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ABSTRACT: In recent years, the construction industry has been thriving due to an increase in national and 

international investment to the extent that it is now the largest in the Middle East region. In order to, the aim of 

current research is analysis the opportunities and threats of Mehr Housing in Mashhad Metropolis with point 

on Golbahar New Town housing project. Applied methodology is based on libraries, documents and field study. 

In the case of library, data were collected by studying books, articles and internet. In continuous it was used of 

interview and questionnaire for complete the data’s. Results show that 70 percent of the Iranians own homes, 

with huge amounts of idle money entering the housing market and the annual turnover in the construction 

industry amounts to 38.4 billion US$.   
KEY WORDS:  Golbahar New Town, Mehr Housing, Mashhad Metropolis, Housing industry 
 

I. INTRODUCTION 
The construction industry of Iran is divided into two main sections. The first is government 

infrastructure projects, which are central for the cement industry. The second is the housing industry (Ayse, 

2013). In recent years, the construction industry has been thriving due to an increase in national and 

international investment to the extent that it is now the largest in the Middle East region. The Central Bank of 

Iran indicates that 70 percent of the Iranians own homes, with huge amounts of idle money entering the housing 

market. The annual turnover in the construction industry amounts to 38.4 billion US$ (Merip, 2013). The real 
estate sector contributed to 5% of GDP in 2008. Statistics from March 2004 to March 2005 put the number of 

total Iranian households at 15.1 million and the total number of dwelling units at 13.5 million, signifying a 

demand for at least 5.1 million dwelling units. Every year there is a need for 750,000 additional units as young 

couples embark on married life (Xang, 2013). At present, 2000 units are being built every day although this 

needs to increase to 2740 units (Wikipedia.org, 2014). Different countries for resolving the housing problem 

have carried out some different techniques, some have tried to rehabilitate slums around the cities, some of them 

gave mortgage to eligible, and some gave land with cooperation of municipalities to eligible, some taking tax on 

uninhabited houses, giving facilities to mass manufacturers etc. We have high inflation and high cost of housing 

in Iran. Demanding more than supply housing has negative effect on inflation. Demanding housing is divided in 

two parts in Iran: a) Real demand of housing based on household needs. b) Investment demand to maintain 

equity. Needing more supply to improve situation. Mass housing project is the best way for more supply. 

Nowadays housing problem has been one of the greatest of people's concern. The ninth and tenth government 
has been giving mortgage, land and mass housing to eligible to decrease or eliminate housing problem in Iran. 

No ownership of housing or ownership records of housing or residential lands that hasn’t used governmental 

sources for housing and is in charge a house, are eligible for taking facilities. The government decided to 

implement the mass housing project called Mehr housing in all cities. Thus after passing the Mehr housing 

project in cabinet in 2007 and passing the official process, the government started to build housing cooperative 

in cities and enrolling eligible individuals who lived in desired city for 5 years (Banaei & Parvizian, 2013). 

Acute problems of urbanization led to new theoretical perspectives and solutions that have been reflected in 

national development policies. Building new towns has been proposed as one of the basic policies toward 

population growth and inflation in large cities. In different periods of history, new towns have been built around 

the world (Frank, 1972). Building new towns in Iran goes back to past times; one can count many cities that 

were founded in a specified period (Piran, 1989). In Iran, during the last three decades, the rapid growth of 
urban population has not been in proportion to the capacities of urban space facilities, and due infrastructure and 

http://www.ajer.org/
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required profession were not also provided. Since, spatial distribution of cities and population has not been 

based on a comprehensive plan which is in congruent with regional and provincial sectors, the issues resulted 

from the rapid urban population growth have become multifarious and convoluted (Anabestani & et al, 2013). In 
this betwwen Golbahar New Town has specific situation in Mehr housing project. 

 

II. BACKGROUND 
For a decade after the revolution, the land question, especially in cities, was among the most contested 

issues in the Islamic Republic. The collapse of state authority, coupled with the populist convictions of the new 

regime and spontaneous popular land occupations labeled as “revolutionary housing,” led to the dramatic 

expansion of cities. Tehran doubled in size within two years, and Ahvaz tripled in area from 9 to 29 square 

miles (75 km2). But only a small fraction of this geographic expansion was confiscated private land. The rest, 

more than 90 percent of the total distributed, had been public land. From 1979 to 1993 nearly half a million 
hectares of predominantly public unoccupied land was converted into private and cooperative residential 

property. New state institutions like the Urban Land Organization and the Housing Foundation played the key 

role in this massive transfer of property. By the mid-1980s more than 60 percent of all urban residential land 

transactions were being allocated by the state (Middle East Research and Information Project, 2012). This large-

scale transfer of mostly public land, coupled with the absence of enforceable regulation, transformed Iran’s 

urban geography. Between 1979 and 1982, 75 percent of all new construction in Tehran occurred outside the 

formal city limits, where satellite villages were transformed into sprawling suburbs. Remarkably, by 1986 urban 

housing stock had doubled, as Housing Ministry surveys showed that more than half of all urban dwellings in 

the entire country had been built after the revolution. It was private individuals who built these 2.3 million new 

units. The state merely transferred the public land into private hands; its share of investment in housing 

construction (affordable or otherwise) was less than 2 percent of the total after the revolution. Following an 
extraordinary boom in the Iranian real estate market between 2004 and 2007, activity in this market suddenly 

slowed down from early 2008. In 2009, construction activity was at its lowest level for the past eight years. 

Since 2010, this sector has experienced a modest recovery (Wikipedia.org, 2014; Athari, 1993).  

Study of housing issue contain, economic decisions such as mortgage amount, taxes etc. government 

decisions such as services, issue priority etc. applicants interests such as the design of units, size of units etc. for 

addressing that issue they should be examined simultaneously. There is the interaction of various factors of 

social, economic and political in housing issue so we are faced with a complex system. We need to know the 

policies feedback to understand the efficiency of policies and applicant satisfaction of Mehr housing and also 

proposed alternative policies. On one hand system dynamics has ability of solving complex problems of 

nonlinear and feedback loops. In the system dynamics approach, first, we have a description of the problem then 

identifying the level and the rate of problem, on the next steps simulation and alternative policies will be 

discussed (Jarzynka, 2005). Considering the difficulties and problems that mainly rise in continuous 
development of metropolitan cities that are due to high and increasing demands for housing, providing the land 

needed for development inside the cities has practically been a thorny problem and charges high costs. New 

towns as the detached extensions have largely tackled the problem, and have been able to provide appropriate 

conditions for mass housing, and with mass production of land and urban services, they have managed to 

relatively control land price, and naturally reduce the land price in metropolitan cities as demand goes up. 

Despite the relative success in controlling the growth and development of metropolitan cities, new towns failed 

to realize their goals, their major shortcoming was their inability to absorb population (Gholamiyan, 2010). 

Kazemi-Sefat (2011) in evaluating the success of Hashtgerd new town in absorbing the overflow population of 

Tehran Metropolis believes that there is a big difference between the predicted population absorption and the 

number of residential units between 1996 and 2006 in Hashtgerd Comprehensive urban Plan and the status quo. 

Ebrahim et al. (2005) in an analysis of the necessity of building the new town of Golbahar and its role in 
decentralization of Mashhad Metropolis concluded that this town has failed to decentralize Mashhad Metropolis, 

to the extent that in terms of population, employment, housing and other predictions from 1996, even up to 

2001, none of the above objectives were achieved. For example, until 2001 only about 10% (2397 people) of the 

predicted population for 1996 (24,000 people) have been achieved. Harirchi et al. (2009) in their study of 

citizens' quality of life in Pardis believed that increase in social capital improves the quality of life, and there is a 

significant correlation between satisfaction with neighborhood and quality of life, but there was not any 

significant correlation between the quality of life and the marital status and age groups (Anabestani & et al, 

2013). Howard believed that the theory of "garden city" is a way for dealing with population growth in large 

cities, organization and spatial distribution of population and industry. He claimed that the goals of building 

garden cities are to create a functional structure, optimize population size and area, employment and self-

reliance, development of green belts, optimum density and public ownership of land. He implemented two plans 

of garden cities (1928) before his death (Hall, 1992). As a result of revolutionary dreams of utopianisms and 
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reformist ideas of Howard and their compliance with national planning policies in the UK and other countries, 

the notion of new town was accepted as a liberal opportunity for reform and providing a better way for urban 

life. However, urbanization expansion resulting from immigration from villages to cities and adjunction of 
surrounded villages to metropolitans in developed and developing countries has shaken the bottom of housing 

quality and quantity and it has changed the issue of housing into a great problem. Housing shortage, housing 

inacceptable quality, old textures, settlement in urban outskirts, inappropriate accesses of housings to urban 

services and etc are included among urbanization consequences and Iran is not an exception. Therefore, in 

metropolitans like Mashhad, as a second population pole of the country and commercial, historical and cultural 

center in national and international scale, which has always encountered with population growth rate, settlement 

conditions and living condition in urban neighborhoods have been inconsistent regarding urban sustainable 

development criteria (Zanganeh & et al., 2013).  

 

III. CASE STUDY REGION 
Mashhad City is considered as Iran’s second metropolitan and World’s second religious metropolitan 

and largest population center of Eastern Iran. The city is provincial capital of Khorasan Razawi and its 

population is 2766258 (Iran Statistics Center, 2011). The city is located at 36.20º North latitude and 59.35º East 

longitude, in the valley of the Kashaf River. The city has 13 urban districts, totally 29000 hectares. Urban 

population density is approximately 119.4 people per square meter. As one of the old and historical regions on 

the Great Khorasan Province and Old Toos, Mashhad has been developed thanks to the Shrine of Imam Reza 

(P.B.U.H), Eighth Shiite Imam. Metropolitan Mashhad has historical-political, economic-administrative and 

cultural-intellectual centrality and religious function as well as border, beyond-country situation. It accepts 10-

15 million pilgrims and tourists annually in such a way that it bears the title of the second religious city of Islam 

world and the second national metropolitan in terms of population (Mafi & Saghayi, 2008; Zanganeh & et al., 
2013). Golbahar new town with latitude of 37, 36 and longitude of 59, 14 and the average height of 1250 m 

above sea level, is located in the plain between the mountains of Hezar Masjid and Binalood, 45 km northwest 

of Mashhad at Mashhad-Quchan road. Golbahar urban area is 4,000 hectares and its design follows a linear 

checked organization. The planned area includes two urban zones and four regions. The first zone includes some 

parts of the downtown, construction of eleven neighborhoods and two region centers were anticipated, and the 

central core of Golbahar new town was formed in this zone, and the resettlement program have been made for 

one project is being carried out in 1,000 acres of land in the town. According to the conducted researches, the 

physical progress of the project 

 
Fig. 1. Case study region map. 

in 2011 were about 45%, for example in neighborhood 1 to 6, center of the first region, construction 

area included Golbahar recreational complex, and parts of neighborhood 7 and 22 (area for light industries) 

(Anabestani & et al, 2013). 
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                                                           Fig. 2. A view of Golbahar new town. 

 

IV. MATERIAL & METHODS 
In present study the data were collected from libraries, documents and field study. In the case of 

library, data were collected by studying books, articles and internet. Then, field study was done and including 

observation, discussion and filling questionnaire and data were analyzed by using a qualitative range. Finally, it 

is presented some solve ways. 

 

V. FINDINGS & RESULTS 
Housing is one of the most important sections of development in a country and its economic 

importance has put it in the center of attention. It can cause rise and depression of habitation by its extended 

economic aspects. Mehr Housing plan is a state run housing project in most cities started 2007 in Iran to protect 

and provide cheap housing for poor people and young couples. Mehr housing project by its large scale and wide 

dimensions can affect the society’s economy (Karshenasana & Beiranvand, 2013). Therefore, to investigate 

weaknesses and strengths of this project in terms of economic and applying necessary reformation can increase 

the success probability of this project. For this purpose, this study assesses the weaknesses and strengths of 

Mehr housing of province of Golbahar New Town in Iran. The trend of house production during current decade 
shows that about 600 to 800 thousands constructional permissions have been issued, annually. Therefore, 550 

thousands constructional permission as Mehr housing during recent months, and increase of construction section 

rather than agricultural and oil groups in economic development, indicate the extension of this project. It also 

suggests that the trend of its implementation will lead to increase of GDP; economic prosperity in other related 

sectors associated with housing and will prevent from economic declination during future years (Soomelou, 

2010). In Golbahar new town, a population of over 13/4 thousand people live in 3940 households, using 

Cochran sampling formula, a sample size of 143 households were selected from the residential units,  and urban 

households questionnaires were filled out and the required data were obtained. Having collected and processed 

the data by SPSS, Data were analyzed and the subject was investigated.  

 

Table (1): Housing Statistics in Mashhad city 
Mehregan town, self-owners Binalod New Town Golbahar New Town 

21761 3713 39785 

 

Overall, social conditions of life in the new town from citizens' perspective with the standard deviation 

of 0.65 were 3.016. Among the three indices of the mentioned variable, citizens' willingness to reside in the 

town with a mean of 1.3 and standard deviation of 0.79 had the highest ranking, and access to social security for 

citizens, with a mean of 2.96 and standard deviation of 1.1 had the lowest rank.  

 

5.1. Applicant satisfaction  

Several factors are involved in the applicant satisfaction, but we can consider some important factors 

which are the most weight or are of the highest priorities, such as the trend of project financing and power of 
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host of project, supply and demand market condition, project design and the size of project are main factors that 

each of them have a separate weight between [0, 1] and they have been considered for the sum of 1. Mehr 

housing applicants are considered as low-income deciles in society along with income close to work insurance 
rights. According to central bank of Iran, every household can almost spend 1 out of 3 of his income on housing 

issues. Project financing is expressed by purchasing power. If the total monthly repayment in section 2.2 of 

residential units like monthly charge per unit and land rent mentioned in section 2.1.1.6, were equal or low than 

cost in housing section for applicant, the related weight would be given them. As it is mentioned in section 1 in 

accordance with high inflation and high cost of housing in Iran, increase into housing demand instead of 

housing supply have negative effect on inflation. Thus, if housing supply and demand were equal or supply was 

more than demand, the weight of supply and demand market condition would be submitted. Project design is 

total of national regulations symbol of build (Industrialization) of Iran, apartment living culture, design and 

project specifications. As it is mentioned in section 1, due to low rise of building and lack of individual custom 

of living in apartments, apartment living culture isn't conventional and it is not a part of the individual culture. In 

addition, in section of designing and apartment specifications, useful space of residential units were reduced 
which is why, they want allocate the space to design hallways and elevator, in spite of lack of modern facilities 

such as shooting , etc. in view of the average of 3 factors considered for project design, we can give their 

weight. Generally, in small town, the area of houses is large and compatible with their life style. Although living 

in apartment with the area of 75 meters in large cities is typical, this isn't considered desirable in small towns. 

Due to the area of houses, their weight can be given (Banaei & Parvizian, 2013).  

 

 
Fig. 3. properly implemented rate of Mehr housing project in Golbahar new town. 

 

 
Fig. 4. properly implemented rate of Mehr housing project in Golbahar new town. 

 

There are some advantages associated with the implementation of this project such as utilization of 

scale economy and low cost homes for needy and young couples faced weakness in urbanization and technical 

principles. In addition, quality of houses, national production and economic growth, family density, index of 

access to house, employment, investment, saving energy, landfill consumption pattern of reformation, use of 

urban rusty texture, paid facilities, role of targeting subsidies, satisfaction of applicants from payment way of 

facilities, and effect of low income people for providing financial resources are among other issues discussed in 

this paper. Therefore, by testing the main hypothesis of research, findings have indicated that Mehr housing had 
not achieved its economic goals. The individuals’ opinion about access of Mehr housing to economic goals was 

estimated 3, which was medium (Karshenasana & Beiranvand, 2013).  
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VI. CONCLUSION 
In Iran, during the last three decades, the rapid growth of urban population has not been in proportion 

to the capacities of urban space facilities, and due infrastructure and required profession were not also provided. 

Since, spatial distribution of cities and population has not been based on a comprehensive plan which is in 

congruent with regional and provincial sectors, the issues resulted from the rapid urban population growth have 

become multifarious and convoluted. In this between Golbahar New Town has specific situation in Mehr 

housing project. Overall, social conditions of life in the new town from citizens' perspective with the standard 

deviation of 0.65 were 3.016. Among the three indices of the mentioned variable, citizens' willingness to reside 

in the town with a mean of 1.3 and standard deviation of 0.79 had the highest ranking, and access to social 

security for citizens, with a mean of 2.96 and standard deviation of 1.1 had the lowest rank. 
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ABSTRACT: A two-dimensional MHD free convection heat and mass transfer flow of viscous, incompressible 

and electrically conducting fluid past a vertical flat plate embedded in porous medium in the presence of hall 

current under the influence of uniform magnetic field applied normal to the flow is studied analytically. In this 
research work, we make the governing equations dimensionless by usual non-dimensional variables and we 

obtained a set of ordinary differential equations. Then these obtained ordinary differential equations are solved 

analytically by using perturbation technique. The expressions for velocity field, temperature distribution, 

concentration field, skin friction, the rate of heat transfer and the rate of mass transfer are derived. Finally the 

results are discussed in detailed with the help of graphs and tables to observe the effect of different parameters 

like Magnetic parameter (M), radiation parameter (F), Grashof number (Gr), modified Grashof number (Gm), 

Prandtl number (Pr), permeability parameter (k), Eckert number (Ec) and the chemical reaction parameter 

(Kc). 

KEY WORDS: Hall current, Chemical reaction, MHD, Radiation, Porous medium. 

 

I. INTRODUCTION 
Magneto-hydrodynamics (MHD) is the science which deals with the motion of a highly conduction 

fluid in the presence of magnetic field. It is the branch of continuum mechanics which deals with the flow of 

electrically conducting fluids in electric and magnetic fields. Many natural phenomena and engineering 

problems are worth being subjected to an MHD analysis. Furthermore, Magneto-hydrodynamic (MHD) has 

attracted the attention of a large number of scholars due to its diverse applications. In engineering it finds its 

application in MHD pumps, MHD bearings etc. Workers likes Hossain and Mandal [1] have investigated the 

effects of magnetic field on natural convection flow past a vertical surface. Free convection flows are of great 

interest in a number of industrial applications such as fiber and granular insulation, geothermal systems etc. As a 

branch of plasma physics the field of Magneto-hydrodynamics consists of the study of a continuous, electrically 

conducting fluid under the influence of electromagnetic fields. Originally, MHD included only the study of 
strictly incompressible fluid but today the terminology is applied to studies of partially ionized gases as well. 

Soundalgekar and Takhar [2] first, studied the effect of radiation on the natural convection flow of a gas past a 

semi-infinite plate using the Cogly-Vincentine-Gilles equilibrium model. For the same gas Takhar et al. [3] 

investigated the effects of radiation on the MHD free convection flow past a semi-infinite vertical plate. Later 

Hossain et al. [4] studied the effect of radiation on free convection from a porous vertical plate. Poonia and 

Chaudhary [5] studied about the flows through porous media. Recently researchers like Alam and Rahman [6], 

Sharma and Singh [7] Chaudhary and Arpita [8] studied about MHD free convection heat and mass transfer in a 

vertical plate or sometimes oscillating plate. Muthucumaraswamy and Janakiraman [9] studied MHD and 

radiation effects on moving isothermal vertical plate with variable mass diffusion. 

Therefore several authors, viz. Raptis and Soundalgekar [10], Agrawal et al. [11], Jha and Singh [12],  

Jha and Prasad [13] have paid attention to the study of MHD free convection and mass transfer flows. 
Abdusattar [14] and Soundalgekar et al. [15] also analyzed about MHD free convection through an infinite 

vertical plate. Acharya et al. [16] have presented an analysis to study MHD effects on free convection and mass 

transfer flow through a porous medium with constant auction and constant heat flux considering Eckert number 

as a small perturbation parameter. This is the extension of the work of Bejan and Khair [17] under the influence 

of magnetic field. 

http://www.ajer.org/
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In our present work, we study about the effects of thermal radiation and chemical reaction on mass 

transfer on unsteady free convection flow past an exponentially accelerated infinite vertical plate through porous 

medium in the presence of magnetic hall current. The dimensionless governing equations are reduced to a set of 
ordinary differential equation. Then we solve these equations with the help of transformed boundary conditions. 

We have used MATHMATICA to draw graph and to find the numerical results of the equation. 

 

II. MATHEMATICAL FORMULATION 
Consider the two-dimensional flow of an electrically conducting, viscous, incompressible, radiating, 

fluid of density ρ through a porous medium occupying a semi-infinite region of the space bounded by a vertical 

infinite surface. Fig.1 shows the physical model where the x̅-axis is taken along the vertical and y̅ axis is 

horizontal perpendicular to the plate. A uniform magnetic field B0 is applied normally to the flow region.  

 
Therefore the governing equations describing the model proposed in the study are 
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Here u̅ and v̅ are the velocity components along the x̅ and y̅- directions respectively where T̅ is the fluid 

temperature; T̅w is the temperature of the fluid at the plate, T∞ is the fluid temperature far away from the plate, g 

is the acceleration due to gravity,  is the coefficient of thermal expansion, κ is the thermal conductivity,  is the 
density of the fluid, Cp is the specific heat at constant pressure, σ is the electrical conductivity, D is the 

molecular diffusivity, v0 is the uniform velocity, C̅ is the concentration of species, C̅w is the mean concentration, 

C̅∞ is the concentration of species for uniform flow, B0 is the uniform applied magnetic field, ρ is the density, ν 

is the kinematic viscosity, β is the coefficient of volume expansion and   is the coefficient of volume 

expansion with concentration and the other symbols have their usual meaning. 

To make dimensionless the governing equations from (1) to (4) under the boundary conditions (5) we now 

introduce the following dimensionless quantities. 
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Equation (1) implies 
0

(say )v v   (7) 

Figure 1 The Physical Co-ordinate System 



Study on MHD Free Convection Heat and Mass Transfer Flow past a Vertical Plate in the …. 

 
w w w . a j e r . o r g  

 

Page 9 

In the optically thick limit, the fluid does not absorb its own emitted radiation in which there is no self 

absorption, but it does absorb radiation emitted by the boundaries. Mahaptra et al. [18] showed that in the 

optically thick limit for a non gray near equilibrium as 

 1
4

r
q

I T T
y




 


 (8) 

Thus the non-dimensional form of the governing equations (1), (2) and (3) are respectively as follows: 
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where dashes denote differentiation with respect to y. 
The corresponding boundary conditions (5) in non-dimensional forms are 

0 : 0 , 1, 1
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III. METHOD OF SOLUTION 
To solve the equations (9), (10) and (11) with boundary conditions (12), we use the following simple 

perturbation. The governing equations (9), (10) and (11) are expanded in power of Eckert number Ec(<<1). So 

we consider Ec as a perturbation quantity. Also we consider a second order correction of it. 
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Substituting (13) in equations (9), (10) and (11) we get 
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Solving equations (14) to (19) with boundary condition (20), the following results are obtained 
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Now we want to calculate the skin friction, the rate of heat transfer (Nusselt number) and the rate of mass 

transfer (Sherwood number). For this purpose we differentiate u, θ and ϕ with respect to y and then for y=0 we 

can write, where y is the dimensionless coordinate axis normal to the plate. 
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IV. RESULTS AND DISCUSSION 
In order to get the physical insight into situation of the problem of our study the effects of Prandtl 

number (Pr), Schmidt number (Sc), magnetic parameter (M), Grashof number (Gr), modified Grashof number 

(Gm), Eckert number (Ec), Hall parameter (m), chemical reaction parameter (Kc), permeability parameter (k), 

radiation parameter (F) on velocity field, temperature field, concentration field, skin-friction, the rate of heat 

transfer in terms of Nusselt number (Nu) and the rate of mass transfer in terms of Sherwood number (Sh) are 

studied taking different numerical values. To observe the effects of these parameters, the values of Schmidt 

number (Sc) are chosen for hydrogen (Sc=0.22), water-vapor (Sc=0.60), ammonia (Sc=0.78) at 25ºC and one 

atmosphere pressure. The values of Prandtl number (Pr) are chosen for sodium (Pr=0.01), air (Pr=0.71) and 

water (Pr=7.0). We also choose the Grashof number for heat transfer is Gr=5.0, 6.0, 10.0 and modified Grashof 

number for mass transfer is Gm=2.0, 3.0, 4.0. The values of magnetic parameter are given M=1.0, 3.0, 5.0 

arbitrarily. 

The velocity profiles u for different values of the above parameters are illustrated in Fig.2 to Fig.11, the 

temperature profiles θ for different values of the parameters are described in Fig.12 to Fig.14 and the 
concentration profiles ϕ for different values of the above parameters are expressed in Fig.15 and Fig.16. Also 

the numerical values of Skin-Friction (τ), the rate of heat transfer (Nu) and the rate of Mass Transfer (Sh) are 

shown in the Table 1 to Table 3. 

In the Fig.2 it is observed that the velocity decreases with the increase of magnetic parameter (M). 

Physically this is true as the magnetic force retards he flow, velocity decreases. Fig.3 shows the velocity 

distributions for different values of Hall parameter (m). After analysing the figure it is noticed that the velocity 

increases with the increase of Hall parameter (m). It is described in the Fig.4 that the velocity distributions for 

different values of chemical reaction parameter (Kc). In this figure we observe the velocity decreases with the 

increase of chemical reaction parameter (Kc). We see in Fig.5 that the velocity increases with the increase of 

permeability parameter (k). Fig.6 indicates that the velocity decreases with the increase of radiation parameter 

(F). From Fig.7 the velocity increases with the increase of Grashof number (Gr). At y=0 the velocity profiles are 

zero. In the Fig.8 it is observed that the velocity increases with the increase of modified Grashof number (Gm). 

It is clear in Fig.9 that the velocity decreases with the increase of Schmidt number (Sc). Also Fig.10 marks that 
the velocity decreases with the increase of Prandtl number (Pr). Physically it is true because the increase in the 

Prandtl number due to increasing the viscosity of the fluid which makes the fluid thick and hence decrease the 

velocity of fluid. The velocity distributions for different values of Eckert number (Ec) is shown in the Fig.11. In 

this figure we observe the velocity increases with the increase of Eckert number (Ec). 

From Fig.12 it is clear that the temperature decreases with the increase of radiation parameter (F). At 

y=0 the temperature profiles attain the maximum value 1.0 and then decrease smoothly and attain to zero with 

the increase of y. It is observed in the Fig.13 that the temperature distributions for different values of Prandtl 

number (Pr). In this figure it is noticed that the temperature decreases with the increase of Prandtl number (Pr). 

The temperature profiles attain the maximum value 1.0 at y=0 and then gradually attain nearly to zero for large 

values of y. Fig.14 shows the temperature distributions for different values of Eckert number (Ec). After 

analysing the figure it is noticed that the temperature increases with the increase of Eckert number (Ec). 

Fig.15 depicts that the concentration decreases with the increase of reaction parameter (Kc). In this 

figure maximum value of concentration profiles for y=0 is 1.0 the concentration profiles decrease smoothly and 

attain to zero for large value of y. In the Fig.16 it marks that the concentration decreases with the increase of 

Schmidt number (Sc). We get the maximum value of concentration profiles for y=0 the concentration profiles 

gradually attain zero with the increase of y. 

 

  
Figure 2 Velocity profiles where Gr=6.0, Gm=3.0, 

F=0.5, Kc=0.04, Sc=0.22, Pr=0.71, m=2.0, k=0.5 and 

Ec=0.01 against y. 

Figure 3 Velocity profiles where M=3.0, Gr=6.0, 

Gm=3.0, F=0.5, Kc=0.04, Sc=0.22, Pr=0.71, k=0.5 

and Ec=0.01 against y. 
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Figure 4 Velocity profiles where M=3.0, Gr=6.0, 

Gm=3.0, F=0.5, Kc=0.04, Sc=0.22, Pr=0.71, m=2.0, 

k=0.5 and Ec=0.01 against y. 

Figure 5 Velocity profiles where M=3.0, Gr=6.0, 

Gm=3.0, F=0.5, Kc=0.04, Sc=0.22, Pr=0.71, m=2 

and Ec=0.01 against y. 

  
Figure 6 Velocity profiles where M=3.0, Gr=6.0, 

Gm=3.0, Kc=0.04, Sc=0.22, Pr=0.71, m=2, k=0.5 and 

Ec=0.01 against y. 

Figure 7 Velocity profiles where M=3.0, Gm=3.0, 

F=0.5, Kc=0.04, Sc=0.22, Pr=0.71, m=2, k=0.5 and 

Ec=0.01 against y. 

  
Figure 8 Velocity profiles where M=3.0, Gr=6.0, 

F=0.5, Kc=0.04, Sc=0.22, Pr=0.71, m=2, k=0.5 and 

Ec=0.01 against y. 

Figure 9 Velocity profiles where M=3.0, Gm =3.0, 

Gr=6.0, F=0.5, Kc=0.04, Pr=0.71, m=2, k=0.5 and 

Ec=0.01 against y. 

  
Figure 10 Velocity profiles where M=3.0, Gm=3.0, 

Gr=6.0, F=0.5, Kc=0.04, Sc=0.22, m=2, k=0.5 and 

Ec=0.01 against y. 

Figure 11 Velocity profiles where M=3.0, Gm=3.0, 

Gr=6.0, F=0.5, Kc=0.04, Sc=0.22, m=2, k=0.5 and 

Pr=0.71 against y. 
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Figure 12 Temperature profiles where M=3.0, Gr=6.0, 

Gm =3.0, Kc=0.04, Sc=0.22, Pr=0.71, m=2, k=0.5 and 

Ec=0.01 against y. 

Figure 13 Temperature profiles where M=3.0, 

Gm=3.0, Gr=6.0, F=0.5, Kc=0.04, Sc=0.22, m=2, 

k=0.5 and Ec=0.01 against y. 

  
Figure 14 Temperature profiles where M=3.0, 

Gm=3.0, Gr=6.0, F=0.5, Kc=0.04, Sc=0.22, m=2, 

k=0.5 and Pr=0.71 against y. 

Figure 15 Concentration profiles where M=3.0, 

Gr=6.0, Gm=3.0, F=0.5, Sc=0.22, Pr=0.71, m=2, 

k=0.5 and Ec=0.01 against y. 

 

 

Figure 16 Concentration profiles where M=3.0, 

Gr=6.0, Gm=3.0, F=0.5, Kc=0.04, Pr=0.71, m=2, 

k=0.5 and Ec=0.01 against y. 

 

 

Table 1 Numerical values of Skin-Friction (τ) 
Sl. No. M m F Kc k τ 

1 1.0 2.0 0.5 0.04 0.5 4.99799 

2 3.0 2.0 0.5 0.04 0.5 4.65836 

3 5.0 2.0 0.5 0.04 0.5 4.38312 

4 3.0 1.0 0.5 0.04 0.5 4.10228 

5 3.0 2.0 0.5 0.04 0.5 4.65836 

6 3.0 3.0 0.5 0.04 0.5 4.90566 

7 3.0 2.0 0.5 0.04 0.5 4.65836 

8 3.0 2.0 5.0 0.04 0.5 3.65714 

9 3.0 2.0 10.0 0.04 0.5 3.35018 

10 3.0 2.0 0.5 −0.04 0.5 4.79238 

11 3.0 2.0 0.5 0.00 0.5 4.70956 

12 3.0 2.0 0.5 0.04 0.5 4.65836 

13 3.0 2.0 0.5 0.04 0.1 2.50745 

14 3.0 2.0 0.5 0.04 0.5 4.65836 

15 3.0 2.0 0.5 0.04 1.0 5.70216 
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Table 2 Numerical values of the rate of Heat Transfer (Nu) 
Sl. No. M m F Kc k Nu 

1 1.0 2.0 0.5 0.04 0.5 1.11868 

2 3.0 2.0 0.5 0.04 0.5 1.12324 

3 5.0 2.0 0.5 0.04 0.5 1.12659 

4 3.0 1.0 0.5 0.04 0.5 1.12970 

5 3.0 2.0 0.5 0.04 0.5 1.12324 

6 3.0 3.0 0.5 0.04 0.5 1.11996 

7 3.0 2.0 0.5 0.04 0.5 1.12324 

8 3.0 2.0 5.0 0.04 0.5 2.60881 

9 3.0 2.0 10.0 0.04 0.5 3.52950 

10 3.0 2.0 0.5 −0.04 0.5 1.12154 

11 3.0 2.0 0.5 0.00 0.5 1.12260 

12 3.0 2.0 0.5 0.04 0.5 1.12324 

13 3.0 2.0 0.5 0.04 0.1 1.14178 

14 3.0 2.0 0.5 0.04 0.5 1.12324 

15 3.0 2.0 0.5 0.04 1.0 1.10770 

 

Table 3 Numerical values of the rate of Mass Transfer (Sh) 
Sl. No. Sc Kc Sh 

1 0.22 0.04 0.254568 

2 0.60 0.04 0.637639 

3 0.78 0.04 0.818135 

4 0.22 −0.04 0.167446 

5 0.22 0.0 0.220000 

6 0.22 0.04 0.254568 

 

V. CONCLUSION 
In the present research work, we have studied the effects of Hall current, chemical reaction and 

radiation on MHD free convection flow through a vertical plate embedded in porous medium. The results are 

given graphically to illustrate the variation of velocity, temperature and concentration with different parameters. 

Also the Nusselt number, Sherwood number and skin-friction are presented in tables. From the analysis of the 

study the following conclusions are made: 

The velocity profiles increase with the increase of Hall parameter (m), permeability parameter (k), 

Grashof number (Gr) and modified Grashof number (Gm). On the other hand, it decrease with the increase of 

magnetic parameter (M), chemical reaction parameter (Kc), radiation parameter (F), Schmidt number (Sc) and 

Prandtl number (Pr). The temperature distributions decrease with the increase of radiation parameter (F) and 

Prandtl number (Pr). The concentration distributions decrease with the increase of chemical reaction parameter 

(Kc) and Schmidt number (Sc). 

The skin friction (τ) increases with the increase of Hall parameter (m) and permeability parameter (k) 

whereas it decreases with the increase of magnetic parameter (M), radiation parameter (F) and chemical reaction 

parameter (Kc). The heat transfer rate expressed in terms of the Nusselt number(Nu) increases with the increase 

of magnetic parameter (M), radiation parameter (F) and chemical reaction parameter (Kc) and decreases with 

the increase of Hall parameter (m) and permeability parameter (k). The mass transfer rate expressed in terms of 
Sherwood number (Sh) increases with the increase of Schmidt number (Sc) and chemical reaction parameter 

(Kc). 
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ABSTRACT: The objective is to study the effects of thermal radiation and chemical reaction on mass transfer 

on unsteady free convection flow past an exponentially accelerated infinite vertical plate through porous 
medium in the presence of magnetic field. The fluid is considered here as absorbing/emitting radiation but a 

non-scattering medium. The plate temperature is raised linearly with time and the concentration level near the 

plate is raised to C

 . We use proper transformations to make the governing equations dimensionless. The 

dimensionless governing equations are reduced to a set of ordinary differential equations. Then we solve these 

equations with the help of transformed boundary conditions. The effect of various parameters such as Grashof 

number, Modified Grashof number, Schmidt number, Prandtl number, Magnetic parameter, time, accelerating 

parameter, Dimensionless porous medium factor and Dimensionless chemical reaction parameter on velocity 
profiles, temperature profiles, concentration profiles, skin friction profiles, rate of heat transfer profiles and 

rate of mass transfer profiles are shown graphically. 

KEYWORDS: Radiation, MHD, Free Convection, Grashof number and Prandtl number. 

 

I. INTRODUCTION 
In many engineering applications, combined heat and mass transfer play an important role in fluids 

condensing and boiling at a solid surface. Natural convection induced by the simultaneous action of buoyancy 

forces from thermal and mass diffusion is of considerable interest in many industrial applications such as 

geophysics, oceanography, drying processes and solidification of binary alloy. The effect of the magnetic field 

on free convection flows is important in liquid metals, electrolytes and ionized gases. The thermal physics of 
MHD problems with mass transfer is of interest in power engineering and metallurgy. When free convection 

flows occur at high temperature, radiation effects on the flow become significant. Many processes in 

engineering areas occur at high temperatures and knowledge of radioactive heat transfer becomes very 

important for the design of the pertinent equipment. Nuclear power plants, gas turbines and the various 

propulsion devices for aircraft, missiles and space vehicles are examples of such engineering areas. 

Murali [1] examined the thermal radiation effect on unsteady magneto hydrodynamic flow past a 

vertical porous plate with variable suction. Damala [2] make a study on the effect of the steady two dimensional 

free convection heat and mass transfer flow electrically conducting and chemically reacting fluid through a 

porous medium bounded by a vertical infinite surface with constant suction velocity and constant heat flux in 

the presence of a uniform magnetic field is presented. The effects of chemical reaction and radiation absorption 

have been discussed on unsteady MHD free convection heat and mass transfer flow on a viscous, 
incompressible, electrically conducting fluid past a semi-infinite inclined porous plate, moving with a uniform 

velocity are discussed in Sudersan [3]. Gupta [4] studied free convection on flow past a linearly accelerated 

vertical plate in the presence of viscous dissipative heat using perturbation method. Kafousias and Rapits [5] 

extended this problem to include mass transfer effects subjected to variable suction or injection. Free convection 

effects on flow past an exponentially accelerated vertical plate was studied by Singh and Kumar [6]. The skin 

friction for accelerated vertical plate has been studied analytically by Hossain and Shayo [7]. Jha [8] analyzed 

mass transfer effects on exponentially accelerated infinite vertical plate with constant heat flux and uniform 

mass diffusion. Muthucumaraswamy et al. [9] studied mass transfer effects on exponentially accelerated 

isothermal vertical plate. Soundalgerkar and Takhar [10] have considered the radiative free convective flow of 

an optically thin gray gas past a semi- infinite vertical plate.  

http://www.ajer.org/
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Radiation effects on mixed convection along an isothermal vertical plate were studied by Hossain and 

Takhar [11]. Raptis and Perdikis [12] studied the effects of thermal radiation and free convection flow past a 

moving vertical plate and solve the governing equations analytically. Das et al. [13] have analyzed radiation 
effects on flow past an impulsively started infinite isothermal vertical plate. The governing equations were 

solved by the Laplace transform technique. Muthucumaraswamy and Janakiraman [14] studied MHD and 

radiation effects on moving isothermal vertical plate with variable mass diffusion. An exact solution to one 

dimensional unsteady natural convection flow past an infinite vertical accelerated plate, immersed in a viscous 

thermally stratified fluid is investigated by Rudra and Bhaben [15]. Tasawar et al. [16] investigated the 

influence of radiation on magneto hydrodynamic (MHD) and mass transfer flow over a porous stretching sheet. 

Recently the thermal radiation effects on unsteady free convective flow of a viscous incompressible flow past an 

exponentially accelerated infinite vertical plate with variable temperature and uniform mass diffusion has been 

studies by Muthucummaraswamy and Vislakshi [17]. An analytical study is performed to examine the effects of 

temperature dependent heat source on the unsteady free convection and Amass transfer flow of an elasto- 

viscous fluid past an exponentially accelerated infinite vertical plate in the presence of magnetic field through 
porous medium by Rajesh [18]. Suneetha et al. [19] investigated thermal radiation effects on MHD flow past an 

impulsively started vertical plate in the presence of heat source/ sink by taking into account the heat due to 

viscous dissipation. In S.F Ahmmed et al. [20] have analyzed the numerical study on MHD free convection and 

mass transfer flow past a vertical flat plate.   

We study the effects of thermal radiation and chemical reaction on mass transfer on unsteady free 

convection flow past an exponentially accelerated infinite vertical plate with variable temperature and 

concentration in the presence of magnetic field in the porous medium. We use proper transformations to make 

the governing equations dimensionless. The dimensionless governing equations are reduced to a set of ordinary 

differential equation. Then we solve these equations with the help of transformed boundary conditions. 

 

II. GOVERNING EQUATIONS 
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MATHEMATICAL FORMULATION  
We use the following transformations to make the equations (1) to (4) dimensionless.  
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            We know, Gr, Gm, Pr, Sc, M, R, θ,  , K and γ are Thermal Grashof number,  Modified Grashof 

number, Prandtl number, Schmidt number, Magnetic field parameter, Radiation parameter, Dimensionless 

temperature, Dimensionless concentration, Dimensionless porous medium factor and Dimensionless chemical 

reaction parameter respectively, w h ere    / .
a t

A e t
 

  In this case the local radiant of an optically thin gray gas 
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By using the parameter our governing equation becomes as follows
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Thus the boundary conditions becomes as follows
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Let us consider the solution of the equations (7) to (9) be of the form  
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The boundary conditions for the equations are reduced to the following form
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Finally the velocity field, temperature field and concentration field can be written as  
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Now we want to calculate the skin friction, the rate of heat transfer (Nusselt number) and the rate of mass 

transfer (Sherwood number).  For this purpose we differentiate , an du    with respect to y and get 
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Thus for y=0 we can write the equation (18), (19) and (20)  
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III.   RESULTS AND DISCUSSION 
The numerical values for the velocity profiles, temperature distribution, concentration profiles are 

computed for different physical parameters like  Grashof number (Gr), Magnetic parameter (M) , Modified 

Grashof number (Gm), Radiation parameter (R), time (t), Prandtl number (Pr), Schimidt number (Sc) and 

accelerating parameter (a). The purpose of the calculations is to the study on the effects of the parameters upon 

the nature of the velocity profiles, temperature profiles and concentration profiles. 

Fig. 1 represents variation in the velocity field for different values of Magnetic parameter (M) in case 

of cooling (Gr = 10, Gm = 5) and heating (Gr = -10, Gm = -5) of the plates with Pr = 0.71, R = 4, a = 0.5, Sc = 

2.01, γ = 2, K = 4 and t = 0.2. It is observed that for an externally cooled plate an increase in Magnetic 

parameter (M), the velocity field decreases. For an externally heated plate the results are observed in reverse 

order. The variation of velocity field for various values of Schmidt number (Sc) in case of cooling (Gr = 10, Gm 

= 5) and heating (Gr = -10, Gm = -5) of the plate with M = 1, Pr =0.71, a = 0.5, R = 4, γ = 2, K = 4 and t = 0.2 
are given in Fig. 2. Here we choose Sc = 0.22 (Hydrogen), Sc = 0.30 (Helium), Sc = 0.60 (water vapor) and Sc = 

0.78 (Ammonia). It is noted from the figure that velocity field is decreasing with the increasing values of 

Schmidt number (Sc) in the cooling plate. But in the heating plate the velocity profile is increasing for the 

increasing values of Sc. Fig..3 depicts the variation of velocity field with respect to the increasing values of 

Grashof number (Gr) and   Modified Grashof number (Gm) both in the cooled and heated plate with M =1, Pr = 

0.71, Sc = 3.01, a = 0.5, R = 4, t = 0.2, γ = 2 and K = 4. Here we see that velocity is increasing with an increase 

in Gr and Gm for the cooling plate. The reverse effects are seen in the heated plate. It is clear in the Fig. 4 that in 

case of cooling (Gr = 10, Gm = 5) and heating (Gr = -10, Gm = -5) of the plates M = 1, Pr = 0.71, Sc = 2.01, a = 

0.5, γ = 2, K = 4 and R = 4 the velocity field is increasing and decreasing respectively with respect to the 

increasing values of t. The influence of Gr on the velocity field is represented in Fig. 5. The velocity fields are 

increasing with the increasing values of Gr in the cooled plate. It is noted that the reverse effects are shown in 
the heated plate.  

Fig. 6 depicts the temperature profiles against y for different values of the parameters. The magnitude 

of the temperature is maximum near the plate. But when we increase the values of t the magnitude of 

temperature is maximum at the plate and then decays to zero. Temperature profiles increase with an increase in 

t. In Fig..7 we observe that an increase in R decreases the temperature field and then goes to zero for large 

values of y. In the Fig. 8 we observe that temperature field is increasing at the plate with an increase in a and 

finally goes to zero. 

The numerical values of the concentration are computed for different physical parameters like Schmidt 

number (Sc), time (t), accelerating parameter (a) and Dimensionless chemical reaction parameter (γ). The 

purpose of the calculations given here is to study the effects of the parameters Sc, a and t upon the nature of the 

concentration.  In the Fig. 9 we see that concentration field is decreasing with an increasing value of Sc. The 

maximum values of concentration are found at the plate. The influence of t on the concentration field is 
presented in the Fig. 10. It is clear from the behavior of t that the concentration field increases for increasing 

values of t whose effect is significant at the plate but negligible far away from the plate i.e, y→∞. 

The numerical values of the skin frictions are computed for different physical parameters like Magnetic 

field parameter (M), Radiation parameter (R), Schmidt number (Sc), Dimensionless porous medium factor (K), 

Dimensionless chemical reaction parameter (γ) and accelerating parameter (a). The purpose of the calculations 

given here is to study the effects of the parameters M, R, Sc, Gr, Gm, K, γ and a upon the nature of the rate of 

flow and transport. The heating and cooling take place by setting up free convection current due to temperature 

and concentration gradient. Fig.11 shows the influence of accelerating parameter (a) on the skin friction. Skin 

frictions are increased in the case of cooling (Gr = 10, Gm = 5) of the plate with the increasing values of a. The 

reverse effects are shown in the heating plate (Gr = -10, Gm = -5). In Fig. 12 it is shown that skin friction is 

decreasing with the increasing values of M. These effects are shown in the cooling plate (Gr = 10, Gm = 5) with 
the increasing values of M. But no effects are shown in the heating plate (Gr = -10, Gm = -5) with the increasing 

values of M. 

The numerical values of the rate of heat transfer are computed for different physical parameters like 

Radiation parameter (R), Prandtl number (Pr) and accelerating parameter (a). The purpose of the calculations 

given here is to study the effects of the parameters R, Pr and a upon the nature of the rate of heat transfer. In the 

Fig. 13 we see that for increasing values of R, Pr and a the rate of heat transfer profiles are decreased and 

gradually goes to infinity as t→∞. Also in the Fig. 14 represents that an increase in a decreases the rate of heat 

transfer profiles. 
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IV.   FIGURES 

  
Fig. 1-  Velocity profile u for different values of M 

With R = 4, Pr = 0.71, a = 0.5, Sc = 2.01, K = 4, γ = 2  

and t = 0.2 against y. 

Fig. 4-  Velocity profile u for different values of t  

with M = 1, Pr = 0.71,Sc = 2.01,a = 0.5,K = 4,γ = 2 

 and  R = 4 against y. 

  
Fig. 2- Velocity profile u for different values of Sc  

with M = 1,Pr = 0.71,a = 0.5, R = 4, K = 4, γ = 2 and 

t = 0.2 against y. 

Fig. 5-  Velocity profile u for different values of Gr 

 with M = 1,Pr = 0.71, Sc = 2.01, a = 0.5 and R = 4 

 against y. 

 

 
Fig. 3- Velocity profile u for different values of Gr  

and Gm with M = 1, Pr = 0.71, Sc = 2.01, a = 0.5,  

R = 4, K = 4,  γ = 2 and t = 0.2 against y. 

Fig. 6- Dimensionless temperature profiles Ө for 

different values of t against y. 
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Fig. 7-Dimensionless temperature profiles Ө  

for different values of R against y. 

Fig. 10-  Dimensionless concentration profiles 

φ for different values of t against y. 

 
Fig. 8- Dimensionless temperature profiles Ө for 

different values of a against y 

Fig. 11- The skin friction profile τ for different 

values of a with R = 4, M = 1, Sc = 0.22, γ = 2, K = 4 

and Pr = 0.71 against t. 

 
Fig. 9- Dimensionless concentration profiles φ for 

different values of Sc against y. 

Fig. 12-  The skin friction profile τ for different 

values of M with R = 4,a = 0.5,Sc = 0.22,γ = 2,K =4 

and Pr = 0.71 against t. 
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Fig. 13- Rate of heat transfer profiles Nu for 

different values of R, Pr and a against t. 

Fig. 14- Rate of heat transfer profiles Nu for 

different values of a with Pr = 0.05 and R = 4 

against t. 

 

V. CONCLUSION 
From the study of the paper  we conclued that the velocity are incrising with the incrising value of   

Grashof number (Gr),  Soret number (S₀) and  modified Grashof number (Gm) on the other hand it is decrising 

with the incrising value of  magnetic parameter (M),  Prandtl number (Pr),  Schmidt number (Sc). We see that if 

the time is increasing then the velocity is incrising. The temperature increase with increase of   heat source 

parameter (S) and decrease with increase of Prandtl number (Pr). Also we see that the concentration is increase 

with the increase of Soret number (S₀) and decrease with the increase of Schmidt number (Sc). 
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1. Abstract:  

“THOLKAPPIAR” is a Great philosopher?... No….. No…. No…. ”AKATHIAR” shall be 

considered as a Great philosopher. “THOLKAPPIAR” shall be called as great ”POET” (Kaviperarasu) 

elaborating various Predefined ancient philosophies in his poems written in high grammatical form  during 

post Vedic period. 

 

This scientific research focus that the population of “AKATHIAR” race (also called as Akkanna 

population) shall be considered as Ancient population lived in “KACHCHA THEEVU” during pre-vedic 

period (Say 5,00,000years ago) who written many philosophy of planet system, medicines Ethics in “PALM 

LEAF MANUSCRIPT”.  
 

It is further focused that the philosophy related to various subjects shall be considered derived from 

“stone culvert” (Tablet) scatterly available here and there. Alternatively it shall be stipulated that “Akathiar 

race” consider simply “TRANSLATING” the matter available in the Prehistoric stone culvert and wrote in the 

form of „palm leaf manuscript‟. 

 

It is speculated that the human ancestor populations shall be considered lived in „WHITE PLANET‟ 

(white mars) in the early universe who were expert in various field like Astrophysics, Astronomy, Medicines, 

Ethics, etc. written in single alphabet script called “TRIPHTHONG SCRIPT” written in a super solid stone 

matter. In proto Indo Europe language the Triphthong script shall be called as “VALLUVAM”. Valluvam shall 
mean “Divine language Script” or e-Logic.  

http://www.ajer.org/
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 i) Right dot indicates „vowel‟ 

 ii) Left dot indicates „consonant‟ 

 iii) Centre dot indicates „vibration‟ 

 

 Millions of philosophies written in a single script shall be described as below:  

 

 
 

 It is further focused that the prehistoric human populations lived in white planet shall be considered 

having distinguished genetic characteristics compared to so called modern human and called as „ALIEN 

POPULATION‟ (or) „AKKILEN RACE” who belong to „Angel Family and capable of „FLYING”. 

 

 

 

“VALLUVAM shall be considered as Divine Script of Alien Population of white planet and 

subsequently descended to Earth planet which was translated by Akathiar Population in 

PALM LEAF MANUSCRIPT” 

…M. Arulmani, Tamil Based Indian 

 

2. Key Words:  

a) Philosophy of “VALLUVAM” (e-Logic)?... 

b) Philosophy of “AKATHIAM” (Philosophy)?... 

c) Philosophy of “KAPPIAM” (Epic poem)?... 

d) Philosophy of “AVVAI” (White planet)?... 

 

 

3. Introduction: 

 Case study shows that the origin and evolution of various language, grammar, script across the world 

have many concepts and theories. In Tamil language “Tholkappiam” is considered as one of the five great 

epics which focus the high grammar value of Tamil language.   “Thirukkural” is considered focus about 
“Ethic value and morals” about human life system which was translated in various global level languages. 

Further LLIAD, ODYSSEY in Greek, LUSIADS in Portuguese also considered as ancient famous epics. 

Further various religious texts like BIBLE, QURAN, RAMAYANAM, MAHABHARATHAM, 

BHAGAVAT GITA etc.  shall also be considered as focusing Planetary system, Ethical, moral values of 

Ancient human life system. If so….. 

 i) What was the first language script?.... 

 ii) What was the first Ethical Text?... 
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 In Tamil language research some scholar debates that Tholkappiam is not the most ancient text and 

it may belong to the period between 3rd
 to 10

th
 century AD.   Some scholar even debate that “Tholkappiam 

itself was not written by Tholkappiar” and probably a Translated Version by eminent scholar. 

 

 This research focus that the language, script on the Earth planet shall be considered descended from 

the AKKILEN RACE of White planet which shall be considered translated from Super Solid Stone culvert 

(Tablet) into Palm leaf and other scripts in various occasions in various languages.  

 

4. Hypothesis and Narrations 

a) Philosophy of Valluvam?... 

 It is hypothesized that “Valluvam” shall be considered as the Divine Script written by Akkilen 

Populations. The Divine script shall be considered as “SOUL” of language script derived from supernatural 

“SPIRIT”. In proto Indo Europe  language the supernatural spirit, Divine script shall be called as 

”CHITTAM” “VALLUVAM” as described below:  

 

 
 

 Further the divine script Valluvam shall be considered as exist in “three-in-one” form called as 

science of Ethics, Science of Logics, having distinguished characteristics like photon, Electron, Proton of 

fundamental particles.  

 i) Right dot is like proton (Functional property) 

 ii) Left dot is like Electron (Structural property) 

 iii) Centre dot is like photon (Control property) 

 

 It is further focused that the three-in-one script shall be considered focusing three-in-one personality 

traits of human life system (i.e.) MORAL, CHARACTER, CONDUCT.  

 

b) Philosophy of AKATHIAM?... 

 It is hypothesized that ”AKATHIAM” shall be considered as “Transformed soul” of white planet to 

Earth planet during pre-vedic period (say 5,00,000 years ago) as described below. In Proto Indo Europe 

language AKATHIAM shall mean “AKKARATHI”. Akkarathi shall mean “ETHICS”. 

 
 

“Akathiam shall be considered as the transformed script translated in the form of Palm Leaf 

Script. The transformed script shall be considered as available only part and many missing 

scripts are yet to be traced and translated’. 
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…Author 

c) Philosophy of Alien population?... 

 It is hypothesized that Akkilen race shall be considered as Divine population (or) Godly persons 

evolved due to impact of „J-RADIATION‟ (Zero hour radiation). The Akkilen population shall also be called 

as “Thiri Valluvar”, having exorbitant strength and high moral values.  Thiri Valluvar shall mean born of 

“Virgin light”. 

 
 It is further hypothesized that “KACHCHA THEEVU” shall be considered as the first land origin 

(virgin land) on the earth planet and the Akathiar race populations (also called as Akkanna populations) shall 
be considered as species to Akkilen populations race of white planet.  

 

 

d) Philosophy of Kappiam?... 

 It is hypothesized that various global level poems, epics, religious texts might have been written based 

on philosophy of VALLUVAM, AKATHIAM during the course of time.  

 

 

“The philosophy of Thokappiam, Thirukkural, odyssey might belong to post Vedic period of 

about 2500 years ago. The philosophy of Valluvam might belong to period about 5,00,000 

years ago” 

…Author 

e) Philosophy of 12th Tamil Alphabet?... 

 It is hypothesized that 12th Sentamil Alphabet “AUV” might dialectically indicate the prehistoric 

divine script “VALLUVAM”. 

 

 Further the etymology of English word ”Oh”, “Vow”, “Ah”  used in various poems for emotional 

expressions might be derived from the philosophy of 12th Tamil Alphabet ”AUV”. 

 

  (i) 

 
 

  (ii) 
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 It is focused that the Philosophy of word vow means solemn promise, pledge, sacred covenant, 
affirmation associated with moral, character, conduct shall be considered derived from the THREE-IN-ONE 

Philosophy of “VALLUVAM”. 

 

f) Tholkappiar is senior to Thiruvalluvar?... 

 Case study shows that Thiruvalluvar lived during third century BC in Chennai (Mylapore). Tholkappiar 

is believed to have lived in Kanyakumari District before the period of Thiruvalluvar. Many scholars including 

Robert Caldwell argue that Tholkappiar might have lived around 5th
 to 10

th
 Centure AD.  

 

Further Case Study shows that epics of Tholkappiar written in high grammatical form further in 

Tholkappiam it indicates both Sentamil and Kodum Tamil which means Tholkappiam might have been written 

after evolution of Tamil language to the state of Sentamil.   
 

It is hypothesized by the Author that Tholkappiar can not be senior to Thiruvalluvar and probably lived 

during post vedic period (After 5th Century) after evolution of more value in grammar in Tamil Language.   

Whereas the Thirukkural written by Thiruvalluvar has more ethical, moral value rather than grammatical value. 

Hence it is emphasized that  Thiruvalluvar might have lived prior to Tholkappiar (say 3rd Century BC). 

 

 

g) Philosophy of AVVAI?... 

 In Tamil history case study shows that there were three ancient female poets exist in the name of 

“AVVAIYAR” one belong to Sangam period, (2nd Century)  2nd belong to chola king period (13th Century) and 

another one is not exactly known.  

 
 It is hypothesized that „AVVAI” shall be considered belong to Divine population of Akkilan race 

lived in white planet.  In proto Indo Europe language “Avvai” shall mean white planet. “POOVAI” shall mean 

Earth planet. The philosophy of “Avvaiyar” might be derived from the philosophy of “AVVAI”. 

 

 
 

 It is speculated that after eating “NELLIKANI” Akkilen populations of white planet might be 

descended to Earth planet subsequently. The philosophy of transformed populations shall be hypothetically 

described as below: 
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  (i) 

 
  (ii) 

 
 

  (iii) 

 
 

 

h) Case Study on Thiruvalluvar?... 

 It is hypothesized that the Tamil Scholar Thiruvalluvar lived around 3rd Century BC might might have 

translated the predefined philosophies in three sections ARAM (Virtues), PORUL (Wealth), INBAM (Love) 

based on “VALLUVAM”. Thirukkural has only 1330 couplets?... No… No… No… It is hypothesized that 

Thiruvalluvar might have translated only 1330 philosophies during his period and many more millions of 

philosophies missing are yet to be identified and translated. 
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i) Case study on palm leaf manuscript?... 

 Case study shows that U.V.Swaminatha Iyer  (1885-1942) has given much contributions to Tamil in 

translating ancient palm leaf manuscript into reprint in Text book form.  

 

 Further UNESCO has a project to preserve the palm leaf manuscript of Asia called “Memory of 

Asia”. A recent survey says that there are hundred thousands unpublished palm leaf manuscript of Traditional 

Indian knowledge in Tamil in various fields such as Astrology, Astronomy, Medicine, Human Anatomy etc.  

 

 (i) 

 
 (ii) 
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(iii) 

 

 
 

 

V .CONCLUSION: 
 The philosophy of “Valluvam” shall be considered as Divine Script engraved in super solid stone 

(Tablet) about various philosophies of Astronomy, Human life system, medicine etc. Valluvam shall 

alternatively mean “SOUL” or “THAMIL”. 

 

 
 

“Tholkappiar does not mean the poet who copied the predefined philosophies. He shall be 

considered as a great poet (Kaviperarasu) who translated the philosophies in high 

grammatical way in three books for the benefit of younger generations”. 

…Author 
 

5. Previous Publication:  

The philosophy of origin of first life and human, the philosophy of model Cosmo Universe, the 

philosophy of fundamental neutrino particles have already been published in various international journals 

mentioned below. Hence this article shall be considered as extended version of the previous articles already 

published by the same author. 

[1] Cosmo Super Star – IJSRP, April issue, 2013 
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ABSTRACT: The thermal properties of some Agricultural waste ( Rice Husk, Bagasse and Corncob) was 

investigated with the purpose of determining their use as insulators. Using varied composite percentages of 
each sample wastes at increasing and decreasing quantities to determine best mixtures has assisted in accurate 

recommendation. The work  has explored the potentials for using composite samples of Rice Husk, Bagasse and 

Corncob as  materials for thermal insulation, a solution which offers a reduction in resource use, promote 

recycle of the wastes, less dependent on toxic chemical types in wood/cellulose based insulators, in addition to 

reducing energy consumed by altering internal air conditions.The criteria for evaluation includes experimental 

determination of Thermal Conductivities and Specific Heat Capacities for composites samples and other 

dependable properties.The results from evaluations have identified that sample G with 0.231Wm-1k-1and 

22.114m-1 is the best mixed with more rice husk and considerable percentage of bagasse to less percentage of 

corncob. 

 

Keywords. Agricultural Waste, Thermal properties, composites, insulation. 

 

I. INTRODUCTION 
.  .For quite some time many buildings seems not to be habitable due to the uncontrollable environmental 

conditions. Hence the use of artificial air conditioning and the need for cheaper, faster cooling condition around 

oneself has becomes a necessity.  Energy demand in building can be significantly reduced with the use of 

thermal insulation. The use of thermal insulation in walls and roofs can reduce the demand for air conditioning 

thereby reducing the cost of cooling and pollution of the environment.(Panyakaew and Fotios 2008, Radhi 
2008,)  

Municipal and Rural Affairs Minister of Saudi kingdom Prince Mansour bin Miteb  announced on 22 

october 2014 at the opening of the Saudi Energy Efficiency Forum and Exhibition 2014, being held at the 

Riyadh International Convention and Exhibition Center. that the government  would soon make it mandatory for 

buildings to have thermal insulation in 24 major cities to save on rising energy costs. According to him about 70 

percent of residential buildings in the country lack thermal insulation.“Thermal insulation will rationalize the 

consumption of energy and bring many benefits to the country and its citizens. but the development of new 

thermal insulation material requires knowledge of the thermo-physical properties of materials.  
The use of inorganic insulating materials may be harmful to human health and body and causes 

environmental pollution. (Liang and Ho, 2007). The production of these materials will require high energy 

consumption and the eventual disposal can  cause environmental hazard (Panyakaew and Fotios, 2008).  

 Common thermal insulators are fiberglass, rock wool and mineral wool, but they are environmentally 

hazardous. The small particles from fiber glass and glass wool insulation can cause health hazard and respiratory 

or skin irritant (OSHA, 2003) most thermal insulation baths contain formaldehyde resin that can cause asthma 

(US EPA 2000) cellulose insulation with toxic, fire-retarding chemicals like boric acid have been identified as 

having the potential for significant health effects (OSHA,1999).  
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Thermal insulation materials must contain the following physical properties, low thermal conductivity, 

moisture protection and mould and fire resistance. In addition to these environmental and health impact must 

also be considered. Since current popular insulation materials have negative side effects from the production 

stage until the end of their useful lifetime (Papadopoulos, A.M., 2005) the search for alternative insulation 

materials become necessary. Therefore the alternatives materials with same or better properties as the 

conventional materials need to be exploded as it can offer lower cost (Moh’d Yakama et al 2011), one of the 

alternative materials that is being widely investigated is natural fiber which is cheap and easy to get (Guilbert et 
al 2011). Renewable fibrous thermal insulation from trees, plant or animals has the ability to regenerate itself 

and it requires less energy for production and biodegrade easily when disposed as waste hence have low 

environmental impact. (Mamohar, 2012). Using agricultural by products as thermal insulation also generates 

economical development for farming in  rural areas. (Panyakaew and Fotios 2008).A cheap reliable and 

abundant supply of biodegradable fibrous materials can be obtained as waste by-products from many 

commercial agricultural processing industries (Rodriguez et al 2011). Materials such as coconut and sugarcane 

fiber, cotton, wheat straw, palm leaves, oil palm fiber and others consist of lignocelluloses fibers which are 

alternatives. They are biodegradable, renewable, environmentally friendly building thermal insulators. (Zhou et 

al 2010). 

  Agricultural wastes such as rice hulls, sugarcane stalks, coconut husk, corn cob or stalk oil 

palm shell and leaves or straw from cereal crops have high degree of fibrous content (lingo-cellulosic 

compound) and can serve as the main ingredient for composite materials making them suitable for 
manufacturing boards or panels. Baggase can be made into soft bearch, medium density hardboard or particle 

boards as well as high density hardboards (26) The aim of this research is to investigate the potential of 

agricultural waste as thermal insulation materials. 

 

II. MATERIALS AND METHODS 
2.1. Apparatus 

The HILTON Thermal Conductivity Apparatus at Thermodynamics Laboratory of Abubakar Tafawa 

Balewa University Bauchi was used. The linear section was used to determine thermal conductivity of the 

samples under investigation. Cooling water was feed into one side of the apparatus to maintain a steady 
gradient. 

The instrumentation provided permits accurate measurement of temperature and power supply. Quick 

response temperature probes, with a resolution of 0.1o C gives an accurate digital readout in degrees centigrade. 

On the apparatus, a power control to provide continuous variable electrical output of 0-100 watts with direct 

readout was made available 

 

2.2. Materials   and Sample Production 
The materials were collected at the Muda Lawal market and Yelwa metropolis. They were screened for 

dirt (sands and grease) and other impurities. They were cleaned and grinded to smaller particle sizes of 
0.075mm Larger unmeshed particles were re-grinded and sieved again until uniform sizes were obtained. 

Sample mixed in various percentages were also combined with 5% binder (starch)/water)   to ensure proper 

compaction. The total mixtures were filled into the mould and compacted and allowed to dry for some hours and 

was cured under the sun for 2 to 5 days (depending on atmospheric condition). A total of nine samples were 

produced in different percentage composition   as shown in Table 1. Below. 

 

 
 

Plate A. P.A Hilton Thermal Conductivity Apparatus 

 

 
 



American Journal of Engineering Research (AJER) 2014 
 

 
w w w . a j e r . o r g  

 
Page 36 

     
 

Plate B. Pictorial Views of Sample after Curing. 

 

Table 1:  Composition of Samples Mixture in Percentages 

 

2.3. Determination of Thermal Conductivity  
 The HILTON Heat Conduction apparatus was used to measure Heat across a circular sample linearly 

under various temperatures; it was also used to carry out the Thermal Conductivity measurement across our 
composite samples, 

 The temperature   displayed on the apparatus in conduction  experiments were read from six sensor 

point   as named T1,T2,T3,T7,T8 and T9. These describe temperature profile across heater, sample and cold 

section. The Power from heater was kept at 15W. 

 Thermal Conductivity was computed by running a script on MATLAB using the six sensor readings 

Tabulated on Table 2. Extrapolation between T4 and T6 was done to obtain   accurate results. Using MATLAB 

(scripted code), it generated corresponding polynomials to match T1,T2 and T3 for hot section to the right above  

and T7,T8 and T9 cool section below the graph to the left. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

Samples Rice husk           % Corncob      % Bagasse        % 

    
Sample A:  

 

  40 30 30 

Sample B:  
 

30 30 40 

Sample C:  
 

30 40 30 

Sample D:  
 

50 25 25 

Sample E:  

 

25 25 50 

Sample F:  
 

25 50 25 

Sample G:  
 

60 20 20 

Sample H:  
 

20 20 60 

Sample I:  

 

20 60 20 
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III. RESULTS 
 

Table 2. Thermal Properties of Composite Sample of Rice Husk, Bagasse and Corncob 

 
Sample  Thermal Conductivity 

(k) 
Wm-1K-1 

Specific heat Capacity (c) 
Jkg-1K-1 x 103 

Thermal Resistivity (r) 
W-1mk 
 

 

    

Standard 

Error 

±0.002 ±0.006 ±0.1367 

 Sample A 

 

Mean value 

0.2749 

0.3188 

1.7393 

1.8610 

3.6377 

3.1368 

0.29685 1.8002 3.38725 
 

 Sample B 
 

Mean value 

0.3058 
0.3142 

1.1644 
1.2847 

3.2701 
3.1827 

0.31 1.22455 3.2264 

 
Sample C 

 

Mean value 

0.3768 

0.3741 

1.9853 

1.9162 

2.6539 

2.6731 

0.37545 1.95075 2.6635 

 
Sample D 
 

Mean value 

0.3059 
0.3363 

1.1510 
1.2076 

3.2690 
2.9735 

0.3211 1.1793 3.12125 

 
Sample E 

 

Mean value 

0.2461 

0.2566 

0.5775 

0.7758 

4.0634 

3.8971 

0.25135 0.67665 3.98025 

 
 Sample F 
 

Mean value 

0.4445 
0.5440 

0.9336 
0.8877 

2.2497 
1.8382 

0.49425 0.91065 2.04395 

 
Sample G 
 

Mean value 

0.1961 
0.2660 

1.1569 
1.3138 

5.0994 
3.7594 

0.23105 1.23535 4.4294 

 
Sample H 
 

Mean value 

0.3045 
0.2729 

0.6613 
0.8427 

3.2841 
3.6644 

0.2887 0.752 3.47425 

 
Sample I 
 

Mean value 

0.3415 
0.3085 

0.6833 
0.4522 

2.9283 
3.2415 

0.325 0.56775 3.0849 
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Table 3:  Table of Samples Parameters as Determine after Production 

 

Sample Specimen 

 

Weight 

kg 

(10
-3

) 

Thickness 

m 

(10
-2

) 

Diameter 

m 

(10
-2

) 

Area 

m
2
 

(10
-3

) 

Volume 

m
3
 

(10
-6

) 

Density 

Kg/m
3
 

        

Sample A 1 3.0 0.39 4.3 2.904 5.663 529.76 

2 3.6 0.40 4.1 2.641 5.280 681.82 
Sample B 1 

 

3.5 0.40 4.1 2.641 5.280 662.88 

2 3.5 0.40 4.1 2.641 5.280 662.88 

Sample C 1 4.6 0.50 4.1 2.641 6.600 696.96 

2 4.5 0.50 4.1 2.641 6.60 681.82 

Sample D 1 4.3 0.50 4.1 2.641 6.60 651.52 

2 4.3 0.50 4.1 2.641 6.60 651.52 

Sample E 1 4.3 0.40 4.6 3.324 6.65 646.62 

2 4.5 0.40 4.5 3.181 6.36 707.55 

Sample F 1 5.5 0.40 4.4 3.041 6.08 904.61 

2 5.7 0.40 4.4 3.041 6.08 937.50 

Sample G 1 5.8 0.45 5.0 3.927 8.84 656.11 

2 5.8 0.50 4.5 3.181 7.95 729.55 

Sample H 1 7.3 0.50 4.6 3.324 8.31 878.46 

2 7.3 0.45 4.5 3.181 7.16 1019.55 

Sample I 1 8.0 0.50 4.3 2.904 7.26 1101.93 

2 6.6 0.50 4.5 3.181 7.95 830.19 

                                                                                                            

      
Fig.1. Distribution of Sample's Thermal Conductivity 
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Fig.  4.  A Bar chart comparing Thermal conductivity and Thermal resistivity. 

IV. DISCUSSION OF RESULTS. 
The three key qualities of a thermal insulation material derived from agricultural waste are resource 

availability, physical properties and environmental impact. Critical physical properties include resistance to fire, 

mould growth, insect damage and biodegradable. Baggasse has low thermal conductivity and it is 

environmentally friendly it can be made into boards or panels without using any chemical resin.   

Comparing Table 2 and Fig 1. results with the documented values for common wood- based/cellulose  

insulating material as given by J. Twidell and T.Weir which shows the following thermal conductivity, Asbestos 

cement sheet   0.319 W-1mK  brick building 0.600 W-1mK  pine wood 0.138 W-1mK and oak wood 0.160 W-

1mK. It proofs that our samples fall within the same range. Similarly comparing the computed values on Table 2 

with those given for wood-based insulating materials, we have the required ranges as 0.735-8.130  W-1mK  

which is satisfied by all our sample values. Samples B and E shows bagasse stops at 50% and shows no 

improvement at high quantity 60% sample H while sample C, F and I with corncob increasing is seen dangling 

up and downwards.   

Fig 4. Shows the results of thermal conductivity and  thermal resistivity. It proofs that an increase in 

thermal resistivity reduces thermal conductivity. Hence increasing the thermal resistivity of a material will  

lower its thermal conductivity thereby making it a suitable insulation material.      

 

V. CONCLUSION 
 The bases for recommendation as substitute or replacement are considered under these three key 

qualities. They are resources availability, physical properties, and environmental impacts when using these 

waste considered (Rice husk, Bagasse and Corncob). The used of these material cals reduces the risk of 

environmental pollution. Also we have been able to show that these wastes can be used for the production of 

panels or broad sheet of required thickness for used as walling materials or thermal resistant materials. 

 In proving that all samples passed each tests and recommended ranges, it shows that it favors insulation 

materials for naturally cooled design in sub/tropical region.  

 

Recommendation  

In establishing conclusion based on values in this research, a temperature of 120oC was set as optimum; 
in that regard further studies could be based on sample breaking point instead of getting samples to meet 

required ranges for acceptance as class A products. These studies could check other life cycle analysis (LCA) 

method apart from those used in this research work.  Also considering Damages Impact approach over various 

samples to it life cycle. Furthermore the threshold point when all samples fails in each individual properties due 

to their percentage mixture composition. 
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ABSTRACT : A plot of dimensionless pressure versus dimensionless time on a log-log paper was done for the 

six sets of data to illustrate the pressure distribution of horizontal wells in a two layered reservoir with 

simultaneous gas cap and bottom water drive. From the graphs it was shown that dimensionless pressure 

increases with dimensionless time.We also observed that when there is crossflow, pressure distribution in such 

reservoir is the same as that of the homogeneous system. Pressure responses in crossflow reservoir are higher 

than that of without crossflow. 

 

We also observed that the following affects the pressure distribution: 

Well location along x-axis,xwD ,Wellbore radius rwD,Interlayer fluid mobility ratio, time Normalization factor, 
dimensionless Well length LD

  and dimensionless height hD. 

It was also observed that the well location zwD along z-axis does not affect pressure distribution for two layered 

reservoir.Two-layer crossflow liner with Partial Isolations well completion would be recommended This method 

provides limited zone isolation, which can be used for stimulation or production control along the well length. 

Also two-layer reservoir without crossflow with cased hole completion is recommended because it provides a 

high degree of the wellbore control and reservoir management.Cased hole completions are excellent for 

reservoirs where the horizontal well is being drilled to minimize coning problems. Perforations may be 

selectively squeezed off to prevent the influx of unwanted fluid. 

 

KEY WORDS: Well, Pressure,Layer,Reservoir,Horizontal 

 

I. INTRODUCTION 
 Production of oil from horizontal well in a layered reservoir subject to simultaneous top gas-cap and 

bottom water drive poses very serious challenges. The presence of a gas-cap at initial condition indicates 

saturated oil in equilibrium with the gas. Hence production of gas should be minimised since gas acts as the 

driving force like the water behind oil production Another challenge is the problem of occasioned by a 

permeable (crossflow) interface. Isolating each layer through a test analysis is a challenge if the layers contain 

oil of different properties or layers contain oil and gas .Well completion strategy has to be specially designed to 

achieve optimal1 individual layer production performance. For well test analysis of pressure data, it would be 

required that flow from each layer is adequately quantified and delineated.It is with a view to addressing these 

challenges that a model was developed by combining application of instantaneous source functions and 

Newman product methods. to obtain dimensionless pressure distribution of horizontal wells in a layered 

reservoir with simultaneous gas cap and bottom water drive for sex (6) different set of reservoir and well 

parameters. 

All integrals was evaluated numerically.(GAUSS-LEGENDRE QUADRATURE). 

 

II. METHODOLOGY 

• Dimensionless variables for horizontal well was used with instantaneous source functions were obtained 
for each flow period. 

• In this work we treated the effect of gas cap and bottom water drive as a constant pressure condition for 
both top and bottom boundaries. 
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• The combined application of instantaneous source functions and Newman product methods was used to 
obtain equation for dimensionless pressure.  

• Determination of flow period (Goode and Thambynayam )2 

• Determination of interlayer fluid Mobility ratio (M)  

• Time normalization factor α ,specifying equivalent flow time in layer 2 for dimensionless flow tD in layer 
1 since the layers have different response time due to different in properties.  

• Computation of A1 and A2 using numerical method (Gauss-Legendre Quadrature)  

• Value of A1 and A2 are substituted into Equation for dimensionless pressure and evaluated at different 
value of tD to obtain the pressure distribution for each layer . 

Note: All integrals was evaluated numerically.(GAUSS-LEGENDRE QUADRATURE) 

 

 To obtain dimensionless pressure distribution of horizontal wells in a layered reservoir with 

simultaneous gas cap and bottom water drive .Sex (6) different set of reservoir and well parameters were used. 

A physical description of the problem is illustrated in fig1.0,for horizontal well, the instantaneous source 

function is the product of three one-dimensional instantaneous source functions is represented by a line source 

horizontal well in a reservoir infinite in the x and y directions and bounded by the upper and lower boundaries in 

the z-direction3. 

 
Fig.1.0 Model Diagram 

 

Assumption                                                    

(i )Two layers reservoir (ii )Homogeneous reservoir ( iii) Oil production 

(iv) Negligible capillary (v) Unsteady flow of oil (vi)Slightly compressible oil production. 

 

Dimensionless Variables 

The following are dimensionless parameters used for this work. 

(1)Dimensionless Pressure 

PD= P – P(x,y,z,t)/(p –pw)-----------------------------------------------------------------------------------------------------1.0 

(2)Dimensionless time 
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 (4) Dimensionless well width 
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(5)Dimensionless well length 
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 (6)Dimensionless effective well bore radius 
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 (7) Dimensionless pay thickness 
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(8) Dimensionless distance in z-direction 
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PRESSURE DISTRIBUTION 

A general expression for dimensionless pressure for horizontal well4. 
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Mathematical Model For Layer 1  
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Mathematical Model For Layer 2  
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Constants (A1 and A2) at the Interface 
Multiplicative factors, A1 and A2 are introduced such that if obtained would compensate the assumption of a 

constant-pressure boundary and duplicate the influence of the interface more properly. 

To obtain expression for the above constant (A1 and A2 ), boundary conditions come to play at the interface. 
That is, 
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From equation 3.17 and 3.18 
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(14) Time Normalization Factor 
The term α is the time normalization factor to establish the same dimensionless time for flow in two layers of 

different flow behavior and is derived based on the definition of dimensionless flow times of the layers5.The 

equation factor is given in equation 17.0 
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To apply flow period equation, we substitute any of flow period in t ,in  equation 1.0 above . 

For example   
Early-Time Radial Flow. The early-time radial flow period ends at 
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Equation 18.0 is now 
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Equation 20.0 will give dimensionless value of Early-Time Radial Flow value. 

Also by substituting te2 and te3 in equation 1.0  
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Dimensionless values of Intermediate-time linear flow and Pseudoradial Flow can be obtained2. 

 

Statistical test for null significal test 

 The statististical test for significant differences is the t-test for two means for the results5. 
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Where 

SS1=Corrected sum of squares for sample 1, PD(clonts and Ramey),x1 

SS2=Corrected sum of squares for sample 2, PD(Ozkan et al),x2 

SS3=Corrected sum of squares for sample 3, PD(Malekzadeh t al)x3 

SS4=Corrected sum of squares for sample 4 PD(Our Results),x4 

N1=size of sample 1 

N1=size of sample 2 

N1=size of sample 3 

N1=size of sample 4 
Sum of squares,SS= 
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Hypothesis  

Null hypothesis is stated: H0: xx 41



 = 0 
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III. RESULTS  AND DISCUSSION 
 

Table1.0: EXAMPLE 1, RESERVOIR AND WELL PROPERTIES 
 

 

LD1 LD2 ZWD1 ZWD2 ZD1 ZD2 DZ(ft) 

0.19764 0.194 0.995 0.788 0.005 0.004 2.5 

hD1 hD2 XwD1 XwD2 YeD1 YeD2 DX(ft) 

4.785 2.5298 0.99244 0.795 0.0015 0.0215 2.00E+02 

XeD2 XeD1 K2(Md) Kx2(Md) k1(mD) kx1(mD) dy(ft) 

0.0215 0.14 10 10 8.94427 10 21 

Ct1(psi-1) ct2(psi
-1

) L1(ft) L2(ft) h1(ft) h2(ft) 

 
4.00E-06 3.00E-06 250 250 200 100 

 
YD1 YD2 Ø1 Ø2 YWD1 YWD2 

 
8.00E-03 6.00E-03 0.23 0.23 9.92E-01 8.94E-01 

 
XD1 XD2 µ1(cp) µ2(cp) hD2 hd1 

 
0.00757 0.0065 0.5 0.2 2.5298 4.785 

  

 
 

Fig. 1.0: Pressure Distribution for Two Layered Reservoir for Example 1 

Pressure Distribution for Example 2:From Fig. 1.0 , it is observed that there is no significant 

difference between pressure response in Layer 1 and Layer 2.  This could be as a result of 

both layers having equal permeability. In this case, possibility of having a crossflow between 

Layer1 and Layer 2 will not be there. Effect of layering is observed at early tD, and steady-

state flow is observed at late tD. The steady-state behavior is as a result of subjection of the 

reservoir both up and down by a gas cap and bottom water drive. 

Table2.0: EXAMPLE 2, RESERVOIR AND WELL PROPERTIES 

LD1 LD2 ZWD1 ZWD2 ZD1 ZD2 YD1 YD2 

0.1186 0.1001 0.995 0.788 0.1854 0.1793 5.93E-02 3.46E-02 

hD1 hD2 XwD1 XwD2 YeD1 YeD2 XD1 XD2 

7.495 6.43 0.992435 0.795 0.0015 0.0215 0.05925 0.04532 

K2(mD) Kx2(mD) k1(mD) kx1(mD) Ø1 Ø2 µ1(cp) µ2(cp) 

8 10 6.32 10 0.22 0.23 0.04 0.2 

L1(ft) L2(ft) h1(ft) h2(ft) YWD1 YWD2 XeD2 XeD1 

30 50 40 40 9.92E-01 8.94E-01 0.0215 0.14 

rWD1 rWD2 Dx(ft) Dx(ft) ct1 ct2 kv(mD) Dz(ft) 

0.0156 1.11x10-3 20 8 5.00E-06 3.00E-06 0.8 30 
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Fig. 2.0: Pressure Distribution for Two Layered Reservoir for Example 2 

Pressure Distribution for Example 2   : Pressure Distribution for Two Layered Reservoir for Case Study 2 is 

shown in  Fig. 2.0 above. The permeability of layer 2 is higher than that of layer 1 and the viscosity of Layer 1 is 

higher than that of Layer 2, as a result of this the pressure response in layer 2 is higher than that of Layer 1 as 

shown in Fig. 4.10 above. In this case study the value of  =1.51 and M=0.158. The degree of crossflow 

through the interface is higher toward Layer 2 as indicated by the value of M. Here completion should be carried 

out in Layer 2 where there is the possibility of have more recovery. 

Table3.0: EXAMPLE 3, RESERVOIR AND WELL PROPERTIES 

LD1 LD2 ZWD1 ZWD2 ZD1 ZD2 YD1 YD2 

0.75293 0.7012 0.0995 0.0788 0.005 0.004 8.00E-03 6.00E-03 

hD1 hD2 XwD1 XwD2 K2(mD) Kx2(mD) k1(mD) kx1(mD) 

1.32816 1.211 0.9924 0.795 10 10 10 10 

YWD1 YWD2 YeD1 YeD2 XD1 XD2 hd2 Hd1 

9.92E-01 8.94E-01 0.0015 0.0215 0.007565 0.0065 1.211 1.328157 

Ø1 Ø2 µ1 µ2 ct1 ct2 L1(ft) L2(ft) 

0.2 0.23 1 0.2 4.00E-06 3.00E-06 1000 1500 

dy(ft) dx(ft) Dz(ft) dy(ft) rwD1 rwD2 XD1 

 21 200 8.05 21 0.004936 0.00221 0.008  

h2(ft) h1(ft) XeD2 XeD1 kv(mD) Kh(mD)   

21 21 0.022 0.14 0.01 10   

  

 
 Fig. 3.0: Pressure Distribution for Two Layered Reservoir for Example 3 
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Pressure Distribution for Example 3  :  

Pressure Distribution for Two Layered Reservoir for Case Study3 is shown in Fig.3.0 above. The permeability 

of the two layers equal but layer 2 has a higher porosity. This could have contributed to high productivity of 

Layer 2. In this case study the value of  =3.86 and M=5.0. The degree of crossflow through the interface is 

higher toward Layer 2 as indicated by the value of M. Here completion should be carried out in Layer 2 where 

there is the possibility of have more recovery. 

Table4.0: EXAMPLE 4, Reservoir And Well Properties 

 

LD1 LD2 ZWD1 ZWD2 ZD1 ZD2 YD1 

0.2209 0.1109 0.995 0.788 0.005 0.004 8.00E-03 

hD1 hD2 XwD1 XwD2 ct2 L1(ft) L2(ft) 

4.785 5.412 0.992435 0.795 3.00E-06 250 250 

K2(mD) Kx2(mD) k1(mD) kx1(mD) Ø1 Ø2 µ1(cp) 

10 10 8.94427 10 0.23 0.23 0.5 

YeD1 YeD2 XD1 XD2 hd2 Hd1 XeD2 

0.0015 0.0215 0.007565 0.0065 5.412 4.785 0.0215 

dy(ft) dx(ft) YWD2 kv(mD) dz(ft) Dz(ft) rwD1 

21 200 8.94E-01 1 2 30 0.0160 

YwD1 ct1(psi
-1

) h1(ft) h2(ft) µ2(cp) XeD1 rwD2 

9.9E-1 5.00E-05 200 100 0.2 0.14 0.0591 

 

 

 
 

Fig. 4.0: Pressure Distribution for Two Layered Reservoir for Example 4 

 

Pressure Distribution for Example 4 

In this case study we have four numbers of flow periods . The value of time normalization factor  =37.3 and 

the interlayer mobility ratio M=4.47. Fig. 4.0  illustrate the pressure distribution in each layer. From the figure 

we observe that the pressure response is higher in Layer 2 than in Layer 1. Here the permeability is higher in 

Layer 2 than in Layer 1; and porosity and in both Layers are equal. The high pressure response in layer 2 could 

be as a result of high permeability of Layer 2 or as a result of gas cap being predominant. From the figure this 

reservoir experiences steady-state behavior at later tD. 

 

Table5.0:  EXAMPLE 5, RESERVOIR AND WELL PROPERTIES 
 

LD1 LD2 ZWD1 ZWD2 ZD1 ZD2 YD1 YD2 

0.144 0.0812 0.056 0.0121 0.121 0.313 0.351 0.141 

hD1 hD2 XwD1 XwD2 YeD1 YeD2 XD1 XD2 

6.93 3.11 0.732 0.732 0.012 0.006 0.231 0.312 

K2(mD) Kx2(mD) k1(mD) kx1(mD) Ø1 Ø2 µ1(cp) µ2(cp) 

1000 1000 1000 1000 0.2 0.21 0.3 0.3 

YWD1 YWD2 XeD2 XeD1 L1(ft) L2(ft) h1(ft) h2(ft) 

0.00712 0.006 0.214 0.325 100 100 6 6 

ct1(ft) ct2(ft) XD1 Dz(ft) dx(ft) dy(ft) rwD1 rwD2 

0.000004 0.000004 0.231 4 2 10 0.04 0.012 
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Fig. 5.0: Pressure Distribution for Two Layered Reservoir for Example 5 

 

Pressure Distribution for Example5  

In this case study we have two numbers of flow periods . The value of time normalization factor  =0.952 and 

interlayer mobility ratio M=1.0. Fig. 5.0 illustrates the pressure distribution of both layers. The pressure in Layer 

2 is higher than that of layer 1. This could be as a result of higher porosity of Layer2 since both layers have the 

same permeability. It could also be as a result of as cap energy. 

 

Table6.0:  EXAMPLE 6, Reservoir and Well Properties 

 

LD1 LD2 ZWD1 ZWD2 ZD1 ZD2 

0.129764 6.03 0.995 0.788 0.005 0.004 

hd2 hd1 XwD1 XwD2 XD1 XD2 

4.785 2.5298 0.992435 0.795 0.007565 0.0065 

K2(mD) Kx2(mD) k1(mD) kx1(mD) Ø1 Ø2 

4 4 4 4 0.2 0.23 

YWD1 YWD2 YeD1 YeD2 Dz( Dz(ft) 

9.92E-01 8.94E-01 0.0015 0.0215 2 0.3 

XD1 h1(ft) h2(ft) Dx(ft) Dy(ft) Dz(ft) 

0.00126 5 5 200 21 2.00E+00 

rwD1 rwD2 YD1 YD2 XeD2 XeD1 

4x10-2 1.2x10-2 8.00E-03 6.00E-03 0.0215 0.14 

µ1(cp) µ2(cp ct1psi
-1 

ct2psi
-1 

L1(ft) L2(ft) 

0.03 0.2 4.00E-06 3.00E-06 2000 2500 

 

 
 

Fig. 6.0: Pressure Distribution for Two Layered Reservoir for Example 6 

 

 

Pressure Distribution for Example 6  

In this case study we have three numbers of flow periods . The value of time normalization factor =0.139 and 

interlayered mobility ratio M=0.15. Fig. 6.0 illustrates the pressure distribution of the two Layers. Productivity 
is higher in Layer 1 at tD  ≤10.    
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Fig. 7.0: Dimensionless Pressure and Dimensionless Pressure Derivative for Layer1   With Flow Period 

for Example 1. 

Dimensionless Pressure and Dimensionless Pressure Derivative for Layer1 With Flow Period for Example 1. 

 Fig.7.0 shows pressure derivative distribution for example 1.With this figure we are able to identify  the flow 

period. The pressure derivative enable us to identify flow period and also help in determine some  Important 
parameters. 

Table7.0:Comparison of Results 

 

VALIDATION OF RESULTS          
The results of an infinite-acting reservoir have been validated as presented  in Table7.0 and Fig 8.0 and also 

from statistic test carried out below. This implies that the numerical method used was adequate. 

 

 
Fig 8.0: Comparison of Dimensionless Wellbore Pressure Results 

From Table7.0 and equation 21.0 

(i) t-Test for clonts and Ramey)x1  

 
 

Also from equation 22.0 
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t-Test for  PDMalekzadeh t al)x3 

=0.29778588 

Degree of freedom=N1+N2-2=5+5-2=8 

Choosing a significant level test HO,α=0.05  

Therefore, the tabled t-ratio(α=0.05) for 8 degree freedom is 2.306 

Since our obtained t-ratio is less than that of the tabled value Ho accepted. The conclusion drawn from the t-test 

carried  
out, therefore there is no significant difference between our results and other Authors considered. 

 IV. CONCLUSION 
 Haven presented the problems objectives, and results of study in the previous chapters, we arrived  

at the following conclusion: 

[1] We have been able to show behavior of pressure distribution for two layered reservoir subjected 

simultaneously by a Gas-cap and bottom water derive both graphical and tabular form for six examples 

were considered. 

[2] We have been able to determine the flow regime ;(i) Radial Flow (ii) Early Linear Flow Period. 

[3] We have been able to compute the multiplication factor ( A
1 

and A
2

)using numerical method (Gauss-

Legendre Quadrature)  

[4] This factor decreases with dimensionless time,tD  and become zero with increase in tD And we have seen 

that the time interval at which the constants maintain a zero slope marks the end of infinite-acting flow 

and attainment of 

[5] their final values irrespective of flow time. 

[6] We have also compute the dimensionless pressure and dimensionless pressure derivative using numerical  

Method (Gauss-Legendre Quadrature) .The results showed that dimensionless pressure increases with 

dimension 

time.The results show that it is possible to analyzed each layers using the conventional  methods and each 

 layer requires properties from other layer involved. 

NOMENCLATURE 

Ct Total reservoir compressibility, Psi -1 

h Formation thickness  ft 

hD Dimensionless height 
LD  Dimensionless length  

PD Dimensionless  Pressure 

PwD Dimensionless wellbore pressure 

pD
’ Dimensionless pressure  derivative 

S Instantaneous source functions 

t Time,hrs 

tD Dimensionless time  

x,y,z Space coordinates 

xD,yD Dimensionless distance in the x and y directions 

xf Horizontal well half length 

zD Dimension distance in the z director 
k Horizontal permeability and 

ky Permeability  in the y – direction, md 

kz Permeability  in the z direction , md 

l Horizontal well length, ft 

rD Dimensionless radial distance in the horizontal plane 

rwD Dimensionless wellbore radius 

xw Well location in the x – direction, ft. 

xe Distance to the boundary  or reservoir length ft 

xeD Dimensionless distance to the boundary 

xWD Dimensionless well location in the x- direction 

Zw Well location in the direction, ft. 
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zWD Dimensionless well location in the  Z direction 

Yw Well location in the y – direction, ft.  

Dimensionless well location in the Y direction. 
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ABSTRACT : A performance-based seismic design (PBSD) method is aimed at controlling the structural 

damage based on precise estimations of proper response parameters. PBSD method evaluates the performance 

of a building frame for any seismic hazard, the building may experience. Use of this method for vertical 

irregular buildings is verified with comparison of conventional method. Soft storey is subjected to failures due 

to stiffness and strength reduction. This paper deals with application of Performance based seismic design 

method for soft storey RC building frames(10 storeys) . Push over analysis results show significance of PBSD 
method in frames having soft story at lower floor level compared to higher ones. 

 

KEYWORDS :  RC building, , Performance based seismic design (PBSD), Response parameters, , and Push 

over analysis  

 

I. INTRODUCTION 
 Earthquakes have the potential for causing the greatest damages, among all the natural hazards. Since 

earthquake forces are random in nature & unpredictable, need of some sophisticated methods to analyze our 

structures for these forces. Performance based design can relate to a new dimension in the seismic design 

philosophy. We need to carefully understand and model the earthquake forces to study the actual behavior of 
structure so that structure faces a controlled damage. India has witnessed more than 690 earthquakes of Richter 

magnitude (‘M’) greater than 5 during 1828 to 2010. Damage survey reports show that life and property losses 

occur in urban and semi-urban areas. It is uneconomical to design a building so as not to suffer any damage 

during strong earthquake. An engineering approach aims for achieving balance in cost and performance through 

controlled damage. The goal of performance-based seismic design is to ensure that performance objectives are 

satisfied. A successful conceptual design could hopefully reduce the impact of uncertainties on the real 

structural behavior.  

 

 The poor performance level, and hence the high level of structural damage in the stock of building 

structures during the frequent earthquakes happened in India by the last decade, increased the need to the 

determination and evaluation of the damages in the building type of structures, so much more than ever before. 
The most destructive and unfortunately the most general irregularity in stock of  building structures that lead to 

collapse is certainly the soft story irregularity. The commercial and parking areas with higher story heights 

reduce the stiffness of the lateral load resisting system at that story and progressive collapse becomes 

unavoidable in a severe earthquake for such buildings. This situation has been verified for all of the building 

structures with soft stories, independently from good quality of construction and design.  
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Current status of seismic design procedure and its weakness : Current seismic design practice around the 

world is carried by elastic method even though it is acknowledged that the buildings undergo large deformations 

in inelastic range when subjected to large earthquakes. As a result in seismic activity, there may be severe 

yielding and buckling of structural members and connections, can be unevenly and widely distributed in the 

structure designed by elastic methods. This may result in rather undesirable and unpredictable response, total 

collapse, or difficult and costly repair work at best.[1] There is need for more direct design methods that would 

fit in the framework of PBSD and produce structures that would perform as desired. 
Major weaknesses of current seismic procedure: 

 Increasing base shear to reduce damage is not reliable since past earthquakes have results of total collapse 

due to local column failure. 

 Upper story failures in buildings are not justified by elastic method which assumes lateral force distribution 

which does not account for nonlinear behaviour of the structure. 

 Earthquake changes stiffness of the members due to cracking of concrete and yielding of steel and 

proportioning of members according to elastic analysis leads to major failures. 

 Materials like Reinforced Concrete have hysteretic (pinched) behaviour which is not accounted. 

 Many studies have shown the column undergo yielding if it is designed as per capacity approach, inelastic 

behaviour of the column are not considered.  

 

II. PERFORMANCE BASED SEISMIC DESIGN OF REINFORCED MOMENT 

RESISTANT FRAMES 
 Reinforced Concrete Building stock in India is mainly classified from low to medium rise buildings. 

Approach of I.S 1893,2002 is in tune with typical code practice followed by many other countries. In spite of 

knowing drawbacks of force based seismic design procedures, the practice is in vogue due to its simplicity and 

non-availability of the alternative. We can use guidelines given by FEMA and ATC documents by modifying 

them for Indian condition. An outline of the step-by-step Performance-Based Seismic Design (PBSD) procedure 
is given in the following.[1]  

 

Design procedure 

An outline of the step-by-step Performance-Based Seismic Design (PBSD) procedure is given in the following.  

[1] Initially desired yield mechanism is selected. 

[2] Fundamental period ‘T’ of the structure is estimated, along with yielding drift ‘θy’.[2] 

[3] Determine inelastic spectral acceleration 

[4] Calculate the ductility reduction factor and the structural ductility factor. 

 

With the assumed yield drift ‘θy’ for different structural systems from tables in ASCE (2006)the energy 

modification factor, ‘γ’ , depends on the structural ductility factor ( ‘μs’) and the ductility reduction factor (‘ Rμ’) 
and can be obtained from the following relationship.:[3]  

                                                                                                                                                          (2.1)                                                                                                                                                                                

To consider the hysteretic (degradation of strength and stiffness) behaviour, the coefficient ‘C2’ (modification 

factor) is determined which represents the effect of pinched shape of hysteretic loops, stiffness degradation, and 

strength deterioration on the maximum displacement response according to FEMA 356.  Ductility reduction 

factor ‘Rμ’ and energy modification factor ‘γ’ can be calculated as follows: 

                                                                                                                  (2.2)                                                                                                                                                                                                                                          

5. Determine actual lateral forces  

Shear distribution factor for the respective story factor for the respective story is calculated by using following 

equation: 

                                                                                                                             (2.3)               

 shear force at ith level  ;  

;   

 ;  

Then, the lateral force at level i, Fi , can be obtained as: 



American Journal of Engineering Research (AJER) 2014 
 

 

 

w w w . a j e r . o r g  
 

Page 56 

                                                                                                                                            (2.4)                                                                                                                                                                                                                                                                                                            

   ; ;  = Design base shear  

Substituting the values of Vn we get following equation: 

                                                                                                                (2.5)                                                                                                                                                                                                                                                

6. Design of designated yielding and Non-designated yielding members. 

For Reinforced Concrete moment frames, beams are designed as Designated Yielding members  because of 

strength contribution from slabs and non-rectangular beam shapes (ie, T shape beam), as well as the use of 

different amounts of top and bottom reinforcement, plastic moments in positive and negative direction of DYM 

may be different: 

                                                                                      

                                                                                                        (2.6)                                                          

                                                                                             

                                                                                                                                 

                                                                                                                   (2.7)                                                                                                                             

Where x is the ratio of the absolute value of negative Bending moment to positive Bending moment. Members 
that are not designated to yield (Non-DYM), such as columns in, must be designed to resist the combination of 

factored gravity loads and maximum expected strength of the DYM by accounting for reasonable strain-

hardening and material over strength. The columns must be designed for maximum expected forces by including 

gravity loads on beams and columns and by considering a reasonable extent of strain-hardening and material 

over strength in the beam plastic hinges. 

 

          Mp Mpb Mpb                                                                                                                                       (2.8) 

III. STRUCTURAL MODELLING AND IT’S RESULTS 

 To study the effect of soft storey we have compared 10 storey frames  which was modified into 10 
different models by considering soft storey in each storey with conventional and Performance based Seismic 

design method, we have considered 10 storey models. The basic plan and elevation for all 10 models is kept 

same. Frames are considered of 12mx12m area. Height of building is32m.. Basic Dimensions for the frames and 

general design parameters were taken commonly as .Type of frame: Moment Resistant frame, Size of Column = 

500 x 500mm, Size of Beam = 300 x 600 mm, Thickness of Slab = 120mm thick   Wall thickness = 150mm, 

Floor Finish = 1 KN/m2  ,Live load at all floor levels = 2 KN/m2,Zone IV, Medium type of 

soil  
 

Fig 3.1 Plan and Elevation of 10 storied irregular frames with Soft Storey considered for study 
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Fig 3.2 Soft Storey At First, Second, Third And Fourth Floor 

 

Fig 3.3 Soft Storey At Fifth, Sixth, Seventh, Eight and Nine Floor 

Following Nine Soft Storey cases have been framed for analysis purpose.                                                                               
 

Table 3.1 Soft story cases for analysis       Table 3.2 Seismic parameters considered for design 

 

 

Comparative evaluation of 10 story irregular frames (with soft storey in each storey) with respect to I.S 

1893-2002 and PBSD method   : Capacity spectrum curve is actual plot representing the performance point i.e. 

intersection point of spectral displacement and spectral acceleration. It is clear that in PBSD method 

performance point (intersection of demand and capacity curves) shifts due to extra confined steel which is 

normally incorporated in design. Hence provision for extra ductility is avoided since this care is already taken 

while designing. 

 

IV. PERFORMANCE POINT COMPARISON FOR IRREGULAR FRAME WITH SOFT 

STOREY IN EACH STOREY 
  

 

 

Case I Soft storey  at first floor 

Case II Soft storey  at second floor 

Case III Soft story at third floor 

Case IV Soft story at fourth floor 

Case V Soft story at fifth floor 

Case VI Soft story at sixth floor 

Case VII Soft story  at seventh floor 

Case VIII Soft story at eighth floor 

Case IX Soft story  at ninth floor 

Seismic zone factor ‘Z’ 0.16 

Importance factor, ‘I’ 1 

Sa Inelastic 0.1875 g 

‘T’ 0.8s 

Yield drift ratio ‘θy’ 0.5% 

Target drift ratio ‘θu’ 2% 

Inelastic drift ratio ‘(θu - θy)’ 1.5% 

Ductility factor 4 

Reduction Factor due to 

Ductility ‘Rμ’ 

4 

Energy Modification Factor ‘γ’ 0.43 

Fig 3.5 Performance point in I.S 1893-2002(force 

based) and  PBSD method for all models with soft 

story (Spectral acceleration)  

 

Fig 3.4 Performance point in I.S 1893-

2002(force based) and  PBSD method for 

all models with soft story (Base shear)  
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Fig 3.6 Performance point in I.S 1893-2002(force based) and  PBSD method for all models with 

soft story (Effective time) 

Some comments on push over curve nature are, in case of soft storey there is no significant achievement with 

respect to spectral acceleration and spectral displacement entities but with respect to displacement and effective 

time period performance point is enhanced. 

Roof Drift Ratio :  Deformed shape of any pushover curve is based on roof drift ratio. In our case normally 

roof drift in all soft story models designed by PBSD method  are near about same or less compared to all models 

designed by conventional method. That means PBSD models have same deformable capacity like conventional 
models. 

Table 3.3 Comparison Of Roof Drift Ratio W.r.t I.S. 1893 & PBSD 
 

 

 

 

 

 

 

 

Table 3.4 Comparison Of Base Shear w.r.t  I.S. 1893 & PBSD 

 

Case no.  
Roof drift as 

per I.S 1893  

Roof drift as 

per PBSD  

Roof drift 

ratio  

09  0.031  0.03  1.03  

08  0.006  0.007  0.857  

07  0.006  0.005  1.2  

06  0.005  0.005  1  

05  0.004  0.004  1  

04  0.003  0.003  1  

03  0.0031  0.002  0.155  

02  0.002  0.002  1  

01  0.058  0.066  0.878  

Case no.  
Base Shear as per 

I.S 1893;2002  

Base Shear as per 

PBSD  

09  1083.38  2035.9325  

08  1215.93  1215.93  

07  1106.44  1486.10  

06  840.678  1171.52  

05  1255.93  986.44  

04  1001.69  1093.22  

03  1381.017  1290.847  

02  1319.32  1309.83  

01  645  840  
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Fig 3.7 Comparison of Roof drift ratio w.r.t 

IS1893-2002  & PBSD method 

 

 

 

 

 

 

Fig 3.8 Comparison of Base Shear wrt IS1893-2002 & PBSD method 

Static Over-strength Ratio : All pushover curves show that even though the design base shear for each 
baseline frame is smaller than that of corresponding PBSD frame, the ultimate strength of conventional frame 

.This is due to fact that the design of baseline frame was governed by drift which required major revision of 

member sizes after having been designed for strength. The iteration is not needed in PBSD method. The static 

over strength ratio of ultimate strength to design base shear for all frames is summarized in following table. 

Table 3.5 Comparison of static over-strength ratio w.r.t is1893 & PBSD method 
 

      

 

 

 

 

 

 

Case 

no.  

Static Over-

strength as per 

I.S1893 ;2002  

Static Over-

strength as per 

PBSD  

09  1.5  1  

08  1.3  1.3  

07  1.4  1  

06  1.8  1.3  

05  1.1  1.4  

04  1.4  1.2  

03  1.01  1.08  

02  1.03  1.01  

01  1  1.02  

 



American Journal of Engineering Research (AJER) 2014 
 

 

 

w w w . a j e r . o r g  
 

Page 60 

 

 

V. DISCUSSION 
 Performance point in PBSD and I.S 1893 2002 is near same for all 10 cases .For Soft story to ninth floor 

varies maximum with 72.08 % increment. 

 Displacement in first model is 0.012m less than conventional model so this elates performance point. 

 Spectral acceleration is greater only in 9th case is increased up to 50% (0.06) in PBSD method and (0.04) in 

conventional method. 

 Hinges developed in both cases have individual significance; however numbers of hinges developed are 

same in both cases for all 10 models. 

 Base shear in both methods  does not show much difference except in last case .The difference is 600KN 
 Storey drift for model with ninth floor soft storey is less 0.04mm and largest for storey for which value is 

0.4mm for first floor. 

 Roof drift ratio (PBSD: I.S method) for ninth storey is maximum i.e1and least for  model having soft storey 

at third floor i.e. 0.857. 

 Base shear in all models in both methods is gradual and does not vary much except in ninth model it varies 

by 1000 KN.  

VI. CONCLUSION 

 Performance Based Seismic Design involves distribution of lateral forces according to new distribution 

factor which is defined on basis of real ground motion. Initial design process includes utilization of optimum 

sections which sustain the earthquake loads hence iterative trials are avoided and this method proves to be 

practical than current practice of designing earthquake resistant structures. Non Linear static analysis for frames 

gives comparison of performance of buildings even if they are irregular with respect to soft storey. Performance 

point of the frames (vertical irregularity of soft storey) designed by PBSD method is enhanced than for all 

frames designed by conventional method. Time period is one of the effective means to check the reliability of 

PBSD method. Time period for all vertical irregular frames with soft story is lowest than the frames designed by 
conventional method. These results will help design engineers in fast and reliable assessment of the effects of 

soft storeys. 
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 ABSTRACT : Environmental sustainability is the major concern in the age of modern world. For textile and 
apparel sector, this has been a burning issue for many related concerned bodies. The pretreatment and dyeing 

process of greige fabrics results in large volume of effluents that has harmful effect on environment. In this 

study, the ecological parameters of the effluents obtained from scouring and dyeing of 100% organic cotton 

single jersey knitted fabrics with environmentally low impact Remazol series reactive dyes adopting exhaust 

dyeing method was investigated. The effluents collected for investigating the ecological parameters include 

chemical oxygen demand (COD), biological oxygen demand (BOD), total dissolved solids (TDS), total 

suspended solids (TSS), dissolved oxygen (DO) and alkalinity. The results show that the use of the low impact 

reactive dyes has greater ecological advantages as it reduces the COD, BOD, TDS, TSS, pH values and 

increases the DO values of effluents. Organic cotton itself being eco-friendly along with Remazol series 

sustainable dyes provides the better ecological results. Hence, the results indicated that wet processing of 

organic cotton knitted fabric with eco-friendly and low impact reactive dyes provide better ecological 

advantages. 

KEYWORDS :  Organic cotton, Eco-friendly dyes, Knitted fabrics, Effluents, Wet processing. 

I. INTRODUCTION 

The textile industry plays an important role in the economy of Bangladesh. Textile industry involves 

wide range of raw materials and processes to engineer the required shape and properties of the final product. Out 

of various activities in textile industry, chemical processing contributes about 70% of pollution [1]. Waste 

stream generated in this industry is essentially based on water-based effluent generated in the various activities 

of wet processing of textiles. The main cause of generation of this effluent is the use of huge volume of water 

either in the actual chemical processing or during re-processing in preparatory, dyeing, printing and finishing 

[2]. Gray fabrics, after its manufacturing, are subjected to several wet processes such as pretreatment process 

involving demineralization, scouring, bleaching and mercerization etc. The pretreated fabric is then dyed using 

textile dyes and finished by softener padding. The pretreatment and dying process results in large volume of 

effluent that has harmful effect on environment [3]. Generally, textile effluent is colored with high pH, 

temperature, biological oxygen demand (BOD), chemical oxygen demand (COD), total dissolve solid (TDS) 
and total suspended solid (TSS) along with low dissolved oxygen (DO) [4]. Color is imparted to textile effluents 

because of the various dyes and pigments used to color the fabric. The presence of dyes in the waste waters will 

cause severe damage to the aquatic biology [12]. This is because dyes have a synthetic origin and a complex 

molecular structure which makes them more stable and difficult to be biodegraded [5]. It is well known that 

cotton mills consume large volume of water for various processes such as sizing, desizing, and scouring, 

bleaching, mercerization, dyeing, printing, finishing and ultimately washing. Due to the nature of various 

chemical processing of textiles, large volumes of waste water with numerous pollutants are discharged. But 

where is the real problem?  
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The fact is that the effluent generated in different steps is well beyond the standard and thus it is highly 

polluted and dangerous [6]. Thus a study on different measures which can be adopted to minimize the 

environmental impact of effluents discharged from textile chemical processing industries to protect and 

safeguard our surroundings from possible pollution problem which has been the focus point of many recent 

investigations [7]. In recent years, different approaches have been discussed to tackle man made environmental 

hazards. Clean technology, eco-mark and green chemistry are some of the most highlighted practices in 

preventing and or reducing the adverse effect on our surroundings [8]. Thus, the present study aim to investigate 
the ecological parameters of effluents obtained from scouring and dyeing the 100% organic cotton single jersey 

knitted fabric with eco-friendly Remazol series low impact reactive dyes of DySter. The effluent parameters 

studied includes COD, BOD, TDS, TSS, DO and Alkalinity. 

 

II. MATERIALS AND METHODOLOGY 
2.1 Dyeing Organic Cotton Knitted Fabrics:  For the study, the selected samples were fixed with standard 

procedure and dye recipe.  The selected sample were discussed with Dystar executive, to obtain recipe based on 

low impact reactive dyes such as Remazol, Remazol ultra RGB series of dyes. The lab dyeing trails were done 

using HTHP lab dyeing machine with 10 gm single jersey organic cotton RFD knitted fabric samples.  Dyeing 

method in this study uses low impact reactive dyes, along with others various eco-friendly dyes & chemicals. 
The Parameters and recipe for dyeing is presented in Tables 1 and Table 2 respectively. 

Table 1: Parameters for scouring, dyeing and aftertreatment of organic cotton S/J knitted fabric 

 

 

 

 

During the lab dyeing process, effluent from scouring and dyeing process was collected and investigated for 

ecological parameters such as Chemical Oxygen Demand (COD), Biological Oxygen Demand (BOD), Total 

Dissolved Solids (TDS), Total Suspended Solids (TSS), Dissolved Oxygen (DO) and Alkalinity with the help of 

COD Reactor, COD Vial, UV Spectrophotometer,  BOD Oxitop are shown in Figure 1. 

         

Figure 1: (a) COD Reactor, (b) COD Vial, (c) UV Spectrophotometer, (d) BOD Oxitop 

 

 

 

 

 

 

Materials Details 
Process name L:R/pH 

 

Req. Temp ×Time 

Fabric type: S/J 

Greige GSM: 160 

Color: Black 

Materials weight: 1 kg 

 

Scouring 1:6/6.0-10.5 
60°C ×1hr 50 min 

(30+20+15+45)  

Dyeing 

 

1:7/9.5-11 

 

50°C x 30 min 

After Treatment 1:6 After Treatment 
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Table 2: Recipe for Pretreatment, dyeing and aftertreatment of organic cotton S/J knitted fabric 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2 Determination of Chemical Oxygen Demand (COD): The COD is used as a measure of oxygen 

equivalent of organic matter content of sample that is susceptible to oxidation by strong chemical oxidant for 

sample from a specific source. It is the measure of both biologically oxidizable and biologically inert organic 
matter [9]. The apparatus used in COD measurement were COD Reactor (Figure 1, a); Micro pipette, Beaker, 

COD Vial (Figure 1, b); UV Spectrophotometer (Figure 1, c). First effluents were taken in COD vial. Then the 

vial was kept in COD reactor at 150⁰C for 2 hours. Then the vial was put off from COD reactor and cooled in 

normal temperature. After that the sample was tested in UV spectrophotometer with respect to the fresh COD 

vial to get COD value. 

2.3 Determination of Biological Oxygen Demand (BOD): The BOD is a measure of the quantity of oxygen 
used by microorganisms in the oxidation of organic matter [10]. The basic principle involves the estimation of 

dissolved oxygen uptake of sample and blank initially and after incubation for 3 days at 270C. To standardize 

the measurement of BOD the incubation period and temperature were as period: 5 days and temperature 20ºC 

respectively. Firstly pure distilled water saturated with oxygen was taken in BOD Oxitop (Figure 1, d). 5ml of 

polluted water+25ml of pure water were taken in another BOD Oxitop. Then the both oxitop was kept for five 

days in BOD incubator at 20ºC. Next dissolved oxygen of pure water and dilute impure water were measured 

after 5 days to get BOD values. 

2.4 Determination of Total dissolved Solid (TDS) and Total Suspended Solid (TSS): Total solid (TS) refers 

to the matter that remains as residue upon evaporation and drying at 103-105⁰C [11].The total solid includes 

total suspended solid (TSS)-the portion of the total solid retained by filter (Figure 2, a) and total dissolved solid 

(TDS)-the portion that passes through the filter. A clean glass beaker was taken (which was kept at 103ºC in an 

oven for 1 hour) of 150 ml capacity and also the weight of the beaker was taken. Then 100 ml of the sample was 

poured into the beaker. After that the beaker was placed in an oven maintained at 103ºC for 24 hours. Then 

cooling the beaker weight of the beaker was taken. Weight of the solid (Figure 2, b) was found by subtracting 

this value from the weight of clean beaker. 

Total Solids, TS (mg/l) = (mg of solids in the beaker×1000)/volume of sample 

TDS (mg/l) = (mg of solids in the beaker×1000)/volume of sample 

Total suspended solid, TSS (mg/Lt) = TS (mg/L) – TDS (mg/L) 

 

 

 Pretreatment 

Amount in g/l or % Dyes/Chemicals 

0.7 ALO (Wetting Agent/Detergent) 

0.25 ST-700 (Peroxide Stabilizer) 

1.5 ALBA C (Anti-creasing Agent) 

2 CAUSTIC 

2.5 H2O2 

1.5 A.ACID 

0.08 T-100 (Peroxide Killer) 

0.40% Prima Green Eco scour 

0.40% Prima Fast Gold RSL 

 

 

 

 

 

     Dyeing  

0.5 SECURON-540 (Sequestering Agent) 

1 SECURON (Sequestering Agent) 

0.5 ALBA C (Anti-creasing Agent) 

0.5 RDLB (Leveling Agent) 

1.719250% Remazol Ultra yellow RGBN 

1.326000% Remazol Ultra Red RGB 

4.550000% Remazol Deep Black RGBN 

90 SALT 

5 SODA 

1.75 CAUSTIC 

After treatment 1.5 A.ACID 

1.5 CS (Softener Cationic ) 
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2.5 Determination of Dissolved Oxygen and P
H

: Waste water is taken in a beaker, DO port, and pH ports were 

set to multi meter (Figure 2, c) for determining pH, DO and Conductivity respectively. Then the port was dipped 

into the waste water and kept for few seconds until the result was shown in the display. DO (mg/L) and 

conductivity (mS/cm) values were found directly from multi meter. 

 
Figure 2: (a) Funnel & Filter Paper, (b) Dried Sample, (c) Multi-meter 

III. RESULTS AND DISCUSSIONS 

It is easily noticeable from various data, for almost all processes the effluent parameters exceeded the 

Bangladesh standards to a great extent. The ecological parameters of the effluent obtained from dyeing of bio-

scoured and dyeing of organic cotton single jersey fabrics with environmentally low impact textile reactive dyes 

was investigated.  The dyes used include low impact (Remazol RGB series) reactive dyes of DyStar branded 

along with others non RSL chemicals and auxiliaries certified by Oeko-Tex. The results show that the use of the 

low impact reactive dyes has greater ecological advantages as it reduces the COD, BOD, TSS, TDS and pH of 

the effluent considerably. It also shows higher amount of DO and balanced pH values with a tolerable pH limit. 

Further, the use of good branded and Oeko-Tex certified chemicals and auxiliaries also provide better results for 

effluents whereas these ecological parameters are of highly environment pollutant for others for regular dyeing 
process available in most of the industries. Physico-chemical characteristics of effluents of organic cotton fabric 

after bio-scouring and after dyeing are represented at Table 3 and 4 respectively. 

3.1 Chemical Oxygen Demand (COD): The COD (mg O/l) values of the effluent for dyeing of the scoured and 

dyed fabrics are presented in Figure 3. The results show that the COD of the effluent does  from scouring and 

dyeing stages of fabrics is combatively less and only 3 to 4 times higher than the standard limit by DOE where 

as these values are many times higher in case of regular dyeing.  Hence, the dyeing of organic cotton fabric with 

the low impact dyes can reduce the COD of the effluent compared to that of dyeing with the regular dyes. 

3.2 Biological Oxygen demand (BOD): The BOD (mg O/l) values for dyeing process of the scoured and dyed 

fabrics are presented in Figure 4. The results show that the BOD of the dye bath effluent for the dyeing process 

with low impact reactive dyes is less i.e. 200 mg/L & 582 mg/L for dyeing and scouring respectively. Hence, 

dyeing of organic cotton fabric with low impact reactive dyes can reduce the BOD of effluent to a large extent 

as comparatively. 

3.3 Total Dissolved Solids (TDS) and Total Suspended Solids (TSS): The TDS (mg/l) and TSS (mg/l) values 

for the dyeing and scouring of fabrics of organic cotton are presented in Figure 5 and Figure 6. The results show 

that the TDS and TSS values of the effluents obtained less compared to that of others regular dyeing process. 

This is due to low impact and eco-friendly dyes used in the dyeing process.  In general, it is observed that TSS 

of the effluents obtained from the dyeing and scouring process of the fabrics with eco-friendly dyes chemicals is 

1.72 and 2.56 times higher and for TDS this value for dyeing is 1710 mg/L which is within the limit and 3130 

mg/L i.e. only 2 times higher compared to that of DOE standard. 

3.4 Dissolved Oxygen (DO) and pH: The dissolved oxygen (DO) and pH values are presented in figure 7 and 8 

respectively which shows that the DO values are increased for dying and within the limit by Bangladesh 

standard with a balanced pH for both scouring and dying process with eco-friendly dyes and chemicals. 
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Table 3: Physico-chemical characteristics of effluents of organic cotton fabric after bio-scouring 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Table 4: Physico-chemical characteristics of effluents of organic cotton fabric after dyeing 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

3.5 Graphical Presentation of Effluents Tested Results 

 

 

 

 

 

 

     

 

 

 

Effluents Content Pollutant Nature Tested Results DoE Standard  

ALO (Wetting Agent) 

ST-700 (Peroxide Stabilizer) 
ALBA C (Anti-creasing Agent) 

CAUSTIC, H2O2,  A.ACID 

T-100 (Peroxide Killer) 

Prima Green Eco scour  (Enzyme) 

Prima Fast Gold RSL (Enzyme) 

SECURON (Sequestering Agent) 

BOD in mg/L 582 50 

COD in mg/L 965 200 

DO in mg/L 4.34 4.4-8.0 

TDS in mg/L 3130 2100 

TSS in mg/L 384 150 

pH 11.14 6-9 

Effluents Content in Dyeing stages Pollutant Nature Tested Results DOE Standard  

SECURON (Sequestering Agent) 

ALBA C (Anti-creasing Agent) 

RDLB (Leveling Agent) 

Reactive Dyes:  

Remazol Ultra yellow RGBN  

Remazol Ultra yellow RGBN  

Remazol Ultra yellow RGBN  

SALT, SODA, CAUSTIC 

BOD in mg/L 200  50  

COD in mg/L 650 200  

DO in mg/L 5.15 4.4-8.0  

TDS in mg/L 1710 2100  

TSS in mg/L 258 150  

pH 9.5 6-9 
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IV. CONCLUSION 
 The textile industry is highly water intensive and one of the major contributor in environment pollution  

especially water in Bangladesh. In general, the results show that the use of the low impact reactive dyes has 

greater ecological advantages as it reduces the COD, BOD, TDS, TSS, and increase the DO and balanced pH 

values of the effluent considerably. Further, the fabric made from organic cotton itself also reduces the COD, 

BOD, TSS and TDS values. Besides, significantly increases the DO values maintaining tolerable pH values of 

the effluents. Finally it can be concluded that if various verified eco-friendly dyes and chemicals are used 

widely in wet processing, the environment pollution could be minimized to a greater extent. 
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ABSTRACT : Distributed Generation (DG) System is a small scale electric power generation at or near the 

user’s facility as opposed to the normal mode of centralized power generation. In order to ensure safe and 

reliable operation of power system based on DS, grid synchronization algorithm plays a very important role. 

Unbalanced Harmonic (UH) based phase locked loop (PLL) aimed to provide an estimation of the angular 

frequency and both the positive and negative sequences of the fundamental component of an unbalanced three-

phase signal. The UH PLL does not require transformation of variables into synchronous reference frame 

coordinates. Therefore, the proposed scheme is not based on the phase angle detection. Instead the angular 

frequency is detected and used for synchronization purposes. The design of this PLL is based on a complete 

description of the source voltage involving both positive and negative sequences in stationary coordinates and 

considering the angular frequency as an uncertain parameter. Therefore UHPLL is intended to perform 

properly under severe unbalanced conditions and to be robust against angular frequency variations, sags and 

swells in the three-phase utility voltage signal. 
 

INDEX TERMS:  Grid synchronization, phase locked loop, power quality, grid disturbances, positive and 

negative sequence detection, synthesis circuit, adaptive control, frequency estimation. 

 

I. INTRODUCTION 
 The power generation systems based on renewable energy systems are distributed near the user's 

facility. These Distributed Generation (DG) systems need to be controlled properly in order to ensure sinusoidal 

current injection into the grid. However, they have a poor controllability due to their intermittent characteristics 
[3]. The major issue associated with DG system is their synchronization with utility voltage vector [4]. 

Henceforth the study of grid synchronization algorithms is essential.  Few of the earliest known synchronization 

algorithms Include Zero Crossing Detectors (ZCDs). The performance of ZCDs is badly affected by power 

quality problems, especially in the case of weak grid. The use of Phase Locked Loops (PLLs) for grid 

synchronization has shown much better results as it has been discussed in [5].  The Linear PLL is mainly used to 

detect phase for single phase supply. For balanced three phase supply, Synchronous Reference Frame (SRF) 

PLL is used. But it is found that this PLL fails to detect the phase for unbalanced supply [6]. Hence Decoupled 

Double Synchronous Reference Frame (DDSRF) PLL was proposed to deal with unbalanced grid conditions like 

voltage unbalance [7]. DDSRF PLL can detect the positive sequence phase angle in such conditions. Double 

Synchronous Reference PLL based on synthesis circuit was proposed in [6] which is more frequency adaptive 

and can be easily implemented.This paper also presents an algorithm to implement a PLL, which is able to 

provide an estimation of the angular frequency and both the positive and negative sequences of the fundamental 
component of an unbalanced three-phase signal. These sequences are provided in fixed-reference-frame 

coordinates. The synchronization process in the UH-PLL is based on the detection of the fundamental frequency 

[17]–[20]. The overall design of the UH-PLL does not assume a linearization process as in most conventional 

PLLs, which are based on the assumption sin x = x for x that is arbitrarily small. Instead, the design and analysis 

follow the Lyapunov approach. Therefore, the UH-PLL is aimed to perform properly under unbalanced 

conditions, voltage sags, swells, and angular frequency variations, among others, providing a fast and precise 

response. Moreover, due to the selective nature of the scheme, it owns certain robustness against harmonic 

distortion that is present in the source voltage signal. The rejection of low harmonics, however, is an issue that 

has not been explicitly considered in the present work. 
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II. ANALYSIS OF UNBALANCED AND HARMONIC BASED PLL 
 This section presents the model for the grid voltage, which is essential for the design of the UH-PLL. 

For a clear presentation, only the unbalance operation case is treated first, without harmonics, from which a 

basic scheme referred as U-PLL is presented [13]. Then, the effects of the harmonic distortion are included, 

which results in the addition of the UHCM to the basic model. This more complete scheme is thus referred as 

the UH-PLL. 
 

A. Grid voltage under unbalanced condition: A model describing the grid voltage signal is presented [13]. This 

signal is originally described in three-phase coordinates v123 = . The grid voltage signal is 

transformed to (fixed-frame) αβ-coordinates using Clarke’s transformation. Moreover, both positive and 

negative sequences are considered to deal with the unbalanced case.  

= + = +       (1)                         = J=      (2)                                                           

Where   and represent the positive and negative symmetric components of  respectively. Based on 

this, the following model that completely describes the unbalanced sinusoidal signal generator   is obtained 

as  

= J                                                                                            

 = J                                                                                         

  Where    represents the fundamental frequency of the grid voltage 

 and the following auxiliary variable has been defined, which is necessary to complete the model.  

  -                                                                                      

Based on definitions of vαβ and of ϕαβ, it is possible to establish the following relationship 

           =                        (3)                                                          

Where  is the 2X2 Identity matrix. 

 

B. Model of the grid voltage considering Harmonic distortion: In the case of the presence of harmonic distortion in 

the grid voltage, can   be represented as follows  

            = =                  (4) 

                         

       =                                                                                           

As before it is possible to establish the following relationship for the fundamental component 

     =                     (5) 

 

C. Basic U-PLL for unbalanced operation: The objective of the proposed scheme is to deliver estimates for positive 

and negative sequences of the grid voltage, as well as an estimate of the fundamental frequency . An adaptive 

estimator for state variables  and  is designed for this purpose. The adaptive estimator generates two pairs of 

quadrature signals, and thus, it will be referred as the adaptive quadrature signals generator under unbalanced 

conditions (U-AQSG) [13]. 
 

(i) Adaptive quadrature signals generator U-AQSG: The estimator U-AQSG is proposed for the estimation of the 

fundamental component of state variables and   Where γ is a positive design parameter used to get the required 

damping, and  is the estimate of the unknown parameter  [13].  

        = J  +                                              (6)                                           

              = J                      

                                                            

(ii) Fundamental frequency estimator – U-FFE : The reconstruction of  is performed by means of the following 

adaptive law referred as the fundamental frequency estimator (U-FFE). 

 = J                                                          (7)                          
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Where λ >0 is the adaptation gain. The design of this estimator follows the   estimation by using Lyapunov’s 

approach. 

 

 (iii) Positive and negative sequences generator – PNSG: 

 Having the estimates  and the positive and negative sequences of the grid voltage can now be 

reconstructed as follows 

 =  ( + )                                                 (8)                                               

= ( - )                                                                                

 this is referred as the positive and negative sequences generator (PNSG)  

 

 
 

Fig 1: Block diagram of the proposed U-PLL algorithm considering a sinusoidal unbalanced reference 

signal  
 

D. Proposed UH-PLL considering unbalance and harmonic distortion: The previous scheme U-PLL is 

extended to consider harmonic distortion present in the grid voltage. For this purpose it is proposed to introduce 

a harmonic compensation mechanism (UHCM) .The scheme is referred as UH-PLL as it considers the operation 

under unbalanced and harmonic distortion. Previous algorithms in [13] and [20] did not include any explicit 

mechanism for harmonic cancelation. And thus a slight ripple was present in the responses. This effect could be 

alleviated by limiting the bandwidth of the overall scheme; however, the speed of response is reduced. Hence a 

trade off between the speed of response and the harmonic compensation properties was established. In the UH-

PLL scheme this trade-off is relaxed by the introduction of the UHCM, which allows fast and clean responses. 

 

E. Unbalanced harmonic compensation mechanism – UHCM : The UHCM can be seen as plug-in block that 

can be easily added to the basic scheme U-PLL. This scheme represents an alternative to the harmonic 
compensation scheme reported in [15]. 

The estimator for the  harmonic component (k ∈ H) can be proposed as follows 

 = J  +                  (9)                        

    = J                                              

Where is a positive design parameter used to introduce the required damping. 

   is the estimate of parameter to be defined later; and   − , with  representing the 

estimated voltage .In fact, the estimated voltage signal can be decomposed as follows 

 =                                   (10)  

 Where  represents the estimate of the fundamental component and  represents the estimate of the 

harmonic distortion components of the grid voltage. The fundamental component is reconstructed 

according to 

 = J  +                   (11)                      

  =  J                              
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The harmonic distortion component computed in block UHCM is performed as follows [13]. First, each 

harmonic component is reconstructed for k ∈{3, 5, ...}. Second, all harmonic components are accumulated in a 

single signal as follows. 

=                                                                                

 
Fig 2 Block diagram of the unbalanced harmonic compensation mechanism UHCM including unbalanced 

harmonic oscillators tuned at 3th, 5th and harmonic 

 

Reconstruction of signal  is performed by the following adaptive law 

 
Whereas before, λ > 0 represents the adaptation gain,  

 
F. Tuning of the UH-PLL algorithm: Some rules for a tuning of control parameters λ and (k ∈ H) are 

presented [13]. For this purpose, some simplifications are considered. First, Non distorted case is considered, 

i.e., no UHCM block is included. Second, it is considered that the system is in balanced operation, that is, 

ϕαβ∼= vαβ. Finally, a linearization process is considered. These simplifications yield a LTI system which 
coincides with the one studied in [16], where they propose to tune the parameters according to the following 

expressions. 

             

                     

Where  is basically the desired bandwidth of the fundamental frequency estimator, which is recommended 

to be selected in the range  For the rest of the gains  (k ∈ {3, 5, ...}) a first tuning rule can be 

stated as follows. 

 The influence of the second order system frequency response, each gain  can be fixed at 

, k ∈ {3, 5, ...}         

Where is the response time of each harmonic component (evaluated between 10%-90% of a step response 

of the amplitude of the corresponding sinusoidal perturbation). 

 

III. RESULTS AND DISCUSSIONS 
A. Response of UH PLL during unbalanced grid voltages: 
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The following parameters have been selected λ = 300   and γ1= 1.5, which correspond approximately for a 

bandwidth of  =150 rad/s (24 Hz). It is assumed that the grid voltage signal contains 3rd and 5th harmonics, 

and thus the UHCM contains UHOs tuned at these harmonics. The grid voltage has a nominal frequency of 

=314.16 rad/s (50 Hz), and an approximate amplitude of |vαβ| = 100 V.  
 

The following cases have been considered for the utility voltage: 

(i) Unbalanced condition:. The voltage source includes both a positive and negative sequence components. The 

positive sequence has 100 V of amplitude at 314.16 rad/s (50 Hz) and zero phase shift. For the negative 

sequence amplitude of 10V approximately and zero   phase shift are considered. 

(ii) Harmonic distortion: Harmonics 3rd and 5th are added to the previous unbalanced signal to create a 

periodic distortion. Both harmonics have also a negative sequence component to allow unbalance in harmonics 

as well. Both positive and negative sequences of these harmonics have 10 V of amplitude and zero phase shift. 
 

 
(a) 

 

 
(b) 

 
(c) 

 
(d) 

 

Fig.3 Response of UH PLL during unbalanced grid voltages 

(a) Unbalanced Supply Voltage (b)  estimate (rad/sec) 

(c)  Estimate (rad) (d) estimated   positive sequence voltage in three-phase coordinates. 
 

Fig 3(a) shows the transient response obtained with the pro-posed UH-PLL when the utility voltage goes from a 
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balanced to an unbalanced operation condition at time t=1s.In Fig 3(b) notice that, after a relatively short 

transient the signal returns to their desired value of 100 .In Fig 3(c) the phase angle which is the time 

integration of angular frequency is perfectly triangular as there were only small transients in the angular 

frequency. 
 

B. Response of UHPLL during distorted harmonic grid condition          

Figure 4 shows the transient response of the proposed UH-PLL when harmonic distortion is added to the already 

unbalanced grid voltage at t = 1.8s. 

 

 
 

(a) 

 
(b) 

 
(c) 

 
(d) 

Fig.4  Response of UH PLL during distorted harmonic 

grid condition  (a) Unbalanced Supply Voltage (b)  estimate (rad/sec)(c)  estimate (rad) (d) estimated 

positive-sequence voltage in three-phase coordinate 

 

In Fig 4(a) it is noticed that, after a relatively short transient, all signals return to their desired values From Fig 

4(b) in particular, notice that the estimated frequency is also maintained in its reference fixed to 314.14 rad /s 

after a small transient, without further fluctuations. In Fig 4(c) the phase angle which is the time integration of 

angular frequency is perfectly triangular as there were only small transients in the angular frequency. It can be 

observed that in Fig 4(d) the estimated positive-sequence voltages have an almost imperceptible transient. 
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IV. CONCLUSIONS 
 It was observed that in spite of an unbalanced and distorted reference signal the UH-PLL was able to 

deliver pure balanced sinusoidal signal represented by the positive sequence component of the reference signal, 

 plus a ripple free fundamental frequency estimated signal. As the UH-PLL includes an explicit 

mechanism to compensate harmonics, it reduced considerably the effect of disturbances without compromising 

the speed of response of the overall scheme. In cases of low distortion, this mechanism can be easily 

disconnected and rely on the selective nature of a basic method, which can be enhanced at the expenses of 

reducing the speed of response of the overall scheme. 
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ABSTRACT : Today, sustainable development have been the cornerstone of many official forums of 

international countries and cities in the world. Its roots can be defined as in the problems that caused by the 

negative effects of the growing industrial towns and cities sought. On the other hand, the deterioration of tissues 

in the informal settlement areas that biological evolution is a regional industrial and lack of proper planning, 

struggled most of the metropolises of the world, and especially Iran country. In the this study, initially it has 

been apply to definition of urban distressed and sustainable development, then it has been clarified guidance’s 

of modernization about distressed areas and indicators of sustainable development. Then to attention of the 

need to achieve sustainable development in the all urban areas, urban distressed areas should also follow this 

approach. After the adaptation of sustainable development indicators in the renovation and improvement urban 

distressed areas conclude that empowerment and indirect involvement in the tissue repair and replace a 
physical intervention, undermines the realization of sustainable development. Those indicators renovation and 

improvement of compliance with the indicators of sustainable development are directly and indirectly, by the 

summation and finally, the conclusion was that in the topics such as the development of inter-mixing of land 

uses, density increases, the social and economic networks, creating profit-generating functions and... Should be 

more emphasis on the urban distressed areas with minimal interference to the body and at the same time to 

increase the desirability and development.  

 

KEY WORDS: Urban Distressed Areas, Sustainable Development, Renewal and Improvement 

 

I. INTRODUCTION & BACKGROUND 

 Considering that land is a scarce resource, it is thus essential that land especially urban land needs to be 

properly, efficiently, profitably, feasibly and professionally invested, developed, administered and managed. 

The objective is to ensure that urban land is used efficiently and effectively in relation to the national 

development objectives which call for growth with equity (Brebbia, 2000). Whilst it is considered easier and 

cheaper to look for „Greenfields‟ to solve development pressure resulting from rapid urbanization, efficient land 

use management dictates that there is the need to adapt to external as well as internal pressures within the 

existing urban area and look at these brownfield as potential sites for re-development that can accommodate the 

increase in demand for more and better housing accommodation as well as other usage, thus the need for urban 

renewal or regeneration intervention and policy, through a plethora of initiatives, funding streams, and agencies, 

using the principles of New Urbanism(or through Urban Renaissance, its UK/European equivalent). Early 

government policies included "urban renewal “and building of large scale housing projects for the poor. Today 
with many people interested in moving back to the inner cities, new urbanism has renewed and restored some of 

these neighborhoods. Due to higher population densities in Europe, economics dictate that extremely low-

density housing would be impractical. 

 

 According to Roberts & Sykes (2008), termed urban regeneration as a global phenomenon. It is an 

outcome of the interplay between the many internal forces that are present within the urban areas itself and the 

external forces that dictate the need for the urban areas to adapt. Within an urban area, a rational pattern of land 

use will evolve and this tendency is exhibited in all cities irrespective of size, origin or geographical location.  
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Principle factors that determine the pattern of land use in a particular urban area include competition for sites, 

accessibility and complementary factor in the sense that once a number of sites in a given area have been 

developed, this will have a strong bearing on the use of the remaining sites. Urban regeneration can be defined 

as a social and technical partnership based on the unification of the vision of politicians and designers and on the 

wide acceptance by the community. It is thus a multi-faceted and complex process which should not be viewed 

merely as a physical and financial proposition, but as a sociological, cultural, economic and political matter as 

well (Couch, 1990). Past experience has demonstrated the need to view neighborhood regeneration as 

comprehensive and integrated process. A realistic renewal program must approach regeneration in a holistic way 

and be based upon a multi-disciplinary understanding of the social and economic forces affecting urban areas 
and the physical nature of towns and cities (Roberts & Sykes, 2008). Estimates by the National Association of 

Home Builders (NAHB 2001) suggest that one in four households in our nation face a serious housing 

affordability crisis, others argue that our civil society is at risk as a result of a serious civic paralysis resulting in 

social isolation and a loss of “community“(Murphy and Cunningham 2003), still others suggest that 2/3‟s of the 

Michigan‟s residents living outside of central cities are living in communities struggling with social and fiscal 

stress thus jeopardizing the public sector‟s capacity to mobilize the necessary resources essential to a 

comprehensive revitalization agenda. Regardless of how one describes the scope of the challenges or prescribes 

the nature of potential solutions, communities in Michigan find themselves at a serious crossroads. They must, 

in a time of severely constrained economic resources, devise new and creative ways of rebuilding their 

distressed communities while also reinvigorating their civic society. 

 

II. SUSTAINABLE DEVELOPMENT 
 Sustainable development is a road-map, an action plan, for achieving sustainability in any activity that 

uses resources and where immediate and intergenerational replication is demanded. As such, sustainable 

development is the organizing principle for sustaining finite resources necessary to provide for the needs of 

future generations of life on the planet. It is a process that envisions a desirable future state for human societies 

in which living conditions and resource-use continue to meet human needs without undermining the "integrity, 

The United Nations World Commission on Environment and Development (WCED) in its 1987 report Our 

Common Future defines sustainable development: "Development that meets the needs of the present without 

compromising the ability of future generations to meet their own needs (Lee, 2013).” Under the principles of the 

United Nations Charter the Millennium Declaration identified principles and treaties on sustainable 
development, including economic development, social development and environmental protection. Broadly 

defined, sustainable development is a systems approach to growth and development and to manage natural, 

produced, and social capital for the welfare of their own and future generations. The concepts of sustainable 

development and sustainability derive from the older forestry term "sustained yield", which, in turn, is a 

translation of the German term "nachhaltiger Ertrag" dating from 1713 (UN, 2014). Sustainability science is the 

study of the concepts of sustainable development and environmental science. There is an additional focus on the 

present generations' responsibility to regenerate, maintain and improve planetary resources for use by future 

generations.  

 

Sustainable Development Indicators 

  
1.  Identify and define the technologies, materials and products and Preventing unsustainable production and 

consumption in the future;  

2. Encourage the decentralization of industry;  

3.  Encourage small businesses and self-employment in urban;  

4. The prevention of irregular migration; 

5. Changing patterns of production, distribution and consumption of materials;  

6. Supply growth and economic development. 

7. Supply of goods required in order to reduce the distance and reduce energy  

8. Reducing per capita costs of municipal services to enhance the economic viability of the city. 

 

1. Axis of the human being and his needs;  

2. Deal with the explosion in urban population and reduce the population growth rate to near zero; 
 3. The identity and specific cultural features of the sustaining and strengthening local cultural value; 

4. Alleviating poverty and reducing class differences changes in behavior to changes in consumption patterns;  

5. Mobilize women, youth and children to participate in the environmental education and promotion of culture;  

6. Balanced and equitable distribution of resources between urban areas. 
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Physical consideration: 

[1] Precise positioning and optimal design and planning of new towns; 

[2] Ecosystems that surround the city with the manufacturer or absorbent; 

[3] Encourage local scientific knowledge and ingenuity in the field of construction; 

[4] Distribution of the urban space based on hierarchical and fits the context of the ecological carrying 

capacity of the city (land use planning); 

[5] In considering the specific situation of the environment as a key factor in development planning; 

[6] Designing buildings based on the use of clean energy and promoting their use; 

[7] Design of Buildings Based on Energy Saving; 
[8] Using the Integrated Public Transport System; 

[9] Planning and design standards to increase performance more profitable areas of biological; 

[10] Lighting, water supply and public facilities with minimum cost; 

[11] balanced spatial distribution of public facilities; 

[12] Recycling and reusing space or unused space in the destruction; 

[13] Revision of the rules and regulations of the building in terms of consumption building material; 

[14] Careful attention to the problem of survival for several consecutive generations‟ buildings; 

[15] Regarding the issue of mixed use and multi-functional use of space; 

[16] The increased density based on detailed studies of the diagnosis and define the extent and distribution 

of density in urban areas; 

[17] Given the considerable importance of pedestrian pathways and spaces; 

[18] Detailed studies to define and introduce "Urban Sustainability Index" as a tool to measure the 
movement towards "sustainability" in the process of urban development. 

Environmental considerations 

[1] Linear flow of materials (data) input to the municipal system should be close as possible to a cyclic 

flow;  

[2] An evaluation of the environmental studies strictly and Urban Development;  

[3] The definition of ecological thresholds and capacity to withstand; 

[4] Reduction of air pollution, noise, waste, sewage;  

[5] Healthy Urban Environment and Health; 

[6] Securing the City to prevent accidents and to minimize the effects of damage; 

 

Considerations in decision-making and urban management 
[1] The reform of the common practices of urban planning and studies;  

[2] Participation of urban institutions, scientists and urban planners, designers and society in open 

discussion;  

[3] To promote and encourage the use of public information public participation; 

[4] The use of advanced computer technology for data analysis, evaluation and presentation of solutions;  

[5] Urban development strategies should be selected from the top 5 Paym apply but must be designed and 

implemented by people and experts;  

[6] Sustainability information exchange between communities working on a comparative study (Loghayee 

and Mahmoodzadeh Titkanlou, 1998). 

 

Distressed areas : Accurate sense of old or worn not only in public but also among professionals has extensive 

barrier is not true. Different and sometimes competing interpretations of those words is raised 
misunderstandings abuse. Appear before any action is necessary to state the relevant rules, the assignment of all 

kinds of tissues, the nature and the manner and extent of involvement with the institution of the general ledger 

(Andalib, 2008). Result of natural wear and urban wear in small communities and individuals to prevent or 

repair and upgrade aging is a natural process. Economic and social factors that are present, they fuel urban wear 

rate (Mousavi, 2009). Corrosion or the "body" or "work" or the "body of work" together to penetrate. The 

equations can be formed that represent the types of wear and tear. One group of these equations can be 

represented as follows: 

 

Physical Distressed : This is placed in the path of building quality loss caused by the passage of time, the 

effects of weather, ground movement, vibrations from traffic or improper maintenance or improper occur. 

Building and maintaining such a definition, more than what we currently provide regular maintenance needs. 

 

Functional Distressed  :It can also be caused by deterioration of the quality of the function. The tissue may be 

designed for functional, and it isn‟t suitable for current use. So in this case the standards or conditions of a 
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potential tenant or proprietor not matching. Functional deterioration of a building may be affected by a technical 

disadvantage. Functional Distressed may also be caused by a variety of features.  

 

Distressed in mental image : Distressed and self-concept of mind based on the product mental image or the 

range. Over time, the change in the human environment, social, economic or natural, historical context without 

changing your fitness needs of people today and serve it occurs loss. This approach is a value judgment and may 

in fact be no real substance. 

 

Distressed in legal and official : This type of physical deterioration and functional aspects relevant to the 
claim. It is supposed to foster new standards of health and safety, fire or building regulations, a building may be 

condemned to depression. Similarly, a building may be legally “worn out".  

 

Local Rusty :Local rusty is affected by features functional activities within the scope (Hedaiatnia, 2007). 

Indicators of old texture:  

1.  At least 50% of its passages have a width of less than 6 meters . 

2. At least 50% of homes have an area less than 200 meters. 

3. 50% of homes have at least 3 seismic resistance .  (Civil and subsets East, 2008: p 20) 

 

Table (1) 

The conclusion of the modernization, rehabilitation and reconstruction Distressed city can be seen in the 

following table: 

Intervention 

method 

Intervention goal Suggestion principles Apply method 

Protection-

health 

Improve the quality of urban 

environment protection 

 •The urban transformation of the change, 

according to environmental compatibility, 

anatomical, functional & ...  

 •Improving the social-psychological 

cities with valuing art evidence nor 

historical requirement  

• Contemporary urban spaces for the 

promotion of tourism 

 •Improvements  

• Renovation 

Decorative •preservation of cultural 

assets  

•Contemporary frame 

 building  
 •aesthetic landscape  

Socio-economic development 

with regard to the 

preservation of cultural and 

historical wealth 

 •conduct individual interests in order to 

fulfill the public interest  

 •Construction of a new building to 

preserve the collective memory and 
cultural  

 •Maintain facial appearance and overall 

perspective of historic buildings and 

collections  

• Encourage owners to maintain historic 

buildings and collections through: tax 

breaks, financial aid, legislation and 

technical support 

 •Improvements  

• Renovation 

Local- 

thematic 

 •Development of the  

 •Contemporary Old Town 

with the creation of civic life 

and urban life  

 •protection, monitoring, 
sustainability  

• regulate the cultural and 

historical heritage 

 •Increased sense of responsibility of state 

officials and residents of the old city to 

maintain the positive aspects of the old 

values of  

 •Avoid moving the native inhabitants of 
the ancient city of and respect for the 

legitimate demands of the local 

population  

• community awareness of the value of 

vernacular architecture with sustainability 

and preservation of original content 

 •Improvements  

 •Renovation  

• Restructuring 
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Comprehensive   •Development  physical 

space  

 •regulate the development 

and protection  

• enhance the dynamics of the 

old town of the city 

 •flexible and consistent with the 

protection and participation of all social 

forces  

 •Comprehensive pre-intervention study  

• Protection of traditional patterns of old 

texture 

 •Improvements  

 •Renovation  

• Restructuring 

Urban 

Restoration 

Contemporary with the 

promotion of civic life 

 •damage to surrounding buildings and 

monuments Remembrance  

• reconstruction of, buildings and spaces 

as LSAT 

 •Improvements  

 •Renovation  

• Restructuring 

 

Source: Habibi & Maghsoudi, 2009.  
   

Adaptation measures and sustainable development of urban distressed areas : The standards, criteria and 

guidelines for sustainable development and urban renewal and improvement of the previously mentioned, 

renovation and refurbishment of worn those approaches that realize sustainable development of urban history or 

facilitate full compliance with the principles of sustainable development. The criteria considered are two general 

categories:  

 

Measures consistent with the principles of sustainable development:Participation in the restructure and 

integrate concept of sustainable development is directly involved in the issue of social sustainability which it has 

been proposed. 

o Guided by personal interests in order to fulfill the public interest: all the principles of sustainable 

development have been founded on the basis of public interest. 

 Increasing urban density and the density incentive grant for the restoration worn out buildings of no value 

and historical identity. 

o Subject increase in urban density and compactness of urban sustainability debate. 

 - Protection of traditional patterns of old texture. 

o Create a network of economic transactions, and an emphasis on basic employment and employment-related. 

o It contributes to economic sustainability in the urban areas encouraged small businesses and self-

employment, and reduce poverty and inequality. 

 

Table (2) 

Criteria & strategies of Regeneration and Sustainable development: 
 

Criteria & strategies Criteria & Sustainable development strategies Match kind 

Public participation in the reconstruction and 

integration 

Public participation in the reconstruction and integration Direct 

Guided by personal interests in order to fulfill 

the public interest 

All the principles of sustainable development have been 

founded on the basis of public interest. 

Direct 

Increasing urban density and the density 

incentive grant for the restoration worn out 

buildings of no value and historical identity 

Increasing urban density and compact urban sustainability 

issues raised in the urinary discussion  

Direct 

Prevent displacement of the indigenous 

inhabitants of the ancient city 

Prevent irregular migration Facilitator 

Intensive development and maximize land use 

in the tissue 

Mix land use Facilitator 

Increased demand for construction and 

increased population control 

Inside Development, a sustainable development approaches 

in the problematic context  

Facilitator 

 

III. CONCLUSION 
 Sustainable development is a road-map, an action plan, for achieving sustainability in any activity that 

uses resources and where immediate and intergenerational replication is demanded. As such, sustainable 

development is the organizing principle for sustaining finite resources necessary to provide for the needs of 

future generations of life on the planet. It is a process that envisions a desirable future state for human societies 

in which living conditions and resource-use continue to meet human needs without undermining the "integrity, 

The United Nations World Commission on Environment and Development (WCED) in its 1987 report Our 

Common Future defines sustainable development: "Development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs. For this reason, guidelines for 

sustainable development is economic growth and prosperity by creating profit-generating functions that areas of 

small business, job creation and income growth will also add value to the land market. 
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 ABSTRACT: GSM (Global System for Mobile Communications) is a standard developed by the European 

Telecommunications Standards Institute (ETSI) to describe protocols  for second generation (2G) digital 

cellular networks used by mobile phones. A channel is used to convey the information signals. SUI channel 

model are an extension of the previously work by AT&T Wireless and Ercegetal. The main objective of this 

paper is to get better performance of GSM system using SUI channel model. Considering this goal, the 

simulation has been done. The performance is analyzed, which shows satisfactory BER for higher SNR. This 

result is compared with the performance of GSM system using AWGN channel. BER is affected by a number of 

factors. By modifying the variables that can be controlled, it is possible to optimize a system to provide the 

performance levels that are required. This article shows the better performance of GSM system using SUI 

channel than AWGN channel.   

 

Keywords – GSM, SUI, BER, GMSK, AWGN 

  
I. INTRODUCTION 

In telecommunications and computer networking, a communication channel refers either to a physical 

transmission medium such as a wire or to a logical connection over a multiplexed medium such as a radio 

channel. A channel has a certain capacity for transmitting information, often measured by its bandwidth in Hz or 

its data rate in bits per second. Channel models of fixed wireless applications and which contains the definition 

of a set of six specific channel implementations known as SUI channel.  

GSM is a cellular network, which means that cell phones connect to it by searching for cells in the 

immediate vicinity. There are five different cell sizes in a GSM network- macro, micro, pico, femto and 

umbrella cells. The coverage area of each cell varies according to the implementation environment.  GMSK is a 

modulation system used in GSM. GMSK (Gaussian Minimum Shift Keying) is a form of modulation used in a 

verity of digital radio communications system. It has advantages of being able to carry digital modulation while 

still using the spectrum efficiently. In this paper, the performance of GSM system using SUI channel is 

analyzed. GMSK modulation system has been followed to perform the analysis and for the simulation purpose, 

MATLAB software has been used as the simulation tool. The paper is organized as followed. The section II 

gives the historical backgrounds of GSM system, SUI channel and GMSK modulation. In section III, the 

modulation techniques have been discussed with necessary figures, which are specially focused on the 

techniques used in GSM. In section IV, SUI channel models are discussed with the proper information, tables 

and figures. In section V, the simulation results and comparison between the performances of AWGN channel 

and SUI channel are shown and discussed and section VI draws the conclusion. Theses information and analysis 

are useful for the telecommunication system all over the world.  

 

II. BACKGROUNDS 
In [1], GSM is the global standard mobile communications with over 90% market share, and is 

available in over 219 countries and territories. GSM networks operates in a number of different carrier 

frequency ranges (separated into GSM frequency ranges for 2G and UMTS frequency bands for 3G), with most 

2G GSM networks operating in the 900 MHz or 1800 MHz bands. GSM has used a verity of voice codec to 

squeeze 3.1 KHz audio into between 6.5 and 13 Kbit/s. Originally , two codec, named after the types of data 
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channel they were allocated, were used, called Half Rate (6.5 Kbit/s) and Full Rate (13 Kbit/s). These used a 

system based on linear predictive coding (LPC). In addition to being efficient with bit rate, these codec also 

made it easier to identify more important parts of the audio, allowing the air interface layer to prioritize and 

better protect these parts of the signal. GSM was further enhanced in 1997 with the Enhanced Full Rate (EFR) 

codec, a 12.2 Kbit/s codec that uses a full rate channel. So far, it is known that AWGN channel has shown good 

performance in GSM system.   

In SUI channel model, a set of six channels was chosen to address three different terrain types that are 

typical of the continental US [2]. This model can be used for simulation, design, and development and testing of 

technologies suitable for fixed broadband wireless applications [3]. The parameters for the model were selected 

based on some statistical models. The tables below depict the parametric view of the six SUI channels. 

 

Table 1: The terrain types of SUI channel. 

Terrain type SUI channels 

C (Mostly flat terrain with light tree  

densities) 

SUI-1. SUI-2 

B (Hilly terrain with light tree density or flat terrain 

with moderate to heavy tree density) 

SUI-3. SUI-4 

A (Hilly terrain with moderate to heavy tree density) SUI-5. SUI-6 

 

Table 2: General characteristics of SUI channel. 

Doppler Low delay spread Moderate delay  spread High delay spread 

Low SUI-1,2  

(High K  

Factor) SUI3 

 SUI-5 

High  SUI-4 SUI-6 

 

Gaussian Minimum Shift Keying or Gaussian filtered Minimum Shift Keying, GMSK, the form of 

modulation with no phase discontinuities used to provide data transmission with efficient spectrum usage. 

GMSK modulation is based on MSK, which is itself a form of continuous-phase frequency-shift keying. One of 

the problems with standard forms of PSK is that sidebands extend out from the carrier [4]. To overcome this, 

MSK and its derivative GMSK can be used. Here there are no phase discontinuities because the frequency 

changes occur at the carrier zero crossing points.  
 

III. MODULATION TECHNIQUES OF GSM 
GSM uses a form of modulation known as GMSK. MSK and also GMSK modulation are what is 

known as a continuous phase scheme. This arises as a result of the unique factor of MSK that the frequency 

difference between the logical one and logical zero state is always equal to half the data rate [5].  

 

GMSK can be generated through two methods: 

a) Through filtering of signals using Gaussian filter with a modulation index of 0.5. This method is 

not widely used because it is difficult to obtain a modulation index of exactly 0.5. 

 

 
Figure 1 (a): Generating GMSK using Gaussian filter and VCO 

b) Another method is where the quadrature modulator is used (phase of the angle is 90
0 

to another). 

This form is also known as I-Q Modulator since it is dependent on the in phase and quadrature of 

the signals. This enables the modulation index to be set to 0.5 exact. The signal thus cannot be 

distorted since it is not carried in terms of amplitude elements.  
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Figure 1 (b): Block diagram of I-Q modulator used to create GMSK 

 

ADVANTAGES OF GMSK MODULATION 

               There are several advantages to the use of GMSK modulation for a radio communication system. One 

is obviously the improved spectral efficiency when compared to other phase shift keyed modes. A further 

advantage of GMSK is that it can be amplified by a non-linear amplifier and remain undistorted. This is because 

there are no elements of the signal that are carried as amplitude variations [5]. A further advantage of GMSK 

modulation again arises from the fact that none of the information is carried as amplitude variations. 

 

IV. STANFORD UNIVERSITY INTERIM (SUI) CHANNEL MODEL 
In [6], Channel models for fixed wireless applications which contain the definition of six specific 

channel implementations are known as Standard University Interim (SUI) channels. The general structure for 

the SUI channel model is shown below in Fig. 2. This structure is for Multi Input Multi Output (MIMO) and 

includes other configurations like Single Input Single Output (SISO) and Single Input Multiple Output (SIMO) 

as subset. The SUI channel structure is the same for the primary and interfering signals. 

 

Transmitter                                                                                                                                    

(Primary or  

Co-channel                                                                                                                                    Receiver  

Interferer) 

 

Figure 2: Generic structure of SUI channel model 

 

In [7], there are channel models for SUI-1, SUI-2, SUI-3, SUI-4, SUI-5 and SUI-6. The channel model 

for SUI-1 is defined below. 

Table 3: SUI-1 channel model definition 

SUI – 1 Channel 

 Tap 1 Tap 2 Tap 3 Units 

Delay 0 0.4 0.9 µs 

Power (Omni ant.) 

 

K Factor  

 (Omni ant.) 

0                       

 

4 

-15 

 

0 

-20 

 

0 

dB 

Power (30
0
 ant.) 

K Factor (30
0
 ant.) 

0 

16 

-21 

0 

-32 

0 

dB 

Doppler 0.4 0.3 0.5 Hz 

Antenna Correlation:                 ENV = 0.7                                                          Terrain type: C 

Gain Reduction Factor:             GRF = 0 dB 

Normalization Factor:               Fomni = -0.1771dB, F30° = -0.0371 dB 

 

 

Input 

mixing 

matrix 

Tapped delay line 

matrix 

Output 

mixing 

Matrix 
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Using this definition of SUI-1, MATLAB codes have been generated to perform a simulation to 

analyze its performance. The set of SUI channel model specify statistical parameters of microscopic effects 

(tarred delay line, fading and antenna directivity). To complete the channel model, these statistics have to be 

combined with microscopic channel effects such as path loss and shadowing (also known as excess path loss) 

which are common to all six models in the set. Each set models also defines an antenna correlation [8]. The gain 

reduction factor (GRF) has also been included in the tables to indicate the connection with the K-factor. 

 

POWER DISTRIBUTION 

The total power P of each tap: 

P= |m|
2
 + 

2
                                                                                                                             (1) 

Where m is the complex constant and 
2
 the variance of the complex Gaussian set. Now, the ratio of power is, 

K=                                                                                                                                     (2) 

From equation (2), we can find the power of the complex Gaussian and the power of the constant part as 
2 
= P    and   |m|

2 
= P                                                                                                (3) 

Here we can see that, for K=0, the variance becomes P and the constant part power diminishes, as expected. 

Note that we choose a phase angle of 0
0
 for m in the implementation [9]. 

 

V. SIMULATION RESULT AND COMPARISON 
The block diagram of the model configuration that has been used for the simulation using MATLAB is 

given below. 

 
Figure 3: Block diagram of the model configuration for the simulation 

 

For comparing the performance, the AWGN (Additive White Gaussian Noise) channel has been 

chosen. Here, Fig. 4 shows the BER (Bit Error Rate) Vs. SNR (Signal to Noise Ratio) graphs. 

 

 
(a) 
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(b) 

 

Figure 4: Comparison between the performances in GSM system of (a) AWGN channel model and (b) 

SUI-1 Channel model (simulation result). 

 

Fig. 4 shows that, the BER of SUI-1 channel model is lower than AWGN channel model for the higher 

SNR. BER is a parameter which gives an excellent indication of the performance of a data link such as ratio or 

fiber optic system. Since SUI-1 channel model shows lower BER, so it’s coding gain is higher. By manipulating 

the variables that can be controlled, it is possible to optimize a system to provide the performance levels that are 

expected. This is normally undertaken in the design stages of a data transmission system so that the performance 

parameters can be adjusted at the design concept stages. 

 

VI. CONCLUSION 
               In this paper, it is deduced that the bit error rate of SUI-1 channel model in GSM system is lower than 

the AWGN channel model for higher SNR. This means the coding gain is also higher for SUI-1 channel model. 

Up to SUI-4, the performances are almost same. For the simulation, GMSK modulation has been used. 

Reducing the bandwidth and increasing the transmitter power, it is possible to get improved BER. If BER rises 

to high then the system performance will noticeably degrade. If it is within the limits then the system will 

operate satisfactorily. With SUI channel modeling, it is possible to get the better performance compared to other 

channels since it has come up with latest technologies and improved capacity.  
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 ABSTRACT: Quantum Dot cellular Automata (QCA) is an emerging, promising alternative to CMOS 

technology that performs its task by encoding binary information on electronic charge configuration of a cell. 

All circuit based on QCA has an advantages of high speed, high parallel processing, high integrityand low 

power consumption. Reversible logic gates are the leading part in Quantum Dot cellular Automata. Reversible 

logic gates have an extensive feature that does not lose information. In this paper, we present a novel 

architecture of half subtractor gate design by reversible Feynman gate. This circuit is designedbased on QCA 

logic gates such as QCA majority voter gate, majority AND gate, majority OR gate and inverter gate. This 

circuit will provide an effective working efficiency on computational units of the digital circuit system. 

Keywords -And-Or-Inverter (AOI), Basic QCA, Majority Voter (MV), QCA Logic Gate, Reversible Feynman 

Gate. 

I. INTRODUCTION 
The paradigm of Quantum Dot cellular Automata is a revolutionary approach to molecular-scale 

computing. Using the charge configuration of nano structures Quantum Dot cellular Automata presents binary 

information on the current switching devices. For several decades the size of electronics semiconductor device 

and operating currents has been reduced. Fundamental problems arising from scaling such as quantum 

mechanical effects and severe power dissipations assist the continued development toward devices on the 

nanometer scale [1]. 

Logic design with quantum dots is one of the most recent technologies being researched which allows 

scaling to continue to atomistic dimensions. Using the current switching Quantum Dot cellular Automata uses 

the charge configuration of a set of quantum dots to present binary information on molecular scale computing 

[2]. QCA cell is the basic building block of QCA devices. A QCA cell consists of several quantum dots with 

two mobile electrons [3, 4]. The charge that takes place on which corner of the cell, the place is known as the 

quantum dot. Coulombic repulsion between like charge forces electrons in the same cell to occupy dots which 

maximize their separation. In QCA the electron of a cell can tunnel between a dot to dot. The two mobile 

electrons in a cell take place as a diagonal pattern of the coulombic interaction between them [5]. Hence the four 

dotted QCA cells can be used represent the binary information. Due to the electrostatic repulsion the two extra 

electrons take their position in the four dots. These two free electrons create only two stable positions. These 
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two stables positions known as -1 and +1 polarity or boolean values 0 and 1 respectively [6]. The presence of 

clocking zones is a unique feature of QCA based circuits. There are four phases of clocking zones such as the 

switch, hold, release and relax [7]. 

Now a day nanotechnology is one of the most wanted research field and Quantum Dot Cellular Automata 

offers a revolutionary approach to computing at nano level. Parallely, reversible logic is getting more and more 

conspicuous technology which offers better working performance in QCA technology. Previously researchers 

have addresseda number of studies on reversible logic gates and their implementation such as described in [8, 9, 

10]. H. cho and j. Earl Swartzlander described adder and multiplier design that are optimized in terms of 

quantum cost, delay and garbage output [11]. A revolutionary design of a shift register and its operation is 

described in [5]. H. Thapliyal and N. Ranganathan proposed the design of binary and bcd adder circuits based 

on reversible logic gates. These designs are very effective in terms of reversible gates, garbage output and 

quantum cost [12]. I. Hanninen and J. Takala emphasis a binary adders design on QCA which is very important 

in arithmetic logic unit. The main parts is the implementation of logical devices and the reversible logic using 

QCA is shown in [13, 14]. 

There are many reversible logic gates and these gate are important for their reversibility characteristics. 

Among them Feynman gate is one of the most important reversible logic gates. In this paper using the reversible 

Feynman gate we design a Half Subtractor circuit. This design is very useful for digital signal processing (DSP), 

optical computing, cryptography etc.  

This paper is apportioned into five sections. Section I describes about QCA, reversible logic gate and their 

implementation in various logical circuits. Section II provides a brief overview about the QCA fundamental 

logic units. Section III presents our proposed circuit using QCA technology. Section IV shows the simulated 

waveform and discuss about the simulation results of the proposed circuit. Finally, section V summed up the 

beneficial perspective of the presented circuit. 

 

II. QCA REVIEW 
Quantum Dot cellular Automata is an outstanding nanotechnology which is used for its better performance 

than CMOS technology. We describe the basic building block of QCA cells in the previous section. A QCA cell 

is shown in figure 1. This figure is considered as a square with four dots as its corners. The cell is to consist of 

two extra electrons which can tunnel between cell dots [1, 15]. 

 

Figure 1:  Structure of a QCA cell and its binary logic 

 

The QCA wire is basic QCA logic element which is consist of a set of QCA cells. Due to the 

electrostatic repulsion signal propagates from input to output through the QCA wire. The QCA wire is a 

horizontal row of QCA cells [16]. A normal QCA wire is shown in figure 2. 
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Figure 2:   QCA Wire 

Another basic QCA logic elementis QCA majority Voter (MV) gate. The 3-input majority gate is composed 

of five cells. The three cells act as input cell, the center cell is known as device cell and the remaining cell is 

known as output cell. The center cell performs the calculations. Figure 3 shows a three input majority gates 

where the input cells are labeled as A,B,C and the output cell labeled as OUT. The Boolean function of this 

three input majority gate is, 

OUT (A, B, C)=Maj (A, B, C)= AB+BC+CA. 

The three input majority gate works as 2-input AND gate having a fixed polarity of zero and its output is ab. 

The three input majority gate works as 2-input OR gate having a fixed polarity of 1 and its output is a+b. 

 

Figure 3:  QCA Majority Voter (MV) gate 

Inverter gate is a basic building logic element in QCA. For making a complete logical set is needed the 

inverter gate. Combinational logic circuits need a complete logical set which is fully depends on the Majority 

Voter gate and the inverter gate. In the inverter gate the input polarization splits and converts to the opposite 

polarization at the inverter output [17]. Figure 4 shows a QCA inverter gate. 
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Figure 4:  QCA Inverter gate 

III. PROPOSED CIRCUIT AND PRESENTATION 

There are many reversible logic gates and these are extensively important to QCA technology. In this 

section we will present our proposed Halfsubtractor circuit which is implemented by reversible Feynman gate. 

1. Feynman gate (FG) 

Figure 5 shows a 2 x 2 Feynman gate. The input vector is I (A, B) and the output vector is O (P, Q) and the 

relation between input and output is given by P=A, Q =A⊕B. 

 

Figure 5:  Feynman gate 

In this paper we design a reversible Half Subtractor circuit by Feynman gate using QCA Technology. 

Let A and B are two binary numbers. The half subtractor performs A-B operation. Table 2 shows the truth table 

of the half subtractor. The output of the XOR gate produces the difference between A and B. The output of the 

AND gate A'B produces a Borrow. Thus, the output function will be Borr = A'B, Diff = A⊕B. 

Table 1: Truth Table of Half Subtractor 

 

 

 

 

 

 

Figure 6 shows QCA layout structure of the Halfsubtractor design using reversible Feynman Gate. In this figure 

the input cells are labeled with A and B and the outputs are labeled as Y2 and Y3. The circuit performs the 

Boolean functions Y3 = Borr = A'B, Y2 = Diff = A⊕B. 

Input Output 

A B Borr Diff 

0 0 0 0 

0 1 1 1 

1 0 0 1 

1 1 0 0 
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Figure 6:  Simulated waveforms for Half Subtractor gate by Feynman gate 

 

IV. RESULT AND DISCUSSION 

Our proposed Halfsubtractor circuit functionally simulated using the QCA Designer 2.0.3. The following 

parameters are used for a Bistable Approximation: cell size=18nm, number of samples=12800, convergence 

tolerance=0.0000100, radius of effect=65.000000nm, relative permittivity=12.900000, clock high=9.800000e-

022J, clock low=3.800000e–023J, clock shift=0, clock amplitude factor=2.000000, layer separation=11.500000, 

Temperature=1.000000,Reluxation time=1.000000e-015, Time step 1.000000e-016 and Dot Diameter=5.0000. 

Most of the above mentioned parameters are default values in QCA Designer.  Figure 7 shows the input output 

waveforms of our proposed circuit. In this Figure, the input signals are A, B and the output signals are Y3 and 

Y2. The input is mapping to output as Y2 =A⊕B and borrow Y3= A'B. 

 

Figure 7:   Simulated waveforms for HalfSubtractor gate by Feynman gate 



American Journal of Engineering Research (AJER) 2014 
 

 

 

w w w . a j e r . o r g  
 

Page 92 

The table 2 shows a data table of Half Subtractor gate designingby Feynman gate. 

Table 2:Result analysis of proposed half subtractor circuit in QCA 

Parameter Value 

Number of cell 114 

Covered area (µm
2
) 0.20 

Clock used 3 

Time delay (Clock cycle) 0.75 

The above tables show that, the Half Subtractor gate designing by Feynman gate consists of 114 cells and it 

covers 0.20 μm
2
 areas with time delay 0.75. 

V. CONCLUSION 
This paper explores a novel design of Half-Subtractor circuit based on the reversible Feynman gate using QCA 

technology. This proposed circuit has been simulated by QCADesigner. The simulation result shows that the 

proposed circuit produces the exact output and it performs well. The proposed design is more efficient in terms 

of cell counts, area and the time delay. This QCA circuit design presents a new functional paradigm for quantum 

computing, optical computing, digital signal processing and nanotechnology. Hence, we summarize that the 

proposed design architecture must be take a promising step towards the goal of low power dissipation circuit in 

QCA technology.    
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ABSTRACT : Due to rapid growth in automobile industry, use of tyre increases day to day and there is no 

reuse of the same to decrease the environmental pollution. The decomposition and disposing of waste tyre 

rubber is harmful to environment. This research reflects the reuse of waste tyre rubber into concrete after 

observing their properties. In that experimental work chipped rubber aggregates replaced to the natural coarse 

aggregates by varying percentage of 3, 6, 9 and 12 with comparison of 0% replacement. Silica fume is replaced 

in 10% with cement for improving the bond properties between cement paste and rubber. In evaluation, test has 

been carried out to determine the properties of concrete such as workability, unit weight, flexural strength and 

split tensile strength. The workability of fresh concrete is observed with the help of compaction factor test. From 

the test of compaction factor, workability is decrease with increasing percentage of chipped rubber. The specific 

gravity of chipped rubber aggregates is lower as compared to natural aggregates therefore decrease the unit 

weight of rubber mix concrete. Increasing chipped rubber aggregates as partial replacement into concrete 

reduces compressive strength. So these can use in non-primary structural applications of medium to low 

strength requirements. The overall results of study show that it is possible to use recycled rubber tyre 

aggregates in concrete construction as partial replacement to natural coarse aggregates. 

 

KEYWORDS: chipped rubber aggregates, Flexural strength, Natural aggregates, Silica fume, Split tensile 

strength. unit weight, Workability, 

 

I. INTRODUCTION 
 Rapid growth in automobile industry and increasing use of vehicles, production of tyre is also 

increased which generate waste tyre rubber. Management of waste tyre rubber is challenging to municipalities 

and burning or biodegradation of waste tyre rubber is harmful to environment. On the other hand, demand of 

concrete as construction material from society, it is needed to preserve natural coarse aggregate by using 

alternative material. In this research, reuse of waste tyre chipped rubber in concrete as partial replacement as 

coarse aggregates. Over the two decades, researchers have underscored to use waste tyre rubbers in concrete and 

carried out the test on various concrete mixes using rubber aggregate as partial replacement of mineral 

aggregates [1].  
 

 The researchers have studied the Crumb rubber is a material produced by shredding and commutating 

used tyres and there is no doubt that increasing piles of tyres create environmental concerns [2]. Author studied 

the product of shredding used rubber tyres as a partial sand replacement in foamed concrete, and investigates the 

effect of it on some properties of foamed concrete such as, density, water absorption, compressive strength, 

tensile strength, flexural strength and impact resistance [3]. Recently the flexural strength of normal beam by 

replacing tension reinforcement as waste tyre is also carried out [4]. Different partial replacements of crumb 

rubber by volume of fine aggregate are cast and test for compressive strength, flexural strength, split tensile 

strength and stress strain behavior [5]. An experimental work using recycled rubber tyre aggregates as partial 

replacement to the coarse aggregates in concrete mix and carried out using tests such as slump, unit weight and 

compressive strength on different concrete mixes in order to determine properties of concrete [6]. Density and 

http://www.ajer.org/
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compressive strength of concrete utilizing waster tyre rubber has been investigated by replacing fine and coarse 

aggregate with waste rubber tyre by weight along with super-plasticizer using different percentages [7].In this 

paper, general objective of study is to evaluate some fresh and hardened properties of concrete produced by 

replacing part of natural coarse aggregates with rubber aggregates collected from locally available waste tyre 

rubber. The specific objectives of study are i) Observing the physical properties of normal and chipped rubber 

mix concrete. ii) Study regarding performance of workability of concrete by compaction factor test. iii) 

Comparison and discussion on results obtained from unit weight, flexural strength and split tensile strength for 

normal concrete and chipped rubber mix concrete. 

 

II. OUTLINE OF EVALUATION 
 From the results of physical properties of ingredients, Mix design of M25 grade of concrete mixes 

having water cement ratio 0.5 is prepared. Beam and cylinder specimen is casted in standard size for coarse 

aggregate replaced by 0, 3, 6, 9 and 12 % of chipped rubber aggregates. The tables and graphs reflect 

comparisons between normal concrete and rubberized concrete for the various test carried out such as 

workability by compaction factor, unit weight, flexural test and split tensile test. Tables and graphs are 

presenting the conclusions and recommendations for the future. 

   

Material properties  
Cement : Cement used in this work O.P.C of 53 grades and its properties of cement are determined as per IS 

12269:1987. 
 

Silica fume : Silica Fume is densified from smoke gray Elkem India Private Limited, Mumbai which is based 

Micro Silica Grade 920-D is used which is in dry fine powder form. It was available in weight of 25kg bags. 

The various properties of silica fume is Sio2 content-85%, Specific Gravity-2.2-2.3, Moisture content-2.8%, 

Loss in ignition as per mass- 3.6%, Density- 500-700 kg/m
3
, Oversize percentage retained on 45 micron IS 

sieve- 8.56, Compressive strength of 7 day as percent of controlled sample-88. 

 

Coarse and Fine aggregates :Coarse aggregate from a local commercial quarry with a maximum nominal size 

of 20 mm was used and natural sand of river bed is used confirming to grading Zone –II of table 4 of IS-383-

1970 were procured from Nashik city in Maharashtra. For investigation its properties the various tests are 

performed as (1) Sieve analysis and fineness modulus (2) Specific gravity (3) Moisture content (4) Density. 

Whereas for coarse aggregates, fineness modulus= 7.51, specific gravity = 2.80, moisture content= 0.39 % and 

density=1560 kg/m
3
.The test results obtained for fine aggregates are, fineness modulus= 2.31, specific gravity= 

2.75, moisture content= 0.69 % and density = 1800 kg/m
3 

 

Chipped rubber aggregates : In this research, Scrap truck tyre rubber is collected from remolding shops 

available at Nashik city in Maharashtra. These scrap tyre rubbers are cut into aggregates with help of shoemaker 

and cutting to maximum nominal sizes equal to 20mm. 

 

 

                 FIGURE 1. Prepared sample of chipped rubber aggregates 

To investigate the properties of chipped aggregates, the procedure has been adopted as same as procedure of 

coarse aggregates. Therefore the test results obtained for chipped rubber aggregates are fineness modulus= 

2.39, specific gravity = 1.10, moisture content= 0.0 % and mass density= 778 kg/m
3
.  

III. EXPERIMENTAL WORK 
 The various experimental work and test are carried out in the material testing laboratory of K. K. Wagh 
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Institute of Engineering Education & Research Nashik. Concrete mix design are prepared using IS method and 

total 60 specimens were casted with replacement of chipped rubber in concrete. The specimens were prepared 

with percentage replacements of the coarse aggregate by 3, 6, 9 and 12 chipped rubber aggregate. For 

comparative analysis, M25 grade concrete mix is prepared with no replacement of chipped rubber aggregate. 

Replacing the 10 percent cement by silica fume into normal concrete and chipped rubber mix concrete. The 

mixing process carried out by using machine mixer and after casting of specimens employed tamping rod and 

table vibrator. In this evaluation, tests are performed as workability by compaction factor test, unit weight, 

flexural strength, split tensile strength at 7
th

 and 28
th

 days on various concrete mixes. 

 

IV. TEST RESULT AND DISCUSSION 

Workability by compaction factor test  : The Compaction factor test is carried out to measuring the 

workability of concrete which is an important aspect of workability. This test works on the principal of 

measuring the amount of compaction achieved by a standard amount of workdone by allowing the concrete 

fall through a standard height. This test is more accurate than slump test,especially for concrete to fall through 

a standard height.The compaction factor test is more popular to determine the workabilty of concrete mix in 

laboratories. The compaction factor is the weight of partially compacted concrete to the weight fully 

compacted concrete.IS 5515-1983 is used for the procedure of compaction factor test. 

 

             

  FIGURE 2.Concrete fills in upper hopper              FIGURE 3.Concrete drop in lower hopper 

TABLE 1: Test results of compaction factor  

Specimen % rubber Compaction factor 
CR-0 0 0.92 

CR-3 3 0.91 
CR-6 6 0.90 

CR-9 9                       0.86 

CR-12 12 0.85 
    

 

FIGURE 4. Comparison of compaction factor for normal and rubberized concrete 

Degree of workability is medium as per IS 456:2000 for normal concrete mix. It is observed the graph, for 0% 

to 12 % the values of compacting factor are slightly reduce upto 0.9 for the percentage of 6 then after the 

graphs instantly reduced upto 0.86 for the 9% and again slightly reduce the factor 0.85 for the 12 %. It has to 

be noted that increasing the percentage of chipped rubber the value of compaction factor is reduce. From 
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above observation which was also noticed that while casting the rubberized concrete rubber aggregates have a 

high tendency to come out to the top surface when vibrated by a table vibrator which is due to low specific 

gravity of rubber aggregate. 

 

Unit weight : Unit weight can be defined as the weight of a given volume of concrete specimen. The specific 

gravity of the rubber chips are 1.1 which is low as compared to the mineral coarse aggregates is 2.84. From 

the above observation it has to be noted that increasing the reduction in unit weights of rubberized concrete 

with increasing chipped rubber percentage into concrete. The loss of unit weight is 9.75 % for 12% 

replacement of chipped rubber into concrete. 

 

TABLE 2: Unit weights of the normal and rubberized concretes for beams 

 

 

                         FIGURE 5. Comparisons of unit weight for beam specimens at 7 days  

TABLE 3: Unit weights of normal and rubberized concretes for beam cylinders 

 

 

Specimen % Rubber aggregates Av. Unit weight (kg/m
3
) % Unit weight Loss 

CHR-0 0 2626 0 

CHR-3 3 2540 3.27 

CHR-6 6 2510 4.42 

CHR-9 9 2428 7.54 

CHR-12 12 2370 9.75 

Specimen % Rubber aggregates Av. Unit Weight (kg/m
3
) % Unit Weight Loss 

CHR-0 0 2558.5 0 

CHR-3 3 2462.3 3.80 

CHR-6 6 2424.5 5.24 

CHR-9 9 2383 6.83 

CHR-12 12 2332.1 8.50 
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                          FIGURE 6. Comparisons of unit weights for beam specimens at 28 days 

When increasing the percentage of rubber into concrete then reduction in unit weight of cylinder specimen. It is 

concluded that due to low specific gravity of rubber chips compared with specific gravity of mineral aggregates 

decrease in the unit weight of the rubberized concrete. 

Flexural Strength Test :The test could be performed in accordance with as per code IS: 516 –1959. If the 

flexural strength would be same as tensile strength then material becomes homogeneous. In fact, most 

materials have small or large defects in them which act to concentrate the stresses locally, effectively causing 

a localized weakness. A simple plain concrete beam is loaded at one third span points. For the test span of 

beam is three times its depth and for determine strength of specimen of size 100 × 100 × 500 mm are 

supported. Symmetrically over a span of 400mm and two points load was applied at middle third of span. 

 

         

FIGURE 7.Flexural test on concrete beams 

TABLE 4: Flexural strength test results for concrete mixes 

Specimen %  Rubber 

aggregates 

Actual flexural 

strength (MPa) 

Av.  flexural 

strength (MPa) 

% Strength loss 

7 days 28 days 7 days 28 days 7 days 28 days 

CHR-0 0 

4.00 4.75 

4.00 4.88 0 0 4.25 5.00 

3.75 4.90 

CHR-3 3 

3.00 4.50 

3.00 4.55 25 6.76 2.88       4.65 

3.10 4.50 

CHR-6 6 

2.50 4.25 

2.55 4.25 19.5 12.90 2.00 4.15 

3.15 4.35 

http://en.wikipedia.org/wiki/Tensile_strength
http://en.wikipedia.org/wiki/Homogeneous
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FIGURE 8. Comparison of flexural Strength of various concrete at 7 and 28 days 

 

 
 

        FIGURE 9. Flexural strength of various percentage of crumb rubber containing concrete 

 
The results and graphs shows, when the percentage of chipped rubber aggregates increases into concrete then 

flexural strength of beam decreases. Soft nature of rubber particles creates the maximum voids into concrete and 

crushing strength of rubber aggregates is low as compared to mineral aggregates.  

 

Split tensile strength test :  It is the standard test; to determine the tensile strength of concrete in a direct way 

and test has been performed in accordance with IS 5816-1999. A standard test cylinder of concrete specimen 

(300mmx150mm) is placed horizontally between loading surfaces of compression testing machine. The 

compression load is applied uniformly along the length of cylinder until the failure of cylinder along the 

vertical diameter. The concrete cylinders split into two halves along vertical plane due to indirect tensile 

stresses generated by poison’s effect. 

CHR-9 9 

1.38 2.75 

1.26 3.10 68.5 36.47 1.00 3.00 

1.40 3.50 

CHR-12 12 

1.10 2.00 

1.00 2.50 75 48.77 0.90 2.25 

1.00 

 
3.25 
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               FIGURE10. Beam cylinder before failure      FIGURE 11. Beam cylinder after failure 
 

TABLE 5: Test results of split tensile strength of various concrete mixes 

 

 

   FIGURE 12. Comparison of split tensile strength of diff. concrete mixes at 7 and 28 days 

Specimen % Rubber 

aggregates 

Actual Flexural 

Strength (MPa) 

Av.  Flexural 

Strength (MPa) 

% Strength Loss 

7 days 28 days 7 days 28 days 7 days 28 days 

CHR-0 0 

2.34 2.66 

2.11 2.39 0 0 2.07 2.15 

1.92 2.35 

CHR-3 3 

1.44 2.16 

1.47 2.31 30.33 3.35 1.46 2.46 

1.50 2.30 

CHR-6 6 

1.45 2.15 

1.42 2.19 28.91 8.37 1.39 2.23 

1.43 2.20 

CHR-9 9 

1.11 1.74 

1.19 1.83 43.60 23.43 1.26 1.84 

1.21 1.91 

CHR-12 12 

1.24 1.87 

1.14 1.67 45.97 30.13 1.15 1.63 

1.03 1.56 



American Journal of Engineering Research (AJER) 2014 
 

 
w w w . a j e r . o r g  

 
Page 100 

 

FIGURE 13. Split tensile strengths for various percentage of chipped rubber concrete 
 

Observing from the above results, percentage of chipped rubber increased then split tensile strength is reduced. 

Bond Strength between cement paste and rubber tire is poor then splitting tensile strength of the chipped rubber 

mix concrete is lower than normal concrete. 

 

V. CONCLUSIONS 
 

From the test results of various mix samples, the following conclusions are drawn 

[1] From the practical evaluation, replacement of chipped rubber at varying proportion in concrete, then 

workability of fresh concrete is decreasing with increase in percentage of chipped rubber.  

 

[2] From the observations, it is noted that unit weight of beam and cylindrical specimen’s has been reduced 

upto increasing the percentage of chipped rubber into concrete. From this test it has to be concluded that 

rubberized concrete is used in the light weight structures and restricted to the structural application. 

 

[3] Reduction of solid load carrying material in rubberized concrete is directly affects to reducing the 

strength of concrete. It can be concluded that as the amount of rubber content increases then there is 

reduction in flexural strength. 

 

[4] The results of splitting tensile strength test shows that, there is a decrease in strength with increase in 

rubber aggregate content like reduction observed in the flexural strength tests. One of the reasons that 

split tensile strength of rubberized concrete is lower than the normal concrete is that the bond strength 

between cement paste and chipped rubber aggregates is poor. 

 

[5] The crack patterns observed during test on rubberized concrete which does not exhibit typical 

compression failure behavior. The normal concrete shows a clean split of sample into two halves, 

whereas rubber aggregate tends to produce a less well defined failure. This may be an indication more 

ductility in rubberized concrete than the normal concrete. 
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ABSTRACT: Annular gaps of 0.010m, 0.015m, 0.020m, 0.025m, 0.030m, 0.035m, 0.040m, 0.045m, 0.050m 

and 0.055m are used to simulate the performance of the solar parabolic-trough collector, while maintaining the 

same geometric dimension of the reflector, the same absorber-tube design features, as well as the same 

meteorological and radiation data, employing developed thermal energy equations. The higher the annular gap 

between the absorber-tube and the enveloping glass-cover, with corresponding increase in the diameter of the 

enveloping glass-cover, the more is the total heat loss of the system and therefore, the lower is the thermal 

efficiency of the system. 

 

KEYWORDS: Absorber-tube, Enveloping-glass-cover, Annular-gap, Transmissivity, Reflectivity, Absorptivity 

and Emissivity. 

   

I. INTRODUCTION 
 The sun is an enormous source of heat and the furnace of all solar systems. The sun radiates, through 

continuous process of thermonuclear fusion, approximately 83.3 million billion-kilowatt hours (8.33 x 10
25

 

kWh) of energy into space every day [1]. While the earth’s daily receipt of a minute fraction of this energy 

depends on its distance from the sun, as well as sunspot activity on the solar surface, it always amounts to very 

close to 4.14 million billion-kilowatt hours (4.14x10
5
 kWh) each day [2]. Based on recent measurements in 

space, the currently accepted value of the solar constant is 1377 W/m
2
 [3]. The extraterrestrial radiation striking 

the earth varies throughout the year primarily because of the change in the sun-earth distance, due to sunspots, 

flares and other random activity on the surface of the sun. The earth’s outer atmosphere intercepts about one 

two-billionth of the energy generated by the sun, or about 1500 quadrillion (1.5 x 10 E18) kWh/year. The sun 

generates an enormous amount of energy - approximately 1.1 x 10 E20 kilowatt-hours every second. A kilowatt-

hour is the amount of energy needed to power a 100 Watt light bulb for ten hours. The earth’s outer atmosphere 

intercepts about one two-billionth of the energy generated by the sun, or about 1500 quadrillion (1.5 x 10 E18) 

kilowatt-hours per year [4]. Because of reflection, scattering, and absorption by gases and aerosols in the 

atmosphere, as schematically represented in Fig. 1, however, only 47% of this, or approximately 700 quadrillion 

(7 x 10 E17) kilowatt-hours, reaches the surface of the earth. 

 
Fig. 1: The Sun radiation reaching the surface of the earth   

http://www.ajer.org/
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 At the earth’s surface, the sum of the incident solar radiation from all directions is called the global 

insolation. The portion that comes directly from the sun without a change in direction (not scattered) is called 

the beam or direct insolation. Its value ranges from about 90% of the global insolation on extremely clear day to 

practically zero on an overcast day. The diffuse or non-direct insolation from all directions except directly from 

the sun makes up the remainder of the global insolation [1]. Therefore, there are two different components of 

solar radiation that strike any solar collector surface; these are direct and diffuse (deflected by atmospheric 

scattering effects and reflected rebound from surrounding terrain) as shown in Fig 2.Harnessing the sun’s light 

and heat is a clean, simple, and natural way to provide all forms of energy we need. The sun’s heat can be 

collected in a variety of different ways. It can be concentrated by parabolic mirrors to provide heat at up to 

several thousands degrees Celsius. This heat can be used either for heating purposes or to generate electricity. 

Solar thermal electric power plants generate heat by using lenses and reflectors to concentrate the sun’s energy. 

Because the heat can be stored, these plants can generate power when it is needed, day or night, rain or shine. 

 
Fig. 2: Solar global radiation 

 

Solar parabolic trough collector (SPTC) is a reflecting surface made of highly polished stainless steel reflector, 

fixed on a parabolic contour, supported by steel framework and mounted on reflector’s support structure as 

shown in Fig. 3. The reflector is used to concentrate sunlight onto a receiver tube that is positioned along the 

focal line of the parabolic-trough. A transparent glass-tube envelops the receiver tube to reduce heat loss. Solar 

parabolic-troughs often use single-axis or dual-axis tracking [5]. In rare instances, they may be stationary. 

Temperatures at the receiver can reach 400 °C and produce steam for generating electricity [6]. 

 
Fig. 3: Solar Parabolic-trough Collector 

 

 The mathematical property of a parabola makes it advantageous for steam production using the 

parabolic trough concentrator [7]. Rays of light that reaches the reflecting surface are reflected onto the focal 

line of the trough where the receiver assembly which consists of a transparent enveloping glass-tube and an 

absorber-tube is placed. Working fluid flow inside the absorber-tube and carries away the heat either trapped to 

the load directly as in active systems or initially stored as in passive systems.  
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II. METHODS 
 Energy balance equations for SPTC have been developed [8]. The equations considered the heat-

energy-gain, the heat-energy-loss and the heat-energy-transfer between the components, i.e. the reflecting 

surface, the glass-cover and the absorber-tube, the thermal properties of the materials of the components and 

geometric dimensions of the SPTC. The equation for the enveloping glass-cover heat energy transfer is given as 

follows; 

  
 

 
 

    1...----

1
11

--
2

44

44









































dt

dT
CpmTThATTA

A

A

TTA
RI

LDW
IRIRL

g

ggsurrggskyggg

gg

t

t

gtt

bbeamgcdiffbbeamg










 

The equation for the absorber-tube heat energy transfer is given as follows; 
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The equation for the fluid heat transfer is given as follows; 
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Employing these equations, a Mat Lab program was used to simulate the effect of annular gap which is the 

evacuated portion shown in Fig. 4. 

 

D
D1

d1
d

ABSORBER-TUBE

GLASS-COVER

EVACUATED PORTION

 
 

Fig. 4: Receiver assembly dimensions. 

The absorber-tube is made of copper tube, coated with black paint. The outer diameter of the absorber tube, d , 

is given as m013.0 . With a thickness of the absorber-tube, 0015.0x
t
  the inner diameter of the absorber-

tube,
1

d , can be computed as follows: 

4....2
1 t

xdd   

With varying annular gap, ( a ), the inner diameter of the concentric transparent glass-cover,
1

D , can be 

computed as follows: 
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5...2
1

adD   

It therefore follows that the outer diameter of the enveloping glass-cover, ( D ), with a thickness, (
g

x ), 

of m002.0 , can be computed as follows: 

6...2
1 g

xDD   

Soda lime’s transmittance, (
g

 ) is 83.0  [9]. The absorptance (
g

 ) is 0.14. Emittance value of the glass-cover 

(
g

 ) is 0.84 [8]. The Absorptivity of the copper is 0.70, and that of black paint is between 0.90 – 0.97 [3]. The 

absorptance (
t

 ) adopted is derived as follows: 

8.0
2

90.070.0

2

bpc

t






  

where 
c

 = Absorptivity of copper, 
bp

 = Absorptivity of black paint coating material. For the purpose of this 

work, the emittance of the absorber-tube material; 02.0
t
  

The reflector is made of stainless steel of length (L) = 300mm, aperture width (W) = 800mm. Emissivity, 

08.0  [10]. Therefore, the reflectivity (  ) can be computed using equation 7 [11]. 

7...92.008.011  
c

 

The fluid is Air and assuming a mean temperature of the fluid to be K350C77
o

 , the following properties 

are selected from [12]:  

Density (
f

 ) =
3

/009.1 mkg , Thermal conductivity (
f

K ) = KmW ./03003.0 , Prandtl number ( Pr ) = 

697.0 , Specific heat capacity (
f

Cp ) = KkgJ ./0090.1  and Viscosity (
f

 ) = smkg ./10075.2
5

 , 

Grashof number (
d

Gr ) can be computed using equation 5 [13]. 

8...,
2

3

1

2



 Tdg

Gr
f

d



     

where density of the fluid (
f

 ) =
3

/009.1 mkg , gravitational constant ( g ) = s/m81.9 , inner diameter of the 

absorber-tube (
1

d ) = m0100.0 and coefficient of expansion of the fluid (  ) equals the reciprocal of 
f

T .  

Therefore, 
350

1
   

Assuming a mean temperature of the absorber-tube (
t

T ) to be C130
0

and the mean temperature of the fluid 

(
f

T ) to be C80
0

. Therefore, the mean temperature difference is computed as follows: 

CTTT
ft

0
5080130  . 

Grashof number, 

   

 
7.3313

10075.2

0100.050
350

1
81.9009.1

25

32







d

Gr  

The expression used for the calculation of Nusselt number is given by [12]. It is written in equation 9 as follows: 
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Correspondingly; 

KmW
d

KNu

h
f

f
./3383.38

0100.0

03003.05132.12
2

1








  

where
f

h = Convective heat-transfer coefficient for the inside of the absorber-tube, 
1

d = inner diameter of the 

absorber-tube and 
f

K = thermal conductivity of the fluid. 

The hourly thermal efficiency ( η) of the collector is given by: 

input

losses

Q

Q
 1                                                                   ...10 

 

The hourly heat-energy supplied to the receiver (Qinput) can be computed as follows: 

    WLIR.IAIQ
diffbbeamaginput

                                        ...11 

where 
bbeam

RI = beam radiation on a tilt surface, 
diff

I = diffuse radiation, W = aperture diameter and L  = 

length of the concentrator. The hourly tilt factor (
hr

b
R ) is the ratio of the beam radiation on a tilted surface to 

that on a horizontal surface and can be computed using Equation 12 [14].  





sinsincoscoscos

sin)sin(coscos)cos(






ss
R

b

                                   …12 

The latitude of Bauchi is  =
0

33.10 , A slope angle of 
0

2 is adopted. Sukhatme [14] has given the following 

simple relation for calculating the declination: 

)]n284(
365

360
sin[45.23                                                                                      …13 

Equation 13 is dependent on n , which is the day of the year.  

The hour angle ( ) is the angular measure of time and is equivalent to 
0

15 per hour. It is measured from noon 

based on local apparent time (LAT) being positive in the morning and negative in the afternoon. 

The total heat-energy loss in the system (
losses

Q ) is considered as the sum of the radiative heat-loss from the 

surface of the enveloping glass-cover to the surroundings (
2

r
q ), the convective heat-loss from the surface of the 

enveloping glass-cover to the surroundings (
c

q ), the radiative heat-loss from the surface of the absorber-tube 

(
1

r
q ) and the conductive/convective heat-loss inside the absorber-tube (

1
q ). This can be expressed as in 

Equation 14. 

1rcrlosses
qqqqQ

12

  ...14 

The hourly radiative heat-loss from the enveloping glass-cover by radiation to the surroundings is given by: 

 4

sky

4

gggr
TTAq

2


                                                         

...15 

where  = Stefan-Boltzman’s constant, 
g

  = emittance of the enveloping glass-cover material, 
g

A  = surface 
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area of the enveloping glass-cover, 
g

T  = temperature of the enveloping glass-cover, and 
sky

T  = sky 

temperature. The sky temperature can be expressed as 

6
surrsky

TT                                    ...16 

where
surr

T  = ambient temperature. The hourly convective heat-loss from the enveloping glass-cover to the 

surroundings is computed using Equation 17 as follows: 

)(.
skyggc

TThAq                                                        ...17 

where  h  = the convective heat transfer coefficient given as: 

7.5V8.3h
wind

 [14]                                        …18 

where 
wind

V  = wind velocity.  

The hourly radiative heat-loss from the absorber tube to the enveloping glass-cover
1

r
q  can be computed using 

Equation 19. 

                                                                                    

 

 

 

 

 

where 
t

A = the surface area of the absorber-tube, 
t

T = temperature of the absorber-tube and εt = emittance of 

the absorber-tube material.  The hourly conductive/ convective heat-losses, by the working fluid inside the 

absorber-tube (
1

q ) can be computed using Equation 20, as 

 

fsurr

skyfc

hh

TTA

q
11

2

1





   ...20 

 

This work employed the developed energy equations and geometric dimensions of a solar parabolic collector 

model TE. 38. The meteorological and radiation data were obtained from the work of [15]. The simulation 

maintained the same thermal properties of the collector materials and Mat lab program was used to simulate 

hourly thermal efficiency (  ) of the system, varying the annular gap between the absorber-tube and the 

enveloping glass-cover. 

 

III. RESULTS AND DISCUSSION 
 

Table 1: Simulated values of hourly thermal efficiencies of the system for various annular gaps 

 
 

TIME 

SIMULATED THERMAL EFFICIENCIES OF THE SYSTEM FOR VARIOUS ANNULAR GAPS 

010.0
  

015.0
  

020.0
  

025.0
  

030.0
  

035.0
  

040.0
  

045.0
  

050.0
  

055.0
  

08:00hr 85.648 81.785 77.923 74.060 70.197 66.335 62.472 58.610 54.747 50.884 

09:00hr 91.428 89.118 86.810 84.496 82.186 79.876 77.565 75.255 72.944 70.634 

10:00hr 94.227 92.669 91.115 89.553 87.996 86.438 84.880 83.323 81.765 80.207 

11:00hr 96.110 95.060 94.015 92.962 91.913 90.864 89.815 88.766 87.716 86.667 

12:00hr 96.662 95.762 94.866 93.964 93.064 92.165 91.265 90.366 89.467 88.567 

13:00hr 97.716 97.103 96.492 95.877 95.264 94.651 94.038 93.425 92.812 92.199 

14:00hr 97.431 96.743 96.057 95.368 94.680 93.992 93.304 92.617 91.929 91.241 

15:00hr 96.824 95.975 95.125 94.276 93.426 92.577 91.728 90.878 90.029 89.180 

16:00hr 94.307 92.785 91.262 89.741 88.219 86.697 85.175 83.653 82.131 80.609 

17:00hr 87.837 84.579 81.321 78.063 74.805 71.547 68.288 63.030 61.773 58.514 

 

 
19...,

1
11

44

1























gg

t

t

gtt

r

A

A

TTA

q







American Journal of Engineering Research (AJER) 2014 

 

 

 
w w w . a j e r . o r g  

 
Page 108 

 
 

 The simulation results in Table 1 and Figure 5 show that increase of annular gap reduces the thermal 

efficiency of the system. The higher the annular gap between the absorber-tube and the enveloping glass-cover, 

without corresponding increase in the diameter of the absorber-tube, the more is the total heat loss of the system 

and therefore, the lower is the thermal efficiency of the system. 

 

IV. CONCLUSION 
 This paper investigated the annular gap effect on the performance of a solar parabolic-trough collector. 

The simulation results show that as the annular gap increases the thermal efficiency of the system reduces within 

the investigation range. The higher the annular gap between the absorber-tube and the enveloping glass-cover, 

the more is the total heat loss of the system and therefore, the lower is the thermal efficiency of the system. 
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ABSTRACT : Now tourism industry is one of the greatest World Industries from point of view development 

and with attention to be use financial sources and involved persons with that. This industry, has third rank in 

financial and commercial classifications and including more than 7 percent of whole world exports, also it 

influence gross national product in all countries; so that increase rate of gross national product 2billion $ in all 

world nations. Tourism industry important to stress tow important ways: first, the dynamic familiarity with 

other cultures, nations, races, tribes, dialects and …; second, it provides sources of income and foreign 

exchanges from an economic point of view. The different world countries fallowed attraction of tourists because 

of that they have various facilities and various attractions.Iran is ranked as one of the 10 top attractive 

countries in the world but Iran was place 114th ranking of the countries in terms of attracting tourists (World 

Economic Forum, 2011), tourism receipts is ranked as 77th, and the number of international tourists arrivals 

ranked as place 70
th

 (UNWTO, 2009).So, the aim of this research is, studying main indicators in tourism 

location in order to improving their qualify. This research is qualitative. Also was used the "Descriptive/ 

Explanatory" through contain analysis. The research method are phenomenological, conceptual and 

constructive theory in field of tourism industry in context of Iran, Which eventually is bound to lead to the 

development of tourism industry in Iran. The strategy of this research is qualitative method by using case study 

in the area of tourism industry in fabric of Iran. So, was introduced touristic-historical building. Then 

according to visitor comments was ranked. At finally was used T-Test method in order to analyzing hypothesis. 
 

KEY WORD: Tourism indicators, indicators, Iran, Khoramabad  

 

I. INTRODUCTION 
 Nowadays, Tourism industry is considered as one of the most profitable and intensively developing 

branches of the world economy in the area of services. This is confirmed by the fact that the share of tourism is 

about 10% of the world's gross national income. Development of tourism plays an important role in social and 

physical activities. World Tourism Organization (UNWTO) announced that tourism industry grows up and it 

will get about 25% of worlds gross national income (UNWTO, 2009).According to UNWTO (2009) economic 

importance of tourism and travel, increasing the vast number of passengers continues 25 million people between 

the years 1950 to 1.18 billion in 2010. UNWTO (2009) forecasted that the numbers of tourist arrivals continue 

to growth and on 2020 will 16 be 1.6 billion passengers a year. In the view of tourism potential and 

opportunities to contribute to the attractiveness of country for the tourists, according to UNWTO (2009), Iran is 

ranked as one of the 10 top countries in the world in term of tourism attractions but its tourism receipts industry 

is ranked 77th and the number of international tourists arrivals who have traveled to Iran, was ranked as place 

70th (UNWTO, 2009), this evidence shows that in current time Iran's tourist industry is not working with full 

capacity. Iran is a four season country whole of a year, tourists can travel from hottest place in the world to a 

very cold place by just a 45 minutes flight (Karimi, 2009).  

 

 Tourism is recognized as one of the key sectors of development in all countries and a major source of 

income, jobs and wealth creation. It also plays a wider role in promoting the image and international perception 

of a country externally as well as influencing complementary domestic policies. This range of influence and 

importance creates challenges in measuring competitiveness in tourism. 

http://www.ajer.org/
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Understanding country competitiveness in tourism is a major consideration for policy makers and a major 

challenge for professionals in providing evidence to inform decision making. Various indicators have been 

developed by different organizations over the years to address particular aspects of competitiveness but there 

has remained a lack of an overall measurement framework for competitiveness in tourism for the use of 

governments. The current work by member and partner countries seeks to address this gap and make a positive 

contribution to the practical measurement of competitiveness.The purpose of this research is, studying tourism 

indicators at LORESTAN province in Iran. Khoram abad is the center of Lorestan province. 

  

Hypothesis research  

This research tries that response main research question & hypothesis. Thus the question and hypothesis is:  

 Question: What is the sample space tourism of Khoramabad according to quality indicators? 

 Hypothesis: it seems, Falak-ol-Aflak castle (The Heaven of Heavens), is important tourism location based 

on quality indicators.  

II. LITERATURE REVIEW 
Tourism definition : Up to now tourism has been under study and discussion from view of different science 

like economics, sociology, and geography and based on any views has raised various definitions that Rezvani 

(1996) accumulates the collection of them under title as geography and tourism industry. For example 

Artobruman has defined tourism the fallowing: “ tourism contains travels collection that it performs due to rest, 

fun, experience and other vocational activities or due to take part in the specific ceremonies and it is temporary 

and passing that tourist don’t exist in her/himself address. It is clear that persons, who perform permanent 

vocational travel between her/himself address and place of work, don’t include to this definition”  ( Rezvani , 

1996 ) .From view of sociology, tourism is a relations collection that person creates with others in her/himself 

temporary address. According to Honziker-krapph, tourism is relation collection that it creates from travel and 

residence of one nonnative person without having permanent address and job. The definition was acceptable by 

international council of science experts in tourism for times. According to Morgan Rout, tourism in literal 

meaning is travel of persons that go away from themselves address temporary until they granted vital, cultural 

and personal needs in form of a consumer of economic and cultural goods. In competitions that tourism 

international union held to gain general definition for tourism, the fallowing definition is selected. According to 

this definition “tourism is collection of changing place of persons and actions that conclude from it. The 

changing caused by come true demands that they force person to movement and there are potentially in any 

person by different intensity and weakness.  

 

 Today tourism phenomena is more than simple phenomena of visit and return visit and obtain specific 

importance that it is called as a huge, producer and main industry. In many advanced countries and some of 

countries exist many attractions of historical, cultural, natural and facilities of tourism attracted (Tulaii, 2007).  

The grate portion of nation income supplies with tourism development. It isn’t UN due that most of countries, 

especially countries that have more historical, cultural and natural attractions, try to obtain more options in 

absorption of different countries tourists and get foreign exchange income for themselves by creating and 

development of necessary touristic facilities. On the other hand, tourist is foreign person for travel, tourism, and 

sports .The residence is not less than 24 hours and not more than 2 months. According to a Committee on 22 

January 1937, the following definition for tourists can be justified: a person who travels to a country for 24 

hours or more and usually has the right to stay there (Moradi, 2007: 9 -14).  

 

Classification of Tourism :Classification of tourism is the important tool to understand the capacity of the 

country according to get the competitive advantages by focusing in some types of them. According to World 

Tourism Organization (UNWTO) in 1993 defined the word of tourism as the following: "travel to and stay in 

places outside their usual environment for more than twenty-four (24) hours and not more than one consecutive 

year for leisure, business and other purposes not related to the exercise of an activity remunerated from within 

the place visited."United Nations In 1994 classified three forms of tourism in its Recommendations on Tourism 

Statistics: 

 Domestic tourism, which involving residents of a given country traveling only within this Country. 

 Inbound tourism, involving non-residents of a given country that traveling within this country. 

 Outbound tourism, which involving residents of a country traveling to the other countries. 

In June 1991, the International conference held by organizing the World Tourism Organization and government 

of Canada about the travel and tourism statistics in Ottawa. Their defining words, phrases and their 

classification decisions were taken which are as below: 

 Tourism, is the things or acts that the person who travelled doing in a place outside of his/her normal 

environment, the traveling take long not more than a year and its purpose is to fun, business or other 

activities. 

http://en.wikipedia.org/wiki/Falak-ol-Aflak


American Journal of Engineering Research (AJER) 2014 
 

 
w w w . a j e r . o r g 

 
Page 111 

 Traveler or tourist (overnight visitor) is someone who spent at least a night in public or private residence at 

the site visit. 

 Same day visitor or one day tourist is someone who is staying in a place but not for the night. 

 Based on the above classification, the governments must focus their forces to promote international tourism 

by making their strategies base on their capacity to attract travelers. 

 

History of tourism industry in Iran :Tourism shaped in Iran from the second decade of present century and 

the first time in 1994 year was established office named “attraction of foreign visitors and publicities office” in 

interior ministry and was assigned to this office do works related to tourism. “Iran tourism association” 

established for supplying comfort and facilitating travel of tourists in this same year. The association, that record 

officially in MAY /1939 year, organized different tour for tourists visit. Attraction of visitors office was 

changed its name to “tourism supreme council” in September of 1942 year. Tourism supreme council was 

changed to tourism affairs office and was centered in the interior ministry in1333 year. From the office actions 

during 1955-1959 years, can indicate to doing some services of sub structural and compilation of laws and rules 

related to tourism as “entry law and residence of foreign national”.An organization named “attraction of visitors 

organization” depended on premiership was established on April /1964. The organization main purpose was 

presentation of country back ground, encouragement of interior and foreign tourists to traveled and visited 

ancient relics and natural views and created necessary concentration and coordination in affaires. Attraction 

visitors organization was combined on information ministry and made new ministry named “information and 

tourism ministry” in Jun /1975. To fallowing of Islamic revolution victory, information and tourism ministry at 

firs changed name to ministry of national guidance and then to ministry of Islamic guidance and tourism 

assistance district of this ministry undertook tourism affairs supervision. Iranology and tourism office 

established for planning of tourism industry, educating of tourism charges, classification, supervision and 

evaluation of plants, establishment of international relationship with institutions and organs of foreign tourism 

and take part in meetings, tourism exhibitions and international gatherings. After a while this office according to 

ratified in 21/December /1980 of Islamic revolution council was changed its name to “organization of Iranology 

and tourism centers” that was made by combining four state companies as plants stocks of Iran tourism 

company, stocks of Iran visiting company, stocks of Iran homes centers company and stocks company of 

tourism centers tourism for winter sports (Moddaresi, 2000). Despite the fact that government hadn’t clearly 

politic related to tourism industry until first developing plan and also in the private district due to didn’t clear 

politics and laws, there wasn’t tendency to make resident and reception centers and plants; but in the course of 

politics of first, second and third developing plans, tourism district is benefited from special position in planning 

country and people up to become interested in the investment within making and developing resident and 

reception plants. 

 

III. RESEARCH METHODOLOGY 
 This research is a qualitative. Also was used the "Descriptive/ Explanatory" through contain analysis. 

The research method are phenomenological, conceptual and constructive theory in field of tourism industry in 

context of Iran, Which eventually is bound to lead to the development of tourism industry in Iran. The strategy 

of this research is qualitative method by using case study in the area of tourism industry in fabric of Iran. So, 

was introduced touristic-historical building. Then according to visitor comments was ranked. At finally was 

used T-Test method in order to analyzing hypothesis. Therefore were proposed strategies in order to promoting 

tourism space quality. 

  

RESEARCH AREA : "KHORAMABAD "is a city in and capital of Lorestan Province, Iran. At the 2006 

census, its population was 328,544, in 75,945 families. Khoramabad is situated in the Zagros Mountains. 

Khoramabad Airport is 3 km south of the city proper.The city population is predominantly Lur and Lak, 

although the two groups are closely related.  Although not a major tourist destination, it is quite scenic and 

possesses several attractions, such as 5 Paleolithic cave-dwelling sites. In the city center, a tall citadel called 

Falak-ol-Aflak (The Heaven of Heavens), a relic of the Sassanid era, is now a nationally popular museum. 

Economically, it is the regional base of the agricultural industry. 
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FIGURE 1: STUDIED AREA 

 

TOURISTIC LOCATION OF KHORAMABAD :  

Gerdab sangi : Gerdab Sangi is located in Takhti Square in Khorramabad, Lorestan and is made of stones and 

plaster. It dates back to the Sassanid era (224-651 CE) and is a circular whirlpool built for the purpose of 

accurate and optimal distribution of water. Encircling several springs, the edifice sits near the prehistoric Qomri 

Cave. The construction was once used for rationing and distributing potable and agricultural water among local 

population and farmers. Its surrounding cylindrical stone wall has a height of 10 meters and a diameter of 18 

meters. There are a few different-sized outlets in the wall for controlling the flow of water into a canal on the 

west of the structure. While originally there were 7 of such outlets, however, today only one is functional. This 

outlet measures 160 x 90 centimeters and opens and closes like a drawer. The water flowing out of this outlet, 

after a path of approximately 12 kilometers, would eventually make its way to a valley called Baba Abbas. In 

the vicinity of this valley, and the location of the ancient city of Shapurkhast, the remnants of an old mill, which 

was run using water from the springs, can be observed. Gerdab Sangi was registered on the National Heritage 

List in 1976. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 2: GERDAB SANGI 
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Brick Minaret : Brick Minaret is a 900 years old brick tower located beside the ancient city of Shapur khawst, 

south of Khorramabad, Lorestan province. It was built as a guidepost for caravans in ancient times. The minaret 

is about 30 meters tall with a circumference of 17.5 meters. Inside the tower there is a spiral staircase of 99 

stairs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Brick Minaret 

 

Shapoori Bridge : Shapoori Bridge is located in southern KhorramAbad. It has been used to connect the 

western part of Lorestan (Tarhan) to the east, and then on to Khoozestan province and Taysafun, the capital city 

of the Sassanian. The bridge is 312 meters long and 10.75 meters high. It has 28 arches and 27 piles. The area of 

each pile is 61 square meters, and the distance between the two piles is 7.5 meters. Five of its arches are intact; 

the others have been destroyed by natural factors. The arches of the bridge are made in the form of a wishbone. 

The piles and breakwaters of the bridge are in the form of six lateral lozenges made of stone. Probably the 

bridge also was used to distribute water. Materials of the bridge are river stones and stone chips in the arches 

and truncated stones in the piles. The bridge floor is paved in red block stones that have lost their square shape 

due to erosion. This attractive, huge bridge belongs to Sassania era, and it is registered as number 1058 in the 

list of Iranian national monuments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4: Brick Minaret 
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Falak-ol-Aflak castle
1
 :Falak-ol-Aflak Castle, Dež-e Shāpūr-Khwāst, Falak-ol-Aflak Castle, in ancient times 

was known as Dezbaz as well as Shapur-Khast, is one of the most impressive castles in Iran. It is situated on the 

top of a large hill with the same name within the city of Khorramabad, the regional capital of Lorestan province. 

The Khorramabad River runs past the eastern and south-western side of the Falak-ol-Aflak hill providing the 

fortress with an element of natural protection. Today, the western and northern sides of the hill are bordered by 

the residential districts of Khorramabad. This gigantic structure was built during the Sassanid era (226–651). It 

has been known by a number of names since it was built over 1800 years ago. Recorded names have referred to 

it as Shapur-Khast or Sabr-Khast fortress, Dezbaz, Khorramabad castle, and ultimately the Falak ol-Aflak 

Castle. The foundations of the actual castle measure approximately 300 meters by 400 meters. The height of the 

entire structure, including the hill, reaches up to 40 meters above the surrounding area. This space is divided into 

four large halls, and their associated rooms and corridors. The rooms all surround two courtyards with the 

following measurements: the first courtyard measures 31×22.50 meters and the second 29x21 meters. . When 

originally built the castle used to have 12 towers, but only 8 remain standing today. The building's entrance is 

situated towards the north, within the body of the northwestern tower. 
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Figure 5: Falak-ol-Aflak castle 

 

IV. DISCUSSION 
Descriptive findings :According to introduced attractive tourism locations, it seems khoramabad have 

important role in order to attracting indoor and outdoor tourists. So, we need planning in order to improving 

tourism industry many aspects. Thus, was used questionnaire tool. Also, sample size is 240 persons. In order to, 

were classified main indicators of touristic location.  

The indicators were presented in table 1.  

 

Table 1: studied indicators 

Indicators of touristic locations qualify Marker 

Qualify of touristic location as cleanliness space  Q1 

Landscape  Q2 

Building stability  Q3 

Satisfaction of native person behavior  Q4 

Entertainment space for kids   Q5 

Appropriate accessibility to transportation  Q6 

Total satisfaction  Q7 

Visiting again in future  Q8 

Proposing friends in order to visiting this location  Q9 

Visual aesthetics of mentioned location  Q10 

 

Gerdab sangi :According to analyzing of questionnaire 75 % of visitor have emphasized on landscape. Also, 

31% of visitors haven’t satisfied from entertainment spaces. (Table 2 & graph 1). 

 

Table 2: analyzed data from GERDAB SANGI 

 

 

 

 

 

 

 

 

Indicators of touristic locations qualify Marker Score Percentage 

Qualify of touristic location as cleanliness space  Q1 56 75 

Landscape  Q2 51 68 

Building stability  Q3 51 68 

Satisfaction of native person behavior  Q4 52 69 

Entertainment space for kids   Q5 23 31 

Appropriate accessibility to transportation  Q6 40 53 

Total satisfaction  Q7 55 73 

Visiting again in future  Q8 50 71 

Proposing friends in order to visiting this location  Q9 53 69 

Visual aesthetics of mentioned location  Q10 52 71 
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Graph 1: analyzed data from GERDAB SANGI 

Brick minaret :One of the negative point in brick minaret is pollution due to 25% of persons believed 

mentioned location is cleanliness. On the other hand, 84% believed this place have good view (table 3& graph 

2).  

Table 3: analyzed data from brick minaret 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Graph 2: analyzed data from brick minaret 

Shapori bridge :Based on table 4, 83% of persons believed landscape is good.   

 

Table 4: analyzed data from Shapori Bridge 

Indicators of touristic locations qualify Marker Score Percentage 

Qualify of touristic location as cleanliness space  Q1 19 25 

Landscape  Q2 63 84 

Building stability  Q3 50 67 

Satisfaction of native person behavior  Q4 50 67 

Entertainment space for kids   Q5 62 83 

Appropriate accessibility to transportation  Q6 37 49 

Total satisfaction  Q7 55 73 

Visiting again in future  Q8 56 75 

Proposing friends in order to visiting this location  Q9 57 76 

Visual aesthetics of mentioned location  Q10 57 76 

Indicators of touristic locations qualify Marker Score Percentage 

Qualify of touristic location as cleanliness space  Q1 48 64 

Landscape  Q2 62 83 

Building stability  Q3 57 76 

Satisfaction of native person behavior  Q4 56 75 

Entertainment space for kids   Q5 37 49 

Appropriate accessibility to transportation  Q6 24 32 
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Graph 3: analyzed data from Shapori Bridge 

 

Falak-ol-Aflak castle 

Based on analyzed data, 92% of persons believed Visual aesthetics of mentioned location is high. Also, 83% 

satisfied totally.  

Table 5: analyzed data from Falak-ol-Aflak castle 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Graph 4: analyzed data from Falak-ol-Aflak castle 
 

 

 

Total satisfaction  Q7 56 75 

Visiting again in future  Q8 50 67 

Proposing friends in order to visiting this location  Q9 54 72 

Visual aesthetics of mentioned location  Q10 53 71 

Indicators of touristic locations qualify Marker Score Percentage 

Qualify of touristic location as cleanliness space  Q1 56 75 

Landscape  Q2 65 87 

Building stability  Q3 53 71 

Satisfaction of native person behavior  Q4 37 49 

Entertainment space for kids   Q5 44 59 

Appropriate accessibility to transportation  Q6 63 84 

Total satisfaction  Q7 62 83 

Visiting again in future  Q8 58 77 

Proposing friends in order to visiting this location  Q9 55 73 

Visual aesthetics of mentioned location  Q10 69 92 
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Analytical findings :In order to analyzing hypothesis, has been used from SPSS software. Also, in order to 

meaningful test was used one- sample T-TEST. The t-test is probably the most commonly used Statistical Data 

Analysis procedure for hypothesis testing. The statistics t-test allows us to answer this question by using the t-

test statistic to determine a p-value that indicates how likely we could have gotten these results by chance, if in 

fact the null hypothesis were true (i.e. no difference in the population). By convention, if there is less than 5% 

chance of getting the observed differences by chance, we reject the null hypothesis and say we found a 

statistically significant difference between the two groups (Saberi, 2014:192). 

In this research after using mentioned technique were diagnosed main indicators between ten. They are:  

[1] Landscape 

[2] Visual aesthetics of mentioned location  

[3] Building stability 

[4] Total satisfaction 

On the other hand, were ranked mentioned place. The reports are according to T-TEST. They proposed in table  

 

Table 6: ranked tourist location 

 

 

 

 

 

 

 

 

V. CONCLUSION 
 As it shown in bellow based on the literature the structure of tourism industry evolve two dimensions; 

firstly is tourism resources and the second is the tourism infrastructure, understanding the positive points 

(strengths and opportunities) which are the cultural, nature and human based activities are making and 

improving the tourism sources, on the other hands the major dominate actors (Media, Education, Government, 

etc) are the major players on tourism infrastructures. After the result the following Conceptual map came up by 

author: 

 

Figure 6: Conceptual map 
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Touristic location  Score Ranke 

Falak-ol-Aflak castle 562 1 

Brick minaret 506 2 

Shapori  bridge 497 3 

Gerdab sangi 486 4 
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 ABSTRACT : With the increasing use of embedded devices in our daily life, security threats have also been 

increasing in a proportional rate. However, ensuring security in the embedded systems has become a great 

challenge not only for the embedded device experts but also for the manufacturers. The problem especially 

arises because of the limited hardware and software implementation options for the designers. At the same time, 

companies are trying to keep the vulnerabilities of the operating system of those embedded devices in secret and 

they are not relieving any necessary security updates quickly. It has become very urgent to ensure proper 

security of the embedded systems to save it from any major technological disaster near future. In this paper, we 

have broadly discussed the structures, characteristics and applications of different embedded devices in our 

daily life. Beside this, we have also discussed about the different causes of security threats and some of our 

suggested solutions to protect the systems from the attackers as well that we have found in our research.  
 

KEYWORDS:  cryptography, firmware, hackers, microcontroller, real-time constraints 

I. INTRODUCTION 
 An embedded system can be defined as a special type of computer system that performs some specific 

pre-defined programs which is generally used within a larger scale of electrical or mechanical system. 

Generally, it is started from small MP3 players to largely complex hybrid vehicle systems. Some other examples 

of frequently used embedded systems in our daily life are keyboard, mouse, ATM, TV, PDA, cell phone, 

printer, elevator, smoke detector, DVD player, refrigerator, camera, GPS navigator, radio, TV remote, 

telephone, game controller, monitor, digital image processor, bar code reader, SD card, washing machine, anti-

lock breaking system, blender etc. We use embedded systems especially because of its dependability, efficiency 

and it meets the real-time constrains. 

 

Examples of the embedded system show that it has become a part and parcel of our daily life in term of 

use. We are very familiar with the term ‘Smart Home’ because of the deployment of smart embedded system in 

our home. Now-a-days almost all of the embedded systems are connected with the internet. So security threats 

have become a major issue at present because most of the embedded systems lack security even more than 

personal computers. One of the reasons for this lack of security is the very limited hardware and software 

implementation options for the manufacturers of embedded system companies. Again they have to deal with the 

competitive market price of the other embedded manufacturer companies because they all have to keep the 

lowest possible price to maintain the customer satisfaction and at the same time they do not conduct any specific 

security research of their manufactured embedded products. This leads to the security threats for the embedded 

devices because ensuring advance security techniques for embedded systems means the higher cost of that 

embedded products. Customers also don’t want to be more expensive usually when buying an embedded device 

and they are not concerned also about the probable security threats of their products. Lack of security analysis 

and low-cost market product mentalities of the manufacturer companies lead the hackers the exact environment 

they are expecting for. Many embedded systems hacking tools are easily available in the internet. Hacking in the 

PDAs and modems are very common example of embedded systems hacking. 
 

Recent development trends of the embedded systems protocol are going to be convergence because of 

its applications in TCP/IP protocol for the purpose of inter-media interfacing. In this case, using IPv6 will cost 

much more for the development of the embedded applications at least for the next few years. As a result IPv4 is 

going to dominate in the applications of embedded systems. This IPv4 is much more challenging for its internal 

security problems in terms of authentication, integrity and confidentiality.  

http://www.ajer.org/
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II.  STRUCTURE, CHARACTERISTICS AND APPLICATIONS OF EMBEDDED SYSTEMS 
 Although there are many types of applications, the principle of the embedded device structures is 

typically the same in terms of system components and design methodologies. Complex applications such as 

chemical plants may need standard I/O (Input / Output) devices but this is not mandatory for the most of the 

other embedded systems. At present, most of the embedded systems are microcontroller based that means 

memory and other specific devices are integrated with the Central Processing Unit (CPU).   In general it can be 

divided into three categories: small, medium and large. Small such as TV remote needs 4-bit microcontrollers. 

8-bit or 16-bit microcontrollers are well enough for medium size systems such as automated data acquisition 

systems and 32-bit or more needed for the high–end large scale computer system such as plant monitoring and 

central control system. 

Embedded systems are not standalone always rather than in the most of the time it is used as a part of a 

larger complex device. Here performance based real-time constrains must be met for the usability and safety of 

those devices. Graphical user interface is not always mandatory for the small scale device such as simple button 

or LED (Light Emitting Diode). But it is a must for the bigger and complex devices such as nuclear power plant 

systems along with the networks, data bus connections, screen-edge systems etc. 

 

 
 

Figure 1:  VIA VAB-800 10 cm x 7.2 cm Pico-ITX embedded ARM board 

 

 
 

Figure 2:  Block diagram of Cypress PSoC 5 (32-bit ARM Cortex-M3 processor) embedded ARM 

board 
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The term ‘PSoC’ stands for Programmable System on Chip. It is a programmable embedded design 

platform which integrates discrete, analog and programmable logic with a memory and a microcontroller. PSoC 

5 is based on 32-bit ARM Cortex-M3 processor. It allows the designer to make flexible changes during design, 

validation and production. It is easy to reconfigure and implement using fewer system components. A single 

PSoC device can integrate about 100 peripheral functions. It also offers single-chip integration of multiple 

buttons, sliders, touch pads and proximity detectors with requiring no external components for sensing. 
 
 

Characteristics of Embedded Systems:  

In general, embedded systems are designed to perform any particular pre-defined task that must meet 

any real time constraint. The main difference between a computer and an embedded system is a computer is 

used to perform multiple tasks defined by the user. On the other hand, an embedded system is used to perform a 

specific task that is pre-defined by the manufacturers. Here, meeting all the real-time constraints is a very 

important characteristic of an embedded system. A real-time constraint is divided into two parts. One is hard 

real-time system and the other is soft real-time system. Hard real-time system means it must meet all its 

deadlines with a zero degree of flexibility and it is acceptable to be little flexible in the soft real-time system. It 

is not necessary to be standalone always for the embedded devices. Actually most of the embedded systems are 

integrated within a large computerized device. Devices such as MP3s, cameras and TV remotes are the example 

of standalone embedded devices. For the example of integrated embedded devices car and nuclear power plant 

are some good examples. GPS, fuel injection controller, anti-locking brake system, transmission controller, 

cruise control, active suspension, air- bag system, air-conditioner, display monitor-all the devices are integrated 

in a modern car system.  

The term ‘firmware’ is used to refer the program instructions written for embedded systems. It is stored 

in ROM (Read Only Memory) or in a flash memory chip. Resources like computer hardware do not need much 

to run. Another important characteristic of embedded systems is the dedicated user interface. It may range from 

no user interface to complex graphical user interface. For simple button and LED system, no user interface is 

needed. User interface means the task of button can change with the on-screen display and the selection depends 

on the user. Handheld device such as joystick which needs to be pointed with the screen is a good example user 

interface system. Size and weight should be less for an embedded device. For that reason, microcontrollers are 

used in embedded devices to deliver the best performance on demand. Generally, microcontrollers are required 

to perform repeated functions for long time without any failure. Beside this, it must be reliable and safe in case 

of some special systems such as car’s anti-locking brake system and nuclear power plant controlling systems. 

Adding to those characteristics, embedded systems must be cost efficient also. Manufacturer companies try to 

keep the lowest price of their products. Using sensors and actuators it may be also connected with physical 

environment.   
 

Applications of Embedded Systems:  

As we describes earlier, embedded systems have become parts and parcels of our daily life in term of 

use. From the following table we can easily understand our daily use of embedded systems. 
 

Table 1: Examples of embedded systems used in our daily life 
 

 
Home Applications 

Dishwasher, Washing Machine, Microwave Oven, Top-set Box, Home Security Systems, HVAC 
system, DVD player, Answering Machine, Garden Sprinkler Systems, Lighting Systems, Remote 

Controls, Air Conditioners, Sprinklers. 

Consumer 
Electronic Products 

 

Cell phones, Cordless Phones, Digital Cameras, Video recorders, DVD players, TV set, Calculators, 
MP3 Players, Stereo Systems, Cable TV tuners, Digital watches, Personal PDA, iPhone. 

 

Industrial applications 
 

Personal Smart Phone, Fax Machines, Photo Copy Machines, Printers, Scanners, Assembly Line, Data 

Collection System, Monitoring Systems on Pressure, Voltage, Current, Temperature, Hazard Detecting 
System, Industrial Robot. 

 

Business Equipment 
 

ATM, Cash Registers, Alarm Systems, Card Readers, Finger Print Detectors, Automatic Toll Systems, 

Voice recognizers, Smart Vendor Machine, Cash Register, Bar Code Reader. 

Automobile GPS, Fuel Injection Controller, Anti-locking Brake System, Transmission Controller, Cruise Control, 

Active Suspension, Air- bag System, Air-Conditioner. 

Communication Systems Router, Hub, Cell Phone, Web Camera, Modem, Network Cards, Tele-conferencing System. 

Aerospace GPS system, Automatic Landing System, Flight Attitude Controller Inertial Guidance System, Space 

Robotics, RADAR. 

Medical Technology 

 

CT scanner, ECG, EEG, EMG, MRI, Glucose Monitor, Blood Pressure Monitor, Diagnostic Device, 

X-ray machines, Digital Pulse Monitor. 

 

Security Systems 

Face Recognition System, Finger Recognition, Irish Recognition, Building Security System, Airport 

Security System, Alarm System, Digital Access Card, Fingerprint based Smart Card. 

Classroom applications Smart Board, Smart Room, OCR, Calculator, Smart Cord, Stereo Systems, Projector. 

Game and Entertainment Video games, Robot, MP3, Mind Storm, Smart Toy. 
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III. CAUSES OF SECURITY THREATS OF EMBEDDED SYSTEMS 
In this age of advanced technology, almost all of the embedded systems are connected to different 

network systems such as internet. At one side, these embedded devices are being more connected to our life day 

by day whereas on the other hand its security threats are also increasing as a proportional rate. Security threats 

in the embedded systems are not a new concept at all. As an example, in the year of 2001, Peter Shipley and 

Simson L. Garfinkel claimed that they have found an unprotected modem line to a system that could control a 

high voltage power transmission line. Internet enabled home applications are very available now. However the 

problem arises when internet connections expose applications to intrusions and malicious attacks. Some major 

causes of embedded system security threats are explained below: 

One of the major limitations of embedded systems are they are very cost sensitive. A little change in 

cost can make a big difference in the case of heavy manufacture devices. This cost sensitivity leads 

manufactures to use4-bit processor or 8-bit processor. Bigger cryptographic key cannot be stored by many of 

these 8-bit microcontrollers. Embedded devices have to perform same task again and again usually by using 

loop. Here, speed can easily reach to 100 loops in every 5 seconds with strong real-time constraints. Therefore, a 

single delay of even 0.01 second can cause a loss of control loop stability which means the system can be 

vulnerable to attack that is designed to destroy the system timing. In the most of the time, embedded systems 

have no real administrator by which an internet connected device can be easily launched by distributed denial-

of-service (DoS) attacks by the hackers. Many embedded systems are designed and developed by the small 

development teams even by the single engineer sometime. Organizations that write few kilobytes of code per 

year usually cannot afford any embedded system security specialist even they do not understand the importance 

the necessity of the security specialists as well. 

There are many embedded systems that have significant battery constraints and powered by battery as 

well such as PDAs or cell phones. Some embedded systems can get fresh battery charge daily but other must 

last months or years depending on a single battery only. An attacker can create system failure by seeking to 

drain the battery especially when the security of the system is very high or almost impossible to break the 

security system of that particular device. This vulnerability is very much critical and worsens the security of the 

device. As an example, ensuring enough security in the battery-powered device is not easy at all that uses the 

power-hungry wireless communication system. Firmware is being completed day by day and will be more 

completed in near future. This will increase more bugs and other security problems. One reason may be the use 

of more popular programming languages such as C and C++ as they are very efficient for embedded systems. 

However they cannot protect against the simple kinds of attacks such as buffer overflows. Although small 

programs can be theoretically prove as safe but it is about impossible against complex programs. 

IV. SOLUTIONS OF SECURITY THREATS IN EMBEDDED SYSTEMS 
Security requirements of embedded devices can vary from different aspects. As an example of a cell 

phone system, end user may be concerned about his private data protection while content provider may be 

concerned about copy protection of the multimedia contents delivered to the cell phone and manufacturers may 

be concerned about the proprietary firmware that has been used in that cell phone. Here the system of attack 

may also vary for users, content providers, manufacturers etc. We have already described different challenges of 

embedded systems in term of security and in this section we will describe some probable solutions also to get rid 

of those problems also. Modern cryptography techniques provide strong defiance against the conventional 

attacks. However, much more effort and care is still required in the software design to make the system more 

protected from bugs and design flaws. Designers should be emphasizing more on Software Development Life 

Cycle (SDLC). Different secure level practices should be applied which can be classified into three. They are 

the design level, the implementation level and the testing level. Tamper-resistance techniques should be 

strengthening more to protect the system against different software and hardware attacks. These techniques can 

be used for attack detection, recovery and prevention as well.  

To prevent side-channel attacks, different hardware and software level approaches have been proposed 

to identify symptoms that allow the leak of the system’s side-channel information like power dissipation, timing 

and electromagnetic radiations. Software based countermeasures  include randomization instruction sequence, 

introducing dummy instructions, bit splitting and balancing hamming weights of internal data. Randomization 

can also be applied on the clock signal or the power consumption. It has been experimented that software based 

countermeasures are most efficient although they slightly decrease the performance of cryptographic algorithm 

in terms of memory, energy and execution time.   
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Security solution in the architectural level should also be improved that means consider the mapping of 

adopted algorithms and protocols more efficiently. One solution to overcome the limitation of software based 

efficiency is to implement the resource-greedy cryptographic computations on a dedicated hardware using 

Application Specific Integrated Circuits (ASICs). Therefore ‘hardwired algorithm’ approach may be followed 

for its proven performance although it’s costly. 

Beside those solutions, some extra added modules such as SSL and SSH may also be implemented. It 

would be the best solution to protect many attacks such as denial of service (DoS) attack, spooling, hijacking 

and sniffing although implementation of such value added module is not mandatory because of the lacking of 

hardware resources available. 

V. CONCLUSION 
Embedded devices have made our life more easy and comfortable by meeting almost all the real-time 

constraints. Although it is very popular among the mass people but they are quite unconscious about the 

probable security threats till now even the manufactures and the engineers associated with embedded devices. 

Expert hackers from the different parts of the world have already found many security pitfalls of the embedded 

devices and they are further working on it. So, it is very clear that it could create a huge blow in near future for 

the technological industry if the engineers and the manufactures do not take the necessary security solutions as 

proposed in this paper to protect the unauthorized access from the unsecured third party. We heartily believe 

that more concentration on cryptography, tamper-resistance techniques, advanced microcontroller and 

algorithms can mostly make the embedded devices secure enough. At the same time, it is also important for the 

manufacturer companies to design and implement the whole embedded system with much more security 

concern.  
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 ABSTRACT: The model of cavitation area containing cavitation bubbles ensemble in high-viscous and non-
Newtonian (usually with a solid dispersed phase) liquids is presented in this article. Proposed model is based on 
the study of the cavitation bubbles ensemble as a whole but taking into account the main effects and phenomena 
occurring inside this ensemble. This model takes into account coalescence and breakup of bubbles due to 
collapsing. According to model, breakup and coalescence effects lead to concentration bubbles dependency on 
ultrasonic pressure amplitude or intensity. Thus, these effects affect on total energy of shock waves being 
generated by collapsing cavitation bubbles as well as bubble radius. The analysis of the model allows revealing 
optimum intensities of the ultrasonic influence, that are necessary to provide maximum total shock wave energy, 
at which, for example, the maximum degree of solid particle’s destruction (maximum interphase surface 
contact) or maximum free surface “liquid-gas” due to formation and breakage of capillary waves (formed on 
liquid’s free surface) is achieved. The analysis of the model lets evaluating, that optimum intensity of the 
influence for the most of liquids does not exceed 40 W/cm2 at the frequency of 22 kHz. However for dilatant 
liquids intensity of influence can achieve 100 W/cm2. Obtained results can be applied for the choice of power 
modes of the ultrasonic technological equipment to increase interphase surface under cavitation influence. 
 

KEYWORDS:  Cavitation, coalescence, dispersing, ultrasonic, viscosity  

I. INTRODUCTION 
One of promising approach to increase interphase contact surface in systems “liquid-solid particles” 

and “liquid-gas” is an ultrasonic cavitation influence on liquid or liquid-dispersed media. This influence 
implements ultrasonic dispersing of solid particles in liquids or formation of capillary waves on liquid’s free 
surface bounding between liquid and gas. The uniqueness and efficiency of the ultrasonic influence on liquid or 
liquid-dispersed media is determined by the formation of cavitation gas-and-steam bubbles, which accumulate 
energy at their extension during one of half-period of vibrations and generate shock waves and cumulative jets 
at their collapse during the other half-period of vibrations [1-3]. Cavitation influence helps to change structure 
and properties of substance and materials, increase interphase surface of the interaction in liquid-dispersed 
systems or surface “liquid-gas”, realize the processes of dissolution, extraction, emulsification, etc.   

However, most liquid-dispersed mediums are high-viscous or non-newtonian. Cavitation ultrasonic 
treatment of such media in practice cannot be realized owing to a number of reasons which are absence of 
scientific data on the influence of the modes, at which maximum total energy of shock waves causing dispersing 
of suspensions is achieved; necessity of high intensity of ultrasonic influence (more than 25 W/cm2) to advance 
cavitation with maximum total energy of shock waves in high-viscous and non-linear viscous liquid-dispersed 
media. Stated problems do not allow designing ultrasonic equipment providing the productivity of ultrasonic 
cavitation dispersing (increasing of interphase surface between liquid and solid) in high-viscous and non-
Newtonian liquid media, which is sufficient for industrial applications. 

 
II. PROBLEM STATEMENT 

To determine the modes of ultrasonic influence providing the formation of the cavitation area in 
processed liquids different in their properties it is necessary to develop the model, which takes into account both 
all the main effects and phenomena occurring inside the area, and allows analyzing cavitation area containing 
cavitation bubbles ensemble as a whole.  The problem became more complicated, as in the most part of 
theoretical papers [3-6] directed to the development of scientific foundation of efficiency increase of ultrasonic 
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cavitation treatment of liquid or liquid-dispersed media it is considered the behaviour of single bubble in liquids, 
which viscosity does not depend on deformation rate (rate of shear). However, obtained results of studies cannot 
be applied to high-viscous and non-newtonian media, as they do not take into account following important 
factors:  
[1] nonlinear character of the dependence of viscous stress forces on fluid velocity gradient preventing from 

the extension of cavitation pocket; 
[2] changes of mean viscosity of processed medium after a time due to the influence of the processes of 

mixing and viscosity hysteresis leading to the decrease of threshold intensity, which is necessary for 
occurring of cavitation shock waves causing dispersing of solid particles. 

Moreover the efficiency of cavitation influence defined by total shockwave energy of cavitation 
bubbles depends not only on the behaviour of single bubbles but also on the concentration of bubbles. This 
concentration due to the interaction of cavitation bubbles changes with a time and depends on the intensity of 
ultrasonic effect, that is proved by the results of the experimental studies carried out before. 

Thus, complex studies of the process of the cavitation area formation should include: 
[1] study of the behavior of single bubble to determine permissible regimes of the influence, at which 
collapse of cavitation bubble occurs and it does not degenerate into long-lived one.   At that for the first time the 
presence of the dependence of liquid viscosity on the rate of shear and the relaxation of the viscosity as a result 
of the cycle of radial expansion and collapse of cavitation bubble are taken into consideration; 
[2] study of the behavior of all bubbles ensemble taking into account their interaction, which determine 
energy characteristics of the area as a whole, and revealing of optimum modes of the interaction, at which total 
energy of bubble collapse is maximum. At this stage new approach based on revealing of stationary 
concentration of cavitation bubbles as a result of their breaking up and coalescence and determining of 
ultrasonic absorption coefficient in cavitating medium caused by expenditure of energy on the formation of 
cavitation can be used [7]. 

 
III. ANALYSIS OF THE DYNAMICS OF SINGLE BUBBLE FOR THE EVALUATION OF 

ALLOWABLE RANGE OF THE INTENSITIES OF ULTRASONIC EFFECT 
The analysis of the dynamics of single bubble subject to the properties of liquid is in definition of 

functional dependence of cavitation bubble radius R on time t, amplitude of acoustic pressure p and rheological 
properties of liquid P: 

( )P,, ptfR = . 

Required functional dependence is defined on the base of the analysis of obtained equation of the 
dynamics of single bubble taking into account the dependence of liquid viscosity on the rate of shear:  
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where R is the instantaneous radius of the cavitation bubble, m; p(R) is the liquid pressure near the walls of the 
cavitation bubble, Pa; p∞ is the instantaneous value of the acoustic pressure, Pa;  

2I  is the Euclidean norm of 

deformation rate tensor,  s-1; ϕ  is the certain function defined the dependence of liquid viscosity µ on rate of 

shear, Pa·s, at that
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where ui (for i = 1…3) are liquid velocity projections to Cartesian axes. 
  

Equation (1) is obtained as a result of integration of the momentum conservation equation in 
differential form in the volume of liquid flowing around the cavitation bubble. Integrated equation of 
momentum conservation takes into consideration the presence of arbitrary dependence of the liquid viscosity on 
the rate of shear, which is Euclidean norm of the deformation rate tensor

2I . 
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The function φ is defined by three parameters characterizing rheological properties of liquids: starting 
viscosity µ (Pa·s), consistency index K (Pa·sN+1) and nonlinearity index N. 
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This function was obtained by experimental data for liquid and liquid-dispersed mediums with different 
concentrations of solid particles. 

As it is known, that surface tension of liquid lightly influences on the maximum radius of the bubble, it 
is possible not to take it into account at the analysis of the formation of cavitation area, it equals to 0.072 N/m, 
[1-3]. The density of the most liquids varies in the narrow range (900…1200 kg/m3) and it does not influence 
greatly on the cavitation process. Therefore high emphasis is placed on the studies of the influence of 
rheological properties of liquid on optimum action modes. At that depending on the rheological properties of 
liquids they are divided into linear-viscous (the viscosity does not depend on the rate of shear), pseudoplastic 
(the viscosity decreases with the growth of the rate of shear) and dilatant (the viscosity increases with the 
growth of the rate of shear). Generally, dilatant liquids are suspensions with high-concentration (more than 
30%) of solid particles.  Obtained results are given for all three types of liquids. The analysis of the dynamics of 
single bubble allows determining of permissible range of intensities, in which it is necessary to realize ultrasonic 
influence depending on starting viscosity, consistency index K and nonlinearity index N of the liquids (see 
Fig.1). 

 

 
a) linear-viscous 

 
b) pseudoplastic (nonlinearity index N=-0.1, starting viscosity – 1 Pa·s)  
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c) dilatant (nonlinearity index N = 0.15, starting viscosity 0.1 Pa·s)  

 
Fig. 1. Dependencies of boundary intensities of influence on rheological properties of liquids 

 
At minimum intensities determined by these dependences cavitation only begins to originate (the speed 

of bubble collapse achieves speed of sound in pure liquids), at maximum intensities bubble collapse does not 
occur (the absence of collapse during 3 periods of initial ultrasonic wave and more from the moment of initial 
expansion of the bubble). As it follows from presented dependences, the range of possible intensities can exceed 
100 W/cm2.Thus, theoretical analysis of the dynamics of the single bubble is insufficient for determination of 
optimum modes and conditions of the influence, as at boundary intensities the energy of shockwaves generated 
by the aggregates of bubbles is close to zero and consequently the efficiency of treatment will be insignificant.   
It is evident, that in this range there is narrower range of optimum intensities, at which efficiency of cavitation 
causing dispersing of solid particles will be maximum. To determine this range of intensities it is necessary to 
study the formation of ensemble of cavitation bubbles, as the energy of cavitation influence is defined by total 
energy of shockwaves generated by each single cavitation bubble. 

 

IV. ANALYSIS OF THE FORMATION OF BUBBLE ENSEMBLE FOR THE 
DEFINITION OF OPTIMUM INTENSITIES OF ULTRASONIC INFLUENCE 

The analysis of cavitation bubbles ensemble is carried out in the range with characteristic dimensions 
L, which is much less than the length of the ultrasonic wave λ, but much more than the radius of the cavitation 
bubble R: 

RL >>>>λ  
It helps to define the dependence of the concentration n(m-3) of the cavitation bubbles on the amplitude 

of acoustic pressure, time and rheological properties of the liquid P. 
The dependences of the concentration of cavitation bubbles are determined on the base of the equation 

of the kinetics of breaking and coalescence of the bubbles given in [8]: 
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where n is concentration of cavitation bubbles being depended on time t(s), m-3; i is average count of cavitation 
bubble oscillations before its breakup; kB is coalescence rate, м3/с; T0 is ultrasonic oscillations period, s; j is 
average number of nuclei  formed after breakup of alone bubble. 
Coalescence rate is defined by following expression: 

2

uS
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where Seff is square of effective collision cross-section which is Seff=25πRMAX
2 (RMAX  is maximum bubble radius, 

m), m2; <u> is average velocity of bubbles proximity, m/s.  

<u> is defined by differential equations of bubbles motion given in [4]. 
Average number of nuclei (j) formed after breakup of alone bubble is defined by experimental data 

given in [3].Obtained bubbles concentration dependences on intensity and rheological properties of the liquid 
are shown in Fig. 2.
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a) linear-viscous liquids 

 
 

b) pseudoplastic with different consistency indices K, 
Pa·sN+1 (nonlinearity index  N = 0.1, starting viscosity 

is 0.1 Pa·s) 

c) pseudoplastic with different nonlinearity indices N 
(consistency index K = 0.2 Pa·sN+1, starting viscosity is 

0.1 Pa·s) 

  
d) dilatant with different consistency indices K, 

Pa·sN+1 (nonlinearity index N = -0.1, starting viscosity 
is 1 Pa·s) 

e) dilatant with different nonlinearity indices N 
(consistency index K = 2 Pa·sN+1, starting viscosity is 

1 Pa·s) 

Fig. 2. Dependences of bubbles concentration on the intensity of influence for the liquids with different 
rheological properties 
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These dependences were used for further definition absorption coefficient, which is in proportion to the 
total energy of shock waves and it is a measure of the efficiency of cavitation influence [9].At that the 
absorption coefficient in cavitating liquid is defined on the base of following obtained expression:  
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where 1p  is complex amplitude of the 1st harmonics of the pressure (Pa), ω is the vibration frequency 

of the acoustic radiator in liquid medium,  s-1, ρ0 is the steady-state density of liquid phase, kg/m3, c0 is the 
velocity of sound in pure liquid, m/sec; n is previously determined bubbles concentration, m-3; R(t) is bubble 
momentum radius determined equation (1) for alone bubble dynamics. The dependences of the absorption 
coefficient on intensity of influence for the liquids with different rheological properties are given in Fig. 3. 

 

 

а) linear-viscous 

  

b) pseudoplastic with different consistency indices 
K, Pa·sN+1 (nonlinearity index  N = 0.1, starting 

viscosity is 0.1 Pa·s) 

c) pseudoplastic with different nonlinearity indices N 
(consistency index K = 0.2 Pa·sN+1, starting viscosity is 

0.1 Pa·s) 
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d) dilatant with different consistency indices K, 
Pa·sN+1 (nonlinearity index N = -0.1, starting 

viscosity is 1 Pa·s) 

e) dilatant with different nonlinearity indices N 
(consistency index K = 2 Pa·sN+1, starting viscosity is 

1 Pa·s) 

Fig. 3. Dependences of absorption coefficient on the intensity of influence for the liquids with different 
rheological properties 

The dependence of the absorption coefficient on the intensity of influence has extreme character and 
maximum position determines optimum intensity of ultrasonic influence, as in this case maximum degree of 
energy transformation of initial ultrasonic wave into the energy of shock waves generated by cavitation bubbles 
is achieved. Thus, at optimum intensity maximum efficiency of ultrasonic cavitation influence is achieved. 
Dependences of minimum, maximum and optimum intensities of influence for linear-viscous liquids are shown 
in Fig.4. 

 

 
Fig. 4. Dependences of maximum, minimum and optimum intensities of influence for linear-viscous 

liquids 
 

It should be noted, that in the case of nonlinear-viscous liquids the dependence of optimum intensity on 
the parameters characterizing their rheological properties lies in the certain range. It can be caused by the 
changes of their rheological properties due to the viscosity relaxation during the processing. The dependences of 
the range of optimum intensities for non-Newtonian liquids are shown in Fig. 5, 6. In Fig. 5 dependences for 
pseudoplastic liquids are shown. 
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N = -0.15 

 

N = -0.1 N = -0.2 
 

Fig. 5. Dependences of boundary intensities of influence on rheological properties of pseudoplastic liquids with 
different non-linearity indices 

 
In Fig. 6 dependences for dilatant liquids are shown. 

 

 

 
N = -0.15 

 
N = -0.1 N = -0.2 

Fig. 6. Dependences of boundary intensities of influence on rheological properties of dilatant liquids 
with different non-linearity indices 
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As it follows from Fig.5 during the processing optimum intensity decreases in 5…20 W/cm2 for 
pseudoplastic liquids, while for dilatant liquids (Fig. 6) intensity increases in 5…15 W/cm2 due to the rise of 
their viscosity under the influence of ultrasound. It causes the necessity of adjustment of output power of the 
ultrasonic apparaus during the processing. 

Table I shows the values of optimum intensities of influence and optimum amplitudes of radiator’s 
vibrations for different liquids used in practice. The values given in the table were obtained with the application 
of the dependences presented in Fig.4-6. 

 
Table I. The values of optimum intensities of influence for the liquids used in practice 

 

Name of liquid 
Starting 

viscosity, Pa·s 
K, 

Pa·sN+1 
N 

Optimum intensity, 
W/cm2 

Optimum 
amplitude, µm 

Water 0.00082 0 0 1.73 0.7 

Olive oil 0.085 0 0 4.51 1.7 

Motor oil PMS-400 0.4 0 0 19.25 7.4 

Glycerin 0.6 0 0 34.4 13.3 

Epoxy resin ED-5 3 5 -0.15 19.95…24.77 7.7…9.6 

Trifunctional oligoestercyclocarbonates on 
the base of propylene oxide 

4 5 -0.2 11.92…23.4 4.6…9.03 

Water-coal suspension 
(mass concentration 20%) 

0.1 0.1 0.1 13.74…18.74 5.3…7.2 

 
Presented results can be directly used for the choice of power operation modes of the ultrasonic 

equipment at known rheological properties of processed liquid or and liquid-dispersed medium. 
 

V. CONCLUSION 
During carried out researches for the first time we proposed the approach for the determination of 

optimum modes of ultrasonic influence based on the formation of cavitation area as a whole. At that developed 
model of the formation of cavitation area takes into consideration the main effects and phenomena occurring 
inside the area:   
[1] coalescence of the bubbles at radial vibrations and breaking up at collapse;  
[2] influence of the dependence of liquid viscosity on the rate of shear on the dynamics of the single bubble;  
 viscosity relaxation of liquid with time under the action of cavitation.  

It is shown that coalescence and breaking up of bubbles cause concentration bubbles dependency on 
ultrasonic intensity. This dependency may be explanation that optimum intensity at total collapse bubbles 
energy achieving maximum is exist. The analysis of the model allows revealing optimum intensities of 
ultrasonic influence, which is necessary for achieving of maximum total microscopic shock waves energy being 
generated in liquids with different rheological properties. It is determined, that optimum intensities of influence 
for the most of liquids used in practice do not exceed 40 W/cm2. However, for dilatant liquids with the 
nonlinearity index of 0.15 and more the intensity of influence can achieve 100 W/cm2. It is evident, that due to 
the viscosity relaxation the change of optimum intensity for non-newtonian liquids occurs in the course of time. 
The width of change range of the intensity achieves 20 W/cm2. Obtained results can be applied for the definition 
of the intensity of ultrasonic influence providing maximum efficiency of liquid or liquid-dispersed medium 
treatment to increase interphase surface (for examples, dispersing of suspensions with solid particles or 
formation of capillary waves being broken into droplets on free surface “liquid-gas”) with known rheological 
properties.  
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ABSTRACT: Energy Dispersive X-ray Fluorescence technique was used to Analysis the concentration of Zr, 

Pb and Zn in soil an cereal grown in farm lands around Birnin Gwari Artisanal Goldmine. The mean 

concentrations of Zr, Pb and Zn in soil are 446.33±5.94mg/kg, 20.83±3.31mg/kg and 61.82±4.88mg/kg 

respectively while the mean concentrations in maize are 6.51±0.69mg/kg, 11.61±1.14mg/kg and 

102.34±3.94mg/kg for Zr, Pb and Zn respectively. The concentration of Zr in soil is higher across all sampling 

locations while for Pb and Zn the concentration is higher in soil in some locations and higher in maize in other 

locations. The results indicated that Pb and Zn have elevated concentration in maize which may cause health 

problem. 

 

KEYWORDS: Soil, maize, X-ray fluorescence, concentration Zr, Pb and Zn. 

 

I. INTRODUCTION 
 In many developing countries like Nigeria, soils are affected by mine waste disposal, acid deposition, 

sewage sludge and other anthropogenic and agricultural activities. Heavy metal contamination of arable soils 

through industrial and anthropogenic activities is a serious problem in Nigeria. The impact of contamination on 

the environment should be of scientific concern in order to minimize the threat of soil and ground water 

contamination
[1]

. Studies have shown that the heavy metals are potentially toxic to crops, animals and humans 

when contaminated soils are used for crop production
[2]

. For example, Lead (Pb) affects every organ system in 

the body. It is absorbed into the body and distributed to the body soft tissue and bones. The central nervous 

system is the most vulnerable to lead toxicity particularly in developing children 
[3,4]

. A case study is the lead 

poisoning that killed over 400 children in Zamfara State as a result of illegal mining activities
[5]

. The total heavy 

metal content in the soils provide a convenient means of expressing a measure of pollution. 

 

 Mining and industrial processing are among the main sources of heavy metal contamination in the 

environment. Mining activities, through milling operations coupled with grinding, concentrating ores and 

disposal of tailings, along with mill wastewater provide obvious sources of heavy metal contamination of the 

environment 
[6,7]

. It is, therefore, not surprising that the degree and extent of heavy-metal pollution as a result of 

human activities has been one of the main topics studied in environmental geochemistry. Heavy metals can 

cause health problems at higher exposures and destroy aquatic organism when leached into water bodies 
[8,9]

. 

Metals contamination in aquatic environmental has received huge concern due to their toxicity, abundance and 

persistence in the environmental and subsequent accumulation in the aquatic habitats 
[10]

 . Heavy metal residues 

in contaminated habitats may accumulate in microorganisms, aquatic flora and fauna, which in turn may enter 

the human food chain and result in health problems like the lead poisoning problems In this research, the 

concentration of heavy metals in cereals and soil samples were determined using Energy Dispersive X-Ray 

Fluorescence (EDXRF) spectrometric technique. The relation between the cereal and soil metal contents was 

also investigated. 

 

II. MATERIALS AND METHOD 
Sampling Location : A total of 80 samples were collected comprising of 40 soil samples and 40 maize samples 

from 3 mining communities of the study area which comprised of Kakani, Farin Ruwa and Tsoho Gwari. Global 

Positioning System (GPS) was used to determine the location of each farm where samples were collected. The 

position of each farm is shown in table 1 below. 

http://www.ajer.org/
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Table 1: Sampling Coodinate 

 

S.No  Place No. sample   No.sample   N E 

1  Kakani  

a.BG1 

b.BG2 

c.BG3 

d.BG4 

 

4 

4 

4 

4 

 

 

 

 

 

 

4 

4 

4 

4 

 

 

 

 

 

11
0
 11

11
 23

1
 06

0
 59

11
 15

1
 

2  Farin Ruwa  

Farin Ruwa1 

BG5 

Farin Ruwa2 

BG6 

Farin Ruwa 

3BG7 

Farin Ruwa 

4BG8 

 

4 

4 

4 

4 

 

 

 

 

 

 

4 

4 

4 

4 

 

 

 

 

 11
0
  04

11
 14

1
 06

0
 47

11
 34

1
 

3  Abuja  

Abuja 1BG9 

Abuja 2BG10 

 

4 

4 

 

 

 

 

4 

4 

 

 

 
10

0
 59

11
  19

1
 06

0
 48

11
 31

1
 

 

Samples Preparations : The soil samples collected were taken to the Laboratory of Mineral Resources 

Engineering Department of Kaduna Polytechnic where they were crushed and sieved  separately to a tiny 

bits of 38µm (Kogo et al., 2009). The crushed samples were then oven dried at about 100
0
C to a constant 

weight.  While the maize samples were taken to chemistry laboratory Kaduna Polytechnic where  they were 

oven dried at 50
0
C and also crushed to tiny bits. All the prepared samples were then taken to Nigerian Institute 

of Mining and Geosciences Jos Plateau State for XRF analysis using FXL-83358 model of XRF machine.  

 

III. RESULTS AND DISCUSSION 
 The result of X-ray fluorescence analysis showing the concentrations in mg/kg of Zr, Pb and Zn in both 

soil and cereal (maize) are indicated in table 2-4 below.  

 

Table 2: Concentration of Zr in Soil and Maize Samples 

 
S/N Locations  Concentration in (mg/kg) 

Zr 

     Soil                                                                    Maize   

1 BG 1 1408.53± 7.40 5.97 ± 0.67 

2 BG 2 1332.75± 7.48 5.04 ± 0.66 

3 BG 3 903.08± 6.63 7.09 ± 0.68 

4 BG 4 707.43 ±5.40 6.28 ± 0.67 

5 BG 5 805.01 ± 5.48  5.41 ± 0.69 

6 BG 6 906.66 ± 5.91 6.09 ± 0.67 

7 BG 7 580.78  ± 4.54 6.63 ± 0.69 

8 BG 8 1083.14 ± 5.79 7.84 ± 0.73 

9 BG 9 444.50 ± 4.08 7.88 ± 0.70 

10 BG 10 1291.44± 6.64 6.86 ± 0.70 

 Mean 446.33±5.94 6.51±0.69 

 

Table 3: Concentration of Pb in Soil and Maize Samples 

 

S/N Locations  Concentration in (mg/kg) 

Pb 

Soil                                                         Maize  

1 BG 1 19.68 ± 3.33 5.90 ± 1.32 

2 BG 2 16.00 ± 3.40 11.65 ± 1.51 

3 BG 3 29.05 ± 4.51 ND 

4 BG 4 36.39 ± 4.09 2.61 ±1.21 

5 BG 5 23.47 ± 3.37  40.18 ± 2.28 
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6 BG 6 16.68 ± 3.10 ND 

7 BG 7 11.35 ± 2.64 5.85 ± 1.36 

8 BG 8 11.83 ± 2.49 ND 

9 BG 9 22.36 ± 3.11  10.46 ± 1.51 

10 BG 10 21.45 ± 3.10  39.46 ± 2.25 

 Mean 20.83±3.31 11.61±1.14 

 

Table 4. Concentration of Zn in  Soil and Maize Samples 

 
S/N Locations  Concentration in  (mg/kg) 

Zn 

     Soil                                                        Maize   

1 BG 1 57.79 ± 5.29 17.99 ± 3.96 

2 BG 2 66.12 ± 5.75 109.43± 3.94 

3 BG 3 117.02 ± 7.52 45.19 ± 2.89 

4 BG 4 116.03 ± 6.84 82.51 ± 3.56 

5 BG 5 52.33 ± 4.97 297.90 ± 6.24  

6 BG 6 44.41 ± 4.81 54.74 ± 3.07 

7 BG 7 25.06 ± 3.99 54.74 ± 3.07 

8 BG 8 44.83 ± 4.29 90.07 ± 3.88 

9 BG 9 46.78 ± 4.67 100.39 ± 3.93 

10 BG 10 47.82 ± 4.67 170.42 ± 4.89  

 Mean 61.82±4.88 102.34±3.94 

 

Zirconium (Zr) : Zr is  a transition metal and was found  in both the soil and maize samples in all the locations. 

The mean concentration of Zr in soil is 946.33±5.94mg/kg while the mean concentration in maize is 

6.15±0.69mg/kg. The 95% confidence interval for the mean concentration of Zr was between( 444.50±4.08 to 

1408.53±7.40)mg/kg in soil and was between (5.97±0.67 to 7.88±0.70)mg/kg in maize. The concentration of Zr 

is more in soil than in maize in all locations as shown in Fig.1. 

    

 
Fig 1 Plot of Concentration of Zr  by location 

 

Lead (Pb) : The result of analysis show that Pb is present in soil in all location while in 3 location Pb was not 

detected in maize. The mean concentration of Pb in soil sample is 20.83±3.31mg/kg while in maize the mean 

concentration is 11.61±1.14mg/kg. The 95% confidence interval indicated that the mean concentration of Pb in 

soil and maize lies between (11.35±2.64 to 36.39±4.09)mg/kg and(2.61±1.21 to39.46±2.25)mg/kg respectively. 

The concentration of Pb in soil is higher in8 locations while it is higher in maize in only 2 locations as shown in 

Fig.2.  
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Fig 2 Plot of Concentration of Pb by location 

Zinc (Zn)  

The results show that Zn is present in both soil and maize. The mean concentration of Zn in soil is 

61.82±4.88mg/kg while in maize the mean concentration is 102.34 ± 3.94mg/kg. The 95% confidence interval 

indicated that the mean concentration of Zn in soil and maize lies between (25.06±3.99 to 117.02±7.52mg/kg 

and (17.99 ± 3.96 to 297.90±6.24) mg/kg respectively. The concentration o Zn is higher in soil in only 3 

locations while in the remaining 7 locations the concentration of Zn is higher in the maize samples as shown in 

Fig. 3. 

 
 

Fig. 3 Plot of Concentration of Zn  by location 

 

IV  CONCLUSION 
 The concentration of Zr is higher in soil in all locations with mean values of 446.33±5.94mg/kg and 

6.51±0.69mg/kg in soil an maize respectively. This shows that the accumulation of Zr by maize from the soil is 

only 1.45%. The mean concentration of Pb in soil and maize are 20.83±3.31mg/kg and 11.61±1.14mg/kg 

respectively with the concentration in soil being higher than in maize in 8 locations while the mean 

concentration of Zn in soil an maize are 61.82±4.88mg/kg an 102.34±3.94 mg/kg respectively unlike Zr and Pb 

the concentrations of Zn is higher in maize samples across 7 locations. The mean values obtained in this work 

for Zr is within the world average values in both soil and maize
[11]

. However, the mean values of Pb and Zn in 

soil are within the world average value but maize has elevated values of Pb and Zn which may cause health 

problem.    
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ABSTRACT: The article describes the model of the interaction of the cavitation area formed upon influence 
of ultrasonic vibrations with the interface of gas and liquid phases. In the system “liquid-gas” studied in the 
frameworks of the model liquid spreads on some solid surface in the form of the film and it is in contact with 
gas medium. It is shown, that the interaction of cavitation bubbles with the interface of liquid and gas leads to 
the generation capillary waves and consequently to the increase of the surface of phase contact. The model 
analysis allows determining the modes of ultrasonic effect, which are necessary for maximum enlargement of 
interphase boundary area. It leads in turn to the increase of the rate of physic-chemical processes based on the 
surface interaction of dissimilar substances (absorption of gas mixtures both for cleaning and for separation of 
specific-purpose components, drying, wet cleaning of gases from dispersed admixtures, etc.). As a result of 
model analysis we determined threshold vibration amplitudes of solid surface covered with the film of liquid 
phase, which excess resulted in stability failure of capillary waves and their decomposition to liquid drops. It 
was shown, that the most efficient frequency of ultrasonic effect was 60 kHz, at which phase contact surface 
increased in more than 3 times. 
 

KEYWORDS : Absorption, capillary waves, cavitation, liquid, ultrasonic  
 

I.  INTRODUCTION 
The rate of the most of physicochemical processes is limited by the interface of interacted substances 

or phases and also by the rate of agent introducing to this boundary. The most part of such processes occurs in 
two-phase system “liquid-gas”. For instance in the systems “liquid-gas” following process such as wet gas 
cleaning from different dispersed admixtures, absorption of gas mixtures both for their cleaning and for 
separation of specific-purpose components, drying of the materials and others can be realized. It is evident, that 
for maximum efficiency of mentioned above processes first of all it is necessary to provide large area of contact 
surface of liquid and gas phases. In existing chemical engineering apparatuses (absorbers, wet dust collectors, 
dryers) specific interface area (for the mass unit) required for the industrial realization of physic-chemical 
processes at the interface can be achieved by the following ways: 
a. liquid is sprayed during gas phase in the form of small drops;  
b. liquid spreads on the surface of the solids as a film (the thickness is no more than 5 mm) and contacts gas 

medium.  
 
The first variant has limited application, as for its realization there is a need in good reciprocal 

solubility of interacted phases (for instance, solubility of gas in the absorbent). In this paper we mainly consider 
the second variant.However the second method is characterized by insufficient interface area for industrial 
realization of physic-chemical processes, which is required higher power inputs. One of the promising method 
of the increase of phase contact surface is the influence by microscopic shock waves leading to the generation of 
the profile disturbance of interface “liquid-gas” (capillary waves) of small length (no more than 200 µm). The 
appearance of shock waves can be provided due to the generation of periodically expanding and collapsing 
cavitation bubbles in liquid phase.  
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It is known, that the most advantageous method [1, 2] of creation of cavitation bubbles is the in-
troduction ultrasonic vibrations into liquid phase with the frequency of 20…60 kHz.  Ultrasonic influence can 
be carried out by excitation of mechanical vibrations of the solid surface, on which liquid film spreads. It is 
necessary to develop theoretical model allowing to determine optimum modes of ultra-sonic effect (amplitude 
and vibration frequency of the solid surface), which provides maximum interface area “liquid-gas”. There is a 
need to study in details the interaction of shock waves of cavitation bubbles with the surface of phase contact.  

 
For a long time the development of the theories of the interaction of shock waves of cavitation bubbles 

with the interface had some mathematical difficulties, as there was no correct solution of the equations of the 
hydrodynamics of supersonic liquid flow streaming cavitation bubble. At the beginning of 20th century foreign 
scientists (B.E. Nolting, E.A. Neppiras, H.G. Flynn, J.G. Kirkwood, H.A. Bethe) [3-5] gave basic theoretical 
descriptions of the growth and pulsation of the cavitation cavity (bubble).  These descriptions are equations of 
radial vibrations of the bubble, which take into account possible factors influencing the dynamics of the 
cavitation cavity including compressibility of liquid and change of its wave properties at the supersonic flow. 
These equations are non-linear differential equations of second order relative to the radius of the bubble, which 
is a function on time. It was stated, that the bubble retained its spherical form during the cycle of expanding and 
collapsing, and it was assumed, that shock wave had spherically divergent character. Such assumption does not 
allow explaining experimentally observed the generation of capillary waves of small length (no more than 
200 µm) at the interface “liquid-gas”.  

 
However, as it was mentioned above in these processes, liquid spread on solid surface as a film. The 

thickness of the film does not exceed 5 mm [6], solid surface reflects shock waves. Reflecting phenomena break 
the sphericity of cavitation bubbles at their collapse [7]. This sphericity failure narrows the diagram of shock 
wave directivity, and this fact explains the generation of capillary waves of small length (no more than 200 µm). 
Stated factor should be taken into consideration at theoretical studies of the interaction of cavitation bubbles 
with the interface “liquid-gas”. Thus, the aim of the paper is to develop the mathematical model of the 
interaction of cavitation bubbles with the interface “liquid-gas” for the determination of the modes of ultrasonic 
effect providing maximum surface area of phase contact. The model includes following stages of the generation 
of capillary waves on the interface “liquid-gas” under the action of ultrasonic cavitation:  
[1] expansion of cavitation bubble up to maximum radius, which is spherically symmetric due to the low speed 

of its walls (no more than 15 m/s); 
[2] asymmetric collapse of the cavitation bubble from maximum radius to minimum size;  
[3] generation and propagation of narrow directional shock wave in the thin liquid film at the collapse of the 

cavitation bubble;   
[4] formation of capillary waves on interface “liquid-gas”. In this stage capillary waves profile is determined 

and square of the interface “liquid-gas” is calculated. 
 

Further proposed model is described.  
 

II.  MODEL  OF INTERACTION  BETWEEN  CAVITATION  BUBBLES 
Theoretical study of the process is carried out according to the scheme shown in Fig. 1. 

 
 

Fig. 1. Scheme of theoretical study of the interaction between cavitation bubbles and interface “liquid-gas” 
 
At the stage of cavitation bubble expansion its maximum radius RMAX and center z location relative to 

the solid surface are determined. At this stage it is assumed that:  
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[1] expansion of the bubble is spherically symmetric, which is caused by low speed of walls motion, however 
the bubble center vertically moves relative to the solid surface in the course of time;  

[2] in initial time the center of the cavitation bubble is located near the solid surface, as such bubbles mostly 
influence on the formation of capillary wave.   

 
Maximum radius of the bubble RMAX is defined on the base of Nolting-Neppiras equation [3]: 
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where R is the instantaneous radius of the cavitation bubble, m; R0 is the radius of cavitation nucleus, m; σ is the 
liquid surface tension, N/m; ρ is the density of liquid, kg/m3; p0 is the static pressure in liquid, Pa; f is the 
frequency of ultrasonic action, Hz; h is the thickness of liquid film, m; A is the amplitude of ultrasonic action, 
m; pV is the pressure of saturated vapor of liquid, Pa; t is the time, s; µ is the dynamic viscosity of liquid, Pa·s. 

 
The distance between the center of the cavitation bubble (at the moment of maximum expansion) and 

the solid surface is defined from the equation given in Rozhdestvenskiy’s paper [8]: 
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 where b is the distance between the center of the cavitation bubble and the solid surface,  m. 
 
Obtained values of maximum bubble radius and the distance between its center and the solid surface are used 
for theoretical studies of further stages of the capillary wave formation.  
During the study of the stage of cavitation bubble collapse its form in the moment of the minimum size is 
determined.  
The form of the cavitation bubble is defined from the integral equation (1) with boundary conditions (2, 3) on 
the wall of the cavitation bubble for liquid velocity potential and entry conditions (4, 5) on cavitation bubble 
wall: 
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where r 0, r  are the vectors of the coordinates of the points of the wall of the cavitation bubble or solid surface, 
m;  φ is the fluid velocity potential on the wall of the cavitation bubble or solid surface, m2/s; Vn and Vτ are the 
normal and tangential components of fluid velocity,  m/s; ( )r

0r
E  is the fundamental solution of Laplace’s 

equation;  V is the  volume of the cavitation bubble, m3; pn is the pressure of saturated vapor of fluid, ρ and σ are 
the density (kg/m3) and surface tension (N/m) of fluid, respectively; K is the mean curvature of the walls of the 
cavitation bubble, m-1; SA is the wall of the cavitation bubble;  SB is the solid surface on which Vn is equal 0. 

 
With the help of system of equations (1-5) we calculate deformation of the walls of the cavitation 

bubble in the course of time. Entry conditions (3-5) being a part of the system (1-5) is determined by the bubble 
radius and the position of its center at the moment of maximum expansion, which were found at the previous 
stage of the model study.  Integral equation (1) aimed at the determination of distribution of fluid velocity 
potential on the walls of the cavitation bubble is solved by the boundary element method.  For this purpose the 
discretization of the cavitation bubble wall into ring elements is carried out, as it is shown in Fig. 2.  
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Fig. 2. Discretization of the cavitation bubble wall into ring boundary elements  

 
It is assumed, that in the frameworks of each ring element the velocity potential is constant. It allows 

solving boundary integral equation (1) as a system of linear equations (6). This system is obtained by using 
method of “images” (replacing solid surface by symmetrically placed cavitation bubble). 
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where {Aij} is the matrix of linear system; ( )i
nV  is normal velocity on i-th bubble wall boundary item with 

coordinates (r i; zi) and (r i+1; zi+1); {bi} is right part of system; N is count of boundary items; 
 
The coefficients of the system of linear equations (Aij and bi) are defined by the following obtained 

expressions:  
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where I0, J, I are integrals over on each boundary item; b0 is starting distance (at maximum bubble expansion) 
between bubble center and solid surface, m. 
 
 In expressions (7-8) it is mentioned that following equalities are true: 
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Integrals I0, J, I are defined as follows (9-11): 
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Obtained system of linear equations (6) is solved by iterative Seidel method.  
Obtained forms of cavitation bubble walls (by equations (1-5) at the collapse in different moments of 

time are shown in Fig. 3. The initial moment of time (0 µs) is the moment of the maximum bubble expansion. 
  

 
As it is shown in Fig. 3, cavitation bubble is a hemispherical radiator of shock wave.  
At the study of the stages of generation and propagation of shock wave it allows approximating its 

pressure profile at different distances from the bubble by the following obtained expression   (12). 
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where (r; z) are the coordinates of the points, m; ω is the circular vibration frequency of solid surface, s-1; t and 
t1 are the moments of time, s; η is the viscosity of liquid,   Pa·s; ρ and c  is the velocity of sound in liquid, m/s; 

( )1tpc  is the pressure in the nucleus of the cavitation bubble, Pa; a is the radius of the cavitation bubble at 

maximum pressure in the nucleus, m.   
 

The function of shock wave pressure in the nucleus of the cavitation bubble ( )1tpc  being a part of the 
expression (12) is defined as:  
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pV is pressure of saturated liquid vapor; RMAX  is bubble radius at maximum expansion; V is bubble volume at 
time t1; γ is a adiabatic index of gas. 
 

Given profile of shock wave pressure is used further for the definition of capillary wave form and 
finally interphase boundary area.  

The form of the capillary wave is defined from the expression (13): 
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where ( )tr ,ξ  is the value  of displacement of the interface “liquid-gas” along the axis z. 

 
Thus mathematical description presented above allows determining the profile of single capillary wave 

generated by separate bubble.  
However at the realization of the technological process it is impossible to obtain separate bubble that is 

      
 

 
     

              – interface “liquid-gas”;                                – wall of the cavitation bubble  
a) 0  µs b) 0,38   µs c) 0,75  µs d) 1,13  µs e) 1, 24  µs f) 1,35  µs 

 
Fig. 3. Evolution of the form of asymmetrically collapsing cavitation bubble in the course of time at different 

initial distances (at the moment of maximum expansion) between its center and solid surface 
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why it is necessary to consider the interaction between the aggregate of cavitation bubbles and the interface 
generating set of capillary waves.  

The specific area of the interface “liquid-gas” per unit volume of liquid phase at the generation of the 
set of capillary waves is defined by the expression:  
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λξ .; n is the concentration of cavitation bubbles,  m-3; < > is sign of averaging by liquid film 

thickness; h is thickness of liquid film, m. 
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12 r
r

rn  characterizes a shock wave energy being generated at bubble 

collapse. 
For the concentration of cavitation bubbles kinetic equation (14) obtained from Smolukhovskiy’s 

equation [9] for the processes of coalescence and breakage of disperse particles (liquid drops, gas and solid 
particles) is true [10]: 
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where n is the calculating concentration of cavitation bubbles depending on time t, m-3, i is the average number 
of cavitation bubble pulsation before its collapse, kB is the constant of coalescence rate of the bubbles, m3/s, T0 is 
the period of ultrasonic vibrations, s, j is the mean amount of the nuclei generated at the breakage of the separate 
bubble.    

By solving the equation (14) following analytic expression is obtained:  
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where n0 is the initial unknown concentration of cavitation bubbles, m-3, n∞ is the stationary concentration of 
cavitation bubbles, m-3. 

 
According to the expression (15) the concentration of the bubbles n in time, which equals tens periods 

of ultrasonic vibrations, achieves stable value and equals to n∞, which is defined by the expression (16): 
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;          (16) 

Variable j being in expression for stable concentration (16) is calculated from experimental data given 
in Rozenberg’s book [3].  

The constant of coalescence is defined as follows: 

2

uS
k eff

B =  

where Seff is square of effective bubbles collision’s cross-section which is proportional to RMAX
2, m2; <u> is 

approach velocity of the cavitation bubbles, m/s. 
 
To define approach velocity of the cavitation bubbles <u>  the model of bubble interaction caused by 

the forces of the second order is used.The interaction model is based on the 2nd Newton’s Law for the separate 
cavitation bubble taking into consideration Bjerknes force acting from the neighbor bubbles and caused by 
radial vibrations of the last ones. According to this model the position of the center of each cavitation bubble 
making the ensemble can be described by the following equation [10]: 
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;  (17)

 where i is the ordinal number of the bubble in zone of liquid phase; Ri is the instantaneous radius of  i-th bubble, 

m; c is the local velocity of sound in liquid phase, m/s; wip  is the gas pressure near the walls of  i-th bubble, Pa; 

p is the instantaneous value of pressure of liquid phase without  cavitation bubbles, Pa; ρL is the density of liquid 
phase, kg/m3;  vL is the instantaneous vibrational speed of liquid phase without cavitation bubbles,   m/s; R0i  is 
the radius of i-th bubble nucleus, m; ρG is the equilibrium density of gas inside the bubble, kg/m3; t is the time, s; 
η is the viscosity of liquid phase,  Pa·s; r i is the coordinate vector of the center of  i- bubble, м; dij = r j-r i is the 
vector of  center line of i-th and j-th bubbles couple, m. 

  
On the base of the results of equation solution (17) approach velocity of cavitation bubbles is defined 

by the following expression:  
( ) ( )

0

12012 0

T

T
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dd −
=

.
 

 

Thus proposed model allows defining dependence surface area of interphase boundary on the modes of 
ultrasonic action (frequency and vibration amplitude of solid surface covered with liquid film, which borders on 
gas phase) and liquid properties.  
 

III.  RESULTS AND DISCUSSION 
Obtained dependences of relative increase of the interface area on the modes of ultrasonic action are 

shown in Fig. 4.Relative increase K of interface area is the ratio of the interface area upon ultrasonic action (SUS) 
to the area without ultrasonic action (Swithout US): 

USWithout

US

S

S
K =  

Fig. 4 shows the breakage of the graph corresponds to the fact, that capillary wave loses its stability 
and breaks into drops [11]. The dependence of frequency (Fig 4b) is built up at threshold amplitudes, when 
capillary wave remains stable.  

 

 
a) 
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b) 

 
Fig. 4. Dependences of specific area of the interface on the modes of ultrasonic action: (a) on amplitude at 

different frequencies; (b) on frequency at maximum amplitude 
 
From presented dependences it is evident, that with the increase of amplitude interface area grows. If 

frequency rises, surface area grows (up to more than 3 times) due to the increase of cavitation bubble 
concentration [3]. However starting with the frequency of 60 kHz the growth of the area essentially becomes 
slower, and energy loss of the ultrasonic radiator increases quadratically. That is why; the application of 
frequencies of more than 60 kHz is unpractical.  Fig. 5 shows the dependence of threshold vibration amplitude, 
at which capillary wave remains stable, on the frequency of action.  
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Fig. 5. Dependence of threshold amplitude, at which capillary wave remains stable, on the frequency of action 

 
According to presented dependence the asymptotic amplitude reduces with the rise of frequency. In 

particular at the frequency of 28 kHz the threshold amplitude exceeds 2 µm, and at the frequency of 60 kHz it is 
1…1.2 µm. Fig. 6 shows the dependences of specific interface area on amplitude at the change of physical 
properties of liquid – viscosity (a) and surface tension (b), which influence on the profile of contact surface 
together with the modes of ultrasonic action.   
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a) 

 
b) 

Fig. 6. Dependence of specific area of interphase boundary on amplitude at different properties of liquid 
(frequency of 60 kHz): viscosity (a) and surface tension (b) 

 
Presented dependences (Fig. 6) can be used for the determination of the area change caused by change 

of the liquid type and change of its properties. In particular it is stated, that growth of viscosity leads to the 
decrease specific area of the interface.  It is caused by the absorption of energy of shock waves in liquid phase 
due to forces of viscous friction. At that decrease of surface tension leads to the growth of the area, as surface 
energy of a liquid directly depends on its surface tension. 

 
IV.  CONCLUSION 

Thus model of the interaction of cavitation zone generated under the action of ultrasonic vibrations 
with interface of gas and liquid phases is developed. It is shown, that this interaction leads to the generation of 
capillary wave and consequently to the growth of surface of phase con-tact. Analysis of the model allows 
determining the modes of ultrasonic action, which are necessary for maximum increase of interphase boundary 
area.  As a result of the analysis we determine threshold vibration amplitudes of solid surface covered with thin 
film of liquid phase, which excess leads to stability failure of capillary waves and their breakage into liquid 
drops. It is shown, that the most appropriate frequency of ultrasonic vibrations is 60 kHz, at which more than 3 
times increase of contact surface. Obtained new scientific results have fundamental interest for the 
understanding of physical mechanism of the interaction of cavitation bubbles with the interface “liquid-gas”. 
They can be used for the practical realization of physic-chemical processes at the boundary “liquid-gas” 
(absorption, drying, evaporation, etc.). In particular ultrasonic action in the packed absorbers lets applying in 
more than 3 times less number of the nozzles at the same productivity of absorption. 
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ABSTRACT: This paper discuss the qualitative leaching of iron ore in hydrochloric acid and multi gravity 

separation method as new strategies for reducing lost of iron during production. The focus of the paper is on the 

potential of iron ore development and supplies from Third world for Sustainable Development and to enter and 

sustain in the export global competitive Market.. 
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I. INTRDUCTION: 

  The occurrence of mineral resources in commercial quantities alone does not however guarantee optimum 

benefit, factors such as technological capacity, finance and market are also equally important. Nigeria for example is 

blessed with abundant mineral resources and human resources capable of tapping these resources for industrial 

growth, however, what is witnessed today is that most of the mineral development, especially the exploitation is 

done by informal and in most cases illegal miners using very crude techniques with no consideration for the 

environment or human health. The Ministry of Mines and Steel Development has identified, and is promoting the 

development of 34 mineral resources in Nigeria which include iron ore, gold, coal, tantalite, bitumen, limestone, 

barite, gypsum, kaolin  etc.  Some Third world countries are endowed with enormous mineral resources which when 

properly harnessed can lead to industrial development and prospects. It is a known fact that countries abundantly 

endowed with mineral resources become great industrial nations [1]. While on the other hand, the level of greatness 

of a nation is often a reflection of how its resources have been planned, managed and utilized [2] The importance of 

mineral development of any nation cannot be overemphasized as it is one of the sources of industrial raw material 

supply, what must however, be emphasized is the manner in which the resources are developed. Iron ore deposits 

have been found in various locations in Nigeria, but mainly in the north-central, north-east and south-east regions. 

Iron ore deposits in Nigeria typically occur in the following forms: hematite, magnetite, metasedimentary, bands of 

ferruginos  quartzites, sedimentary ores, limonite, maghemite, goethite and siderite. [3] 

Below are some of the notable iron ore deposited in central Nigeria. 
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The most notable iron ore occurrence in this region include Itakpe,Ajabanoko, Ochokochko, Tajimi, 

Agbado-Okudu, Ebiya, Ero, Echakaraku, Ozenyi, Udiarehu and some others. They occur as bands and lenses of 

banded  (and sometimes massive) iron formation dipping between 21 and 85 and mostly conformable to the host 

rocks (gneisses and amphibolities). The tabular ore bodies, up to 45m thick, and extending for distances from 

hundreds of meters to over 5km, are developed to a depth of over 300m, and are often displaced by small to large 

faults, The ore are mostly magnetite and/or hematite with quartz, biotite and amphiboles in the groundmass, iron 

content ranges between 15% and 65%, averaging 30-36. 

(i) Rich ores with more than 50% Fe, and constitutes about 4.5% of the total reserves. 

(ii) Medium grade ores, with 30-50% Fe, and constitutes about 85.4% of the reserve. 

(iii) Lean ore, with 25-30% Fe, which constitutes 13.1% of the reserve. 

 

The numerous occurrence of banded iron formation associated with the metasediments of the schist belt 

areas occur sporadically in minor bands and lenses These locations extend from Tsofon  Birni Gwari -Farinruwa to 

south of Birni goga, and west of Kaura-Namoda, Baraba hills , 5km west of Maru, Koriga river, kalangai and Jamare 

areas. Magnetite and hematite are the major ore constituents in variable percentages. Average ore grade is usually 

between 38.9 -57.4% Fe2 03 . Three occurrences of iron bodies at Oko, Gbede, Ajashe have been mapped around 

Ogbomosho area as narrow lenses and bands. They are mostly hematite, magnetite iron formation with an Fe grade 

of 34.4% at Oko, 42.7% at Gbege and 39.0% at Ajashe. They are extensively laterally enough to attract detailed 

economic evaluation. Although the thickness of occurrence have not yet been ascertained. 

 

II. EMERGING INVESTMENT OPPORTUNITIES 
While the Itakpe iron ore deposits are being mined as raw material feeds for Ajaokuta smelting facilities, 

opportunities for investment in the iron ore resources of Nigeria exist for the deposits in the Northwestern and 

Southwestern Nigeria. Investors are invited to explore the possibilities of either wholly owning the mineral titles or 

partnering with existing title holders in exploiting the resources for economic development of Nigeria. Investment 

opportunities abound in the following areas: 

1. Applying for mineral titles with a view of wholly owning the mining rights for the iron deposit 

2. Partnering with existing title holders for detailed exploration as consultants and specialists 

3. Partnering with existing title holders in joint venture agreement to explore, mine and market the iron ore resources 

of areas of interest [4] 

4. Legal transaction in iron ore won in quarries and operations for export. 

 

III. IRON ORE WORLD TRADE 
  Developing countries accounted for 57.7 % of world iron ore production (down from 58.6 % in 2010), the 

CIS countries for 10.6 % (slightly down from last year) and the industrialized economies for almost 31.7 %. The 

decrease in the share of the developing countries was due mainly to growth of production in Australia - up over 55 

Mt. Chinese production, on a comparable grade basis, was 321.9 Mt, or 16.6 % of total world production in 2011, 

down from 17.3 % in 2010 but below the top level of 20 % in 2007. In more general terms, for the long run, 

Australia and Brazil will be the dominating forces in iron ore production. India, which has large and good quality 

resources of iron ore, will be hampered by red tape and an on-going internal struggle of use. Over time, as the Indian 

steel industry grows, most of the iron ore will be used domestically. We also foresee a slow decline in Chinese 

output. If prices fall, it will decline more rapidly and a major “Great Chinese shake-out” will begin. In 2011, 

international iron ore trade reached a new record level as exports increased for the tenth year in a row and reached 

1117.0 Mt, up 6.7 %. The increase was the result of higher demand from mainly China while most other countries in 

the world had trade levels similar to the year before and most of them have not reached their import levels of 2008. 

These figures include all export trade including intra-CIS trade, while re-exports figures have been deleted as far as 

possible. World total iron ore exports have increased by 109.7 % since 2002. Developing countries accounted for 

49.0 % of total in 2011, and their exports have grown by 100.2 % since 2002. Developed countries accounted for 51 

%, including CIS republics (with about 6.6 % of total world exports).  Australia’s exports increased by 8.9 % to 

438.8 Mt in 2011 compared to 2010. With important markets in Europe and the Americas picking up pace, Brazilian 

exports, which fell sharply in 2009, had definitely turned around by 2011 with an increase of 12.1 % in 2011, 

compared to 2010, up to 348.6 Mt up from 310.9 Mt. Exports from India fell for the second consecutive year, 2010 

was the first time in twelve years with falling exports but the country, at its 78.4 Mt down 18.2 % from 95.9 Mt, is 

still the third most important exporter.  
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In 2011 the Ukraine, Kazakhstan and Russian Federation increased their exports. China has become an 

important market for all three countries. Transport capacity has been a limiting factor for further expansion. 

In 2003, China outstripped Japan to become the world’s largest iron ore importer. In 2011, its imports were 686.7 

Mt, an increase by 11.0 % compared to 2010. In 2010, China accounted for almost 59 % of total wor1ld imports. In 

2011, this figure had increased to 61.5 %. Almost everywhere else, imports fell: in Japan by 4.4 % to 128.4 Mt, and 

in the Republic of Korea by 15.3 % to 64.9 Mt. European imports (excluding the CIS countries), decreased by 1.4 

%, reaching 132.1 Mt down from 133.9 Mt and corresponding to just under 12 % of world imports. In Europe, 

Germany, France, Italy and the United Kingdom are the largest importers. Though these countries were hit by the 

crisis in 2009 with falling imports, all four have saw increases in 2010. However imports in Europe have fallen in 

2011 for all countries except Italy, and are still lower than 2008 levels. As a group, developing countries accounted 

for almost 68.1 % of total iron ore imports in 2011 (66 % in 2010). Due to a strong growth in imports of China, the 

developing world’s share of total imports increased from only 31 % in 2002 to 46 % in 2005, 50 % in 2006 and 55 

% in 2008. The CIS republics do not yet import iron ore from outside the CIS, and their internal trade in 2011 was 

only 1.2 % of the world total. Developed economy countries accounted for about 30.7 % of world imports in 2011. 

 

Challenges of Mining Industry 

The major challenges faced by the industry can be categorized into the following heads:  

• Project funding  

Due to the long period of inactivity and the slow implementation of the Federal Government’s reform 

agenda in the sector, multinational corporations have been reluctant to fund major mining projects in the country. 

However, the progress made in the regulatory reform, so far, is expected to stimulate activities by new investors in 

the sector.  
 

• Infrastructure development  

A major challenge to the development of the sector is the infrastructural imbalance within a country, 

particularly, adequate electricity supply, and access roads to sites of mineral deposits.  

However, the ongoing privatization of the national utility and reform of the power sector started in 2005 are stimuli 

for private investment in the sector. As capacity increases with new investments in the generation, transmission and 

distribution sectors, the shortages currently being experienced will be overcome. Meanwhile, mining investors can 

meet their power needs by engaging independent power producers for captive generation and supply of energy to the 

mines. Furthermore, access roads will ultimately improve with ongoing investments by the Federal and State 

Governments in road infrastructure. The ongoing rehabilitation of the rail lines will also facilitate product 

evacuation across the country for export. [4] 
 

• Security  

Militancy and insurgency in Developing countries has pose a threat to communities where mining  

ndustries are located, Security concerns are of the magnitude that discourage investors in some third world countries 

mining sector. However, investors are well advised to have a robust corporate social responsibility programme to 

address the needs of their host communities. Therefore Government security agencies should be equipped to respond 

appropriately to social conflicts as and when they arise.  
 

• Illegal mining and community challenges  

There are pockets of Illegal mining activities in some of the regions, with the attendant risks and 

community challenges. However, with the enactment of the Mining Act, foreign investors with the necessary 

permits and licenses are guaranteed unfettered operation of their legitimate business in the country. 

 

IV. METHODS OF OBTAINING HIGHER PERCENTAGE OF IRON FROM IT’S ORE 
(1) Quantitative Leaching of Iron Ore in Hydrochloric Acid 

  Metallurgy of iron is a process of extracting iron from ores and preparing it for use. These  extraction 

and preparation processes involve the conversion of naturally occurring iron-bearing minerals into metallic iron. The 

major process for the production of iron is the smelting process in blast furnace. It entails two major procedures: 

 ore preparation and reduction of oxide concentrates, and the overall reaction for the 

reduction of say hematite to metallic iron with carbon monoxide is: 

½ Fe2O3(s) +  3/2 CO(g) →Fe(s) + 3/2 CO2(g) (1) 

Iron may be efficiently extracted from its principal ores with hot conc. HCl, but not with conc. H2SO4 or 
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HNO3. The efficiency of HCl extraction is ascribed to the formation of ferric chloride complexes (Encycl. Sc. & 

Tech., 1997). Ore also contain Si and SiO2 and silicates. Iron may be extracted from some kinds of silicates, rovided 

that the sample is finely ground, but the process is slow. SnCl2 increases the rate of extraction by reducing Fe(III) to 

Fe(II), and is particularly effective for haematites and magnetites [7]. The kinetics of dissolution of sulphidic  inerals 

or the related form in chloride media has received considerable attention recently. There are several justifications for 

this interest. Among them is the ability of materials of construction with improved resistance to chloride attack. 

More importantly, however, are the substantially faster dissolution rates exhibited by most sulfides in chloride media 

and the potential application of such electrolytes in the treatment of complex sulphide [8]. They reported and 

proposed results of the overall leaching reaction which are consistent with the following stoichiometry [9],relating to 

pressure oxidation of the base metal sulphides: 

Chalcophyrite: CuFeS2 + 2HsSO4 + O2 → CuSO4 + 2S0 + H2O (2) 

Pyrite: FeS2 + H2SO4 + ½O2 →FeSO4 + S0 + H2O (3) 

Furthermore, the leaching of the iron-ore in different media has been studied by many investigators [10]. To the best 

of our knowledge, there is no reported works viz a viz the quantitative leaching of a Nigerian iron ore. Therefore, 

this strategy has provided data on the quantitative leaching and the kinetics of dissolution behavior of the iron ore in 

hydrochloric acid solutions. This strategy is interesting from the industrial perspective, as it could provide optimum 

conditions for the commercial production of ferric chloride from the indigenous iron ore [5]. Ferric chloride is an 

important material for water and industrial liquid effluents treatment [11]. 

 

(2) The Multi Gravity Separator Method 

 The Multi Gravity Separator (MGS) is reported to be promising equipment for the separation of particles 

in fine size range. The MGS is suitable for the treatment of fines with a maximum particle size of approximately 0.5 

mm. Maximum concentrate grade and maximum recovery is of today’s demand with MGS concentration as it is 

with many concentration processes [12]. The equipment is based on a concept developed by M/s Richard Mozley 

Limited, U.K. [13]. The principle of MGS may be visualized by rolling the horizontal surface of a conventional 

shaking table into a drum and rotating the same along the horizontal axis. This causes application of an enhanced 

gravitational force, many fold higher than the normal one, on the mineral particle flowing across the surface. This 

leads to improvement in the treatment of fine particles in comparison to conventional separator like shaking table. 

Conventional gravity separation process of iron mineral fines is not very effective. In present work Multi Gravity 

Separation (MGS) process has been studied. This study was performed on a low-grade iron ore namely 

goethiticlateritic ore (GLO) from Eastern India. Detailed mineralogical, physical and chemical characteristics of a 

goethiticlateritic iron ore showed that the sample contained porous and friable oxides and hydroxides of iron. The 

ore sample had a feed grade of 54.43% total Fe, 9.27% SiO2 and 8.02% Al2O3. Hematite and goethite are main 

iron-bearing minerals while kaolinite and gibbsite are the major gangue mineral constituents. Considering the 

characterization data, these ores were ground separately to three size fractions, namely -300 μm, -250 μm and -150 

μm sizes and subjected to flowing film concentration in Wilfley Table. As revealed by the liberation study, higher 

concentration was obtained by the processing of -150 μm crushed sample. The grade of the ore was improved from 

54.43% Fe to 65.71% Fe. However, significant amount of fine iron ore particles were lost during the processing of -

150 μm size ore, because it is not very effective for particles less than 15 μm. Thus, fine hematite and goethite 

particles are usually not recovered resulting in the loss of valuable iron ore fines. To recover this fine, Multi Gravity 

Separator was used in place of Wilfley Table and was found to be effective in reducing loss of fine iron particles and 

increasing the grade of the concentrate.[6] The MGS process improved the Fe from 54.43% to 66.5% along with 

decreasing the alumina from 8.02% to1.17%.. 

 

IV. CONCLUSION 
Some Developing Countries are well endowed with metallic minerals which include iron ore, However the 

minerals are not fully harnessed for industrial development, also the mineral development is so slow because of 

inadequate funding and also lack of awareness on the importance of the minerals in industrial development. If this 

trend continues then there is little hope of fully harnessing the mineral resources fully for industrial and 

technological development. This paper has discussed the possibility of Developing countries to produce up to 80% 

of world iron if the strategies of obtaining pure iron are well applied. 

 

 

 

 



American Journal of Engineering Research (AJER) 2014 
 

 
w w w . a j e r . o r g  

 
Page 154 

REFERENCES: 
[1] Okpanachi, U.M.(2004).The Economics of the Solid Minerals Market. Paper presented at the Nigeria Shippers Council seminar on 

“Solid Mineral Exploration and Exploitation”, Jos, Nigeria, 22nd July, 2004 
[2] Gotan, B.J (2004). Solid Minerals Exploration in Plateau State(Legislation, Difficulties and Framework Involved). A paper presented 

at a Seminar by the Nigeria Shippers Council, Jos, Nigeria, 22nd July, 2004. 

[3] KPMG )February 2012,The Nigerian mining Sector. 
[4] Ministry of Mines and Steel Development 

[5]  ALAFARA, A. BABA; ADEKOLA, F A; FOLASHADE, A O(2005) Department of Chemistry, University of Ilorin 

[6]  Subrata Roy(2005)MNP Division, National Metallurgical Laboratory, Jamshedpur 831 007, India 
[7]  Blaede, W.J. and Meloche, V.M. (1985) Elementary Quantitative Analysis. John Willey & Sons,London, 2nd Ed., pp. 104 – 111. 

[8]  Zuo-Mei Jin, Warren W. and Henein, H. (1984)Metall. Trans. B.Vol. 15B, pp 5 – 12. 

[9]  Harvey, T.J. and Yen, W.T (1998) Minerals Engineering vol. II part 1, pp. 1 – 21. 
[10  DHugues, P., Foucher, S., Galle-Cavalloni, P. and Morin D. (2002) Minerals Engineering vol.66 part 1, pp 131 – 139] 

[11] Morris, J.C. (1990) Advanced Waste Water Treatment manual IHE, Delft, Netherlands, pp.3 

[12]  N. Aslan, “Multi-objective optimization of some process parameters of a multi-gravity separator for chromite concentration”, 
Separation and Purification Technology, vol. 64, pp. 237-241, 2008. 

[13]  B. S. K. Chan, R.H. Mozley, and G.T.C. Childs, “The Multigravity separator (MGS),- A mine scale machine”, in Mineral Processing 

in the United Kingdom, London, P.A. Dowd Ed., London: IIM Publishers., 1989, p.107. 

 

 

 
 

 

 



American Journal of Engineering Research (AJER) 2014 

 

 
w w w . a j e r . o r g  

 

Page 155 

American Journal of Engineering Research (AJER) 

e-ISSN : 2320-0847  p-ISSN : 2320-0936 

Volume-03, Issue-12, pp-155-159 

www.ajer.org 

Research Paper                                                                   Open Access 

 

Based on Preventive Maintenance Strategy Analysis cold standby 

system reliability optimization design 

CHEN YanLi 

(Yinchuan Energy Institute ,  750105, China) 

Fund: Fund research of Yinchuan Energy Institute (2012-KY-P-31) 

 

ABSTRACT: In order to make the system meeting the two requirements: (1) the designed system have 

maximize reliability;(2) the designed system have a lowest cost. In this paper, we use the methods of linear 

programming and Lagrange multiplier method, in view of the above two requirements, we discuss the 

optimization scheme which is reliability of the system. 
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I. INTRODUCTION 

We considered the cold redundant system, which was composited by two same type components and a repair 

equipment. the distribution of parts is general distributed distribution whose averages is /1 .After malfunction, 

the time obeys the general distributed, which is from average
1 . 

We considered the cold redundant system, which was composited by two same type components and a repair 

equipment. the distribution of parts is general distributed distribution whose averages is /1 .After malfunction, 

the time obeys the general distributed, which is from average
1 . 

Assumption：(1) moment 0t , the parts is working. The other part is cold redundant. When working parts happen 

malfunction, we repair it immediately, at the same time, supply parts begin to work. 

(2) When the working time whose the working parts, reach the specified time, the parts have not yet been failure. 

The working parts are maintained preventive. Stocking parts switch to the working state. Parts of preventive 

maintenance time obey the general distribution )t(G 2
, whose average is 

2 . 

Because there is only one repairing equipment. When the age of working part reach the specified time, the part 

have not been failure. If the other part is malfunction repairing or preventive repairing, the working parts are not 

preventive maintenanced and repaired. It continue to work. If the parts which is repairing or preventive repair, 

have been repaired. Then it begin to work immediately. While the working part switch to prevent repair. 

Until a component repair or preventive maintenance have completed. If the other is still working, and the 

working time is less than T , then the repair parts are reserved. 

(3)Assume <1>All of the component can been repaired,<2> The switch is completely reliable, <3> 

instantaneous is completed instantaneously, <4>  The life of two components, the time of repair, the time of 

preventive repair are independent of each other. 

The definition of system state are as follows: 

0: One of component is working, the other component is cold standby, component new. 

http://www.ajer.org/
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1: One of component is working, the other component is repaired. 

2: One of component is working, the other component is preventive repaired, 

3: One of component is repaired or preventive repaired, working, the other component is waiting for repaired. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. Because we consider the time before the fault only, so the fault state 3 is the absorbing state, the state 

transition diagram of figure 1: 

Moment ( t) jX  , if the time is t, the system status is j, j = 0 ,1, 2 , 3 .{ X (t) ,t 0 } is a half Markov process, 

whose absorbing state is 3 state. 

The 
1

Y  is repair time, the
2

Y is preventive maintenance time, and the specify time T is regarded as 

fixed-length random variables
T

X .The distributed is 
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transform the above equations do Laplace-Stieltjes 
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 is 0 time, The system starts into the state distribution system MTTFF, 
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j = 0 ,1, 2 . Markov updates the equation 

0 0 1 1 0 2 2
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transform the above equations do Laplace-Stieltjes 
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Model assumptions: 

(1) assumes a life of two parts, repair and preventive maintenance time independent of time, followed a normal 

distribution. 

(2) )X(C  represents the stress in the mean cost function of X , )D(C X
 represents the stress variances D 

of the cost function of Y . 

(3) Let )Y(C  represents the mean intensity , )D(C Y
 represents the intensity of 

YD  the variance of the 

cost function. 

Due to the high intensity of the mean must rely on the use of fine materials, and in the process strictly control 

various processes and take appropriate measures to achieve, which is bound to increase the cost. So, )Y(C is a 

monotonically increasing function of Y . 

From a reliability point of view, under symmetrical conditions require a lower variance, and therefore, 

)D(C Y
is a monotone decreasing function of 

YD . 

Here are two cases to discuss the reliability of the optimization problem: 

1. at the level of reliability required, so that the total cost TC (Total Cost) minimum. 

In this case, the constraint conditions z
DD

XY

XY





: here set 0z  . 

The objective function is: )D(C)Y(C)D(C)X(CTCmin YX   
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Application of Lagrange function 

])DD(zXY[)D(C)Y(C)D(C)X(C),D,Y,D,X(L
2/1

YXYXYX   

For each variable were partial derivative, and make it equal to zero, 


















































































0)DD(zXY
L

0)DD(
2

z

D

)D(C

D

L

0)DD(
2

z

D

)D(C

D

L

0
Y

)Y(C

Y

L

0
X

)X(C

X

L

2/1

YX

2/1

YX

Y

Y

Y

2/1

YX

X

X

X

 

If all cost functions are convex, that there is a positive second derivative, the above optimization problem locally 

optimal solution that is global solution. 

This can be used to solve the optimization problem of Mathematical software. 

1. under the condition of constant total cost, reliability maximized. 

Time constraints for: r)D(C)Y(C)D(C)X(C YX   (the total cost limit) 

The objective function:
2/1

XY )DD)(XY(zmax

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Application of Lagrange function: 
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For each variable were partial derivative, and make it equal to zero 
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Under the conditions of 2/1D/D YX  local solution above optimization problem is a global optimal 

solution. Again, this can also be adopted to solve the optimization problem of Mathematical software. 
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