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Introduction

Pistachio or Green Gold is one of the most important agricultural crops and is especially important for
Iranian exports. A group of pistachio's pests mainly feed on pistachio, among which Idiocerus stali is very
important. Conventional methods for identifying insects using identification keys are time-consuming and costly.
Due to the rapid development of the Pistachio industry, the use of artificial intelligence techniques such as image
processing, for identification and population monitoring is highly recommended. On the other hand, little
research was carried out on |. stali. Therefore, in this research, I. stali was selected as a target insect for the
identification and counting on sticky yellow cards using image processing techniques and artificial neural
networks. The purpose of this study was to determine the feasibility of I. stali identification algorithm by image
processing, to determine the possibility of separation and counting of I. stali from other non-target insects by
artificial neural network and to determine its accuracy in identification of I. Stali.

Materials and Methods

Idiocerus stali was selected as the target insect for identification. Sticky yellow cards were used for
collecting samples. Taking the photos with the help of a SONY Handycam Camera, which had a 12-megapixel
resolution and G lens, was carried out (SONY, HDR-XR500, CMOS, SONY Lens G, Made in Japan). Then
insects were counted on each card manually and the data was recorded. The data, which were digital images of
yellow sticky cards, were imported into the MatLab R2017b software environment. A total of 357 color
properties and 20 shape's features for the identification of I. stali were extracted by an image processing
algorithm. Color properties were divided into two categories of mean and standard deviation and characteristics
related to vegetation indices. An ANN-PSO (Artificial Neural Network hybrid method-Particle Swarm
Optimization) algorithm was used to select the effective features. The selected effective characteristics for insect
classification were: Color index for extra collective vegetation related to HSL color space, normalized difference
index for LCH color space, gray channel for color space YCbCr, second component index minus third
component for color space YChCr, area and mean of the first, second and third components of color space Luv.

Results and Discussion

Comparing the results with the results of Qiao et al. (2008), we found that in his study, which divided the
data into three categories, for medium and high-density groups, the detection rate was 95.2% and 94.6%,
respectively. On the other hand, in low densities (less than 10 trapped insects); its detection rate was 72.9%,
while the detection rate of the classifier system designed in this study for different densities of trapped insects,
was identical and equal to 99.59%. Also, comparing the results of this study with Espinoza et al. (2016), we
found that their algorithm in whiteflies detection had a high accuracy of about 0.96 on a sticky yellow card,
while the Thrips identification algorithm accuracy was 0.92 on a sticky blue card. As stated above, the correct
detection rate of I. stali by the algorithm designed in this study was 99.72%.

Conclusion

The results showed the feasibility of the new method for identifying the pest insects without destroying them
on the farm and in natural light conditions and in a short time and with very high accuracy. This suggests that
this algorithm can be applied to the machine vision system and can be used in future in the construction of
agricultural robots.

Keywords: Artificial Neural Network, Classification, Identification, Image processing
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oLl ply 4y 0,5 ,l8° (59, {Baiocchi, 2013) Buprestidae)
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dgejip Bl sl b dlsyo pgai 59y 2 (V abal)) i bl
Sy Jol 4l 5145 w8 o o aliwl ol (Y JS3) 2l e

(TBW1(i,j)>110 & TBW2(ij)>110 & TBWS3(i,j)>105 & abs(TBW1(i,j)- TBW2(i,j))<10) [TBW1(i,j)>150 )

(G2 Cow) CMY (S5 (sl 4, RGB 5005 o5 g (Sl Canns) RGB (S5 (5Ld 5 Sy 55 &) S 05 =) JSW0
Fig.1. Images of a sticky yellow card in RGB color space (Right) and the converted RGB image to CMY color space
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(o Coows) Bilods yasciio o)lows b slosl a5 oad (5515, 3,5 ©)l8 g (Cawly o) digoj o Bl (¢l dilil Jlos! =Y JSWS
Fig.2. Applied thresholds to remove the background (Right) and processed yellow card with objects marked with the
number (Left)

Sl oy b/ 59 s 50L @b g trainim  uiS L]
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0,8 oolatwl s lael gly 30

Cled 3 (e O Ay S5 plolid Baa 35 (pl )

islasas 30 LS cpl sl &5 00 sanddl WS 40 & laodl
09 (was 4Sud jlclie )bl o gias (s slaaSd
5 tansig satling JLas! mls ¥ (gpes YA ¥ ¥ L S aYas
S hjgal @b b pgw 5 pgd Jgl sloaY ) i 4, tansig

oM 9 4 (andid e oy oY ol Yy gyt e S ol polie —) Joua
Table 1- Parameters' values of the multilayer perceptron neural network for hidden layers for classification into two

classes
Neurons First Layer: 18, Second Layer: 13, Third Layer: 7
Léu,).’ \'4 ‘P Qy SY !,053 QY A !Js' Qy
Number of Layers
ladyY sluws 3
Transfer Functions First Layer: satlins, Second Layer: tansig, Third Layer: tansig
Jlas) wles tansig :pow &Y dansig :pg> 4 Satling : Jgl 4¥

Backward back propagation network training function
SIS 2 Ll ey 4SS (hjgel @5
Backward back propagation Weight / Bias learning function
S5 Uil b 039 6 xS b

Trainlm

Learnsom

1- Multi-Layer Perceptron (MLP)
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(Simundi¢, 2009) el ¥ Joss (slaosls

el <85 g ROC e 43 gdaw oy dlaly =Y Joos
Table 2- The relationship between the area under the
ROC curve and the accuracy of detection
Area  Diagnostic accuracy

Excellent
0.9-1.0 e
Very good
0.8-0.9 .
PO
Good
0.7-0.8 .
e
Sufficient
0.6-0.7 .
iy
Bad
0.5-0.6
kY]

Test not useful
Consd Mo (y905]

sensitivity
~{2\
2
A
3\
Vo
7
z
)
e

0 1

1-specificity

(ROC) oaScily s slhles Copogas oxie =¥ JSUd
Fig.3. Receiver Operating Characteristic (ROC) Curve
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045 03]y L;Uapfl)is' A 03] yaeSS JL......» 35 gba,§
Slodpn (8ly ol b pgal (915 pius Al baeiges
3,5 &8 A ol | Stali slaws u,uvu,u;u Copd bl o>
-/Aavy Pl u»)l.)): 4.1».«»5 A 0445 0d) U’l"’D‘Y I. Stali s 9
>hb pgal (5wl paseis 5 cal e (¥ JS5) o5

7- Coefficient of determination (R?)

24y LS4 wail plusw LIS 5 3Sles )
Jaged g gaipaiils <8 ¢ Ll w plo ) 025 S o
eyle 395 oo 03l T(ROC) suScil  Sllas cuogas
O g sl da WwMS olis 4 &S xpe Gl o ilo ¢ plizel
sl Cwp oS olasdly IS loe g ganadds By )b
Voo csiinail clapisfll 3,Slas cusl o0 &) ciilons
e A5 e iy B ol s b)) ey
(F) 5 (V) Ly, 5l oolisal b o ey €83 5 Copols el jlina
:(Kazmi et al., 2015) 145 o0 i ya5

Sensitivity = L (v)
TP+ FN
TN
. . . — ‘“
Specificity TN + FP (v)
TP +TN
Accuracy = ——— (¥)
N
Zhg‘s) u}l ).)

SPECIfiCity (4—o)d s y3) Cuwlus Sensitivity
G ) ABb oo JST B> ACCUIACY g (hoyd G y) Camols
ladiges dlass b cusl ol TP dadiges IS slaws ol N ((as )
M b el jolp TN ilonds (sinddb cunyd o (S
Sy A4S Glaiay0e S Sl e 05 la S sladiges
3y90 S sladigel gaemme b cuwl plyy FN Lilonds canadl
sk 4 b Sloads (canaib i )50 (WS 5 s 4 &5 b
L sl il FP aslons anaib 1505 (slo oS 5 s yol
oS )0 Gl job 4y oS 00 glo S ladiged gaemme
(Kazmi et al., 2015) sloais gandals Lo 540
8 ) 035 3 o & ixia o o 5 ROC ieta S5
r S o SaS By Wb s Sy pad g
72 e 9 3dl S0 e G VL 4B 4 g ;18
(7 JS8) 2l (s yiag 0,8Mos St i A3l 55,5 (i
Ol g 2l 4ty G g jho G ()lMe Sl (Sxie ) e
s S Gl Al wls Db lp o (a3l S
2 (AUC=1.0) 5yl 1y, SO ol (ioxie ) daw Jle dnadlb
35 il (e s A bl g So &S (J)ge
b Lasis €85 3 AUC (o day IS jsbay (AUC=0.5)

1- Cconfusion matrix

2- Receiver Operating Characteristic (ROC)
3- Sensitivity

4- Specificity

5- Accuracy

6- Area under the curve (AUC)
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Fig.4. Regression graph between number of 1. Stali observed (horizontal axis) and number of |. Stali identified by
image processing algorithm (vertical axis)
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Loyd AV/OY cpoles giiadb alwd dw a1y )5 )5 g, O-Sewe 4B yai0 sluil a5 0)l> dgng 4B yate <Ll o Anthaxia Sp.

ool Joud BB ey oS il o as jabolen il S 90,5 L (500 a8 et Ol i cul

Confusion Matrix

Output Class

Target Class

ilieo WS dw (sly (905l dsgare g9y p L] s 5le —0 SO
Fig.5. The confusion matrix on the test set for three different classes
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Table 3- The confusion matrix and accuracy level of the classification system on the test set for three different classes

Idiocerus ) Anthaxia S Percentage of Total percentage of
Classes stali Mlscgl_lar:eous s ‘S.wp. Total misdiagnosis correct diagnosis
. objects Ty  ae ae
LY S 25 ﬁ)&:nslw‘ )?“? “5.»» Js QETw o 3D Qi JS ae g
v - g 0,3 QW' C«.M))D
Idiocerus stali
. . 1614 40 3 1657 2.60 91.53
Ly S 255
Miscellaneous
objects 91 330 15 436 24.31
45).&.:40 ;L:.»:)‘
Anthaxia Sp.
o5 g Swgw 6 28 33 67 50.75
5 092l Sl (Slai O ygods o i VYA im0y dlass oyl g S 205 olwlad 3855 cpl 5l Gun aS pl a dagi b Lol
¥ Jods o5 JSi j0 45 asoS led ged odlaiwl (oxiw,lael Qb oy b dlwd 50 du baodld 130,651 ol 5l ekl b W g
oy o8 diwy Sy o0 olid] [asuil o pd e e odblie 0yl Dawi S gadals Anthaxia Sp. g diw S0 b
Giadb i S olelid gly w0 cds g il Anthaxia Sp. o, s g 54 FIFA 5,5 )8 (59, diuy S 205
bl e o pd A/D catwd 93 & aodly 2o )d ¥ojl piaanaw 9 109y 0 i FYV+ £o0ome 10 oS dgy dis YY)

Confusion Matrix

Output Class

1 2

Target Class
ciliia WS 93 (sl (9051 dsgeime 59y p LEEED G le =1 JSW0

Fig.6. The confusion matrix on the test set for two different classes
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Table 4- The confusion matrix and accuracy level of the classification system on the test set for two different classes

1. stali Anthaxia Sp. Percentage of Total percentage of correct

Classes .. e e Total - . . .

o, S Sy 308 ,4led g Svgw misdiagnosis diagnosis

o “ R g bw,‘,aw' 55 o yd S 3> s "'"sz):

. stali

. .. 1657 1 1658 0.06 99.59
Ay S 3

Anthaxia Sp.
308 Hlgd g Sugw 6 64 70 8.57
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do)d MR 5 0o )d AVIVY o 3 AY/EY L ply ol iy iyl
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D9 o yd aa/64 )g‘ﬁ

OHESen 5 3 L gy 3aics Ly 3ind ol puls dwslds jo
yo—al iild s i | Ll 45 (Boissard et al., 2008)
Sl b 95 bl )3 g o )3 () Se g0y
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Table 5- The sensitivity, specificity and accuracy values of the classification system for the two classes

The hybrid method of ANN-PSO
155 pladjl 5 lwdiae —(Egan (mas &Sl 2 ()

Classes Sensitivity Accuracy Specificity
L9513 Coww b cdd Cuold
. stali
. .. 99.94 99.59 91.43
Ly S 5
Anthaxia Sp.
91.43 99.59 99.94

Ly jo 3 o Saogu

Table 6- The values for the different error criteria, the percentage of the correct classification and the Area under the
ROC curve for the 2 classes

AUC(2) AUC(1) OCA MAE RMSE MSE
WS g2 g e WS (G g e gaalib S Shd (bo Olrypo uiilo ady;  Olrype (o
Y ) Y Gl s as
0.99962 0.99969 99.59 0.013 0.0598 0.0036




VY L gai Gbjloy 3l esliw! b Idiocerus stali (Hem.: Cicadellidae) acw o yzxiy (o bl ooy 502 5 599 39 3¢

Alolb Ly oS 40 5o 09 0 odalio YV SWS jd &S jglailan
s &S Caol (dmo ol oyl clonds #dly sluess jl (o0bj L&
sl Loy s it (slaylae sl 0390 (gaadls
FJedn oV JSh 0 s ool o o3l LS £ Jgae
YL a5l iy Yl IS 93 52 )3 (e g v
Wb oo Jle pasuis s 4l ¥ Jods b 5 005 b svie
2 clbdises YU cdd b couas uac aSid Anddb oyl g
CBd dS aad o lis gl sl 03)S gabadds 1y WS 40
ol Bl e 2oy AADR Gilisee WS 43 el © IS sl
L oy (5550e 4z (MSE) s @lay (ko (sl slons
dw cdb 4 cuns (MAE) 3dle sl S5k 4 (RMSE)
5SS Lajiabl sl )38 5 85 o Sl o oS
Al oo ghbadds o3, oSl ipy (b odimo L (il

8 5 4o

S5 lwlid S ugal (il wh oSl dswg

2o g g S 255 0 pi) sledl (JSS 5 (S5, Sluogas iy
35 ©)S & bgiye pglal )3 35290 (8)de 9 Bab i (Slvoyuds
5 9 Cuogad YOV () sLad WY 5l us eolatwl «Sluwe
255 dlusgdy diay S 255 ololid (gl (SD Copogiad V-
(a4 Ay (b9 S gl Sl ugad (Bl
Slaogad Cbl (gl )3 plosjl gilodisg wi)oSl - (2 guas
o bype (2l (S Gids ¢lp (K a3l Jie S5
b 4 by e 01t oy Juilis Lasls HSL LS5, (glas
YCBCr 5, gldb 4y by po cyinSl JUIS LCH S5,
) sbdd ao by je pow adlie slade pgd adlie (adls
) ldd pow 9 pgd o3l sloadlye (ke 5 ol YCDCr
s—as 48 A0S eolawl wly s sana il cogs Luv
JUE @5 a9 (99595 YA laty Y 4w b Vi> (98w
2L 5 paw b Jol oY 15 (o5, tansig 4 tansig satlins
S5 wls gtrainlm siS Ll s a6 559l
4 Wosls (ganadl (gl learnsom (usS p HLisl gy (obl o))
G whpe S (plelid €5 08,5 51,8 oslitul 3)90 (WIS 93
2l 5 dig Syo05) sl JS o)UY 0l ()b psas
(Soan (gpas SBaSd Al oo (B)dte 5 Bun d sbroyds
Sgu iy S320]) IS dw & Slpds ganail Ul

5- Overall Classification Accuracy (OCA)
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Introduction

Steam generation system is a crucial and essential part of food industries which generates and distributes
steam for consumption in domestic production units. Energy analysis based on the first law of thermodynamics
was employed as the basic approach to assess energy systems. However, the energy approach does not provide
information on the degradation of the energy quality occurring within energy systems and is, therefore,
insufficient for sustainable design or optimization goals. Nevertheless, exergy analysis based on both the first
and second laws of thermodynamics can overcome shortcomings of energy analysis. In the present study, the
performance of equipment of the steam generation system in Pakdis’s juice production Company located in
Urmia is investigated. Owing to the energy and exergy analyses, the sites with the highest loss of exergy are
identified as the critical points of the process.

Materials and Methods

In this study, the steam generation unit of a juice production company located in Urmia, West Azarbaijan
province in Iran was exergetically analyzed. Using mass, energy, and exergy balances for each component of the
unit, the thermodynamic objective functions including the exergy efficiency, exergy destruction rate, exergy loss
rate, and the potential improvement rate were assessed. After data acquisition, energy and exergy analysis of this
unit was achieved by solving the related equations with the help of thermodynamic properties along with
programming in EES software package.

Results and Discussion

The results showed that the highest exergy efficiency of 98.44% was assigned to the steam distributor (O) of
the unit with a potential improvement rate of 1.51 kW and an exergy loss rate of 68.80 kW, as well as the pump
(M) before the fourth boiler with an exergy efficiency of 19.69%, had the lowest value of exergy efficiency. The
values of 12.55 and 11.93 kW were obtained for the exergy destruction rate and its potential improvement rate,
respectively. The highest exergy destruction rate of the unit was for the first boiler with a value of 12391.80 kW,
with an efficiency of 19.55% and a potential improvement rate of 10295.26 kW.

Conclusion

With regard to the energy and exergy analyses of the steam production system, more than 98% of the exergy
destruction rate of the entire steam generation system was assigned to boilers, which had a major contribution to
the exergetic efficiency of the system. The highest percentage of potential improvement was related to the first
boiler and also the third boiler had the highest exergy loss rate, although the lowest exergy loss rate was the
expansion tank of the system. In general, this study demonstrated the importance of exergy analysis for detecting
the system components with the highest exergy destruction, which can be a breakthrough to identify these
components and provides suitable solutions to improve the overall exergy efficiency of the steam-generating
system.

Keywords: Exergetic efficiency, Exergy destruction rate, Exergy potential improvement rate, Steam
generation system
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Table 1- Uncertainty analysis for the components of the steam generation unit

Conlad Pas »‘9
Uncertainty Unit

L ol b

Parameters

+0.028 (°C)
+0.015 (kPa
+0214  (kgsh

(Uncertainty in the temperature measurement) le> (¢35l )3 Cuslad pic
(Uncertainty in the pressure measurement) ,Lzé ¢ ,Sojlul ;> cosld pac
(Uncertainty in the mass flow rate measurement of air) lsa o> b &5 s pSoluil > Cunld pac

+0.022 (kgs™)  (Uncertainty in the mass flow rate measurement of water) i o> by 5 € pSojll ) Coshad pic

+1.428 %

(Uncertainty for exergy efficiency of heat exchanger ) ,l,> Jiwe (6j 1 0351 cnad pac
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Table 2- Fluid type, temperature, pressure, mass flow rate, and exergy rate for the streams of the steam generation

system
o lasd S g5 i1 & 8 lows s £ S8 &
45 . Exergy rate 5k . Exergy rate
St:t;)zo. Fluid type (kg\X/) Stﬁtﬁo. Fluid type (S\X/)
1 (Water) o 0.49 27 (Hot water) £ls o 137.37
2 (Steam) iz 68.59 28 (Hot water) £ls o 80.79
3 (Hot water) ¢ls i 27.98 29 (Hot water) ¢ls 1 86.26
4 (Condensate) yslus ol 4.48 30 (Steam) ;> 1620.00
5 (Condensate) uslus o 2.65 31 (AIr) 19 0.00
6 (Condensate) uslus o 120.40 32 (Natural gas) b ;5 11256.60
7 (Condensate) _uilus 142.00 33 (Exhaust gas) 5,5 £ 55 889.44
8 (Steam) s 3.02 34 (Hot water) gls 56.58
9 (Steam) s 1.84 35 (Hot water) £ls o 60.22
10 (Hot water) gls i 146.30 36 (Steam) 926.22
11 (Hot water) gls i 151.10 37 (AIr) lsa 0.00
12 (Steam+ Hot water) gl o+, 11.67 38 (Natural gas) b ;5 4936.08
13 (Hot water) gls i 106.70 39 (Exhaust gas) »¢,> ¢ ;5 579.00
14 (Hot water) gls 1 218.20 40 (Steam) ,1,;, 925.44
15 (Hot water) &ls 11.19 41 (Steam) > 438.70
16 (Hot water) gls U1 114.00 42 (Steam) ,12, 1490.94
17 (Ar) Isn 0.00 43 (Steam) s 1325.14
18 (Natural gas) _x.b ;5 15666.80 44 (Steam) ,ls, 891.20
19 (Exhaust gas) >, ¢ ;5 988.20 45 (Steam) b= 985.10
20 (Steam) b 2122.00 46 (Steam) b 5.82
21 (Hot water) ¢ls o 80.79 47 (Condensate) yuslus 4.14
22 (Hot water) gls i 87.38 48 (Steam) ) 246.29
23 (Steam) s, 1530.00 49 (Steam) s, 177.70
24 (Ar) lgn 0.00 50 (Steam) b, 83.74
25 (Natural gas) b ;5 10574.49 51 (Steam) )5 93.96
26 (Exhaust gas) 9,5 &b ;8 838.20 52 (Steam) 59.75
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Table 3- Inlet and outlet exergy rates, exergy destruction rate, exergy loss rate, exergetic efficiency, and exergetic
improvement potential rate of each component of the steam generation system

simsles NG ey g R RES
Ol %939 9> S3pS! ol A3 Siresl e
Subcomponent(s)  nlet exergy Outlet Exergy destruction  Exergy loss Exergetic Improvement
rate (KW) exergy rate (KW) Rate (KW) efficiency potential rate
Rate (kW) (%) (kW)
(A) &)l Jawe 69.08 32.46 32.39 4.22 42.88 20.92
(B) S als 4.48 2.65 1.48 0.34 59.22 0.74
(C) LulasS 350 183.80 154.20 25.50 411 83.89 4.77
(D) oy 154.40 151.10 2.38 1.01 58.73 1.40
(E) y5)) o 664.80 336.60 140.70 187.50 50.62 162.10
(F) blas] goo 11.67 11.19 0.01 0.47 95.88 0.01
(G) Jol sl K3 Cmy 125.20 114.00 10.08 1.19 39.09 6.86
(H) Jgl e Koo 15907.30 3110.20 12391.80 405.30 19.55 10295.26
(1) pg3 yl0w K3 o 99.29 87.38 11.27 0.64 35.60 7.67
Q) pod sl Koo 10671.25 2368.20 8052.15 250.90 22.19 6460.60
(K) pow )b K55 oy 99.29 86.26 11.28 1.75 29.59 9.17
(L) pow sl K3 11358.36 2409.44 8502.02 446.90 2121 7050.85
g )l?:/'fib A 75.08 60.22 12.55 2.30 19.69 11.93
(N) p)le> o s 5004.80 1505.22 3381.98 117.60 30.07 2446.90
(O) b oxiiS w55 6234.42 6137.24 28.38 68.80 98.44 1.51
(P) yb 4 5.82 4.14 0.06 161 71.12 0.48
(Q) os,Lizs 438.70 246.29 134.54 57.87 56.14 84.37
(R) oy Lzd 93.96 59.75 30.91 3.29 63.59 12.45
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Fig.3. Percentile contribution of the exergy destruction rate of the different components of steam generation unit to the
total exergy destruction rate
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Fig.4. Percentile contribution of improvement potential rate of the different components of steam generation unit to the
total improvement potential rate
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Introduction

In livestock and specifically poultry houses, controlling the internal environment conditions is a key factor to increase
animal productivity and prevent their casualties. Controlling the atmospheric conditions like the air temperature and gas
concentration in semi-enclosed spaces like poultry houses can improve the living conditions. Experimental tests on the
atmospheric conditions of livestock and poultry houses are challengeable and due to limitation of measurement points,
unstable climate conditions and experimental errors. Simulation of the air temperature and momentum conditions is used
unlimitedly with computer resources by Computational Fluid Dynamics (CFD) methods to overcome the limitations of
experimental tests. This method has vast abilities of parametric analysis and predicting the optimum range of functional
parameters. So in this research, the air temperature and velocity distribution of a poultry house were simulated using CFD to
achieve the best condition for the air ventilation and uniform temperature distribution.

Materials and Methods

In the present study, the geometrical model of poultry house was created using Gambit software and meshed. The mesh
independence study was also performed. According to the results, 166550 elements were enough to solve the problem with
an acceptable accuracy.

The Reynolds-averaged Navier-Stokes (RANS) equation was selected to simulate the momentum transfer inside the
poultry house. The k-g& model is one of the most used turbulence models for industrial applications. The main assumption in
this model is that the flow is incompressible and that the fluid is Newtonian. A transient heat transfer equation within the
fluid domain was selected to predict the air temperature that describes a time-dependent process that includes the conduction
and convection terms. All the boundary condition was measured experimentally during 24 hours and their temperature was
modeled using the proper mathematical models and applied to the developed model. The mathematical models were solved
simultaneously in ANSYS- FLUENT software. The developed simulator was validated experimentally by measuring the air
temperature of some specified locations (13 points).

Results and Discussion

The results demonstrate that the model enjoyed satisfactory accuracy so that the RMSE value between the measured and
predicted air temperature was in the range of 0.405 to 1.29 and the simulator could predict the air temperature with the
accuracy of 0.6 degrees. Therefore, it is possible to use the validated simulator for the real-time controlling of poultry houses
to optimize the ventilation process. According to the results, the high heterogeneity in the air temperature and about an 18-
degree difference was observed in the air temperature distribution at various locations of poultry houses. In addition, the air
velocity was not uniform at the different plans of poultry house; especially in the central points of poultry house, it was
higher than 1 m/s that is higher than the recommended value. Therefore, the simulator was used to improve the ventilation of
the poultry house. The results of various simulations carried out indicated that the angle of the air inlets vents affects the air
turbulence. Also, the air temperature and velocity distribution were more uniform when the air inlet vents were across each
other. Therefore, some new gates were opened and the angle of the existing gates was changed to improve the ventilation
condition of the poultry house. By such modification, the ventilation condition of the poultry house was improved and the air
velocity and temperature distribution in the optimized house were more uniform than that observed in the primary one. The
air temperature and velocity were in the range of 291 to 297 K (18 to 24 °C) and 0.23 and 0.46 m s, respectively. These
values are at the recommended condition for poultry houses.

Conclusion

The opening angle of the vents had a significant effect on the air distribution. Application of across vents in the
side-walls of poultry house led to uniform distribution of air velocity and temperature. The developed simulator has good
performance and accuracy to design and construct poultry houses.

Keywords: Computational Fluid Dynamics, Numerical simulation, Poultry house, Ventilation
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Air thermal conductivity (W m™K™)
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Heat source (W m™)
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Fluid viscosity (m? s%)
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Model constants equal to 1
O G @ R2

Coefficient of determination

C,J-).w u
Velocity (m s?)
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Air density (kg m?) Pa
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Reynolds number ¢
b o e m
Poultry body mass (kg)
Lo> T
Temperature (K)
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Hydraulic diameter of poultry house (m)
Heat generated by the poultry (W)
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Turbulent kinetic energy (m?s?)
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Table 1- RMSE value between the experimental and predicted temperature by the model at the various point of the

poultry house
bd (g 5051051 bl Lo (g 505101 bl
Temperature RMSE Temperature RMSE
measuring points measuring points
1 0.405 8 112
2 0.71 9 0.97
3 0.652 10 0.78
4 0.815 11 1.25
5 0.533 12 1.065
6 0.697 13 1.29
7 0.995
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Table 2- Modification of the poultry house to improve the distribution of air velocity and temperature
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The angle of V1, V2, V3 and V4 vents were decreased from 15 to 10 degree.
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By maintaining the variation of stage 1, two vents (V5 and V6) were added to the poultry
house by opening angle of 10 degree (Fig. 4).
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Two vents (V7 and V8) were added to the poultry house by opening angle of 10 degree (Fig.
4) and the opening angle of V2, V3, V5 and V6 were increased from 10 to 15 degree.
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Fig.9. Final design of the poultry house
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Fig.10. Profile of air temperature at the transversal section of the modified poultry house, 40 cm above the ground after
10 hours
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Introduction: Almost 18 percent of emitted greenhouse gasses in Iran come from livestock industries, especially from manure
decomposition. With the anaerobic digestion of animal wastes, in addition to eliminating its disadvantages, biogas as a clean and
renewable energy carrier is produced. In addition, the resulting sludge is a more healthy and nutritious fertilizer for use in
agriculture. One of the challenges of the bio-gas industry is to increase gas production efficiency. Various approaches are proposed
to enhance manure digestion efficiency and increase biogas production, which can be mentioned below: Changing operating
parameters such as temperature, hydraulic retention time (HRT), and particle size of the substrate; adding some effective additives;
returning the resulting sludge into the digestion process and using bio-filters. Therefore in this study, in order to increase biogas
production from poultry manure, two methods (co-digestion with rumen contents, and chicken intestine and its contents, and
returning the slurry into the reactor) were tested. The alkaline composition of chicken manure and its high content of ammonia
makes it difficult to digest alone, and co-digestion with high-carbon organic matter improves its digestibility.

Materials and Methods: Polyethylene bottles were used as batch reactor units. In order to the possibility of gas exit, as well as
taking samples of the digester, two valves were placed on the bottle cap. All digesters were placed in a hot water bath and a 700
watts electric heater and a thermostat were used respectively to supply heat and to keep the temperature constant. A U-shaped tube,
connected to the reactor output pipe was used to measure the amount of produced gas. The volume of water removed from the tube
was an indicator of produced gas. The experiment was carried out in two stages. In the first stage 21 reactors were used according to
the design of the experiment which was a completely randomized design with 7 treatments (adding rumen fluid in three levels (10,
20, and 30 percent of chicken manure (weight basis), respectively), adding chicken intestines and its content in three levels (10, 20,
and 30 percent of chicken manure (weight basis), respectively), and control treatment), and three replicates of each treatment. During
the whole experiment period, the pH and temperature were kept constant, respectively between 7.2-8.2 and 40-35 °C (mesophilic
range). In the second stage of the experiment, after all the treatments reached the end of their hydraulic retention time, the resulting
sludge was filtered and the liquid part was returned to the cycle. Three treatments were also provided here (supplying 50% of the
water required by sludge liquid, supplying 100% of the water required by sludge liquid, and control treatment (no liquefied sludge).

Results and Discussion: Based on the results, although the type of organic supplementation had a significant effect on the amount
of biogas production, the quantity of them had not. Treatments of chicken manure + 20%, 30%, and 10% of chicken intestines
resulted in the highest amount of biogas production, respectively. But these three treatments were not significantly different. Also,
the co-digestion of chicken manure with chicken intestines was more effective than the co-digestion of chicken manure with rumen
fluid. The return of sludge, resulted from anaerobic digestion of chicken manure, again into the cycle, in addition to enhancing the
amount of produced gas, can reduce the waiting time to start gas production by at least six days (in the treatment of providing 100%
of required water from returned sludge). This can lead to continuous gas production and availability of sufficient gas in commercial
gas-producing units. The effect of treatments on the time of reaching the cumulative gas production index to 100 mm was significant
(0= 5%) and treatment of S1oo reduced this duration by approximately 17 days (65%) and Sso, for approximately 16 days (74%).

Conclusion: According to the results of this study, co-digestion of chicken manure with cow rumen fluid did not have a significant
effect on the increase of biogas production, but co-digestion of chicken manure with chicken intestine and its contents (at least by
20% of chicken manure (weight basis)) can have a significant effect on the increase in the production of biogas and can increase the
amount of gas at least twice. The highest amount of gas volume was about 305 MI.gr* VSaueq and came from the treatment of co-
digestion of chicken manure with 20% (weight base) chicken intestine and its contents. The return of the resulting sludge of
anaerobic digestion of chicken manure, back into the cycle, in addition to increasing the amount of gas, can minimize the time it
takes to start to produce gas and help to produce gas continuously. Moreover, the water used for digestion will also be significantly
reduced (at least 50%).

Keywords: Anaerobic digestion, Batch reactor, Co-digestion, Renewable energy
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Table 1- The amount of caustic soda needs to change the pH of biomass solution from different initial values to the
range of 6.8-7.2
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The amount of required caustic soda for 100 gr biomass
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Fig. 1. a) Reactors used in this study and b) Two sampler valves placed on the reactor cap
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Fig. 2. Position of a) reactors and b) heaters and thermostats inside the hot water bath
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Fig. 3. Measuring system of the amount of produced biogas (1: Sampling valve and tube, 2: Reactor, 3: Shut-off valve
and 4: A U-shaped tube)
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Table 2- Analysis of variance of the effect of the studied treatments on the amount of biogas production
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Fig. 4. Comparison of the mean amount of biogas production under the studied treatments (Duncan's test) (C,, C, and

Cj, stands for chicken manure + 10, 20 and 30 percent cow rumen fluid, respectively, and H,, H, and Ha, stands for
chicken manure + 10, 20 and 30 percent chicken intestines, respectively)
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Table 3- Dunnett's test results comparing the mean amount of biogas production in the control treatment with and other

treatments
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Table 4- Analysis of variance of the effect of the studied treatments in the second stage of the experiment on the
amount of biogas production
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Table 5- Comparison of the mean amount of biogas production in different treatments of the second stage of the
experiment (Duncn’s test)
b lod Jol 09,5 F9° 093
Treatments  First group Second

group
wald 185°

Control
S5 455
S100”° 481

p-value 1 0.708
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a. Providing 100% of required water from sludge liquid, b. Providing 50% of required water from sludge liquid, c. Means in the same column are
not significantly different (P<0.05)
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Fig. 5. The rate of biogas production in the second stage of the experiment (Control, S50: Providing 50%
of required water from sludge liquid and S100: Providing 100% of required water from sludge liquid) (a:
daily production and b: cumulative production)
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Fig. 6. Mean of time lasted to start gas production and time consumed to receive gas production index to 100 mm of the treatments of
the second stage experiment (Control, S50: Providing 50% of required water from sludge liquid and S100: Providing 100% of
required water from sludge liquid)
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Introduction

Pistachio production has been adversely affected by Psylla, which is a devastating insect. The primary goal of this study
was to select sensitive spectral bands to distinguish pistachio leaves infected by Psylla from healthy leaves. Diagnosis of
psylla disease before the onset of visual cues is crucial for making decisions about topical garden management. Since it is not
possible to diagnose psylla disease even after the onset of symptoms with the help of color images by drones, hyperspectral
and multispectral sensors are needed. The main purpose of this study was to extract spectral bands suitable for distinguishing
healthy leaves from psylla leaves. For this purpose, in this paper, a new method for selecting sensitive spectral properties
from hyperspectral data with the high spectral resolution is presented. The intelligent selection of sensitive bands is a
convenient way to build multispectral sensors for a specific application (in this article, the diagnosis of psylla leaves).
Knowledge of disease-sensitive wavelengths can also help researchers analyze multispectral and hyperspectral aerial images
captured by satellites or drones.

Materials and Methods

A total number of 160 healthy and diseased leaves were scanned in 64 spectral bands between 400-1100 nm with 10 nm
spectral resolution. A random forest algorithm was used to identify the importance of features in classifying the dataset into
diseased and healthy leaves. After computing the importance of the features, a clustering algorithm was developed to cluster
the most important features into six clusters such that the center of clusters was 50 nm apart. To transfer the hyperspectral
dataset into a multispectral dataset, the reflectance was averaged in spectral bands within £15 nm of each cluster center and
achieved six broad multispectral bands. Afterwards a support vector machine algorithm was utilized to classify the diseased
and healthy leaves using both hyperspectral and multispectral datasets.

Results and Discussion

The center of clusters were 468 nm, 598 nm, 710 nm, 791 nm, 858 nm, and 1023 nm, which were calculated by taking
the average of all the members assigned to the individual clusters. These are the most informative spectral bands to
distinguish the pistachio leaves infected by Psylla from the healthy leaves. The F1-score was 90.91 when the hyperspectral
dataset (all bands) was used, while the F1-score was 88.69 for the multispectral dataset. The subtle difference between the
F1-scores indicates that the proposed pipeline in this study was able to select appropriately the sensitive bands while retaining
all relevant information.

Conclusion

The importance of spectral bands in the visible and near-infrared region (between 400 and 1100 nm) was obtained to
identify pistachio tree leaves infected with psylla disease. Based on the importance of spectral properties and using a
clustering algorithm, six wavelengths were obtained as the best wavelengths for classifying healthy and diseased pistachio
leaves. Then, by averaging the wavelengths at a distance of 15 nm from these six centers, the hyperspectral data (64 bands)
became multispectral (6 bands). Since the correlation between the wavelengths in the near-infrared region was very high
(more than 95%), out of the three selected wavelengths in the near-infrared region (710, 791, and 1023), only the 710-nm
wavelength, which was closer to the visible region, was selected. The results of classification of infected and diseased leaves
using hyperspectral and multispectral data showed that the degree of classification accuracy decreases by about 2% and if
only 4 bands are used, the degree of accuracy decreases by about 3%.

The results of this study revealed that the proposed framework could be used for selecting the most informative spectral
bands and accordingly develop custom-designed multispectral sensors for disease detection in pistachio. In addition, we
could reduce the dimensionality of the hyperspectral datasets and avoid the issues related to the curse of dimensionalitylity.

Keywords: Classification, Feature selection, Hyperspectral data, Multispectral data, Pistachio, Psylla, Random forest,
Spectroscopy
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Cluster center

Members of each cluster

Cluster 1
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Cluster 3
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Cluster 5
Cluster 6
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101332
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nanometer)
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86823 87925
634'% 6031
489%7  468%°
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816°
85831
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68533
78610 82611 75612

58221 57226 56128

* Superscripts denote the rank of the features, ** Wavelengths are shown without decimal digits
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Introduction

The nut sunflower is usually cultivated in small farms and is harvested with a low capacity of harvester at high moisture content.
For the rigid threshing components, impact and knead force are so large as it leads to crushing of the grain or inner stress. This
reduces marketability and the germination rate of seeds. The mechanical damage degree of sunflower grain is influenced by the
material of the threshing beaters, the velocity of impact, moisture contents, etc. Traditional manual methods, that separate grain from
the sunflower head, take a lot of time, require large manpower, have high grain damage, and low efficiency. The objective of the
present work was to develop and optimize a threshing unit for nutty sunflower that would combine safe impact velocities with
appropriate adjusting of its variable to maximize threshing efficiency whilst minimizing grain damage resulting from shearing,
cracking, or crushing.

Materials and Methods

The nutty Sunflower heads were procured from the Experimental Orchard of University of Tabriz, Iran at the moisture content
of harvesting. Axial threshing units using kinematic equation and properties of the grain, designed and constructed that the variables
of its components are adjustable. The beater of the thresher is flexible, which the deformation and vibration undergoing the overall
rotation and impact process becomes larger with increasing speed and prevents grain damage. The power required for threshing and
separation grain from heads was calculated at about 4.5 kW. Diameter and rotational drum speed value estimated using relation

(V= gn) and study of other researches as considering critical impact velocity of sunflower grain. The length of the thresher was 1.2

m that estimated by determining the capacity and the number of beaters. Threshing efficiency (%), separation efficiency (%), and
grain damage (%) were parameters of performance for study. The experimental design by the Response Surface Methodology in
Design Expert software 11 with central composite experiment design developed and the affecting parameters on accuracy analyzed
and optimized. The threshmq unit was evaluated against three threshing drum speeds of 380, 280, and 180 (rpm), feed rates 4000,
3000, and 2000 (kg (head) h™), moisture content of 60%, 45%, and 30 (%w.b).

Results and Discussion

The results showed that the models and effect of variables were statistically significant at the 95% confidence level. The
moisture content on threshing efficiency and grain damage had the greatest effect followed by drum speed and feed rate. While for
separation efficiency, the feed rate had the most influence. With reducing feed rate and moisture content the threshing efficiency
increased, although the decrease in drum speed reduced it. This might be due to sunflower grains adhering loosely to the head at the
low moisture contents. The maximum (99.81) and minimum (96.12) percentage of threshed heads was at the moisture content of 30
and 60, respectively. The separation efficiency increased with reducing of feed rate and moisture content. Though, drum speed had
insignificant efficacy statistically. The sunflower heads with high moisture content are fragile and brittle, also at high feed rates, the
number of impact forces and collisions of heads rises |n the condition of threshing. Therefore, the extra MOG is produced and passed
from the separator grille. The feed rate of 2000 kg h™ and moisture content of 30% was the maximum point of separation efficiency
that obtained 69.82%. The grain damage decreased significantly with reducing drum speed (380 to 180) and moisture content (60 to
30). This result may be due to the reasons that at higher moisture content the husk of grains becomes soft. The goal of optimization
is maximizing threshing and separation efﬂcnency and minimizing grain damage that the optimized values of variables were
determined 292.134 rpm for drum speed, 2000 kg h™ for feed rate, and 30.7406% (w.b) for moisture content.

Conclusion

A threshing unit of sunflower, using properties of grains and kinematic equation, was designed and constructed. The models and
effect of the variable were statistically significant on performances. The moisture content had a greater effect than other factors on
threshing efficiency (%) and grain damage (%). Also, the feed rate of crops in thresher had the most influence on separation
efficiency (%). With decreasing the moisture content, threshing and separation efficiency increased and grain damage reduced. The
threshing efficiency (%), separation efficiency (%), and grain damage (%) were reported in the range of 96. 12 to 99.81, 57.34 to
68. 55 and 0.49 to 1.25, respectively. The optimized points were determined at the drum speed of 292.134 m s, feed rate of 2000
kg h™, and moisture content of 30.7406% (w.b).

Keywords: Critical velocity, Nutty sunflower, Optimization, Performance, RSM, Threshing
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Fig. 1. Schematic representation of threshing unit with cross section of a set beater: 1- Flexible plates of beaters with
adjustable angular position (y), 2- Shaft thresher, 3- Separator (concave), F- Impact force
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Fig. 2. Schematic of the apparatus for separating sunflower grain: (1) Input channel, (2) Feeder, (3) Beaters, (4)

Separator (concave), (5) Thresher shaft, (6) Covering of drum thresher, (7) set of screens, (8) Crank of oscillation (9)
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Fig.3. The sample of heads of nutty sunflower
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Table 1- Experimental design proposed by RSM for threshing unit

tew s Sy
@i ¢

ohalejl  (Jlyed g Cagb, siagS 033 Sl 035l o 23]
Run  Drum speed (rpm) F?ighr_%te Moisture  Threshing efficiency%  Separation efficiency%  Grain damage%
(Yow.b)
1 280(0) 3000(0) 45(0) 99.77 61.89 0.89
2 280(0) 3000(0) 60(1) 96.12 65.96 11
3 280(0) 3000(0) 45(0) 99.44 61.88 0.68
4 380(1) 4000(1) 30(-1) 99.81 61.91 0.68
5 280(0) 3000(0) 30(-1) 99.57 63.33 0.58
6 180(-1) 2000(-1) 30(-1) 99.38 69.26 0.49
7 180(-1) 2000(-1) 60(1) 97.41 66.21 0.98
8 380(1) 3000(0) 45(0) 99.57 59.99 1.02
9 280(0) 3000(0) 45(0) 99.63 62.12 0.85
10 280(0) 3000(0) 30(-1) 99.41 63.21 0.54
1 380(1) 4000(1) 60(1) 97.75 56.85 121
12 280(0) 4000(1) 45(0) 98.76 60.1 091
13 280(0) 4000(1) 45(0) 98.81 60.04 0.86
14 280(0) 3000(0) 45(0) 99.55 62 0.83
15 280(0) 2000(-1) 45(0) 98.95 68.55 0.55
16 380(1) 2000(-1) 30(-1) 99.89 69.82 0.63
17 180(-1) 2000(-1) 30(-1) 99.48 69.26 051
18 380(1) 4000(1) 30(-1) 99.79 61.89 0.65
19 180(-1) 4000(1) 60(1) 97.43 57.45 1.04
20 380(1) 2000(-1) 30(-1) 99.91 69.74 0.61
21 180(-1) 4000(1) 30(-1) 98.12 62.12 0.52
22 380(1) 3000(0) 45(0) 99.57 59.99 1.02
23 280(0) 3000(0) 45(0) 99.65 62 0.86
24 280(0) 3000(0) 60(1) 96.12 65.96 11
25 380(1) 2000(-1) 60(1) 97.83 65.67 1.25
26 280(0) 3000(0) 45(0) 99.06 68.45 0.59
27 380(1) 4000(1) 60(1) 97.76 56.71 111
28 180(-1) 2000(-1) 60(1) 97.43 66.18 0.97
29 380(1) 2000(-1) 60(1) 97.83 65.67 1.25
30 180(-1) 3000(0) 45(0) 98.47 64.98 0.66
31 180(-1) 3000(0) 45(0) 98.43 64.94 0.65
32 180(-1) 4000(1) 60(1) 97.29 57.34 1.01
33 180(-1) 4000(1) 30(-1) 98.82 62.32 0.54
34 280(0) 2000(-1) 45(0) 99.06 68.45 0.59
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Table 2- Analysis of variance for performance of threshing unit using Design Expert

5 ol TS 833 7 jwlaa 0330 T4l (S wacamw!
Sourﬁ \iriation df Threshing efficiency% (y1) Separation efficiency% (y,) Grain damage% (y3)
F-value P-value F-value P-value F-value P-value
e 9 16.82 <0.0001 11.35 < 0.0001 23.17 <0.0001
Model
> 1 12.93 0.0015 1.79 0.1937 26.2 < 0.0001
Drum speed (A)
L Ly 1 1.87 0.1846 86.23 <0.0001 3.03 0.0948
Feed rate (B)
gk sy 1 104.81 <0.0001 10.66 0.0033 17149  <0.0001
Moisture content (C)
AxB 1 0.8318 0.3708 0.0553 0.816 0.4824 0.494
AxC 1 1.15 0.2935 0.1149 0.7376 0.7418 0.3976
BxC 1 0.9967 0.3281 0.491 0.4902 0.4083 0.5289
A? 1 1.11 0.303 2.03 0.1669 2.3 0.142
B? 1 0.2285 0.6369 0.4819 0.4942 1.72 0.2021
c? 1 24.69 <0.0001 1.17 0.2906 1.76 0.1976
Residual
Al pae Jele 5 29.28 <0.0001 6.38 0.0012 5.27 0.0033
Lack of fit

Correlation total
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Table 3- Statistical information on models of threshing efficiency% (y,), separation efficiency% (y,), grain damage%
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Fig. 4. 3D surface response plots to observed the effect of drum speed, feed rat, moisture content on threshing

efficiency (a, b, ¢), separation efficiency (d, e, f) and grain damage (g, h, i).
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Introdution

Nowadays, supplying the needed food for people is one of the main global issues. Among foods, rice as the
second vital crop has an important role in the world. The amount of global rice losses is about 21 percent and in
Iran is reported between 16 to 30 percent that the most amount of it belongs to harvest (mowers and crushers)
part. The measuring device for rice picker combine losses at lab scale is a tool which could report the losses of
separating and cleaning units. One of the advantages of this device is choosing maximum speed by the operator
with considering the acceptable amount of seed losses. Therefore, research about detecting and decreasing this
type of losses is important. In this research, only the losses of the harvesting step, especially at the end of a
combine harvester machine was addressed. Different methods included piezoelectric and acoustic sensors, load
cell, and FIS controller were used as the measuring device of rice picker combine seed losses. In this research,
on the contrary with other studies, the slope of meshed plate and humidity of product was measured using a
piezoelectric sensor at lab scale under different conditions of the rotational speed of meshed plate. Therefore, the
general purpose of this research was design, construction, and evaluation of the measuring device for rice picker
combine losses based on the piezoelectric sensor at lab scale to measure the seed losses in the straws at the end
of the machine at rice picking.

Materials and Methods

A meshed plate with the 100 x 60 cm? dimension was one of the main parts of the measuring device of seed
losses. The diameter of its meshes was 7 mm based on the rice seed size. It separates the rice seeds from straws.
Separated seeds from this part were fallen on the other plate which is mounted under the meshed plate. The seeds
through four separated routes were fallen on the sensors and output pulses from sensors were sent to the operator
plus shown at a monitor. The used seeds at tests were selected from Fajr rice cultivar with a high yield and short
height. The used piezoelectric sensor had the ability to convert imposed force and pressure to voltage and vice
versa. After the seed falling on the sensor and its vibration, the piezoelectric sensor worked as a beam fixed at
one end. The used Integrated Circuit (IC) was ATMEGA328, which receives the needed data through the sensor
as a processing and action system. An electric motor was used to create the rotational speed of meshed plate. The
LCD indicator was used for monitoring the obtained data from the test. The amount of seed losses at the end of
rice picker combine machine was studied using the piezoelectric sensor with high sensitivity for detecting seeds
to separate the seeds from straws. The tested sample in this research was 1 kg straw plus 52 g seed which was
equal to 3 percent loss at the end of the harvest combine machine. The experimental design was a simple
randomized complete design with three replications. The used treatments included the rotational speed of
meshed plate at 3 levels (50, 75, and 100 rpm), the slope of meshed plate at 3 levels (25, 37, and 45 deg) plus
humidity at 3 levels (12, 18, and 24 percent). Then the data analysis was done using the conducted test design.
The GenStat software was used for data analysis.

Results and Discussion

The analysis of variance table showed that all treatments have a significant difference in the number of rice
lost seeds at 1% probability level. The interaction between the rotational speed of meshed plate and seed
humidity had a significant difference at the 1% level. On this base, the best separation of seed from straw
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recorded at 100 rpm and 12% humidity. The reason was the higher vibration of the meshed plate at high
rotational speed and better separation of seeds at low humidity. Increasing the slope of meshed plate and
humidity of seeds caused decreasing in the device efficiency. Because the motion speed of the sample on the
meshed plate increased with increasing the slope of the meshed plate, a lower period was needed for separating
the seeds from straws, and this separation at higher humidity was done hardly. The highest efficiency at this
condition was obtained with 12% humidity and 25° slope. Increment of the rotational speed of meshed plate and
decrement of meshed plate slope caused the best separation by the device. Its reason was high vibration at the
high rotational speed and having enough time for separating the seeds from straws at a low slope of the meshed
plate. The best angle for separating was 37°. Increment of the rotational speed of meshed plate, decrement of
meshed plate slope, and sample humidity caused increasing the device efficiency. The reasons were high
vibration at high rotational speed, having enough time for separating seeds from straws, and decreasing the
compression at low humidity amounts. The results showed that the best device efficiency with 95.51% was
obtained at 100 rpm rotational speed, humidity of 12%, and 25° slope of the meshed plate.

Conclusion

In this research, a measuring device for detecting the amount of seed losses combined by straws at the end of
a rice picker combine machine was designed and constructed, and then was assessed. The results of lab tests
showed that increment of the rotational speed of meshed plate plus decrement of meshed plate slope and sample
humidity causes an increment of device efficiency. With installation and evaluation of this device on the rice
picker combine machine, the needed correction at the farm will be done and the amount of losses will be
decreased.

Keywords: Design, Meshed plate, Piezoelectric, Rice combine loss, Sensor
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3- Harvest Loss
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Table 1- ANOVA of the treatment variations on device performance

Ol ek i @ilaryy Ol ke
Source of variation Degree of freedom  Mean of square
sk 2 111016.44**
Moisture
(g sy 2 13484.33%*
Rotational speed
o 2 1219504.11%*
Tilt
o puash) 4 539.61%*
Moisture* Rotational speed
ok, 4 5370.22%*
Moisture* Tilt
el HEEp 4 1232161
Rotational speed*Tilt
b Boe by, 8 1393.92%*
Tilt * Rotational speed* Moisture
s 54 77.94
Error
5 80
Total

7N Jles] o )3 o9l gxe **
** Significant at 1% of probability levels

olSd LIS gl 5 Sy oy il =Y Jgaa
Table 2 - Effect of rotational speed and moisture on device performance
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[Ty Moisture (%)

Rotational speed (rpm) 12 18 24 ool
Mean
50 1699° 1625¢ 1581 1635°
75 1707° 16244 1588" 1642°
100 1755 1665° 1610° 16772

e 17200 1644°  1503°

Mean
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Table 3- Effect of tilt and moisture on device performance

Cogb,

(4 53) Moisture (%)
Tilt 12 18 24 ‘R‘/”I;" be
ean
25 1910° 1821° 1761 1831%
37 1795¢  1689° 1636' 1706"
45 1455° 1412" 1383’ 1417°

m“;: 17200 1644  1593°
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Table 4- Effect of rotational speed and tilt on device performance

G
Sigd G g Tilt

Rotational speed 95 37 45 ool
Mean
50 1792° 16697 14443 1635°
75 1826° 1695° 1406" 1644°
100 1876° 1755¢° 1400" 1677°

05k 1831 1706°  1417°

Mean
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Table 5- Effect of rotational speed, tilt and moisture on device performance

ly9d S g Cugb, L_;;:
Rotational speed Moisture o5 37 5
12 1851° 1746" 1500"
50 18 1781f 1655 1438°
24 1743" 1607™ 1393
18 1916° 17669 1438°
75 18 1811° 1685! 1401P
24 1750" 1635' 1380
12 19642 1873° 1428°
100 18 1872° 1726' 1397°
24 1791° 1664% 1376




V4 eSS S g o K Wl o i o oS Ol S e el olliwd b3yl g C b ( 2k (] )50 g gSloww Ly

Sl 4 wib e (2Ll dges 2oy> VF ool g 425 Y0
L i)l 5l Jols gl aisb o oKiwd ol)lS p casb, b
Alimohammadzadeh et ) L Sen g odljiazedde §udzs gols
9 ey g Jgmazme gl 5315 2,90 )3 <8 (al., 2015

D)1 Slyren 1l ge Jpazme Sl lje 2 (nleS

& 5 42l
Has o ol Slados )l ol o aBilejl (o] b
9 Aiged Cugh) (Sudo doxhio o (Siudio dxio (93 Cas pu
V el a3 olRiws 2l)S 1 bajlos Jlite 51 cpioeen
Lo ¥ 50 by 4 baye slas il oyl xe Moy
Jlod g 450 4 Lmu;';;"lgﬂ 3 Jols slrodls 4y asgi b g w0
A idy 90 Voo ey Caeyw ) olKiwd b sdnlie da)]
W Cgb) g Sudio dott o (glds o YO o « Siiio doxien

e 4 293 LS a2 5VL )3 ool Wiges g0y

Coyw asBBaw Jolie aly sl duslie 450 Joio 4 ases b

g0l Cughy 5 Suddio dott o Lo « Sudio doxio Jlye0
o il 8l L a8 59 o sdmlie cdad o oLt 1) oKkl
olde 0 A YY 5 VO Lo 0 S amin Jlygo sy
o olsiee o Yo 5l 48 03g: sy olSd ()lS gl atpeS
only polie 3 o815 GRals 9 Yl (Shgd s pr )3 3L il
255 sLalgj an dagi b naily ol (gl (B oloj g b,
2 a0 F0 dasgly 0 (g ey Lili8l L B,k 5,8 0Ll
45 gk 4o Ml pRals oaed LS Cogb calisa 0l
Ver) S oy o (i 4 bgiye olSed (LS (508
(1o VF) (2lislojl igai gl o 5V (B> ) )9
Ormtee el oo (4253 ¥0) S domiuo byl
S dxhio o 4y 255 b (B loj pas 4 Gl o] Yo
L AIStlef] iges 33 o815 5 IS 5 o8 51 s i ol
giee g B g oo SIS 5108 0,5 o 5L Cash) 4 425

s 8 730/ iy S8y 3 45 (g 4135 o)l gy 5 i 3l

G | it Mo > VY Cogby g 4 0 VY b 0 oSiwd o)

References

ook

o~

10.

11.

12.

13.

14,

Bakhshandeh, A. 2019. Deputy Minister of Planning and Economic Affairs, Minister of Agriculture of Iran.
Aghagolzadeh, H. 2005. Specifications of machinery needed for mechanized rice cultivation. 11" National Rice
Conference of the country. Qazvin Agricultural Jihad Organization Agricultural Statistics 2018.
Alimohammadzadeh, S., H. ShamsAbadi, M. Azadbakht, and M. H. Rezghi. 2015. Comparison of quantitative
losses of different combine harvesters in rice harvesting with different moisture content. Research Findings on
Improving Crop Production 1 (1): 13-28.

Bernhardt, G., and R. Hubner. 2010. Patent No. 0199291. United States.

Eldredge, K. W., and R. C. Blyth. 2001. Grain loss Indicator. United States Patent. Number 4,490, 964.

Ferreira, D. B., A. Ferreira, S. Alonco, and H. Bley. 2001. Grain loss monitoring during all harvest season
(gathering and processing losses), in the irrigated rice crop, and its results in reduction losses due to immediate
adjustments in the combines. paper No. 011075. ASAE, Annual International Meeting, Sacramento, California,
USA.

Harisson, H. B. 1991. Rotor power and losses of an axial-flow combine. Trans. ASAE 34 (1): 60-64.
Hedayatipour, A., and M. Rahmati. 2007. Study of drying temperature and final moisture content of rice on crop
yield and conversion coefficient of high yield varieties in Mazandaran province. Journal of Agricultural Sciences
and Natural Resources 13 (6).

Karimi, H., H. Navid, A. Rostami, and A. Taheri hajivand. 2005. Design and Construction of a Grain Loss
Monitor for Combine Harvester Using Load Cell. Journal of Agricultural Mechanization 1 (1).

Lashgari, M. 2009. Implementation and evaluation of fuzzy logic controller for automated grain combine
adjustment. Journal of Agricultural Engineering Research 1 (3).

Mostofi Sarkari, M. R. 2009. Field Evaluation of grain loss monitor in different harvesting conditions on combine
JD 955. In: Proceedings of 5™ National Conference of Agricultural Machinery Engineering and Mechanization.
Agriculture Faculty. Ferdowsi University of Mashhad. pp. 946-956. (In Persian).

Mostofi Sarkari, M. R., M. S. Valiahdi, and I. Ranjbar. 2014. Field Assessment of End-of-Grain Combine
Harvesters Equipped with a Grain Loss Monitor in JD-955 and JD-1165 Combines, Journal of Agricultural
Machinery 4 (2): 335-343. (In Persian). http://dx.doi.org/10.22067/jam.v4i2.29077.

Sharifi sangdeh, S. 2018. Investigation of the effect of grain moisture and type of 4LZ-2.5A and ICR20 combines
on mortality of different rice harvesting units. Second National Conference on Harvesting and After Harvesting of
Agricultural Technology, Mashhad, Khorasan Razavi Agricultural and Natural Resources Research Center.
Strelioff, P., S. William, and J. Dale. 1977. Grain loss Monitor. United States Patent. Number 4,036,065.


https://dx.doi.org/10.22067/jam.v4i2.29077

1Fe) bmsl ¥ o )loid Y ol ¢559lS slocpmirlo 4yt VAY

15.

16.

17.

18.

Tabatabaei, R., H. Aghagolzadeh, and B. Bakhshi. 2013. Field Testing and Evaluation of a Complete Nutrition
Harvesting Combine. 7" National Congress of Agricultural Machinery and Mechanization.

Taheri, A., H. Navid, H. Rostami, and H. Karimi. 2019. Field Assessment of Combine Seed Loss Monitoring
Machine. 6™ Scientific Research Congress on Development and Promotion of Agricultural Sciences and Natural
Resources in Iran.

Valiahdi, M. S., I. Rangbar, M. R. Mostofi Sarkari, and M. Majdi. 2014. Investigation of Processing Losses on a
Jundir Model 1165 Combine with a Grain Loss Monitor. National Conference on Non-Agent Defense in
Agriculture.

Zhao, Z., Y. Li, J. Chen, and J. Xo. 2011. Grain separation loss monitoring system in combine harvester.
Computers and Electronics in Agriculture 183-188.



@ Journal of Agricultural Machinery ;
Homepage: https://jame.um.ac.ir

- b e
e T A A

Research Article
B Vol. 12, No. 2, Summer 2022, p. 193-206

Potential Assessment of Energy Providing for Bagasse-Based Chipboard
Industry Using Sugarcane Waste (A case study: Debal Khozaie Agro-Industry)

E. Alboativi®, A. Asakereh?’, H. Zaki Dizaji®?, Y. Mansoori?

1- MSc of Department of Biosystems Engineering, Faculty of Agriculture, Shahid Chamran University of Ahvaz, Iran
2- Assistant Professor of Department of Biosystems Engineering, Faculty of Agriculture, Shahid Chamran University of
Ahvaz, Iran

3- Associate Professor of Department of Biosystems Engineering, Faculty of Agriculture, Shahid Chamran University
of Ahvaz, Iran

(*- Corresponding Author Email: A.asakereh@scu.ac.ir)

How to cite this article:

Received: 04-07-2020 Alboativi, E., A. Asakereh, H. Zaki Dizaji, and Y. Mansoori. 2022. Potential Assessment
Revised: 02-09-2020 of Energy Providing for Bagasse-Based Chipboard Industry Using Sugarcane Waste (A
Accepted: 19-10-2020 case study: Debal Khozaie Agro-Industry). Journal of Agricultural Machinery 12 (2): 193-

206. (In Persian). DOI: 10.22067/jam.v12i2.87600

Introduction: Bagasse is the dry pulpy fibrous residue that remains after sugarcane stalks are crushed for juice extraction.
Bagasse is widely used in conversional and by-product industries. Bagasse is commonly used as a substitute for wood in
many tropical and subtropical countries for the production of pulp, paper, and board. One of the most important conversional
industries in the sugarcane agro-industry is chipboard production. In recent years, two chipboard factories from bagasse were
exploited in Khuzestan province. In the production of chipboard from bagasse, a lot of waste is produced, most of which
include pith. The waste is transferred to the outside of the factory at a great cost and energy level. Also, annually, a large
amount of surplus bagasse of conversional Industries is obtained in Khuzestan agro-industries. These wastes cause many
environmental and health problems, while these wastes can be used to generate energy. On the other hand, chipboard
industries consume a lot of energy which is mostly fossil energy. Nowadays, in many sugarcane agro-industries in different
countries, wastes are used to generate energy for sugar plants and conversional industries. Bagasse is often used as a primary
fuel source for sugar mills.

Materials and Methods: Current research is focused on the direct energy consumed in chipboard production from sugarcane
bagasse and whether it can be provided by using residues and wastes of Debal Khozaie Agro-Industry Company. Data were
collected from agro-industry companies as well as by sampling and measuring waste, input and energy consumption at the
chipboard factory of Debal Khozaie. Direct energy consumed in the chipboard production from bagasse includes diesel fuel,
electricity, natural gas, and labor. Input and output values of materials (bagasse, pith, etc.), and energy consumption
(electricity, diesel, natural gas, etc.) were collected using both laboratory tests and data available in agro-industry. Potential
of energy generation from bagasse, pith, wood chips, and straw in Debal Khozaie agro-industry, were considered by the
direct burning method. Also, the potential of biogas production from vinasse in agro-industry for energy production was
calculated. The moisture of bagasse (fresh bagasse, 24 hours, five days, 30 days, and 45 days after gathering), outdoor dried
pith, outdoor dried straw and wood chip were measured based on the ASTM D2974 standard method in the laboratory. Ash
percentage of bagasse, peat, straw, and Wood chips were measured using a furnace, desiccator and a scale. Also, the lower
heating value of bagasse, straw, pith, and wood chips were measured using a calorimeter bomb.

Results and Discussion: The direct energy consumption in the chipboard factory was determined to be 5.829 GJ m* of
produced chipboard. Natural gas and electricity were the major sources of direct energy with 78.52% and 18.87% share,
respectively. To replace these sources, pith and woodchips form chipboard factory, sugarcane leaves, remainder sugarcane
bagasse, and vinasse from molasses-based Razi alcohol factory were considered. Properties of the substituted resources were
determined including ash, moisture content, heating value (using bomb calorimeter), and amount of woodchips along with
the biogas potential from anaerobic fermentation of vinasse. Results showed that woody residues from chipboard factory and
Debal Khozaie Agro-Industry Company had the potential to provide 4.33 fold the energy provided by gas in the chipboard
factory, considering the efficiency equal to 60%. Using the residues of the chipboard factory individually, it is possible to
replace all the consumed natural gas and electricity energy needed in the chipboard factory as well. According to the volume
of available vinasse, the potential biogas production from this resource estimated to be 8.82 Gm®.

Conclusion: Electricity, natural gas, and diesel fuel constitute the direct energy consumed in the production of chipboard,
and natural gas with 78.52% has the highest share. Electricity accounts for 18.87% of direct energy consumption. The
specific energy of chipboard production at the chipboard factory was 5.829 GJ m™. Only using the pith of chipboard factory
can produce 2.85 times the total energy of natural gas consumed in chipboard factory. Investigation of the potential of biogas
production from vinasse in Debal Khozaie agro-industry showed that it is possible to generate energy equivalent to 8824.3
thousand cubic meters of natural gas. Overall, the study showed that using the wastes of chipboard factory and sugarcane
agro-industry has the potential to replace the entire natural gas and electricity consumption in chipboard factory.

Keywords: Bagasse, Heating value, Pith, Sugarcane, Vinasse
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1Fo) limsl ¥ o )loid Y ol ¢339l slocmiilo 4 i VAA

ool ode 51 S ags T s 51 a8 sl omple Siloms | btz
Sygo 53 9 039 YL BOD' 3 CODY (lyls odlo oyl 345 oo
(Birru et al., 2016) 33,5 o Sk 5 T Srgl csl (s5lula,
o (Hy 298 02latul (65)9liS )3 358 plgisa g ) el
S 50lge (pl 5055 5 eling o lsld J dlse 3929 >
ol (uejpj sl § SB > (6)hu aecin; NSt
b 2e S laieday by paitue odlitul slads plpls 99 o
St o9 Tl 5 it 295 odiasil 55 e Jol)
o e & Cul ol il man plug (36 (Sl S
9039 (e ol Slowy 5 0le Bl g 390 o S Cunsj M5
» (Pourasad et al., 2015) ¢l odlawl JolB 595" lsicay
Jeed Caln g coiS 4 atanls gl asloyes o JSU A
Ve A S oL S ) 0 155 ol 4 ol
S-S g aloyred <855 AVls (gl acliyy 9 00 M55 pulig
5 by ) J5 s 15 Sy adllae ] 3 el Dl
'\—"J? I u—c‘)> J—?Lb Cxiio 9 CudS LS)L“’JSJ] ““.’B)lf »
2335 dle (55l
S 9l Gipl & odgun; s lp b glaan S
J:A_.u 9 paiano O“\’l)ﬁ“’ JAL» O‘ @I) L;)BLB 92 &S b)lb S99
o%l550 (Mondal and Denich, 2010) ¢l s DS
155 6y LS elgd b 0355 Cpamlign] Lol uiis
Fo b ¥ o ol s oalls o3jl sl B 5 (Sl g do S
OB g JB B @ o35 hag ol S5 4 Jas canl Loy
o W o8 g 8 anl B 5 Clgw lgieds odel Conday 55 ol
U 2t Cyamay (ST o9y ol jo Jad oajl 00,5 o oolaiul
&3S 9 gyl gy yols JLs 5o (Caputo et al., 2005)
ool g Gp Mg sl Loy Yo Jolite 03)b b e (1590

! l__.mb)9__§ 2 p».aa.__uwb U)‘)__> A_»Jy ‘_g‘)__.: V)

(McKendry, 2002; Caputo et al., 2005; Karaj et al.,
.2009; Demirbas et al., 2009)

L ilwplags 9 )i lasilomy 1 (65,51 adg Jously
W05 dewlses (V) dlasly 1 oolal

1- Vinasse

2- Chemical Oxygen Demand

3- Biochemical Oxygen Demand
4- Direct Combustion

5- Gasification

SLacsspl g (00 9 o (L) dlgo (2955 5 (639)9 polie
SLoj sbaojls 3 (o) 9 (b B (S o> Cogw «5) (Sras
b b pble (5 xS C g p)8 g JoSuwl g8 o5k I (re
L sl o3 352 5958 48 olye 3 (Sl 5] o8
SlmolSiws Ly Laygiseg il ol By Sl 2,85 2929 (S )58
Ermae Gy Mie lg ol g ool gl Cad g Wy (B
5 u.s)._.a.o B9 X J_Jy J9_.a.>m L;).;o)'l.\}‘ b W Wb"’
u_s&.p).m &.: .\.Jy LS U.Q)Jm (3)" )IAM cum U.:Lo) L5°)b
W dobxe (V) dlasly 5l Jauaze
Ee=(WxE)/M V)

oS yia y 2 AP Cotr (Brae G 5B ol 3 &S
32y 52 (S8 5Pl G pan plie WeJgile o 2 g8
Ay o Jewame 3 g liwe M el GlgalS” cons g )loj
2 el Slosls soly jo Jolao (551 E g canSiopio canes oo
YIE Ll gl 30 celw SloskS ya Joleo .l Jo515Ke s
(Kitani, 1999) cul 95150

2959 35 yoS jl odlatwl Ly (Bpae (canb LS x>
Gl BB 3 ol wo e (35 0 b g 45 650l
2355 Ao bo)S (el g (Bpan C g (531 )l (ornbs
i Ui cé g s50! (Anonymous, 2016) cul 5K
a5 ol G5l Slge g 5)len 3 CEgw Bpae e 0y ol
(Kitani, 1999) sel cansas wenl yid p Jo3Ke YAV

Glyls g bl coy Jold bst Wdey S8 sdas wluls
sy 33 G ol iy slabet disd Sjedlow 9 i
2 Ot a5 oo e Cawlio BUI 5 saiple g 320 (gilulis
6L poe (el e Caio g S 9 S0 Ay Al
Sl 5 Sl ol 254 g0 355 o Sl 5 oI5l
oor Sk BB G5l el e i e lyiea;
YR W

coliwjed Sins o § CulS pre (b OV gae |l
Sles g (gilwiels lo s (Joibl) JSIN udgs 5 &S conl Mo
4_1>/~o P )g_w A_a.]y é’l»._.ao JJLo._w) u»)'to g g0 odlasul )ig)
loypod 8y bl o A8 jue b S oy (gloyel 5 v
g ol axd)S 8 _clid | ed Cato g cutS o (g5l IS
5 S plaw 5l oMo ¢ <lip Jued Cio g CuiS p 0gdle
Do oo JEiie .\>15 O:’.] G 5 olw;es Oh‘“" P S s



149 i Ol s 3l ooliwl b (Wl 31 oyl g% aiss adgi (6551 ool ool andline oy l80 g (g gudanllan

) ogs cagb) cgo kil 5 Cundg 4y dagi b a5 5 ol
by 55 2 e 3B gl GRS w3 o Cawd g5
2l Le)S adg g ulie e 5] @ie Glyea L
P =P Jeed Cao g et WlSh cngb) 2o ¥ g
oL (g xS ojlul a0 L 1y (b 690 51 s cilisee (sl lo
=l e Cain g culS j0 05 L gy (ke oS 2l
byly b ay dsgr b aS (WWAY olotiawl Y4 ) Canl 2o)d 0V/Y Ll
Ol iy 303 OIY 4y 55, YO 5l Gy (gl lgioms s
(o 0SS s 41 LS (g &5 e300 (LIS E50ge
9 e (il St clio g (B ojlil 4 (B Cugb,
S o> 00 9a oy gy oS bbb o (BN o5l My
Sawy o> YARA 4 3o )0 OVl g cdl ials wBBL cuob,
BBl 203 VNV Jlade 4 (308 923 sl 59y 9 )3 Bl Casb,
byl & dianly a4 Cugby (ials jlade oS Cuol 4y, 8l
PS5 Jmad g Vsb a9 b Jy ol e Ol 5 2
Ly 48 c8)5 dond lgiiee i ol )3 (D)L g bes)
3929 (b Cjgod Bl ()5 Siid lal e Copie
s 4y 5L (6550 et lgisdn (b ooliul gl g 30>
Fesla a0
oS B5)) Al 2leS (2))] g S dop ¥ g
L) (b g o3bow slacg 035 5 gy oy (5L (0l
YIYY il U oy diad o lis 1) (ies JIS s I oolitu!
Dl (e 3j90 Sladiged o |y S e (i doy
e sl S 45 s 9 0)95 (b ) JSE ke
bl (Cagh) 203 0/Y) Sid 5L Gl (2le)S (05 -l
294 Cugby b a4 Jlo 5 el cudey p55LS 5y o380 YV/AD
Singh et ) o)Ses o Sies g1 Jo3180 10/+Y s s o ys YO
L 598 Oloy bl 3 Sid LBl kS 3 (al., 2008
Halder et ) o,Ken ¢ s .055,8" Ly p,5elS 1 Jo3Ke V- I,
sl il plogl sodSsy S 3 48 (gladllas s (al., 2014
G55 03,5 ol S ot IS VIO Iy L ke S
bl e85 (silopbst Slals | ol co dges b 2l )5
G d5ge5 @Bl 40 el Cundty p)SlS 5 Jg3Ke VEIYY L il
o 11 g olyat 4 ol B g pytl 5 ool ol
293 Sy Oy il lugt €8 58 )3 WL 2oy ¥0 2920
3o JoSuti 1) Bl doyd Vo oy o5 (Jlo 53 9 oo i,
ObisB 455 W9 Car cuwlie SUI Sl oy (gilolin S0 (gom
SLl ol o (5 o3 )laz b 93 9 3,5 o plol ol )00,

2- Punjab

E= i Q:Hin; (v)
i=1

tloS Gasl Hid g5 o ysd 1 Silawy Jlie Qi o 0 &S
A8lise (6551 4 Sl JdS upd 0] 91 Slowy Lals
gy ¢ paSe

S (o S g paAlS alo)S (05)) 2 &S wre Jole
oS 3 sy Sl Sl ol g oy lgins
Loy Ve Gilidl 1 She jobdy amd o ialS 1y Cigw 2l
o Wy g (LHVY) ol b ol ole)S i)l b
BBl caeby cplpls (Fowler et al., 2009) 4 as o ials
35 YO 5V @ il dm (Bl > Colo VY Iy 0l 0BL)
ol Suid JUigy ejlg) dbgoes 3 0dd Sid Cay L 2
o) bl o (Hiedkew g (b I Jols Sluls Gl gL
e i g S S5 6,18 olSitulel 5 ASTM D2974
bl o Ll 6l mdsiges e Joolsd S (e (2135
iy 9 S Conlio 9 CutS Lawogs 0d ploxl (glags yuSojll
55! 5L, Cogoy S S gy s e o i
A8 dploe gl (50le 5 )85 5k dw Cugby (g pSojlul i
FusIA (g 4180 51l

Piele ¥ Gl a4 L g 0 1) 0dgiCumj dged (g lude
FewS B o g A5 0000 38w o 43y DB B A+ 068
Sy e sled an U awslis ) glKws J3b 1y siile (slaay
Tang et ) ab duslses (V) dasly 535k 5l 0355w j juSB duo
(al., 2013
. (p5) ASB 05 | ")

(psS) o395camnj 039

Sl Uy dalas
e glojbw ;2o ) o 51 (0l 5] e
03,5 030l PARR VWSS Jico Uy s slial (55p5liS
Ll (Bl jgon S5 53 53 S W yskate (nl sl
Cunio g CdS 3 39290 (Fjodkow 5 i Cluld i (JUbg
Osl S ol plodl (il S50 g ol e

35 ol e 3] 0552 el lno S J yinc IS o

Slacsy Cu gl ) s 5

1- Low Heating Value



AL ATIWIEIN PR IR RV ST X AT SO0 PR VR B )

Iy e alls sle)S 55yl (Jadidyan et al., 2016) 1S
G55 S Al )3 058 (5o p,S5S  Js3iSe VY
)‘ odliwl L ul)yb LVt ) 03louws Cg> 03y uajb L5’L°)§

J942) 2ol Casdsy pSokS 5 S350 VHIFY Ll o JIS oy
(Y

ol y 39) 00 S (oS 455 g 3 a5 Wlo o (b anlis
Olest 455 s jlasl it SUI s enle (B ey Jlade
(2P Al ye y3 a8 umd o i yel Cpl g o awlS sy
bly 33 05 b oo I Cuy olped oyl 5 canlio BN o0 Hlade
5 ol el S5 pytal ()ls sy diged pgw S 5l e

Gilobss Slawy 5 Bl Cugby dop> =Y Joan
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Fig. 2. Contribution of different operations to diesel fuel Consumption at Ariana factory
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Table 6- Woody residues and their thermal energy (GJ)
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Introduction

Sour cherry concentration is a significant agro-industry in the world. In 2016, world production was 13.8 million tons and
most of which were processed in the form of concentrate or frozen products. Iran has the 6th rank among the producers of
sour cherry and experienced a highly rise (45%) in production in 2016. A conventional energy system evaluation is
performed using the energy analysis method. The thermodynamic inefficiencies occurring within the system (factors that
cause a gap between performance and ideal state) are not identified and evaluated by energy analysis.

Materials and Methods

Pakdis concentrate production line includes a plate heat exchanger (HE) converter to preheat input juice using condensate
water energy and crude juice heat outlet, four multipurpose falling evaporators (E1, E2, E3, E4), a distillation tower for raw
juice aromatization (DT) and a juice cooling system (JC).

A thermographic camera (G120EXD, NEC Avio, Japan) was used for thermographic recording. Initial examination of the
thermography results showed that the external surface temperature of the equipment except for the evaporators (E1, E2, E3,
E4), the boilers (B1, B2, B3) and the condensation tank of the evaporation line (CT1) had very little difference with the
ambient temperature around them, and therefore, their heat flux was ignored.

Due to limitations, the mass flow rates of the evaporation line (except for inlet juice) were not measurable, and therefore,
energy analysis was used to calculate them. Energy analysis involves the simultaneous resolution of mass and energy
balances for a system.

Results and Discussion

The heat loss rate from the first evaporator (E1) was calculated to be 21.23 kW from which mass/energy balances and
mass flows were extracted. Also, heat loss rate from utilities E2, E3, E4, and CT1 were calculated from mass-energy
balances. Streams 32, 49, 52, and 54 are not utilized and exit the system. Hence, they are assigned as heat loss streams within
the evaporation line.

The total energy loss rate in the evaporation line was calculated to be 4920.82 kW which contributes 74.8% of total input
energy to the line. However, 73.39% of this loss is assigned to the cooling tower (stream 54). Stream 29 from the 4" stage
evaporator enters the condenser, mixes with water, and provides cold water goes to the cooling tower. In the tower, water
evaporates and dissipates heat to the environment. Stream 32 is the second loss stream with 14.8%. Also, it should be noted
that heat loss from the surface of utilities makes 3.06% of energy loss of the evaporation line which implies that insulations
are done properly in utilities.

Evaporation performance may be rated simply and primarily by the steam economy. The value was calculated to be 2.63
in the evaporation line, i.e. 2.63 kg water is evaporated per 1 kg steam injected into the system

Exergy rate in several streams of evaporation line. The exergy rate of fuel and products, exergy efficiency, exergy
destruction rate, and exergy destruction ratio for each element of the line were reported. Total input exergy to the evaporation
line is 4832.03 kW from which 1045.85 kW is destructed due to irreversibility and 3786.19 kW is dissipated.

Major destruction occurs within barometric condenser (BC), pressure reducing valve (PR), a plate heat exchanger (HE),
evaporators 1 and 2 (E1 and E2), cooling tower (CT), and then evaporators 3 and 4 (E3 and E4). The remaining destruction in
other utilities is negligible.

Conclusion

Using the first and second laws of thermodynamics and instrumentation procedure, sub-systems of the evaporation unit of
Pakdis Company were investigated and energy and exergy balances were coupled and solved. Thermographic assessment of
likely zones to energy losses was employed. The whole process was monitored and mass-energy balances were developed.
The steam economy as a reliable criterion for evaporation was calculated. To extract inefficiencies and possible optimizable
unit operations exergetic analyses were carried out and subsequently the share of exergy loss and destruction and capital cost
in the whole process was defined. It was found that capital cost is consistently ignorable compared to exergetic faults such as
losses and destructions.

Keywords: Cherry, Concentrate, Energy loss, Exergy destruction
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Fig. 1. Flow diagram of cherry concentration process
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Fig. 2. a) Main photo, b) Corresponding thermographic photo
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Table 1- Specific heat and density values for the components of agricultural products

52 2329 (s2lo,S Cudybs ddlae FE ol
Component Specific heat capacity equation Density equation
. 1.2089 __ 1.3129 5.184
Protein) cyss C,6=20082+——T- T? =1.3299x10° -——T
( ) o9 b 0 0 P 0
(Fat) C, =1.9842+ %T- %TZ p =9.2559x10” - 4.1757 T
(Carbohydrate) <l uays  C =1.5488+ %T- %Tz p =1.5991x10° - @T
1.8896 _ 3.6817 2.8063
Ash) .Sl C,=1.0926+—"——T-——T° =2.4238x10° - —T
(Ash) =5 g 10°  10° P 10
(Water) C,=41762- 9'08364 T+ 5'47631T2 p=9.9718x10% + 3'14339 T- 3'75374 T?
10 10 10 10
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Table 2- Pressure, temperature, mass flow rate and exergy rate of evaporation line flows

ool pupay  T(°C) m(kgs?)  Ex(KW)

Flow no.
1 101.33 15.00 3.50 2.35
2 301.33 15.02 3.50 3.01
3 231.33 55.00 3.50 19.87
3-1 101.33 55.02 3.50 19.45
3-2 701.33 55.09 3.50 21.59
4 621.33 64.00 3.50 34.07
5 551.33 71.00 3.50 45.89
6 531.33 79.00 3.50 61.74
7 146.33 87.00 3.50 78.50
8 301.33 87.03 3.50 79.11
9 171.33 115.60 2.62 117.13
10 490.33 115.70 2.62 118.21
11 441.33 62.60 2.62 22.87
12 101.33 50.00 3.50 13.40
13 301.33 50.02 3.50 14.10
14 251.33 70.00 3.50 42.34
14-1 101.33 70.02 3.50 41.87
14-2 451.33 70.07 3.50 43.15
15 401.33 77.00 3.50 56.20
16 381.33 85.00 3.50 73.41
17 241.33 126.70 2.31 123.75
18 401.33 126.72 2.31 124.17
19 126.33 106.90 1.45 47.72
20 401.33 107.00 1.45 48.19
21 81.33 95.80 0.63 11.00
22 401.33 95.90 0.63 11.18
23 351.33 45.00 0.63 1.07
24 801.33 180.00 1.43 1135.72
25 301.33 164.50 1.43 950.24
26 241.33 126.28 1.19 726.98
27 171.33 115.42 0.88 496.19
28 126.33 106.30 0.86 447.92
29 81.33 93.95 0.82 375.10
30 301.33 133.71 1.43 96.86
31 526.33 133.71 1.43 97.18
32 401.33 121.40 1.43 77.83
33 241.33 126.28 1.19 70.50
34 171.33 115.42 0.88 42.42
35 566.33 115.50 0.88 42.84
36 451.33 105.50 0.88 34.44
37 126.33 106.30 0.86 34.08
38 126.33 106.30 2.93 115.70
39 481.33 106.40 2.93 116.99
40 331.33 84.46 2.93 64.93
41 121.33 40.00 28.37 43.90
42 651.33 40.06 28.37 59.30
43 101.33 22.00 27.55 1.75
44 601.33 22.05 27.55 15.50
45 101.33 22.00 1.04 0.07
46 241.33 22.01 1.04 0.21
47 141.33 40.00 1.04 1.64
48 301.33 40.02 1.04 1.81
49 101.33 22.00 0.02 0.00
50 301.33 40.13 29.41 51.59
51 101.33 25.00 4.00 0.00
52 1801.33 25.16 4.00 6.82
53 101.33 25.00 27.18 18.06

54 101.33 35.00 27.98 22.19
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Table 3- energy loss rate of evaporation line components

state 32 state 49 state 52

state54 E1l E2 E3 E4 CT1

iplcdy 72842 207 42834 361154 2123 1666 1002 4.75 97.80
Energy loss (kW)

il e 1480  0.04 870 7339 043 034 020 010 1.99
Energy loss (%)
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Table 4- Exergy rate of fuel, exergy rate of exergy, exergy efficiency, exergy destruction rate and exergy destruction
ration for each component of evaporation line

Component Ex; (kW) Ex, (kW) Nex (%) Ex, (KW) y (%)
Distillation Tower (DT) 27.75 16.76 60.40 10.99 1.05
Barometric Condenser (BC) 390.60 43.90 11.24 346.71 33.15
Balance Tank (BT1) 19.87 19.45 97.89 0.42 0.04
Balance Tank (BT1) 42.34 41.87 98.88 0.47 0.05
Juice Chiller (JC) 10.12 142 14.09 8.69 0.83
Mixing Chamber (MC) 61.11 51.59 84.42 9.52 0.91
Cooling Tower (CT) 91.64 24.01 26.20 67.63 6.47
Heat Exchanger (HE) 147.40 45.11 30.60 102.30 9.78
First-effect evaporator & pump (E1) 927.28 853.78 92.07 73.50 7.03
First-effect evaporator & pump (E2) 736.08 648.65 88.12 87.43 8.36
First-effect evaporator (E3) 577.94 521.72 90.27 56.22 5.38
First-effect evaporator (E4) 462.43 398.58 86.19 63.85 6.11
Condensate Tank (CT1) 139.02 123.27 88.67 15.75 151
Pump (P1) 1.00 0.67 66.62 0.33 0.03

Pump (P1-1) 1.00 0.61 60.98 0.39 0.04

Pump (P2) 1.50 1.08 71.70 0.42 0.04

Pump (P3) 1.00 0.69 69.49 0.31 0.03

Pump (P4) 1.70 1.28 75.24 0.42 0.04

Pump (P4-1) 0.50 0.42 83.67 0.08 0.01

Pump (P5) 0.50 0.48 95.34 0.02 0.00

Pump (P6) 0.20 0.18 90.27 0.02 0.00

Pump (P7) 0.50 0.32 63.48 0.18 0.02

Pump (P8) 0.50 0.41 82.48 0.09 0.01

Pump (P9) 1.50 1.29 85.68 0.21 0.02

Pump (P10) 22.00 15.41 70.03 6.59 0.63

Pump (P11) 2.90 2.14 73.66 0.76 0.07

Pump (P12) 18.50 13.75 74.34 4,75 0.45

Pump (P13) 0.20 0.15 73.13 0.05 0.01

Pump (P14) 0.22 0.17 78.04 0.05 0.00
Pressure Reducer (PR) 1135.72 950.24 83.67 185.49 17.74
Vacuum Pump (VP) 9.00 6.82 75.76 2.18 0.21
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Fig. 3. Exergy destruction rate for evaporation line components
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Introduction: Conventional tillage is widely used in sugar beet growing areas. However, conventional farming
uses more labour and machines that has a negative effect on soil and the environment. Due to limited water
resources and recent droughts, proper use of modern tillage and irrigation methods can increase water efficiency
and prevent soil degradation as a result of sustainable agriculture.

Materials and Methods: An experiment was conducted to investigate different methods of tillage and water
requirements on gquantitative and qualitative yield and sugar beet water productivity in the drip irrigation system
in Ekbatan Research Station of Hamedan Province from 2018 to 2019. A strip plot experiment with sixteen
treatments and three replications was used. Tillage methods in four levels, consisting of T,- plowing with
moldboard plow to a depth of 25-30 cm in autumn + power harrow to a depth of 15-20 cm in spring, T,-
subsoiling to a depth of 35-40 cm + plowing with moldboard plow to a depth of 25-30 ¢cm in autumn + power
harrow to a depth of 15-20 cm in spring, Ts- plowing with chisel plow equipped with roller packer to a depth of
25-30 cm in autumn + power harrow to a depth of 15-20 cm in spring and T,- plowing with sweep plow
equipped with roller packer to a depth of 25-30 ¢cm in autumn + power harrow to a depth of 15-20 cm in spring
and Irrigation factor consisting of 1,-100%, I,- 90%, Is- 80% and I,- 70% sugar beet water requirement were
considered. Soil penetration resistance (PR), the volume of water consumption, root yield, sugar yield, white
sugar yield and molasses were measured. Water efficiency in tillage and irrigation treatments was also
calculated. MSTAT-C software was used for statistical analysis of data. The Duncan's multiple range test at a
1% probability level was used to compare the means.

Result and Discussion: At a depth of 0-30 cm, no significant difference was observed between tillage methods
on soil penetration resistance. At greater depths (35-40 cm) T2 treatment (subsoil + moldboard plow) had the
greatest effect in reducing soil resistance. The results showed that the effect of different tillage methods, water
requirement and their interactions at the 1% probability level on root yield; sugar yield and white sugar yield
were significant. There was no significant difference between sugar beet yield in the T4 tillage treatment and the
conventional method (T,). Treatments T4 (with an average yield of 50686 kg ha™*) and T1 (with an average yield
of 50507 kg ha™) had the highest sugar beet root yield. Also, the tillage method (T,) compared to the
conventional tillage method (T1) reduced fuel consumption by 14.7% and increased field capacity by 52.4%
respectively. In the T4 tillage method, irrigation treatments l1g0, lgg and lgg with mean water productivity of
6.113, 6.087 and 5.523 kg m™ of water consumption, respectively, had the greatest effect on increasing water
productivity, while no significant difference was observed between them.

Conclusion: The tillage method (T,) compared to the conventional tillage method (T,) reduced fuel
consumption by 14.7% and increased field capacity by 52.4%, respectively. There was no significant difference
between sugar beet yield and water productivity in the T4 tillage treatment and the conventional method (T).
Although full irrigation treatment (100% water requirement) has the highest water efficiency, there is no
significant difference between 90 and 80% water requirement treatment. Therefore, in order to save water
consumption, 80% water requirement is recommended. The result is that in the T4 tillage method with a supply
of 80% water requirement of sugar beet after plant establishment (approximately from the middle of the growing
season) about 12% (1207 m™) in water consumption without significant reduction in water productivity.

Keywords: Chisel plow, Drip irrigation, Power harrow, Soil penetration resistance, Subsoiler
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Table 1- Technical specification of implements
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Moldboard plow Mounted, three bottom, cut width of each bottom is 30 cm
S Sl oMo celyj fuile €8 58 calo (Shld 5 g5l ay b (ol sladis 4 oo
T 9 200 Equipped with chisel blades or sweep blades and roller, made by Hamedan Agriculture
Combinated tiller -
Machine Company
JIRA o 250 Olen 55y cpible <8 b il «Salé &4 40 HRB 252D Juo
Power harrow Model HRB 252D, equipped with rollers, made by Barzegar Machine Company of Hamadan
Silegiy 8% (e stlon ) oS 5lyld cp alold wayd) T eaSily o8 b cols
Pneumatic 150 Made by Trashkadeh Company, number of furrow openers = 4, distance between furrow
planter openers =50 cm
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Table 2- Effect of tillage on soil penetration resistance at various soil depths measured in the middle of the sugar beet
growing season

(T1- Moldboard plow+Power harrow, T,- Subsoiler+Moldboard plow+ Power harrow, Ts- Sweep plow equipped with roller+Power
harrow and T,- Chisel plow equipped roller+Power harrow)
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Table 2- Mean comparison of quantitative and qualitative yield of sugar beet in different tillage treatments

N S S 3 Slos e en

Tillage (;,95 M) >Slos 1 )&&. o 1 White sugar yield (k) udlé.b > b)s_i“

Root yield (t.ha™)  Sugar yield (t.ha™) (tha’) Molasses yield (t.ha™)
T 50.507° 7.820° 6.065 ° 1.4522
T, 49.262 2 7.442° 5.749 ® 1.397°
T; 41.031° 4.920°¢ 4.609 ¢ 1.065 ¢
T, 50.686 7.380° 5.642 " 1.267°¢
Irrigation (¢,L.1
100 54.051 @ 8.067 2 6.209 2 1.534°
loo 50.821° 7.685° 5.899 2 1.481°2
lgo 45918 °¢ 6.675°¢ 5.084 " 1.149°
[ 40.695" 6.134 ¢ 4.872° 1.017 ¢
Tillage ;,381>  Irrigation Ll
l10o 55.828° 9.211° 7.381° 1.496 ¥
T loo 51.833¢ 7.671¢ 5.712 « 1.648 %

! lgo 49.467% 7.123 1 5.317° 1.508%¢
I 44.900 " 7.274 %f 5.850 © 1.154 Pedefs
l100 52.237 ¢ 7.759°¢ 5.793 1.656 ®

T loo 51.334 % 7572 5.518 % 17452

2 lgo 47.278 % 6.974 ™ 5.697 < 0.993 %0
I 46.200 7.461 ¢ 5.987 ¢ 1.196 o™
lio 47.139°9 6.270" 46247 1.362 Bcder

T loo 43.011" 6.817 ¢ 5.462 % 1.096 el

3 lgo 38.495' 5.678' 4573 0.874™
[ 35.478! 4914} 3.775 ¢ 0.926 °1
1100 61.000 ° 9.028 ® 7.039® 1.623 &

- loo 57.111° 8.681° 6.905" 1.433 dbcde

4 lgo 48.433° 6.926 1 4.748" 1.220 2ccefo

I 36.200 ! 4887 3.8779 0.793 ¢

SN a5 5SSl glasely six gel Al glel gl s LSy (sladd e (hyls 45 gy dlel
Numbers, in each column, followed by the same letter(s) have not significantly different at 1% of probability level— using Duncan's
Multiple Rang Test.
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Table 3- Mean comparison of water productivity in different tillage treatments

- ool 2 O (590,42
ool 3 Ol (5590 540
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. Sy 4S5 3,5des
. . Al y 5 ySos P 5,8 - . (M)
Tillage (5,951 o s Water productivity .
Water productivity Water productivity based on White sugar Water productivity
based on root yield based on sugar yield yield based on Molasses
(kg. m®) (kg. m3) 3 yield
(kg. m™) 3
(kg. m™)
T, 5.563% 0.863° 0.668 ? 0.160°
T, 5.429 0.823%® 0.638° 0.153°
T, 4509 ° 0.651°¢ 0.507° 0.117°¢
T, 5.103 ° 0.805° 0.634° 0.138°
Irrigation (¢,L.
100 5.408° 0.808% 0.622% 0.1542
lgo 5337 %® 0.820° 0.629 0.158 2
lgo 5233 % 0.761" 0.599 ° 0.131°
™ 4.980"° 0.751°¢ 0.596 ° 0.124°
S5t &l
Tillage Irrigation
1100 5.593% 0.923° 0.740°° 0.150 %
lgo 5.530 ® 0.818° 0.609 ™ 0.176 ®
T | 5.633 % 0.812° 0.606 ™ 0.172°
80 . . . .
Iz 5.493 ® 0.890 2 0.716 2 0.141°
1100 5.200 ™ 0.777™ 0.580 ¢ 0.166 ™
- lgo 5.477 0.807° 0.588 ¢ 0.186°
2 lg 5.387° 0.795 b 0.649° 0.1139
[ 5.653 ® 0.913° 0.733° 0.146 ¢
l100 4723 0.628 ¢ 0.463°¢ 0.136"
- lgo 4587 0.727°¢ 0.582°¢ 0.117°¢
3 lgo 4.387¢ 0.647 ¢ 0.521¢ 0.099 M
[ 4.340 ¢ 0.601 ¢ 0.462 0.113 9
1100 6.113° 0.904° 0.706 ° 0.163 P
- lgo 6.087 ¢ 0.926 ° 0.737° 0.153 *
4 lg 5.523 ® 0.790 0.617 ™ 0.139
[ 4.433¢ 0.598 ¢ 0.474 % 0.097'
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Numbers, in each column, followed by the same letter(s) have not significantly different at 1% of probability level —using Duncan's
Multiple Rang Test.
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Table 4- Mean comparison of the effect of tillage methods on fuel consumption and effective field capacity

Tillage j,55% G gns S Py slaeyje Ced b
Fuel consumption (L.ha™) Effective field capacity (ha.hr?)
T 53° 0.208"
T, 7452 0.136%
T 44.3° 0.344°
T, 45.2° 0.317°

5 7Y o 53 Sl (laials dix g0l by lel gl din LSS slach s clyls & gt o dlac]
Numbers, in each column, followed by the same letter(s) have not significantly different at 1% of probability level —using Duncan's
Multiple Rang Test.
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Introduction

As the world's population grows, more food need to be produced. Plasma technology is one of the methods that can
improve plant growth. Cold plasma is effective in increasing growth and germination indices. In this article, the effect of cold
plasma based on corona discharge was investigated on germination of Adel, Mansur, and Azad chickpea varieties.

Materials and Methods

In the corona discharge method, a relative vacuum should be used. Corona discharge is formed when there are
pronounced spatial in-homogeneities in the electric field, in particular, when the electric field exceeds the breakdown
threshold in a limited spatial region. This commonly occurs when highly asymmetric electrodes are employed, such as a point
and a plane. Thermodynamically corona is a very non-equilibrium process, creating a non-thermal plasma. The avalanche
mechanism does not release enough energy to heat the gas in the corona region generally and ionize it, as occurs in an
electric arc or spark. Only a small number of gas molecules take part in the electron avalanches and are ionized, having
energies close to the ionization energy of 1- 3 ev, the rest of the surrounding gas is close to ambient temperature. Corona
discharge is a weakly ionized non-equilibrium plasma based on the avalanche mechanism. If it reaches a close distance with a
conductive material or increase the electrical field, it can create longer breakdown streamers and eventually create sparks.
The system is designed to convert 220V voltage with a frequency of 50 Hz to 12 kV voltage with a frequency of 9 kHz. Two
electrodes with a 2 cm distance are in a vacuum chamber with a negative pressure of 20 pounds per square inch. And the
samples are placed between two electrodes. Experiment was performed in form of a.factorial experimental design based on a
CRD. In this plan, treatments are randomly placed in experimental units. The type of factorial experiment performed is
3x3x2x2 and multiplied numbers are factor levels. Seed production year factor in two levels, moisture factor in two levels,
Seed variety factor in three levels, and exposure duration factor in three levels were examined. Plasma-exposed seeds and
non-exposed seeds were grown under the same conditions. The samples were selected completely randomly. The samples
were wetted 24 hours before exposure. Then all 18 chickpeas were placed in a dish in order to observe proper repetition.
Samples from each dish were exposed to cold plasma under the same conditions between samples for a specified period of
time. After exposing the samples to cold plasma, samples of all dishes under the same conditions at 30 °C and 300 lux
environmental light were examined for germination evaluation. For this purpose, samples of each dish were placed in a cover
of cotton cloth. They got wet every 4 hours. After 48 hours, all samples were examined and the root length of each sample
was measured.

Results and Discussion

The results showed that seeds exposed to plasma for 60 seconds had a faster germination speed than those without
exposure. Also, seeds that were exposed to plasma for 30 seconds had a longer root length than those without exposure.
According to the results of statistical analysis, exposure to cold plasma for 30 seconds has increased root length in Adel
chickpea variety up to 12.5% and in Mansour variety up to 18%

Conclusion

After statistical analysis, appear that root length under the same conditions, during 30 seconds of exposure to cold
plasma, is significant at 5% level from non-exposure and 60 seconds of exposure. Microscopic images of samples were
examined on the outer surface and inner tissue of seed cell. Studies have shown that the outer surfaces of seeds exposed to
cold plasma are smoother, less prominent and smaller contact angle than those without exposure to plasma. This change can
increase the hydrophilicity of seeds. But cold plasma had no effect on cell tissue in terms of size and number.

Keywords: Cold plasma, Microscopic image, Chickpea, Germination
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Table 1- Factorial analysis of variance analysis table in a completely randomized design

Source Sum of squares df Mean square F
& Olupe ggome  @Mjlaay  Olupw (ke el
“erlye 3680.194 2 1840.097 89.374™
Exposure
sk 142,617 1 142,617 6.927
Moisture
b 2888.000 1 2888.000 140.271™
Year
% 3189.454 2 1594.727 77.456™
Variety
Co X wox
15k ”""?" 2396.207 2 1198.103 58.192
Exposure x Moisture
Jlo X aelse 618.287 2 309.144 15.015™
Exposure x Year
w5 X el 744.019 4 186.005 9.034™
Exposure x Variety
J_L» X Cugh, 376.599 1 376.599 18.291™
Moisture x Year
X :».910)_ 499.318 2 249.659 12.126™
Moisture x Variety
w5 % Jl‘“_ 380.028 2 190.014 9.229™
Year x Variety
Jlo X Caglo) X aaerlye 8.485 2 4.242 0.206"™
Exposurex Moisturex Year
w8 X Cagey X asplye 90.136 4 22534 1.094™
ExposurexMoisturexVariety
w8 X Jlo X aelpe 1057.574 4 264.394 12.842"
Exposure x Year x Variety
B Xl X sk, 205.892 2 102.946 5.000™
Moisture x Year x Variety
) X Jlo X Cagb) X apzlse .
Exposure x Moisture x Year 272.802 4 68.201 3.313
x Variety
ks 12600.333 216 20.589
Error
S 112518.000 323
Total

ol (613 gxe pae (slime 41 NS Casl ) ime BB (gl /0 aw )3 ¥ ¢ XY prdaw ;> *°

™ Significant at the 0.01 level and * significant at the 0.05 level. ns means insignificance.
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Table 2- Multiple comparisons between germination speed and exposure time based on LSD method

Std. Sig 95% Confidence
(1) Exposure time (J) Exposure time Mean difference (1-J) Error ' Obwob! dkold
aalype obj a2lype obj oSl YS! st ) Lower bound Upper bound

sl P omb e YU

0 30 417" .097 .000 23 61

60 -.083"™ .097 .392 =27 11

30 0 -417 .097 .000 -61 -.23

60 -.500 .097 .000 -.69 -31

60 0 .083”*5‘ .097 .392 -11 .27

30 .500 .097 .000 .31 .69

sl (6yl5 ma pae (gline 4 NS 5 Cuolyls me BMES] )1 70 pdas j>
* The mean difference is significant at the 0.05 level and ns means insignificance.
LSD gy ool 2 axzlse (loj g adyy Jobo o (0Sile duslio ol Y Jgur
Table 3- Results of comparison of mean between root length and exposure time based on LSD method
Std. sig 95% Confidence
(1) Exposure time (J) Exposure time Mean difference (1-J) Error @‘w Oluab! dlold
aaleo b aalgo b Sl AW s ) Lower bound  Upper bound
sl S ol NI

0 30 87 231 .000 42 1.32
60 53* 231 .022 .08 .99
30 0 -.87: 231 .000 -.1.32 -.42
60 -.34 231 144 -.79 12
0 -.53™ 231 .022 -.99 -8
60 30 .34™ 231 144 -1.2 .79

sl (g5 gixe pie gline 4 NS 5 sl s gme BN (I3 70 paw 1 ¥
* The mean difference is significant at the 0.05 level and ns means insignificance.

STY g jguaie ¥ Jole ) 23455 o)) )3 ugby (slgie polie -€ Joua
Table 4- Moisture content of chickpea varieties seed: 1. Adel, 2. Mansur and 3. Azad

Variable (%) Max Min Median Mean SD CV (%)
(%) pe Bpdg a8 il ke e Blosl () OlpdS o g
VS by i gpen g5 741 7.49 2.37 31.64
Dry moisture content 1
VS by dlie  geen 978 714 768 5.32 69.27
Dry moisture content 2
Vb by el 001 333 732 722 1.83 25.35
Dry moisture content 3
VA sle a0 278 678 6.89 1.99 28.82

Wet moisture content 1

VP sk Slyone 3611 270  6.67 6.96 3.40 48.85
Wet moisture content 2

V’JL.&BJQ’ Slyiome 10.00 3.22 6.86 6.71 1.60 23.84
Wet moisture content 3
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Introduction

The cereal combine harvester is one of the agricultural machines that works in difficult conditions and its parts are
constantly under various static and dynamic loads. For the optimal design of vehicle parts, types and values of loads applied
to them must be determined correctly. The purpose of this study was to design and fabricate an electronic system that could
instantly measure and store the amount of vertical load exerted on the rear axle of grain combine harvester in various
conditions to be used in the design and optimization of the axle.

Materials and Methods

Main components of the designed system included a steel coupling, a disc loadcell (H2F-C2-10t ZEMIC model), an
electronic board for amplifying loadcell output voltage, a data logger (AdvanTech DAQ Navi model), a 12-volt battery, and a
laptop. A special steel coupling was designed in CATIA software for connecting the loadcell to the axle. The loadcell was
placed between the coupling plates and then the coupling was installed on the center point of the rear axle of a JD 955
combine harvester. A standard tensile-compression testing machine (Cantam STM-150) was used to calibrate the loadcell.
The relationship between the input load and the loadcell output voltage was linear and had a high coefficient of determination
(R®=0.9991). In the static test, the vertical load exerted on the axle was recorded by the electronic system while the combine
was stopped and the combine engine was in ON/OFF modes. In the dynamic test, the combine was driven in three positions
including asphalt road, dirt road, and wheat field at three different forward speeds, and loads on the rear axle were recorded
by the electronic system. Finally, the data obtained from the tests were analyzed as a factorial experiment in a completely
randomized design with five replications in Excel and SPSS software.

Results and Discussion

The average static loads on the combine rear axle in ON and OFF modes were 14.908 and 14.905 kN, respectively. The
results of the Student's t-test of paired samples to compare the values of axle vertical loads in two modes of static load
measurement showed that there is no significant difference between the axle loads in ON and OFF mode of the engine at 1%
probability level. The average vertical loads on the rear axle of the combine were equal to 15.20, 15.27, and 15.28 kN, while
driving on asphalt roads at speeds of 10, 15, and 20 km h™* respectively. These values were equal to 17.57, 17.99, and 18.15
kN, while driving on the dirt road at speeds of 2, 4, and 6 km ht res ectively, and they were equal to 16.47, 18.01, and 17.78
kN when harvesting wheat in the field at speeds of 3, 4, and 5 km h™ respectively. The average load applied on the axle in the
turning path was more than the load applied in the straight path, which indicates load transfer to the rear axle during turning.
The effect of forward speed and path type on the amount of axle load was significant at a 1% probability level, but their
interaction was not significant. Therefore, the critical conditions for applying load on the rear axle of combine harvester are
occurred while combine turns with high forward speed, and the design of the axle should be based on these conditions. The
maximum load on the axle was obtained equal to 50 kN on the dirt road, which was due to the combine movement on a steep
uphill at the end of the path.

Conclusion

Evaluation of the system in different conditions showed that the performance and accuracy of the system are acceptable
and the data of this system can be trusted and used to measure the vertical load on the rear axle of the combine. The current
rear axle of the JD955 combine harvester looks relatively safe, but at some very rugged elevations, especially steep uphills, it
suffers from a lot of stress that may cause damage. So, optimizing the axle such as increasing the thickness of the triangular
piece in the middle of axis and using a stronger alloy for the middle areas of the axle are recommended.

Keywords: Cereals combine harvester, Coupling, Electronic system, Load cell, Rear axle


https://jame.um.ac.ir/?lang=en
mailto:hmasoudi@scu.ac.ir
http://dx.doi.org/10.22067/jam.2021.58832.0
https://jame.um.ac.ir/page_46.html?lang=en
https://jame.um.ac.ir/page_46.html?lang=en
https://orcid.org/0000-0002-4438-9738
https://orcid.org/0000-0002-8891-5031

(&,

SISl i

S309LeS sl iolo 4 yid
https://jame.um.ac.ir

i

YEV-YAY (o IFe) il oY o losis Y b

o 23 ONE plaS Cls JuST a1y (0508 Hb S Gl (S AN dbels a5
df

A I . ¥ . #Y \ . .
J‘J’f@b‘f&w‘m‘ﬁﬁaéé&“" ‘5.>JMW‘¢L¢)V.E&|

WAL/ VY el o
WAV YA il ol

2SS

S Mol s & gy cnl -l 50908 () Ll b )3 ol 2 03l (sl edls 4l g JuST b ls el 5 disge (b sl

So9ySI galels ad plosl (plaeS” slag sz g laygoe ity 2 3)ly slogyss dnalre 5 Jlod 2 (e Glpl (SilocnlieS 858 (oingh
s JouST ale jr SishsS SaS &) griwg i g2 by 9 SV Uy 0aiS gl e ()b gimg i (5358 SishisS ol ordasl
L deyio 5 SLS ool wdlawl ooy 55 pplaS 8 o 5 psSs slocdls 5 ailol 3,Shas ls,) cslopysasl 33,5 cumi 200 pls S
Sl (slaly (Sika gl illan 08 plosl S5 gy 53 5 (93l SlS 2y B 3 ypSTe il ] 0ty olita (g (slac o
SIS A sy SO e j0 (gl ire Golds 4S 3gy (aelS VF/AD o VF/AA (S (hseld jeise g (e yeige s > JuST 4 ed)lg
VO/YA g VOIVY NO/Y+ b ians celo p yiaghS Yo 930 Ve slacs o b clawl oy 3 e8> s JuST 5 03 )y (o390 sla)b (pSikio
L pasS (6950 pLS 5 (550skS YAND 5 W/AR AV/BY oyt csls o yiaghS £ 9 ¥V lacis ju b (SB o3l )3 &85> (o> «5iguishs
3 9 HowighS B+ d9as STy 03l 4l aindin el Cowddy igmghS WIVA g VA4V OSIEY it cslos p jaghS 0 9 F o clacee poo

(§O9—s dl_m)Lg d)_,.fo)'l_\jl LSI)'f OI )’] 0193& 9039 J9.5 J)ls ol L dlobw )).ﬂg.c &S sls ULM; Lasu.glg‘)')l a.:b Egedmo yd Dy ufl& odl>

2,8 odlatwl pleS cde JuST 4y 03,y

gy « iy gS Me LS ¢ S Sl dilols cdie JuST 1 g0lS” sLdojlg

Sl Jbs 5okl Wlg e adis Jlog (Seolis Hkd, cllas
oS wSbe (Sjd SVl jloslitl 9l plxil (025 5 ()95
Ly, aals o gl e85 a5yl ghoauSosls clog e W
o Cgbl wilonds gl el cpame Lol 3 We &S 55 o5
S=Soilil an pls as sballs 6,5 e 1V .0, Slus
g 2Bl 4B g 2 3)ly )9liiS 5 950 (slaadlye (slalaxd
(Hajiahmad et al., 2014) 555 o Slllas pbol cdgpu
A3 lies g boedle (SSle (il )% la Sausis
Sl S bl (ShbjL L (siloiy cunnl 03 )y byl
50l = oa)ly Lol 95 4 ol JusT atge Sk Gl
13T g8 asuie dwyd 4 Ll JuST 4 o)l Jlesl 050 ¢ Joxo
il ()l balyd )3 STy 03)ly (Bly (slajl (S0l
2 JuSt ol 5908 o (Db sloainre 9 )l el (4l
88 oo 5503 5 (St il Wile S, o5 elgil L Joe

.

LY RY-T

s aluwg (8 Olasuio g (Swelud oyl o daly (il

3lse 3 olpde g (olaly slaglojls «lodine (555 mroal gl
i bl ;U codgime s wlalad  slb aile alisce
ol Copds g 03l e Gilwyd ol 5 Slhb S
(Germanchev et al., 2008) cuwl p;¥ e (slapi

(55398 ISl cpinmpugey soige 095 Ayl (ol S b gal il -

Oyl leal Glaal ol an sl olKuisly

Olez Sk oSl ¢(5,9LiS 01U polsmign (it 09,5 o)lioliul —¥

Sl lgal laal

Olor Sk oSl ¢(55,9liS oS> e (i 095 o)luiily —F

Syl lgal laal

(Email: hmasoudi@scu.ac.ir e 0Jinmr g — )
DOI: 10.22067/jam.2021.58832.0


mailto:hmasoudi@scu.ac.ir
http://dx.doi.org/10.22067/jam.2021.58832.0
https://jame.um.ac.ir/

YYY U‘L‘““S -1 J.mf‘ ¥ eo)|5 SOg0E )lg Oy 6‘)‘.‘ k;..;,,.SJI alolw LY ‘obl&m 9 ‘ghloé)

9 &2 Ohed e O Sl 508 ole osled Gl esoln
e odlit sl &5 (635 oy igly e sl pegpeily S5l
YL oy ol b 0 sl ol a8 3l ol b b)) b
Uil (Seoliys 3, (e Sllllas 43 (65 S 4 coll /A ]
Sy g 0ad a3l pie s allebuw )b 1) 7o jles alas
S (Seliss sl Jiaws o bods & sl 1006 Golstein
b € L ) alis sy IS 03 5 (S5 090 ) 4l il
=8> sl S oS 4y Jlosl slayl A8y dopd Ve
9 g-b e pe Sy 9 G o S JuST (g9 005
i Sled Asly (550 100 olold LS o S50y
Flwg aad o ojll 5 039 00l s dibols ) cund N9 0
g cp YL 4 olid Gl jlore b it wlil B 1) 4
(Annonymous, 2018) 3505 (5,l35,L
= o3)ly Gyt g gy oo g 4 jod & e I (S
(Jafari et al., l)LSen g (g ytx Sl asshyyy LS Jus]
SRSk 100 Jae pusle pleS (g9l JuS12006)
Sl 5 55,8 ulos ® sl 3g0es lodl 58105 1y Sl
48 Wb g pS ot Mot B slag )L o ) ol (SOl
9 G pSotiume (LS oIl 400 il pleS o> jomee
o Celbd Ghal58l Ggamen (Sl 2 (giledie @ 5l
sladivg sls 4 a8l gladiwg jl odldiwl ( ol ams 9 oYL
soatedy hor LI [ialS 5 550 I Slatdy sl & p 390
OhlbSen 5 (Jsls o sty aojp g i Sl (2l ials
ol yome (silwdins 9 Jdov g 4550 (Khanali et al., 2010)
Pl sl 3900 Lall 33l 5 L 1,300 o il (lueS
ol &y pleS opl (sals joore D93 g0 ol &S ME asudie L0
4o 5L 9298 Jlgw 0ad Mol (pleS 59y 2 U o (558 (S
S5y = TS Kzl b )l (S0l o> (gjlainge
is ey j) ol Ly jLith dplixe gl 0 plool uS]
sla i, S s oo slaedh U s  Sialen
23 03 Al Lo iy S g (55 Ll yd )3 00b (g S0l
gy d Lad o5 ao)d ad ssalie lad (g0o)d ()95 Ll 3
2395 Gladl o) b o dwle (gl i S polde oS ol L
OHlESen 5 Sogil adg (o0 glaadh U ps5  (Siales
L gl lym (S iSUl claslels (Yaoming et al., 2013)
9 (R )8 b ySus jlodlatl b 63285 £33 (eleeS” JuS]
wloluw (glac)io sla ol )3 5500 &3l HgletS puss Jgile
slaiel Jol o1 51 ool cmsay (slmodls a8 sy ylis oss asls
 oeleeS” JuS1 (i85 oy g 59lidS ppolie Cansly g ol

5- ANSYS 9.0

ST b alb ey sl gydagy i)l G5 ol 55 3
9 =)l Jalod g anjod (Sl o g 455 5 0gMMe
195 9 S wle il glaytg)y ) 5l 58 (Seelad
Yole ey s L Yol | e '
2B Sl e )95 S g p LS o E e
(S yods s, Kus b JuST 5L o (Blanksby et al., 2009)
(Foster, 2003; v yis )5S 9 (5)58 ped ¢ 5515 (SS9
"l sl mojl jledli .l g Sroka et al., 2019)
5 &0 89y Swelud ,b (5 505lul sl (Annonymous, 2019)
5 Ulo ey S0 ym a8 alons &) (S 4l Lyl JuuS]
sSeelod )L 2y9l i (gl ) ot Wl > o Sy
S SO ol w00 drwgd i add Jilwg &>
29 2 JSbpms 48 000 £ (25 9y 2 oM e ()3
LoJae g5 cnl o b @l geiion 5503l 1) &2 )l donsts
Sbd 5 (355 3550 o gllad (Jae 5 S st Lol
(Germanchev et al., 2008; 15l o uoj o (5)leenls
(Van et al., 2009) ,LSea 4 |y .Blanksby et al., 2009)
&2 92055515 S et (Sl )b il sl o3l ()
9 50 &l )y s iy e 3l edlaiinl b 8 > s 3 S e
Sl 1y a1 ) s s 0 Sy 9 b S5
2LB (oolgiiiy oo,y a5 Wy L5 b o) e g il odls
3 5 sl 28 o Sl )3 el alosy &5 53905 e il &
(Serlind Jobs 5 s dlosy Solizs 3,90 53 iy Slallas 51,y
(Tarighi et al., Lo g o, 0SS 0 o2l 3 S g 55>
Eodn yeoxe diugy Spolind 5 (Sl Lo o 435 2011)
ol gy i) ool Ly 1y MT 250D Jis cusguiiss 55515
Py o sl esl o ys ilal el sl plol dgusee
B 1 5 eo)lS (Sl Sl il G Seolizd Sl Sl
Vb o3l 4 ool o pud cilome i g Ay (a5 polde Al
Oged Slyis ol pls g0 5L 3590 Hlde 5| ieS 45 wel Cowday
Gl b oS 5 ¢35 S oo (S iy Sy A
= bla 50 Kojen cuolus [isliél g jeme oYL dss Colbus
(Hajiahmad et al., )l San 5 donl ls ab iy (o5
o3y sl sy So3lal (el o yragelis aleb S, 2014)
JSsS Jewongd Jlen ol al) iy olesd S et slaog s
&z 22y S99 oy 9 9l (sloadle ()35l Camdey sl

1- Wheel hub force transducer
2- Tyre pressure transducer

3- Non-contact optical sensor
4- Portable scales
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Fig. 1. Vertical load measuring system for the rear axle of combine harvester (1- Axle, 2- Coupling, 3-
Loadcell, 4- AD620 voltage amplifier module, 5- Data logger and 6- Computer)
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Fig. 5. Data collection in the combine harvester different working conditions a) on the road and b) in the field
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Table 1- Vertical loads applied to the rear axle of combine in static loading mode (kN)
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Fig. 6. A sample of loadcell output voltage during data collection on asphalt road
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Fig. 7. Average vertical loads on the rear axle of combine in the asphalt road
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Table 2- Anova (Two-Factor with Replication) for vertical loads on axle in asphalt road

Sl gilie ss df MS F Sig.
(Source of variation)
(Path type) yuwe g5 3.251 1 3.251 7349.508 0.000™
(Forward speed) (g9 e yuo 0.030 2 0.015 33.720 0.000 ™
(Interaction) yue x sy 0.001 2 0.000 0.879 0.428"™
(Within) s 0.011 24 0.000
(Total) Js 3.292 29
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™ Significant difference at 1% level, * Significant difference at 5% level and ™ Non-significant
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Fig. 8. Average vertical loads on the rear axle of combine in the dirt road
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Table 3- Anova (Single Factor with Replication) for vertical loads on axle in dirt road
Gl glbe. ss df MS F
(Source of variation)
(Forward speed) sgpiw cepw  0.883 2 0.442 8.978 0.004 ™
(Within) Uas 0.590 12 0.049
(Total) s 1474 14
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* Significant difference at 1% level, * Significant difference at 5% level and ™ Non-significant
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Fig. 9. Average vertical loads on the rear axle of combine during wheat harvesting in the field
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Table 4- Anova (Two-Factor with Replication) for vertical loads on axle in the field

Ol yoti 2ale

- SS df  MS F Sig.
(Source of variation)
(Path type) yuws g5 17379 1 17379 42952 0.000 ™
(Forward speed) (sgypiw ey 7.615 2 3.807  9.410 0.001"
(Interaction) yuws x s 0901 2 0450 1.113 0.345"™
(Within) s 9711 24 0.405
(Total) Js 35.605 29
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** Significant difference at 1% level, * Significant difference at 5% level and ™ Non-significant
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Table 1- Consumption of inputs during the first year of saffron cultivation
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Fig.3. The effects of harvesting time and machine type on the percentage of cracked shells in the outlet
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