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Abstract- The global drive toward intermediate technology and sustainable development
motivated the development of multipurpose machines for small-scale metal and ,metal product
manufacturers are critical task. Improving the productivity of manufacturing process are
significant tasks in all manufacturing engineers and manufacturing industries. Though this
comparative advantage were achieved by the proper design, analysis and manufacturing of
production machines. Consequently, the objective of this paper was to design and analyzed a
multipurpose sheet metal machine to improve the production of sheet metal process and
enhance competitiveness of the sector. Since, using mathematical methods this paper presents
the design and development of multipurpose metal machine for small-scale enterprises, includes
of three rollers;
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Design and Analysis of Multipurpose Machine
for the Productivity of Sheet Metal Process

Alie Wube Dametew

Abstract- The global drive toward intermediate technology and
sustainable development motivated the development of
multipurpose  machines for small-scale metal and ,metal
product manufacturers are critical task. Improving the
productivity of manufacturing process are significant tasks in
all manufacturing engineers and  manufacturing industries.
Though this comparative advantage were achieved by the
proper design, analysis and manufacturing of production
machines. Consequently, the objective of this paper was to
design and analyzed a multipurpose sheet metal machine to
improve the production of sheet metal process and enhance
competitiveness of the sector. Since, using mathematical
methods this paper presents the design and development of
multipurpose metal machine for small-scale enterprises,
includes of three rollers; bending component, pipe bender,
grooving/beading, twisting parts are rigid from base and
machine frame of the machine. During the analysis sheet
metal type, sheet metal thickness, forced induced in the
machine and production capacity was considered as a
parameters in this study However, the design and analysis
result indicates that, there were significant improvement is
observed in the productivity performance of using
multipurpose sheet metal machine in terms of  cost,
production efficiency, production time, production capacity.
The study also attempts to analyses the deflection, material
types, the effects of stresses, wear-resistance, ultimate
strength of the machine, thermal effect natural frequencies
under subjected loads using mathematical analysis were
done. In the conclusion, the study investigates that
productivity analysis of sheet metal summery and conclusion
of the work is also employed.

Keywords: multi-purpose, design and analysis, sheet
metal forming, productivity, economic analysis.

l. [NTRODUCTION AND BACKGROUND

anufacturing is the process of converting raw
I\/l material into semi or finished goods. There are

many manufacturing process are found in
production process. Depending on the manufacturing
process industries use numerous machines to convert
raw materials in to products. Since to increase the
productivity and profit of the industries, manufacturing
machines/equipment should be properly designed and
manufactured. However the methodology of rapid
machine design attempts to shorten design-to-
manufacture time of production equipment by using
advanced engineering tools such as Computer Aided
Design systems (CAD), mathematical and Finite

Author: School of Mechanical Engineering Wollo University Kombolcha
Institute of Technology. e-mail: wubealie@gmail.com

Element Analysis (FEA) during the conceptual design
phase. Since identifying and to apply the best design
concepts, overall development time can be shortened.
However, in this paper the new approach to conceptual
design can be applied at any phase during the concept
generation, whether it is the design as a whole or a
component in particular. As components are already
part of the machine assembly, changes in their design
are automatically updated in the whole skeleton.
However, currently, number of sheet metal machines
have been designed and fabricate to manufacture
different sheet metal products. Main while most
machines are performs single operations [P. S. Thakare
20012] and limited production performances. Those
machines have their own disadvantages, till sheet metal
machines have limited functions which could cause the
productivity, the efficiency, versatility and
competitiveness the sectors. however the main
challenges that are seen on single purpose machines
were higher machine cost, reduce sheet metal process
productivity, poor production time and non-versatile. As
the result multipurpose sheet metal machine need to be
designed and fabricated in order to reduce machine
cost and increase sheet metal process productivity and
improve competitiveness of the sectors.

Since, the main objective of the study is to
design analysis and fabricate multipurpose sheet metal
machine so as to improve the productivity and
competitiveness of sheet metal manufacturing sectors.
The design and analysis process were includes select
proper materials for production of multipurpose sheet
metal machine, mathematical design, analysis and
fabrication of multipurpose sheet metal machine, and
productivity and economic analysis were considered.

a) Research Methodology

The study was conduct through literature review
of research articles, books, magazines, manuals and
electronic sources which are discuss related to design,
manufacturing and  mechanics of  sheet metal
production process. The analysis was done with
mathematical methods and the analysis consider
attempts to analyzed, investigate optimum capacity
multipurpose sheet metal machine, so as to improve the
productivity and comparativeness of sheet metal
production sectors. The study attempts to analyses the
deflection, material types, the effects of stresses, wear-
resistance, ultimate strength of the machine, thermal

© 2017 Global Journals Inc. (US)
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effect natural frequencies under subjected loads using
mathematical analysis were done. Since, the design,
manufacturing productivity, economic analysis and
evaluation of the project was done using the selected
empirical analysis. in addition detail and assembly
drawing of the machine is done using Solid work or
Catiya Software). Finally the conclusion and
recommendation of the study was done.

I1. LITERATURE REVIEWS

a) Introduction

Sheet metal fabrication plays an important role
in the metal manufacturing world (Cloutier, 2000). Since,
sheet metal process is metal formed into thin and flat
pieces. It is one of the fundamental forms used in
metalworking, and can be cut and bend into a variety of
different shapes. Thicknesses can vary significantly,
although extremely thin pieces of sheet metal would be
considered to be foil or leaf, and pieces thicker than 4
inch or a centimeter can be considered plate. [Xiaoyun
Liao, 2007]. There are many special purposes machines
used in this industry to make products. However, the
proper selection of the machines depends upon the
type of the work under-taken by the particular industry.
Since, there are many examples of sheet metal work,
which can be seen in our everyday lives. Although, the
metals generally used for sheet metal work include
black iron sheet, copper sheet, tin plate, aluminum
plate, stainless sheet and brass sheet. on the other
hand sheet metal is used and applicable in the
production of materials ranging from tools, to hinges,
automobiles, airplane wings, medical tables, roof for
building etc. In terms of process type sheet metal
fabrication ranges from deep drawing, stamping,
forming, and hydro forming, to high-energy-rate forming
(HERF) to create desired shapes (Cloutier, 2000).
However, sheet metal is usually produced in sheet
thickness less than 6mm by reducing the thickness of a
long work piece by compressive forces applied through
a set of rolls. This process is known as rolling [Xiaoyun
Liao, 2007]. Due to the versatility, sheet metal process
is a metal forming process which is spread throughout
the world [Michael Lindgren 2009]. Since sheet metal
forming is one of the most important semi finished and
finished products used in the steel industry, and sheet
metal forming technology is therefore an important
engineering discipline within the area of mechanical
engineering.  Consequently, currently, sheet metal
forming products have numerous applications, for
example in  manufacturing industries, buildings,
airplanes and the automotive sector as well as
infrastructure and domestic appliances, [Anas Muzamil
2009]. Since sheet metal process is a highly productive
process and its use increases every year, [P. Groche
2006]. Although, the main feature of sheet metal is its
ability to be formed and shaped by a variety of

© 2017 Global Journals Inc. (US)

processes. Thus, each process does something
different to the metal giving it a different shape or size
[Xiaoyun Lia0,2007]. The following are the common
type of sheet metal process that performed using
different type of sheet metal machines.

b) Shape Rolling

Shape rolling of sheet metal is the bending
continually of the piece along a linear axis. This causes
alteration of the original form of the sheet as it passes
through a pathway of series of rollers. Such work tool as
shape rolling machine is found to be very useful in
manufacturing processes for used parts in various
industries like inner and outer panels and stiffeners in
automotive and agricultural industries, small metal
workshops to roll round and conical profiles for stoves,
cylinders (flue pipe, water pipes), basic machine
elements with curved surfaces, buckets, bins, gear box
cover, mud guards, drinkers and feeders for poultry,
feed mixers etc. The machine rolls sheet metal up to 1.5
mm thick and 1m wide and rolls complete cylinders
down to 75 mm diameter with 55 mm diameter rollers.
Since considering high cost of tools and products in
sheet rolling processes, detection and controlling
factors for producing precise product are important. In
most processes, geometry and configuration of rolling
components could be obtained from the geometry of
product at the end of loading. Therefore elastic recovery
(known as spring back) formed part of the unloading
process, and it is the most important factor in deviation
of final products from desired geometry.

Also spring back is influenced by a combination
of various process parameters such as tool shape and

dimension, contact friction  condition, material
properties,  thickness, were investigated and
considered [Alie  Wube  Dametew &  Tafesse

Gebresenbet, 2016]. Since in this study the design and
evaluation of a shape rolling machine with simple crank
mechanism, higher roller diameter were analysis.

Cutting/Shearing: Sheet metal can be done in various
ways from hand tools called tin snips up to very large
powered shears. With the advances in technology, sheet
metal cutting has turned to computers for precise
cutting and shearing.

Punching Process: Punching is the process of using a
machine to press a shape through a sheet of metal and
into a die cutter to create that shape in the metal. These
machines are single purpose type use, manual type,
hydraulic, pneumatic, or electrical power to press the
shape with enough force to cut the metal. [K. Abdel-
Malek,2008]. Since punching can be better understood
as pressing the material against a die with a huge force,
this force pushes the material into the die shape and
sheers of excess material. [K. Abdel-Malek, 2008].
Improved and effective punching machine is designed
in these projects.



Bending Process: In engineering mechanics, bending
(also known as flexure) characterizes the behavior of a
slender structural element subjected to a lateral load.
Since, a structural element subjected to bending is
known as a beam. Although, closet rod sagging under
the weight of clothes on clothes hangers is an example
of a beam experiencing bending. [K. Abdel-
Malek,2008].However, bending produces reactive forces
inside a beam as the beam attempts to accommodate
the flexural load; in the case of the beam, the material at
the top of the beam is being compressed while the
material at the bottom is being stretched [Xiaoyun Liao,
2007] .

Type of sheet bending

7

% Edge bending is also known as flanging in which
one edge of the sheet is bent to 90 while the other
end is restrained by the material itself and by the
force of blank-holder and pad. The flange length
can be easily changed and the bend angle can be
controlled by the stroke position of the punch[Alie
Wube Dametew & Tafesse Gebresenbet,2016].

| Pad

Figure 1: Edge bending

% V-Bending In V-bending, the clearance between
punch and die is constant (equal to the thickness of
sheet blank). It is used widely. The thickness of the
sheet ranges from approximately 0.5 mm to 25 mm
[Alie Wube Dametew & Tafesse Gebresenbet,2016].

I
} Roe =3t—4t
|

[
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Figure 2: V- Bending

7
*

% U - Bending U-die bending is performed when two
parallel bending axes are produced in the same
operation. A backing pad is used to force the sheet
contacting with the punch bottom. It requires about
30% of the bending force for the pad to press the
sheet contacting the punch.

Roe =3t—4t

Figure 3: U — Bending

« Coining is a bending process in which the punch
and the work piece bottom on the die and
compressive stress is applied to the bending region
to increase the amount of plastic deformation. This
reduces the amount of spring-back. The inner
radius of the work piece should be up to 0.75 of the
material thickness. [lvana Suchy, 2006 Hand book

of die design]
v/

TSI TSI Py,

&
&\\\\a

Figure 4: Coining bend

In this study comparative study of single and
multipurpose  sheet metal machine has been done.
From the results, it is cleared that, productivity of three in
one sheet metal machine is higher than that of single
purpose. The result also shows that total cost for
manufacturing metal sheets using three in one
machine is 10.43% lower than single purpose
machine. Although, the status of sheet Metal forming
industry in Ethiopia is not going as it is expected,
because of high cost of machine, problem of skill man
power, [MOST,2013]. But ,in this time of globalization,
the production of sheet forming process use single
purpose machines which requires more money, time
and labor for atomization of the process. All the
machines for using in sheet metal forming process still a
single purpose which results low productivity. In order
to increase the productivity of sheet metal process,
versatility of sheet forming machine is important issue
for engineers. However this project deals with the
design, analysis and fabrication of five in one sheet
metal machine (multipurpose sheet metal machine) is
done. Five in one sheet metal machines are perform
number of operations within a single machine that is
rolling, bending, cutting/ shearing, punching beading
and circular shear operations are done within a single
Machine.

[1I.  DESIGN AND ANALYSIS

a) Rolling Design considerations

i. General design principles
Following basic rolling operation on a sheet
metal, components can be rolled to give it a definite
shape. Bending of parts depends upon material

© 2017 Global Journals Inc. (US)
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properties at the location of the roll bend. To achieve
bending, the work material must be subjected to two
major forces; frictional force which causes a no-slip
action when metal and roller came in contact and a
bending force acting against the forward speed and the
torque applied to move the material (Figure ).

Paoint of no slip
Iy

Slip
friction

L}
Exit zone

Entry zone

Figure 5: Shape rolling mechanism

where, a = distance from exit zone to the no-slip point
(assume a = L/2);

F = force applied to rollers; T = torque applied
to rollers; L = roll gap; r = radius of rollers; u = frictional
force 0.4 Nm™; ho, hf = thickness of the sheet before
and after time t.

At least two rollers were involved in flat rolling
depending on the thickness and properties of material
while three or multiple roller system is required in shape
rolling. A work material under bending load is subjected
to some form of residual stress and deformation as it
bends. Since, materials at the outer bend radius
undergo tensile plastic deformation while the material at
the inner bend radius undergoes compressive plastic
deformation. However, at least two rollers were involved
in flat rolling depending on the thickness and properties
of material while three or multiple roller system is
required in shape rolling. A work material under bending
load is subjected to some form of residual stress and
deformation as it bends. Materials at the outer bend
radius undergo tensile plastic deformation while the
material at the inner bend radius undergoes
compressive plastic deformation.

2 (t/? 24y
& = ?f spdy +t_3
Ye

Assume axial stress (ox = l):can be obtained as
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Lb= 0(r+ «T) (1)

where, Lb = bend allowance; § = bend angle; r = bend
radius to neutral axis; k = constant for material, for
r<2T; k=0.33; for r >2T, k=0.5, T=thickness of
material.

The strain on the outermost fibers of the bend is
evaluated by Equation (2) given by Jack (2003):

_ 1
T 2r

T+1

Maximum bending force is calculated by
Equation (3) given below (Jack, 2003):

ield *LT?2 UTS xLT2 . .
e r s 2 W* , where, P = maximum bending

w
load; k = constant for particular die from 0.3 t0 0.7; 6,
= vyield stress for material; 0,75 = ultimate tensile stress
for the material; L = length of bend (along bend axis); w
= distance between reaction supports When the rollers
are in contact with the load, there is a frictional force
existing, and an applied force, F and a slip between
rollers and the load, which is not constant over the entire
surface area of contact (Wagoner and Li,2007). An
assumption of no reduction in size of material thickness
during rolling makes, the thickness uniform i.e. and for
small diameter bending, a = L. For large diameter
bending L>a. Thus the maximum force is given by Hugh
(2003) as , u2 *r = hf —ho = Maximum draft
where, u = frictional force 0.4 Nm-1; ho, hf = thickness
of the sheet before and after time ¢. Analytical solutions
of bending process have been presented by several
researchers (Dongjuan et al, 2007; Kim et al., 2007,
Wagoner and Li, 2007); however, for inverse analysis of
spring back in free bending process, a state of plain
strain and negligible shear deformation is assumed.
Since, considering the two strain components;
the elastic strain (ee) and plastic strain (gp), the total
axial strain (ex) can be written as, ex =¢ce+¢ep =

(l—vEZ)ax + ep

&

where, ex = total axial strainee = elastic strain; ¢p =
plastic strain; E = Young’s modulus, V=Poisson’s ratio.
Required bending moment (M) can be calculated as,

M = [, oxydA, where, A = area of shaft; ox = axial

stress; y = radial arm in mm. Axial strain (ex) can be
obtained as

12M(1 - V?)y
Ebt3




Where, b and t are width and thickness of the
sheet respectively; se = elastic strain; ¢, = plastic strain,
E = Young’s modulus and V= Poisson’s ratio. Bend
radius after spring back can be written as

p= . 5
1 12MA-V7?)
ol br*E

Where, p and p' are bending radius before and
after spring back respectively. Knowing the thickness
and width of sheet plate and considering material’s
behavior, analysis of V-bending for various bending
angle and radius become possible. The power required
to roll the material is given by

P = force X velocity = (LW, ) X (21rn)

where, P = power in watts required to roll the
sheet and n = speed in rmin-1. The spring back effect in

Opefore

— 4 (Tbefore Oyield )J _3 Tbefore Oyield

bending is compensated by the following Equation (11)
(Jack, 2003).

+1

Oafter ET

Whel'e, Opefore —
strain.

1 for flat sheet; € = Bending

O-after =

b) Results and discussion of roller design

The result table below indicates the maximum
bend radius obtainable as an approximate radius of
roller for a typical material length of 500-630 mm is 2.5

ET

mm. The largest measured diameter of complete
cylinder the machine can handle (roll) is 184 mm using
the given diameter of rollers. At reduced roller aperture
of 2.5 mm, the material folded over and the radius of
cylinder reduced. This result showed a remarkable
improvement over Rob'’s report of 75 mm diameter.

Table 1: Design results of aperture, roll gap and the bend radius

Diameter of | Material Roller Roller Roll gap in Bending
the Roller in ITength aperture/before aperlture./after mm radius in Product shape
mm in mm bending in mm mm
10mm 8 2 123 Semi-circle
76 500-630 8mm 55 2.5 100 5 Futil| c:crcllgx .
7.0mm 25 3 55 ouble 10lae
circle

The maximum bend radius when the aperture is
closed is approximately the circumferential distance
round the roller. The spring back effect on the rolled
plate is noticeable as the rolling aperture decreases the
bend radius considerably decrease. This effect can be
increased by stretching out the material as it rolls or
increasing the aperture width. Alternatively, variable
roller diameters could be used when handling materials
of varying length. Other dimensions can be obtained by
varying the width of aperture until the bend radius
approaches a straight line depending on the length of
work material. The maximum width of material that can
be handled with significant bend radius is,123 mm and
the length is 500-630 mm.

Besides, the maximum width (machine
capacity) of strip of material the machine could handle is
1,050 mm for tinplates and mild steel with thickness not
exceeding 2 mm. Although, when the machine was
used to roll mild steel plate of 2.5 mm thickness, the
bearing blocks showed evidence of possible failure. The
wooden bearing blocks could not support the bending
stress exerted by the materials with higher thickness
than 2 mm and as a result the machine usage can only

be restricted to light gauge metal work and thus find use
in tinsmith and welding workshops. Slip friction in rolling
was eliminated between the rollers and the load by
keeping the contact surfaces smooth and free of
lubricants and dirt. Since, the average number of
operators required to operate the rollers at a giver
operation is shown in Table below with their average
weights. Material thicker beyond 2 mm sheet thickness
requires two operators while 3 mm thickness material
could not be conveniently roll due to the required
bending force and the strength of the material used in
construction. The bearing capacity of wood cannot
support such material thickness. The analysis result
shows that, the average percentage acceptance of the
machine by the artisan is 70.59% (n=24) indicating that
the technology is acceptable. Fifteen percent of the
welders and 40% of tinsmiths were well acquainted with
the functions of the machine. A total of 73.53% (n=26)
of the respondents are not acquainted (technology
awareness) with the shape rolling technology while
26.47% (n=9) have a fair knowledge of the use of such
machine in metal rolling.
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Table 2: Table of performance tests Result

Material ,
: ; AV.Wet Max width of Length of the
Material Type i No, operations \ \
P Thlckness P operator kg work in mm material
in mm
Alumni heet 3 1 65 1050 1200.00
uminum shee 15 1 65 1050 1200.00
) 1 1 71 525 800.00
Galvanized sheet 5 5 69.8 505 800.00
) 1 1 65 1050 1200.00
M'”edrff;z'l sheet 2 2 72 500 600.00
3 2 72 300 400.00

c) Design of pipe Bending Machine

Companies considering the purchase of tube
bending equipment are faced with an extensive set of
alternatives. It is important that a potential purchaser
research his needs and the various equipment available.
The manufacturer who gives special attention to details
will gain a significant edge over his competition. In this
discussion we will investigate some of the more popular
options available for tube bending, their benefits,
limitations, cost and applications. Although, the design
of pipe bending machine has undergone many
changes, development and improvements over a period
of time. Pipe bending requires mechanical force which
acts on the pipe either directly or indirectly. This was
done manually with the operator providing the effort
required for bending the pipe. The major setback was
the energy, time and effort expended in accomplishing
the task. This means that the quality of bend would

depend on the strength and skill of the operator. Though
relatively cheaper, manual pipe bending falls short of
dimensional accuracy and uniformity. Many versions of
pipe bending machine have been developed aimed at
eliminating human effort (www.paramount-roll.com). In
one arrangement, the mechanical force required for
bending is provided by a hydraulic ram powered by
combustible fuel in an internal combustion engine, or by
electricity. In this case, the hydraulic pump which pumps
hydraulic into the ram is powered by an electric motor.
By early 80’s, the development of mechanized pipe
bending machine came into existence In general, the
bending process uses mechanical force to push the
pipe against a die: this way, the pipe is forced to get
conformed to the shape of the die. In many cases, the
end of the pipe is rolled and rotated around the die,
while the pipe itself is firmly held in place (Fig.)

Figure 6: Pipe Bending Process

© 2017 Global Journals Inc. (US)
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Orthographic view of
the Machine

Figure 7: Orthographic View of the Machine

i. Effort Required to Bend the Pipe

The machine is considered as a lever with effort
arm inclined, the load, W is provided by the pipe
resistance to bend. The effort arm, x has both horizontal
and vertical components, with the vertical component
representing the active force. Since horizontal
component, Fh = F sin 6 and Vertical component, Fv =
F cos 6 Taking moment at the support reaction, R; , Fx
cos 6 = Wy; F = Wy / x cos 6; where F = Effort required
to bend the pipe, Let 8 = 300 and x = 5y (i.e.
depending on the length of the effort arm), F = 23.3 x
103. y / By cos 30 = 55 kN; where W = average
bending force of pipe, 23.3 x 103 N

ii. Power Requirement

A gradual application of effort will bend the pipe
quite smoothly. This means that very small velocity will
be required. An available motor capacity standard is
therefore selected and reduced to appropriate speed
output.

Choosing a motor of 1.5 kW; Power (P) =
Force (F) x Velocity (V) ; Thus, V = P/ F = 1500 / 5500
=0.273m/s

d) Speed Reduction (Spur Gear Design)

i. Minimum number of teeth on the pinion

Tp =2Aw / GV 1 + 1/G (1/G + 2) sin26 — 1
(Shigley and Mischke, 1989), Where G = Gear ration /
Velocity ratio; and 6 = pressure angle, 20 , Aw =
Fraction by which the standard addendum is multiplied,
1m for 6 =20

Tp=2x1/2V1+ % (1/2+ 2)sin220 -1 =14
2, Thus, we choose Tp = 18 from standard table
(Shigley and Mischke, 1989), Number of teeth on the
gear, Tg=2Tp=2x18 = 36

But centre distance between the gears, L =
Dg/2 + Dp/2, Where Dg = Diameter of gear, and Dp =

Diameter of pinion Dg/Dp = 2;Dg = 2Dp; L =2Dp /2

+ Dp/2 =232 Dp) =15Dp 64 = 1.5Dp; Dp = 43,

Dp = m Tp ; where m is the module m = Dp / Tp =
43/18 = 2.4; Use standard value, m = 2.5

Pitch Circle Diameter of gear, Dg = 2Dp = 2 x
43 = 86 mm

Face Width of the Pinion and the Gear: _Pitch line
velocity, V =nDpNp / 60 = m x 0.043 x 1410 / 60 =
317 m/s

For medium load shock condition and between
8~10 hours of service per day (Khurmi and Gupta,
2004); Service Factor, Cs = 1.54 and 2.369 for non-
enclosed gears.

Tangential Tooth Load, WT = Cs (P/V) = 2.369
x 1500/3.20 = 1110.5N, Velocity Factor, Cv = 45/ 4.5
+V =45/45+ 320 = 0.584 , Since the pinion and
the gear are of same material, the pinion is weaker. For
200 involutes teeth;

Lewis Form Factor, Yp = 0.154 - (0.912/ Tp) =
0.154 — (0.912 / 18) = 0.1033 ,Thus, design tangential
tooth load; WT = 8Wp x Cv x b x m xm x Yp, Where 8Wp
is the safe stress of the pinion, 140 MPa and b is the
face width of both pinion and gear. , WT = 140 x 0.584 x
b xm x 25 x 0.1033; b = 17mm, But minimum face
width is taken as (9.54 ~ 12.5)m ; , Thus, let minimum
face width, b = 9.54 x 2.5 = 24 mm

Power Transmitted: P = WT x V = 111050 x 3.2 =
355kW

e) Check for Static and Dynamic Loading

Flexible endurance limit for steel, és = 252
(Khurmi and Gupta, 2004), Static load or endurance
strength, Ws = ds x bxmx m xy ,Ws = 252 x 23.8 X1 X
2.5 x 0.1033 = 4865.9N , Power that can be transmitted
due to static loading is; Ps = 48659 x 2.9 = 14.3 kW,
Since Ps (14.3 kW) is greater than P (1.5 kW), the design
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is safe from the standpoint of static loading. Also
Dynamic Load, WD = WT + [2/V (bc + WT) / 2/Vvbc +
WT.But from table (Khurmi and Gupta, 2004), C = 228,
and tooth error, e = 0.02 , WD = 1110.5 + [2/3.2 (23.8 x
228 + 1110.5) / (2/3.2v23.8 x 228 + 1110.5) =
3918.29N, Power that can be transmitted from this
dynamic load, PD = WD xV = 3918.29 x 3.2 = 12.5 kW
, Since PD (12.5kW) is greater than P (1.5kW), the
design is safe from the standpoint of dynamic loading.

v Design of Pinion Shaft of the pipe bender

Load acting between the tooth surface; WN =
WT / cos 6 = 1110.5 / cos 20 = 1181.8N, Weight of
pinion, Wp = 0.00118 x Tp x bm2 = 0.00118 x 18 x 23.8
x2.52 = 3.16 N.

) Resultant load acting on the pinion during bending
WR =/WN2 + WP2 + 2WNWPCos 60 =
V1181.82 + 3.162 + 2(1181.8 x 3.16 x Cos 20) =
1183.29 N
Bending Moment due to this resultant load;
MB = WR x Dp/2 = 1183.29 x 43/2 = 25440.74 N-mm
v Twisting Moment on pinion;
MT = WT xDp /2 = 1110.5 x 43/2 = 23875.8N-mm
Equivalent Moment, ME =vMB2 + MT2 = v25440.742
+ 23875.82 = 34889.6 N-mm
But equivalent twisting moment is given by;, TE = (m /
16) x 40 x Dp3 ; Dp3 = 34889.6 x 16 /m x 40 = 4440.5 ;
DP = 16.5 mm , This shows that with Dp = 43 mm, the
design is quite safe.
Diameter of pinion hub = 1.8 Dp = 1.8 x 43 = 77 mm
Length of hub = 125 Dp = 1.25 x 43 = 54 mm ,
Minimum web thickness = 1.8m = 1.8 x 25 = 4.5 mm
(use web thickness = 10 mm).

v Design of Gear Shaft

Normal load acting on the gear, WN = 1181.8N

Weight of gear, Wg = 0.00118 Tgbm2 = 0.00118 x 36 x
23.75x252 =6.31 N

Resultant load acting on the gear; WR =VWN2 + Wg2
+ 2WNW(g Cos 6

WR =+v1181.82 + 6.312 + 2(1181.8 x 6.31 x Cos 20 =
1189.73N

Bending moment due to resultant load, MB = 1189.73 x
86/2 = 51158.39 N-mm

Twisting moment, MT = 1110.5 x 86/2 = 47751.5 N-mm
Equivalent moment, ME = VMB2 + MT2 = v 51158.392
+ 47751.52 = 69981.3 N-mm

But equivalent twisting moment, TE = (7/16) x 40 x Dg3
= (m/16) x 40 x Dg3

Dg3 = 69981.3 x 16 /m x 40 = 8906.7; Dg (minimum
value) = 21mm

This shows that with Dg = 86 mm, the design is quite
safe.

Diameter of gear hub = 1.8 Dg = 1.8 x 86 = 154.8 mm
Length of gear hub = 1.25 Dg = 1.25x 86 = 107.5 mm
Minimum web thickness = 1.8m = 1.8 x 25 = 45 mm
(use web thickness = 12 mm).
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v Design of Worm Gear

The output of the gear is transmitted to the
worm (Fig.3.2), such that Ng = Nw = 705 rev/min

Motor torque x speed of motor = Torque on
gear shaft x speed of gear
10.16 x 147.65 = Ts x 73.83; Ts = 10.16 x

147.65/73.83 = 20.37 N-mm
Hence, transmitted power, P = TsV = Ts x 2 xm
X N/60 = 20.37 x2xmx705/60 = 1.5 kW.

—Wheel

_|_
NN\ N

Worm

Figure 8: Worm Gear

v" The minimum value of X/LN will correspond to;

v Cot® = V.R =20 Where; X = Lead = 200 mm, LN
= Normal load, and V.R. = Velocity ratio

v Cot® =271 ® = 20.220

v X /LN = "% (1/sih ® + V.R/cos ®) = "2 [(1/sin
20.22) + (20/cos 20.22)] = 3.85

v LN =200/3.85=5192N

v' Axial load, LA = LN/ cos ® = 51.92 / cos 20.22 =
55.33 N

v' For a V.R. of 20, the number of starts or threads on

the worm, n = Tw = 2 (Allens et al, 1980)

Thus, axial pitch of the thread on the worm;

Pa =LA/2 =55.33/2 = 27.67

Module, m = Paft = 27.67/mr = 8.8 (Take standard

module = 8).

v' Thus, axial pitch of the threads on the worm, PA =

mm =7mx8 = 2514

Axial lead of the threads on the worm,

La=Pan=2514x2=50.28mm

Normal lead of the threads on the worm, Ln = La

cos @ = 50.28 x cos 20.22 = 47.2 mm.

v But centre distance = LN/2t (1/sin @ + 1/cos @) =

47.2/2m (24.21) = 181.73 mm

Let DW = Pitch circle diameter of the worm; then

Tan ® = L/ nDW

DW = La /mtan ® = 50.28 /m tan 20.22 = 43.44

mm

v" Since V.R. is 20 and the worm has double threads;
Number of teeth on the worm gear Tg = 20 x 2 =40

v' Face length of the worm (i.e. length of the threaded
portion);

v LW = PA (45 + 0.02TW) = 25.14 (4.5 + 0.02 x 2)
= 114.09 mm (this is normally increased by 25 ~ 30
for the feed mark) (Khurmi and Gupta, 2004);

v Thus LW = 144 mm
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v" Depth of tooth, h = 0.686PA = 0.686 x 25.14 =
17.24 mm

v Addendum, a = 0.313PA = 0.313 x 25.14 = 7.86
mm

v" Qutside diameter of worm,

v DOW =DW + 2a = 43.44 + 2x7.86 = 59.42 mm

g) Circle pitch diameter of worm gear
Dg=mTg =8x40 = 320 mm
Outside diameter of worm gear,

Dog = Dg + 1.0135PA = 320 + 1.0135 x 25.14 =
345.5 mm

Face width,

b=238PA+ 65mm = 238x2514 + 6.5 = 66.31
mm

v Design of Worm Shaft

Torque acting on the worm gear shaft,

Tg = Px60/2nNg

Considering 30% overload; Tg = 1.3 x 1500 x 60 / 2 X1
x 35.25 = 528.26 N-m

Torque acting on the worm shaft,

TW = Tg/V.R. xn where 1 = efficiency of worm gear
Butn = Tan @/ Tan (® + a) where o = angle of friction

Rubbing velocity, Vi =nDWNW / cos © = 1 x 0.0434 x
705 / cos 20.22 = 102.53m/mm.

Coefficient of friction, p = 0.275 / Vr 0.25 = 0.275 /
(102.53) 0.25 = 0.086

Thus, angle of friction, a = tan -1 p = tan -1 0.086 =
4.92

Efficiency of worm gear, n = tan 20.22 / tan (20.22 +
4.92) = 0.78%

Thus, torque acting on the worm shaft, TW = 528.26 x
103/20x0.78 = 33.86 x 103 N-m

Tangential load on the worm, WT = Axial load acting on
the worm gear

WT =2TW/DW = 2x33.86 x 103/ 43.44 = 1559.06 N
s Axial load acting on the worm,

WA = Tangential load on the worm gear

WA = 2Tg/Dg = 2 x528.26 / 320 = 3301.63 N

Radial or separating force on the worm gear,

WR = WA tan @ = 3301.65 x tan 20.22 = 1216.07 N

If distance between worm shaft bearing and worm gear,
X = 400mm,

Then, bending moment due to WR in the vertical plane
= WRX/4 = 1216.07 x40/ 4 = 12160.7N-m

Bending moment due to axial force in the vertical plane
= 3301.63 x 320/4 = 264130.4 N-m

Total Bending Moment in the vertical plane, MV =
12160.7 + 264130.4 = 276291.1 N-m.

Bending Moment in the horizontal plane, MH = WT x
40/4 = 1559.06 x 40/4 = 15590.6 N-m.

h) Resultant Bending Moment acting on the worm
shaft, during bending process are

v MR = VMH? + MV?

v MR = v276291.12 + 15590.62 = 276730.63 N-m

v Equivalent twisting moment on the worm shaft,

v MET =V TW2 + MR2

v MET =V (3386 x 103)2 + (276730.63)2 =
278794.44 N-m

v’ But MET = n/16 x T x DW2

v' where DW = diameter of worm shaft; T = allowable

shear stress, 40 N/mm2
v DW = 32.86 mm (Use DW = 36mm).

Since, from the analysis we observed that, the
pipe bending can be achieved in both ways (either in
upward or downward direction) up to 4.25 mm pipe
thickness could be bent manually depending on the
operator’'s physical strength. During the bending
process, the slight deviation from intended angle of
bend was occurred due to spring back action of the
pipe, which obviously reduces with decrease in angle of
bend. However, wrinkles and bulging of the pipe during
bending were noticed in pipes of lesser thickness. in this
machine with a semi-circular bell, angles between 80° to
180° were obtainable, below which the bent pipe was
observed to follow the bell’'s contour to give a U or C
shape. Since, to obtain a lower bend angle, a different
bell specially made for 45° is used. For pipes of lesser
thickness, a mandrel should be introduced in order to
prevent collapse. The provision for manual bending
makes it possible to use the machine in rural areas were
there may be no power supply.

i) Bending Design

Bending is a metal forming process in which a
force is applied to a piece of sheet metal causing
bending of it to an angle and forming the desired shape
(Manar, 2013). While, the operation is typically
performed on a machine called a press brake which can
be manually or automatically operated. Though, to bend
sheet metal, a bottom tool (die) is mounted on a lower,
stationary beam (bed) and a top tool (punch) is
mounted on a moving upper beam (ram). Since the
design and analysis of this study is considered this
points properly, to achieve optimum bending products.
However the bending design consists and considers the
f parameters given in the table below.
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Table 3: Initial Conditions for Design

Maximum bending length 1800 mm
Maximum bending thickness 2mm
Tensile strength of sheet metal Mild steel 248 MPa
Clearance between folding beam and clamping beam 2 mm
Maximum folding angle 1050
Frame material Structural Steel
Folding beam and clamping beam material Machine Steel

j)  Maximum Folding Force

The force required to perform folding depends
on the strength, thickness, and length of the sheet metal
(Groover, 2010). However, the maximum folding force

adjusting screws on the clamping mechanism of
bending machine must resist the clamping force they
are exposed to. Since, the load is shared equally on
either side of the clamping mechanism, therefore is
equal to half the clamping force that is 73.65 kN.

can be estimated by means of the following o of f

equation: F= be(TS)th’Wherey Kbf = 0.33.7S = 248 Allowable stress levels to _756 0 proo_ strength are to
D be used in the clamping mechanism bolts. The

MPa, w = 1 800 mm, t = 2 mm; and D = 2 mm.

Therefore; F= 0.33 * 248 * 1800 = 2 * % = 294.6KN

k)  Clamping Beamn Design

The clamping beam exerts a force that holds
down the sheet metal onto the folding bed. The hold
down force when performing folding operation is 50%
the required folding force. Since it is applied across two
ends of the machine. Therefore the clamping force is
given by: Clamping force = 0.5 x folding force,
Clamping force = 0.5 x 294.6 kN, Clamping force =
147.3 kN.

The clamping beam is designed such that it is
welded onto side plates that are connected to a
clamping mechanism. The clamping mechanisms are
located on both sides of the clamping beam, but the
clamping knob is only located on one end. The

) Design of the Folding Beam
Figure shows the front view for the folding beam.

selected material for the clamping mechanism
according to the Society of Automotive Engineers (SAE),
is grade 4 with no head marking and proof strength of
65 ksi. Then the allowable stress is also given as
o, =0.75*proof strength, Since
0,=0.75*65000psi=48759psi

In addition, the force applied on each side of
the clamping mechanism is 73.65 kN = 16.55 klb

Therefore the required tensile area to which the

force should act is:
16550 Ib

At = % Since, A, +=0.339ir?. Thus,

tensile stress area of 0.339 in2 requires a diameter of
7/8 inches, which is equivalent to 22.22 mm. Hence the
diameter of the clamping mechanism column should be
22.22 mm with a course thread of 9 threads per inch.

_ Load

aa
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The weight of the folding beam is calculated
using the formula below. Weight of folding beam =
surface area x density x thickness Surface area, A, of
folding beam: Surface area = 2.1 (0.45), — 0.5(0.2)(1 +
0.6) —2(0.15)

Therefore surface area=0.755 m?, Using
machine steel of density 77 kN/m?®, if the thickness of the
folding beam is therefore, the weight of the folding beam
is: W = Surface area x density x thickness

W =0.755 m2 x 77 kN/m* x t, W =58.135t kN,
The beam is supported on its two ends and other force
(including its weight) acting on the beam is the
maximum required folding force of 294.6 kN acting
uniformly across the length of the beam. Figure below
also represents the loading induced on the beam during
bending process.

( 140.3 + 27.6f ) KN'm

311", 1 L] L] 1 1 1
| —

uzcmie

‘HE

\ T

(147.3 + 29t ) KN

i

Tz’
{1473 = 200 ) KXy
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Figure 10: Loading on the Folding Beam

Total force acting on the beam =
+58.135t) kN.

(294.6

Force acting per unit length
_ Total force action on thebeam

Length of the beam

Reaction at each support
Total force action on thebeam

- 2

Reation at each support = w,

Therefore reaction at each support =(147.3
+29 t)kN.

Taking moments and resolving forces at
determined points along the folding beam and factoring
a safety factor of n = 3, and an allowable stress of 350
Mpa, t,is found to have the following value; t = 0.015 or t
= -0.015. Therefore the thickness of the folding beam is
15 mm.

[V. PRODUCTIVITY ANALYSIS

Increase in productivity is the key factor for
prosperity at all levels. It is the relationship between the
result obtained and the factors employed to achieve the
result. Productivity is the relationship between outputs to
input. It is an indication of an enterprise capability. In
case of the defined machine, the output highly depends
upon the working skill of the employed persons. If he is
having long experience of working over the machine
then definitely his rate of making pipes would be higher
than the rate of person who is new to machine. As per
the definition of productivity, we have a simple relation
for it and it is given by

(294.6 + 58.135)kN
2.1
Thus, the force acting per unit length (140.3

+27.6 t)kN /m Reaction force at the beam supports also
calculated as,

Force acting per unit length =

Output

Productivity =
input

To directly compare the productivity in terms of
capital required, we take the ratio of output in terms pipe
Productivity=[(M anf. cost of material RS/ pieces x No.
of material smanf, /day)][(Expenditure/material x No. of
mant/day]

a) Productivity of Manually Operated Machine

Since time required for manufacturing the one
pipe is 40 minutes, total number of pipes manufactured
in a day is 12. Using above equation, Productivity of
Manually operated machine is calculated as

Productivity = 217 * T = 3.71------ For Manually
operated machine

b) Productivity of Power Operated Machine

Since time required for manufacturing the one
pipe is 10 minutes, total number of pipes manufactured
in a day is 48. Thus, Productivity of Power operated
machine is calculated as

productivity = 217 * m

For Power operated machine. Since our
multipurpose machine is power operated , then it is
productive. in a single operation , the productivity is

double for manual operated machine, but our machine
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multipurpose, within  this single machine performed
more than four type of sheet forming process. Since the
productivity is four times a single power operated
machine. thus this multipurpose power operated sheet
metal machine is efficient, effective and more extremely
product type of machines.

V. CONCLUSION AND RECOMMENDATION

a) Conclusion

In this study the design and analysis of
multipurpose sheet metal machine is done using
mathematical methods. During the analysis and design
process different parameters were considered for
improving the productivity and performance of sheet
metal forming process. As well comparative study of
manually operated multipurpose machine and power
operated sheet bending machine has been done. the
multipurpose machines are very efficient in rolling,
bending, grooving and beading of metallic components.
The machine is cost effective based on the materials of
production and simplicity of the design of component
parts. Operational mode meets the level of technical
knowhow of the artisans. Also, productivity of both the
machines has been calculated. From the results, it is
cleared that, productivity of power operated sheet
bending machine is higher than manual type. As a result
a multipurpose power operated machine is much, much
efficient, effective and productive on compared to
manual operated machine. Since the design and
analysis of this study was meet the objectives properly.
Since, sheet metal manufacturing industries improve
their financial performance and productivity by using
these type of multipurpose machines rather than single
purpose machine.

b) Recommendation

This multi type machines have numerous
advantages including, optimum machine cost, high
production capacity and productive, efficient and
effective and contributes the comparativeness of the
sectors. Since, sheet metal manufactures could be use
such type of machines to improve their performance
and productivity. Further recommend that, researchers
further study to add the function of such type of
machines, hence this used as a base for the
researchers.
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Design and Construction of a Portable Charger
by using Solar Cap

Md. Rakib Hasan %, Md. Sabbir Hossain ° & Kazi Pavel Rahman °

Abstract- Sun is a source of renewable energy called solar
energy. Solar energy is a basic need of living plants and
human being on the earth. By the use of solar energy there is
no pollution and no waste. There are many fields of using solar
energy. It can be used directly in a variety of thermal
applications like heating of water or air, charging batteries,
drying, distillation, cooking etc.

Bangladesh is an under developing country. It is a
country of lot of problems. Energy crisis is one of the important
problems. To overcome this problem solar energy may be
used as an alternative. It is not possible to solve the giant
problem over a night but it can be decreased. Solar energy is
one kind of renewable energy. Everyday a lot of power is
used for charging purpose like mobile, camera, light etc.
Those devices can be easily charged by using solar charger.
In this project a solar cap is designed and constructed for
charging mobile phone, camera etc. which is nothing but a
solar panel based charging system. Here a solar panel is
placed on a cap. An USB port is attached with the panel. A
cable is connected with the solar panel and the device that
will be charged. At day time the device can be easily charged
by using this solar cap. If the device is fully charged then the
extra charge can be stored in a reservoir. So, by using the
charger the devices can be charged day and night.
Keywords: solar energy, energy, renewable energy, solar
cap, resenvoir.

[. [NTRODUCTION

= nergy crisis is one of the basic problem in
=== developing country like Bangladesh. One step to
— Overcome this problem may be the use of solar
energy as an alternative. A huge amount solar energy is
available in the environment that can be utilized and also
could be stored to use any suitable time.

Solar energy, radiant light and heat from the
sun, is harnessed using a range of ever-evolving
technologies such as solar heating, solar photovoltaic,
solar thermal electricity, solar architecture and artificial
photosynthesis.  Solar technologies are broadly
characterized as either passive solar or active solar
depending on the way they capture, convert and
distribute solar energy. Active solar techniques include
the use of photovoltaic panels and solar thermal
collectors to harness the energy. Passive solar
techniques include orienting a building to the sun,
selecting materials with favorable thermal mass or light
dispersing properties, and designing spaces that
naturally circulated with air.

Author a o p:  Department of Mechanical Engineering, khulna University
of Engineering & Technology, Khulna, Bangladesh.
e-mail: rakibme2k9@gmail.com

Sun is responsible for most of accessible
energy resources. Solar energy can be used both
directly and indirectly. It can be used directly in a variety
of  thermal applications like charging of batteries,
heating water or air, drying, distillation, cooking etc. The
heated fluids can in turn be used for applications  like
power generation. A second way in which solar energy
can be directly through the photovoltaic effect in which it
is converted to electrical energy. Indirectly, the sun
causes winds to blow, plants to grow, rain to fall and
temperature differences to occur from the surface to the
bottom of oceans. Useful energy can be obtained for
commercial and non-commercial purposes through all
these renewable sources. Solar portable charger is one
type of chargers which can be carried any place at any
time. In addition, a good portable solar charger should
be straightforward and easy to use. In this type of
portable charger, solar panel is placed on the cap which
is put on the head. When sun strikes on the solar panel
photons release from it. Then electron starts flow though
the cable which is connected with solar panel. A PCB
board is also connected with solar panel. Solder the
positive output wire of the voltage regulator to the USB's
positive. Similarly, connect the negative output of
regulator to the negative of USB. The USB port must be
fixed properly to the PCB board. A reservoir is used
which store charge and supply charge to the battery
when require.

Solar portable charger is very effective for
everyday use. It is suitable for use in rural area where
electricity is not available or load shading frequently
occur. Travelers and advantageous people can also use
this type portable charger.

[I. DESIGN

a) Assumptions for Design

e Solar panel should be capable of supplying 5-6
volts.

e The cap should be easily carried.

e Reservoir should store charge properly and supply it
when require.

b) Design of Components

Different components needed for this system
are designed. When designing above assumptions are
taken under consideration.
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e Solar panel

There were various types of solar panel. In this
construction TYN355-366 type solar panel was used.
The capacity of this type of solar panel was 5V (volt) and
5W (watt).lt could able to supply 800-1000 mA current
which was required for charging a battery (mobile,
camera etc.). It was required to place the solar panel
perfectly on the head. So that the dimension is selected
Length= 16 cm, Width= 12 cm

e Reservoir

The length of the reservoir was 10.3 cm and
width is 2.8 cm. Reservoir had charged storing
capacity. It was able to supply charge to battery when
required.
e Charging system

A PCB board was connected with solar panel.

The length of the PCB board was 3 cm and

d) Circuitdiagram

width=2cm.USB port and LED lamp attached with PCB
board. Finally a cable was connected between battery
cell and USB port. The length of the cable was used
according to required.

c) Description of the designed system

There are two types of charging method a)
Direct charging b) Charging by use reservoir. In ‘direct
charging’ method, one end of cable is connected with
USB port of solar panel and other end of the cable is
connected with battery cell. In ‘charging by reservoir’
method, only different from the previous method is that it
uses a reservoir which primarily store charge. The
storage charge from the reservoir then supply to the
battery cell by cable.

saler panel

]
LTI

inpart From ~ 100uF 5
solar panel

‘9
e
|"u

I 7805
z 3

£

(el L
i

Figure 2.1: Circuit diagram (mobile phone connects with solar panel)

Fig. shows that, a solar panel is connected with
IC 7805. This integrated circuit(IC) is divided with 3
section and amount of current flow is 100uF. Now, IC is
connected with the output of USB. A data cable is
connected with USB port. Finally current flows though
the data cable and charges the battery of mobile,
camera etc.

[1I.  CONSTRUCTION

Components Required:

a) The required components are
i. Solar Panel
i. Cap
ii. PCB board
iv. USB port
v. Reservoir
vi. Wire
vii. LED lamp
viii. Battery (mobile, camera, torch etc.)

b) Description of Construction

[0 A PCB board is connected with solar panel.
panel consists of

Solar

© 2017 Global Journals Inc. (US)

[0 Semiconductor material silicon (Si).There are two
types of silicon i) p-type silicon ii) n-type silicon. This
two types of silicon produce pnp junction or npn
junction.
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Figure 3.7: PNP junction and NPN junction



DESIGN AND CONSTRUCTION OF A PORTABLE CHARGER BY USING SOLAR CAP

[0 Solder the positive output wire of the voltage
regulator to the USB's positive. Similarly, connect
the negative output of regulator to the negative of
USB. The USB port must be fixed properly to the
PCB. Next, connect the solar panel to the input of
the voltage regulator (positive of solar panel to
positive input of voltage regulator and negative of
solar panel to negative input).

e The regulator circuit consists of the following
components.

1) 1C7805

2) 100uF

3) 10uF
4) 4) 100nF

e USB port and LED lamp is attached with PCB
board. When sun light strikes on the panel photon
release and electron start to flow.

e A cable is connected with USB port. Once
everything is connected, measure the output
voltage in open sun light. It should be around 5V.
Now, connect batteries of mobile phone or camera
and it starts charging.

Figure 3.2: Direct charging of battery of a mobile phone

Figure 3.3: Charging the battery of mobile from reservoir Test Procedure

IV.  TEST PROCEDURE

Batteries were charged both at stationary and
moving conditions. In both the cases it was observed to
charge the battery successfully. The performance of

portable charger depends on solar intensity that was
also observed while charging in sunny and cloudy sky.
Storing of charge in the reservoir was checked by
charging battery at night successfully.
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V. RESULT AND DISCUSSION

Test results of battery charger was found
satisfactory. It took almost same amount of time to be
fully charged from main. Storing of charge and also
charging from the reservoir were checked and found
satisfactory.

Performance of storing of charge and charging
of battery were found satisfactory and both were found
satisfactory and both were delayed in cloudy sky was
also observed.

VI. CONCLUSION

A portable solar charger by using a solar cap
has been designed and constructed successfully.
Battery has been charged directly by the dc voltage
produced by a solar panel through a USB port.
Performance of the devices has been tested and
following results are obtained.

1. Batteries can be charged both stationary and moving
condition.

2. Charging time takes almost same amount of time to
be fully charged from main.

3. Performance of portable charger depends on solar
intensity

4. Charge can be stored in the reservoir.
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Two Different Viewpoints about using Aerosol -
Carbon Nanofluid in Corrugated Solar
Collectors: Thermal-Hydraulic Performance and
Heating Performance

Soroush Sadripour *, Mohammad Adibi ° & Ghanbar Ali Sheikhzadeh ?

Abstract- In this study the effects of corrugated absorber plate
and using aerosol-carbon black nanofluid on heat transfer and
turbulent flow in solar collectors with double application and
air heating collectors, were numerically investigated. The two-
dimensional continuity, momentum and energy equation were
solved by finite volume and SIMPLE algorithm. In the present
investigation all the simulations were done for two different
angles of tilt of collector according to horizon, that these
angles were the optimum ones for the period of six months
setting. As a result the corrugated absorber plate was
inspected in the case of triangle, rectangle and sinuous with
the wave length of 1mm and wave amplitude of 3 mm in
turbulent flow regime and Reynolds number between 2500 to
4000. Choosing the proper geometry was carried out based
on the best performance evaluation criteria (PEC), for
collectors with dual usage and increasing the air temperature
from collector inlet to outlet for air heating collector. The results
revealed that using corrugated absorber plate has a
considerable influence on flow field and heat transfer. For all
times of the year the highest PEC was obtained for corrugated
Sinusoidal model, however the highest temperature increase
from inlet to outlet was obtained for rectangular corrugated
model. Also it was understood that in the case of using air as a
base fluid, whether for the case of temperature increment from
inlet to outlet or the highest PEC,the optimum Reynolds is
2500. For each of the corrugated absorber plate with
sinusoidal and rectangular models, the carbon black
nanoparticles were added to air base fluid in volume fractions
of 0.1% to1%. The results indicated that in sinusoidal model
the nanoparticles volume fractions increase leads to heat
performance coefficient increase and the best heat
performance conditions were attained in volume fraction of 1%
and Reynolds number of 4000 for both six months period. In
rectangular corrugated model using nanofluid and Reynolds
number increase do not worth and lead to outlet temperature
decrease. Therefore for this model using air and Reynolds
number of 2500 is recommended.

Keywords: solar collector, corrugated absorber plate,
turbulent flow, performance evaluation criteria, heat
performance coefficient, nanofluid.

Author a o p: Department of Mechanical Engineering, University of
Kashan, Kashan, Iran. e-mail: soroushsadripour@hotmail.com

l. [NTRODUCTION

he analyses of the international energy
Torganization show that the world energy demand

between 2008 and 2035 increases by 35%.
According to the limited fossil energy fuels and the side
effects of using them on environmental cycle the probe
for finding renewable energy in order to deal with this
increasing energy demand is necessary. According to
international energy agency predictions, more than 13%
of this increasing energy demand will be provided by
renewable energy [1]. The solar energy is considered as
the cleanest, the cheapest and the most accessible
energy in the world. The flat plate solar collector
comparing with other collector types, has simple design
and low costs of construction and in addition to direct
solar radiation absorption they can also absorb the
emissive radiation [2]. The hot water and air have a wide
range of application in industry, agriculture, animal
husbandry, and household chores. Therefore it is
possible to use a collector that can heat water and air at
the same time. The present study concentrates on solar
collectors with dual usage and solar hot air collectors.
Sofar lots of numerical and empirical studies related to
solar collectors have been conducted. The results of
these studies demonstrate that the overall performance
of collector is related to many factors including the
distance between absorber plate and glass coverand
pipe diameter [3,4], windvelocity [5], solar radiation [6],
collector material [7], flow rate [8], and channel
depth [9].

There are numerous ways to enhance the solar
collector efficiency. One way is to use the methods for
absorbing more solar radiation. This method is done by
setting the collector angle of tilt and put the collector in
the optimized angle of tilt. Khorasanizadeh and
Meschi[2] specified the optimized angle of tilt in the
case of monthly, seasonally, six months and annual for
solar collector in kashan. They suggested of 9° and
51°angle of tilt for setting in the first six months and the
second six months, respectively.
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Nomenclature

C thermal conductivity ratio

Cy turbulence model constant

Cp specific heat capacity, (J/kg.K)

Dy, hydraulic diameter, (m)

f friction factor

Gy generation rate of TKE

h heat transfer coefficient, (W/m?2.K)

H height of the collector channel, (mm)
H average of heat flux in 6 months

k thermal conductivity, (W/m.K)

k turbulent kinetic energy, (J/kg)

L collector length, (m)

Nu Nusselt number

P pressure, (Pa)

Pr Prandtl number

AP pressure drop, (Pa)

PEC  performance evaluation criteria
Q heat flux

r sinusoidal geometry function
Re Reynolds number

t average of sunny hours in day
T temperature , (K)

u flow velocity component, (m/s)
u fluctuated velocity, (m/s)

Greek symbols

o thermal diffusivity, (m?/s)

a wavy amplitude, (mm)

B collector slope

r molecular thermal diffusivity
r, turbulent thermal diffusivity

£ Turbulent dissipation rate, (m?/s®)
n heat performance coefficient
9 kinematic viscosity, (m?/s)

A wavelength, (cm)

m dynamic viscosity, (Ns/m2)

p density, (kg/m?)

¢ nanoparticles volume fraction
Subscript

av Average

bf base fluid

c Local

i,j components

in Inlet

nf Nanofluid

np nanoparticle

t Turbulent

w Wall

0 smooth surface

The second way is to apply some changes in
solar collector geometry in order to reach the highest
thermal performance. Getting the heat exchanger
jagged and grooved on the interior side is one of the
methods for breaking the laminar sub layer and creating
the local wall turbulence(due to repetitive flow
separation and adhesion between successive grooves).
This method decreases the thermal resistance and
increases the heat transfer considerably.

Some numerical and experimental researches
on the flow fluid and heat transfer inside the corrugated

© 2017 Global Journals Inc. (US)

channels have been carried out by some researchers.
Comini et al. [10] studied numerically the flow and heat
transfer characteristics in three-dimensional wavy
channels. They found that the Nusselt number as well as
friction factor increases with decreasing aspect ratios.
Grant Mills et al [11] conducted a numerical
study on heat transfer enhancement and thermal-
hydraulic performance in laminar flows through
asymmetric wavy wall channels. The results are crucial
for designing compact heat exchangers that are
capable of having high performance in the laminar



regime. Mohamed et al. [12] presented laminar forced
convection in the entrance region of a wavy channel.
They solved numerically the governing equations using
the finite volume method. The effects of Reynolds
number, Prandtl number and the amplitude of the
corrugation on the flow and thermal fields were
introduced by them. It was realized that the shear
stresses and Nusselt numbers increase as the Reynolds
number increases. Rostami et al [13]investigate
doptimization of conjugated heat transfer in wavy walls
in micro channels. Numerical results reveal that the
Nusselt number in wavy microchannels is more than that
for flat walls micro channels. Also unlike flat walls
microchannels there is an optimum geometry for wavy
walls micro channels, which has the maximum Nusselt
number. Duan and Muzychka [14] inspected the
influences of axial corrugated surface roughness on fully
developed laminar flow in micro-tubes analytically. The
Stokes equation was solved to predict friction factor and
pressure drop in corrugated rough micro-tubes for
continuum flow and slip flow. It was observed that there
was a significant increase in pressure drop due to
roughness.

The third method is to increase the heat transfer
between fluid and solar absorbing plate. One common
and suggested way is to add the nanoparticles to the
base fluid used in collector.

Khoshvaght-Aliabadi [15] analyzed heat transfer
and flow characteristics of the sinusoidal-corrugated
channels with AlL,Os-water nanofluid. The effects of
different geometrical parameters were calculated at the
nanoparticle volume fraction below 4%. The channel
height and amplitude indicate the highest influences on
Nusselt number and friction factor values. Mohammad
et al [16] numerically analyzed the heat transfer and
water flow characteristics in a wavy micro channel heat
sink (MCHS) and also with different wave amplitude by
using the finite volume method. They found out that the
heat transfer coefficient, wall shear stress, pressure
drop, and friction factor increase by increasing the wave
amplitude through the channel. Heidary and Kermani
[17] numerically studied the effect of forced convective
heat transfer of Cu-water nanofluid on heat transfer field
and flow field in channels with sinusoidal walls. They
noticed that by using the nanofluid and horizontalwavy
walls at the same time, the heat transfer increases by
50%. Jena and Mahapatra [18] in their numerical
modeling investigated the radiative and natural
convective heat transfer of aerosol-carbon black
nanofluid, in the presence of magnetic field for a two-
dimensional chamber. Their results demonstrated that
by increasing the volume fraction of carbon black
nanoparticles in the base fluid of air, the overall heat
transfer inside the chamber will enhance.

Different nanoparticles with various base fluids,
higher volume fractions and smaller nanoparticles are

found to increase heat transfer [19]. Although in this
study the new nanoparticle called carbon black has
been used with volume fraction between 0 to 1%. It is
inferred from the previous investigations that no
numerical studies has been carried out on aerosol-
carbon black nanofluid with turbulent flow inside the
solar collector with corrugated walls.

In lots of aforementioned  numerical
investigations the effects of corrugated plates on
enhancing heat transfer in channels have been done
and the comparison between smooth and sinusoidal
corrugated channels has been made. However for solar
collectors, the accurate comparison between linear
corrugated models(rectangular and triangular) and
nonlinear models (sinusoidal) has not been made in the
case of Nusselt number, pressure drop, friction factor,
PEC, and the difference between inlet and outlet
temperature, and mainly the considered collectors were
solar flat plate collectors.

In current investigation the precise comparison
for scrutinizing the thermal-hydraulic characteristics of
the turbulent air flow and aerosol-carbon black nanofluid
inside collectors with  rectangular, triangular,and
sinusoidal corrugated absorbing plate has been made
by numerical procedure. Among absorbing plates with
different corrugations, the optimized configurations have
been chosen based on the higher PEC and difference
between inlet and outlet temperature. Then the effects of
aerosol-carbon black nanofluid on the thermal-hydraulic
characteristics and temperature increase from inlet to
outlet are analyzed for these optimized configurations.

[I.  NUMERICAL MODELING

a) Physical model

The schematic diagram of the two-dimensional
collector with entrance height of 2H=20mm is shown in
Fig. 1.The problem geometry includes two-dimensional
corrugated walls with 18 waves along the length of the
test-section. The heat transfer and flow field are studied
for sinusoidal, triangular and rectangular corrugations.
The wave length of the walls in all three models is
A=1cm and the wave amplitude is a =3 mm. The
collector length equals to L = 2 m. For the left section of
the channel the velocity inlet boundary condition in
Reynolds number between 2500 and 4000 is considered
and for the outlet section of the channel pressure outlet
boundary condition is assumed. The absorber plate is in
the constant and uniform temperature. This temperature
has been obtained by the empirical measurements for
the installed collectors in Kashan with 51° longitude and
30 minutes in east direction and 34° latitude and 5
minute in north direction located in Iran for the first and
second period of the year. The glass cover has the
constant heat flux boundary condition that the inlet heat
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flux value for the first and second period of the year is  temperature for the both periods of the year is different
obtained from[2]. The flow inside the channel is too and these data are collected from Iran’s weather
considered steady and turbulent. The ambient forecast organization for Kashan [20].
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Figure 1. (a) The schematic diagram of the two dimensional collectorwith double application
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Two dimensional solar collector models with: (b)
sinusoidalcorrugation,(c) triangular corrugation, and(d)
rectangular corrugation. (The actual geometry consists
of 18 corrugations but for clear presentation only 4
waves have been shown.)

b) Governing equations

In this section the governing equations related
to heat transfer and flow field are presented [21]. The
considerations are as follows:

1. Steady state and two-dimensional.
a ( 0P 0
o (PUt) =~ g0+ 5 |

In the above equation pandu arefluid viscosity

andfluctuated  velocity, respectively. The term
ofpu; w; indicates the Reynolds stress.
Energy equation:
d 0 oT
a—xi(PuiT) = a[(r + Ft)a_xj] 3)

wherel" and T, are the molecular thermal diffusivity and
turbulent thermal diffusivity, respectively and are defined
as follow:

U He

R=ﬁ andFt=P—rt (4)

In order to model the turbulence it is necessary
to model the Reynolds stress in Eq. (3). The standard
k-¢ model has been used for turbulence modeling. One

0

where G, is the turbulent kinetic energy generation rate
andpeis the loss rate and is defined by:

o = —p 22 9
K = —PUY o, )

The boundary values for turbulence adjacent to
the wall are specified by enhanced wall treatment.
ThecoefficientsC, = 0.09, Ci, =144, C,, =192,
o, =10, o,=13 and Pr,=0.85are chosen as
empirical coefficients in turbulence transport equation
[22]. The Nusselt number, Reynolds number, friction
factor,performance evaluation criteria  and heat
performance coefficientare non-dimensional parameters
that are calculated from the below equations [17, 23]:

h D,
Nua == (10)

In the above equation h and k are conducting
heat transfer coefficient and convective heat transfer

d He
o lpew;] = % [(# + 0—£>

2. Incompressible flow.

3. The flow properties are independent of the
temperature.
Continuity equation:
d
—(pw,) = 1
ox (pu) =0 M

where p is the density and w; is the axial velocity.
Momentum equation:

u; a N
] — —_— . .
+ axi>] tom (—pui) 2)

common way to connect the Reynolds stress to average
velocity gradients is Bossinisque assumption.
du,

—— oy,
—puw) = U e ) 5
() = e 55+ 52 ®)

The turbulent viscosity is derived from Eq. (6):
k2

te = pCy S (6)

The kinetic energy conservation equation and
the loss rate are measured from Eq. (7) and (8):

) 9 1\ Ok
gy ol axj[<'u+ak)6xj] +Go—pe (1)

oe £ g2
a_Xj + Cls E Gk + Cng ? (8)

coefficient respectively. In the present work the Nusselt
number is measured on the absorber plate.
PrUim Dy

Kr
In this equation u;, is the average velocity of the

fluid in the collector inlet. The hydraulic diameter is also
defined as follows:

(1)

Re =

D,=2H+a (12)

__2 AP
f B (DL) pnfuin2
h

where APis the pressure difference between collector
inlet and outlet.

AP = Pav,inlet

(13)

(14)

average

- Pav,outlet

WherePav,inlet and Pav,outlet are
pressure in inlet and outlet, respectively.
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In order to compare the effect of Nusselt
number change to pressure drop with corrugated
absorber plate usage toward smooth absorber plate
theperformance evaluation criteria(PEC) is calculated by
the below equation [24]:

Pec = (i) (7)

Nuy/ \fy

In the above equationNu and Nu, are average

Nusselt number in corrugated collector and average
Nusselt number in collector with smooth absorber plate,
respectively. On the other hand f and f; are friction

factor inside the corrugated collector and collector with
smooth absorber plate respectively.

Eq. 16 is used to compare the effect of using
the nanofluid on average Nusselt number and pressure
drop toward base fluid usage [25]:

-1/3
n= <_N”"f> : (fn_f> !

Nuf f}c
where Nu,, and f,, are average Nusselt numberand
friction factor in collector with nanofluid, respectively and
Nu; and f; are average Nusselt number and friction

The temperature difference from inlet to outlet is
computed by:

-1/3
(19)

(16)

AT = Tav,outlet (1 7)

- Tav,inlet
where Ty, outet @Nd Tay inier @re average temperature in
inlet and outlet.

Thermal diffusion coefficient, kinematic viscosity

and prantdl number for fluid and nanofluid are
calculated from the below equations:
a= % (18)
=" (19)
Pr = Z (20)

The local Nusselt number in the isothermal wall
is measured by [18]:

YA
Y= "\ oy

In the above equation Z—z is the temperature

(21)

gradient in thermal boundary layer.
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c) Model validation

i. Grid independence test
The grid independence test was done for
collector with air fluid. According to Fig. 2, four different
grids with 143476, 145327, 149771 and 151825 nodes
are considered for the smooth absorber plate model. By
comparing the four cases the grid with 149771 nodes is

chosen as an acceptable grid.

19 i AL
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Figure 2: Average Nusselt number variation diagram
according to Reynolds number for different grid sizes in
smooth absorber plate

ii. Validation

The computer software validation was done
based on the geometry and boundary condition of [24].
In this study the heat transfer performance and water
flow forced convective heat transfer in a heated channel
with corrugated wall is investigated. The average
Nusselt number and friction factor are compared in Fig.
3. It is clear that there is a good conformity between the
results.



260

— T
. ——=—— Present work

240:‘ ——&—— Vanaki et al.

NI B

220F
200F
180 F

160 F

Average Nusselt number

140F

ol b b P by

120

TRRTER ITR SR NNTNRNTINT N N SATEN A NENS NN SR

6000 8000 10000 12000 14000 16000 18000
Reynolds number

(@)

0.277\\\\'\\\\I\\\\I\\\\I\\\\I\\\\7
- ——&—— Present work
i ——A—— Vanaki et al.
0.267 .
= i
S i
%0.25?
£
c i
2 i
= i
2 0.24F
S =
L i
0.23F
i | RN ARSI A ST

0.22 b .
6000 8000 10000 12000 14000 16000 18000
Reynolds humber

(o)

Figure 3: Current research validation for (a) average Nusselt number, (b)friction coefficient, in comparison with [28]
in a sinusoidal corrugated channel with phase shift 0of180° and amplitude of1 mm

d) Thermophysical properties of nanofluid

The nanofluid density and specific heat transfer
in a reference temperature T, is shown with p,r and
(), - respectively [19]:

Py = Q=PI +p,, (22)

(pcp)nf = (1 - ¢)(pcp)f + ¢(pcp)s (23)

The carbon black nanoparticles in nanofluid
mixture are considered spherical and the thermal
conductivity is computed by [18]:

kop ks + 2k — 29 (ks — k)

kg ok + 2ks + Pp(kf — k) 24)
The nanofluid viscosity is calculated by [26]:
__ M
Hnf = (1— )25 (25)

The thermo physical properties of carbon black
nanoparticles and air are listed in Table 1.

Table 1: The thermophysical properties of carbon black
nanoparticles and air at T=300 K [18]

Thermophysical Air Carbon black
properties
o(Kg/m?) 1.225 2000
C,(J/Kg-K) 1006.43 710
k(W/m-K) 0.0242 2000
u(Ns/m?) 0.000017894 -

e) Numerical procedure
A steady numerical simulation from the flow
field was considered through the two-dimensional

corrugated channel tosolv and investigates the flow and
heat transfer model. The control volume method and
SIMPLE algorithmwere applied to solve the equations.
The turbulent standard k-emodel was used with
enhanced wall treatment. The numerical calculation was
carried out by solving the governing equations with
boundary conditions and with finite volume method. The
diffusion term in momentum and energy equations and
for convective term werediscretisized by the second
order backward difference. The error value was107> in
order all parameters converge.

f)  Boundary conditions and environmental properties

The average daily temperature of Kashan for the
first and second period of the year is 297 K and 282 K,
respectively. These data are collected from the average
temperature for the first and second period of the year
based on the Iran’s weather forecast organization [24].
The ambient pressure for Kashan is 88588 Pa [24] and
the gravity acceleration is 9.806. The heat flux on the
glass cover is computed by:

3 H
T 3600t

Q (26)

In this equationHis the six months average for
daily flux on horizontal surface and t is the average
sunny hours during the day. The glass transmission
coefficient is 0.88 and absorption coefficient for
aluminum with dark cover is 0.95 [27]. Because this
work is based on the six months setting of the flat plate
collector, the average sunny hours, average daily
temperature, and monthly average of daily flux from sun
on the horizontal surface must be calculated in Kashan
for the first and second six months period. Therefore
with using equation (26) the received flux amount by
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glass cover is obtained for the first and second six
months period. In addition the empirical calculation of
absorber plate temperature during the year for Kashan

shows that the average temperature of absorber plate

for this city is approximately constant for a specified
period of time. The results of these measurements are
presented in Table 2.

Table 2: The average sunny hours, average daily temperature, monthly average daily flux received from sun on the
horizontal surface for Kashan, the received flux by glass cover and absorber plate temperature during the first and
second six months of the year

Monthly
Average average Received
Period ~ SUMY  Average dallyheat  heatflux  ~PSOroer
f1i hours daily plate
of time ; flux on by glass
during  temperature horizon temperature
cover
the day 0
surfaceH
Spring (hr) (K) (MJ/m2.day) (W/m?) (K)
Summer
Fall and
Winter 7.6 282 13.87 507 345

[1I.  RESULT AND DISCUSSION

In this section the effects of using the
corrugated absorber plate for different Reynolds number
on flow and heat transfer field areinspected.Also the
effects of the carbon black nanoparticle are studied.
Whether the optimized thermal-hydraulic performance is
of high interest or outlet temperature increase, the
appropriate shape of corrugations is chosen. adopting
the appropriate corrugation shape for optimized
thermal-hydraulic performance is based on equation(15)
and for the highest air temperature in outlet is based on
equation(17). Then for the optimized corrugation shape
the effect of using nanofluid on flow and heat transfer is
investigated.

a) The effect of corrugation shape of the absorber plate
on thermal-hydraulic characteristics

In this section the effect of using corrugated
absorber plate with different shapes on the flow and
heat transfer is analyzed for the first and second six
months period. In Figures4aand 5a, the diagram of
average Nusselt number change according to Reynolds
number for the first and second six months period is
shown, respectively. It is observed that by increasing the
Reynolds numberthe average Nusselt number
increases too. In fact higher Reynolds numbers indicate
higher velocities that lead to turbulent flow and therefore
enhance the heat transfer. The results reveal that the
average Nusselt numbers for corrugated absorber plate
are always higher than the smooth plate. This is due to
more turbulence and consequently thinner boundary
layer in corrugated channels that causes higher
temperature gradients. The triangular corrugated
channels in the first and second six months of the year

© 2017 Global Journals Inc. (US)

have the highest average Nusselt number in all
Reynolds number and also they can intensify the heat
transfer to 27%and 25% in comparison with smooth
channels in Reynolds numbers equal to 2500 for the first
and second six months of the vyear, respectively.
Furthermore comparing to smooth channels, the
corrugated absorber plate with sinusoidal shape can
increase the heat transfer to 25% and 23% in Reynolds
number of 2500, for the first and second six months of
the year, respectively.

Figures 4d and 5b show PEC according to
Reynolds number. The PEC values have decreasing and
similar behavior for all models in the first and second six
months of the year within investigated Reynolds number
and for the mentioned collectors PEC decreases by
increasing the Reynolds number.As it is seen in figure
4although Nusselt number increases by increasing the
Reynolds number, the pressure drop is also increasing.
However increasing the Nusselt number cannot conquer
the growth of pressure drop and finally it leads to PEC
decrease by increasing Reynolds number. Therefore for
the maximum value of the PEC it is possible to
determine the optimized Reynolds number for each
absorbershape. The optimized Reynolds number for all
models is 2500. The collector with sinusoidal absorber
plate has the best PEC among all configurations that is
1.08 and 1.06 for first and second six months of the
year, respectively.

Figures 4c and 5c show the diagram of
temperature increase variation from inlet to outlet in the
range of mentioned Reynolds number for the first and
second six months of the year. It is observed that the
temperature increase in corrugated collectors is more
than the smooth collectors in all corrugated models



during both periods. Among these collectors the
rectangular corrugated collectors during the first and
second six months have more temperature increase
from inlet to outlet and after that the sinusoidal and
triangular corrugated collectors are ranked, respectively.

The highest value of temperature increase in the
low Reynolds range for the rectangular corrugated was

about 63 K for the first six months and 59 K for the
second six months these values for the sinusoidal and
triangular models were 59 K and 55 K, respectively while
these values were 53 K for the first and 48 K for the
second six months of the year in smooth collectors.
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Figure 4: Variation diagram of (a) average Nusselt number, (b) PEC, (c) air temperature increment from collector inlet
to outlet, according to different Reynolds number for corrugated and smooth absorber plates during the first six
months
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Figure 5: Variation diagram of (a) average Nusselt number, (b) PEC, (c) air temperature increment from collector inlet
to outlet, according to different Reynolds number for corrugated and smooth absorber plates during the second six
months

The isothermal regions at the first, middle and
last corrugation of collector are shown in Fig.6 to
analyze the flow and heat transfer field more precisely.
As it is demonstrated in the figure the thermal boundary
layer growth inside the channel, adjacent to the
absorber plate is more in rectangular corrugation and as
a result the great part of the fluid is affected by the high
temperature of absorber plate and consequently the
outlet temperature increases more. On the other hand it
is seen that near the glass cover three models have the
same condition and in the case of the temperature
distribution there is no preferenceto each other.

© 2017 Global Journals Inc. (US)



TWO DIFFERENT VIEWPOINTS ABOUT USING AEROSOL-CARBON NANOFLUID IN CORRUGATED SOLAR COLLECTORS:
THERMAL-HYDRAULIC PERFORMANCE, AND HEATING PERFORMANCE
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Figure 6. Temperature distribution in the region of (a) the first corrugation, (b)the ninth corrugation,(c)the last
corrugation for all three different corrugation of rectangular, triangular and sinusoidal in Reynolds of 2500 during the
first six months of the year

Fig.7 shows the velocity vectors in the ninth
corrugation of each rectangular, triangular and
sinusoidal model As it is evident in the figure the reverse
flow and vortex forms is obviously seen near the
absorber plate. In triangular corrugation there was a little
reverse flow close to the absorber plate and in

sinusoidal model there was no reverse flow. The formed
vortexes in rectangular corrugations trap the flow in a
part of channel and decrease the velocity to stagnation
point this leads to Nusselt number and heat transfer
reduction.

m
i
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gl

Figure 7: Velocity vectors in the region of the ninth collector corrugation for three different corrugations (a)
rectangular, (b) triangular, and (c) sinusoidal, in the Reynolds of 2500 during the first six months of the year

According to the aforementioned discussion the
sinusoidal corrugated model is chosen as an optimized

model in case of thermal-hydraulic performance due to
highest PEC.However in the case of pressure drop it is

© 2017 Global Journals Inc. (US)

Global Journal of Researches in Engineering (A) Volume XVII Issue V Version I E Year 2017



Global ]()ul'nal of Researches in aninccring (A) Volume XVII Issue V Version I E Year 2017

the best model and overall by considering these two
parameters together it was chosen as the most
appropriate model for the conditions that heat is needed
to be transferred to installed pipes under the absorber
plate and also by the optimized performance of the
pumping system with the least losses,the air
temperature increases, throughout the year. On the
other hand for the condition that the solar collector is
supposed to be used increasing the air temperature and
the pumping system performance and losses are not
important, the rectangular corrugated model was
adopted because it has the most temperature increase
among all models.

b) The effect of using nanofluid in different volume
fractions

In this part the effect of using the aerosol-

carbon black nanofluid with spherical nanoparticle and

different volume fractions on flow and heat transfer field
of rectangular and sinusoidal corrugations s
investigated. Figures 8 and 9 show the diagram of non-
dimensional thermo physical properties change for
aerosol- carbon black nanofluid in different volume
fractions of carbon black nanoparticles. As can be seen
in Fig.8 by increasing volume fraction of carbon black
nanoparticle from 0 to 1% the thermal conductivity and
dynamic viscosity of nanofluid according to base fluid
do not have the intense variation and ultimately each of
them increases to 3% and 2.5%, respectively. But as
can be seen the nanofluid specific heat variation
compared to base fluid has an intense changes and it
increases to 28%. In contrast it is observed in Fig.9that
the nanofluid density in volume fraction of 1% to 17.5%
increases like base fluid density.

9 1.05 ——r e — e —
g r ™~ __=_=.=.:.=-:-:-:'i
s | S TS i
2 l: ]
S I ]
TBo.95fF -
.—- -
g F —o—Cp,./Cp,
= r
09 e —m — 1
g . = an/Kf
_0C90.85:— """" Ao an/Hf -
S r
a P
8 L
= N
S r
2 I
@ L
) r
= r
'5 o7bd
0.1 02 03 04 05 06 07 08 09 1

Volume fraction [%0]

Figure 8: Non-dimensional specific heat, thermal conductivity and dynamic viscosity according to carbon
blacknanoparticle volume fraction in nanofluid mixture
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Figure 9: Non-dimensional density variation according to carbon black nanoparticle volume fraction in nanofluid
mixture
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As can be seen in Figures10a and 11a by
increasing the volume fraction of carbon black
nanoparticles in air, the average Nusselt number
increasesas well inside the collector with sinusoidal
absorber plate for the first and second six months of the
year. As it is observed in the figure for example in
Reynolds number of 4000 with volume fraction of 1% the
Nusselt number increases by 455% and 483% for the
first and second months of the year, respectively. It was
perceived that in the Fig.8 nanofluid thermal conductivity
increase is not much comparing to the base fluid so it is
not possible to attribute this increase in Nusselt number
to thermal conductivity however it has an impact on
Nusselt number increase certainly. But as it was seen
the nanofluid density and specific heat have great
changes comparing to base fluid. The calculation with
equations of (18) to (20) showed that the Prandtl
number is approximately 0.74415 in the case of using
the base fluid this demonstrates that the thermal
boundary layer thickness is more than velocity boundary
layer. By increasing the volume fraction of carbon black
nanoparticles the Prandtl number decreased and for
instance it reached to 0.53497 in volume fraction of
1%.Besides in the case of using nanofluid the thermal
diffusion coefficient and kinetic viscosity decrease were
noticed while the kinetic viscosity decrease was more
intense. These items show that in the case of using
nanofluid the thermal and velocity boundary layers
become thinner. The intense increase in thermal
boundary layer based on equation(21) leads to
temperature gradient increase within thermal boundary
layer and consequently the Nusselt number increases
on the absorber surface as well as nanofluid thermal
conductivity.

By increasing the nanoparticles volume fraction
and Reynolds number the static pressure drop
increases from inlet to outlet in collector. The reason for
increasing the static pressure drop with nanoparticle
volume fraction increase is the nanofluid density and
viscosity increment. In addition by increasing the
nanofluid volume fraction the friction factor decreases.
The reason for this is more intense growth in nanofluid
dynamic pressure according to static pressure drop
because the nanofluid density is siginificantlyincreasing.
Figures 10b and 11b show the heat performance
coefficient diagram in the case of using nanofluid in
different volume fractions and for various Reynolds
numbers in a collector with sinusoidal absorber plate
during the first and second six months of the year,
respectively. As it is seen the heat performance
coefficientincreases by increasing Reynolds number.

This is due to increasing the Nusselt number
and decreasing friction factor with Reynolds number
increment. Furthermore by increasing the volume
fraction,heat performance coefficientincreases too. The
reason for this is similar increase in the Nusselt number

and decrease in thefriction factor by Nusselt number
increment. Consequently in the case of using sinusoidal
absorber plate with aerosol-carbon black nanofluid, the
highest heat performance coefficient was obtained in
Reynolds 4000 and volume fraction of 1% for both first
and second six months of year.

Figures 10c and 11c show the diagram of
temperature increase changes from collector inlet to
outlet in the range of discussed Reynolds numbers for
different nanofluid volume fractions inside the collector
with sinusoidal absorber plate during the first and
second six months of the year. It is observed that for all
volume fractions during both periods of time the
temperature increment inside the collector having
nanofluid is less than the collector having the base fluid.

In the volume fraction of 1% during both periods
of time the least temperature increase was observed
from inlet to outlet and after that the volume fractions of
0.5% and 0.1% were like that respectively. The least
temperature increment in low Reynolds numbers was 20
K for the first six months of the year and 22 K for the
second six months of the year in the volume fraction of
1% and these values were 40 K and 38 K for the volume
fraction of 0.1% respectively. While for the collector
having the base fluid these amounts were 50 K for the
first six months of the year and 54 K for the second six
months of the year. As a result if the temperature
increase from inlet to outlet is only considered for the
collector with sinusoidal absorber plate the nanofluid
usage will not be recommended because it substantially
decreases the temperature increment from inlet to
outlet. In addition it is proposed to use the collector in
low Reynolds number since by increasing the fluid
velocity the temperature increment from inlet to outlet
decreases throughout the year.
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As can be seenin Figures 12a and 13a, by
increasing the volume fraction of carbon black
nanoparticles in air, the average Nusselt number
increases too inside the collector with rectangular
absorber plate for the first and second six months of the
year.Based on figures 12b and 13b by increasing the
Reynolds number and volume fraction the nvalue
increases. Therefore it was found out that in the case of
using the rectangular absorber plate with aerosol-
carbon black nanofluid the highest thermal performance
coefficient is obtained in the Reynolds of 4000 and
volume fraction of 1% during the first and second six
months of the year.Figures 12c and 13c show the
diagram of temperature increase variation from collector
inlet to outlet in the range of discussed Reynolds
numbers for different nanofluid volume fractions inside
the collector with rectangular absorber plate during the
first and second six months of the year.lt is seen that in
all volume fractions during both periods of time, the
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temperature increment in a collector that has a nanofluid
is less than the collector with the base fluid. In the
volume fraction of 1% during both periods of time the
least temperature increase was observed from inlet to
outlet and after that the volume fractions of 0.5% and
0.1% were ranked, respectively. The least temperature
increment in low Reynolds numbers for volume fraction
of 1% was 25 K during the first six months and it was 26
during the second six months and these values were
approximately 44 K for volume fraction of 0.1%. Hence
in case of using the model with rectangular corrugated
absorber plate, if fluid temperature increment from inlet
to outlet is only considered, the nanofluid usage will not
be recommended because it considerably decreases
the temperature increase from inlet to outlet. Moreover it
is advised to use the collector in low Reynolds numbers
due to the temperature increase from collector inlet to
outlet decreases by velocity increment in all cases
throughout the year.
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IV. CONCLUSION

A numerical study was carried out in order to
investigate the thermal-hydraulic behaviors of air forced
convective heat transfer inside the collector with dual
usage and corrugated absorber plate for turbulent
regime in the range of turbulent Reynolds numbers
between 2500 and 4000. The solar collector with dual
usage means a collector that is able to transfer the
heatto the fluid inside the installed pipes under the
absorber plate and also the heat transfer to the air
passing between the absorber plate and glass cover.
The focus of the present study has been on enhancing
the heat transfer because of corrugated absorber plate
by breaking the laminar sub-layer and producing local
wall turbulence due to flow separation and adherence
between successive grooves again that decreases the
thermal resistance and intensifies the heat transfer
considerably. As stated by the results corrugating the
absorber plate improves the thermal characteristics like
Nusselt number and temperature increment from inlet to
outlet but in the case of hydraulic characteristics it
enhances the losses. For this reason by defining the
PEC that is a compromised point between improving the
heat transfer characteristics andpressure  drop
compensation, it is possible to obtain the optimized
model. On that account the results indicate that despite
this fact that the collectors with triangular and
rectangular absorber plate have the highest Nusselt
number as well as highest temperature increase from
inlet to outlet throughout the year respectively due to
friction factor increase and pressure drop compensation
but since the collector with sinusoidal absorber plate
has the highest PEC for the whole year, the corrugated
sinusoidal model is introduced as the optimized model
in the current study. On the other hand if the air
temperature increase is only considered the rectangular
corrugated model is the optimized one. The results
revealed that in the case of using the air base fluid
whether in term of temperature increase from inlet to
outlet or in term of the highest PEC,the optimized
Reynolds number is 2500. For each of the sinusoidal
and rectangular corrugated models throughout the year
the carbon black nanoparticles were added to the air
base fluid in the volume fractions of 0.1% to 1%. The
results showed that in sinusoidal model which is used
because of transferring more heat to the fluid inside the
pipes installed under the absorber plate and also the
outlet air temperature increase between the absorber
plate and glass cover, the nanoparticle volume fraction
increase leads to thermal performance coefficient
increment and in Reynolds number of 4000 and volume
fraction of 1% the optimized model was obtained for the
whole year. In rectangular corrugated model that is
simulated to increase the air temperature only the
nanofluid usage and Reynolds number increment are
not useful at all and lead to outlet temperature decrease.

So for this model the base fluid usage and 2500

Reynolds number are recommended.
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First and Second Laws Analysis and
Optimization of a Solar Absorber; Using
Insulator Mixers and MWCNTs Nanoparticles

Soroush Sadripour

Abstract- In this paper, forced convection flow and heat
transfer of MWCNTs-water nanofluid in heat sink collector
equipped with mixers are studied. The three-dimensional
governing equations are numerically solved in the domain by
the control volume approach based on the SIMPLE algorithm.
Reynolds numbers are considered in laminar-turbulent range
of 50<Re<12,000. The optimization was carried out by
comparison of different parameters to reach the optimal case
with the maximum exergy efficiency. From this study, it is
concluded that in the case of using heat sink, instead of shell
and tubes, the time that the fluid is inside the collector
increases and leads to outlet temperature increase from the
collector the exergy efficiency increases. Also, it is realized that
using mixers enhance the outlet fluid temperature, energy
efficiency and exergy efficiency. Generally, while the trend of
exergy efficiency variation with effective parameters is
increasing, applying the mixers precipitate the efficiency
increment. In addition, for the case that the trend of exergy
efficiency variation with changing these parameters is
decreasing, the decreasing trend gets slow. Finally, the
highest exergy efficiency was obtained for the nanoparticle
volume fraction of ¢=0.10%.

Keywords: heat sink collector, exergy optimization,
radiation, forced convection, mixer, MWCNTS.

I. [NTRODUCTION

he use of solar energy offers numerous
Tadvantages, especially in Iran where levels of

radiation from the sun are much higher than
average and where many provinces lack any centralized
infrastructure to support a national energy supply. While
the demand for energy rapidly increases in Iran, using
the necessary technology for converting energy from the
sun’s rays into useful energy is much important for the
vast majority of the population [1]. Solar energy has a
remarkably higher potential compared to other
renewables energy, such as wind, ocean, hydro,
biomass and geothermal. There are many types of
systems that employ solar energy collectors as a source
of input energy to drive a process. Between these all
systems the flat-plate solar collector comparing with
other collector types has simple design and low costs of
construction. In addition to direct solar radiation
absorption they can also absorb the diffuse radiation
[2]. So far a lot of numerical and empirical studies

Author: Department of Mechanical Engineering, University of Kashan,
Iran. e-mail: soroushsadripour@hotmail.com

related to solar collectors have been conducted. The
results of these studies demonstrate that the overall
performance of collector is related to many factors
including the distance between absorber plate and
glass cover and pipe diameter [3, 4], wind velocity [5],
solar radiation [6], collector material [7], flow rate [8],
and channel depth [9]. But one proper solution to
improve the efficiency of solar collectors is to use heat
sink below the absorber plate instead of pipes. It can
increase the wetted surface between fluid and absorber,
and also increase outlet temperature of fluid.
Furthermore, employing mixers in the heat exchangers
has been one of the frequent approaches to break the
laminar sub-layer and create local turbulence due to
flow separation and reattachment between successive
obstacles, which reduces the thermal resistance and
significantly enhances the heat transfer [10]. This paper
focuses on energy analysis of heat sink flat plate solar
collector equipped with mixers for enhancing the
thermal performance and the maximum energy
efficiency and exergy efficiency under given operating
conditions. Another method is to increase the heat
transfer between fluid and solar absorbing plate. One
common and suggested way is to add the nanoparticles
to the base fluid used in collector.

Baniamerianand et al. [11] studied numerically
aerodynamic coefficients of solar troughs considering
terrain effects and vortex shedding. Their results show
that in order to properly align trough collector in solar
farms, it is essential to study the vortices shed created
at the behind of parabolic troughs. In another numerical
investigation Ziapour and Rahimi [12] investigated
natural convection heat transfer in a horizontal wavy
absorber solar collector based on the second law
analysis. Their results show that with increasing of the
cosine wave amplitude, the collector enclosure
irreversibility decreases. Ajay and Kundan [13] studied
performance evaluation of nanofluid (Al,O5/H,0-C,H:O,)
based parabolic solar collector using both experimental
and CFD techniques. Their results show a close
agreement between experimental and CFD result.

A method for establishing the optimal operation
mode of solar collectors derives from the exergy
analysis of the processes specific for the fluid that
passes through the collector's stream tube [14]. The
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analyzed relevant literature contains studies on the
dependence of the exergy efficiency on the fluid flow
rate and on the fluid temperature at the entrance into the
collector serpentine pipe. The specific exergy of the fluid
in the solar collector as depending on the inlet
temperature, the parameter being either the solar
radiation or the fluid flow rate, presents points of local
maximal. These aspects are not highlighted in the
energy efficiency equation. Shojaeizadeh and Veysi [15]
developed a correlation for parameter controlling exergy
efficiency optimization of an Al203/water nanofluid
based flat-plate solar collector. Said et al. [16]
investigated energy and exergy analysis of a flat-plate
solar collector using different sizes of Aluminum oxide
based nanofluid and they founded that the combination
of energy and exergy analysis is an appropriate method
to optimize the flat-plate solar collectors.

Mollamahdi et al. [17] investigated flow field
and heat transfer in a channel with a permeable wall
filled with Al,O,-Cu/water micropolar hybrid nanofluid,
effects of chemical reaction and magnetic field. Their
results show that with increasing the Hartmann number
and the Reynolds number, the Nusselt and Sherwood
numbers increase. Furthermore, when the hybrid
nanofluid is applied rather than pure nanofluid, the heat
transfer coefficient will increase significantly. Hemmat
Esfe and Saedodin [18] studied numerically of
combined convection flow in a cavity subjected to a
nanofluid with an inside hot obstacle: effect of diameter
of nanoparticles and cavity inclination angles. Their
obtained results show that the average Nusselt number
for all range of solid volume fraction decreases with
increase in diameter of nanoparticles

The literature review elucidates that although
usage of stationary obstacle to investigate the efficiency
of heat sink flat-plate air heaters has been assessed, but
to the best of author's knowledge there is not any study
which investigates effect of using mixers and Multi Wall
Carbon Nano Tubes (MWCNTSs) nanoparticles in water
based heat sink solar collectors on the first and second
law efficiencies of solar collectors. Therefore, this study
is expected to fulfill the research gap about usage of
insulator mixers in heat sink solar collector using
nanofluid. The other objective of this study is to
investigate the effect of different suspended
nanoparticles volume fractions on the energy and
exergy efficiencies of water based MWCNTs nanofluids
numerically using finite volume method.

[I. METHODOLOGY

a) Physical Model

The three-dimensional schematic diagram of
heat sink of a flat-plate solar collector equipped with
mixers is shown in "Fig. 1". "Table 1" represents different
properties of this heat sink collector. For simulation,
useful received energy by collector is calculated based

© 2017 Global Journals Inc. (US)

on inlet solar radiation and overall heat loss by analytical
relations. Then the three-dimensional heat sink collector
investigates numerically and useful received energy by
fluid, outlet temperature of fluid and energy and exergy
efficiencies obtained. The flow inside the channel is
considered steady and turbulent. For the inlet section of
the sink the velocity inlet boundary condition in is
considered and for the outlet section of the heat sink
pressure outlet boundary condition is assumed. The
absorber plate is produced from Aluminum with matted
black color and is under the uniform heat flux that is
calculated with assuming optical properties and overall
heat loss of collector for different sunny hours based on
empirical measurements results of Khorasanizadeh et
al. [2] for a reference collector in Tehran located in Iran
("Table 2". Due to simulating mixers assumptions with
no slip condition are considered. Also, all of these
obstacles with diameter of D, are insulator. Because of
considering influences of overall heat loss in calculating
of useful received energy by collector other walls of heat
sink are assumed insulator.

Table 1: Properties of collectors simulated in present

study

Properties Symbo Value
Dimensions of LoxW, (mm) 200x92.5
collector
Dimensions of inlet L;xW,; (mm) 10x20
section
Dimensions of exit L xW, (mm) 10x20
section
Height of heat sink H (mm) 1.5
Slop of collector B 35°
Number of glass N 1
covers
Emissivity of glass &g 0.85
covers
Thickness of plate d, (Mm) 0.1
Emissivity of plate & 0.9
Conductivity of plate k, (W-m™-K™) 211
Optical efficiency o 0.68
Thickness of Oins (MM) 2.0
insulators
Conductivity of Kins (W-m™-K™) 0.05
insulators

Number of mixers ne 3
Location of first mixer Ly (mm) 38
Location of other L, (mm) 50
mixers

Diameter of mixers D, (mm) 0.5




Figure 1: Schematic diagram of the heat sink of a flat plate
solar collector equipped with mixers

Table 2: Empirical results of Khorasanizadeh et al. [2] for
reference collector installed in Tehran

Time /Wm? 7T,(C) T7,(C) V,(ms?
09:00 560 33 44.5 6
09:30 630 33 45 6
10:00 750 34 46 5
10:30 830 35 47 6
11:00 925 36 50 6
11:30 992 37 51 5
12:00 1006 38 53 5
12:30 1020 385 54 6
13:00 978 405 56 6
13:30 914 405 57 5
14:00 834 41 60 5
14:30 780 41 61 4
15:00 734 39.5 62 5
15:30 626 41 63 6
16:00 607 41 64 6

b) Govemning Equations

The governing equations for flow and heat
transfer in the flat-plate solar collector can be written in
the Cartesian tensor system as [19]:

a —
E(Pui)—o 1)
0 =P
6Xj IDUI e 6XJ (2)
I Y T | R s
+6Xj ['u[éxj +6Xi ]j|+axl ( IUJ)
O Ty || | O
axi(p”'T) aijPrJrPrtJale ®)

where pis the density of fluid and vu; is the axial velocity,
u, U and u; are the fluid viscosity, fluctuated velocity and

the axial velocity, respectively, and the term pu/uj is the

turbulent shear stress. The Reynolds averaged
approach to turbulence modelling requires that the
Reynolds stresses puju; in "EQ. 2" needs to be

modelled. For closure of the equations, the k-¢
turbulence model was chosen. A common method
employs the Boussinesq hypothesis to relate the
Reynolds stresses to the mean velocity gradient:

RN ou; ou;
—pulut = _|+_J
pUUj /’t[axj axi] 4)

The turbulent viscosity term g is to be
computed from an appropriate turbulence model. The
expression for the turbulent viscosity is given as "Eq. 5"
In the equation of the TKE, k is written as "Eq. 6".

k2
.

4 | ok
H+— |— [+Gy —pe 6
{ ijaxj} k (6)

Similarly, in the dissipation rate of TKE, ¢ is
given by the following equation:

2 2 ) oe
— | pal; |=—— i S
6xi[p I:I aXJ l:(lu O'gjan‘|

2
wkfek +cbp%

H = pC 6)

0 0
Eallarn

where G,is the rate of generation of the TKE while pe is
its destruction rate, G, is written as:

Gy =—puiu} - ®)
1

The boundary values for the turbulent quantities
near the wall are specified with the enhanced wall
treatment method. C,=0.09, C,=1.44, C,=1.92,
0,=1.00, 6,=1.30 and Pr,=0.90 are chosen to empirical
constants in the turbulence transport equations [19].

The fluid is considered to be Newtonian, and
the physical properties of the fluid are temperature
dependent. Since the temperature variations is higher
than 3°C [20]. The following polynomial expansions are
used [21]:

p(T)=5.3738-101%1 5 -9.50976.10'T *
+6.93809-1074T 3-0.255822T 2 9
+47.8074T — 2584.53

Cp(T)=-451782-10"°T °+7.61613-10°°T *

~5.12699-107T 2+17.2363T 2
—2894.85T +198532

(10)
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k (T )=5.15307-10"T 5-8.15212.10°%1 4

+5.138-107°T 3 -1.61344-1072T 2 (11)
+2.5269T —157.532

u(T ) =—4.37087-10731 ® 4+ 7.38482.107 207 4
—4.99292.10'T 2 +1.68946-107*T 2 (12)

—2.86313-107°T +1.94641

The spectral radiative transfer equation (RTE)
can be written as "Eq. 13".

dlvd(sl’,s) =—(Kgy +Kg I, (r,s)+Ky Iy ,T)

K , o (13)
+$Jdlv (r,s")-4(s5)d QY +S

wherel, is spectral radiation intensity which depends on
position r and direction s. [22]:

Iy (rs) =g (), ¢.T)
A () I ly (r,s"):|ns’|dey
T

n-s'<0

(14)

The commercial available CFD software,
FLUENT 15.0 was used to solve the governing
equations. The control volume approach was used to
solve the system of classical single phase governing
equations by using the finite volume method (FVM). The
standard k—¢ turbulence model with enhanced wall
function was selected. The diffusion term in the
momentum and energy equations was approximated by
second-order central difference. In addition, a second-
order upwind differencing scheme was adopted for the
convective terms.

The convergence criterion was considered 107°
for all variables.

c) First law modeling
Useful received energy by fluid in collector is
calculated as follow [23]:

Qu,f :mf 'Cp(Tout _Tin) (15)
whereri; is mass flow rate of fluid, ¢, is specific heat
capacity of fluid and T, and T,, are mean temperature
of inlet and outlet fluid, respectively.

Useful received energy by collector based on
inlet solar radiation and overall heat loss is as follow:

Qu c=Ac [S UL (T pm -Ta ):| (1e)

whereA, is the area of absorber plate, T, is ambient
temperature and T,, is mean temperature of absorber

© 2017 Global Journals Inc. (US)

plate. It should be noticed that the temperature of
absorber plate is not a constant value and considering a
mean temperature for it just is a virtual concept.

In the present study temperature gradients
around heat sink can be neglected and a mean
temperature can be taken into account for it as far as
heat sink has been spread through the absorber plate,
and also the thermal conductivity of welding between
plate and sink, thermal conductivity of plate and the
convection heat transfer coefficient of fluid are high.

Also in "Eq. 16", S is a part of solar radiation per
plate area unit that is absorbed by absorber plate and is
as follow:

S=mo-lt (17)
wherel; is daily average hourly radiation entered to
collector and 7, is optical efficiency of collector and is
calculated as follow:

no=(ra)=10lr-a (18)

Also, /7 is calculated as follow:

It :leb+|d{1+°2°Sﬂ}+| -pg{l_mﬁ} (19)

2

wherel, I, and I, are solar radiation on horizontal surface,
beam radiation and diffuse radiation, respectively.

Also, R, is ratio of beam radiation on tilted
surface to that on horizontal surface and is calculated as
follow:

cos(p— f)coss cos(w)+sin(p— f)sing
COS(COSO COSw +SiN@SINS

Ry = (20)

whereg is latitude of collector location, é is declination
angle and w is hour angle.

Furthermore, U, in "Eq. 16" is collector overall

heat loss coefficient and is calculated as follow:
U, =U; +Uy +U, (21)

whereU, is top loss coefficient, U, is back loss coefficient
and U, is edge loss coefficient. The top loss coefficient
is calculated with "Eq. 22 to 26"

-1

Uo|— N+ 1
c [Ton-Taf M
Tpm{ N +f } (22)
o (Tom +Ta) (Tpm 4727
! 1 2N 140133
ep +0.0059N -h,, &g



f =(1+0.08%h, -0.1166h, , )(1+0.07866N ) (23)
C =520(1-0.0000514?) (24)
e = 0430 1- % (25)
Tom
hN =2.8+3/,, (26)

whereN is number of glass covers, h, is wind heat
transfer coefficient, V,, is wind velocity and ¢ is Stefan
Boltzmann constant.

Also the back loss coefficient is defined as follow:

k
Up=T (27)
Energy efficiency of collector is defined as follow:
_ mf Cp (Tout _Tin )_Ppump (28)

IT Ac + Pagitalor

whereP, ;... is power of agitator and in maximum value
is about 15 W per every cylindrical obstacle [24]. Also
Poump 18 power of pump and is defined as follow:

P - Priow

pump (29)

MTpump *TTmotor

Wherer,,m, and 7., are efficiency of pump and motor,
respectively. Also, Py, is dynamic pressure drop of fluid
and is calculated as follow:

mf 'AP

(30)

Prlow =

d) Second law modeling

Exergy is the energy that is available to be
used. The rate of exergy equation is defined as follow
[25]:

E.in _Eout _Eloss _Edes = E.S (31)
whereEy is rate of storage exergy and with the
assumption that the collector operates steady state it is
equal to zero. E,is rate of inlet exergy and includes rate

of inlet exergy by inlet fluid to collector (E,,) and rate of
inlet exergy of absorbed solar radiation (E;,g).

The rate of inlet exergy by inlet fluid to collector
is defined as follow [25]:

Ein,f = me [Tin —Ta —Ta |n[-;|—n]j+m

a P (32)

whereAP,, is difference between pressure of inlet fluid
and ambient. The rate of inlet exergy of absorbed solar
radiation is defined as follow [25]:

- T
Eing =molt A [1—1.—61}

S

(33)

With the assumption that the sun is a black-
body, the temperature of it is about 5777 K. According
to influence of atmosphere on debilitation of solar
radiation, T that is called seeming temperature of sun is
about 0.75 of sun temperature and is equal to 4333 K
approximately [26].

E,,is rate of outlet exergy and includes rate of

outlet exergy by exiting fluid of collector (£, [27].

. . T mAP,
Eoutf = mc, [Tout -Ta ln[.l(.)_m]]"‘TOUt (34)

a

whereAP,, is difference between pressure of outlet fluid
and ambient. E,.s rate of exhausted exergy and
includes rate of exhausted exergy from plate to ambient
(E,,) and exhausted optical exergy (E, qpica).The rate of
exhausted exergy from plate to ambient is defined as
follow [28]:

Etp =ULA (Tpm —Ta)[l— Ta ] (35)

Tom

Because of optical properties of plate, a part of
solar radiation does not absorb. Exhausted optical
exergy of collector is calculated as follow [29]:

(1_ 70)Ein,r

Ein,r (36)

EL,opticatl = =1-mg

E, is rate of destroyed exergy because of:
temperature gradients between plate and sun (EdATp,S),
temperature gradients between plate and fluid (£, 47)
and pressure drop from inlet to outlet caused by
viscosity of fluid, effects of walls of heat sink and also
obstacles (E, ). Theses parameters are calculated as
follow, respectively [25]:

: 1 1
Eq a1, =70lT AcTa [T_p_T_s] (37)
: . T N P T
Eq aT, =meTa|”(T°i:t ]—mcpTa%p”‘ (38)
. T
MApT 4 In| UL
: [Tin (39)

£y o=
d.ap P(Tout Tin )
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Exergy efficiency of flat-plate solar collector is
defined as rate of exergy increasing of fluid in collector
to exergy of entering solar radiation to collector and it is
calculated as follow [14]:

Eout f _Ein,f

T
IT AC [l_-l-a}FPagitanr
s

. (40)

By combination "Eq. 27 to 36" the exergy
efficiency of water-based flat-plate solar collector
equipped with stationary and rotational obstacles is
achieved.

e) Nanofluid

To calculate the thermophysical properties of
nanofluid with spherical nanoparticle, the following
equations are proposed. The effective density p,, and
specific heat (cp),; of the nanofluid at the reference
temperature (7,) are determined by the following
equations [19]:

Pt = (1-9)-px + ¢+ pnp (41)

(Cp)nf _ 1- ¢)(Pcp ir;ff + ¢(Pcp )np

(42)

The Patel et al. [31, 32] model supposed to be
a general tool to predict the thermal conductivity of CNT-
Nanofluids. However, the model is not able to predict
well at higher temperature of nanofluids.

knp'¢'df ]

kf '(1_¢)'dnp (43)

knf = kf (14—

Boboo et al. [33] have proposed the viscosity of
MWCNTs-Water correlation based on the experimental
data valid up to 1.0% volume concentration.

ot = (1-0504379 +1.74447) (44)
) Validation

A grid independence test was performed for the
collector with three rotational obstacles (2 rad/s) at 12
p.m. to analyze the effects of grid sizes on the results.
As shown in "Table 3", four sets of mesh are considered
and by comparing all mesh configurations, the grid size
of 3,728,623 nodes has been adopted to get an
acceptable compromise between the computational
time and the result accuracy. The computer software
validation was done based on the geometry and
boundary condition of Khorasanizadeh et al. [2].

In their study the properties of a flat-plate and

pipe collector were investigated by empirical

© 2017 Global Journals Inc. (US)

measurements. Based on "Fig. 2" it is clear that there is
a remarkable coincidence between the empirical [2] and
numerical results in the term of outlet temperature of
fluid.The maximum error between empirical and
numerical results in "Fig. 2" is about 12.5% at time of 9
a.m.

70
3 | Empirical results 1
I Present study +
AGO_
) i
S L
‘g -
'_ -
50
tj':'
407\\\\I\\\\I\\\\I\\\\I\\\\I\\\\I\\\\
9 10 11 12 13 14 15 16

Time

Figure 2: Comparison of the present results with the
empirical results of Khorasanizadeh et al. [2], in term of
outlet fluid temperature

Table 3: Grid independence test

Nodes 7. (°C) Error (%)
3,243,983 66.6782 2.22
3,599,007 70.5134 1.05
3,728,623 70.7811 0.02
3,954,131 70.7834 -

I11. RESULTS AND DISCUSSION

In this section firstly the collector exergy
analysis is presented in two different conditions and
then the optimization case is investigated.

a) Energy and Exergy Efficiencies

The total heat loss coefficient, mean
temperature of absorber plate, collector outlet
temperature and energy and exergy efficiencies of
simple heat sink (SHS) collector, and heat sink collector
equipped with mixers (HSWM) in different hours of day
are reported in "Table 4 and 5", respectively. All these
values are obtained based on numerical results and
analytical correlation. It is realized that energy and
exergy efficiencies of SHS collector increase about 30%
and 60%, respectively, compared with the reference
collector [2] owing to more wetted surface between
plate and fluid and more time that it takes the fluid pass
the route. Also, the energy efficiency of HSWM increases
about 48% in comparison to the reference collector
because of the induction of high disturbance and thin
boundary layer in the channels equipped with obstacles,
leading to higher temperature gradients from inlet to
outlet.



On the other side, the exergy efficiency of
HSWM increases about 120% compared with the
reference collector. Furthermore, the mean temperature
of plate and outlet temperature of collector are
increasing during the day incessantly because of the
collector inlet temperature of fluid that is taken from the
reservoir, is constantly increasing due to collector
performance in a closed loop and heat saving in the
reservoir. Also, in all conditions the inlet radiation flux
rate increases from morning to the middle day hours
and then decreases. The energy efficiency has the same
trend. However, the reason for decreasing the energy
efficiency after the afternoon hours is increasing the inlet
fluid temperature and also increasing the absorber plate
as the time passes that intensifies the losses.

It is clear from "Table 4 and 5" that the U,change
in different hours is significant so that in the condition of
the collector with simple heat sink the relative difference
of U, at 10 a.m. is about 9% comparing to 16 p.m. This
difference is more for other cases. This fact shows that
the assumption of constant U, that some researchers
including [30] have considered is not logical and it is
necessary to apply its changes in measurements.

Table 4: Results of simple heat sink collector (SHS)

U

. Tom Pu n v
Time m(\zNé) C) 0) (%) (%)
09:00 7.33 48.11 58.59 54.29 3.34
09:30 7.37 49.06 59.61 57.48 3.53
10:00 7.32 51.32 61.04 57.78 3.95
10:30 7.49 52.41 62.61 64.40 4.21
11:00 7.56 54.25 65.82 63.00 4.35
11:30 7.52 57.07 67.07 63.68 4.58
12:00 7.56 58.42 69.23 61.91 4.60
12:30 7.77 59.31 70.26 61.54 4.55
13:00 7.76 60.46 72.04 61.48 4.54
13:30 7.40 60.57 72.61 60.16 4.68
14:00 7.73 63.22 7513 58.64 4.67
14:30 7.55 63.47 75.77 57.57 4.56
15:00 7.77 63.89 76.41 56.91 4.41
15:30 7.94 64.09 76.91 56.28 4.21
16:00 7.97 65.11 77.82 55.62 415

Table 5: Results of heat sink collector with mixers

(HSWM)
Yor T.

Time Lom L out n v

I
09:00 715 47.08 53.23 64.04 6.34
09:30 7.21 48.02 54.24 67.83 6.88
10:00 7.08 50.27 55.51 68.18 7.77
10:30 7.25 51.33 57.49 75.98 8.34
11:00 7.32 53.21 59.61 74.34 8.71
11:30 7.35 56.00 62.29 76.44 9.21

12:00 7.34 57.32 63.71 74.28 9.98
12:30 7.51 58.14 64.40 73.81 8.75
13:00 7.56 59.32 65.87 73.78 8.62
13:30 7.30 59.52 66.01 72.78 8.93
14:00 7.60 62.13 68.82 69.14 8.87
14:30 7.38 62.42 68.99 69.08 8.81
15:00 7.59 62.64 69.11 66.58 8.51
15:30 7.67 63.01 69.25 65.84 8.01
16:00 7.69 64.12 69.34 65.63 7.88

b) Using Nanofluid and Exergetic Optimization

For all two conditions of using the collector, the
lowest exergy and energy analysis is related to 9 a.m.
either energy efficiency or exergy efficiency are
dependent on the /; and radiation angle. At 9 a.m. the /;
is less and also the angle between the direct sun
radiation horizon and vertical to the collector surface is
high. Hence the sun radiation absorption is less. In
addition, the collector performance due to change in /;
and radiation angle and also the change in temperature
of collector inlet water is always transient. These
conditions are of high importance in the beginning hours
of the day and these are factors of decreasing the
efficiency. The effect of changing T,, I, T, n.and m
parameters on exergy efficiency in different volume
fraction of nanoparticles for the optimal condition
(HSWM model) in this time was studied to optimize the
collector exergically. Therefore, when different values
were considered for one parameter, the value at 9 a.m.
was assigned to other parameters. The results related to
the influence of changing different parameters on the
exergy analysis are shown in "Fig. 3to 7".

In "Fig. 3" the exergy efficiency variation with sun
radiation flux for different nanoparticles volume fractions
is shown. In the radiation flux changing period, from 300
to 1200 W/m?, for all conditions the increasing trend for
exergy analysis is observed. By increasing the radiation
of sun the temperature of collector outlet fluid increases
and this increase leads to exergy efficiency increment.

T T 3
' m=0.055 (kg/s) E
E Ac=1593(m) P
5 mp=068 ’__,../-" A
g — _____________
- b . ]
3E $=000%
S $=005% 7
- s - $=0.10% A
e ]
300 600 900 1200

I (W)

Figure 3: Variation of exergy efficiency of collector with solar
radiation for nanifluid in different volume fractions
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The exergy efficiency variation with collector
inlet fluid temperature for different nanoparticles volume
fractions has been demonstrated in "Fig. 4". For base
fluid conditions, primarily the exergy efficiency increases
until the temperature reaches 65 to 70°C and then it has
decreasing trend. On one hand by T, increase, the
outlet temperature increases that leads to exergy
efficiency increment. On the other hand, T,, increase
means the fluid temperature inside the collector which
raises the thermal loss. So there is one optimum T,, that
for higher temperatures than it, the effect of exergy
efficiency reduction due to higher thermal loss than its
increase effect, that is because of fluid outlet
temperature increment. But, for nanofluid conditions the
exergy efficiency increases by increasing of inlet
temperature.

The variation of exergy efficiency with ambient
temperature for different nanoparticles volume fractions
has been shown in "Fig. 5" For all three conditions of
exergy efficiency it has decreasing trend by ambient
temperature increase. In this figure the effect of using
mixers in exergy efficiency increase due to the heat
transfer rate between fluid and collector is perfectly
clear.

10—
P S
8F - ---- =005 % =189 (m) 4
I Mn,=0.68
~ 6F
S
> 4
2k
07 TN TR R S N NSRS ST N A SR S N1
50 60 70
T, (0

Figure 4: Variation of exergy efficiency of collector with
temperature of inlet nanofluid in different volume fractions

10

L =005 (kg9

volume fractions has been demonstrated. By optical
efficiency increment for all three collector conditions, the
radiation absorption by the absorber plate enhances
and causes the fluid temperature inside the collector to
increase and therefore the exergy efficiency increases.

In "Fig. 7" the effect of changing the fluid mass
flow rate passing through the collector is shown in different
nanoparticles volume fractions for mass flow rates from
0.0 to 0.1 kg/s. The applied mass flow rate for three
conditions was about 0.055 kg/s. by referring to the results
presented in "Fig. 7", it is understood that in the simulations
conditions  which  parameters such as ambient
temperature, inlet fluid temperature, optical efficiency,
radiate flux and collector cross-section have the same
values mentioned in "Table 4 and 5" that are related to 9:00
a.m. For the collector with base fluid, the optimum mass
flow rate that causes the exergy efficiency to be maximum,
should be ten times lower that means 0.005 kg/s.
consequently the exergy efficiency is 5.3% instead of being
4%. Nevertheless, for the condition of using nanofluid the
maximum exergy efficiency occurs in the highest mass flow
rate of 0.1 kg/s.
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Figure 6: Variation of exergy efficiency of collector with
optical efficiency in different nanofluid volume fractions
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Figure 5: Variation of exergy efficiency of collector using
nanofluid in different volume fractions with ambient
temperature

In "Fig. 6" the influence of increasing optical
efficiency on exergy efficiency for different nanoparticles
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Figure 7. Variation of exergy efficiency of collector with
mass flow rate of nanofluid in different volume fractions

IV. CONCLUSIONS

Specifying some values of mass flow rate and
other parameters that the exergy efficiency get
maximum due to them is difficult but in the concept of
exergy efficiency, the effect of these parameters is



clearer. In this study, the optimization of a solar collector
in a closed circuit for three conditions in the viewpoint of
exergy analysis by assuming that U, is the only variable
parameter and the fluid temperature is not equal to
ambient temperature. The effect of using the mixers and
nanofluid through fluid passage was studied and these
results were obtained:

Solar radiation flux increase and optical efficiency
increase lead to exergy efficiency increase for all
conditions.

The exergy efficiency decrease by ambient
temperature increase but by increasing the collector
inlet fluid temperature the exergy efficiency
increases to the certain temperature and then
decreases. But, by using nanofluid the exergy
efficiency always increases by increasing inlet
temperature.

For each special collector there is unique mass flow
rate that the exergy efficiency gets maximum. For
higher mass flow rates of base fluid, primarily the
efficiency slightly decreases and then remains
unchanged. But, by using nanofluid the maximum
exergy efficiency occurs in the highest mass flow rate.
Generally, using mixers and nanofluid enhance the
exergy efficiency. In fact, while the trend of exergy
efficiency variation with effective parameters is
increasing, applying the obstaclesprecipitate the
efficiency increment.in addition for the case that the
trend of exergy efficiency variation with changing
these parameters is decreasing, the decreasing
trend gets slow.

The collector performance in a closed circuit causes
the collector inlet fluid temperature to increase
constantly in the condition that the reservoir
temperature increases due to not using the stored
heat in it. The temperature increase leads to exergy
efficiency increase to a certain point and then
decreases this efficiency for higher values.

Nomenclature

area (mm?

slop (deQ)

specific heat capacity (J/kg'K)
diameter (mm)

energy rate (kW)

height (mm)

irradiation (W/m2)

thermal Conductivity (W/m-K)
length (m)

mass flow rate (kg/s)
number of glass covers
numberof mixers

pressure (Pa)

power (W)

Prandtinumber

SZ3IC-XTImOPE W >

U U T
=

ratio of beam radiation
solar radiation per plate area unit (W/m?)
temperature (°C)

heat loss coefficient (W/m?2-K)
velocity (m/s)

velocity(m/s)

width (mm)

axial direction

reek symbols

absorption coefficient

slop (deq)

thickness (mm)
desalination angle (deg)
emissivity coefficient
energy efficiency

optical efficiency

dynamic viscosity (N-s/m?)
density (kg/md)

Stefan Boltzmann constant
transmissioncoefficient
volume fraction

latitude of collector location
exergetic efficiency

hour angle (deg)

NINININIS IS IS IS IS SIS IS IS IS N RO Rl N S B2y

Subscripts

a ambiaent

c collector

e exit of heat sink
f base fluid

fo first mixer

g glass cover

i inlet to heat sink
in inlet

ins insulator

m mean

nf nanofluid

np nanoparticle

0 mixer (obstacle or agitator)
p absorber plate
T tilted surface

t transient

w wind
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efficiently edited by an English-speaking person before submission to make sure that, the English is of high excellence. It is preferable,
that manuscripts should be professionally edited.

Standard Usage, Abbreviations, and Units: Spelling and hyphenation should be conventional to The Concise Oxford English Dictionary.
Statistics and measurements should at all times be given in figures, e.g. 16 min, except for when the number begins a sentence. When
the number does not refer to a unit of measurement it should be spelt in full unless, it is 160 or greater.

Abbreviations supposed to be used carefully. The abbreviated name or expression is supposed to be cited in full at first usage, followed
by the conventional abbreviation in parentheses.

Metric SI units are supposed to generally be used excluding where they conflict with current practice or are confusing. For illustration,
1.4 | rather than 1.4 x 10-3 m3, or 4 mm somewhat than 4 x 10-3 m. Chemical formula and solutions must identify the form used, e.g.
anhydrous or hydrated, and the concentration must be in clearly defined units. Common species names should be followed by
underlines at the first mention. For following use the generic name should be constricted to a single letter, if it is clear.

Structure
All manuscripts submitted to Global Journals Inc. (US), ought to include:

Title: The title page must carry an instructive title that reflects the content, a running title (less than 45 characters together with spaces),
names of the authors and co-authors, and the place(s) wherever the work was carried out. The full postal address in addition with the e-
mail address of related author must be given. Up to eleven keywords or very brief phrases have to be given to help data retrieval, mining
and indexing.

Abstract, used in Original Papers and Reviews:
Optimizing Abstract for Search Engines

Many researchers searching for information online will use search engines such as Google, Yahoo or similar. By optimizing your paper for
search engines, you will amplify the chance of someone finding it. This in turn will make it more likely to be viewed and/or cited in a
further work. Global Journals Inc. (US) have compiled these guidelines to facilitate you to maximize the web-friendliness of the most
public part of your paper.

Key Words

A major linchpin in research work for the writing research paper is the keyword search, which one will employ to find both library and
Internet resources.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy and planning a list of possible
keywords and phrases to try.

Search engines for most searches, use Boolean searching, which is somewhat different from Internet searches. The Boolean search uses
"operators," words (and, or, not, and near) that enable you to expand or narrow your affords. Tips for research paper while preparing

research paper are very helpful guideline of research paper.

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as
possible about keyword search:
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e One should start brainstorming lists of possible keywords before even begin searching. Think about the most
important concepts related to research work. Ask, "What words would a source have to include to be truly
valuable in research paper?" Then consider synonyms for the important words.

e It may take the discovery of only one relevant paper to let steer in the right keyword direction because in most
databases, the keywords under which a research paper is abstracted are listed with the paper.

e One should avoid outdated words.

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are
bound to improve with experience and time.

Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references.
Acknowledgements: Please make these as concise as possible.

References

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions
will cause delays.

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the
Editorial Board.

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not
being noticeable.

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management
and formatting.

Tables, Figures and Figure Legends

Tables: Tables should be few in number, cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g. Table 4, a self-explanatory caption and be on a separate sheet. Vertical lines should not be used.

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers,
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them.

Preparation of Electronic Figures for Publication

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible).

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi;
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi.
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Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore,
the first 100 characters of any legend should notify the reader, about the key aspects of the figure.

6. AFTER ACCEPTANCE

Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the
Global Journals Inc. (US).

6.1 Proof Corrections

The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must
therefore be provided for the related author.

Acrobat Reader will be required in order to read this file. This software can be downloaded
(Free of charge) from the following website:

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for
any corrections to be added. Further instructions will be sent with the proof.

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt.

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please
note that the authors are responsible for all statements made in their work, including changes made by the copy editor.

6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print)

The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles
cannot be cited in the conventional way.

6.3 Author Services

Online production tracking is available for your article through Author Services. Author Services enables authors to track their article -
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is
provided when submitting the manuscript.

6.4 Author Material Archive Policy

Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as
possible.

6.5 Offprint and Extra Copies

A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org .

You must strictly follow above Author Guidelines before submitting your paper or else we will not at all be responsible for any
corrections in future in any of the way.
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Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper?
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about this field
from your supervisor or guide.

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:

1. Choosing the topic: In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can
have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can be done by
asking several questions to yourself, like Will | be able to carry our search in this area? Will | find all necessary recourses to accomplish
the search? Will | be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper.
They are here to evaluate your paper. So, present your Best.

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and
automatically you will have your answer.

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper
logical. But remember that all points of your outline must be related to the topic you have chosen.

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you
have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the
supervisor to help you with the alternative. He might also provide you the list of essential readings.

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious.
7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose

quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet.

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model
research paper. From the internet library you can download books. If you have all required books make important reading selecting and
analyzing the specified information. Then put together research paper sketch out.

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth.

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier.

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it.
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12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and
always give an evaluator, what he wants.

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it
either in your computer or in paper. This will help you to not to lose any of your important.

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those
diagrams, which are made by your own to improve readability and understandability of your paper.

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but
if study is relevant to science then use of quotes is not preferable.

16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will
confuse the evaluator. Avoid the sentences that are incomplete.

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be
possible that evaluator has already seen it or maybe it is outdated version.

18. Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that
suits you choose it and proceed further.

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your
target.

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use
language that is simple and straight forward. put together a neat summary.

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a
changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with

records.

22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute
will degrade your paper and spoil your work.

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is
an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot.

24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in
trouble.

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.
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27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also
improve your memory.

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have
several ideas, which will be helpful for your research.

29. Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits.

30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their
descriptions, and page sequence is maintained.

31. Adding unnecessary information: Do not add unnecessary information, like, | have used MS Excel to draw graph. Do not add
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be
sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers.
Amplification is a billion times of inferior quality than sarcasm.

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way
to put onward earth-shaking thoughts. Give a detailed literary review.

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical
remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples.

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is
extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should
be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is
essential because it serves to highlight your research paper and bring to light all necessary aspects in your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING

Key points to remember:

®  Submit all work in its final form.
e Write your paper in the form, which is presented in the guidelines using the template.
®  Please note the criterion for grading the final paper by peer-reviewers.

Final Points:

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections,
submitted in the order listed, each section to start on a new page.

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness
of prior workings.
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Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation,
and controlled record keeping are the only means to make straightforward the progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines.

To make a paper clear

- Adhere to recommended page limits
Mistakes to evade

e |[nsertion a title at the foot of a page with the subsequent text on the next page
e  Separating a table/chart or figure - impound each figure/table to a single page
e  Submitting a manuscript with pages out of sequence

In every sections of your document
- Use standard writing style including articles ("a", "the," etc.)

- Keep on paying attention on the research topic of the paper

- Use paragraphs to split each significant point (excluding for the abstract)

- Align the primary line of each section

- Present your points in sound order

- Use present tense to report well accepted

- Use past tense to describe specific results

- Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives
- Shun use of extra pictures - include only those figures essential to presenting results

Title Page:

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed
lines. It should include the name(s) and address (es) of all authors.
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Abstract:

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--
must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references
at this point.

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet written?
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can
maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to
shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no
more than one ruling each.

Reason of the study - theory, overall issue, purpose
®  Fundamental goal
®  To the point depiction of the research

®  Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results
of any numerical analysis should be reported

e Significant conclusions or questions that track from the research(es)

Approach:
®  Single section, and succinct
® Asaoutline of job done, it is always written in past tense
® A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table
®  Center on shortening results - bound background information to a verdict or two, if completely necessary
e  What you account in an conceptual must be regular with what you reported in the manuscript

Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics)
are just as significant in an abstract as they are anywhere else

Introduction:

The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction,
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the
protocols here. Following approach can create a valuable beginning:

Explain the value (significance) of the study

e  Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its
appropriateness from a abstract point of vision as well as point out sensible reasons for using it.

®  Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them.
®  Very for a short time explain the tentative propose and how it skilled the declared objectives.

Approach:

e  Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is
done.

®  Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a
least of four paragraphs.
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®  Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the
whole thing you know about a topic.

e  Shape the theory/purpose specifically - do not take a broad view.

®  Asalways, give awareness to spelling, simplicity and correctness of sentences and phrases.

Procedures (Methods and Materials):

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section.
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic
principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the
whole thing you did, nor is a methods section a set of orders.

Materials:

®  Explain materials individually only if the study is so complex that it saves liberty this way.
®  Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.
® Do not take in frequently found.

e If use of a definite type of tools.

®  Materials may be reported in a part section or else they may be recognized along with your measures.
Methods:

®  Report the method (not particulars of each process that engaged the same methodology)

®  Describe the method entirely

®  To be succinct, present methods under headings dedicated to specific dealings or groups of measures

e  Simplify - details how procedures were completed not how they were exclusively performed on a particular day.

e If well known procedures were used, account the procedure by name, possibly with reference, and that's all.
Approach:

® |t is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use
third person passive voice.

®  Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences.

What to keep away from

®  Resources and methods are not a set of information.
®  Skip all descriptive information and surroundings - save it for the argument.
® leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the
outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated

in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not
be submitted at all except requested by the instructor.
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Content

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate.
Present a background, such as by describing the question that was addressed by creation an exacting study.
Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if
appropriate.

e  Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form.
What to stay away from

® Do not discuss or infer your outcome, report surroundings information, or try to explain anything.
L] Not at all, take in raw data or intermediate calculations in a research manuscript.

® Do not present the similar data more than once.
®  Manuscript should complement any figures or tables, not duplicate the identical information.

®  Never confuse figures with tables - there is a difference.
Approach

e Asforever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
e  Put figures and tables, appropriately numbered, in order at the end of the report

e |f you desire, you may place your figures and tables properly within the text of your results part.
Figures and tables

e |f you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix
materials, such as raw facts

®  Despite of position, each figure must be numbered one after the other and complete with subtitle
®  |n spite of position, each table must be titled, numbered one after the other and complete with heading

e Allfigure and table must be adequately complete that it could situate on its own, divide from text
Discussion:

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally  accepted information, if  suitable.  The implication of  result  should be  visibly  described.
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that.

®  Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain."

®  Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work

®  You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea.

®  Give details all of your remarks as much as possible, focus on mechanisms.

®  Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted.
®  Tryto present substitute explanations if sensible alternatives be present.

®  One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain?

e  Recommendations for detailed papers will offer supplementary suggestions.
Approach:

®  When you refer to information, differentiate data generated by your own studies from available information
®  Submit to work done by specific persons (including you) in past tense.
= Submit to generally acknowledged facts and main beliefs in present tense.
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THE ADMINISTRATION RULES

Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):
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