

also considerably low. Tukey Multiple Comparison test was 

applied, it was found that the combination of 4 blades at 70º 

tilt angle gave maximum mean of air velocity while a 

combination of 6 blades at 105º tilt angle gave minimum 

mean of air velocity. 

Results revealed that minimum mean for power 

consumption was observed with 3 blades at 75º tilt angle. 

Cleaning efficiency was found to be maximum for 

garden pea seed (97.65%) followed by sponge gourd 

(96.52%), bottle gourd (96.46%) and radish seed (90.03%), 

respectively. 

Physical purity was determined experimentally 

before and after cleaning and it was observed that all seed 

have more than 99% physical purity. From this it was 

revealed that cleaning machine there was not much difference 

in physical purity between seed. 

The cost of operation of solar operated pneumatic 

seed cleaner was calculated by straight line method and found 

to be 10.08 per hour. It was then compared with cost of 

manual cleaning, and comparative cost saving of 98.01%. 

VI. CONCLUSION 

 All engineering properties were having increasing trend 

with moisture content except density. 

 Terminal velocity was found to be maximum for garden 

pea seed (10.13m/s) and minimum for radish seed 

(6.26m/s). 

 Optimization of blades was done and it was observed that 

4 blades with 70º tilt angle had given maximum air 

velocity at minimum power consumption. 

 Cleaning efficiency was maximum for garden pea seed 

i.e. 97.65% and lowest for radish seed i.e. 90.03%. 

 Cost of operation of machine was 10.08 ₹.h-1 and 

comparative cost saving was 98.01%. 
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