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Abstract- Dynamic fracture process in polymethyl-methacrylate (PMMA) beamshave been 
investigated during the three-point-bending impact tests at different imapct velocites, conducted 
in a drop-weight impact tower instrument. The impact-induced crack initiation and propagation 
have been recorded with a high-speed camera, to determine the instantaneous fracture length 
and crack velocity during impact process. The beam deformation and displacement fields were 
extracted and analyzed by using the digital image correlation (DIC) thechnique during the 
impact. The impact loading history has been recorded with a load cell attached to the dropping 
weight. Thewhole experimental studyis a suitable technique to determine the influence of the 
impact velocites (impact energy) on the dynamic fracture initation and propagation at different 
crack speeds. 

Keywords: PMMA; three-point-bending impact;dynamic fracture; crack velocity, DIC. 
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Abstract- Dynamic fracture process in polymethyl-methacrylate 
(PMMA) beamshave been investigated during the three-point-
bending impact tests at different imapct velocites, conducted 
in a drop-weight impact tower instrument. The impact-induced 
crack initiation and propagation have been recorded with a 
high-speed camera, to determine the instantaneous fracture 
length and crack velocity during impact process. The beam 
deformation and displacement fields were extracted and 
analyzed by using the digital image correlation (DIC) 
thechnique during the impact. The impact loading history has 
been recorded with a load cell attached to the dropping 
weight. Thewhole experimental studyis a suitable technique to 
determine the influence of the impact velocites (impact 
energy) on the dynamic fracture initation and propagation at 
different crack speeds.

Author α σ ρ: Composite Vehicle Research Center, Department of 
Mechanical Engineering, Michigan State University, 2727 Alliance Drive, 
Lansing, MI 48910, U.S.A. e-mail: wuzhouzju@gmail.com
Author Ѡ: School of Naval Architecture and Ocean Engineeringm,
Huazhong University of Science and Technology, Wuhan430074, China.

Fracture in PMMA have also been studied. 
Takahashi [6]investigated multiple dynamic fracture 
parameters such as the dynamic stress intensity at 
thecrack tip as well as crack velocity and acceleration. 
They analyzed the initiation and propagation behavior of 
the crack of thin PMMA sheet under tensile load. 
Lataillade [7]studied the mechanical behavior of PMMA 
under various loading rates as well as the properties of 
the polymer at high rates of strain. Their research 
identified the relationship between Young’s modulus, 
yield stress and fracture toughness of PMMA and tensile 
loading rates. On the other hand, Loya [8]performed 
quasi-static three-point bending test on PMMA beams 
and recorded the crack-front propagation process 
throughout the specimen thickness. The crack-
lengthand the average steady crack propagation were 
extractedand studied. In a more recent study, Huang[9]
adopted a different technique, dynamic semicircular 
bend testing, and performed fracture testing on PMMA 
specimen with split Hopkinson pressure bar. Their study 
determined the fracture velocity under different loading 
rates as well as surface fracture toughness and its 
relationship with fracture energy. 

However, the impact-induced dynamic fracture 
process in PMMA with precise record of crack 
propagation and speed has rarely been studied before, 
especially the fracture caused by impact with different 
velocities.  In the former studies, therecording time step 
period is relatively long. For example, only the average 
crack velocity for the whole fracture can be obtained. To 
better understand more detail dynamic fracture process, 
including the beam deformation and crack propagation, 
the more precise experimental investigation in more 
precise time steps is essential.  

In this paper,the impact-induced dynamic 
fracture process in PMMA beams has been 
investigated. The experiment was conduceted with a 
drop-weight tower instruments. During the impact test, 
the impact loading history has been recorded by a load 
cell attached to the bottom of the dropping weiht. The 
impact process was recorded the with a high-speed 
camera at the time resolusion of about 15 
microseconds. The impact-induced crack initiation and 
propagation have been extracted fromthe images 
recorded with the high-speed camera, to determine the 
instantaneous fracture length and crack velocity during 

Keywords: PMMA; three-point-bending impact;dynamic 
fracture; crack velocity, DIC.

I. Introduction

ynamic fracture in structural materials is a 
significant issue because it concerns the failure 
of structural materials in their dynamic service. 

Impact is one of the most common dynamic loading 
forms but complicated since the material properties and 
failure behaviors are complex in dynamic situation. The 
dynamic fracture problems have been studied 
experimentally [1–3] and numerically [4,5]. 
Joudon[1]studied the dynamic stress intensity factor by 
using a strain gauge method associated with high 
speed cinematography on a three-point-bending test 
with specimens made of M21 epoxy resins. 
Cramer[2]conducted dynamic fracture experiments 
using boron-doped silicon single crystals followed by 
cleavage fracture with the propagation of a faceted 
crack front with amorphous materials. Owen[3]studied 
the critical dynamic stress over a range of loading rates 
of 2024-T3 aluminum sheets ranging in thickness from 
1.63-2.54 mm.The dynamic fracture process in three-
point-bending beams made with isotropic polymer [4]
and orthotropic composite materials [5] have been 
numerically simulated with peridynamics.

D



 

 
  

Figure1: Drop weight impact experimental setup 

The experiment was conducted by performing a 
three-point-bending impact test on a single-edge-
notched PMMA specimen by using a drop-weight 
impact tower as shown in Fig. 1.The dropping weight 
was located above the PMMA sample and set free to 
drop onto the sample surface. Three impact velocities 
(1, 2, and 3 m/s) were achieved by dropping the weight 
from three different heights. To monitor the force applied 
during the experiment, a load cell was attached to the 
bottom of the dropping weight, which is used to record 
the loading signals during the impact process. The 
signals from the load cell then can be amplified by an 
amplifier, then displayed and recorded with an 

electronic oscilloscope provided by National 
Instruments. A high-speed camera was placed 
perpendicular to the vertical surface of the specimen to 
record the video of the impact process, which can be 
used to extract the crack propagation details and the 
corresponding displacement fields at different time 
steps.  

The sample beam is made with PMMA 
(purchased from McMaster-Carr) with the length 
of140mm, thewidth of38mm, and height of 25.4mm. A 
notch of 16mm was initially made in the center of the 
bottom edge of the plate as shown in Fig. 2.  

 
Figure 2:  Impact experimental setup of PMMA beam 

b) Displacement field extraction with digital image 
correlation (DIC) method 

The DIC method is an optical method of 
experimental mechanics that can be used to measure 
and calculate the displacement, deformation, and strain 

field of the objective samples during mechanical 
testing[10–12].White background painting with evenly 
located black speckles painting was

 
sprayed on the 

surface of the samples for the DIC testing. The size of 

© 2017    Global Journals Inc.  (US)
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the black painting speckles and the appropriate 

impact process. The beam deformation and 
displacement fields were calculated and extracted by 
using thethe digital image correlation (DIC) thechnique. 

The fracture in beams subjected to different impact 
velocities have been compared and analyzed.

a) Experiments setup
II. Experimental



distances between each speckle can be determined by 
the suggestions in[13].A fully prepared specimen 
surface was shown in Fig. 3.The camera was set to 
focus on the crack propagation region on the specimen. 
The resolution of the camera was 256 x 256 pixels, 

which correlated to the square area at the center of the 
specimen.A sequence of images were extracted from 
the video with time incremental of 5 milliseconds. The 
images were then inputted into software GOM correlate 
for displacement field and crack propagation analysis. 
 

Figure 3: PMMA beam surface preparation for DIC  

Toanalyze the imagesof impact process 
withGOM correlate software, a surface component was 
created at first. Emphasizing on the granularity of the 
sample, a surface component of 37 pixels was chosen, 
with a point distance of 18 pixels. The area of interest 
was also selected by using the Select/Deselect Polygon 
tool to include the crack propagation region. The original 
notch tip and the crack tip at each time step can be 
located in the images with GOM, the absolute crack 
propagation distances can then be directly extracted 
with GOM 

III. Results and Discussions 

a) Impact force on PMMA beam 
The impact loadingswere extracted from the 

signals recorded with the load cell. The loading record 

resolution was set as 10μs.The force histories of impact 
processes with different impact velocities are presented 
in Fig. 4.In the figure, the impact force history at different 
impact velocities as v=1, 2, 3 m/sare presented 
separately with different marked curves.For impact with 
different velocities, similarly, the force curves initiate 
from zeroonce the impactor (loadcell) contact the top 
surface of the sample,and rise till the maximum values. 
The force then drops suddenly till even negative values, 
which indicate the loadcell recording of the reflection of 
the impact stress wave.However, the peak values of the 
impact force at different velocities are different. The 
peak force for impact at 3 m/s is the largest and 1 m/s 
thelowest. The crack initiates at the time of the peak 
impact force and propagates till the fracture, as shown 
in Fig. 5, Fig. 6, and Fig. 7. 

 

Figure 4: Force history of impact processes with different impact velocities
 

b)
 

Impact fracture process
 

The impact fracture process in PMMA beam 
with the corresponding displacement fields have

 
been 

presented in Fig. 5, Fig. 6, and Fig. 7, with the impact 

velocities at 1 m/s, 2 m/s, and 3 m/s respectively.In Fig. 
5, the fracture initiates at 630 μs

 
after the dropping 

weightcontacts
 

the top surface of the PMMA beam, 
which means the loading time is 630 μs

 
till the crack 

© 2017    Global Journals Inc.  (US)
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initiate from the tip of the original notch. The crack 
propagations from the initiation at 630 μs, to 690 μs, till 
780 μsare presented in Fig. 5, with the crack tip marked 
with the white arrows. During the fracture process, as 
the crack length increases, both the displacements in x 
and y directions increase correspondingly. The detail 
displacement field contour can be found in Fig. 5 with 

the specific color bar. Displacements fields are 
symmetric to the vertical line of the original notch. The 
change of the color in the displacement contour 
indicates the deformation process of the beam during 
the impact process, which lasts as short as round 150 
μs. 

 

Figure 5:  Crack initiation and propagation at different time steps, with the corresponding displacement fields 
(displacements in x direction: (a), (b), and (c); displacements in y direciton (d),(e), and (f))in the PMMA beam after 

the impact at the velocity of 1 m/s. (The crack tips are marked with the white arrows) 
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Once the dropping weight reaches the top 
surface of the beam, the beam is subjected to an 
impact loading and starts to bend due to the simply 
supported boundary conditions at the bottom surface. 
During the impact bending process, the tensile stress 
concentration increases at the tip of the original notch. 
The crack initiates to propagate once the stress intensity 
factor reaches the critical value (fracture toughness). 

Fig. 6 shows the fracture process in PMMA 
beam with the impact at a velocity of 2 m/s. The fracture 
initiates at 285 μs after the dropping weight contacts the 
top surface of the PMMA beam. During that time, the 
dropping weight subject impact loading at the middle of 
the top surface of the beam, which causes the beam 
bending with the increase of the stress concentration at 
the crack top. The crack propagations from the initiation 
at 285 μs, to 345 μs, till 435 μs, with the crack tip marked 
with the white arrows in Fig. 6. Similar to the impact at a 
velocity of 1 m/s, during the fracture process, as the 
crack length increases, both displacements in x and y 
directions increase correspondingly. The detail 
displacement field contour with color bar can be found 

in Fig. 6. Displacements fields are also symmetric to the 
vertical line of the original notch. The change of the color 
in the displacement contour indicates the deformation 
process of the beam during the impact process, which 
lasts during the time period as short as about 150 μs.



 
 
 

 
 
 

 

Figure 6:  Crack initiation and propagation at different time steps, with the corresponding displacement fields 
(displacements in x direction: (a), (b), and (c); displacements in y direciton (d),(e), and (f))in the PMMA beam after 

the impact at the velocity of 2 m/s. (The crack tips are marked with the white arrows)

 
Fig. 7

 

shows the fracture process in the PMMA 
beam with the impact at a velocity

 

of 3 m/s. The fracture 
initiates at 110 μs

 

after the dropping weight contacts

 

the 
top surface of the PMMA beam. The crack propagations 
from the initiation at 110 μs, to 170 μs, till 260 μs, with 
the crack tip marked with the arrows in Fig. 7. Similarly, 
during the fracture process, the crack length increases, 
and both the displacements in x and y directions 
increase correspondingly. The detail displacement field 
contour with color bar can be found in Fig. 7. 
Displacements fields are also symmetric to the vertical 
line of the original notch. The displacements contours 
indicate the deformation process of the beam during

 

the 
impact process, which lasts during the time period as 
short as round 150 μs

 

too.
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Dynamic Fracture Process during Three-Point-Bending Impact on Polymethyl-Methacrylate Beams



 

Figure 7:  Crack initiation and propagation at different time steps, with the corresponding displacement fields 
(displacements in x direction: (a), (b), and (c); displacements in y direciton (d),(e), and (f))in the PMMA beam after 

the impact at the velocity of 3 m/s. (The crack tips are marked with the white arrows) 

The crack initiation and propagation length 
history in PMMA beams subjected to impact at different 
impact velocities are shown inFig. 8. During the impact 
process, the time step when the dropping weight 
contacts the surface of the beam is set as 0. The crack 
initiation time for PMMA beam subjected to impact at 
velocities of 1 m/s, 2 m/s, and 3 m/s are 635 μs, to 265 

μs, and 110 μs, respectively. Obviously, the loading time 
before the crack initiates is much longer for higher 
impact velocity, shorter for lower impact velocity. The 
cracks propagate till 20 mm within about 150 μs, but 
with adifferent slope of the length curves, which means 
the crack velocities are different, as shown inFig. 8. 

 

Figure 8:  Crack initiation and propagation length history in PMMA beams subjected to impact with different impact 
velocities

.  
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Figure 9:  Crack speeds after crack initiation in PMMA beams subjected to impact with different impact velocities  
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The crack propagation speeds after crack 
initiation in PMMA beams subjected to impact with 
different impact velocities are shown inFig. 9, in which 
the time is set as 0 at the crack initiation point.The crack 
velocities in beams subjected to different impact loading 
have the similar trend. Crack velocities start from a 
relatively lowervalue round 100 m/s, then rise to the 
peak value round 200 m/s, and decrease till the fracture. 
The peak crack velocities for fracture in beams 
subjected to different impact are different. For fracture in 
the beam under theimpact of 3 m/s, the peak crack 
velocity is highest as 212 m/s. The peak crack velocities 
in thebeam under theimpact of 2 m/s and 1 m/s are 
lower as 195 m/s and 189 m/s respectively. 

IV. Conclusion

The impact-induced dynamic fracture initiation 
and propagation in single-edge-notched PMMA beams 
have been analyzed in this paper. Crack initiates later 
after the contact of impact when it is subjected to 
smaller impact velocity. During the dynamic fracture 
process, crack velocities rise from a lower value, then 
reach the peak value, and then decrease till fracture. 
Peak velocity of the fracture in beam subjected to bigger 
impact loading is higher than that in the beam under 
smaller impact loading. 
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Modeling of Stressed State Crankshaft of 
Boosted Diesels 

Nadezhda Marina α & Ekaterina Ovchinnikova σ 

Abstract -  The high alternating dynamic loads on the crank 
mechanism set for diesels challenge improve operational 
reliability connecting rods and crankshafts, which cannot be 
solved without a large complex of scientific research.  As the 
experience of JSC «Volzhsky diesel them. Mama's "study the 
stress state of the connecting rods in a factory bench tests are 
expensive, require additional time and cost deadlines 
constrain the development of serial production of diesel 
engines. Solve the problem can be analytically using 
numerical methods of strength of materials, theory of elasticity, 
finite element. However, this approach is real only if the 
disposal of researchers of modern computer technology and 
software, corresponding to the level of complexity of tasks. But 
even then it prompt decision possible under the condition that 
the design of the new part of the crank mechanism is not very 
different from what a mathematical model which is already 
there. Otherwise, the time and labor costs increase 
appreciably.  So often cheaper and faster to determine the 
stresses arising in the details, experimental methods - on 
physical models. 
Keywords: the high alternating dynamic loads on the 
crank mechanism; increase operational reliability; the 
polarization optical method. 

I. Introduction 

he problem of increasing of operational reliability of 
crankshafts boosted diesel engines is especially 
important due to the impact of variables dynamic 

loads, causing metal fatigue cracks. One of the main 
means of solving  of the research problems of 
crankshafts or  their models with high gradients of stress 
to determine stress points and obtain a picture of the 
whole area of  the structures are the following  physical 
methods: brittle lacquer method,  moiré fringe method 
and polarization-optical method.  

II. Methods 

A prospective way to study the stress-strain 
state of the structures of the engine is the modeling on 
planar and three-dimensional photo elastic models. The 
solution of the problems in terms of stresses and 
isostatic model of the connecting rod [1] is known,           
and it resulted in qualitative pictures and diagrams                
of isochors  and  quantitative  distribution  of  stresses in 
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fringe arrangement. In comparison with other methods 
this polarization-optical method eliminates the full-scale 
research designs that require bulky and expensive 
equipment for loading, register the stress pattern along 
the crankshaft continuously, which is its main 
advantage. The accuracy of the polarization-optical 
method increases in locations with high stress gradient 
and does not depend on the environment. In 
comparison with the non-contact physical methods 
such as a method of brittle lacquer and method of moiré 
fringes  the polarization-optical method makes it 
possible to get results the directly with high accuracy 
and with  little expenditure of funds. 

Polariscope with diffuser is taken as an 
instrument for the study of stress-strain state of 
crankshafts with polarization-optical method [1]. It 
should be noted that such polariscopes were not used 
in our country, and significant research effort was 
applied to optical systems for the creation of parallel 
light beams. There is no information on the study of 
model of the crankshaft engine with polarization-optical 
method in the technical literature.  

III. Main Part 

At JSC «Volgo Diesel – Mamins» the reduced 
scale models of the crankshaft were made of optically 
active material based on epoxy resin EH-5 of hot curing. 
Manufacturing technology of material includes the 
development and forms making, blending of 
components, pouring the mixture into molds, 
polymerization, forms disassembling and annealing the 
workpiece. 

Plasticizer (dibutyl phthalate) is added into 
preheated to 80°C epoxy, and then the polymerization 
accelerator (dimetilanalin) and at last hardener 
(methyltetrahydrophthalic anhydride) in an amount of up 
to 40% are introduced. After the addition of each 
component, the mixture is thoroughly stirred at a 
constant temperature of 80`C. The prepared mixture is 
poured into preheated to 50-60°C forms. Polymerization 
of the material takes place in an oven under the 
condition of a slow rise in temperature. 
Polymerization condition: 
− model holding at 80°C for 24 hours; 
− temperature increasing  up to 100°C at 50°C per 

hour; 
− model holding at 1000°C for 24 hours; 
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− temperature increasing  up to 120°C at 50°C per 
hour

− holding at 120°C for 24 hours;
− gradual temperature decrease (for 2.50C per hour) 

to 60°C.
The produced model was annealed to relieve 

residual thermal stresses and stabilize the properties of 
the material at 130°C. Temperature increasing during the 
annealing occurs 10°C per hour while the reduction 
occurs 50°C per hour.

The main property of the elastic model of 
crankshafts used in the study of stress-polarization 
optical method is their optical sensitivity, which is an 
indicator of the stress ratio or the price of a strip of 
material [2]. High optical sensitivity of the used material 
gives the simplicity and accuracy of measurement. To 
determine the stress optical ratio flat calibration pattern 
in the form of a disk, which was tested for compression 
by diametrically applied forces (Figure 1) was produced.

Figure1: Flat Calibration Sample

Simultaneously with the optical constant 
measurements longitudinal and transverse strains disk 
to determine the elastic modulus and Poisson's ratio for 
the formulas of the theory of elasticity

( )
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where P - force disk compression; D1 and D2 - length of 
horizontal diameter of the disc before and after loading; 
t1 and t2 - center thickness of the disc were carried out.
In the given case МПаЕ 81034 ⋅= , 37,0=µ .

To investigate the polarization-optical method 
models of the crankshaft were placed between the 
polarizer and analyzer, and their loading was carried out 
in the load frame via a hard disk with a bolt.

By modeling the loaded state of the crankshaft 
qualitative pictures and diagrams of quantitative 
isochors expressed in distribution of fringes 
arrangement of quasi-static stresses on the loaded 
circuit model (Figure 2) have been obtained.

Figure 2: Diagram of Quasi-Static Stress Distribution 
in Fringes Arrangements on Crankshaft Model Outer 

Loop

IV. Conclusion

By modeling the stress state of the crankshaft 
by polarization optical method qualitative pictures of the 
isochors for different models of the tribe of the 
crankshaft and diagrams of the quantitative distribution 
of stresses in fringes arrangements. On the basis of 
fringe patterns processing theoretical stress 
concentration factors in the fillets of the crankshaft are 
defined.

Table 1: Theoretical Stress Concentration Factors in the Fillets of the Crankshaft Variants of Crankshaft Fillets

Options 
crankshaft 

fillets

The maximum order 
of the bands

nmax

Nominal order strips
nnom

The theoretical stress concentration 
factor

k=nmax/nnom

1 6 2,5 2,4
2 5 3 1,7
3 10 4,5 2,2

Realized and studied according to the 
proposed method fillet crankshaft optimum profile for 
the engine 6ЧН21/21 provide reduced theoretical stress 
concentration factor from 2.4 to 1.7, i.e. 30%, as 
confirmed by studies on flat models of crankshafts. It 
allows optimizing and reducing the value of the 
maximum stress at a minimal structural changes and 
increase service life and operational reliability of 
crankshafts boosted diesels. Considerable optimization 
of the distribution of stresses in the fillets of crankshafts 
can be achieved by a set of structural measures to 

reduce both the total related to the form of knee-shaft, 
and the local stress concentrations, depending on the 
relative curvature and shape of the profile of the fillet. 

When determining the causes of the accident of 
crankshafts according to the nature of the fracture it is 
necessary to find out its root cause that led to the stress 
concentration and the place where the sequential 
formation of a fatigue crack started. In this case the 
main problem is to retard cracking, to remove and 
disperse crack stress concentrators from the tops. In 
this connection the selection of process of a method of 



 

 

 
 

 
 

© 2017    Global Journals Inc.  (US)

  
  
 

  

11

Y
e
a
r

20
17

G
lo
ba

l 
J o

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
   

  
(

)
V
ol
um

e 
 X

V
II
  

Is
su

e 
 I
II
  

Ve
rs
io
n 

I 
 

A

Modeling of Stressed State Crankshaft of Boosted Diesels

surface plastic deformation by the artificial creation of 
the initial processing of the residual compressive 
stresses [2] on the elements of the crankshaft is 
required. 

The work is executed at financial support of the 
Ministry of education and science of Russia - UIN FTP 
RFMEFI57414X0015, and government job of the Ministry 
of education of Russia № 9.896.2014/K.
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The Influence of the Initial Technological 
Residual Stresses on the Bearing Capacity of 

Crankshafts Boosted Diesels When Plastic 
Deformation 

Nadezhda Marina 

Abstract- The exact manufacturing techniques of cranked shaft 
from stamped preparations at size provide indemnification of 
influence of the layer not strengthened without carbon from the 
differentiated water stream of processing, that, in turn, 
demand research of influence of initial technological residual 
pressure on the basic loading of the strengthened cranked 
shaft. 

 

 

I. Introduction 

atigue strength of modern crankshafts of 
combined boosted diesel engines with alternating 
dynamic loading is provided mainly by the 

reduction of existing dynamic stresses by increasing the 
size of the cross sections, the neutralization of the stress 
concentration and the use of high-strength materials. 
The problem of increasing of the utilization ratio of the 
material in the manufacturing of crankshafts by applying 
blanks with high accuracy of production is of great 
importance. Under these conditions, other ways of 
increasing fatigue resistance, which are connected with 
the progressive and highly effective methods of 
strengthening only in those parts of a construction 
where fatigue failure is possible is of much greater 
importance. 

 

Figure 1: Most Common Crankshaft Damages in Stress 
Concentration Areas: A) on crank pin; B) on the cheek 

Analysis of fatigue failures of crankshafts in the 
area of the oil hole in the crank pin and on the cheek 
from the action of the bending moment in the plane of 
the knee shows that the nucleation of fatigue cracks in 
the fillet radius of the transition of the crank pin into the 
cheek   and  on  the  oblique  section  of  the  connecting  
 
Author: assistant professor, Balakovo Engineering and Technological 
Institute, a branch of the National Research Nuclear University MEPI, 

 

space pairing cheeks with crank pin is observed. A 
similar pattern of fracture developing indicates a high 
level of working stresses from the bending loads and 
their presence in a high concentration. To reduce the 
stress concentration and increase the carrying capacity 
of the crankshaft fillet zone it would be advantageous 
the use of surface plastic deformation - hardening of the 
transitional radius of the indigenous and crankpins of 
the crankshaft into the cheek with hydro crusher 
treatment (HCT), which allows to control the properties 
of the surface layer formation of an initial processing of 
residual stresses (IPRS) compression. Under the 
alternating loads the arrangement of the distribution of 
last in depth of the surface layer of the crankshaft 
elements is not the main thing in comparison with the 
magnitude and sign of the stresses on the surface [1]. 
Therefore, the properties of the hardened differentiated 
HCT of crankshaft are influenced by IPRS axial 
compression directed along the cheeks and 
counterweight, as axial compression coincides with the 
developing dynamic working stresses. In addition, low-
waste technology in the manufacturing of crankshafts by 
applying blanks with high accuracy of production 
provides for compensation for softening the impact of 
the decarburized layer of differentiated HCT, which, in 
turn, requires a study of the effect on the carrying 
capacity IPRS of hardened crankshafts. In the technical 
literature there are no publications on generalizing the 
problem of increasing the fatigue resistance of 
crankshafts with differentiated HCT and this fact retards 
the development of research and the practical use of the 
results in this field. 

II. Results and Discussion 

For a comprehensive evaluation of changes in 
physical and mechanical condition of the surface layer 
in the zone of stress concentration at the fillet radius of 
the zone of the crank pin of crankshaft with differentiated 
HCT testing plate are used at Volgo Diesel - MAMINS as 
samples witnesses made of hardenable material items, 
while believing that the static deflection is a measure of 
the intensity and stability of the process with 
differentiated HCT of a hardenable structure. However, 

F 
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vibro-impact loading of the crankshaft and the testing 
plates - witnesses with differentiated HCT is different 
from static one that requires to take into account the 
comprehensive criterion - the coefficient of dynamic 
load CD. The research conducted on the flat sample 
witness of rectangular cross section have determined 
that the HCT parts KD is= 1.2 [2]. Since IPRS 
compression distort the shape of fillet radius transition 
new approach for assessing IPRS under vibro-impact 
dynamic loading. Approximate analytical assessment of 
this form of distortion can be done by considering the 
state of stress separate strips fillet area of the sample-
witness in the form of radius element the width of which 
is b (φ = 45 °) going perpendicular to the axis of the fillet 
area and determining the change of sag deflection Y0 
under the influence of the induced residual stresses 
(Fig. 2). 

 
Figure 2: Research diagram of the initial processing of 

the residual stresses in the sample-witness (fillet area) of 
crankpin and radical pin of crankshaft with differentiated 

HCT. 

Moment MR formed as a result differentiated HC 
treatment deforms the element in question in the 
direction of reducing the sag deflection. Since the ratio 
of the sample thickness H to the radius R is small, the 
internal force factors Q and N are not taken into 
account, and based on the known dependence Mora for 
crooked timber for linear static change ∆ip deflection 
has the form 

                                       
(1)

 

 

 

 

 

 
Thus,                     ∆𝑖𝑖𝑖𝑖=

 

0,1𝑏𝑏𝑏𝑏𝑅𝑅2𝜎𝜎𝑥𝑥0ℎ
𝐸𝐸𝐸𝐸

                             (2)

 where σx
0

 

- initial residual stresses in the- radius zone of 
the sample –witness at technological static loading.

 

The amplitude of the dynamic plate deflection 
with differentiated HCT is

 

∆𝑖𝑖𝑖𝑖Д= КД∆𝑖𝑖𝑖𝑖 . The dynamics of 
loading from HCT IPRS in radius area of the sample-
witness 

                                                        
(3)

 
For the experimental evaluation σxx

0

 

in a 
separate strip of fillet zone after differentiated HCT at 
Volgo

 

Diesel - MAMINS special research a block 
diagram of which contains cantilevered thin surface 
element 2 radiuses R (Figure 3), which is a one-sided 
cavity treated with vibro-impact from the nozzle 1 in the 
chamber installation GDEU-5 was conducted. Working

 

R1

 

and R2

 

and the compensating K strain resistor 
included in the amplifier 3 strain resistor station 8ANCH 
TM were glued on the opposite side of the unreinforced 
surface element R2  was installed on a flat plot  of the 
element in the immediate vicinity of  R1, glued to the 
curved area. This scheme allowed installation of strain 
gages to investigate the state of stress of both flat and 
rounded fillet area, thus eliminating errors associated 
with changes in the state of stress at the ends of the 
samples (edge effect). The converted signal of dynamic 
deformation of the surface element on the loop 
oscillograph recorded 4 brands H-115. The circuit is 
powered from the power P-131. Before carrying out 
research working resistors were statically calibrated on 
the special device with the task sag deflection 
micrometer and its monitoring by indicator. 
Oscillograms of dynamic stresses in the zone of their 
concentration in the HCT and on the flat part of the 
surface of the element were received/ (Figure 3a, b).

 

 
Figure 3:

 

Oscillograms of Dynamic Stresses in Zone of 
Their Concentration in Sample-Witness with HCT: a) 

from gage R1; b) from gage R2

 
Initial technological residual stresses on the flat 

part of the sample at its removal from hydro crusher 
setting were determined

 

according to the technique for 
a flat rectangular element

 

© 2017    Global Journals Inc.  (US)

G
l o
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
   

  
(

)
V
ol
um

e 
 X

V
II
  

Is
su

e 
 I
II
  

V
er
si
on

 I
  

  
  
 

  14

Y
e
a
r

20
17

A
The Influence of the Initial Technological Residual Stresses on the Bearing Capacity of Crankshafts 

Boosted Diesels When Plastic Deformation

where the bending moment from 
a unit force P = 1 applied in determining the deflection.

Whereas after the transformation

and the moment where h -

depth of plastically deformed layer, calculated 
according to well - known technique [1].

 



 

 

 

 
Taking into account the nature of the vibro-

impact loading sample witness with differentiated HCT, 
this expression is replaced by the amplitude of the 
amplitude yC

 

y0

 

known relation y0=КD∙ yc

 

. 

III.

 

Conclusion

 According to the latest formulas for cantilevered 
plates in a cell radius fillet area of the crank pin and 
crank engine crankshaft 6CHN21/21 define IPRS in a 
hollow on a flat plot and concentration factor IPRS at l = 
0.04M, H = 2 ∙ 10-4M, h = 2,82 ∙ 10-4M, σxx

0

 

= -110MPa,

 
σxx

01

 

= -75MPa, ασ

 

= 1,5.

 
The foregoing leads to the following 

conclusions. During the study found that IPRS 
compression in rounding conjugation of the main and 
connecting rod journals and the crank web at 
differentiated HCT create the same stress concentration 
as well as operating

 

stresses by the external loading of 
the crankshaft. The study of the crankshaft optimal 
profiles using plain models of the polarization-optical 
method [3] proves the foregoing: ασ=1.7. This 
circumstance must be taken into account when 
assessing the reserves of the crankshaft fatigue 
strength. Using the differentiated HCT the adverse 
development of effective stress concentrators can be 
neutralized and the effect achieved can be greater than 
structural changes in the shape of parts, for example by 
means of the stress deconcentrator. It should be noted 
here that the effectiveness of stress concentration 
reducing by differentiated HCT is 40% in comparison 
with 19% effect from the deconcentrator.
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where yc - static deflection amplitude of the cantilever 
plate.
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Production Planning and Control for the 
Comparative Advantage of Basic Metal Industry 

Alie Wube Dametew α & Daniel Kitaw σ 

Abstract- This study is to assessed and  investigate the 
challenges, trends and problems of production planning and 
controls on  basic metal industries comparative advantages. 
Since the study is conducted with  field observation, 
questioner ,company reports  used as primary data and 
literature review of research articles,  books, manuals, 
magazines, and electronic-sources which used as secondary 
data. A case study also conducted at the  selected two basic 
metal industries. However, the collected data were analysis  
using descriptive analysis, SPCT(fishbone diagram).Due to 
improper production planning and control systems, problems 
plant lay-out, waste in manufacturing process ,quality, 
manufacturing planning and control, deficiency of control and 
monitoring, low production capacity and  effectiveness,  lack 
of smooth service and support delivery problems 
management  information system, insufficient skill levels of 
employee, lack of unity including poor coordination, 
warehouse problems were instigated as the challenges and 
problems of basic metal industries. As a result of these 
challenges the global competitiveness of Ethiopian basic 
metal industries are poor. Therefore to  attempt the above  
problems, in this study  the strategies and ways forward for 
implementing production planning and controlling(PPC) 
systems to Ethiopia basic metal industries were done, so as to 
improve the global competitiveness of basic metal industries.  
Keywords: production planning and control, comparative 
advantage, basic metal industry, implementation, 
challenges. 

I. Introduction  and Back 
Ground of The Study 

anufacturing facilities are complex, dynamic, 
stochastic systems. From the beginning of 
organized manufacturing, workers, supervisors, 

engineers, and managers have developed many clever 
and practical methods for controlling production 
activities. As a result numerous manufacturing industries 
have recognizing the importance of manufacturing 
strategy in their businesses performance and efficiency. 
Although, manufacturing industries apply and use those 
strategies in order  to meet customer expectation and 
reduce production difficulties. Since in complex 
manufacturing environment, a comprehensive 
production planning and controlling  process is adopted   
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in order to ensure the best utilization of resources, 
improve production capacity and maximize a firms 
profitability. However these system provides for in 
manufacturing of basic metal industries production 
system is very important to make the sector more 
competitive due to the nature of the product. In this 
range production planning and control (PPC) systems 
are crucial for Basic metal industries(BMIs) to meet the 
increasingly high customer demands and expectations 
in the present, highly competitive, manufacturing 
climate. Because the approach involves system and 
resource planning, capacity and resource allocation, 
setting up and control framework. In addition production 
control, planning and scheduling  may be defined as the 
technique of foreseeing every step in a long series of 
separate operations, each step to be taken  and control 
at the right time and in the right place and each 
operation is to be performed in maximum efficiency. 
This ensures entrepreneurs to work out the quantity of 
material, manpower, machine and money required for 
pre-determined level of output in a given period of time.  
Thus, it  is necessary to explore the effect  of  production 
planning and control on Basic metal and engineering  
industries(BMIE)  performance and competitiveness. As 
a result this study is intended investigate and assessed 
the practices, the impact of production planning and 
control   on Ethiopian Basic metal industries and  Way 
forward  for improving the firm performance and global 
competitiveness were done. 

a) Statement of the problems  
The manufacturing sector in Ethiopia 

contributes significantly to the development of the 
country. In spite of its contributions, it is plague by the 
following constraint. proper production planning ,Control 
and scheduling cannot be properly realize in the 
industries. As a results poor decision -making, problems 
procurement, production, in transportation and 
distribution, and in information processing and 
communication are seen. in addition   cost of imported  
raw materials: Power fluctuations, Labour Intensive 
production, are the challenges that are seen in Ethiopian 
basic metal industries. Also inconsistent flow of 
production enquiry sheet preparation and evaluation, 
Raw material ordering, purchasing and supply system 
doesn’t seem to follow any scientific inventory control 
system. Due to this Ethiopia basic metal industry are 
infant for Growth transformation program(GTP)economic 
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contribution and poor competitive advantages. Since to 
Tackle the above problems this research was designed. 

b) General Objectives   
The main objective of this study is to investigate 

the effects of production planning and control on basic 
metal industries, so as to secure the comparative 
advantages by directing  improvement strategies. 

c) Research Methodology  
The study is conduct through  field observation, 

literature review of research articles , books, magazines, 
manuals, company report and electronic-sources which 
are  discuss related to basic metal manufacturing 
industries growth, opportunities, economic contribution, 
challenges, strengths and performances  in relation to 
production planning and controlling systems. The 
literature review focus on competitiveness, production 

planning and control function, principles, models, 
components such as  Material Requirement Planning 
(MRP), Capacity Planning (CP), scheduling),Master 
Production Schedule (MPS)  and Resource Planning are 
considered and assess in detail. The investigation  
consider attempts to explore production planning and 
control  issue on basic metal industry trends, 
performance, competitiveness strategy, planning  
challenges, production planning and controlling effort is 
assessed. Followed by model development based on 
the literature survey and case study analysis is done. 
Finally the conclusion and recommendation of the study 
is done. Since for analysis of the problems, the 
researcher mainly uses SPCS tools like Cause and 
effect (Fish bone diagram), and descriptive analyses are 
used.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1:
 
Research Methodology Frame work
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II. Literature Reviews

In this section from the previous research work 
a total of 124 articles were found out that published 
articles in the PPC area. Since, from this 124   articles in  
this section goes through 27 selected articles which are 

related one or more PPC classes presented . It makes 
the base for the discussion which comes on the next 
section. First we review   the   definition, concept, theory   
of production planning and control role in manufacturing 
industries. Then we expressed the components, 
principles, functions and Strategies used in production 
planning  and  controls. In the next step we review the 

a) Introduction
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models  of   production planning and Control have been  
developed by  different researchers and production 
planning and control as a revenue of competitiveness 
are assessed. After that the gaps and miss  points  in  
the  previous study related to production planning and 
controlling  are identified.  The globalization of the 
economy and the liberalization of the trade markets 
have formulated new conditions in the market place 
which are characterized by instability and intensive 
competition in the business environment. Competition is 
continuously increasing with respect to price, quality 
and selection, service  and promptness of delivery. 
International cooperation, elimination of barriers 
technological  innovations  cause  competition to make  
stronger. In terms of manufacturing emphasis is placed 
on reducing cost while improving quality. Although  
competitive priorities defines the set of manufacturing 
objectives and represents the link to market 
requirements and meet customer needs, which have the 
dimensions commonly used are; cost, quality, flexibility, 
and delivery [5].

b) Production Planning and Control
Production: that transformation of raw materials to 
finished goods.
Planning: Planning is the process of selecting and 
sequencing activities such that they achieve one or 
more goals and satisfy a set of domain constraints. IT 
looks ahead, anticipates possible difficulties and 
decides in advance as to how the production, best, be 
carried out.
Control: phase makes sure that the programmed 
production is constantly maintained.
System: is a whose function is to convert a set of inputs 
into a set of desired outputs.

c) Production scheduling
Scheduling deals with the efficient allocation of 

tasks over resources. The general scheduling problem 
is, given a number of tasks and a number of resources, 
set the dates when each task should be accomplished 
on each resource. Since, production scheduling is a 
decision-making process that is used in manufacturing 
and service industries to achieve efficiency and 
minimize production cost. Since production schedule 
framework should be designed to meet company goals 
filling customer requirements with minimum total cost 
[10].

d) Production Control
Production control (PC) is the function of 

management which plans, directs and controls the 
material supply and processing activities in an 
enterprise [8]. Since PC concerned with, determining 
whether the necessary resources to implement the 
production plan have been provided. If not ,it attempts 
to take corrective action to address the deficiencies 

(shortages).Also Shop floor control, Inventory control are 
the main activities of production control. 
Production planning: is the planning of production and 
manufacturing processes in a company or industry. 
Planning is also the primary managerial function for 
enterprises, which is the direction and instruction to 
coordinate and cooperate the enterprise’s overall 
operation [6]. While, this  is  one  of  the  most  
important activities  in  manufacturing enterprises. Since 
production planning, utilizes the  resource  allocation  of 
activities of employees, materials and production 
capacity, in order to serve the customers. However 
production planning and control (PPC) plays a 
fundamental role in any   manufacturing unities. This 
provides making routine for proper plant   layout, raw  
materials requirement, utilizing resources, and 
maintenance of machineries are done. This results in a 
positive way by the improvement of productivity, quality, 
customer satisfaction, profit and global competitiveness. 
In the meantime, PPC concerned with implementing   
the   plans, i.e. the detailed scheduling of jobs, 
assigning  of  workloads to machines (and people), and 
the actual flow of  work  through  the system [7]. Also 
coordinate with different departments: such as 
production, marketing, logistics, warehouse and other 
departments depending upon the nature of 
organization. The other point is there  are  different  
types of  production methods  are  found  in   a   
manufacturing firms, such as single item  
manufacturing,  batch  production,  mass production, 
continuous production etc. have their own type of 
production planning. Production planning can be 
combined with production control into production 
planning and control, or it can be combined and or 
integrated into enterprise resource planning. Since 
currently, the framework that is most commonly applied 
to the deconstruction of planning activities is the use of 
three hierarchical levels that range from strategic to 
operational planning are strategic planning ,tactical 
planning and operational planning focuses. Since 
typically, these activities include the detailed production 
scheduling, inventory control, and lot sizing.   Since 
mainly  production planning  concerned with  deciding 
which products to make, how many of each, and when 
they should be completed, Scheduling the delivery 
and/or production of the parts and products, Planning 
the man power and equipment resources needed to
accomplish the production plan and major activities like 
MRP,MPS(MPP),CP,APP are emphasis by production 
planning.
i. Aggregate production planning

Aggregate production planning (APP) is the 
process of determining output levels of product groups 
over the coming six to eighteen months on a weekly or 
monthly basis; the plan identifies the overall level of 
outputs in support of the business plan. APP is a 
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medium term capacity planning that determines 
minimum cost of workforce and production plans to 
meet customer demands.  Main inputs of aggregate 
production planning are resources, demand forecast 
and employment policies. Since, APP aim is to 
determine the production quantity and inventory level in 
an aggregate term. However, The  company starts its 
plan by stating its business plan. Business plan is a 
statement of an organization’s overall level of business 
activity for the coming six to eighteen months, usually 
expressed in terms of monetary values of sales for its 
various product groups.

ii. Master Production Schedule
The Master production planning/ master 

production schedule (MPS) sets the quantity of each 
end item to be completed in each week of a short-range 
planning horizon. The MPS sets its production 
schedules based on forecast, orders and lot size of the 
customer order [9]. It uses information from both 
forecasts and orders on hand, and it is the major control 

(driver) of all production activities. In fact, the MPS 
begins as a trial schedule. If these schedules are 
feasible, the schedule becomes input for the MRP 
system. MRP sees this schedule as given: the system 
cannot check if a schedule is correct or incorrect, for 
example if a schedule goes beyond production capacity 
or not. The MPS can be updated or modified anytime a 
production-manager wants. As a result of these 
changes the MRP-input changes, as does the 
production output. Thus the MPS is in reality the mother 
of all schedules, and it is a plan for future production of 
end items, set by market forecasts, customer orders, 
inventory levels, and other information necessary to 
make correct schedules. Hence, an effective master 
production schedule provides the basis for , Making 
customer delivery promises ,  exploit the capacity of the 
plant effectively, Attaining the strategic objectives of the 
firm as reflected in the production plan and  Resolving 
tradeoffs between manufacturing and marketing. 

Figure 2: Inputs and outputs of MPS

Source(: [9]

iii. Material Requirements Planning
After preparing the master production schedule, 

we need to think of availing all the necessary materials 
to manufacture the planned items. Materials 
requirements planning (MRP) is a means for determining 
the number of parts, components, and materials needed 
to produce a product. MRP provides time scheduling 
information specifying when each of the materials, parts, 
and components should be ordered or produced. In a 
comprehensive definition MRP is a time phased priority-
planning technique that calculates material 
requirements and schedules supply to meet demand 
across all products and parts in one or more plants. this  
is a material control system that attempts to keep 
adequate inventory levels to assure that required 
materials are available when needed. Although Materials 
Requirement Planning (MRP) is based on the 
philosophy that each raw material, part and assembly 
needed in production should arrive simultaneously at 
the right time to produce the end items in Master 
Production Schedule (MPS). So inventory levels could 
be reduced, production capacity could increase as well 

as the profits. However, an MRP package takes into 
consideration: Customer Orders, Forecasts, Shop 
Orders, Parent part requirements, Inventory 
Management, Bills of Materials (BOMs), Purchasing, 
Receiving, Stockroom Control, Accounting and 
Invoicing. 

                                                         

Inputs

APP
Beginning Inventory
Demand forecast
Customer order
Production Cost
Supply 
Capacity

Master Production 
Scheduling(MPS)

Outputs

Amount to be produced
Projected Inventory
Uncommitted 
Inventory
Staffing Levels



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure
 
3:

 
Inputs and Outputs of MRP

 
Source: [10]  

iv.

 

Capacity planning

 Capacity planning-concerned with determining 
labor and equipment resources required to meet the 
current master schedule as well as long-term future 
production needs of the firm. Production capacity is the 
maximum

 

limit or ceiling on the load (product) that an 
operating unit can handle. It is the rate at which outputs 
are achieved from a process. It can be expressed as 
number of units that can be produced per unit of time, 
maximum size of a work piece that a machine can 
handle, or maximum weight of a work piece that can 
safely be loaded on a machine. Although capacity 
planning determines  what labor, time and equipment 
resources are required to meet the current MPS as well 
as long term production needs of the manufacturing 
industries [9]. 

 Since, output level of an item is dependent on 
the production capacity of operating units (plants, 
departments, machines or workers) used to produce the 
item. For manufacturing  industries , production capacity 
is the maximum limit

 

or ceiling on the load (product) that 
an operating unit can handle. This is the rate at which 
outputs are achieved from a process. According to [12]  
the capacity measures used in auto and steel 
companies are in terms of outputs. Inputs are used as 
capacity measures for job order companies. As a result, 
an estimate of capacity may be measured in terms of 
either input or outputs.

                                   

 Capacity

 

Efficiency =
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴

 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

 

                       

 

In addition for performance estimation   
purpose capacities are grouped in to two. They are 
design capacity and effective capacity. Design capacity 
is the amount that a firm would like to produce under 
normal circumstances and for which the system was 
designed. Effective capacity is defined as the maximum 
possible output given a product mix, scheduling 
difficulties, technology, machine maintenance, quality 
factors, and so on.
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Figure 4: 
 
Capacity Planning in PPC Systems

 
Source: [10]
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In addition different production and Scheduling  
strategies are used by many companies around the 
world. Some of these most commonly used strategies 
are Chase strategy , Make-to-Stock, Assemble to Order 
and Make to Order [9] [11]. These strategies are  allows 
manufacturers to produce goods in long production 
runs, taking advantage of production efficiencies, the 
company continuously produces goods equal to the 
average demand for the goods, produce goods after 
receiving an order from the customer and assembled 
products from a stock selection of ingredients. This 
improves the competitiveness of  the firms and enhance 
comparative advantage.

e) Advancement of Production planning and controls
In manufacturing industry the amount of 

information available to manufacturers and their 
suppliers for decision-making has become an important 
factor in improving manufacturing productivity. 
Manufacturing firms have always sought ways to 
improve their competitiveness. During the first half of the 
twentieth century, internal manufacturing efficiency on 
the shop floor was largely sufficient for successful 
operations. Though, with growing struggle, companies 
have been forced to find new ways to improve their 
operations and to look beyond the walls of the factory. 
Currently, manufacturing firms need to be competitive in 
different aspects, such as quality, delivery, cost 
efficiency, and flexibility, and must therefore plan and 
control their operations accordingly [20].  

Since for achieving sustainable and competitive 
production environment planning and control task has 
become more critical  for  improving complex systems ; 

lead times are shorter, improve product life cycles, 
reduce bottlenecks  more effective and efficiently.



 

Figure 5:

 

The growth of Production planning and control Systems

 Sourece: [20]

The above figure   illustrates how  the  important 
point of production planning and control has shifted 
over the last 50 years. The perspective has successively 
evolved from lower (shop floor)  to higher planning and 
control stages. the figure clearly show that the 
developments in information and communication 
technologies (ICT) have assist the gradual improvement 
of computer based systems for PPC. Thus, current 
advanced PPC systems significantly utilize advanced 
computerized systems and programs. This is highly 
interlinked with the fact that manufacturing has been 
simplified with Computer Aided Manufacturing (CIM) 
systems [9]. In addition to this Computer-aided design 
(CAD) is provides any design activity that involves the 
effective use of a computer to create, modify, analyze, 
or document an engineering design.CAM/CIM mainly 
concerns for Flexible manufacturing systems can react 
quickly to product and design changes. A FMS includes 
a number of workstations, an automated material 
handling system, and system supervisory computer 
control.  Since due to the global competition and fast 
change customer requirements, implementing CAM/ 
CIM systems  in  manufacturing  industries  is beneficial. 
Because CIM program  could provide products with 
better quality, lower costs, better support, and in a short 
lead-time. But Implementing CIM requires organizational 
and technical understanding and strategic approach. As 
a  result  any organization should know the way of 
implanting CIM approach for program improvement and 
global competitiveness. Thus Ethiopian Basic metal 
industries should considered Computer-integrated 
manufacturing (CIM) for blend recent developments in 
manufacturing with information technology to achieve 
competitive advantage.

 
f) Analysis and Discussion  of Literature review 

In the previous sections a literature review was 
presented on variety of perspectives towards production 
planning and controlling concepts, theory , function, the 
practice, implementation strategies, the models that 

developed and practiced for manufacturing industries , 
so as to   improve  manufacturing firm  performances 
are assessed. However, a general so far important issue 
is that many of the studied articles have hardly built on 
previous works. Most researcher  seem to open a new 
window and develop their argument, models, factors, 
parameters, the potentials for  considering the preview  
related works.  While, the previous research 
[21],[22],[23], [24], [18],[25][17] , we found that, the 
majority of papers  is done using different types of 
models but they analysis and studied some aspects of 
production planning and  control.  

 Also, each of the papers has not any certain 
rationale for choosing the models they  used.  Although, 
the challenge for today’s business companies is not 
only how to adapt to changing business environment 
but also how to draw competitive advantage from the 
way in which they choose to do so. Seeing that, a root to 
achieve competitive advantages, the  companies  have 
happening to seek to optimize production systems. 
Given that, traditional production planning, scheduling 
and control mechanisms were found insufficiently 
flexible to respond to this new paradigm.  In the fact 
that, in the current competitive environment, effective 
and efficient production  planning  and control has 
become a necessity for endurance in the market place 
since, using PPC in the industry can have an advantage 
for customers, producers, employees and stake-
holders, and also for the nation. Better planning leads to 
increased productivity in the firm, efficient deliveries of  
the products at  proper time, more products available to 
the consumers at cheaper price, flexible manufacturing 
process and  better  quality.  

Another point we found that, inspiration the  
growing  of  production planning and control systems 
for manufacturing industries improvements. In this 
respective   the   systems was  evolved from lower (shop 
floor)  to higher planning and control  ICT support 
stages [20]. However, this development is in a much 

1960 1970 1980 1990 2000 2010 2011
Advancemntof …
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Figure 6: Regional Steel Making capacity 
Source: [26], [27]
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earlier stage and by far not as widespread among the 
manufacturing systems as the quality and the customer 
satisfaction production initiative. However, the potential 
efficacy of improvements in manufacturing   firms are  
evident. As main concerns of production planning and 
control systems are to balance from different aspects of 
the  firms from  supply of resources to demand, from 
the market, to allocate resources in the most effective 
way, from production to distribution , customer 
satisfaction to sustainability of the business and 
production to make recycling  part is most promising in 
being effective and efficient in resource utilization and 
improve performance and competitiveness of  
manufacturing industries. On the other hand the  
preliminary miss point is that ,in various production 
planning and scheduling models applied to discrete 
parts manufacturing industries and process industries. It 
is seen that models have been developed in single 
stage and multi-stage production environment. Most of 
the models in multi-stage production environment have 
focused on fabrication and assembly types of product 
structures. The production environment with recycling 
process and its associated complexities has not been 
addressed in the literature [23].  But in manufacturing 
process  recycling  is an important issue in bringing 
down production costs.

The review   also  indicates  that, the existing 
models on production planning and control do not 
address the complexities of the production environment 
to improve  firm competitiveness [24]. Since   it   needs  
to develop an integrated models to address production 
planning and controlling tasks, production planning and 
controlling decisions, inconsistency often occurs in 
capacity requirements of production planning decisions 
and controlling decisions. As well we discussed that in 

the above literature while the issue of developing 
country firm competitiveness relayed to production 
planning and controlling systems   is   not address. In 
addition to these most of the previous research work 
were done, using secondary day but to tackle the exact 
problems and improve the practical environment the 
study should supported by case studies. As a result, in 
this study we considered a case studies for 
improvement of manufacturing firms.

III. World Region Crude Steelmaking 
Capacity

Between 2005 and 2015, each region except 
the European Union had increases in its total amount of 
steelmaking capacity. Asia and Oceania saw the largest 
increase, adding 877.5 million metric tons of capacity 
over the period, for a total capacity of 1.6 billion metric 
tons in 2015. Notably, Asia and Oceania accounted for 
89 percent of the 987.8 million metric tons of global 
steelmaking capacity added since 2005. The Middle 
East ranked second with an increase of 43.7 million 
metric tons, followed by Other Europe which added 26.1 
million metric tons and CIS which added 22.8 million 
metric tons. Capacity in the European Union decreased 
by 11.7 million metric   tons   between  2005  and 2015.  
In 2015, Asia and Oceania accounted for 67.9 percent 
of global steelmaking capacity, an increase of 15 
percentage points from 52.9 percent in 2005. The 
European Union ranked a distant second with 232 
million metric tons of capacity, or 9.8 percent of global 
capacity.  The chart below indicates annual growth rates 
of both global steelmaking capacity and  regional 
steelmaking capacity.



According to WSA reports, global steel 
consumption has been highly dominated by Chinese, 
Asia and European Union countries. However, taking 
closer look into African situation along with the Middle 
East, consumption, it has been growing slowly. 

Although, consumption of steel products follows 
the trend of economic activity in individual countries. 
Since the volume of steel consumed has been the 
indicator for measuring development and economic 
growth of the countries. Whether it is construction or 
industrial goods, steel is the basic raw material. Since, 
Steel consumption increases when economies are 
growing, as governments invest in infrastructure, electric 
power,  transport, and as new factories and houses are 
built. After being in the focus in the developed world for 
more than a century, attention has now shifted to the 
developing regions. Even though , the industrial growth 
of African including Ethiopia basic metal industry is low. 
As a result currently the global competitiveness of 
Ethiopian Basic metal industry is poor. 

a) Ethiopian Basic Metal Industries Competitiveness 
and PPC 

The government of Ethiopia the Growth and 
Transformation Plan has given high priority to the metal 
and engineering industry sector. The steel industry is 
made up of basic metal manufacturing companies and 

the engineering sector. The Ethiopian basic metal 
industry produces two categories of products: long and 
flat products. Long products include reinforcement bars 
and tubular sections and wires, while flat products 
comprise LTZ profiles and various sheets: such as steel 
(lamera), corrugated, and EGA. The engineering sector 
consists of manufacturers of doors and windows, 
tankers, vehicle bodies, truck trailers, spare parts, and 
machinery like concrete mixers and vibrators [4]. Since 
,an objective and target has been set  to enhance the 
productivity and competitiveness  of  basic metal sector. 
It is planned to increase the annual per capital 
consumption of the country  from 12Kg  to  34.72kg and 
the capacity utilization of the existing industries to 95%. 
Also, substituting of imported metal products and 
supporting other manufacturing  industries  are  some  
of the main targets of basic metal and engineering 
industry sector as indicated in the growth and 
transformation plan. Even though [29] report shows that, 
basic metal  industry has under-performance both in 
terms of production and revenue generation. A 
according to report  , the performance of the sector are 
decline compared to expected targets. Out of the total 
planned production of 343,105tns, only 52% was 
achieved by 60 industries in various areas.

 
 

Table 1: Production performance of Basic metal industries 
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NO Type of 
products

Design 
Capacity

Measuring 2009 2010 2011 2012 2013 2014

1 Reinforcem
ent bars

1,191,860.00 Plan (Ton) 552,492.27 732,299.24
Actual (Ton) 91,124.0

0
138,846.00 47,956.00 228,588.43 386,269.70 454,285.60

2 hollow 
sections & 

steel
profiles

456,071.21 Plan (Ton) 82,177.15 161,972.33
Actual (Ton) 22896.5 48,592 49657 66151.58 48,641.81 78,849.53

3 Roofing 
sheet

460,029.00 Plan (Ton) 209,915.81 279,328.72
Actual (Ton) 83995.6

6
129455.11 162,214.0

5
121,752.00 144,018.71 161,446.48

4 wire & nails 85,200.00 Plan (Ton) 60,131.53 72,753.65
Actual (Ton) 18413.2

9
24539.035 30,136 38,531.03 34,117.71 30,646.77

5 Aluminum 
profiles

8,100.00 Plan (Ton) 1,252.68 798
Actual (Ton) 120 300 445 334.79 468.42 546.57

From the saw that even if the performance of 
basic metal industries had some improvements from 
year to year but the planned and the actual production 
capacity have great differences/variations.This  indicates 
that the performance of basic metal industries going to 
back-warded. As a result the global competition of the 
sector still infant and null. In addition to this, the 
following figure shows  the  iron and steel manufacturing 
process consists of four distinctive stages, spanning 
multiple industries: exploration and extraction, mining 
beneficiation, metallurgical beneficiation and shaping 
and conversion/fabrication and manufacturing/end user 
industries.



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7: Production flow of steel from ore and Scrap

Eeven though iron ore is believed to exist in 
Ethiopia, it is not mined in the country. Bars and billets 
are produced from iron ore, coiled wire rods, from which 
nails are made, and coiled sheets are imported as raw 
materials. The  above  figure  also  clearly shows  that  
the Ethiopian steel industry heavily depends on 
imported  raw  materials  for  production  process. The 
only  locally  available raw material in the country is 
scrap metal, which the factories buy for between 2.80 Br 
and 3.20 Br a kilogram me. It  is  smelted and converted 
into bars and billets. The billets are used to make 
reinforcement bars. The bars are used to produce spare 
parts and simple machines like concrete mixers and 
vibrators. Since, the Ethiopian basic metal industry 
dependency of imported materials, results high material 
cost, reliability in foreign suppliers is problematic, supply 
chain system problems, delay in cleaning goods 
through custom are the major problems that faced in 
Ethiopia basic metal industries [30]. The survey study 
shows that, due to this and other influences most of 
basic metal industries  are working below the normal 
achievable capacity installed. As a result , the 
performance and competitiveness of  Ethiopian basic 
metal industries  is poor. 

IV. Results and Discussion 

Under this section to investigated and analyses 
the challenges of basic metal industries in based on the 
data gathered from i. Interview, Field observation, 
Questioner and literature survey results are done. Since 
the  researcher observed and assessed  in  Ethiopian 

basic metal industries, inanition to their potentials to 
begins to industrialization , there were a lot  of problems 
were investigated related to production planning and 
control systems. Based on this investigations and 
results the problems are grouped into the following two 
groups i. Manufacturing and Related Problems  and 
mismanagement and Human Resource Related 
Problems were investigated. 

a) Manufacturing Process and Related Problems 
A. Manufacturing planning and control: poor 

manufacturing planning and control causing waste 
in the production process, deficiency of control and 
monitoring; serious efforts to find solution to 
problem and to determine implementation were not 
there. In most of basic metal industries there were 
lack of product and market diversification and 
development. 

B. Waste in manufacturing process, due to improper 
resource utilization, poor manufacturing sequence ,  
poor effectiveness in labor utilization, have frequent 
movement during manufacturing process, a lot of 
wastes were seen in the industry. This results 
unnecessary loss of material and waste formation 
were occurred in most basic metal industries. 

C. Problems plant lay-out,   Facilities are expanding 
everyday as a result of changes in technology and 
innovation. Since facility layout must be flexible to 
cater to modern changes and   pant lay -out is a 
dynamic rather than statistics concept meaning 
thereby if once done it is not perm ant in nature 
rather improvement or revision in the existing plant 

© 2017    Global Journals Inc.  (US)

G
l o
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
   

  
(

)
V
ol
um

e 
 X

V
II
  

Is
su

e 
 I
II
  

V
er
si
on

 I
  

  
  
 

  26

Y
e
a
r

20
17

A
Production Planning and Control for the Comparative Advantage of Basic Metal Industry



lay out must be made over time. But most Ethiopian 
Metal and engineering industries dos not 
considered  this  points. As a result of improper 
plant layout most metal industries lost their 
competitive advantages. 

D. Quality: lacks robust design is a design which is 
executed at pre production planning stages to 
manage the controllable factors which affect the 
product quality related to parameter, customer 
specifications, standards,  lack of defect control, 
lack of effective defect and redundant work 
recording in order to find the way to reduce and 
control the problems. 

E. Low production capacity and  effectiveness: the 
challenges formulated because of improper 
production sequence, poor equipment 
arrangement(Raw materials, Tools and products). In 
addition to these the production capacity of basic 
metal industries are poor due to using old machine, 
idle machine (maintenance  problems), problems in 
demand production (skill , financial constraints, 
number of machines, resource problems). 

F. Lack of smooth service  and  support  delivery : 
Lack of  fast and  smooth delivery  of  support  and 
service is a key problem witnesses in  the  sector in 
particular the electric power supply  interruption  
and  supply problem has been witnessed 
extensively. Additionally failure to assist financial in 
the appropriate manner, shortage of foreign 
exchange, gaps and witness in logistic supply 
problems related with land supply and duties and 
tax levied in the products, law level of incentive for 
the sub sector. 

b) Management and Human Resource Related 
Problems 

1. Planning problems : lack of work plan, no  goals  set 
for operating purposes, problems indicators for 
organization management,  high  volume  of 
backlog orders, high volume of  raw  materials  
inventory, problems finished products storing before 
delivering. 

2. Problems management  information system: in most 
basic metal industries  were no management 
information system used , outdate, inaccurate data, 
not useful for assisting decision making and 
management, available data not being used for 
analysis and finding of solutions for problem or 
improving work performance, inability to measure or 
assess operating result or management in each 
division, inability to tell volume of defects  in 
process, lack  of  communication for to 
acknowledge the organizations  direction,  policy  
and  goals.  

3. Insufficient  skill  levels  of  employee  
4. Most companies have employ shop floor workers 

with low educational level. most workers have  

practical skill for specific product but  the don't 
know, how to manage and coordinate and 
accomplished it. This results   the quality and  
productivity   problem  in  most  company. 

5. Lack of unity including poor coordination among 
clients and among different divisions, resulting in 
delays in delivery; poor communication among 
division also cause inability to meet the 
manufacturing goals. 

Research development and the market research 
Problems: 

In most basic metal industries there were no R 
& D, for doing  design improvement to forecast the 
market situation. due to this there wear unbalanced 
demand and supply, problems to see different 
alternative/opportunities. But practical production 
planning is dependent on the available capacity and 
actual demand of products on the market. In particular, 
the actual demand of products governs the amount of 
production which can be sold without unnecessary 
finished goods build-up. As a result this alternative 
suggests that the actual sales plan of the company has 
to be developed after sufficient market assessment and 
sales forecasting.  
6. Warehouse problems: Despite the new technologies 

in e-commerce, supply chain integration, quick 
response, just-in-time delivery and efficient 
consumer response that connect the manufacturing 
with the end customers, businesses are still 
struggling to eliminate the existence of a 
warehouse. The biggest problems in Ethiopian 
basic metal industries were the production 
sequence problem and space utilization in the 
warehouse. Thus in order to meet the customer’s 
requirements warehouse needs to be properly 
coordinated and maintained. 

c) Cause and effect Analysis 
The problems that (findings) assessed in 

Ethiopian basic metal industries by different approaches  
are from the above major problems, we can also 
grouped into four  Sub-  main problems of the 
industries. These are  
A. Problems of Management System and related issue 

(leader-ship, efficiency, Lack of unity including poor 
coordination, fitness to the work and position, skill, 
Wage, turnover,  information exchange, Response 
to Requested Information, system). 

B. Manufacturing Process  (machine, method, product 
quality, Waste in manufacturing process, 
maintenance, production time, production 
sequence, cost, capacity, warehouse coordination, 
Shop floor Control, Incomplete Information for 
design work).   

C. Problems In Facility Layout- Facility layout provides 
planning for the location of all machines, utilities, 
employee workstations, customer service areas, 
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material storage areas, aisles, rest rooms, lunch¬ 
rooms, drinking fountains, internal walls, offices, and 
computer rooms, and for the flow patterns of 
materials and people around, into, and within 
buildings to enhance performance and 
competitiveness of manufacturing industries [22]. 
Even though In the case of Ethiopian basic metal 
industries because of poor facility lay out systems, 
production capacity is reduced, high  materials-

handling costs, crowded  space for production 
machines, lost labor, machine, and space utilization 
and productivity, Problems on OHS, inventory 
counts problems, due to non warehouse inefficient 
loading and unloading of shipping vehicles) were 
investigated in this study. 

D. Resource (warehouse facility, R&D, Raw material, 
Finance, Inventory, Manpower, Lack of updated 
stock Status File). 

 

Figure 8: Cause and effect (fish bone) diagram 

The above figure indicates  that the various 
causes of each factor were determined and this leads 
poor competitive advantage of basic metal industries. 
from the above cause and effect diagram observe that, 
due to the  four major problems and a lot of minor cases 
of these problems the performance and competitive  
advantage of basic metal industries are  weakness and 
poor. However, successfully tackle and control the 
constraints  of   basic  metal  industries   plays  great  
role  for  the  competitiveness  of  sector  at  national  
and global  levels. Therefore, from numerous  
manufacturing industry performance improvement 
systems alternative, production planning and  control 
has to be given the first priority. Since, improving 

production  planning, controlling  and  related  issue are 
a  critical  task  for  basic  metals  industries.  

d) The way forward for strategies implementing PPC to 
Basic metal Industries 

Therefore   to  attempt  the  above  problems 
the production planning and controlling approaches 
should be apply to Ethiopia basic metal industries. Thus, 
for using implementing PPC to basic metal industries 
the following strategies are ways forward for sustainable 
basic metal industry development and competitiveness 
in the country.  

While, there are a variety of considerations that 
go into the development and implementation of an 
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optimization model for manufacturing planning and 
control. Any planning problem starts with a specification 
of customer demand that is to be met by the production 
plan. In most contexts, future demand is at best only 
partially known, and often is not known at all. 
Consequently, one relies on a forecast for the future 
demand. To the extent that any forecast is inevitably 
inaccurate, one must decide how to account for or react 
to this demand uncertainty. 

Although, a single PPC methods have 
limitations on performance and competitions of  the 
firms. However  to overcome the limitation of standard 
individual PPC systems such as MRP,MPS,CP or other, 
it is possible to develops  a hybrid systems  to 
combining two or more systems   have an impact on  
changing environment. This is done combining the 
advantages of PPC elements (like MPS, ERP, MRP) 
simple logic and theory of constrains (TOC) ability to 
synchronize all production and material flow in a 
manufacturing firm. Because TOC is systematic 
management approach that focuses on actively 
managing those bottlenecks that impede a firm’s 
progress toward its goal of maximizing profits and 
effectively   using   its   resources. 

Manufacturing workshop should be both flexible 
and effective nature to improve the competitive 
performance of the industries. both flexibility and 
efficiency through  Product and Process Layouts. As a 
result basic metal industries should consider hybrid 
production/facility layout methods. Since the 
arrangement   of   the   facility  provides  in such a way 
that, systematic and functional arrangement of different 
departments, machines, equipments and services in a 
manufacturing establishment.

The main objective   of  lay out design, that is to 
minimize distance traveled, is not always suitable for all 
the manufacturing industries. Some congestion in a 
specific area may have to be tolerated while maintaining 
minimum separation between facilities. Instead of 
criterion of minimizing total distance travelled, one may 
wish to minimize the maximum distance travelled. Since 
by considering this concept basic metal industries also 
should emphasis warehouse design and 
implementations.

a) Conclusion
This paper Analyzed the sector 

competitiveness, production planning and control 
systems of the Ethiopian basic metal  industries. The  
performance  and  competitive advantage of  basic 
metal industries are assessed in the context of 
production planning and control system. Since from the 
study the constraints, opportunities and  the  threats of  
basic metal industry sector performance and 
competitiveness are identified. Using field observation, 

research questions and Literature review methods 
problems in manufacturing process, Management 
problems (not more emphasis production, 
coordination), Maintenance problems(some machines 
not properly work, Improper production Sequence(in 
some section neither process nor product lay-out), 
Problems on wear house, Resource planning,
fluctuating production volume (Market shortage, delay, 
some case performance problems occur) are 
investigated as the problems and constraints of 
Ethiopian basic metal industries. Since to tackle this 
problems proper production planning and controlling 
systems are considered and implementations are critical  
to basic metal industries so as to improve the 
performance and global competitiveness of the sector.

b) Recommendation
It will not totally be a question that the 

competitiveness of the basic  metal  sector  in Ethiopia 
should increase this time. Nevertheless, the approach to 
attain better competitiveness situation is the challenging 
issue. As alternative means to  sector  improvement  
and growth, Ethiopian basic metal industries  can 
implement production planning and control strategies as 
a better choice for sector performance and competitive 
advantages. Since, there has to be a strong 
commitment  to responsible bodies towards 
implementation of the systems.

Future research study, use this study as 
reference for developing integrated production planning 
and control frame work to basic metal industries.
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Experimental Evaluation of Influence of Air Injection Rate on a 
Novel Single Slope Solar Still Integrated with an Air 
Compressor 
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Abstract- In this paper, experimental evaluation and mathematical modeling of single slope 
hybrid solar still integrated with an air compressor at a different air injection rate within water 
basin. A compressor unit is used to inject air with different flow rate viz. 0.01, 0.03, 0.05 and 0.06 
Kg/s in sea water within the basin area of hybrid solar still. Compressed air injection in water 
influences the performance parameters such as the temperatures and different modes of heat 
transfer rate. Rate of convective heat transfer between water and air reaches 2.2 W / m² ° C, 
between air and glass the convective heat coefficient equal 0.6 W/ m² ° C. The temperature 
difference between water and inner glass surface, with an addition of dry air inside the basin will 
enhance cumulative productivity (Pcu) of the hybrid single slope solar still and recorded 16 
L/m².day.     
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Abstract-

 

In

 

this paper, experimental evaluation and 
mathematical modeling of single slope hybrid solar still 
integrated with an air compressor at a different air injection 
rate within water basin. A compressor unit is used to inject air 
with different flow rate viz. 0.01, 0.03, 0.05 and 0.06 Kg/s in 
sea water within

 

the basin

 

area of hybrid solar still. 
Compressed air injection in water

 

influences the performance 
parameters such as the temperatures and different modes of 
heat transfer rate.  Rate of convective heat transfer between 
water and air reaches 2.2 W / m² ° C, between air and glass 
the convective heat coefficient equal 0.6 W/ m² ° C. The 
temperature difference between water and inner glass surface, 
with an addition of dry air inside the basin will enhance 
cumulative productivity (Pcu) of the hybrid single slope solar 
still and recorded 16 L/m².day. A comparative study of 
convective, evaporative heat transfer coefficients

 

also has 
been reported. 

 

Keywords:

 

effect of air injection; hybrid solar still; heat 
transfer coefficients.

 

I.

 

Introduction

 

he demand

 

for

 

potable clean

 

water is increasing 
day by day due to the growing

 

population and 
industrialization across all over the world. Air 

heating is one of the most important applications of 
solar energy [1]. Pandey

 

[2] has given

 

the bubbling 
effect of ambient air along

 

with the simultaneous air 
bubbling and cooling of the glass cover, He has also 
compared an enhancement

 

in distillate output

 

which 
was reported 33.5 and 47.5 percent respectively on 
conventional

 

single

 

slope solar still.

 

Al-Sulaiman et al. 
[3] studied the performance of two different 
configurations of deployment of an air heater before

 

and 
between humidifier and dehumidifier (HDH) system.  
The study demonstrates that the HDH configuration with 
the air heater placed between the humidifier and the 
dehumidifier will give better

 

performance and higher

 

productivity as compared to the system when air heater 
is placed before the HDH.

 

They have also reported the 
case when saline water is directly heated by

 

the incident 
solar radiation and air enters into the humidifier through 
the nozzles, mixes with the water, gats

 

humidified. Part 
of the air has condensed in the glass cover and the 

remaining air condensed in the dehumidifier system. 
The experiments have been carried out with the effect of 
solar air heater without turbulator and with the turbulator 
water heater.  The maximum specific humidity gains 
were recorded 0.187 kgwater/kgair. Whereas the humidifier 
integrated with the solar air heater without turbulator has 
given maximum specific humidity gain of 0.11 kgwater/ 
kgair. The peak distillate of 20.61 kg/m2 day were 
collected and reported [4]. Evacuated solar water heater 
integrated with the desalination unit by Kabeel et al. [5]. 
Air has been circulated either by natural or forced 
circulation (The effect of three types of forced circulating 
air:  up, down and up-down) in conventional solar still.  It 
has been reported that the forced down air circulation 
system gives a higher performance as compared to 
forced up, forced up-down and natural air circulation.  
Agouz [6] has experimentally evaluated the effect of 
water temperature, air flow rate and water level on 
productivity in HDH desalination system. He has 
observed maximum productivity of the system which 
reaches to 8.22 kg/h at water temperature 86 °C and air 
mass with a flow rate of 14 kg/h. An experimental 
investigation of HDH desalination system has been used 
for water and air heating simultaneously during the 
distillation process. The heated air and water from the 
collector supplied to the humidifier, where the air gets 
humidified and moves towards dehumidifier for 
condensation. The system ability was investigated by 
varying the flow rate of air, hot water in the humidifier 
and cooling water in a dehumidifier. The system 
distillation capacity enhances the air and water 
temperature and flow rate of air, hot water, and cold 
water.  The highest productivity was recorded 12.36, 
14.14 and 15.23 kg/m2.day for the without turbulators, 
convex and concave turbulators in absorber plate 
respectively [7].  Kabeel et al. [8] investigated an 
experimental study of a double passes solar air 
collector–coupled modified solar still, with phase 
change material (PCM).  A comparison between 
modified still and PCM, forced hot air injection and 
conventional still was conducted to evaluate the 
development in the freshwater productivity under the 
same atmospheric conditions. The experimental results 
have revealed that the daily freshwater productivity of 
the modified still higher than that of conventional solar 
still. The freshwater productivity reached 9.36 L/m2 .day 

T
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for modified solar still, which was 108% higher than that 
of the conventional solar still. Nada et al. [9] were 
proposed a hybrid air-conditioning and HDH 
desalination system. The effect of fresh air ratio, space 
supply air temperature, outside air wet bulb temperature 
on the freshwater productivity, refrigeration capacity, 
compressor power and percentage of power saving are 
also presented. Their analysis shows that the locating of 
an evaporative cooler after the mixing of fresh air with 
return air remarkably increased the productivity of the 
distiller unit.  Ghazy et al. [10] have undertaken an 
analytical study of a direct solar distillation system that 
combined solar still with an air heating humidification- 
dehumidification subsystem. Various procedures have 
been employed to improve the thermal performance of 

the integrated system by recovering heat losses from 
one component in another component of the system. 

  
  

 

 

II. Theoretical Background 

Energy balance equations for evaluation of the 
heat and mass transfer coefficients within the hybrid 
solar still can be written as: 
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dt
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q
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dm

v
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MATLAB software is used for evaluation of 
different mode of heat and mass transfer (conduction, 
convection, radiation, and evaporation), variation in 
temperature within the distiller unit and the distillate flow 
rate. In the forced convection mode, the relation 
between Nusselt (Nu), Reynolds (Re) and Prandtl 
number  (Pr) was given by [11] 

Nu = hcw L

ki
= 0.683 Re0.466Pr1/3   (6) 

Where, hcw
 is the convective heat transfer 

coefficient that can be evaluated as, 
The evaporative heat transfer coefficient (hew

 ) 
can be written as [11]:  

Ta

w

p

v

cw

ew

PM

M

c

L

h

h 1
=

 
   

   
  
                                             (7) 

The ratio of the heat transfer coefficient and the 
mass transfer coefficient is equal to the specific heat per 
unit volume at a constant pressure of the mixture. Either 
the Lewis relation [12].
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Substituting  Eqs. 7 and 8  in Eq.9 one can get. 
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III. Construction of Experimental 

Setup
 

The test
 
rig is made with the help of stainless 

steel material of 3mm thick plate, which has   0.4 m2

 
of 

the
 
basin area. Lower and higher wall of distiller units 

are kept 480 mm and 610 mm high to make 30o 

inclination of the glass cover, considering latitude 
33°52′53″ N and Longitude 10°05′53″ E of city Gabès. 
Transparent 4 mm thick glass material is used as a 
cover for the basin area with about 90% transmittance. 
Gasket rubber material is used in between basin top 
and glass cover and further sealed with window putty to 
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Therefore,

This research work depicts experimental evaluation 
results, viz. productivity, the behavior of heat transfer 
coefficients for active solar still hybrid with an air
compressor for different flow rates of air within the 
hybrid single slope solar still integrated with the air 
compressor, to augment the production of drinking 
water. 

https://fr.wikipedia.org/wiki/Nombre_de_Reynolds�


prevent the leakage of vapors from basin to ambient. 
The condensation water is collected in a collector 
channel, which is deposited at the lower end of the 
glass cover and small plastic pipe will be used to 
terminate collector channel. Fresh water is finally 
collected in an externally graded cylinder attached at the 
end discharge pipe.  Feed raw/ saline water pipe has 
been connected to another side wall for feeding the 

brackish water into a distiller unit. Fig. 1a shows that the 
air compressor is connected to a screen equipped with 
holes for diffusing air into the seawater basin of distiller 
unit. It has been added in order to increase the 
evaporation rate of water containing in the basin by 
hybrid distiller unit. The air blower connected to an air 
screen, further it is connected to tap of a compressor. 
 

 
Figure 1a: Schematic arrangement of SSDHP with air pump 

 

Figure1b: Actual photograph of SSDHP with air pump 

Different parameters viz., air flow rate, water 
temperature, water level and relative air humidity and 
temperature within the basin inlet and on the water 
surface, were recorded during the experiments. The 
water temperatures in the basin were also measured 
using the thermometer-Pt100 which works in the range 
from −20 to +260ºC with an uncertainty of 2.6%. The 

relative humidity and temperature of air streams were
 measured using 2 thermo-hygrometers which work in 

the range from 0 to 100% RH and from−40 to+120ºC 
and its uncertainty is 1.4% tabulated in Table 1, Table 2 
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shows operating characteristics of different 
components.
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Table 1: Details of measuring equipment and its range along with their accuracy

Measuring 
Equipments

Number Range Accuracy

K-type 
thermocouple

5 -200to1250°C -0.2°C 
to+2°C

Digital differential 
pressure 

manometer
2 (+-)2bar

-2% to 
+2%

Digital thermo 
hygrometer

2 0% to 100% RH -1.4% 
+1.4%RH

Thermometer-
Pt100

4 −20 to +260C 2.6%.

Tabel 2: Operating characteristics

Parameter Symbol Value Unit
Mass of glass mg 10.12 kg/m²
Mass of water mw 20.6 kg/m²
Mass of basin mb 15.6 kg/m²

Calorific heat capacity of glass Cpg 800 J/kg°C
Calorific heat capacity of water Cpw 4178 J/kg°C
Calorific heat capacity of basin Cpb 480 J/kg°C

Absorbability of cover glass αg 0.075 ----
Water absorbability αw 0.05 ----
Basin absorbability αb 0.95 ----

Glass emissivity εg 0.88 ----
Water emissivity εw 0.95 ----
Basin emissivity εb 0 ----
Glass reflectivity ρg 0.0735 ----

Water ρw 0 ----
Basin ρb 0 ----

Thermal conductivity of basin kb 16.30 W/m°K
Thermal conductivity of losses ki 0.039 W/m°K

IV. Experimental Procedure

The experimental setup is designed and 
constructed to investigate the effect on the productivity 
of hybrid solar still at a different flow rate of air within the 
test rig through compressor unit. While the 
experimentation temperature of the glass cover, water, 
and evaporator was recorded with the help of K type 
thermocouple, whereas the flow rate of air was recorded 
with the help of Rotameter and control with the help of 
regulatory valve. Distillate output is recorded with the 
help of graduated cylinder on an hourly basis. Each 
series of experiments were conducted for four different 
air flow rates (0.01, 0.03, 0.05 and 0.06 kg/s) at a 
constant water level of 10 cm. Incident solar radiation is
recorded with the help of pyranometer. 

V. Economic Analysis

Using economic analysis, estimation of the cost 
of one-litre distillate water has been made. In addition to 
the capital cost (P) of the hybrid solar still, other 
parameters such as sinking fund factor (SFF), annual 
salvage value (ASV), annual maintenance cost (AMC), 
and interest rate per year should be also considered. At 
this stage, the Capital recovery factor (CRF) is defined in 

terms of the interest per year i and also the number of 
life years of the system n [13,14] 

( )
( )

1

1 1

n

n

i i
CRF

i

+
=

+ −
                                                        (11)

The interest per year i and the number n of life 
years of the system are assumed 12% and 10, 
respectively. 
Fixed annual cost (FAC) becomes:

FAC = P(CRF)                                                             (12)

Where, P is the capital cost of solar still. The 
capital cost includes the cost of the hybrid solar still and 
air compressor as well as the costs of labor cost  ( for 
the active system). In this work the capital cost P 
becomes 1026.$ By taking the salvage value of system 
S equal to 20% of capital expressed respectively as 
[15]:

( )1 1n

iSFF
i

=
+ −

  (13)

Sinking fund factor (SFF) and annual salvage value 
(ASV) can be
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Variation of experimental solar flux with True Solar Time
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( )ASV SFF S= (14)

For, S = 0.2P (15)

Sinking fund factor (SFF) and annual salvage 
value (ASV) can be for the passive unit, 0.0569 and 
0.1769 $ (by considering 205.20 $ for the pump price) 
for the active one. The AMC which is annual 
maintenance operational cost of the system consists of 
collecting the fresh water, cleaning the glass cover, 
washing inside the unit to remove the deposited salt, 
and maintenance of DC fan. Here, 15% of fixed annual 
cost is considered as maintenance cost:

0.15( )AMC FAC=   (16)

Therefore the annual cost (AC) is:

AC FAC AMC ASV= + −   (17)

Finally, the cost of fresh water per liter can be calculated 
as:

ACCPL
M

= (18)

Where M is the average annual yield of the solar 
still, Cost per liter of fresh water is shown in Table.3 for 
the hybrid distiller unit with and without an air
compressor.

Table 3: Distilled water cost calculation

Type of 
distiller

Annual 
production, 

Kg

Annual 
cost ($)

Cost per 
liter of 
fresh 

water/$
With air 

compressor
5840 197.13 0.031

Without air 
compressor

3285 154.43 0.047

VI. Result and Discussion

During working hour incident solar radiation on 
glass cover surface was recorded with the help of 
pyranometer for different air velocity during the test 
days, shown in Fig.2. It is observed that the maximum
solar incident radiation on glass cover during 12 h and 
14 h around 900 W/m ² for all air velocity. 

Variation of water temperature at a different flow 
rate of air with respect to the time is shown in Fig. 3. It 
shows that the water temperature initially increases as 
solar radiation increases and further decrease as per the 
incident radiation.



 

Figure 3: Variation of water temperature at a different flow rate of air with respect to time 

The temperature of water ranged from 45.7°C to 
89°C with airflow rate 0.06 kg/s and reaches its 
maximum value at 13 hours. It has been observed that 

the temperature of water starts to decline with air flow 
rate increases (70°C). Whereas glass temperature 
decrease due to the enrichment of air flow rate.  

 

Figure 4: Variation of convective heat transfer coefficient at a different flow rate of air with respect to time 

© 2017    Global Journals Inc.  (US)
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The convective heat transfer coefficient between 
the water surface and the flowing air at a different flow 
rate of air has been evaluated and shown in Fig.4. 
Maximum heat convective heat transfer coefficient is 
recorded 0.0698 W/m²°C, 0.42 W/m²°C, 0.803 W/m²°C 
and 1.25W/m²°C at air flow rate of 0.01 kg/s, 0.03 kg/s, 
0.05 kg/s and 0.06 kg/s respectively.  It has been 
recorded 34. 71%, 40.81%,  and 10.83% higher as 
compared to the air flow rate of 0.01 kg/s, 0.03 kg/s, 
and  0.05 kg/s respectively. Convective heat transfer 
coefficient at an air flow rate of 0.06kg/s will maintain its 
lead throughout the experimentation which causes to 
higher yield as compared to the lower mass flow rate of 
air. The convective heat transfer coefficient between the 

water surface and the flowing air at a different flow rate 
of air has been evaluated and shown in Fig.3. Maximum 
heat convective heat transfer coefficients are recorded 
0.0698 W/m²°C, 0.42 W/m²°C, 0.803 W/m²°C and 
1.25W/m²°C at air flow rate of 0.01 kg/s, 0.03 kg/s, 0.05 
kg/s and 0.06 kg/s respectively.  It has been recorded 
34. 71%, 40.81%,  and 10.83% higher as compared to 
the air flow rate of 0.01 kg/s, 0.03 kg/s, and  0.05 kg/s 
respectively after the third hour of the time. Convective 
heat transfer coefficient at an air flow rate of 0.06kg/s will 
maintain its lead throughout the experimentation which 
causes the higher yield in comparison with the lower 
mass flow rate of air. 

 

Figure  5: Variation of evaporative heat transfer coefficient at a different flow rate of air with respect to time

Variation in the evaporative heat transfer at 
different air flow rate of air at a one-hour interval of time 
is evaluated and shown in Fig.5.  Which clearly shows 
that evaporative heat transfer coefficient during the 
mass flow rate of air 0.06 kg/s is higher as compared to 
the lower flow rate of air. It also depicts that 
enhancement of the flow rate of air will boost the 
evaporative heat transfer coefficient which results in 
higher yield. An evaporative heat transfer coefficient 
record  74.4%, 35.19% and 24.57% higher at flow of air 
0.06 kg/s as compared to the air flow rate of 0.01 kg/s, 
0.03 kg/s and 0.05 kg/s respectively. 
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Figure 6: Variation of yields due to different air flow rate with respect to time

Effect on the yield of active solar still hybrid with 
an air compressor with corresponding time interval is 
shown in Fig.6. after a one-hour interval of time test-rig 
fed with an air of 0.06kg/s maintain a significant lead in 
distillate out as compare to the other those are fed with 
a lower flow rate of air.  Throughout experimentation 
hybrid solar still integrated with an air compressor fed 
with 0.06kg/s air flow rate maintain its superiority over 
the others and maximum yield recorded 0.6 kg/h, 
0.2kg/h, 0.25kg/h and 0.35kg/h at an air flow rate of 0.01 
kg/s, 0.03 kg/s, 0.05 kg/s and 0.06 kg/s respectively. At 
eighth hour interval of time test rig which has air flow 
rate of 0.6 kg/s will give 48.333%, 13.3% and 94.44% 
higher yield as compared to the other cases of 0.01 
kg/s, 0.03 kg/s, and 0.05 kg/s respectively.  

VII. Conclusion 

 
 

 

Nomenclature 

Cp: specific heat of air, J/kgK 
hcw : Convection heat transfer coefficient, W/m.K 

hew : Evaporative heat transfer coefficient, W/m.K 
hm: Mass heat transfer coefficient, W/m.K 
k : Thermal conductivity.W/m.K 
L: Specific length, m 
Lv : latent heat , W/kg 

M: Molar weight, mol/g 
me : Specific mass, kg/m 
Nu: Nusselt  Number 
Re : Reynolds Number 
P : Pressure, N/m2 

Pr : Prandtl Number 
S: Surface,  m² 
Tw : Water temperature, ºC 
Tg :  Glass temperature, ºC 
Induce  
a : air  
b : basin 
cw : Convection,  
ew : Evaporator 
g : Glass 
w : Water 
symbol  
ρ: Reflectivity 
β  :  Inclination  ° 
µ   :  dynamic viscosity  KJ/m°K 
∆   : difference   
λ  : Thermal conductivity W/m°K 

Appendix A:  Physical characteristics of humid air  

Cost nomenclature  
As: Area of basin in solar still m2   
 AC: Annual cost 
 AMC: Annual maintenance operational cost of the 
system  
ASV: Annual salvage value  
CPL: Cost of fresh water ($/lit) 
CRF: Capital recovery factor 

ANNEXURE  
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Influence of variation in air velocity within the 
hybrid solar still will greatly influence the production rate 
of the newly developed hybrid solar still. The rate of heat 
and mass transfer is enhanced due to the formation of 
water bubbles within the distiller unit whereas fall in 
basin water temperature observed due to increase in 
wind flow rate. But the overall productivity of distiller unit 
was significantly improved as compared to hybrid solar 
still without air.

https://fr.wikipedia.org/wiki/Nombre_de_Reynolds�
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Abstract- The hydraulic and thermal performance of a porous 
medium generating of heat, considered as a HVAC heating 
coil, has been established using a numerical simulation. The 
used metallic foam is made from Copper and Aluminum with a 
porosity of 0.93. The channel has a rectangular shape with an 
establishment length equal to 5 times of the height.

The thermal equilibrium in the porous medium is 
considered between the fluid and solid, and he flow regime 
found is the Darcy regime for input speeds between 0.1 and 3 
m / s.

The Aluminum metal foam has the higher 
temperature inside the porous medium compared to copper 
one, under the same conditions of velocity and heat flux. Since 
it is desired to heat through the hot battery, this characteristic 
can be interesting and it can help to save energy by adopting 
Aluminum as materials, Moreover, the aluminum foam has 
efficiency 5  times greater than that given by the copper foam.

I. Introduction

he Heat transfer under convective boundary 
condition is common in heat exchangers [1].  The 
metal-foam-filled channels are proposed to 

increase the heat transfer area between hot and cold 
flows in plate heat exchangers [2]. The metallic foam is 
more and more used in thermal applications due to its 
convenient hydrodynamic and mechanic properties: 
porosity (in general ≥ 90%), high permeability and 
strength.

Pei-Xue et al. [3]report that the local heat 
transfer increase with increasing in flow rate and it 
decrease along the channel. Their numerical results 
show that there is a difference between  the fluid particle 
temperature and the solid one which demonstrate the 
importance of non- equilibrium model. Z.G. Qu., et al. 
[4] found that the flow resistance maybe decreases with 
high porosities, density of pores and the metallic foam
thickness  report. The optimal porosity correspond the

T

maximum Nusselt number; the latter increases with 
decreasing in fluid-solid conductivity report. The results 
of Degan. G et al. [5] show that the permeability K has a 
significant influence on the convective heat transfer, 
where the heat transfer is best with high permeability 
values. Jeng, Tzer-Ming [6] present an experimental 
study of heat cooling of metallic foam blocs, they found 
that the Nusselt number may be intensified with factor  
varying  between  3  and  5  compared  to  the  smooth  
channel.  Brahim  MADANI  et  al.  [7] indicate that the 
three-dimensional cellular structure of the foam acts as 
a mixing promoter. They report that the dispersion of the 
results obtained on similar metallic foams shows that 
the control and the understanding of the phenomena of 
flow in such media must pass through a thorough and 
precise analysis of their structures. The results of 
Hamadouche et al.[8] demonstrate that the insertion of 
metallic foam in turbulent flow participates in the 
enhancement of heat transfer with factor of 300% 
compared to the smooth channel.  Kouidri  at al. [9] 
characterized three metallic foam, with different surface 
roughness, their results  show that the pressure drop 
increase from the smooth to the rough one, they report 
also that the permeability changes from type of flow to 
another.

The present work consists to studying the 
thermal and hydrodynamic performances of an HVAC 
Heating coil situated in air treatment station. The latter is 
considered as a porous medium (metal foam) 
generating of heat. The physical problem is simplified to 
a  flow between two adiabatic plates, through a porous 
medium, generating of heat. The tested metallic foams 
are made from Copper and Aluminum.

II. Problem Description

We consider an air flow between two horizontal 
plates. The channel is divided into three parts: inlet, 
outlet and the porous medium generating of heat (Fig 
1). The first zone (inlet) has an establishment length L1 
equal to 5H. The second zone, which has a length L2-
L1, is considered as HVAC heating coil with a porous 
medium. The third zone (outlet) has an establishment 
length of 5H. We noted that the height H is equal to 1cm 
and the thickness of metallic foam is equal  to cm. The 
upper and lower walls are assumed to be adiabatic.

Keywords: HVAC, metallic foam, forced convection, heat 
transfer.
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Table 1: Geometric characteristics of the used metallic foam [9].

Dp (mm) Dlig (mm) Ligament type Porosity (%) PPI Permeability

Copper 1.2 0.187 Triangular 93 18 6.40E-09

III. Mathematical Formulations and 
Modeling 

The used method to derive the discretization 
equations is the finite volume with the SIMPLE algorithm. 
The structural mesh is adopted with 25000 nodes after 
studying the sensibility of mesh.

The conservation equations for a two-
dimensional stationary laminar flow, considering the 
thermal equilibrium, taken from the reference [10] are 
presented in the equations: 1, 2, 3 and 4.

Mass conservation equation

Momentum conservation equation

Where   F : Forchheimer Coefficient

Energy Equation

Boundary conditions
The boundary conditions, in dimensional form, are represented below:
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The used metallic foam was characterized by 
Kouidri et al. [9]. The Aluminum foam has the same 

geometric characteristics to the copper one.
Figure 1: Physical problem and computational domain.
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�𝑘𝑘𝑒𝑒𝑓𝑓𝑓𝑓𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝜕𝜕𝑒𝑒

𝑒𝑒𝜕𝜕𝑓𝑓

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
� + 𝜕𝜕𝜕𝜕

𝜕𝜕𝜕𝜕
�𝑘𝑘𝑒𝑒𝑓𝑓𝑓𝑓𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝜕𝜕𝑒𝑒

𝑒𝑒𝜕𝜕𝑓𝑓

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
�� + 𝑆𝑆 (4)

 x =0    0 < y < H  (Channel inlet)

T = T0, u = U0, v = 0

 x =L   0 < y < H  (Channel outlet)
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= 0,
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= 0

 y = 0, y = H,   0< x < L

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= 0, 𝜕𝜕 = 𝜕𝜕 = 0



 
 
 

 
 
 
 

  

 
 
 
 
 
 

 
 

 
 
 
 

 
 
 
 
 
 
 

 
 

 
 

  

  

 

 
 
 
 
 
 

 

 

 

 

 

 

 

 

  

Figure 2: Boundary conditions for the physical problem

The permeability is used as a characteristic 
length in Reynolds equation (Eq. 5):

The same for the friction factor f which is 
calculate on basis of permeability (Eq.6)

  

The efficiency of the HVAC heating coil is given 
by the Eq. 7:

Where Qgen represents the heat flux generated 
in the porous medium (Heating coil), it equals to 
5000000 W/m3. And Qabs represents the heat flux 

absorbed by the fluid between the inlet and outlet of the 
porous medium. It is calculate on basis of Eq. 8:

IV. Results

a) Velocity profile
Figure 3 (a) shows the velocity profile at the inlet 

of the channel, which is established before reaching the 
entrance of the porous medium, where the maximum 
velocity is at the center of the Y axis. We noted that the 
length of the channel at the inlet is 5 times greater than 
its height, which is sufficient for the establishment of a 
laminar regime.

Figure 3 (b) shows the velocity profile inside the 
porous medium, which is flattened; this is due to the 
slow flow caused by the porous medium (metal foam).

Figure 3: Velocity profile, (a): at the inlet of channel, (b) in the porous media

ρv√κ
Re =

µ

Δ𝑃𝑃√Κ
𝑓𝑓 =

𝐿𝐿𝜌𝜌𝑉𝑉2
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An explicative scheme of the boundary conditions is represented in Fig. 2.

𝜀𝜀̇ = 𝑄𝑄𝑎𝑎𝑎𝑎𝑎𝑎
𝑄𝑄𝑔𝑔𝑒𝑒𝑔𝑔

(7)

(5)

(6)

Qabs   = 𝑚𝑚∗ 𝐶𝐶𝑝𝑝   ∗(𝑇𝑇𝑜𝑜    −𝑇𝑇𝑖𝑖) (8)



  

 
 
 
 
 

 

 
 
 

 
 

 
 
 
 
 
 
 

 

 

 

 

 

  

  

 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
  

 

 

 

 

 

 

 

 

b) Pressure drop
Figure 4 shows the pressure drop, along the 

porous medium, for Aluminum and copper metallic 
foam. It is obvious that the two metallic foam samples 
present the same pressure drop because they have the 
same geometric characteristics. The pressure drop vary 
linearly with  the velocity. Using a linear regression, the 
correlation between the pressure drop and the velocity 
may be writing following Eq. 9:

The form of this equation is similar to the one 
given by Darcy [11] (Eq. 10), which demonstrate that the 
flow regime is Darcian.

In the present simulations, the constant (µ/K) is 
equal to 2773.5 as is shown in Fig. 4

Figure 4: Pressure drop along the porous media for Copper and Aluminum metallic foam

c) Friction factor
The friction factor versus Reynolds number is 

represented on FIG. 5 (a), using a logarithmic scale, the 
latter decrease linearly with Reynolds number as it is 
known in laminar flow (Moody diagram). We noted that 
the Darcy regime in a laminar regime.

Physically, the friction factor is proportional to the 
inverse of Reynolds number. a representation of friction 
factor versus 1/Re is demonstrated on Fig 5 (b). Using a 
linear regression, the friction factor may be correlated 
following Eq. 11, with a correlation factor equal to 1

Figure 5: Friction factor through the metallic foam, (A) versus Re, (B) versus 1/Re

𝑓𝑓 = 217
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Figure 6 shows a comparison between the 
present simulations and the data given by the literature 
[9, 12], for different material of metallic foam, the results 

are closed to those given by Kouidri et al. [9], this is due 
to the fact that the same geometric characteristics were 
introduced in the present simulations.

Figure 6: Comparison of present simulations with the literature data

d) Temperature distribution
Figure 7 presents the temperature distribution 

along the porous media, averaged on the Y axis, It is 
obvious that the evolution is logarithmic along the 
porous medium, for the two metallic foam samples.

In the same flow conditions, velocity and heat 
flux, the Aluminum sample gives the highest 

temperature; it can be interpreted by its calorific 
capacity which is more important compared to the 
copper one. This characteristic of Aluminum metallic 
foam is very important in HVAC heating coil, because it 
permits to have an important blowing temperature with 
minimum of dissipate energy.

Figure 7: Average temperature along the porous media (V=1.1 m/s)
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e) HVAC heating coil efficiency
The HVAC heating coil is calculated on basis of 

Eq. 7, presented in previous paragraph.
Figure 8 depicts the HVAC heating coil (made 

from porous media) efficiency,  we remark  that the 
efficiency in the case of Aluminum foam increase from 

40% to 50% depending on the inlet velocity. The latter is 
constant for the velocity > 1.5 m/s.

On other hand, the Aluminum foam gives an 
efficiency 5 times more important compared to the 
copper one, this is due certainly to its important calorific 
capacity.

Figure 8: HVAC Heating coil efficiency for velocity inlet varying between 0.1 and 3 m/s.
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for the same flow conditions. This can be interpreted by 
the large calorific capacity it has, compared to that of 
copper. Since the study is conducted on HVAC heating 
coil, this feature of Aluminum is interesting and saves 
energy.

Moreover, the Aluminum foam gives an 
efficiency 5 times more important compared to the 
copper one, this is due certainly to its important calorific 
capacity.

It should be noted that the efficiency of the 
porous heating coil, for both materials, remains 
unchanged beyond a velocity of 1.5 m/s.

NOMENCLATURE

CP Calorific capacity (kJ/kg°C) v Velocity/y (m/s)
F Forchheimer coefficient (-) x Position (m)
f Friction factor (-) Greek symbols
H Height (m) ρ Density
HVAC Heating, Ventilation 

and Air-Conditioning
(-) µ Dynamic viscosity

K Permeability (m²) ε Porosity
k Thermal conductivity (W/m°C) Subscripts
L Length (m) abs absorbed
m Flow rate (kg/s) f fluid
P Pressure (Pa) gen generated
PPI Pore per inch (-) i inlet
S Source term (W/m3) lig ligament
T Temperature (K) o outlet
u Velocity/x (m/s) p pore

0 initial 

V. Conclusions

The aim of this study is to present the 
hydrodynamic and thermal performances of HVAC 
heating coil. The latter is simulated by a porous 
medium, generating of heat. The metallic foam, made 
from Aluminium and copper, is used as porous medium.

The two metallic foam samples, Aluminium and 
copper, present the same hydrodynamic performance 
because they have a same geometric characteristics.

The metallic foam made from Aluminium 
permits to reach a blowing temperature significantly 
higher, compared to that given by the copper sample, 
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common challenging situations. This individual has further demonstrated an in–depth 
understanding of the application of suitable techniques to a particular area of research 
practice.

 In future, if the board feels the necessity to change any board member, the same can be done with 
the consent of the chairperson along with anyone board member without our approval.

 In case, the chairperson needs to be replaced then consent of 2/3rd board members are required 
and they are also required to jointly pass the resolution copy of which should be sent to us. In such 
case, it will be compulsory to obtain our approval before replacement.

 In case of “Difference of Opinion [if any]” among the Board members, our decision will be final and 
binding to everyone.                                                                                                                                             
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Process of submission of Research Paper     
  

The Area or field of specialization may or may not be of any category as mentioned in 
‘Scope of Journal’ menu of the GlobalJournals.org website. There are 37 Research 
Journal categorized with Six parental Journals GJCST, GJMR, GJRE, GJMBR, GJSFR, 
GJHSS. For Authors should prefer the mentioned categories. There are three widely 
used systems UDC, DDC and LCC. The details are available as ‘Knowledge Abstract’ at 
Home page. The major advantage of this coding is that, the research work will be 
exposed to and shared with all over the world as we are being abstracted and indexed 
worldwide.  

The paper should be in proper format. The format can be downloaded from first page of 
‘Author Guideline’ Menu. The Author is expected to follow the general rules as 
mentioned in this menu. The paper should be written in MS-Word Format 
(*.DOC,*.DOCX). 

 The Author can submit the paper either online or offline. The authors should prefer 
online submission.Online Submission: There are three ways to submit your paper: 

(A) (I) First, register yourself using top right corner of Home page then Login. If you 
are already registered, then login using your username and password. 

      (II) Choose corresponding Journal. 

      (III) Click ‘Submit Manuscript’.  Fill required information and Upload the paper. 

(B) If you are using Internet Explorer, then Direct Submission through Homepage is 
also available. 

(C) If these two are not conveninet , and then email the paper directly to 
dean@globaljournals.org.  

Offline Submission: Author can send the typed form of paper by Post. However, online 
submission should be preferred.                                                          
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Preferred Author Guidelines    

MANUSCRIPT STYLE INSTRUCTION (Must be strictly followed) 

 Page Size: 8.27" X 11'" 

• Left Margin: 0.65 
• Right Margin: 0.65 
• Top Margin: 0.75 
• Bottom Margin: 0.75 
• Font type of all text should be Swis 721 Lt BT.  
• Paper Title should be of Font Size 24 with one Column section. 
• Author Name in Font Size of 11 with one column as of Title. 
• Abstract Font size of 9 Bold, “Abstract” word in Italic Bold. 
• Main Text: Font size 10 with justified two columns section 
• Two Column with Equal Column with of 3.38 and Gaping of .2 
• First Character must be three lines Drop capped. 
• Paragraph before Spacing of 1 pt and After of 0 pt. 
• Line Spacing of 1 pt 
• Large Images must be in One Column 
• Numbering of First Main Headings (Heading 1) must be in Roman Letters, Capital Letter, and Font Size of 10. 
• Numbering of Second Main Headings (Heading 2) must be in Alphabets, Italic, and Font Size of 10. 

You can use your own standard format also. 
Author Guidelines: 

1. General, 

2. Ethical Guidelines, 

3. Submission of Manuscripts, 

4. Manuscript’s Category, 

5. Structure and Format of Manuscript, 

6. After Acceptance. 

1. GENERAL 

 Before submitting your research paper, one is advised to go through the details as mentioned in following heads. It will be beneficial, 
while peer reviewer justify your paper for publication. 

Scope 

The Global Journals Inc. (US) welcome the submission of original paper, review paper, survey article relevant to the all the streams of 
Philosophy and knowledge. The Global Journals Inc. (US) is parental platform for Global Journal of Computer Science and Technology, 
Researches in Engineering, Medical Research, Science Frontier Research, Human Social Science, Management, and Business organization. 
The choice of specific field can be done otherwise as following in Abstracting and Indexing Page on this Website. As the all Global 
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Journals Inc. (US) are being abstracted and indexed (in process) by most of the reputed organizations. Topics of only narrow interest will 
not be accepted unless they have wider potential or consequences. 

2. ETHICAL GUIDELINES 

 Authors should follow the ethical guidelines as mentioned below for publication of research paper and research activities. 

Papers are accepted on strict understanding that the material in whole or in part has not been, nor is being, considered for publication 
elsewhere. If the paper once accepted by Global Journals Inc. (US) and Editorial Board, will become the copyright of the Global Journals 
Inc. (US). 

Authorship: The authors and coauthors should have active contribution to conception design, analysis and interpretation of findings. 
They should critically review the contents and drafting of the paper. All should approve the final version of the paper before 
submission 

The Global Journals Inc. (US) follows the definition of authorship set up by the Global Academy of Research and Development. According 
to the Global Academy of R&D authorship, criteria must be based on: 

1) Substantial contributions to conception and acquisition of data, analysis and interpretation of the findings. 

2) Drafting the paper and revising it critically regarding important academic content. 

3) Final approval of the version of the paper to be published. 

All authors should have been credited according to their appropriate contribution in research activity and preparing paper. Contributors 
who do not match the criteria as authors may be mentioned under Acknowledgement. 

Acknowledgements: Contributors to the research other than authors credited should be mentioned under acknowledgement. The 
specifications of the source of funding for the research if appropriate can be included. Suppliers of resources may be mentioned along 
with address. 

Appeal of Decision: The Editorial Board’s decision on publication of the paper is final and cannot be appealed elsewhere. 

Permissions: It is the author's responsibility to have prior permission if all or parts of earlier published illustrations are used in this 
paper. 

Please mention proper reference and appropriate acknowledgements wherever expected. 

If all or parts of previously published illustrations are used, permission must be taken from the copyright holder concerned. It is the 
author's responsibility to take these in writing. 

Approval for reproduction/modification of any information (including figures and tables) published elsewhere must be obtained by the 
authors/copyright holders before submission of the manuscript. Contributors (Authors) are responsible for any copyright fee involved. 

3. SUBMISSION OF MANUSCRIPTS 

 Manuscripts should be uploaded via this online submission page. The online submission is most efficient method for submission of 
papers, as it enables rapid distribution of manuscripts and consequently speeds up the review procedure. It also enables authors to 
know the status of their own manuscripts by emailing us. Complete instructions for submitting a paper is available below. 

Manuscript submission is a systematic procedure and little preparation is required beyond having all parts of your manuscript in a given 
format and a computer with an Internet connection and a Web browser. Full help and instructions are provided on-screen. As an author, 
you will be prompted for login and manuscript details as Field of Paper and then to upload your manuscript file(s) according to the 
instructions. 
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To avoid postal delays, all transaction is preferred by e-mail. A finished manuscript submission is confirmed by e-mail immediately and 
your paper enters the editorial process with no postal delays. When a conclusion is made about the publication of your paper by our 
Editorial Board, revisions can be submitted online with the same procedure, with an occasion to view and respond to all comments. 

Complete support for both authors and co-author is provided. 

4. MANUSCRIPT’S CATEGORY 

Based on potential and nature, the manuscript can be categorized under the following heads: 

Original research paper: Such papers are reports of high-level significant original research work. 

Review papers: These are concise, significant but helpful and decisive topics for young researchers. 

Research articles: These are handled with small investigation and applications 

Research letters: The letters are small and concise comments on previously published matters. 

5.STRUCTURE AND FORMAT OF MANUSCRIPT 

The recommended size of original research paper is less than seven thousand words, review papers fewer than seven thousands words 
also.Preparation of research paper or how to write research paper, are major hurdle, while writing manuscript. The research articles and 
research letters should be fewer than three thousand words, the structure original research paper; sometime review paper should be as 
follows: 

 Papers: These are reports of significant research (typically less than 7000 words equivalent, including tables, figures, references), and 
comprise: 

(a)Title should be relevant and commensurate with the theme of the paper. 

(b) A brief Summary, “Abstract” (less than 150 words) containing the major results and conclusions. 

(c) Up to ten keywords, that precisely identifies the paper's subject, purpose, and focus. 

(d) An Introduction, giving necessary background excluding subheadings; objectives must be clearly declared. 

(e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit repetition; 
sources of information must be given and numerical methods must be specified by reference, unless non-standard. 

(f) Results should be presented concisely, by well-designed tables and/or figures; the same data may not be used in both; suitable 
statistical data should be given. All data must be obtained with attention to numerical detail in the planning stage. As reproduced design 
has been recognized to be important to experiments for a considerable time, the Editor has decided that any paper that appears not to 
have adequate numerical treatments of the data will be returned un-refereed; 

(g) Discussion should cover the implications and consequences, not just recapitulating the results; conclusions should be summarizing. 

(h) Brief Acknowledgements. 

(i) References in the proper form. 

Authors should very cautiously consider the preparation of papers to ensure that they communicate efficiently. Papers are much more 
likely to be accepted, if they are cautiously designed and laid out, contain few or no errors, are summarizing, and be conventional to the 
approach and instructions. They will in addition, be published with much less delays than those that require much technical and editorial 
correction. 
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The Editorial Board reserves the right to make literary corrections and to make suggestions to improve briefness. 

It is vital, that authors take care in submitting a manuscript that is written in simple language and adheres to published guidelines. 

 Format 

Language: The language of publication is UK English. Authors, for whom English is a second language, must have their manuscript 
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 l rather than 1.4 × 10-3 m3, or 4 mm somewhat than 4 × 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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• 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. 

• 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. 

• 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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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. 

 

 

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 I be able to carry our search in this area? Will I find all necessary recourses to accomplish 
the search? Will I 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.

 

 

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it. 
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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.  

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. 

 

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.  

18.
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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.

 

Key points to remember:  

Submit all work in its final form. 
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. 

 

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. 

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, I 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                    

29.
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Separating a table/chart or figure - impound each figure/table to a single page 
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. 

 
 

 

 

 

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 

Insertion a title at the foot of a page with the subsequent text on the next page 
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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 
Significant conclusions or questions that track from the research(es) 

Approach: 

Single section, and succinct 
As a outline 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 
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  
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: 

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. 

 

 

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 
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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. 
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 
Simplify - details how procedures were completed not how they were exclusively performed on a particular day.  
If well known procedures were used, account the procedure by name, possibly with reference, and that's all.  

Approach:  

It 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. 

 

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. 
Shape the theory/purpose specifically - do not take a broad view. 
As always, 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 
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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 
As forever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report  
If you desire, you may place your figures and tables properly within the text of your results part. 

Figures and tables 
If 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  
In spite of position, each table must be titled, numbered one after the other and complete with heading 
All figure 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. 
Try to 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? 
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.  

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. 
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. 
Not at all, take in raw data or intermediate calculations in a research manuscript.                    
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Do not give permission to anyone else to "PROOFREAD" your manuscript. 

Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.) 
To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files. 

The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis. 

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

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get
rejected.  
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CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading 

solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after 

decision of Paper. This report will be the property of Global Journals Inc. (US).

Topics Grades

A-B C-D E-F

Abstract

Clear and concise with 

appropriate content, Correct 

format. 200 words or below 

Unclear summary and no 

specific data, Incorrect form

Above 200 words 

No specific data with ambiguous 

information

Above 250 words

Introduction

Containing all background 

details with clear goal and 

appropriate details, flow 

specification, no grammar 

and spelling mistake, well 

organized sentence and 

paragraph, reference cited

Unclear and confusing data, 

appropriate format, grammar 

and spelling errors with 

unorganized matter

Out of place depth and content, 

hazy format

Methods and 

Procedures

Clear and to the point with 

well arranged paragraph, 

precision and accuracy of 

facts and figures, well 

organized subheads

Difficult to comprehend with 

embarrassed text, too much 

explanation but completed 

Incorrect and unorganized 

structure with hazy meaning

Result

Well organized, Clear and 

specific, Correct units with 

precision, correct data, well 

structuring of paragraph, no 

grammar and spelling 

mistake

Complete and embarrassed 

text, difficult to comprehend

Irregular format with wrong facts 

and figures

Discussion

Well organized, meaningful 

specification, sound 

conclusion, logical and 

concise explanation, highly 

structured paragraph 

reference cited 

Wordy, unclear conclusion, 

spurious

Conclusion is not cited, 

unorganized, difficult to 

comprehend 

References

Complete and correct 

format, well organized

Beside the point, Incomplete Wrong format and structuring
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