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Abstract

hamomile is one of the oldest and well known as medicinal plants being grown in

numerous countries, especially for the essential oil that is extracted from the

inflorescences, other important phytotherapeutic properties making chamomile a very
valuable product on profile markets. Out of the agricultural works in the specific technology for
cultivating chamomile, the quality of the plant material is considerably influenced by the
harvesting process. Thus, for achieving profitable yields, mechanized harvesting of chamomile
represents both an essential prerequisite and a guarantee. The paper presents an assessment of
equipment from a certain category of agricultural machinery, namely of those destined for
harvesting chamomile, in order to hierarchize their performances, in the view of an optimum
selection and acquisition by farmers, as well as for orienting producers towards equipment specific
for advanced agriculture.
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INTRODUCTION

Chamomile, known since antiquity, is a particularly important medicinal plant and widely used
in various industries.

Cultivation of medicinal plants may be an opportunity for some farmers to diversify their
structure, reduce their risks and significantly increase the profits of their agricultural business. On
the other hand, this activity requires specific knowledge in the field of production technology, the
use, sometimes, of special machinery/equipment as well as a certain means of capitalizing, in
conditions of quality and safety. [6, 8] These reasons have led to the drastic reduction of areas
cultivated with medicinal plants in many countries across Europe, imports being preferred. [1,13].

Although two decades ago Romania was one of the leading countries producing medicinal and
aromatic plants in Europe, in recent years there has been a continuous and accelerated decrease of
the areas cultivated with these species, so that in 2014 and 2015, they were maintained at the same
low level of approx. 3.2 thousand ha [14].

Worldwide, chamomile (Matricaria Chamomilla L.) is grown on approximately 20,000 ha.
The main producing countries are: Argentina, Egypt, France, Germany, Italy, Hungary, the
countries of the former Yugoslavia [4, 9].

For the use of chamomile as a medicinal plant, the raw material must meet high quality
standards, the valuable blue oil, rich in azulenes, being mainly found in inflorescences. In order
not to diminish its quality, it is important that when harvesting, the chamomile flowers have a stem
as short as possible. [3,4, 10, 11]

The chamomile is harvested when most of the inflorescences, the ligulate flowers opened and
are disposed horizontally (after 9 am), while the tubular ones are flowering having a yellow colour
(the bloomed ones) and greenish-yellow (the unbloomed ones) in the hot days with clear sky. The
volatile oil content is the highest in the phase where the ratio of flower buds and opened flower
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heads is 1:1. [10, 11] Thus, the quality of the plant material is strongly influenced by the harvesting
time and mode. Chamomile inflorescences are harvested manually or mechanically by pulling out.

Manual harvestingis carried out by qualified staff and results in high quality products;
otherwise the quality of the products is not uniform. In some cases, this harvesting method is the
only available, although in Europe, it can be expensive, with low productivity [7]. Sometimes,
after the inflorescences have been harvested, by cutting at a certain height from the ground, the
herba (consisting of stem, leaves and possibly flowers) is harvested mechanically to be used for
making various tea recipes [10, 11].

Cultivation of chamomile on large areas in Europe can only be accomplished by mechanizing
the harvesting works. [3, 7] The mechanized harvesting of chamomile inflorescences is done with
specialized comb-type parts (with curved or straight teeth) or with working parts having the comb
effect, arranged on a harvester with a circular motion. This can be performed in the sense of
machine moving or in the opposite direction [2, 3, 5, 7, 17]. The machines used for harvesting
chamomile inflorescences may be trailed or self-propelled. [2, 3, 5, 7, 12, 17]

MATERIALS AND METHODS

The sources of the considerations in this article are the technical-economic data obtained
from the web pages and advertising leaflets of the companies producing machinery and equipment
for chamomile harvesting. The sources are the companies: Europrima from Serbia, Herbas from
Croatia, Travizaporoja from Ukraine, presented in references [15, 16, 18]. These companies
produce chamomile trailed harvesters.

Europrimaproduces machines that harvest herbs by cutting with special devices (NB 2005
V and NB 2006 E/P models) as well as machines that harvest chamomile with finger-effect special
working parts (model VB2002). As they serve the same purpose, we found it useful to compare
them. We also considered it important to present the high performance self-propelled machines
produced as prototype in Italy (2010) and Germany (2013), which harvest chamomile flowers with
comb-type active parts [3, 5, 17].

Generally, machine prospectuses show information about: machine mass, working width,
working speed, engine power, productivity and other information. Not all companies give all this
information. Using the information given above, statistical surveys can be made directly on data
from sources or statistical estimators developed for various purposes. The use of this information
is facilitated by organizing it in a database for which Microsoft Office Excel was used and named
DBHC.xls. Now, in Europe, there are few companies that make machines for chamomile
harvesting. For this reason, the database is not very large, containing information only about it.

Direct statistical estimators

The hierarchy of the masses highlights useful information for designers or potential users
of such machines, warning them of the possible consequences when working with such machines:
higher consumption of large mass machines, more pronounced effect on compaction of the soil,
reduced manoeuvrability of these machines etc.

The hierarchy of working width correlated with productivity calculation allows potential
users / buyers to choose the most suitable machines in terms of geographical and climatic profile,
the size of culture plots, depending on the financial resources and the length of time when
harvesting is efficient.

The same observations can be made in terms of hierarchy of working capacity' whether it
is taken directly from sources or is estimated based on working width and working speed.

Elaborated statistical estimators
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To estimate specialized technical/economic characteristics, useful to designers of such
machines and equipment and less to potential buyers, we have developed calculation formulas that
use data from sources. These estimators are:

- Specific working width: is a complex parameter of the machine defined as the ratio between the
mass and the working width of the machine. The measurement unit of this parameter is kg/m. The
calculation formula is the following:

m,=—
! (1)

Where M is the machine mass inkg, / is the working width in m, while m;is the working width

specific mass.

- Working width specific power is a complex parameter of the machine defined as the ratio between

the engine drive power and the working width of the machine. The measurement unit of this

parameter is kW/m. The calculation formula is the following:

i 2)

Where P is the machine power in kW, [ is the working width inm, while Piis the working width
specific power.

Maximum theoretical productivity: is a complex parameter of the machine defined as the product
between the working speed and the machine working width of the machine. The measurement unit
of this parameter is ha/h. The calculation formula is the following:

W =01y 3)

where v is the machine working speed in km/h, [ is the working width in m, while W;is the
maximum theoretical productivity in ha/h.

Consumption of material per unit of theoretical maximum productivity: is a complex parameter of
the machine defined as the ratio between the mass and theoretical maximum productivity. The
measurement unit of this parameter is kg h/ha. The calculation formula is the following:

=y @)

t

Where M is the machine mass in kg,W,is the maximum productivity in ha/h, while m., is the

consumption of material per productivity unit.

There are many such technical and economic estimators that are used to make a hierarchy
of agricultural machines and to optimize their working regime. These estimators require data that
sources do not generally offer (e.g. fuel consumption).

For chamomile harvesters quality indices, referring to inflorescences harvesting degree,
the purity of the harvested material, the high quality inflorescences (flowers stem<20mm), the
damage degree of the harvested flowers, the losses on the soil, are very important and they are
expressed as a percentage. Because this type of data depend, to a large extent, on the characteristics
of the crop, the geo-climatic data, the chamomile harvester-producing companies eventually
provide only productivity-related information.
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In the case of'testing self-propelled prototypes in chamomile cultures where the cultivation
technology had been respected, the working performance results and quality indices presented
above were promising, constituting an important premise for optimizing these machines.

RESULTS AND DISCUSSION

Elementary statistical results

For the performance of the machines and equipment we have data about, it’s interesting to
have the graphic representation first. From the DBHC.xls database work form we consider the
graphs that represent the mass of machines and equipment included in this database (Fig. 1), the
minimum and maximum working widths (Fig. 2), respectively the minimum and maximum
working speeds (Fig. 3). In these graphs we can see the variation of the above sizes for the
machines and equipment included in the database.

Figure 1 shows the variation in mass for chamomile harvesters for which it has been
specified; thus is why self-propelled machines don’t appear in this hierarchy.

Figure 2 shows the variation of the minimum and maximum working widths, depending
on the data that could be found and selected. For machines that harvest chamomile with specialized
working parts, the working width cannot be varied (between a minimum value and a maximum
value), so in the graph it is represented as the maximum value.

B Mass
KVH-2000E. HERBAS, HR
PM 1.7, HerbZaparizhye, UA
VB 2002, EUROPRIMA RS
NB 2006E/P, EUROPRIMA. RS

NB 2005 V., EUROPRIMA. RS
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Fig.1 Mass variation for chamomile harvesting machines
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Fig.2.Working width variation for chamomile harvesting machines
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Figure 3 shows the variation in the minimum and maximum working speeds, depending on
the data that could be found and selected. For self-propelled machines, the minimum and
maximum working speeds are those used in the experiments.
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Fig.3 Working speed variation for chamomile harvesting machines

For the maximum working width, the arithmetic mean (in the case of the machines this
feature is given for) is 2.05 m and the average square deviation is 0.419 m. It is highly probable
that the machines with these working widths in the range centred on the average value and the
length equal to double the average square deviation, are the ones with the highest on the market.
For this reason, the information extracted can guide the manufacturer to an important working
parameter of a chamomile harvester.

Complex statistical results

These results are based on calculation formulas elaborated on the basis of gross values in
the database and are given for the machines that had all the data for their calculation. The
calculation formulas of these estimators are given in relations (1, 2, 3, 4). The graphical
representations of these estimators distribution for the machines in the database are shown in the
figures below.
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Fig. 4. Complex estimators variation:a) — Working width specific mass;
b) — Working width specific power;
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It can be seen in Fig. 4.a that the highest material consumption per unit of working width
is registered for the model VB 2002 (EUROPRIMA company, Serbia), which does not have the
largest working width of the machines which also have the mass specified. Comparable values are
registered for the NB 2005 V model, of the same company, as well as for the KVH-2000E model
(Herbas company, Croatia), which has the largest working width among the machines with the
mass specified. Allso, it can be seen in fig. 4.b that the highest power consumption per unit of
working width is registered for the model NB 2005V (EUROPRIMA company, Serbia), a value
comparable with the PM 1.7 model (HerbZaparizhye company, Ukraine). For the latter, the power
reserve is justified because, if necessary, the machine can be completed with a transport device.

Fig. 5 shows the variation in theoretical maximum productivity.

Theoretical maximum productivity

| | |
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Fig. 5.Variation of theoretical maximum productivity

In fig. 5 we can notice that the highest theoretical productivity is registered in the case of
NB 2006E/P model, which harvests chamomile by cutting. A comparable value was registered for
the KBEM-13 prototype, which harvests chamomile flowers with comb-type working parts. In the
case of the P.R.I.S.M.A. prototype, the lowest productivity was registered, but the quality of the
harvested material was high, according to the experimental results. The experimental results
registered for the prototypes should be viewed with some caution, until their serial production. In
general, working speed is an extremely important parameter of any agricultural machine, but it
depends to a large extent on the concrete working conditions in the field, as well as the user’s skill,
the values given being indicative.

The graphical presentation of the complex estimator distribution ends with the presentation
in Fig. 6. of the material consumption variation per unit of theoretical productivity.
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Fig.6 Material consumption variation per unit of theoretical productivity

Figure 6 shows that the highest material consumption per unit of theoretical productivity
is registered in the case of KVH-2000E model, (Herbas, Croatia), and the smallest in the case of
PM1.7 model (HerbZaparizhye, Ukraine).

CONCLUSION

The databases containing the technical-economic characteristics of the agricultural
machines offer the possibility of using them in order to rank their performances in the working
processes. Thus, for example, if we have offers from multiple dealers, we can develop synthetic
hierarchical estimators that take into account price and performance. The potential buyer can
choose the machine optimally. Also, the choice of the farmer can be further oriented with the limits
of the financial resources, the relief conditions, etc.

The database of information from the mentioned sources about the chamomile harvesting
machines provides the designers with estimates of the performance parameters of the most modern
machines produced and indicates what materials, dimensions, etc. must be used in order to enter
the top machine range.

Also, the database made available to manufacturers provides them with the range of
information they need to complete to form complex performance estimators, with high resolution
power.

In addition, the database is a source of information for the companies producing machines
in order to improve the performance characteristics of their own products, in order to orientate
towards equipment specific to the advanced agriculture.

Perspectives refer to the completion of this database with equipment destined for
harvesting other medicinal and aromatic plant species too. It should not be forgotten that, as a
general rule, farmers prefer equipment with a degree of universality. Thus, we can refer to the
possibility of creating algorithms of automatic choice in the database, for a minimum of input data,
which can be used in the consulting firms/ activity.
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INFLUENCE OF ORGANIC FERTILIZERS AND MULCHING ON
SUSTAINABLE PRODUCTION OF BROCCOLI AND CELERY

ABUL-SOUD, M., A.A.FARAG and Z. Y. MAHARIK

Central Laboratory for Agricultural Climate, ARC, Dokki 12411, Giza- Egypt

Abstract

eeding to increase the sustainable production of vegetables under semi-arid Egyptian
N conditions to match food security demands created the driving forces to investigate

different resources of organic fertilizers and improve the agricultural practice of vegetable
production. The experiment was carried out during the two winter successive seasons of
2015/2016 and 2016/2017 under net multi span house in protected cultivation site, Central
Laboratory for Agricultural Climate (CLAC), Agricultural Research Centre, Giza, Egypt. The
study aimed to investigate the application of different organic fertilizers (catle manure, rabbit
manure and vermicompost) combained with two soil treatments (bare soil and mulching) on the
growth and yield of celery and brocoli. The experimental design performed in split plot design.
The application of vermicompost in soil as an organic fertilizer recorded the highest values of the
growth and yield characteristics of celery and brocoli compared to the other treatments. Mulching
soil also gave the higher results of vegetative and yield characteristics of celery and brocoli
compared to bare soil. the highest yields of celery and brocoli were gave by the application of
vermicompost combined with mulching treatment while the application of rabbit manure
combined with bare soil had the lowest yield. The vermicomposting of urban organic wastes and
applied it to the soil as an organic fertilizer instead of burial or inceneration led to increase the
yield of celery and brocoli beside sequestrate CO; in the soil and decrease its emission.
Keywords: Organic fertilizer, vermicompost, cattle manure, rabbit manure, mulching, broccoli,
celery, yield and quality.

INTRODUCTION

Green revolution can be attained through adopting the technologies such as countless use
of synthetic chemicals like fertilizers and pesticides; adoption of nutrient responsive, high-yielding
varieties of crops, greater exploitation of irrigation potentials etc. has boosted the production
output in most cases. There is no doubt that in Egypt, where on one side pollution is increasing
day by day due to accumulation of organic waste and on the other side there is a great shortage of
organic manure. The organic manure could increase the fertility and productivity of the land and
produce nutritive and safe food Ramesh et al., 2005. Recycling organic waste of different resources
in the form of compost can be an alternative to meet the increasing demands for organic manures;
this will also help to reduce environmental pollution arising out of accumulated bio wastes Kumar,
2005.

The use of organic matter such as animal manures and composts has long been recognized
in agriculture as beneficial for plant growth and yield and the maintenance of soil fertility. The
new approaches to the use of organic amendments in farming have proven to be effective means
of improving soil structure, enhancing soil fertility and increasing crop yields (Bwamiki et al
1998,. Hoitink, 1993 and Johnston et al. 1995).

Organic manures such as cattle manure and poultry manure improve the soil structure,
airation, slow release nutrient which support root development leading to higher yield and better
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quality of broccoli and Cauliflower plants (Abou El- Magd et al., 2005; Farag and Shaimaa,2016).
Organic manure play direct role in plant growth as a source of all necessary macro and
micronutrients in available forms during mineralization and improving physical and chemical
properties of soils (Chaterjee et al., 2005).

A process related to composting which can improve the beneficial utilization of organic
wastes is vermicomposting. It is a non-thermophilic process by which organic materials are
converted by earthworms and microorganisms into rich soil amendments with greatly increased
microbial activity and nutrient availability. Vermicomposts are products derived from the
accelerated biological degradation of organic wastes by earthworms and microorganisms. Albanell
et al., 1988; Orozco et al., 1996, Edwards and Neuhauser 1998 and Abul-Soud et al., 2009.

Different organic wastes can be used in vermicompost production by different species of
earthworms which include horse waste (Garg and Kaushik, 2005); cattle dung (Kaushik and Garg,
2003) cow slurry (Hand et al., 1988); urban solid waste (Abul-Soud et al., 2009); city leaf litter
and food wastes (Singh and Sharma, 2002 and Abul-Soud ef al., 2009); paper waste and residues
of plant decomposition.

Mulches are used for various reasons but water conservation and erosion control are the
most important objective for its use in agriculture in dry regions. Other reason for high mulching
use includes soil temperature modification, soil conservation, nutrient addition, improvement in
soil structure, weed control and crop quality control. Mulching reduces the deterioration of soil by
way of preventing the runoff and soil loss, minimizes the weed infestation and checks the water
evaporation. Kumar et al. 2005, Abul-Soud et al 2010. The plastic mulch increased minimum
temperature of soil, accelerated plant height, early growth, early yield, and bring satisfactory weed
control without any application of herbicides (Najafabadi et al., 2012; Farag et al., 2010).

Sustainable agriculture needs sustained support of organic fertilizers and good agricultural
practices. The study target is to investigate the interaction between soil plastic mulch and different
organic fertilizers effective on growth and yield of celery and broccoli for sustainable production.

MATERIALS AND METHODS

The experiment was carried out during the tswo growing winter season of 2015/2016 and
2016/2017 under multi span net house (9 x 30 x 4.5 m) at Central Laboratory for Agricultural
Climate (CLAC), Agricultural Research Center, Ministry of Agricultur and land reclamation,
Egypt. For investigate the effect of mulching and bare soil with their interactions with different
source of organic fertilizer (cattle manure, rabbit manure and vermicompost) on celery and
broccoli plants.

The plant

Celery (Agium gravealens var. dulace cv. Royal crown) and Broccoli (Brassica oleracea L.
ssp. italica). The seedlings transplanted in soil at 13™ and 15 November of 2015 and 2016
respectively. One seedling of each celery and broccoli was planted at 50 cm in the row where the
distance between the rows was 60 cm (2 rows/bed) and between the beds was 70 cm.
The study treatments

This experiment included two factors. The first factor was soil mulching (bare soil (B.S) and
mulching soil (M.S) with black polyethylene sheet 60 micron) and the second factors were
included three sources of organic fertilizer (cattle manure as a control (C.M), rabbet manure R.M)
and vermicompost (V.C).

The experimental design was a spilt-plot design with 3 replicates. The mulching soil were
assigned as main plots and organic fertelizer as subplots.
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The field experiment material

The experimental trial was conducted in clay soil using drip irrigation system under multi
span net (white 20 % shadding) house. Emitter discharge rate was 4 1/hr, The chemical fertilizers
were injected within irrigation water system.

The recommended dose of mineral fertilizers were applied according to Ministry of
Agriculture and Land Reclamation (2009). The fertigation was programmed to work 3 times /
week and the duration of irrigation time depended upon the season.

All the other agriculture practices of peas cultivation were in accordance with the standard
recommendations for commercial growers by Agriculture Research center (ARC). Ministry of
Agriculture, Egypt.

The physical properties (saturation point % (SP), field capacity % (FC), wilting point %
(WP) and bulk density g/cm?® (BD) of the soil were determined according to (Wilson 1983 and
Raul 1996) and chemical properties (regarding to Chapman and Pratt 1961 and FAO (1980)) of
the clay experimental soil were determined before cultivation and organic fertilizers applications
(Table 1).

Table (1): Chemical and physical analyses of the experiment soil at Dokki site.

Chemical properties
Soil depth ECe Ca™ Mg Na* K" Hcos. CL.
mmohs pH meg/L meg/L meg/L meg/L meg/L meg/L
1.33 7.8 2.68 1.09 1.94 1.86 1.93 2.39
0-30 Physical properties
Cm
Sad - cwy s oo 5P FC we BD
” % % % % g/cmS
139 675 18.6 Clay 20.2 304 14.3 131

The different organic fertilizers were added during soil preparation at the standard rate (20
m?/feddan). Physical and chemical properties of different Organic fertilizers were analyzed in
Table (2).

The source of cattle manure and rabbit manure used in the study were obtained from the
Agriculture Fac. Farm, Cairo univerisity while the vermicompost was offered by the activities of
" Integrated environmental management of urban organic wastes using vermicomposting and
green roof (VCGR) project”, CLAC. The vermicomposting process and vermicompost production
were done according to Abul-Soud et al., 2009, 2014, 2015 (a and b). Cattle manure + rabbit
manure + urban organic wastes (vegetables and fruit scraps + news paper) proportions (1: 1 : 1)
were vermicomposting different organic materials input.

Table (2): Chemical properties of different Organic fertilizers

EC pH oM . - 0 9
asim  (125) oo N9 CNrao P(%) K(%)

Organic fertilizer

Cattle manure 4.15 7.90 39.6 1.35 1:21 0.5 0.56
Rabbit manure 5.11 8.95 7729 1.79 1:15 0.59 0.67
Vermicompost 6.67 741 5922 1.56 1:12.5 1.27 1.19

The measurments

Samples of three plants for Broccoli plants of each experimental plot were taken to
determine growth parameters (plant high, leaves number per plant as well as fresh and dry weight
of shoots) after 60 days. The yield parameters was masger at mature stage (Head weight (g/plant),
and head diameter).
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Celery plants : After 75 days from transplanting. samples of three plants of each
experimental plot were taken to determine growth parameters as follows: plant height (cm), leaves
number per plant, fresh weight, dry weight.

Broccoli and Celery Leaves contents of N, P and K (%) were estimated. Three plant
samples at the harvest stage of each plot were dried at 70 °C in an air forced oven for constant
weight. Dried plant samples were digested in mixture of HC1O4 and H2SO4 acids according to
the method described by Allen (1974). The contents of N, P and K were estimated in the acid
digested solution. Total nitrogen was determined by Kjeldahl method and Phosphorus content was
determined by colorimetric method according to the procedure described by Page et al., (1982).
Potassium content was determined photo-metrically using Flame photometer as described by
Chapman and Pratt (1961).

The chemical properties of different organic fertilizers illustrated in Table (2were estimated
according to FAO 1980 and Inbar ez al., 1993.

The statistical analysis:

Data were statistically analyzed using the analysis of variance method one way ANOV A with
SAS package software version 6 (SAS Institute, 1990). Tukey test was used to compare the
significant differences among means of the treatments at 0.05 level of probability, the procedure
described by Snedicor and Cochran (1981).

RESULTS

The effect of soil mulching and different organic fertilizers on soil temperature

The application of different organic fertilizers had no significant effect on soil temperature
. The results of organic fertilizers sources on soil temperature for both brocoli and celery were
neglected regarding to the high similirityresults. The main factor on soil temperature due to soil
mulching under the current study for both brocoli and celery during the two studied seasons.

Average soil temperature at 15 cm depth during the experimental two seasons illustrated
in (Fig. 1). The results indicated that applying the mulch by black polyethylene sheet 60 micron
increased soil temperature between 1.22 and 1.55 C° compared to bare soil. These findings are in
agreement with many other field studies El-Nerm, 2006; Singh and Kamal, 2012; Moursy et al.,
2015 which have confirmed the increment of soil temperature due to the greater absorb solar
radiation. However, the warmer soil temperatures can quicken seedling emergence and growth to
achieve the desired population structure at an earlier growth stage Zhou et al., 2009 in which
maximize the absorption of solar radiation and enhance the yield Li et al., 2013. Furthermore,
elevated soil temperature can be lethal for nematode and soil borne pathogens as well as many
weed seeds before its germination through solarization. Khan et al., 2003; Singh et al., 2007.
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Fig. 1: The average mean temperature under polyethylene compared to the control (bare soil)
in the studied 2015/2016 and 2016/2017 seasons.
I: 1st week; II 2nd week, III: 3" week; IV: 4th week.

The effect of soil mulching and different organic fertilizers on broccoli
Vegetative growth and yield

The effect of different soil treatments combined sources of organic fertilizer on vegetative
and yield parameters of broccoli are presented in table (4). Regarding to the effect of soil
treatments, plant high, leaves number per plant and fresh weight of shoots and yield parameters
(Head weight (g/plant), and head diameter) recorded the higher values with mulching compared
to bare soil. Whill, there was no significant different on the dey weight.

Conceming to the effect of different sources of organic fertilizer, added viermecompast
during soil preparation recorded the highest vegetative growth and yield parameters, while, rabbit
manure recorded the lowest value. Vermicompost presented significant positive effect on the
vegetative growth and yield of brocoli.

As for the interaction between soil treatments and sources of organic fertilizer in table (4)
data indicated that, mulching combined with viermecompast gave the heights values for all
vegetative growth and yield parameters. On the other hand, the lowest value were recorded with
rabbit manure combined with bare soil



326 'THEROLE OF AGRICULTURAL AND BIOLOGICAL ENGINEERING FOR ADVANCEMENT OF THE AGRICULTURAL SECTOR"

Table (4): Effect of different organic fertilizers and soil treatments on vegetative and yield
characteristics of broccoli.

Broccoli Organic fertilizer source
First season (2015/2016) Second season (2016/2017)
) Plant high (cm)
Soil treat.
R.M C.M V.C Mean A R.M CM V.C Mean A
Mulching soil 77.5b 82.5a 84.0 a 81.3A 74.2 ab 778 a 80.8 a 77.5A
Bare soil 67.5¢ 75.0 b 76.5b 73.0B 64.8 ¢ 66.5 bc 74.0 ab 68.4B
Mean B 72.5C 78.8B 80.3A 69.5B 72.1B 77.4A

Number of leaves

Mulching soil 25.0 be 25.7 ab 27.5a 26.1A 23.3 be 240a 25.7a 24.3A
Bare soil 22.8¢ 23.5be 24.6 be 23.6B 213¢ 22.0 be 23.0bc 22.1B
Mean B 23.9B 24.6B 26.1A 22.3B 23.0B 24.3A
Fresh weight (g / plant)

Mulching soil 1045.7 be 1241.7b 16753 a 1320.9A 1048.7 cd 1261.3 b 15133 a 1274.4A
Bare soil 900.3 ¢ 1228.0 b 12733 b 1133.9B 922.3d 1160.3 be 1236.0 be 1106.2B
Mean B 973.0C 1234.8B 1474.3A 985.5C 1210.8B 1374.7A

Dry weight (g)
Mulching soil 104.7bc 94.3 be 143.0a 112.8A 98.83 b 96.17 b 129.50a 108.17A
Bare soil 923¢ 104.7 be 114.3 ab 103.8A 95.33b 99.33 b 112.00 ab 102.22A
Mean B 96.7B 99.5B 128.7A 97.08B 97.75B 120.75A

Head weight (g)
Mulching soil 316.5d 347.5bc 396.5a 353.5A 291.0 cd 332.5b 367.7a 330.4A
Bare soil 289.7d 322.7cd 369.3 ab 327.2B 286.0d 294.7 ¢ 339.5ab 300.7B
Mean B 303.1C 335.1B 382.9A 279.5C 313.6B 353.6A

Head diameter (cm)

Mulching soil 12.7 de 14.4 be 153a 14.1A 125¢ 13.7b 11.8¢ 13.5A
Bare soil 123 ¢ 13.7 cd 14.5 ab 13.5B 11.1d 12.7 ¢ 13.7b 12.5B
Mean B 12.5C 14.1B 14.9A 11.8C 13.2B 14.0A

Rabbit manure (R.M), cattle manure (C.M), viermecompost (V.C)

Nitrogen, phosphorus and potassium content (%) of broccoli plants

The effect of different soil treatments combined and sources of organic fertilizer on
nitrogen, phosphorus and potassium content (%) in shoot of broccoli plants is presented in table
(5). Implement mulching gave the higher nitrogen, phosphorus and potassium content (%) in shoot
of broccoli plants compared to bare soil. On the other hand, added viermecompast recorded the
heights nitrogen, phosphorus and potassium content (%). On the contrary; the lowest values were
recorded with added cattle manure followed by rabbit manure with significant different between
them except in potassium content (%) there were no significant different between them.
Concering the interaction between soil treatments and sources of organic fertilizer, applied the
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combined between viermecompast and mulching gave the heights nitrogen, phosphorus and
potassium content (%). While, the combined between rabbit manure and bare soil gave the lowest
values.

Table (5): Effect of different organic fertilizer and soil treatments on nitrogen, phosphorus and
potassium content (%) in shoot of broccoli plants.

Broccoli Organic fertilizer source
First season (2015/2016) Second season (2016/2017)
Soil treat. Riogen C6)
R.M CM V.C Mean A R.M CM V.C Mean A

Mulching soil 1.86 be 1.91b 2.0l a 1.93 A 1.79 be 1.85b 1.97a 1.87 A
Bare soil 1.64 ¢ 1.75d 1.8 cd 1.73 B 1.56 ¢ 1.68 d 1.75¢ 1.66 B
Mean B 1.75C 1.83B 1.91 A 1.68 C 1.77B 1.86 A

Phosphorus (%)
Mulching soil 0.26 cd 0.28 be 0.32a 0.29 A 0.25cd 0.27 abc 0.3a 0.28 A
Bare soil 0.25d 0.27 bed 0.3 ab 0.27B 0.24d 0.26 bed 0.29 ab 0.26 B
Mean B 0.26 C 0.28 B 031 A 0.25C 0.27B 0.29 A

Potassium (%)
Mulching soil 2.52 be 2.58b 2.8a 2.63 A 247b 2.5b 2.69 a 2.55A
Bare soil 2.45d 2.46 cd 2.79a 2.57B 2.38¢ 2.36 ¢ 2.65a 2.46 B
Mean B 2.49B 2.52B 279 A 2.43 B 2.43 B 2.67 A

Rabbit manure (R.M), cattle manure (C.M), viermecompost (V.C)

The effect of soil mulching and different organic fertilizers on celery

Vegetative growth and yield

The effect of different soil treatments and sources of organic fertilizer combination on
vegetative and yield characteristics of celery are presented in table (6).

The effect of soil treatments, mulching gave the higher values for all vegetative growth and
yield parameters compared to bare soil.

Reffering to the effect of different sources of organic fertilizer, the highest vegetative
growth and yield parameters were estimated with applied viermecompast during soil preparation
followed by cattle manure. While, rabbit manure recorded the lowest value.

As for the interaction between soil treatments and sources of organic fertilizer in table (6)
data indicated that, adding viermecompast with mulching combination gave the heights values for
all vegetative growth and yield parameters. While, rabbit manure with bare soil recorded the lowest
values.
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Table (6): Effect of different organic fertilizer and soil treatments on vegetative and yield
characteristics of celery.

Celery Organic fertilizer source
First season (2015/2016) Second season (2016/2017)
Plant height (cm)

Soil treat.

R.M C.M V.C Mean A R.M CM V.C Mean A
Mulching soil 53.0 ab 52.7 ab 573 a 54.3 A 57.0 ab 56.7 ab 62.3a 58.7 A
Bare soil 443 ¢ 48.3 be 52.3 ab 483 B 48.3 ¢ 53.0 be 56.07b 52.7B
Mean B 48.7B 50.5B 54.8 A 52.7B 54.8B 59.5A

Number of leaves

Mulching soil 24.5 ab 24.3 ab 26.7a 252 A 26.7 ab 26.3 ab 28.7a 272 A
Bare soil 20.7¢ 22.7be 24.3 ab 22.7C 2.7c¢ 24.7 be 26.3 ab 24.6 B
Mean B 22.58B 23.5B 255 A 24.7B 255B 27.5 A

Plant fresh weight (g)
Mulching soil 1300.0 b 1522.0 a 1547.7 a 1456.6A 1347.7b 1590.0 a 1621.0 a 1519.6 A
Bare soil 944.7d 1028.3 ¢ 1061.0 ¢ 1011.3B 990.0 d 1124.7 ¢ ] 1((:);3.7 1074.6 B
Mean B 1122.3 B 1275.2A 1304.3A 1169.0B 1357.3A 1364.8A

Dry weight (g)
Mulching soil 91.0C 111.7b 122.7a 108.4 A 96.0 ¢ 117.0b 128.0a 113.7A
Bare soil 623 ¢ 69.7 de 74.7d 68.9 B 93¢ 773D e 79.0d 752 B
Mean B 76.7C 90.7 B 98.7 A 82.7C 97.2B 103.5A

Rabbit manure (R.M), cattle manure (C.M), viermecompost (V.C)

Nitrogen, phosphorus and potassium content (%) of Celery plants

The effect of different soil treatments combined and sources of organic fertilizer on
nitrogen, phosphorus and potassium content (%) in shoot of celery plants is presented in table (7).
Conceming the effect of soil treatments on the content of nitrogen, phosphorus and potassium
content (%) in shoot of celery plants data show that, mulching caused a significant increase in
nitrogen, phosphorus and potassium content (%) in shoot of celery plants as compared with bare
soil (control treatment). In addition, adding viermecompast recorded the heights values of nitrogen,
phosphorus and potassium content (%) in shoot of celery plants while rabbit manure gave the
lowest values. As for the interaction effect between soil treatments and sources of organic
fertilizer on the content of nitrogen, phosphorus and potassium (%) data revealed that, the heights
content of nitrogen, phosphorus and potassium content (%) in shoot of celery plant were recorded
with mulching combined with viermecompost. On the other hand, the lowest values of N, P and K
were recorded with rabbit manure combined with bare soil.
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Table (7): Effect of different organic fertilizer and soil treatments on nitrogen, phosphorus and
potassium content (%) in shoot of celery plants.

Broccoli Organic fertilizer source
First season (2015/2016) Second season (2016/2017)
Soil treat. Nitrogen (%)
R.M CM V.C Mean A R.M CM V.C Mean A

Mulching soil 1.01 cd 1.70 b 1.85a 1.52 A 0.99 cd 1.67b 1.81a 1.49 A
Bare soil 0.91d 1.14¢c 1.50 b 1.18 B 0.89 d 1.11¢c 1.47b 1.16 B
Mean B 0.96 C 1.42 B 1.68 A 0.94 C 1.39B 1.64 A

Phosphorus (%)
Mulching soil 1.06d 1.18 ¢ 142 a 1.22 A 1.26 ab 1.16 ab 1.39a 1.27 A
Bare soil 0.93 ¢ 1.14¢ 1.29b 1.12B 091 b 1.12 ab 1.26 a 1.10B
Mean B 0.99 C 1.16 B 1.36 A 1.08 B 1.14B 1.33 A

Potassium (%)
Mulching soil 3.40c¢ 4.13 ab 4.37a 397 A 3.33¢ 4.05 ab 4.28 a 3.89A
Bare soil 3.20¢ 3.88b 4.24b 3.77B 3.14¢ 3.80b 4.16 a 3.70B
Mean B 3.30C 4.01 B 4.30 A 3.23C 3.93B 422 A

Rabbit manure (R.M), cattle manure (C.M), viermecompost (V.C)
DISCUSSION

From all the resultues. Data indecated that, used viermecompost lead to incresing all vegetative
and yield characteristics as well as contents of N, P and K (%) of broccoli and celery. These
results may be attributed to the suitable root environment and more nutrient availability. These
results may be agreement with Azarmi et al. (2009), Pant et al. 2009, Reddy and Ohkura 2004,
Gajalakshmi and Abbasi 2002, Moghadam ef al. 2012 and Uma and Malathi 2009 they concluded
that leaf dry weight, chlorophyll content and number of leaves of cucumber (Cucumis sativus)
increased on vermicompost applications Furthermore, Alvarez and Grigera, (2005) stated there is
evidence that humic acids extracted from vermicompost stimulated increase in the number of roots,
giving the plant ability to scavenge nutrient from the growing environment for growth and
development. A promotion effect of vermicompost on chlorophyll contents might be attributed to
the fact that N is a constituent of chlorophyll molecule. Moreover, nitrogen is the main constituent
of all amino acids in proteins and lipids that acting as a structural compounds of the chloroplast.
Reddy et al. 1998 reported that addtition of vermicompost into vegetables crop field with N, P,K
nutrients could be very effective response on the growth of vegetables crops. The mineralization
of organic matter, decrease of soil pH by organic acids produced in vermicompost and increases
micronutrient complexes formation. Same results were obtained in several horticultural crops such
as tomato (Hashemimayjd, et al. 2004 and Gutiérrez-Miceli et al., 2007), pepper (Arancon et al.,
2005), garlic (Argiiello et al, 2009), aubergine (Gajalakshmi and Abbasi, 2004), strawberry
(Arancon et al.,2004), and green gram (Karmegam et al., 1999). As for the effect of mulching soil
the previous results in these study indicated that using mulch enhanced all vegetative and yield
characteristics as well as contents of N, P and K (%)of broccoli and celery. These results may be
due to, mulching increased soil moisture, organic matter contents leading to suitable environment
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for root penetration. Ghuman and sur. (2001) concluded that mulching decreases bulk density of
the surface soil. The soil organic matter increased due decomposition of applied mulch.
Applications of crop residue mulches increase soil organic carbon contents (Havlin et a/.1990,
Paustin et al. 1997, Duiker and Lal 1999, Saroa and Lal 2003). Lal et a/. (1980) and Khurshid et
al.(2006) concluded that organic matter was significantly higher when more mulch was applied.
Acharya and Sharma (1994) and Muhammad et al. (2009) observed that mulched treatments show
significantly greater total uptake of nitrogen, phosphorus and potassium than corresponding
unmulched ones. Aliudin (1986) reported that mulches conserved more soil moistures, enhances
vegetative growth and yield contributing characters of garlic.
CONCLUSION

The study offered multi option for using different organic fertilizer sources.  The
recommended under these study could be summerized as immplement soil mulching compined
vermicompos as an organic fertilizer to obtained the highest yield of broccoli and celery under
Egyptian condition.

The further objective of mitigate greenhouse gases (GHG) save environment, nutrient
resource and essential nutrients would achieved by vermicomposting technique implementation
on organic urban wastes. Vermicompost appears to be a promising substitute for organic fertilzers.
It is also a sustainable solution for management of organic wastes which are major source of
environmental pollution.
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Abstract

around the world. With decreasing continual prices of PV systems, it becomes

economically attractive and growing experience gained with the use of PV in the
agriculture activities, in turn obtaining a significant impact on rural development. The current
work aims to study the performance of PV system [power output, (Poupu), and conversion
efficiency, (npv)] to operate a developed standalone an electric solar tractor under two tilt angles
of PV panel (0 and 30°). Also, control circuits of brush DC motor based on pulse width
modulation (PWM) were designed, manufactured and evaluated. The designed system allows
controlling speed of the DC motor in both of forward and reversing direction. The obtained
results indicated that, the daily average (Pouput) of PV reaches about 1.95 and 2.15 kWh for 0 and
30° tilt angles, respectively. While the daily average of npy is about 13.2 and 13.3 % for 0 and
30° tilt angles, respectively. These results were corresponding to daily average insolation of
788.89 and 859.33 W/m? at daily average PV module temperature of 36.2 and 37.4°C for 0 and
30°, respectively. The experimental setup offers many advantages such as simple structure, low
cost, accurate, quite efficient, and light mass. This work is considered as a primary step for the
commercial use of a solar powered electric tractor for light service in the agricultural farm.
Keywords: tilt angle; electrical vehicle; solar modules; conversion efficiency, standalone
automated tractor.

: ; olar photovoltaic (PV) systems have shown their potentiality in its usage rural projects

INTRODUCTION

Electric and hybrid engines are the ancestors of modern power sources, and will likely be
the descendants of them as well. Advanced technology, along with the desire to improve efficiency
and functionality of current vehicles will likely lead to near and long-term development of hybrid
electric vehicles (HEV). The Energy Storage System (ESS) is the most important challenges for
development of HEVs. In this relevant power density, energy density, and cost deem typically are
the three most important considerations. So, the ESS design rely or depending on the electric motor
selection, the vehicle's power electric range requirement, space and weight constraints, safety,
recharging, and cost considerations.

Renewable energy sources (RES) are friendly with the environment. In turn, optimal use
of these resources minimizes environmental stresses, produce minimum secondary wastes and are
sustainable based on current and future economically social needs. Sun is the source ofall energies
and the primary forms of solar energies are heat and light. Sunlight and heat are transformed and
absorbed by the environment in a multi ways.
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Renewable energy technologies offer an excellent opportunity for mitigation of greenhouse
gas emission and reducing global warming through substituting conventional energy sources
(Panwar et al., 2011).

The renewable energy is the primary, domestic and clean or inexhaustible energy resources
(Dincer, 2001 and Bilgen et al., 2004). RESs are also called alternative energy sources. As
concem, RES represents 14% of the total world energy demand (UNDP, 2000). The share of RESs
is expected to increase very significantly (30-80% in 2100) (Fridleifsson, 2001).

Renewable energy system development results in improving energy supply reliability and
organic fuel economy; increasing the living standers population; ensuring sustainable development
of the remote regions in the desert areas; implementing of the obligations of the countries about
fulfilling the international agreements relating to environmental protection (Farhad et al., 2008;
Sims, 2004 and Zakhidov, 2008).

Increasing consumption of fossil fuel to meet the current energy demands alarm over the
energy crisis generating a resurgence of interests in promoting renewable alternatives to face the
developing world’s growing energy needs (Youm et al., 2000, and Horst and Hovorka, 2009). To
monitor emission of the greenhouse gas emissions signed made to comply the overall pollution
prevention targets, the Kyoto Protocol agreement (Holm-Nielsen, et al., 2009). Sustainable
development requires methods and tools to measure and compare the environmental impact of
human activities for various products (Dincer, 2001).

Electrical energy is the pivot of all developmental efforts in both the developed and the
developing countries because conventional energy sources are finite and fast depleting (Okoro and
Madueme, 2006). In the last decades, energy related problems are becoming more and more
important and involve the ideal use of resources, the environmental impact owing to the emission
of pollutants and the consumption of conventional energy resources (Stoppato, 2008).

The power output of the PV module depends on number of cells that make the module,
type of cells, total surface area of the module, solar radiation, module temperature, wind velocity,
etc. The electric drive systems used in industrial applications are increasingly required to meet
higher performance and reliability requirements. The DC motor is an attractive piece of equipment
in many industrial applications requiring variable speed and load characteristics due to its ease of
controllability (Thakare and Kompelli, 2014).

With regard to the DC motors, there are attempts to control the motor speed either by a
variable resistor or variable resistor connected to a transistor. While the latter approach works well
but it generates heat and increase waste power. The use simple pulse width modulation (PWM)
with DC motor eliminates these problems. It controls the motor speed by driving the motor with
short pulses. These pulses vary in duration to change the speed of the motor. The longer the pulses,
the faster the motor turns, and vice versa (Hughes, 2006).

The current study was intended to develop a stand-alone solar electrical tractor for light
service in the agricultural field. The capability of a solar PV system as the main source of power
to operate a developed automated tractor was investigated. Several control circuits were designed,
manufactured and used to control the motion of the developed tractor. The developed solar
powered automated tractor (SPAT) is a multipurpose, integrated energy system for a series of
services, which include energy storage, power production on demand. The main advantage is to
reduce the pollution derived from fossil fuels (traditional fuel) by using renewable energy and
automated control. The power output, (Pouput), and conversion efficiency (npv) for solar module
as input to a stand-alone solar tractor at two tilt angles of PV panel and different time of the day
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corresponding to weather conditions were studied as the main target of this investigation. The
control circuits were simulated and evaluated.

MATERIALS AND METHODS

The experimental setup was designed, manufactured, assembled and evaluated in Rice
Mechanization Center at Meet El-Deeba, Kafr El-Sheikh Govemorate, AEnRI, ARC, Egypt,
which locates at latitude 31.07°N and longitude 30.57°E.

To carry out this study, five stages of work and testes have been done as follows:

I) Constructing a suggested light vehicle representing a solar powered electrical tractor to
suit light services; II) Investigating the performance of PV system at 0° and 30° tilt angles facing
south stationary positions; III) Simulating all control circuits to determine all electronic component
values such as resistors and capacitors included in PWM application; IV) Carrying out the
preliminary experiments to check and to explore, and overcome the associated mechanical and
electronic problems, and V) Investigating the performance of the developed solar powered
automated tractor (SPAT) for light service viz spraying operation under local Egyptian conditions.
Constructing the targeted SPAT:

Main frame (chassis):

The main frame was made from steel beams have C (channel) section of 7.5 x 4 x 0.5 cm
to carry the components of the SPAT. It has 80 cm vertical clearance above the ground surface to
avoid plant damage. After finishing the main frame, the following components were attached Fig.
1.

Fig. 1: The main frame of the SPAT.

Traction Motor:
A DC brush motor was used as a power source for forward and reverse tractor motion. The
specifications of that motor are follows:

Model MO213
Power, W 900
Voltage, Vdc 24
Current, A 25
Output, rpm 220
Protection class IP 54
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Power transmission system:

Two sprockets were connected by a chain and used for speed reduction. First sprocket has
13 teeth and fixed at motor rotor, while the other has 38 teeth and fixed at differential unit as shown
in Fig. (2a). Fig. (2b) shows A HALAWA tricycle differential device (corona) which used to
transmit the power to tractor rear wheels. The speed reduction ratio between in and out is 2.5:1.
The differential unit is connected to the transmission system by a universal joint. A special pair
wheels were used as the rear wheels of the SPAT in order to provide the forward and reverse
motion. The distance between tractor wheels is adjustable for both front and rear axes from 130 to
170 cm which is suitable for common row crops.

13 teeth sprocket
38 teeth sprocket ) i (b)

Universal joint

(a)

Fig. 2: The transmission devices (a) and differential system (b).
Steering System:

A pair of front wheels belong to a rice transplanter equipped with manufactured axes was
used and connected to two vertical axes ended by two similar sprockets and both were equiped on
a horizontal beam which has three holes. Both horizontal beams were inserted within a rectangular
cross-sectional steel pipe having the same three holes on both sides. This steel pipe was pivoted
on the tractor frame at the center point to have the capability to cope with the off-road situations.
A DC motor was used as a source of power for the steering mechanism and controlled by a racer
steering wheel model YAW 500 which send the signals to the steering motor through a
microcontroller circuit. The motor was fixed on one link of PEUGEOT scatra to convert the
circular motion to linear motion for the left wheel vertical axe. Then motion transfer to the right
wheel was terminated by the two similar sprockets fixed on two wheels vertical axes and connected
by a chain.

PV system:

A PV module having the electrical and technical data presented in Table 1. It was fixed on
a rectangular steel metal 100 cm width and 200 cm length. The frame was made of angle steel of
2.54cm width and 0.3cm thickness. This frame has the capability to change the module tilt angle
and was attached to the main frame as illustrated in Fig. (3). However, two tilt angles (0 and 30°)
were selected to be under investigation in the present study.

Under field conditions, the output power is logically less than the rated peak power.
Therefore, the new PV powered light service tractor will be evaluated under field conditions.

The main block diagram showing the energy flow of the developed SPAT is shown in Fig.
(4). The block diagram of control circuits is shown in Fig. (4). The microcontroller PIC18f4550
was used as the dominate and linking component of the control circuits.



"THE ROLE OF AGRICULTURAL AND BIOLOGICAL ENGINEERING FOR ADVANCEMENT OF THE AGRICULTURAL SECTOR" 349

Pesticide tank

N

Nozzle boom

7

Steering wheel

|

Steering motor

™ Traction motor
.

Front wheel - Rear wheel
Fig. 3: Photograph of the developed SPAT
Table 1: Electrical and technical data for the PV module.
Model IS4000P
Pmax, W 300
Imp, A 7.90
Isc, A 8.58
Voc, V 453
Vmp, V 37.9
Solar cells efficiency, % 17.2
Modules efficiency, % 15.54
NOCT, °C 45
Maximum system voltage, V 1000
Temperature range, °C -40 to +85
Hail resistance, mm/km/h up to 25 /90
Relative humidity, % up to 100
Dimensions, mm 1960 x 985 x 45 (£2)
Dimensions of laminate, mm 1952 x 977 x 5 (£2)
Weight, kg 27 framed — 24 laminates
Power tolerance, % +3
Surface load, kg/m?2 550
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Photovoltaic

!

Charge controller |[<=—j»| Batteries

v v v

Traction motor Steering motor Additional loads

Fig. 4: Block diagram of the energy flow.

Steering wheel Temp. sensor # Additional loads
Laptop +—P Main drive » Steering motor
Speed control device »| Traction motor

Fig. 4: Block diagram of control circuits.

Two solar batteries of 12 VDC/55Ah were connected in series to get 24 VDC output and
used for storing of power generated by the PV module during daytime to meet the load
requirements. The batteries were charged fully before starting the work. For electrical connections,
a 50 mm? cross sectional area cable was used to keep the voltage loss from the PV module and
battery less than 0.5%.

The conversion efficiency, 1pane (the efficiency with which the solar energy is converted
into electrical energy by solar cells) can be computed as the ratio of maximum output power
delivered by the PV panel to the total incoming solar power at a given cell temperature. The
conversion efficiency is used to evaluate the PV performance as follow (Tiwari and Dubey,
2010):

Npv = Pmax/Pin = [(Imax % Vinax)/(Ins x A;)] x 100 (1)
The PV input power (Pin, W) to the system is given by the following Eqn.:
Pin=1Ins x A ()
Where:
Inax and Vi = The current and voltage for maximum power, respectively measured at ambient
temperature.
Ins = Incident solar radiation on the PV surface, W/ m? and 4. = Surface area of the PV module,
m°.

A Charge controller model (Solarix PRS 3030) was used to regulate the energy storage to

the batteries or in other words to control the energy flow between the appliance load and batteries.
Also, the charge controller protects the batteries from over charge or deep discharge.
SPAT assembly: The developed components of SPAT were assembled and equipped with a 600
liters fiberglass tank and a nozzle boom frame as shown in Fig. (3). In addition, a control system
was developed and attached to the assembled unit as well. The control system details are
illustrated in the following sections.
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Speed control device for traction motor: Pulse width modulation (PWM) technique was
employed to develop the speed control device. PWM is the technique of using switching devices
to produce the effect of a continuously varying analogue signal accompanied with very high
electrical efficiency.

For the current study and to develop the suggested speed control drive a one chip
TL494CN, 3 MOSFETs RFP70N06 and 2 Diodes MUR1560 were used. Figs. (5 and 6) indicate a
schematic diagram and a photograph of designed speed control device.

A simulation procedure was conducted using NI Multisim simulation program to determine
the required characterists of resistors and capacitors. The simulation proved that, this device offers
the flexibility to tailor the power supply control circuit to a specific application, as well as.
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LM7812 voltage regul ator

High Frequency diode

RFP70N06 —
power MOSFT

Fig. 6: A photograph of the designed speed control device.

PWM is controlled by TL494 which has the advantage that can be controlled by using the
on-off frequency of 500Hz, with the rise and fall time of 10us. Finally, the speed of the traction
DC motor was controlled by a turn potentiometer VR1 which can be fixed as internal part of a
pedal system to work as an accelerator.

Duty cycle and frequency

The device signal is switched on and off with a given period and is in the “on” state at
voltage Vo, for a fixed fraction of them period. This “on” time is referred to the “duty cycle” and
is stated as a percentage. The duty cycle and PWM frequency are calculated as follows (Rashid,
2014):

Duty Cycle (%) = 2P 100
uty Lycte L) = Period1
PWM Frequency = Poriod

Operating system:

Fig. (7) shows the flow chart of the application program for the SPAT. Two scenarios were
suggested to operate the SPAT. First is the manual operation through laptop monitor or the steering
wheel. The second is the automated one in which a restoring process is done according to a
previously recorded process. The following paragraphs illustrate these scenarios.

Developing the application software program

Visual basic programming language (VB.net 2013) was used to develop the suggested
application program as designed in Fig. (8). The developed software program was created for
operating and monitoring the SPAT as well as storing and restoring data. The program has the
feature that it can be used for manual operation through some buttons or automatically according
to a previously stored process. Fig. (8) shows the application program interface as it appears on
the laptop screen.

Manual operation through laptop:

At this point four commands which indicate the four general directions forward, backward,

right and left could be executed with help of the application program interface (Fig. 8) and pressing
the suitable button on the keyboard or by a mouse as illustrated in the following cases.
Forward and backward movement: by pressing the forward or backward buttons the laptop sends
signal to the microcontroller through USB port then the SPAT moves forward or backward. To
stop the forward or backward movement, the invers button, i.e. backward or forward, respectively
should be pressed once.
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Turning movement: to turn the SPAT to right or to left direction the right or left buttons should be
pressed continuously then the laptop sends a signal to the microcontroller through USB port which
leads the SPAT to turns right or left till stop pressing. Then the SPAT stops turning right or left
and continue moving in the last position.

Manual operation through steering system:

As mentioned before there is a steering system which consists of a stick for forward and
backward movement in addition to a steering wheel for turning right and left movement. However,
the steering system sends commands to laptop through USB port and the last sends it to the
microcontroller as mentioned in the previous section.

Automated operation by restoring a previously stored action:

Storing process: the time and direction of movement will be stored through any of the previously
mentioned manual methods by pressing the record button before running. To stop storing the stop
button should be pressed.

Restoring process: to restore and activate a recorded process, the restore button should be pressed
when the SPAT located at the same starting point as it was in the storing process.

In case of attaching loads with the SPAT:

Different attaching loads with the SPAT require an appropriate constant forward speed
corresponds to each load. This can be done by pressing one of the different load levels buttons A,
B, C and D. However, load levels A, B, C and D could be rested before each specific light service.
Main measurements:

Solar radiation (MJm™?) was measured at the same level of the PV panel using a
thermoelectric pyranometer (identification No. 8-S-1-2, Make of TWC Tokyo, total accuracy of
+5%). The DC open circuit voltage (Voc, V), load voltage (Vi, V), short circuit current (Is., A) and
load current (I, A) of the PV panel were measured with the help of Unit-T multimeter, Model
DT830B.

The ambient air temperature (Tamb, °C) and PV panel temperature (Tp, °C) were measured
using calibrated T type copper—constant thermocouples (range of —200°C to 1250°C, accuracy of
+1°C) that were connected to a digital record. A van-type anemometer (0.4-30m/s, accuracy of
+0.1m/s) was used to measure wind velocity.

PV module temperature was measured at five locations on the back side of the module.
Investigation of the performance ofthe PV system at 0° tilt angle was conducted throughout 5 days
from 10" to 14™ March 2014 and the average was determined. As well as performance at 30° tilt
angle was conducted throughout 5 days from 20 to 24™ March 2014 and the average temperature
was determined. Also, PWM signals were analyzed by digital storage oscilloscope model TPS2014
(rang of 100 MHz and 200 MHz Bandwidths).
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Fig. 7: The flow chart of the application program for the SPAT.
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Fig. 8: Application program interface between embedded system and user.
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RESULTS AND DISCUSSION
Weather conditions of the experimental site:

Weather data of the experimental site indicated that, the accumulated daily average solar
radiation was ranged from 21.4 to 23.9 MJ/m?per day (from hour 9:00 to 17:00) for tilt angles 0°
and 30° respectively. While the daily average wind speed was ranged from 1.2 to 3.1 m/s
throughout the experimental period of all treatments. The average of higher and lower recorded
ambient temperatures were 30.1 and 19.1°C, respectively at 30° tilt angle and were 30 and 22°C,
respectively at 0° tilt angle as shown in Figs. (9 and 10).

Performance of the PV system:

The performance of the PV system in terms of output power (Poyspye), efficiency (npy),
open circuit voltage (V¢), short circuit current (I g¢) and PV module temperature (Tpy ) along with
the impacted weather conditions namely solar radiation, wind speed and ambient temperature as
illustrated in Figs. (9 and 10) for both of 0° and 30° tilt angles, respectively. To declare the
performance of the PV system, the module was fixed at 0° and 30° tilt angles and each tilt angle
was investigated under a stationary situation of the SPAT. The output power (Pyytpyt ), cOnversion
efficiency (npy), open circuit voltage (Vy ), short circuit current (I ) and PV module temperature
(Tpy), were determined and evaluated.

Power output

Also, figs. (9 and 10) show the variation of output power (Pouput) of the PV module along
with solar radiation; module temperature, (Tpv), and wind speed at the recorded hour of the day
for 0° and 30° tilt angles, respectively.

It is cleared that the (Pouput) is proportional to solar intensity (Sins). The analysis of recorded
data indicated that, the output power of solar module changed significantly with solar radiation.

The maximum Pouput 0f 265.5 and 301 W were recorded at noon (13.00 h) for 0° and 30°
tilt angles, respectively. The reason for that may be due to, the generated Is. was increased more
than the drop-in voltage.

The daily accumulated energy output was about 1.93 and 2.3 kWh/m?/day for 0° and 30°
tilt angles respectively. It is clear that, the daily energy output for 30° was higher than 0°, and this
may be due to the insolation falls mostly at low incident angle with respect to the PV module.
While in case of 0°, there are some reflections because insolation falls with angle to the PV module.
Therefore, angle of 30° is considered as the optimal tilt angle for PV module. As shown in Figures
10 and 11, the higher values of Poupu Was observed around noon and tend to have lower values at
the morning and afternoon. However, as it was expected this behaves the general trend of the solar
radiation.

Open circuit voltage and short circuit current

The variation of the detected open circuit voltage (Voc) and short circuit current (Isc) of
solar module was illustrated in Figures 10 and 11 as well. The recorded data indicated that, the Vo
changed significantly with hour of the day along with the ambient temperature (T.mp) Which
directly affects the module/panel temperature, then indirectly affects the Voc. The maximum open
circuit voltages were observed at the morning and late afternoon when the module temperature
was lower. This is in agreement with that observed by Onyegegbu (1989); Eltawil and Imara
(2005) and Eltawil (2012).

The short circuit current (Is) is directly proportional to solar radiation. It increases with
increasing solar radiation due to the increase in the number of photons generating the photo current,
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in addition to the perceptible improvement in I with the increase in module temperature (Shaltout
etal., 1995, and Eltawil, 2012).
PV conversion efficiency

The hourly variation of conversion efficiency (npy) for PV module is illustrated in Figures
10 and 11. It was observed that the conversion efficiency is relatively high during the early and
late hours of the day, while the low values were recorded at noon as a result of the adverse thermal
effect of solar radiation. Accordingly, the conversion efficiency is inversely proportional to the
module/panel temperature. The daily average PV conversion efficiency was 13.2 and 13.3 % for
0° and 30° tilt angles, respectively, which corresponding to daily average solar radiation about 7.1
and 7.55 kWh/m?*d and PV module temperature about 40.6 and 43.7 °C for 0° and 30° tilt angles,
respectively.

Fig. (11) indicates the hourly variation percentage of Tpv, Voc, Isc, Pouput and npv due to
increasing PV tilt angle from 0° to 30°. Referring to the trendlines of the change percentage and
as it was expected that both I and Poupue of PV module increases by increasing solar radiation
with positive change. At the same time, one can conceive an almost stable trend for the change
percentage of Tpy and V.. Regarding to the PV efficiency (npv), it has a decreasing behavior of
the change percentage with increasing the solar radiation due to change tilt angle from 0° to 30°,
It can be concluded that the tilt angle of 30° revealed an advantage in the performance compared
to 0°. It should be mentioned here that; the obtained results were recorded at stationary conditions
of the SPAT. However, the tilt angle of 0° was selected to evaluate the performance of the SPAT
under a light duty operation to overcome the expected turning and change the direction of motion.
While, the tilt angle of 30° can be used at rest or off time to enhance the batteries charging process
to meet the load requirements.

Speed control device output:

The circuit of the speed controller which mainly consists of a TL494 pulse width modulator
(PWM) and three MOSFETSs was designed, constructed and used to control the DC motor drive.
The prototype for this circuit is simulated using NI Multisim simulation program as mentioned
above. Resulting in the motor being powered for a greater portion of each cycle. Fig. (12) shows
the no load voltage waveform on the output terminals with 0%, 10%, 20%, 35%, 50%, 65%, 80%
and 100% PWM on the operation, respectively.

Analyzing waveform indicates that, frequency value was fixed at 500 Hz that means no
change at voltage requirement so change duty cycle means change current requirement. i.e. motor
speed refers to voltage while torque refers to current. The base frequency of the generated PWM
signal is 500 Hz, which means the time period is 2 ms (2000us) (Thakare and Kompelli, 2014).
The frequency is kept constant to generate exactly the same inverted PWM as is generated by the
TL494.

The width of the pulses increases but the frequency is constant at 500 Hz. Increasing the
frequency led to decrease the impedance. Therefore, the high frequency is used in order to decrease
the impedance of the motor and keep the current of the motor almost constant without change.
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Fig. 9: The PV module output power (Ppy¢py¢ ), conversion efficiency (npy), open circuit voltage

(Voc), short circuit current (I g-) and module temperature (Tpy) along with the impacted
weather conditions at 0° tilt angle.
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(Voc), short circuit current (I g ) and PV module temperature (Tpy ) along with the impacted
weather conditions at 30° tilt angle.
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Fig. 11: Hourly variation percentage in Tamb, Tpv, Voc, lsc, Pouput and NPV due to increasing PV tilt
angle from 0° to 30°.

The desired speed can be obtained by changing the duty cycle. The PWM is used to control
duty cycle of DC motor drive. Power is supplied to the motor in square wave of constant voltage
but varying pulse-width or duty cycle. Duty cycle refers to the percentage of one cycle during
which duty cycle of a continuous train of pulses. Since the frequency is held constant while the
on-off time is varied, the duty cycle of PWM is determined by the pulse width. Thus, the power
increases duty cycle in PWM (Shrivastava, et. al., 2012). This contributes to higher motor speed
at 100 % duty cycle compared to lower duty cycle.

As mentioned above there is a variable resistance was fixed on speed pedal to be used as
SPAT accelerator. This variable resistance (variable speed) was calibrated at different duty cycle.
The obtained results indicated that, there is a liner relationship between resistance and duty cycle
as shown in Fig. (13). These results can be used when the operator of SPAT need to operate his
system with specific field capacity.

It should be noted that the testing the solar tractor without load and under load will be discussed
in another paper. This is a beging step for the design of the solar tractor.

CONCLUSION

An experimental investigation was carried out to evaluate the solar PV system as main
source of power to operate a developed light service automated electric tractor. In addition, a
control circuits were designed and used to control the DC motor drive. The performance of this
system depends on various conditions such as: weather condition, PV module, charge controller,
batteries, DC motor, power transmission system, driving system, etc. The PV system performance
was evaluated at two tilt angles namely 0° to 30°.

The zero-tilt angle was selected because the tractor moves in different direction in the field.
The 30° tilt angle may be adapted for charging the battery when the tractor is in standing position
(Rest) or moving in straightway long period. Experimental data were obtained continuously during
daytime at various conditions to examine the electrical performance of this system.
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The results obtained from the study indicated that the observed solar radiation is sufficient

to run the electrical tractor. The maximum average PV module power output was 268 W at tilt
angle 30°. The daily average energy output was 2.3 kWh/d for 30° tilt angle. The daily average PV
conversion efficiency was 13.3% at 30°. There is a liner relationship between duty cycle and motor
speed at no-load, and motor speed was varied from 0 to 100% speed ratio.
The output power of solar module changed significantly with solar radiation. The maximum Poutput
of 265.5 and 301 W were recorded at 13.00 h for 0° and 30° tilt angles, respectively. The daily
accumulated energy output was about 1.93 and 2.3 kWh/d for 0° and 30° tilt angles respectively.
The daily average PV conversion efficiency was 13.2 and 13.3 % for 0° and 30° tilt angles,
respectively.

The proposed speed controller circuit based on PWM was validated experimental. In
operation mode OV (or 0 pulses) will give 0% PWM duty. Increasing duty cycle from 0 to 100%
will increase motor speed at same load by adjusting the potentiometer. Results indicated that the
frequency was 500 Hz, period time 2ms and rise time 1.58ms during all potentiometer values.

To reach to the maximum efficiency of the PV system powered electric tractor and
minimize the effect of the design and environmental parameters, an optimization study must be
carried out on different loads and agricultural services.
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APPLE SLICES PROPERTIES AFFECTED BY
DIFFERENT DRYING METHODS

KESHEK, M. H." , M.N. OMAR," and A.A. SAMAK"

*Agriculture engineering lecturer, Agriculture faculty, Menoufia University.

Abstract

hiswork conducted to study the effect of air-drying temperature in oven dryer and solar
I drying systems on some physical and mechanical properties of apple slices. The oven dryer
was conducted at temperatures, 40, 50, 60, 70 and 80 °C, meanwhile, the solar drying
systems were conducted at direct dryer with solar collector (D.C), direct dryer without solar
collector (D), indirect solar dryer (IN.D) and glass cabinet dryer (G).The Apples were cut to slices
with thicknesseswere 5, 10, 15 and 20 mm, and dried by different dryers.Apple slice with thickness
Smm take the lower drying time 7 hours when dried in oven dryer at 80°C. the apple slices with
thickness Smm had the lest total color changes (AE) 10.6 and 11.9 when dried in the oven dryer at
temperature 60°C, and indirect solar dryer, respectively. The highest total color changes (AE) 29.7
and 28.3 occurred when apple slices with thickness 20mm dried in the direct solar dryer with solar
collectorand oven dryer with temperature 80°C, respectively. The apple slices with thickness Smm
had the lower firmness 0.72 kg/cm*when dried using the oven dryer withtemperature 40°C,and the
higher firmness 1.94 kg/cm?occurred when dried the apple slice with thickness 20mmwhen dried
using the oven dryer withtemperature 80 °C.

Keywords: Apple, Color, Firmness, Drying, Solar
INTRODUCTION

Drying operations are important steps in the chemical and food processing industries. The basic
objective in drying food products is the removal of water in the solids up to a certain level, at
which microbial spoilage and deterioration chemical reactions are greatly minimized. The wide
variety of dehydrated foods, which today are available to the consumer (snacks, dry mixes and
soups, dried fruits, etc.) and the interesting concern for meeting quality specifications and energy
conservation, emphasize the need for a thorough understanding of the drying process (Krokida et
al.,2003).

Apples are one ofthe leading fruits produced in the world and apples plantations are cultivated
all over the world in many countries. Apples play a significant role in diet as they contain
appreciable amount of carbohydrate (12—14%) and about 0.1-0.3% proteins. Approximately 80%
of carbohydrates present are the soluble sugars, sucrose (about 2%), glucose (2.4%), and fructose
(6.0%). The total fiber content is about 2%. Apples also contain vitamins C and A and important
minerals namely calcium, iron, magnesium, phosphorus, potassium, sodium, and zinc (Sinha,
2006).

Apple drying is a highly energy-consuming process. Also, the drying methods have significant
effects on the dried apple quality such as nutritional values, color, shrinkage and other organoleptic
properties. So far, many works have been performed to study hot air, tray dryer with and without
air circulation, fluidized bed, and superheated steam drying of apple pieces of various shapes
(Wang et al., 2007).

Color is one of the most important quality components of fresh fruit and vegetables. Fruit
ripening is a complex, genetically programmed process that culminates in dramatic changes in
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texture, color, flavor and aroma. For instance, the characteristic pigmentation of red, ripe tomato
fruit is the result of the de novo synthesis of carotenoids, mainly lycopene and p-carotene, which
are associated with the change in fruit color from green to red as chloroplasts are transformed to
chloroplasts (Pék et al. 2010).

Browning in foods is of two types: enzymatic and non-enzymatic. Enzymatic browning is one
of the most important reactions that occur in fruits and vegetables, usually resulting in negative
effects on color, taste, flavor, and nutritional value. It is a consequence of oxidation reaction of
polyphenols catalyzed by polyphenol oxidase enzyme, which facilitate the conversion of phenols
to the brown pigment melanin in an oxidation reaction (Guerra et al., 2010).

Color is one of the most relevant attributes with respect to the quality of dried foods (Bonazzi
and Dumoulin, 2011).

Other than browning, many reactions can affect color during thermal processing of fruits and
vegetables. Among them, the most common is pigment degradation, especially carotenoids and
chlorophyll and chemical oxidation of phenols and ascorbic acid. Chemical changes to carotenoids
and chlorophyll pigments are caused by heat and oxidation during drying. In general, longer drying
times and higher drying temperatures produce greater pigment losses. Other factors affecting color
include fruit pH, acidity, fruit cultivar and heavy metal contamination (Mongi, 2013).

Firmness of horticulture products, as measured by mechanical methods, is frequently used to
determine their maturity and ripeness (Deell et al., 2001).

Firmness is a good measure of maturity and for many fruit, including apples and pears it is also
used as a measure of eating quality. However firmness in the laboratory does not invariably
translate into good mouth-feel or texture. It is a complex phenomenon based on the physical
characteristics of cells. The cell walls of apple and pear flesh are composed of cellulose that
provides strength and pectin substances that make contact with adjoining cells and confer
flexibility. This flexibility is essential during fruit development as cells expand and fruit grow
larger. These pectin substances are solubilized as fruit ripen causing a loss of cohesion between
cells and so affecting general fruit firmness and juiciness (Travers, 2013).

The objective of this studywas to find the effect of oven dryer with airdrying temperature and
solar drying systems on some physical and mechanical properties of apple slices.

MATERIALS AND METHODS

Four identical solar drying systems designed and manufactured by(Mohamed, et al.
2010)in the Faculty of Agriculture, Menoufia University and installed on the roof of Agricultural
Engineering Department at latitude (30°) The main components of each drying systems were
(Solar collector, Drying chamber, Drying trays, Chimney) as shown in Fig.1.These components
were combined with each other’s to configure the different solar drying systems.Thesesolar
drying systems were direct solar dryer with solar collector (DC), covered the drying chamber with
black plastic sheet as indirect solar dryer with solar collector (IND), drying chamber with glass
as direct dryer without collector (D), and drying chamber designed in the same sizes the previous,
with sides change from wood to glass and the glass thickness in 3mm(G). These solar dryers
worked in the same time.
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Fig. 1: Schematic diagram of solar drying system (Dim. In cm).
Electric thermal oven dryer:
The specifications of electric oven dryer can show in the Table (1)

Table (1) Specifications of electric oven dryer
Country of manufacture German-made
Model Rumo-10878
Using Drying experiments.
Outside dimensions (W*H*D) 80*70*60 cm.
cavity Dimensions (W*H*D) 50*60*50 cm,
Shelves Three which put the matter on it
Input power 1500

Apple (Volos) were purchased from a private farm at the city Ashmoun, Menoufia, were
stored in the refrigerator at a temperature of 4° °oCfor one day, apple were washed, peeland cut
normally into slices with thicknesses 5, 10, 15,20 mm.

The moisture content of initial applewas determined according to Awady et al.,(1993) by
drying the products in an electrical oven at 70°C for 24 hours.

Surface colour of both fresh and dried apple was measured using aWR-10 Colorimeter to
obtain the colour values, which measures three parameters: lightness (L), redness (+a) and
yellowness (+b), Fig. 2.

The total colour difference (AE) and browning index (Bi)were then determined using the following
equations:

AE = /(AL)? + (Aa)? + (Ab)? )
Bi — [100(x—0.31)] (2)
0.17
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— (a+1.75L) (3)
(5.645L+a—3.012b)
The fresh apple used as the reference and a higher AE represents greater colour change
from the reference material (Kamil, 2006).
Lower AE show good quality of the apple while the raw apple data tacked as the reference
(Tarik, 2007).
Digital instrument Fruit firmness Tester, FHT-1122 Fig. (3) Its armature diameter 7 mm
pressed on apple slices by deeply 0.5 cm.
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Fig2: WR10 Fig. 3: Photographic of
PortableColorimeter penetrometers.
RESULTS AND DISCUSSION

In order toachieve the goals of this research, some drying characteristics and some
properties of apple slices (color and firmness) werestudied, and we can clear the results of this
study as follow,

Figs. 4(a, b, ¢, d) show the variations in moisture content of different apple slice thickness
as a function with drying time at various drying air temperatures.

Results accentuate the initial moisture content 86 % (wet base) decreases continually with
drying time. Drying curves illustrate the drying air temperatures and slices thicknesses had a major
impact on the moisture content of the apple slices. In other words, as increasing the drying air
temperature and decreasing of apple slice thickness lead to drying time decreases to reach
equilibrium moisture in the different drying methods.

The drying time to reach equilibrium moisture content of the apple slice thicknesses of 5
mm were 26, 20, 11, 9 and 7 hours at the drying air temperatures of 40, 50, 60, 70 and 80°C,
respectively. Corresponding values for the apple thickness of 10 mm were 32, 25, 16, 14 and 12
hour at the same drying air temperatures, respectively. Meanwhile, results show that the drying
time varied from 37 to 19 hours for apple slices thickness of 15 mm and from 47 to 24 hours at the
apple slices thickness of 20 mm.

Data illustrated that increasing the air temperatures from 40° to 80°c decreased the drying
time by about 73%, 62.5%, 48.6%, and 48.9%, at the apple thickness of 5, 10, 15, and 20 mm,
respectively.

The decreasing in drying time of apple slices with increasing the drying air temperature
has been observed by (Ramaswamy and van Nieuwenhuijzen, 2002)and(Wang and Chao, 2002).

The increasing in drying time with the increase in the slices thickness due to increase
moisture transmission distance and increase the surface area exposed with constant diameter.
Similar results have been noted by (Wang and Chao, 2002) for apple slices.
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Fig.4: Moisture content curves of dried apple sliceswith drying time oven at different
temperatures and different thicknesses.

Figs. 5(a, b, ¢, d) describe the variations in moisture content of apple slices as a function
with drying time in different solar drying systems. The drying time to reach the final moisture
content of apple slices thicknesses 5, 10, 15 and 20 mm in the direct solar dryer with solar collector
were 12, 18, 24 and 32 hour, respectively. The similar results were obtained for the glass dryer
chamber system; this is due to the convergence of the temperature inside the drying chambers.

Meanwhile, results show that the drying time varied from 34 to 14 hours in the direct dryer
without solar collector system and from 42 to 18 hours for the indirect system at the all apple slices
thicknesses.
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Fig.5: Moisture content curves of dried apple sliceswith drying time in solar drying
systems for different thicknesses.

From, the value of (L) was change from 68.5 of apple slices thicknesses 15mm and drying
air temperature 50°C (this is the lowest value in change compared to the fresh sample) to 48.7 of
apple slices thicknesses 20mm and drying air temperature 70°C (this is the highest value in change
compared to the fresh sample).

The value of (a) was change from 0.9 of apple slices thicknesses Smm and drying air
temperature 60°C (this is the lowest value in change compared to the fresh sample) to 15.3 ofapple
slices thicknesses 20mm and drying air temperature 80°c (this is the highest value in change
compared to the fresh sample).

The value of (b) was change from 21.8 of apple slices thicknesses Smm and drying air
temperature 60°C (this is the lowest value in change compared to the fresh sample) to 37.3 ofapple
slices thicknesses 20mm and drying air temperature 80°C (this is the highest value in change
compared to the fresh sample).

The total color change values (AE) varied from 10.6 of apple slices thicknesses Smm and
drying air temperature 60°C (this is the lowest value in change compared to the fresh sample) to
28.3 of apple slices thicknesses 20mm and drying air temperature 80°C (this is the highest value
in change compared to the fresh sample).

Data illustrated that decreasing the apple slice thickness from 20 to 5 mm the total color
change decreased by about 36%, 38%, 49%, 45% and 31% for the different drying air temperature
40, 50, 60, 70 and 80°C, respectively.
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Fig.6 shows the effect of drying temperature and slices thickness on total color change.
From this the total color change increased with increasing slices thickness and when drying
temperature increased from 40 to 60°C the total color change decreased and when it increased
from 60 to 80°C the total color change increased.

These resultsclear that the less total color change occurred in slices thickness 5 mm and
drying temperature 60°C, the (L) value decreased from 70.2 (fresh sample) to 60.7 (white color
decreased), the (a) value increased from -1.3 (green) to 0.9 (red) and (b) value increased from 17.7
to 21.8 ( yellow color increased). The highest total color change occurred in slices thickness 20
mm and drying temperature 80°C, the (L) value decreased from 70.2 (fresh sample) to 58.3 (white
color decreased) , the (a) value increased from -1.3 (green) to 15.3 (red) and (b) value increased
from 17.7 to 37.3 ( yellow color increased).

The value of L was change from 68.3 of apple slices thicknesses Smm and direct solar
drying system (this is the lowest value in change compared to the fresh sample) to 47.8 of apple
slices thicknesses 20mm and indirect solar drying system (this is the highest value in change
compared to the fresh sample).

The value of a was change from 3.6 of apple slices thicknesses Smm and indirect solar
drying system (this is the lowest value in change compared to the fresh sample) to 18.4 of apple
slices thicknesses 20mm and solar glass drying chamber (this is the highest value in change
compared to the fresh sample).

The value of b was change from 25.6 of apple slices thicknesses 10mm and indirect solar
drying system (this is the lowest value in change compared to the fresh sample) to 40 of apple
slices thicknesses 15 and 20mm and solar glass drying chamber (this is the highest value in change
compared to the fresh sample).

The total color change values (AE) varied from 11.9 of apple slices thicknesses Smm and
indirect solar drying system (this is the lowest value in change compared to the fresh sample) to
33.4 of apple slices thicknesses 20mm and solar glass drying chamber (this is the highest value in
change compared to the fresh sample).

Fig.7 shows the effect of solar drying systemsand slices thickness on total color change.
From thisfigure, the total color change increased with increasing slices thickness and when
increased exposure to solar rays the total color change increased.
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Figs. (8, 9, 10, 11and 12) were clear that color changes affected by change in the slices
thickness at different drying temperature in oven dryer.
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From Figs. (13, 14, 15, and 16) were clear that color changes affected by change in the
slices thickness at different solar drying systems.
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Fig.17 shows the effect of slices thickness and drying temperature on browning index.
From this browning index increased because of increasing slices thickness and change drying
temperature. The lowest value was 44 occurred when used the temperature 60°C and slices
thickness 5 mm and higher value was 115 occurred when used the temperature 80°C and slices

thickness 20 mm.

Fig.18 shows the effect of slices thickness and solardrying systemson browning index.
From this browning index increased because of increasing slices thickness. The lowest value was
57 occurred when used indirect solar dryer and slices thickness 5 mm and higher value was 141
occurred when used glass solar dryer and slices thickness 20 mm.
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Fig.17: Apple slices browning index
because of drying in oven at different
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Fig.18: Apple slices browning index
because of drying in solar drying systems at
different thicknesses.
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The fresh apple firmness ranged between 0.33 to 0.44 kg/cm? and then decreased gradually
with decrease of moisture content for some time and then it increasedeven recorded the highest
value at the end of the drying time at all drying air temperature in oven drying at all slices thickness.
The Table (2) shows the final firmness of apple at all drying air temperature and all thicknesses.
The higher value was 1.94 kg/cm? occurred when used the temperature 80°C and slices thickness
20 mm and lowest value was 0.72 kg/cm? occurred when used the temperature 40°Cand slices
thickness 5 mm.

When used the slice thickness of 5 mm the firmness increase by about 54%, 63%, 67%,
74% and 76% at the drying air temperatures of 40, 50, 60, 70 and 80 °c, respectively. In
addition,when used the slice thickness of 10 mm the firmness increase by about 58%, 64%, 69%,
75% and 77% at the drying air temperatures of 40, 50, 60, 70 and 80 °C, respectively.

When used the slice thickness of 15 mm the firmness increase by about 53%, 58%, 62%,
73% and 74% at the drying air temperatures of 40, 50, 60, 70 and 80 °c, respectively.
Moreover,when used the slice thickness of 20 mm the firmness increase by about 56%, 58%, 66%,
74% and 77% at the drying air temperatures of 40, 50, 60, 70 and 80 °c, respectively.

Table (2): The final firmness of fresh and dried apple by oven drying
Firmness (kg/cm?)
drying temperature('C) apple slices thickness(mm)
5 10 15 20
fresh 0.33 0.33 0.44 0.44
400 0.72 0.78 0.94 1.00
500 0.89 0.94 1.06 1.06
60° 1.00 1.06 1.17 1.28
700 1.28 1.33 1.61 1.72
800 1.39 1.44 1.72 1.94

At the beginning of the solar drying the firmness remain almost constant for some time and
then increases after that until you reach to a higher value at the end of the drying time at all solar
drying systems at all slices thickness. the Table (3) shows the final firmness of apple at all solar
drying systems and all thicknesses.

The higher value was 1.39 kg/cm? occurred when used the solar drying system (glass
drying chamber) and slices thickness 20 mm and lowest value was 0.83 kg/cm? occurred when use
the solar drying system (indirect) and slices thickness 5 mm.

When used the slice thickness of 5 mm the firmness increase by about 64% at the solar
drying systems (direct with solar collector and direct without solar collector), 67% at the glass
drying chamber system and 60% at the indirect system.

When used the slice thickness of 10 mm the firmness increase by about 73% at the solar
drying systems (direct with solar collector and glass drying chamber), 72% at the direct without
solar collector system and 69% at the indirect system.

When used the slice thickness of 15 mm the firmness increase by about 64% at the solar
drying systems (direct with solar collector, direct without solar collector and glass drying
chamber), 62% at the indirect system.
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When used the slice thickness of 20 mm the firmness increase by about 66% at the solar
drying systems (direct with solar collector and direct without solar collector), 68% at the glass
drying chamber system and 62% at the indirect system.

Table (3): The final firmness of fresh and dried apple by solar drying systems:
Firmness (kg/cm?)
solar drying systems apple slices thickness (mm)
5 10 15 20
fresh 0.33 0.33 0.44 0.44
DC 0.94 1.22 1.28 1.28
D 0.94 1.17 1.22 1.28
G 1.00 1.22 1.22 1.39
IND 0.83 1.06 1.17 1.17
CONCLUSION

From the previous study, we can concluded that it is preferred to dry the apple slices with
thickness 5mm by oven dryer with temperature60 ‘Cand indirect solar dryer with collector
because they gave the best results for drying time and some quality parameters such as (the
total color changeAE and firmness) compared to the other treatments.
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Abstract

he aim of the present study was to modify and evaluate the stationary thresher machine for
I chopper green corn-stalk. The studied variables included: five different feed rates of 20,
40, 60, 80 and 100 kg/min., four different cutting-knives speeds of 300, 400, 500 and 600
rpm (12.1, 16.1, 20 and 24.4 m/s), number of blades: 8 and 4 blades and moisture contents of corn-
stalk of 45 %. The main results were summarized in the following points: At the optimum
conditions from data analysis of developed chopper for green corn-stalk were: Feed rate 100
kg/min, cutting-knives speed 600 rpm (24.4 m/s) and 8 blades. The results obtained at optimum
conditions were: The maximum machine productivity of 1360.2 kg/h for cutting length < 5 mm,
total maximum production for all cutting length of 4073 kg/h, power requirement of 5.5 kW,
specific energy of 8.85 kW.h/ton at 8 blades. The operation and production costs were 74 and
73.25 L.E./h and 18.17 and 35.26 L.E./ton for total maximum production at optimum conditions
by using feed rate of 100 kg/min, cutting-knives speed of 600 rpm (24.4 m/s) for 8 and 4 blades
respectively,. The price of locally fabricated chopping machine reached about fourth of imported
machine price.

INTRODUCTION

Egypt, the locally produced forage quantity is not sufficient for feeding the livestock
population; the thing which led to a forage gap in the feeding process. There is a gap between the
available quantity of green forage and the required amount of animal feed. The gap between the
availability and requirement of feed is wide and the estimated shortage is 3.1million tons of total
digestible nutrience per year. The forage gap or the feed shortage has been partially narrowed to
become 2.42million tons because of using new forage resources (AboSalim and Bendary, 2005
and Bendray et al., 2006).

The best way to remove from agricultural residues cutting and chopping for next operation
of waste recycling indifferent industry such as making compost and improvement soil properties,
animal feeding, energy source (direct burning, biogas generation) compressed wood and the field
of'industrial application. Rice and corn are considered among the most important agricultural crops
in Egypt. Abo-Habaga and Khader (2005) developed of acombined cutting-unit with harvesting
combine machine. They showed the effect of cutting speed on the length of cutting straw. Chou
et al. (2009) used a chopping system to cut rice straws into smaller sizes (10-5, 5-2 and <2 mm).
They indicated that by increasing the rotation speed, the average feed rate increased. The average
feed rate increased from 2.3 to 2.5 kg/min by increasing the rotation speed from 620 to 980 rpm
for cutting-length straw of 10 mm. El-Hanfy and Shalby (2009) modified and evaluated the
Japanese combine chopping-unit. They found that the lowest average of cutting length was
obtained at forward speed 0.75 m/sec and cutting speed 550 rpm, meanwhile the highest value was
obtained at forward speed 0.35 m/sec and cutting speed 450 rpm. El-Berry et al. (2001)
mentioned that the quantity of crop residues in Egypt reached about 25 million-ton per year and
national income is expected to increase with 1.6 billion L.E/year if residues are recycled.
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They evaluated Hematol chopper and compared it with Balady thresher in rice straw. El-Iraqi and
El-Khawaga (2003) designed and evaluated a machine for cutting crop residues. The maximum
percentage in cut length of less than 5 cm of 87.80 % and 92 % were obtained for rice straw and
corn stalks residues respectively. Meanwhile, the energy requirement was found to be 6.36 and
6.17 kW.h/ton for rice straw and com stalks residues respectively. The maximum operating cost
was 5.10 L.E/h or 6.61 L.E/ton for cut rice straw residues. Ebaid (2006) used corn Sheller for
chopping cotton and corn stalks and mentioned that: Farmers can use the corn sheller for chopping
crop residues. The optimum performance was at feed rate of 750 kg/h (0.750 ton/h) , 500 kg/h
(0.50 ton/h) for corn and cotton stalks residues respectively, chopping drum speed of 33.5 m/sec
(1600 rpm). Cutting length category percentage at these conditions was 63 and 45.40 % in cutting
length 0f<3.35 for comn and cotton stalk residues respectively. It was found that the chop operation
cost was 13.33 LE/ton and 20 LE/ton for cutting corn and cotton stalk residues respectively.
Tavakoli et al. (2009) studied the effects of drum speed, screen size and number of blades on each
flange on the power requirement for the size reduction of wheat straw. They reported that the
power requirement increased with increases in the drum speed (from 500 to 800 rpm) and
decreases in screen size (from 4 ¢cm to 2.5 cm) and number of blades (from 8 to 4) in each flange.
The power requirement for the size reduction of wheat straw ranged between 0.985-5.377 kW and
the average power requirement was 2.763 kW. Arfa (2007) subdued the stationary thresher
machine for chopping residues and indicated that by increasing feed rate from 0.5 ton/h to
1.5 ton/h, the percentage cutting-length of rice straw for first category (<3.5 cm) decreased from
78.5 to 70.2 %. Meanwhile the percentage cutting-length of rice straw for second and third
categories (3.5 -10 cm and <10 cm) was increased from 16.2 to 20.7 % and 5.3 to 9.1%
at 4 cm2 oval slots concave, 18.3m/s drum speed,14.3 % moisture content and 3 cm drum-concave
clearance. Basiouny and Ghanem (2010) showed the effect of cylinder speed and feed rate on the
unthreading percentage of green rice straw at three different concave clearance ratios. From the
figure, it can be generalized that trend of the unchreading percentage of green rice straw
decreased by increasing the concave clearance ratio. At feed rate of 200 kg/h and cylinder speed
of 16.28m/s, the unthreading percentage of green rice straw decreased from 4.47 to 3.53%
when the concave clearance ratio was increased from 0.333 to 1.0. Abo-Habaga et al, (2015)
mentioned that the decreasing of average cutting-length of rice straw and percentage of rice-straw
size less than 8 cm by increasing cutting-knives speed and number of knives is due to increasing
number of impacts of flail knives to rice stalks. Meanwhile, the increasing of average cutting-
length ofrice straw and percentage of rice-straw size more than 8 cm by increasing platform tilt-
angle is due to increasing feeding rate of rice straw according to increasing the weight of rice straw
bale on claws drum. So, the mean of the present research directed to developing, constructing and
testing a chopper to improve its performance and minimize the operational cost.

MATERIALS AND METHODS

The developed chopper:

The thresher drum was replaced by the fan with cutting-knives for chopping the green com-
stalk. The frame of chopper was manufactured by iron sheet of 1.5mm thick. The chopper was 130
cm length, 65 cm width and 85 cm height.

The developed chopper of green corn-stalk was fabricated by using a local materials and the
experiments were carried out in Khadra Village, El-Bagour Center, Minofiea Governorate, Egypt,
during summer seasons of 2016, 2017. The photographs of developed chopper are shown in Fig.
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1. The overall dimensions are: total length of 124 cm, width of 80 cm and height 66 cm. The
developed chopping machine consists of the following parts: 1- Feed opening, 2- Outlet 3- Fan
with cutting-knife.

Fig. 1: Photograph of the d

Feed opening: Feed opening was made of iron sheet with length of 46 cm, width of 25, 35cm
and thickness of 5 mm in (Fig. 2).

Fig. 2: Photograph of the feed opening

Feeding mechanism
Feeding mechanism consists of two drums :

1- Upper feeding drum has 20 cm length, 25 cm diameter and 8 blades with drum of 20
length, 8 cm height and 5 mm thickness which welded with the drum to guide the green
corn-stalks towards the cutting mechanism (Fig. 3).

2- Lower drum with diameter of 25 cm and 20 cm length. The lower drum rotates in inverse
direction for first drum.
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Fig. 3: Photograph of the feeding drum.
Fan:

Four and eight blades fan were made of cast iron (Fig. 4-A and -B). Every fan blade has
a shape upright angle with 25 cm length, 10 cm width, 12 mm thickness. Four or eight parts
(paddles) welded with fan blade. The paddle has a shape upright triangle, with dimensions of 12 x
22 x 25 cm and 12 mm thickness. The paddles help the fan to push the chopping green corn the
outlet direction.

Rotating cutting-knives :

Eight cutting-knives was made of carbon steel with length of 25 c¢m, width of 8§ cm,
thickness of 8 mm and edge sharpness angle of28°. The cutting-knives were bolted with fan blades

by two
i
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(A) 4 knives
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Fig. 4: Assembly views of the cutting-knives (A-4 knives, B-8 knives) with fan.

bolts with diameter of 12 mm. Each knife has 2 holes with 12 mm diameter. Rotating cutting-
knives cut green corn-stalks and push the chopped mterials through the outlet.
The fixed knife :

The horizontal fixed blade was made of carbon steel with 34 cm length, 6 cm width and 12
mm thickness. The fixed knife is fixed behind lower drum at height of 11 cm from the center of
lower drum and fixed to the frame of the machine by two bolts. A clearance between rotating and
fixed cutting-knives was zero mm. This clearance allows the chopper to cut the corn-stalks like
scissors, (Fig. 5). Fig. 6 shows the sketch of feeding and cutting mechanism of green corn-stalk.
Outlet:

The Outlet Made of iron tube with diameter of 160 mm and thickness of 3 mm. The Bottom
part, has length of 100 cm and the top part, has length of 150 cm. Outlet is setting above the fan.
Power transmission system:

The power is transmitted from tractor of 50 kW (65 hp). The drive pulley (55cm) which
installed on the end of universal joint of the tractor P.T.O. by V-belt to the driven pulley (12cm)
thereafter, motion will transmit to the fan. The transmission system details were shown in Fig. 7.
Physical properties of green corn-stalk:
1-Green corn-stalk: Type: variety Giza 310, stalk diameter 23: 26 mm, average 290 mm stalk
length and (45 %) moisture content for stalk.
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Fig. 7 : Transmission system.

Test procedures on the experimental Stationary chopping green corn-stalk machine:

The following factors were investigated to show their effect on chopping effectiveness:
1-Feed rate: five different feed rates were tested 20, 40, 60, 80 and 100 kg/min.
2-Cutting-knives speed, rpm. : Four different cutting-knives speed were tested 300, 400, 500 and

600 rpm (12.1, 16.1, 20 and 24.4 m/s).

3- Number of blades: 4 or 8 blades, corn-stalk chopping experiments were conducted by varying

the number of blades on the fan.

Equipment and Instruments:

1-Tractor: The source of power for the field experiments was Nasr tractor 65 hp, diesel engine

and (2-WD), P.T.O speed 540, 1000 and1500 r.p.m was used to drive the machine.

2-Hand tachometer: A hand tachometer was used to measure the rotation speed in three ranges.

First range: 40 — 500 rpm., second range: 400 —5000 rpm., and third range: 4000 — 50000 rpm

direct reading, with accuracy of + 1% .

3-Electronic balance: An electronic balance (made in Japan). Its scale ranged from 0 to 5 kg, and

accuracy of 0.2 g was used to weight the chopped samples of corn-stalk.

4-Spring balance: A spring balance was used to weight corn-stalk. The corn-stalk was collected

in bundles before starting the chopping process. It had a range up to 75 kg, and 0.5 kg accuracy.

5-Oven: to determine the moisture content of corn under test.

6-Hay-moisture tester: Model (HTM-1) ranged from 13 to 50% was used to measure the moisture
content of the comn-stalk.

Measurements:

1-Machine productivity: was calculated by using the following formula

By mady, 1999.

P=W x3600 /¢ ............ 1)
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Where:

P = productivity in ton/h. W= mass of output in ton.

T = time in sec.

2-length of cutting: was assessed by taking a sample of 1 kg from corn-stalk chopping material
into laboratory. Each cutting length in the sample was weighed and calculated as a percentage from
the total weight of the output (El-Iraqi and Khawaga, 2003).

3-Cutting-knives speed: Peripheral cutting-knives speed was calculated:

S=22xnxd)/(7x60) ............ )
Where:
S= Peripheral cutting-knives speed, m/s n =rotational speed, (r.p.m).
d=cutting-knives diameter, m
4-power requirements: The power consumption requirements were calculated according to the
formula of Hunt, 1984 as follows:
Required power =

(Fe x 1/3600) pFxL.C.v. x 427qnTh x nmx 1/75 x 1/1.36, kW... (3)
Where:
Fc = the fuel consumption rate, L/h
pF = density of the fuel, kg/ L(for solar fuel, kg/ L)
L.C.v. = lower calorific value of fuel. Kcal/ kg (average Lcv for solar fuel is 10000 kcal/ kg
427 =thermo-mechanical equivalent, kg .m / kcal
nTh= thermal efficiency of engine (assumed as 40% for diesel engine) and nm= mechanical
efficiency of the engine (considered to be about 80 % for diesel engine)
5-Specific energy : It was calculated by using the following equation:
Specific energy (E )=P x 1000/ P, , kW.h/ton ...(4)

Where: P = Total power, kW; P, = productivity; kg/h.

6- Total cost, LE/h:

-Estimation the costs of using the machine:
Cost of operation is calculated according to equation given by
Awady (2003), which has the following form:

C=P/H(1/y+i2+t+m)+ (A. k. f.u)+S/144 ...(5)

Where:
C = Total hourly cost, P = Price of machine LE, H = Estimated yearly-operating hours, y =
Estimated life-expectancy of machines in years, i = Interest rate/year , t = Taxes and overhead
rates, %; m = Maintenance and repairs ratio,% ; A = Ratio of rated power and lubrication related
to fuel cost; K = Power in kW or hp (65 hp), f= Specific fuel-consumption in L/kW.h or L/hp.h;
u=Price of fuel per LE ; S = Monthly salaries , LE; and 144 = Estimated working hours per month.

-Total cost requirements of the chopping machine include fixed and operating costs.
Declining balance method was used to determine the depreciation (Hunt, 1983). The unit
operating cost could be estimated from the following formula:
Operating cost (L.E./ton) =

machine cost (LE/h) / machine productivity(ton/h), . ...(6)
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RESULTS AND DISCUSSION
Effect of feed rate, cutting-knives speed and number of blades on the cutting-length
percentage of green corn-stalk.

Number of blades 8 blades Fig. 7 showed that the maximum percentage of cutting-length
of 46 % was obtained by using feed rate of 100 kg/min, cutting-knives speed of 600 rpm (24.4
m/s). Meanwhile, the minimum percentage of cutting-length of 10.45% was obtained by using
feed rate of 100 kg/min, cutting-knives speed of 300 rpm () Y.1m/s) for cutting length <5 mm. The
maximum percentage of cutting-length of 38.5% was obtained by using feed rate of 100 kg/min,
cutting-knives speed 0of 300 rpm ( Y.1m/s). Meanwhile, the minimum percentage of cutting-length
0f 9.68 % was obtained by using feed rate of 100 kg/min, cutting-knives speed of 600 rpm (24 .4
m/s) for cutting length >15 mm.

It can be noticed that the decreasing of cutting-length percentage of green corn-stalk by
increasing cutting-knives speed is due to increasing number of hits of cutting-knives to green corn-
stalk.

Number of blades 4 blades Fig. 8 showed that the maximum percentage of cutting-length of 41.2
% was obtained by using feed rate of 100 kg/min, cutting-knives speed of 600 rpm (24.4 m/s).
Meanwhile, the minimum percentage of cutting-length of 11.3 % was obtained by using feed rate
of 100 kg/min, cutting-knives speed of 300 rpm ()Y.lm/s) for cutting length < 5 mm. The
maximum percentage of cutting-length of 39.2% was obtained by using feed rate of 100 kg/min,
cutting-knives speed of 300 rpm ( Y.1m/s). Meanwhile, the minimum percentage of cutting-length
of 12.29 % was obtained by using feed rate of 100 kg/min, cutting-knives speed of 600 rpm (24 .4
m/s) for cutting length >15 mm.

Effect of feed rate, cutting-knives speed and number of blades on machine productivity of
green corn-stalk.

Number of blades 8 blades Fig. 9 showed that the maximum machine productivity of
1360.2 kg/h was obtained by using feed rate of 100 kg/min, cutting-knives speed of 600 rpm (24.4
m/s). Meanwhile, the minimum machine productivity of 455 kg/h was obtained by using feed rate
of 20 kg/min, cutting-knives speed of 300 rpm () Y.1 m/s), for cutting length < 5 mm. The total
maximum machine productivity for all cutting length (<5 mm., <€ mm.,<10 mm. and >15 mm) of
4073 kg/h was obtained by using feed rate of 100 kg/min, cutting-knives speed of 600 rpm (24.4
m/s). Number of blades 4 blades Fig. 10 showed that the maximum machine productivity of 693.68
kg/h was obtained by using feed rate of 100 kg/min, cutting-knives speed of 600 rpm (24.4 m/s).
Meanwhile, the minimum machine productivity of 232.1 kg/h was obtained by using feed rate of
20 kg/min, cutting-knives speed of 300 rpm (VY.1 m/s), for cutting length < 5 mm. The total
maximum machine productivity for all cutting length (<5 mm., <€ mm.,<10 mm. and >15 mm) of
2077.7 kg/h was obtained by using feed rate of 100 kg/min, cutting-knives speed of 600 rpm (24.4
m/s). It can be noticed that the increasing of machine productivity by increasing cutting-knives
speed is due to decreasing of cutting time. Meanwhile, the increasing of machine productivity by
increasing number of blades is due to increasing the cutting-stalk mass and decreasing of cutting
time. The fit curve can be illustrating the effect of cutting-knives speed and feed rate (F) on
machine productivity (P) for number of blades 8,4 blades are the linear curve. The best linear
equations can be shown in the following equations :
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number of cutting- The best linear Sum of
blades | knives speed equations Squares (R?)
P=0.5324x +
8 blades 300 rpm 0.85 R*=0.94
4 blades 600 rpm | P=0.426 x+0.72 | R2=0.12

The multiple regression analysis of the relation between cutting-knives speed (S), feed rate

(F) and number of blades (N) on machine productivity (P) give by the following equations :
P=0.78+0.57S+034F+0.62N, R>=0.96

From the above equation it can be clear that machine productivity (P) is a direct
relationship between cutting-knives speed, feed rate and number of blades. Also, the analysis of
variance for the data of machine productivity (P) at 600 rpm (24.4 m/s) speed, 100 kg/min feed
rate and 8 blades indicated a highly significant differences between the treatments with “R*=
0.96”.

Effect of feed rate, cutting-knives speed and number of blades on power requirement and
specific energy of green corn-stalk.

Fig. 11 showed that the maximum power requirement of 5.5 kW was obtained by using
feed rate of 100 kg/min, cutting-knives speed of 600 rpm (24.4 m/s). Meanwhile, the minimum
power requirement of 4.03 kW was obtained by using feed rate of 20 kg/min, cutting-knives speed
of 300 rpm (12.1 m/s), for 8 blades. The maximum power requirement of 4.79 kW was obtained
by using feed rate of 100 kg/min, cutting-knives speed of 600 rpm (24.4 m/s). Meanwhile, the
minimum power requirement of 3.5 kW was obtained by using feed rate of 20 kg/min, cutting-
knives speed of 300 rpm (12.1 m/s), for 4 blades. It can be noticed that the increasing of power
requirement by increasing cutting-knives speed is due to decreasing of cutting time. Fig. 12
showed that the maximum specific energy of 8.85 kW.h/ton was obtained by using feed rate of 20
kg/min, cutting-knives speed of 300 rpm (12.1 m/s). Meanwhile, the minimum specific energy of
4.05 kW.h/ton was obtained by using feed rate of 100 kg/min, cutting-knives speed of 300 rpm
(12.1 m/s) for 8 blades. The maximum specific energy of 15.08 kW.h/ton was obtained by using
feed rate of 20 kg/min, cutting-knives speed of 300 rpm (12.1 m/s). Meanwhile, the minimum
specific energy of 6.9 kW.h/ton was obtained by using feed rate of 100 kg/min, cutting-knives
speed of 600 rpm (24.4 m/s) for 4 blades.
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Production costs for chopping green corn-stalk.

The operation and production costs were 74 and 73.25 L.E./h and 18.17 and 35.26 L.E./ton
for total maximum production at optimum conditions by using feed rate of 100 kg/min, cutting-
knives speed of 600 rpm (24.4 m/s) for 8 and 4 blades respectively,.

CONCLUSION

The optimum conditions from data analysis of developed chopper for green corn-stalk
were: Feed rate 100 kg/min, cutting-knives speed 600 rpm (24.4 m/s) and 8 blades. The results
obtained at optimum conditions were: The maximum for: Total machine productivity of 4073 kg/h,
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power requirement of 5.5 kW and specific energy of4.5 kW.h/ton for 8 blades. The operation and
production costs were 74 and 73.25 L.E./h and 18.17 and 35.26 L.E./ton for 8 and 4 blades
respectively,. The price of locally fabricated chopping machine reached about fourth of imported
machine price.
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Abstract

atural ventilation driven by a solar chimney attached to single-space structure was studied
N experimentally using a fine bubble technique in which fine hydrogen bubbles simulated

the thermal buoyancy effect in the chimney caused by temperature differences.
Parameters studied in the experiments were the chimney depth, buoyancy flux, inlet areas for the
chimney and structure and chimney height. Similarity between the experimental model and
suggested prototypes was used to determine and calculate air velocity of two different prototypes
under kafrelsheikh conditions. Similarity results of the suggested prototypes showed that the
system in winter is more effective than in summer. It also showed that the values of high air
velocity reached the recommended values during winter season. However, the maximum value of
the low air velocity was less than the recommended for broilers.

INTRODUCTION

Ventilation is the supply of fresh outdoor air to a space to dilute and remove indoor air
contaminants. Natural ventilation occurs due to two causes: wind driving force, or thermal
buoyancy driving force (stack effect) or both of them. Use of solar energy can create such a large
temperature difference, and hence improve the thermal buoyancy effect for space natural
ventilation. The solar chimney is an effective practical way to enhance space natural ventilation
by thermal buoyancy. Solar energy heats up the air inside the chimney. As a result of the
temperature difference in air, a density gradient between the inside and outside of the chimney is
obtained that in turn induces a natural upwards movement of air. The application of solar chimney
concept is considered more reliable in single-space structures such the case in most agricultural
structures.

Although full-scale modelling of building ventilation systems promises to provide the most
accurate and reliable information, its feasibility is still very limited due to the high construction
and operation cost. Consequently, laboratory small-scale visualization and modeling systems have
been widely used for understanding and evaluating natural ventilation in buildings. (Etheridge and
Sanderberg, 1996). Chen et al. (2001a) developed a fine bubble technique for buoyancy driven
natural ventilation in buildings. The main idea of their modelling technique is to use fine bubble-
generated buoyancy plumes in water to simulate the thermal buoyancy-driven flows induced by
temperature differences in buildings. In the present work, natural ventilation driven by a solar
chimney attached to a single-space structure was studied through an experimental simulation. The
experiments were performed using a developed fine-bubble technique in which fine hydrogen
bubbles are produced electrolytically in a salt solution to simulate the buoyancy effect caused by
temperature differences obtained by the existing of a solar chimney.

From the previous studies (Chen et al., 2001a; Chen et al., 2001b; Li et al., 2003), it was
seen that natural ventilation and stratification phenomenon in a single-zone building can be
successfully simulated by the fine hydrogen-bubble technique. Since no heating elements are
involved in the system, the set-up and operation for the fine-bubble method are simple. Unlike the
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brine-water modelling system, bubble plumes have positive buoyancy. Therefore, buoyancy flows
in the model are upwards, just as in reality. Further, since the bubbles leave the free water surface
during the experimental process, the properties of the bulk liquid will not change throughout the
experiments. Consequently, the fine-bubble system does not require a big liquid reservoir and a
compact modelling system can be easily constructed.

Therefore, the main objective of the present study was to investigate thermal buoyancy
natural ventilation through a solar chimney system attached to a single-space structure. The
specific objectives were as follows:

1- To study the effect of chimney depth, buoyancy flux, chimney height and inlet areas on the
performance of solar chimney as a natural ventilation system by thermal buoyancy.
2- To determine and calculate the simulated ventilation parameters namely air velocity, throughout
an entire year for suggested prototypes under kafrelsheikh conditions.

MATERIALS AND METHODS

The model was submerged in a large glass tank filled with a salt-water solution. Current
passing through a copper wire cathode, positioned along the height of the inner surface of the outer
chimney wall. It produced a plume of fine bubbles, which simulated the buoyancy effect within
the chimney due to solar radiation. The density between the bubble plume and the ambient fluid
simulated density differences caused by temperature differences produced by solar radiation. Fig.
1 depicts a schematic of the experimental set-up. The experimental system was fabricated and
constructed in the Electrical and Electronics Lab (of Rice Mechanization Center (RMC) at Meet
El-Deeba, Kafrelsheikh governorate, Egypt. The experimental work was executed from December
2008 to March 2009.

The small-scale model was comprised of a solar chimney attached to a single space
structure. Single space structure had dimensions of 0.2 cm (Wide) X 0.1 cm (long) X 0.2 cm
(high). Fig. 2 illustrates isometric of the whole model. The inner tank (small-scale model) was
situated in a large tank with a clearance of 65 mm above the bottom floor of the large tank. The
large tank, with dimensions of 0.9 m (wide) X 0.345 m (long) X 0.6 m (high), represented a static
environment surrounding the building. Tap water was filtered before being poured into the tank to
eliminate particles that could damage the cathode. Salt was then stirred into the water tank,
producing a salt-water solution, approximately 6.6% by weight. This percentage was decided
through a pre-experimental as appropriate for the polystyrene particles to be suspended within the
water. Salt was added to increase electrical conductivity as well.

Anodes
DC Powsr Supply __ BubblePlume
.; Cothode Along Chimney Wall
L V

=
L ] ?
SalWhater Solution / Glass Tank L Model

Fig. (1): Schematic view of experimental set-up.
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WIH

Fig. (2): Isometric of the scale model
In the present study fine hydrogen bubbles were produced by a copper wire array cathode
located on the inner surface of the outer chimney wall and provided buoyancy forces in the
chimney. When the electric circuit was closed, the current traveled from a graphite anode, through
the salt-water, and to the copper wire array cathode, from which hydrogen bubbles were generated.
Sixteen solid-cylindrical shaped graphite anodes each one has approximately 40 mm (high) 3.6

mm (diameter).
The buoyancy flux (B), produced by the bubble plume, was calculated using the following
equation (Chen et al., 2001a):
B = g0, (pp—pg) €
N
where Q, is the gas flow rate from the cathode (m’/s), which is determined by the current, and p
and p, are the densities of the salt-water and hydrogen gas (kg/m?®), respectively. The effect of
incident heat flux on the chimney was investigated by varying the buoyancy flux of the bubble
plume produced by the copper wire cathode. The buoyancy flux was varied simply by varying the
current through the cathode; i.e. by increasing the current, the hydrogen flow rate (Q4) was
increased and, in turn, the buoyancy flux (B). The buoyancy flux is proportional to the heat flux
from the source (S), as follows (Chen et al., 2003):
gSwWwH
B =——— (2)
PCpTamp
Where (H) the chimney height (m) is, S is the heat flux (W/m?), p is air density (kg/m’), C, is
specific heat density at ambient temperature (J/kg. K), w is chimney width (m), and T, is the
ambient temperature (K). Buoyancy flux for prototypes B and C under Kafrelsheikh conditions for
the 21 day in each month of the year was also calculated and listed in Table (1).
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Table 1: Buoyancy flux for prototype B and C under Kafrelsheikh conditions for the 21% day in
each month throughout an entire year.

Buoyancy Month

flux (m%s’) Jan Feb Mar Apr May  June July Aug Sep Oct Nov Dec
Prototype B | 0.°Y¢ 0.3y 0.Y3% 0. Y€1 0)NTE .,0Y4 06y Q.YYA Q.Yee  (.£fA (.0)Y (.o
Prototype C 0.M3  0.¥YY4 0oVl Q.¥YAe (.Yl ., Y)Y QYET Q.YVY  (Q.000 (VY 0ANY (QATY

In this work, a convenient method for measuring the flow velocity due to the fact that the
experiments were performed in salt-water and low flow velocities was encountered. It was finally
decided according to spencer (2001) the best available method was the particles tracking
technique. In which neutrally buoyant particles were timed, and hence the velocity could be
determined, as they passed through the ventilated space. A specific particle entering the model
inlet was traced by recording images as a video tracking. Then this video could be transformed to
cut frames. The images were played back frame-by-frame, and the number of video frames that
the particle took to travel a distance between the model inlet and chimney were determined.
Knowing that the video played back at 30 frames per second by using Ulead VideoStudio 11 Plus
Program.

Experimental treatments:

Four factors namely solar radiation flux incident on the vertical solar chimney, inlet and
outlet air space areas, solar chimney height, and solar chimney channel gap, were investigated.
Regarding solar radiation, it should be remembered that it will be represented in terms of buoyancy
flux as indicated before. The whole treatments are indicated as follows;

e Solar radiation incident on the solar chimney wall, at buoyancy fluxes of 122, 244, 367 and
489 cm*/s’;

e Ventilated space and chimney inlet area, four different opening as defined in Table 2 were
studied as different four models;

e Solar chimney height, for 200 and 400 mm;

e Solar chimney channel gap, from 4 to 32 mm for the 200 mm chimney and from 8 to 48 mm
for the 400 mm chimney.

Table 2: Defining of the four different models and chimney inlet areas.

Area (mm?)
Model Single-space structure inlet Chimney inlet
I 1500 1500
II 3000 1500
I 1500 3000
v 3000 3000

Similarity towards suggested prototypes:
A scale model I was used to physically simulate the real system of the different suggested
prototypes. The model was constructed to simulate:
e A single-space structure representing a poultry house of 4 m long, 8 m wide, and 3.5 m high
(prototype B);
e A single-space structure representing a poultry house of 5 m long, 10 m wide, and 3.5 m high
(prototype C). The configurations of the suggested prototypes are shown in Figs. (3 and 4).
Scale factors are applied to measurements taken from the small-scale test to obtain full-scale
quantities. However, this can be done only if the flows in the model and the prototype are dynamically
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and geometrically similar. The dynamic similarity requires the dimensionless differential equations
and boundary conditions describing both flows be identical. In other words, the ratio of forces acting
on the model and the prototype must be constant and in the same direction. If both flows are to have
the same dimensionless boundary conditions, then they must be geometrically similar. Also all solid
surface boundaries of the model must be the same shape as the prototype and scaled by a constant
factor (Spencer, 2001). He added that depending upon non-dimensionalizing the governing
differential equations and boundary conditions of the two flows, certain coefficients, or similarity
parameters, will appear in the dimensionless form of the equations. Therefore, if the similarity
condition is to be satisfied (i.e. identical dimensionless governing equations describing both flows)
the similarity parameters must have the same value for both the model and the prototype.

ey, A“ﬂ-ji“ﬂ«:.,,

By
e E “rescy

Chimney
Helght

Chimney

Fig. (3): Isometric of the prototype B. Fig. (4): Isometric of the prototype C.

Similarity analysis:

According to (Etheridge and Sandberg, 1996) buildings ventilated by means of natural
convection, the appropriate similarity parameters are the Rayleigh (Ra) and the Prandtl (Pr)
numbers, (or Schmidt number for natural convection driven by temperature differences). However,
in turbulent dominated flows with sufficiently large Rayleigh numbers, buoyancy dominates and
viscous effects become negligible; consequentially, the requirements for the Rayleigh and Prandtl
numbers become unnecessary and the flow in the model and the prototype will be similar.
Turbulent flow dominates when Ra = 10?3, The Rayleigh number generated by a heat source, is
given by

gBqL?
" kvDy )
where q is heat flow from the heat source (W), f is the thermal expansion coefficient (1/K), L is
the characteristic length of the system (m), k is the thermal conductivity (W/m K), v is the kinetic
viscosity (m?/s) and Dy is the thermal diffusivity (m%/s). Since the buoyancy flux (B) from a heat
source in a building is given by equation (8). Then f could be expressed as 1/T,,,p and k could
be expressed as p C,, D (ASHRAE, 2009), equation (3) can be rewritten as:
BL?
Ra=—> z (4)

According to Chen et al. (2001a) Rayleigh number for the three prototypes was calculated

to reach a reasonable dynamic similarity between the experimental model and the corresponding

Ra
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prototype. These Rayleigh numbers were calculated through an entire year represented as twelve

values corresponding to the twelve months per year depending on the value of B for each month

and each prototype. Inserting the above values into equation (4) gives Rayleigh numbers as given

in Table 3 for prototypes B and C.

Table 3: Rayleigh number for prototype B under Kafrelsheikh conditions for the 21st day in each
month throughout an entire year.

Rayleigh Month
number (X
10%%) Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec
Prototype B 4.167 3.519 2.780 1.755 1.072 0.801 0.974 1.477 2.242 2.98 3.598 4.081
Prototype C 10.17 8.576 6.776 4.293 2.289 1.949 2.385 3.607 5.475 7.284 8.784 9.966

Rayleigh number for the experimental model was calculated at each buoyancy flux
corresponding to different applied electrical currents. This procedure was done by using equation
(4). In which B and L depended upon the specifications of the model and the applied electrical
currents. On the other hand the values of v and Dy in the equation for the ambient air replaced by
the corresponding values for the intended media. However the kinematic viscosity (v,,) was
considered for the water while the diffusivity D,, was considered for the hydrogen fine
bubbles in the water. This procedure was followed by Chen et al (2001a). As an example the
following procedure illustrates the methodology to calculate the Rayleigh number for the model:

2
Ra = bL (5)

VmDDiy

For:

B =122 cmYs?

L =02m

V,, = 1x10% m?s, the kinematic viscosity of water at temperature 298 K.

D,, =5.10 x 10® m?%s., taken as the diffusivity of fine bubbles in water equal to that of

hydrogen in water at mean water temperature of 298 K.
Rayleigh number will be Ra = 1.88 x 10°. Table 4 shows the calculated Rayleigh numbers for
experimental model.
The free plume height (L) in equation (6) can be calculated by rearranging equation (5):

Ra D2v
L= [fadin ©

Considering the minimum value for the buoyancy flux (B) and a Rayleigh number of Ra = 10*3,
corresponding to the critical value for turbulent flow, equation (6) i.e. the free plume height
should be less than 15 mm. Unfortunately this could not be observed during the experiments.
However, according to Chen et al. (2001a) and compared with the model height of 200 mm
this could be existed. Therefore the similarity analysis introduced by Chen ez a/ (2001a), Chen et
al. (2001b) and Spencer (2001) was followed in the present study.
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Table 4: Calculated Rayleigh number for experimental model at four different applied currents
and buoyancy fluxes.

Applied Current (I) Buoyancy Flux Rayleigh Number (Ra)
(A) (B) (x 10%5)
cm?/s’
1 122 1.88
2 244 3.76
3 367 5.64
4 489 7.52

The main objective of the similarity analysis in the present study is to confirm the similar
behavior between the model and the corresponding prototype as the real situation. The represented
similarity was led to the determination of air velocity within a suggested single-space structure.
When the similarity between the model and its corresponding prototype is achieved, the following
dimensionless relationships may be obtained (Chen et al., 2001a):

(=), ~ (=) 7
14073/, \140-3/,, 7)
Where 6 is the characteristic time scale, i.e. the time that the system takes to undergo a specific

change (ASHRAE, 2009), or

Bpy LA Oy \°
PT 4M _ (_M) @)
By Lpr Opr

The subscriptions PT and M in equations (7) and (8) point to prototype and model respectively.
The term, 6,,/6p7 in equation (8) can be determined from known parameters of Bpy, By , Lpr,
Ly . Therefore, velocity (u) and for the prototypes may be obtained by the following expressions,
respectively (Chen et al. 2001a):

u L 0

= () ) ©)

Uy Ly /) \Opr

RESULTS AND DISCUSSION
In this work, the effect of chimney width, buoyancy flux, chimney height and ventilation

inlet area on the ventilation flow rate were investigated. The effect of inlet was tested for four
different ventilation openings, known as modes, at a buoyancy flux of 367cm*/s®. The opening
models are categorized according to combination of inlet areas to the room and chimney; see Table
2. The effect of buoyancy fluxes of 122, 244, 367 and 489 cm?/s* was investigated while the inlet
area was fixed at Model (I). The effect of chimney height was investigated for heights of 200 and
400mm at opening Model (I) and a buoyancy flux of 367cm?/s>.
Performance of solar chimney system
Effect of chimney depth and buoyancy flux:

Fig. 5 shows the effect of chimney depth and buoyancy flux on air exchange rate (ACH). It
reveals that, as the chimney depth increased from 4 mm, the air exchange rate in the structure
gradually increased until the chimney depth reached about 12 mm. As the chimney depth increased
beyond this point, the air change rate decreased. The maximum air exchange rate (optimum level)
occurred at a chimney depth of 12 mm. With a further increase in the chimney depth (greater than
the optimum depth) there was a significant reversal flow or back flow and consequentially a
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reduction in the net flow through the system. This is in agreement with the data published by
numerous researchers (Sparrow and Azevedo, 1985; Aboulnaga, 1998; Gan, 1998; Zhai ef al.,
2004; Miyazaki et al., 2006).

Area (mmd)
Singlo-space Stractuse Inict Chisnney Inkct

Mudel
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Chimney height 200 mm
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20 —— 244 cmils’
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—— 489 CM'/s’
10 _
; = e

a 3 1o 15 20 5 an EE]
Chimmey depth {mm)

ACH (1)

Fig. (5): The effect of chimney width and buoyancy flux on ventilation rate.

It can be seen that increasing the buoyancy flux in the chimney caused a general increase
in flow rate through the system. This is expected, because of increasing the heat flux into the
chimney increases the temperature of fluid within the chimney and, hence, the temperature
difference between the chimney and the outside fluid. This, in turn, increases the driving pressure
by thermal buoyancy and the air flow rate. There are other factors to be considered in solar chimney
design that affect the optimum chimney depth, i.e. inlet areas and chimney height, which will be
discussed later in the following sections.

Effect of Inlet Area:

Variation of the room and chimney inlet areas had a significant affect on both the
ventilation flow rate and the optimum chimney width. From Fig. 6, it is seen that much higher
flow rates could be achieved with opening Models (III) and (IV), compared to Models (I) and
(IT). This suggests that increasing the chimney inlet area is more effective than increasing the
room inlet area. Further inspection of Fig. 6 reveals a shift in optimum chimney width, it
becoming significantly larger for Model (III) and (IV) at 16mm. At model (II), the optimum is
about the same as it is at Model (I), occurring at 12mm.

Asrea fmmr’y
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O T T 1
0 20 40 60
Chimney depth (mm)

Fig. (6): The effect of ventilation inlet area on ventilation rate.
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Effect of Chimney Height:

To evaluate the effect of the chimney channel height, tests were performed for heights of
200mm and 400mm. The tests were carried out at a buoyancy flux of 367 cm*/s* and at Model (I).
The results are shown in Fig. 7. It can be seen that the optimum chimney width occurs at around
24mm for the 400mm chimney; twice the width encountered for the 200mm chimney. Such results
imply a linear relationship between the chimney height and the optimum chimney width as shown
in Fig. 7. In other words, the optimum aspect ratio (chimney height: optimum chimney width)
remained fixed. This is in agreement the data published by Bouchair (1994).
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Fig. (7): The effect of chimney height on the ventilation rate.

Referring again to Fig. 7, it is noted that the air change rate measured at the optimum
chimney width for 400mm chimney is almost twice that measured for the 200mm chimney.
Therefore, it appears that doubling the chimney height doubles the obtainable ventilation flow rate.
These results suggest that increasing the chimney height is an effective way of increasing flow
rate. The direct relationship between the ventilation rate and chimney height is confirmed by Gan
(1998) and Afonso and Oliveira (2000).

Simulated air velocity for suggested prototypes

The air velocity was simulated and determined at both cases that achieve high and low flow
rate. As shown before in Fig. 5, it was noted that the highest and lowest flow rates of model I for
buoyancy fluxes of 122, 244, 367 and 489 ¢cm?/s* occurred at 12 mm and 32 mm chimney depth,
respectively. Consequently, the corresponding values for prototype B and C at high flow rate were
at 0.48 m and 0.6 m chimney depth, and low flow rates at 1.28 m and 1.6 m chimney depth. The
values of the highest and lowest air velocity for prototypes B, and C through an entire year are
illustrated in Fig.s (8 and 9), respectively. It should be mentioned that each point on each curve
represents the value of air velocity at the day of 21% of each month of the year.
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Fig. (8): Highest air velocity variations within the prototypes B and C throughout an entire year.
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Fig. (9): Lowest air velocity variations within the prototypes B and C throughout an entire year.

As shown in Fig. 8, the high air velocity decrease gradually with the increase of the day
number until it reaches the minimum values of about 0.087 and 0.093 m/s for prototypes B and C
srespectively at the day number of 172 (June 21%). Then it tends to increase gradually until it
reaches the maximum values of about 0.170 and 0.295 m/s respectively, at the day number of 355
(December 21%). The simulated data of high air velocity for prototypes B and C were in the ranges
0f 0.162-0.170 and 0.282-0.295 m/s respectively throughout the winter season (December 21 —
February 21%). In summer season (June 21% — August 21%) the ranges were 0.087-0.106 and 0.093-
0.140 m/s for prototypes B and C, respectively.

This means that the values of high air velocity in summer and winter seasons for prototype
C were higher than that for prototype B by about 15.55% and 73.68%, respectively. Moreover, it
appears that the system in winter is more effective than in summer. From the present study and
referring to the recommended air velocity at bird level (0.2-0.3 m/s) (Allam, 1986 and El-Hadidi,
1989), it seems that the suggested system for prototype B and C will be able to achieve the
recommended values of air velocity during winter season. However it is recommended to increase
chimney height to enhance its performance during summer season or increasing chimney inlet area
which is more effective than increasing the prototype inlet.

On the other hand for the values of the lowest air velocity Fig. 9 shows that, low air velocity
decrease gradually with the increase of calendar day until it reaches the minimum values of about
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0.032 and 0.035 m/s for prototypes B and C respectively, at the day number of 172 (June 21%).
Then it tends to increase gradually until it reaches the maximum values of about 0.056 and 0.070
m/s respectively, at the day number of 355 (December 21*%). The simulated data of low air velocity
for prototypes B and C were in the ranges of 0.053-0.056 and 0.067-0.070 m/s throughout the
winter season (December 21% — February 21%), respectively. While in summer season (June 21% —
August 21%) the ranges were 0.032-0.040 and 0.035-0.046 m/s for prototypes B and C,
respectively.
This means that the values of low air velocity in summer and winter seasons for prototype
C were higher than that for prototype B by about 9.51% and 25.82%, respectively. It can be seen
that the maximum value of low air velocity in summer and winter season for the prototypes B and
C was 0.07m/s. This value is less than the recommended for broiler. Therefore, air velocity could
be increased by decreasing chimney depth until it reached the optimum one that gives the highest
air velocity values.
CONCLUSION
The experiments were performed using developed fine-bubble technique in which fine
hydrogen bubbles are produced electrolytically in salt solution to simulate the buoyancy effect in
the chimney caused by temperature differences. Results of the experimental model showed that
there was an optimum depth at which maximum ventilation rate can be achieved. The ventilation
rate increased with increasing the buoyancy flux and ventilation inlet areas. It was also found that,
at moderate to large chimney depth, the effect of chimney inlet area on the ventilation rate was
more significant than the effect of structure inlet area. Furthermore, when the chimney height was
doubled, the highest ventilation rate was almost doubled as well. Similarity results of the suggested
prototypes showed that the system in winter is more effective than in summer. It also showed that
the values of high air velocity reached the recommended values during winter season. However,
the maximum value of the low air velocity was less than the recommended for broilers.
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EFFECT OF HIVE BUILDING MATERIAL ON BEE COLONIES
AL-RAJHI M. A.

Agriculture Engineering Research Institute, AEnRI, ARC, El-Dokki — Egypt

Abstract

his study was carried out in a private apiary at Meet Salseel, Eldaqahliyah Governorate,
I Egypt for four months to compare foam, cement and white brick with common material

(wood), in the construction of Langstroth beehive model in a completely randomized
design. The evaluation also included three thicknesses of hive sides and three sizes of hives. There
were primary measurements on the building materials such as: density, thermal conductivity, water
absorption, and rate of water loss. The secondary measurements including: inside hive
temperature, number of occupied frames, nest weight, and the production cost. Results indicated
that the mean density of foam, cement and white brick samples were about 49, 952 and 811 kg/m?,
respectively, while it were 528 kg/m® for wooden hives. The mean values of thermal conductivity
were 0.33, 0.28 and 0.01 W/m/°C for cement, white brick, and foam samples, respectively, while
it were 0.18 W/m/°C for wooden hives. The cement, white brick and wood samples absorbed 24,
18, and 14 % of water, while the foam simple didn't absorb any water. Cement and white brick
samples absorbed more water and lost it faster than wooden one. The maximum inside hive
temperature was recorded in foam hive, while the minimum was recorded in white brick hive. The
mean number of occupied frames for foam hives were increased 20.45 % than it in wooden hives,
but it were decreased 11.36 and 15.91 % when using cement and white brick hives, respectively.
The mean nest weight for foam hives were increased about 24.85 % than it in wooden hives, but
it were decreased about 11.7 and 7.41 % when using cement and white brick hives, respectively.
There was an increasing in mean internal hive temperatures, number of occupied frames and nest
weight by decreasing hive size and increasing side thickness. Foam, white brick and cement cost
requirements were 80, 63.3 and 40 % cheaper than the wooden beehive (150 L. E. without the
price of the nest). In general, the foam, cement and white brick hives can be easily constructed
with a low cost and with similar characteristics as traditional wooden hives.
Keywords: Hive building materials, Thermal conductivity, Temperature, Colonies strength and
productivity.

INTRODUCTION

Normally honeybees build their nest in different places like mountains, hollow trees,
ground holes and others, trying to protect themselves from wind, rain and enemies. Honeybees are
known to control their hive environment to survive drastic changes in the field environment (Jones
and Oldroyd, 2007). Bees consume honey to rise inside hive temperature and worker bees
contribute to the regulation of brood nest temperature by producing heat while sitting motionless
on the caps of brood cells (Marco Kleinhenz, et al., 2003). Several investigators as (Jevtic, et al.
2009), has proved positive correlation between stored pollen, brood production and honey yield.
The wooden Langstroth beehives offers acceptable conditions, allowing their dispersion
worldwide (Wiese, 1974; Dadant and Sons, 1975). But, the Langstroth wooden hive cost is high
at the beginning of the honeybee project and didn't encourage the production, especially for small
beekeepers at the developed countries. Also the expected life of wooden hives is short and it can
be burned. (Hobson, 1983) suggested the ferrocement hive that is more resistant and cheaper than
the wooden hive. (Soares and Banwart, 1989), used the Fibercol hive that made of fiberglass
despite of its high cost. (Neves, 2002), verified that the brood nest temperature were similar in a
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cement vermiculite mortar and wooden hives. (Padilha, et al. 2001), obtained that the thermal
conductivity of 0.16 to 0.44 W/m/°C in cement-vermiculite mortar (CVM) boards. According to
(Stangenhaus, and Paredes 1992), the thermal conductivity of concrete is 1.5 W/m/°C and the
mortar cement is 1.15 W/m/°C. Also, it found out that clay hives are easily available and very
cheap compared to wooden hives and also more environmentally friendly (F.A.O., 1990).
There are little researches about the effect of hive building materials on bee colonies under Egypt
conditions. So, the objective of this research is to test the hypothesis that the new hive build
materials such as: foam, cement and white brick shows similar results to the wooden hive.
MATERIALS AND METHODS

Langstroth beehives is the most widely used hive in the world (Ojeleye, 1999). To conduct
the experimental work, a new Langstroth bee hives were constructed from a local and a valuable
cheap materials such as: foam, cement and white brick as illustrate in Fig. (1) and compared with
common material (wood). Honeybees (hybrid Carniolan, Apis mellifera carnica carniolan) are a
single honeybee species adopted by the farmers in Egypt. The honeybees that had been established
8 months prior to the beginning of the experiment were placed on a sunny site in the bee yard, with
their entrances far from the common wind direction and rain. Bees were about equal in the strength,
food stores (Honey and pollen), queen's age (about 8 months old) and number of combs covered
with bees from both sides (5 combs). Colonies were fed with sugar: water solution at 2: 1
percentage during the duration of the study. Nosema apis and Varroa destructor were monitored
every 12 days throughout the study period, and treated whenever necessary. A total of 36
Langstroth enclosure beehives were constructed as following: foam was cut to boards with a
suitable dimensions. The foam boards were joined together using adhesive material. The width
and the upper edge of the two longitudinal sides were formed to suit the dimensions of Langstroth
frames. The wooden beehives were obtained from a local workshop. Cement beehives were built
by preparing molds. These molds were easily made, but should followed the dimensions of
Langstroth model in its width and height. Before receiving the cement, the molds were previously
moistened and coated with oil to facilitate the removal of boards. The cement was gradually filling
and compacted in the molds and left to dry for two days without sprinkling water and in the next
three days it was sprinkled water twice a day. On the ninth day, it were carefully removed. White
brick beehives were made by cutting a valuable and cheap kind of white brick. The boards were
joined together by cement, as shown in fig. (1). The slides have to be polished for a better finishing.
The Hoffman Bee frames were made of wood. There was a removable top on all of them. There
was a piece of sackcloth located under the cover to prevent any foreign insect to inter the hive and
absorb vapor from the evaporation process. Beehives standing about 0.5 m above the ground on
individual stands. The hives were opened every 12 days to verify possible damages due to the
environment and to manage them. The distances between each beehive was 2 meters.
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A hive made of \Iv;u;(l f%l(l insulated with foam _ Wood
Fig. (1): Different types of beehive materials

Parameters including: four types of hive building materials (white brick, foam, cement and
wood), three thicknesses of beehive sides (1, 2, and 3 cm) and three hive sizes (0.057, 0.086 and
0.114 m®) were studied. The present study carried out from 1 December until 30 March. To
determine thermal conductivity: three parts of each of foam, wood, cement and white brick were
cut and taken as samples. The samples were weighted with electronic balance, with an accuracy
of 0.01 grams and the mean mass was obtained. The volumes of white brick, foam, cement and
wood were estimated by putting the weighted sample in a measuring flask filled water to its half
and estimate the variance of water volume. According to (Rodrigues, 1998) the following equation
used to determine thermal conductivity

k =0.0003545 p - 0.007146, W/m/°C — (1)

Where: k is thermal conductivity and p is the density of samples, which was determined by the
following equation,

p=% kg | m’ —(2)

Where: m is the mass of broad material in kg and V is the volume of it in m>.

The mass of samples were determined before and after soaking them in water for 30 minutes, the
variation between mass indicated water absorption by each material. The simples were dried in an
oven at 30°C. The test began at 9:30 a.m. and the mass measurements were taken at 10:00 a.m.,
11.00 a.m., 01:00 p.m., 05:00 p.m. and 08:00 a.m. The mean masses for each tested material were
obtained and the results were applied by the following equation (Lorenzon, et al 2004),

W.LR = %xloo —3)

diy
Where: W. L. R.: water loss, %.

S. M. : saturated sample mass in gram.

S. M.ary : dry sample mass in gram at a given time.

A digital thermometer with an accuracy of 0.1 °C was used to determine internal hive
temperatures and in the bee yard. Air temperature outside the hives was taken by a thermometer
placed in in a shaded place in the apiary. The number of combs covered with bees from both sides
was investigated every 12 days throughout the winter season for adding empty new combs. Bees
or adult population was estimated at the rate 02000 adult bees which can cover a comb from both
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sides (Hauser and Lensky, 1994). This investigation was carried out every 12 days throughout the
winter season of 12 December, 24 December, 5 January, 17 January, 29 January, 10 February, 22
February, 6 March, 18 March and 30 March.
After assembling all types of boxes the empty weight was determined by an electronic balance.
The balance had a maximum capacity of 100 kg with an accuracy of = 30 gram as described by
(Meikle et al., 2006). The nearest nests weights were determined by the following equation every
12 days.
Nest weight = whole hive weight — empty box weight. — (4)
The cost for the model Langstroth white brick, foam and cement beechive was estimated and
compared with the wooden one.
RESULTS AND DISCUSSION

The mean densities of foam, cement and white brick samples were about 49, 952 and 811
kg/m’, respectively, while it was 528 kg/m® for wooden hives. The lowest density was obtained
with foam material and the highest with cement material. The thermal conductivity of samples
were about 0.01, 0.33 and 0.28 W/m/°C for foam, cement and white brick samples, respectively,
while it was 0.18 W/m/°C for wooden hives. The lowest thermal conductivity was obtained with
foam material and the highest with cement material. In general, the thermal conductivity was
decreased by decreasing the density of materials.
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Fig. (2):The density of the used materials Fig. (3):The thermal conductivity of the used materials

The wood, cement and white brick, samples absorbed 14, 24, and 18 % of water, while the
foam simple didn't absorb any water. The cement and white brick samples showed greater loss
than wooden sample during the most of the drying time. At the end of the drying process the
wooden samples lost much water because the cement and white brick samples were already dried.
Generally, cement and white brick samples absorbed more water and lost it faster than wooden
one.
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The main inside hive temperature was increased 52.45% than the outside air temperature,
because honeybee colonies rise the inside hive temperature to regulate the brood nest temperature.
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Fig. (6): The inside and outside air temperature, °C during the experiment period

Factors affecting inside hive temperature, °C:-

The mean inside hive temperatures were increased 8.24 % than it in wooden hives for foam
hives, but it were decreased 4.34 and 8.29 % when using cement and white brick hives,
respectively. There was a little difference in inside hive temperature, °C with reference to the type
of' material, because honeybee colonies regulated the brood nest temperature for all of foam, wood,
cement and white brick hives. This result agrees with (Myerscough, 1993). The mean inside hive
temperatures were increased from 21.79 to 24.04 °C when increasing side thickness from 1 to 3
cm, because the rate of heat flux through the hive sides decrease by increasing the sides
thicknesses. The mean inside hive temperatures were increased from 21.23 to 24.78 °C when
decreasing hive size from 0.114 to 0.057 m>. This due to the small internal environment needed to

regulate by the bee worker.
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Fig. (7): The effect of hive building materials on inside hive temperature.
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Fig. (8): The effect of the hive sides thicknesses on the inside hive temperature
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Fig. (9): The effect of hive size on the inside hive temperature.

Factors affecting number of occupied frames:-

The maximum mean number of occupied frames was 8 for foam beehives at the end of
March. The minimum number of occupied frames was 2 frames in the middle of January for wood,
cement and white brick beehives. The main number of occupied frames for foam were increased
20.45 % than it in wooden hive and decreased 11.36 and 15.91% for cement and white brick,
respectively. This is due the higher internal temperature, which improve the colony performance
and decrease mortality of worker bees. The mean number of occupied frames were increased from
4 to 5 frames. when increasing side thickness from 1 to 3 cm, due to the improve of the inside
hive temperature by increasing the sides thicknesses. The mean number of occupied frames were
increased from 4 to 5 frames when decreasing hive size from 0.114 to 0.057 m>. This due to the
improve of inside hive temperature and consequently, of the colony performance by decreasing
the hive size.
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Fig. (10): The effect of hive building materials on the number of occupied frames
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Fig. (11): The effect of the hive sides thicknesses on the number of occupied frames
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Fig. (12): The effect of hive size on the number of occupied frames
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Factors affecting nest weight, kg:

The mean nest weight were increased 24.85 % than it in wooden hives for foam hives, but
it were decreased 10.48 and 17.89 when using cement and white brick hives, respectively. This is
due the improvement of colony performance and productivity. The mean nest were increased
from 5.40 to 6.90 kg when increasing side thickness from 1 to 3 cm, due to the improve of the
inside hive temperature by increasing the sides thicknesses. The mean nest weight, kg were
increased from 5.43 to 6.75 kg when decreasing hive size from 0.114 to 0.057 m>. This due to the
small internal environment needed to regulate by the bee worker.
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Fig. (14): The effect of the hive sides thicknesses on nest weight, kg.
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Fig. (15): The effect of hive size on nest weight, kg.

It was noticed that the main inside hive temperature, number of occupied frames, and nest
weight, kg increased; with hive building materials, hive sides thicknesses and hive sizes, according
to the following descending order (foam > wood > cement > white brick ); (3 cm > 2 cm > 1 cm)
and (0.057 m* > 0.086 m* > 0.114 m?), respectively. In general, the main inside hive temperature,
number of occupied frames, and nest weight, kg were decreased for each type of material all levels
of hive thicknesses and sizes from, the first day of the experiment (12 December, 2014) up to the
nearly middle of January (17 January, 2014) and started to increase from the end of January (29
January, 2015) up to the end of the experiment (30 March, 2015). This is due the effect of changes
in ambient temperature during the study. Factors of external ambient conditions are very important
to the productivity of honeybees (Cetin, 2004). The main theory to explain why brood production
reduces during cold periods is that workers spend more energy in heating the colony than with
tasks related to brood production (Engels et al., 1995). Also, ambient temperature has a great effect
on foraging activity (Al-Qarni 2006 and Blazyte - Cereskiene et al. 2010). In regards to inside hive
temperature, number of occupied frames, and nest weight, kg, there was no significant difference
between hive material types, hive side thicknesses and hive sizes (P> 0.05). The wooden and foam
model could be burned during sterilization by scorching them with a blow lamp compared with
cement and white brick model. Wooden hives are more attractive to wax moth (Galleria mellonella
and Achroia grisella). Foam hives are more attractive to rodents and more susceptible to
environmental conditions.

Cost estimation: The following table represents a comparison between a complete Langstroth
beehive made of wood and foam, cement and white brick hives with a thickness of 2 ¢cm and a size
of 0.57 m’.

Table (1): Production cost of foam, wood, cement and white brick hives for one super.

Specification Price
Foam Wood Cement White
brick
- Super 15 85 65 45
- Nest from 5 frames 350 350 350 350
- Cover and bottom board 15 65 25 10
- Total hive cost 380 L.E. 500 L.E. 440 L.E. 405 L.E.
- Total hive cost without the price of the nest 30 LE. 150 L.E. 90 L.E. 55 L.E.
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The construction of the new hives (foam, cement and white brick) after subtracting the
price of the nest were 80, 40 and 63.3 % reduction in cost relative to the price of wooden hive, that
is due to the higher costs of wood Compering with foam, cement and white brick, respectively.

CONCLUSION

Foam is a light-weight, cheap and a valuable material. Cement and white brick materials
could be resistant to burnings. The white brick hives needed a certain care while cutting of boards
and assembly of it. Some parts like cover and bottom could be cracked by rains or broken during
handling, that require more care. Also foam hives have presented gaps, damaging and they were
more susceptible to environmental conditions. The expected life of foam hives was about one
season, due to the effect of environmental conditions and rodents especially rats. The cement and
white brick hives are almost twice as heavy as the mass of wooed one, but it is lighter than the
hive constructed by (Lengler et al., 2003) with a mass 0f43.55 kg. Even if the white brick presents
higher water loss, the internal moisture stability in the colony should be a critical point. wooden
hives absorb more water during the periods of rain, so we should protect the outsides of it with a
moisture resistant product like foam (figure 1) and the upper cover with a sheet of galvanized steel
or put the hives under a shelter during winter season. It was observed that during the studied
months, the maximum values of inside hive temperature, number of occupied frames and nest
weight were achieved by using foam material, but they have a less expected life and foam can't be
sterilized from almost all microorganisms like fungi, bacteria, viruses, and spores by flume without
burning hazard. Foam, cement and white brick Langstroth bee hive models were cheaper than the
wooden beehive cost. In general, foam, cement and white brick hives can be used by small or poor
beekeeping in the countries that imports wood by forging currency like Egypt. On the other hand
cement and white brick could provide evaporative cooling by honeybees in the dry period, thus
favoring honey maturation and temperature control. Thus, new hives could be performed better in
dry climates than humid.
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Abstract

he aim of this research is to producing and evaluating a new friendly environmental
I steam weed control system adapting with clean planting without using harmful
chemical herbicides and reducing weeds management economic costs at least. So, an
electrical steam weed control device was investigated to generates two different kinds of pressurized
steam (Damp and superheated one) to exposure cells cytoplasm immediately as, been treated under
pressurized levels of steam. Whereas the steam treating period was conducted automatically using an
electronic attached system which includes digital twin timer connected with an electrical solenoid to
control steam flow rate and pressure stat to adapt steam pressure automatically with the existence weed
status. An adequate self-propelled chassis was manufactured with multi adapting levels for its height
from the ground and movement speed and direction to move smoothly within crops rows using source
power of a friendly AC generator. Two individual field experiments were conducted to study the two
generated kinds of steam and compared them (Damp and superheated) under the variables levels of: first
four levels of steaming periods (1, 2, 3 and 4 sec) at forward speeds of (1.8, 1.2, 0.9 and 0.72 km/h),
second three levels of steaming pressures (3.5, 7 and 10 bar) and third three levels of steaming heights
from the ground (10, 15 and 20 cm) to study the following measurements; first on weeds and crop from
weeds extermination ratio after treatment for 3 days, weeds re-germination ratio after treatment for 3
weeks, chlorophyll level percentages after treatment for 3 days and crop yield production second on the
device from measuring field capacity, field efficiency, and energy requirements third calculating the new
weed control system economic costs in exchange for chemical control methods and yield production.
The main results conclude the following; the ability of two kinds of steam damp or superheated
one is consider more efficient than the traditional mechanical and chemical weed control methods. The
maximum values of weed extermination ratios after 3 days from treatment were 98.84& 97.74% for
damp and super-heated steams respectively. Also the chlorophyll percentages after 3 days decreased to
19.38&13.52% for the two kinds of steams at 4 sec of steam exposure period (S;) (forward speed, 0.72
km/h) for steam pressure (Sp) of 10 bar at steam height from the ground (Sn) 10 cm. However the ability
for the superheated steam under pressure for weed control decreased the weeds re-growth ratio to 24.82%
after 3 weeks from treatment. Besides the new weed control technique minimized the economic costs at
low levels (149.76 L.E/fed) includes fuel consumption, lubrication cost and operator salary instead of the
expensive chemical methods due to using water only. The new steam weed control device reaches
suitable levels of field capacity and efficiency of 0.61 fed/h at 96.11% field efficiency. Whereas the
maximum values of steam device consumed energy (CE, kW.h/fed) reaches from 4.83 to 6.63
Kw.h/fed. So, using the new weed control device is more adequate with the present requirements of the
Egyptian planting methods and the global trends of clean cultivation.
Key words: weed control, steam, elimination ratio, pressurized.
INTRODUCTION
Weed management is the main yield-limiting factor in production of organic crops. Steaming
is a perspective technique for intra-row weed control in no herbicidal row crops of high value,
where manual weeding can be very laborious. The thermal weed control technology by high
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temperature water steam is a new and very promising one. The essence of the matter is that water
steam thermodynamics quality in plant media may change and is accompanied by change of
convection heat exchange intensification from 1000 to 2000 times. This unusually big change is
decisive for weed control by water steam efficiency and economy. Steam weeding also has the
added benefits of improving soil biology and increasing public safety due to elimination ofthe risk
of'accidental exposure to dangerous chemicals.

Weeds are natural component of plant communities in cultivated land (Debeljak et
al.,2008). All weed control methods reducing weed density are important, therefore they must be
used in combination with certain agricultural plant production technologies. Mechanical weeding
in row spacing is more common in organic farms and can significantly reduce weed density
(Praczyk, 2005). Organic weed control methods include the thermal weed control. Wet steam
technology used to control weeds (exposure time 1-2 s) destroys not only plants on the soil surface,
but also the seedlings on the topsoil layer (Kerpauskas et al.,2006). The ability to manipulate crop-
weed interaction is essential in organic farming system (Rasmussen et al., 2000). Plants are
smothering weeds naturally in dense crop due to the lack of light. Various biological preparations
often have a different effect on crop yield and weed infestation (Pekarskas et al., 2012). In
addition Kruidhof et al., (2008) showed that weeds are a limiting factor in maximization of yields
in grain crop production systems. The problem of controlling weeds without synthetic herbicides
under the rules of organic agriculture is one of the biggest challenges that organic producers face.

Also, Collins, (1994) showed that steam has the advantage of having greater heat content than
boiling water due the latent heat of vaporization, plus a little bit more if superheated. Water at
100°C has 251kj kg of useful heat above the 40°C minimum. Steam at 100°C has 2508kj kg, but
occupies 1673 litres kg <compared to 1 litre kg for water so as heat content per litre, 100°C water
has 251kj L and 100°C steam has 1.5kj. There is difficulty in getting the steam to condense on the
plant to make use of the latent heat, requiring trailing covers over the weeds. The apparent
advantages of steam are difficult to capture. Maybe the steam could be charged to attract it to the
plant, as is done with ultra-low volume spraying. Whereas Ascard. (1998) reported that both steam
and flame weeders heat is transferred from the weeder to the plant by ‘forced convection ’i.e., it is
literally blown at the weeds. This is a very fast process taking a few seconds or less to move the
heat several feet. However, once the heat reaches a plant’s surface, it can only move through the
plant’s tissues by conduction. This is a tortuously slow process with the heat moving only a
fraction of an inch over tens of seconds. This is a problem, because for heat to kill a plant it has
to kill all its aerial meristems (buds ¢«(which reside in the leaf axils in dicots and in the center of
the stem in monocots. However the hot water method has a great potential to be developed to
control weeds in orchards (Kurfess & Kleisinger 2000). In general using flaming by gas in thermal
weed control the temperature difference is greater and it reaches 400-900°C. At the same moment
the temperature of the water and damp water steam used for weed control is only about 90°C. In
spite of high temperature the used method of flaming by gas, the transfused steam q to the tissues
of the plant remain 200 times less than condensation water steam and about 5 times less than hot
water (the transpiration of a plant is not estimated (Sirvydas & Cesna 2000). However Sirvydas
et al (2002) showed that steam has a high energy density and also a high heat transferring
capability. Heat intensity increases 1000-2000 times in comparison to flaming by gas technology.
Wet steam surrounding immediately increases temperature of plant surface tissues; the influence
is destructive. The biggest yield of barley grain is received after steaming in phase of 2-3 leaves.

Clearly more the thermal weed control for older weeds needs more time that destroys the inner
tissues of the weeds of (t 60°C) when reached after some time showed that the heat in the tissues
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of plant spreads slowly. The temperature of deeper plant tissues is not reached quickly. So, the
speed of moving of equipment as well as its economy decreases (Cesna et al.; 2000). In the same
manner Edgar, (2000) stated that weeds can be controlled by briefly exposing them to very high
temperatures delivered by open flame, infrared heating, steam, or hot water. Thermal methods are
considered post-emergence, non-selective, contact methods of weed control. Plant tissue exposed
to high temperature is killed by the serious injury caused to the waxy outer cuticle of the tissue,
rupture of the cell walls, and the release and abnormal mixing of cell contents. The results of
thermal treatments are apparent within a short time after treatment. Also, Kolberg and Wiles
(2002), reported that using a prototype steam applicator pulled by a tractor, control was most
effective with young weeds (seedling to 4-6 leaf stage) and that resistance to steam treatment
exhibited by some species was related to plant structural characteristics such as extensive
pubescence. Quantity of steam applied and duration of steam contact with the weeds, factors
affected mainly by driving speed, were also important factors in the effectiveness. Weed-control
effectiveness was greater at low speed (~1.7 miles/hr) than at high speed (~3.5 miles/hr). Thus
several commercial, steam weed-control systems are currently available for agricultural uses with
potential to be adapted for landscape and roadside uses; also, a report exists of a steam pressure
washer adapted for weed control (Yager, 2004).

kerpeuskas et al. (2006) said that damp water steam used for weed control in onion, maize
and barley crops it can be successfully used for organic and traditional agriculture. He found that
during weed shoot by steam 98% of weeds destroyed after two weed control treatments in an onion
field, the crop yield increased up to 10% compared with three times of treatments in maize it was
22% and 10% for barley compared with the not wedded control. He tells that 1 kg of wet water
vapor release 2250 KJ of thermal energy to the environment which is 3.7 to 11 times more than of
1 kg of gas in flame weeding technology where the wet water heats the environment with about
2000 times greater efficiency than gaseous medium and the ability of vapor to flow in the direction
of colder plants and soil surface. Water vapor condensation reduces its volume 1700 times. The
treatment with vapor last from 1-2 seconds to completely destroy the weeds. The beneficial
features of wet water vapor present great opportunities for the utilization of wet water vapor
devises for ecological weed control. Moreover Banks &Sandral (2007) reported that hot water and
steam is very effective at killing annuals, some perennials and some permeable seed near the soil
surface. There is virtually a zero risk of non-target plant damage (except when applied on lawn or
oval situations) and it is generally more benign to the environment than alternative herbicide
options, although it does use more water. Consequently the most vital biological factors in weeds
thermal control includes first the weeds size and seconds the degree of exposure of the growing
point at the time of thermal treating (Obradovic et al.; 2011).

The idea of this research is depend on eliminating weeds using water steam which bursts its
cells directly to stop the photosynthesis process during short period not exceeds 5 seconds.
Whereas, electrically the developed technique was turned on conversely in other steaming
equipment which are generates steam by burning the fuel which is very expensive and make
environment pollution.

The main goal of conducting this research is to find a clean resolving method for grown
weeds in crops instead of using harmful chemical herbicides and also to minimize the weed control
cost and maximizing the national agricultural production.

MATERIALS AND METHODS

The field experiments were carried out at EI-Serw, Damietta Governorate during planting
season 2016 of beta vagaries crop. The new innovated steam weed control device was designed to
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treat weeds in several in row crops. The formed chassis of the steam device had multi options to
set its position through and above plant rows to control the grown weeds in rows through the
critical plants grown period at the first month of planting. The steam device is self-propelled to
facilitate moving through rows with the lowest gas emissions using an electrical motor. The
innovated steam control device was formed to generate two different kinds of steam; damp and
super-heated steams in several stages of heating water under pressure up to 10 bar by using
electrical boiler and extra heaters to super-heated the generated steam. As shown in schematic
drawing Fig.1 and Figs (2, 3, 4 and 5) the steam device specifications are listed in table.l as

follows:

Table.1: The innovated steam device specifications.

Power source

7 kW electrical generator 220 V

Forward speeds

0.72,0.9,1.2 and 1.8 km/h

o ) width Length Total height Height from ground
Chassis dimensions
75 to 135 cm 163 cm 146 cm 32.5t0 62.5 cm
Operation width 2 rows 75 to 135 cm
Net weight 165 kg

Consumed power

7 to 11 Kw.h/fed

Driving motor

AC 220 V 1/6 hp with gearbox

Wheels

270 mm dia. solid

The steam weed control device consisted from the following parts:
First: The power source: Using AC generator as shown in Fig. (3) with specifications as listed

stroke gasoline engine

in table.(2).
Table.2: The used electrical generator specifications.
Generator
Model Lincoln LC 6500 E Chinese | Power factor 1
Standby power 7KW Rated of voltage transient +20-15%
Rated voltage 220V Voltage stabilization time 15s
Frequency 50HZ/60HZ Rated of voltage fluctuations <1%
Speed 1500/1800RPM Dimension (mm) LxWxH 550%430x420
Phase Single Phase Net weight (kg) 39
Engine

Type GX 200 Capacity of engine oil 0.6
Ignition system Transistorized magneto Start system Mech.
E});(igsmn of cylinder 196 Capacity of fuel tank (L) 15
?;%%;;)O“tput power 4.8/3600(6.5HP) Consecutive Working (h) 13
Category Single crock air-cooled four- Noise (at7m) (dB) 65




"THE ROLE OF AGRICULTURAL AND BIOLOGICAL ENGINEERING FOR ADVANCEMENT OF THE AGRICULTURAL SECTOR" 417

M . R100—
7 ® ? @.—H‘L@ @ —llg
i ©, @ Oy Suf-g
| —

}

i |

Dimensions:mm
Scale:1:11

|

64
- '( O i
fm oo 179
{4 e @
see ©f0470 ISP
!‘::E:
n\‘

Fig.1: schematic drawing of the innovated steam weed control device:
(1- 27cm Dia. solid wheels, 2- chassis crane, 3- chassis, 4- steering shaft, 5- steam direct press
switch, 6- motor on /off/rear/ front switch, 7- steering arm, 8- AC generator 7 Kw 220V, 9- optional
steam spray lance, 10- boiler water indicator, 11-boiler, 12- pneumatic water tank, 13- boiler water

hose, 14- steam solenoid, 15- pressure manometer (0-10 bar), 16- high pressurized steam valve,
17- solenoid press switch, 18- boiler heater press switch, 19- indicator lamp, 20- steam lines crane,
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21- super heater thermostat, 22- twin timer unit, 23- copper steam pipe 4 mm dia., 24- copper
steam outlet nozzles 1 mm dia., 25- wheels driven gear 38 teeth, 26- outlet steam thermal hose 5
mm dia., 27- motor driving gear (5, 7, 9 and 14 teeth), 28- driving AC motor (1/6 hp 220 V), 29-
rear wheels side slider, 30- outlet steam solenoid, 31- front wheel side slider, 32- boiler water
filling valve, 33- steam lines side slider, 34- side steam isolated sheet, 35- thermal isolator, 36-
steam angular tighten shaft, 37- water tank holders.)

Fig.3: The steam device rear view.

Fig.4: The steam device right side view. Fig.5: The steam device left side view.
Second: The steam electrical boiler

As shown in Fig. (6) the electrical boiler is formed locally to generate water steam under
pressure from 1-10 bar which used to treat the growing weeds through the planting rows to
eliminates weeds by exposure its cells cytoplasm. However, the electrical steam boiler was fixed
on the chassis as clear in Fig. (4). The steam boiler has the manufactured specifications as listed
in Table (1).
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Fig.7: schematic drawing of the inner boiler cane:
(1-Boiler steel body (15 mm thickness), 2- thermal
isolator, 3- water indicator, 4- solenoid pressure
control valve, 5- steam solenoid, 6- pressure
manometer (1-10 bar), 7- heater (1.5 kW), 8- safty
mechanical valve, 9- high pressure steam outlet
valve, 10- water filling valve, 11-pressure stat.)

Table.3: The used electrical steam boiler specifications.

Fig.6: Steam boiler front and rear
view.

Boiler capacity 5 liter Electrical power 1500 Watt-220 V
. . . Diameter Height Thickness
Net weight 7kg Inner dimensions 17 em 30 om 15 mm
Pressure From 1-10 bar Outer dimensions Height Width Length
40 cm 28 cm 28 cm

The electrical boiler consists from the following parts:

1- The outer boiler chemise: As shown in Fig.(6) it formed from iron square panted sheets with
thickness of 0.6 mm with the dimensions of (28%28x40cm).

2- The inner boiler body: As shown in the schematic drawing (Fig. 7, No.l) it formed as a
cylindrical shape from water resistant steel with thickness of 15 mm to stand the inlet large
generated pressure and has dimensions of 17 cm dia. and 30 cm length. It was designed to fill
with 5 liter's from water which experimentally last for 30 minutes period from continuous
operating. Whereas, this chosen size was fits the required consumed energy from the attached
AC generator. The inner boiler body was isolated accurately with glass wool to keeps energy
from thermal leakage, as shown in (Fig. 7, No.2). A special water indicator from thermal glass
tube was fixed frontally to the boiler body to indicate water level, it has length of 10 cm and
10 mm dia. as shown in (Fig. 7, No.3).

3- The electrical heater: With the power of 1500 watt, that formed from brass coils and fixed in
the inner bottom of the boiler, as shown in Fig. (8).

4- The electrical solenoid: As shown in Fig. (9) the electrical solenoid has a magnetic inlet coil
that open the inlet spike valve; as been the electrical sign turned to it from the direct steam
switch or from the timer unit to select the working period. Also, this solenoid has a control
valve to choice the needed pressure, as shown in (Fig. 7, No.4). The solenoid works up to 180°
C and stand pressure maximum 12 bar.

5- The manometer gauge: As shown in Fig. (10) it has operating range from (1 to 10 bar) to indicates
the operating steam pressure. The steam becomes ready from 2 bar pressure and the boiler practically
needs 20 minutes to be prepared initially.



420

6-

7-

8

9

10-

11-

"THE ROLE OF AGRICULTURAL AND BIOLOGICAL ENGINEERING FOR ADVANCEMENT OF THE AGRICULTURAL SECTOR"

¢ B

Fig.8: The boiler Fig.9: The Fig.10: The Flg.lé:t The Fie.12: Th
heating element 1500 working pressure satety 18- 14- Ihe
Watt. solenoid manometer. mechlanlcal pressure stat.
valve.

The safety mechanical spring valve: As shown in (Fig. 11) which made from brass and stand
temperature media of 200° C it has inlet steel calibrated strength spring, which settled to stand
pressure up to 10 bar when pressure exceeding its stands it get opened to release the overload
pressure to save the boiler from damage(Fig. 7, No.8).

The pressure stat: It was connected through the electrical hot line to connect the electrical
power to the heater if the inlet pressure decreased to automatically operate the boiler at the
controlled water steam pressure also; it saves the boiler from damage from overheating (Fig.
12).

The operating switches: As shown in (Fig. 1, No. 17&18) two press switches one of them to
connect heater with electrical power and the other to connect the solenoid and also there are
indicator lamp to indicates boiler working (Fig. 1, No. 19).

The boiler valves: As shown in (Fig.7, No. 9&10) there are two 0.5" valves; the horizontal
one is connected to the steam gun and the vertical one is connected to the pneumatic water
tank to refill boiler with water.

The optional steam spray lance: As shown in (Fig.1, No.9) and Fig.13 which connected
laterally to the boiler outlet high steam pressure valve to be used when the weed treated areas
couldn’t be reached. It has dimensions of 50 cm length and 13 mm Dia. The steam gun is made
from resistant stainless steel and has an isolated operating arm and has a manual valve. The
steam gun has adaptable nozzle diameter from 0.5 to 1.5 mm Dia.

The pneumatic water tank: As shown in Fig.2 an attached 10 liters capacity garden sprayer
was used to supply the boiler with water to neutralize partly the inlet boiler steam pressure by
connecting hoses from it to the filling valve of the boiler. Before using the steam device the
pneumatic water sprayer needs to be perpetrated by its manual piston to supply water partly,
as the steam consumed.

Third: The external heating unit (super- heated steam producing):

As shown in Fig. (14) which produces the second heating act to produce the super-heated

steam by heating the brass hosing pipes of steam. This unit consisted from the following:

1-

Tubular straight heater: It made from stainless steel with 60 cm length, 7 mm diameter and
600 W power, as shown in Fig. (14) it have two anodes from both sides positive and negative
one when connected with electrical power its fused to reach 250° C. The tubular heater was
gathered to the brass holding tube of the steam spray nozzles to super-heated the outlet damp
steam from the boiler.

Adjustable capillary thermostat: This has temperature control range from (30-2500) C. It
was sited on the chassis beside the boiler as shown in (Fig.1, No.21). It has a tiny 1 mm dia.
stainless steel tube and a connecting bulb from its end which contact with the tubular heater
when it's containing gas expands it connected within its calibrated temperature range.
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Fig.13: The optional steam spray

lance.

Fig.14: The external heating unit and the capillary
thermostat.

Fourth: The timer unit: Which controls the operating periods of the generated steam from the
boiler automatically to give multi choices of concludes the perfect weed steaming period for weed

Fig.15: The timer unit and the
thermostat.

control. The timer unit circuit as shown in Fig. (18) consists from the following:

-~

Fig.16: The timer unit

components.

Fig.17: The digital twin
timer, the contactor
and the buzzer alarm
indicator.

A- The digital twin timer relay DH48S-S: As shown in Figs. (16&17) which consists from two
timer units housed in a compact case it have settled times; the first one to choose the connecting
period for the steam solenoid from (1-5 sec) and the second one to disconnect it also from (1-
5 sec). The timer specifications are listed in Table (4).

B- The contactor: Which connect the electrical load directly from the power source but it can't
connect it until getting the sign from the twin digital timer to its inlet magnetic coils which
operated with weak current to save the circuits from overloading, as shown in Fig. (17) and its
specifications listed in Table (4).

Table.4: The digital twin timer relay and the connected contactor specifications.

Timer Contactor
Operating voltage AC24~220V. 50Hz, DC24V Coil Voltage AC 220V
Delay time range :0.1S to 99H Operating voltage 220V
Rated load AC220V5A COS 1 Operating current 20 A
Dimensions(mm) 48H x 48W x 84D load 2 hp (1.4914 Kw)
Overall Size "(L*W*H) 75%45x75 mm

C- Buzzer alarm indicator: As shown in Fig. (17) which notice the electrical signal connecting
when operating the steaming lines properly at the same adaptable time from the digital twin
timer. More clear when the connecting time on this buzzer flashes and lights with the same
adapting period tells that the hot steam is out and vice versa it disconnect at the second time.
The buzzer had AC 12 V operating voltage and 20 mA operating current.

D- The steam direct micro switch: as shown in (Fig.1, No.5) a direct manual connected press
switch was connected on the steering arm of the steam device to use it as required.
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Fig.18: The schematic electrical circuit for the steam device.
Fifth : The weed control device chassis: This part was designed and formed locally to be self-
propelled using a driving AC motor with gearbox which move the steam device in front and rear
with different forward speeds. The steaming device designed to be frontally moved but it was rear
steering by the operator to keep frontally steady steaming operation and easy tracking in narrow
places. However the chassis also was assembled to be adaptable with any planting distances for
broadcasting besides it could be treats flat soils and terraces. The chassis weight was decreased as
possible to protect soil from compacting using suitable wheels. The chassis height from the ground
could be settled and also the interference distance between wheels which stands on four adaptable
lifting cranes to protect the growing plants lines passing overalls it from 30-62.5 cm height from
the lines top as shown in Fig.(1). The treating area was chosen upon the water steam ability of

(46x25) cm that equals maximum (0.23 m?) for the two steaming lines with the chosen steaming

period. The steaming device has been designed to treat essentially the bottom of growing lines for the in

rows crops. The chassis formed from the following:

1- The holding frame: As shown in Fig. (1) it formed from heavy ironed 1.5 beams with
dimensions of (60 Wx163 Lx146 H cm) to hold the steam boiler, the pneumatic water tank, the
driving AC motor and the electrical generator. The frame was merged to fit small areas and
easy removing.

2- The chassis cranes: As shown in (Fig.1, No.2) the chassis had four adaptable wheel cranes to
set the chassis height from the ground as the plants tall in the planting lines to pass over it
without closing to it. Every crane could be raised from the ground up to 62.5 cm height. The
cranes was formed from two telescopic iron square pipes of (2x2x%30 cm) with (3%3%30 cm)
and gathered internally by inlet screw of (22 mmx30 cm) then an upper manual flange roller
was lathed to set the chosen frame height manually. Four wheels with 27 cm diameter were
used as shown in (Fig.1, No.1).
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3- The steering shaft: It was rear mounted to the chassis and gathered with the rear wheels by 25
mm bearing flange to give rotating angle of 270° to smoothly round the steaming device, as

shown in (Fig.1, No.4).

4- The driving AC bi-directional gear motor: This motor was chosen carefully to suits steaming
periods that needs low forward speeds from (0.72-1.8 km/h). The motor was electrically
directed to keep clean planting from the emissions. The motor rotating speed was decreased
using gear box from (1600 to 100 rpm) with reduction ratio of (1:16). The motor specifications
listed in Table. (5). Also (5, 7,9 and 14 teeth) driving gears was hosted on the gearbox shaft to
transfer moving to other 38 teeth driven gear that connected to the front right wheel to reduce
forward speeds at four variable levels of (0.72, 0.9, 1.2 and 1.8 km/h) as shown in (Figl.,No
25&27). The motor was controlled using a special switch forward / reverse enclosed IP66 3
pole 20 A square switch suitable for single phase electric motors and attached to the steering

shaft to be used by the operator, as shown in Figs. (19&20).
DAY

Fig.19: The driving AC gear motor.

i

Fig.2 The driving A:C motor connection.

Table.5: The driving AC motor specifications.

Model Bison- Amer1§?2-016-242- Power 1/6 hp 229 Watt
Operating voltage 220V AC, 50Hz Rotating speed From 1600 to 100 rpm
Operating current 1.0A Reduction ratio 1:16

Torque 91 In-LBS

5- The steam lines: This part was fabricated to cover the bottom of two parallel adjacent rows. A
twin steaming adapting concaved shaped plates with a changeable angle from 45° to 90° was
formed to suit the various planting distances to gauge the steam flow only over the weed
infected areas far away from plants rows, as shown in Figs. (21&22). Whereas the steaming
concaves was quilted by a thermal glass wool layer to prevent the crops from heat leakage
(Fig.1, No. 35). However the twin steam concaves were hinges to the frame by a crane (Fig.1,
No. 20) to set its height over the rows and also were formed to be slipped latterly on the
telescopic square pipes (Fig.1, No. 33) to suit planting distances between rows. The steam lines
consisted from the following:
A-The concave plates: As shown in (Fig.1, No. 34) which were formed from Imm thickness

of galvanized plates to resist oxidize with dimensions of (46x25 cm) and gathered by two
hinges from every side, as shown in Fig.(22) to a square iron pipes of (2x2 cm) with the
length of 50 cm that covers this length virtually with steam. Every steaming concave line
was quilted from inside by a thermal glass wool layer. The concaved angle was settled by
10 mm screw bolt with length of 50 cm, as shown in (Fig.1, No. 36).
B-The brass steam pipes: As shown in Fig. (21) this formed from brass with the thermal
conductivity K of 109 W/m?.K with diameter of 4 mm and length of 45 cm which connected
to the boiler by an isolated thermal 5 mm dia. hoses. Three steam spraying nozzles of | mm
dia. were assembled in every steam spraying line at equal distances from them of 15 cm to
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make spraying integrated cones to spray all the under area of bottom line. Every brass pipe
was hinged to the holding square pipe by another 20 cm length adaptable screw bolt (10 mm
dia.) to gauge the distance between ground and the flowed steam.
C-The concaves holding crane: As shown in (Figl, No. 20) it was attached to the frame to set
the concaves height over the plating rows. It was made from two telescopic iron square pipes
of (2x2x30 cm) with (3%x3x30 cm) and gathered by inlet 22 mm dia. screw with length of 30

cm and have a manual roller to set its height manually.

.

Fig.21: The steam lines at tracking.

Fig.22: The steam lines oerting set.

The steam device operation: Generally operating the steam device needs followed steps to
eliminates weeds perfectly from setting the chassis height width and height then set the steam
heights, periods, pressures at the forward speeds. Whereas as shown in Figs. (23, 24&25) cleared

the steam elimination effect on weeds directly and after 3 days.

Fig.23: The grown weeds
through crop lines.

.Fi.: The wilted steam

treated weeds directly.

Fig.25: Te eliminated
weeds after 3 days.

Test factors

Clearly two kinds of steam were produced in two water heating stages and had a specifications
according to the standard steam tables and diagram, as shown in Table. (6).
Table. (6): The used saturated damp and super-heated steams specifications.

Saturated damp steam
Pressure Temperature Latent heat Steam specific | Water specific | Steam specific
bar oc KJ/kg enthalpy enthalpy volsume
KJ/kg KJ/kg m’/kg
3.5 148.017 2119.83 2743.52 623.692 0.412757
7 170482 2047.05 2768.37 721.319 0.23995
10 184.123 1999.28 2780.71 781.434 0.177232
Super-heated steam
Pressure Temperature | Steam specific | Steam specific | Steam specific | Steam viscosity
bar oc enthalpy KJ/kg | volume m*/kg heat KJ/kg.K mPas
3.5 398.017 3268.91 0.682247 2.09106 0.0243569
7 420482 3310.93 0.395766 2.12253 0.0252869
10 434.123 3335.78 0.292855 2.14453 0.0258533
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temperature

Ica (solid) - _

pressure

Triple Point : 0°C, 0.61 KPa abs (32°F, 0.09 psia)
Critical Point : 374°C, 22.1 MPa abs (T05'F, 3208 psia)

Fig.26: The steam diagram.
For optimizing the affecting factors of the investigated steam device, field experiments were
done using the steam device to test the following affecting factors to compare the two different
generated steam kinds (damp steam and super-heated steam) under the following variables levels:
1) Steaming periods (So):
Four steaming periods of (1, 2, 3 and 4 sec) using the twin digital timer at four settled equivalent
forward speeds of (1.8, 1.2,0.9 and 0.72 km/h).
2) Steaming pressure (Sp):
Three steam pressures were chosen (3.5, 7 and 10 bar) by rotating the adapting the pressure stat.
3) Steaming height (Sy):
Three steaming heights from the ground were used of (10, 15 and 20 cm) using the steam
lines lifting crane.
Measurements and instrumentation
Pre-laboratory experiments were conducted to calibrate the needed time for preparing the
water boiler for generating pressurized steam and the affecting period for weed elimination
process for the best height over weeds from the ground. However the field experiments were
carried out on the beta vagaries crop as season 2016. The measurements were as follows:-
1) Weed extermination ratio, (EX.R) %: After treatment, two and three days. It was assumed by
the following equation:-
weeds mass in rows before steam treated , m?
EX.R= weeds mass in rows affter steam treted, g}qr/nz X100 @)

2) Chlorophyll level percentage, (ch) %: After treatment, two and three days. It was estimated by

the following equation:-
weed leaves chloropyll percentage after treatment,mg/ cm>?
pylp ge af 9L 100......... )

weed leaves chloropyll percentage before treatment, mg/cm?

Fig.27: Digital Chlorophyll Meter model atLEAF.
The weeds chlorophyll level percentage was calculated using: atLEAF+ Digital Chlorophyll meter
with software model PN/0131 made in USA (3VDC-0.2 A+ 5V USB).
3) Weeds re-growth, (GR) %: For treated weeds per one, two and three weeks. It was calculated
by the following equation:-

ch =
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GR = n.of germinated weeds, stalk

- n.of weeds after treatment, stalk

4) Yield production ratio Y %: It was assumed by the following equation:-
Y = trated area crop yield ,ton/fed

control crop yield,ton/fed

5) Field capacity, (FC) fed/h: by using the following equation:-
FC = treated area,fed

time of treatment, h

6) The machine efficiency (Fe), %: It was measured according to Kepner et al. (1982).
Fe—= T VR 11 T )
T

Where: Fe: machine efficiency, %, Tu: theoretical time per fed, h  Tac: the actual operating
time, h.
7) The fuel consumption (F), lit/min:
Fuel consumption was determined by measuring the volume of fuel consumed during the
operation time for each run and calculated in liter per hour. It was measured by completely
filling the fuel tank then before each end run and refilling the fuel tank using a scaled container.

The fuel consumption rate was calculated from the following equation:

F:K L/h

L @)
Where: F: rate of fuel consumption, L/h, V:rate of consumed fuel, L T:time, h
8) Specific energy consumption, CE (kW.h/fed):
The electrical energy consumption (kW) was determined for each test by taking the readings of
both line current and voltage, using super clamp meter (700-k type) that connected to the steam
device cables. Hence the consumed electrical power (kW) for each treatment was estimated
according to (Kurt, 1979) as follow:

Ep=I+Vxn*coS@/1000 .......cooiiiniiiii it eeeae )]
Where: EP = electrical consumed power under different machine loads;
I =line current strength in Amperes; V = potential difference (voltage) being equal to
220 V; n = mechanical efficiency (assumed as 80 %); cos ¢ = power factor (was
taken as 0.7).
Consequently, the specific energy consumption (kWh/fed) for each treatment could be
calculated using the following equation:
Specific energy consumption = consumed power (kW.h) / Machine field capacity (fed/h).
9) Total costs, (C) L.E/fed: comparing to the traditional methods were estimated: using the
following equation (Awady et al., 2003):

C=£F+£+T+r}+(W.e)+i ............................................ )
hla 2 144
Where :C: hourly cost, L.E./h; P: price of the machine, L.E.;
h: yearly working hours, h/year; a: life expectancy of the machine, year;
I: interest rate per year; T: tax overheads ratio;
r: repair and maintenance ratio; W: power of motor, kW;
e: hourly cost/kW.h. m: the monthly average wage ,

L.E.; 144: the monthly average working hours.
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The operating cost was determined using the following formula:
Machine hourly cost, (L.E./h) LE/ fed ewewoeeeseees (10)

Actual field capacity (fed / h)

The experimental plots were arranged in a three way completely randomized factorial
experiment with three replicates and analyzed statistically and the significance according to the
probability (P < 0.05) was evaluated by the CoStat program (Oida, 1997).

RUSULTS AND DISCUSSION
The main results could be discussed as follows:
1- Factors affecting weeds extermination ratio, (Ex.R %):

The relationships compared between the damp and superheated steams at the different steam exposure
periods (Sp, sec) to the weeds extermination ratios (EX.R, %) (after steam exposure, 2 days and 3 days)
at the different steam pressures (Sp, bar) are illustrated in Figs. (28 & 29). Actually increasing the S; for
the two different kinds of steam; damp and superheated respectively increases the weeds extermination
ratios (EX.R) with increasing the treatment of the (Sp) in a direct relationships. The maximum values of
(EX.R 1,2&3) for damp and super-heated steams were {(91.89, 94.0, and 95.84) & (93.69, 95.94 and
97.74) %}, respectively at 4 sec of the S for Sp of 10 bar, on the other hand the minimum values of the
(EX.R 1,2&3) for damp and super-heated steams were {(72.49, 74.44 and 76.30) & (74.41, 76.33 and
78.51) %}, respectively for of the 1 sec of S at Sp of 3.5 bar.

Thus, as shown in Figs. (30&31), the maximum values of the (EX.R 1,2&3) for damp and
super-heated steams were {(91.35, 93.40 and 95.43) & (93.34, 95.44 and 97.27) %}
respectively, for S; of 4 sec at 10 cm of the steam height from the ground (Sy), when the
minimum values of the (EX.R 1,2&3) for damp and super-heated steams were {(72.97, 74.95
and 76.95) & (75.01, 76.74 and 78.92) %}, respectively for the 1 sec S; at 20 cm of S.

These results may be owned to by increasing the exposure periods of steaming weeds the
extermination ratios increased relatively as exposure the weeds cells due to overheating limits that
exceeds 180°C by using the damp steam when using the superheated steam increases the heating levels
over 400°C that rapid the weeds death. However, using the pressurized steam levels from 3.5 to 10 bar
increases the weeds death acting under the chosen steam heights at the first ages of weeds. Statically
there are high significant effects for the total interaction between different treatments with (P <0.05) for
the (EX.R 1, 2&3) values respectively. Also ANOVA analysis indicated highly significant differences
between the treatments. A simple power regression analysis applied to relate the change in (EX.R 1,
2&3) with the change in the tested factors for all treatments. The obtained regression equations were in
the form of:

Operating cos t(L.E / fed ) =

Damp steam Super-heated steam
Ex. R1 % 67.169 +6.015 St +0.175 SP- 0.075 Sh 68.415+5.941 St + 0.229 SP-0.046 Sh
X.
° R’=0.9864 C.v=1.181 R?=0.9998 C.Vv=0.140
Ex. R2 % 68.256 + 6.01 St +0.24 SP-0.048 Sh 70.153 + 6.09 St + 0.206 SP -0.047 Sh
X.
’ R?=0.9997 C.V=0.175 R?=0.9997 C.v=0.154
Ex. R3 % 70.328 +5.60 St +0.228 SP-0.0491Sh 72.46 +5.948 St + 0.217 SP -0.048 Sh
X.
° R?=0.9996 C.Vv=0.189 R?=0.9998 C.v=0.121
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Fig. 30: Effect of damp steam exposure periods on the
weeds extermination ratios at the different steam
heights.

Fig. 31: Effect of super-heated steam exposure periods on
the weeds extermination ratios at the different steam
heights.

2- Factors affecting weeds chlorophyll percentage (Ch, %)

The graphs which describes the effect of the damp and superheated steams on the weeds chlorophyll
percentages (EX.R, %) (After steam exposure, 2 days and 3 days) at the different steam exposure periods
(Sp, sec) to with different steam pressures (Sp, bar) are shown in Figs. (32 & 33). As well, increasing the
Si for the two different kinds of steam damp and superheated respectively decreases the weeds
chlorophyll percentages (Ch, %) with increasing the treatment of the (Sp) in adverse relationships. The
maximum values of (Ch 1,2&3) for damp and super-heated steams were {(74.68, 43.92 and 19.38) &
(59.55,29.24 and 13.52) %}, in arrangement at 4 sec of the S for Sp of 10 bar, during the lowest values
of the (Ch 1,2&3) for damp and super-heated steams were {(55.83,20.73 and 6.90) & (40.86, 10.63 and

2.64) %}, respectively for of the 1 sec of St at Sp of 3.5 bar.

In that manner, the highest values of the (Ch 1,2&3) for damp and super-heated steams
were {(73.23,42.72 and 18.22) & (58.19, 27.82 and 12.58) %} respectively, as shown in
Figs. (33&34) for S; of 4 sec at 10 cm of the steam height from the ground (Si), where the
lowest values of the (Ch 1,2&3) for damp and super-heated steams were {(56.93,21.89 and
8.97) & (42.13, 11.77 and 3.48) %}, respectively for the 1 sec S; at 20 cm of S.
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To be ascribable these results by reason of; by increasing the exposure period of steaming weeds
the chlorophyll percentages decreased because of decreasing the moisture content of the weeds
cells and stopped the photosynthesis operations as a proof of exterminated the weeds. Statically
the total interactions between different treatments have high significant effects with (P < 0.05) for
the (Ch 1, 2&3) values respectively. Too ANOV A analysis indicated highly significant differences
between the treatments. A simple power regression analysis applied to relate the change in (Ch 1,
2&3) with the change in the tested variables for all treatments. The obtained regression equations
were in the form of:

Damp steam Super-heated steam
Ch1 % 80.129 -5.08 St-0.589 SP +0.117 Sh 64.649 - 4.989 - 0.565 SP +0.116 Sh
° R?=0.9993 C.V=0.302 R*=0.9990 C.V=0452
Ch2 % 48.937-6.417 St -0.544 SP +0.12 Sh 34.463 - 4.988 St - 0.55 SP +0.115 Sh
° R’=0.9993 C.V=0.689 R’=0.9992 C.v=1.012
Ch3 % 22.776-2.61 St -0.76 SP +0.145 Sh 17.231 - 2.655 St - 0.49 SP +0.11 Sh
° R’=0.9964 C.V=2.03 R’=0.9971 C.V=2.521
Damp steam Super-heated steam
90 90
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Fig. 32: Effect of damp steam exposure periods on the Fig. 33: Effect of super-heated steam exposure periods on
weeds chlorophyll percentages at the different steam the weeds chlorophyll percentages at the different
pressures. steam pressures.
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3- Factors affecting weeds re-growth ratio (Gr, %)

Likewise Figs. (36 & 37) describe the effect of damp and superheated steams at the different steam
exposure periods (Sp, sec) on the weeds regrowth ratios (Gr, %) (After steam exposure, 2 weeks and 3
weeks) with the different steam pressures (Sp, bar). Furthermore, increasing the S; for the two different
kinds of steam damp and superheated respectively decreases the weeds re-growth ratios (Gr, %) with
increasing the treatment of the (Sp) in opposite trends. The maximum values of (Gr 1,2&3) for damp and
super-heated steams were {(24.87, 26.88 and 28.77) & (20.90, 22.63 and 24.82) %}, in arrangement at
1 sec of the S¢ for Sp of 3.5 bar, as the lowest values of the (Gr 1,2&3) for damp and super-heated steams
were {(5.08,7.08 and 9.31) & (1.08, 3.33 and 5.40) %}, respectively for of the 4 sec of Stat Sp of 10 bar.

Too, as shown in Figs. (38 & 39), the maximum values of the (Gr 1,2&3) for damp and super-
heated steams were {(24.33,26.37 and 28.12) & (20.32, 22.26 and 24.27) %} respectively, for S; of
1 sec at 20 cm of the steam height from the ground (Sy), despite the minimum values of the (Gr
1,2&3) for damp and super-heated steams were {(5.30, 7.59 and 9.84) & (1.69, 3.79 and 5.83) %},
respectively for the 4 sec S¢ at 10 cm of S.

These results in view of increasing the exposure periods between treating weeds it gives chances
to regrow the weeds again, but it still under the acceptable un-harmful degrees of weeds infections.
However using the superheated steam treatment not affects only the weeds but also affect its seeds
in the soil which minimize the weeds regrowth ratios at least. Statically there are high significant
effects for the total interaction between different treatments with (P < 0.05) for the (Gr 1, 2&3)
values respectively. Whereas, ANOVA analysis indicated highly significant differences between
the treatments. A simple power regression analysis applied to relate the change in (Gr 1, 2&3) with
the change in the tested factors for all treatments. The obtained regression equations were as
follows:

Damp steam Super-heated steam
Grl % 29.304 -6.091St+ 0.234 SP -0.046 Sh 25.169 - 6.069 St +0.243 SP -0.0463 Sh
R*=0.9999 C.v=0.592 R?=0.9998 C.V=1.007
Gr2 % 31.411- 6.114 St +0.23 SP-0.045 Sh 27.155-5.997 St+0.231 SP -0.048 Sh
R?=0.9997 C.v=0.802 R?=0.9998 C.v=0.848
Gr3 % 32.925 - 5.969 St +0.245 SP -0.046 Sh 29.355-6.026 St+0.22 SP -0.047 Sh
R*=0.9998 C.V=0.549 R?=0.9998 C.v=0.735
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4- Factors affecting yield increasing ratio (Y, %):

Figs. (40 & 41) are illustrated in the relationships compared between the damp and superheated steams
at the different steam exposure periods (S,, sec) to the weeds regrowth ratios (Y, %) at the different steam
pressures (Sp, bar). Besides, increasing the S; for the two different kinds of steam damp and superheated
respectively increases the yield increasing ratios (Y, %) to the control with increasing the treatment of
the (Sp) in direct relationships. The maximum values of (Y, %) for damp and super-heated steams were
(45.41 and 49.57 %) over control (12 ton/fed), respectively at 4 sec of the S; for Sp of 10 bar, while the
lowest values of the (Y) for damp and super-heated steams were (33.64 and 40.60 %), respectively for
of the 1 sec of Sy at Sp of 3.5 bar.

During, the maximum values of'the (Y) for damp and super-heated steams were (44.82 and 49.14 %))
over control (12 ton/fed) respectively, as shown in Figs. (42&43) for S; of 4 sec at 10 cm of the steam
height from the ground (Si), when the minimum values of the (Y) for damp and super-heated steams
were (31.10 and 39.58 %), respectively for the 1 sec S at 20 cm of Sp.

These results may be attributed to by increasing the exposure periods of treating weeds using the two
different steams minimizes the chances of grow weeds that led crop yield increases over the control
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because of finishing the competition between the crop and the weeds on the light and feed . Statically
there are high significant effects for the total interaction between different treatments with (P <0.05) for
the Y values respectively. Also ANOVA analysis indicated highly significant differences between the
treatments. A simple power regression analysis applied to relate the change in (Y) for damp and
superheated steams with the change in the tested factors for all treatments. The obtained regression
equations were in the form of:

Damp steam Super-heated steam
Y % 31.242 +3.0986 St + 0.324 SP-0.065 Sh 39.057+2.322 St + 0.235 SP-0.059 Sh
’ R?=0.9957 C.v=0.722 R’=0.9958 C.V=0471
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increasing ratio at the different steam heights. the yield increasing ratio at the different steam heights.

5- Factors affecting the steam device field efficiency (Fe, %):

The relationships compared between the damp and superheated steams at the different steam exposure
periods (Sp, sec) to the steam device field efficiency (Fe, %) at the different steam pressures (Sp, bar) are
illustrated in Figs. (44 & 45). Generally, increasing the forward speed (FV) at the different S; for the two
different kinds of steam damp and superheated respectively increases the device field efficiency (Fe, %)
with increasing the treatment of the (Sp) in direct relationships. The maximum values of (Fe, %) for damp
and super-heated steams were (96.11 and 94.12 %), respectively at 1 sec ofthe S¢ (1.8 km/h) for Sp of 10
bar, while the lowest values of the (Fe) for damp and super-heated steams were (85.59 and 83.47 %),
respectively for of the 4 sec of S; (0.72 kmv/h) at Sp of 3.5 bar.
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While, the maximum values of the (Fe) for damp and super-heated steams were (95.97 and 93.73 %)
respectively, as shown in Figs. (46&47) for S; of 1 sec (1.8 km/h) at 10 cm of the steam height from the
ground (Sp), where the minimum values of the (Fe) for damp and super-heated steams were (83.06 and
82.16 %), respectively for the 4 sec S; (0.72 km/h) at 20 cm of Sp.

These results may be attributed to by increasing the forward speed of the steam device the field
efficiency increases relatively but its values for damp steam were increased than the super-heated steam
because consumed more time for generating the super-heated steam. However the maximum value of
steam pressure 10 bar with the minimum close steam height 10 cm from the ground achieves the
maximum efficient variables setting. Statically there are high significant effects for the total interaction
between different treatments with (P < 0.05) for the Fe values respectively. Also ANOVA analysis
indicated highly significant differences between the treatments. A simple power regression analysis
applied to relate the change in (Fe) for damp and superheated steams with the change in the tested factors
for all treatments. The obtained regression equations were in the form of:

Damp steam Super-heated steam
Fe % 97.149 -2.922 St +0.318 SP -0.065 Sh 95.184 -2.934 St+0.319 SP -0.064 Sh
’ R?=0.9988 C.V=0.161 R?=0.9991 C.V=0.140
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Fig. 44: Effect of damp steam exposure periods (forward Fig. 45: Effect of super-heated steam exposure periods
speeds) on the field efficiency at the different steam (forward speeds) on the field efficiency at the different
pressures. steam pressures.
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Fig. 46: Effect of damp steam exposure periods (forward Fig. 47: Effect of super-heated steam exposure periods
speeds) on the field efficiency at the different steam (forward speeds) on the field efficiency at the different
heights. steam heights.
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6- Factors affecting the steam device field capacity, (FC, fed/h):

The relationships compared between the damp and superheated steams at the different steam exposure
periods (Sp, sec) to the steam device field efficiency (FC, fed/h) at the different steam pressures (Sp, bar)
are illustrated in Figs. (48 & 49). Generally, increasing the forward speed (FV) at the different S; for the
two different kinds of steam damp and superheated respectively increases the device field efficiency (FC,
fed/h) with increasing the treatment ofthe (Sp) in direct relationships. The maximum values of (FC, fed/h)
for damp and super-heated steams were (0.61 and 0.59 fed/h), respectively at 1 sec of the S; (1.8 km/h)
for Sp of 10 bar, while the lowest values of the (FC) for damp and super-heated steams were (0.21 and
0.20 fed/h), respectively for of the 4 sec of St (0.72 km/h) at Sp of 3.5 bar.

While, the maximum values of the (FC) for damp and super-heated steams were (0.59 and 0.59
fed/h) respectively, as shown in Figs. (50 &51) for St of 1 sec (1.8 km/h) at 10 cm of the steam height
from the ground (Si), where the minimum values of the (FC) for damp and super-heated steams were
(0.20 and 0.18 fed/h), respectively for the 4 sec S (0.72 km/h) at 20 cm of Si.

These results may be attributed to by increasing the forward speed of the steam device the field
capacity increases also at the adequate operating width for the steam device. However the field capacity
values are low but the steam treating for the weeds needs time to do the effective extermination
operation properly. Statically there are high significant effects for the total interaction between different
treatments with (P < 0.05) for the FC values respectively. Also ANOVA analysis indicated highly
significant differences between the treatments. A simple power regression analysis applied to relate the
change in (FC) for damp and superheated steams with the change in the tested factors for all treatments.
The obtained regression equations were in the form of:

Damp steam Super-heated steam
FC 0.649 - 0.119 St + 0.001 SP-0.000244 Sh 0.624 - 0.116 St +0.001 SP - 0.000247 Sh
Fed/h R’=0.9999 C.v=0.169 R?=0.9999 C.v=0.173
Damp steam Super-heated steam
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Fig. 48: Effect of damp steam exposure periods (forward Fig. 49: Effect of super-heated steam exposure periods
speeds) on the field capacity at the different steam (forward speedsg) on the field capacity at the different
pressures. steam pressures.
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Fig. 50: Effect of damp steam exposure periods (forward Fig. 51: Effect of super-heated steam exposure periods
speeds) on the field capacity at the different steam (forward speeds) on the field capacity at the different
heights. steam heights.

7- Factors affecting fuel consumption, (F, lit/h):

The relationships compared between the damp and superheated steams at the different steam exposure
periods (Sp, sec) to the steam device fuel consumption (F, lit/h) at the different steam pressures (Sp, bar)
are illustrated in Figs. (52 & 53). As well, increasing the forward speed (FV) at the different S; for the
two different kinds of steam damp and superheated respectively increases the device fuel consumption
(F, lit/h) with increasing the treatment of the (Sp) in direct relationships. The maximum values of (F, lit/h)
for damp and super-heated steams were (1.61 and 1.87 lit/h), respectively at 1 sec of the St (1.8 km/h) for
Sp of 10 bar, while the lowest values of the (F) for damp and super-heated steams were (0.87 and 1.04
lit/h), respectively for of the 4 sec of S; (0.72 km/h) at Sp of 3.5 bar.

While, the maximum values of the (F) for damp and super-heated steams were (1.57 and 1.83 lit/h)
respectively, as shown in Figs. (54 &55) for St of 1 sec (1.8 km/h) at 10 cm of the steam height from the
ground (Sr), where the minimum values of the (F) for damp and super-heated steams were (0.93 and
1.10 lit/h), respectively for the 4 sec St (0.72 km/h) at 20 cm of Sp.

These results may be attributed to by increasing the forward speed of the steam device the fuel
consumption levels increases directly but its less also from any other mechanical control treatment for
weeds like hoeing operations because ofusing 6.5 hp merged friendly gasoline motor to the AC generator
which consumed minor level of fuel. Also the fuel consumption increases for the super-heated steam
operations at the high steam pressure level for the closest steam height than the damp steam operations
due to more electrical power consumed by the external heater. Statically there are high significant effects
for the total interaction between different treatments with (P < 0.05) for the F values respectively. Also
ANOVA analysis indicated highly significant differences between the treatments. A simple power
regression analysis applied to relate the change in (F) for damp and superheated steams with the change
in the tested factors for all treatments. The obtained regression equations were in the form of:

Damp steam Super-heated steam

F 1.702 - 0.192 St +0.0209 SP- 0.0048 Sh 1.931 - 0.215 St+0.0227 SP- 0.0052 Sh
lit/h R*=0.9982 C.V=0.896 R*=0.9988 C.V=0.743
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8- Factors affecting the steam device consumed energy, (CE, kW.h/fed):
The relationships compared between the damp and superheated steams at the different steam exposure
periods (Sp, sec) to the steam device consumed energy (CE, kW.h/fed) at the different steam pressures
(Sp, bar) are illustrated in Figs. (56 & 57). As well, increasing the forward speed (FV) at the different S
for the two different kinds of steam damp and superheated respectively decreases the device consumed
energy (CE, kW.h/fed) with increasing the treatment of the (Sp) in opposite relationships. The maximum
values of (CE, kW .h/fed) for damp and super-heated steams were (4.83 and 6.63 Kw.h/fed), respectively
at 4 sec of the St (0.72 km/h) for Sp of 10 bar, while the lowest values of the (CE) for damp and super-

heated steams were (1.72 and 2.36 Kw.h/fed), respectively for of the 1 sec of S; (1.8 km/h) at Sp of 3.5
bar.

While, the maximum values of the (CE) for damp and super-heated steams were (4.80 and 6.58
kW.h/fed) respectively, as shown in Figs. (58&59) for S; of 4 sec (0.72 kim/h) at 10 cm of the steam
height from the ground (S), where the minimum values of the (CE) for damp and super-heated steams
were (1.73 and 2.36 kW h/fed), respectively for the 1 sec S; (1.8 km/h) at 20 cm of S.

These results due to for higher forward speeds the consumed energy decreases in opposite relationship
logically and vice versa for lowest forward speeds. However, the consumed energy values for super-
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heated steam were greatest than the damp stem because of consuming more power to rise the steam
temperature. Statically there are high significant effects for the total interaction between different
treatments with (P < 0.05) for the CE values respectively. Also ANOVA analysis indicated highly
significant differences between the treatments. A simple power regression analysis applied to relate the
change in (CE) for damp and superheated steams with the change in the tested factors for all treatments.
The obtained regression equations were in the form of:
Damp steam

Super-heated steam

CE,

0.732+1.0137St -0.0119 SP + 0.0024 Sh

1.124+1.385 St - 0.0174 SP + 0.0037 Sh
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Fig. 59: Effect of super-heated steam exposure periods
(forward speeds) on the consumed energy at the
different steam heights.

9- Factors affecting steam device operating cost, (C, L.E/fed):

The relationships compared between the damp and superheated steams at the different steam exposure
periods (Sp, sec) to the steam device operating cost (C, L.E/fed) at the different steam pressures (Sp, bar)
are illustrated in Figs. (60 & 61). As well, increasing the forward speed (FV) at the different S; for the
two different kinds of steam damp and superheated respectively decreases the device operating cost (C,
L.E/fed) with increasing the treatment of the (Sp) in opposite relationships. The maximum values of (C,
L.E/fed) for damp and super-heated steams were (121.70 and 149.76 L.E/fed), respectively at 4 sec of
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the S; (0.72 km/h) for Sp of 3.5 bar, while the lowest values of the (C) for damp and super-heated steams
were (43.35 and 53.13 L.E/fed), respectively for of the 1 sec of S¢ (1.8 km/h) at Sp of 10 bar.

While, the maximum values of the (C) for damp and super-heated steams were (120.78 and 148.55
L.E/fed) respectively, as shown in Figs. (62&63) for S; 04 sec (0.72 km/h) at 20 cm of the steam height
from the ground (Si), where the minimum values of the (C) for damp and super-heated steams were
(43.56 and 53.35 L.E/fed), respectively for the 1 sec S; (1.8 km/h) at 10 cm of Sy

These results due to by increasing the forward speeds the operating costs decreased because of using
high forward speeds is economic to save the lasted times so the operating costs decreased. However
operating steam device with the super-heated steam is more expensive than using the damp steam but its
more efficient. Statically there are high significant effects for the total interaction between different
treatments with (P < 0.05) for the C values respectively. Also ANOVA analysis indicated highly
significant differences between the treatments. A simple power regression analysis applied to relate the
change in (C) for damp and superheated steams with the change in the tested factors for all treatments.
The obtained regression equations were in the form of:

Damp steam
18.425 +25.519 St - 0.294 SP + 0.061 Sh

Super-heated steam
25.406 +31.273 St - 0.398 SP + 0.0835 Sh
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steam heights.
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The total fabrication cost of the steam device including workshop manufacturing and attaching
devises costs was about 8000 LE at 2017 price level. The steam device can decreases the costs of
weed control from (1500 to 150 L.E/fed) as about 90.0 % cost reduction ratio. The intemal rate of
return (IRR) after considering depreciation, alternative chance costs, the amount costs of fuel and
lubricants, and the rental rate calculated found (25 to 30 L.E/h). The internal rate of return (IRR)
with release year was calculated found 36%. This rate is visible compared with the current interest
rate of 17% due to the capital return which was about 3 years. An economic analysis had been
done to evaluate the new technique of control weeds in comparison for using the usual control
methods to eliminate weeds from mechanical methods like hoeing and chemical control using
herbicides. The yield production cost of beta vagaries crop by using the steam device was
calculated to the control and the total spending to the net earn was as the following table:
Table.7: The steam device assumed cost criteria

System Control Damp steam Superheated steam
Yield production (ton/fed) 12 17.45 17.95
Yield cost (L.E/fed) 3840 5584 5744
Weed control cost (L.E/fed) 1500 120 150
Soil preparation cost (L.E/fed) 350 350 350
Planting cost (L.E/fed) 250 250 250
Irrigating cost (L.E/fed) 300 300 300
Labor cost (L.E/fed) 250 250 250
Net earn (L.E/fed) 1190 4314 4444
Increasing ratios using device % 72.42 % 73.22 %
CONCLUSION

The main results are summarized as follow:

1- The maximum values of weed extermination ratios after treatment, after 2 days and 3 days (EX.R
1,2&3) for damp and super-heated steams were {(91.89,94.0, and 95.84) & (93.69, 95.94 and 97.74)
%7}, respectively at 4 sec of steam exposure period (S;) (forward speed,0.72 km/h) for steam pressure
(Sp) of 10 bar at steam height from the ground (Sy) 10 cm.

2- The maximum values of chlorophyll percentages after treatment, after 2 days and 3 days (Ch 1,2&3)
for damp and super-heated steams were {(74.68,43.92 and 19.38) & (59.55, 29.24 and 13.52) %},
respectively at 4 sec of steam exposure period (S;) (forward speed,0.72 km/h) for steam pressure (Sp)
of 10 bar at steam height from the ground (Sp) 10 cm.

3- The maximum values of weeds re-growth ratios after week, after 2 weeks and 3 weeks (Gr 1, 2&3)
for damp and super-heated steams were {(24.87,26.88 and 28.77) & (20.90, 22.63 and 24.82) %},
respectively at 1 sec of steam exposure period (S;) (forward speed, 1.8 km/h) for steam pressure (Sp)
of 3.5 bar at steam height from the ground (Sn) 20 cm.

4- The maximum values ofyield increasing ratios (Y%) over control for damp and super-heated steams
were (45.41 and 49.57 %),respectively at 4 sec of steam exposure period (S¢) (forward speed,0.72
km/h) for steam pressure (Sp) of 10 bar at steam height from the ground (Sy) 10 cm.

5- The maximum values of steam device field efficiency (Fe, %) for damp and super-heated steams
were (96.11 and 94.12 %), respectively at 1 sec of the St (1.8 km/h) for Sp of 10 bar at (Sp) 10
cm.

6- The maximum values of steam device field capacity (FC, fed/h) for damp and super-heated
steams were (0.61 and 0.59 fed/h), respectively at 1 sec of the St (1.8 km/h) for Sp of 10 bar at
(Sh) 10 cm.
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7- The maximum values of fuel consumption (F, lith) for damp and super-heated steams were (1.61 and
1.87 lit/h), respectively at 1 sec of the S; (1.8 km/h) for SP of 10 bar at (Sy) 10 cm.

8- The maximum values of steam device consumed energy (CE, kW.h/fed) for damp and super-
heated steams were (4.83 and 6.63Kw.h/fed), respectively at 4 sec of the S; (0.72 km/h) for Sp
of 10 bar at (Sp) 10 cm.

9- The maximum values of steam device operating costs (C, L.E/fed) for damp and super-heated
steams were (121.70 and 149.76 L.E/fed), respectively at 4 sec of the St (0.72 km/h) for Sp of
3.5 bar at (Sp) 20 cm.
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DEVELOPMENT OF MACHINE TO REMOVE AQUATIC
WOVEN "GIANT REED" IN FRESH WATER LAKES

REFAAY,M. M. * and A.S. EL_SAYED

*

*Agric. Eng. Res. Institute, ARC, Egypt

Abstract

cientifically cutting woven under water surface let water penetrates its stalks down into

their root that rots the woven weeds and this action eliminates woven successfully. A special

front mower with adequate operating width of 1.20 m was modified and hinged on a floating
boat to cut the woven under the water and gathering it beside the boat to use it in the different
industries. The cutting knives of the mower were galvanized to wear oxidization due to the water.
However a special mechanical holding mechanism was fabricated locally to attach the mower on
the boat and control its height and depth under the water by a screw crane. The source of power
which rotates the mower was 13 hp gasoline engine fixed on the boat surface. The plunger depth
of the boat and the different loads through operating the mower was calculated to keep the
operational stability under high percentage from the safety factor. The aquatic experiments were
carried out to study the interaction and the suitable adapting for the following variables: first; three
levels of the speed ratios between the mower knife linear speed and the forward speeds of the boat
of (0.66, 0.67 and 0.68) at forward seeds of (1, 1.5 and 2 km/h); second: three levels of the mower
operating widths of (0.6, 0.9 and 1.2 m) third; three levels from water depths of (0 level on the
water surface, 0.25 and 0.50 m under the water). The measurements included the following the
mowing efficiency, the machine efficiency, the field capacity, the fuel consumption, the mowing
regrowth's ratio after 1 month, the consumed energy and the operating costs. The main results
included that the mowing efficiency reached high levels 0f94.31 % at field capacity of 0.27 fed/h
at machine efficiency of 94.95% at the highest speed ratio of 0.68 for operating width 1.2 m and
operating depth of 0.5 m. However the minimum consumed energy was 32.94 kW.h/fed at the
maximum levels of the tested variables. The minimum operating cost of mowing the giant reed
was 110.59 L.E/fed which is lower than any traditional control methods. So using this control
system for giant reed seems to solve an important problem which needs to be published at the local
levels through the Egyptian costal governorates.

Key words: mower, giant reed, re-growth, aquatic.
INTRODUCTION

Giant reed, (Arundo donax), is a plant that has long been valued by many and, more recently,
despised by others. The dense thickets dry out and remain standing in the winter, creating a fire
hazard. Even when green, giant reed thickets are fire-prone. Mechanical control (e.g., digging up
the roots and/or repeated mowing) may be somewhat effective. Prescribed burning, either alone or
combined with herbicide applications, may be effective if conducted after flowering but if small
fragments of root are left in the soil, they may regrow. Once giant reed thickets have been reduced
sufficiently, native plants may be seeded or transplanted at the treated site.

Giant reed (4rundo donaxL.) is currently one of the greatest invasive threats to river ecosystems
in Mediterranean-type climate regions worldwide (Coffman, 2007). Control of aquatic weeds can
be subdivided into four general categories: (1) prevention, (2) mechanical and physical, (3)
biological, and (4) herbicides. Often a combination of these practices is necessary for adequate
control. Various types of weed harvesters have been used, including a cutting device on a floating
barge. As the weeds are cut, they are brought up on a conveyor and deposited on the barge. Devices
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such as these are expensive and disposal of the wet, heavy plant material is a problem. Generally
(Wells & Clayton 2005) they mentioned that mechanical digger have most value in artificial canals
and areas that are shallow and close enough to lake shorelines to allow access for a digger. Costs
can vary, depending on the width of canals and extent of weed infestation. From disadvantages of
this method include removal of large amounts of benthic fauna and fish, particularly eels, and
causing high turbidity and sometimes anoxia. In addition, machines widen and deepen drains,
which may encourage weed growth. They may also spread weeds from one waterway to another.
However (Clayton et al, 2000) evaluated the mechanical weed cutters and stated that these can
target a specified area and cut to a nominated depth. This can also have the benefit of removing
nutrients from the waterway. Weed cutting and disposal is priced at $2,000—4,000 per hectare,
although costs can vary considerably, depending on the density of aquatic weeds and the distance
to a disposal site. A disadvantage is the quick re-growth to nuisance levels, because cutting
stimulates the plant to re-grow. Cutting may have to be repeated two or three times in a growing
season. A further disadvantage is the potential spread of aquatic weeds, even when fragments are
collected and bagged, as some viable plant fragments inevitably escape. Also (Tremblay 2004)
evaluated both biological and chemical control methods for giant reed and stated that the biological
control agents available, the Grass Carp Ctynopharyngodon idella (Valenciennes) is most widely
used as an aquatic weed control agent. It feeds on a range of submerged and floating weeds, but
prefers soft plant tissues. However use of herbicides is easier and cheaper, when compared to
mechanical methods, and many are harmless to aquatic organisms at concentrations required for
aquatic weed control. The main disadvantage is that a chemical is in water as residue for a period
of time. Therefore, not all herbicides can be used in aquatic environments. Besides that (Datta
2009) evaluated the mowing process and tells that this process consists of cutting the weeds close
to the ground with the help of manual or power operated mowing machines. Mowing is effective
on tall growing plants. Repeated mowing not only prevents seed production of emergent
weeds but may also starve the underground parts which store carbohydrate reserves and
provides energy to vegetative reproductive organs. The best time to mow is when carbohydrate
reserves are low. For many species it is when the active growth phase is over and the time
of flowering initiation starts. Repeated mowing hastens carbohydrate depletion and slow death
of plants. Generally, this practice effectively controls emergent weeds on canals, water reservoirs
etc. banks. Also (Boland 2008) showed that mechanical removal involves collecting and
destroying the stems and all below-ground rhizomes, which is labor and machinery intensive.
Mechanical removal is prohibitively expensive except on small areas, with costs reaching $8,100
per acre (Lawson et al. 2005).

On the other hand from the researches that benefits from this aquatic weed in some industries
as follows; (Garcia-Ortufio et al., 2011) studied the feasibility of using giant reed particles to
manufacture particleboard and obtained panels suitable for general use and for furniture
manufacturing. This research demonstrated that giant reed can be easily transformed into a low-
cost and sustainable material for the manufacturing of containers for the fruit and vegetable
industry. Also (Vamvuka and Sfakiotakis, 2011) stated that giant reed particleboard, as a raw
material, complies with the requirements of the packaging and packaging waste directive because
it is biodegradable and renewable (Ceotto and Di Candilo, 2010).

The aim of this research is to develop a friendly control method for mowing the giant reed
weeds aquatically in fresh lakes by innovating a floating cutter mower. The mowed giant reed
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gathered by the developed mower laterally on floating grid which connecting with another parallel
boat to move it by adequate quantities due to its heavy wetted weight to the shore.
MATERIALS AND METHODS

A developed mechanical control method for mowing the aquatic giant reed was modified
locally to remove giant reed from the fresh water lakes in Egypt; specially El-Manzalla Lake;
which the experiments were conducted there. A floating mowing mechanical system was
developed and hinged in a boat to chop the giant reed stalks under water to eliminate it to let water
penetrates its chopped stalks into roots to rot its rhizomes and kills it gradually from May to
September before flowering. The developed floating mechanical control unit consisted from the
following: as shown in the isometric drawing Fig. (1) and Figs. (2 to 9). The new machine
specifications are listed in Table (1).
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Fig. 1: The isometric drawing of the giant reed mowing system:

(1- mower gasoline motor (13 hp), 2-The boat, 3- the lowest gear (38T) 4- the chain 5- the
mower sliding sheet 6- the three hitching points, 7- the mower left guide, 8- the front penetration
arm, 9- the mower star roller, 10- the telescopic square pipes, 11- the cutter knife, 12- the
moving fingers chain, 13- the crane, 14- the sliding square pipes,15- the mower power
transmiting pulley (13 cm Dia.), 16- the bearing flanges (25 mm Dia.), 17- the belt tension
pulley, 18- belt (2050%17 mm), 19- the upper gear (15T), 20- the boat moving fan, 2 1- the boat
propeller shaft and 22- the moving gasoline motor (6.5 hp).
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Table.1: The new machine specifications.

1 Power source 13 hp gasoline engine
6.5 hp gasoline engine

2 | Forward speed T,1.5and 2 km/h

. . width Length height
3 | Boat dimensions 150 cm 5.40 cm 50 cm
4 Mowing Operation width 120 cm
5 Net weight 280 kg
6 Machine capacity 630 to 1050 m*h
7 Consumed power 32 to 68 Kw.h/fed

Fig.6: The boat forward motor. Fig.7: The mower hitching and transmission system.
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Fig. 8: Plan view of the aquatic mowing system. (Dimensions: mm & Scale:1:11)

Fig. 9: Side and rear views of the aquatic mowing system. (Dimensions: mm & Scale:1:11)

The aquatic mechanical mowing system parts are, as the following:

A-Power source: two different gasoline motors (13 & 6.5 hp) were used on the boat; the first one
was used for operating the aquatic mower. However the second one was used for moving the
boat. The gasoline motors Figs (5&6) specifications are listed in Table (2):

Table.2: The gasoline engine specifications.

Motor specifications Mower motor Boat Forward motor
1 | Power 13 hp (9.694 Kw) 6.5 hp (4.847 Kw)
2 | Net weight 31kg 20 kg
3 | Torque 22 N.m 11 N.m
4 | Speed 3500 rpm 2000 rpm
5 | Model Kopel (China) Kopel (China)

B- The Aquatic mower modification: as shown in Fig. (10) The front cutter mower for wheat
crop was used and developed to be attached externally on floating wooden boat and settled to
be depth control using a manual crane to cut woven at the water surface and under its surface
at adequate depths from 1 to 50 cm under water (Fig.11). The modification process achieved
through four main steps, as the following:

1- The knife: was galvanized with nickel chrome to resist wearing.
2- The bearings: all the used were replaced using fiber wrenches to save the moving flanges.
3- The mower diving parts: the main parts of the mower were painted with anti-oxidize

paint.

4- The mower gearbox: oil seals were putted at it to save gears from water.
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Fig.10: The used mower and its knife. Fig.11: The giant reed parts.

C-The mower chassis: A powerful chassis was manufactured and formed to attach the modified
mower on the boat. The chassis was formed to be pivoted to maintain the mower as needed and
facilities moving the boat. The chassis formed from the following:

1- The fixing point: twin of this part was formed to be attached from the external side of the
boat which contains 4 bolts with 24 mm Dia, as shown in Fig. (7).

2- The crane: with dimensions of 75 cm length and 40 mm Dia. with the topes' 50 mm dia.
flange with metal solid manual arm which positioned to set the mower height and depth
from the water surface. The crane was hinged on two telescopic square metal pipes of (5x5
cm) within (6x6 cm) (Fig. 1, No.14).

3- The three hitching points: as shown in (Fig. 1, No. 6) which was formed to attach the mower
at the perpendicular mode to move the mower parallel to the back surface of the boat to easy
penetrate water through the mowing operation.

4- The pivoting system: as shown in Fig. (7) four flanges were welded at the frame within
solid shaft of 50 mm. Dia with length of 50 cm to left the mower through moving. Besides
that a manual arm was used to height the mower through moving, as shown in Fig. (5).

D-The transmission system: as shown in Fig.(1) a pulley with 6 cm dia. and 17 mm thickness on
the motor shaft was used to transmit the rotating moving to other 13 cm Dia. However an
attached manual tension arm with a small pulley tension (6 cm Dia.) was used with the operating
belt to connect and disconnect the transmitted power from the motor, as shown in (Fig.1, No.

17). The upper idler shaft with Dia. of 27 mm with length of 70 cm length holding on two

bearing flanges of 25 mm Dia which fixed into tensioned paths to control chain tightening. Then

15 teeth of 6 cm Dia. to another gear of 38 teeth of 16 cm Dia. on another lower idler shaft to

the inner side 15 teeth gear then to the deferential gear of 18 teeth of 8 cm Dia. The rotating
speeds for the aquatic mower are listed in the following table:
Table. 3: The transmission system speeds.

Mower motor | Mower pulley | Idler top gear | Gearbox gear Knife Crank Knife speed

Speed (rpm) 13 cm (rpm) 15T (rpm) 18 T (rpm) speed (rpm) (m/sec)
1200 554 219 183 92 0.184
1850 854 337 281 140 0.28
2500 1154 456 380 190 0.38

E-The boat modifying: the external boat surface was supported with 70 cm beam with width of
10 cm with using fiber parts to prevent boat from the vibrations and shocks. However the boat
was driven externally using rear steering system by using 6.5 hp gasoline motor to push the
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boat at the forward speed levels. Also the driving gasoline motor with 13 hp (30 kg) was fixed
accountably at the center of gravity of the boat to equalize the load of the mower weight of 80
kg (30+80=110 kg) however the front of the boat stands the operator weight of 90 kg and 20 kg
(90+20=110 kg).
The floating mower operation:
Reciprocating reaping method is suited to right angled quadrilateral long and narrow zones, as
shown in Fig. (12). However reaping method of left turn is the aquatic standard operation method, as
shown in Fig. (13). Then the shopped giant reed gathered laterally on floating grid connected to another

boat to move it to the shore.
——————————

Fig. 12: Reciprocating reaping method. Fig. 13: Left turn reaping method.

The tested variables:

Three different variables and their levels were chosen and tested aquatically in the El-Manzalla
Lake. The experiments were replicated three times. The data were statistically analyzed to
determine the significant effect of the mentioned variables under the study according to the
probability (P < 0.05) by the CoStat Program (Oida, 1997). The tested factors were, as the
following:

A-The speed ratio (Sr): three levels were used (0.66, 0.67 and 0.68) (1:1.52, 1: 1.5 and 1: 1.47)
between the oscillating speeds of the mower knife of (0.184, 0.28 and 0.38 m/sec) to the forward
speeds 0of (0.28, 0.42 and 1.47 m/sec or 1, 1.5 and 2 km/h). The knife speed was calculated from
the following equation:

VI S 30} (1)
Where (Vi: the knife speed m/sec, S: length of knife stroke m, n: crank speed rpm).

B- The operating width (W): three levels of it as (0.6, 0.9 and 1.2 m) by adapting the operating

width.

C- The operating depth (D): three levels of it as (0.0 water surface, 0.25 and 0.5 m under water)

by adapting the operating depth from the manual lifting crane of the mower.

Measurements:

1- The cutting efficiency (Cn)%: it calculated from the following equation:

{CN=WIL-W2/WIXT00} ...t (2)

Where: Cn: the cutting efficiency, %,  W1: number of plants before cutting,

W2: number of plants after cutting.
The number of giant reed stalks by unit area was observed by average 35 stalks/m?.
2- The machine efficiency (Mn) %: It was measured according to Kepner et al. (1982).

T
anT—fhxloo ...................................................................... 3)

ac

Where: Mn) : machine efficiency, %, T : theoretical time per m?, h T, : the actual operating
time, h.
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3- The field capacity (FC) fed/h: was calculated as follows:
FC =5 e e oo @)
4.2

Where: F.C: the field capacity, fed/h, S: speed of travel, Km/h, W: rated width of implement, m,
and Fe: field efficiency, %.
4- The fuel consumption (F), lit/h:

Fuel consumption was determined by measuring the volume of fuel consumed during the
operation time for each run and calculated in liter per hour. It was measured by completely filling
the fuel tank then before each end run and refilling the fuel tank using a scaled container. The fuel
consumption rate was calculated from the following equation:

”
F=  L/R oo 5
7 ®)

Where: F: rate of fuel consumption, L/h, V: rate of consumed fuel, L ; T:time, h
5- The machine consumed energy (CE), kW.h/fed: It was estimated by using the following
equation: (Hunt, 1983)

F xCV
CE:[ S XPsX jx(427><77,h><77m j(kW_h/fed) .................... (6)

3600 75 x1.36 x FC

Where: CE: machine requirements, (kW.h/fed);
Fs: fuel consumption rate, (L/h);
pr. density of fuel, kg/L, (for diesel = 0.85 kg/L);
C.V: calorific value of fuel, (Kcal/kg);
427: thermal-mechanical equivalent, (kg.m/Kcal);
Nw: thermal efficiency of the engine, assumed 40 % for diesel engine;
Nm: mechanical efficiency to engine, assumed 80 % for diesel engine;
Fc: actual field capacity, m*/h.
6- The cost estimation (C), L.E/h: The operating cost was determined using the following
formula:
Operating cos t(L.E/ fed) = Machine h.ourly COS.I (LEMh) (7)
Actual machine capacity (fed / h)
The labor cost was estimated actually according to the currently labors wage which was about
30 L.E/fed includes fuel consumption, lubrication costs and maintenance costs.
7- Giant reed re-growth ratio, (GR) %: For mowing giant reed after period of one month. It was
calculated by the following equation:-

_ n.of germinated giant reed, stalk
GR = e ateatiommonine—sate X100 8)
RESULTS AND DISCUSSION

1- Factors affecting mowing cutting efficiency, Cn%:

The relationships affecting the mowing cutting efficiency (Cr, %) to the different speed ratios (Sr) at
the different operating widths (W, m) and depths (D, m) are illustrated in Figs. (14 & 15). Generally,
increasing the speed ratio (Sr) decreases the mowing cutting efficiency (Cn, %) with increasing the
treatments of the (W&D) in opposite relationships. The maximum value of (Cn), %) was (94.31 %) at Sr
(0.66) for W of 0.6 m, while the lowest value of the (Cn), %) was (77.82 %) for 0.68 of Srat W of 1.2 m,
as shown in Fig. (14).
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On the contrary, the maximum value of the (Cn), %) was (92.77 %), as shown in Fig. (15) for Sr
of 0.68 at 0 m of the water surface (D), where the minimum value of the (Cn, %) was (78.93 %) for
0.68 of Srat 0.5 m of D.

These results may be attributed to by increasing the speed ratios between the knife oscillating and the
forward speeds decrees the available time for mowing the giant reed which decreases relatively the
cutting efficiency. However adapting the mower at narrow operating width improves the cutting
efficiency and vice versa at the operating depths because at the deepest one the stalks of the giant reed
becomes weakest than its top parts which minimizes the cutting efficiency for the deepest mowing depth.
Statically there are high significant effects for the total interaction between different treatments with (P
< 0.05) for the Cn) values. Too ANOVA analysis indicated highly significant differences between the
treatments. A simple power regression analysis applied to relate the change in (Cr)) with the change in
the tested factors for all treatments. The obtained regression equation was in the form of:

[Cn %] =502.086 - 610.87 Sr- 6.983 W -2.932D (R?=0.9980 & C.V=0.342)
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Fig.14: The effect of the speed ratio on the | Fig.15: The effect of the speed ratio on the
mowing cutting efficiency at the different mowing cutting efficiency at the different
operating widths. mowing depths.

2- Factors affecting the machine efficiency Mn%:

Figs. (16 & 17) are illustrated the relationships affecting the machine efficiency (Mn, %) to the
different speed ratios (Sr) at the different operating widths (W, m) and depths (D, m). Obviously,
increasing the speed ratio (Sr) increases the machine efficiency (Mn, %) with increasing the treatments
of the (W&D) in direct relationships. The maximum value of (Mn, %) was (94.95 %) at Sr (0.68) for W
of 1.2 m, when the lowest value of the (Mn), %) was (75.70 %) for Sr of'0.66 at 0.6 m of W, as shown in
Fig. (16).

During, the maximum value of the (Mn), %) was (94.02 %), as shown in Fig. (17) for Sr 0of0.68
at 0.5 m of D, where the minimum value of the (Mn), %) was (77.25 %) for 0.66 of Sr at 0.0 m of
D.

These results may be owing to by increasing the speed ratios the consumed time decreases which
maximizing the machine field efficiency at the lowest depth and the maximum operating width too.
Statically there are high significant effects for the total interaction between different treatments with (P
< 0.05) for the Mn values. Also ANOVA analysis indicated highly significant differences between the
treatments. A simple power regression analysis applied to relate the change in (Mn) with the change in
the tested factors for all treatments. The obtained regression equation was in the form of:

[Mn %] =-430.025 + 759.463 Sr+7.31 W+ 3.0 D (R?=0.9985 & C.V=0.362)
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3- Factors affecting the machine field capacity FC, fed/h:
Nerveless the relationships affecting the machine field capacity (FC, fed/h) to the different speed
ratios (Sr) at the different operating widths (W, m) and depths (D, m) are illustrated in Figs. (18 & 19).
In that manner, increasing the speed ratio (Sr) increases the machine field capacity (FC) with increasing
the treatments of the (W&D) in direct relationships. The maximum value of (FC) was (0.27 fed/h) at Sr
(0.68) for W of 1.2 m, while the lowest value of the (FC, fed/h) was (0.11 fed/h) for Sr of 0.66 at 0.6 m
of W, as shown in Fig. (18).

Too the maximum value of the (FC) was (0.20 fed/h), for Sr o 0.68 at 0.5 m of D, where
the minimum value of the (FC) was (0.17 fed/h) for 0.66 of Sr at 0.0 m of D, as shown in Fig.
(19).

These results may be ascribable by increasing the speed ratios the mowing area increases which
enlarging the field capacity at the tested variable levels. Statically there are high significant effects for the
total interaction between different treatments with (P < 0.05) for the FC values. Thus ANOVA analysis
indicated highly significant differences between the treatments. A simple power regression analysis
applied to relate the change in (FC) with the change in the tested factors for all treatments. The obtained
regression equation was in the form of:

[FC, fed/h] =-1.085+ 1.596 Sr+0.22 W + 0.0069 D  (R?=0.9998 & C.V=0.475)
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Fig.18: The effect of the speed ratio on the field | Fig.19: The effect of the speed ratio on the
capacity at the different operating widths. field capacity at the different mowing
depths.
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4- Factors affecting the fuel consumption F, lit/h:

Clearly the relationships affecting the machine fuel consumption (F, lit/h) to the different speed ratios
(Sr) at the different operating widths (W, m) and depths (D, m) are illustrated in Figs. (20 & 21). Too,
increasing the speed ratio (Sr) increases the machine fuel consumption (F) with increasing the treatments
of the (W&D) in direct relationships. The maximum value of (F) was (3.01 lit/h) at Sr (0.68) for W of
1.2 m, while the lowest value of the (F, lith) was (1.97 lit/h) for Sr of 0.66 at 0.6 m of W, as shown in
Fig. (20).

As shown in Fig. (21) the maximum value of the (F) was (2.96 lit/h), for Sr of 0.68 at 0.5 m of D,
where the minimum value of the (F) was (2.18 lit/h) for 0.66 of Srat 0.0 m of D.

These results may in consequence of increasing the speed ratios the gasoline motors consumed more
fuel to increases relatively the forward speed and the mowing speed also at the maximum operating width
and depth. There are high significant effects for the total interaction between different treatments
statically with (P < 0.05) for the F values. As well ANOVA analysis indicated highly significant
differences between the treatments. A simple power regression analysis applied to relate the change in
(F) with the change in the tested factors for all treatments. The obtained regression equation was in the
form of:

[F, litth] =-21.631 +35.5 Sr+ 0.468 W + 0.139 D (R?=0.9943 & C.V=1.136)
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