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Introduction

On the field and in the paddy milling factory dryer losses have always been challenging issues in the rice
industry. Different forms of losses in brown rice may occur depending on the field and factory conditions. To
reduce the losses, proper management during pre-harvest, harvesting, and post-harvest operations is essential. In
this study, different on-field drying and tempering methods were investigated to detect different forms of brown
rice losses.

Materials and Methods

The present study was conducted on the most common Hashemi paddy variety during the 2019-2020 season
in Talesh, Rezvanshahr, and Masal cities in the Guilan province, Iran with 0.2 hectares and 5 paddy milling
factory dryers. On the fields, the method and date of tillage, irrigation, and transplanting used in all experimental
units were the same. Moreover, the same amount of fertilizer and similar spraying methods were used across all
experiments. For the pre-drying process on the fields, the following three pre-drying methods were applied on
the harvest day: Al) The paddies were spread on the cut stems for insolating, A2) The paddies were stacked and
stored after being placed on the cut stems for 5h, and A3) The paddies were covered with plastic wrap and stored
after 5h of insolating. The first method (A1) is the most common in the area and was chosen as the control
treatment. For the second step of the process, the time interval between the on-field pre-drying and threshing was
considered: B1) 14 to 19h post-harvest; B2) 20 to 24h post-harvest, and B3) 25 to 29h post-harvest. Afterward,
methods Al to A3 were combined with methods B1 to B3 and feed into an axial flow-thresher at 10 kg min,
550 rpm PTO, and two levels of moisture content at 19 and 26 percent (% w.b). The third process was two-stage
or three-stage tempering for 10 or 15 hours resulting in four levels (C1 to C4) and was done in the conventional
batch type dryer under temperatures of 40 and 50 °C and airspeeds of 0.5 and 0.8 m s in paddy milling factories.
At the end of each process, a 100g sample was oven-dried for 48h and a microscope achromatic objective 40x
was used to detect incomplete horizontal or vertical cracks, tortoise pattern cracks, and immature and chalky
grains. The equilibrium moisture content was determined to be 7.3 percent. Losses properties were analyzed
using a completely randomized factorial design with a randomized block followed by Tukey's HSD test at the
5% probability and comparisons among the three replications were made.

Results and Discussion

Results demonstrated that the stack and plastic drying methods significantly increased the percentage of
losses. In the plastic drying method, the percentage of chalky grains and tortoise pattern cracks was higher than
other forms of loss. In the first process, irrespective of the pre-drying method, the losses were reduced at a lower
level of moisture content. At the end of the first stage, losses in the spreading method were significantly lower at
19% moisture content. Threshing the plastic-wrapped paddies after 14 to 19 hours at 19% moisture content

©2021 The author(s). This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).
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resulted in the maximum threshing loss of 8.446% and over half of the grains were chalky or had tortoise pattern
cracks. The threshing loss was halved (4.443%) for paddies threshed 25 to 29h after spreading at a moisture
content of 26%. The mean of losses in the second step of the process were 7.229, 5.585, and 5.156% for the time
interval between the on-field pre-drying and threshing of 14 to 19h, 20 to 24h, and 25 to 29h, respectively. In the
last step of the process in paddy milling factory dryers, there was no significant difference in the minimum
percent of losses between 10 and 15 hours of three-stage tempering at 40 °C and with 0.5 m s airspeed.
Furthermore, maximum total losses with the most incomplete horizontal and vertical cracks occurred in the two-
stage 10h tempering at 50 °C and with 0.5 and 0.8 m s airspeed.

Conclusion

Food security has always been a critical matter in developing countries. Furthermore, identifying the source
of losses in the fields and the factories is one way to reduce losses and achieve food security. Stacking or
wrapping the paddies in plastic after pre-drying on the fields for 5h is not recommended in terms of its effect on
increasing the percentage of brown rice losses. Additionally, due to the importance of factory dryer scheduling in
the management of the losses, it is recommended to use a three-stage 10h tempering at 40 °C and with 0.5 m s*
airspeed.

Keywords: Brown rice, Crack, Drying, Losses, Paddy milling factory
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Fig.1. a) Desirable brown rice samples, b) Two incomplete horizontal cracks, ¢) Three incomplete vertical cracks, d)
Tortoise pattern cracks, €) Chalky grains, and f) Immature grains
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Table 1- Analysis of variance of pre-drying method, moisture content, and interaction effects on the losses
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* Significant at 5% of probability level, ns= Non-Significant
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Fig.2. Brown rice losses under different processing methods
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Table 2- Analysis of variance of pre-drying, time, and interaction effects on the loss percentage
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Fig.3. Brown rice losses percent under different combinations of processing methods (P: Spread+Plastic, St:
Spread+Stack, Sp: Spread, hr: hour before threshing, %: Moisture contents, and Ctrl: Control treatment)

cd”;’fl_é L;l_:au.f); B ‘_’_75 s wiluls wlise dLmJSV.i}
sl g el by ds
p o il 3

sy sl il luls Glize laJS5 (4d paseie sl
lod g3l ey e pol) Gbuls S adaw j3 0,8 Suis
@l B (o (Ol ped) Sob gy B 3 (oSSt
Jsiz) olls 458 gulis Casl 020l ¥ Jga )3 il g 450
ol gla il g (ot Jae lo sl il g)blas 51 L5 (¥
9> Jlite j31 g dad g lga oo pur el (g slaygiS
lp Co por g (Ol (g 9 2 Suts slod g by, e
2 Lo s (Y Jgiz) puilo)ly 4 ios @l 4 a2 g5 L iy
Bt g > Gnly oy S35 55 Igp it b
MY oaipMol cpd o yid lade (P>+/40) coils dsys
b ol eede b Jae YU Coro I lis oy
(xSl Slmlie golis .ol osel ¥ S5 13 :S5ke Sluwlio
9% sLaihs) » cuian Clols (e deS g dledi ol (L
Celw VO L lads o aw g adceliwl celw od b gldls yo
Gy g e wopndw a0 Frog 00 (SSUS glod (el
LS ol sy e o ply Gygo ail e /D g /A S
2 Sl ye a9y 53 (gylline Dol (luls (e (2 peS
A ¥ glod o celw V0 g celuw Vo acaliwl loe;

o > g)lol Hloline oglas ¥ IS5 4y angi b eyl o 0gMe

Pawp V8 acelw WLV ;o o asn VA usb,
3555 0355+ iy (0,8 Sl Celw YA BV o alold
0o r2e 3 (635,18 Jdsas Jol jJles 0 i slaaly Lcuily
Sy 2lonl carge bole cpl g odb FortiSh il sh sl G
a0 ¢ oliaded £oyb il s ole S U atan dw Jaoro jobody
(Hoon, Kim, Ha, & Park, 2016) a_isl o )b s JSb 4
wi plonl Lo jadlS g)l5e il il g0 (59, 2 &S (S b
S gl b JLi (g )BuSle ae do iy &S Casl 00l L
sad> o 3)ly 55395 5 (A8l puier Jpare Cugb) (slgies) ALy
P ExSpin Gl Sed b glaasl)ls o3 S sis
Sg-ise gl 31 (6 Sl 5 8 09K slacalslio sl
W Sloj dlold jo wlels Sk .(Champagne et al., 2004)
B/VOS o BIOAD VIYYA iy cslo YA YD o YF LY+ NA L
9 el YA L YA ol ioy (ybg) 5l ealatwl ¢jgbo e 139y Aoy
LY JoolS Lisy 4 G duopd Y8 isby (glaizee )0 cuibdy
(1als jles) o VA s by slezme o cilyy g el Y
SySaw g o5 s oy ials bld I 136 o i
9 Sy o> OYVEY 9 AF/YVA e & cud iy Jobo JoSL
OBl 5 (6 by BT (g )lel i 5l (6,516 (S 5l i
Olee o ccdh wald Hlog & Cud (1o )d YY/VYY) JS wluls



WO gl 040 5 Sis il 50 loged g5y Slaslo oyl jwo (swiy g oy S0 g (s i

Laopp Vo/0 5 V8 gk slgime b Seild (5, 52 (sladllas
I8 lga Ly Sl dw (D 003 OV 5 WY lon s Cugb,
Oads dn e aS o Lo a by caSo i /05 o +/¥F
il Pl s Sl a8 g (slgoee g a8l jut (3,5 Sas
g0 Al Oil PLEINW s &l glazolis )199 Olg)])f dl)’ﬁp

Mukhopadhyay & ) cewloa s i din Sy 50 oy

4 Cuol ooy LS (6,505 w)» @ls (Siebenmorgen, 2018
i @yt Ao 3 O aw 3 (6)blse 156 Tg by oy
Ay V0 glod jo b yusie digy clls jobo o funl ails Gl
S0l gloyz Gy g idd Fre (3 SSUS (loj (ugmds
Cawl 08 0l lidie Juoyd VY/AY Wlos st g g yliee b 40l p e

.(Soomro, Chen, & Soomro, 2020)

2 9 men il 529 4l pie /B Sk sy g pgpdes
sla gy o bl Jholinme @iglss a sl p yie +/A S ey
odblin ol 43 0+ 5 ¥r o slod o adce! ] calise
B0l cs el gl hey e jl e cpmisman Al
Oiali8l gyblime joban luls plie bod (aljdl b sl e
099y pdm al oy JA L Gy o ax STe bl
il 3y g (gdTey e el Vo glals g 90 O ]
sla jhgy don a S ol L d i wyp e
P el Ve gas e g adcelmol Jhgy l ye pdce] il
4l yie A g o /D Slgd Cop g gl 423 0 (slod
03l LS oy ol il gyt 0,Sles dald Hled 4y Cod
slos pda gl 1 e e 4 Cuws VPO 0L ey ]
Aoy GhalS 1 (S wde U (ugnadi 423 B (3 S SIS
zLs . (Ghodrati & Kalantari, 2016) ¢l auily aly cuslis

Clols wopd p blite bl g dod dga sy s macalyinl gy bl Guibly 428 @ls -F g
Table 3- Analysis of variance of tempering method, air velocity and temperature, and interaction effects on the losses
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Introduction

Apple is one of the most frequently consumed fruits in the world. It is a source of minerals, fiber, various
biological compounds such as vitamin C, and phenolic compounds (natural antioxidants). The amount of
nutrients plays a significant role in the growth, reproduction, and performance of agricultural products and
plants. Chemical inputs can be accurately managed by predicting these elements. Thus, timely and accurate
monitoring and managing the status of crop nutrition is crucial for adjusting fertilization, increasing the yield,
and improving the quality. This approach minimizes the application of chemical fertilizers and reduces the risk
of environmental degradation. In crop plants, leaf samples are typically analyzed to diagnose nutrient
deficiencies and imbalances, as well as to evaluate the effectiveness of the current nutrient management system.
Therefore, the main aim of this study is to estimate the level of Nitrogen (N), Phosphorus (P), and Potassium (K)
elements in the leaves of the apple tree using the non-destructive method of Visible/Near-infrared (Vis/NIR)
spectroscopy at the wavelength range of 500 to 1000 nm coupled with chemometrics analysis.

Materials and Methods

This research investigated the potential of the Vis/NIR spectroscopy coupled with chemometrics analysis for
predicting NPK nutrient levels of apple trees. In this study, 80 leaf samples of apple trees were randomly picked
and transferred to the laboratory for spectral measurement. The Green-Wave spectrometer (StellarNet Inc,
Florida, USA) was utilized to collect the spectral data. In the next step, the spectral data were transferred to the
laptop using the Spectra Wiz software (StellarNet Inc, Florida, USA). For this purpose, spectroscopy of the leaf
samples was done in interactance mode. Ten random points were selected on each leaf to capture reflectance
spectra and the averaged spectrum was used to determine the reflectance (R). The data was then transformed into
absorbance (log 1/R) for chemometrics analysis. Following the spectroscopy measurements, the NPK contents
were measured using reference methods. Afterward, Partial Least Square (PLS) multivariate calibration models
were developed based on the reference measurements and spectral information using different pre-processing
techniques. To remove the unwanted effects, various pre-processing methods were utilized to obtain an accurate
calibration model. To evaluate the proposed models, the Root Mean Square Error of calibration and prediction
sets (RMSEC and RMSEP), as well as the correlation coefficient of calibration and prediction sets (rc and rp),
and Residual Predictive Deviation (RPD) were calculated.

©2022 The author(s). This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).
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Results and Discussion

The statistical metrics were calculated for the evaluation of PLS models and the results indicated that the PLS
models could efficiently predict the NPK contents with satisfactory accuracy. The model with the best
performance for nitrogen prediction was based on the standard normal variate pre-processing method in
combination with the second derivative (SNV+D2) and resulted in r.= 0.988, RMSEC=0.028%, r,=0.978,
RMSEP=0.034%, and RPD of 7.47. The best model for P content prediction resulted in r.= 0.967,
RMSEC=0.0051%, r,=0.958, RMSEP=0.0057%, and RPD of 5.96. Additionally, the PLS model based on
MSC+D2 pre-processing method resulted in rc= 0.984, RMSEC=0.017%, rp,=0.976, RMSEP=0.021%, and RPD
of 7.10, indicating the high potential of PLSR model in predicting K content. Moreover, the weakest performing
model was related to the estimation of P content without pre-processing with rc = 0.774, RMSEC = 0.013%, rp =
0.685, RMSEP = 0.018%, and RPD value of 1.87. Based on the obtained results, the proposed PLS models
coupled with suitable pre-processing methods were able to predict the nutrient content with high precision.

Conclusion

Field spectroscopy has recently gained popularity due to its portability, ease of use, and low cost.
Consequently, the use of a portable system for estimating nutrient levels in the field can significantly save time
and lower laboratory expenses. Therefore, due to the accuracy of the Vis/NIR spectroscopy technique and
according to the obtained results, this method can be used to actualize a portable system based on Vis/NIR
spectroscopy to estimate the nutrient elements needed by the apple trees in the orchards and to increase the
productivity of the orchards.

Keywords: Nutrients, Partial Least Squares, Pre-processing, Spectroscopy, Visible/Near-infrared
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5- Chemometrics Analysis

6- Support Vector Machine

7- Soft Independent Modeling of Class Analogy
8- Partial Least Square-Discriminant Analysis
9- Hierarchical Cluster Analysis

10- Fourier Transform

Ban b Yoero coaw 350 Sy Julow g s sl )] (2338
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1- Near-infrared Spectroscopy

2- Partial Least Squares

3- Wavelet Transform

4- Principal Component Analysis-Discriminant Analysis
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5- Inductive Coupled Plasma-Optical Emission
Spectrometry

6- Multiplicative Scatter Correction

7- Standard Normal variate

8- Moving Average

9- Savitziky-Golay
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1- Red Chief

2- Fuji

3- Granny Smith
4- Interactance
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Fig.1. Workflow of measuring NPK nutrients in apple tree leaves using Vis/NIR spectroscopy
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Table 1- Statistical data related to NPK value of leaf samples

e )lis] g aiged oy sdiges
Validation samples Calibration samples
slre Bl y2dl oSNl Sl Sblas shro Bl il oSSl PSlas BEIRES
Standard deviation Mean Max Min Standard deviation Mean Max Min
. 03974 0.254 1.03 1.43 0.66 0.212 0.89 15 0.54
Nitrogen (%)
S 0.034 0.086 0.133 0.022 0.027 0.08 0.14 0.026
Phosphorus (%)
el 0.147 0.45 0.73 0.22 0.12 0.53 0.79 0.203

Potassium (%)
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Fig.2. Detection of outlier data using PCA method
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1- Root Mean Square Error of Calibration
2- Root Mean Square Error of Prediction
3- Correlation Coefficient of Calibration
4- Correlation Coefficient of Prediction
5- Residual Predictive Deviation
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Fig.3. The initial raw spectra of apple tree leaf samples a) before and b) after removing the beginning and end of the
spectra
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Fig.4. The NIR absorption spectra of apple tree leaves using different pre-processing methods: a) SNV, b) MSC, c) D1,
d) D2, e) SNV+D1, f) SNV+D2, g) MSC+D1, and h) MSC+D2
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Table 2- The results of calibration and prediction of PLS models based on the combination of different pre-processing
methods for nitrogen estimation

il p e SBAle Olue (b ddy;  ((Sed copo Oluje (be ddy;  (Sapd copo Blyoul Comd
Pre- cshe! sily U sly iy b PR PR
processing LVs RMSEC (%) re RMSEP (%) o RPD
With no pre- 14 0.106 0.808 0.128 0.710 1.98
processing
SNV 11 0.082 0.878 0.101 0.795 251
MSC 12 0.060 0.933 0.076 0.890 3.34
D1 10 0.045 0.962 0.064 0.926 3.01
D2 11 0.028 0.986 0.037 0.974 6.86
SNV+D1 9 0.030 0.983 0.041 0.972 6.2
SNV+D2 6 0.028 0.988 0.034 0.978 7.47
MSC+D1 10 0.032 0.983 0.044 0.970 3.4
MSC+D2 8 0.035 0.976 0.046 0.967 5.7
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Table 3- The results of calibration and prediction of PLS models based on the combination of different pre-processing
methods for phosphorus estimation
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09313 3 s | e ol Sl S s L i i
Preprocessing 0 oy Oluge : b ot ot
oly
LVs RMSEC (%) RMSEP (%) o RPD
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Introduction

About 30% of the annual losses of agricultural products are caused by pests, diseases, and weeds. Spraying is
currently the most common method of their control. At present, various manual and tractor-mounted sprayers are
used for spraying. Manual spraying has very low work efficiency and is damaging as the spray might be applied
irregularly and consumed by the labor or the product at poisonous levels. Tractor-mounted sprayers are more
efficient than manual sprayers and require less labor. However, their use is associated with issues such as
compacting the soil or crushing the product. In recent years, Unmanned Aerial Vehicle (UAV) sprayers have
been used to spray farms and orchards. UAV spraying can increase the spraying efficiency by more than 60%
and reduce the volume of spray used by 20-30%. Based on the capabilities of the UAV sprayer and the
limitations of other current spraying methods, the purpose of this research is to evaluate the performance of the
UAV sprayer in controlling Brevicoryne brassicae (L.) and compare the results with a turbo liner sprayer.

Materials and Methods

In the present research, the UAV sprayer is studied as a new method of spraying to fight Brevicoryne
brassicae (L.). The results were technically and economically evaluated and compared with the control group
and that of the turbo liner sprayer (the conventional method of spraying canola in Iran). The experiment was
triplicated with a completely randomized design and three treatments of UAV sprayer, turbo liner sprayer, and
control (no spraying). Field tests were conducted on the canola crop at the stemming stage where at least 20% of
the plants were infected. The measured parameters included drift, spraying quality, field capacity, field
efficiency, energy consumption, and spraying efficiency.

Results and Discussion

Based on the results, the spray volume consumed by UAV and turbo liner sprayers was equal to 11.1 and
187.6 liters per hectare, respectively. The particle drift in spraying with UAV sprayer and turbo liner sprayer
were 53.3% and 80%, respectively. Moreover, the quality coefficient of UAV and turbo liner sprayers were 1.15
and 1.21, respectively. Therefore, the farm efficiency of the UAV sprayer and turbo liner sprayer was equal to
51.4% and 32.3%, respectively. Based on the results of the analysis of variance, immediately after spraying,
there was no statistically significant difference between the average density of pests of the three treatments.
However, three, seven, and 14 days after spraying, there was a significant difference between the control

©2022 The author(s). This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).
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treatment and the spraying treatments. The density of pests in the plots sprayed with UAV and turbo liner
sprayers was lowered to less than 100 pests per stem, whereas in the control treatment, the density varied
between 250-700 pests per stem. A comparison of the average efficiency of the UAV sprayer and turbo liner
sprayer with the t-test showed that both sprayers had managed to control the population of pests and 14 days
after the spraying, the efficiency of the UAV sprayer was higher than that of the turbo liner sprayer.

Conclusion

- The spray volume consumed by the turbo liner sprayer was 17 times the UAV sprayer.

- The spray drift was about 34% more in spraying with the turbo liner sprayer than the UAV sprayer.

- The field efficiency of the UAV sprayer was 59.1% more than the turbo liner sprayer.

- The energy consumption per hectare of the turbo liner sprayer was 7 times the energy consumption of the
UAV sprayer.

- UAV sprayer’s efficiency reached 92.7 % 14 days after spraying.

- UAV sprayer is recommended for controlling Brevicoryne brassicae (L.) due to its high efficiency, low
drift, low spray volume and energy consumption, and superior spraying quality.

- To improve the performance of the UAV sprayer for controlling Brevicoryne brassicae (L.), a flight height
of 1-1.5 meters from the top of the crop, a flight speed of less than 7 m s, and a maximum spraying speed of 4
m st are recommended. Additionally, it is possible to prevent the spread of the pest in the stemming stage by
spraying the field in an earlier stage.

Keywords: Canola, Efficiency evaluation, Intelligent agriculture, Unmanned aerial sprayer
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Fig.2. Sprayers while spraying the canola field (a: Turbo liner sprayer, b: UAV spray)
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Fig.3. Installation of the water-sensitive card on the canola plant
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Table 2- The average spraying quality coefficient of the UAV sprayer and turbo liner sprayer
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Table 3- Field efficiency of the UAV sprayer and turbo liner sprayer
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Table 4- The average number of pests before and after spraying
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Table 5- Comparison of spraying efficacy percentage for controlling the population of Brevicoryne brassicae (L.)

slss Treatment

Days after spraying (%)
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Introduction

Due to the increasing need for agricultural products, protection of products against pathogens and preventing
them from being wasted is important. Studies on droplet charging systems result in the reduction of chemical
usage and an increase in the deposition of droplets on the target. Conventional sprayers used in Iran have
numerous disadvantages such as drift, environmental pollution, lack of complete and homogeneous coverage of
the spraying surface, phytotoxicity, and crop losses. Therefore, evaluation of new spraying methods and using a
variety of electrical sprayers as alternatives to conventional spraying is essential. This study aims to design,
construct, and optimize the performance of the electrodynamic head of an atomizer motorized knapsack sprayer,
and study the effects of the angle of the target position, spraying distance, and wind speed on the performance of
the electrodynamic sprayer.

Materials and Methods

Experiments were performed in an agricultural machinery workshop at The Department of Biosystems
Engineering, the University of Kurdistan, Iran, with an atomizer motorized knapsack sprayer equipped with an
electrodynamic head. The effect of some factors including wind speed, spraying angle, and spraying distance on
deposition, coverage percentage, and uniformity of spraying were investigated. These effects were investigated
to determine the uniformity coefficient of total spraying. Design Expert 8.0.6 Trial software was used to design
the experiments based on central composite design and to analyze the data. The investigated factors and levels
were: the distance of nozzles from the target (at three levels of 2, 4, and 6 m), the angle of the target position (at
three levels of 0, 45, and 90 degrees), and wind speed (at three levels of 2.5, 3, and 3.5 m s). Water-sensitive
paper cards were used to evaluate the quality of the spraying. The cards were scanned and magnified with an
Olympus SZX12 Stereo Microscope equipped with an objective lens of X1 and a total magnification of 7X. The
characteristics of droplet size were determined using Mountains Map Trial and Deposit Scan software.

Results and Discussion

The maximum value of the total spraying uniformity coefficient was equal to 1.95 for the spraying angle of 0
degrees, the distance of 6 meters, and the speed of 3.5 meters per second. Meanwhile, the lowest value of the
spray uniformity coefficient of 1.18 was obtained for the test conditions of 90 degrees, distance of 2 m, and
speed of 2.5 m s, respectively. Based on analysis of variance for the two-factor interactions model (P-value less
than 0.0001, explanation coefficient 0.9383, absolute explanation coefficient 0.910, standard deviation 0.0590,
and coefficient of variation 3.790%). It can be stated that this model is highly accurate in predicting the
uniformity of the total spraying, and the linear components of spraying angle and spraying distance, as well as
the interaction of spraying angle x spraying distance and spraying distance x wind speed, significantly affect the
uniformity of the total spraying (p<0.05). Nevertheless, the linear component of wind speed and the interaction

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
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between wind speed and spraying angle had no significant effect on the changes in the uniformity coefficient of
the total spray. According to the variance analysis table (F-values), spraying distance has a far greater effect on
the spraying uniformity coefficient than the spraying angle.

It has been observed that the spraying uniformity coefficient will increase by increasing the spraying distance
and decreasing the spraying angle. It can also be stated that the linear components of spraying angle and spraying
distance, the interaction component of spraying angle x spraying distance, and the square power of the
components of spraying distance and wind speed have a significant effect on surface coverage. The values of R?,
Adj-R?, CV, and PRESS for the model adapted to the test data of leaf surface coverage percentage were obtained
as 0.9929, 0.9865, 4.87%, and 188.61, respectively.

Among the three input variables, the spraying distance has the greatest effect on the coverage of water-
sensitive papers. At larger spraying angles, especially 90 degrees, the coverage decreased with the increasing
distance. At spray angle of 90 degrees, by increasing the distance from 2 to 4 m, the spray uniformity coefficient
increased from 1.18 at a wind speed of 2.5 m s to 1.84 at a wind speed of 3.5 m s. However, at smaller
spraying angles (for example zero-degree angle), at first, the spraying coverage increases with the increase of the
spraying distance from 2 to 3 m and then sharply decreases afterward. According to the contours of spray
coverage, in the spray distance range of 4 to 6 m and regardless of wind speed, the spray coverage does not vary
with the increase of the spraying angle (p< 0.05). Meanwhile, in the spray distance range of 2 to 4 m, with the
increase of the spraying angle, the spraying coverage increases significantly (p<0.05). Overall, increasing the
distance between the sprayer and the target decreased the surface coverage on the target, and in electrodynamic
spraying, the uniformity of particle deposition on the underside of the target was relatively the same as on the
upper side.

Conclusion

To improve the performance of the atomizer motorized knapsack sprayer, an electrodynamic spraying head
was designed and built, and its performance was optimized using the response surface method (RSM) with a
central composite design. During the research process, the influence of the independent parameters such as the
distance between the nozzle and the target, the angle of the target position, and the wind speed on the variables
including spraying uniformity, the percentage of the spraying coverage, and the percentage of changes in the
total spraying coefficient were discussed and investigated. The results of the research led to the determination of
the 3.5 m s wind speed, 2.5 m sprayer distance, and 90 degrees spraying angle with 0.792 desirability, which
were considered as the optimal performance conditions of the electrodynamic spraying head. The results of
laboratory validation for optimal conditions show that the uniformity of total spraying indicated by the total
relative span factor (RSFT) and the percentage of spraying coverage (Cov) are equal to 1.65 and 28.27%,
respectively.

Keywords: Electrodynamic head, Response surface method, Spraying angle, Sprayer, Uniformity
coefficient, Wind speed
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Table 3- The results of mathematical model fitting on derived data from experiments for uniformity coefficient of total

spraying
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Fig.5. Response surface graph for uniformity coefficient variations of total spraying based on independent parameters at
3 m st wind speed
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Table 4- The results of quadratic mathematical model fitting on derived data from water sensitive paper coverage
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* The spray uniformity of the electrodynamic sprayer was slightly higher than the electrostatic sprayer.
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Introduction

The growing consumer demand for high-quality products has led to the development of new technologies for
assessing the quality of agricultural products. Iran is the 9th largest orange producer in the world. Every year,
large quantities of agricultural products lose their optimal quality due to mechanical and physical damage during
various operations such as harvesting, packaging, transportation, sorting, processing, and storage. This study is
performed to identify the natural frequencies and vibration modes of the Thomson orange fruit using finite
element modal analysis by ANSY'S software. In addition, physical properties including mass, volume, density,
and principal dimensions were measured, and mechanical properties were determined using Instron Texture
Profile Analysis. The dynamic behavior of the orange fruit was simulated using the pendulum impact test.
Afterward, the obtained impact was applied to the orange fruit by force gauge and three-axis accelerometer
sensors in both polar and equatorial directions. The three-dimensional geometric model of the orange fruit was
drawn in the ANSYS software. After meshing and applying the boundary conditions, the first 20 modes and
corresponding natural frequencies were obtained. Since the objective of this study was to identify the natural
frequencies of the orange fruit, it was considered to have free movement and rotation in space. The results
showed that the natural frequencies of orange fruit are in the range of 0 to 248.41 Hz. Knowledge of the texture
characteristics and dynamic behavior of horticultural products is essential for the design and development of
agricultural machinery. Furthermore, the design and development of agricultural machinery are directly related
to the biological properties of agricultural products.

Materials and Methods

The Thomson orange variety was used in the present study. The oranges used for the experiments were
harvested from the Citrus and Subtropical Fruits Research Institute in Ramsar, Iran, located at coordinates 50°
40" E and 36° 52' N. The oranges were subsequently divided into two groups: large (average diameter 82 mm)
and small (average diameter 66 mm). Conducting the finite element analysis requires knowledge of the physical
and mechanical properties of the flesh and skin of the orange fruit. The physical and mechanical properties of the
tested samples include geometric dimensions, modulus of elasticity, Poisson’s ratio, and density. In the present
study, the dynamic behavior of the orange fruit under dynamic loads was investigated by performing an impact
test using a pendulum. The orange fruit was hung from the ceiling using a thin thread to perform experimental
tests and extract the modal parameters. The orange samples were subjected to impact at three angles: 7° (below
the yield point), 10° (at the dynamic yield point), and 20° (above the dynamic yield point).

Results and Discussion

The comparison of the experimental (laboratory) natural frequencies and simulation validates the simulation
results. The experimental natural frequencies of the first, second, and third modes in the large-group oranges are

©2023 The author(s). This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).
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125.4, 146.9, and 180.4 Hz, respectively. Additionally, the simulation (modal) frequencies are 133.80, 146.16,
and 196.66 Hz for the first three modes, respectively. The lowest and the highest differences were observed in
the second (0.5%) and third (9.01%) modes, respectively. In the small-group oranges, the first, second, and third
modes have experimental natural frequencies of 152.2, 188.8, and 242.2 Hz, respectively, and simulation
frequencies are 167.79, 187.50, and 248.30 Hz. The second and first modes exhibited the smallest and largest
disparities between experimental and simulated natural frequencies, respectively, at 0.68% and 10.24%.

Conclusion

While there are certain limitations, it is undeniable that Computer Aided Engineering (CAE) applications are
advantageous for predicting the natural frequencies and vibration modes of spherical fruits such as oranges.
Utilizing the obtained frequencies, especially the resonance frequency and the vibrational mode shape, enables
us to avoid the resonance frequency in the actual transportation of oranges. This is possible through the
implementation of suitable packaging and transportation methods, thereby mitigating the deterioration of fruit
quality and ensuring an accurate prediction of its shelf life.

Keywords: Dynamic Behavior Modeling, Modal Analysis, Vibration modes
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3- Frequency response function
4- Pulse response
5- Complex conjugate
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1- Computer aided design
2- Resonance
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4- Texture Profile Analysis
5- Puncture
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1- Damped natural frequency
2- Damping ratio
3- Undamped natural frequency
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4- Window Type

5- Hanning

6- Matlab

7- Fast Fourier Transform
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1- Constant-Height Multiple-Impact technique
2- Convolution
3- Peak picking
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Fig.1. Pendulum test of orange samples: (a) Polar direction, (b) Equatorial direction, and (c) Pendulum impact test
setup, force sensor, and three-axis accelerometer sensor
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2- Target Bodies
3- Contact Bodies
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Table 1- Number of the conducted tests
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Table 2- Parameters characterizing the properties of the FEM mesh of each geometry applied in the model for large
group oranges (group A)
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Table 3- Parameters characterizing the properties of the FEM mesh of each geometry applied in the model for small
group oranges (group B)
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Fig.2. 3D tetrahedral mesh; (a) Whole orange fruit, (b) Orange fruit section cut showing the flesh and the skin
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Fig.4. The experimental values of the first three modes converted from time to frequency domain for the two groups of
oranges; (a) Large and (b) Small
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Table 4- Natural frequencies (Hz) obtained from
simulation of large (Group A) and small (Group B)
oranges using ANSY'S software
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Fig.5. The first three modes in large Thomson oranges (Group A) using finite element modal analysis in Ansys software
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Fig.6. The first three modes in small Thomson oranges (Group B) using finite element modal analysis in Ansys
software
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Introduction

With increasing the world's population, thdemand forsupply water resources ialso increasing.
Neverthelessclimate change haseverely impacted thaccessibilityof fresh water resource€onsequently
researcherfiave been focusing omrodudng drinkable water from seas and oceans.,Irgith its significant
levels of solar radiation and access to open water from the north andisarttidealcountryfor fresh water
production Using solar water desalination s is areliable and costeffective solution for producing
drinking water from salt water sources. The purpose of this researcknbancehe performance of the solar
water desalination system by using the latent heat storage system soldr trackng system.In this
experimentaketupfor fresh watemproduction,waterwas usedasthe working fluid, while a parabolic collector
functioned ashe source of thermal energy.

Materials and Methods

The solar water desalination system was designed antl dyuia laboratory scalat the University of
Kurdistan and the thenecessargxperiments werearried out The flowing fluid (water) inside the spiral tube
in the tank ispumpedinto the absorber tube of the parabolic collectoside the receiver tube, there is a spiral
copper tube with a 7 crpitch, which contains paraffin. The parabolic mirror reflects the sunlighd thre
receiver tubgcausng the working fluid, water, to heat up. The cooling process ashievedusing a specific
sourcelocatedin the uppersectionof the distillation tank. In this case, the steam droplets in the tank hit the
bottom surface of this cooling tanwhich hasthe shapeof an inverted funnelleadng to condensationThe
studywas conductedover four consecutive day$rom 10:00to 14:0Q underidentical conditionsfrom August
24th to August 27th, 2022 It took place at theRenewable Energy Laboratoriniversity of Kurdistanin
Sanandajlran, and was conductefbr threedifferentvolume flow rates of fluid1.9, 3.1 and 4.2l.min"t with
phase change materigRCM) and4.2l.min* without phase change materig OPCM) WKH SXPSTV PD[LPXP
flow rate was4.2 l.min’. Variations of outlet tempature, thermal efficiency, desalination efficienand
produced watewereinvestigatedunderdifferent conditions.

Results and Discussion

The resultgevealthat bydecreasinghe pitch of the spiral tubéhere is an increase the amount of heat
captued,due to the increase in the Nusselt number. At the beginning of data collection, a sigaificamtof
the energythatentes the receiver tube iabsorbed byoththe phase change material and the spiral tube inside
the receiver ands aresult,the initial air temperatures lowered The highestemperatureof salt water occurs
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