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1- Frame, 2- Fruit clamp, 3- Electric motor, 4- Inclined
surface, 5- Air nozzles, 6- Nozzles drive mechanism
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Fig. 4. Crank mechanism for adjustment of vibration amplitude
A- Right view, B- Front view
1- Vibrating mechanism pivot bar, 2- Electric motor coupling place, 3- Groove for vibration amplitude adjustment
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Table 1- ANOVA results for percentage of detached arils affected by vibration amplitude and frequency, and fruit

cutting type
%5 gibe &3l a3 Olup ggore OluppSibe o
Source of variation Degree of freedom Sum of square Mean of square
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Oy Xdeld X doluay ns
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Fig. 5. The effect of cutting pattern on detached arils
Different small leters show significant difference between means at 5 percent level of significance
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Fig. 6. The effect of vibration frequency on detached arils
Different small leters show significant difference between means at 5 percent level of significance
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Table 2- ANOVA results for percentage of damaged arils affected by vibration amplitude and frequency, and fruit

cutting type
o glo 83 4 Olayyo gg00 Ol o (10l
Source of variation Degree of freedom Sum of square Mean of square
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Frequency
b 389 1 389 1.9
Amplitude
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dioly Xdoluy s
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i Xeles 2322 4 58.0 28"
Fre.xCut.
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Amp.xCut.
o el ol 56.7 4 14.2 0.7"
Amp.xFre.xCut.
= 1114.8 54
Error
& 1900.3 71
Total
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* and ns show significant difference at 5% level of probability, and non significant, respectively
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Fig. 7. The effect of vibration frequency on damaged arils
Different small leters show significant difference between means at 5 percent level of significance
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Fig. 8. Percentage of arils detachment in air jet and air jet-vibration methods for various cutting types
Different small leters show significant difference between means at 5 percent level of significance
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Fig. 9. Percentage of damaged arils caused by different cutting patterns in both air jet and air jet-vibration systems for
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various cutting types
Different small leters show significant difference between means at 5 percent level of significance
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Introduction

Iran is a frontier of pomegranate fruit production in the world (with almost 40 % of the world's production).
However due to traditional processing operations is not ranked as the largest pomegranate exporter. Saveh,
Neyriz and Ferdows are the top pomegranate producing cities in Iran. Pomegranate is consumed as a fresh fruit
as well as processed product as food additive, paste, syrup, jelly, pectin, jam, beverage, essence, vinegar and
concentrate. Aril extraction is the first and essential postharvest operation for pomegranate processing. Arils are
mostly extracted manually even in large scales for fresh and processed consumption. This labor intensive
operation is rational when aril quality is an important index for consumer. But whenever pomegranate juice is
desired, the aril quality has no priority for consumer, and therefore arils can be extracted with less care. Sarig
(1985) was the first inventor of a pomegranate aril extractor who employed air jet force to extract the arils. Later,
other researchers employed the same method as well as water jet to extract fruit juice and sac. In the present
study, fabrication and evaluation of vibratory aril extractor augmented with air system was conducted.

Materials and Methods

The study was conducted using Rabab cultivar samples which were manually harvested from an orchard in
Neyriz town, Fars province. Samples were kept in refrigerator at 5 °C till experimental trials. Initial moisture
content of fruit skin, arils and internal fleshes were measured by gravimetric method as 31.7+2.6 %, 61.5+1.8 %
and 42.8+1.4 %, respectively and for a whole fruit was measured 45.3+11.5 % (w.b.). For conducting laboratory
tests, an aril extraction unit was designed and fabricated. It comprised a steel main frame, a 746 W electric
motor, drive mechanism (eccentric and shaft), sample retentive unit, air jet unit, aril tank, and an air compressor-
tank assembly. Sample retentive unit was designed in such a manner to hold a halved fruit. This unit was made
from four elements, a hemisphere bowel, four pressure (spring) arms to apply force on skin of the sample, and
four tension (spring) arms for fixing the sample in the bowel by applying pressure on the edges of the halved
sample. Such configuration helped sample to open more and more while extracting the arils to expose trapped
aril for easier extraction. Sample retentive assembly was vibrated by the electric motor and drive mechanism.
Electric motor was equipped with an electric convertor to create different levels of vibration frequency. Also, the
drive mechanism was designed in such a manner to create different levels of vibration amplitudes. According to
the previous studies, 2 nozzles with 3.5 mm diameter were selected for air jet unit. Nozzles were spaced at 8 cm
apart according to the measured mean diameter of samples. Outlet air jet from nozzles covered the cross
sectional area of the halved fruit. Nozzles assembly was rotated 180 degrees clockwise and counterclockwise
with an electronically controlled stepper motor. Pressurized air (from air tank) was transferred to nozzles
assembly by flexible pipes. Air pressure was controlled at 500 kPa level by air regulator. To conduct
experimental trials, samples halved at three different cutting directions (horizontal (equatorial), vertical and
oblique) by a sharp cutter and halved samples were used for tests. Halved sample was fixed in bowel and then
the unit was excited by the electric motor. The assembly was vibrated for 60 seconds before blowing the air jet
for extra 30 seconds. Tests for air jet alone were conducted for 90 seconds and percentage of detached and
damaged arils were calculated. Damaged aril during cutting process was subtracted from total damaged arils for
each trial. Collected data were analyzed according to factorial experiments based on completely randomized
design, and means were compared by Duncan post-hoc test. Data of combined and air jet alone systems were
analyzed by two independent sample t tests.

1, 2 and 3- Associate Professor, Former M.Sc. Student and Professor respectively, Department of Biosystems
Engineering, Shiraz University
(*- Corresponding Author Email: nasiri@shirazu.ac.ir)
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Results and Discussion

ANOVA results revealed that cutting type, frequency and amplitude, significantly influenced the percentage
of aril extraction at 5 % level of significance. The highest amount of extraction was obtained at 30 Hz frequency
and 4 mm amplitude for diagonal cutting by 87 %. At this condition, 13.9 % of arils were damaged by air jet
pressure. A significant difference in percentage of extracted and damaged arils was observed between vibratory-
air and air systems at 5 % level of significance. The highest amount of aril extraction as well as damage was
observed for vibratory-air system with the means of 80.1 % and 9.9 %, respectively.

Conclusions

Maximum percentages of extraction and aril damage were achieved by applying the combined system with
as compared to air jet system alone, so that combined system increased aril extraction by 7.1 % with 2.2 % extra
damages.

Keywords: Air jet, Aril extractor, Pomegranate, Vibration
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5- Viscous wall layer
6- Dittus-Bolter
7- Nusselt number
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3- Roughness
4- Thermohydraulic performance
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6- Inclined broken rib

7- Entry section

8- Test section

9- Exit section
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11- Arc shaped
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1- Reynolds number

2- Heat transfer coefficient

3- Thermal conductivity of fluid
4- Hydraulic diameter

5- Blasius number
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Table 1. Considered values of geometric parameters
extracted from previous researches

Geometric parameters Considered values
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Relative roughness height
"6 lgeal win pl8 10
Relative roughness pitch
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Angle of attack
HJ‘;‘U‘&) (st "‘*"59" 0.25
Relative gap position
TS s 5y 1
Relative gap width
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Roughness height
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* Roughness height to the hydraulic diameter
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Introduction

Increasing the area of absorber plate between the flowed air through the duct can be accomplished by
corrugating the absorber plate or by using the artificial roughness underside of the absorber plate as the
commercial methods for enhancing the thermohydraulic performance of the flat plate solar air heaters.
Evaluation of this requires the construction of separated solar air heater which is costly and time consuming. The
constructed solar flat-plate collector simulator can be a sufficient solution for obtaining the heat transfer and
thermodynamic parameters for evaluating the absorber plate. The inclined broken roughness was chosen as the
optimum roughness which is surrounded by three aluminum smooth walls.

Materials and Methods

The duct for both smooth and roughened plate have been constructed based on the ASHRAE 93-2010
standard. In order to achieve a fully thermal and hydraulic developed flow, the plenum is constructed. The
centrifugal fan is considered by applying the required air volume at the pressure drop obtained by the duct,
plenum and the orifice meter. The TSI velocity-meter 8355 is used to measure the velocity of air crossing
through the pipe connected to the centrifugal fan. The micro manometer Kimo CPE310-s with the resolution of
0.1 Pais used to measure the pressure drop across the test section of the smooth and roughened duct. The LM35
sensors are used to measure the absorber plate and air temperature through the test section. Obtained parameters
are used to calculate the Nusselt number and friction factor across the test section for smooth and roughened
absorber plate. The Nusselt number and friction factor parameters which is obtained for smooth absorber plate
based on experimental set-up, is compared with Dittus-Bolter and Blasius equations, respectively, for validating
the simulator. By calculating the Nusselt number and friction factor, Stanton number is obtained based on the
equation (6), and thermohydraulic coefficient is calculated by the equation (5) for the desired roughness.

Results and Discussion

Pressure drop for smooth duct is obtained to be 20 Pa. Maximum velocity crossed through the plenum is
calculated by the equation (8). Thereafter, pressure drop for plenum by considering the maximum velocity in
equation (7), is obtained to be 1.16 Pa. The same procedure for maximum velocity which is crossed through the
orifice meter is obtained by the equation (10) and then the pressure drop for orifice meter is calculated equal to
243 Pa by considering the velocity in equation (9). Total pressure is given by the equation (11) to be 246.16 Pa.
The required power for centrifugal fan is obtained equal to 105 W from equations (12), (13) and (14),
respectively. Both aforementioned Nusselt number variations with Reynolds number were monotonously
increased by increasing the Reynolds number. The gained RMSE and coefficient of determination between the
Nusselt numbers are 0.0566 and 0.6944, respectively. The obtained RMSE and coefficient of determination
between the friction factors are 0.0004 and 0.6814, respectively. The low value of the RSME and high value of
the R? analysis for both Nusselt number and friction factor shows that there is a good agreement between the
experimental data and empirical correlations. Fig. 8 demonstrates that the thermohydraulic coefficient is
decreasing as the Reynolds number increased. The effect of friction factor related to the Stanton number is
shown up more effective by increasing the Reynolds number. It should be noted that the same procedure is
conducted for Han's experiment where the thermohydraulic performance is decreased as the Reynolds number
increased. The maximum magnitude of the thermohydraulic performance was achieved at minimum 3149
Reynolds number.

1- M.Sc. Student, Department of Mechanical Engineering of Biosystems, Urmia University
2- Associate Professor, Department of Mechanical Engineering of Biosystems, Urmia University
(*- Corresponding Author Email: a.nikbakht@urmia.ac.ir)
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Conclusions
The flat-plate solar collector simulator was designed based on the ASHRAE 93-2010 standard which consists

of the centrifugal fan, chosen based on the required air volume by considering the pressure drop in the duct,
plenum and orifice meter. The experiment was conducted between 3149 to 19247 Reynolds numbers. The good
agreement between the comparison of the Nusselt number and friction factor obtained by the experiment for
smooth duct was achieved by the Dittus-Bolter and Blasius equations, respectively, to validate the smulator. The
obtained thermohydraulic coefficient for optimized roughness surrounded by three smooth walls was lower than
the former investigated roughnesses at each Reynolds number.

Keywords: Friction factor, Roughness, Stanton number, Thermohydraulic performance
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Fig.1. Ridged blade used in rotary tiller (a), Installation of the blades on asingle flange (b), Flange side view (c)
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Fig.2. (a) Fabricated rotary tiller and (b) Schematic of the rotary tiller and its components; (1) Engine, (2&4) Small and
big pulley, (3, 11, 13 and 14 ) Sprocket and chain (power transmission system), (5) Clutch handle, (6) Guidance and
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Table 1- Some of the properties of the experimental field
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Fig.3. Experimental field; (a) Before experiment, (b) During experiment
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Table 2- ANOV A results of the measured parameters affected by the experimental factors and their interaction
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Table 3- Mean comparison of the measured parameter affected by Soil moisture
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Fig.5. (a) Effect of rotational speed on soil particle mean weight diameter at two levels of moisture (b) Regression
equation of rotational speed and soil particle mean weight diameter
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Fig.6. Effect of rotational speed on;(a) Sail relent percent in Two levels of moisture, (b) Regression equation of rotational speed and
soil relent percent
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I ntroduction

Recently, employment of rotary tillers has been expanded in gardens and small farms, especialy in the
northern of Iran. However using the L-shaped blades in the conventional rotary tillers have some problems such
as severe vibration problems, weeds stucking around the blades, forming the plow pan and lower performance
due to the less powers of such small rototillers. Therefore in order to overcome the above mentioned problems, a
rototiller with new ridged blades was designed, fabricated and tested in this research.

Materials and M ethods

Experiments were carried out in one of the citrus orchards in Mazandaran, Sari. The experimental design
was split plots based on randomized complete block design with three replications. The soil moisture as main
plot varied in two levels of 13.5-21.9 and 21.9-30.3 percent based on dry weight and the rotational speed of
blades as subplots varied in three levels of 140-170, 170-200 and 200-230 rpm. The measured parameters consist
of soil particle mean weight diameter, soil bulk density, soil crumbling percentage, specific fuel consumption
and machine efficiency. The diameter of soil particles was measured using a set of standard sieves with diameter
ranging from 0.5 to 8 mm. Then a laboratory shaker was used to sift the samples. Each sample was shaken in 30
sec. The fuel consumption during the experiments was determined by the filled fuel tank method. Analysis of
variance (ANOVA) and mean comparisons and interaction between the parameters were performed using the
SPSS 16 software.

Results and Discussion

The results indicated that the soil particle mean weight diameter reduced by increasing blades rotational
speed in both examined soil moisture contents. Results indicated that the soil crumbling percent increases with
increasing the rotational speed. The main reason for this effect could be due to the more energy transferring to
the soil at higher rotational speeds, which result in further crumbling of the soil dices. Regarding the results
obtained in this study, the specific fuel consumption increased at first in a light slope, then in a steep rise with
increasing the blades rotational speed. The reason can be the higher crumbling percent of the soil at higher
rotational speeds and higher soil moisture contents (at the range of 21.9-30.3%), providing the more specific
energy consumptions. The specific fuel consumption was the maximum at higher soil moisture content of 30 %.
The results indicated that the blades rotational speed and soil moisture content had no significant effect on the
field efficiency of the examined rototiller. The field efficiency varied in the range of 92 to 97% in al of the
experiments, i.e., rotational speed between 140 to 230 rpm and moisture content ranging from 13.5 to 30.3%.
The reason for that was due to the roughly similar turning times, minor adjustments, changing operators and
some other parameters influencing the field efficiency. Reduction of the rotational speed of the rototiller from
high-to-moderate speeds leads to decrease the fuel consumption to 17 liter ha®, which could be significant in
wide scale of soil tillage operations. As a general result, reduction of the rotational speed had some considerable
advantages such as reducing power requirements, reducing blade wearing and maintaining soil structure.

Conclusions

Influence of soil moisture and rotational speed of blades on the soil particle mean weight diameter, soil
crumbling percentage and specific fuel consumption were significant (P<0.01) for fabricated rototiller with new
ridged blades. Statistical analysis indicated that the soil crumbling percentage and specific fuel consumptions

1- M.Sc. Student, Department of Biosystems Engineering, Sari Agricultural Sciences and Natural Resources University
(SANRU), Sari, Iran

2- Assistant Professor, Sari Agricultural Sciences and Natural Resources University (SANRU), Sari, Iran
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(*- Corresponding Author Email: dkalantari2000@yahoo.com)
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increased linearly with increasing the rotational speed of blades. The determination coefficients of the crumbling
percentage and specific fuel consumption as a function of rotational speed were 0.996 and 0.860, respectively.
Meanwhile, clod mean weight diameter decreased linearly by increasing the rotational speed with a
determination coefficient of 0.990. For achieving fine soil aggregates, combining high rotational speed and
higher soil moisture (20 to 30%) is suggested, while to obtain a coarse soil gradation, low rotational speed and
low soil moisture are more suitable compositions. The use of high rotational speed is not recommended due to
increasing fuel consumption and consequently the soil erosion and environmental issues.

Keywords.: Ridged blade, Rototiller, Soil particle diameter, Specific fuel consumption
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Table 1- The calculated amount of studied parameters for working in low depth
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Sl Sy palgls 3 6.2 176 5 5.1 50 8
Moldboard ) 4 7.4 15 6 8 61 13
Plow 5 8.1 14.8 6 11 58 14
( 6 9.4 143 7 153 67 17
iy plgls 3 5.9 16.4 5 5.3 52 9
(Disk Plow) 4 75 156 8 9 61 13
5 8.1 14.4 7 12.1 61 15
6 10.1 12.6 8 18.2 75 20
iy oyn 3 26 8.1 17 6.7 48 9
(Disk Harrow) 4 32 73 19 105 53 11
5 35 6.6 20 14.2 55 14
6 3.7 57 22 17.6 56 16
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Table 2. The calculated amount of studied parameters for working in middle depth
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Table 3- The calculated amount of studied parameters for working in high depth
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Table 4. Formation of the r; matrix according to the criteria for measuring at the speed of 3 km h™ in low depth
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Table 5- Formation of the Py matrix according to the criteriafor measuring at the speed of 3 km h™ in low depth
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C4 c5 Cc6
A 0.421 0.581 0.814 0.298 0.33 0.307
B 0.4013 0.61 0.814 0.309 0.34 0.346
c 0.176 0.807 0.37 0.391 0.32 0.346
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Table 6- Calculation of W, according to the criteria for measuring at the speed of 3 km h™ in low depth

0329 (il oy Sy 534 e ol el 030 S5 59050 035
Pij*Ln Specific ) Fuel ) 2‘; ) Power ) Traction ) Overall Efficiency )
- - P Efficienc
(Pij) (Draught (Consumption %) (Drawbar ( ('0/') y (E(r:;r)gy
) Lit ha™ kw ° 0
CL(kN.m™) gy ) c3 (c4) c5 C6
A -0.364 -0.315 -0.16 -0.36 -0.366 -0.362
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Table7- Formation of the n; matrix according to the criteria for measuring at the speed of 3 km hin low depth
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03 4»_»)1.’>m )9 u»l_wl)) 04U ‘_g)afb)‘.bl dLm)m‘)L 4 d>gi l) L;me dl)_, ‘_(5)) w).ao ;i) Q))ai Cuwddy 1pgd ralf
Ao d)a.a.p LS‘)’. |) el RPN (nl]) oald d)L»JLo)J 9 (WJ) LY (')9“’6" odld uL.uJ C* 9 B* A* U)9»O4J) Cawl ) e

=S 5 s plad g JJUA Casddy (W) alasly 5o 9 3 1y (65, s plIS" 4S5 1,5 Cjao (S ilwpmonad Byt (pl (gl ols0



1WA Jgl Jluos o) o)Ll ¥ ol (55,9l b pivlo &yl Y

EI:?’!L'-: X“rr::l

A,- = Eur.-j. (\\)

A Jsda> > oy Co g g o5 (o ilizie 5yl YL (4l
ol ol ool oyl

CyB A ot ly 0ad dnslro (oS 5 culpd i — A Jgi
Table 8- The combination coefficients calculated for systems A, B and C
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Fig. 1. Comparison of the system combination coefficients of A, B and C at low depth and various forward speeds
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Fig. 2. Comparison of system combination coefficients of A, B and C at the middle depth and various forward speeds
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Introduction

Main part of energy consumption in agricultural mechanization istillage operations therefore optimization of
energy consumption in tillage operation is very important. A management method for system to optimize in
agriculture is Simple Additive Weighting (SAW) methodology that this method can operate according to criteria
of the systems. This method states that, which system has better performance? (for example the system for
agricultural tractors, type of implements, methods of tillage, planting and harvesting, and etc). Fuel consumption
is the most important factor in terms of energy consumption in tractor because the fuel energy contributesto help
tractor to work . Specific draught is important force that measured for investigation of energy consumption of
tillage implements, it can show the amount of drawbar force that optimized (for work width 1 meter implements
tillage) by using this method. The multiplication of the drawbar force in forward speed factor resulted drawbar
power. The most common method is using of tractors drawbar power in mechanized agriculture. Important factor
for assessment and determination performance of tractor is drawbar power. Severa studies have been showed
that about 20 to 55%of available drawbar power was wasting by implements tillage. Another important
parameters that affect on traction efficiency pull’s machine is slip. A simple additive weighting two-step
procedure involving basic weighted as follows: (1) scale the values of all attributes to make them comparable;
(2) sum up the values of the all attributes for each alternative.

Materials and Methods

In this study, three implements tillage were studied including moldboard plow, disk plow and disk harrow
and they called A, B and C, respectively. Three different forward speeds of 3, 4, 5, 6 Km/h for each implements
were selected according to the type of work at various depths. In this study fuel consumption factor was
measured by means of micro-oval flow meter, forward speed was measured by a Doppler radar, Slip was
measured by Proxy Sensor, and drawbar force was measured by a three point auto hitch dynamometer. Depth
tillage was maintained by depth-knob control system. tillage implements for comparison proper class was rated
tables (1), (2) and (3) that includes low depth (12.4 cm moldboard plow, disk plow 12.3 cm and 12.4 cm disk
harrow), middle depth (18 cm moldboard plow, disk plow 17.4 cm and 15.2 cm disk harrow) and the high depth
(23.5 cm moldboard plow, disk plow 23.4 cm and 17.2 cm disk harrow).

Results and Discussion

The results of Table 5 shows a higher combined ratio of the amount of energy that is optimum performance
in the form of (1), (2) and (3). Also Combined ratio is a way that the whole system will be valued according to
their criteria that objective criteria according to the study, we classified as positive and negative criteria and all
its problems the system had a higher combined ratio than the rest of the system is the optima system
performance. Kheiralla et al, (2004) in their research used statistical methods and indicated that energy
efficiency disk harrow, disk plow and moldboard plow was better than the other devices but Simple Additive
Weight way of energy efficiency in different conditions partially expressed.

Conclusions
The results showed that disk plow in different depth tillage and forward speed, has higher energy efficiency.
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2- Associate Professor, Department of Biosystems Engineering, Shahid Chamran University of Ahvaz, Iran
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Disk harrow compared with other tillage implements recommended for the high depth. Disc harrow is not
optimal in the low depth because it compared to other implements has lower dip and tractive efficiency.
Moldboard plow is optimum use energy in depth and average speeds (4 and 5 km h').

Keywords: Energy, Implements tillage, Systems, SAW
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Table 1- Results of Delphi study round one: Driving factors of mechanical harvesting of olives in Guilan province

Baygs Selp 3,50 a0y
Items Freq. 9% of Cases
Reducing the labor cost and increasing the income of farmers
05580 drwgl ad 1818 Can canlie Jlo aljlizel g Mg ) 10 38.46
Providing financial credits for the development of mechanical harvesting
SSB (8 Jaol cole g 505 qu"éli CM“’I 9 34.62
Modification of olive groves and applying the technical fundamentals to the orchards
)15 65).*:5 jl%c)ﬁ‘@:l 9 34.62
Efficient use of labor force
(S (09 4 Camnd °}1?5L§‘° A“J}‘ » LJ?M L;°’5 9 u"S S9Re 7 26.92
Improvement of the quality and quantity of product in mechanized harvesting
S B9y 4 Camd ieS w" b Joamo ilag ‘:"*:’bﬁ 7 26.92
Healthy harvesting the product with less damage compared to the manual method
Scientific and technical training to enhance the knowledge of farmers
S slatl et 4 15.38
Aggregation of small gardens
l‘”di )'I Colos 9 ddlais 5 a)'.gK.o Gloss ‘_;\Jbi;\f)‘i LETY) 4 15.38
Development of the mechanization service companies in the region and supporting them '
B g 3 slalib p (ygnj Mg el (9> Wste pettens cllad 1538

Continuous activities of pro-government authorities in domestic and foreign olive markets
0925 OMEL dely syl a3 g 15 (s y90 00 Rl 3

11.54
Increasing the productivity and then increasing the income of olive growers
o g)los g OBl L byt § Jgol o)le 3 11.54
Basic and advanced combating pests and diseases
Ok bl slagle (gjludingg 5 Colo OliioS lohy Cules 3 1154
Special support for researches to construct and optimize the olive harvesting machinery
058 (slaybg; 5l oslanul ‘\’le(‘-‘ w9 Fp ol ololis 3 11.54
Identifying the top olive growers and promoting them to use the mechanized methods
0595 030180 Cudld p Cunns 4y lylsl <8 o palaie 4y ules g (B eus (laCumluw &) 2 769
Providing supportive and incentive policies to move towards olive mechanized harvesting
bl 5 Il Culos g (6559l 50 Moasadll £)6 4 oy lods il 2 269
Providing special services to agricultural graduates and financial support of them
B 5 (B ogle sbgl il els lanajl 1 3.85
Visiting the internal and external mechanized olive groves
052 Lgl‘“’f_l’ 22 Ot L5)L" dl"r‘r“w dngd 1 3.85
The development of modern irrigation systems in the olive groves
&5&5) dL‘b‘UB)L{ Axwgd 1 3.85
Development of oil extraction plants
& 92 354

Summation
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Table 2- Results of Delphi study round two: Driving factors of mechanical harvesting of olives in Guilan province

haysS ouws Jlod (39 C‘%’s'
ltems Normal Priorit
weight riority
B b Jaol coley g g5 gl Lol 5.92 1
Modification of olive groves and applying the technical fundamentals to the orchards
Scientific and technical training to enhance the knowledge of farmers
O9R) OIJIJ“:‘[? "\‘1)‘3 ‘Eﬁ)l xS )Y g A“‘I?’ S090 0% u*"ﬁ‘ 5.67 3
Increasing the productivity and then increasing the income of olive growers
05) Cadby glopdle (giludingg 9 cols Olados i ofg cule> 5,52 4
Special support for researches to construct and optimize the olive harvesting machinery
0380 dngi 54 513 s cuslio Jlo @lyliel § S Mps &) & 59 4
Providing financial credits for the development of mechanical harvesting
Lmj Sl coles g dilaie )0 055180 wlodd gl b dawg 547 5
Development the mechanization service companies in the region and supporting them '

EIE L;L'>|.> a)‘ﬁj[ﬁa gl 5l wols sl 547 5

Visiting the internal and external mechanized olive groves
Lf‘““k)“?)d“wb*’&"u?)‘)JWud?@;)W 5.37 6

Improvement of the quality and quantity of product in mechanized harvesting
05 05880 Cubly p Cuamw 4y el eS8 jskaio 4 ules g A guild laCuwlue &) 537 6
Providing supportive and incentive policies to move towards olive mechanized harvesting
058 slaybg; 5 oolil “Lﬂj )i g F ohhél oluls 5.32 7
Identifying the top olive growers and promoting them to use the mechanized methods
The development of modern irrigation systems in the olive groves
So5 gl g 597 8
Aggregation of small gardens
l"‘u‘ )‘ L;L“ ol 9 d))?l"‘s Ui UM‘ E’.)LB 4 0% closs Ajl)l 5.22 9
Providing special services to agricultural graduates and financial support of them
ohlel asly bl g 5 ansa uals 516 10
Reducing the labor cost and increasing the income of farmers
)K L55)"’ )l 4“'43 oozl 5.11 11
Efficient use of labor force
@B o (B sl o 5 g e (o (Wste satue clled 4.96 12
Continuous activities of pro-government authorities in domestic and foreign olive markets
basslow 9 CBIL aidpiy 5 Jgol 0))lee 4.76 13
Basic and advanced combating pests and diseases
G gy A e a8 ol b Jguame (dligy il 4.66 14
Healthy harvesting the product with less damage compared to the manual method

S oEg) a8 dnng 4.25 15

Development of oil extraction plants

L s i " ohhel solys ol aois 3 5 ogj i (s0)9,%e
U Jgl slaolols 15 O/FY 5 0/VY /AT sais Jloy (slay5g cunS
2 oS Gl 3 (g5 (Sl Culyy oip st Jelge pow

W8S )18 (A 345 pgd Al e

SialiS el 3580 lwliss )5 cdblao 5o ¥ Joo

Lacuggl slbals was o olis 1) calisee alylas b (S bl
Gl aallae SUST oyl gla Shg il > 5uiis pgd dls o )
Joda a0l Ll gl (bl 20,8 o bl lului,ls
S (8 Je—al cnley g e clagl sl Y
oI g M oes ghlel (8 Bl VL g el bjsal”
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Table 3- Results of Delphi study round three: Driving factors of mechanical harvesting of olives in Guilan province

agss (7) Gl g gl
Items Assent (%) Priority
Modification of olive groves and applying the technical fundamentals to the orchards
05 bl glagyile (giluainy § oo Sl jlohy cules 96.23 2
Special support for researches to construct and optimize the olive harvesting machinery
O‘)IJ“:’Lf Lf5 u*’" O‘))‘I\/li 9 L$°”LC u*’)ﬁ" 93.62 3

Scientific and technical training to enhance the knowledge of farmers
03l dngi 54 513 s cuslio Jlo clyliel § Mg &) 90,84 4
Providing financial credits for the development of mechanical harvesting

gyl coles g dilaio ) 05350 @lods (S 1 dnwgs

86.69 5
Development the mechanization service companies in the region and supporting them

O9°) Ol)b“:‘lf "\‘])‘) ‘LSJ)I ol )3 g A“‘I?’ S090 0% ui*"ﬁ‘ 84.81 6

Increasing the productivity and then increasing the income of olive growers
0595 05080 Cadild y Canns 4y lilasl €8 > jslaie 4y (bles g (o guld (glaCuwluo &) 81.08 7

Providing supportive and incentive policies to move towards olive mechanized harvesting

B g B o5le glagly I ol )0liS cele (slanaily 7712 8

Visiting the internal and external mechanized olive groves for olive growers
0580 slaybg; 5l ooliul “Lﬂj )i g F ohhél plols 76.23 9

Identifying the top olive growers and promoting them to use the mechanized methods

(S (09 & Canadd °}'ﬁ3&‘ A‘Jﬁ’ » J?"a’“’ ‘_;mf 9 A_f“g S9! 73.27 10
Improvement of the quality and guantity of product in mechanized harvesting

ohg Calen (¥ Jgiz) (A Gt pgus Ao yo gl oll

cwS b g cuslyy el pile (gjlwdigg g cdle Slidss
2 e B3ains ) 0duS S b el ol 38ls 5 Aoy AF/YY
Ol 53 (95 Cudldy gl jl5e 0k iy Jalgs pgd oSl
OLQJJ‘) ‘.))lyc u.lsl I S And e ul.w; Laauw));. w; )‘)B UM
€95 9 3) « lple pLE)1 3)50 )3 pogaday (g cudlyy
Yousefi, 2013; Yousefi et ) cuol 0390 dojd Av 5l iy Joro
4,45 L (al., 2014; Kermani and Pileh foroush, 2011
O350 il Jaame JS &S Cunl (6908 oy S0 cadl Coonl
Sb o Jlo b o905 oRe 8l cjgo (ol g 53 258 Cully
0l 5ledl (sloog o L;J_«.ﬂ).’ Do 4 (0 (gl ble salgs
uwl 3| J ot 3L i oy .~.’b))‘ a ’)‘Q
slagls ol a4y LS 5 cusl (6)955 eyl 5l b ee

Y ile cdln o g ()8 Y cpile (5bodinge (90
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D dalgd Jlaye3 0 (glodag
o) )3 09j bRl (B (I oYL 5 ele hjgel”
G315 51 oy VTSN S L 5 " opsia el oy sl odle

1- Harvest efficiency
2- Manzanilla

Aol (¥ Jgiz) (i 3o poyas alo o @l ool
WD 8 L )85 (8 ol ey 5 o5tes slogly
gyl 3 3 3 0aS Sy lubidlS les B3l 51 aad
3 oS bl )3 (g (SlSe cudldy 0k iy Jelgs Jol
2 095 QU Szl g slaiel 35158 5 Wkl )5 .88
O3] (S il Elgo o ytoge Sl )9S cul gl el
Paschino and Mura, Antognozzi et al., 1990) sus 8,20
LM x VM glais cosls alob 55 o Kan o LIS .(1997;
Gl slayalib leieds 1) Ve Mogas co 0 gl oo
Cobl ogMeds 50,8 Slulid (yan (SOle by )0 culio
Sge sl or8 Sl 3 <3 45 lmodily)) (s pslo
o> -(Catania et al., 2008) cusl Saopue bl Sy 534
dl)_}l S g @)L.al Sldes O:{)foDL» OFR) Ol;'&).) &5‘9"'
OLSeel e JBlas 4’39y 0 slad ay (g by gl lSee
Bl ) S e o ald ) i sloostl) (55
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Table 4- Results of Delphi study round one: Barriers of mechanical harvesting of olives in Guilan province

bayos Slolss 30 doyd
Items Freg. % of Cases
B og; oldad el g o 29 100
The slope of most olive growing plots
O9°) Lg““&l’ “"‘Lc‘ [)‘39?‘5\?95 9 L;JL" 03 > FUéj 2929 19 86.36
Yeoman system existence and the small size of most olive groves
Rental status of some olive orchards
ol 8 il wl:a.\am9dl<\.da.m o o) Siziao wf)\.\:é’ 14 63.64
Limited number of regional craftsmen and low level of their technical knowledge
Non-acceptance of new technologies by olive growers
Lack or shortcoming of planning for the development of the olive harvest mechanization
Lack of supporting organizations and cooperatives
hb()l d\ll% "“’“5 AR5 ) 9 (9 09 U\j‘uwlﬂ 0¥ u""b)b 4 18.18
Imported olive harvesting machinery and then their high price
adlate 2 O 09 Q\jlu‘“"L" 39‘:"5 3 13.64
Shortage of special equipments for olive harvesting in the region
092 o35 SVl Slynani 5 (6510055 d 3o 02V 2 9.09
High cost of the maintenance of olive special machinery
099 Q\/‘wlﬁ 039 (paaSS g cwlie L;Lbb[f):,o.x; dg>9 pis 2 9.09
Lack of appropriate and specialized repair shop for olive machinery
Ow” 9 Ol“"t“;)l‘; u‘).la; 4 d>gi ple 1 4.55
Lack of attention to the comments of experts and researchers
adlais 20 O9R) Uw‘ﬂ"&‘ un.«a}w 9 b).g.‘> UL»L.«»)K OO Dgdze 1 455
The limited number of experts specializing in olive mechanization
Shortage of educational and promotional programs for olive growers
O Sl )3 @ 4 G (905 Sl oS S 3l sl Com 1 455
Less strategic importance of olive production compared to rice in Guilan province
DL sl Jgasme 03938l 35, G2l solaio 0 50s) cwbie (559053 SlacSiST 390 AES
Lack of proper processing techniques to enhance value-added product for growers of olives
05 Cubldy 09 YT pile puomo 5 Sles I lisebs] pae 1 455
Uncertainty in proper functioning of special equipment for harvesting olives
& 120 545.48

Summation
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Table 5- Results of Delphi study round two: Barriers of mechanical harvesting of olives in Guilan province

: s s o
" w8 Jloy i Cagls)
Items Nor.maJ Priorit
weight y
G gy wledad el gy o 7.33 1

The slope of most olive growing plots
O9°) Lg““&l’ el [)‘39?‘5\?95 9 L;JL" 03 > FUéj 2929 6.98 2
Yeoman system existence and the small size of most olive groves

O Gl )3 @y & S (9] S S Sy

| ol Coponl

6.98 2
Less strategic importance of olive production compared to rice in Guilan province
0525 el (gl 33l drusgh e (g50)a0ly (s b ol 6.77 3
Lack or shortcoming of planning for the development of the olive harvest mechanization

Lmu]@éufldb wl:a.\am9dl<\.da.m Ol)il&l.ppf.)‘.\:ﬁ 6.63 4

Limited number of regional craftsmen and low level of their technical knowledge '
0925 SBEL (B g sle )l 6.35 5

Rental status of some olive orchards

Lack of supporting organizations and cooperatives
ol (sYL asd doms )3 5 (5 oy S Tomible 39 (o)l 585 7
Imported olive harvesting machinery and then their high price '

aibaie y3 (g 039 Y pesle dgsaS

5.78 8

Shortage of special equipments for olive harvesting in the region
Os) by o Y ble oo 3Slas I liuabl pas 578 8

Uncertainty in proper functioning of special equipment for harvesting olives
09 038 SVl Clynani 5 (6510055 d 3o 92V, 578 8
High cost of the maintenance of olive special machinery
Olizee 5 (lolid IS Ol &4 i pas 5.43 9
Lack of attention to the comments of experts and researchers

ddlaie 2 O%R) u%“"‘)ﬁ"& QAaSEe § 0y L')Lw‘.}.«f})[f (P9 D9dxe 5.22 10

The limited number of experts specializing in olive mechanization

Shortage of educational and promotional programs for olive growers
Non-acceptance of new technologies by olive growers
u‘)‘*‘b d‘)’. Jya?u °‘>9}él u“))‘ L)‘"’l)gl )953'4 L O%2) i d)5l)é SlaSss 95 4.87 13
Lack of proper processing techniques to enhance value-added product for growers of olives

099 Q\/]wlﬁ 039 (saaSS g cwlie L;Lbb[f):,o.x; D429 pis 4.16 14

Lack of appropriate and specialized repair shop for olive machinery
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Table 6- Results of Delphi study round three: Barriers of mechanical harvesting of olives in Guilan province

basss () 3y daw oy
Items Assent (%) Priority
B og; oldad el g o 95,62 1
The slope of most olive growing plots
Lack or shortcoming of planning for the development of the olive harvest mechanization
Less strategic importance of olive production compared to rice in Guilan province
0liS Culas sl Jolei g bn JSuis 39> g pas 8735 4
Lack of supporting organizations and cooperatives
O9R) dhﬁb ul_c‘ u’ﬁ’&f 9 LsSJL" Db)s lpug.; ) 85.77 5
Yeoman system existence and the small size of most olive groves
adlato )3 (ygij ooy OV pdle 35008 8241 6
Shortage of special equipments for olive harvesting in the region
o) by ohg slagdle e 3 Slee | (liabl pac 79.59 7
Uncertainty in proper functioning of olive harvest machinery
oyl 8 il ol maw 5 gladlaie o\ Sixis oS dlas 76.22 8
Limited number of regional craftsmen and low level of their technical knowledge
05 SBEL (S o9 sl 74.33 9
Rental status of some olive orchards
L’”QI d\jl-f ’-'“’“-9 LL VRN 9 OF2) °;‘?~9 Q\!‘WL" O <_sjb)13 71.19 10

Imported olive harvesting machinery and then their high price
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I ntroduction

Olive is one of the most valuable worldwide trees that produces useful products having high nutritional
values. It is widely grown in many parts of world. The cost of olives hand picking is estimated to be about two-
thirds of the total gross return of olive production. Therefore, various types of olive harvesting machineries were
developed in the world.

Guilan Province of Iran is one of the leading regions for olives production in Iran. At the present time, almost
all olives produced in Guilan province of Iran are manually harvested. Review of the reports showed that no
research was performed to study the factors affecting the development of mechanized olive picking in Guilan
Province, Iran. Due to the complexity of using the olive harvest machineries, identifying the factors affecting of
their application is essential. Therefore, a Delphi study were conducted to identify and analysis the drivers and
barriers for mechanized olive harvest in Guilan province, Iran.

Materialsand M ethods

This research was conducted using the Delphi technique in Guilan Province, Northern Iran. Delphi technique
is a structured process to gather and classify the knowledge of a group of experts. Through consultation with
professors and researchers in related institutions, 22 experts from the subsidiary offices of agricultural
organization of Guilan Province were selected for the study. In the first round of the study, the participants were
asked to answer to two open questions about the driving factors and barriers of mechanical olive harvest in
Guilan Province. Nineteen items were found as driving factors and seventeen as barriers for developing the
mechanical olive harvesting in Guilan Province. In the second phase of the study, the respondents were asked to
answer to the all items written in the form of a five-level Likert scale, and finally, experts of panel were asked to
answer to the top 10 items of driving factors and barriers in percent form. The results were analyzed using SPSS
computer software and arranged in various tables.

Results and Discussion

Based on the findings of last phase of the Delphi study, ‘modification of olive groves and applying the
technical fundamentals to the orchards’, agreed upon by 98.15% of the participants, was identified as the first
driving priority to mechanize the olive harvest in Guilan Province. In this regard, pruning olive trees is the first
modification practice which should be applied to the old olive groves of the region. Olive cultivar is the other
parameter affecting on the performance of olive harvest machinery. Therefore, this parameter also must be
considered in construction of new groves or renovate the old olive gardens.

‘Special support for related researches to construct and optimize the olive harvesting machinery’ was also as
the second driving factor to develop mechanized olive harvesting in Guilan Province. In this regard, design and
fabricate the new machinery based on the local conditions is a matter of great importance.

The findings of last phase of the Delphi study also indicated that ‘the slope of most olive growing plots’,
agreed upon by 95.62% of the respondents was identified as the first barrier for mechanical olive harvesting in
Guilan Province. Thus, research on all the technical aspects of hand-held harvesting machines, including hand-
held shakers should take priority.

Lack or shortcoming of planning for the development of the olive harvest mechanization was also as the
second barrier to develop mechanized olive harvesting in Guilan Province. Therefore, codifying a regional
macro-plan to develop mechanized olive harvesting in Guilan Province must be considered among the important

1- Former M.Sc. student of Department of Agricultural Management, Rasht Branch, Islamic Azad University, Rasht,
Iran

2- Associate Professor, Department of Agronomy, Rasht Branch, Islamic Azad University, Rasht, Iran
3- Associate Professor, Department of Agricultural Management, Rasht Branch, Islamic Azad University, Rasht, Iran
(*- Corresponding Author Email: firoozi@iaurasht.ac.ir)



1WA Jgl Jluos o) o)Ll ¥ ol (55,9l b pivlo &yl e

programs of Guilan’s Agricultural Organization, Iran.

Conclusions

The results of this study showed that many factors affect the mechanical harvesting of olives in Guilan
province which modification of olive groves, special support for related researches to construct and optimize the
olive harvesting machinery are among the most important driving factors. Therefore, to develop the mechanical
olive harvester, developing the applied strategies to support the olive growers, modification of foreign
machinery, and design and fabricate of new olives harvest machinery are essential in Guilan province, Iran.

Keywords: Agricultural mechanization, Barriers, Delphi, Drivers, Olives
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Fig. 3. Mean comparison of the effect of the pressure on the volume median diameter (50%), number median diameter
and spray quality index
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Introduction

Today, attention to safety and environmental issues in all sectors in agriculture, industry and services is very
important. Chemical poisons play an important role in rapid progress of agricultural products. Every year about
25 to 35 percent of the world’s crops are affected by insects, weeds and plant pathogens disappear and this figure
would be raised to 80% if no control was applied. Drift problem and its devastating effects are the most
important issue which related to users and sprayers manufacturers. Spray drift reduction and improvements in
the efficiency of pesticide application processes are global goals. Where ever spraying is applied, drift will be
produced and it must be controlled by controlled of the droplet size. The application of these sprayers is the high
in the farms (the number of 2303 in Iran). So, this research was carried out to improve the quality of work in
these sprayers by studying the droplets diameter and the spray quality index.

Materialsand M ethods

The research was conducted at the University of Khouzestan Ramin Agriculture and Natural Resources.
Tests were done with 20 m of water sensitive papers at a distance of 2 meters from each other. To evaluate the
technical items affecting on drift, an experiment was conducted using a turbo liner sprayer (TURBINA S.A. 800)
and the John Deer (JD) 3140 tractor. A completely randomized factorial design was applied. By using 3
replications and the factors were spraying pressure applying three levels (10, 25 and 35 bar), the fan speed with
two levels (1998 and 2430 rpm) and forward speed with two levels (9 and 13.5 km hr™). The sprayer started the
application, spraying a solution of water and tracer (yellow Tartrazine E 102), 15m before the water sensitive
papers and then moved over the water sensitive papers. The spraying was continued 15 m after the end of the
sampling area. After spraying, sensitive papers were photographed and then volume diameter of 50% (DVs,) and
median numerical diameter (NMD) and spraying quality indicator were calculated. A Spectrophotometry device
at the wavelength of 427 nm, Image J and sas 9.2 software were used for measurement. This research was
carried out in accordance with the calendar crop canola spraying in field conditions and the weather was calm
that the wind speed was 0- 2.5 km hr, relative humidity was 29.7% - 32.5% and air temperature was 18.8°C —
20.7°C.

Results and Discussion

According to the results sprayer pressure, fan speed and forward speed were shown significantly different
(P<0.01) on the volume diameter of 50% (DV5,) and median numerical diameter (NMD). The effect of spraying
pressure on distributing quality indicator was shown significant (P < 0.01), but the fan and forward speed did not
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shown any significant effect. Mean comparison of the interaction of pressure and forward speed on the spray
quality index and the number median diameter were shown significant (P < 0.01), but they did not shown any
significant effect on the volume diameter of 50% (DVsxg). With increasing spraying pressure and fan speed, the
droplet size, volume diameter of 50% (DVs,) at 72% and numerical median diameter (NMD) at 69% and
distributing quality indicator at 46% were decreased that were corresponded with the result of Czaczyk et al.
(2012), Peyman et al. (2011), Nuyttens et al. (2009) and Landers and Farooq (2004). With increasing spraying
pressure and forward speed, the droplet size, numerical median diameter (NMD) at 63% and distributing quality
indicator at 35% were decreased that these resulted were corresponded with the results of Naseri et al. (2007)
and Dorr et al. (2013).

Conclusions

With increasing spraying pressure, fan and forward speed, the droplet size, volume diameter of 50% (DVsg)
and numerical median diameter (NMD) were decreased. Therefore, spraying quality indicator was decreased.
The maximum pressure (35 bars), maximum fan speed (2430 rpm) and maximum forward speed (13.5 km hr)
were able to produce the minimum spraying quality indicator (10.3). At the minimum pressure (10 bars),
maximum fan speed (2430 rpm) and minimum forward speed (9 km hr™), the maximum spraying quality
indicator (2.91) was resulted.

Keywords: Drift, Image processing, Turbo linear sprayer, Volume diameter, Spray uniformity
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Fig. 3. Stype template in sugar beet leaves
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Fig. 5. Gallery of the different stages of the segmentation algorithm; @) Original color image, b) Image obtained by
subtraction of Red component from Green component, ¢) Image obtained by applying color threshold on the image (b),
d) Image (c) after removing noises using morphological operations, and €) Image used in generalized Hough transform
algorithm
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generalized Hough transform in the (b) binary image, and d) Final image showing detected sugarbeet plants
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Table 2- Results of generalized Hough transform algorithm in images containing extracted patterns and images that
patterns were not extracted from them (test images)
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Introduction

Sugar beet (Beta vulgaris L.) as the second most important world’s sugar source after sugarcane is one of the
major industrial crops. The presence of weeds in sugar beet fields, especialy at early growth stages, resultsin a
substantial decrease in the crop yield. It is very important to efficiently eliminate weeds at early growing stages.
The first step of precision weed control is accurate detection of weeds location in the field. This operation can be
performed by machine vision techniques.

Hough transform is one of the shape feature extraction methods for object tracking in image processing
which is basically used to identify lines or other geometrical shapes in an image. Generalized Hough transform
(GHT) is a modified version of the Hough transform used not only for geometrical forms, but also for detecting
any arbitrary shape. This method is based on a pattern matching principle that uses a set of vectors of feature
points (usually object edge points) to a reference point to construct a pattern. By comparing this pattern with a
set pattern, the desired shape is detected. The aim of this study was to identify the sugar beet plant from some
common weeds in afield using the GHT.

Materials and Methods

Images required for this study were taken at the four-leaf stage of sugar beet as the beginning of the critical
period of weed control. A shelter was used to avoid direct sunlight and prevent leaf shadows on each other. The
obtained images were then introduced to the Image Processing Toolbox of MATLAB programming software for
further processing.

Green and Red color components were extracted from primary RGB images. In the first step, binary images
were obtained by applying the optimal threshold on the G-R images.

A comprehensive study of several sugar beet images revealed that there is a unique feature in sugar beet
leaves which makes them differentiable from the weeds. The feature observed in al sugar beet plants at the four-
leaf stage was a stretched S-shaped curve at the junction of the leaf and petiole. This unique shape characteristic
was used as the pattern for sugar beet detection using GHT. To implement the Hough transform in the images, a
50-member group of samples was prepared from S-shaped curve to build appropriate patterns. Desired features
for the Hough transformation were extracted from the patterns. In the next step, the attempts were made to find
the images for the shapes similar to each of the patterns.

Results and Discussion

Plants were thoroughly separated from soil and residues. The accuracy of segmentation algorithm was
achieved by amost 100%.

The accuracy of the generalized Hough algorithm was evaluated in two stages. In the first stage, the
algorithm accuracy was assessed in detecting patterns in the images. Results showed that the accuracy of the
algorithm was 96.21%. In the second stage, the algorithm was evaluated for some other test images, whereas the
algorithm achieved an overall accuracy of 91.65%. In some cases, the presence of a large overlap between
objects in the image reduced the detection accuracy. This was because of two main reasons; 1) high interference
and ambiguity in the object edges, so that Hough transform was not able to detect the predefined patterns in the
objects and, 2) weeds highly overlapped with sugar beet plants and thereby they were wrongly detected as sugar
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beet. However, since there is no or little interference between plants at the four-leaf stage, this interference can
be eliminated by morphological operations. Due to this fact, it can be said that the results of GHT agorithm are
acceptable for the detection of sugar beet in the plants close to four-leaf stage.

Conclusions

A special feature in the shape of sugar beet leaves was used as a criterion to distinguish between sugar beet
and weeds. The results showed that by quantifying this special feature, which is an S-shaped curve near the
petioles connection of beet leaves, sugar beet can be discriminated from weeds with an accuracy of 91.65 %.
Recalled that this feature is a shape characteristic, therefore, the generalized Hough algorithm must be applied
prior to plant canopy development, which is consistent with the critical period of weed control in sugar beet
fields.

Keywords: Generalized Hough, Shape processing, Sugarbeet, Visible machine vision, Weed
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Table 2- ANOVA results of engine speed, position of the microphone, the box Iength and the method of calculating
means effects on the fractal dimension and the elapsed time
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Introduction

Nowadays, many studies were performed about noise source and its type and effects related to duration of
sound emission. Most of these researches just report sound pressure level in frequency or time domain. These
researches should be continued in order to find better absorber material in noise pollution. Use of fractal
geometry is a new method in this filed. Wave fractal dimension value is a strong tool for diagnosis of signa
instability and fractal analysisis a good method to finding sound signal characteristics. Therefore the aim of this
study is on the fractal geometry of SAMPO 3065 combine harvester signals and determine the fractal dimension
value of these signalsin different operational conditions by Katz, Sevcik, Higuchi and MRBC methods.

Materials and M ethods

In this research, sound signals of SAMPO 3065 harvester combine that were recorded by Maleki and
Lashgari (2014), were analyzed. Engine speed (high and low), gear ratio (neutral, 1%, 2™ 3 gear), type of
operation (traveling and harvesting) and microphone position (in and out of the cabin) were the main factors of
this research. For determining signal fractal dimension value in time domain, wave shape supposed as a
geometrical shape and for calculation of fractal dimension value of these signals, total area of wave shape was
divided into boxes in 50, 100, 200 milliseconds with an interval 25 millisecond box. Then Fractal dimension
value of these boxes was calculated by Katz, Sevcik, Higuchi and MRBC methods using MATLAB (2010a)
software. SPSS (Ver.20) software was used for further analysis.

Results and Discussion

Results showed mean effects of engine speed, microphone position, gear ratio, type of operation, box length,
calculation method and all of two way interaction effects were significant (p<0.01). Means of Fractal Dimension
in the road and field position were 1.4 and 1.28 respectively. The Maximum growth ratio of fractal dimension
value during engine speed levels was related to road position. By increasing of box length and number of data
points in each box, the fractal dimension value was increased. Investigation of fractal dimension methods
showed changes of box length did not affect fractal dimension value in Higuchi method and range of this factor
while box length varied were 0.001, 0.171, 0.005 and 0.024 in Higuchi, Katz, MRBC and Sevcik method
respectively. These results showed that Katz method has maximum sensitivity and MRBC method like Higuchi
method had the minimum sensitivity by changing of box length. In this research fractal dimension vaue of
SAMPO Combine signals in the time domain in different operation conditions were investigated by Katz,
Sevcik, Higuchi and MRBC methods. These values varied from 1 to 1.5 in different conditions. Maximum
fractal dimension value was 1.63 in case of no cabin by MRBC method. Increasing of box length or further the
data point cause of increasing fractal dimension value with increasing of sound pressure level of combine due to
increasing of engine speed and working of different parts of harvesting combine. Due to define of sound pressure
level, and increasing of this item in each gear ratio ,this can be justify that in high engine speed, wave turbulent
is higher than low speed and this turbulent appeared in fractal dimension value.

Conclusions

One of the important factors in the evaluation of the time series disturbance is fractal dimension. Therefore,
the study of sound signals can be an effective role in this regard. Factors such as the cabin existence, gear type,
engine speed and operational state of combining parts had a considerable role in distribution of combinimg

1- M.Sc. Graduated Student, Department of Mechanical Engineering of Biosystems, Shahrekord University,
Shahrekord, Iran

2- Associate Professor, Department of Mechanical Engineering of Biosystems, Shahrekord University, Shahrekord, Iran
(*- Corresponding Author Email: Maleki_ali@iran.ir)
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sound signals and fractal dimention of these signals. For example cabin acts as a barrier inthe sound
wave and decrease the sound pressure level near driver ear and cause decrease fractal dimention of signals.

The study of time series with different lengths have shown that the duration time of the calculation in various
methods had a significant effect. Increasing the length of signals due to a higher number of signal data cause to
increase calculation time of fractal dimension calculation, while the changes of fractal dimension in increasing of

the number of data is minimum and negligible. Therefore, the choice of the appropriate length of the signdl is
important.

Keywords: Acoustic, Combine, Fractal Dimension, Signals
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Table 1- ANOVA results of drying time and D¢ based on three factors: temperature, thickness and pretreatment

a5 olin @3l 4y Slasyo ggooro Ol ye (iSke
o Degrees of Sum of squares Mean squar F
Source of variations
freedom
Lo L t Dess T Dess t Dt
Temperature 30976 70.2 30976 70.2 905%  69.17
“"L’” 1 17689 143/8 17689 1438 517" 1416°
Thickness
e 2 5869.5 16 203.7 8 85"  7.9°
Pretreatment
. 1 361 0.1 361 0.1 1 0.1
Temperaturex Thickness ' ' '
Lo i X Lod
hd 2 921.5 1 460.7 0.5 1.3 0.5
Temperaturex Pretreatment
Loy XCaolus
o 2 264.5 14 132.2 0.7 04 07
Pretreatment x Thickness
Loy XColBus xlod
s . 2 354.5 1.1 177.2 0.5 0.5 0.5
Temperature x Pretreatment xThickness
oielesl sl 22 7525 223 34 1
Error of experimental
S 35 64008 256.4
Total

*Significant at 0.01 probability level 2o )3 o Jlesnl mwan )3 55 ize cglis #
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Table 2- Mean comparison drying time in different treatments by Bonferroni test
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.percent

D955 SUEA o 3 50l IS ol i

sladdyy gl JLSS oy ool Cuwddy 75 sodly

P oM e 3 gl Cogb) (5 ] b ©yg0h msn

oanlitie dsulis .l 00 o3ygl ¥ JSTi )3 cilisee glylo

Sse (LS L gugn sladiges ol JBs e 09
5 g iy Gl ]

Fernandes and ) ;5,35 5 j4506,8 b wg ol ol s
oo Slmdsgel p,5 gloa b 0,8 is 4> (Rodrigues, 2007
Lol 23,5 (o)1 gl gl b o jlos Sy (i 4l g ol
a8 By dous ol o e i lgisds Bgwl gl 54,8 4
A b SLis by Ll coge Sgwl gl Hlewd i I eolawl
i 45l D g AiB AP lade 4 jge 50 ¢ wlLT ,> aids YV lade
2423)5 Wl Jll Jlasl (g Jlagd dp Cos 485 YO ke 4,

!

—_ 1'53 O  60°C-1w/gr-4mm
& o
£ 12 M A 70°C-4mm
g Le g
o £ 7 % 70°C-6mm
B -
£ 0.9: o 70°C-10min-4mm
< 06 70°C-10min-6mm
= poly fitted
M 03 f

0 Doctociieiiiiiien R B T

0 1 2 i 4 5 6 7 8 9 10

Moisture content (dry basis)

el e balyd 3 Cugloy sgma Sl (il ©yg0h @sn ladised ol JSs - S
Fig. 2. Bulk density samples of carrot as a function of moisture content in the different experimental conditions
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Fig.3. Density of dried carrot samples as a function of moisture content in the different experimental conditions
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Table 3- Changes D in the different experimental conditions
Slowd it £99 (MM) Laiges Cuolbus (T) La

X -10

Pretreatment types Thickness of samples ~ Temperature Der 10

4 60 4.660

et o9 6 6.847

Without pretreatment 4 70 8.130

6 10.880

4 60 5.000

Sgl gl Yl ey 6 7.963

Ultrasound pretreatment 4 70 9.930

6 12.810

4 60 4.770

se99rele Jlosi i 6 6.997

Microwave pretreatment 4 70 7.607

6 11.117

(¥) oy slocab £ Jga
Table 4- Constants of equation 3
Pretreatment types ,losd yiw &9 (T) W (m.m) Waiged Cualbed D, D, x 107
Temperature Thickness of samples
4 -0.2415 5.04729
Jodie oo ®0 6 17070 8.72202
Without pretreatment 70 4 1629.-0 7.14099
6 -0.3443 12.9727
4 -0.1635 6.57222
Sgul Ayl osiorte 60 6 1987.-0 8.6611
Ultrasound pretreatment 70 4 -0.1635 8.11611
6 -0.1657 12.3524
60 4 -0.2668 5.2323

su99,5le sles i 6 -0.2353 7.91572
Microwave pretreatment 70 4 -0.23 6.25168
6 -0.2582 11.3913

(40 o 1) S92 y905] bl 1)less 13 D (1:Sko dulic -0 Jgor
Table 5- Mean comparison Deg in the treatment by Bonferroni test (at 5%)

o AeroRdlelont gt S et Jlesl s Ve e & el gl e sty Jlos!
Without . . . . .
Treatment pretreatment Applying microwave pretreatment  Applying ultrasonic pretreatment for 10 min
Detr (M? 57) 7.622 7728 9.09°
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Similar characters indicate no significant differences and dissimilar characters indicate significant differences in the level of five
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Table 6- Surface heat and moisture transfer coefficient in temperature 60°C and speed 1.2 m s™ based on transient

temperature measurement method
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Fig. 4. Predicted moisture reduction in different temperature, thickness and pretreatment
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Introduction

Drying foods, fruits and vegetables is a suitable method to reduce post-harvest losses of the crops. Drying is
considered as a simultaneous heat and mass transfer process. Various physical, chemical and nutritional changes
occur during drying of foods and are affected by a number of internal and external heat and mass transfer
parameters. External parameters may include temperature, velocity and relative humidity of the drying medium
(air), while internal parameters may include density, permeability, porosity, sorption—desorption characteristics
and thermo physical properties of the material being dried. In this regard, understanding the heat and mass
transfer in the product will help to improve drying process parameters and hence the quality. The mathematical
model that reflects the drying process physics is a complex model. Particularly because of the process of
convection drying of materials with high initial water content, boundary conditions should be assumed in the
model describing heat and mass transfer. Ruiz-Lépez and Garcia-Alvarado (2007) proposed a model that
provides a simple mathematical description for food drying kinetics and considered both shrinkage and a
moisture dependent diffusivity. Food temperature was considered constant. The objectives of this work are: (a)
to develop a mathematical model for simulating simultaneous moisture transport and heat transfer of pretreated
carrot sample; (b) to study numerically the effect of the air drying conditions and pretreated on the drying of
carrot and (c) to calculate the density and effective diffusion coefficients of carrot under various conditions.

Materials and Methods

In order to compare experimental and numerical analysis results, a laboratory scale convection dryer was
used for experimental work. Cylindrical samples before entering the dryer were pretreated with ultrasound at
frequency of 28 kHz for 10 min and microwave at 1 W g™ power for 15 min. Experimental results of moisture
evolution and volume changes during drying were used to estimate moisture diffusivity and product density.
Transient three-dimensional simulation of heat and mass transfer was performed with a set of initial and
boundary conditions using the finite element method. The effect of the aforementioned pretreatments was
applied in terms of the modified effective moisture diffusion coefficient in the heat and mass transfer equations.

Results and Discussion

The effect of the ultrasonic pretreatment on drying was mainly observed during the air-drying stage where
a significant increase in water effective diffusivity was found. Ultrasonic waves can cause a rapid series of
alternative compressions and expansions, in a similar way to a sponge when it is squeezed and released
repeatedly (sponge effect). Microwave pretreatment reduced the initial moisture content and slightly increased
the coefficient. The values of moisture diffusivity found in this study was in the order of 4.66 x 107%¢-
12.81 % 107* m? st which is typical value for drying of agricultural product (Zielinska and Markowski, 2010).
Comparison of the experimental and predicted moisture and temperature profiles showed that the model could
predict the heat and mass transfer phenomena with good accuracy. In this section, some simulation results are
presented. The simulated moisture contents in the center and on the surface during drying showed that moisture
content on the surface decreases rapidly for a short time due to the evaporation during precooling. Then it starts
to increase because of the moisture diffusion from the layers under the surface towards. The temperature inside
the object increases with an increase in the drying time since the temperature of the drying air is higher than that
of the object. As a result of these transient and non-uniform temperature distributions, the moisture diffusivity
which depends on the moisture will vary and in turn the rate of the moisture diffusion inside the object. As seen
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2- Assistant Professor, Department of Mechanical Engineering of Biosystems, Tabriz University, Tabriz, Iran
3- Assistant Professor, Department of Food Science and Technology, Tabriz University, Tabriz, Iran

(*- Corresponding Author Email: ss_seiedlo@yahoo.com)



VY g S s jo b yS g cugby JUil slaais Ty gous (g jlwamd

in the figure, the distributions appear not to be symmetrical. Higher temperature and moisture gradients are
obtained at the side wall due to the upstream of the drying air.

Conclusions

A theoretical analysis of pretreated and non-pretreated carrot drying process was presented. The main
innovation introduced by this study was represented by the model formulation. This, in fact, simulated the
simultaneous three dimensional heat and moisture transfer accounting for the variation of both air and food
physical properties as functions of local values of temperature and moisture content. Moisture diffusivities of
pretreated and non-pretreated carrot have been determined experimentally and moisture diffusivities of
pretreated and non-pretreated carrot were found to increase with using of ultrasound pretreated. The effect of the
aforementioned pretreatments was applied in terms of the modified effective moisture diffusion coefficient in the
heat and mass transfer equations. Comparison of the experimental and predicted moisture and temperature
profiles showed that the model could predict the heat and mass transfer phenomena with good accuracy. The
model can be used as a proper tool in the design optimization and the optimal determination of the dryer
performance parameters.

Keywords: Heat and mass transfer, Modeling, Moisture diffusivity, Ultrasound
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Table 1- Mean of mint drying time (in hours) in different solar dryer treatments
Mass density (kg m?) (Jsaxe o515

O35 S ) Trays position il
Drying method Lo s e 2 3 4 Mean
Down tray 6.25 6.7 9.3 7.42

b Cdjen Second tray 7.6 8.3 10.5 8.8
Natura convection Upper tray 8.3 9.3 15.3 10.97
Mean 7.38 8.1 11.7 9.06

Down tray 35 5 7 5.17

ol céyen Second tray 45 6 8.3 6.27
Forced convection Upper tray 55 75 10 7.67
Mean 4.5 6.17 8.43 6.37
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Fig.4. Moisture downswing of different mint density dried in natural convection method
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Fig.5. Moisture downswing of different mint density dried in forced convection method
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Table 2- ANOVA results of the effect of evaluated treatments on color and essence values

©layo aS0le
.. Mean sguares
Q‘M &U& P . - . “
Source of variations &3l a2y orilal jlate )5 lade
Degree of freedom Essence Color
Convection type (A) . -
. . 1 0.028 130.435
S8 ek o)
Mass density (B) " o
. 3 0.96 57.921
Jsame oS5
AxB 3 0.386" 17.783"
Error 16 0.004 0.006
Sampling time (C) i -
- . 5 0.52 8.543
S5 B Gl
AxC 5 0.003™ 0.104™
BxC 15 0.027" 0.082"
AxBxC 15 0.008™ 0.092”
Error 80 0.002 0.003

**k *

Doyd ) g0 e 3 )b e G TN g
*, **: ggnificant at 1% and 5% levels respectively.

sl 0 il (oS s el g o3
aS 39 ol el Cowdd Liulajl ol 5 a5 (6,505 dos
FeSly GBI (b Coyen (09) )3 )bl 8 pon SIS
Bl pialS 2o VY puilal (e cye so pp)SohS ¥ 4 Y
@yerie p eSS ¥ & oS15 Gl (el Copen (29 3 105
pios Jsas) oaiS Suid (slgn jue (sl ppne il (KBS el
s oAb S lej e &S byl cpl 53 000,85 (8 51 eolatl
LS 1 el 4 slonl LSile el ag il LialsEl i 4

8l il bl e 4o )3 5 0dd 55 )20 gl

9 b Seid Oldes (oanb Cbpon g 2 a8 Jo

imier il 5 0303 &) 5508 ety b gli gl ialS
e (Bl 01 SLis plin 3 (yll Cdien ) &) Canns
s oyl adll (Blanco et al., 2002; Dragana et al., 2010)
¥ o810 50 Jg ol Casdss iy o g2 p SIS VoV slanS1s
Olie w5105 0l 3 (G 9 S 2 o @pe e PSS
S o oy FY bwgie jobay (gilal cépon o gl Luilul
B9y 2 L PYL o815 1) S edalidie (b Cdjen
2SSt lgn Copr Il Caz 3 (Slo ()Ll Cdyen

Ji9)lS 9 il (i 2 Cjan g5 5 gl o515 hlate Sl sl Sibe anolis ¥ Jgaar
Table 3- Means comparison of the effect of mass density and convection type
interactions on essence and chlorophyll content

oy 0 mhaw 43 Sl duw Lo
M eans comparison at 5% level of significant*

halfl golos S ol ol ) e

Treatments Density Essence content (%) Chlorophyll content (mg.g™%)

B 2kgm? 0.354d 6.56d

e . kg m 0.807a 8.51a

Natural convection kg m2 0.541c 8.49a

s 2kgm? 0.304e 4.18f

SHlal C8yen _ kg m? 0.524c 6.61c

Forced convection 4 kg m2 0.763a 5.15e

L)l () ime WS (itands S e By > () &S giw o (gla Sk ¥
*: There is no significant difference between means which have common letter in each column.
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Table 4- Means comparison of the effect of sampling time on essence and chlorophyl!l content
o0 0 mhaww 3 L pSilo dun Lo
M eans comparison at 5% leve of significant*

(2bo) st 25905 o

Sampling time (month) ol ol ik ,
Essence content (%) Chlorophyll content (mg g-)

1 0.768f 6.37a

2 0.729% 6.58b

3 0.569d 6.76C

4 0.518c 7.05d

5 0.457b 7.42e

6 0.402a 7.98f

)85 (6l sime WS it S yiiie Gy (sl a8 gty (gl pSilo ¥
*: thereis no significant difference between means which have common letter in each column.
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Fig.6. Essence changing curves of natural convection and shade dried mint during shelf time
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Fig.7. Essence changing curves of forced convection and shade dried mint during shelf time
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Introduction

Many vegetables such as mint are highly seasonal in nature. They are available in plenty at a particular
period of time in specific regions that many times result in market glut. Due to perishable nature, huge quantity
of vegetables is spoiled within a short period. The post-harvest |oss in vegetables has been estimated to be about
30-40% due to inadequate post-harvest handling, lack of infrastructure, processing, marketing and storage
facilities. Therefore, the food processing sector can play a vital role in reducing the post-harvest losses and value
addition of vegetables which will ensure better remuneration to the growers. Drying is a common technique for
preservation of food and other products; including fruits and vegetables. The major advantage of drying food
products is the reduction of moisture content to a safe level that allows extending the shelf life of dried products.
The removal of water from foods provides microbiological stability and reduces deteriorate chemical reactions.
Also, the process allows a substantial reduction in terms of mass, volume, packaging requirement, storage and
transportation costs with more convenience. Sun drying is awell known traditional method of drying agricultural
products immediately after harvest. However, it is plagued with in-built problems, since the product is
unprotected from rain, storm, windborne dirt, dust, and infestation by insects, rodents, and other animals. It may
result in physical and structural changes in the product such as shrinkage, case hardening, loss of volatiles and
nutrient components and lower water reabsorption during rehydration. Therefore, the quality of sun dried
product is degraded and sometimes become not suitable for human consumption. For these reasons, to utilize
renewable energy sources, reduce vegetable losses and increase farmers income, the current project has been
conducted in the Agricultural Engineering Department of Khuzestan Agricultural Research Center during the
years 2011-2013.

Materialsand Methods

In this research an indirect cabinet solar dryer with three trays and grooved collector was constructed. To
improve air convection, a chimney was mounted above the dryer. The dryer performance was evaluated by
drying mint leaves in three levels of mass density of 2, 3, and 4 kg m? at two drying manners of natural and
forced convection and compared with drying mint leaves in shade as the traditional method.

Results and Discussion

The results showed that total drying time required in different solar drier treatments was 3.5 to 15 h, while it
was about 5 days in traditional method. Drying time in upper trays was more as the air flow decreased due to
increase in mass density. Mean required drying time in forced convection was 29.7% less than that of natural
convection. Maximum essences with 0.80% and 0.76% were belonged to "natural convection and 3kg m? mass
density" and "forced convection and 4 kg m? mass density" treatments respectively, while minimum one with
0.30% was for "forced convection and 2 kg m? mass density" treatment. Also, the highest and lowest
chlorophyll content with 8.51 and 4.18 mg mi™ were measured in "natural convection and 3 kg m? mass density"
and "forced convection and 4 kg m? mass density" treatments respectively. According to obtained results, 3 and
4 kg m? mass density can be suggested for natural and forced convection solar drying of mint leaves in
Khuzestan condition respectively.

1, 2, 3- Assistant Professor, Researcher and Research Instructor of Agricultural Engineering research Department,
Khuzestan Agricultural and Natural Resources Research and Education Centre, AREEO, Ahwaz, Iran, Respectively.
(*- Corresponding Author Email: jhabibi139@yahoo.com)
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Conclusions

In order to reduce vegetable losses and increase Khuzestan vegetable producers income, indirect cabinet
solar dryer for drying mint leaves in winter season, could be an appropriate option. For natural and forced
convection drying methods, mass density of 3 and 4 kg m™@ is recommended respectively.

Keywords:. Chlorophyll, Essences, Forced convection, Mint, Natural convection, Solar dryer
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1- Sound level meter (SLM)
2- Linear weighting network
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Table 3- ANOVA resultsin evaluation of SLM positon, ball material and impact angel effects on sound pressure level,
resonance frequency and FFT magnitude 'Zard-Eyvanekey' variety

CHJUVES I W &35 4 o HLid 15 KURVE W] (e FFT o311
Sour ce of variations df Sound pressurelevel  Resonancefrequency FFT magnitude
gilio Codye 1 152.63** 340 139.71%*
SLM position
e o 2 9.12%* 240 9.22+*
Ball materia
25 43 2 87.26* 0.60" 73,654
Impact angle
S35 2 X gwlio Cosbys 2 0.28™ 3.20™ 228"
SLM position x Ball materia
2)95 1 dgl) X sl Cusge 2 0.25"™ 1.40™ 14.43**
SLM position x Impact angle
25 2l X 85 o 4 028" 120" 81
Ball material x Impact angle
2)55 1 dagly X (65 iz X gl cusboe 4 0.39"™ 140" 040"

SLM positionxBall material xAngle impact
Significance Level of 0.05) +/+& Jlais! 5 s axe” {Significance Level of 0.01) +/+) Jlis! Sy e
2P )P Dbl Caas
(No significance) (¢,l> sze pis NS
SLM= Sound Pressure Level
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Table 4- ANOVA Resultsin evaluation of SLM positon, ball material and impact angel effects on sound pressure level,
resonance frequency and FFT magnitude 'Sousky-Sabz' variety
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Ol pud gse ‘;i Cgo Ui 515 RPRW-CRWILJE FFT o}l
Sour ce of variations de) Sound pressurelevel Resonancefrequency FFT magnitude
Towlio by 1 138.19" 417" 262.89"
SLM position
S o 2 8.27" 217" 5.26"
Ball materia
2557 3 2 30.19" 0.85™ 69.53"
Impact angle
BF i X gl Cubgo 2 1.00™ 1.28™ 0.36™
SLM position x Ball materia
20955 49l X giaslbio Cusbge 2 0.03™ 0.13™ 2279”7
SLM position x Impact angle
298 4l X S5 4 0.04™ 035™ 0.54"™
Ball material x Impact angle
20557 4315 X 595 i X gl oy 0.01™ 0.27™ 0.14™

SLM positionxBall material xAngle impact
(Significance Level of 0.05) +/+0 Jleis! alaw ,3 b " {Significance Level of 0.01) «/+) Jlus] pdaw , yls g™
(No significance) (¢ I size pas NS
SLM= Sound Pressure Level
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Table 5- Results average comparison sound pressure level on two varieties of melons.

ik e b e (Kwsw ) 3,5
Variable Variable Levels 'Sousky-SabZ  'Zard-Eyvanekey'
oo Cosdye 90 Degree 49612 49.972
SLM Position
180 Degree 36.59° 42.03°
S5 o N 42.05" 45.78"
Ball Materia Glass
# 4161° 44.44°
Steel
Sk 44.61° 47782
Plastic
250 %ol 20 Degree 47.36° 40/45°
Impact Angle
45 Degree 44.23° 46.78°
70 Degree 47.712 50.76
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The same lettersin each treatment are significantly different significance level of 0.05 according to Duncan’s test.
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Fig.12. The distance of sound level meter at posion of 180 degrees (b) respect to impact place (a) is more than 90
degrees (c)
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Introduction

Cucumis melo includes a wide range of varieties. The acoustic is production, transmission and energy
received form medium vibrations. Acoustic or sonic tests applies for grading productions, ripening determination
of fruit firmness and sorting of broken eggs and so on in agriculture. Currently these methods are generalized for
measuring non-spherical fruits properties. The primary objective of the present research was to investigate the
effect of acoustic system variables such as impact places, impactor material type, pendulum angle and sound
level meter position on acoustics response of two different melon varieties, including Zard-Eyvanekey and
Sousky-Sabz. These results can be useful for designing acoustic implements related to agricultural products.

Materialsand Methods

This research was conducted on 65 samples of Zard-Eyvanekey and Sousky-Sabz varieties (export varieties).
A laboratory recording system used to acquire the acoustic impulse information that was comprised a mechanical
excitement mechanism (an impactor such as pendulum), sound level meter, a lap-top computer and software to
control the experimental setup and to analyze its results (Cool Edit Pro 2.0 Software), and melon-bed. The
impactor consists of diameter and long copper rod 3 mm and 256 mm, respectively. The ball mass was 72.13
gram. The acoustic signal was sensed by a sound level meter (SLM) type 2270 B&K company Denmark. The
samples locate on soft cushion for keeping because this bed prevents vibration distortion and causes free
vibration. We consider three measurements on equator or mid-section of each fruit (approximately 120 degree)
for diminishing inherent diversity of sample shapes. The sound level meter was placed at a distance of 2-5 mm
from the fruit surface. The effects of sound level meter, impactor ball and pendulum angle on sound signals were
investigated. The effects of other parameters were analyzed by factorial test in randomized complete plot by
three replications for each sample. The treatments were 36 and 65 melons of each variety were selected.

Results and Discussion

The average samples peaks were 10576 and 28663 at 90 and 180 degrees respect to impact place,
respectively. Other factors such as impactor ball type (steel), impact angle (70 degrees) and variety type (Zard-
Eyvanekey) were constant. The resonance frequency was 123.05 Hz for both SLM position. The averages of
peak sound pressure level were 55.29 and 52.38 dB at 90 and 180 degrees positions, respectively. It concluded
that the change of sound pressure meter (SLM) position of 90 to 180 degree caused to increase sound pressure
level but had no effect on reach the time to peak and resonance frequency. The effect of impactor ball material
and impact angle of pendulum on recording signals approximately resemble up and did not state here. The factor
levels were sound level meter position respect to impact place (two levels), impactor ball material (three levels)
and impact angle of pendulum (three levels). We found that effect of sound level meter position; ball material
and impact angle variables on sound pressure level values and interaction effect of sound level meter x impact
angle on FFT magnitude was significant at 1% level in both varieties. None of the variables and interactions has
effect on the resonance frequency in both varieties. It can be concluded from tables that resonance frequency was
more suitable than sound pressure level and FFT magnitude in acoustic tests. The increment of angle caused to
increase impact velocity because the length and mass of pendulum rod were constant. We can state the above
conclusion about impact velocity (excitement velocity) too, e.g. the impact velocity (excitement velocity) had no
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effect on resonance frequency while it effected on sound pressure level and FFT magnitude. This conclusion
coincides to others researchers.

Conclusions

The impactor ball, pendulum angle, sound level meter position and variety type factors did not showve
significant effect on resonance frequency but they had significant effect on FFT magnitude and sound pressure
meter. Because of the high pressure level and measurement easily, it was recommended the position 90 degrees
of microphone respect to impact place for acoustics measurements. The maximum sound pressure levels were
54.43, 54.81 and 55.11dB for glass, steel and plastic, respectively. Other factors such as SLM position (180
degrees respect to impact), impact angle (70 degrees) and variety type (Zard-Eyvanekey) were constant. Because
of receiving high pressure level from impact angle of 70 degrees respect to 20 and 45 degrees, it was
recommended for acoustics measurements. It can be used the lower angles by considering the low background
sound.

Keywords. Acoustic, Impulse response, Melon, Resonance frequency
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4- Florescence spectroscopy

5- Near-infrared spectroscopy

6- Time resolved spectroscopy

7- Laser light backscattering imaging
8- Multispectral imaging

9- Hyperspectral imaging

10- Biospeckle imaging
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1- Dynamic speckle pattern (DSP)
2- Backscattered photons
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Fig.1. Schematic of dynamic speckle pattern imaging
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1- Time historical speckle pattern
2- Inertia moment
3- Absolute value of the differences
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3- Daubechies

3- Entropy

5- Artificial neural networks
6- Tangent sigmoid
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1- Co-occurrence matrix
2- Wavelet transform
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Fig.2. Decomposition of THSP image into three levels by wavelet transform
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Table 1- Texture features (Gonzalez and Woods, 2002)
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Feature description Feature equation
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The third moment
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Where z is arandom intensity, p(z) is the normalized histogram, and L is number of intensity levels.
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Table 2- Statistical values of firmness and mass for apples

(o)) o gl oloj  wueS Wiy eSOl 3,llil Bl o
Storage day Min Max Mean SD
0 60.83 103.06 82.83" 7.69
30 5052 8829 70.28 7.85
(crow) (st 60 4840 87.92 66.46° 7.36
Firmness (N) 120 3343 7412 5476 7.69
150 2953 8092 48.0%5° 6.88
Total of samples 2953 103.06 63.54 14.29
0 88.40 220 151.40° 25.44
30 102.80 214 149.98° 23.31
(£5) e 60 95.60 215 144.66° 24.39
Mass (g) 120 100.60 21820 146.74° 2348
150 97 21520 147.73 24.45
Total of samples 88.40 220 148.07 24.24
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Different letters denote significant differences (p<0.05) among the mean values.
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Fig. 3. Typical Co-occurrence Matrix obtained from wavelength of 680nm (Right), and 780nm (L &ft)
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Table 3- Mean values of inertia moment (IM) and backscattered intensity measured for apples during cold storage

(395) 1,1 e 580 nm 780 nm
Storage days Mean SD Mean SD
0 23.30° 2.84 321° 160
(1+9) . 30 4420 597 7.44%° 152
Plewmlo 60 48.03* 4.64 899° 179
Inertia moment (x10e4) 120 3403 5.02 6.56 1.47
150 37.32° 401 8.68° 1.80
0 140.90° 4.61 187.76° 5.96
il ST . 30 153.50° 3.78 198.70° 3.99
LS ro = 60 154.07° 317 197.02° 3.69
Backscattered intensity 120 16038 3.92 202.96% 2.78
150 155.71° 3.49 198.82° 3.89
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Different |etters denote significant differences (p<0.05) among the mean values.
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Table 4- Prediction results of ANN models for apple firmness attribute
Waygys olass 680 nm 780 nm
No. of neurons
rJraolry SEC/SEc/SER(N) rJdradry SEC/SEcV/SEp (N)
7 0.82/0.81/0.80 8.1/8.4/8.5 0.84/0.81/0.81 7.9/8.3/8.2
9 0.83/0.80/0.81 8/8.6/8.4 0.84/0.82/0.80 7.7/8.3/8.4
11 0.82/0.79/0.80 8.1/8.6/8.5 0.85/0.82/0.81 7.6/8.3/8.5
13 0.82/0.82/0.78 8.2/8.2/8.8 0.85/0.82/0.80 7.6/8.3/8.6
15 0.82/0.80/0.78 8.1/8.6/8.9 0.84/0.82/0.80 7.7/8.2/8.5
17 0.83/0.80/0.81 8/8.6/8.4 0.84/0.82/0.81 7.7/18.1/8.4
19 0.83/0.81/0.79 7.9/8.5/8.5 0.85/0.82/0.82 7.5/8.1/8.4
21 0.82/0.80/0.81 8.1/8.5/8.4 0.85/0.82/0.81 7.6/8.3/8.5
23 0.83/0.79/0.79 8/8.6/8.7 0.85/0.82/0.82 7.5/8.3/8.2
25 0.83/0.82/0.79 8/8.3/8.6 0.85/0.82/0.82 7.6/8/8.3
27 0.83/0.81/0.79 8/8.2/8.5 0.86/0.82/0.82 7.4/8.3/8.1
29 0.83/0.80/0.78 7.9/8.5/9 0.85/0.82/0.82 7.6/8/8.2
31 0.83/0.81/0.79 7.9/8.5/8.6 0.85/0.82/0.81 7.5/8.3/8.5
33 0.82/0.79/0.79 8.1/8.4/8.8 0.85/0.83/0.81 7.5/8/8.5
35 0.79/0.77/0.74 8.2/8.6/9 0.85/0.82/0.82 7.5/8.3/8.2
37 0.83/0.79/0.79 7.9/8.7/8.8 0.85/0.81/0.81 7.5/8.2/8.5
39 0.82/0.81/0.81 8/8.5/8.4 0.85/0.82/0.80 7.5/8/8.4
41 0.82/0.81/0.80 8.2/8.3/8.4 0.85/0.83/0.81 7.5/8.2/8.4
43 0.82/0.81/0.81 8.1/8.4/8.4 0.84/0.82/0.80 7.6/8.1/8.7
45 0.83/0.81/0.79 7.9/8.5/8.7 0.85/0.83/0.83 7.4/8.1/8.2
47 0.83/0.81/0.80 7.9/8.3/8.5 0.85/0.82/0.80 7.5/8.3/8.4
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re, few, @Nd 1p are correlation coefficient for training, cross-validation and prediction, respectively. SEc, SEcy, and SEp are mean standard error for
training, cross-validation and prediction, respectively.
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Introduction

In recent years, the determination of firmness as an important quality attribute of apple fruits has been widely
noticed. Common methods for firmness measurement are destructive and cannot be applied in sorting lines.
Therefore, development of a non-destructive, simple, fast, and the low-cost determination technique of firmness
is imperative. Dynamic speckle patterns (DSP) or bio speckle imaging as a new optical technique has been
recently noticed for non-destructive quality assessment of food and agricultural products. In this research, the
feasibility of using this technique was investigated for non-destructive prediction of firmness in intact apples
during five months of cold storage.

Materials and Methods

During the harvest season, in 2013, a total of 540 ‘Red Delicious’ apples were obtained from a local orchard
in Oshnaviyeh, Iran. The apples with similar color and shape were collected from several trees in the same place.
The samples were stored under cold conditions for five months. Five experiments were carried out; the first
experiment was done immediately after harvesting and other tests were performed during storage time, i.e. 30,
60, 120, and 150 days after harvesting date. In each experiment, the samples were illuminated by two laser
diodes at the wavelengths of 680 nm and 780 nm, separately. DSP images of each fruit were acquired using a
CCD camera. Then, time history of the speckle pattern (THSP) was created for each sample. After taking
images, reference measurements were carried out for each sample to determine its firmness. Quantification of
DSP activity was done using the statistical features of inertia moment (IM) and the absolute value of differences
(AVD) extracted from the THSP images. Moreover, features of the images were extracted based on texture and
wavelet transform. Finally, artificial neural network (ANN) models were developed for prediction of apple
firmness based on image’s information obtained from the wavelengths of 680 nm and 780 nm, and the reference
measurements. The 60, 15, and 25 percent of total samples were randomly used for calibration, cross-validation,
and test validation sets, respectively. The correlation coefficient between measured and predicted values of the
firmness and also the standard error of prediction (SEP) were calculated to compare the performance of the
different ANN models.

Results and Discussion

After one month of the storage, apples lost about 15 percent of their initial firmness.The softening process
continued and the firmness index dropped to 48.05 N (a total decrease of 42%). A significant difference was
observed among the mean values of the firmness belong to the different storage times. In first and second months
of the storage, a negative linear relationship was observed between DSP activity and the firmness. The lowest
value of IM was observed for apples belonged to the harvesting date. DSP activity suddenly increased after 30
days of the storage. This ascending trend continued and reached to its maximum value on the 60th days of the
storage. It was noted that DSP activity is significantly affected by the chlorophyll absorption during this period.
Moreover, DSP activity at the wavelength of 680 nm was more than that at 780 nm. After two months of the
storage, a significant decrease in DSP activity was observed for both wavelengths of 680 nm and 780 nm. The
main reason for this phenomenon came back to changes in carbohydrates. During this ripping period, starch,
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which plays a main role in backscattering phenomenon is converted into ssimpler carbohydrates and it causes an
increase in soluble solid contents and a decrease in the number of scattering centers. After developing the ANN
models, the correlation coefficient of the prediction (ry) for different topologies was ranged from 0.74-0.81 and
0.81-0.83 for the wavelengths of 680 nm and 780 nm, respectively. Moreover, standard error of prediction (SEP)
was between 8.4-9 N and 8.1-8.7 N for the wavelengths of 680 nm and 780 nm, respectively. The achieved
results may be more attractive when they are compared with obtained results using multispectral/hyperspectral
scattering imaging, as expensive and rather complicate techniques for non-destructive firmness assessment in
apple fruits.

Conclusions

It was concluded that dynamic speckle patterns (DSP) or bio speckle imaging could be a simple, low-cost
and appropriate technique for non-destructive prediction of firmness in intact apples during storage.

Keywords: Bio speckle imaging, Dynamic speckle patterns, Laser, Non-destructive, Wavelet
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Fig. 4. A schematic of ohmic heating: 1- Voltage regulator 2- Power analyzer 3- Ohmic cell 4- Digital balance 5- pc
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Fig.5. Ohmic heating setup
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I ntroduction

Thermal processing has a huge impact on the textural attribute of the final food product and texture is a major
factor contributing the overall quality of food. Ohmic heating is an advanced thermal processing method in
which heat is internally generated within foods by passing an aternating electric current through them. Ohmic
heating can volumetrically heat the entire mass of a food system, resulting in faster heating, better quality and
less energy consumption than conventional thermal processing. Gradient voltage and electrode type have high
effect on ohmic heating system.

Materials and M ethods

In this study, the effect of voltage gradient and electrode type on moisture reduction time, a/b, AE color
indexes and energy consumption were studied. For this purpose, four levels of voltage gradients (5, 7, 9 and 11
V cm?) and four electrode types (Aluminum, Stainless steel, Brass and Graphite) was investigated by ohmic
heating in tomato paste processing. Tomato used in this study was purchased from a local market. The whole
tomatoes were washed, crushed and mixed in a way that a red less-viscous liquid obtained (Fig. 1). This liquid
was considered as tomato samples in the remainder of the article. Ohmic cooking experiments were conducted in
laboratory scale ohmic heating system consists of a power supply, a variable transformer, power analyzer, a
microcomputer, digital scale (GF-6000) and thermometer (Dual inpur RTD 804U) (Fig. 3). The ohmic cell had a
PTF cylinder with an inner diameter of 0.05 m, alength of 0.10 m and two electrodes on both side of the cell. A
hole with 3 mm diameter to insert the thermocouple was created and two holes with 5 mm diameter was created
on surface of cell. One of them was used for pouring tomato puree and other for exiting steam from cell.

Temperature uniformity was checked during previous heating experiments by measuring the temperatures at
different locations in the test cell. Ohmic heating was accomplished till the moisture content of the tomato
samples reduced from initial moisture content of as 91(wet basis) to a safer level of 70 (wet basis). Moisture
reduction time, a/b and AE color indexes, temperature and energy consumption were measured.

Results and Discussion

The results of the nonlinear mathematical model showed that the effect of different voltage gradient levels
on moisture reduction time, AE parameters and energy consumption had a good agreement (0<0.01) as well as
voltage gradient had a significant effect on a/b color index (0<0.05). Electrode type had significant effect on
processing time, AE (0<0.01), on energy consumption and a/b index (a<0.05). Interaction of voltage gradient
and electrode type was significant on processing time, energy consumption, a/b and AE (0<0.05). In all
electrodes by increasing the voltage gradient, processing time and energy consumption were reduced. For
example by increasing the voltage gradient from 5 to 11 V cm™, processing time and energy consumption were
decreased on average 38% and 23%, respectively. Minimal processing time and minimal energy consumption
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were observed in 11 V cm™ with graphite electrode that were 17 min and 203 kJ, respectively. As well as
maximum processing time and maximum energy consumption were obtained in 5V cm® with aluminum
electrode that were 105.21 min and 321 kJ, respectively. But maximum a/b parameter and minimal AE index
were observed with stainless steel electrode in 11V cm™. In determining the best electrode, in addition to the
processing time and energy consumption, product quality is also an important parameter. However, graphite
electrode has better performance in terms of time and energy consumption, but stainless steel electrode has better
performance in term of product quality. Since the production of food, quality is an important parameter, and also
the two electrodes graphite and steel are similar in terms of energy consumption and processing time, but
stainless steel electrode is better in term of quality, so stainless steel electrode is selected for ohmic heating
tomato paste.

Conclusions

Different voltage gradients and Electrode type have a significant effect on processing time, energy
consumption, AE and a/b color indexes. Minimal processing time and minimal energy consumption were
observed in 11 V cm™ with graphite electrode that were 17 min and 203 kJ, respectively. But maximum a/b
parameter and minimal AE index were observed with stainless steel electrode in 11V cm™. Stainless steel
electrode and 11 V cm™ voltage gradient were the best condition for tomato paste processing by ohmic heating.

Keywords: Aluminum, Efficiency, Electricity flow, Graphite, Ohmic cell, Stainless steel
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Table 1- ANOVA results of the engine vibration acceleration affected by the experiment factors and their interactions

inthe axies of X, Y, Z and resultant

% lio NS Slayo (il
Sour ce of variations Degr ee of freedom Mean square
Sl Z o Y o X o
Resultant Z axis Y axis X axis
EE €5 9 1.412" 0.349” 1.009** 0.890”
Fuel type
293 09> 2 57.138" 38.720" 10.281** 8.963"
Engine speed
19X LS g ok *x o .
Fuel type-Engine speed 28 0.193 0.199 0.045 0.120
(e 60 0.030 0.023 0.013 0.013
Error
oS w2 0.343 0.383 0.326 0.351

Coefficient of variation

G xe pas NS o )d iy o j0 b gime 18 o> S prdan )0 o ime e
**: Significant at 1% level, *: Significant at 5% level, ns: Not significant
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Table 2- Average comparison of resultant vibration at
the different levels of fuel

Cd g b)lmf} Cdgw £g ‘;wbu“)l ol

Fule Fuel Acceleration of vibration

number type (ms?

8 BsEsD71 3.1582°

7 BosEoD7s 3.1819°

6 B1sEsD7o 3.3128%

9 BsEeDeo 3.3721®

5 B1sE4Dg; 3.3723%®

4 B1sE,Dgs 3.4662 ™

3 BsEgDgo 3.5366 ™

1 BsE,Dgg 3.6701°

10 BoEoD10o 4.2415¢

2 BsE4Do; 4.2602 ¢
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Common letters in each column represent no significant
difference between the values of each column.
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Table 3- Average comparison of vibrations at the different levels of engine speed
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Engine speed (rpm) Acceleration of vibration (m s?) FKeS)
il Zypw Yoy X e N
Resultant Z axis Y axis X axis
1000 2257% 1513% 1.243?% 1.102°% 30
1600 3.409° 2403° 1.802° 1.575° 30
2000 5005° 3.768° 2414° 2192° 30
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Common letters in each column represent no significant difference between the values of each column
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Fig. 5. Three-dimensional graph of ANFIS in assessment ofbiodiesel and bioethanol changes on average of vibration
acceleration of the engine
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acceleration of the engine
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Table 4- Results of the best obtained ANFIS model

s Sl ke (5320 (Shod o 5
Mean squareerror ~ Pvalue  Correlation coefficient
0923l slaedls sl gl 0.189907 0.000768 0.906
Results for testing data
o> IS sl ls 0.077838 3.26x1018 0.967
Results for total data
ooisel godly (gl s 7 46x10™ 4.77x10°% 0.999

Results for training data
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I ntroduction

Vibrations include a wide range of engineering sciences and discuss from different aspects. One of the
aspects is related to various types of engines vibrations, which are often used as power sources in agriculture.
The created vibrations can cause lack of comfort and reduce effective work and have bad influence on the health
and safety. One of the important parameters of the diesel engine that has the ability to create vibration and
knocking is the type of fuel. In this study, the effects of different blends of biodiesel, bioethanol and diesel on the
engine vibration were investigated. As a result, a blend of fuels such as synthetic fuel that creates less vibration
engine can be identified and introduced.

Materials and M ethods

In this study, canola oil and methanol alcohol with purity of 99.99% and the molar ratio of 6:1 and sodium
hydroxide catalyst with 1% by weight of oil were used for biodiesel production. Reactor configurations include:
maintai ning the temperature at 50 ° C, the reaction time of 5 minutes and the intensity of mixing (8000 rpm), and
pump flow, 0.83 liters per minute. A Massey Ferguson (MF) 285 tractor with single differential (2WD), built in
2012 at Tractor factory of Iran was used for the experiment. To measure the engine vibration signals, an
oscillator with model of VM 120 British MONITRAN was used. Vibration signals were measured at three levels
of engine speed (2000, 1600, 1000 rpm) in three directions (X, Y, Z). The analysis performed by two methods in
this study: statistical data analysis and data analysis using Adaptive neuro-fuzzy inference system (ANFIS).

Statistical analysis of data: a factorial experiment of 10x3 based on completely randomized design with three
replications was used in each direction of X, Y and Z that conducted separately. Data were compiled and
analyzed by SPSS 19 software. Ten levels of fuel were including of biodiesal (5, 15 and 25%) and bioethanol (2,
4 and 6%), and diesel fuel.

Data analysis by ANFIS: ANFIS is the combination of fuzzy systems and artificial neural network so that it
has both benefits. This system is useful to solve the complex non-linear problems in agricultural engineering
applications such as systems involved in the soil, plant and air. ANFIS by linguistic concepts can establish and
inference non-linear relationship between inputs and outputs. In this research, modeling was generally performed
by Toolbox of ANFIS and coding in MATLAB too. Five important and effective factors in modeling were
optimized until the best ANFIS model is obtained. The five factors were: type of input fuzzy sets, the number of
input fuzzy sets, fuzzy set of output, methods of optimization and the number of epochs.

Results and Discussion

Based on the total vibration acceleration values for different fuelsin different rpm, pure diesel (BsE4Dg;) had
the highest vibration and the lowest vibration was seen in the mixed fuel of B,sE4D+1. Based on the results, two
combined fuel of (B25E2D73, B25E4D71) have the lowest vibration and highest amount of biodiesel fuel
(25%). After them, three combined fuels of (B5E2D83, B5E4D81, and BSE6D79) have created more vibration
and the lowest amount of biodiesel fuel in this study (5%) has created the greatest amount of vibration. With
increasing engine speed, the number of combustion courses and piston shock per unit of time increases. As a
result, the engine body vibration increases. The results are consistent with results from other researchers.

1 and 2- Former M.Sc. Student and Assistant Professor respectively, Department of Mechanical Engineering of
Biosystems, Razi University, Kermanshah, Iran

3- Professor, Department of Mechanical Engineering of Biosystems, University of Tehran, Kargj, Iran

(*- Corresponding Author Email: |.naderloo@razi.ac.ir)
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Conclusions

In this study, motor vibration of MF285 tractors, by replacing a portion of diesel fuel with biodiesel produced
from canola oil and bioethanol, was investigated. In the beginning, necessary biodiesel fuel was produced by
research reactor in biodiesel workshop, and then different percentages of diesel and bio-ethanol were mixed to
biodiesel and ten combined fuels were created. Finally the effect of different fuel combinations and different
engine rotational speeds on the tractor engine vibrations was studied based on a factorial randomized complete
block design and then analyzed and modeled by ANFIS. The results showed that the vibration of pure diesel fuel
had the highest vibration. Also, with increasing biodiesel fuel blends, the amount of vibration reduced
significantly. Increase in engine speed had direct effect on increasing the amount of vibration. Also by increasing
the percent of bioethanol from 0 to 4%, the amount of vibration was reduced then vibration value increased by
raising the percent of bioethanol. After modeling and analyzing, our results showed that the best fuel in terms of
having the lowest vibration motor was BysE4D+;.

Keywords: Bio-ethanol, Bio-fuel, Diesel, Oscillato, Vibration
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Tablel-Technical specifications of diesel engine OM314

W Olasuie )'-\3-0
Engine characteristics Value
)A;L:.M: iy
Number of cylinders 4
PRR R
Cylinder bore 97 mm
ol Jsb
Connecting rod length 230 mm
systl sl ol
Standard injection timing 15BTDC
w51 o
Compression ratio 171
15l iSlis
Maximum torque 235N.m @ 2000 rpm
oly Sl

M aximum power

63 kW @ 2800 rpm

odlizl 3,50 J3390 9 J320 slacd g pe olsd Y Jg
Table 2- Important properties of used diesel and biodiesel fuels

SH9 o9, J5o9 J3 s
Property M ethod Biodiesel Diesd Units
iy, ASTM D-92 176 64 °C
Flash point
Jw‘«w 6_9;5'/5 _ ASTM D-445 4.73 2.8 mn? s*
Kinematic viscosity
o BB STV D2s00 -1 2 C
Cloud point
ok Gl o 38730 42930 kj kgt
LHV
S — 0.88 0.845 gem?®
Gravity

[(Ferguson and Kirkpatric, 2001) s5. .
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Fig.1. A: The prediction of incylinder pressure injection timing 15 BTDC, B: Temperature at different injection timings
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Introduction

Nowadays, due to higher environmental pollution and decreasing fossil fuels many countries make decisions
to use renewable fuels and restrict using of fossil fuels. Renewable fuels generally produce from biological
sources. Biodiesel is an alternative diesel fuel derived from the transesterification of vegetable oils, animal fats,
or waste frying oils. Considering the differences between diesel and biodiesel fuels, engine condition should be
modified based on the fuel or fuel blends to achieve optimum performance. One of the simplest and yet the most
widely used models is the thermodynamic model. After verification of the data obtained by model with
experimental data it is possible to generalize the extracted data to an unlimited number of functional conditions
or unlimited number of fuel types which saves time and reduces costs for experimental engine tests. Using the
second law of thermodynamics, it is possible to calculate and analyze the exergy of the engine.4

Materials and M ethods

In this work, the zero-dimensional model was used to account for internal energy variations, pressure work,
heat transfer losses to the solid walls and heat release. The applied assumptions include:

The cylinder mixture temperature, pressure and composition were assumed uniform throughout the cylinder.
Furthermore, the one-zone thermodynamic model assumes instantaneous mixing between the burned and
unburned gases. The cylinder gases were assumed to behave as an ideal gas mixture, Gas properties, include
enthalpy, internal energy modeled using polynomial equations associated with temperature.

In this research, the equations 1 to 20 were used in Fortran programming language. The results of incylinder
pressure obtained by the model were validated by the results of experimental test of OM314 engine. Then the
effects of injection timing on Energy and Exergy of the engine were analyzed for B20 fuel.

Results and Discussion

Comparing the results of the model with the experimental data shows that there was a good agreement
between the model and experimental results. The results showed that advancing fuel injection timing increases
the peak cylinder pressure. When fuel injecting occurs before the standard injection timing, the pressure and
temperature of the charged air in the cylinder is less than that of the fuel when it isinjected at standard injection
timing. Thus, ignition delay of the injected fuel extends further. As a consequence, the reaction between fuel and
air improves, which prepares a good mixture for burning. When the combustion starts, the rate of heat release
increases in the premixed or rapid combustion phase of the combustion process due to the suitability of the
mixture of air and fuel and hence the peak pressure of cylinder increases. When the injection timing is retarded,
the fuel isinjected into charged air that has a high temperature and pressure. Thus, in the injection timing of 10
degrees before top dead center, the maximum of incylinder pressure and temperature are reduced compared to
the standard injection timing. By retarding the fuel injection into the cylinder, the indicator availability, the heat
loss availability by heat transfer from cylinder walls and irreversibility are increased and by advancing the fuel
injection into the cylinder, the indicator availability, the heat loss availability by heat transfer from the cylinder
walls and irreversibility are reduced. High temperature will increase the produced entropy, so by advancing the
injection timing the produced entropy will increase while the retarding injection timing reduces the produced
entropy. Exergy and energy efficiencies increased by advancing the injection timing. At 2000 rpm the total
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availability and heat loss availability by heat transfer was increased compared to 1200 and 1600 rpm.

Conclusions
The proposed model was able to predict the pressure and temperature of the cylinder at different injection
timings. By advancing the fuel injection timing energy and exergy efficiency and heat loss availability by heat
transfer was increased. At 2000 rpm the total availability and heat loss availability by heat transfer was

increased.

Keywords: Biodiesel, Energy, Exergy, Injection timing
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1- Total solid
2- Volatile solid
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Table 1- Different combination of anaerobic co-digestion substrates to produce biogas
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Fig. 1. Hand-made reactors for primary anaerobic the substrates
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2- Kejeldahl
3- Spectrophotometer
4- Flame photometer
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1- Lower Explosion Limit
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Table 2- Average compressions of volatile and total solid differences by Duncan on the treatments used for methane

production
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Table 3- Physico-chemical properties of substrates before and after digestion
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P (ppm) 28.06 20.70 11.82 10.77 8.04 7.20
Sol 314 242 2.39 143 0.83 1.49
CIN 15.60 30.00 7.78 2461 25.47 12.00
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Fig. 2. Methane contents of biogas produced from digestion of substrates in various treatments of 1-7 for test days
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Table 4- Coefficients and their variation range for each

model
V% Y Js Y Js
Mode 1 Model 2 Model 3
p00 = 2318 p00 = 3124
(1640, 2995) (2400, 3848)
p00 = 2933 p10 = 2339 p10= 1312
(897.5, 4969) (505, 4627) (-384.1, 3008)
pl0= 6685 pO1 = 2249 p01 = 7.709
(-1140, 2478) (4137, 4084) (-797.3,812.7)
pOl = -147 p20 = 1870 p20= -555.9
(-2069, 1775) (-1909, 5649) (-1087, -25.12)
p20 = -2101 pll= -4161 pll=-9437
(-6045, 1843) (-9811, 1490) (-2818, 930.9)
pll= 3940 p02= -1053 po2 = -843.8
(336.7, 7544) (-3040, 933.5) (-1505, -182.9)
p02 = -1824 p30 = -3365 p30 = -109.9
(-5356, 1707) (-7369, 633.6) (-1025, 805.7)
p21 = 3213 p21= 1878
(-2024, 8449) (-1122, 4879)
pl2= 156.4 pl2= -1612
(-2528, 2841) (-3551, 328)
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Table 5- The accuracies of the models used for
estimating methane contents

Y Jse Y Jse Y Jwe

Model1 Model2 Mode 3

SSE 2.44e+07 5.98e+06 4.76e+06
R? 0.483 0.871 0.897
Adjusted R? 031 0.78 0.83
RMSE 1264 706 630
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Fig. 3. 3D and residual diagrams of each model used for methane estimation of VSand TS; a, b are 3D and residual
diagrams of model 1; ¢, d are 3D and residual diagrams of model 2; e, f are 3D and residual diagrams of model 3
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Introduction

As reported by Sabetghadam (2005), 53.4, 36.3, 1.1, 8.9, and 0.2% of total energy consumption in Iran
consisted of oil products, natural gas, coal, electricity energy, and modern energy sources, respectively. The
modern energies included solar, biomass, wind and nuclear. The energy mix has been evolving towards clean
energies. From 1966-2005, the contribution of natural gas increased from 1.3% to 36.3% and the contribution of
electricity was doubled from 4.1% to 8.9%. The share of oil products in domestic consumption has dropped from
84.3% to 53.4%.

Iran has abundant renewable energy resources, including solar energy, wind power, geothermal energy, and
biomass, as well as the ability to manufacture the relatively labor-intensive systems that harness these. By
developing such energy sources developing countries can reduce their dependence on oil and natural gas,
creating energy portfolios that are less vulnerable to price rises. In many circumstances, these investments can be
less expensive than fossil fuel energy systems. Over the past ten years some researches on solar and biomass
energy have resulted in development and the establishment of a few small- and medium-scale electricity
generation plants, powered via solar and biomass energy. There has also been the development of digesters to
increase biogas production. Renewable energy is new to Iran and there is a long way to go. Except for the few
afore mentioned projects, small-scale technologies to bring power to remote villages have a better chance of
being adopted than those implemented at the national level.

Materials and M ethods

In this research the amount of generated methane (methane content of biogas %) from co-digestion of
municipal sewage, kitchen waste, and cow dung was measured in 7 different combinations (treatment). Two
important parameters affecting methane production such as volatile solid (VS) and total solid (TS) were
measured according to Method 1684 and CEN/TS 15148. Furthermore some environmental conditions such as
temperature, pH, EC and some of the most important elements of desired substrate such as amount of C, N, P, K,
and SO,* were determined. pH using pH-meter and EC using EC-meter, C using titration method according to
Rongpi ng et al. (2010) and N using Kjeldahl apparatus, P using Spectrophotometer, K using Flame photometer,
and SO,~ using weighting were determined according to Standard Method for the Examination of Water and
Wastewater.

Methane (CH,) was determined using a multi-function gas detector brand GMI Ltd model GT-42. Its
detection ranges were 0-10000 ppm (parts per million), 0-100 % LEL (lower explosive limit), and 0-100 %
VOL (volume) in temperature limit -20-50 °C and 0-95% R.H (relative humidity).

Results and Discussion

The mean amount of methane contents of biogas during the co-digestion of the substrates for all 7 treatments
reported in table 1 were 4363.25, 875.13, 169.13, 3424.38, 2911.88, 2714.38, and 193.5 ppm, respectively.
Methane contents obtained from municipal waste was the highest among the substrates and after that the
combination of 1:1:1 of the substrates was more than the others. The methane content was low in the first seven
days of digestion, and thereafter rapidly increased over 85% within 22 days. Totally the highest methane
contents of treatments were during 30-35 days of digestion which was agreed with other researches. This can be
shown in Fig. 5 that the highest methane content was 10000 ppm and appertain to treatment 1.

The results showed that TS and VS of kitchen waste were lower than the other substrates. These findings
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agreed with Chen et al. (2010) researches in which had been reported the commercia kitchen waste has lower
TS and VS contents, possibly because the commercial kitchen waste stream contains food with higher moisture
contents such as fruits. Furthermore it can be shown that after digestion, the amount of TS of municipal waste,
cow manure, and kitchen waste decreased 46, 57, and 46% respectively, while amount of VS of these substrates
decreased 82, 92, and 85%, respectively. The results were similar to Chen et al. (2010) results. They reported
that between 58 and 99% of the VS were degraded to methane and carbon dioxide under most feed
concentrations. The obtained methane significantly correlated with VS, TS at level of 5 %. The pH of the
substrate nearly was constant during the digestion. The results showed that the treatments with more municipal
waste had more VS and TS while the treatments with more cow dung had more C/N.

Some mathematical models were made between the properties and generated methane. The best empirical
model which can estimate amount of generated methane using the properties was a polynomial function. The
function coefficients were determined for each parameter by normalizing them. Finally the results show that the
model made using difference of VS and TS before and after of digestion had the most accuracy among the
models (R?=0.897, RM SE=630, SSE=4.76e+06).

Conclusions

The results of conducted methane fermentation study on physico-chemical properties of substrates including
municipal waste, kitchen waste and cow dung reviled that VS, TS, C/N, P, K, and SO,* affect biogas and
methane production. However the correlation between methane contents with VS and TS was more than the
other properties and the methane estimation models made using the VS and TS was more accurate than the other
models.

Keywords. Anaerobic digestion, Material combination, Methane, Total solid, Volatile solid
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Fig.1. Semi-solar greenhouse equipped by cement north wall (A and B from two sides)
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Fig.2. Typica greenhouse shapes used in this research (A: Even span, B: Uneven span, C: Vinery, D: Semi-solar, E:
Arch and F: Quonset, SW= South Wall, SR= South Roof, NR= North Roof, NW= North Wall)
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Table 2- Constant values of equations and structural factors of semi-solar greenhouse
Definition Name Value Definition Name Value
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Fig.4. Hourly (A) and minute (B) solar radiation absorption on the roof of semi-solar greenhouse and outdor surface
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Table 3- Heat and regression equations to predict inside air and roof temperature

ol Je il 9 Pow Sy Yol r
Parameter Model Regression and heat equation
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Ta Reg model
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Fig.5. Effect of input variables on inside air (left) and roof temperature (right) predicted by multiple regression

P opyd 2l CYs 03l gy 93 ya 53l g g bl
23,5 iwbejl Pvalue yiol )l oS 45 2o )3 0 Jleis] o
Bl <[00 ) Sk dulie b glp odd e P STl b
4y (Rohani et al., 2011) 5,5 5 g5 oi 1y ya0 15,0

GO9Sy 009y 9 Sl Jae bl S i (e sl

OSbo ((gau yido Al s g lsn (slod oz > AlE s
5l eJie 93 lawgi 0l (i 9 (Blg polie (ib)ly
(lee Gl o i (o8 Lacnl 3 35 dulie s )be]



AT Jol Jluwas ) 0jlad ¥ o (55 y9lisS glocmiilo 4y pis  YVF

Sgliza ol MalS” 05y Jo 53 bt po3lis U (Tii) e
P S5y 9 Sl S g9 90 e lajlne B Jo>
A3 o i |y () dag AL Gl g lg (slod (05
oo i 630 iyt |y e 55 93 S (BF) oL Lasls
Sade b Ver ply oL so s aS Sloj A8 o Al do U
S ge 2 93950 iy o (ABly e b osd (it el
Cowl o3latwl 5y5 0 Jao oh)LS pae I Lo abl ale dae )
O 30 (W) Gaelsg e ,555L a3 ls (Shukla et al., 2003)
e (50 Sy Sile o Ko e 5 cusl it S b jho

(Willmott et al., 1985) cuul ous (5 ,Sojll g o 3,9

P olie b oslitl F ot cygail 5l (il 5 (5Kiko dulio (sl
o3l Lt ¥ Jodns 50 a0ldS Cadws g lsa (slod (sly o duslio
ol g (35Sl duslie oS Wind o i s (pl Cuwl 0l
olol S 5l S Caan g lgn (slod ol g yiw g (o2Bly pdlie
L lgs o A0 GgmsSy Uho) 5 91 ool )3 sine SIS
2y5 5l ool 3)50 355 (sl el (a5 sl YU b
B lyn sled (103 )3 (Sl Jae sl 060ke alie
o2 (Thi) sl (g S Jlome 700 JLoin] s )5 LIS
Diize 23 il waw 3 (b )lg duslie m g :S0ke duslio
2 Sl i jl ol laosls (uibjly 9 (uSle (iny i

S s g lgn glod (30055 3 AN GgsS) 9 il Jde sl ol 9 ke analie —€ Jga
Table 4- Comparison mean and variance between actual and predicted value for inside air and roof temperature

$ bl Jaodi g4
P Jw L. .
arameter Model Statistical analysis type
Sl ode oSleo dunng i il dung o
Comparison of means Comparison of variances
o) S 0.980 0.899
Regression model
T .
a P Jas 0.3478 0.006
Heat model
o) Jae 0.996 0.998
Regression model
T .
" e Jas 0.000 0.000
Heat model

Ti o To w8 3 A0z (g 5 Sl Jbo 93,Skas slajlas —0 Jgu
Table 5- Performance criterion of heat and regression to predict T,and T,

Je g9 8o 5o ylxo
Model type Performance criterion
MAPE (%) RMSE ('C) R EF w
“’W 5 Jse 1.5543 1.7829 0.988 0.955 0.988
T Regression model
a .
Pl Je 4.1636 27754 0.961 0.952 0.975
Heat model
< . 52 1.5375 1.0262 0.987 0.976 0.991
T Regression model
ir .
il S 12.0914 6.7093 0.944 0.935 0.771
Heat model

Jio aS a e o )l Jodo oyl ol ccwl yiie <l 9>
i w gled 4 Cans S B glga (slod e > (Sl
=l ol JaYs 5l SG el el g Lis (g5 i oyl S
o plai 0 o] @i BISe pas 50k ol Jdoas Sl
>r slaoly covs Ol_:ﬁ.olol ps poren (il S5
103 calps ol 4 by ol culps g add g5 dlol S

Uas slas 08 bawgio a8 aad o (L 0 Joos gl
O3S ) 5Bl e w8 4 Cund (Jyls Je 0 (MAPE)
Sl A g ¥ dgd s i g by dess SIS Cadw g lon (clod
eSS D (o )Sy Jho DS (a3 ld (iomen sl 5k
e .l Yk Oyl Jde 4 Cuus AlS adu 5 19 (glod
P S Cud Gam)S) Je il 8 (W) ©geliy pa3ls



VO L St 50 aBnis g 55 9 )l JUH 28l s e b))

25518 () Ta ol oS (55 como 5 cabad poe ( Jas
Van straiten et al., 2011; Zabeltitz, ) -y, gi>o 3y aaS
Jie ol sls liee IS 51 s M55 o (201
Lalgy 5l oz ST .00L (W8l atsls |y (Th) omess 5yl
ol sl lipe 51 (B Ml g (1) abasly 42 4 (cloads a3l
adox 5l 2log)l (sloygiS (B 3 059 ysl (Jg S (oo o3liiul
Nt 15 S8 15 o o a8y By (50 5] il
Van ) 25 e 03wl 65 sllas b bod (ol (s8lg ionins slys
P oeee sl alie glaygst L 4 (Ooteghem, 2007
3 Sy 4,5 3] 3 pls UMD s &5z g8y Joo
2 i gydsgy Wodly I gllas g Jao glad g5 g3 b Laid Lo
Jddan g Cll ey Jhe (935 sloyiel)ly &5 550
olis (g o5 WIS (515 sl (Koo
bl (Sl sl dice do s g ol (Ggm S5 Jto by

ol g S sl

Ll 1 1 T
04— Actual data
1—o— Heat moder
;—D—Ih:p model
65
60
—_—
&)
L. 554
.
S04
45
A1 =
T T T T T T T T T
] 10 12 14 16 I8

Time (Hour)

e iali8l 0 35 31 Jole wSlgs o ylow] g ST cchis Cyo
8l oA o 9 (Bly @l om (Kl pas g Jae st
by (el odd (dnile 5 (Bly polie (o dualio S )
SIS i g g (slod (eSS 3 (S9a)S) 9 (Sl e
Lol 045 03l Ol (g yg3doud
A jaome laolds B bl b gile Jae 4 adss )
» (Tiwari et al., 2006) 4 ass by un jodS D dwoj o
ol odldtwl py> g ylys J&SI o oddes slaJdo 5l Badzs oyl
Gl glod S 0 Blas gllas 5o a8 ol Lis uls g
e ygmd pacs )3 9 LOIA 390 (o) Jue e y9d> 5
o35 5 Glae (sllad YL 4 581 )3 .l Z0/0 e
Gl 01 35S 7Y 50 e asldS Bl el yoal )l
2 Syl Jse jleslael ol s s (Panwar et al., 2011)
sl ol olly (g )S) Jse iy QU Sgm Sy Jae LS
b Lol e Jae slales 3905 pae oy Mlsise

63 15— Actual data|

Sy /N"/*‘*x

T z Y T y
8 10 12 14 16 18
Time (Hour)

S5e055 5 Sl Jao basg (Casly Cous) B5S i g (e Canms) o (glod il 00d sty 9 (oBly olie (o dunglio = JSWO
Fig.6. Comparison between actual and predict hourly temperature values of indoor air (left) and roof of greenhouse
(right) for heat and regression models.
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Introduction

Controlling greenhouse microclimate not only influences the growth of plants, but aso is critical in the
spread of diseases inside the greenhouse. The microclimate parameters were inside air, greenhouse roof and soil
temperature, relative humidity and solar radiation intensity. Predicting the microclimate conditions inside a
greenhouse and enabling the use of automatic control systems are the two main objectives of greenhouse climate
model. The microclimate inside a greenhouse can be predicted by conducting experiments or by using
simulation. Static and dynamic models are used for this purpose as a function of the metrological conditions and
the parameters of the greenhouse components. Some works were done in past to 2015 year to simulation and
predict the inside variables in different greenhouse structures. Usually simulation has a lot of problems to predict
the inside climate of greenhouse and the error of simulation is higher in literature. The main objective of this
paper is comparison between heat transfer and regression models to evaluate them to predict inside air and roof
temperature in a semi-solar greenhouse in Tabriz University.

Materials and Methods

In this study, a semi-solar greenhouse was designed and constructed at the North-West of Iran in Azerbaijan
Province (geographical location of 38°10' N and 46°18" E with elevation of 1364 m above the sea level). In this
research, shape and orientation of the greenhouse, selected between some greenhouses common shapes and
according to receive maximum solar radiation whole the year. Also internal thermal screen and cement north
wall was used to store and prevent of heat lost during the cold period of year. So we called this structure, ‘semi-
solar’ greenhouse. It was covered with glass (4 mm thickness). It occupies a surface of approximately 15.36 m?
and 26.4 m®. The orientation of this greenhouse was East-West and perpendicular to the direction of the wind
prevailing. To measure the temperature and the relative humidity of the air, soil and roof inside and outside the
greenhouse, the SHT 11 sensors were used. The accuracy of the measurement of temperature was +0.4% at 20 C
and the precision measurement of the moisture was +3% for a clear sky. We used these sensors in soil, on the
roof (inside greenhouse) and in the air of greenhouse and outside to measure the temperature and relative
humidity. At a1 m height above the ground outside the greenhouse, we used a pyranometre type TES 1333. Its
sensitivity was proportiona to the cosine of the incidence angle of the radiation. It is a measure of global
radiation of the spectral band solar in the 400-1110 nm. Its measurement accuracy was approximately +5%.
Some heat transfer models used to predict the inside and roof temperature are according to:

dTa — Qa—s _Qa—o _Qa—ri _ani —nwo (1)
dt raxCyaxV,

dTri — Qrd —ri +Qa—ri +Qs—ri _Qri -0 _Qri -k (2)
at r,xc, , xV,

The regression model was formed for output (T,; and T,) using four inputs for each of them according to:

1- Assistant Prof. Department of Agricultural Machinery and Mechanization, Ramin Agriculture and Natural Resources
University of Khuzestan, Mollasani, Ahvaz

2- Prof. Department of Biosystems Engineering, Faculty of Agriculture, University of Tabriz

3- Associate Prof. Department of Mechanical Engineering, Mechanical Engineering Faculty, University of Tabriz

4- Assistant Prof. Department of Biosystems Engineering, Faculty of Agriculture, Ferdowsi University of Mashhad

5- Assistant Prof. Department of Horticultural Science, Faculty of Agriculture, University of Tabriz

(*- Corresponding Author Email: arohani @um.ac.ir)



WAF Jgl Jlunons ) 0ylocs ¥ il (659l locmilo 4y pis  YYo

Inside air temperature (T,), solar radiation on the roof (1,), wind speed (v,), outside air temperature (T,).
Inside soil temperature (T), solar radiation on the roof, roof temperature (T;), outside air temperature.

Results and Discussion

Results showed that solar radiation on the roof of semi-solar greenhouse was higher after noon so this shape
can receive high amounts of solar energy during a day. From statistical point of view, both desired and predicted
test data have been analyzed to determine whether there are statistically significant differences between them.
The null hypothesis assumes that statistical parameters of both series are equal. P value was used to check each
hypothesis. Its threshold value was 0.05. If p value is greater than the threshold, the null hypothesis is then
fulfilled. To check the differences between the data series, different tests were performed and p value was
calculated for each case. The so called t-test was used to compare the means of both series. It was also assumed
that the variance of both samples could be considered equal. The variance was analyzed using the F-test. Here, a
normal distribution of samples was assumed. The results showed that the p values for heat model in al 2
dtatistical factors (Comparison of means, and variance) is lower than regression model and so the heat model did
not have a good efficient to predict T, and T, RMSE, MAPE, EF and W factor was calculated for to models.
Results showed that heat model cannot predict the inside air and roof temperature compare to regression model.

Conclusions

This article focused on the application of heat and regression models to predict inside air (T,) and roof (T})
temperature of a semi-solar greenhouse in Iran. To show the applicability and superiority of the proposed
approach, the measured data of inside air and roof temperature were used. To improve the output, the data was
first preprocessed. Results showed that RM SE for heat model to predict T, and T,; is about 1.58 and 6.56 times
higher than this factor for regression model. Also EF and W factor for heat model to predict above factors is
about 0.003 and 0.041, 0.013 and 0.220 lower than regression model respectively. We propose to use Artificial
Neural Network (ANN) and Genetic Algorithm (GA) to predict inside variables in greenhouses and compare the
results with heat and regression models.

Keywords: Heat transfer, Model efficiency, Modeling, Semi-solar greenhouse
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Fig. 1. Schematic view of the PVT system 1- PV/T collector 2- Controller 3- Pump 4- Heat exchanger 5- Tank 6-
Auxiliary heater 7- Urban water inlet 8- Water outlet to consumer
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Table 1- List of the Component types used in the PV/T system simulation

Component Type Input values
wlolw (gl52 oWl gy $39)9 Jlake
Controller 1 Tvoe 2b
VIS yP
Controller 2 Tvoe 14h-2
e - -
Y S yP
Collector b 5.6 m? and 880 W (Nualboonrueng et al ., 2013)
Sy oA o> Types0 Sy Mo b ol g e o OB Coluwe
Auxiliary heating Tvpe 5 Set point temperature (60 °C), maximum heating rate (2000 W).
SeS Sp S yp Olg Vove dldin leig (wgmd do)d £v pulals dlais
Integrator Type 24 -
Plotter 654
Sl Type 65 -
Printer
Sl Type 25a -
Piping Tvoe 3l Loss coefficient (29.83 W m?K™?), pipe length (3 m), inside diameter (2.56 cm)
4y ype ol Y10 o (81 b g 5o ¥ g o cnglS gm sto 0 Sl YUY &l B30l 5
Pump b Flow rate (90 kg hh)
odied Type3 Celw pSals A el o b
Weather data generator Inlet (Ambient temperature. Wind velocity. Total radiation on tilted surface)
sl Type 109-TMY 2 et e s .
wolisslgn (glaosls S yod il a9 3l Cas puw chasre (glod (slrodld
Tank Cold-Side temperature 15 °C
I Type 4d -
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Table 2- Analysis of variance of the effect of city and season on the thermal and electrical energy generation

©layo aS0le
Ol putd 2slio N HETSY M ean of square
Sour ce of variation DF Electrical energy Thermal energy
<l i) S 6559
2 3 1.053" 364.524 "
City
Jet 3 46.048" 1803.344
Season
A b 9 2.481" 17.840 "¢
City x Season
s 128 0.658 15.455
Error
5 144
Total

szt ™ o3V ol prdaus 5yl gz
** Significant at 1% of probability levels, ™ Non, Significant
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Fig. 3. Average electrical energy produced in each city and various seasons
Columns with similar letters have no siginificant difference at the probability level of 1% according to Duncan’s
multiples range test significantly.
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Fig. 7. The Average of solar fraction at the four seasons
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Introduction

Electrical performance of solar cells decreases with increasing cell temperature, basically because of growth
of the internal charge carrier recombination rates, caused by increased carrier concentrations. Hybrid
Photovoltaic/thermal (PVT) systems produce electrical and thermal energy simultaneously. PVT solar collectors
convert the heat generated in the solar cells to low temperature useful heat energy and so they provide a lower
working temperature for solar cells which subsequently leads to a higher electrical efficiency.

Recently, in Iran, the reforming government policy in subsidy and increasing fossil fuels price led to growing
an interest in use of renewable energies for residual and industrial applications. In spite of this, the PV power
generator investment is not economically feasible, so far. Hybrid PVT devices are well known as an alternative
method to improve energy performance and therefore economic feasibility of the conventional PV systems. The
aim of this study is to investigate the performance of a PVT solar water heater in four different cities of Iran
using TRNSY S program.

Materialsand M ethods

The designed PVT solar water system consists of two separate water flow circuits namely closed cycle and
open circuit. The closed cycle circuit was comprised of a solar PVT collector (with nominal power of 880 W and
area of 5.6 m?), a heat exchanger in the tank (with volume of 300 L), a pump and connecting pipes. The water
stream in the collector absorbs the heat accumulated in the solar cells and delivers it to the water in the tank
though the heat exchanger. An on/off controller system was used to activate the pump when the collector outlet
temperature was higher than that of the tank in the closed cycle circuit. The water in the open circuit, comes
from city water at low temperature, enters in the lower part of the storage tank where the heat transfer occurs
between the two separate circuits. An auxiliary heater, connected to the tank outlet, rises the fluid temperature to
the set point.

The performance of the designed system has been investigated in different cities (including Tabriz, Tehran,
Kerman and Bandar-Abbas) during 4 seasons of year using Transient System Simulation (TRNSY'S) program.
The performance parameters included electrical and thermal energy generation and solar fraction. Solar fraction,
which expresses the share of energy supplied by solar radiation on the collector in total thermal energy
consumption, was obtained from equation 1.

= Qoad _Qaux (1)

Qoad
where Qoaq and Qg are the total thermal energy consumption (kWh) and energy supplied by the auxiliary

heater (kWh), respectively.

Results and Discussion

The results showed that the average daily electricity generation in the cities for summer and winter were 4.65
and 2.67 kWh day™, respectively. The annual electricity generation of the designed system is almost constant in
the various cities. In winter, in spite of lower solar intensity and sunny hours, lower average temperature of solar
cells in Kerman leads to a dightly better electrical performance than Bandar-Abbas. The highest cell
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temperatures, in Bandar-Abbas between 12 noon and 1pm, were found to be 33, 37, 31 and 25 °C in spring,
summer, autumn and winter, respectively.

Thermal energy generation was significantly different at various cities and seasons. In winter, the designed
system provides a little fraction (below 10 percent) of thermal demands in Tabriz and Tehran. This is mainly
because of the low ambient temperature and solar intensity. The PVT system had a maximum average thermal
energy of 16 kWh day™ and solar fraction of 0.5 which were observed in Bandar-Abbas. Tabriz, because of the
lowest ambient temperature, had the least thermal energy generation and solar fraction. The maximum average
solar fraction obtained in summer was about 60% while its lowest value in winter was 24%.

Conclusions

In the present study, a hybrid PVT solar water heater with nominal power of 880 W was proposed for
application in Iran. The system was comprised of a PVT solar water collector, an auxiliary heater, a pump and
connecting tubes. Technical feasibility of applying the proposed system in different cities was investigated using
TRNSY S program. The results are summarized as follows:

The annual electricity generation of the designed system was almost constant in the various cities.

The highest and lowest values of average electricity generation in summer and winter were determined to be
4.65 and 2.67 kWh day™, respectively.

The PVT system had the maximum average thermal energy of 16 kWh day™ and solar fraction of 50%,
which was observed in Bandar-Abbas.

Keywords: Electrica energy, Photovoltaic-thermal, Solar fraction, Thermal energy
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angle, 4- Regulator lever of angle, 5- The outlet gate

Table 1- Technical specifications of tested helix conveyors
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Fig.4. The effect of blade diameter and dope angle of conveyor on volumetric efficiency of inclined spiral conveyor at
100 rpm (left-hand) and 500 rpm (right-hand) of helix
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Table 4- Analysis of variance the effect of the diameter of the auger blades, rotational speed and slope on the
volumetric efficiency
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o 033 i o 033 55 ko o 033 ol 03 a5
The volumetric Slope Thevolumetric Rotational soeed Thevolumetric The diameter of
efficiency P efficiency » efficiency the helix blades
13.006 a 30 9.111a 500 13.7052 225
15.304 b 20 11.615b 400 15.556 P 175
17.094 c 10 13.987 ¢ 300 16.142 ¢ 13
17.398 d 200
23.560 e 100

o Oladily 2o yd ¥ 1 28 awgie jobods el (Slh93 s
Sy a8l Ly &S oo Slaias b o NS (yle G
ol Jlisay g bl (2li8l nails S50 51 52,5 (59,00 male g
Aol (R e ooy (sl 3 aaly (655 )L ol
U sy > < Jguaime Jli) drgly il b oS ol s gl
o il 31 5B IS jsba b IS oo 033l (oo
e Juil 3 (oo 0djl (A o5 1 rle Al
Cuosd 5| uale 6353k el il 51 ) Canl (S ¢ Jgraree
aS Cowload ol s sl YL JGnl sladsgly o Al 4 is

oo 03k ¢ Sy9 s GlEI L 395 oo oamldie 42 lix

Ulgi oo s ol sl o GialS ole dlE daw o )
B e 4y Jas 3 ballis e b s o 130 ] gelauslyey
otalS ol el ol i ez codils a8 (lalasMe
Behroozi Lar, ) sebxl o a8 ez 035 ialS & cud b
Olie comete 553 GaliSl il (oSl Eg0ome > (2006
S ) i taljdl alie Jg b o SRl o> 5 (359 Jli]
A g bbb (Bl 550 (A 0358l L (e 5 (g JWasl
Ol BBy 00 Ve g el & S e ilej] @l



i

re Sl g B9 53 (e ylo SAWE oz 3L Ok (il g (o

Zanylo slaalld aw jb )5 o 033L o i & Lol ol
L ol 5lasl 4y a0 Yoo B Ver Gy g0y )0 (328565 D90
U5l b e 05 JUiS) o 5 (59 Sy ]38
dw yp 3> () e ysbods ez 033k b cb > Jgae
o> 035k (e B Jlad 1) g GEalS (oo A
23S plled | (masuie A9 g 99 whital Jpaze JUil >
033 03 (o 3l g (H8ly plie (o (Shser o pS
Sy Jis 13 g +IAAANFIS §| Jols Jie 5 oo
Jae oy Liss a8 ael cwnas, +/AF SPSS L as o puiienis
63y Slae lasutio duglio b 397 (53lel o 5 55 380 ANFIS
boogs 45 (gl Ly opiiS (slaails Jlisl )3 e le (sloalis
JUEsl > culdie glaced b (omle ladlls gl 1503 (piime
JUl agly 5l 48 ALb askdio o2 005 LI5S 0 slaails
duslio ;0 puS slaaily Jasl oo 035y (Zojle sadlls
A5 A b ceplplis 29 13 stne WelS )b (glaatly Jlisl |
Sluogad ;36 cov god B b (Zemle lodls 5 Slas
2 1,8 sl blge

References

398> b JUl el 53 (orle B pule (650 cud b
oliiste Cawl dlge 28l Bl Candg 13 (£05,L Cud b pawS
(McFate and George, 1971; Srivastava et al., 2006)
oz casily s 555 S8 b e A oS 208 )15
Cowddy gl b oS ccunl jiSa S Jlad b laadllis 4 Cos (gt
9 A 9 Y J9‘..\_> c\_uu‘&.n \_$ .D)‘..\_i k.,‘J.’UQA ‘j_..a?u u_t] PN o..\_oi
b5 1) dom nl Olg o0 A 5 Y oS )3 dbgiye sl lages
0ged 4 Juols (sla Jos 4y oo MSE o1 y3olde &y 4 b oS
e pa) bl o Jre 4 s (+/VVg /AN o5 5 )ANFIS

Wled oo b 1y aisej o) 3 ANFIS SSay (5l Jie YL

S 5 4o

U Gleeds ool A& (60,Slos dasuie 3855 opl 50

Wb (g JUES] G g e (93 Sy (gl L3
0dlai il 09 90 KaSds 5 (o> 033L s (60 Slos duasiio
L5 A oy SPSS (SLaSas ol slo 1o s ANFIS ]

1.

Arkhipov, M., E. Krueger, and D. Kurtener. 2008. Evaluation of ecological conditions using
bicindicators: application of fuzzy modeling. Paper presented at Lecture Notes in Computer
Science.Auger Flighting Design Considerations. JUN1993. ANSI/ASAE EP389.2.

2. BehrooziLar, M. 2006. Grain Combine harvesters .Agricultural bank Publishing. Tehran. (In Farsi).

3. Buragohain, M., and C. Mahanta. 2008. A novel approach for ANFIS modelling based on full factorial
design. Applied Soft Computing 8: 609-625.

4. Burr, M. S, M. F. Kocher, and D. D. Jones. 1998. Design of tapered augers for uniform unloading
particul ate material s from rectangular cross- section containers. Trans. of the ASAE 41: 1415-1421.

5. Cheng, C. B., C. J. Cheng, and E. S. Lee. 2002. Neuro-fuzzy and genetic algorithm in multiple response
optimization. Computers and Mathematics with Applications 44: 1503-1514.

6. Dal,J., and J. R. Grace. 2008. A model for biomass screw feeding. Powder Technology 186: 40-55.

7. McFate, K.L., and R. M. George. 1971. Power-capacity relationships of nominal 8-inch screw conveyors
when handling shelled corn. Trans. of the ASAE 24: 121-126.

8. Metin, E. H., and H. Murat. 2008. Comparative analysis of an evaporativecondenser using artificial neural
network and adaptive neuro-fuzzyinference system. International Journal of Refrigeration 31: 1426-1436.

9. Moysey, P. A., and M. R. Thompson. 2005. Modeling the solids in flow and solids conveying of single-
screw extruders using the discrete element method. Powder Technology 153: 95-107.

10. Naderloo, L., R. Alimardani, M. Omid, F. Sarmadian, P. Javadikia, M. Y. Torabi, and F. Alimardani.
2012. Application of ANFIS to predict crop yield based on different energy inputs. Measurement 45:
1406-1413.

11. Nicolai, R., J. Ollerich, and J. Kelly. 2004. Screw auger power and throughput analysis. Paper presented
at ASAE/CSAE Annual International Meeting, Ottawa, Ontario, Canada.

12. Nicolai, R., A. Dittbenner, and S. Pasikanti. 2006. Large portable auger throughput analysis. Paper
presented at ASAE Annual International Meeting, Portland, Oregon, USA.

13.

Regan, W. M., and S. M. Henderson. 1959. Performance characteristics of inclined screw conveyors.
Agricultural Engineering Internationa: the CIGR Ejournal.



14.
15.

16.

17.

18.

Safety for Portable Agricultural Auger Conveying Equipment. APR1990. ASAE S361.3.

Serge, G. 2001. Designing fuzzy inference systems from data:Interpretability oriented review. |[EEE
Transaction on Fuzzy Systems 9: 426-442.

Srivastava, A. K., C. E. Goering, R. P. Rohrbach, and D. Buckmaster. 2006. American Society of
Agricultural and Biological Engineers. Michigan, USA.

Terminology and Specification Definitions for Agricultura Auger Conveying Equipment. MAR1975.
ASAE S374.

Zareiforoush, H., M. H. Komarizadeh, and M. R. Alizadeh. 2010. Effects of crop-machine variables on
paddy grain damage during handling with an inclined screw auger. Biosystems Engineering 106 (3): 246-
254.



Journal of Agricultural Machinery @ @ i 319U s milo a4yl

Vol. 7, No. 1, Spring - Summer 2017, p. 234-246 ] k.‘:;f:ﬁ'agza YYE-YET Lo AT Jgl Jhamess b)w Y oals

Study and modeling of changesin volumetric efficiency of helix conveyor s at
different rotational speeds and inclination angels by ANFIS and statistical
methods

A. Zareeil- R. Farrokhi Teimourlou® L. Naderloo®- S. M. H. Komarizade Ad*

Received: 04-07-2015
Accepted: 13-12-2015

I ntroduction

Spiral conveyors effectively carry solid masses as free or partly free flow of materias. They create good
throughput and they are the perfect solution to solve the problems of transport, due to their ssimple structure, high
efficiency and low maintenance costs.

This study aims to investigate the performance characteristics of conveyors as function of auger diameter,
rotational speed and handling inclination angle. The performance characteristic was investigated according to
volumetric efficiency. In another words, the purpose of this study was obtaining a suitable model for volumetric
efficiency changes of steep auger to transfer agricultural products. Three different diameters of auger, five levels
of rotational speed and three slope angles were used to investigate the effects of changes in these parameters on
volumetric efficiency of auger. The used method is novel in this area and the results show that performance by
ANFIS models is much better than common statistical models.

Materials and M ethods

The experiments were conducted in Department of Mechanical Engineering of Agricultural Machinery in
Urmia University. In this study, SAYOS cultivar of wheat was used. This cultivar of wheat had hard seeds and
the humidity was 12% (based on wet). Before testing, all foreign material was separated from the wheat such as
stone, dust, plant residues and green seeds. Bulk density of wheat was 790 kg m®. The auger shaft of the spiral
conveyor was received its rotational force through belt and electric motor and its rotation leading to transfer the
product to the output. In this study, three conveyors at diameters of 13, 17.5, and 22.5 cm, five levels of
rotational speed at 100, 200, 300, 400, and 500 rpm and three handling angles of 10, 20, and 30° were tested.

Adaptive Nero-fuzzy inference system (ANFIS) is the combination of fuzzy systems and artificial neural
network, so it has both benefits. This system is useful to solve the complex non-linear problems in agricultural
engineering applications. ANFIS by linguistic concepts can establish and inference non-linear relationship
between inputs and outputs. In this research, generally modeling was performed by using toolbox of ANFIS and
coding in MATLAB software. Five important and effective factors in modeling were optimized until the best
ANFIS model was obtained. The five factors were: type of fuzzy sets for inputs, number of fuzzy sets for inputs,
type of fuzzy set for output, method of optimization and number of epochs. The statistical model was done by
using SPSS and in the multivariate regression method. In multivariate linear regression in statistical model, the
independent variables were auger blade diameter, rotational speed and the angle of dope of the auger and
dependent variable was volumetric efficiency. The factorial test in randomized complete block design was
conducted for variance analysis of volumetric efficiency. Mean Comparison of volumetric efficiency in different
levels of factors was performed using Duncan'’ test in 5% level.

Conclusions

In this study, volumetric efficiency of spiral conveyors was investigated as a function of auger blade
diameter, auger rotational speed and slope of transfer. The performance was measured in terms of volumetric
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efficiency using ANFIS and statistical models with SPSS. The results showed that:

Volumetric efficiency amost decreased by increasing of rotational speed, for al three conveyors.

Maximum volumetric efficiency in all three spiral conveyors was in the speed range of 100 to 200 rpm.

Volumetric efficiency significantly reduced in all three spiral conveyors by increasing in rotational speed and
slope of transferring in spiral conveyors.

Effect of spiral conveyor diameter on the volumetric efficiency in product transferring was irregular and no
specific processis appeared.

The correlation coefficient between the actual and predicted values was obtained as 0.98 in ANFIS model
and 0.94 in multivariate linear regression with SPSS which showed the ANFIS model was more accurate than
statistical model.

Comparison between performances of spiral conveyor to transfer the seeds of wheat, with results by other
researchers that has been reported for spiral conveyors with the same slope to transfer of corn kernels, was found
that the angle effect on volumetric efficiency is quite significant. Therefore, it proves that performances of spiral
conveyor are impressed by characteristics of transition material considerably.

The maximum volumetric efficiency was corresponded in rotational speed of 100 rpm, inclination angle of
10°, and blade diameter of 17.5 cm that it was approximately 29.11%.

Keywords: Angle of transfer, Fuzzy sets, Helix conveyor, Optical digital tachometer
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**Significant at 1% probability level, *significant at 5% probability level, CV=2.41%
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Fig. 3. (a-h): The separation percentage of impurities from lentil with the variation of longitudinal
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Fig. 4. (a-h): The separation percentage of impurities from lentil with the variation of latitudinal slopes under
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Table 2- The relation of function under the various latitudinal and longitudinal slopes
&b () 255 i (°) Job i R
Function Latitudinal slopes (°)  Longitudinal slopes (°)
Vv y\3 vV \2 v
_ (Y 0000 (1Y 4 1332 (1) — 56 1 0.727
f=2x10 (aw)3 0.009 (aw)z +1.332 (aw) 56.69
_ YA v AN 1.5 0.467
F=1x10 (aw)3 +0.005 (aw)z +0.755 (aw) 30.59 . .
- —e () A AAN 0.5 1.75 0.360
f=5x10 aw) : 0.002 (aw) +0.293 (aw) 9.794 . . .
__ (VY _ v 2 0.739
f=-2x10 (aw3) 0.078 (awz) +7.772 .
= (V) _ A Yy 25 0.703
F=4x10 (aw) 0.001 (aw)z +0.252 (aw) 9.584 . .
- s () L AN AN 1 0.416
F=1x10 (aw)3 0.005 (aw)z 0.76 (aw) 3058 .
- (V) _ Yy Yy 1.5 0.714
F=5x10 (aw) 0.002 (aw) 0.274 (aw) 9.120 . .
\% \%
f=1x10"(—) +0.016 (—)+3415 1 1.75 0.569
a(uv 3 a(uv
=— “7(—) —o. — 2 0.554
f=-8x10 aw3) 0.109 (awz) +9.08
_ s (V) L v v
F=5x10 (aw) 0.001 (aw) +0.265 (aw) +10.33 2.5 0.561
v y\3 Vv \2 \%
= -5 —0. . — 36. 1 0.745
f=2x10 (am)3 0.006 (am)z +0.937 (am) 36.7
- —o () A AN 1.5 0.402
F=9x10 (aw)3 0.003 (aw)z +0.513 (aw) 19.44 . .
- - (L) - v - 1.5 1.75 0.52
F=6x10 (aw)3 0.002 (aw)z +0.326 (aw) 11.98 . 7 527
- —o () A Yy 2 0.476
F=4x10 (aw)3 0.001 (aw)z +0.267 (aw) 9.993 47
_ (V) _ v AN
F=4x10 (aw) 0.001 (aw) +0.245 (aw) 9573 2.5 0.603
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Using of dimensional analysis to determine the parameters of gravity separator
table device to minimize impurities in bulk lentils
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Introduction

Lentil (Lens culinaris medic) is an important and highly nutritious crop belonging to the family of legumes.
Lentil is cultivated worldwide but competition with weeds is a problem affecting production and can reduce
yield by more than 80%. The study on the separation of impurities in bulk lentils (Euphorbia helioscopia weed,
Wild oat weed and etc.) by a gravity separator has an extreme importance. Since no study has been done to date,
in this study, the effects of different parameters of a gravity separator (longitudinal and latitudinal slopes,
oscillation frequency and amplitude) on the separation of foreign matters in lentil seeds were evaluated. A
dimensionless number (v/am) which shows ration of air current velocity blown to lentil to the maximum velocity
of table oscillation, was considered in ratio of separation.

Materials and Methods

In this research, lentil samples were taken from farms in Ardebil Province (Bileh-Savar cultivar). A gravity
separator apparatus was also used for separating impurities from lentil seeds. A Laboratory Gravity Separator
Type LA-K (Westrup A/S Denmark) was used to separate impurities from bulk lentils. In this machine, table
settings were as follows; longitudinal slope parameters (1°,1.5°, 1.75°, 2° and 2.5°), latitudinal slope (0.5°, 1°,
and 1.5°), frequency of oscillation (380, 400, 420 and 450 cycles min™), and amplitude of oscillation (5 and 7
mm), these settings were all adjustable. Similarly, the instrument had 5 boxes whereby, through proper
adjustment, the heavier material was transferred toward the right side of the table and lighter material moved
toward the left side. Through proper adjustment of the main parameters of the instrument, the impurities were
separated from bulk lentils. Then using an electronic seed counter, five groups of seed which each group
containing 100 seeds were counted and selected.

Results and Discussion

The results of variance analysis of the factorial design with three factors of table settings; (longitudinal slope
at 5 levels, latitudinal slope at 3 levels, and frequency of oscillation of the table at 4 levels) are demonstrated in
Table 1. It showed the main effect of table settings. Oscillation of frequency, latitudinal slope, and longitudinal
slope, the mutual binary effect of latitudinal and longitudinal slope, the mutual binary effect of the latitudinal
slope and the frequency of oscillation, the mutual binary effect of the longitudinal slope and the frequency of
oscillation and the mutual triple effect of oscillation frequency, longitudinal slope, and latitudinal slope, were
significant at the probability level of 1% and the mutual binary effect of the latitudinal slope and frequency of
oscillation significant at the probability level of 5%.

The results showed that increase of latitudinal slope of table and increase of longitudinal slope from 1 to 2
degrees will increase the separation percentage of impurities from lentil seeds. Moreover, the separation
percentage of impurities from lentil seeds to longitudinal slope, under the various latitudinal slope and
dimensionless number of (v/aw) and amplitude of oscillation of 5 mm and 7 mm, were investigated. Results
showed that in all conditions with increasing of the longitudinal slope from 2°-2.5°, separation percentage of
impurities from bulk lentils will decrease. This was due to the fact that under the stated conditions, distribution
of seeds on the surface of the table was more homogenous. Note that at the amplitude of oscillation of 7 mm,
transference of materials towards the right side of the table output edge was halted and the surface of the table
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was not fully covered by the fed materials, and separation decreased. The results of the experiment showed that
. . . .. . v
the maximum separation of impurities from bulk lentils was 90.2 percent (E =171).

Conclusions

1- Increased latitudinal slope of the table from 0.5° to 1° and longitudinal slope of table from 1° to 2° were
resulted in increased separation percentage of impurities from bulk lentils.
2- The results demonstrated that at settings of longitudinal slope of 2°, latitudinal slope of 1°, and frequency

of oscillation of 400 cycles min™, air velocity of 5.7 m s™" and amplitude of oscillation of 5 mm (L = 171), the
Y y p 0

maximum separation will be 90.2%. In this case, the output lentil seeds contained the least amount of impurities
here.

Keywords: Dimensional analysis, Dimensionless number, Gravity separation, Impurities, Lentil
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1- Hydrodynamic cavitation
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Fig.1. Used hydrodynamic cavitations reactor (1- Oil
tank, 2-Metoxed tank, 3- Homogenizer tank, 4-
Biodiesel tank, 5- Positive displacement pump, 6-

Electro motor, 7- Hydrodinamic cavitation reactor, 8-
Inverter and 9- Pressure indicator)
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Table 1- Input independent variables range and their encoded values in response surface method

. Q‘m}j Gb.w

3929 s%e Variables ranges A
Input variable 1(a) 0 _1(a) Lable
(48> 2 593) 59

Reactor speed (rpm) 16000 12000 8000 A

s 2 ) o 309 196  0.83 B
Flow (lit min™)

(a88) oo 5 3 1 c

Time (min)
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Table 2- The results of reactor performance model by response surface method

Jole U Slapo ggoome Uad Slaryo (ke LY P ylolize o o
Factor Sum square error  Mean square error  Freedom degree  significant factor
Je
47.54 5.28 9 0.0001>
Model
A(rpm) 1551, 52 0.46 0.46 1 0.0021
Reactor rotational speed
. . _1 _ T
iEmin™) B = 5551, oy o 0.13 0.13 1 0.0425
Reactor inlet flow
C M 551, 5 ol 39.34 39.34 1 0.0001>
Reactor time
AB 0.02 0.02 1 0.3596
AC 0.27 0.27 1 0.0083
BC 0.073 0.073 1 0.1006
AN2 0.15 0.15 1 0.0312
B"2 0.091 0.091 1 0.0726
Ccn2 6.76 6.76 1 0.0001>
(18] oo Bl 0.14 0.02 7

Residual (Error)
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Tabel 3- The determination coefficient of performance model of reactor by RSM

L. R2
R  AdustR? _“mo CV. %
u Predicted R? 0

0.9970  0.9932 0.9814 5.29
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Table 4- Properties of produced biodiesel along with the relevant standards
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Fig.4. Optimization of response surface model to find the suitable settings of reactor with the highest yield
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Introduction

Biofuels are considered as one of the largest sources of renewable fuels or replacement of fossil fuels.
Combustion of plant-based fuels is the indirect use of solar energy. Biofuels significantly have less pollution
than other fossil fuels and can easily generate from residual plant material. Waste and residues of foods and
wastewater can also be a good source for biofuel production.

Transesterification method (one of biodiesel production methods) is the most common forms to produce
mono-alkyl esters from vegetable oil and animal fats. The procedure aims are reduction the oil viscosity during
the reaction between triglycerides and alcohol in the presence of a catalyst or without it. In this study, the method
of transesterification with alkaline catalysts is used that it is the most common and most commercial biodiesel
production method.

In this study, configurations of made hydrodynamic cavitation reactor were studied to measure biodiesel fuel
quality and enhanced device performance with optimum condition. The Design Expert software and response
surface methodol ogy were used to get this purpose.

Materials and Methods

Transesterification method was used in this study. The procedure aims were reduction of the oil viscosity
during the reaction between triglycerides and alcohol in the presence of a catalyst or without it. Materials needed
in the production of biodiesel transesterification method include: vegetable oil, alcohol and catalysts. The used
oil in the production of biodiesel was sunflower oil, which was used 0.6 liters per each test in the production
process base on titration method. Methanol with purity of 99.8 percent and the molar ratio of 6:1 to oil was used
based on titration equation and according to the results of other researchers. The used catalyst in continuous
production process was high-purity sodium hydroxide (99%) that it is one of alkaline catalysts. Weight of
hydroxide was 1% of the used oil weight in the reaction.

Response surface methodology: Three important settings of reactor were considered to optimize reactor
performance, which include: inlet flow to reactor, reactor rotational speed and the fluid cycle time in the system.
Each set was considered at three levels. The factorial design was used to the analysis without any repeat, there
will be 27 situations that because of the cost of analysis per sample by GC, practically not possible to do it.
Therefore, response surface methodology was used by Design Expert software. In the other words, after defining
the number of variables and their boundaries, software determined the number of necessary tests and the value of
the relevant variables.

Results and Discussion

Three parameters include the inlet flow to reactor, reactor rotational speed and the fluid cycle time in the
system were considered as input variables and performance of reactor as outcome in analyzing of extracted data
from the reactor and GC by Design Expert software. The results of tests and optimization by software indicated
that in 3.51 minutes as retention time of the raw material of biodiesel fuel in the system, the method of
transesterification reaction had more than 88% Methy! ester and this represents an improvement in reaction time
of biodiesel production. This method has very low retention time rather than biodiesel fuel production in
conventional batch reactorsthat it takes 20 minutes to more than one hour.

1, 2, 3, 4- Assistant Professor, Former M.Sc. Student, Assistant Professor and Assistant Professor respectively,
Department of Mechanical Engineering of Biosystems, Razi University, Kermanshah, Iran

5- Assistant Professor, Agricultural Biotechnology Research Institute of Iran, Kargj, Iran

(*- Corresponding Author Email: pjavadikia@gmail .com)
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Conclusions

According to the researches, efficiency of biodiesdl fuel production in hydrodynamic cavitation reactors is
higher than ultrasonic reactors so in this study, the settings of hydrodynamic reactor were investigated so that the
settings were optimized in production of biodiesel fuel. Sunflower oil was used in this research. The molar ratio
of Methanol to oil was 6 to 1 and sodium hydroxide as a catalyst was used. Three important settings of reactor
were considered which include: inlet flow to reactor, reactor rotational speed and the fluid cycle time in the
system. The results were analyzed by gas chromatography. The results showed that at 8447 rpm of reactor speed,
inlet flow of reactor at 0.86 liters per minute and 1.02 minute of circulation time, the best performance of reactor
were created. The flash point, kinematic viscosity and density of biodiesel in this study were 172 ° C, 2.4 square
millimeters per second and 861 kg per cubic meter, respectively. Maximum and minimum performances of
hydrodynamic cavitation reactor in biodiesel production were 6.19 and 1.13 mg kJ*, respectively.

Keywords: Biodiesel, Optimization, RSM, Transesterification
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sleco e jl . (Martins and Aspinwall, 2001) 4 a5 o deue
IS 5l a8l o (S 5 Shos S S5 1500 ot Sl
353 pol pl 5 A5 o oalaiw] hdolis lo (sl ool Lless o
9 g5 5,8 ulcws iz sl yisy b bl goasSalol
ol ols S5 (ST g sl a1 aich o ¢ 55 2l
.(Kahraman et al., 2006) .S -

S (S 3,Shos 508 S5 L bade (osdse Sl
3 Sy oo a oIy (55 55 e, opl Cuje &S cul ]
Carnevalli and Miguel,) cul Glods § &Y gase daws Caa
Sy 6,595 Sl g die il Lise pal ol S o) e (2008
(S 3y Skos S a4 A3k e 3 ol
CuiS g sl5)] B2 )bojl (g yidie slagrinjls has sl (o8,
o B s sl i3 byl &y ol chatulgs o o Sl
Griffin, 1992; ) -lo;lw calisee gladsly ule S ie o)b;
0SS g druwgd d Sy jlals o o a3 (Zaim et al., 2014
bla J,u8 ol sykee 9 (Eurekaand Ryan, 2006) Jgaswe
(Rezaei et al., 2001) 1y Jslyo (olad 3 CisS ppomis
S slaaiulss 5 bsnialls il b Iyl nl adlbe
BLalb 5l Jpamo oS5 5 ansg Jolye 31 Ky 53 5500
o g i Ll ly dpdy o Oyge 2l Wy b 4yl
Wiy phb erjl glojle il lassly aslass )Sen
I U292 5l e Sledd g 0 (i el 0958 2b)ISL
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1- Research and Development (R& D)
2- Quality Insurance Points
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Table 1- Quality function deployment advantages

ooyl sLlje
I ntangible advantages

oo Ll
Tangible advantages

(&b (dinuls) Lial3l -
1- Increasing customer satisfaction
e 5 by I Y
2- Increasing customer loyalty
Sgste Sl sl (live Sboml Y
3-Creatind improvement planning platform
i o 1 Jsl B8 e S Slm) ¥
4-Creating transferrable engineering knowl edge source
S jloiias plool -0
5- Documentation
Oleilw 5 yuie (w58 bl F
6-Strong relationship between customer and organi zation
09,5 308l ples )b 51 503 slaofgn 4 s Jlaml v
7-transferring of experiences to other projects with using all group members

Jop Yo b gjlulely slaanja yials” -
1- Reducing set upcosts up to 30%
(wdige Olpess dliss hals Y
2- Reducing amount of engineering changes
Y Sy b laojg (ool ¥
3- Determining high risk areas
Jyame (b 115 lojli st o F
4- Determining product design process prerequisites
20 00 b Jgams dawgi loj Hials
5- Reducing product development up to 50%
e panass 3 isul Gl -5
6- Increasing allocation efficacy
Slesd 5 oMy @lio el JB v
7- Implementable on both production and service sectors

(Martins and Aspinwall 2001; Cheng et al. 2014)
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1- Analytic Hierarchy Process
2- Cochran
3- Likert

gyl g (lolid 4 pli3l (VoY) o)l 5 (ogus sy
Slodges (QFD) S 3 8o (ditee Gl yidie L] (gl jline
L (YY) o, Ken 9 S5 s (Poorhesomi et al. 2013)
iz fly YL 2l L oleojsn QFD-DEA (oS 55505,
Amalnik et ) slodgos yasuie g )l sojep locds Iy iy
b inS S5 5l oolital Uy Y+ +¥) olylSem 5 5 (al. 2013
U9y iz (2l glio > iz gladisel sl (&S 3,Sles
slajls &3) liwl) > Y gaze drwgi 9 (Hhb glp |y 2>
Benner et ) slos S )l Jpaze CusS 38 nimen (b yiite
(al. 2003

gl o (a8 3,8lae S SuS5 g5 4 a2 g L
obyinde colsy mels g Jemas 5l clalus! g Lasainjls
ol ol 3l ealaiwl b U wlawsly wad pols 3,850 )0 (i
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HLas gy 4 ()bl Wiges slasl bl sl 3ais
areoly sldel 1 Sopn il ‘L‘j 5 4S8 Cawl 0l plos] eoles
L Cﬁlﬁl.lg b ULWS\, dges yd (A bl le)g LS)L"]
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Table 2- Frequency and frequency percentage of demographical variables

S UiCuren (5l piie 8955 25 Syl Slglyd ey
Demogr aphic factors Sub groups Frequency Frequency percentage
20-30 6 3.51
. 30-40 a4 25.73
o 40-50 53 30.99
Age 50-60 48 28.07
up to 60 20 11.70
Fomb 5 pladgs? 86 50.29
under graduated
CMawasd 50 ol 69 40.35
Education Bachelor
ol 3g 9.36
16
MSc
Juo Vel S 29 16.96
Lower than 10 years
Be;JvL\:e\:nul\(; ti: 15 o4 3158
2515 55 B4 Al years
Using tractor .
X JW Ve 5V oy
51 29.82
experience Between 15 to 20
years
Jus Yol 5L
37 21.64
Up to 20 years

T 9 GBS e ) plaasie 8 gy jladl > (6 Sejll
S50 1y 393 Ol a5 dadolicdus yy adllas I o B 0 ditwlgs
g oadpdlel (sl Lo ol (5slaez 5l ug Sinled Pl o] (2l
ol 0B ol Jod LB Slgy daw 3 o
Sodlaiwl L pylaz 9 o (Jol g9 dolitiunyy (2Ll ()
ol i ay p3Y ol 003y | lie,S ST Lol Lasls
Ll ez 5 pow gladclivinp L dail) > cunl o0 Ll
GL.«.; sl 043 dwloe LEL"“”‘ S45905 (S9y = L.lbd.ol.u.w.u))

Wl 015 03,91 ¥ Jgda 5 sdalcawday

1- Chronbach's Alpha

Ohyidie sladiwlgs b lasye (38 QLI )3 (ioeon
g 9 impaaly 0jex Ll laastie Jl o)l Ve 0g)S
iyl <8 b plyia b LS pise g (b (ol
Grslen sl iomen lodd s (3485 05 095 lgie s
Jinlwd s dnlias hg,y 3l Guiod VYlw & Fusl caa bodly
ol iy ] oodlitiol il glodols yiuwyy o 4y
5l Sl le SS@5 @y guis ol Ho edlatwl 590

g Ladiuls oy Snre (2lwlid Cra ol 95 by
a0 bty )8 il L ol oy oS (b e (glajls

Sl g 0392 (295 Clulie 4565 5l &S pg> g9 anl iy
(sl o 515 S s AHP (S5 adg) slaodls (s p5lgas

adal) 3 lojle Cundg (2bj)) 4 bgiye pow g9 acl iy
obyie bl g bl slue 2 L3) Cundy b

L sy (2 lall 4 (23059 sl o)l g9 4l
lyie glajls 5 batulss

9y Gkl slas jlil g 4l iy elgl (olos 2y
SLa)lpl S o 5 cpd ol 0ad oy alpe (g,
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Table 3- Calculated Chronbach's alpha for questionnaires

ElissS S po e aolidus
Cronbach's alpha coefficient Questionnaire
0.768 ol g9 asbutuny
Questionnaire Type 1
Questionnaire Type 3
Questionnaire Type 4

Obyiie cadiwles o ajls oy e ololid ly slaiges ST &bl 09::)‘] s -& Jg.b;
Table 4- One sample t-test results for identifying the customers most important demands and needs

le JSl5 (sl lgebl dlold

Ol o (b g0 5L t ol &P Sxo o Confidence for mean difference A
Customer Needs t-test results  Signification level onlb s YU o Result
Lower Upper
395155 ol Caod 5.893 0.00 0.2146 0.4467 25 a0l
Tractor's low price Accepted
odlitul 3)g0 cilabad CuiS 6.477 0.00 0.2208 0.4567 25 4wl
Quality of used parts Accepted
b a5 ) g g CuiS 1.341 0.083 -0.02765 0.0765 £,
Quality and various outer color Rejected
Jsae plgd g yas 4312 0.00 0.1995 0.3961 15 b
Life and durability of product Accepted
e s el s o, 8.651 0.00 0.7568 0.9943 25 4wl
Peace and comfort during work Accepted
55515 S8 sl 7.221 0.003 0.2991 0.5009 25 4l
Creating operator cabin Accepted
g e 0 7.861 0.00 0.3012 0.5046 15 b
Fuel consumption Accepted
Jgame g clebid Lol ()l 0.993 0.091 -0.0123 0.0576 a5,
Easy maintenance of parts and production Rejected
Jgase 315 5 coloss 6.456 0.00 0.4789 0.2801 25 4wl
Warranty and maintenance Accepted
o Slppes g labad 4y ol oyt 2.714 0.007 0.0386 0.2411 15 b
Easy access to components Accepted
B syl eslizl -6.440 0.00 -0.4837 0.2575 A 3,
Using internal accessories Rejected
e S oy plEd oy e oy (2555l 4.052 0.00 0.1104 0.3185 25 4wl
Fast respond of brake system Accepted
oty Jargs ol -8.927 0.00 0.5745 0.3672 KN
Easy gear changing Rejected
Crdyb 9 gyt9) 5l @y 190 -5.544 0.00 -0.4326 -0.2061 X33,
Having side to side view Rejected
losls Ciliseo ok 3 iaS iasS g py S > 2777 0.006 0.0409 0.2388 15 b
Smooth movement and less knocking on any road quality Accepted
Sl g Ol blys eles )3 595815 3,65 &)liusl cluld -7.722 0.00 -0.5030 0.2989 £,
Starting ability on any weather conditions Rejected
il Lol plog] 1.003 0.0331 -0.0215 0.0578 2,

Safety actions Rejected
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4- Inconsistency Random Index (IRI)

dlma (295 Slawlia Lo HELL Gl uwlk AHP g, )5 -0

(I1: Inconsistency Index) (¢,5;5Lub asls jl jglate ol (gl 395
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1- Spearman Rank Correlation Coefficient
2- Validity and Reliability
3- One Samplet-test
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1- Darvana
2- New Holland



YVV gy b ety 5 ol yideo sl goiojl goico glgl g (o Lwbids

5 Ladiulgd oo 5l a8 conl (] Sl & Joio 5l Jobs il
e CtS J S dagaiojls 5l Sopn b ke (8 LIl
Coggl 1 icwbo (2B L g gl codgl ) €oadg @laad

ROMPYR R

b gl pel Sluwde g aglojls Cunsg a5 cpl 4 4295 L
Jelse 5l cov (e b (Jgo 5 (slisild b elal (Sloss

Gioecolsy e da ol oy St 51 SS a8 o) H18 (goasie
ol Bla S 5 S 53 5 4 sl ol i
oo slapllss (oulol Sl (S it Sold) (el
Amalnik et ) Ul o jlasa lojlo » J sla Jae g et
(@l., 2013
iyl 5 plulid 4 (egdge Ll jl 0l giios
S S5 L )81y Jgame I ol pide slasiiojls
slails oy 5o liul diwly cpl )0t aidlsyy uJLS 5,8 as
S plS i a ol Cuonl U ccunl oad (230559 5 (2ol )b yiie

Dol yastie l.:zsol

Pged sduCaglgl A Jodo ©jp0d Gl

Ot Sl (S Sl eSS 5 laled il
PS4 bgye lapadll (s oligl OIS cul plsl (sl 259
O bls)l cus o il (eode polde p Iy b gaiosls 5l
Egome U Ngd o0 0pd (lyide slasiiajls 5 (2 sraasuie
Lam and Lai,2014; ) 35 dwlxe (gdinjls y o (glp Soiw
aS @65 lod) Conl o glyswl £ Jods 5l WSMe 5 b3l (sdae
9\” A w);d; ‘A9 O f;’M‘c lJ)JoL.o.n 8dAe );)Lo.a A b)u}]
(b oo )

by s 8 ol 5 aiwles bt 2l gl ol )
sl el ool Cowsa A Jgie g0ty dansiiojls I Sy L
Jo—al bl (=lb» 3he (g 953 Joiz > Jle
2 by lajls (i (g ©ps ol Egeime I K cogisS )l
@3 ol 3 "pled g sae™ 5" Sal)] g 2))" Mg cS "
1wl 0delCawddy p1j S0ty £ Jgan yd bl

(1ovex)+ (/v xa)+ (/-vyxa) =1/ vyA

V/ VYR

Cwl b..\.».f)d.t.wl?m =./Y0
AR

295 Slalie (555l &5 5 sl adg) Cuonl (usss & by Sloslone —0 Jga
Table 5- Primary important and inconsistency rate of needs and comparison calculations

’L' - o u R ,u o
Ot B ol wsy oy Ay IIIR
Customer needs Initial weights
2515 ol .t 0.167 1.742 1039 11.458 0.145 0.097
Tractor's low price
il go lead oS 0.260 2052 11320
Quality of used parts
) Jyasee f'%’ 9708 0.075 0926  12.295
Life and durability of product
S plin 3 el 5 ) 0.083 0791  9.440
Peace and comfort during work
Skl 0.024 0265 10.984
Creating operator cabin
g Spae i 0.086 1323 15254
Fuel consumption
Jyare ) 5 ciles 0171 1289  7.499
Warranty and maintenance
Sbbad & pll o> 0.026 0277 10416
Easy access to components
PP e gy 2T 0.032 0347 10544
Fast respond of brake system
oS G 9 pp S 0.069 1149  16.439

Smooth movement and less knocking
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Table 6- Technical specifications and their relations with customer reguirements

Ol e g giosly
Customer needs
8 sbransuin g Ol
Technical requirements and
specifications

olgd g yos g gnly SEUI Syl Chaw Bao 05 § Colowd ] (wpisd s 030 S5y Sl by Coond

Lifeand ol

durability Peace and
comfort

Creating
operator
cabin

Fuel Warranty and Olalad

W ey SO ols g
consumptlon maintenance

Easy accessto Brake movement Quality Low price
components  system of parts

o8 s b lw, oy

33290 518,95515
Updating of old tractor designs

A

a3 g )y dipr o9l oy
A (ol
Decreasing overhead costs and
other ancillary expenditures

U CudeS
Quality of assembly

G515 8115 A e 31 L]
39
Using up to date suppliers

a2l (Gl
Updating body design

4.95,3’5&: wﬁ
Raw material price

S S g Cuwlio i
Appropriate fuel system

998 S S wled dxwgi
Sales agencies devel opment

w099l Jgpol ol (2150
Ergonomic design

Cdgw (5Ll & puao
Economic fuel consumption

Pl ‘_é)l& K
More pleasant external view

Cuwlio y3iko 9 JULG! sLrasloluw
Transmission systems and good
maneuverability

(sl (30,7) b i
Suitable suspension (breaks)
system

& iy (5 y9uiS 51 Olakad I ylg
(598 B
Importing parts from advanced
countries from technology aspect

DASSM‘U Cawlio CudsS J 8
Appropriate quality control of
supplier

Loy 4o dmlio 3uig ool by ol @l 9,8 o, g J S e L hiy e b ololl g Laa asuie bl

O PARAFATARSRENrL Sgut Cod Jlosl b ¢ cCanwl 00 (i ()b o gl gio 3l

slagainjls g batslg 1 o ol Crenl quonal cups
e Sy pelly gl abcaglyl g 0138 e (b yiie
NS o 0 9 e (g Cmledy? Camwloss plol
Obyide slogaioils 5l pliSim b g ye (28 SLIl g baasuio
Slodds gaucuglel 55 b astin cpl g oy
oladss U ol 5050l dlob wls duwlis jogas )
S o 0l G plodl (loj U o) g (B 4l
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Table 7- Product development and i mprovement index weights for obtaining customer demands and needs

Cuond  CandS 3y bds)é reerveew] ul.wi Wy ‘:ﬁl)@s Clows S gaw d,.oa.o SEUT sl ‘_;A‘) ,9'5.35,.0&
onl olbs Smooth 30y Olalad Warranty and Fuel _ Creating el g Life ar_]d
Low Quality movement 5 oo Easy accessto maintenance  consumption o;:groﬁ]or Peace and durability
price of parts system components comfort
SO - 1 1 15 12 1 12 1
Correction coefficient
9 Conms 111 126 1.87 1.46 0.63 1.13 2.09 174 2.02 1.73
Improvement scale
ool deliy 6.1 7.8 8.8 7 6.8 9 8.7 85 8.3
Organization program i
Y By Candy 3 7.8 8.8 7 6.8 9 8.7 85 83 he}
Competitor 1 situation =
Y by Cundg 6.1 32 2 53 32 38 11 24 4.2 B
Competitor 2 situation
(938 Camdg) lojl | 5.5 6.2 4.7 48 6 43 5 42 4.8
Present situation of
organization
A3l o gaiels adgl cuan
Ob b
Primary importance of 0.167 0.260 0.069 0.032 0.026 0171 0.086 0.024 0.083 0.075
needs on customer
view
sl las ol
Olide 0.222 0.491 0.129 0.047 0.016 0.290 0.216 0.042 0.201 0.130 |1.784
Absolute weights of
customer needs
b gdiojls e 3l
Ol e 0.124 0.275 0.072 0.026 0.009 0.162 0.121 0.024 0.113 0.073 1
Relative weights of

customer needs

S 0,8kes hyuS ST Gl lajls gancadyl 2l @l A Jose
Table 8- Final results of demands by QFD

Sl pU O e W5l (om0l Cagly!
Needs Relative weights of customer needs Priority
, Slabab S 0275 1
Quality of parts
S 5 ciles 0.162 2
Warranty and maintenance
29515 oy camd 0.124 3
Low price
| S Sy 0121 4
Fuel consumption
ohelyl g ) 0113 5
Peace and comfort
Fly> 9 e 0.073 6
Life and durability
oS iagS g py S > 0.072 7
Smooth movement
J0N s &yt JML’ 0.026 8
Fast respond of brake system
_ S 3l 0.024 9
Creating operator room
olibad & lul owjiwd 0.009 10

Easy access to components
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Table 9- The most important needs and related technical requirements to each needs

o saasuis Glae ol;9! e 039 Caglyl
Technical specifications Absolute weights  Relative weights  Priority
S0 5yeiST 5 B slag b Slwyigy 1.964 0.096 3
Updating old tractor designs
o sl ie g by 0,0 ol 1116 0.054 9
Decreasing overhead costs and other ancillary expenditures
$Wge S 0.657 0.032 12
Quality of assembly
590 GBI b GBS el 51 o5l 2532 0.124 2
Using up to date suppliers
Sy Ahb Sleyiesn 1.257 0.061 8
Updating body design
adgl dlge cuaid 1.914 0.094 4
Raw material price
19590 sy g oyl bl e (Sl )b g cuslio piuw 1.089 0.053 11
Appropriate fuel system
U998 sl Sables dawys 1539 0.075 7
Sales agencies development
o555, Jsol bl b 1.738 0.085 5
Ergonomic design
b gw (o3laidl G pae 1.089 0.053 10
Economic fuel consumption
Powle ()5 4 0.185 0.009 15
More pleasant external view
Caslio ygile 5 Jlinl claailoln 1.665 0.081 6
Transmission systems and good maneuverability
unlie (305) (Bals5 it 0.234 0.011 14
Suitable suspension (breaks) system
39515 AJg (sdine; 5 4y (sliyguiS” 51 askad by 0.462 0.022 13
Importing parts from advanced countries
Gy s canlio oS S 2.907 0.142 1
Appropriate quality control of supplier
Sum - ae> 20.348 1 _

Colisy e 1y g8y plpuie sbjls cogyl (S 3 )Slos
) oadpasie glajls jl Sopp cenl 5 (plwlid by
e 45 235138 (s Sz M5 (5 (slbdiasuia cans
S g §b> sl b Ml S &S e 5] e
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Seuoyoo it 4l 03,5 o gite sadg slaanl )5 e
(9) 23 Sl bly (] )3 elml (55815 25 oS
slaaiulg o bajls sliwl) )3 i 55515 d9m0 g (3BU
Sl 03l Sl sls & el 03y ploil 398 byt
oLST sl (fySmend g it by ol o Culibge Jga>
b SO Glytsan bl slajls g b jde 4 84 e oS ALl
U1 s 5515 S sl anils do g5 59815 Jpare g5
Dy deles 5 0By 5 58 LB oy 4 )
Canie 9 Cojo (ke o5 Slaioe G900 A5l 4 a2y
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g jalo lawgi 15 (6,50 adlle (Walley et al., 2007) cowl ol
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I ntroduction

Discovering and understanding customer needs and expectations are considered as important factors on
customer satisfaction and play vital role to maintain the current activity among its competitors, proceeding and
obtaining customer satisfaction which are critical factors to design a successful production; thus the successful
organizations must meet their needs containing the quality of the products or services to customers. Quality
Function Deployment (QFD) is a technique for studying demands and needs of customers which is going to give
more emphasis to the customer's interests in this way. The QFD method in general implemented various tools
and methods for reaching qualitative goals; but the most important and the main tool of this method is the house
of quality diagrams. The Analytic Hierarchy Process (AHP) is a famous and common MADM method based on
pair wise comparisons used for determining the priority of understudied factors in various studies until now.
With considering effectiveness of QFD method to explicating customer's demands and obtaining customer
satisfaction, generally, the researchers followed this question's suite and scientific answer: how can QFD
explicate real demands and requirements of customers from tractor final production and what is the prioritization
of these demands and requirements in view of customers. Accordingly, the aim of this study was to identify and
prioritize the customer requirements of Massey Ferguson (MF 285) tractor production in Iran tractor
manufacturing company with t- student statistical test, AHP and QFD methods.

Materialsand Methods

Research method was descriptive and statistical population included all of the tractor customers of Tractor
Manufacturing Company in Iran from March 2011 to March 2015. The statistical sample size was 171 which are
determined with Cochran index. Moreover, 20 experts opinion has been considered for determining product's
technical requirements. Literature and theoretical bases of this study have been collected with research paper tab
and the research data has been collected through four researcher-made questionnaires and interview tools. The
questionnaire Type 1, used for determining the most important demands and needs of customers based on five
choices Likert scale. The questionnaire Type 2 was for gathering data requirements to hierarchical AHP method,
and the questionnaire Type 3 was for doing some evaluation about organization's present situation related with
competitor's situation based on customer's demands and needs;, and the questionnaire Type 4 had been
implemented for finding technical requirement weights respect to customer's demands and needs. The reliability
of the type 1, 3 and 4 questionnaires determined by Chronbach's Alpha method; after gathering required data for
mentioned statistical test, these questionnaires reliability rates are obtained: 0.768, 0.784 and 0.793,
respectively. As well as, the validity of the questionnaires has been examined with content validity method. In
this research, for analyzing the gathered data, while taking into account the different stages of QFD method, t-
student statistical test was used for identifing the needs and demands of customers, and AHP was used for
determining the priority of needs and demands of customers.

Results and Discussion

The results of one sample t-test for identifying the customer’s most important demands and needs showed
that the factors such as: producing low price tractor, the quality of used auto-parts, sustainability and long-lasting
the final production (production life and durability), comfort and peace during work, creating operator cabin,
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easy access to spare components, the amount of fuel consumption, warranty and maintenance, easy access to
official repair stations, technical experts and suitable auto-parts, fast respond of brake system during braking and
smooth moving identified the important demands and needs of customers. The results of AHP method for
determining primary priorities of perceived customers needs and demands revealed as follows respectively:
quality of parts, warranty and maintenance, low price, fuel consumption, comfort and peace, life and durability,
smooth moving, fast respond of brakes, creating operator cabin and easy access to spare components. Finaly, the
main demands and related technical requirements have been identified and prioritized with QFD method; the
Final results of customer demands and needs by QFD method revealed this prioritization: Quality of Parts,
Warranty And Maintenance, low price, Fuel Consumption, Peace and Comfort, Life and Durability, Smooth
Movement and lower engine knocking, Fast Respond of Braking System, Creating Operator Room and Easy
Access to Components.

Conclusions

Without any doubt it is obvious that the obtaining customer satisfaction is the most important strategic tool
for having successful and highly developed industry in this era. Knowing the customer demands and needs can
lead the organization to enhance competitive advantages. This research showed that how could use structured
QFD method for identifying prioritization of tractor customer demands and needs for maintain their satisfaction,
and identifying importance of each demands, considering the production techniques.

Keywords. Customer needs, Quality, Quality Function Deployment (QFD), Technical specifications, Tractor
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Table 1- Energy equivalents of inputs and outputs in broiler production
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Energy inputs Unit (MJUnit™) Reference
Energy
equivalent
FEQR PR 3310 (Ngjafi-Anari et al., 2008)
Chick kg
Jps céow Sy 847 (Kitani et al., 1999)
Diesel fuel L
55 Ko yio 549 (Kitani et al., 1999)
Gas m’
Sl
Feed
@) £S5k 97 (Atilgan and Hayati, 2006)
Corn kg
L PR 612 (Atilgan and Hayati, 2006)
Soya kg
puS PR 713 (Ngjafi-Anari et al., 2008)
Whest kg
Olond mandS (60 PR 10 (Alrwis and Francis, 2003)
CaHPO, kg
Sl (690 celo 9.1 (Heidari et al., 2011)
Human labor hr
Ly S el @lg okS 6.3 (Heidari et al., 2011)
Electricity kWh
b ile
Machinery
>Y g £S5 shs 762 (Chauhan et al., 2006)
Steel kg
oSl 9390 PR 864 (Chauhan et al., 2006)
Electromotor kg
ol b pyS oS 346 (Kittle, 1993)
PE kg
& o CudoS £S5 slS 3310 (Celik and Ozturkcan,
Chicken meat kg 2003)
Eyo 355 pyS oS 30 (Kizilaslan, 2009)
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Table 2- Energy indices of broiler production in Mashhad city
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Renewable energy
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Non renewable energy

(MJ (1000bird)™)
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Unit Value
- 0.2
(kg MJh 0.019
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(MJ (1000bird))  -100306
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(MJ (1000bird)) 53807
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Table 3- Energy indicators of broiler production units with different capacities
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Gl doyd Ve i GialS ool jlade ool asly ials
P e 45 0 S )il b b 3 45 o
29 (S8 Ere 9 3 ble ($3959 531 e i
2 ol 2o 3 VY 390 jd iulial ol a8 azily aoli8l (o)l cse
AW woldie )b Ly Ladsly e (935)9 sboisiyl plo
il (6559 Al 5> i pae o] e oS W5 samlie (g)l> sixe
L 2909 slosipl ggoome ST cunl 0392 £y addad 508y A5
S3333 535 E3ene o5 330i 038Lin i 35,5 amilin S5,
oS YL Bl b slassly p3 Epe adkad 50y ()90 sl

P St ghe 4o (295 9 62935 SIFl son @

Sy sLaodles (6359 (65,31 glis sl 00h 0351 ¥ S
L) @iy e 3 Grae phw dw ) pdle 5 Sl
O ;35S )5 9 Srpan g s Bl 8L 15l b pe
o8l Slasl (s958 sloay lapuidle jlodlatul ()9 (slacylo
il gslaw )3 Laosles () (65,51 mhew 5 cl 03,57 1y
Ol L oad ol gl by sl 03,8 Iy S iyt
S35l plade Jlie Yo gl sl 4 )15 V0 Sl ka8 ) Gl cud )l
P ime yobodny (B85 Eye gy > Sl s95 62959



YAY LGl el s g cilie (ool piew Julxi g 4y 35

Sreolhe cundy |l e VL glassly dad oo ol &5 F 4
(32 ¥e VD 5,150 V0l j2e8 cud )b L) laasly plo &y o
Al W glate bl s Wlg e o] e ol Soglite aild )95
2948 > Mg pow plie JUbd g Ve AD L (g5, ool 3 (il
Alg FEY L laes li] a4 cad (6550500 sla il 51 5 canlyld

(Statistical Center of Iran, 2012) cusl 45,95 5 Jlud

RSe L jiehl gl )3 ey y50 slaisly oS vz ja
Al oyl 8 (Sl g qoydad a5yl (gl e BV S
)b L ghen (bl ) (395 E e hyg 0 syl
gBeee i zaS) Lnced b il b duglio ) axad 8-+ V0- -«
(Fotros and wiwa jls 1y (g, 5gllas Cundg (Ve v 5l i
¥ Jsds ) 5uins oyl gl b awslio )3 bl zobs .Salgi, 2003)

Srprer Gle golaw )3 (2555 Ere M Sy (295 5 2909 Slesil Ol —€ g
Table 4- Energy input and output for broiler production in different capacities
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Chick
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Machinery
Soge 46011 395182 519422 479842
Fuel
g 55 7662 8046° 823122 6440°
Electricity
S 53122 527972 53068° 525622
Feed
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Total input energy
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Table 5- Technical efficiency (TE), pure technical efficiency (PTE) and scale efficiency (SE) in broiler farms

aalyojlad  (axhd) salycadyl (38 T (A B8 o wbis 2T,

Number  Capacity (Birds) TE PTE SE
1 20000 0.94 0.99 0.95

2 15000 0.98 0.99 0.99

3 33000 0.90 0.97 0.93

4 33000 0.86 1.00 0.86

5 47000 1.00 1.00 1.00

6 14000 0.89 1.00 0.89

7 12000 0.89 1.00 0.89

8 62500 1.00 1.00 1.00

9 45000 0.90 0.97 0.93
10 40000 1.00 1.00 1.00
11 50000 1.00 1.00 1.00
12 17500 0.92 1.00 0.92
13 6500 1.00 1.00 1.00
14 4500 1.00 1.00 1.00
15 60000 1.00 1.00 1.00
16 10000 0.89 0.97 0.92
17 6500 1.00 1.00 1.00
18 11000 0.94 1.00 0.94
19 18000 0.86 0.97 0.89
20 21000 0.91 0.99 0.92
21 13000 1.00 1.00 1.00
22 25000 0.92 0.98 0.94
23 18000 0.83 0.98 0.85
24 8000 1.00 1.00 1.00
25 14000 0.89 1.00 0.89
26 20000 0.88 0.98 0.90
27 10000 0.86 0.97 0.88
28 9500 1.00 1.00 1.00
29 30000 0.88 0.98 0.90
30 22000 0.83 0.96 0.87
31 35000 1.00 1.00 1.00
32 15000 0.90 0.98 0.92
33 12000 1.00 1.00 1.00
34 13500 0.86 1.00 0.86
35 20000 0.88 0.99 0.90
36 18500 0.86 1.00 0.86
e 22500 0.93 0.99 0.94

Average
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1- Energy-saving target ratios
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Table 6- Comparison of average optimal and actual energy consumption
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Introduction

The high energy consumption is one of the serious problems in poultry industry. The poultry industry
consume about five percent of total energy sources in different countries, with consideration of losses, it
increases up to 16-20%. In the year 2003 also, the Iranian chicken meat consumption per capita was 13.3 kg,
while in the year 2013 it increased to 25.9 kg (FAO, 2014). It shows that in the diet of Iranian people, the
chicken meat has become a strategic food. Poultry industry is one of the biggest and most developed industriesin
Iran. In the past two decays, mainly due to population growth and increase demand of white meats, it is
necessary to change and improve energy efficiency in thisindustry.

Technical efficiency of broiler farms in the central region of Saudi Arabia was analyzed through stochastic
frontier approach (Alrwis and Francis, 2003). They reported that many farms under study work lower than their
total capacity. In the research, the output was chicken meat weight in the term of the kilogram per one period and
the inputs were the number of chicks, feed, the total of all variable expenses and fixed input except chicks and
feed and the total cost of fixed inputs including building, equipment and machinery used for the broiler houses.
They found that the small and large size broiler farms in the Central Region of Saudi Arabia were produced
chicken with mean technical efficiency 83 and 88%, respectively (Alrwis and Francis, 2003). Efficiency
measurement of broiler production units in Hamadan province was investigated by Fotros and Solgi (2003).
They reported that the minimum, maximum and mean technical efficiency under variable return to scale were
12.7, 100 and 64.4%, respectively. Their results showed that technical efficiency at 16.5 (14 units) and 42.35%
(24 units) of farms were more than 90 and 70%, respectively (Fotros and Salgi, 2003).

Khorasan Razavi province after Esfahan and Mazandaran provinces is the third largest producer of broilers
in Iran. This research was performed because it is necessary to have energy consumption status; also there is a
few data about broiler’s energy consumption in Mashhad. In this research, the data of Mashhad’s broilers was
analyzed by Data Envelopment Analysis Method. The other objectives of this study were to separate efficient
and inefficient units to use energy resource efficiently and determine total energy saving.

Materials and Methods

This study was performed in 2013 in Mashhad, Iran. The data were collected through interviews and
guestionnaires from 36 poultry farmers for a growing period of April to May. Input energies were the feed, fuel
(gas and gas ail), electricity, labor, equipment and chicken, and the output energies were the chicken meat and
the manure. The energy consumption for each element was calculated by multiplied amount of inputs/outputs to
energy equivalents.

Results and Discussion

The total of input and output energies were obtained 125.2, 24.9 GJ/1000Birds, respectively. Energy indices
such as energy ratio, energy efficiency and specific energy were determined to be 0.2, 0.019 kg/MJ and 52.55
MJ/kg, respectively. The highest share of energy consumption were 50.84 and 42.43%, for fuel (natural gas and
diesdl fuel) and feed respectively, the lowest share among the input energies were 0.39 and 0.06%, for chicken
and labor respectively. Comparison of energy in three levels of farm sizes (15000, 15000-30000 and =30000
chicks) showed the energy ratio for large farms were higher than the other levels.
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