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Energy Storage in a Technical Grade Phase Change
Material in a Horizontal Double Pipe Heat Exchanger:

Part-I

Tonny Tabassuml, Mainul Hasan2 and Latifa Begum3 
-

.Corresponding Author: rDepartment of Mining & Materials Engineering McGi1l University,
Canada.

l,2Department of Mining & Materiais Engineering McGill University, Canada.

Email: Latifa.begum(gmail.mcgill.ca

Abstract

A transient hvo-dimensional n'umerical model w*o.s developecl to intesligote lhe rnelting
characteristics o/' an impure phase-change material (PCM) embedded heht,een two c:oncentric
circular horizotttal cylinders. The moclelecl trrmsport eqttations y,ere sttitabb; non-dimensionalizetl
and were .solved numerical.l,v in its primitive yariahles .fonn on a .staggered grid
arrangement emplol:ing a control-yolunteJinite dilJbren.ce methocl. The seler:tetl PCM ntelts oyer a

temperahre range. To easilt ctccount the latter aspect itt the model, on enthalpy-pnrosity basecl

fixed grid sch€file w*as ttsecl to solve the conyection-dffision muslty region phase change problem.
The inner cvlindrical turbe w-as heated to a constant temperature by ct heat transfer.fluid --hile the
outer tube lras insulated. Tinte-wi.se eyolutions o.f the temperature
clistribtttions are presented. Varicttts cluantities such as, the average l{usselt number over lhe i.nner
ttrhe surJace, thetotctl rneltJractictn, and the total cumulative stored energ!-, all as a.firnction of the
melti.ng time are reported .for three inner *,all tentperatures ancl .fbr m initially saturated solid
PCM and also./br a sub-coolecl condition ol' l0"C of the PCM. The predicted results shov, that the
ntelting rate increases rapiclh, up tct the melting time of'ahctut 11.I8 min. A/ier this time the melting
rate increases hu.t at a considerabl-v sLower rate. The storage of thermal ene/g!- increases with the
increose of the inner tt,all tentperature and initial temperature oJ. the solid PCM. The energ),
charged is greotl-v influenced by the change oJ'the inner tuhe t,a.ll temperatLtre compared to the
c:hange ofthe initictl solid PCM temperature.

Keywords: Impure PCM, 2-D numerical modeling, transient melting, double pipe heat exchanger.

mushy region, thermal energy storage.

Nomenclature

A

u

h

Darcy coefficient

gravitational acceleration [-. .']
sensible heat

1ocal Nusselt numberLl{tt

I
)

\,t



P

Pr

ri

fs

Ri

R"

Ra

Ra

I{r,r,,r

pressure, Pa

Prandtl nu*b"r: 
v f
af

radius of inner cylinder [m]

radius of outer cylinder [m]

dimensionless radius of inner cylinder

dimensionless radius of outer cylinder

Rayleigh number: EFpcu@ror, -T*u*r)DlP

modified Rayleigh number :

Ste Stefan number =

temperature [oC]

inner cylinder wall temperature [0C]

initial temperature of the workingrnaterials [0C]

temperature difference between the inner cylinder.surface and solidus temperature

of PCM [oC]

reference tempgrature [oC]

time

I4/ALL

Tr"f

t

h*
)T -Tror,ru,,(

dtm ensionless enthalpy = I
hr-, dimensionless enthalpy at the inner wall

initial dimensionless enthalpy in the domain

u, v interstitial velocity components along 0 and r directions respectively [ms 
1]

U, V dimensionless interstitial velocity components along 0 and r directions respectively

0 , r polar coordinates, degree and m

h:
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Greek symbols

a thermal diffusivity [m2s-1]

Fr

p

u

)"

coefrrcient of thermal expansion, - [f']f @ L "'' (. p)\at ),
vf kinematic viscosity [m2s-1]

density [kg.*']

dynamic viscosity [kg.m-1.s-1]

latent heat of fusion fkJ.kg 
1]

nodal latent heat

tct ^....
Fourier nrrmbcr, ---L:

D'

fluid liaction 

t

-f,

Subscripts

I,

S

liquid

solid

inner cylinder

outer cylinder

reference value

Superscripts

* non-dimensional variable

1.0. Introduction

Latent Heat Theimal Encrgy Storage (LHTES) devices have attracted considerable worldw'ide atten-
tion because oftheir large potential for energy savings and their ability to provide or absorb/relatively
large amount of thermal energy particularly when there is a mismatch in the suppiy and dernand of the
energy sources [1]. Any LHTES system rnairrly consists of tlrree basic components: (a) a phase change

material (PCM), (b) a suitable container to hold the PCM, and (c) a conduotive heat transfer surface or
surf-aces for exchanging i.reat frorn the heat source to the PCM and fiom the latter to the heat sink 12,-1].

One of the most popular heat exchanging devices for LHTES is a double-pipe heat exchanger. The
latter stores/discharges thermal energy through the phase change process by melting (charge)/solidifi-
cation (discharge) of a PCM embedded in the annular gap [4-7]. Over the last

AH

T

o

ref

)
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two decades, the thermal storage technology based on the usage of PCMs has attracted a significant

interest because of its capacity to store/release the relatively large amount of thermal energy through

the solid-liquid phase-change process [8]. Intermittent energy sources, such as solar and waste heat

from industrial processes can be stored and later conveniently used through the LHTES devices.

Because of their high storage capacily, these devices are advantageous in reducing thermal energy

storage volume, heat loss, and insulation cost.

Fig.l. presents a proposed integrated latent heat storage affangement for solar energy utilization

which can be used for domestic hot water supply source. The system consists of the following main

components: (a) a flat plate collector, (b) a double-pipe LHTES heat exchanger, and (c) an insulated

storage tank. The flat plate collector can be placed on the top ofa building or any other suitable struc-

ture which absorbs directly both the solar beam and the diffirse radiation. Such a device can absorb

solar energy, convert it into heat and then transfer that heat to the circulating cold water. The heated

water (heat transfer fluid, HTF) passes through the inner pipe of the double-pipe heat exchanger and

delivers the heat by melting a PCM placed in the annular gap. During the charging phase, pump-l

andcontrolvalves l,3,5and7 areopenwhilepump-2isinactiveandvalves2,4,6andSareclosed.

This flow control loop, named as an inner loop, should only work when the solar energy is available.

When the solar energy is not available pump-2 is active and will circulate cold water from the

insulated storage tank through the outer loop connecting the heat exchanger and the insulated storage

tank. In this discharge period, while passing through the LHTES device, the circulating cold water in

the outer loop will gain heat from the melted PCM by solidifying it. During this time, pump-l is idle

and control valves 1,3, 5 and 7 are closed while pump-2 is active and valves 2,4,6 and 8 are opened.

Here all the connecting pipes used between (a) the collector and the heat exchanger and (b) the heat

exchanger and the insulated storage tank are all insulated and there is a minimum heat loss from the

connecting pipes. Thus, there will be a minimum temperature drop for hot water flowing through the

system. The inner loop and outer loop do not work simultaneously which should be controlled by an

automatic control unit. In the insulated storage tank, an electric heater can be placed as back up for

low solar radiation or for overcast/rainy days or for night time. There could be a nurnber of possible

variations ofthe proposed solar energy storage and utilization facility.

As one can see, one of the important units in the proposed system is the heat exchanger. Thus, design-

ing an optimum double pipe heat exchanger is important for dynamic thermal performances. The

mathematical modeling is ajustifiable first option for designing an optimum LHTES device without

performing a number of trial experimental runs. Such a modeling exercise

Sonargaon University Journal, Vol. 2. No. I 04
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can save both energy and cost. After getting an optimal design ofthe heat exchanger through

the numerical simulations then a prototlpe/model experimental heat exchanger can be built to arrive

at a final design for operational purposes.

Ilatplah
S*lar *nl$c$fi{

Vr.l$e-l
fald ilstcr fEed

LTilES DEI'ICE

lfutwnter
fuue

Fig. 1. Schematic view of solar energy storage system for domestic hot water.

Over the years a large number ofreview papers concerning energy storage/discharge in PCM

have appeared in the literature. In the following, only the relevant and the latest review papers are

discussed.
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Verma et a1., [9] reviewed various mathematical modeling techniques which have been used for

studying the latent heat thermal energy storage (LHTES) systems using PCM. Unfortunately, the

authors concentrated only on the transient conduction type of models while completely ignoring the

convective aspect of the phase change process which dominates the melting process as stated eariier

in such systems. The authors divided their review between the first and the second law o{

thermodynamics and pointed out the deficiencies of the first law analysis for LHTES systems. The

above paper does not provide any information on the design aspect ofthe heat exchangers.

Agyenim et al., [0] reviewed 135 articles related to solid-liquid phase change heat transfer

concerning the LHTES and recovery in various PCM. The survey covered different aspects of the

LHTES systems which appeared for three decades prior to the year 201 0. The authors provided criticai

assessments of the PCM employed, the heat exchanging units investigated, and the various

enhancement techniques adopted to increase the low thermal conductivities of the PCM by different

researchers. The authors noted that for the low-temperature applications of PCM the investigators

mostly concentrated on parafflrn, Glauber's salts, wax, stearic acid, and n-octadecane. Regarding the

modeling efforts, most of the researchers in recent years have used enthalpy approach to model the

phase-change phenomena by incorporating the effect ofnatural convection. The authors mentioned

that for the enhancement of the low thermal conductivity of the used PCM. the researchers used fins,

inserlion of high thermal conductivity materials, multi tubes, micro- or macro-encapsulation, and the

dispersion of highly conductive nano-parlicles in PCM. They classified the commonly used LHTES

units on the basis of their geometries as (a) pipe model, (b) cylinder model (double-pipe heat

exchanger), (c) shell and tube model, and (d) rectangular or slab unit. Depending on the geometrical

configurations with regard to the gravity field, both horizontal and vertical systems were seen to have

been adopted by the investigators.

Dutil et a1., [11] reviewed the modeling of melting and solidification of PCMs for the LHTES
systems. The authors identified various geometries which investigators considered concerning
LHTES systems. They include rectangular, cylindncal and spherical geometries along with the
studies on annular geometries with the PCM embedded therein. The authors noted that although an
exhaustive amount of literature has appeared on the modeling of such systems, unfortunately, the
models were verified with other's modeling results and a very few of such models have compared
with the experimental data. Even the numerical modelers who compared their predictions with
experimental measurements have done so by taking the results from the reported graphs and hence
such comparisons can be at best qualitative in nature since numerical values ofthe various quantities
were approximated from the charts.
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l

The authors indicated that the mathematical modelers in this area after the 1990s are 'blindly'

using the commercial CFD codes because of their easy availability. This trend on the dependency of

the commercial CFD code s is intensifying day-by-day. Furthermore, most of the reported results using

CFD codes are found to be incomplete since velocity field in the melt, heat flux on the heat transfer

surfaces, and the local and average Nusselt number values are seen to be missing in many such studies.

In the review, the authors mentioned that the investigators in some published papers used various

types of thermal conductivity enhancement techniques to increase the low conductivity of the PCM.

Among these methods include the addition of metallic fins on the surfaces of the tubes, high

conductivity porous metallic matrix within the PCM, dispersion of nanoparticles, nanofibers and

nanotubes in the PCM, multi-tubes in the shell-and-tube heat exchangers, etc. The researchers in the

latter cases only fbcused on the enhancement of the melting or solidification rate but did not analyze

the issue ofenergy storage considering the technical-economical criteria.

Khan et al.,ll2] provided a comprehensive review ofthe various heat transfer aspects ofthe

LHTES systems of the most studied PCM namely organic paraffin and inorganic salt hydrates. These

authors also discussed different melting and solidification rate enhancement techniques which include

container configurations, the inclusion ofextended surfaces and fins, additives for enhancing thermal

conductivity, employment of multi-PCM and encapsulation of PCM. One important aspect of this

review is that the authors have discussed the long-term thermo-physical stability ofthe above classes

of PCMs and their compatibility with various container materials. This study provides some useful

guidelines in selecting a reliable PCM and the corresponding material for the container along with the

effrcient geometrical configurations to achieve the maximum thermal utilization of the PCM. The

authors suggested that before using industrial grade PCM, the repeated thermal cycling tests are

required for checking their long-term stability concerning the thermophysical properties of the pCM.

Zhang et al., [13] provided a review ofthermal energy storage regarding sensible, latent and

thermochemical studies which appeared in the literature until 201 6. Regarding the latent heat storage,

the authors only examined the inorganic substances and the materials for their containment vessels.

This review also discussed various configurations ofthe containment vessels as well as the different

techniques for improving the heat transfer rate between the circulating heat transfer fluid ancl the pCM

in the containers. The author also discussed some thermal conductivity enhancement techniques of
the PCM. This review on the LHTES system is not very comprehensive, although the authors have

spent a lot ofjoumal's space in discussing the sensible energy and thermochemical storage systems.

Khyad et al., E4] mainly reviewed various PCM and provided their systematic classifications,
which are critical for selecting an appropriate PCM for LHTES and discharge during solid-liquid

)\
I

)
I
,

r
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phase change. This paper is particularly useful for its thorough review of low-temperature thermal

energy storage applications, particularly, for organic PCMs like paraffin waxes. The authors have

recommended the use of technical grade PCM for their low costs and easy availability.

From the above literature review, it is apparent that the preferred configurations of the LHTES

units which have been studied by various investigators are horizontal and vertical double-pipe heat

exchangers. Multiple PCMs have been studied for the storage/retrieval of energy in the above devices

particularly for low-temperature thermal energy applications, and they include paraffin wax, fatty acids

and their mixtures, salt hydrates and their mixtures, etc. [15]. Unfortunately, all such modeling studies

have dealt with mostly regular geometries and pure PCM.

In general, a pure PCM has a relatively high latent heat of ftision compared to the impure PCM.

A pure PCM melts or solidifies at a fixed temperature, and it is capable of storing/releasing a

significant amount of energy during melting/solidification. Unforlunately, pure paraffin waxes are

quite expensive, about ten to 100 times costlier than its technical grade (commercial grade). As a

result, the technical grade paraffin is more economical compared to the pure paraffin wax for LHTES

[1 6] . Commercially available technical grade paraffin is a mixture of many saturated hydrocarbons

and, therefore, has a melting or freezing temperature range rather than a sharp melting point. Thus, if

technical grade paraffin is used as a PCM then during the transient phase-change process, there will

be solid, liquid and mushy regions (a mixture of solid and liquid) in the LHTES systems. The main

criterion of selection of a PCM for a particular application is the melting temperature or the phase

change temperature range of the PCM. Some other important parameters must also be taken into

consideration for an appropriate usage of LHTES systems. These are latent heat, stability to thermal

cycling, thermal conductivity and cost.

To numerically model the mushy region accurately of the impure PCM particularly during the

melting phase is a difficult exercise because of the convection of the melt in the mushy region. The

present authors have failed to find a single modeling study in the literature where the used PCM melts

and solidifies over a temperature range of more than 20C or higher. In this study, the melting process

of an impure PCM which melts over a temperature range of 8.70 C is placed in the annular space

between concentric horizontal circular-shaped tubes for the constant temperature.boundary condition

of the imer tube. The authors have noted that there is no comparable work in the literature of the

studied problem.

Sonargaon Llniversity Journal, YoL 2. No. l 08



2-0. Mathematical model

2.1. Problem descriPtion

As depicted in Fig.2. , the physical domain is selected to be two horizontal concentric cylinders

in which the volume located between them is filled with a PCM. Here, Do, and Dl is

Fig. 2. Schematic view of the cross-section of the double-pipe heat exchanger with the blue part

representing the computational domain.

the diameter of the outer and inner cylinders, respectively. The values of the diameter of the

inner and outer cylinder are arbitrarily set to 0.04 m and 0.104 m, respectively' Therefore, the

calculated cross-sectional area of the annulus gap is 72.38 cm2, which can hold 5'718 kg of PCM when

the length of the cylinder is 1.0 m. Due to symmetry in the 0 -direction, the computation has been

conducted on the right-half of the domain. The coordinate system is adopted in a way such that the

gravity is acted in both r-0 directions and the origin is placed at the center ofthe cylinders.

l'i

IIot
Water
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Initially, the solid PCM embedded in the cylindricai annulus is at a uniform temperature (I'l

that is either equal or below the solidus temperature (7s) of the PCM. When the initial temperature is

below the solidihcation temperature of the PCM, this thermal condition is designated as a sub-cook-d

condition. For time t > 0, a constant temperature (Ird is imposed on the surtace of the inner cylinder'

which is greater than the liquidus temperature (rr) of the PCM, i.e., Tw> Tr. The outer wa1l of the

annulus is maintained at the adiabatic condition throughout the whole rnelting process. The relevant

thermophysical properlies of the parafhn wax are taken from the literature [17] and are listed in Table

1.

Table 1. Thermal and physical properties of paraffin wax (PCM)'

Property, symbol [unit] Values

Therrnal conductivitY, Ks and Kr KW mxK 0.22x 103

Specific heat.Cpsand Cn KJ kgx K 2.15

Latent heat of melting, I lfL t ttg) 190

o CLiquidus temperature, Tr-
s9.9

Solidus temperature, Tg
51.2

Kinematic viscosity, v 'ls 5.2 x10 6

Thermal diffusivity. o
2r/s 1.2953 x l0-7

Density, p"at1d pr lm' 790

Liquid thermal expansion coefficient, B
( 1.0 x l0-3

Density, specific heat and thermal conductivity used in the numerical model is

considered at 59.9'C

Sonargaon {Iniversity Journal, Vol. 2. No. I 10
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2.2. Assumptions

The following idealizations are made in developing the cur:rent mathematical model of the

physical problem for the phase-change process with the mushy region in the presence ofthe buoyancy-

driven convective flows

t1l

l2l

t3l

l4l

l7l

t8l

tel

[ 10]

Continuity equation:
Ap, 

n !O(p,rv) *Atr0r
!a(p,") -or00

The melt behaves as an incompressible Newtonian fluid.

The convective motion in the melt is laminar and two-dimensional.compared to the radii

ofthe two cylinders, the length ofthe cylinders is long such that there are no end effects

on the selected cross-section along the longitudinal direction.

No-slip conditions are applicable for the velocity components at the boundaries.

Thermophysical properties of the PCM are assumed to be constant in both solid and liquid

phases except for the density variations in the melt are considered in so far as they

contribute to the buoyancy forces.

15] Buoyancy forces are incorporated in the momentum equations based on the Boussinesq

approximations.

I6l The physical properties of the PCM are temperature independent within each phase and

are evaluated at the liquidus temperature.

No viscous dissipation occurred in the calculation domain.

Variation of liquid fraction in the mushy region is assumed to be a linear function of

temperature.

The elfects of volume change associated with the solid-liquid phase change are neglected.

There is no heat loss or gain from the surroundings.

2.3. Numerical formulation

2.3.1. Governing equations for laminar melt velocity and enthalpy

A general conservative fbrm of dimensional goveming equations such as mass, mom6ntum and energy

equations for r-0 coordinates are given as fbllows:

(1
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U-momentum equation:

uv
P,-- gsind - Au (2)

r

V-momenfum equation:

Y - 
llto,,,,t - lSr o,*t = t,*l* *). : *g #) *, #',+, ; -

2
u

P,-r
G)

4.P . :*(p, 
-vc,r) + l !rtr,,r,r,: i *[ t,'#] "' i* (K I a(c.r))

lc,; ae )

+gcos9-Av

Energy equation:

. Op. 1 A(P,RV)
Contrnurty equatron: 

A, 
" i AR 

-

The following dimensionless variables are employed to non-dimensionalize the transport equatlons

and the associated initial and boundary conditions:

R=L: (-l: tt-' v= ' ; h*=cP(T-T-sozrD{'s) | Ra=DlF'g(T""-T'ot'ou')
D, alr, dD, )" vd

.(4)

. .(5)

The non-dimensionalized conservative form of the governing equations, applicable in the

computational domain, can be written as follows:

L A(p,u)
RA0
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U-momentum equation:
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V-momentum equation:

Energy cquation:
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_ta(wa.) AYH- .(e)
RA00r

2.3.2. Modeling of the various aspects involved

2.3.2.1. Solidification modeling

Here, the single domain approach is followed in the present simulation since it does not

require the tracking of the unknown interface (melting front). In the cu:rent work, the enthalpy based

method is implementcd [-18-21]. The technique is characterized by decomposing the enthalpy into

sensible and nodal latent heat in the energy equation:

H:h+AH
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Where h is the sensible heat defined as:

.. (11)

For constant cr, and taking h*f:0 at 7,"7 the above equation can be integrated to obtain the sensible

heat as:.

H- rr(T-T,A

h

[,0, 
: [,,, o

dT

In order to establish the region ofphase change, the latent heat contribution is specified as a function

of temperature, i.e. A11 - f(T).

Since the energy equation is valid in the entire calculation domain including sotid. liquid, and

mushy regions, the nodal latent heat can be related to the liqlid fraction. It becomes zero tnthe solid

phase and equals the latent heat of fusion ( ), 1 in the liquid phase. In the mushy region, the latent heat

can be any function of liquid fraction. In the current model, it is assumed to be linear.

LH : ).f, ........... (13)

Wherel is the liquid fraction, which is related to temperature as:

TL

0

f={
I

T_T
_7,

when

when

when

T >TL,

TL>T >7,,

T <7,.

(14)

where TL ard Ts are the liquidus and solidus temperatures, respectively.

2.3.2.2. Modeling of fluid flow in the.mushy region

In the current model, the Darcy law for porous media is adopted to model the flow irf pCU in tne
mushy region. The law is based on the empirical measurement of the permeability. Darcy,s law for a
porous media can be written as:
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Kui=--
lt

AP

-_ 
/x,

t l-6 xi
OX,

( l5)

Where K is the permeability, which is a function of porosity, or in the case of a mushy region of a

commercial material, a function of liquid fraction. In the model, the permeability decreases with

decreasing liquid fraction and ultimately it forces all the velocities to become zero in the case of a

stationary solid. The coefficient 4 d....ur.. from a large value in the solid phas e to zeroin the liquid
K

phase. Consequently, the Darcy sowce term vanishes as the liquid fraction becomes one. The Carman-

Koseny equation is adopted for the relation between the permeability and the liquid fraction 122].

p c(l-
K .f,t * q

where 4 is a small positive number introduced to avoid division by zero in the numerical calculations.

C is a constant that depends on the morphology of the porous media. The value of C has been estimated

fiom the expression given by Minakawa et al., [23] as:

c: 180/d2 (11)

where d is assumed to be constant and is equal to the secondary dendrite arm spacing. In this study,

the value of 'd' has been arbitrarily taken as 1 x 10-a m.

2.3.3. Boundary conditions

Bedause of symmetry, the right-half of the annulus is chosen as the solution domain and

the non-dimensional form of the boundary conditions are listed here:

tll. At time, r:0 CP -Tr)
)"

Attime, r>0:

2
)

hl
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l2l. On the inner cylinder surface, i..., 4 = 0.5; U:V:0 ;

t3]. Onthe outercylindersurface, i..., ft, = 1.3; U:V: 0 ; 9!-=0'AR

L+ cr(t, -rr)t'* - 
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2.3.2. Governingparameters

Numerical simulations have been conducted by varying the various parameters associated

with the model under consideration. The basic governing parameters of the system include Rayleigh

number (rRa), wall Stefan number (Sle,), radius ratio of the annulus (fialfi), initial sub-cooling

parameter (initial Stetan number, S/e;), and Prandtl number (Pr). The parameters, such as Ra, Ste'", and

Pr appear in the non-dimensional governing equations. The radius ratio ofthe annulus and Ste* appear

in the boundary conditions. For the initial condition, the initial sub-cooling parameter, Ster, appears in

the modeled equations. For all the production runs reported here, the Pr is assigned a value of 40.15,

which corresponds to commercial paraffin wax used in this study. The ratio of the outer radius to the

inner railius of the tubes is assigned a value of 2.6. The parameters, namely, Rayleigh number, wall

Stefan number and initial Stefan number are varied.

2.3.3. Numerical solution procedure

In order to achieve the numerical solution, all ofthe parlial differential equations have to be

set in an algebraic form, this is called discretization. The discretized equations are derived by

integration of differential equations over each control volume of the calculation domain by using an

implicit time-step method [24]. The whole domain is described by a displaced or staggered grid

system. Power-law dilterence scheme of Patankar [24] is used to discretize the convection-diffusion

terms. Here, the SIMPLE algorithm, which stands for Semi-Implicit Method fbr Pressure-Linked

Equations, has been employed for resolving thc pressure-velocity coupling in the momentum

equations [24]. A block correction procedure has been used to enhance the convergence ofthe solution

proccdure [25].

The discretized equations were solved iteratively using an implicit relaxation technique and

by employing the well-known line-by-line Tri-Diagonal Matrix Algorithm (TDMA) solver until a

converged solution was obtained fbr each time step. The termination of an iteration loop depended on

thc valge of residuals for U, V, V P and T at any instant oftime. At every time step, the iterations were

terminate<l when the relative change to maximllm values of tire absolute residuals at every grid points
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for each calculated variable (Rr) was less than l0-5. Mathematically, the convergence

criterion described above can be defined as follows:

@t+1 _ Oi
ar**

(18)

where, k in the number of iterations. In the present study, much effort has been paid to find the relevant

under-relaxation factors. Various combinations of under-relaxation factors were examined and after

numerous runs for energy, and other variables under-relaxation factors were selected as 0.3.

2.0. Code validation

Before embarking on a detail parametric study, the developed code was validated with the experimental

study of melting of pure gallium in a rectangular cavity with two thermally active vertical walls carried

out by Gau and Viskanta [26]. The latter authors graphically provided among other quantities the

liquid-solid interface positions for some specific instants of the melting time. The thermophysical

properties of pure gallium metal were taken from Brent et al., [27). Figure 3 shows the present predic-

tions of the interface positions for three-time instants, namely 5 min, 10 min and l9 min and the experi-

mental results of Gau and Viskanta. Also, in Fig. 3, the numerical predictions of the interface positions

of the same melting problem by three other group of investigators [28-30] are shown. The comparison

of the various numerical methods used by other listed authors in the figure shows that for 5 min and 10

min the predictions compare favorably with the experimental results but for 19 min the numerical

predictions differ significantly among other authors compared to the present authors. The present

results show a very good agreement with the experimentally measured data for 5 and 10 min. There is

alittle discrepancy at the bottom and the top part of the cavity for the melting time of 19 min. At the

middle of the domain for the aforementioned melting time the present predictions show very favorable

results with respect to the experiments results. The above discrepancy at the lower and upper regions

for 19 min could be due to the heat losses during the experiments in those regions and for the accompa-

nied experimental uncertainty. Also, numerical uncertainty, numerical grid generation method, appli-

cation of the enthalpy-porosity scheme which is an indirect scheme for tracking the solid/liquid

interface, the employment of artificial mushy region for the pure metal in the enthalpy-porosity

method, value of the mushy region morphology constant C, etc. could be the other factors responsible

for the discrepancies. In Fig. 4, the predicted temporal progression ofthe liquid-

Ro
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solid interface during melting of pure gallium in the cavity is presented for the sake of better

visualization of the present results.

o.t

*p s*4 *,s 8,*

Hfit|I- ]r

Fig. 3. Comparison of liquid-solid interface movement of pure gallium inside a rectangular cavity.
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Fig. 4. Predicted liquid-solid interface movements of pure gallium inside a rectangular cavity for

metting time of: (a)2 min, (b) 5 min, (c) 10 min and (d) 19 min.

2.0. Grid and time independent tests

The grid and time hdependent tests were car:ried out for the transient melting problem for the

impure PCM and the studied geometry as shown in Fig. 2. The total curnulative energy stored during

the melting process in thc domain for a total time ol4l.18 min was used as a verification criterion.

Four grid distributions werc selected tbr the tests. The grid points were 62 x 62, 82 x 82, 102 x I02,

122x122, where the first number represents the number of grid points in tire r -direction and the

second number represents the number of grid points in the I -direction. The grid independent tests

were carried out for the constant inner cylinder wal1 temperature of 69.90C and the corresponding

Rayleighnrimber, and Stefan numberwere 1.09x l06, and 0.2ll6,respective1y. The non-dimensional

time step was taken as 5.0 x 10-a, which corresponds to the dimensional time of 6.2 seconds. The initial

temperaturc of the soiid PCM u,as takcn as 41 .2oC which translated to a sub-cooling parameter (initial

Stefan number, Stei - -0.I l3). As can bc seen from Table 2 that less than 2To diffcrences in the total

stored energy were found with respect to the highest number of grid points during the melting process.

To lend credibility in the results and lbr the sake of numerical accuracy, the grid system having l22x

122 grid points was chosen for all production runs.
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Table 2. Grid independent tests on the cumulative total stored energy for time, t : 41 . 1 8 min

Grid 62x62 82x82 102 x i02 122x 122

Total stored energy (kJ/m) 430.10 426.64 425.36 421.14

Relative

percentage)

error (rn t.99% 1.t1% 0.81% 0.0%

Threediflbrentdimensionlesstimesteps,namely, 1.25x104,2.5x10a,and5.0x10rr'vere

tested for the tin.re step independent test. A B-t1pe staggered grid mesh having 122x122 grid pornts

were used to discretize the governing equations. Other parameters u.ere kept identical as used in the

grid independent tests. The total cumulative stored energy in the annulus ior an elapsed dimensional

time of 41.18 minutes was selected as a basis for the time-step independent tests. The tests results are

sho'uvn in Table 3. Only about 3 0Z variations in results were obtained for a nondimensional time step

ol 2.5x10a compared to the higher ilimensionless time step of 5.0x104. For the sake of the

computational economy and costs, all simulation runs were carried out using the time step of 5.0 x 10'

a. Detailed grid and time independent tests were repofied in Tabassum [3 1 ].

Table 3. Time-step independent tests on the cumulative total stored energy for time, t : 41. 1 8 min

Time step non-dimensional ( Lr ) I

dimensional ( A t)

7.25 x 1041

(1.55 sec)

2.5 xt04l

(3.1 sec)

5.0 x 10-1/

(6.2 sec)

Total stored energy (kJ/m) 425.33 409.50 421.10

Relative error (in percentage) 0.86% 2.89% 0.0%

2.0. Definitions of various quantities

In the present study, since phase change of a commercial PCM is the main concern, the volume of

melted liquid is evaluated by summing the volume fiaction of the melt in every cell in the liquid phase

and in the partially melted mushy zone at each time step. For the above calculations, correct

identification of the mushy region is imporlant to accurately account for the liquid fraction in that

region. Because ofthe existence ofthe mushy region, the total liquid fraction can be derived as follows:

Total liquid fraction =
Total volumeof liquid

Volume of the annulus
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Tcrtal volume of liquid : lr/,Cfr,
il

i=1

. Volumeof liquidinthe ift cell
/,=

Here, 'n'represents the total number of control volumes in the computational domain.

The maximum stored energy within the annulus can be evaluated liom the following expression:

TLiquidw

Q*u* or*co(rpr + !*"r* cr(r)ar +ffi"r*1
Tsotrdu"

+ (1e)
TLiquidw

It is to be noted that the PCM used here has a Prandtl number of 40.15 and the mass of this PCM

(Mncu) for the half of the annulus is 2.859 kg when the length of the tube is assumed to be one meter.

The local Nusselt nurnber at the surface of the inner tube is calculated from the following

equation.

Tsorao

I*
Tt root

Twat

!*rrrcr(rVr

_ h(0)r,
l, at r=r.,k

Q.l{u where, h@) = T _T "'w rel

(20)

The circumferential average Nusselt number on the inner tube is calculated from:

, AT(r, ,0)
Qwatr=\ =-O-tf

N,,or" atr:ri:tW .(21)

It is to be noted here that in all the above expressions, the solidus temperature ofthe PCM is considered

as a reference temperature. The details derivations ofthe above quantities can be found in Ref. [31].

The defrnition of the initial sub-cooling parameter is as follows:
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2.0. Results and discussion

For easy refbrence, Table 4 lists the pertaining process parameters for the studied cases' [n this

study, three governing parameters are varied which are the Rayleigh number, wall Stefan number and

the initial Stefan number. Three inner cylinder wall temperatures and two initial thermal conditions o1

the solid PCM are selected. For the modeled PCM, three Rayleigh numbers (Ra), namely' l '09 x 106'

l.3gxl06 and. l.6ixl06areobtainedforthreeinnercylinderwalltemperaturesof6g'9oC,14'9"C,and

lg.g'c,respectively. The corresponding three wall Stefan numbers are 0'2116,0'2682' and 0'3248'

The two initial Stefbn numbers are Ster : 0, (for Ti : 51.2"C) and Stei - - 0.113 (for T; : 41'2"C) and

they represent the saturated and sub-cooled conditions of the initial solid PCM' respectively' In this

section, the effect of the above process parameters will be presented and discussed in detail' Because

of the vertical symmetry along the 0 - axis, a right-half of the domain is simulated' By mirror

imaging the results of the simulated half, the results for the entire cross-section could be easily

obtained.

Table 4. Computational cases sfu<lied (Pr : 40.15, diameter of the inner cylinder, Di : 0'04 m)'

Initial

temperatur

e of PCM

(TJ (,C)

lnner tube

wall

temperaturc

(Trv)

('c )

AT:
(Tw Tsoriour)

('c )

Rayleigh

number

(nr)

Stefan

number

(srr,)

Melting

time (t)

(mrn)

I 51.2 69.9 18.7 1.09 x I 0.21 l6 r --20.59,

t :41.18,

t :61.18,

t :82.31
2 51.2 14.9 23.1 1.38 x 106

3 51.2 19.9 28.7 1.67 x106 0.3248

4 41.2 79.9 28.7 1.67 x 106 0.3248

\
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6.1 . Temperature field

For case- 1 the tcmperaturc contours in a flooded format within the right half of the cross-sec-

tion of the annulus are shown in Figs. 5(a-d) ibr four diff-erent time instants. The blue color region

coresponds to the mixed zone of liquid-solid which is located between the two isotherms of 59.90C

(liquidus temperature) and 51.20C (solidus temperaflire). Above the liquidus isothenn, the regions

show the melted PCM. During the early stage of the melting process heat conduotion dominates the

heat transfer and a circular shape of the temperature contour is formed at thc outer surface of the inner

cylin6er wall (Figs. not shown here). As melting time progresses! more solid PCM turns into liquid as

a result, the natural convectiol stafis to intensily. As the isotherms begin to follow the inner cylinder

wall boundary, it starts to separate from the imer cylinder surface and deviate from the concentric ring

pattems to form a pear-shaped melted region, indicating that convection begins to affect the melting

process. The small plume originating from the top of the irurer tube has frequently been observed

during the melting experiments for a pure PCM around the horizontal cylinders by others [32]. It is to

be noted here that a similar type of temperature profiles in the melt of a pure PCM in a concentric

horizontal annulus around a circular inner cylinder was experimentally observed by Bathelt et al., [33]

for the natural convection melting problem.

The separation of the isotherms from the inner cylinder wall indicates that the heat transfer

between the melt and the inner wall decreases smoothly. Since the melting temperature is lower than

the inner cylinder wall temperature and the isothermal boundary condition is imposed on the inner

cylinder surface, the larger temperature difference between the melt and the heated surface results in a

larger heat transfer rate near the lower porlion of the inner cylinder wall. The concentrated temperafure

contours on the lower part of the inner cylinder wall indicate that the maximum heat transfer rate

occurs in this part. As the melt moves upward along the inner cylinder wall, the melt is being heated

up. The temperature difference between the wall and the melt is reduced gradually during upward

movement of the melt and as a consequence the heat transfer rate decreases. Convective current leads

to the movements of the isotherms outward from the inner cylinder wall and thereby distorting the

isotherms in the upper part of the annulus. While going down from the top of the annulus to bottom,

the pear-shaped isotherms staft to tum to become horizontal in shape suggesting that the convection

has been replaced by the conduction mode of heat transfer. At the lower part of the annulus, the heat

transfer is controlled predominantly by conduction for all the four-time instants as shown in Figs.

5(a-d), and this conduction mode of heat transfer is fuither aggravated by the low thermal conductivity

of the PCM. Looking at the point of onset of melting inside the annulus [Figs. 5(a-d)], it can be seen

that as time progresses from 41.18 min to 82.37 min, the mushy layer remains practically stagnant at

the lower portion of the annulus ( d - a50).
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As a result, the melting rate in the bottom region (0 -45\ is significantly slower than any

other regions within the annulus.

The reason behind this is that the most ofthe charged energy is transferred to the top ofthe

annulus by the convective flow which gradually thermally stratifies the top part of the annulus. A
similar phenomenon has been reported by other researchers in the literature during melting of a pure

PCM within horizontal concentric cylinders [34]. This state ofaffair is not beneficial for energy storage

since only sensible energy, which is much less compared to the latent energy, is stored after the

threshold time of 41.18 min. It is well known that the melting rate is augmented with the increase of
the Rayleigh number. In the present study, the effect of two other higher values of Rayleigh numbers

has been studied which is listed as case 2 and case 3 in Table. 4.

{a} lime = 20.59 min {&l Iime = 41.18 min {c} Ime = El.?B rnin {d} Iirne = 82.37 rnin

Fig. 5. 2-D temperattlre contours during melting for the wall temperature of 69.9.C and initial

temperature of 5 1 .2"C for four different time instants for case 1.

Figures 6(a-d) display the transient progression ofthe temperature distributions in the halfofthe annu-

lus for case-2. As the inner tube wall temperature is enhanced b y 5 
o C compared to case- 1, the progress

of the melt front in the top region is gteatly enhanced. For example, at 4l .18 min, the 67 ' C isotherm

for case I is at the top of the amulus at -1700 (refer to Fig. 5(b)) whereas for case 2 the same

isotherm for the same time instant has appeared as a horizontal line at the lower part of the annulus

at 0 -700 which is seen in Fig. 6(b). It is evident from these figures that melting rate enhances with
the increase of Rayleigh number. Next, the attention is turned to the lower part of the annulus. From

Figs 6(b-d) it is observed that after the time of 41 .18 min, due to conduction dominated heat transfer in
the bottom region, the mushy region, represented by the blue color, is practically stagnant. At this

stage, the qualitative features of the locations of the mushy zone appear to be the same as in
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case 1. Thus, it shows that the conduction dominated bottom regime of the annulus remains

unaf[ected after the threshold time of 41.18 min even for a higher Rayleigh number of 1.38 x 106.

f*

6r

ES

6*

64

s*

6t

s$.*

fr*

{a}lime = 20.5$ mir {hl lime = 41.18 min {cllime = El.?[ min (d]lime 
= 82.3? min

Fig. 6. 2-D temperature contours during melting for the wall temperature of 14.9'C and initial

temperature of 51.2"C for four different time instants for case 2.

The temperature fields for case 3 are given in Figs. 7(a-d) for four-time instants. Compared

to case 1 when the inner cylinder wall temperature is enhanced by 100C, an acceierated melting occurs

in the very top region and the melting rate is the greatest compared to the cases 1 ard 2. This is due to

the fact that for the higher wall temperature there exists a high-temperature gradient in the melt for the

same time instant compared to the other two cases. It thus follows that the intensed convection curaent

in the liquid region for this case. Although the Rayleigh number for this case is the greatest among the

three cases studied, the mushy region, which is bounded by the liquidus (59.90C) and solidus (51.20C)

isotherms, seem to remain practically at the same locations due to conduction-controlled zone

prevailing in that region which can be seen from Figs. 7(a-d). The latter region is very similar to cases

1 and 2. The increasing inner cylinder wall temperature has not altered the extent of the mushy region

at the bottom part alter the threshold time of 4 1 . I 8 min.
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Fig. 7. 2-D temperature contours during melting for the wall temperature of 79.9'C and initial

temperature of 51.2'C for four different time instants for case 3.

6.2. Quantitative analysis

6.2.1. Average Nusselt number (M*r) for cases (1-3) of Table 4 for Stei: 0

Figure 8 shows the variations of surface-averagedNusselt number (M*r) for cases (1-3) oI

Table.4 as a function of melting time for the initial temperature of 51.2o C of th" solid PCM. The

Ntt o,, is calculated by using Eq. (21) given in Section 5. This figure shows that the average Nusselt

number decreases linearly with a sharp negative slope upto the melting time of 41.18 min for all the

three cases (1-3) due to the increased thermal convection therein. Later, the average Nusselt number

decreases rather slowly as the melt progresses towmds the stratified condition. The reason for this trend

of Ni orr with time corroborates the temperature profiles discussed in the previous paragraph.

The average Nusselt nurnber increases with the increase in Rayleigh number. The higher wall

temperature introduces more heat that accelerates more convective flow in the annulus (at the top hall

part of the annulus), as well as it enhances the mixing of the hot and cold melt therein which resulted

in the increase of heat transfer rute ard thermal gradient.
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Fig. 8. Comparison of the variation with time of the average Nusselt number on the inner circular tube

surface for cases (1-3) at Ti : 51.2oC for three wall temperatures of 69.9oC,l4.goc, and 79.9oC.

6.2.2. Transient evolution of melt fraction { J) ana the total stored energy for cases (1-3) of Table'1

lor Stei 0

In order to assess the overall role of convection in the melting process, the total liquid volume fraction

and the total stored energy for three cases (l -3) are plotted in Figs. 9 and 10, respectively. The numeri-

cal calculation procedure for the total melt volume fraction and the total stored energy are all given in

Section 5. From Fig. 9, it can be seen that the cumulative total melt fraction increases as the meiting

time increases for all the three cases as expected. At any instant of time, the slope of a graph indicates

the melting rate. The sharp increase in the slope of the graph at the beginning of the melting is obser-ved

for all the three cases. After a certain time, the sharpness of the graph decreases. This happens due to

conduction and convection induced melting process. With time, as the melt gets heated tl.re temperature

dift'erencc between the inner cylinder wa1I and the melt rcduces. As a resuit, the heat transfer rate fiom

the inner cylinder to the melt also decreases. At this stage of the melting process, the natural convection

is suppressed remarkably. With the ftLrlher progression of time the melting rate of the PCM is greatly

reduced, ,nvhich can be seen from the flattening nature of the curv'es in the figures fbr all the three case s.

Because in this stage thc heat exchange process is getting close to the thermal
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equilibrium state. It can be concluded that the melting proceeds efficiently in a concentric

cylindrical annulus up to a certain melting time. After this threshold time the rate of melting increases

very slowly because of the marked suppression of natural convection. The threshold melting time is

found to be about 41 . 1 8 minutes for the tfuee cases studieri here. With the increase in Rayleigh number,

the volume fraction of the meit increases up to the melting tirne of 41.18 nTin. After this transition time.

the melt liaction increases insignificantly with the Rayleigh number due to thermal stratification.
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Fig. 9. Comparison of the variation with time of the cumulative total liquid fraction in the annulus for

cases (l-3) at Ti : 51.2oC for three wall temperatures of 69.9uC,J4.goc, andJ9.9,,C.

An inspection of Fig. 10 reveals that during the first half of the melting process as the melting tirne

progresses the total stored energy all increases rapidly. After that elapsed time, the rate ofincrease of
the charged total stored energy begins to slow down. The reason behind this phenomenon is explained

in the previous paragraph. To understand the above statement, a quantitative comparison of the stored

energy in percentage is given below against the charging time. Fro.m Fig. 10, it is seen that for case 1,

at the melting time of 61.78 min, the total stored energy is 458.45 kJ/m, which in comparison to the

melting time of 82.37 min, is only 1.05 % less. Whereas at the threshold time of 41.18 min, the total

stored energy is 444.7 I kJ/m, which in comparison to the lower meiting time of 20.59 min, is
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about 21.85 % higher and in comparison to the higher rnelting time of 61.78 min. it is only 3.09

o/o lower.

For cases 2 and 3, at the melting time of 61.78 min, the total stored energies are 481.87 kJ/m

and 503.08 kJ/rn (rcfbr to Fig. 10), respectively which in comparison to the melting time of 82.37 mrn,

is only 0.19 % and 1.03 % 1ess, respectively. Whereas, at the threshold time of 41.18 min, the total

stored energies are471.45 kJ/m and 491.41 kJ/m, r'vlrich in comparison to the lower melting time of

20.-59 min, ale about 15.08 % and 12.23 % highcr and in comparison to the higher melting time of

6l .78 min. they are onty 2.21 nk and 1.15 o/o lower, respectively for case 2 and for case 3.

It has been found that for 1.09 x 106 ( Ra < 1 .67 x 106,the influence of the Rayleigh numbel

on the amount of energy storage after this threshold melting time (t:41.18 rnin) is insignificant for

all the three cases because at the later time period the heat transfer process is predominantly dominated

by the conduction mode olheat transfer and mostly sensible energy is stored. With the increase of Ra,

the rate of enlrancement of the total amount of stored energy has decreased because at higher wall

temperature the melt goes to thermally stratified condition earlier compared to the lower wal1

temperature. Thus, less amount of sensible energy is stored for the hrgher Ra compared to the lorver

Ra.

From the above quantitative analysis, it can be concluded that for the studied LHTES unit it is

not beneficial to store energy beyond the threshold meiting time of about 41.1 8 minutes since after this

time mahly sensible heat storage takes place.

oT*ur = S9.finS eTw*lr =?S.gE[ sTnru =?S.9of;
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Fig. 10. Comparison of the variation with time of the cumulatively stored total energy in the annulus

for cases (1-3) at Ti: 51.2'C for three wall temperatures of 69.9oC, 74.9oC, and19.9'C.
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6.2.3. A Comparison of the temperature contour and on the total cumulative stored energy

between Stei = 0 (Case 3) and Stei: - 0.113 (Case 4)

From a more practical point of view, it is also interesting to determine the influence of the

degree of initial sub-cooling of the PCM during the melting process. For this pu{pose, the Stel is only

changed assigned a value of-0.133 (100C sub-cooling) which is denoted as case 4 where all other

parameters are kept fixed as case 3. The initial Stefan nurnbers are calculated by using Eq. (22) given

in Section 5. Figures 11(a-d) illustrate the temperature distributions in the right half of the annulus for

Stei:-0.133,forfour-dimensionaltimesandforRa: l.6Tx106.Uponexaminationoftheresultsfor

this case and that ofthe coresponding case presented in Figs.7(a-d) for case 3, it canbe concluded that

the thermal fields are very similar for both of these two cases. The only differences are in the local

positions of the temperature contours and the length of the mushy region for the two cases. For Stei :

0, a thicker mushy region formed, which is located near the lower part of the geometry, compared to

the case for Stei : -0.1 13. A substantial amount of solid PCM is seen at the lower part of the annulus

for Stei: -0.113 at the melting time of 82.37 min.

A comparison of the two initial Stefan numbers on the total cumulative stored energy (kJ/m) is given

in Table 5. The quantitative results indicate that for the identical operating conditions and process

parameters, with the increase in the initial temperature of the solid PCM, the total stored energy

increases, this is true for each time instant. Compared to the case for Stei : - 0. 1 13, in.the case for Stei

:0, about 61.47 kJlm sensible energy is saved which is required for the former case to achieve the

solidus temperature for the calculation domain (half of the LHTES unit). For this reason, for Stei : 0,

the supplied heat accelerated the melting of the solid PCM. As a consequence, more energy is stored

for Stel : 0 at each time instant.
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Fig. 11. 2-D temperature contours during melting for the wall temperature of 79.9oC and initial

temperature of 4l.2oC for four different time instants for case 4.

Table 5. The total cumulative stored energy (kJ/m) for case 3 (Stei: 0) and for case 4 (Stei :

- 0. I llt lor lbur dillerent timc irrstants

Totai stored energy (kJ/m) Melting time (min)

20.59 41.18 61.78 82.31

Stei:0(case3)

Srel--0.113 (case4)

433.94 494.41 503.08 508.28

487.7s 494.t3312.82 468.32

7.0. Concluding remarks

Based on the findings ofthe present numerical study ofthe combined conduction and buoyancy-

driven melting of a commercial PCM within the annulus, the following conclusions can be made;

t1] Initially, with the increase in melting time melting rate is enhanced in all the cases

[2]. As the buoyancy-driven convection is strengthened due to the growth of the melt zone, it is

obserued that melting in the top region of the annulus is much faster than other regions. Similar

Sonargnon LlniversiQ Journal, Vol. 2. No. I 31



to a srngle-phase system, a pear-shaped thermai plume is observed due to the dcvelopment of natural

convection in the thin melt region.

t3] After a while, the melting response of the PCM is very slow. This is because, with the increase

in time, the meit temperature reaches very close to the inner cylinder wall temperature thereby

reducing the heat transler rate. The complex nature of the melting process for the concentric

horizontal annulus is fuilher aggravated due to the fact that the thermal conductivity ol the

commercial PCM used in this study is very low.

t4] For a fixed time instant arrd for a fixed initial temperature olthe solid PCM, an increase in the

Rayleigh number increascs the melting of PCM due to the supply of additional heat to the melt

through the heat transfer surface ofthe inner tube. This leads to the increase in the intensity of

natural convection, particularly at the top part ofthe annulus.

t5l For a fixed rnitial temperature of the solid PCM, the surface-averaged Nusselt number increases

with the increase in the Rayleigh number. With the increase in the melting time, the average

Nusselt number decreases with a sharp negative slope at the early stage of melting and then it

decreases rather at a slower rate for all the three Rayleigh numbers. The sharp slope of the graph

is due to the gradual attainment of the intensified natural convection and the slor,ver decrease o1

the slope is the consequence of the thermal stratification in the melt.

[6] For all the three Rayleigh numbers after a threshold time of about 4i.18 min, the melting rate

decreases significantly due to the progression towards the thermal equilibrium condition by the

melt.

U1 For a fixed elapsed time and for a fixed Rayleigh number, the cumulatively stored total energy

is greater lor the rnitial Stelan number, Stei : 0, compared to the case u,,her the initial Stefan

number is lower (Ste;: - 0.1 13). This is because" for Ste, : 0, the melting starls right &om the

beginning and thereby more energy is stored in the fbrm of latent heat without losing some

sensible heat which is required to heat-up the subcooled solid to reach the solidus temperature.

From this study, it is observed that neither the increase in the melting time nor the enhanced Rayleigh

number can increase the melting of the PCM especially at the bottom part of the annulus particularly

after the melting time of about 41.18 min. To enhance the heat transfer performance in the above

thermal storage system and to promote the practical utilization of solar energy, more work is needed

to optimize a complex LHTES system. In Part-II, the predictions regarding the dynamic thermal

performance of a LHTES unit is presented for the same geometrical configuration as Part-i by

employing three longitudinal divergent fins at the bottom part of the inner cylinder.
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Abstract

The export orientecl reacly-n,tade garments (RMG) indtstty 
".f 

r,"sLi!?.!-occupied a large portiott

o/'Bangladesh economt,.' It is th; seconcJ largest foreign currency earnings sector oJ Bangladesh'

However, labor disputes become o ,r**on p:h"n'o*"nlrn ttow days in this sector' Researchers have

trietl to itlentifi the reaso,s behind the tibor clisputes in kVG sector and the role BGMEA'

Industrial police & Labor (Jnion ifi dispute settlement procedtLre. There are man)) reosotls behind

the labor disputes, btn dissatisfactionirom existing salaryt &bonus, delayed in salary paltmenL

ntanclator.v- otertime, long working hours, leav-e:,vitiout piV, unsqfe working environment' physical

abuse of..fentaLe work"ri, mainly'causes the labor tlisputis in nMG in Bangladesh' The standard

for disptne settlement procedure shotid be as per the "Labor Law Act - 2006"' Researchers also

tried to lbcus on what role BGMEA, lndustrial Police & Labor Union play to dissolve the disputes

in RMG sector in Bangladesh'

Keywords: Labor disputes, RMG sector, dispute settlement, Labor union. industrial police'

1.0 lntroduction

Bangladesh is going to be middle-income country with a few large and some moderate size

industries oldift-erent kind. Among these, the past growing ready-made garments (RMG) industries are

the prospective one. Although the least developed countries (LDCS) policymakers have approached at

various times to make the agricuhure as the primary held of economic progress and employment

creation, this attempt has not worked due to the rapid growth of globalization' Because of the global-

ized agrarian economy is dramatically shifting to industrial economy, Bangladesh could be the more

honest model of it. Though Bangladesh was the member of LDCs now it is a Next I 1 developing nation

with a uS$209 biilion economy and a per capita incorne of US$1, 190 [1] its development is traced in

recent time by shifting from agro based economy to an industrial economy' The export-oriented RMG

sector has made vital role in this above-mentioned revolution of the Bangladesh
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economy. The RMG sector has seen an exponential growth science the 1980s. Embarking on

its joumey in the late l9l0s a very litt1e investment, the industry flourished between 1980s and 1990s

and become the biggest manufacture in Bangladesh. This sector contributes significantly to tl.re Gross

Domestic Product (GDP) of the land. 1980s, there were only 50 factories employed few thousand

people cunently there are 4296 manufacturing units employing 4 million people and 81 .11% the export

earnings come from this sector [2]. The contribution of RMG entrepreneurs, workers, experts,

policymakers and time-to-time incentives liom the government make this sector most significant for

the economic growth of the country that is shown in several stories issued by the previous researchers.

ln spite of studying in an impressive public presentation, the RMG industry has severai problems,

especially in conditions of repeated conflict & unrest between workers and management. These unrests

lead to believe that there exist industrial dispute between owners and proletarians. These could be lor

the several reasons like minimum payment of wages, unjust paynent of wages, asymmetrical and

ill-timed payment of wages, unfair dismissal, and retrenchment, physical and verbal harassment, and

discrimination on the grounds ofsexual, gender, racial and spiritual aspects [3]. This causes the serious

obstacles to the productivity and shipments of garments. It this state, the reiationship between owners

and workers turns into turmoil and trepidation and overall economic and social status of the country

remain jeopardized. This is a serious threat to the topmost foreign currency-earning sector of

Bangladesh.

2.0 Literature Review

Academic literature suggests that Industrial dispute may be defined as a disagreement between

the employer and en.rployees or betu,een groups of workers. Industrial disputes are divided into t\,vo

categories are i) due to economic causes and ii) due to political Causes. Siddiqua & Chor.vdhury l4l
Studied on industrial relation and dispute settlement procedure in RMG sector of Bangladesh and

identified two major reasons of industrial disputes- economic reason and non-economic reason. In

addition, suggested three major steps to settle the disputes these are: negotiation, conciliation, and

arbitration. Working condition in the RMG sector is very much volatile to intemational labor standards

and Codes of Conduct [5]. In the RMG sector, female workers are considered low-skill, low workers

such as helpers, machinists, finishing heipers and sewing controllers. It is rare to find that women

working as cutting masters, production managers. supervisors. finrshing and machine operators 16].

The government of Bangladesh must undertake and effective initiative to eliminate discrimination

based on gender, parlicularly in the RMG sector where 90%o of

i

I

i
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the workers are women [7]. Recruitment policies in Bangladesh ready-made garments are

highly informal compared to the western standards and mostly there are no written formai contracts

and appointment letters. Therefore, empioyees are lulnerable to losing thet jobs at any time. Hotvever,

fear of losing their jobs and unsatisfactory employment compel to disputes and rises different labor

unrest [8]. Ensuring social compliance is very important in the garment industries to both maintain

quaiity of product as well as meeting the expectation of the export market. Ensuring social

complacence is very imporlant in the garment industries to both maintain qualtty of products as weli

as meeting the expectations of the expofi market. Mr. Fer-rous [9] has investigated working conditions

in the Bangiadesh ready-made garments sector. It found the working conditions are poor and facing

the challenges Social compliance, ciespite Bangiaclesh labor laws and the country's membership of the

World Trade Organization (WTO) and the lntemational Labor Organization (ILO). These include an

inadequate application oliabor standards and labor rights, law and enforcement, collective bargaining

activities, fair labor practices as well as the goven.rment of Bangladesh and entrepreneur's role in

implementing the decent work in the RMG sector. That raises the most of the labor unrest in

Bangladesh ready-made garments; it suggested rnonitoring is needed to ensure compliance with these

laws. Lastly, it suggested improved human resource management in RMG factories could ensure social

compliance. To avoid uruest in the RMG sector, Khan [10] argued for strengthening social compliance

issues and labor standards to improve wages, working hours, overtime, job security, the right to lbrm

trade unions, social security and also occupational health and safety ofthe workers. Several authors

have analyzed various aspects of the ganr,ent industry in Bangladesh. Of the various aspects of the

industry, the problems and the working conditions of workers have received the greatest attention, but

dispute settlement procedure received a very fe."v attention. That is, a few number researchers have

studied on dispute settlement procedure. That is the reason I feel further need to study on reasons of

deputes and its settlement procedure.

3.0 Objectives of the study

The primary objective ofthis study is to identify the reasons behind the disputes in ready-made

garments industry unit of Bangladesh and find the way or procedure that helps to settable these

disputes. Therefore, the objectives of the study are as follows:

a) To identify the reasons of disputes in RMG industry units of Bangladesh

b) To identify the role of BGMEA, Labor Union, Labor Administration & Industrial Poiice

in dispute settlement in RMG industry units of Bangiadesh.
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4.0 Methodology

Possible sources of industrial disputes could be (a) wages, bonus & overtime, (b) working
hours' (c) leave, (d) working environment, (e) victimization of women, (f) discrimination on different
issues like; gender, age, gender, wage, bonus, leave, overtime etc. in this study it is assumed that overall
dissatisfaction created from these factors causes labor disputes. Therefore, a questionnaire survey

haven conducted on 96 garments workers from 10 diflerent garment factories in Dhaka and Savar.

Among the respondents, 85 were female and I 5 were male. Questionnaire consists of 16 questions. A
questionnaire has been prepared by considering the above mention factors (a-f). Five points Likert type

scales has been used to measure workers' opinions. The judgmental sampling procedure was used to
select the sample units from different garments. A descriptive analysis like frequency distribution,
percentage, bar chart, pie char have been used to present the analysis ofthe data. SpSS version 22 has

been used to analyze the survey data.

Table 0l: Type ofRespondents

Type ofRespondent Number of

Respondents

Cutter Man 9

Cutting Helper ll
Finishing Helper 7

Line In charge 7

Loader 9

Operator 15

Supervisor 5

Sewing Helper JJ

Total 96

BGMEA, Labor Union & Industrial police also play a vital role in dispute settlement so the roles of
these bodies were studied. Both the formal & informal interview methods have been used for
conducting the interview.
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4.1 Sources of Data

The study was conducted based on both secondary and primary data. Secondary data were

collected from different websites like BGMEA, BKMEA as well as fiom the authentic reports and

research; those have already been published from different journals. Secondary information was

collected from online journal, afiicle, and newspaper report published on the issue. After that, Primary

data have been collected by conducting a survey and taking expert opinion. Data from Bangladesh

Bureau of Statistics (BBS), Labor Force Survey (LFS), Bangladesh Institute of Labor Studies (BILS),

Deparlment of Labor extensively used for the putpose of this study.

5.0 Findings and Analysis

5.1 Contribution of RMG industry to the export earnings & GDP

Garments Industry occupies a unique position in the Bangladesh economy. It is the largest

exporting industry in Bangladesh, which experienced phenomenal growth during last two decades. The

industry plays a key role in employment generation and in the provision of income to the poor. Nearly

four million workers are directly and more than ten million inhabitants are indirectly associated with

the industry. The sector has also played a significant role in the socioeconomic development of the

country. In such a context, the trend and growth of garments export and its contribution to total expofts

has been examined the following table shows the position.

Fig. 01: Corrparative Statement on Export of RMG and Total Export of Bangladesh [11]
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Figure shows the continuous increase in the exporl earnings fiom RMG sector. In year 2001, it was

4859.83 million US Dollar where total exporl of Bangladesh rvas 6467.30 million US Dollar. That was

7 5 .14% of total expofi eamings. It continues to increase and it reaches to 28094. 16 million US Dollar

in the year of2015-16 that is 82% oftotal export earnings. In spite ofvarious labor unrest, unexpected

political instability, fire incident etc. our exponential RMG sector contributes to our expofi eaming in

a sisnificant mallner.

5.2 Contribution of RMG to GDP

Table 02: Contribution of RMG to GDP fiom the vear 2000 to 2014

Year

Total GDP

(in millions)

RGM

Export

( in millions)

RMG export of

GDP (in % )

2000 45500 4859.83 1 0.68094s05

200t 45400 10.09636564

2002 472Ct0 49t2.09 10.40697034

2003 51700 s686.09 1 0.99823985

2004 55900 64t1.61 1t.48062612

2005 57600 13.71666661

2006 70000 921t.23 1 3.1 589

20a7 79800 10699.8 1 3.40827068

2008 91600 t2347.77 13 .48009825

2009 102100 t2496.12 12.23968658

2010 I 14500 11914.16 15.64581659

2011 19089.69 15.45123881

2012 128900 21sts.73 16.69179984

20t3 1 53500 24491.88 t5.95562215

173 100 2549t.4
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The Table.2. shows that in the year 2010 contribution of RMG sectorwas 10.68% and it continues

almost in a same pattem up to 2003 . An in the year 2004 it is increased to 1 1% and continues to increase

still 2008. But in the year 2009 and 2013-2014 it fall down and decreases by 1.25% in 2009 and by

I .04ok tn 2013 as well as 1 . 13% decreases in 2014. One of the reasons for this decreasing growth rate

could be that, tlrere was huge political turmoil in 2009. Horlal in 2014 to 2015 and stopped the

operation of I 654 factories in the year 2014. Reasons of labor disputes, [n this part, the reasons of

labor disputes have been iclentified. Therefore, I have analyzed the survey data collected from the

primary sources and showed the linding by anaiyzing the collected data.

5.3 Descriptive Analysis of the study

Workers express theil opinion in the Likert scale on u,hether they receive take as salary and

bonus is satisfactory. Out of96 respondents, 13?t, workers strongly agreed,30% simply agreed,3no

dcrnonstrated disagree and 5402n workers state that they strongly disagree with the statement. That

inciicates that rnost the workers are not satisfied with existing salary & bonuses. Figure 02-12, Field

Survey 2015. December [12]

Fig. 02 : Worker receive, take, as salary is satisfactory

Garment lvorkers were asked to give their opinion on whether salary is paid on time. About 3% of the

respondent showed strongly agree, 16% u.ere simply agree. 4% disagree r-est of 777i, of the respondents

demonstrated that, they are strongly disagree with tliis statemcnt. Therefore, it indicates that most of

the cases, organizations do not pay salary on time.
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F'ig. 03: Organaation pays salary on time

Out of 96 respondents, 84% strongly with the statement that workers' overtime is mandatory and only

l6Yo werc agreed with the statement. Therefore, it is clear that most of the organization force worker

to overtime and they do not take into consideration of the employee's' mental satisfaction.

Fig. 04 : workers overtime is mandatory

Workers were asked to give their opinion on organization never force to work more than eight hours a

day without overlime. Among them 55% of the respondents showed they are strongly disagree with

this statement.22% were disagreed & only 10 % of the respondents were strongly agreed with th:is

statement. About 5% were neutral. Therefore, it is clear from a statement they have to work more than

eight hours without overtime. Therefore, it ts the violation of the labor law Act 2006 and it can be

stated that work without overtime may also causes for labor disputes.

& *rg*mixxtion pay,s r*,lxry
0$ timl*
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Fig. 05: organization never force to work more than eight hours a day without overtime

One of the statements in my questionnaire was working hour create no problem in family

life among the 96 respondents 54% strongly opposed with this statements. About 38 9/o were

simply disagree and rests of-40% were reluctant to show their opinion regarding this statement.
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Fig. 06: Working hours create no problem to your lamily life

Respondents were asked to give their opinion on leave issue; thereibre, in case of leave first statement

was company gives 14 days sick leave with pay 7 4% of them were agreed rvith this statement ar.d l4To

were strongly agree. About 4%o were disagree and rest ofthe 8% was strongly disagree. Therefore,

s lfis**t.q!*e{rr5 {fe*te !"!iF
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workers mostly workers were positive toward leave reveal. That indicates they get medical leave
according to the standard. Therefore, it might have very little impact on the labor disputes.
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F'ig. 07: Company gives 14 days sick leave with pay

About 60% of the respondents were agreed that female workers get maternity leave with pay. Very

few were disagreed with this statement. Therefore; it can be said that female workers get matemity

leave when they need as well as they get salary when they are in leave. Therefore, it might have very

little impact on labor disputes in RMG sector.
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Fig. 08: Female workers get matemity leave with pay

Statement regarding working environment was that, working environment of the company is safe and
is not overcrowded. About 10% of the respondents strongly oppose the statement and 39oh strongly
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ageed with the statement. In addition, 25o/o werc simply agreed and rest of the 260/o was disagreed

with working environment.

Fig. 09: Working environment of the company is safe & not overcrowded

Regarding victimization of women, I asked to give their opinion on female worker face no physical

abuse by their supervisor. In this case 38o/o of the respondents were neutral and 280/o were disagree

with this statement arrd 17%o were strongly disagree and 5o/o were strongly agree and rest of 12o% were

agree.
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Fig. 10. Female worker face no physical abuse by their supervisor
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The workers of the garments factory expressed their opinion on discrimination issue. The statement

was you never face any discrimination- like age, gender, leave, salary; bonus etc. 17olo respondents

were agree with the statement and 14o/o of them were neutral 38% strongly disagree where as 32Yo

demonstraled strongly disagree.

l,I 
.

'I .',

Agr** Sde#trsl fii$ei*rr*e Str*ngly
Bi*agn**

Fig.11: worker never faced any discrimination- like age, gender, leave, salary, bonus etc

They respondents were asked do you think overall dissatisfaction from these factor causes labor

disputes. About 68.1 5Yo respondents said that yea overall dissatisfaction causes labor disputes, 27 .08%

said no, and 4.l7oh give no comments on it.
!

Fig. 12 : Do you think overall dissatisfaction from this factor causes labor disputes?

5.4 Overall findings

Most of the cases, RMG workers are not satisfied with existing salary & bonuses as well as they do

not get their salary on time. They have to work for mandatory overtime that is the violation of
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(a) The committee tries to solve the disputes without any charge that arise between the

owner and the employees of the factory before referring the matter to court.

5.6 Role of Labor Union in Disputes Settlement

Recognition oftrade union in RMG sector is the outcome of a long struggle of the workers to

organize them to realize their demands. The RMG workers' movement to organae trade unions was

suppressed through administrative and political interyention and vehement opposition fiom the

owners. Inl994, the workers called a strike for establishing minimum wages and implementing labor

laws in the RMG sector. As a result, atripartite committee, headed by the Labor Minister, was formed.

It consisted of three workers' representatives and three representatives from employers and

governments. The functions of the Committee were to review the demands of garment workers, and

monitor violation of labor laws. In 7997, a bipartite committee, consisting of representatives from

Grand Alliances of Workers and BGMEA, was formed to resolve individual (at factory level) disputes

over wages and other matters between unions and industry managements. Its proposal to resolve

disputes tkough arbitration was put into practice subsequently and was found to be successful. Until

l99J,there were only three trade unions in the RMG sector.

Now there are as many as 168 registered trade unions for the whole RMG sector in Bangladesh

except those in the EPZs. Out of 4,500 garment industry only 120 are affiliated with the unions, less

than 5 percent of the garment workers. Knitwear garment workers are outside of the operations of the

trade unions. Two national garments federation is registered with the Department of Labor. From 1994

to 2006 RMG workers' union signed seven agreements/MOUs with the BGMEA on matters of

declaring and implementing minimum wages for garment workers, recognizing trade union activities,

providing appointment letters and identity cards to the workers, fixing working hours and ensuring

matemity leave and other holidays. The national tripartite agreement was concluded between the

gover:rment, BGMEA and the organizations representing garment workers in 2006.

Popularly known as the national tripaftite memorandum of understanding, it is seen as a

landmark achievement towards resolving the above mentioned issues. Most of the demands rvele

subsequer.rtly incorporated in the Bangladesh Labor Act 2006. Though the goven'unent has officiallr,'

allowed trade unions in the RMG factories. the faotory authorities are creating a critioal situation for

the workers who are engaged in trade union fbmation, labor leaders alleged said a trade union leader

while intervening with new age. Labor rights actir, ists said that under special circumstances (amid

Bangladesh's efforls to regain GSP lacility in the US market) the government was compelled to gir e
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ABSTRACT

An experineltal investigation of natural convection heat transfbr in rectanp;ular ettclosttre .from

one ioolecl t,ertical side v,all was carcied out. In the experiment the side wall was cooled by a

thermoelectric ntotlule (TEM). The mea.surernents c:overed the temperatures of the colcl plate antl

air in the enck.tsure at dilferent interval of'time at l4 di/fbrent locations. From the temperature

distributictn data, stratification within the enclosttre was observed. The sttatfication indicator y

was estimated at three dffirent horizontal distances .from the cold plate ./br the time interval o/' I 5,

25, 5A, 60 ancl 8A minutes ond.fbuncl to decrease with time in the enclo.sure. Heat transJer rate,

heat tr.ansfer coe/ficient, NtLsselt number and Rayleigh number were calculated.fi'om the measured

experirnental data dtrring transient and steady state regime.

Keywords: Natural Convection, Rectangular, Enclosure, Cooled, side wall.

Nomenclature

T, Temperature "c

Nurr. Nusselt number

Rap, Rayleigh number

y Stratification factor

X, I Coordinate

1.0. Introduction

1.1. Natural convection in an enclosure

In many engineering applications natural convection u. Sys important role as a dominating

mechanisn-r of heat transfer l1]. Heat transfer by free convection in enclosed spaces has numerous

engineering applications. For example. double glazing, nuclear insulation, vcntilation room, solar

energy collector, crystal growth in liquid the periodic energizing ofelectronic devices by the on and ofl

heating and cooling mode, effective cooling of microelectronic equipment, refrigeration air conditioning
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system with chilled ceiling etc 12].There are two elementary classes olnature convocation

flows in enclosure, namely, those in vertical enclosures with two differentially heated vertical

wa1ls and those in horizontal enclosures with two ditterentially heated horizontal walls. With the

ultimate aim to sirnulate realistic flows found in engineering applications. The surfaces may be

plane horizontal or vertical or inclined. The determination of the on set free convection and the heat

transfer coelficient in an enclosure associated with free convection has been the' subject of

numerous investigations. Despite the vast number of experimental and analytical studies of free

convection in enclosed spaces, the heat transf'er correlation covering all ranges ofparameters are

not available. Numerous studies on natural convection in enclosure related to either side heating

or bottom heating, have been reported 13-4]. But the natural convection in enclosure with one side

cold and other sides adiabatic is relativeiy unknown. The main leatures of these types of

natural convection transfer problem is that the boundary layer thickness. Hence the development

ofthe flow is often strongly influenced by the shape ofthe boundaries [5-8].

Therefore, the heat transf-er rate and heat transfer coefficient, are also dependent on the

boundary conditions, ofenclosure. For the discussion ofbasics. ofnatural convection along a vertical

cold wall what it considered so, for the simplest model possible. that is the heat transfer

interaction between a vertical wall and an isothermal fluid reservoir proceeding now, on the road

fiom the simple to thecompiex. We take a closer look at the problems of modeling a heat transfer

situation involving natural convection. Verlical walls are rarely in communication, with in finite

isothermal pools of fluid. More often their height is finite and the cold boundary layer eventually

hits the bottom. At that point the cold stream, has no choice but to discharge horizontally into the

fluid reservoir. The direction of this discharge, is horizontal because the discharge contains fluid

colder than the rest of the reservoir. The long-time effect of the discharge process is the thermal

stratification characterized by warm fluid layers floating on top of colder layers. At this poiirt it

is sufficient to recognize that the air in any'roorn with the door closed is therrrally stratified in such

a way that the lower layers assume the temperature of, the coldest wall and the highest layer near

the ceiling approach the temperature of the warmest wall.

1.2 The present study

An experimental investigation on the natural convection heat transf'er in a rectangular

enclosure from one cooled side wall will be conducted wirich consists of the following objectives:

a) To measure temperatures of the cold vertical wall and air at different locations within the

enclosure during transient period,
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a) fo measure temperatures of the cold verlicai wall and of air at different locations within

the enclosure during steady state condition.

tl) 'fo study the variation ofaverage natulai convectionheath-ansfercoeflicienthatdifferent

thermal potentials, AT,

C) To understand therrnal stratification phenomenon fbr this enclostre and

d) fo determine the Rayleigh numbers at diff'erent locations within the enclosure for both

transient and steady state conditions.

g) To develop a correlation which u'ill be recommended for estimation of heat

transfer coefflicient for the natural convection in the rectangular enclosurc cooled from

one of its vertical walls.

2.0. Experimental setup

2.1. General Description of the Experimental Facility

This section describes the experimental aspects of the investigation and includes a detailed

description of the experimental tacility. Fig. l. present schematically the experimental-set up and test

section respectively. Major components of test apparatus are, rectangular enclosure, thermoelectric

module, fan. rcctifier converler heat sink, cold plate and data acquisition System. Details of the experi-

mentai set up given below.

X&ftewqeteaeffi,ffi
*4*tugzrq&s

{trr&s
*et&&'$
ffiM
'f*i&ffisffi&*Ise

Fig-l: schematic diagram of the experimental set up
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1 he measure

o

Fig-2: Positions of thermocouples in thc enciosure

and the position of rows were 20mm, 150 mm 300 mrn and 400 mm apaft respectively from the

bottom surface of the enclosure. Another two thermocouples were used to measure cold plate temperature

and room temperature shown in Fig.2.

3.0 Data acquisition system

The system consists of (1) data acquisitor, (2) LIPS, (3) CPU & (4) Monitor

3.1 Data acquisitor

The data acquisitor used to measure temperature at different locations was the component

number 2 as shown in Fig.3. The acquisitormodel is COLE-PARMER PCA-14. From the

certifications of construction, the resolution and accuracy were found to be 16 bits and +0.02%

respectively. The dimension u,as olheight 35cm width I0cnr and depth 22.5 cm. The software supplied

was menu driven and very easy to rise with BASIC interprr-ter.supplied r,vith any computer. The

menu appearecl on the monitor and enabled to identity each-channei. Set up the name oldata file.

varied the time between storing sets of data on disk. display disk directories etc. No knowledge ot

programrring was needed.
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Fig-3. Temperature at different height 'y' in the enclosure at different distance 'x' from cold plateafter

15 minutes
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Fig-4. Temperature at different height'y' in the enclosure at different distance 'x' from the cold plate

after 80 minutes
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at height .02m. T= 11.1 6+7 .37x/(.O454+x\
at height .1 5m. T= 1 1 ..1 15+8.81x/(.028+x)
at height .3m.

.4m.
I 1. 1't +9.34xl(.01 2+x)

height 1 19+ 05+x)

at height .O2m, T: -2.46+12.48/(0.015+x)
at height .15m. T: -2.47+14.8x/(O.Ol 16+x)
at height .3m. T= -2.47+15.932x/(.OO7+x)
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Fig-S. Effect ofthe enclosure stratification on heat transfer from air to the cold vertical wall

(x:0.03 m)

4.0. Result and discussion

4.1. Discussion on the Results and Findings:

Fig. 3 to Fig. 4 shows the temperature distribution of the air within the enclosure. The

data are presented at different height'Y' in the enclosure at different distance 'X' from the cold plate

at different intervals. The data at the intervals of 15, 25, 50,60' and 80 minutes are - analyzed.

From the temperature distribution profile in the enclosure the heat transfer rate Q, heat transfer

coefficient "h" and ayerageNusselt number was calculated.

Fig. 3 to Fig. 4 show the temperature distribution of the air within the enclosure at different

intervals. It was found from the figure that the temperature of air at any point gradually decreases with

time and air was colder closer to the cold wall and the bottom of the enclosure.

Again from Fig. 3 and Fig. 4. it was found that fluid layers developed with interval of time

which were floating on top of increasingly colder layers. It was due to the finite height of the enclosure

and eventually cold boundary layer hits the bottom ofthe enclosure. At that point the colder stream

had no choice but discharge horizontally from air ofthe enclosure. So, the direction ofdischarge was
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horizontal because the cold boundary layer contains lluid colder than the rest ofthe -enclosure.

In this way thermal stratification was developed in the enclosure. From Fig.5 it was found that the

value of y is decreasing with time. Its shows that at any distance from the cold plate temperature of

the stratified layers is approaching a steady state value.

5.0 Conclusions and recommendations

5.1 Conclusions

From this study the lbllowing conclusions may be drawn:

(1) The temperature ofair at the different pats ofthe enclosure decreases asymptotically to the

steady state value.

(2) Temperature difference between top most and bottom most layer of air at diff'erent

X value increases initially and then remains constant.

(3) The result shows that the air in a part of the enclosure is substantially stratified.

(1) Stratification indicator y decreases with the increase of time.

(5) The natural convection of heat transfer coefficient, Nusselt number and Rayleigh number

increase withthe increase of time.

(6) The experimental data are well correlated with the following correlation

Nus : (0.394 Rano zs'

5.2 Recommendations

The following recommendations are put tbrward as t-uture extension of the present investigations:

(l) Further investigation may be carried out with fluid filled rectangular enclosure driven by a

single vertical wall with warm and cold regions:

(2) The entire investigation rnay also be repeated with a square enclosure.

(3) The entire investigation may be carried out employing interferometric. technique. The

flow field may also be studied with the help of a Laser Doppler Anemometer.

(9 For comprehensive investigation of natural convection heat transfer of similar type, a test

rig consisting of a pressure as well as a vacuum vessel wili be helpful. For finding out the effect

of Prandtl number test may be oarried out with different 1luids.
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Abstract

Cont'rete is a yersatile ntateriol, which is a rnixturre of cementiotts ntaterial, coorse cm.d fine
aggregate and water. The properties ofconcrete may vary widely because ofseasonal and spatiol
variations in propertie,t of' locally available fine aggregcttes. As the geological and geo-

ruorphologic:al proc:es,ses of'rock are dif/erent, the aggregotes formed at various places are ttl,so

cliLferent. The specific' objectives of this shtdy h.u.s been to observe spatial variations on phv.sical

and tticro-strtrc'tural characteristics oJ'Jine aggregates cr:llected Jroru dilJbrent sources itt
Bangladesh. Fine aggregates have been collected from dilJbrent sources of Sylhet, Kustia, Pubna,
Dinajpur and Dhaka. According to ASTM, sieve analysis, specilic gravity (OD and SSD),

ahsctrption capacily, nroisture content and unit weight have been perJbrmed in the laboratory. Non-
destnrctive tests are performecl t'or micro-stnrctural choracteristics o.fJine aggregate. In this ,tttrdl;,

X-Rcty Diflraction (XRD) technique hcts l:een used to predict quontitative phase analysis and
percent o/ each compound present in the somple of'dffirent./ine aggregate. XRD results show the
pre.\eilce of Calcile (CaCO:), Gisntondine (CaAl:Si'Ot.4H:O), Mullite (AlaSitOt:) anclvariation. of
Quartz (SiO:) for dffirent samples. The spatial yari.ations in the ntechanical and micro-structural
properties qf./ine aggregates have been observed during this study for all the tests. All the test
resttlt vahtes of .fine aggregates have been compared with stondard vohres of ACI, BS, AASHTO,
IS and PWD.

Keywords: Title, abstract, obj ective, results, conclusions

l.0.Introduction

Bangladesh is a developing country. Development program of a country like Bangladesh has

a great emphasis on infrastructlre. Construction sector is one of the prominent sectors to contribute in

gross clomestic procluct (GDP) in Bangladesh. Aggregate is mostly used as construction material in

aimost er.ery construction work in Bangladesh. Aggregates are collected lrom different sources. In

those places the rocks fiorn which the aggregate is processed are not the same. Moreover the geological

and geo-morphological processes, under which the aggregate fbrming rocks pass, may vary in different

locations. For this reason, remarkable variations on the properties ofaggregate are obsened according
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to various sources. Weather condition of the source area is one of them. Temperature, humidity and

rainfall etc. varies in different seasons. These variations are very significant with the change ofseasons

in Bangladesh [1]. Generaily in the construction works of Bangladesh, spatial variation of aggregate is

not taken into consideration. To achieve required dimensional stability, durability and strength of

structures, ag$egate characteristics and related engineering properties is one ofthe main issues needed

to be addressed.

For fine aggregate, aggregate become coarser with the increase ofFM value. Fine aggregate

affects many concrete properties, including workability and finish ability. Usually, a lower FM results

in more paste, making concrete easier to finish. For the high cement contents used in the production of

high-strength concrete, coarse sand with an FM around 3.0 produces concrete with the best workability

and highest compressive strength [2]. The fines content (parlicles finer than 75 pm) in aggregate has

substantial efTects on the performance of concrete. Since the fines content has large surface area that

would increase the water demand, maximum limits are often imposed.

However, the fines content would also fill into the voids between larger parlicles to increase

the packing density and thus reduce the volume of voids to be filled with cement paste. Hence, the

fines content is not entirely undesirable and it has been suggested to raise the limits on the fines content

[3]. The water requirement for constant workability fell sharply with increasing amount and fineness

of the very fine aggregate due to improved particle packing. At constant, relatively small binder

contents of 80 250 kg m t, modilying the aggregate distribution increased the 9l-day strength of- 6

mm concrete as much as threefold, e.g. from 20 to 65 MPa at 200 kg m 3. This effect was less

significant the greater the binder content. The correlation between strength and porosity was similar

regardless of concrete composition. The stress-strain behaviour was more dependent on strength than

on composition [4].

Aggregate is a common and widely used construction material and it undergoes

chemical changes with time when exposed to various environments. The extent of the damage depends

on concrete quality and is rarely damaged in the life time of a structure but chemical changes in

aggressive environmental conditions may cause a considerable damage to it. X-ray powder difkaction

(XRD), is an instrumental technique that is used to identify minerals, as well as other crystalline

materials. X-Ray Difkaction (XRD) technique has been used fer quantitative phase analysis and

percent of each compound present in the sample [5].
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2.0. Materials and methodologY

The main source of fine aggregate is river. There are a lot of rivers in Bangladesh. As a result,

in whole Bangladesh the source of f,rne aggregate is also available. Fine aggregates also have been

collected from different piaces in Bangladesh like Sylhet, Pabna, Dinajpur, Kustia and Dhaka' The

aggregates were tested for absorption capacity, specific gravity, unit weight. and abrasion' The specific

gravity and absorption capacity are determined as per ASTM Cl128, unit weight as perASTM C'29'

and abrasion value as per ASTM C I 3 1 .

Five types of fine aggregate were used for comparison of compressive strength' Coarse

aggregate was collected from Sylhet (Jaflong). Coarse agglegates were mixed as 5% from 25 mm to

20 mm, 57.5% from 20 mm to 10 mm, and 37.5Yo frora 10 rnm to 5 mrn as per ASTM C33-93' The

aggregates were tested for absorption capacity, specific gravity, unit weight, and abrasion' Cylinders

of diametcr 150 mm and 300 mm height were prepared using the standard moulds' The concrete

adopted with mix ratio l:2:4 and water cement ratio of 0.68. The samples are casted using the five

different fine aggregate. Total mixing time of concrete was controlled at 5.5 minutes. After mixing

concrete, the workability of concrete was measured by siump cone test. Cylinders are demoulded after

24 hours from casting and kept in a water tank continuously. The compressive strength of concrete was

measured at 28 days by using Universal Testing Machine (UTM). The strain of concrete specimens

was measure<1 by a strain measurement setup with two dial gauges. The gauge length was 100 mm.

X-ray diffraction (XRD) is one of the most imporlant non-destructive tools to analyze all

kinds of mattcr ranging from fluids, to powders and crystals. This technique uses X-ray diffraction on

powder or microcrystalline samples, where ideally every possible crystalline orientation is represented

equally. When X-ray radiation is directed on a sample, the X-rays are scattered ("diffracted") by

electrons present in the material. If the atoms in the material are arranged in a regular structure, i"e. if

the material is crysta1line, this scattering results in maxima and minima in the diffracted intensity- The

signal maxima follow Bragg's 1aw n), -2dsin0. Here n is an integer, tr is the X-ray wavelength, d is the

distance between crystal iattice planes and g is the diffraction angle (Ref. Fig.f .). During an X-ray

diffraction (XRD) measurement the angles of incidence and detection are scanned. Bragg's law is

satisfied when the path length difference of the X-rays (indicated in green) is.equal to nl. The

diffraction angle 0 is half the angle between the incident and diffracted X-rays [6]'

Powdered sample were used for XRD analysis. In powder or polycrystalline

diffraction, it is important to have a sample with a smooth plane surface. Fine aggregate samples were

collected from existing source and grounded the sample down to particles of about 0'002 mm to 0.005

fl1m cross section. The ideal sample is homogeneous and the crystallites are randomly distributed-
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Fig.l. Schematic representation of diffraction of X-rays in a crystalline material

3.0. Results and discussions

The test resuits of fine aggregates are sho\vn in Fig.2. and Fig.3. The grading crirves (Fig.

2.(i).) represent that the samples of Sylhet have larger particie size in comparison u,ith other sources.

and the samples fiorn Dhaka have the finest parlicle size. The other samples show nearly similar

distribution in their sizes. The sieve analysis of fine aggregate shows that Sylhet has the maximurn FN,l

value of 2.70, and Dhaka has the minimum FM value of 1.40. Moreover, Kustia sampies have the

nrinimum (0.54%) absorption capacity, and Sylhet samples have the maximum (l.l%) absorption

capacity.

By investigating specific gravity of fine aggregate, it r.vas found that samples of

Dinajpur have the maximum values of Specific gravity (OD and SSD) of 2.67 and 2.60 respectively in

comparison rvith other sources, these samples have comparatively high coarse particles. On the other

hand, Samples of Sylhet also have higher values of unit weight (loose and compacted) ol 1420 and

1 6 I 0 kg/m3 respectively. and Dinajpur samples have the lower values ol unit weight of 1400 an<l 1 5 95

kg/m3 respectively. Finally. the concrete rnade with Si,lhet sand (3 193 psi) show the maximum

compressive strength lbr same rnix ratio and water-cernent ratio than others.
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Samples of fine aggregates from Sylhet are satisfied most with the values of standard specifications

like FM values of ACI and PWD (for RC.C. work FM value is 2.0 to 3.0); absorption capacity values

of ACI (0.5 to 4%) and PWD (l to 6%) and unit weight (loose and compacted) values of ACI (1280 to

2250kglm3) and PWD (1400 to 2250 kg/m3) in comparison with other sources. Samples from Fulbari

inDinajpurhavemaximumspecificgravity[standardvaluesofACl(2.3to2.9)andPWD (2.2to2.6')]
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Table.l. Compressive strength of Concrete made with different types of Fine aggregate in

Source of

Sylhet sand

Dinajpur sand

Bangladesh

Water/Cement
ratio

0.68

0.68

3180
3215
3185

Average

3193

3050

Mix

1

3065
3035
3050

Kustia Sand l:2:4 0.68
2665
2610
2645

266A

2890
2872 2814Pabna sand

Dhaka 1 :2:4

0.68

aggregate

Present

Quarlz(SiOz)
Calcite(CaCO:)

Table.2.

Sylhet ,l'

Gismondine(CaAizSizOi.4H:O)
Mullite(AloSi:Or:)

Dinajpur Sand
Quartz(SiO:)

Calcite(CaCO:)
Ci smondine(CaAl: SizOs.4Hu O)

Mullite(AleSizOn)

64.56
t6.71
1 l.l8
1.49

Kustia Sand

Pabna Sand

euartz(SiOz)
Calcite(CaCO3)

Gismondine(CaAlzSi:Os.4H:O)

57.88
21.12
8.18

50.42
21.93
i 3.66
13.99

Dhaka Sand

XRD is normally used for identifying single-phase materials minerals, chemical compounds.
ceramics or other engineered materials, measuring the average spacing between layers or rows of
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Quartz(SiO1.1
Calcite(CaCO:)

Gismondine(CaAl: Si:Os.4HrO)

77.49
11.73
10.78

Compresive
Strensth

1:2:1
{
j
\

l:2:4

0.68
2615
2680
2650

2668

f
l
I
I

Sample

54.21

20.15
6.94
18.7 r

.t

'!

t

Quartz(SiO:)
Calcite(CaCOr)

Gismondine(CaAl: Si:Os.4HzO)
Mullite(AlnSirOr:)



atoms, determining the orientation of a single crystal or grain, finding the crystal structure

of an unklown material, measuring the size, shape and intemal stress of small crystalline regions.

Table2 represents the weight (%) of phase of concrete samples under X-Ray Diffraction analysis.

Figure 4 to Figure 8 shows XRD diffractogrames for different fine aggregates.

From Table.2., it was observed that the samples indicate higher percentage of quartz (SiOz)

and calcite (CaCO:). Quartz is nearly always inert when used as aggregate (not fine powder as cement

replacement material) in concrete. It means that it will not react at normal conditions, possesses less

reactivity, more controllable situation in concrete. But under adverse environmental condition alkali-

silica reaction can occur in concrete. In concrete, there would be reaction between quaftz and the

alkaline compounds of the concrete, typically Ca(OH)2, if the proportion of amorphous or

cryptocrystalline (very fine crystalline) qtartz increases. And quartz (SiOz) is a glassy or crystalline

form of silicon dioxide.

Thus alkali-silica reaction occurs and causing serious expansion and cracking in concrete.

Carbonation occurs in concrete because the calcium bearing phases present are attacked by carbon

dioxide ofthe air an converted to calcium carbonate. It is a disadvantage in reinforced concrete, as pH

of carbonated concrete drops to about 7 . When the pH level is less than 1 l, and the rods are exposed

to aggression by the oxygen and humidity which are present in the atmosphere. Under these conditions,

corrosion process of the reinforcement rods initiates, which increases their volume and thus concrete

cracks.

V

0
U

14.i45 :l r:1; t: r!1 :rl.iii4 'i:.E:ri irl !rl! 51.1E: E5.45i i:.i:i
1-theta

Fig.4. XRD diffractograms for Sylhet Sand
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Fig.8. XRD diffractograms for Dhaka Sand

I

Fig.4. to Fig.S. shows XRD diffractograms of the samples from 1 to 4 for peak list of the samples.

X-Ray diffraction analysis indicates predominance of quarltz (SiO2) and calcite (CaCO3) peaks.

4.0. Conclusions

This research work represents in depth analysis offine aggregate properties from different

sources in Bangladesh. The spatial variations in the properties of fine aggregates have been observed

during this study for all the tests. Physical observations on the collected samples reveal that fine aggre-

gates of Sylhet, Dinajpur and Pabna have comparatively high coarse particle and free from clay and

organic matters. A11 test results of fine aggregates also have been compared with standard values of

ACI, BS, AASHTO, IS and PWD. Samples of fine aggregates from Sylhet are satisfied with maximum

values of FM, absorption capacity and unit weight (loose and compacted) in comparison with other

sources.

In addition, the concrete made with Sylhet sand show the maximum compressive strength of

3193 Psi for same mix ratio and water-cement ratio than others. On the basis of this study, the goveffI-

ment and conshuction companies in Bangladesh can get a clear idea of aggregates from different

sources to ensure the quality and shength ofconcrete. Aggregate can be subjected to different degrada-

tion mechanisms. Quafiz (SiO2) is identified as a major constituent of the powdered and it is subjected

to alkalisilica reaction causing serious expansion and cracking in concrete. The presence of more

amount of calcite means that concrete of same component shows more deterioration with sever

environment.

{,

Q=QLrarrz
C=Calcite
G=Gismocline

NI=Ntlullite
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\bstract

The: pttrpose of thi,t paper is to oscertoin jute composites to be a substitute to steel and other

nrutetials used in moking car panels. lt is highly important to find lightweight substitutes to steel

\o us t() ttllow better fuel fficiency, better handling, higher speed limits and good manet:ering

cctltabililies. Cornposites have been made by jute, glass.fibre, resin. and hardener hve been mixed

tt[ speci.fic ratios antl cured at 80"C and ]20" C. Tensile tests andJlexural tests have been carried

r ttt to rutderstand the mechanical capabilities of the composite and are c:ctmpored to the materials

trsed no.,raclays for making car panels.

Kevx'ords.' Jute. Epoxy Resin, Composites, Tensile Strength, Flexural Strength, Car Panels.

1.0. Introduction

A car is wheeled, self-powered motor vehicle used lor transporting passengers. Tire core

.1L.ment of a car is the body panel it carries and the ways in which it determines the characteristics of

rhe car. The body structure must resist and soften the impact ll,hen applied on it, thus protecting the

occupants. Also the car panel heips in improving the fuel efficiency and performance of the car. ln

recent times, the main concerns, due to high levels of global warming, has been to prevent excessive

pollution from occurring. Cars have been made one of the highest contributions to pollution and global

r.varming. Biodegradable and recyclable panels, the cars would not harm the environment as they would

either mix with the soil or be broken into smaller bits and added to the new set of panel manufacturing

[-2]. Jute fibres are one of the fibres that exhibit environmentally friendly characteristics. Jute is

completely biodegradable and compostable. lnstead, extensive use of this fibre is advantageous as a

hectare ofjute plants, consumes about 15 tons ofcarbon dioxide while releasing 1 I tons ofoxygen [3].

\ composite is a material made by the combination of a polymer matrix

.\ottctrgoon Uni.versity Journal, Vol. 2. No. I lt



combined with a textile reinforcement. Composites are highly useful as it leads to an

improvement in the properties of both the phases that intermingle with each other [4-7].Resins used in

fiber reinforced composites are called polymers. Polymers exhibit long molecular chains, containing

multiple repeating units. These resins are made by addition reaction. Once cured, these thermosets will

not change state in to a liquid form when heated, though af\er a cerlain temperature there will be a

significant change in the mechanical properfy ofthe resin. This change can be reversed on cooling

below T* again. Above the glass transition temperature, stiffiress drops sharply, thus decreasing the

compressive and shear strength of the composite too [8].

gP= Car Panels

Fig.l. Car Panels

Firstly, steel is far heavier than jute composites. While 1 18.24 trrrr2 ofjute composite weighs

is0.4414 N, 102.37 mm2 of mild steel weighs 2.922N. This means cars are bulkier, slowe and less

fuel efficient while using steel. Jute composites could help improve movemen! handling, fuel

efficiency, carbon dioxide emission, biodegradability factor and also speed of the car. Secondly,

though steel production is very cheap, the initial capital required is very high, especially since steel has

to be stamped out. The cost of the machine, including its set up is extremely high. While in the case of

making jute composite industrially, the initial capital and production cost would be very low, hence

cheaper for the manufacturing company. Thirdly, jute has a higher strength to weight ratio than steel.

In this study, we compared the performance of Jute hybrid epoxy composites are used in car

panels like side wal1, Roof rail, Roof cross member, Pillar, Pillar, Cross member, Tunnel, Cowl, Rear

wal1, Floor Cross member etc.
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2.0. Erperimental

2.1. flaterials

Jute varns are used which have a twist of 136.il twist/m. Firstly an aluminum tool plate of

i(lcn.r r 50cm was used. Peel ply, BIue mesh fabric,A 35x35 cm steel top plate, Sealant tape, Nylon

tribnc i.5rn wide, Spiral tubes, PVC tubes, Cotton c1oth, Nylon bagging film 100mm wide, A vacuum

purrp and connected nozzle, Epoxy Resin LY113, Hardener X83043, Degassing chamber, Abench to

place the setup and infuse. Ciamps, An oven was used for curing the rnaterial were used.

2.2. Composite making

Steps to composite prepared in accordance to ASTM D3039 and testing are as follows:-

2.2.1. Laying up

First, a tool plate made of either steel or aluminum is taken and cleaned using a mould

cleaner or acetone. This is done to remove any impurities and parlicles present on the surface of the

tooi p1ate, so as to prevent contamination of the composite while infusion and curing occurs. The

directions shown below is used to coat the whole plate with the release agent. After this is done, the

jute yams are taken from the prepared cones and laid onto the tooi plate using hand-laying technique

(Fig.2.). The dimensions set for making the composite panel was 28 x 18 cm. The length was kept at

28 cm in accordance to ASTM D3039 standards, which state that the test samples should be of the

size 25cm in length and 15mm (1.5 cm) in width.

Fig.2. Jute fiber laying up

2.2.2.Yacuum bagging

After the yams are laid up onto the tool plate, a 5x5 cm yellow sealant tape is cut out and is

pressed against all the sides ofthe plate. This is done to remove any loose fibre present at the edges,
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which could prevent vacuum bagging (Figure 3). These loose fibres stick to the tape and after

pressing the edges, the sealant tape is disposed of. Also alayer of mould cleaner is applied to remove

any other impurity and hand marks present on the edge of the plate.A piece of blue mesh fabric is cut,

which cures at a maximum temperature of 120"C. The blue mesh fabric, helps in smoother and quicker

resin transmission, thus improving resin impregnation. The fabric has a mesh like structure which

smoothly transmits the resin from one end to the other. Also two pieces of white breathable fabric are

cut to size 20cm x 20cm along with two pink plastic tubes of width 1Ocmof size 25crn. The white

breathable fabric and pink plastic tube is used to make a resin trap. Finally alarge piece of plastic film

is cut out of dimensions 70cmx 70cm.Finally two spiral tubes, each a little shorter than the width of

the layup, is cut. Hence a 15cm tube is cut for the tensile specimenand32cmtube is cut for the flexural

test specimen. If the tubes are of the same size as the width of the panel then the gaps would be very

minute, which would thus prevent easy flow of resin.

Fig.3. Vacuum Bagging

2.2.3. Resin infusion

First the epoxy resin is mixed with a hardener at a ratio of 100:35. It is noticed that the epoxy

resin has a much higher viscosity than the hardener. These liquids are then mixed with the help of a

wooden stirrer for a long time so as to get an even mix. This continuous mixing capfures
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more air bubbles in the mix which is detrimental to the properlies of a composite. Thus the

mixfure is then put into the degassing chamber. The cup holding the mixture is kept in the chamber

for about 40 minutes and a constant watch is kept so as to prevent the bubbles from overflowing as it

would lead to loss of the mixture and thus may cause shortage of the mixture while infusing. The

infusion process (Figure 4), after this, the cup is brought to the tool plate and the sealant tape fronr the

end of the inlet tube is removed, followed by whrch the tube is dipped into the mixture prepared in the

resin cup. Then the valve is attached to the nozzle of a vacuum pump where vacuum is pulled at lower

pressure. The vacuum pun,p is not used to vacuum in this case. The pump is used at lower pressure

only to provide better control over the direction of the resin flow.

(a) (b)

Fig. 4. Resin Infusion (a) with vacuum pump attached (b) without vacuum pump attached

2.2.4. Curing

The resin infused setup is taking into the curing chamber to allow the sample to be cured.

The two resin traps are used specitically for this function. When heat is applied onto the resin, the

viscosity of the resin decreases thus making it flow fufiher down the tube. The resin trap helps absorb

this excess amount of resin preventing it from reaching the valve and thr-rs preventing any damage to

it. In the first hour, the temperature goes up from room temperature to 80'C. After this the temperature

stays constant for 2 hours, where curing starts to take place. Then post curing is done where the

temperature rises to 120"C in t hour 15 minutes followed by 6 hours period of stay at tl.ris temperature.

This is done so as to set better mechanical property for the composite.

Sonargaon Llniver,sig Journal, Vol. 2. I'lo. I
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2.2.5. Cutting

Keeping the standards for the D3039 tensile test in check, the 28cm x l8 cm panel was cut

in to 5 samples of 25cm x 1.5cm each, with the help of a diamond cutter. While in the case of the

llexural test D790, 6 samples of dimensions 1Ocm x 1 .3cm was cut (Table. 1).

Table-l: Specimens for Jute composite panels

Specimen Width (mm) Thickness (mm) Length (mm) Weight (g)

1 14.29 3.005 24.9 13.1 1

2 15.62 3.239 24.9 t4.82

3 14.15 3.077 24.9 13.61

4 15.41 3.101 24.9 14.85

5 t5.45 3.t91 24.9 14.86

2.3. Measurement of tensile strength

The tensile strength was measured by ASTM D3039-16 at room temperature. First the

machine is set to perform the tensile test on the 5 different samples. a hydraulic testing machine

Instron Hl0KSwas used. A 50 kN load cell is applied for the test. The load cell provides an

electricalcircuit which helps to measure the instantaneous load applied along the axis of load.

(Gurbuz&Cevik et a1.). A contact extensometer was used to measure the stress- strain cure and

record other data required during the test. Thejogs which hold the grips are adjusted to size so as to

only allow the tabs to be held by the grips of the machine thereby exposing a 15cm gauge length in

between the grips. After this, the specimen protect is tumed on and the extensometer is applied to

the center of the specimen.

2.4. Measurement of flexural test

The flexural test was measured by ASTM D790-03 at room temperature. In this test, a round

cross sectional head with a diameter of lOmm as per the D790 standard. The specimen was of length

150mm length and 15 mm width and were loaded with a span to depth ratio of 16:1. The distance

between the two supporling pin from the loading pin should be equidistant. As per the standards, a

16:1 distance is maintained between the gauge length and the thickness.
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1.0. Results and discussions

Fig.S. represents tensile modulus curves for each of the live samples. lt is fbund from

this figure that the stiffness is maintained at 135.48 MPa which is equivalent to 0.135 GPa.

Considering that the stiffness plays an important role in how the panel would behave when impact

will apply on to it, it may be said that the stiffhess limit is much lower than those of carbon, glass

and steel.
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o
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Sample I Sample 2 Sample 3 Sample 4 Sample 5

Fig.S. Tensile Modulus comparison of all5 sdmples

The yield stress plays a very important role in understanding the basics of cars and the properlies

required for making a successfirl car panel.

Sample l Sample 2 Sample 3 Sample 4 Sample 5

Fig.6. Yield stress in the different yield composites
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Yield stress is the point after which the material stops elastic deformation and goes into the

zone of plastic deformation. Fig.6. shows that the stress applied on a composite is higher than thosc

of composite yield stress, which rneans that thecomposite is permanently deformed and will not regain

its original shape.
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Fig.7. Flexural stress-strain curve on different composites
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Fig.8. Flexural strength on different composites
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As seen in the Fig.7. , the final 2 specimen show a little higher flexural strength. meaning that

there might have been some minor faults while preparing the cornposite, though the ditlerence is not

very high. The little fluctuations seen in the graph occurs when the fbrce applied on the cornposite

breaks the fibres on the initial layers as the material tends towards failure. It does not imply though

that the material has reached failure. Flexural strength is the limit of the composite to withstand flexural

stress without faiiing. When an object is subjected to flexural stress, it goes through both, a tension

and compression behavior because of the bending movement. The flexural strength (Fig.8.) will

depend on the material's tensile or compression strength, whichever is lesser in value. Flexural stress

is extremely important as it can predict how a material will react on impact to it and the amount of

bend it forms. The flexural mocluius is the ratio of the stress to the strain when flexural deformation

takes p1ace. Thus it is the materials tendency to bend when force is applied to it. The flexural modulus

(fig.9.) plays a very imporlant role for material to be used as a car panel. Even if the material receives

high impact but does not fail, it may bend too much harming the users of the car. Therefore, it is very

important for the material to have good flexural strength and stiffness.

5

0
Sample l Sample 2 Sample 3 Sample 4 Sample 5

Fig.9. Flexural modulus on different composites

Comparison of the weight to strength ratio shows in Fig.l0., it is clearly shows that the

weight to strength ratio of composite is a little higher than mild steel. This means that composite

materials have less weight and more strength. which could be appropriate lbr car panels.
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Fig.10. Comparison of the weight to strength ratio

Diiferent pafts of the car requires different amounts of yield stress to maintain its safety and

security. While some parts of the car play an extremely important role, others are far less affected on

the event of a crash. This has been shown in the diagram below, which represents the different yield

stresses needed in different parts of the car. On the basis of that the lbllowing chafi would discuss the

stif-fness and strength relevance required in every parl of the car (Table 2) (European aluminurr

association. 20 10.1.

Table. 2. Strength relevance ofdifferent parts ofthe car

Car Panel Stiffness Strength

Firewall 0.31 0.'77

Floor 0.38

TunneI 0.38 0.48

Floor Crossover 0.51 0.s9

Roofrail 0.31 0.08

Lightweight design play a very imporlant part in the manufacturing proccss of a car. The

reduction of fuel consumption was identified as one of the main purposes, because only one third of

0.26
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the COz emission occur from engine factors. The next reason for lightweight design was to

reduce aerodynamic drag. It helps in better handling and movement of the car. Thirdly, the reduction

in rolling resistance plays an important role, even though in the short term. This helps improve the

maximum speed acquired by the car. The other additional advantages such as optimization of

auxiliary aggregates will help to cause less emission from vehicles and improve vehicle efficiency.

1.0. Conclusions

From this study the following conclusions may be drawn:

(1) This study gives an emphasis on the fabrication of jute composites as the panel of the

future as it shows great potential as a future substitute to heavier materials being used for

making car panels now a day.

(2) This study has demonstrated all the objectives and come out with some favorable

outcomes and has some drawbacks that will have to be looked into in the future as the

technology grows.

References

[1] Bastioli, C., 2005. ln: handbook of biodegradable polymers. Rapra Technology.

[2] H.K.Mishra, B.N.Dash, S.S.Tripathi & B.N.Padhi, (2000). Study on Mechanical Performance

of Jute-Epoxy Composites. India.

[3] S.Shaktivel, O.P. Lakshmanan, A.Zaid Hamsa, S.D. Kiruthika, E. Rajadurai,2012. Application

olJuteandltsoverviews.httl..rrrrr.lil'lrli;si:ir,xr.idfi1 in,iu:irr-.rrliilcll{l}-}lronlli;11!,rs5-1r}-

iOl ,o,.*unifar, a., 2014. Damage Tolerance of Composites Containing Hybrid (Carbon -

InnegrarM) Fibre Reinforcements, Manchester.

[5] Warren, D., 2010. Low Cost Carbon Fiber Overview

[6] Gassan. J.,2002. A study of fibre and interface parameters affecting the fatigue behavior of
natural fi bre composiles.

17] A.N.Viduran, M., 2014. jute and steel - their problems and prices.

[8] Hossain, M.R., Islam, M. A., Vuurea, A. V. & Verpoest, I.,2013. Tensile behavior of
environmental friendly jute epoxy laminated composite, Dhaka.

[9] Hua-Hu, R. et a1., 2010. Fully degradable jute fibre reinforced Polylactide Composites,

Switzerland.

[0] Koronis, G., Silva, A. & Fontul ,M.,2012. Green Composites: A review for adequate

materials for automotive applications, Lisbon.

t
r

\

l

I
I

l
!.

l.
t
I

i

'

I

.f

{

f
1

I

tr

Sonargaon Llniversitt Journal, bl. 2. No. I 81



Sonargaon University Journal, Vol. 2. No. l 82

'l



Numerical Simulation Of Non-Newtonian Spiral
Flow Through Stenosed Artery With 75o/o And 96'h
Area Reductions

Md Ferdous Alaml-; Muhammad Rubayat Bin Shahadat2; Md' Alamgir Kabir3;

Md. Mostofa Hossaina

*-Corresponding author: rDeparlment of Mechanical Engineering, Shahjalal University of Science

and Technology, Sylhet, Bangladesh
:Departn.rent of Mechancial Engineering, Hajec Mohamn-rad Dancsh Science and Technology

University (HSTU), Dinajpur, Bangladesh
-rl)epartment of Mathematics, Shahjalal University ol Science and Technology, Sylhet, Bangladesh

aHead, Department of Mechanical Engineering, Sonargaon Universitir (SU)

E m ail : mf-al am-mee@-lsu$!= eclu

Abstract

Bloorl /lou, through arteriaL stenosis can pl6, iruportant role in blood vessels and it is o ven)

compler.flov, as blood is ct non-neyttonian fluicl. In the pre.sent study, the Carreatl model has heen.

usei! to.fincl oyt the c:harocteristics of blood flou, through a regular slenosis. The elJbcts of Reynolds

nttnther (Re) o1 l'lon-Ney,tottian J'low through a 3D model oJ a biological 4;pe arterial stenosis is

stutliecl. The shape o/ the stenosis has been varied. Here, stenosis with 96% and 7 5%, areo recluction

hut,e been used. The stcmclurul k-co model is u,sed Jbr sinrulation of blood flov' /br .fbur Reynlltlt
ntrmbers (Re : 500, 1000, 1500, 2000). Some nunerical results such as velocitlt profile, pressu'e

field, strecultline, y,crll shear.stress (WSS), turbttlent kinetic energ!- (TKE) etc:. are examined.fbr

dil/erent spiroL velocities at dif/brent Reynolds numbers. Details investigatiott and signiJicttnt

p ath o I o gi. c al i s,s u e s a r e cl es cr ih ed t hro u ghoti t h e i nv e s ti g ati o n.

Keylvords: Stenosis, Reynolds number. Blood flow. Wall shear. artery

NOMENCLATURE

Symbol Meaning Unit
D Artery diameter m
p Density kg*
{ Radial location liom axis of arterv m

Ll Dynamic viscosity rV sm
V Strcam u.ise bulk velocitv MS

v Instantaneous velocity MS

f) Spiral -relocity radsec
Re Revnolds number Dimensionless

R Radir-rs of blood vessel m
t.n Turbulent kinetic energy Iks

u Turbulertt eddy-r iscositl m /sec
CD Specifi c dissipation rate i/s
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u Mean velocity components MS
u Fluctuating vel ocity componcnts MS

Constant Dimensionless

1.0. Introduction

Blood circulation is one of the most impofiant functions of human body and blood vessels are

called the high ways of human body. Blood vessels that cany oxygen-rich blood to the hearl and other

parls of the body are called arteries which have smooth imrer walls and blood flows through them casill,

without any obstacles. Arterial stenosis is an unusual narrowing of an artery where cholesterol and other

lipids are deposited in the inner lining ofthe arlerial wall and the cross-sectionai area ofa blood vessel

shrinks. When the depositions of fat and other lipids build up in the beneath arlery walls it causes repeat-

ed injury to the inner lining of the arteries which results in physical stress in the form of high blood

pressure or inflammatory stress, infbctions, high cholesterol or high blood gh.rcose. Wlien arleries have

blockage caused by these types of diseases, it is ca11ed atherosclerosis or afieriosclerosis vascular

disease (ASVD) Ross et.a1. [1]. Such kind of disease is promoted by Low-Density Lipoproteins (LDL)

without adequate removal of fats and cholesterol from the macrophages by functional High-Density

Lipoproteins (HDL).

When the increasing of fatty material which becomes almost settled in the arlery fonls a thick-

ened area in the vessel wall called plaque, it reduces the effective cross-section ofthe vessel and slows

down the blood flow. The rupturing of this plaque exposes the fatty core and can lead to the formation

of a thrombus. where the blood platelets form a ciot about the exposed area which can block off the

entire artery and it becornes very dangerous when it obstructs or stop the flow of blood to some major

organs, such as the hearl or brain that may be the cause ofsudden death.

As hemodynamic behavior of the blood flow in arlerial stenosis bears sorne imporlant aspects

for medical applications It is therefore no doubt that this topic is now olmajor conceffl to the communi-

ty and the focus of numerous research effor1s and more recently, computational techniques have demon-

strated the ability to model flow behavior in stenosed arteries with different geometries ancl conditions

that can be specified according to the actual conditions. Athoroughunderstanding ofblood dynamics in

human vessels has a great interest among the researcher and nowadays the computational simulation is

playing a significant role in this field. Therefore a large number of computational and experimental

studies have been conducted to simulate and investigate blood flow in arlerial stenosis. The hemody-

namic factors such as wall pressure and shear stress have major effects in damaging and weakening the

intemal wall of the artery at the post-stenotic turbulent region. For example, high-wall shear stress

associated with turbulence has a signilicant effbct on vascular endothelial injury Fry DLL21.

Sonargaon University Joumal, Vol. 2. No. l 84





In this study, the Carreau model has been used to model the non-newtonian flow. Pour

ditTerent Reynolds numbers (Re : 500, 1000, 1500, 2000) and corresponding spiral velocities have

been nsed in this study of investigate the effect of Re. Two distinct stenosis model u,ith 7 50/o and 960k

area reduction has been used here.

2.0. Problem specification

It is obvious that one of the crucial parls olblood flolr'' simulation is the probiem specification

and formation for proper investigation. An artificial geometrical rnodel of the stenosis considered as

the conventionally used cosine curve in the blood vessel shown in Fig.l(a) is created using the

following formula [5].

+ :1-E[1+cos(T\, -D < z < D ..............(1)

r1r r!) :D, :lD
,t!"** -. -- * .. .- -. -**- 

-* -,- - .- 

-
(b)

Fig.l. (a) Schematic of the model of a stenosed blood vessel and (b) an interpretation of
the spiral boundary condition with the parabolic flow at the inlet of the model. [12]

- tPtu{Er 

--
({D) 1r rDi

Fig.1. (b) an interpretation of the spiral boundary condition with the parabolic flow at the inlet of the

model.
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Fig.f. (c) Schematic oll5oh and 96% stenosis

Where. r and Z atc the radial and axial co-ordinatcs and /? and D are the radius and diameter

ofthe unstenosecl vessel respectively and the percentage ofthe stenosis is control by the parameter

d .The constrictions follou,ec1 the cosine curve w-ith J5nn area reductiors. The srnooth reduction of the

cross-sectional area pro<luced inside the vessel using Eq.(1) provides a lairly accurate representation

ofthe biological form ofarterial stenosis as it has been employed previousiy in theoretical calculations

by f5l,Deshpande er a1. [13] and Smith et al. [4]. The cntir"e span olthe biological form model is taken

as 540(.27D') mlr [5], wl.rere diameter D:20 mm and thc length of the upstream, dor.vnstream and

stenosed zone are taken as 4D.21D and 2D respectively. Blood flow through the model is considered

as incompressible an<i Newtonian and l.romogeneous fluid [15] with a density oip L060 kglm and

a constant dynamic yiscosrty of /z 3.71 x 10-3 Pa s. At the inlet of the model a spiral boundary

condition along with a paraboiic velocity profile is used which is shown in Fig.l(b).

The Navier Stokes equations are used as the governing eqr-rations of motion of the blood florv

an{ after applying the Reynolds time-averaging techrriques, the Reynolds averaged Navier Stokes

(RANS) are obtained and written in the tensor form as [16],

* j-f -'

#d
_ :!JL{: r I r
fif ' '- rl ]-.

tir"r+,i

rJn d l rau; fi,qif
i,ri '+ 't$

dr, ' d.r il- 1.4r, tr*,ll
#F..- -rji

#4
,tlJ

w.here u are the mean velocity components along the Cartesian co-ordinate systems. x = (x y z ,

p is the pressure and z are the Reynolds stresses which are modeled employing the Boussinesq

hlpothesis as,
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rtj = -piuiuj, = u, (ut. H - f,oklii ... ..J4)

$fhere ul are the fluehtating r.elocity c*mponeuts; ft = ;{iljuj} is the turbuleat kinetic energy and p,

is the furbuleflt eddy-viscosify ohtained by employing the staudard fr- c: model of Wilcox [17J.

The eddy-viseosity is rnodeled as

t,=_i ."......:(j)

where ct> is the specific dissip*tion r*te. The follcwing madelled transport equafions {:trilccx [17]i

are solved ta abtain k and 0l

# - H = -f,buiu1')H - g"ku + Alir, *,r pn #l
Au Aa{ui) a .
ar+ a\ - -arar,tp"i,tr){# -fio,r*fr[fu+o.pr]ffl J7i

Whereo+-0.-5.F*:0"072.4:0.5.ryl -1.0ancl[i-0.072.T]recletailsofthisturbulentmodelean

be ti:und in [1-5"i6].

3.1" Eoundary conditian aud crmputatianal procetlure

The artery that has been used in the exisling rn*del is cansidering as an inl'lexible aad

irnpervious circular rabe with a no-slip hoeadary condition far fluid having zero velacity {u; = 0)

relative to the boundary along witl: a_llA{aboLg velocity profile

...J6i

.J8l
2

v{.x,y} = 2Y 1-

which has been imposed at the inlet of the rnodel, where fl is the butk streamwise r.elocify

related to the Reyrolds m:mber, Re- pVD/1t, of the blood flow. The spiral r.elocity {$} is

characterized as a prcp*rtion ofthe forward velacity inside the blood-vessel that ]ras been aalculated

with the following equation

rt = Ie ... .... .. ...- ..(9)

InrvhichC:116asrnentionedinIi7, 1B]isaconstantthatgovemstfoemagnitLrdeofthespiral

speed. Additooaally, the outlet af the model has beer: treated as a pressure outlet usi*g the default

setting for the gauge pressurc to Lrecome zero at the autlet. Conunerci+lly avaiiable CFD softqrare

Fluent [16], has bees used i:r this study. This software uses frflite volume methad for diseretization.
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The finite volume method represents and evaluates parlial diffelential equations in the fbrm

of algebraic equations. Pressure based solver has been used to solve the flow eqations with inipHcit

formulation method. Addrtionally, the SIMPLE scheme fbr pressnre-veiocity coupling has been used.

ln the discretisation process, the second order upwind scheme is used for the equatior.rs of momentum,

turbulent kinetic energy (k) and specific dissipation rate (co); while the second order accurate scheme

is used for the Poisson-iike pressure equation. The inlet boundary conditions for the stream wise

velocity has been written in C-language using the interface olUser Defined Function (UDF) of Flucnt

and linked u.ith the solvcr.

The solution process is initiated using arbitrary values of the velocity components and fr-or,

and their residuals are monitored at every iteration. The magnitude of the residuals dropped gradually,

which is a strong indicator for the stable and accurate solutions. and the iteration process is stopped

when the residuals are lcveled off at l0-n 1in t'act the residuals became independent to the iteration

number at this level) and the final converged solutions are achieved. Finally this study has been canied

out for three different mesh numbers and grid independent test was conducted.

Table.l. Values of spiral velocity (f)) lbr the different Reynolds numbers.

Re C A(r a ds

0

500

1000

1 500

2000

U6

0.0

1.46

2.92

4.3 8

5.83

4.0. Results and discussion

In the present study, axial velocity is used as comparin-e variables for grid independence and

the results are shown in Fig.2(a), Fig.2(b) and Fig.2(c) for different grid points. lnitially. Grid 1 consists

of 50630 cells, and then it was increased by about 99To for Grid 2 that consists of 100630 cells. Finally,

Grid 3 was increased by a huge amount (more than 323% including 229680 cells) for the entire

corrputational area. Finally grid 3 was used for calculation This grid independence test has been

performed to ensure that the numerical solutions are independent on the choice of the grid

arrangements
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Fig.2. Grid independence test shorl,n lbr arial velocity at different radial positions (a) Z:-2D

(b) Z:OD and (c) Z-2D

4.1 Effect on Pressure

The effect of the spiral flow on the total pressure at the centre of the model artery has been

stuied (Fig.3). A large pressure drop occurs at 0m axial position, which is the position ofthe stenosis,

Hou,ever. pressure remains almost constant from 0.l m to the rest of the afiery. For larger Re (Re-2000)

a slight increase in pressure in the post stenotic region can be observed.

Fig.3. Centerline total pressure at various axiai positions fbr difTerent Reynolds number-s
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4.2.Effect on Velocity

Centerline velocities (Fig. a.) have also been studied to investigate the effect of Reynolds.

The effect of spiral component can be explained in these figures. From Table.l it can be observed that

for a higher Re, spiral velocity also increases. With the increase in Re and 0, magnitude of axial

velocity also increases. Due to the stenosis there is a large increase in axial velocity magnitude. The

effect of spiral component, however, is quite less on radial and tangential velocity although For lower

Re (Re:500,1000) the effect is significant. For comparatively higher Reynolds numbers and gradually

higher O the effect is not that mentionable.

1=.,

Fig.4. Centerline velocity at different axial positions for different Reynolds numbers
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Velocity profiles for different Reynolds number has been shown in Fig.5. A dimensionless parameter

(r/R) has been taken on the y-axis. From the figure it is obvious that the magnitude of velocity is

maximum at the stenosis and almost 0.9 m/s, 1.6 m/s,2.3 m,/s, 3 m/s for Re:500, 1000, 1500,2000

respectively. The parabolic velocity profile before the stenosis also depicts the intial condition, the

shape ofwhich changed drastically after the stenosis.

"@

Fig.S. Velocity profiles for different Reynolds number

4.3 Effect on wall shear stress

The influence ofspiral flow on the wall shear stress has been elaborat3ed in Fig.6. It can be

easily seen that, with the increase in Reynolds number (which means increment in spiral flow) wall

shear stress along the pipe wall increases. The contour of wall shear stress is easily observable. Also

at the stenotic region the change in shear stress is significant. When 0 : 5.83 rad/sec, maximum wall

shear stress is observed.

1
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Fig.6. Wall shear stress along the pipe wall

The effect of spiral flow can be described efficiently form the cross sectional views of the

velocity streamlines. From Fig.7, the structure of the blood flow at the downstream for different spiral

speeds can be investigated. Interestingly, they produce twisted three-dimensional flow. This pattern of

flow is similar to that of the MRI measurement of the blood flow in a patient's artery with thrombosis

done by Frydrychowic z et al. 1191. The intensity of the twisting flow at 4D distance is quite strong and

flow pattern is much chaotic in the downstream region. This chaotic behavior can cause potential

damage to blood cells and inner surface of the artery [2].
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a b

(c) (d)

Fig.7.(a). Cross section of velocity streamlines at (a) Z:-2D (b) Z:0D (c) Z:2D (d) Z=4D
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Fig.7. (b). Cross section of velocity streamlines at 960%stenosis (a) Z--2D (b) Z:0D (c) Z:ZD

4.4 Effect on Turbulence Kinetic Energy

The effect of the Reynolds number on the turbulent kinetic energy (TKE) has been shown in

Fig.S. The increase of TKE for Re: 2000 is quite phenomenal compared to other Reynolds numbers,

while the effect for Rr500, 1000 can be almost negligible. There is significant increment of TKE in

the downstream (in the post stenosis region).

Fig.S.Turbulence kinetic energy at different axial positions for different Reynolds numbers

5. CONCLUSIONS

This paper aims to draw decisive conclusion that spireil component of blood flow has

important impact on human artery while the Reynolds number play a crucial role for significant

parameters of blood flow. The increase in turbulence kinetic energy in the downstream region is

responsible for the destruction of blood cells, and the platelets in the blood are activated, resulting in
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many pathologic diseases attack in human body. The turbulent kinetic energy is reduced by

the spiral flow as it causes rotational stabiiity in the forward flow as a results it prevents the damage

of blood cell which is a beneficial ef{bct. At the same time, the spiral flow in the posterior stenosis in

the osciilation wall shear stress, which is harmful. In this paper a simplified model of afiery has been

used. Further research should be conducted in this regard to investigate the proper biological boundary

conditions.
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Abstract

We have got d yery- cornpetiti,*e nrurket place, this day. There is a need.for business organization.s

to ensure continual intprovement. Garment Manufactu.ring companies experience grottirtg

pressure to improve quality, increose productivity, and reduce cost tvith limited resources. The

paper reliew,s the litercLture on this industry, and evaluates.future trencls in the international and

domestic clothing industr_,-. Fashion industtl need tct reduce response time, eliminate errors,

product diversilication.fbr search the new market and improve customer sutisfoction to incrense

the voltnre of erport qttantity.

Keywords: Increase, export, clothing item, EU, Non-Traditional Markets.

1.0. Introduction

1.1. Background

Readymade Garment industry (RMG) is one of the iargest sector in Bangladesh which eaming

more than 82.01% of total export in the year of 2015-16 l1] of foreign currency. in every year by

exporting fashion product (clothing items) from Bangladesh to diflerent region of the world.

Bangladesh expoft garments to more than 40 countries, this exporl are highly concentrated in two

major markets, the USA and EU. In our research we will try to focus the European Union markets.

From many years Bangladesh exporting fashion product to the European Union markets and the export

voiumc is larger about 17946.81 Million US dollar in the year 2016 [2] where \\'oven

is8089.91 Million LIS dollar and54.18EU % of world,Knit item is 9856.96 Million US dollar

and1l.16 EU% of rvorld [3]. In recent years order strearn fi'om EU become steadily rising up. ln this

paper we will try to find out what is the reason behind this and how the product diversiflcation can

help us to increase the cxport volrLme to the Er-rropean lJnion markets as well as & Non-Traditional
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Markets. This paper also addresses some of the important strategic aspect to improve export

opporhrnities, from marketing taking advantage ofthe trade related assistance offered by the EU to the

less developed countries. We believe that this research will be very much helpful for the RMG sector

and become an implementable milestone.

1.2. Description

Readymade Garment (RMG) Industry occupies a leading position in the export-manufacturing

sector of Bangladesh. The advent of the RMG sector happened during the early 80s in Bangladesh.

Since then, due to supportive policies of the Government of Bangladesh, this industry has experienced

a significant growth. In 1988, And since then this sector has continued to consolidate it predominant

position in the export basket of Bangladesh. According to the export promotion bureau (EPB) data of

2003-2004 financial years, the export earnings from the RMG sector was 5686.09 million US dollars

which represefi74.'79%oof total export and total exporl of Bangladesh was 7602.99 million US dollars

Il] . In 2015-16 financial years export eamings from the RMG sector was 28094.16 million IIS

dollars, which represent 82.01% of total export eamings, and total export of Bangladesh

was 34257 .18 million US Dollars [ ] . The industry, which was started only with a few Factories in

1980s and in the year 1984-85 there was only 384 factories and in 2015-16, it increased into 4328

factories [4]. The RMG sector employed around 0.12 million workers In the fiscal year 1984-85 and

in the year 2015-16 the industry employed 4.0 million workers [4].Today's market is very competitive

and Bangladesh RMG industry exporting basically classic product which is very easy to produce and

sell them to the world market. And so many courtries doing the same thing in the same way, and

retailers take the chance to bargain with the manufacfurers. As a result the garment exporters have no

other way to take the enormous volume of order wrth in very low profit. Another way how we can

make more profit and boost up the export volume by doing product diversification as well as market

diversification .It means that besides doing the classic we need to develop and create new innovative

product and exporting them to the existing and new market-

2.0. Data collection

The purpose of data collection was to understand the present sifuation of garment industry in

Bangladesh and what is the present export quantity in this paper basically contain on line publishing

base information like journals, books, others researcher projects and online clothing and garment

iadustry base web portals.

Sonargaon University Journal, Vol. 2. No. I 100

I

l

)
I

l

'I

l.\
i
I\
!
t{
I
J\
Iti
l



2.l.Data analysis

In this paper collected data were analysis by the requirements of in terms of the input, output,

control systems, human resources, and technology, time, decision-making and communication

systems. Main analysis and discussions have been made on the basis of the information obtained from

the BGMEA web site and also data collected fi'om the Export Promotion Bureau (EPB) and world

famous renowned web portals. Some data are taken from interview that was published in the daily

newspaper and as well as from the Apparel summit where the guest spoken about the Readymade

Garments (RMG) industries. This paper has focused upon the various issues which are regarding with

the garment company and the success ofthese industries. This study based on secondary data that are

available in the govemment web site EPB and BGMEA, which are very authentic and accurate so there

is no possibility of fakeness. The limttation of this paper is primary data were not collected like

garments factory owner answer the questionnaire/interview.

So we couldn't evaluate and analysis their opinion and suggestions. But in this paper demand

the authentic and accurate data that's why we focused and depended on secondary data. Another

problern in the primary data collection questionnaire and interview the respondent might provide

socially acceptable answer. Most of case the person's private information was not disclosed which

could be very helpful.

3.0. Good Practise of research and development (R&D)

Fashion consumers are now very fashion and style conscious, they are always looking for new

design and style. As a result intemational fashion sourcing companies are also searching for new

design/ style, innovative creative fashion products. Basically in Bangladesh, most of the garntent

manufacturers follow the "cut-n-sew" theory that means sewing only the classic product. Most of the

factories are base on Basic fashion production like- basic-shit1s, trousers, jackets, T-shirt and sweater

[5]. Some fashion product like Outerwear, technical sportswear, swimwear, underwear, shape- body

and lingerie- a product that Bangladesh used to make in the past [6]. Designs like- Ski wear- tracking-

hiking- and biking unfortunately the export volume is very poor in quantity. So we can start develop

these item and offer to the buyer. And only 57o market share high price luxury sggment, 15% market

share upper middie price segment, 30% market share is based on middle price segment. 40?o is low to

middle price and 10% discount segment [7]. .Factories also can do semi fashion products. For example

Ladies Blouses, tops and babies clothing item we are exporting from Bangladesh to EU, it is also poor

in quantity so \ .e can appiy some hand stitch/embroidery work, patch work, appliqu6, natural dying by

skilled worker. As a result value will be added and product
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price will go up so the manufacturer can gain profit as well as quantity will raise

up. Otherwise orders might goes to other apparel producer countries like India, China, Vietnam,

Srilanka, Tmkey etc. So for increase the export volume there is no altemative way to set up a research

and development section in every garment industry it can be a Design dept, product development dept

the main purpose of that departments will to support the fashion buyer's requirements, analysing

planning and finally implementing- in a word , (diversification of fashion product) create a creative

fashion product with maintain international quality standard and offer a seasonal fashion collection to

the international markets(EU).

3.1. Exploring new markets (market diversification)

Business cannot be run without profit so proflt is most important factor, if the factories doing

a business with the same buyer for many year may take extra privilege form 

& Turkey'

Among the new markets to which the garment exporters have started shipping their products,

The volume for these new markets is satisfactory level, these garment exporters are now on the lookout

for other un-explored new markets like Russia, South Africa and Japan, Australia as, if all the exports

are being done to these markets as on date, it is in small volumes, like Cyprus in20l6 only 1.97 rmllion

US dollar, Romania 11.51 million US dollar and Hungary was 3.57 million US dollar only [8]. Spoke

to M Ghulam Faruk, chairman of SQ group, said though market diversification is taking place, RMG

buyer cutting down the prices. He said Japan, a RMG market worth $20 billion, is a new market for

Bangladesh as exporters have started sending items to that country "We only have 0.06 percent market

share of the Japanese RMG market, whereas China's percent is 83 percent" [9]

We have now started exporting to different countries like Japan & Russia. This change already

started, in2014. Our export to Japan is now more than US $ 591.76 million now in 2016 the volume

is US $ jgy.O6million. ln20l4we exported 215.89 million US dollar to Russia and in 2016 we send

total 303.29 million US dollar [10], although RMG exporters have some banking problems in exports

to Russia, they are also making serious afford it and they are also facing a language problem in Japan

but try to overcome these problems.
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3.2. Low cost apparel manufacturing base attracts global retailers

One of the top fashion products sellers in the UK, Matalan Holdings PLC, and John Hargreaves

(chairman of Matalan) stated that Bangladesh need to be well organizedand price competitive to retain

its position in the Global apparel market. Matalan imported readymade garments worlh 60 million US

dollar in the year 2004from the counhy [11]. Recently, news had emanate of the Bangladesh garment

industry ovedaking India, in exports of apparels to the biggest market in the world; USA. More and

more worldwide clothing buyers are heading towards the shores of Bangladesh, since it is able to

manufacture apparels, competitive in pricing then most other countries in Asia. The biggest advantage

Bangladesh clothing manufacturers have vis-d-vis Indian 

competitive rates, simplifred procedures, labour laws are

more flexible and favourable and last but not the least fuIl support and blessings of our

Government[21.

3.3. Nlanage the fashion buyer over the internet (Irashion marketing)

Mil1er and Vlueller (2000) stated that "the future oilashion shopping over the internet" Selling

over the lnteniet and the World Wide In this paper u,'e describe a 3D Virnral Fitting Roorn clemonstrator

which is being developed r,vithin the project, The results shorv horv curent markets and retailer groups

using virluai reality technologies can oflbr successful oommercial appiications. The demonstrator

lbcuses on technical lbatures, users'interests, and vendors'needs regarding web shopping offers.

Aspects like security and privacy are not considered in this paper, since several nearly tr'rnished

developments and standards exist already for this topic reported tirat the buying and selling fashion

product over the intemet is likely increased day by day [13]. Fashion is alu.,ays changing Mike Easy

QAO2) stated [14]; "Fashion essentially involves change, detined as succession ofshort-term trends or

tade" lashion products are likely completely ditferent from any other product

like milk, sugar, potatoes or household product. A trendy fashion product basically 6 weeks

life long. after 6 weeks newproducts launch and complete its life circle [15]. So it is important to good

practice olfashion marketing. Another thing to be remembered just in time (JIT), its mean that quick

response with buyers knocks, in some advanced marketing information system 



organisation al-range some JIT collection by their own product development department like seasonal

Fashion collection (Digital version) for ensure the futLire advance order or present their own

capabilities. Another thing is that, built an organisation own web site as a result they inject their digital

collection in the web site then just send an e-rnail to prospective buyers, buyer can browse and order

thlough internet or they can bargain with the price rnatter. Or if they have any special requirements on

pafiicular design they can comments on that. So an organisation easily can start the digital fashion

marketing/ e-marketing, the benefit of e-marketing or digital fashion marketing is, the factory owners

in Bangladesh can discussed with the retailer who is in the USA, EU or Japan in terms of designs.

shipment schedr-rlc, presentation or price etc over the use of internet . Normally traditional w-a,." buyer

send a sample with the size chart to the buying office and the buying office dominating the lactories

and finally they bargain with the price so the profit less, and there is no option to choose particular

style. On the other way we oflt-er a range of seasonal fashion collection then they can order from that

collection as well as from the buyer offered existing order in long run the Export volume can be

increase.

4.0. Eco-friendly fashion

Now a day's stylish, 

glamorous and exciting. But have we ever stopped to think about its wider

impact? From an environmental point of view, the clothes we wear and the textiles they are made from

can cause a great deal ofdamage. The pesticides that farmers use to protect textiies as they grow can

harm wildlife, contaminate other products and get into the food we eat. The chemicals that are used to

bleach and colour textiles can damage the environment and people's health. Old clothes that we throw

away take up precious space in landfill sites, which is filling up rapidiy. However, most of these clothes

could be rework and finally we can reused - how often are the clothes we throw away really ',vom

out?Eco-fashion or organic textile r-rraterials is atrout making cloths that take into account the

environment, the heaith of consumers and the working conditions of people in the fashion industry.
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4.1. agro-

chemicals dangerous for the land .Organic cofton generally soft to the touch, grorvn without chemicals.

Organic cotton tends to be more expensive, but good for the environment .Organic cotton demand

increasing day by day in the world market particularly in the European market and as well as Asian

market like Japan organic fashion product also high-priced. If the Bangladeshi RMG exporler uses the

Organic cotton/ fabrics and export then it can improve the export volume.

Naturally colour cottor is already colour, and that's why do not need arlificial dyes do during

process. In addition, the colour of fabrics made from naturally colour cotton does not become wom

and fade away compared to synthetically dyed cotton fabrics. At this time, modern markets have

revived a tendency in using naturally colour cotton for its noted importance in reducing harmful

environmental impacts. As a result we can produce eco- fashion already discussed.

4.2. Green factories and compliance

Green factories stand for who have less carbon emission, higher manufacture, and save more

gas, powerielectricity and water compared to other factories Bangladeslr got a total of 32 green

factories. More than 100 green factories are waiting for go to production [16]. The US green Building

Council (USGBC) provide LEED (Leadership in Energy and Environmentai Design) Cerlificate to the

green factories . Ifthe factories convince certain requirement and earn point to accomplish different

levels of certification. In order to succeed for the certificate, 

factories. Out of the world's top 10 ranked

green factories, T are in Bangladesh [7]. So far, a total of 19,600 projects in 161 countries have

received LEED certificates [16]. Thirty garment, textile and washing factories in Bangiadesh have
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received LEED certificates. BGMEA president Siddiqur Rahman said. "Environment-liiendly

laclories have been established in the country, meeting the best compliance standards ol the v,,orid.

Now 150 factories are being ready as environment-friendly ones. That u,ill increase confidence of

buyers in

increase

in basic wage. Assessment of all the 3780 factories as recommended by giobal branCs and retailers has

been completed [17]. lt empioys more than 4 million r,vorkers. and 80 percent are women. Indilectlr'.

about zl0 miilion people are dependent on this sector [18].

4.3. Eco-fashion clothes and l'air trade policy

Using organic rar,,,materials. such as cotton gror,vn without pesticides or harmful chen.rical and

silk made by worms f'ed on organic trees .don't involve the use of harmfui chernicals and bieache s to

colour fabrics .are often made from recycled and reused textiles. High-quality garmerts can be urade

from second-hand clothes and even recycled plastic bottles are made to last, so that people keep thenr

for longer. come lrom fair trade - the people who make them are paid a fair price and have decent

working condition with the eco-fashion industry still in its infancy, the main responsibility at the

moment lies wrth clothes manufacturers and fashion designers, who need to start using sustainable-

materials and processes. Sustainable clothing [ 19] now dcpends on the fair trade policy [20], [2 ] ]

Fashion buyer increasing and widen their vision on this. Fair Trade is a trading biisiness.

based on discussion, transparency and respect. That mean not only doing business by providin-e good

rvorking condition better wages but respect the worker community. When any consumer Buying Farr

Trade or Ethical fashion i22] products rleans \ve are an active parl of 

management systemf23] is imporlant. that
mean in an organisation everybody will be connect il,ith the information technology and they nrust
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aware about the newly and update technology. If organisation employees need any training they n"right

arrange it lor their better business.

5.0. Conclusions

The Apparel sector still providing an opporlr.rnity for export diversified fashion product and

the increase of manufactured exports lor low-wage countries. This is so even though China and India

have. Sr-rbstantial expofi possibilities for countries that can effectively utilize their labour cost

Advantages and which can fill the emerging position. At the same time, the global market for Clothing

continues to change with an increasing role for big buyers and for speed and Flexibility in delivering

products to the market. and this papers shown at the total export volume doesn't depending only

product diversit-rcation as well as some factors like environmental friendly materials or eco-fashion,

developing the marketing - merchandising deparlment and take IT based training and must have

knowledge about the e-commerce and e-marketing, finally we need to focus on the fashion design and

product developments, eco-friendly raw materials sourced locally we need maintain and practice

compliance. fair-trade policy.

By proper implernenting this factors already explained, the export volume will be increase,

finally take a pafi to develop the sustainable development of our country. We must remember that

RMG of Bangladesh has 
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Appendix-A

Membership And Employment

Year Number of Garment tr'actories Employment In Million Workers

1 984-85 384 0.12

1 985-86 594 0.20

1 986-87 629 0.28

1 987-88 685 0.31

1 988-89 125 0.32

1 989-90 '759 0.34

i 990-9 I 834 0.40

1991-92 1 163 0.58

r992-93 1531 0.80

1993-94 1 839 0.83

1994-95 2t82 1.20

1995-96 23s3 t.29

1996-97 2503 i.30

1991 -98 2126 1.50

1998-99 2963 1.50

1999-00 3200 i.60

2000-01 3480 1.80

2001-02 3618 1 .80

2002-03 3160 2.00

2003-04 3951 2.00

2004-05 4t01 2.00

2005-06 4220 2.20

2006-01 4494 2.40

2007-08 4743 2.80

2008-09 4925 3.50

2009-10 5063 3.60

2010-1 i 5 150 3.60

2011-12 5400 4.00
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2012-13 5876 4.00

2013-14 Aa11 4.00

2014-15 4296 4.00

2015-i6 4328 4.00

Source: BGMEA (http ://www.bgmea. com. bdihome/pages/Tradelnformation)

APPendix-B

Comparative Statement on Export of RMG And

Total Export of Bangladesh

Year
Export Of RMG

(In Million US$)

Total Export of

Bangladesh

(In Million US$)

70 Of RMG's To Total

Erport

1 983-84 31.57 81 1.00 3.89

1 984-85 1t6.2 934.43 12.44

1 985-86 13 1 .48 8 19.21 16.05

I 986-87 298.67 1076.61 /- t. t1

1 987-88 433.92 1231.2 35.24

I 988-89 41t.09 t291.56 36.11

1 989-90 624.16 1923.10 32.45

t990-9t 866.82 1717.55 50.41

1991-92 11 82.57 1993.90 59.31

t992-93 1445.02 2382.89 60.64

t993-94 1555.19 2533.90 6 i.40

t994-95 2228.35 3412.56 64.11

1995-96 2s1t.t3 3882.42 65.61

t996-91 3001.25 44t8.28 61.93

t997-98 3781.91 5161.20 '73.28

1998-99 4019.98 53 I 2.86 7 s.67

1999-00 4349.41 5152.20 15.61

2000-01 4859.83 6461.30 15 .14

200 1 -02 4583.7 5 5986.09 16.57

I
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2002-03 4912.09 6518.44 75.01

2003-04 s686.09 7602.99 14.19

200,1-05 6411.67 86s4 52 14.15

2005-06 7900.80 1 

Year Basis

YEAR
TOTAL APPAREL EXPORT IN MN.US$

WOVEN KNIT TOTAL

1992-1993 1240.48 204.54 t445.02

1993-1994 1291 .65 264.14 1555.79

1994-1995 r835.09 393.26 2228.35

1995-1996 1 948.8 1 598.32 2511.13

1996-t997 2231.95 763.30 3001 .25

1 997- I 998 2814.13 931.5t 318t.94

1 998- i 999 2984.96 1035.02 4019.98

I 999-2000 3081.19 1268.22 4349.41

2000-2001 J J ()4.-1_ 1495.51 4859.83
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2001-2002 3124.82 i458.93 4583.75

2002-2003 3258.27 1 653.82 4912.09

2003-2004 353 8.07 2148.02 5686.09

2004-2005 3598.20 2819.41 6411.61

2005-2006 4083.82 381 6.98 7900.80

2006-2001 4651.63 .+553.60 921t.23

2007-2008 s167.28 5532.52 r 0699.80

2008-2009 591 8.5 r 6129.26 12347.77

2009-2010 6013.43 6483.29 12496.12

2010-201 1 8432.40 9482.06 11914.46

20t1-20t2 9603.34 9486.39 19089.73

2012-20t3 1 1039.85 r 0475.88 21515.13

20t3-20t4 t2442.07 i2049.8 1 2149t.88

2014-2015 13064 6l 12426.79 25491.40

2015-2016 14738.14 13355.42 28094.16

Data Source Exporl Promotion Bureau Compiled by BGMEA

(http :/iwlr.w.bgmea. com.bd/home/pages/Trade Information)

Appendix-D

Main Apparel Items Exported From Bangladesh

(Value in MN. US$) ,

Total Apparel Export In Mn.Us$

Year Woven



2001 3162.28 1432.12 459s.00

2002 3076.28 1573.40 4649.68

2003 3398.84 1850.36 5249.20

2004 3686.78 2532.62 6219.40

2005

(http ://wrvrv.bgmea. com.bd/home/pagesiTradelnformation)
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Appendix-E

Bangladesh's RMG Exporl to World (FY13-14, FY 14-15 & FYl5-16)

Million US$
'Woven Knit Total

EU Countries 2014 201s 20t6 20t4 2015 20t6 20t4 201 5 2016

Austria 23.04 22.34 26.73 30.85 27.19 29.16 53.90 49.53 55.89

Beigium 344.68 344.81 42t.0t 444.12 412.99 432.12 788.79

415.76 160.t5 11t.33 836.75 1231.49 1244.25 t312.sl

Ireland 79.63 11.19 14.08 I + /.+O 121.81 fi5.44 227.09 r 98.99 189.52

Netl.rerlands 285.40 291.39 331.71 310.87 342.10 382.14 656.26 633.49 714.45

Portugal t0.26 t2.04 19.30 3t.11 32.44 39.71 41.43 44.49 59.01

Romania 3.11 4.44 4.10 6.39 1.25 1 Alt.at 10.17 1 1.68 1 1.51

Spain 689.44 168.11 853.99 866.63 958.49 1059.65 1556.07 1'/21.20 19],3.64

Sweden 123.58 14t.92 168.53 259.41 214.02 291.4t 382.99 415.94 4s9.94

U.K. t294.46 1629.25 1155.52 1312.30 1604.91 1684.36 2666.16 3234.16 3439.88

Clprus 0.28 0.43 0.50 i.84 1.82 1.41 2.t2 2.25 197

Czech

Republic

15.21 153.57

318.24

44.'19 53.3 8

78.55 120.01 206.91 456.19

Estonia 0.40 0.24 0.11 0.76 0.83 1.00 Li6 1.01 1.17

Hungary 0.66 0.45 0.34 7.97 3.94 i.z3 8.63 4.3 8 3.57

Latvia 1.36 0.98 0.13 3.06 2.60 1.35 4.43 3.58 t.47

Lithuania 0.03 0.26 0.04 0.89 0.89 0.88 0.93 1.15 092

Malta L08 i.+1, 1.78 1.30 4.80 3.00 2.3 8 8.22 4.78

Poland 206.64 228.47 219.52 302.34 348.66 41t.23 508.99 571.13 660.75

Slovakia 29.lt 30.61 34.14 36.79 45.63 43.42 65.91 16.24 77.56

Slovenia 9.72 8.92 t+.1 I 24.20 19.03 32.25 33.92 27.95 46.52

Croatia 5.3 3 4.90 5.10 t0.92 9.06 9.62 16.25 t3.96 15.31
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Sub-Total

(EU) 6230.26 6910.t4 8089.91 8719.99 8992.53 9856.96 15010.25 15902.68 17946.87

EU % oJ World 50.16 50.05 54.i8 72.t9 70.27 11.16 61.06 59.78 62.6A

Grotvth ol 10.01 t 0.91 I 7.07 7.85 ) ,t) 9.61 8.744.74

-7.09 4.80 -0.87

Non-

Traditional

Markets

Australia 156.61 216.66 225.30 302.34 3 89.54 311.07 458.95 606.20 602.31

Brazll 16.05 79.68 40.53 104.02 82.69 45.52 180.07 162.37 86.05

Chile lt.92 t5.67 23.55 21.06 22.18 29.30 32.97 37.84 52.85

China 141.13 174.69 22r.63 120.04 130.80 112.07 267.77 3 05.,18 -?93.10

India 79.87 81.85 101.68 21.14 21.16 3 8.68 101.61 109.0i 140.35

Japan 339.24 363.31 385.07 252.st 3tI.J/, 41 1.98 591.76 680.69 791.06

Korea Rep. 85.02 9s.36 1 01 .89 59.45 12.94 14.55 144.48 168.29 t]6.44

Mexico 49.00 60.07 60.26 1t.56 84.69 14.31 120.56 144.15 134.63

Russia 78.35 92.29 134.85 131.54 t24.3t t68.44 215.89 216.60 303.29

South Africa 27.34 40.48 32.22 23.66 33.11 27.28 51.00 13.59 59,50

Turkey 361.17 349.21 361.80 148.48 124.41 108.92 510.25 473.69 416.72

Other

Countries

448.67 522.35

s36.91

512.54 566.46

627.58 961.22 1088.8 1 1t64.49

Sub-Total

(Non-Trad.) 1861.58 2491.13 223t.68 1714.94 1915.59 2t55.71 3636.52 4061.32 4381.45

%t oJ'itron-

Traditional 14.99 15.15 14.9 5 14.59 15.44 I5.69 I4.79 I 5.29 I5.30
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Abstract:
This papers presents viability oJ studlt of hybrid system in power generation. Rapid reduction qf

fossil fuel resoLtrces necessitated research on alternative energ!' sources . A wind-solar hybrid

system a reliable energy source because ifuses solar energy combined with v-ind energy to create

a stancl-alone energy- source that is both dependable and reliable. Solar power or wind pon'et

alone can.fluctuate, when usetl jointly they provide a reliable source of energy . The petfect

solution is to combine these two .forms of energy- sources to create a stable energ flo *-. The main

objective qf this paper is to study thefeasibilhy* of stand-alone solar-wincl hybrid power systenl

and to maximize the use of renewable energy resources while minimizing the total cost.

1 .1 .Introduction

Presently the energy sector is going through a power crisis because of deficit in the major

primary source - relative 

ease with which electricity can be generated, distributed, and utilized,

and by the great variety of its applications. It is questionable whether the consumption of electricity

should be allowed to grow unrestricted, but the fact is that there is an ever*increasing demand for this

energy form. Clearly if this demand is to be met, then the world's electricity generating capacity will

have to continue to grow. Presently almost all the eiectricity generation takes place at central power

station which utilizes coal. oil, gas, water or fissile nuclear material as the primary fuel source. There

are problem facing the further development of generating methods based on any of these conventional

fuels. Hydro-power generation is limited to geographically suitable areas, and reserves of coal,

although presently plentiful, are not renewable. The possible hazards of nuclear power have been much

exposed, particularly those conceming the storage and military use of nuclear waste material. On the

other hand, to assist in maintaining electrical supply in many of our societies its seems likely that an

increasing nuclear power presence, involving breeder and possibly fusion reactors, will be tolerated.

To achieve this and also to support in management of the existing fossil-fuel resources, it is essential

that some part and an increasing part, of future electrical energy research and development be
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concemed with so called no usual methods of generation . With increasing this load and 

with correct storage system have been keen interest for the last few years. In this paper

a hybrid model of solar / wind is developed using the battery. The simulation circuit will include all

practical components of the system.

1.2. Block Diagram of Hybrid Fower Generation System

Lsad
FV P.*or=

EHir*d EBn*r&t&r

E*ft*ry

Fig.1. Block diagram of Hybrid Power Generation Systep

t-f'= **',.*-r-

z+=a d,

4*.
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tr.3. Solar Photovoltaic System

Photovoltaic cells are widely used to convefi solar energy into ele

at thejunction [2] .

This charge carriers make potential gradient in the junction areas and accelerated under the electric

field anci circuiates as current tlu'ough an outer circuit. The solar cell is the basic buiiding of the PV

power system and it produces about i W of power. To obtain high power, many such cell are connected

in series and paral1e1 circuits on a panel, the soiar aray is a group of a several modules electrically

connected in series- parallel combination to produce the required electrical quantity such as voltage

and curent.

1.3.1. Characteristics of PV module

The eleckical characteristics of the PV module are usually expressed by the current vs.

voltage (I-V) and the current vs. power (P-V) curves . The (P-V) characteristics of the used

photovoltaic module at different solar illumination intensities is shown in Fig.2

The current equation [3] of the solar cell is given by

Where,

V+IR,
nkT

I:IL*Iol"'( )-11

1, : photo current (A)

1o : diode safuration current (A)

R, : series resistance (O)

q: charge olelectron : 1.6 x 10 le 
1C ;

k: Boltzmann constant : 1.38 x 10 23 ilfl
T : cell temperature (K)

n : number of PV moduie

Power output from the PV array can be obtained by using the equation as given

below:

PPv(t) - Ins(t) * A * Eff(Pv)

Sonargaon Llniversiry Journal, Vol. 2. ltro. I l2l



Where,

Ins (t) - insolation data at time t (kW/ ru2 )

A : area of single PY parcl (m2 )

Effprr: overall efficiency ofthe PV panels and dc/dc convefiers.

The Solar Cel1 Characteristics are as follows:

(i) -Ir. - short circuit current.

(i, Yo,: open circuit voltage.

(iil) Peak power

(iv) The open circuit voltage of a single solar cell is approx 0.5V.

(v) Much higher voltage is required for practical application

(vi) Solar cells are connected in series to increase its open circuit voltage.

h of 1u',:ltage qeneraterl an,l Fniqer Fetforrn,rnce irr Fh'rtn Voltair:, r.-lell

7tl

EtI

1 l-l

l',rl r: d u le ',r": lt a g

Fig.2. P-V characteristic curves of Photo Voltaic Cell.
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i
t The output power of a solar cell is given by

Prn = VI

Where,

I: output current ofsolar cell (A),

V : operating voltage of solar cell (Volts)

Prn : ou@ttt power of solar cell (watts)

,

xfasr

Fig.3. Output characteristics of PV array,

1.4. Wind Energy System

Wind power systems change the kinetic energy of the wind into other forms of energy such as

electricity. While wind energy conversion is relatively simple in concept, turbine design can be quite

complex. Most commercially availabie wind turbine uses a horizontal axis configuration with two or

three blades, a drive train including a gear box and a generator and a tower to carry the rotor. Typical

sizes for a wind turbine range from 200-150 KW, with electricity produce within a specific range of
wind speed. Capital costs have declined from about $ 

is proportional to the cube of its speed and wind
power vs wind speed curve is shown in fig.4. This means that if wind speed doubles, the power avail-

able to the wind generator increases by a factor of 8 (2 x 2 x 2: 8). Since wind speed increases with
height increases to the tower height can represent enoffnous increases in the amount of electricity

generated by a wind.
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Fig. 4. Wind power vs wind speed characteristics curve

1.4.1. Environmental responsive and Sustainable energy sources

Environmentally responsive solutions are becoming more imporlant than ever as a result of

concefil regarding the state of our fading planet. With increasing concem of ivorld-rvide lvanning and

the reduction offossil fuel reserves, many are looking at sustainable energy solutions to save the earlh

fbr the future generations. Other than hydro poweE photovoltaic and wind energy holds the most

potential to meet our energy demands.

1.5. Hybrid model of PV solar and wind energy

The rise in electrical energy costs related with fossil and nuclear fuels, and improved public

awareness of potential environmental impacts of usual energy systems has created an increased interest

in the development and utilization of alternate sources. Wind and photo voltaic energy are being

increasable recognized as cost effective generation sources in small inaccessible power systems. A

rational cost benefit analysis requires evaluation models that identify the highly variable rature of

these energy sources tvhile maintaining the Besides 

being

pollution free, they are free recurring costs [5]. They also present power supply solutions for remote

areas, not accessible by the grid supply. Nowadays, more than 1, 00,000 off-grid Solar PV systems

and around 30,000 wind turbines are installed all over the world.

t

I
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1.5.1. Working of a solar panel

Solar Energy was invented many years back with a piece of glossy metai which can reflect

sunrays, it iulfilled 2. 

lio. l t2s





w-**

ff{. ffirt'-g' E=V

*r=zr

1.5.4. Block Diagram of llybrid Wind-Solar Energy System

(-iE{tt}

I-.il41-I5

Fig.7. Wind / SPV Hybrid energy model configuration

where,

WEG: wind energy generator

SPV : solar photovoltaic panels

CC - power conditioning units

BAT : battery banks

INV - inverter

1.5.5. Combine multiple sources to deliver non-intermittent electric power

The Combine mu

united states , wind speeds are low in the summer when the sun shines brightest and

longest . The wind is strong in the winter when the less sunlight is available .The peak operating times

for wind and solar systems occur at different times of the day and year , so hybrid [ 1 1] systems are

more likely to produce power when we need it . Many hybrid systems are stand-alone systems , which

operate " off-grid" ... not connected to an electricity distribution systems. For the times when neither

the wind nor the solar systems are producing , most hybrid systems provide power through batteries

and/ or engine generator powered by conventional fuels , such as diesel . If the batteries run iow , the

engine generator can provide power and recharge the batteries.
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Fig.8.Combine multiple sources to deliver non-intermittent electric power

1.5.6 Combine output power from a wind and a PV module :

The total wind and PV generated power during each hour is first computed as follows

Po",(t) = P**a(t) * N o, x Por(t)

where NPV is the number of PV panels and P*,,,(t) is the power from the wind at time .

The Matlab Programming of Hybrid Model[3] with using Battery is shown in Fig. 9. (
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(a) Calculation for solar energy

To determine the size of PV modules , the required energy consumption must be estimated

Therefore, the power is calculated as

Pr:lns(t)*A*Eff(Pv)

where ,

Ins (t) : insolation data at time t (kW ru2 )

A : area of singie PV panel ( m 
2 

)

Effpv - overall efficiency ofthe PV panels and dc/dc converters.

Overall efficiency is given by ,

E.,.fror):H*PR

Where

H : Annual average solar radiations in titled panels and

PR: performance ratio , coefficient for losses .

(b) Cost

The total cost of solar-wind hybrid energy system depend on total total number of wind furbine

used and total no of solar panels used. Hence, 

Rs

C, is the cost of single battery in Rs

ly',, is the number of wind turbine

{ is the number ol solar paneis used .
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and NB is the number of Battery used .

Soiar-wind hybrid energy system requires only initial investment and good in generation than the

conventional energy resources 112] . The cost of the system depends on the system cho

efficiency of both the solar

and wind turbine and they adjusted to operate at their point of maximum power. There are various

techniques for maximum power point tracking (MPPT) methods have been developed and

implemented [8]. Few of the most popular methods are : Incremental conductance method, Perturb and

observe (hill climbing methods ) , Fractional short circuit curent . Fractional open circuit voltage ,

Neural networks , Fuzzy logic . The MPPT technique depends on the initial rotor speed for the wind

turbine and an initial reference voltage for photovoltaic array. The corresponding output powers of

both the systems are measured. If this power does not correspond to their maxirnum powers, then their

initial reference values are incremented or decremented by one step. If this adjustrnent leads to an

increase in their output powers then the next adjustrnent is made in the same direction and vice-versa.

The above steps are repeated till the maximum power points of the wind turbine and photovoltaic array

are reached. Fig. 3 shows the characteristic power curve for a PV array. The problem considered by

MPPT techniques is to automatically find the voltage Vr* or current 1'ro at which a PV array should

operate to obtain the maximum power output P-u, under a given temperature and ir-radiance.

1.8. Advantages , application and Limitations of Hybrid Power Generation Systems

The advantages of the system are given below :

r) Lorv operating cost

ii) High 



(a) Distributed [9] Generation Applications

(b) Constant Speed and Variable Speed Wind Energy Conversion System

(c) Photovoltaic Energy System

Lirnitations:

Solar Energy is present throughout the day but the solar irradiation ievels differ due to sun

intensity and unpredictable shadows cast by clouds, birds, trees etc. This made the concept of solar'

energy an unreliable one and less uses. Wind Energy is capable of supplying large amounts ol pouer

but its presence is highly 

maximum

power point tracking (MPPT) algorithm, the system's power transfer efficiency and trustworthiness

can be enhanced extensively. Clearly, a complete hybrid power system of this nature may be too

costly and too labor demanding for many Industrial Technology Depafiments. The enhancernents to

instruction, particuiariy in making electrical power measurements more physical. nafural and

real-world are important and the costs and labour involved in some adaptation of the ideas in this paper

to a smaller scale set up are reasonable [10,12]. ln other places, other power sources could be used.

For example, hybrid combinations of wind power, solar power, geothemal power, hydroelectric

power, tidal power, biomass generated power, power from ignition of solid wastes, and many other

technologies couid be considered depending on local interests and resources. The key element of this

test basis concept are two or more renewable power sources connected to a power grid with complex

electrical connections which presented in this paper analytically. The combined effect of solar and

wind energy in a hybrid power generation system have been studied and how maximum power point

is reached to minimize the cost have been studied in this paper.
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Abstract

In this study various t.vpes of Air c:onditioning st-stems and detelopment of a software.for cooling
load calculations are carried out. This sofhtare ma,v be used in cooling load colctilation oJ

btrildings, markets, hotels and any required spoce.for prediction o-f eco-Jriendly air conditioning
,\y,stem easil-, qtickll, an.cl in more accurately. It.fbutses that co-generation basis vapor ab,sorption

chilling system chiller is eco-friendly and more energy- saving. The cooling load is.fotrnd to tlepend
on indoor and ambient temperate. The comruon issue is to protect the earth an.d to protect the

envir"onntent which is of great importan.ce to the mankin.cl. Researchers from all over the world has
greatly contributed to the knowledge of the traditional electric chillerwh.ich takes Refrigerant as

its cooling medium and caused great harnt to the ozone la.yer of the atmosphere. In 

Introduction

The performance study of an air-conditioning system and the development of software for

cooling load calculation by CLTD (cooling load temperature difference) method are carried out in this

u'ork. It r,vould demonstrate its use in br,iildings, markets or in any required space with respect to duct

design, pipe size selection, exhaust system and plant room layout. Trvo types of air conditiomng

svstems are in use and they are: Vapor compression system end Vapor absorption system. Vapor

absorption system with cogeneration uses flue gas a heat source in lithium bromide absorption

chilleriheater and saves heat. This creates positive influence in reduction of air pollution and energy

utilization causing energy saving and environment benefit.
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Now a days, few existing software are available for cooling load calculation but its demand is

increasing day by day for getting accurate results for multistoried buildings, markets, towers, hospitals,

industries and residential buildings. In Bangladesh, the use of thumb rule for cooling load calculation

gives inaccruate results. An increasing trend of developing software cooling load calculation induces

proper refrigeration load for HVAC (Heating, Ventilating and Air-Conditioning) system for

Bangladesh i.e. for 24" latitude and 34"C arnbient temperatures. This paper includes developing of a

software encompassing fundamentals of air conditioning, followed by different air conditioning

equipment and systems. Considering recent energy crisis in near future, it is expected to establish the

co-generation service systems which will save power. The software developed here will play a 

a detailed parallrletff study on a simple power

system, the impact of the air conditioning load component on the daily cost is illustrated and discussed.

Moreover, the economic feasibility of applying two suggested control strategies of the air-conditioning

load aiming at reducing the fuel consumption is also investigated.

2.0. Software Development

2.0. Objective of Cooling Load Calculation

Cooling load calculations lnay be used to accomplish one or more of the follor.ving objecrrr es

a) Provide information lor equipment selection, system sizing and system design

b) Provide data fbr evaluating the optimum possibilitie s fbr load reduction

c) Petmit analysis olpartial loads as required for system design, operation and control

2.1. Components of Cooling Load

The total building cooling load consists of heat transferred through the building envelope

(walls, roof floor, windows, doors etc.) and heat generated by occupants, equipment, and lights. The

load due to heat transfer tkough the envelope is called as external load, while all other loads are called

as internal loads-
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Abridged outdoor air requirements listed in ANSI/ASHRAE [1 ] Standard 62-1989 are as follows:

Table.l. Abridged outdoor air requirements

Applications Cfm/person

Offices, confbrence rooms! offices 20

Retail Stores 0.2 0.3 cfm/ft-

Classrooms, theaters, auditoriums 15

Hospitals patient rooms 25

These ventilation requirements are based on the analysis of dilution 

analysis of the weather data so that I to 5% of the total possible

operating hours is equaled or exceeded the outdoor design values.

2.9. Summer design conditions

The recommended summer design and coincident wet bulb temperature, when chosen as being

equal to or exceeded by 2.5% of the total number of hours in May, June, July, August and September,

are

(i) Design conditions Latitude 24o nor-th

(ii) Outside design conditions 34"C dry bulb temperature, and

(iii) Inside design conditions 25'C wet bulb temperature

Sonargaon Universilt Journal, Yol. 2. I'lo. I I40



(iv) Relative humidity 50% from the psychometrics chart

(v) Dailyrange 11oC

(vi) Ventilation air: 1.5 Lls per person for classroom, theaters auditorium Hospital

patient roorlls: 1 1.8 L/s and Hotels, conference rooms and oflirce space : 9.1Lls

Fig. 4.1. shorvs the outdoor dry bulb temperature and wet bulb temperature curr,/es for a t1pically hot

sumrrer day in Dhaka. Usually, the maximum temperature of 34"C occurs at 2 p.m. and the minimurr

temperature of 28"C occurs just before sunrise. The daily range of dry bulb temperature is about 9 to

10oC, and the daily mean dry bulb temperature is 34o.

2.10. Winter design condition

The recommended winter design and coincident relative humidity, when chosen as being

equaled to or exceeded by 1% or 2.5oh of the total number of hours (i.e. 2160 hours) in December,

January and February, are

(i) 9'C dry bulb temperature, and

(il) 50% relative humidity

Minimum temperature occurs at 6 a.m. or 7 a.m. before sunrise and the daily range is about 6oC to 8oC

during very cold winter days.

2.11. Indoor design conditions

For most of the comforl air-conditioning systems used in the commercial, industrial, hospital

and public burldings, the Vol. 
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As a basis for design, the most un-favorable but equipment

etc.

4.1. Cooling Ioad calculation scenery in Bangladesh

Some of the cooling load calculations scenarios in Bangladesh are shown below:

Case-a: Commercial building

Sample 1 (at Dhaka)
40

r3o
F
'o --o Ztlo
50
.g 10
o
oeo

Calculated by present method Existing cooling load

Fig.4.l. (a): Sampie 1 (at Dhaka)

Case-b: Hotel building equivalent of a 3 star

S*nrple 7 {at ilh*te*}
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Fig.4.1. (b): Sample 2 (arDbaka)
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From Fig.4.1.(a) consider an existing 20 storied commercial building at level 2 having total floor area

is 4239 square ft. and floor height is 11 ft. considering the above conditions the cooling load demand

is 17"14 TR according to the present calculation and existing cooling load is 29.5 TR. Due to

conditioned space at level 1 and levei 3 calculated cooling loads becomes lower. From Fig.4.l. (b)

consider an existing 12 storied hotel building single room at level 12 (top floor) having total floor area

is 554 square ft./5 1.5m2 and floor height is 10 ft. Considering the above conditions the cooling load

demand js 2.47 TR according to the present caiculation and existing cooling load is 5 TR. Due to

conditioned space at level 11 calculated cooling loads becomes iower.

Case-c; Hotel building equivaient of a 3 star

Sample 3 {at B}tnkn}
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Fig.4.1. (c): Sample 3 (at Dhaka)

From Fig.4.1. (c) consider an existing 12 storied hotel building singie room at level I i having total

floor area is 375 square ft. or 3,1.84 m2 and floor height 10 ft. 
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Fig.4.1. (d): Sample 4 (at Dhaka)

From Fig.4.1. (d) consider an existing 12 storied hotei building single room at level 12 (top floor)

having total floor area is 305 square ft. or 28.34 m2 and floor height is 10 ft. considering the above

conditions the cooling load demand is 1.94 TR according to the present calculation and existing cooling

load is 2.5 TR. Due to conditioned space at level 11 calculated cooling loads becomes lower.

Case-e: Conference/ Serninar/Banquet hall

Fig.4.1. (e): Sample 5 (at Dhaka)

$ampile 5 {at Dtunke}
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From Fig.4.1. (g) consider an existing 15 storied Shopping malis cum apartment building iraving totai

floor area of 37,800 square ft. or 3512 m2. at level 2 and floor height 12 ft. According to tl.re present

cooiing load caiculation is 118 TR and existing cooling load is 230 TR.

5"0. Comparison between a vapor absorption chiller and a vapor compression chiller: Ref. \o.

t2l t3i & t41 tst t6l

SL

No

Items Vapor compression chiller Vapor Absorption Chiller

1.0 Energy input Electricity Heat (Natural gas, Oi1, Steam. Hot

water &. generator/Gas Turbine

exhaust flue gas)

2.0 Air conditioning

range

1- 150 TR (Reciprocating)

300 TR & above (Centrifugal)

50 TR 300 TR (Screw)

10 TR to 3300 TR

3.0 Power

consumption I

Gas

consumption

0.68 to 1.12kwhr per ton

capacity

0.28 m3/hr per ton capacity

4.0 Spare parls Oil Pilter, Refrigerant-filter ,

oi1 change

No spare parts very shorl

5.0 Environmental

issue

Refrigerant used Freon gas No tised Freon Gas (absorber is

Lithium Bromide solution)

6.0 Refiigerant R22, R134a, R407, R410A Refrigerant is pure r'vater

COP 2.98 for air cooled chiller

3.8 for water cooled chiller

1.41 For double effect of direct fired,

steam and exhaust 



9.0 Multi

system

use Only cooling & Heating

mode use

Cooling, Heating & Hot water mode

use

10.0 Radiation More radiation because it has

compressor and condenser

Near to zero because existing high

insulation over the condensed or

HTG side

I 1.0 Part

operation

load Minimum 45% & Maximum

9s%

Minimum 25% &. maximum 100%

12.0 Refill

Refrigerant

When need to maintenance of

the chiller then refrll

refrigerant again

No need of refrigerant

13.0 Vacuum Before Refrigerant charging

need to vacuum

Complete the commissioning then

need the vacuum after one chart 

clearly shows the amount of saving by using direct fired absorption chiller and vapor

compression chiller for Bangladesh.
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a) Yapor compression chiller for Screw type [ 7l

b) Vapor absorption chiller [ 7]

Description Electrical consumption

(KW/hr)

Gas consumption (m3/hr)

Chiller capacity 100 TR, 60 Nil

Chilled water pump 13.5 Nil

Cooling water pump 17.5 Ni1

Cooling tower r 0.5 Ni1







6.0. Conclusions

The present analysis includes software application in the cooling load calculation for HVAC system

and development of the computer aided design and further developed of software. From the study,

analysis and results of this research work, the following conclusions may be made:

1. Software base cooling load calculation can be done very easily, very quickly and more

accurately.

2. The cogeneration basis vapor absorption chiller is eco-friendlier and more power saving

compared to the traditional electric chiller.

3. The cooling load depends on the ambient temperature. if the arnbient temperatwe is low then

cooling demand is low and the ambient temperature is high then cooling load demand is also

high.

4. This software has been developed in five steps: (a) instantaneous solar radiation heat gain

for glass 
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Abstract
Tourism has become a very important and dynamic sector in the developing countries. Maritime
and caastal tourism comprises the major figure of tourism in any countries. For the last two

decades coastal tourism Jlourished very fast in the developing countries. Bangladesh is full of
natural beauly. Rivers, coasts and beaches, mangroveforests, coral reefs, lagoons, waterfalls etc.

surround it. In 2012, around 6 hundred thousand tourists came Bangladesh to visit and enjoy its

beauty. The total contribution of tourism to GDP was 4.4o% in 2a13. Bangladesh has not yet got a

better position in this industry in 

ship, branding of coastal places

in Bangladesh, security development in coastal places, engagement ofcoastal people in developing

integrated coastal tourism etc. are recommended in this article.

Key words: Coastal, Tourism, Development, GDP, Strategy.

1.0. Introduction

Bangladesh is a population rich maritime counhy. It is blessed with a vast sea endowment,

which is about 1.5 times larger than the lald area. The coastline of the country comprises an area of

about 580 km tll. There are more than 720 rivers all around the country; with a total length of

approximately 24,000 km. Almost all sorts of economic activities have linkage with this sector. It is

widely recognized that the coastal tourism industry is making a significant contribution to the socio-

economic development of many countries in the Asian and Pacific region through its role in

increasing foreign exchange eamings, providing employrnent opportunities and enhancing standards

of living [2]. Maritime tourism contributes 161 Billion USD to the global economic benefits (World

Bank, 2015). Coastal tourism can be a major contributor in our Gross Domestic Product (GDP) portion

- of tourism. In 2010, Bangladesh earns foreign exchange of BDT 495.98 million, of which maritime

Sonargaon University Journal, VoL 2. No. l r52



tourism covers one of the highest figures [3]. The direct contribution of travel & tourism to

GDP is expected ro be BDT 184.4bn (2.3oA of total GDp) in 20t l, rising by 6.3% p.a. to BDT

339.2bn (2.3%) tn 2012 (in constant 2011 prices) [4]. To maintain a sustainable growth in

tourism, its present contribution and future prospects could be experimented. Coastai

tourism is a growing industry in Bangladesh. Recently, Cox's Bazar of Bangladesh has been

recognized as a rising tourists' spot among the fastest growing destinations this 

sector in different countries is a major source

of revenue, employment generation and poverty alleviation.

1.1. Prior Literature

The del'rnition oltourism has no unir.ersal fbrm. It is still now del'rned by various peoplc by

diflerent ways based on their own justification. Tourism means going out and visiting place for

religious putpose, gathering knowledge and having pleasure, flln. or for economic benefit. Tourism is

travel for recreational, leisure or business purposes. According to the International Eco-tourism

Society, "Rcsponsible travel to natural areas that conserve the environment improves the wellbeing of
local people."(,',,-it-'u'-ti:'',:,iiitilllr';r.lCJ). Tourism is the rnovement ofpeople to destination outside their

normal places of work and residence, the activities undertaken during ther study in those destinations,

and the facilities created to cater to their needs [5]. For the development of tourism it is so necessary

to have something special for that reason people wrll visit that destination. Pollution liee cnvironment

is necessary for tourist to get reteshed mentally, physically, culturally and spiritually. Eco tourism

gives incentives to local community, cntreprencurs and government [6].

Tourism can have a major influence on the economic improvement of Malaysia which needs

to adopt in the development pian of the country. Malaysia has targeted to capture a place rvithin the top

10 countries in the world in terms of intemationai tourist arrivals through various developinent plans

[7]. Halima Begum emphasized on the maritime tourism through the enhancement of rnaritime cluster



element of blue economy. Through the integrated plan it can have a huge impact in the development

of the country. Sustainable policy can outline a strong maritime and coastal tourism in Bangladesh [9].

1.2 . Objectives

The objectives of this study are as follows:

l) To identify the potentiality of coastal tourism in Bangladesh.

2) To identifi, the contribution of coastal tourism to the GDP of the country

3) To frnd out the limitation of tourism sector.

4) To recommend obligatory steps to overcome the limitations.

1.3. Methodology

This study is basically condition 

of the industry.

2.0. Discussion of the Study

2.1. Coastal Tourist Places in Bangladesh

Cox's Bazar- a Tourist Paradise

The gaudy township at the head of a 125 km long beach with lines of fancy shops on either sides of

Cox's Bazaar main road, calm peaceful Khyangs and pagodas, Rakhlme quarters, fish harbor of

kosturaGhat, the Sights of the rising sun behind the hills and setting of it into the Bay of Bengal all

together gives us aura ofa fairy land- a tourist paradise.

lnani

Inani is anattractive sea beach. It has a lot of coral stones, which are very sharp. These coral stones

look black and green and they are found in summer or rainy seasons.
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Himchhari

Himchhari is a beautiful spot in the solitude of sea and the hills. It is about four and a half km southeast

from cox's Bazaar along the beach.

St.Martin

St Martin Island is a beautiful coral island in the Bay of Bengal. For the beach lover this is the best

place to visit in Bangladesh.

Beaches

The Patenga beach at Chittagong is one of the most popular beaches of Bangladesh, stretching for

miles near the meeting place of the Bay of Bengal and the river Karnaphuli. Parki beach is situated in

Gahira, Anwara Thana under southern Chittagong region.

Kuakata

Kuakata is a rare scenic Bangladesh eco- tourism destination located in the south west coastal area.

The beautiful sandy beach of Kuakata attracts scores of tourists as from this location one can

watchboth Sunset and Sunrise on Sea. The sea beach at Kuakata is about 30 kilometers long and 6

kilometers wide and gently slopes into the water. This allows tourists a pleasant bath or swim, a walk

andlazy relaxation on the beach. Lines ofcoconut trees, and forests provide a sanctuary for migratory

winter bfuds and provides the bird watchers an extra perk for coming to to 

generate 1,509,000

jobsdirectlyin20ll (1.9o/ooftotalemployment).By202l,travel &tourismwillaccountfor1,951,000

jobs directly, an increase of 442,0A0 Q9.3%) over the next ten years. The total contribution of travel &

tourism to employment is expected to be 3,326,A00 jobs in 2011 (4.2oh of total emplolment). More-

over, visitor exports are a key component of the direct contribution of Travel & tourism. Bangladesh is

expected to attract 443,000 international tourist (ovemight visitor) arrivals in 2011 , generating BDT

6.6bn in visitor exporls (foreign visitor spending, including spending on transportation).

I
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Universities
for external peer review of Institutional Quality Assurance Cell as required by the University
Grants Commission. The study used a descriptive methodolog,t to implementation of ISO 9001
quality systems has a positive impact on the education qualiqt. The study provided q suggested
proposal, including: The goal, foundations, requirements and steps of the application of the
suggested proposal, including the implementation mechanisms. The benefits of ISO 9001
certification arefurther depictedfor those interested in complying with the Standard.

Keywords: quality management system, QMS, ISO-900!, Bangladeshi universities, quality assurance

unit. institutional qualiry assurance cell. universiry grants commission

1.0. Introduction

The society we live in today is globalized and economic pursuits have become highly

competitive. Productivity and growth today solely depends upon new knowledge generated in

universities. Creativity and innovation are the basis of new knowledge and very critical for rapid

development ofthe country. Higher education transforms the traditional society into knowledge society

and forms the basis for creativity and innovation. Improving the quality of tertiary education is vitally

impofiant in this context. Currently, the scope of higher education in Bangladesh expanded remarkably

with the increasing number of universities both in private and public sector. At the same time, it has

drawn on many deep rooted and intertwined challenges. These problems can only be addressed by

developing a.quality culture and ensuring good practices in higher education institutions (HEI$ t1].

Establishment of quality assurance system in 



concern. Many countries in the world developed quality assurancc systcm internally with formal

institutional approach. A r,vell-functioning quality assurance system could push higher education iir

Bangladesh fbrward to greater heights r,vith peoples' conlldence at national and intemational level. As

such, there is an urgency of developing internal quality assurance system rvithin the r-rniversities in

Bangladesh [1]. ISO (International Organization lor Standardization). establishec'l in 1947. is the

r,vorld's ISO gives us the standards that are the tools to achieve goals, it provides guidance to develop

a process and ways to implement it as a framework. tSO not oniyprovides guidance on the role of a

goveming body, but also encourages organizations to use appropriate standards to underpin

governance and quality assurance [2].

iSO-9000 standards provide a liamework tbr quality managament in unir.ersities. The

attract and retain students and. consequently, quality

practices are often used as a competitive weapon. In addition. governing bodies are requiring

educational institutions to irnplement processes olcontinuous in.rprovcment so as to promote quality

in eclucation. Another reason is that educational institutions are increasingly con-rpclled to make an

efficient use oltheir resources. being held acconntable to funding bodies and other stakeholders [3].

Maria, Claudia and Alberlo pointed out that the quality management systern in spite of its

importance is not a management approach easily applied to higher education institutions, especially

becausc the academic culture olthese organizations is very different tron, the industrics. Most of the

well-known quality management framervorks, such as the ISO, were flrst developed for industrics, not

for education institutions [4]. Perhaps that lvas one of the reasons for most ol the Bangladeshi

universities thanking that ISO certification may not be appropriate application of the quality

management system fbr univcrsity quality assurance.

l.l. Studr Problem

The Bangladeshi universities suffer from deep quality assurancc problems that affect the efficien-

cy and effectiveness of work (such as contradictions in the responsibilities, weak relations amon-e the

employees within the sections and departments of the University, the neglecting team rvork at the

dispense olindividual and.etc. Some of Bangladeshi Ilniversities tried solving of these

Sonat'gaon Llniyersi.ht Jottrnal, Vol. 2. l"lo. I 161

s

t
ti
t

I
I

I

II
,
t

I
t

I
i





.)
f.

t'

i\
t4t
+
I

t
i
t
r
h
I

ir
{
(

I
B

I
t\
i

I
i
I

1
!

t

Ia 

quality management system.

. ISO-9000:2005 - Covers the basic concepts and language.

. ISO-9004:2009 - focuses on how making a quality management system more efficient and

effective

. ISO-19011:2011 - sets out guidance on intemal and external audits of quality management

systems.

In1987,ISO published the ISO-9001, ISO-9002, and ISO-9003 standards which pointed out

the requirements of a quality management system (QMS). These standards were revised :'ll,1994,2000,

and2008,In2000,ISO combinedlSO standards 9001,9002,and 9003 into one staridard,ISO-9001

t5]. A quality system ISO-9001 is defined as a set of interdependent processes that function

harmoniously it an otganization, using various resources, to achieve objectives related to quality that

was introduced by the International Organization for Standardization (ISO) [6]. This standard is based

on a number of quality management principles, including a strong customer focus, the motivation and

implication of top management, the process approach and continual improvement. Customer focus,

Leadership, Involvement of people, Process approach, System approach to management, continual

improvement, Factual approach to decision making, mutually beneficial supplier and relationships.

Using ISO-9001:2008 helps ensure that customers get consistent, good quality services, which in tum

brings many benefits. [2].

The basic aims to application ISO-9001 to gain more benefits like to improve internal

processes and procedures of the institution, to the improvement of management, performance and

effectiveness and meet the needs of your customers and to achieve the goals set [7]. Hides et al.,

pointed out that, 







The experience and Iessons learne d liom tl.rc 25 SA (SeliAssessrr,ent) subproject:

implernented in 15 universities under HEQEP generated heightened a\vareness arnong the facultl'

members and management regarding the need for initiating QA in higher education. 

and support services standards at an

acceptable 1evel [121]

Based on the above developments. a QAU (Quality Assurance Unit) within the organizational

structure of UGC of Bangladesh was creatcd under HEQEP to initiate the QA mechanism iu

Bangladesh's HEIs. As a lrrst step in this endeavor the HEQEP rvould also suppoft the estabiishrnent

ol IQACs in r-u.riversities and the QAU rvould provide guidance and technical assistance to the IQACs

in order to make them furrctional. Thc QAU will ftrnction as a ternporary council until the lbrmatiou

of tl.rc national QAACB (Quality Assurance and Accreditation Council, Bangladesh) in 20 16. QAU

woLrld begin u,ork on drafting of the national qualifications framc.,vork ar.rd other quality assuranco

documents. The QAACB upon its establishrnent shall take over the quality assurance activities of QAU

and the latter rvould continue to liaise between IQAC" UGC and QAACB in respect of QA activitres.

Howcvcr, the QAU shall remain as a unit wrthin the UGC with reviscd roics and responsibilities. [14]

Objectives of QAU

The general objective of the QAU is to promote a quality assurance culture within the higher education

institutions in Bangladesh. The speciflc ob.jectives are to: [1]

. guide the universities fbr establishing a tlnctional institutional quality assurance cell (lQACl:

. improve the govemance and management of academic programs by establishing QA

mechanism:

. erSUre good practices tbr quality assurance in higher education in Bangladesh;

Salient Features of QA System



IQACs will be established and managed in conformity with the policy guidelines provided in

the IQAC Operation Manual;

The QA system is completely participatory and consultative approach;

The QA system will not limit the ability of the Universities to provide quality education

maintaining the standard practices in accordance with the QA principles;

The QAU will develop and continue to upgrade the quality assurance framework and QA

documents in consultation with the higher education community and other stakeholders; and

since

The development of Quality Assurance system is a continuous process, the system introduced

will be reviewed and made responsive to the emerging needs.

Major Functions of IQAC

The major functions of the IQAC are to: [1]

. Facilitate to define the mission and objectives;

. Develop standards and benchmarks;

. Review existing procedures;

. Provide necessary suppofts to conduct the self-assessment, external peer review;

. Develop a data base deliverable to all stakeholders;

. Developing Institutional QA Strategic Plan;

. Co-ordinate all QA related activities;

. Organize activities for capacity building and promoting QA culture; and

. Take initiative and 

responsibiiit.v of the HEIs is to maintain and improve quality of its acadcmic

programs. Quality assurancc systems in higher education, horvever. compriscs of two basic

components: an intemal component and an external componeirt. 115]. Intcrnal quality assurance

system is cornposed of the institutional arangements within the institLrtion to provide assurance of
quality.
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1. Benefiting from the Bangladeshi minority models that have been able to obtain ISO

cerlification.

3.3. The Suggested Proposal Requirements

The suggested proposal requirements include the following:

1. University ieadership's commilment to implement a quality management system with

conviction and understanding of the feasibility of its application.

2. Spreading the culture of ISO-9001QMS among human resources at the University.

3. The formation of the Quality Management System team ISO-9001 to be entrusted with

the application.

4. Providing trained manpower for application ISO-9001.

5. Providing material and financial resources needed to implement quality management

system ISO-9001.

1 . The existence of a system of incentives paid for cadres to make more effort in the

application of the approach.

7. Establish specific criteria for selecting cadres.

8. The activation Cooperation with the Project Management Unit regarding the application

of quality management system ISO-9001/2008.

4. Phases of the Application of IS0 9001 Qualit-v Management Systern

In this section. the study deals r,r,ith the application of a quality managemenr s_vstem ISO-

900 I in Bangladeshi Unir,'ersalities, as sholn in the following phases: [ 1 1]

4.1. First Phase: Setup and Preparation

Preparing represent the foundation on which tlie rest of the application stages, and therefore rr"rust

be a strong start with the supporl of senior lranagemcnt ol 









4.6. Sixth Phase: Otrtain ISO Certification

When the department is confident ofthe capacity and efficiency ofthe quality systemthat is seeking

a certificate of conformity of the quality system of an accredited agency can.

4.6.1. Method of Application Phase to Obtain ISO Certification

Selecting a donor for accredited certification.

1. Submit a request to the donor supported by all the documents that support the request ofthe

University.

2. A donor to send a tearn of them to make sure the models and the evidence provided by the

University.

4.7. Seventh Phase: Maintenance

This phase aims to maintain the ISO certificate obtaiaed.

4.7.1. Method of Application Phase

System maintenance is one of the two roads either by the University human resources, or by a team

from the donor.

Whether to take the first or the second way, it must follow these steps:

1. Review the donor reports.

2. Review internal audit reports.

3. Monitorthe implementation of the results of audits.

5.0. Conclusion

The study analyzedthe reality of the application of ISO quality management system in Bangladeshi

universities, in context to implement the IQAC of the UGC's extemal peer review criteria and

presented a suggested proposal on how 



Bangladeshi universities, and this system is not only lirnited for confirming quality management

system in the industries.
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Abstract

The ISO 14001 is aworldwide recognized international standardfor the environmental issues, thus

contributing to sustainability, by preventing pollution and by meeting legal requirements. This

article aims to discuss sustainability and the application of this standard within the construction

sector in Bangladesh and its impacts upon construction companies. The methodology consists of

the study of the concepts of sustainability and discussion of the major changes of the 2015 version

as compared to the 2014 version. It was also observed how this new version can contribute to a

more sustainable consfiuctton. This article also contributes to a comprehensive review of the

present scenario of the EMS (Environmental Management System) in construction industry in

Bangladesh.

Keywords: ISO 14001 Standard, Sustainability, Construction Sector, Bangiadesh.

1.0. Introduction

Every day we are facing a changing world which concerns us regarding to the economic situation

of countries, climate change and the increasing social pressure, ied governments to make efforts to take

actions aimed at 2015, 

the new version of ISO 14001 was published,
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whose aim is to provide a structure with requirements lbr environmental protection, based on

the preventi

identify the contribution of this standard,

aiming at the achievement of a sustainable construction. taking into account the

requirements of the ISO 21931:2010.

The methodology rvill be based on the analysis of the requirements of the ISO 14001:20 15,

comparing it to the ISO 1400i:2004 version and the ISO 21931:2010 standard, which establishes

guidelines for an environmental assessment of sustainable construction.

2.0. The Environmental Management System Based on The ISO 14001 And the Requirements

for Sustainable Construction

In the face of the current problerns related to the environment and the increasing demands of

environmental agencies to issue licenses, companies are pressured to demonstrate that they have an

adequate environmental management. The set of ISO 14001 standards provides organizations with a

guideline for the implementation of an EMS (Environmental Management System) for the adequate

management of these issues and ti-re aspects and impacts caused by such activities. According to ISO

14001, an environmental management svstem is part of the management system used to manage

environmental issues. meet legal and other requirements, addressing risks and opportunities. The ISO

(lnternational Organization fbr Standardization) is an independent internationai organization,

composed of 161 member countries, and, in Bangladesh, it is represented by BSTI (Bangladesh

Siandards and Testing lnstitution), through promulgating the Bangladesh Standards and Testing

Institution Ordinance, 1985 (Ordinance XXXVI of 1985), in which its representatives participate in

international rneetings of the ISO/TC 

l
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(customers or other hterested party) can be performed, or even get a certification body to

perform an external audit and evaluate their EMS. In order to meet ISO 14001, the following

requirements must be fulfilled: the context of the organization, leadership, planning, support, operation

and performance and improvement evaluation. The ISO 14001 standard helps the implementation of

the EMS, which contributes to improving the environment, the organization and its stakeholders. It

may be applicable to any type of orgaruzation, provided that the environmental aspects of its activities,

products and services are addressed, considering the life cycle. In order to simplify and optimize

resources, organizations seek to have an integrated system, that is why the update ofISO 14001 has

been aligned with the Quality Management System ISO 9001 standard and the ISO 45001 standard for

Safety and Health, which it is expected to be published by the end of 2016.

According to 

be

used by all ISO management system standards. Each organization should define the scope for its EMS,

analyze the context in which the orgarizalion operates, checking issues related to the environment,

both internal and an environmental management system, the commitment and involvement of

leadership are essential.

After the implementation of ISO 14001, according to the 2015 version, lhe orgarization may

either perform a self-assessment and self-declaration, or seek confirmation from a 2nd-party audit,

such as customers or other interested party, interested in the organization, or seek a confirmation by

another parfy, external to the orgarization, or even seek certification of its EMS by an external

organization, i.e., an Certification Body (CB). Fig:l shows on the next page the structure of the EMS,

according to ISO 14001:2015.
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Planning The organization should establish the EMS planning, considering, the

context. stakeholders and the scopc of the EMS. It should determine the risks

and opporlunitics rclated to its environmental aspccts, legal and other

requiren-rents.

Operation At thrs stage, the organization establishes, implements and controls its

processcs in order to meet EMS requirernents. It should also consider its

p|eparatiorl loI ernersencics.

Improvelnent At this point. opportunities for the improvement of the EMS should be

detern-rined. Actions should be taken to deal rvith non-compliances and to

impror.e the environmental performance.

Fig.l: Structure of the Fnvironmental Nfanagement Systelr.
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Co*text of the

Orga-nization

Anatryze tlre internal and extern*I. envirosmert, considering re;sutt$,'a!4

, .,:snvironmental candition*i. .. . . . .:

Leadership At this stage, the organization should dcmonstratc the commitment by its

leadership and directivc board.

Support The orga4ization,should prqyide resourees. define,.competences,

eommunicate with and raise awareness of the people.working {or the

organization takiag lnto aecount its EMS.

Performance

evaluation

Tlre organization should monitor, measure, atalyze and evaluate its

environmental performance, considering the compliance to legal and other

requirements. The directive board should perform critical 





2.1. Main changes of the ISO 14001:2015 and their impacts on ems implementation in the

construction industry

Every seven years, the ISO 14001 standard undergoes a review process, and the changes airn

to meet market needs, and encourage better environmental management. The current version also

presents greater adhesion, sti1l with the structure of ISO 9001, thus facilitating the integration of

systems. Companies will have a period of three years to conform to the new version of the standard.

With the new version, the concept of stakeholders iras been expanded and the construction company

should. at the time of the implementation, check people or organizations that might afI-ect, be aflected

or perceive themscives aflected by a decision or activity of the company, thus making a survey of these

stakeholders an<l

and strategic role is replaced on the high dircction directive board, since

now there is a specific requirement for leadership, and it is expected a greater involvement and

participation. being it necessary that the leadership lcrows the environmentai aspects and impacts,

ensuring that the EMS requirelnents are being it necessary that the leadership knows the

environmental aspects and impacts, ensuring the EMS requirements are being considcred in the

organization's processes and business. Environmental Policy must make it clear the organization's

commitment to protect the environment, meet legal and other requirements, and in'rprove the EMS to

increase environmental pcrformance. Analyzing the context of the organization, of the project and oI

the rvork influences the strategic direction, regarding intemal and extemal issues, which might be

associated to environmental conditions rclating to clin,ate, air quality, water quality, iand use, existing

contarnination, availabilrt1, of natural resourccs and biodiversity. External issues related to compliancc,

legal requircments. regulation, information technology, finance and economy, culture and society.

Another significant change was the need fol planning by adopting actions to analyze the risks and

opportunities, taking into account the significant environmental aspects and inrpacts, legal

requirements and other issues related to stakeholders. The construction company can also identify

risks due to enviromnental spi11, flood increase due to climate change, scarcity ofresoulces,

cconomic constraints. intrclduction of new technologies, shortage of r'vater and energy. According to

!
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ISO 14001 Amex A, when determining environmental aspects. the lbllowing aspects must be

considered: air cmissions, disposai in water and 1and, use olraw materials and natural resources, energy

use, energy emission (for instance: heat, radiation, vibration, noise and light. generation ofu,aste and/or

by-products, use of space). As for the aspects and impacts, the construction company should considcr

project changes, activities, new or modified products and sewices, and take into accorint the

emergencies that can be predicted as well. As to preventivc actions, the item has been replaced. in the

new version, the organization should assess the risks and propose actions to eliminate or reduce them.

Thus, taking preventive action should be intensifred, based on the to need to assess the risks in all

activities and also perform assessment ofchange.

According to ISO 14001:2015, it is necessary to consider the life cycle. consecutive and

linked stages of a given product system (or service), from the acquisition of raw materials. or their

generation tion, natural

enterprise. Changes in the neu,ISO 1.+001

version are very significant, especially when it comes to the construction sector, since there are few

incentives fbr companies to implement an SEM. Besides, being it a very traditional sector. very

resistant to change. The new version will bring a great impact to the construction companies,

regarding the issue ofcontext analysis and the active participation ofleaders (high direction directivt'

management changes. analyzing risks and opporlunities, and perfonning analysis the life cycle: tasks

that are far from the reality of the construction sector.

2.2. Requirements for a sustainable construction

According to ISO 15392, in order to apply the concept of sustainable de velopment in construction

and promote sustainable development at the same time, it will be necessary to achieve six objectrr-es:

the progress of the construction sector; reduction of negative cnvironmental impacts; stimulus to

innovation; stimulus to aproactive approach; the decoupling of economic growth and the increase of

negative impacts on the environment and/or on societyl the reconciliation of conflicting interests or

requirements between planning or decision-making within a short tem and a long term. Also, this

same standard describes 10 principles applied to sustainable development: continuous impror-etnent.

equity, thinking globally and acting locally, holistic approach, stakeholders'
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Construction process; Operational planning and control

ancl cnvironmer.rtal aspects,

End of Iife cycle, including demolition/deconstruction, reusc,

recycling and final disposal;

Operational planning and control

Location of the construction and the influence of

transportati on upo11 users;

Context ol organization;

Water production, including commissioning of construction

systems;

Operational planning and control

Land use at the constmction site: Environmental aspects;

Operational plamring and control

When the construction company chooses to implement ISO 14001, they consider requir..-

ments for completion of the project, compliance with legal requirements and also aspects olBusinu'ss

Management. When therc is impieracntation of ISO lut00i in a construction company, some bencfits

and advantages can be observed. such as: compliance with iegal requirements and subsequent monrror'-

ing of the project conditions; reduction olwaste amount, which leads to saving, since discharge rvi1l be

Iower; ntotivation and bettcr commitment by employecs, dr.re to training sessions; and envirorutental

education, reducing air. noise and visual pollution and thc consequent redtiction of environmental

in"rpacts. From the point of- view of stakeholdcrs, the company's irnage is improved, promoting a

competitive advantage and greater confidence in the rnarket. There .\
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Energy Storage in a Technicai Grade Phase Change
N{aterial in a Horizontal Double Pipe Heat
Exchanger: Part-I

Reasons of Labor Dispute and Role of BGMEA,
Industrial Police & Labor Union in disputes
seftlement procedure - a study from Bangladesh
RMG industry units of Dhaka & Gazipur

Study of Natural Convection Heat Transfer in a

Rectangular Enclosure from One Cooled Side Wall

Comparison of Physical and Micro-Structural
Characteristics of Various Fine Aggregates in
Bangladesh

Mechanical Properties of Jute hybrid Epoxy
Composites and Its Applications in Car Panels

Numerical Simulation Of Non-Newtonian Spiral
Flow Through Stenosed Artery With 75Yo And 96Yo

Area Reductions

Product Diversification and The Enhancement of
Exporl Volume From Bangladesh To EU & Non-
Traditional Markets

A Study on The Performanoe of Hybrid Power
Generation Svstem

Study of Performance of an Air Conditioning
System and Cooling Load Calculation By Using
Developed Software For A Building

An Evaluative Study of Development and Impact
on Maritime and Coastal Tourism

A Suggested Proposal for The Bangladeshi
Universities to Implement ISO-9001 Quality
Management System for External Peer Review
of Institutional Quality Assurance Cell as

Required by The University
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