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EFFECT OF RADIATION AND DISSIPATION IN A
CONVECTIVE HEAT TRANSFER FLOW OF A VISCOUS
FLUID IN A TRIANGULAR DUCT WITH HEAT
GENERATING SOURCES
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Abstract:

In this paper we discuss the combined influence of radiation and dissipation on the convective
heat and mass transfer flow of a viscous fluid through a porous medium in a triangular duct using
Darcy model. Making use of the incompressibility the governing non-linear coupled equations
for the momentum, energy are derived in terms of the non-dimensional stream function,
temperature. The Galerkin finite element analysis with linear triangular elements is used to
obtain the Global stiffness matrices for the values of stream function, temperature. These
coupled matrices are solved using iterative procedure and expressions for the stream function,
temperature are obtained as a linear combinations of the shape functions. The behavior of
temperature, Nusselt number is discussed computationally for different values of the governing

Parameters Ra, o, N, and Ec.
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1. INTRODUCTION

The study of heat transfer and mixed convection flow in porous medium enclosures of
various shapes has received much attention[4]. Interest in these natural convection flow and heat
transfer in porous medium has been motivated by a broad range of applications, including
Geothermal systems, Crude oil production, storage of Nuclear waste materials, ground water
pollution, fibre and granular insulations. solidification of castings, etc. In a wide range of such
problems, the physical system can be modeled as a two-dimensional rectangular enclosure with
vertical walls held at different temperatures and the connecting horizontal walls considered
adiabatic. Convective heat transfer in a Rectangular porous duct whose vertical walls are
maintained at two different temperatures and horizontal walls insulated, is a problem which has

received attention by many investigators [7, 9].

Han-Chieh Chiu et. al., [3] have discussed mixed convection heat transfer in horizontal
rectangular ducts with radiation effects. Chitti Babu et. al., [2] has discussed convective flow in a

porous rectangular duct with differentially heated side wall using Brinkman model.

Badruddin et. al., [1] have investigated the radiation and viscous dissipation on
convective heat transfer in porous cavity. Recently Padmavathi [7] have analyzed the connective
heat transfer through a porous medium in a rectangular cavity with heat sources and dissipation
under varied conditions. Reddaiah et. al., [8] have analyzed the effect of viscous dissipation on
convective heat and mass transfer flow of a viscous fluid in a duct of rectangular cross section by
employing Galerkin finite element analysis. Recently Shanthi(9) has discussed the mixed
convective heat and mass transfer flow of a viscous fluid through a porous medium in a

rectangular duct with Soret effect.

2. FORMULATION OF THE PROBLEM

We consider the mixed convective heat and mass transfer flow of a viscous
incompressible fluid in a saturated porous medium confined in the triangular duct (Fig. 1) whose

base length is a and height b. The heat flux on the base and top walls is maintained constant. The
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Cartesian coordinate system O (Xx,y) is chosen with origin on the central axis of the duct and its

base parallel to x-axis.

We assume that

1) The convective fluid and the porous medium are everywhere in local thermodynamic
equilibrium.

i) There is no phase change of the fluid in the medium.

i) The properties of the fluid and of the porous medium are homogeneous and
isotrophic.

iv) The porous medium is assumed to be closely packed so that Darcy’s momentum law
is adequate in the porous medium.

V) The Boussinesq approximation is applicable.

Under these assumption the governing equations are given by

ou +av 1 2.1)
axf ayl
U’:-K(ap ) (22)
w\ ox'
. kfop' oulHZk |
v =——( D 4p g]—(“—)v (2.3)
u\ oy 7
or’  ,oT’ O TG ,uJ 2 .2 0(0,)
C U —+V— |=K|—5+—5 |+ —T)+=(u"+v?)—
Po p( axl 6yrj 1(6X12 ayyz] Q(TO ) (K ( ) ox
(2.4)
p'=p, 4-BT'-T) ] (2.5)
TO:T“+T°,CO:C“+C°
2 2

where u’ and v’ are Darcy velocities along 6(x, y) direction. T’, p’ and ¢’ are the temperature,
pressure and acceleration due to gravity, T, ,Cc and Ty ,Cy, are the temperature on the cold and
warm side walls respectively. p’, 1, v, and B are the density, coefficients of viscosity, kinematic
viscosity and thermal expansion of he fluid, k is the permeability of the porous medium, Kj is
the thermal conductivity, C, is the specific heat at constant pressure , Q is the strength of the heat

source, o is the electrical conductivity , x, is the magnetic permeability of the medium ,Ho is

the strength of the magnetic field and g, is the radiative heat flux..
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The boundary conditions are

u=v=0 on the boundary of the duct
T =T, on the side wall to the left
T =T, on the side wall to the right (2.6)
or' 0 _
2y = on the thermally insulated base
Invoking Rosseland approximation for radiation
_ 4o o1
3B, oy

Expanding T* in Taylor’s series about T and neglecting higher order terms
T =47°T =31,
We now introduce the following non-dimensional variables

X' = ax; ; y' =by ; h =Db/a
u=(vau ; V=i p' = (v’pla’)p
T =To+6(Th_To) (2.7).
The governing equations in the non-dimensional form are
K \op
g el 2.8
(az j OxX (28)
L _Lz@_ kazg + kagﬁ(Tg _Tc)e (2_9)
a~oy Vv Vv
90 00\ (, 4N o%0 0% 2 2
P(u&+vaj—(l+7){ax—z+?]—a9+ Ec % +v ) (2.10)
In view of the equation of continuity we introduce the stream function y as
w2y . e (2.11)
oy OX

Eliminating p from the equation (2.7) and (2.8) and making use of (2.9) the equations in
terms of y and 6 are

Vi —Ra(%f) 2.12)
2 2 & 2
p| 0w 00 _dy 90 _(, 4 a§+af _ab+E.| | Y +(8—V’J (2.13)
&y ox ox oy 3N, | ox? oy oy X
where
T, -T,)a’
G= 95, - )2 (Grashof number)
v
a.2

D" = e (Darcy parameter)

P=pc,/K; (Prandtl number)

o = Qa’/K; (Heat source parameter)
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~T._Ka
Ra = ﬁg(gv—zch (Rayleigh Number)
34K .
N, =—R-1_ Radiation parameter
Yo4eti T ( P )
a4
Ec=| —— (Eckert number)
UKK,AT
The boundary conditions are
WY _0,%% _0on x=0&l (2.14)
OX oy
=1 on x=0 the sidewall to the left
=0 on x=1 the sidewall to the right (2.15)

3.FINITE ELEMENT ANALYSIS ANDSOLUTION OF THE PROBLEM

The region is divided into a finite number of three node triangular elements, in each of
which the element equation is derived using Galerkin weighted residual method. In each element
fi the approximate solution for an unknowQ f in the variational formulation is expressed as a
linear combination of shape function. NU(:LZ,& which are linear polynomials in x and y.

This approximate solution of the unknown f coincides with actual values at each node of the
element. The variational formulation results in a 3 x 3 matrix equation (stiffness matrix) for the
unknown local nodal values of the given element. These stiffness matrices are assembled in
terms of global nodal values using inter element continuity and boundary conditions resulting in
global matrix equation.

In each case there are r distinct global nodes in the finite element domain and f, (p =

1,2,...... r) is the global nodal values of any unknown f defined over the domain then
8 r
f=> Y1 o,
i=1 p=1

where the first summation denotes summation over s elements and the second one represents
summation over the independent global nodes and

cD‘p =N,,, if pisone of the local nodes say k of the element e;
=0, otherwise.
fy* s are determined from the global matrix equation. Based on these lines we now make a finite

element analysis of the given problem governed by (2.12)- (2.14) subjected to the conditions
(2.14) — (2.15).
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Let y' and ©' be the approximate values of y and 6 in an element 6.
w'=N; yy + N,y + Ny g 3.1
0'=N, 6 +N} 6, + N. 6] (3.2)

Substituting the approximate value wi ,0' for v andd respectively in (2.11), the error

N ST e
3N, ) ox* oy oy ox  ox oy oy ox
3.3)

Under Galerkin method this error is made orthogonal over the domain of e; to the respective
shape functions (weight functions) where

jEi N, da =0
IN (( Ia 0'+8202iJ_P(61//i 00" oy aeiJ
%y g ox ox o
m9+[EC(8—Wj +(8—WJ }dQO
oy OX

Using Green’s theorem we reduce the surface integral (3.3)&(3.4)without affecting
terms and obtain

(1+ 4 JaNk 00" Ny 90" i\ (aw 00" oy aej

(3.4)

3N, Jox ox oy oy g ox ox oy
-a0+E (81//] +(a—wj
oy OX

:J‘N;(%@n +(2y—6’indeFi (3.6)

Ti

dQ

I

where I’y is the boundary of e;. _ _
Substituting L.H.S. of (3.1)- (3.2) for ' and 0' in (3.5) we get

NYON, N/ ON; oN, . o N} ON|  ON) ON|
-P —~ d
ZI( jax x oy o Zwmeij[ay x  ox ay]Q

1 g 1

—a> 6 IN'E"in +Eceij{(%'”f +(Z—i’j2JdQ

06" 06" _
= jN (— n, +ay—n ]dri =Q (I, m k=1,223) (3.7)

where
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Q =Q, +Q), +Ql,,Q! ’s being the values of Q; on the sides s = (1,2,3) of the element
ei. The sign of Q; s depends on the direction of the outward normal w.r.t the element.
Choosing different N ’s as weight functions and following the same procedure we obtain
matrix equations for three unknowns (QL) viz.,
(2,)(@}) =(Q)) (38)
where (ay,) is a3 x 3 matrix, (¢}),(Q;) are column matrices.

Repeating the above process with each of s elements, we obtain sets of such matrix
equations. Introducing the global coordinates and global values for HL and making use of inter

element continuity and boundary conditions relevant to the problem the above stiffness matrices
are assembled to obtain a global matrix equation. This global matrix is r x r square matrix if there
are r distinct global nodes in the domain of flow considered.
Similarly substituting y'and ' in (2.10) and defining the error
Ei =V’ +Ra (29 3.9)
oX

and following the Galerkin method we obtain
j Eiy'dQ=0 (3.10)
Q

Using Green’s theorem (3.9) reduces to

i Ay i oy _ i
L 2 +8Nk i +Ra(¢9'—8Nk dQ
X ox oy oy X
(oy! oy' o
= [Ni[ 2 n, + =, for + [ Nin,gdr, (3.11)
OX oy
In obtaining (3.11) the Green’s theorem is applied w.r.t derivatives of \ without affecting

0 terms.
Using (3.1) and (3.2) in (3.11) we have

i ON, oN. ON} ON| ! . ON| i . ON|
+ dQ +Ra) (6, | N dQ+¢/N| N dQ
Z Wm{L( ay ] i ;( LLI k ¢L LI k }

= oX  0OX oy OX OX
(oy! oy’ o :
=_[N;[ d n,+ v ny}dl“i +_[N;6"in=F; (3.12)
X %y

In the problem under consideration, for computational purpose, we choose uniform mesh of 10
triangular element (Fig. i). The domain has vertices whose global coordinates are (0,0), (1,0) and
(1,¢) in the non-dimensional form. Let e1, €2.....e10 be the ten elements and let 6;, 6,
.....010 be the global values of 6 and w1, ysa,...... w10 be the global values of \ at the ten global
nodes of the domain (Fig. i).

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories
Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., as well as in Cabell’s Directories of Publishing Opportunities, U.S.A.

International Journal of Engineering & Scientific Research
http://www.ijmra.us



August IJESREEYERCHNHE RN SSN: 2347-6532

(0, ¢c)
213, 2c/3)
(0, 2c/3)
T=Tc T=Th
(1/3, c/3)
(2/3,c/3) (0, c/3)
(0,0) (1/3, 0) (2/3, 0) (1,0)
Fig.i

SCHEMATIC DIAGRAM OF THE CONFIGURATION

The domain consists three horizontal levels and the solution for ¥ & 0 at each level may be
expressed in terms of the nodal values as follows,

In the horizontal strip 0 <y SE

3
Y= (\P1N11+ lI’2N12'|' \P7N17) H(l- T]_)

=y (1-4x)+ Poax-Lyr vy (Y (1o 1)
c c
v :( lI’2N32+ \P3N33+ lP(;N?’s) H(l- Tz)

+ (T2N22+ \P7N27+ ‘PsNzg)H(l- Tg)

:( \P22(1-2X) + ;3 (4X-% -l)+ Ye (% ))H(l- Tz)

(¥ (-2 e s 1+ ax)+ g (Ax-1)H(L- To)
C C
W =( YN+ YN+ WsN%s) H(1- T)
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+ (‘P3N43+ lP5N45‘|‘ lP(5|\|46)H(:|.- Ts) (%S x<I)
_ 2y 4y
(W, (3-4X) + Pa202x-2Y 1)+ W (2Y ax+3))H(L- T)
C C

£y, (1-4C_y)+ Wy (Ax-3)+ W (4C—y))H(1- o)

. C 2C
Along the stri —<y<—
g p 3 y. 3
Y :( lP7N67'|‘ ‘P6N66+ \I’ISNGg) H(l- Tz) (1 <x<1)

3
+( WeN'g+ WoN'g+ WeN'g) H(1- Ta)+( PN+ WsN’s+ PoN°9) H(1- Ty)

¥ =W, 2(1-2%) + W (Ax-3)+ W (4C—y-1))H(1- )
#6212 )+ o (2 1) o (12 -a)H(L-
W (4(1-x)+ W (4><-4Ty )t qlgz(zc_y S))H(L- Ts)
Along the strip %S y=1
P =( WsNg+ PoN°g+ W1oN°10) H(1- Te) (%5 x<l)
= Wy (4(1-X)+ ‘P94(x-% )+ l11102(%-3))H(1- To)
where T1=4x, To=2X, T3 :? :

4
D= 402 ) o= o(x- 30 T — (x-0)
c c 3 ¢

and H represents the Heaviside function.
The expressions for 0 are

In the horizontal strip  0< yS%

0 = [0:(1-4x)+ 02 46 L)+ 07 (21 H(t- ) 0=x<3 )
6= (6 2(2(1-2x)+ 03 (4x-% 1)+ 6(4‘:—3’)) H(1-T5)
10 2(1-%)+ 0 7(1+% 4x)+ 0 (4x-1)H(1- Ts) (% < XS% )
6= 6 3(3-4x) +2 6 4(2x-% 1)+ 6(% 4x+3) H(1- Ty)
(0 3(1-4%)+ 0 5(4x-3)+ 6 6(4c_y)) H(1- Ta) (%s x<1)
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} c 2C
Along the stri —<y<—
g P SSys
B ay 1 2
0= (0 7(2(1-2x)+ 0 o(dx-3)+ 0 5( L 1)) H(1- T3) (353<3)
C
100 6201- 2L 1 0 o( 2 -1yt 0 1+ 2Y -ax)) H(L- )
C C C
10 6(A(1x)+ 0 s(dx-2Y 1)+ 00 2(2Y 1)) H(1- Ts)
C C
Along the strip %S y<I
0= (0A(1-%) + 0 64(x- L)+ 0 10(Y -3) H(1- To) (%SXSD
C C

The dimensionless Nusselt numbers(Nu) on the non-insulated boundary walls of the triangular
duct are calculated using the formula

Nu = (Z—f) ot
Nusselt Number on the side wall x=1in different regions are
Nu;=2-403 (0<y<h/3)
Nu,=2-405 (h/3£ yﬁ2hl3)
Nuz=2-46; (2h/3<y<h)

The dimensionless Nusselt number (Nu) on the boundary wall of the triangular duct are
calculated using the formula

00 . 00
Nu = (- Cos (OC))&"' (Sin ((X)a_y)y=xTan ()

where a is the base analysis of the triangular cross section of the duct.

42 5
Nu, :T(97 _Eez)
Nu, = 2+/2(6, +§08)
2
Nu, :2\/5(599 —0y)

4. DISCUSSION OF THE NUMERICAL RESULTS

In this analysis we investigate the effect of chemical reaction on the mixed convective
heat and mass transfer flow of a viscous electrically conducting fluid through a porous medium

in a triangular cavity.

In this analysis we discuss the effect of radiative heat flux and dissipation on all the fluid
characteristics. The equations governing flow and heat transfer are solved by using Galekine
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finite element analysis with linear approximation functions. The effect of radiation on & is
shown in figures 1-5. It is found that the actual temperature depreciates with increase in the
radiation parameter N at all horizontal and vertical levels. The effect of heat sources on & is
shown in figures 6-10. It is found that an increase in the strength of the heat sources enhances
the actual temperature at the horizontal and vertical levels x = 1/3 ,2/3, while it depreciates with
increase in strength of the heat sink. At the higher vertical level x = 1 the actual temperature
depreciates with increase in strength of heat source / sink.(fig 10). The variation of & with
Eckert number Ec at all the levels is shown in figs 11 — 15. It is found that higher the dissipative
heat larger the actual temperature at all horizontal and vertical levels. It is found that the actual

temperature at horizontal levels is much greater than that at the vertical levels .

——
——V

—e—vi

Fig. 1: @ with o at y= % level Fig. 2 : @ with a at y= % level
IRIRYAYAY BRIRIR\AYAY
@2 4 6 2 -4 -6 @2 4 6 2 -4 -6

0
1
01 02 03 04 05 06 07 08
-0.5 ——1
os
——1 —-
—-
—a—
—a— 0 1 —=—
e o v v
0.1 03 0.4 ols v ——V
- —s— Vi
os i 15
-2
EY

Fig. 3: @ with o at x=% level Fig. 4 : € with o at ng level
I 11V Vv VI [eessnernatiq 1 11 11 IV V VI bries.
,'_-]a J-Gagef§ i
a 2 4 6 -2 -4 -6 bf Enginee a2 4 6 -2 -4 -6
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Fig. 5: 6 with a at x=1 level . i ) c
LIV V VI Fig. 6 : @ withRa aty= 3 level
o 2 4 6 -2 -4 -6 I | B | | R AVARRAY
Ra 0.01 00501 05 15
0 :::I ° ° 0.1 0.3 0.4 0|5 ::I
X y
. _ 2c . _ 1
Fig. 7: @ withRa aty= 3 level Fig. 8 : @ withRa atx= 3 level
oWV v I 1 I | | R AVARV
Ra 0.01 00501 05 15 Ra 0.01 00501 05 15
. - 0 S
: : : -
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Fig. 9: 0 withRa atx= % level

o nm v v -
Ra 0.01 00501 05 15
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0.333 0.399 0.465 O.

—a—

—=— IV

X

Fig. 10: @ with Ra at x=1 level
(I | B 1 | B AVARRAY
Ra 0.01 0.050.1 05 15

Fig. 11: @ with & aty= % level

I I i v
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Fig. 13: @ with ¢ atx= % level

I I Il v
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-13 ——

-15 —a—
-17 —A— 1l
-1.9 ——

Fig. 15: @ with ¢ atx=1level
I 1 i vV
e 0.001 0.005 0.009 0.015

The rate of heat transfer on the side wall of the triangular duct shown in tables 1 — 4 for different

values of Ra, N, «, and Ec. It is found that the rate of heat transfer (Nu,) in the lower quadrant

is positive and in the middle and upper quadrants it is negative for all variations. The rate of heat

transfer in the lower quadrant depreciates with increase in Rayleigh number Ra>0 and enhance

with|Ra|, while in the middle quadrant Nu,, reduces with increase in Ra . In the upper quadrant

the rate of heat transfer enhances with increase in Ra < 2x10° and depreciates with
Ra>3x10?, while an increase in |Ra| reduces Nu, (table 3). The value of Nu with radiation of
parameter N shows that the rate of heat transfer enhances in the lower quadrant and depreciates
in the middle and upper quadrants with increase in radiation parameter N. (table 2). The
variation of Nu with heat source parameter « shows that the rate of heat transfer in the lower
and upper quadrants enhance with increase « >0 while in the middle quadrant Nu depreciates
with @ . An increase in the strength of heat sink (« <0) enhances Nu in the lower quadrants and
depreciates in the middle and upper quadrants. The effect of dissipative heat on Nu is shown in
table 4.

It is found that higher the dissipative heat lesser |Nu| in the lower quadrant and larger

|Nu| in the middle and upper quadrants.

TABLE — 1 NUSSELET NUMBER (Nu)

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories
Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., as well as in Cabell’s Directories of Publishing Opportunities, U.S.A.

International Journal of Engineering & Scientific Research
http://www.ijmra.us



August LJESREETE PSRRI SSN: 2347-6532
| 1 1l v Vv VI
Nu; 5.8358 5.7560 5.6498 5.8399 5.8423 5.8478
Nu, -2.8196 -2.7546 -2.6675 -2.8229 -2.7870 -2.71222
Nu; -1.3936 -1.6697 -1.6396 -1.6954 -1.6867 -1.6736
Ra 10 30 50 -10 -20 -30
TABLE — 2 NUSSELET NUMBER (Nu)
I I "I v Vv
Nu; 5.8358 5.8400 5.8401 5.8411 5.8423
Nu, -2.8196 -2.8204 -2.8211 -2.8239 -2.8259
Nu, -1.6936 -1.6939 -1.6942 -1.6948 -1.6958
N 0.01 0.05 0.1 0.5 15
TABLE — 3 NUSSELET NUMBER
I I "I v Vv Vi
Nu; 5.8358 5.8345 5.8336 5.8396 5.8413 5.8423
Nu, -2.8196 -2.8194 -2.8193 -2.8216 -2.8226 -2.8237
Nu, -1.6936 -1.6937 -1.6940 -1.6945 -1.6946 -1.6952
a 2 4 6 -2 -4 -6
TABLE -4 NUSSELET NUMBER
| I "I v
Nu; 5.8358 5.8023 5.7702 5.7240
Nu, -2.8196 -2.7857 -2.7530 -2.7439
Nu, -1.6936 -1.6789 -1.6648 -1.6448
E. 0.001 0.005 0.009 0.015

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories
Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., as well as in Cabell’s Directories of Publishing Opportunities, U.S.A.

International Journal of Engineering & Scientific Research
http://www.ijmra.us




August
2014

|JESREEE P WP GSN: 2347-6532

6.

REFERENCES

[1] Badruddin, I. A, Zainal, Z.A, Aswatha Narayana, Seetharamu, K.N: “Heat transfer in
porous cavity under the influence of radiation and viscous dissipation,” Int. Comm. In
Heat & Mass Transfer 33 (2006), pp, 491-499.

[2] Chittibabu. D., Prasada Rao. D.R.V., Krishna D.V.: Convection flow through a porous
medium in ducts. Act science Indica vol. 30 2M, pp, 635-642 (2006).

[3] Ham — Chien Chiu, Jer-Huan Jang, Wei-Monyan,: Mixed convection heat transfer in
Horizontal rectangular ducts with radiation effects. Int. Journal of Heat Mass transfer
50, (2874-2882) (2007).

[4].Hiroxhi Iwai,Kazuyoshi nakabe,Kenjiro Suzuki:Flow and Heat transfer characteristics of
backward-facing step laminar flow in a rectangular duct.Int.J.Heat and Mass
transfer,V.43,pp.457-471(2000)

[5] Hyun. J.M., Lee. J.W.: Double — diffusive convection in a rectangle with cooperating
horizontal gradients of temperature and concentration gradients. Int. J. Heat Mass
transfer 33. 1605-1617 (1990).

[6] Lee L.W., Hyun. J. M.: Double — diffusive convection in a rectangle with opposing
horizontal and concentration 8 gradients, Int. J. Heat, Mass transfer, V.33, (1990).

[7] Padmavathi, A: Finite element analysis of the Convective heat transfer flow of a
viscous in compressible fluid in a Rectangular duct with radiation, viscous
dissipation with constant heat source, Jour. Phys and Appl.Phys.,V.2 (2009).

[8] Reddaiah, P : Heat and Mass Transfer flow of a viscous fluid in a duct of rectangular
cross section by using finite element analysis, European J. of pure and applied
mathematics (Accepted) (2010).

[9]Shanthi,G: Numerical study of double diffusive flow of a viscous fluid through a porous
medium in channels/ducts wit heat sources,Ph.dThesis,
S,K.Universtity,Anantapur(2010)

[10] Tien C.L. and Hong. J. T : Natural convection in porous media under non-darcion and
non-uniform permeability convections, in natural convection S. Kakac, et. al., (eds),
Wemisphere, Washington, D.C. (1985).

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories

Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., as well as in Cabell’s Directories of Publishing Opportunities, U.S.A.
International Journal of Engineering & Scientific Research

http://www.ijmra.us



