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ABSTRACT 

The tractor trolley available with the farmer was converted into a batch dryer by making suitable modifications. The 

trolley was modified in such a way that it can hold one tonne of paddy per batch. A set of three heaters (8 kW each) 

was provided to heat the air for drying and a controllable system was provided to control the air temperature. The 

performance of the dryer was evaluated by drying paddy and found that the system was capable of drying one tonne 

of paddy in 100 minutes consuming 56 kW-hr of energy. The operating cost for moisture reduction of one tonne of 

paddy per batch by 5 per cent i.e. 18 to 13% (w.b.) was approximately Rs. 250. Among the nine drying models fitted 

to the experimental data the Verma model was found to be the best to represent the drying behaviour of paddy in the 

trolley-cum-batch dryer. 
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I. INTRODUCTION 

The drying of grains followed by scientific storage practice is universally accepted to be the safest and 

most economical practice of preserving quality and quantity of grains. The high moisture content crop at 

the time of harvest is liable to be infested with moulds, fungus and insect attack during a short period of 

storage. The safe storage moisture content for most of the crops is between 8-10% in case of grains is 14 

percent. Since most of the crops that need drying are harvested in October, the farmer is under great 

pressure to sow the next crop in November. Under such circumstances, a suitable drying system is and 5-

6% in case of fruits and vegetables. For paddy milling, the appropriate moisture content an integral part of 

farm mechanization. In order to store the produce, a farmer has to opt for safe drying methods. It is 

neither desirable nor practically feasible  for   the  farmer  to  dry  his  crop  in  the open  sun  which  is  a  

highly  time consuming, sunshine dependent and inefficient method of drying. A mechanical dryer helps 

to reduce the losses and drying time as well as to improve and stabilize the quality of the produce. But in 

the absence of a suitable and cheap mechanical dryer he has no option but to sell his crop and be deprived 

to take the advantage of higher price of dried/dehydrated product during off-season. 

Efforts have been made consistently by several researchers to develop a batch drying system that has a 

low capital and operating cost but were of low capacities which do not fulfill the requirement of the 

farmers[1][2][3][4][5]. Keeping in view the problem faced by the farmers regarding high moisture paddy 

especially if rains persist an attempt has been made by the authors to modify a tractor trolley to a multi 

crop batch dryer which runs on electricity and was evaluated for its performance for drying of paddy in 

bulk and assessing its quality in terms of Head yield. 
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II. MATERIALS AND METHODS 

 A tractor trolley available with the farmer has been converted to dryer. The various components of the 

existing trolley dryer such as plenum chamber, holding bin, heat exchanger and hot air supply system 

were modified /improved to make trolley dryer a multi crop dryer with temperature control system. The 

schematic view of the developed trolley-cum-batch dryer is presented in Figure 1. The trolley was 

equipped with hydraulic jack for easy unloading. The air, heat and energy requirements of the dryer have 

been calculated as per the procedure suggested [6] [7]. A trolley has been constructed in such a manner 

that the trolley can be used for conventional transport purposes when it is not being used as a dryer. The 

dryer consists of a common trolley modified into a drying chamber by providing a perforated surface 

above the trolley floor. The total size of the screen on which the material is to be placed for drying is 

4267.2 x 2133.6 mm where as the perforated screen is of the dimension of 4054 x 2042 mm. An axial 

flow blower powered by 3.73kW electric motor is attached in the center of the trolley floor along with 

heating system (electric heaters), in such a way that it sucks the heated air and distribute uniformly 

through the plenum chamber and the air velocity through the plenum chamber was kept nearly in the 

range of 1 ± 0.2 m/s. Commodity that needs drying is to be placed on top of the perforated surface of the 

trolley. Electric heaters (a set of 3 heaters, each of 8 kW) heats up the air and thus the air is forced 

through the drying bed. The total energy consumed was worked out by noting down the input power of 

driving fan and thermal energy consumed based on the time required for the drying operation. The energy 

meter was used for recording the energy consumption during drying of paddy and the economics was 

calculated based on total energy consumed and labour engaged for the operation. Three replication of 

each data were taken and average values were taken for the analysis. 

 

 

 

 
 

Figure1. Schematic view of developed trolley-cum-batch dryer 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Schematic view of developed trolley cum batch dryer 
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2.1 Evaluation of Trolley-Cum-Batch Dryer  

The modified / improved multi crop trolley dryer was tested for its performance and evaluated for paddy. 

The moisture content and temperature variations were noted by using specially designed test bins which 

were placed at five different locations i.e. one at center (E) and four at each corner (A, B, C, D) of 

perforated platform of trolley drier (Figure 1). The observations were recorded from the top and bottom 

layer of the grain bed. Temperature of air in the plenum chamber was also observed at each of the five 

locations at every 15 minutes interval by a laser temperature thermometer having least count of 0.1°C. 

The moisture content of paddy was measured in the field by wile-35 moisture meter and was again 

measured for accuracy by oven method [8]. In order to avoid non-uniform drying the paddy was stirred at 

regular intervals of 30 minutes. The dryer was evaluated for drying capacity, moisture reduction, total 

drying time required, specific energy consumption and economics[5][9] 

The performance of dryer was evaluated on the basis of EHE, HUF and COP as suggested [6]  

           t1 – t2  

Effective heat efficiency (EHE) = ---------------                      ------ eq 1 

            t1 – tw1  

         t1 – t2  

Heat utilization factor (HUF) =   ---------------       ------ eq 2 

           t1 – t0 

                 t2 – t0  

Co-efficient of performance (COP) = ---------------                 ------ eq 3 

                                                                t1 – t0 

Where;   t1 = drying air temperature, °C 

    t2 = exhaust air temperature °C  

    to = ambient air temperature, °C 

    tw1 = wet bulb temperature of drying air, °C  

2.2 Modeling of Drying Curve of Paddy in Trolley Dryer 

The moisture contents of paddy during thin-layer drying were expressed in dimensionless form as 

moisture ratio, that is expressed as (M-Me)/(M0-Me) where M is the moisture content at any time t; M0 is 

the initial value; and Me is the equilibrium moisture content. However, (M-Me)/(M0-Me) could be 

simplified to M/M0[10][11] as the equilibrium moisture content is too small in comparison to M0. 

For mathematical modeling, nine thin layer drying mathematical models were tested to select the best 

model for describing the drying curve equation of paddy during drying process in a trolley dryer (Table 

1). The non-linear regression analysis was performed using SPSS (Statistical Package for Social Sciences 

Version 11.0). The coefficient of determination, r2 was one of the primary and main criteria for selecting 

the best equation to account for variation in the drying curves of dried samples [12]. In addition to 

coefficient of determination, the goodness of fit was determined by various statistical parameters such as 

reduced chi-square, 2, root mean square error, RMSE and percent mean deviation modulus, P and was 

calculated as suggested [13]. For quality fit, r2 value should be higher and the error terms 2, RMSE and P 

values should be lower [12]  
Table1. Mathematical models used for modeling of drying curve of paddy 

Name of the Model Model equation References 

Newton MR = Exp (-kt) [14] 

Page MR = Exp (-ktn) [15] 

Logarithmic MR = a Exp (-kt) + c [16] 

Two term  MR = a Exp (-k1t) + b Exp (-k2t) [17] 

Midilli MR = a Exp (-ktn) + ct [18] 

Two-term exponential MR = a Exp (-kt)+ (1-a) Exp(-kat) [19] 

Wang and Singh MR = 1+at+bt2 [20] 
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Verma  MR = a Exp (-kt)+(1-a) Exp (-ct) [21] 

Thomson t = a ln(MR) + b (ln MR)2 [22] 

2.3 Milling Quality 

III. RESULTS AND DISCUSSION 

3.1 Drying Of Paddy 

The trolley-cum-batch dryer was tested and evaluated at the farm of Punjab Agricultural University, 

Ludhiana. The average initial moisture content of paddy was 18% (w.b.), which was reduced to 13% 

(w.b.) in approximately 100 minutes. The dryer was evaluated for 18.5 mm bed thickness of paddy 

resulting in one tonne/batch holding capacity for reducing the moisture content to safe moisture level for 

milling of paddy. The dryer was tested at its full load and was observed that the airflow rate through the 

plenum chamber was 496.8m3/min and to raise the temperature of drying air from 27°C (ambient air) to 

50°C the dryer took approximately 30 minutes. During testing the maximum temperature attained by the 

dryer were 54°C and the drying air temperature varied from 50 to 54°C throughout drying process. 

During experimentation the ambient air conditions in respect of temperature and humidity varied between 

27°C to 29°C and 35% to 40% respectively. The reduction in moisture content with time was measured 

by taking samples at regular time intervals from five different locations of the trolley loading platform for 

assessing the uniformity in drying (Table 2). The samples were taken from the top as well as bottom layer 

to see the variation in temperature and moisture content with time (Figure 2 & Figure 3). It is very clear 

from the curve that in the initial stage of drying the moisture reduction is fast in the bottom layer while 

there is a little decrease in moisture content from the top layer, the difference of moisture content of 

paddy between the bottom and the top layer is caused by the difference of drying temperature of air 

flowing through the paddy bed, higher drying temperature at the bottom layer than at the top layer. Also 

the relative humidity is another factor that affects the drying rate of paddy. The drying rate from both top 

as well as bottom layer stabilized when the dryer temperature reaches approximately 50°C. The total time 

taken to reduce moisture content up to 13% (w.b.) was found to be 100 minutes while the total electrical 

power consumed in reducing moisture content by 5 per cent i.e. from 18% to 13% (w.b.) was 

approximately 56 kW-hr. One labour was required to operate the dryer. 

3.2 Mathematical Models For Fitting Drying Curves 

The average moisture content data (means of moisture content data from five test kits placed at different 

locations of trolley dryer) obtained at various time intervals for paddy dried in trolley dryer were 

converted to the more useful moisture ratio and then curve fitting computations with the drying time were 

done by using the thin layer drying models (Newton, Page, Logarithmic, Two term, Midilli, Two term 

exponential, Wang and Singh, Verma, Thomson) as shown in Table 1. The coefficient of correlation and 

results of statistical analyses and model constants are depicted in Table 3. All the models showed higher 

R2 (>0.90) except Newton model.  The examination of statistical terms showed that the Page, Midilli, 

Two term and Verma model experienced maximum R2 (> 0.98) and minimum error values for paddy 

dried in trolley dryer, selecting them the best model representing the experimental data showing minimum 

(<1.2) mean relative deviation modulus values (P).  

Among the best four models fitted, Verma model noticed minimum error terms (0.009569 of RMSE; 

0.00016 of 2; 1.0 of P) and maximum R2 (0.9861), supporting their superiority to fit the experimental 

data. Thus, the Verma model was judged to be the best model for representing the convective drying 

kinetics of paddy in a trolley dryer 
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Figure 2. Temperature variation of drying air and paddy in trolley dryer 
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Table2. Moisture content of paddy sample during drying at various testing positions of trolley dryer 

 

 

 

 

Table 3. Statistical results obtained from different thin layer models 

 

3.3 Performance Evaluation Of Trolley Dryer 

The modified trolley dryer was evaluated for its efficiency factors i.e. Effective heat efficiency (EHE), 

Heat utilization factor (HUF) and Co-efficient of performance (COP). The EHE, HUF and COP of the 

trolley dryer evaluated were 40.4, 52 and 51.5 per cent respectively. The operating cost of drying one 

tonne of paddy was about Rs. 250 by taking into account the cost of electricity (Rs 4/unit) and the labour 

cost. Thus the paddy can be dried safely in a trolley dryer with an acceptable quantity and quality. 

 

     Moisture content (% w.b.)  

Testing   Bin 

positions 

 

15 min 

 

30 min 

 

45 min 

 

60 min 

 

75 min 

 

100 min 

A 
16.4(19.6) 

0.13 

15.0(17.06) 

0.34 

14.6(17.0) 

0.16 

14.3(16.6) 

0.26 

13.9(16.3) 

0.52 

13.0 (15.0) 

0.17 

B 
16.24(19.4) 

0.18 

15.2(17.9) 

0.40 

14.9(17.6) 

0.63 

14.7(17.2) 

0.58 

14.5(16.9) 

0.24 

13.1(15.1) 

0.14 

C 
16.2(19.3) 

0.14 

14.7(17.2) 

0.38 

14.4(16.8) 

0.44 

14.1(16.4) 

0.22 

13.8(15.9) 

0.28 

12.7(14.6) 

0.17 

D 
16.8(20.2) 

0.28 

15.5(18.3) 

0.73 

15.1(17.8) 

0.45 

14.7(17.2) 

0.35 

14.4(16.8) 

0.09 

13.1(15.1) 

0.12 

E 
16.6(19.8) 

0.22 

15.5(18.4) 

0.27 

15.0(17.7) 

0.30 

14.7(17.2) 

0.15 

14.4(16.8) 

0.20 

13.2(15.2) 

0.10 

Average 16.5(19.7) 15.2 (17.9) 14.8(17.4) 14.5(16.9) 14.2(16.6) 13.0(15.0) 

 

Initial moisture content of paddy: 18% wet basis (21.95 % dry basis); 

The data in parenthesis are moisture content (dry basis) 

* Mean of N=3 replications; Bold values are the standard deviation based on N=3 replications  

 

     Models                 Model constants               Comparison 

criteria 

 

 k n k1 k2 a b c R2 RMSE χ2 P 
Newton 0.00352       -     - -     -     -      - 0.8498 0.031529 0.00116 3.15 

Page 0.02220 0.56398      0.982 0.0109 0.000166 1.14 

Logarithmic 0.02291      0.72416 0.9716 0.013671 0.000262 1.43 

Two term   0.002312 5 0.92513 0.074872  0.9752 0.012769 0.00038 1.17 

Midilli 0.98209 0.52252   1.00058  -0.00023 0.9821 0.010867 0.000276 1.14 

Two term 

exponential  
0.05099    0.05422   0.9348 0.020725 0.000601 2.02 

Wang & Singh     
-

0.00502 
0.000025  0.9454 0.019007 0.000506 1.96 

Verma*  0.07447    0.10598  0.00187 0.9861 0.009569 0.00016 1.00 

Thomson 

model 
    -98.279 753.247  0.9654 6.002119 50.43561 9.08 

 

* Drying model with minimum error terms and maximum R2 
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3.4 Milling Quality Characteristics 

The test results indicated that trolley dried samples showed comparatively higher head recovery (62.04%) 

than tray-dried samples (60.07%). The total yield obtained from trolley and tray dried samples was 73.43 

and 72.47 percent respectively. In comparison to tray dried samples the trolley-dried samples showed 

comparatively lower broken percentage (15.50%). This slight improvement in head yield in trolley dried 

samples may be due to its proper churning during drying operation thus resulting in uniform drying of the 

sample. The paddy samples dried in the trolley dryer and tray dryer experienced non-significant 

difference in milling quality at 5% level of significance (Table 3).  

IV. CONCLUSIONS 

The developed trolley-cum-batch dryer was evaluated for the holding capacity of one tonne/ batch of 

paddy and found that the dryer successfully reduced 5 per cent moisture i.e. 18 to 13% (w.b.) in 100 

minutes. The operating cost and energy consumption of trolley dryer in drying one tonne of paddy was Rs. 

250 and 56 kW-hr respectively. The model developed [22] showed good agreement with the experimental 

data. The milling quality of samples dried in trolley dryer was at par to the samples dried in mechanical 

tray dryer. Thus, high moisture paddy can be dried in a trolley drier at farm level/grain market to reduce 

losses during various post harvest operations. 

V.  FUTURE RESEARCH DIRECTION 

In future, the developed trolley-cum-batch dryer should be tested for drying of red chillies, turmeric 

fingers etc. The trolley cum batch dryer should be modified for utilization of solar energy for heating the 

drying air.  
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