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Introduction

The use of agricultural waste to produce biodegradable containers is an appropriate option to solve the
problem of biomass accumulation resulting from the cultivation of crops such as rice. The highest amount of
agricultural waste compared to the area under cultivation is related to wheat straw and rice straw, respectively.
After wheat, rice is the most important agricultural product in human nutrition. According to the World Food
Organization, the area under rice cultivation in the world is about 150 million hectares. The use of rice straw as a
raw material for disposable cellulosic dishes can prevent straw residues in paddy fields, improve the deficiency
of cellulosic raw materials, and reduce the use of plastic containers and the dangers thereof. Rice straw is a
significant source for making cellulosic containers, but after making containers, hydrophobicity and microbial
hazards can be among the problems of making these types of containers. The coating technique is one of the best
solutions for resolving hydrophobicity and microbial problems. Coverage is very important and necessary to
increase the shelf life of agricultural products and maintain their quality. Waxes are the best preventative
methods against moisture and water vapor loss, and beeswax is one of the best edible waxes with these
properties. The antibacterial properties of coatings with natural antioxidants will help solve the cellulose
containers' problem. The main objectives of this study were to evaluate the endurance, hydrophobicity and
antimicrobial activity of rice straw degradable cellulosic dishes.

Materials and Methods

In order to obtain the raw material for the manufacture of cellulosic dishes, the straw was digested with 10%
and 20% sodium hydroxide, and then to weigh the hydrophobicity tests, tensile strength index and brightness,
120 Gr paper was made. Concentrations of 1, 2, 5 and 10% of the wax solution in ethanol solution were prepared
and used as the first coating to improve the hydrophobicity. The nettle extract encapsulated with royal seed gum
as the second coating to improve the antibacterial activity. Hydrophobicity and antimicrobial properties of the
samples were measured and compared. The cup mold specimen was made of 2-piece steel and made using
appropriate rice straw paste and coating with the appropriate concentration of the sample in disposable cellulose.

Results and Discussion

The results showed that increasing the amount of sodium hydroxide in baking conditions increased the tensile
strength and the degree of clarity, but it had no effect on hydrophobicity. As the concentration of baking soda
(sodium hydroxide) increases, so does the brightness. Increasing the concentration of sodium hydroxide
increases the tensile strength, and the increase in tensile strength due to the increase in the percentage of sodium
hydroxide can be due to the increase in the ability to form bonds between fibers due to the release of lignin.
Honey wax with a 5% concentration was the most optimal coating for hydrophobic cellulose containers. With
increasing wax concentrations in ethanol solvents from 1 to 10 percent, water absorption by the paper made from
rice straw has decreased by approximately 93 percent. Adding royal seed gum and nettle extract has a positive
effect on the diameter of the halo and has antimicrobial properties. Honey wax with 5% and 10% concentration
with nano-encapsulated nettle extract with royal seed gum was selected as the most suitable coating to improve
antibacterial activity.
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Conclusion

Due to the characteristics of rice straw and the experiments shown, rice straw can be considered as a suitable
alternative to oil resources in the production and usage of disposable tableware. Rice straw has the potential to be
used as a cellulose source for the production of disposable containers, and honey wax with a 5% concentration
and nano-encapsulated nettle extract can improve the hydrophobic and antimicrobial properties as the airtight
coating of the dishes.

Keywords: Disposable dishes, Honey wax, Hydrophobic, Nettle, Rice straw
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Table 1- Means of square and Std. deviation of baking
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Table 3- Means of square and Std deviation of coating
type on the diameter of halo
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Introduction

Sugarcane cultivation in Khuzestan province is in the form of planting in-furrow. Due to the fact that in a
machine harvesting, the reaper is not able to fully harvest the straw in the furrow, in the planting in-furrow
method, it is necessary to transfer the rows of straw to the stack. So one of the measures at the time was hilling
up operations or stacking reeds planted in the furrow. Therefore, due to the salinity of irrigation water and high
groundwater levels, which have increased the salinity of sugarcane fields in Khuzestan province, planting this
product in summer to protect the seedlings against salinity is mandatory in the furrow. On one hand, due to the
difficulty of harvesting operations in the furrow during the harvest season, and on the other hand, because of the
reduction of waste during harvesting, the plant needs to be located on the ridge. Therefore, in sugarcane fields,
when the seedlings are established and grown, the furrow and ridges are replaced, and to perform this operation
special machines are required. According to the study, so far there has been no scientific and reasoned report on
the study and evaluation of different types of hilling up devices and different speeds in sugarcane cultivation,
and the use of machines in sugarcane cultivation and industry is based solely on objective observations.
Therefore, in this study, three different types of devices have been evaluated in two soil textures and three
different forward speeds as a step towards choosing the best type of machine and optimal speed of hilling up
operations in sugarcane cultivation.

Materials and Methods

The purpose of this study was to evaluate three different methods of sugarcane hilling up in two soil textures
and three different forward speeds. Research treatments include: soil texture (clay loam and silty clay loam),
hilling up methods (6-shanks subsoil + 10-shanks subsoil, 8-shanks subsoil + hilling up device No. 1 and 8-
shanks subsoil + hilling up device No. 2), and forward speeds (5, 6, and 7 kilometers per hour). Design of a
factorial experiment based on randomized complete block design with three replications in Amirkabir field 208
(ALC 200 field 8) with clay loam texture and cultivar CP69-1062 and farm ARC14-22 with silty clay loam
texture and cultivar CP69-1062, 15% moisture, and first-year cultivation was performed. The test plot includes
108 furrows. The area of each plot was two furrows. The length of each furrow was 250 meters (equal to the
length of the sugarcane rows). To avoid affecting the interactions of the treatments, a distance was given
between the treatments. The farms being tested were newly cultivated farms. The surface of the farm was
furrowed and ridged. Care was taken in selecting the farm so that the humidity was similar in its different
sections. After setting the right time for the hilling up and before starting the operation, soil sampling is required
to determine the soil cone index and soil moisture. The physical properties of this study include Mean Weight
Diameter (MWD), bulk density, soil surface uniformity, soil water permeability, and furrow depth (stack height).
Analysis of variance and Duncan test were used to compare the treatments using SAS 9.4 software.

Results and Discussion

The results showed that there was a significant difference between soil Mean Weight Diameter, bulk density,
soil surface uniformity, and soil water permeability in soil texture treatments, type of hilling up machine, and
forward speed. Furrow depth index (stack height) was significantly different in treatments of type of machine
and forward speed but not in soil texture treatments. The comparison of means showed that the whole loam
texture treatment had 6-shanks + 10-shanks at a speed of 7 km h™ with the smallest mean weight diameter (16.06
mm). The use of 6-shanks subsoil + 10-shanks subsoil in hilling up in whole texture and speed of 5 km h*
significantly reduced soil bulk density. The lowest coefficient of variation of soil surface uniformity was
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obtained with 8-shanks subsoil + hilling up device No. 1 in clay loam texture and 7 km h™* forward speed. The
highest rate of water permeability in the soil was obtained after the hilling up operation with 6-shanks subsoil +
10-shanks subsoil in a total texture of 2.32 cm h™. Furrow depth index (stack height) was also within the
acceptable range (10-15 cm) in all treatments. But in addition to height, the appearance of the ridges is also
important. In the treatment of 6-shanks + 10-shanks in plant stacking and embankment operations, sometimes in
fields, there are parts where this operation is not done well and the machine is not capable enough and is in the
middle of the created ridges. Harvesting operations do not cause proper reed flooring. Therefore, to solve this
problem, it is necessary to perform the hilling up operation at the appropriate speed and humidity so that the soil
is well placed on the rows of reeds and the proper appearance of the ridge is maintained.

Conclusion

In this study, three different types of devices have been evaluated in two soil textures and three different
forward speeds as a step towards choosing the best type of machine and optimal speed of hilling up operations in
sugarcane cultivation. The physical properties of the soil, including the soil Mean Weight Diameter, bulk
density, soil surface uniformity, soil water permeability, and the size of the furrow depth (ridge height) were
measured, and the best treatments were identified. Considering the importance of hilling up operations in
sugarcane cultivation and to complete the results of this experiment, the following items that could not be
studied in this study are suggested. The effect of using different methods on hilling up should be investigated on
the yield of sugarcane. The effect of using different devices on hilling up in terms of tensile strength, work
efficiency, and time required to do the work, fuel consumption, cost of timely work, and maintenance costs in
operations on sugarcane hilling up should be investigated.

Keywords: Bulk density, Hilling up, Soil mean weight diameter, Soil surface uniformity, Soil water
permeability, Sugarcane
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Table 1- Preliminary characteristics of the studied soil before applying the test treatments
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Measured parameters Value of average  Unit

Cone index S gy asls 1.4 MPa
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Table 2- Results of variance analysis of soil texture, type of machine and the forward speed on the research variables

Mean of squares b w b

o TS epn Ol

Pl Gpivdeli S Gos ol

) JUVE S 3P 91193 . o : (auig gl5,))
? . FES . . . ey S Ay g,
Sources w3l ,15 SB el SB phe Bl ; Furrow depth

df Mean Weight Ik : il surf Soil water lep
" Diameter (MWD) Bulk density S.?' su_rt acs/ permeability  (stack height)
(mm) (gr.cm™) uniformity (%0) (cm.hr) (cm)
Replication (<Ssb) 1,5 2 246.37 "™ 18.52"™ 7.99™ 0.36" 6.46 ™
Soil texture & ¢l 1 9299.94% 40.72° 12.56° 0.26™* 9.88™
a sls 2 581.94 34.22 18.84 0.08 14.25
ol slae S 5 2191.31 29.24 13.25 0.23 10.26
Type of machine il g6 2 7864.51* 54.53* 25.74% 0.16™ 56.53*
Forward speed (¢5, i copu 2 5151.05** 46.23* 38.27™ 0.14* 38.22"
Soil texture* Type of 2 3046.16 27.61 11.80 0.11 7.55"™
machine
Gy 5 Oeeile 58 Jlite
S0t 4 1678.21"" 19.36 ™ 6.64™ 0.09" 8.87"
Type of machine* Forward
speed
sy g ST il Llize
Sorie 2 2927.07" 23.10™ 8.53™ 0.14 5.04 ™
Soil texture* Forward speed
5 omdle g (SB il blize I
Sk e 4 804.66" 7.19"™ 1.38"™ 0.05"™ 3.63™
Soil texture* Type of
machine* Forward speed
bec oles 32 94.12 6.15 1.88 0.01 2.20
5 sl S 48 1060.85 12.62 5.44 0.04 6.98
ns: None significant I e glds 3429 pac NS
**Significant at the probability level of 1% 2oyd Y o j3 > ine caglis
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Fig.7. Means comparison of interaction between soil
texture and forward speed on Mean Weight Diameter

ol 03,8 pal )3 St olS ddome Ay (6l |y camwlin

Aol 13l Sl duwlie gulis Ve JSb 45 &S job o
obis S gl (ogasio pra 1 Guidle (59)0kn s
Py welw g )M}..Lfa oy Gy )‘ oolawl RER g
sl cels o yiag LS 0 e 13 SB (g2 ogasie p >
Sorobm Copo b oS (Jb > ol e i il p S VNY
(89t sy Lol 38l b a8 ol o)) e Ll 4l )58l
Py bl )3 g Aol oo bl Laadgls (Sjg lawgie jla
b GBI SB 6all (ogase

o g odle 55 5 Sl Mo ) (o dulio ol
O Gl 0dd 03l L VY JSS p S g alb ogaste
Y ojloci (S (0,0 Ay (99) 4n oKwd +SLE A Sy
g dal Cowdd cone yi0 Bl 50 )5 VA Jlade L (A2B3)
9 ey C8L e 3 i gl pogaste p i e (nieS
Rangiah et ) l}lSan 5 455, b (65050l oo yio il
Sl ogase i 40 S 3,Sles oS adly o (al., 1998
s a8 ol JialS CaSe o Bl 0,5 VLV e
Uegmae (i 3 (Srivustuva, 1990) lgiwges e lowss ol
g o303 39 005 (5135 M e el S WY (50l
Ueg—are pya iy s (Lorzadeh et al., 2002) Ko
e yia Bl p)S VASVA ) St a6l SB 0l
O ygmods Lindiiy ) oSS (53088 5l as ol b a8 3,91 cowday

u_)‘)bom)_{)fblﬁxhbybwuow)b9mﬁfdaw

Mean Weight Diameter (MWD)

N
al
o
j=*]

20

(mm)
I - &
[
[ .
(i

AlBl1 Al1B2 A1B3 A2B1 A2B2 A
Soil texture and type of machine

N
m

3

By dle g5 5 S Bl Blize 3l eSibe anlio =1 S8

o lf g Lawsic

Fig.6. Means comparison of interaction between soil texture

and type of machine on Mean Weight Diameter

Soatm Cepw g owile g5 Jlie 51 (:Sle dusliio ol
0 o > 5S> yge5] 5l oolil b aaslS” 559 buwgie Jhad 5
buwgio jlad WSl op 58 )5 Gl 0dd 03l ol (A JSKb) s yd
O Ay gy 4o oK +ad Ll A Sy jlewd 50 laas gl
(B3CL) cebw j yiog LS B 59y Sy 3 ¥ 0)lod Sl
gl Lnsgio s S5k (01508l yia ko VUTY s
VY Goroin o 3 a6Ls Ve (S5 a3 LS 5 (S5 e 5
ol o Loo VF/0D yly (BIC3) cclis y yioghs
5 omile g5 S sl lize 51 :Silie duslio mlo
O3l edleiwl b aadsls” Sjg bawgio jlab y (5) sy Cos
a8 855 ol ol &I SS )0 o0 O e jd ST
LS A (S8 ) (og e tow 8L jless 53 s IS lawgie
B (Sorotamy Sy ¥ 0)lod Sl (0 ALy (59 4 oBwd
5 4 sdaliio yio Lo Y/PA plyy (A2B3CL) el p yioshS
P OSbpj epddowy b Jlogd )3 s slS bawgie Jlad py ySaoS
Sl p JloghS V 69y Coo o p3 3L Ve (B p5 +ed LS
VU (p st Cof o el Caddy yia o VE/+F il (A1B1C3)
dgdien S g I3l o Jedl e Gl 5 SB 4 405 Caga
(Carter, 2000) 5,LS )l JLos & | yidus (08 3,5 labuwo o5
Coyiinm oy i 5l bl Jad 4 Sike a8 oy ol 15
(Namdari et al., alos I cpdizes ol gl oo ol
3 2010; Khaffaf and Khadr, 2008; Ming et al., 2008)
= 9ot s w Liali8l 48 el el oyl souiSugl
O3S 15 s s oaials 5l sl a5 S5 ilee
oSy ol Ly S (g3 4y (59 4 &S C8)5 don
s oS S5g lawgio ylad adld oy 5l adls Ve Sy +adls
Gaaasb b (SB g cwl 03)S oo piag 300 sl gy 4 o



1P 5l o o lod Y Wl (6559l slacmitlo 4yt YV

25 518 e, 895 4 Sllas Jlan SB (alb ogase pya e (lais
a

a d fe fg c ee Cd 25
= 20 5 a b pe
=3 2 20 d R
= 8 B
<§ 15 55 15 E g
SE 10 £z € |
e §SE” -
] s EEEEEEETETE
; 0 % 0 =B =2 B E B E B =
g ALALAIALALALAIALALA2A2A2A2A2A2 A2 A2A2 Bl B1 Bl B2 B2 B2 B3 B3 B3
s B1B1B1B2B2B2B3B3B3B1B1B1B2B2B2B3B3B3 Clcz2cC3cClczcC3cCLczcs

Cl1C2C3C1C2C3C1C2C3C1C2C3C1C2C3cLIc2es Type of machine and forward Speed

Soil texture, type of machine and forward speed

g oile g9 SB il flite Bl 1Sle dunlio 4 JSKS

LedslS' 559 bawgie yhad y (59) ke S
Fig.9. Means comparison of interaction between soil
texture, type of machine and forward speed on Mean

Weight Diameter

9 omile g lite 1 5 Slee dulio —A JSUS

a5l 9 bawgto Jlad 1 (59,0t Cas
Fig.8. Means comparison of interaction
between type of machine and forward speed
on Mean Weight Diameter

~ 16 b . a o ab )
g 14 ¥ c C = b
S Z 5
& &
2 08 =
g 0.6 5 05
3 04 =
= 02 g 0
/@ 0 c1 c2 c3
Al BIA1 B2A1 B3A2 B1A2 B2A2 B3 Forward speed
Soil texture and type of machine

P 2 owile 99 9 SB il Blite Bl Sk dmlia =YY JSW ogasie p > p (sgi0in o g 51 ke dunlio =V ¢SS

Fig.11. Means comparison of interaction between soil
texture and type of machine on soil bulk density
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Fig.10. Means comparison of effect of forward speed on

soil bulk density
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(S a3k pas s (S priedo
Inex of permeability Soil water permeability (cm.hr™)
Very slow s s <0.127
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Relatively slow s (. 0.5-2
Medium lew gz 2-6.35
Relatively fast g o b 6.35-12.7
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Introduction

More than 30% of the heat energy generated by the engine is transferred by the cooling system. If this heat
transfer is not accomplished properly, then the engine heat will increase and it will wear the parts by removing
oil film between the pieces. A cooling system is used to remove this heat. The radiator is an important
component of this system. Increasing heat transfer in the car engine by the cooling system is possible by using
two methods of changing the radiator geometry and optimizing it and using fluids with high thermal properties.
In this research, we investigated the improvement of radiator thermal performance using nanofluids using a
laboratory model. The effect of nanoparticle volume fraction and cooling flow rate on heat transfer rate, and heat
transfer coefficient was investigated.

Materials and Methods

In this research, a laboratory model was designed and manufactured to evaluate the thermal performance of
the MF 285 tractor radiator using nanofluid. In this laboratory model, water was combined and used as a base
fluid with nanoparticles Al,05. 20 nm nanoparticles with volume percentages of 1 to 4% were used. An electric
stirrer and magnetic stirrer were used to prepare the nanofluid. For the produced fluid to be usable, add SDBS
surfactant to it. The temperature of the inlet fluid to the radiator was 85 °C and the cooling fluid flow rate was
3.18 to 15.08 (lit min~1)) and the airflow rate was 3.2 to 6.4 (m s™). Two T-type thermocouples are installed to
measure the inlet and outlet temperature of the radiator and two other front and rear fans to measure the inlet and
outlet air temperature and four more are installed on the radiator to measure the radiator body temperature.

Results and Discussion

The results show that in nanofluid with a 4% volume fraction compared to a 1% volume fraction, it can be
seen an increase of 8.7% in density, 7.7% in viscosity, and 9.1% in thermal conductivity, and also a decrease of
8.8% in specific heat. The maximum temperature difference between the inlet and outlet sensors of the radiator
when the thermostat is open and the cooling fluid flows through the radiator is 12 to 15 °C. By increasing the
speed of the electromotor from 40 Hz to 50 Hz, the temperature of the water cooling fluid at the outlet part
becomes 4.7 °C cooler and the air temperature at the outlet part becomes 7.3 °C warmer. As the speed of the
electromotor increases, the rate of heat transfer increases. At the maximum value of airflow and cooling fluid, by
adding 4% by volume of nanoparticles to the base fluid, the rate of heat transfer can be increased about 37%
compared to the base fluid. Compared to water, nanofluid containing 4% by volume of Al,0; at maximum speed
has a 28% increase in heat transfer coefficient. Also, by increasing the electric motor speed from 20 Hz to 40 Hz,
the heat transfer coefficient of pure water shows about 26% increase and the nanofluid shows an average of 29%
increase.

Conclusion

Increasing the volume fraction of nanoparticles suspended AL,O5 in the base fluid increases the density,
viscosity, and thermal conductivity, which increases the heat transfer rate and reduces the outlet temperature of
the radiator. The presence of nanofluid in the engine cooling system increases the heat transfer from the radiator,
and despite this feature, the size and weight of the radiator can be reduced without affecting its heat transfer
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performance. It can also improve heat transfer performance by increasing the cooling flow rate and the airflow
rate.

Keywords: Air flow speed, Fluid flow rate, Laboratory Model, Nanoparticles, Thermal performance
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Table 2- Specifications of the radiator used in this research
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Table 3- Thermophysical properties of base fluid and nanoparticles (Wen et al., 2009)
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Table 4- Density, specific heat, viscosity and thermal conductivity of nanofluids compared to base fluid
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Table 5- Measurement of fluid flow at different operating frequencies of the electromotor
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Fig.7. Determination of electromotor speed based on its operating frequency
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Fig.8. Fluid flow chart based on electromotor speed
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Fig.9. Evaluation of opening and closing temperature of the thermostat with three different electromotor circuits
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Fig.10. Evaluation of sensors temperature before the thermostat, radiator inlet and outlet in the designed laboratory
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Introduction

Today, the development of the livestock industry and feed supply is a vital issue due to the growing world
population, the importance of animal protein supply, and the growing requirement for livestock products.

A porous medium refers to a solid-void (pore) space that is occupied by a fluid (gas or liquid). Generally,
many of these pores are interconnected which makes the transportation of mass and heat possible through the
pores and this contributes to a faster transportation process through the solid matrix. Porosity is the fraction of
void space to total volume.

While the pores are large enough, water vapor and air in the porous media can be transported by molecular
diffusion. Molecular diffusion of a gas species (e.g., vapor) in a gas mixture (e.g., vapor and air) is described by
Fick’s law.

Materials and Methods

In this study, the samples were classified into four categories, including control, 3-impacts (low
conditioning), 8-impacts (average conditioning), and 13-impacts (high conditioning). Each category included six
samples (50-grams) that were used to measure different characteristics at different stages. All samples were
weighed every two hours using a digital scale (0.001 gr precision). The leaf-stem separation force then was
extracted using a texture analyzer. All experiments were repeated three times, and finally, the mean of these
three repetitions was reported as the final value for the intended parameter.

The geometry of the alfalfa stem was drawn in Gambit software and after meshing and applying boundary
conditions; it was transferred to ANSYS Fluent software. Then, while the solver was selected, adjusted under
relaxation factors were applied. In the following, mesh independency was checked and the results were reported.

Results and Discussion

To ensure numerical accuracy, the experimental data should be validated with the simulation results. For this
purpose, experimental moisture losses were compared to the software results and showed a good agreement.
Then, the moisture ratio curves (kinetics of drying) and force-time chart were presented.

The impact of the moisture content of the tissue was evaluated on the value of force per time. Therefore,
three samples of alfalfa with different relative humidity in terms of leaf-stem separation force were reported.

The results of the numerical simulations were presented as two main contours: the velocity magnitude and
moisture (water vapor) mass fraction. The simulation results were provided for all different modes and compared
to the experimental data. Finally, errors between both results were presented in a table.

Conclusion

Regarding the quality and losses of the final product and comparisons between four different modes (control,
3 impacts, 8 impacts, and 13 impacts), the mode with 8 impacts was selected as the best mode.

The Force-time chart illustrated two peaks due to the special multi-layer texture of the alfalfa. Regarding
reducing the moisture ratio of the alfalfa as compared to the optimal, the force required to separate the leaves
from the alfalfa stem was significantly decreased. Also, a significant increase in the losses was observed for
impacts modes higher than 8.
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The samples were devided in 4 groups; includes
control, 3 impacts, 8 impacts, and 13 impacts
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Table 1- Mesh quality parameters
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Quality parameter Value
Maximum aspect ratio 9.94

Minimum Orthogonal Quality 0.86
Maximum Orthogonal Skewness  0.21
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Table 2- Applied boundary condition in simulations
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1- Semi Implicit Method for Pressure Linked Equation
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Fig. 7. Mesh independency test
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Fig. 8. Drying kinetics of various treatments of alfalfa
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Table 3- Results of variance analyses (mean square) of Conditioning intensity and time on the moisture ratio
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Source of variations Degree of freedom  Mean square F-Value Probability
Sl a5 2 85.507 3326344  <0.0001
Conditioning intensity
g‘ﬁ} 6 8248.189 320529.436 <0.0001
Time
ol cud 12 2.695 104735  <0.0001
Conditioning intensityx Time
> 40 0.026
Error
F 62
Total

2oy3 S Jlos] g y3 I ime BV
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Table 4- Results of variance analyses (mean square) of Conditioning intensity, and time on the leaf-stem separation

force
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Time
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ks 22 0.001
Error
£ 35
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Fig. 9. Results of Duncan test to compare means for first experiment (moisture ratio)
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Table 5- Maximum leaf separation force for different moisture percent in 6 hours after starting the experiments at
various conditioning intensities
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Conditioning intensity  Moisture Percent (%) Maximum Force (N)
(Control) sals 51.05 2.19
(3 impacts) 4,5 ¥ 49.56 2.15
(8 impacts) 4,5 A 48.62 2.12
(13 impacts) 4,5 VY 46.33 2.07
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Table 6- A comparison of experimental data and numerical results of humidity mass fraction with error in percent
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Introduction

Biodiesel is an eco-friendly renewable alternate fuel and is made from transesterification of vegetable oils
and animal fat. The use of biodiesel fuel as a strategy to conserve energy and reduce emissions is becoming
increasingly important in engines. Biodiesel fuels increase NOx emissions in the engines. Compensate for the
negative effect, the use of particles additive can be a reliable solution. In this study, the state of heat balance in a
single-cylinder, four-stroke diesel engine with different fuel combinations with DXBYGZ formula (X % diesel
fuel, Y % biodiesel mass, and Z ppm graphene oxide nanoparticles), has been studied experimentally.

Materials and Methods

Graphene nanoparticles in three levels of 30, 60, and 90 ppm were mixed with biodiesel produced from
cooking waste oil by transesterification method with volume percentages of 5 and 20% and pure diesel was used.
The test engine was a diesel engine, single-cylinder, four-stroke, compression ignition, and water cooling, in the
laboratory of renewable energies of agricultural faculty, Moghadas Ardabili University. The engine is connected
to a dynamometer and data were obtained after reaching steady state conditions. In thermal balance study, the
combustion process merely as a process intended to free up energy fuel, and the first law of thermodynamics is
used. The energy contained in the fuel is converted to useful and losses energies by combustion. Useful energy
measured by dynamometer as brake power and losses energy including exhaust emission and cooling system
losses. Variance analysis of all engine energy balance was done by split-plot design based on a completely
randomized design and the means were compared with each other using the Duncan test at 5% probability.

Results and Discussion

The results showed that by adding 60 ppm of graphene oxide and 20% biodiesel to diesel fuel, the useful
output power is reduced to a minimum and is reduced by about 5.52%. The results of the model evaluation of
useful power, exhaust emissions, and thermal losses in the cooling system showed that the exponential model
had a better fit. By adding biodiesel and graphene oxide nanoparticles to diesel fuel, the useful power was
reduced. In order to achieve the maximum useful output power and with the priority of adding biodiesel to a high
amount, the fuel composition of D80B20G90 had relatively better conditions. By adding 30 ppm of graphene to
pure diesel fuel, the equivalent power of exhaust fumes was reduced to a minimum of about 18.5%. In general,
heat loss through the cooling system in pure diesel fuel (D100) was lower than other fuel compounds. Pure diesel
fuel was recognized as the best fuel mixture due to having the highest useful power, and lowest energy losses in
the form of exhaust fumes and through cooling.

Conclusion

By adding graphene oxide to pure diesel fuel, the useful output power was reduced to a minimum. With the
increase of biodiesel to diesel fuel, the amount of power of the cooling system also increased. By adding
graphene oxide to pure diesel fuel, the equivalent power of the exhaust fumes was reduced. Heat loss through the
cooling system increased with the increase of nano-graphene and biodiesel.

Keywords: Biodiesel, Energy, Graphene oxide, Modeling, Nanoparticles
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Table 1- Experimental treatments
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Graphene oxide(ppm)  Biodiesel (volume percentage)  Diesel (volume percentage)  Treatment
0 100 D1oo
30 0 100 D100Gs0
60 0 100 D100Geo
90 0 100 D100Ggo
0 5 95 DgsBs
30 5 95 DgsB5Ggg
60 5 95 DgsB5sGeo
0 20 80 DgoB3g
30 20 80 DgoB20G3o
60 20 80 DgoB1oGgo
90 20 80 DgoB1oGgo
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Fig. 1. Schematic engine test lab equipment (1- Engine tested, 2- Dynamometer, 3- Remote control, 4- Data backup
system of engine performance, 5- Smoke analyzer, 6- Data backup system of exhaust emissions and 7- Fuel tank)
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Fig. 4. The variations of equivalent power of thermal losses in cooling system using different fuel mixtures
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Table 2- Forecasting model of useful power, exhaust emissions and thermal losses in cooling system

o;*;‘#’ ady,

Uas Colay po Fogil  om cups by Jse oy
Root Mean F test R? Mathematical model Power
Squar of Error
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Table 3- Estimation of useful power forecasting model
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VIF p-value Standardized beta coefficient Coefficient Independent variable
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Table 4- Estimation of exhaust emissions power forecasting model
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Table 5- Estimation of thermal losses in cooling system power forecasting model
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Introduction

Cyclone separators use the centrifugal force generated by the gas flow stream to separate the particles from
their carrier gas. Simple design, low capital, and easy maintenance make them ideal for use as a valuable pre-
refining or sedimentation device. The cause of the particles moving towards the wall and separating from the
fluid phase is the centrifugal force created by the rotational flow in a cyclone.
Computational fluid dynamics (CFD) is one of the most well-known and widely used advanced modeling
methods used for a variety of applications, including separation processes, thermal processes such as dryers, as
well as a wide range of engineering and agricultural applications. The numerical solution of Navier-Stokes
equations is the basis of all CFD techniques, which is the result of the rapid progress of computers and a deep
understanding of the numerical solution of turbulence phenomena.

Materials and Methods

The measurement system of experimental data includes a cyclone separator, feeder, piping, and fan.
Measurements of velocity and pressure were carried out using a hot wire air flow rate, (Model 8465-TSI with a
resolution of 0.07 m.s™ and a working range of 0.125 to 150 m.s™), as well as a differential pressure gauge
(CPE310s- KIMO, with an accuracy of 0.1 Pa), respectively. To investigate the effect of the output flow
regulator plate on the cyclone performance, five different positions in addition to the base position (zero degree
angle or fully open) including angles of 15, 30, 45, 60, and 75 degrees were evaluated.
The conservation laws governing the various flows and geometries in the CFD include the conservation law of
mass, conservation law of momentum, and conservation law of energy.
According to the Mach number value, the pressure base solver was selected. Also, the Reynolds stress model
(RSM) was applied to model the flow turbulence. In the discrete phase model (DPM), the fluid phase is solved
continuously by solving averaged time equations, while the dispersed phase is calculated by tracing a large
number of particles through the flow field.
The boundary conditions used in this study include the inlet velocity boundary condition at the inlet of the
cyclone, the outlet pressure boundary condition in the upper and lower outlet sections, and the non-slip wall
boundary condition for other surfaces. The particle collision to the wall was also defined as reflective. In the
mesh section of the cyclone simulation, five mesh levels were used to check the mesh independence test. The
numbers of mesh cells in the five levels were 196810, 283120, 427890, 634940, and 1045290. The selected
mesh was 427890 level regarding time consideration.

Results and Discussion

In the first section, the validation of simulation results with experimental results is discussed. The value of
the velocity magnitude decreased with increasing the angle of the plate, which is probably due to the reduction of
the inlet level as well as the reduction of the exhaust airflow in the cyclone air outlet.
The maximum value of velocity magnitude occurred according to the direction of the air inlet in the cyclone
inlet, which is gradually reduced due to the rotational motion inside the cyclone.

The collection efficiency in the cyclone at different levels of regulating plate has values of 85.1% to 95.3%,
with maximum collection efficiency at 30° which was 95.3%. The turbulent intensity contours show that
turbulence intensity decreases to an angle of 30 °, and then reaches an almost constant value for the 30, 45, and
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60 ° angles.

Conclusion

As the angle of the output current regulator plate increased, the magnitude of velocity decreased significantly.
The separation efficiency showed an increasing-decreasing trend for different values of the regulator plate

such that up to a 30° angle of the plate had a positive effect on the separation efficiency.

In general, considering the compromise between separation efficiency and pressure drop as two key parameters

affecting the performance of the cyclone, an angle of 30 degrees was selected as the best angle among the

studied angles for application.

Keywords: Computational Fluid Dynamics, Pressure drop, Separation efficiency, Turbulent intensity
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Introduction

Today, diesel engines provide the main power source for the world equipment e.g., common propulsion
generators in industry and agriculture. These engines are widely used due to their high combustion efficiency,
reliability, compatibility, and cost-effectiveness. However, diesel engines are one of the most critical consumers
of fuel which in turn causes some environmental pollution. One of the convenient and low-cost ways to reduce
the pollution of these engines is dual-fuel mode and the use of gaseous fuels as an alternative fuel. This study
investigated the effect of blending CNG and LPG with neat diesel in dual-fuel mode. Besides, the variation in
engine coolant temperature on engine performance characteristics was experimentally studied.

Materials and Methods

The experimental apparatus consisted of a stationary, four-stroke, naturally aspirated, water-cooled, single-
cylinder compression ignition engine. To control the engine load, an electrical dynamometer was made using a
7.5 kW three-phase generator and coupled to the engine as a cradle. A load cell was used to determine the force
applied to the generator. The engine speed was monitored continuously by a tachometer. Fuel consumption was
measured by using a weight method. A thermostat with variable temperature was used to control the temperature
of the engine coolant. To measure the mass flow of air entering the cylinder, an airbox with a sharp edge orifice
was used. For this study, factorial experiments in the form of a randomized complete block design with three
replications were utilized to analyze the data statistically. The studied parameters were three levels of fuel ratio
(100% diesel, 20% diesel and 80%z 2% CNG, 20% diesel and 80%+2% LPG), 11 engine speeds (1500 to 1600
rpm with 10 rpm intervals), and three engine coolant temperatures (50, 60, and 70 °C). All experiments were
conducted in the governor control mode.

Results and Discussion

The results showed that the torque, brake power and brake mean effective pressure (BMEP) in the diesel-
CNG mode at all engine speeds and in the diesel-LPG mode at low engine speeds significantly increased
compared to pure diesel. The increases in these parameters in the diesel-CNG mode were 18.67%, 19.56% and
19.85%, and in the diesel-LPG mode were 14.02%, 13.86% and 14.2%, compared to those related to the pure
diesel, respectively. This increase could be due to the high calorific value of gas fuels and improvement of
combustion inside the cylinder due to the formation of homogeneous charge. At low engine speeds, the
reductions in the brake specific fuel consumption (BSFC) and brake specific energy consumption (BSEC) for
coolant temperature 60 °C were 11.21% and 10.77%, compared to coolant temperature 50 °C, respectively. Also,
the BSFC and BSEC for diesel-CNG dual-fuel mode decreased by 8.12% and 10.81%, respectively. These
values for the diesel-LPG dual-fuel mode were 5.4% and 2.4%, respectively. The brake thermal efficiency (BTE)
also showed a significant increase at high speeds and when using the dual-fuel operational mode. However,
raising the coolant temperature due to reducing the heat losses of the engine increased the BTE. The increases in
BTE for coolant temperatures 60 and 70 °C were 7.19% and 4.37%, compared to the coolant temperature of 50
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°C, respectively. When using the engine in dual-fuel mode, the volumetric efficiency due to reducing the air ratio
showed a significant reduction. These diesel-CNG and diesel-LPG dual-fuel mode values were 20.31% and 24%,
respectively. Furthermore, raising the coolant temperature diminished the volumetric efficiency. The reduction in
volumetric efficiency for the coolant temperatures of 60 °C and 70 °C were 6.84% and 19.91% compared to the
coolant temperature of 50 °C, respectively.

Conclusion

The following conclusions can be deduced based on this study:

The use of gaseous fuels as the main fuel and with a small amount of diesel in compression ignition engines
is possible and improves the engine's performance characteristics.

In the diesel-CNG mode, torque, brake power and BMEP at all engine speeds and in the diesel-LPG mode at
low engine speeds significantly increased compared to pure diesel because of improved combustion inside the
cylinder.

At low engine speeds, increasing the coolant temperature reduced the BSFC and BSEC. Also, in the dual-fuel
mode compared to the engine with baseline diesel fuel, the BSFC and BSEC were significantly lower due to the
higher calorific value of gaseous fuels and higher power generation.

The BTE at high engine speeds and when the engine was in dual-fuel mode showed a significant increase.
Also, increasing the coolant temperature due to reducing the heat losses of the engine increased the BTE.

When using the engine in the dual-fuel mode, due to the volume of air replaced by the gas, the volumetric
efficiency showed a significant reduction. Also, raising the coolant temperature diminished the volumetric
efficiency.

Overall, it can be stated that the use of a diesel-CNG dual-fuel mode with a coolant temperature of 60 °C at
entire engine speeds has the best outputs on the performance and combustion characteristics of the engine.

Keywords: Brake power, Coolant temperature, Dual-fuel diesel engine, Engine performance, Gaseous fuels
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Table 1- Properties of diesel, natural gas and liquefied petroleum gas

Cé g Comoguas: Jugit b B &b 456
Fuel property Diesel Natural gas  Liquefied petroleum gas
J?A)s Cg to C12 CH4 C3H8
Formula
e 0.846 0.777 0.537
Density (kg m™)
Fort Db A g91 4714 46.607
Latent heat value (MJ kg™)
o ALl ) . 45.766 52.225 50.152
Higher heat value (MJ kg™)
Sl 51 220 40-55 120 112
Octane/Cetane number
7 ol sl 233 510 426
Latent heat of vaporization (°C)
il 395 slod 316 540 457

Auto ignition temperature (°C)
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1- Compressed Natural Gas (CNG)
2- Liquefied Petroleum Gas (LPG)
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Table 2- Specifications of the test engine

Je 5 y5990 E9

Engine type and model

SwdJmd joige
Diesel engine, DIPCO

).L.L..w Sy
Number of cylinder

o8 # ks jlab
Bore * Stroke
ol ol
Power (rated output)
L;o.wl C«.C)..:

Speed range (rated speed)

2590 LS
Cubic capacity

JoB 5k )3 g CE g By

JRUNEY]
Single cylinder

80*110 (mm)
3.7 (kW)
1500 (rpm)
553 (cc)

236/240 (g.kw.h%)

Specific fuel consumption at full load

oS5 S
Compression ratio

16:1
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3- Brake Specific Fuel Consumption (BSFC)
4- Brake Specific Energy Consumption (BSEC)
5- Brake Mean Effective Pressure (BMEP)
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Fig.1. Schematic diagram of the experimental setup: 1. Engine, 2. Dynamometer, 3. Dynamometer control unit, 4.

Inductive pick-up, 5. Fuel tank and gas cylinder, 6. Scales, 7. Pressure regulator, 8. Heater, 9. Manometer, 10. Airbox
with sharp edge orifice, 11. Thermostat with variable temperature, 12. Consumers, 13. Water tank, 14. Water pump and

15. Mixer
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Table 3- Results of analysis of variance (mean squares) in measurement traits data

(Mean square) el po ke

. XS w
i 2o @ oly oy s R 0349 (&35! D pan . . 7o .
Sourcesof  (galjl el 3oy Py Cogw Spae e specific &l o35k buogia oT> ”’_L!
iati > Brake specific Brake thermal Volumetric
variation Df Torque ! energy et Brake mean s
Brake  fyel consumption : efficiency effective efficiency
power consumption
pressure
Block 2 0.152™ 0.00™ 0.00™ 0.179™ 2.746™ 0.001™ 13.953"
A 10 29516 71.745" 0.229™ 417.2" 775.43" 9.526™" 235117
B 2 506"  13.018" 0.022" 4381™ 168.54™ 1.632" 8915.57"
C 2 895" 2.36™ 0.024™ 43.29™ 78.301™ 0.288"™ 3261.3"
A*B 20 16.8" 0.419™ 0.001™ 1.247" 5.788" 0.54™ 2.81"
B*C 4 7.68™ 0.1" 0.001™ 1.395"™ 2.161"™ 0.025™ 126.37™
A*C 20 375" 0.203™ 0.002"™ 3.221™ 1.773™ 0.012™ 177"
A*B*C 40 0.782" 0.02™ 0.000™ 0.752" 1.394™ 0.003™ 0.692"
Error 196 0.172 0.268 0.001 1.007 1.27 0.001 1.643

£

S S @lo (slad =C g Cdguw £55 =B (9390 cacpr ZA gl e pae 5 Ao )3 B o> Y prdas (D > xe Lo NS 5 F
** *_ Indicate that variances are significant at the level of 1%, 5% and ns is non-significant, respectively. A=Engine speed, B=Fuel
type and C=Engine coolant temperature
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Fig.2. Variations of torque, brake power and brake specific fuel consumption with engine speed for pure diesel fuel and
dual fuel mode
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Fig.3. Variations of brake mean effective pressure with engine speed for diesel fuel mode and dual fuel mode
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Table 4- Means comparison of interaction between speed and fuel type on the traits measured in the experiment

bl 45 (5505100 Olhe

8?5 Speed s pus Traits measured in the experiment. :
e (rpm) Torque yluis  S#7 oly il o35l bwgio oo Lid o 833l
Fuel type (N.m) Brake power Brz_ik_e thermal Brake mean effective V_ol_umetric
) (kW) efficiency (%0) pressure (bar) efficiency (%0)
1600 6 1.01° 19.16° 0.341° 73.41°
1590 11.45° 1.91° 24,82 0.65° 73.59°
1580 17.05™ 2.82™ 27.3%h 0.968™ 73,512
1570 21.81% 3.59% 28.11°% 1.239% 73.67°
_—— 1560 24.89 4.07 28.61° 1.414 73.91°
j) 3 1550 27.75 452" 27.89%1 1.576' 73.85°
o 1540 29.4" 4.74" 27.19°%N 1.67" 74.08°
1530 30.74¢ 4.92% 25.19" 1.7469 73.44°
1520 31.45% 5.01" 21.82'm 1.787 73.32°
1510 31.92 5.05 18.26° 1.8141 72.67°
1500 32.08' 5.04 15.01° 1.822° 72.11°
_ 1600 6.81° 1.14° 22.239 0.387° 59.39°
< 1590 12.57" 2.09" 28.19%% 0.714" 59.68°
b B 1580 19.69' 3.26' 31.43° 1.119' 59.6°
39 1570 24.48 4.03 32.17° 1.391 59.38"
Yy 2 1560 29.43" 4.81%" 32.28° 1.672" 58.97™
y S g 1550 32.54°% 5.28° 31.38° 1.849° 58.77%
—35 S 1540 35.34¢ 5.7¢ 29.49% 2.008" 58.33%
q 1530 36.96° 5.92% 26.3" 2.1° 57.09
28 1520 38.2% 6.08% 22.57¢ 2.169% 58.16"
£ 1510 38.95° 6.16% 19.03° 2.213° 57.39%
1500 38.98° 6.12° 15.19° 2.215° 56.79"
c 1600 5.91° 0.99° 20.64™ 0.336° 56.79"
3 1590 11.26° 1.88° 26.65%" 0.64° 56.81%
v O 1580 17.24" 2.85™ 30.84* 0.979™ 56.73%
Bl 1570 22.21% 3.65 31.22° 1.262% 56.85%
3'3 3 1560 26.76' 4.37" 31.63 1.52' 56.77%
nE 8 1550 30.4%" 4.93M 30.8% 1.727%" 56.53™
=) 1540 33.35° 5.38° 29.07% 1.894¢ 56.07%
. 1530 35.31° 5.66" 26.72'%" 2.006" 55.45%
g 1520 36.52¢ 5.81¢ 23.44% 2.075° 5482
3 1510 37.43 5.92" 19.45™ 2.126" 54,03
(]
1500 37.61™ 5.91% 15.07° 2.137" 52.87°

s I3 me duoyd Y e 3 4SSy (laialy Lin g0l bl e lasS Koo Sl g yn il (elapSilie ¢ gim pp 3%
*In each column, means followed by the same lowercase letter are not significant at P<0.01, according to Duncan Multiple Test.
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Fig.4. Variations of torque, power and brake specific fuel consumption with engine speed for different engine coolant
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Fig.5. Variations of brake mean effective pressure with engine speed for different engine coolant temperature
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Table 5- Means comparison of interaction between speed and engine coolant temperature on the traits measured in the

experiment
oilejl 13 a6 80 1l Olho
&b sl s oo Traits measured in the experiment
S Engine  gkiS  gpeoly oD SSReSae o ehguipleas g s s
Coolant speed (rpm) T Brake specific fuel Brake specific energy -
temperature (°C) orque Brake consumption consumption Brake mean effective
(N.m) power (KW) (g.kW.h'l) (MJ.KW.h) pressure (bar)
. 1600 6.16" 1.03" 0.424% 18.81" 0.35"
3 5 1590 11.48" 1.91" 0.33" 14.06" 0.652"
5 B 1580 1717 2.84' 0.2894™ 12.334" 0.976'
3 g 1570 2159 3.55K 0.282'" 12,01 1.227¢
3 26 1560 25.17" 4,11 0.278" 11.86" 1.43"
i = 1550 28.56%" 4.63%" 0.294%™ 12.54%" 1.6229"
4 535 1540 313" 5.05%" 0.31% 1321 1778
s S 1530 33.72¢ 5.4 0.343%" 14.65%" 1.916°
7 5 1520 35.15% 5.59 0.399% 17 1.997%
5 1510 36.12% 5.71° 0.482° 20.56° 2.052%
1500 36.21* 5.69° 0.621° 26.47° 2.057*
. 1600 6.72" 1.13" 0.39" 16.63" 0.382"
3 S5 1590 12.26™ 2.04" 0.309™! 13.17™ 0.696™
9 g 1580 18.98' 3.14' 0.276™ 11.79™ 1.078'
» g 1570 24.64 4.05 0.273" 11.65" 1.4
% i ISl 1560 28.84%" 4.71%" 0.27™ 115" 1.639%"
= 1550 31.95% 5.18°* 0.275" 11.73" 1.815%
33 3 © 1540 3419 5.51°%° 0.286"'™ 12.184" 1.943
N ° 1530 35.28" 5.65% 0.312' 13.31% 2.004*
py = 1520 36.24% 5.77° 0.363¢ 15.48° 2.058%
5 1510 36.74* 5.81% 0.434° 18.85¢ 2.087°
1500 36.77° 5.78° 0.529" 2257 2.089°
. 1600 5.85" 0.98" 0.42% 17.92% 0.332"
3 5 1590 11.54" 1.92" 0.326" 13.9" 0.656™
w8 1580 17.83' 2.95' 0.2874™ 12.254" 1.013'
> g 1570 22.27" 3.66" 0.279" 11.9" 1.266*
;% i IS 1560 27.07" 4.42" 0.276™ 11.79" 1.538"
€5 1550 30.18" 4.91° 0.278™ 11.88™ 1.714%
v«i ) S~ 1540 32.6% 5.26"% 0.293Km 12.51m 1.852¢
< ° 1530 34 5.45%° 0.319" 13.63" 1.932™
T 5 1520 34.78° 5.54°° 0.364° 15.55° 1.976*
5 1510 35.43% 5.6 0.433° 18.5 2.013%
1500 35.68% 5.6% 0.547° 23.33° 2.027*

A I3 e Mo yd N prdas y3 Sl (claiely iz 05T il e UKy SogS anndSS) gy 6yl sl i Silio ¢ygi b )
*In each column, means followed by the same lowercase letter are not significant at P<0.01, according to Duncan Multiple Test.
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Table 6- Means comparison of interaction between fuel type and engine coolant temperature on the traits measured in
the experiment

oialejl 33 00wl (65801l Oldo

Cogw £33 BAS SUA 2ulo slod traits measured in the experiment
Fuel type Engine coola?t 29l SHP oy bugio yige )L o 035l
temperature (°C) Torque Brake power Brake mean effective Volumetric
(N.m) (kw) pressure (bar) efficiency (%)
e 50 2357 3.8 1.34 79.49°%
=9) 60 24.81% 4% 1.41% 75.72°
Diesel 70 23.77° 3.83 1.35° 65.05°
03,8 Lmbs S5 uug3lS 50 27.28% 4.39% 1.55% 64.42°
Diesel-Compressed 60 29.72° 4.79° 1.69° 57.77°
natural gas 70 28.63% 4.61% 1.63% 53.339
T ’ e 50 26.24® 4.22% 1.49%® 59.76¢
lo 85 8= g5 o e A9 76
Diesel-Liquefied 60 28° 4,517 1.59° 56.52
petroleum gas 70 25.95% 4.18% 1.47%* 51.09"

s I3 gme duoyd Y e 3 SO (laiely Lin g0l il LSS Koo Sl gy il (elapSilio gty 3%
*In each column, means followed by the same lowercase letter are not significant at P<0.01, according to Duncan Multiple Test.
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Table 7- Means comparison fuel type on the traits measured in the experiment
ohalejl yd 20l g S0l Olio

Chgw £o Traits measured in the experiment
Fuel type S0 GOy Cégw B pas S35 SO $5 ) B pan
Brake specific fuel consumption (g.kW.h'l) Brake specific energy consumption (MJ.kW.h™)
53 0.37° 16.28°
Diesel
2088 (b S5 a8 0.34° 14.52"
Diesel-Compressed natural gas
lo (i 5= o gis
&l 5 5= Jas; 0.35° 16.67°

Diesel-Liquefied petroleum gas
A I3 e Mo yd Y prdas y3 Sl (claialy iz 03] il e Sy SogS anndSS) Gy o 6l sl 1uSilio ¢ygin b )3
*In each column, means followed by the same lowercase letter are not significant at P<0.01, according to Duncan Multiple Test.
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Table 8- Means comparison of the effect of engine coolant temperature on brake thermal and volumetric efficiency
oialosl ;3 a6 w503l Wlho

S SUA aabo slod Traits measured in the experiment
Engine coolant temperature (°C) @“)IP ab}lg o> oa}lg
Brake thermal efficiency (%) Volumetric efficiency (%)

20 eSS le glod 24.48° 67.99°
Coolant temperature 50°C

SPF eSS gl glod 26.24° 63.34"
Coolant temperature 60°C

PV xS S gle sled 25 55" 56.49°

Coolant temperature 70°C
A I3 e Mo yd N prdas y3 Sl (laely iz 05T il e UKy SogS anndSS) gy 6yl sl i Silio ¢ygi b )3
*In each column, means followed by the same lowercase letter are not significant at P<0.01, according to Duncan Multiple Test.
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Fig.6. Variations of brake specific energy consumption with engine speed for different engine coolant temperature
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Introduction

Soil protection against water and wind erosion is of great importance. Since most soils of arid and semi-arid
regions of Iran are poor in organic matter and continuous use of conventional tillage (moldboard plow) has
increased the severity of soil organic matter depletion and degradation of soil structure. Therefore replacing
conventional tillage with conservation tillage (reduced tillage and no tillage) is needed to improve soil structure
and increase soil organic matter. Due to the increasing population growth and the limitation of arable land, it is
necessary to remove the fallow year in dryland. Legumes are crops that can be in rotation with wheat.

Materials and Methods

This study was conducted to evaluate the effect of crop rotation and different tillage systems on rain-fed
wheat farming in Kaboudarahang Township during 2012-2014. The experiment was conducted as split-plot in a
randomized complete block design with three replications. In this study, different crop rotations including
fallow-wheat rotation, and chickpea-wheat rotation as main plots and different tillage systems including
conventional tillage (moldboard plow + power harrow), conservation tillage (chisel plow equipped with roller),
conservation tillage (sweep plow equipped with roller) and direct drilling were investigated as subplots.

In the economic evaluation of this project, the economic impacts of the treatments were analyzed using the
partial budgeting method and the cost-benefit ratio. For this purpose, the difference between treatments income
and cost compared with control treatment has been calculated and compared. The differences in the benefits of
the treatments are due to the different yields of wheat.

Results and Discussion
Results showed:

1- The highest wheat yield in the first and second years of the study was 605.3 and 2135.1 kg ha™,
respectively in rotation of fallow wheat.

2- In the first year, the highest wheat yield (690.7 kg ha™) was related to direct planting (no tillage), but in the
second year, the highest yield (2268.6 kg ha™) was related to conservation tillage (sweep blades + roller).

3- In the first and second year, the highest value of treatment was related to direct planting and conservation
tillage (sweep tiller + roller), respectively.

4- In the chickpea-wheat rotation, the highest net income in the first and second year was related to direct
planting and conservation tillage (sweep + roller), respectively. Thebenefit-cost ratio in the conservation tillage
(sweep + roller) (second year) and direct drilling (first year) methods shows that for each rial of expenses, 5.7
and 2.8 rials can be earned respectively. Therefore, economically, these tillage treatments are superior to the
control treatment (conventional cultivation).

5- In the wheat rotation, the highest net income in the first and second year was related to direct planting and
conservation tillage (sweep + roller), respectively. The benefit-cost ratio in the conservation tillage (sweep +
roller) (second year) and direct drilling (first year) methods shows that for each rial of expenses, 4.2 and 1.3
rials can be earned respectively. Therefore, it is economically justified and these tillage treatments are superior to
the control treatment (conventional tillage).
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Conclusion

The results of this study showed that in the first and second years, economically the direct method and the
conservation tillage treatment (sweep blades + roller) were superior to the conventional method, respectively.
Therefore, conservation tillage methods can be replaced by the conventional method (plowing with moldboard
plow) in dryland farming. Also, in dry years, direct cultivation (no tillage) is a good and economical method.

Keywords: Chickpea, Conservation tillage, Cost-benefit ratio, Fallow, Net value, No-till, Wheat
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Table 4- Average wheat yield in different crop rotations

&> 3 Slos
=i ols Grain yield (kg.ha™)
Crop rotation Jol JWw 95 J oSSl
First year Second year Average
PRI 605.3° 2135.1° 1379.6°
Fallow-wheat
P 7257 477.1° 2085.3° 1281.2°

Chickpea-wheat

5 Y ey SOl clasals din g0l Al o )lol glés ditan SLSs slacd sl 4 gt o sl
The numbers of each column having the same letters do not differ statistically based on Duncan's multiple range tests at the 1% level.
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Table 5- Average wheat yield in different tillage methods

&1y > Slos
S90S B g, Grain yield (kg.ha™)

Tillage method Jol Jw 295 J eSbe

First year Second year Average

()1”915‘“" 0,5 52 52138) powye (55,9515 5524 © 21351 ® 1343.8 ®

Conventional tillage (Moldboard plow+Power harrow)

Conservation tiller (Chisel blade+Roller)
Conservation tiller (Sweep blade+Roller)

(53295 Gp) s 028 690.7 ° 1964.8 1327.7%

Dirct drill (no-till)

)5 Y e p3 Sl (glaals Wiz 905l Wl (6ylel gls did LSS slach > (gl 45 gnw pa dlael
The numbers of each column having the same letters do not differ statistically based on Duncan's multiple range tests at the 1% level.

paS 3 )Slas (65,956 (slaiby) 5 (ol gl blaze ol 51 =T Jgua
Table 6- Interactions of crop rotation and tillage methods on wheat yield

&y 3 Slos
<Ely; gl 83995 g, Grain yield (kg.ha™)
Crop rotation Tillage method Jol J 295 Jw eibe
First year Second year Average
Conventional tillage (Moldboard plow+Power harrow)
pas— il Conservation tiller (Chisel blade+Roller)
Fallow-wheat (Sae + @leany 455k Jj oplgl) bl s 595 de 2405.3 1500.2 2
Conservation tiller (Sweep blade+Roller)
(99 SE Og) pefis 028 652.7 ¢ 1965.7 ® 1309.2 ®°
Dirct drill (no-till)
()“‘”9&"“ +)L\".b)§)‘~' L)‘m]ﬂf) [ adad (5).)5‘55 393 g 2304 ab 1348.7 abc
Conventional tillage (Moldboard plow+Power harrow)
pAS 3955 Conservation tiller (Chisel blade+Roller)
Chickpea-wheat (Sale + djl‘éd:?d'ﬁ 445 L i 02lgl) bl 5,051 447 2061.7 ® 12543
Conservation tiller (Sweep blade+Roller)
(552955 0] etne 035 617 ¢ 20067 135687

Dirct drill (no-till)
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The numbers of each column having the same letters do not differ statistically based on Duncan's multiple range tests at the 1% level.
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Table 7- Benefits and costs of wheat in different tillage systems

3 ZuilS g (65,95 a3
. B Sl Sl 9 8109 238
il 3,5des oAU o) Cost of tillage and
SNC TN Grain yield (kg.ha™) (1000 gur;lsss \@I ltictare) planting
29925 %95 P (1000 Rials per hectare)
Tillage method > Jl > Jls
Jg! Jbs Py Jlo Js! Jw it ol Jw #9
First year Second year  First year Second First year Second
year year
(sl 51,5 5 (2155) pgesyo (55,955
Conventional tillage (moldboard 552.4 2135.1 7018 27126 2400 2400
plow+power harrow)
(LSl + (o8 az) (olio 5951 612 1902.3 7775 24169 1200 1200
Conservation tiller (chisel blade+roller)
(Sele + gleconsy eig) blao 5,y 5 540.3 2268.6 6865 28823 1200 1200
Conservation tiller (sweep blade+roller)
(5329SE 92) pofins 025 690.7 1964.8 8775 24963 800 800

Dirct drill(no-till)

pAS=3955 gl )3 (435S calieo (gl s i g bl —A Jodo
Table 8- Benefits and costs of different tillage systems in chickpea-wheat rotation

SABL 5;)! JS e oAl 35 Wiy 32 &y @dlio Comud
Gross value Total cost Net value The ratio of benefits
N T (1000 Rials per (1000 Rials per (1000 Rials per to costs
f'l)l” ‘;:93 hectare) hectare) hectare)
i m
age metho Joldbe e dlw  Jolde el Jolde el Joldle e Jlw
First Second First Second First Second First Second
year year year year year year year year
13,5 52 (l55) poesye 5555
(gl 15018 35126 7700 7700 7318 27426 1.9 46
Conventional tillage (Moldboard
plow+Power harrow)
(Sle + ald asg) blas ;0S5
blade+Roller)
(Sale + (gl ai) (Al 5,y
Conservation tiller (Sweep 14865 36823 6500 6500 8365 30323 1.8 5.7
blade+Roller)
(529 5B () s 8 16775 32963 6100 6100 10675 26863 2.8 5.4
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Table 9- Changes in benefits and costs of tillage systems compared to conventional cultivation in chickpea-wheat
rotation

‘_,p.n;u uf}},! Ol s
.. Gross value changes
$309SB wg, 9

(1000 Rials per hectare)

A 3] Slyeis
Net value changes
(1000 Rials per hectare)

J5 a5 Ol ks
Total cost changes
(1000 Rials per hectare)

Tillage method
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Introduction

Thermo-compressors or ejectors are used to enhance the vapor enthalpy in the process industry. The low
costs of construction and maintenance, and simple structure, have increased by using this equipment in relevant
fields of industry and agriculture. The thermo-compressor's inlet parameters, including the thermodynamic
properties of the motive steam and suction vapor, are the foremost affecting factor of a thermo-compressor.

The steam used in processing factories loses its capability after passing through evaporators due to the
reduction of pressure and temperature, gets cooled again, and returns to the boiler despite having a moderate
energy level. Therefore, the use of vapor-recovery equipment can increase the efficiency of energy systems. That
will lead to a significant reduction in greenhouse gas emissions and harmful environmental effects, which
increase the lifetime of energy resources.

Materials and Methods

The realizable k-g turbulence model is used to simulate turbulence within the flow. The thermo-compressor
geometry has meshed in 2D and 3D modes to apply the conservation laws. For this purpose, quadratic (quad)
and hexahedral (hex) types are used for two and three-dimensional meshing, respectively. Structured meshes
have a high ability to obtain numerical results due to creation of structural meshes in the flow direction.

The axisymmetric structure of the thermo-compressor leads to a half simulation of geometry. The
thermodynamic properties of the input flows and their variations in the output, such as pressure, velocity, Mach
number, and mass ratios for different motive steam pressure are extracted and discussed.

Results and Discussion

Different levels of meshes are examined to investigate the mesh-independence test. In axisymmetric two-
dimensional analysis, these levels include 33460, 51340, 78620, and 103590 cells, respectively. The relatively
insignificant difference in motive flow for the third and fourth mesh levels (which proves less than 5%) clearly
shows the independence of the results from the mesh size. Regarding the time considerations, the grid with
78,620 meshes was used in the simulations.

The experimental data from the article by Sriveerakul et al. (2007) are used to validate the numerical results
of the present work. Validation shows that the results obtained from the simulations are in good agreement with
the experimental data. Since the final results of the two-dimensional analysis are very close to the three-
dimensional one, the first one is selected due to the time considerations and higher computational costs of the
three-dimensional mesh analysis.

Considering the problem conditions, pressures of 10 and 15 bars are appropriate for practical application.
Since the 15 bar motive stem creates a longer development length in the diffuser section, it is a better choice. At
this level (15 bar), the temperature field within the thermo-compressor is well distributed in the presence of ideal
temperature conditions. The ideal velocity distribution within the thermo-compressor and the uniformity of the
motive and suction flows indicate the high performance of the thermo-compressor in these operating conditions.
Applying the motive steam of 15 bars, the values of 0.59 and 0.41 for the motive and suction mass ratios of the
diffuser output were achieved, respectively.
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Conclusion

Geometrically, the study was examined in asymmetrical two-dimension and three-dimension. It was observed
that there is a slight difference between the two analysis modes by comparing the velocities along the
longitudinal line of the thermo-compressor. Therefore, to save computational and time costs, results are
presented for the axisymmetric two-dimensional mode.

The effect of 4 levels of motive steam pressure on the thermodynamic properties within the computational
domain, including pressure, temperature, velocity, Mach number, mass ratios of both motive steam, and suction
vapor are evaluated. Finally, the values of the performance curve for steam with motive pressures of 3.7, 5, 10,
and 15 bars are presented.

Keywords: Entrainment ratio, Mach number, Suction flow, Sugar processing
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Table 1- The thermo-compressor dimensions based on Huang model
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outlet, 3Dimentional meshing

YU 4 gosxe s o (PA) Siliwl JLid P g (K) Le> T ((J.kg™?)
255 oo 4,8 odlawl 5yg0 yow meS a0y (g3l e (gl Yol ]
95 1l Gl cslee dw oyl 5l lalginl slacdls (Sod Byl
sl 1L 390 950 (o lize (3l e sl 38 (3louns
Gy ailgial (SUs c¥olso jl imgos glys] Jlas jlaioas
olee 3o Jold Lacs)le (ool csygome op)lise (gjludnnd
() Lalgy 3o s uilsd glsil 5 03,5 s Ysleo j1 (9/06)

D)5 oo o3kl (VW) U

8,0 190
P (prU) (pU) 0 a

au, r( u
Pl a r a

_0op 10(ru,)
——5+pgr+ {ar(r j [ H

1- Axisymmetric

()

25 5S9035 53 pSla S ulas

Sl eSS Jlew gl Lo ©¥olss 5l oogoe s
O, S s 3 Ly g e oalatwl by (LB (665 gilodnd
2 S5l patege o Sl ©Yolee b (gl (gamaw (L
Ded ge aby (A) U (7) Lalg) &gy () tuaas

%%%(puiuj):—%’%—:? "
%%(puimui ) :aat—p+ai)(i(keﬁ 2—;)+ai;i(uiqj)

(M.s™) ey il U (kg.M®) JEs p 358 slaalal, 5
aa sl s 65,51k (J) JS 6501 E (Pa) Lo el T



YAV o g penS g0 5 (iS5 (sl 22 9.9 5o (535 3 5 yomo Hlok HLid ydl a9 ol 0 5 JLS iy Slgd

5 P P ok
a(pk)+6_)(i(pkui):a[(u+ﬂt/O-k)a_le (VY)

]
+G, +G, —ps-Y,, +5,

0 o oc
(pE) I(pc" )= axj {(ﬂ v }
+pC,Se— pC, c G,+S, (Vo)
p p + ﬁ 3¢
Clzmax{0.43,—}, n:SE, S =28;S,
n+5 £

o dng b (Sl i (550 Mg eamplis Gy &S
o dayg b e 655l g Gp (0ele copu saplals
& 4 o815 BB (Sl o g s oimd L Yin «csyglid
O, 5 Oy s b yolia Cyy 5 Cp o Moxasl) GLS]
bl )le Sy g Sy asb o £ 9K (sl aras] [y dae ey
ol iz () Sl ¢ g (K) aadl oduir g5l @ a2 g b g
"okl o)lgd b wle o)led 4 Soxj glayldy b azasl Jao
olg=d @l o8 L Bk LB, il jglatedy el )IS5Le
Wt Cgonl Pl Lo ylad ay S5 sl yico o lsbiuwl
(ANSYS Fluent Theory Guide, 2013)

sulicul 3596 (5550 Lol pud

ol S )8 5 pleie (039)5 0lo 2 93 adlllae (pl
" e39)9 JLtt" £95 50 by gy ol 32 29y 0,k (295
93,5 (oo Jlasl ((odSe) 19l 5 (S 0] gl by 93 2 (sl
Pgd e 485y Lo 3 55 Lajpe (ol 3 (Seeliadge s Ll
5 9985 Jyf sk ©ygodny jowpeSsey g JiU slooyld
Sire byl (iomen 3,5 (o0 inpaS joSumng 9N 9 9303
D9 oo 03l ye iy ya3 (sl ()8

Ly jlavdasids ja suldieul oy g0 slas ,8
sl (gl Lacgilusans Jlonl 5B (5,5 85 i 5
Do Kbl (6 S el
5l 0 Gl gl 39 ] PSS 5 05 g
551 g bl 53 (506 Sl Sy el 93 2

3- Stagnation

(6L+U ﬁ( r)+UU +u aij
Pla T ar r P

B 0 82 (M)
=P, T U 5(?5( e)j

(auZ ou, auj op
p U, —+p0,

ot or 0z 0z
(WY)
R ( j+ &y,
a ror or 0z°
A(pE) & o 0, . 0
onErun =2 S I
+3X|(pu' e 3t+5Xi(eﬁ5Xi)+axi(u'T”) (\7)

v.a _lg(ru )+ — (ruz)
r or oz

Sty ) Slaises oSy glaliwly 4y bgye G 5T oS
A8l oo
Ao ol

Ele dm o dae a gl el 1l > Sl Sl
Gy Gy & > S Ca s Cjauody Flo 23 0yl Sy
Lo o] il /¥ jiw sae opl a8 Jaslpd 55 09 o Ciyyes
Loy e Sy odimd )i sl /Y 5l 268 a5 Sygo y3 g pdueSTy
2igeSly glalase ol (> lalyd 4 a2 b sl 36815
b S 5l pileSTs Glalasme sl 5 | JSe il 2 S )
Sl 3 L g 0id @) el &) dagl b 33,5 o oolitel | jLid

s S I VL e s gy peS 905 JBIS Cs pu (i85
ol o odlatwl (JBs b

(SIS (5 jleadss
45 ol i S o 5l asbio (Sl Juo (53,5 5
a9y o) 3l g Al o sl aail bl s (> bys 93 LS| s,
Lt o8 U cos )y ol o) Sty ©ppoty
el §) adge il sl VUi 5 Ciliseo glie 4dliao
Gagan et al., 2014; ) ¢l o oslizwl K- & Jao pdy sios
i gy ol 5l edlawl el s J(Aidoun et al., 2019
ool Caaps SLp Glaw) 3 oad b co b Shy
(VF) adasly ©ygods Jio ol (cawll oS doleo g cunl (5yg0v0

2,50 ol (10) 5

1- Density-based solver
2- Pressure-based solver



180) 3usly F o lods Y Al (6559l Gl miilo 4 pis  YAA

ol odlawl (g0 Lol -y Jg»
Table 2- Used boundary conditions

S by £53 4 Hlade

Boundary condition value or type

Value or condition

S e 5y (63959 sl )l
Inlet pressures of motive flow

S e B (63955 slales

Inlet temperatures of motive flow

S Sy (639y9 5L

Inlet pressures of suction flow

e ,l50 (639)9 sled

Inlet temperature of suction flow
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Introduction

Transportation of fresh fruit and vegetables is complicated because it can be affected by various factors.
Truck vibration is one of the most prevalent causes of mechanical damage to fresh fruit during transportation.
Poor driving performance, road features, package features, truck features, package location, and fruit features are
the main factors that affect truck vibration. After the harvest, the crop's quality can be maintained and cannot be
improved. Thus, the globalization of fresh produce trade needs better long-distance transportation systems to
deliver high-quality products to the consumer. Fruit packaging is an essential factor in reducing the mechanical
damages caused by transportation. A wide-ranging of distribution environments could affect designing packages.
Accurate information about the traffic and transportation status of any region helps packaging designers to
produce a more precise simulation of the existing conditions. Thus, this research was conducted to analyze the
vibration levels for truck transport on highway roads using multi-sensor-based computing on packaged fruit in
Iran.

Materials and Methods

Towards this goal, a wireless sensor network (WSN) made of three sensor nodes with tri-axial accelerometers
was designed to measure the vibration levels of a truck equipped with leaf-spring suspension on highway roads.
This WSN solution enabled the sensors to be easily mounted at different locations and provided real-time data
monitoring. A GPS receiver and a laptop were used to determine the location of the truck, and data analysis,
receptively. To analyze the vibration data a, power spectral density function (PSD) levels were applied. A PSD
function shows the strength of the variations (energy) as a function of frequency. Broadly, it shows at which
frequencies variations are strong and weak. The vibration levels measurement was carried out on three trucks
with leaf-spring suspension. The three selected routes represent different roads type in Iran. The reason for
sampling the data acquired in the long route was to obtain information from different geographical locations on
the country's roads.

Results and Discussion

The acquired data can be used in laboratory vibration tests if it is independent of the fruit type. Because the
acceleration of the truck bed, unlike the one in top rows, does not depend on the fruit type and the acceleration at
the end of the truck is higher than at the front, the current study focused on the vibration at the end of the truck
bed. Compared to the ASTM 4728 standard, the PSD levels of the truck on highway roads were higher from 1 to
35 Hz and lower from 35 to 200 Hz. The average RMSG values calculated for lateral, longitudinal and vertical
directions of heavy trucks were 0.406, 0.236, and 0.654 G, respectively. For trucks with spring suspension, the
highest PSD values occurred at frequencies below 6 Hz, and the frequency range of 3-4 Hz was determined as
the dominant frequency. Comparing the average RMSG (0.654 G) found with the ones mentioned in previous
studies showed that the vertical vibration levels of the truck in Iran are higher than in most countries. Apart from
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driving quality, these results can be explained by the type of suspension system, amount of load, and road
quality.

Conclusion

In sum, the results can be used to simulate the truck transport conditions by programmable vibration
simulators to reproduce the vibration conditions for package testing on Iran roads. The findings are highly
interested in improving packaging design, reducing fruit damage, maintaining shelf life, smart transportation,
and related industries. Thus, potential future works are lab simulations, optimizations of packages, and the
development of a real-time vibration monitoring system.

Keywords: Highway, Power spectral density, Road transportation, Truck, Vibration measurement
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Table 1- Truck features and details of the packaging, and routes for vibration levels measurement

098 05loud 1 2 3
Truck ID
Sy 291 54 0P 2981 35
Brand Benz Axor Foton Benz Axor
eobe Juo 2009 2014 2007
Year of built
Bl oo S S8 s
Suspension type Leaf-spring Leaf-spring Leaf-spring
'Ifue 315/80 R22.5 235/7.5 R17.5 315/80 R22.5
ir
kb 10000 4000 10000
Load capacity (kg)
ok ol 9500 4000 8300
Load weight (kg)
090 oW oW VRt
Fruit Apple Apple Toamto
e &y RPC* RPC RPC
Package type
s &S R Ol el L
Route Tabriz-Karaj Maragheh-Tehran  Shiraz-Birjand
Aots 550 600 1000

Distance (km)

(490*300*190 MM?) sa5ce s3] colils b Suzwdly aves #
*Reusable Plastic Crates (490*300*190 mm?)

9 Omb s SR Cumgn 13V jae o)) 5 I (5l pedly S
ol 0ad o3l L ¥ S 3 A km b e

3 bl slmjpo L o3y (3185 (sjltens 2 o ool
Jols zls 598 0 odlatwl lg5 cads  J&s 5)lbinl (sla lages
ASTM D 4728 5)lsikl L o] 351 51 215 0005 digod gty 2l
duwlio (gl ol calie BB ¥ USG5 )0 gl a5 050 )5 duldo
a5 gilwosls e jala 5 5l eslizul L PSD Jlages ],

8 )3 05L 40 PSD jolie cawl asuine HIdged | asslis
s s ASTM D 4728 5 lubasl g jl yidus 55, VY0
Lol gl a3kl 1 208 5,0 ¥O gVl (eloLuils )b
A5 sien 5 (Slonks 35 ol L 50 1T0 (sl il 3
polde i 35, V=YV wilS 805, 40 1) PSD yiolie
Soleimani and ) s> ceillas w55yl Cawsas ASTM 3,15kl
5555 5135 53 Syt gl e £sb90 ol (Ahmadi, 2014
Lol ) 53l > (g JBs e 5| Jols s (sloes

2- Smooth
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Fig.3. The PSD spectrums for the vibration level of truck in a vertical direction on the highway road at 90 km h™ speed
on the rear-down location of truck 2
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Fig.4. Smoothed PSD spectrums for the vibration level of truck in a vertical direction on highway in comparison to
ASTM D 4728 standard
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Table 2- Three peak values of PSD (G2 Hz) spectrums on highways in three different routes

g0 (Syla 000>

Freq; PSDy~  Fr €q, PSDy. F reqs PSDMax3*
Route  Sampling
1 3.906 0.423 9.766 0.078 8.594 0.066
1 2 3.846 0.214 16.026 0.101 18.590 0.086
3 3.516 0.237 1.953 0.139 2.734 0.116
4 3.516 0.335 0.391 0.289 5.469 0.233
1 3.774 0.142 1.887 0.136 6.604 0.081
2 2 3.906 0.231 2.734 0.15 5.859 0.087
3 3.906 0.152 5.859 0.148 3.125 0.135
4 5.469 0.179 3.906 0.159 6.25 0.036
1 2.732 0.119 5.463 0.042 3.902 0.041
3 2 4.688 0.239 3.125 0.203 3.906 0.124
3 4.683 0.093 3.122 0.075 5.463 0.053
4 3.512 0.151 4.683 0.091 2.341 0.039

PSD 13905 posuSle poldo s
* Peak values of PSD spectrum
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Introduction

Since anaerobic digestion leads to the recovery of energy and nutrients from waste, it is considered the most
sustainable method for treating the organic fraction of municipal solid wastes.

However, due to the long solid retention time in the anaerobic digestion process, the low performance of the
process in biogas production as well as the uncertainty related to the safety of digested materials for utilizing in
agriculture, applying different pretreatments is recommended.

Thermal pretreatment is one of the most common pretreatment methods and has been used successfully on an
industrial scale. Very little research, nevertheless, has been done on the effects of different temperatures and
durations of thermal pretreatment on the enhancement of anaerobic digestion of the organic fraction of municipal
solid wastes (OFMSW).

The main effect of thermal pretreatment is the rapturing cell membrane and dissolving organic components.
Thermal pretreatment at temperatures above 170 C may result in the formation of chemical bonds that lead to
particle agglomeration and can cause the loss of volatile organic components and thus reduce the potential for
methane production from highly biodegradable organic waste. Therefore, since thermal pretreatment at
temperatures above 100 C and high pressure requires more energy and more sophisticated equipment, thermal
pretreatment of organic materials at low temperatures has recently attracted more attention. According to the
researchers, thermal pretreatment at temperatures below 100 C did not lead to the decomposition of complex
molecules but the destruction of large molecule clots.

The main purpose of this study was to find the optimal levels of pretreatment temperature and time and the
most appropriate concentration of digestible materials to achieve maximum biogas production using a
combination of the Box Behnken Response Surface Method to find the objective function followed by
optimizing these variables by Genetic Algorithm.

Materials and Methods

In this study, the synthetic organic fraction of municipal solid waste was prepared similar to the organic
waste composition of Karaj compost plant. The digestate from the anaerobic digester available in the Material
and Energy Research Institute was used as an inoculum for the digestion process. Some characteristics of the raw
materials that are effective in anaerobic digestion including the moisture content, total solids, volatile solids of
organic waste, and the inoculum were measured. Experimental digesters were set up according to the model used
by MC Leod. After size reduction and homogenization, the synthetic organic wastes were subjected to thermal
pretreatment (70, 90, 110 C) at specific times (30, 90, 150 min).

The Response Surface methodology has been used in the design of experiments and process optimization. In
this study, three operational parameters including pretreatment temperature, pretreatment time, and concentration
of organic material (8, 12, and 16%) were analyzed. After extracting the model for biogas efficiency based on
the relevant variables, the levels of these variables that maximize biogas production were determined using a
Genetic Algorithm.
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Results and Discussion

The Reduced Quadratic model, was used to predict the amount of biogas production. The value of the
correlation coefficient between the two sets of real and predicted data was more than 0.95. The results suggested
that pretreatment time followed by the pretreatment temperature had the greatest contribution (50.86% and
44.81%, respectively) to biogas production. Changes in the organic matter concentration, on the other hand, did
not have a significant effect (p < 0.01) on digestion enhancement (1.63%) but were statistically significant at p <
0.10.

The response surface diagram showed that the increase in pretreatment time first led to a rise and then a fall
in biogas productlon The decline in biogas production seemed set to continue with pretreatment time.
Meanwhile, the increase in pretreatment temperature from 70 'C to 110 'C first contributed to higher biogas
production and then the decrease in gas production occurred.

The reason for this fall was probably the browning and Maillard reaction.

The regression model was applied as the objective function for variables optimization using the Genetic
Algorithm method. Based on the results of this algorithm, the optimal thermal pretreatment for biogas production
was determined at 95 'C for 104 minutes and at the concentration of 12% The expected amount of biogas
production by applying the optimal pretreatment conditions was 445 mL-g™ VS.

Conclusion

In this study, the variables including thermal treatment temperature and time as well as the concentration of
organic waste to be anaerobically digested were optimized to achieve the highest biogas production from
anaerobic digestion.

Statistical analysis of the results revealed that the application of thermal pretreatment increased biogas
production considerably. According to the regression model, the contribution of pretreatment time and
temperature to biogas production was significant (50.86% and 44.81% respectively). In stark contrast, varying
substrate concentrations in the range of 8 to 16% had a smaller effect (1.63%) on biogas production. The results
of this study also showed that the best pretreatment temperature and time were 95 'C and 104 minutes,
respectively, at a concentration of 12% by generating 445 mL-g™ VS biogas which is 31.17% higher than the
biogas yield from anaerobic digestion of untreated organic wastes at this concentration.

Keywords: Anaerobic digestion, Genetic algorithm, Optimization, Thermal pretreatment
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1- Chemical Oxygen Demand (COD)
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Table 6- Analysis of variance (ANOVA) for reduced quadratic model of biogas production
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Introduction

So far, many studies have been conducted to evaluate the impact of input consumption patterns on energy,
economic, and environmental indicators on horticultural and greenhouse crops in Iran. A review of these studies
shows that the causes of the current situation in the systems have not been investigated. These studies are mostly
reporting the current situation and the interventions and their effect on improving the input consumption pattern
in the sustainability of the system have not been considered by researchers. Also, studies showed that the study
location and products do not fit well with the volume of production in the horticultural and greenhouse sector of
Iran. Therefore, in order to increase the effectiveness and future direction of studies in this field, this review
study was conducted. In this article, Iranian horticultural and greenhouse production systems were reviewed and
analyzed by reviewing the published articles between 2008 and 2018, using the PRISMA method. The PRISMA
method is a well-known method for conducting systematic review studies. The PRISMA method includes the
following sections: background; objectives; data sources; study eligibility criteria, participants, and
interventions; study appraisal and synthesis methods; results; limitations; conclusions, and implications of key
findings. In this article, 16 types of garden products and 6 types of greenhouse products were studied.

Material and Methods

In this study, the methods used to determine the status of energy consumption, economic and environmental
patterns for horticultural and greenhouse crops were analyzed. For this purpose, the indicators of total energy
consumption (TEI), energy efficiency (EUE), net energy (NE), and energy efficiency (EP) were examined in the
section of energy. The issue of sensitivity analysis of energy inputs was also examined and the highest values of
t-statistic and MPP were reported for products. In some articles, the data envelopment analysis method was used
in systems performance analysis. The indicators used included technical efficiency (TE), pure technical
efficiency (PTE), scale efficiency (SE), and energy-saving target ratio (ESTR). The results of them were
summarized and reported. In some studies, the method of artificial neural networks and the Adaptive Neuro-
Fuzzy Inference System were used. In general, in the present article, the challenges and risks in the methods used
in previous studies were considered. The issue of sampling in the analysis of agricultural systems was discussed
in detail and a new sampling procedure was proposed. To draw a general picture of energy and environmental
indicators of orchard and greenhouse systems in Iran, the results published in the articles were reviewed. Not all
researchers use the same equivalents in calculating the indices, and this makes the results of the studies slightly
different from each other. The existence of such differences causes some deviations in comparing the results of
similar articles in the same products. However, to adjust for these differences, averaging was used in the index
report.

Results and Discussion

The study of the share of inputs in the total energy consumption shows that for horticultural products, the
share of fertilizer and electricity inputs is very significant. In the case of greenhouse products, fuel input, which
is mainly diesel, has the largest share of energy consumption. Walnuts have the lowest energy consumption and
strawberries have the highest energy consumption among orchard products. Grapes, apples, and walnuts also
have positive net energy, so they have the highest energy efficiency compared to other products. The most
important inputs that have the greatest potential for energy savings in most products are diesel fuel and
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electricity. Among greenhouse crops in cucumber production, diesel fuel has great potential for energy savings
that need to be reduced in future research. In the case of strawberry and rose products, electricity input has the
greatest potential for energy savings. Knowing the potential of inputs that can be saved can be effective in
changing the behavior of producers.

Conclusion

To increase the effectiveness of research in this area, such studies should be done dynamically and for at least
two or more years. In the first year, the input consumption pattern should be extracted and after performing the
consumption pattern modifying interventions, the effect of these actions should be evaluated in the following
years. Data envelopment analysis methods and multi-objective genetic algorithm can be well used to develop
solutions to improve input consumption patterns. The review of articles showed that the study of the effect of
social factors on the behavior of various production systems has been neglected. Since the pattern of energy
consumption in the agricultural sector is significantly dependent on the behavior of users and the characteristics
of systems and methods of production, it seems necessary to pay attention to this factor to prepare and design
any process improvement strategy in the system. In this study, a new procedure including three stages of
analysis, redesign, and evaluation was proposed to complete the studies related to the analysis of agricultural
systems.

Keywords: Crop production systems, Economic indicators, Energy consumption pattern, Environmental
emissions, Sustainable agriculture
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7- Energy ratio

8- Economic analysis

9- Energy efficiency

10- Energy analysis

11- Input energy

12- Technical efficiency

13- Data envelopment analysis
14- Energy saving

15- Life cycle assessment

16- Energy use pattern

17- Environmental emissions
18- Artificial neural networks
19- Genetic algorithm

20- Sensitivity analysis
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1- Narative Review

2- Meta-analysis

3- Mixed methods/mixed studies
4- PRISMA

5- SCOPUS

6- Energy
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1- Static sampling method

2- Dynamic sampling method

3- Probability random sample

4- Non-probability sampling method
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(Hl B bl cuss L o
’ oo el 945 55 - (Houshyar et al., 2017)

(Pomegranate) (Marvdasht)
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Table 3- Energy equivalents
ooy ol 531 Sl -
: Energy equivalent
Input Unit (MJ.Unit") Ref.
(Human labor) gl gg,s (h) el 22 (Asakereh et al., 2010)
(Human labor) gl sg,s (h) celss 1.96 (Banaeian et al., 2010)
(Machinery) :y.ils (h) celos 13.06 (Mohammadi and Omid, 2010)
(Machinery (Tractor)) (,5:51,5) cyilo (Kg) p,5oks 138 (Salami et al., 2010)
(Machinery (Plow)) (sses) opeisle (Kg) p,3sks 180 (Salami et al., 2010)
(Machinery (Disk)) (<) cyile (Kg) p,5sks 149 (Salami et al., 2010)
(Fuel (Diesel)) (J3») cdgu (L) 56.31 (Mohammadi and Omid, 2010)
(Fuel (CNG)) (as> ;55) e gm0 (M?) xS o 49.5 (Khoshnevisan et al., 2013a)
(Herbicide) zSdile (Kg) ¢,55Ls 85 (Khoshnevisan et al., 2014a)
(Fungicide) Sz, (Kg) p,5sks 295 (Khoshnevisan et al., 2014a)
(Insecticide) _ss'cél (Kg) p,5sks 115 (Khoshnevisan et al., 2014a)
(Compost) cusgyas (kg) p,5oks 5.08 (Salehi et al., 2014)
(Manure) _ls 555 (Kg) p,5ols 0.3 (Taghavifar and Mardani, 2015)
(Electricity) axu oS (KWh) cels clggls 625.84 (Mardani and Taghavifar, 2016)
(Nitrogen) 59,55 (Kg) p,5sks 66.14 (Pahlavan et al., 2012d)
(Phosphate) jawés-claws (Kg) p,5ols 12.44 (Houshyar et al., 2017)
(Potassium) .l (Kg) p,5ols 11.15 (Banaeian and Zangeneh, 2011b)
(Sulfur) 4 gus (Kg) p,5sks 1.12 (Nabavi-Pelesaraei et al., 2016)
(Zinc) s, (Kg) ¢,55Ls 8.40 (Banaeian and Zangeneh, 2011b)
Zinc sulfate) g, ol kg) p,5 5L 20.9 Houshyar et al., 2017
9y Olégu 33
(Water) (M%) oo 1.02 (Farashah et al., 2013)
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al., 2013)
Energy Use Ef ficiency
_ Energy Output (M] ha™) (¥)
"~ Energy Input (M] ha=1)
Energy Productivity
_ Output (kg ha™) (%)
"~ Energy Input (MJha=?)
Specific Energy
_ Energylnput (M] ha™1) (®)
"~ Output (kg ha™Y)
Net Energy
= Energy Output (M] ha™*) )

— Energy Input (M] ha™?)
Energy Intensivenss
_ Energy Input (M] ha™") (v)

" Cost of Cultivation($ha=1)
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1- Total Energy Input
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Table 4- Highest t-ratio and MPP of orchard and greenhouse crops

Jgpace 2 (S50 (5190 et P tratio o yudy &
Product Highest MPP Highest t-ratio Ref.

(Almond) #lsL (Water) 1 (Manure) _els 38 (Salehi et al., 2016)
(Apple) o (Water) (Electricity) axuw xS (Rafiee et al., 2010)
(Basil) s>, (Human labor) bl g (Human labor) bl g5, (Pahlavan et al., 2012a)

(Cucumber) ,Ls (Human labor) bl g (Diesel) Js4;5 (Pishgar-Komleh et al., 2013)
(Cucumber) ,Ls - (Human labor) bl gg,s (Pahlavan et al., 2012b)

(Grape) 5l (Chemicals) _,lows pyow (Chemicals) less pyow (Rajabi Hamedani et al., 2011)
(Kiwi) 58 (Potassium) b 545 (Potassium) b 545 (Nikkhah et al., 2016)
(Kiwi) go.8 - (Machinery) (¢;,5laS (sl oyl (Soltanali et al., 2017)

(Mandarin) 5,L (Human labor) jlus! ¢gs (Water) i (Namdari et al., 2011a)
(Mushrooms) g, (Human labor) bl (¢g (Compost) cusgueS (Salehi et al., 2014)
(Peach) sl» (Human labor) bl (¢g (Human labor) bl sg,s (Royan et al., 2012)
(Peach) sl» (Machinery) (¢;,5LiS (sloopile (Fertilizers) »¢8 (Ghatrehsamani et al., 2016)
(Pear) M5 (Diesel) Js4;5 (Diesel) Js4;5 (Tabatabaie et al., 2013b)
(Plum) i (Human labor) glusl g4, (Human labor) glusl sg (Tabatabaie et al., 2012)
(Pomegranate) ,ul (Diesel) Js4;5 (Electricity) . xSl (Tabatabaie et al., 2013a)
(Mandarin) %, (Water) (Fertilizers) »¢5 (Mohammadshirazi et al., 2012)
(Tomato) 445 (Human labor) bl g (Human labor) bl gg,s (Taki et al., 2013)
(Walnut) 3,5 (Human labor) bl g (Human labor) bl gg,s (Banaeian and Zangeneh, 2011a)

S (£h OV game g il Julos ) edlatul 550 (JueSS glaig, —0 Jgan
Table 5- Complementary methods used in the analysis of orchard and greenhouse production systems

O¥95 Sad &
Method Obijectives Ref.
(DEA) "laosls pidgy Julos OB S a5 ol 4 033l g (8 033l (w2 Mousavi-Avval et al., )
Data Envelopment Analysis Investigation of technical efficiency and returns to (2012
(DEA) the scale of farmers

(ANN) Lesune ac (cloasi
Atrtificial Neural Networks
(ANN)

;Q.u-‘a—\ S Rl ~56 EL&'.:L»I alolw
(ANFIS)

Adaptive Neuro-Fuzzy
Inference System

sbrodles jl edlaiwl b Jaaze adg e (dm i 9 jlw e
Bras
Modeling and forecasting the amount of product
production using inputs

S pas slbodly 51 oslawl b Jeame Mg e (g5lw S0
Modeling the amount of product production using
inputs

Khoshnevisan et al., )
(2013b

(Khoshnevisan et al., 2013a)

1- Data Envelopment Analysis
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1- Technical efficiency

2- Pure technical efficiency
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4- Energy saving target ratio
5- Tobit Model

6- Total Energy Saving
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Total Production Value = (V+)
Crop Yield (kg ha™Y) x Crop Price ($ kg™1)
Gross Return = (W)
Total Production Value($ ha™') —
Variable Cost($ ha™1)
Net Return (YY)

= TotalProduction Value($ ha™?)

— Total Production Cost($ ha™?!)

Benefit to Cost Ratio (\Y)
_ Total Production Value($ ha™)

" Total Production Cost($ ha=1)
Productivity (V¥)
3 Crop Yield (kg ha™')

" Total Production Cost($ ha=1)
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Table 6- The share of inputs in greenhouse gas emissions and the amount of emissions in horticultural and greenhouse

products
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Crop kgCOzsha  kgCO,/t ~ Human Chemicals Ref.
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mon
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Ls Khoshnevisan et al.,
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