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ABSRACT

The paper presents mainly the dynamic response of an angle ply composite laminated plates
subjected to thermo-mechanical loading. The response are analyzed by analytically using
Newmark direct integration method with Navier solution, numerically by ANSYS. The
experimental investigation is to fabricate the laminates and to find mechanical and thermal
properties of glass-polyester such as longitudinal, transverse young modulus, shear modulus,
longitudinal and transverse thermal expansion. Present of temperature could increase dynamic
response of plate also depending on lamination angle, type of mechanical load and the value of
temperature.
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1. INTRODUCTION

During the last decades, needs for composite materials consist of two or more types of materials
mixed together homogenously have appeared to produce desirable properties , the constituents
are combined at a macroscopic level, one constituent is called the reinforcing phase called fiber
and the one in which is embedded is called the matrix. Reddy J.N.]

The analysis of structural vibration is necessary in order to calculate the natural frequencies of a
structure, and the response to the expected excitation. In this way it can be determined whether a
particular structure will fulfil its intended function and, in addition, the results of the dynamic
loadings acting on a structure can be predicted, such as the dynamic stresses, fatigue life and
noise levels. Ref. [Beards C.E]

Many researches had studied free vibration analysis and vibration of plate under mechanical or
thermal or thermo-mechanical loading.

Chorng-Fuh Liu and Chih-Hsing Huang,1996 performed a vibration analysis of laminated
composite plates subjected to temperature change. The first order shear deformation theory of a
plate is employed. The resulting finite element formulation leads to general nonlinear and
coupled simulation equations and calculate the frequencies of vibration of a symmetric cross-ply
plate. Hui-Shen Shen, et.al, 2003, studied the dynamic response of laminated plates subjected
to thermo-mechanical loading and resting on a two-parameter elastic foundation. The
formulation is based on higher order shear deformable plate theory and includes the thermal
effect. Effects of foundation stiffness, thickness ratio, and temperature change on the dynamic
response are discussed. Kullasup P. et al., 2010, analysed free vibration of symmetrically
laminated composite plates with various boundary conditions by Kantorovich method. The beam
function is used as an initial trial function in the repeated calculation, which is employed to
calculate the natural frequency. Suresh K. J. et al., 2011, developed an analytical procedure is
to evaluate the free vibration characteristics of laminated composite plates based on higher order
shear deformation with zig-zag function. Slope discontinuities improved by Zig-zag function at
the interfaces of laminated composite plates. The solutions are obtained using Navier’s method.
Junaid Kameran Ahmed et al., 2013, presented a static and dynamic analysis of Graphite
/Epoxy composite plates. In this work the behavior of laminated composite plates under
transverse loading using an eight-node diso-parametric quadratic element based on First Order
Shear Deformation Theory was studied,. Pushpendra k. kushwahal and jyoti vimal, 2014, the
natural frequencies and mode shapes are compared for different boundary condition.
Comparisons are made with the result for thin and thick composite laminated plate. Numerical
results have been computed for the effect of number of layers, thickness ratio of plate, different
boundary conditions, different aspect ratio, and different angle of fiber orientation of laminated
composite plate.

The point of originality of the present work is how to derive the analytical solution of dynamic
response for composite laminated plates by classical laminated plate theory for the first time
under thermo-mechanical loading, by applied different type of loading on the symmetric and
anti- symmetric angle ply composite laminated plates using Newmark direct integration method
with Navier solution. Thermal and mechanical properties for composite plate made from (glass-
polyester) with fiber volume fraction (0.3) are determined experimentally.

Also Finite element coded by ANSYS14.0 used to find natural frequency of composite laminate
plate.
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2. ANALYTICAL SOLUTION (CLASSICAL LAMINATE PLATE THEORY)

2.1 Displacement

Classical lamination theory (CLPT) based on the Kirchhoff hypothesis based on assuming the
straight line perpendicular to the mid surface before deformation remains straight after
deformation which means neglecting shear strains and transverse normal strain and stress in the
analysis of laminated composite plates. Ref.[ Reddy J.N.]

aWO

u(x,y, t)=u,(x,y,t) e (1. a)
v(x,y,t)=v,(x,y,t) —Z% (1. b)
w(x,y, )=w,(x,y) (1.0

6W0 aWO

Whereg ' 3y

denote the rotations about y and x axis respectively.

u,,v, and w, denote the displacement components along (x, y, z) directions respectively of a
point on the mid-plane (i.c....z=0).

2.2 Stress and Strain
The total strains can be written as follows

ou azwo
(0) MWy [ T2 — auAT
XX Exx Exx aax > a‘zxz
(0) @ Yo _ Wo
{::/YY} =1 &y +z* €y (= dy “yyAT +z ay? (23.)
Xy (0) D dug , v GEATN
Yxy Yxy oy + i Axy AT —2 % Txdy

0 0 0 . 1 1 1
Where (g§x>,g§y),y,§y>) are the membrane strains and (e,gx),ef,y),y,gy)) are the flexural
(bending) strains, known as the curvatures a,, , ay, and a,,are thermal expansion coefficients

defined

Uyy = @11(cos0)? + a,,(sin §)? (2.b)
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ayy = a11(sin 6)* + a,,(cos H)? (2.c)

205y = 2(a11 — azz) sinf cos 6 (2.d)

ai1and a,, Are longitudinal and transverse thermal expansions respectively. And 0 is the
lamination angle.

The change in temperature defined
AT=applied temperature— reference temperature (2.e)

Where reference temperature T,.r = 25C° [Reddy J.N.]. The transformed stress-strain relations
of an orthotropic lamina in a plane state of stress are; for Q;; see [Reddy J.N.]

Oyyt =|Q1z Qa2 Q| § Evy—ayyAT
o < < <
xy Q6 Q26 Qesly

Oxx 611 Q 12 @16 Exx — axxAT
) B
k

yxy— 205yAT

The resultant of inplane force Nxx ,Nyy and Nxy and moments Mxx, Myy and Mxy acting on a
laminate can be obtained from integration of the stress in each layer or lamina through the
laminate thickness. Knowing the stressed in terms of the displacements, the inplane force
resultants Nxx, Nyy, Nxy, Mxx, Myy and Mxy can be obtained.

The inplane force resultants are defined as

NXX GXX
Z
Nyy r=¥R_1 kak+1 {ny} dz (4.a)
ny Oxy K

Where o, , 0y, and o, are normal and shear stress.
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Nx Ay A Ags g’(f)y Bi1 Biz Bis Exx Nix
Nyy ¢ =[A12 Az A26] ery ¢+ (B2 Baa Bas|{&y(— (N (4.6)
Nyy Ae Aze Ass Yoy Big Bz Bee Vay Nyy
M, Oxx
Myy t=3=1 [, {Uyy} zdz (5.2)
Zk
Mxy O'xy k
EO 1 Mt
My Bi1 Biz Bie xy D1y Dy Dig] (&xx xx
Myy = BlZ BZZ BZ6 g_gy + D12 DZZ D26 831’3/ - M3t/y (5b)
Myy) 1Bis Bas Besl (10, ) D16 D26 Decl\yg, My

Here, A;; are the extensional stiffness, B;; the coupling stiffness, and D;; the bending stiffness.

A=Y =1Qi D (Zrsr — 2k) (6.2)
Bu_z 2=1QiD k(% k41 — 2%1) (6.b)
DU_3 2=1(Qi)k(Z3 k41 — 2°k) (6.c)

And Where{N'} and {M*} are thermal stress and bending results, respectively

Nix, Mix Q11 Q12 Qi ( %xx
NJEY' - 1f h/2 Q12 Q22 Q26 { ] (1,2) ATdz (6.d)
ny» Mt Q16 Q26 Qo) \“%ry

2.3 Equation of Motion

The equations of motion are obtained by setting the coefficient of Su, , dv, , dw, to zero
separately
5
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ONyx , ONxy _ 9%u 23w

ax ay bz —hosa (7.2)
any aNyy _ azv aBW
ox T dy =1Io at2 L dyat? (7.0)
02 My 0*Myy | 0°Myy o~ 3w | & 0*w | o~ 9Pw . 9w ( a3u a%v )
oxz T 2 dxdy + dy? + Nyx ozt Nyy y2 + Ny axdy lo oz T 11 \Grar dyat2
L (55 +=22) — gy, 0) (7.0)
2\oxzaez T ayzacz) T 1Y '
Where

— V'N Zk
Uo 1. 1;) = Bk f, p® (1, 2,2%)dz (8)

p® being the material density of k™ layer and q(x,y.t) is a dynamic force subjected on a system.
Nyx, Ny, andN,,, equal to zero because there were no buckling.

These equations of motion (7 a-c) can be expressed in terms of displacements (Su, , vy , Swy)
by substituting the forces results from Egs. (4 ,5,8) into Eq. (7.a) to(7.c) and get partial
differential equations,

€11 C12 C13](Uo my; 0 0 7(to 0 ff

C1z2 C22 Ca3[{Voi+| O mp 0 [{To;=40¢+<fF (9.8)

€13 C23 C33){wp 0 0 ma3l q fi
Cll = AlldJZC + 2A16dxdy + A66d32/ (9b)
C12 = A16d3 + (Arz + Agg)dxdy + Aped; (9.0)
c13 = —[B11d3 + 3Bygd2d, + (Byy + 2Bes)dyd5 + Beds| (9.d)

6



Number 11 Volume 21 November - 2015 Journal of Engineering

C22 = A66d926 + 2A26dxdy + Azzd)z, (96)
€23 = —[B16d3 + (Byy + 2Beg)d2d,, + 3B,6d,d% + Byyd3] (Chy)

€33 = —Dyqd} — 4Ds¢d3dy — 2(D1y + 2Dgg)d2d% — 4Dyedy — Dapdy — (A11@xx + A1ty +
24160y )ATAZ — (A16tex + AzeQyy + 4Ag6 ey )ATdydy — (Ao + Agatyy +

24260y )ATd2 (9.9)
ONL, ~ ON%

fi ==+ (9.h)

¢ _ ON%, % .

t _ _ [9*Mix ML, 9*Mi, .
f3 - ( ax2 +2 dyodx T ay? (91)
And the coefficients m;; is defined by
mqyq = —Iodg yMy3 = Ildxd?:mzz = —Iod?F My3 = 11dydt2 yM33 = Iod? - Izd?(dazc + dgzz)

(9.k)

To solve equation (9-a) used Navier solution with state space approach.

For angle-ply rectangular laminates with edges y=0 and y=b simply supported and the
other two edges x=0 and x=a simply supported. Assume the following representation of the
displacement [Reddy .J.N.]

Ug (X, y,t) = Yime1 2im=1 Umn (1) Sinax cospy (10.a)
vo(x, ¥, t) = Y1 Yomm=1 Vimn (t) cosax sinfy (10.b)
Wo(X, V,t) = Ymeq D=1 Winn(t) sinax singy (10.c)
Where: a="2 g=""

a a
m = No. of the mode in x-direction (m=1,2,3)
n = No. of the mode in y-direction (n=1,2,3)
Unmn s Vi » Winn are coefficients to be determined; and

AT (x,y,t)=Y =1 Ymn=1 Tmn (t) sin ax sin By (11.a)
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Ton () = :—b foa fob AT (x,y,t) sin ax sin Sy dxdyBy (11.b)

substituting Egs. (10 and 11) in partial differential Eg. (9.a) and the result

€11 €12 i3] (Umn my; 0 0 7 (ilmn 0 aN},
€12 € Co3|{Vmmp+| 0 My, 0 Upne =14 0 ¢+ BN2Z.,

C13 €23 €331 Wmn 0 0 Mgzl Wy Qmn —2af Mg,
(12.a)
Where
€11 = (1‘111C¥2 + Aesﬁz)
(12.b)
¢12 = (A2 + Age)af
(12.c)
613 = —(3B16a® + Bysf2)P (12.d)
a2 = (Ass® + A %) (12.¢)
Cy3 = —(B1a® + 3By (12.1)
¢33 = Dyja* + 2(Dy, + 2Dgg)a®B* + D,y f* (12.9)
My = Myy = Iy
(12.h)
T?l33 = (IO + Iz(az + ﬁz)) (12')

The dynamic load subjected on the system,

q(x,y,t)=Yn=1 Xm=1Qmn(x,y, t) sinax sin fy
(13.a)

40
an (Xv y’t) = _b_([
(13.b)

o'—.m

q(x, y). sm— smTﬁydx dy. f (t)

Qun (X, ¥,8) =0 (X, y). f (1) (13.c)

Many types of q(x, y) loading can be considered as [Muhannad L. S. Al-Waily,2004]:
1. Uniformly distributed load g,at area of plate (a*b). By substituting the load into Eq. (13.b),
gives:
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16

G(x,y) = ——q (14.0)
2. Point load P, at x=a; and y=b;. By substituting the load into Eq.(13.b), gives:

— 4 . mma; . Nmby
X =—P —Sin——
G(x,y) = —Pysin ™= sin ™

(14.b)
3. Sinusoidal distributed loading, q(x,y) = qosin"—sin=>. By substituting the load into Eq.
(13.b), gives:
q(x,y) = qo
(14.c)
4. Uniformly distributed load g, at central area (A*B). By substituting the load into Eq. (13.b),
gives:
q(x,y) =
(14.d)

And many types of f(t) can be considered as [Khdeir A. A. & Reddy J. N,1988]
1. Sine pulse loading

16

nmm?

. mmA . nnB
qoSIN——SIN——
2a 2b

) = {sin’;—f 0<t< tl} (15.4)
0 t>t

2. Step pulse loading

f©) = { é 0 Sttftfl } (15.b)

3. Ramp pulse loading

f@©) = { t/otl 0=! fltl } (15.0)

2.4 Solution of Dynamic Equilibrium Equations
The equations of equilibrium governing the linear dynamic response of a system can be written
as the following formula

MAU +KSU =R
(16)
Where:
¢11 G2 i3 M11 0 0 . Umn
KS=|¢15 Cpy  Cos MA=| 0 m,, O ] U= {vmn}
é13 623 633 0 0 ﬁ\l33 Wmn
Umn 0 1
UZ{vmn] R:{O}+ x
Wmn q 3t
MA and KS: are the mass and stiffness matrices.
R: is the vector of externally applied loads.

UandU: arethe displacement and acceleration vectors

9
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In the Newmark direct integration method, the first time derivative {U} and the solution {U} are

approximated at (n+1) time step (i.e. at time t = th.; = (n+1) At by the following expression
[Rao V. Dukkipati,2010].

U =0, +la-a)0}, +ali),. ] ar

17

Ul =0} s D] (37 )+ 210} oy

(18)

Where:

o AndB :are parameters that control the accuracy and stability of the scheme, and the
subscript n indicates that the solution evaluated at nt" time step (i.e. at time, t = t,,). The choice

@ =05 and B =025 j5s known to give an unconditionally stable Scheme (average acceleration
method), [Rao V. Dukkipati,2010].

3. NUMERICAL ANALYSIS

3.1 Element Selection and Modeling

An element called shell281 as shown in Fig.1 is selected which is suitable for analyzing thin to
moderately thick shell structures. The element has eight nodes with six degrees of freedom at
each node: translations in the X, y, and z axes, and rotations about the x, y, and z axes. It may be
used for layered applications for modeling composite shells. It is include the effects of
transverse shear deformation. The accuracy in modeling composite shells is governed by the
first order shear deformation theory. The shell section allows for layered shell definition, options
are available for specifying the thickness, material, orientation through the thickness of the
layers. But to insert the temperature effect in calculations must be to adding degree of freedom
(T). Then, the degrees of freedom change from (6 to7) in each node.

3.2 Verification Case Studies

In the present study, Series of preselected cases are modeled to verify the accuracy of the
method of analysis. The case study discussed here for dynamic response without temperature
change is a comparison of the present work with the numerical solution of [Reddy .J.N, 1982]
for a laminated plate Fig. 2,
Close comparison between the two sets of results is evident, for a/h=5(maximum central non
dimension deflection of present work for CLPT with Newmark direct integration method is=
23.5(error 2.174%), for present F.E.M ANSYS maximum central non dimension deflection
i5=23.65(error 2.8%). while for above reference = 23.
For thermo-mechanical transient response of simply supported laminated plates, the curves of
central deflection as a function of time for a (0/90/0) symmetric cross-ply laminated plate
subjected to suddenly applied dynamic loading are plotted and compared in Fig. 3 ,with [Hui-
Shen Shen ,2003]. Close comparison between the two sets of results is evident, (maximum
central deflection of present work for CLPT with Newmark direct integration method = 2.35 cm

10
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(error2.08%), and for present F.E.M. ANSYS program is= 2.2375cm (error6.77%), while for
above reference = 2.4 cm. Fig.3.

4. EXPERIMENTAL WORK

In the present work, three- purposes were investigated. First, to outline the general steps to
design and fabricate the rectangular test models from fiber (E-glass) and polyester resin to form
laminate composite materials. Second, the manufactured models are then used to evaluate the
mechanical properties (E;, E,, G1,) Wwith temperature change of unidirectional composite
material. Third, evaluate coefficient of thermal expansion (CTE) of the composite plate.

4.1 Thermo-Mechanical Analyzer

Thermo-mechanical Analysis (TMA) determines dimensional changes of solids and liquids
materials as a function of temperature and/or time under a defined mechanical force.

Irrespective of the selected type of deformation (expansion, compression, penetration, tension or
bending), every change of length in the sample is communicated to a highly sensitive inductive
displacement transducer (LVDT) via a push rod and transformed into a digital signal. The push
rod and corresponding sample holders of fused silica or aluminum oxide can be quickly and
easily interchanged to optimize the system to the respective application. Figs.4 and 5.

The dimension of sample is (5*20*4) mm. the thermal properties which obtain from this test
shown in Table 1.

5. RESULTS AND DISCUSSION

The present study focused mainly on the dynamic response behavior of composite
laminated plates subjected to mechanical and thermo-mechanical loads of finite duration
uniform (step, sine and ramp) and sinusoidal (step, sine and ramp) on the top surface of the plate
for three cases of temperature (without temperature effect, T=50°C and T=100°C) . The step
loading q(x,y,t) = q(x,y), ramp loading q(x,y,t) =q(x,y)t/tl and  sinusoid
loadingq(x,y,t) = q(x,y)sinmt/t1 . For uniform distributed load g(x,y) :m:fnz and for

sinusoidal distributed g(x, y) = q, . The amplitude of force is g, = 100N/mm? and the time of
load applied on plate ist; =0.05sec. The dynamic response of central deflection of composite
plate discussed for different parameters such as load condition, lamination angle , temperature
change , symmetric or anti symmetric angle ply for simply supported composite plate
analytically by CLPT with Newmark direct integration method and numerical result by ANSYS.

(5-1) Effect of Load Condition

Figs. 6 to 9 represent the variation of central transverse deflection with time (dynamic
response) for four layer anti-symmetric and symmetric cross-ply and angle ply simply supported
laminated plates under sinusoidal (P(x,y) = qo sin(® x/a)sin(®y/b)) and
uniform(P(x,y) = qo ) variation loading, (step q(x,y,t) = P(x,y) ,ramp loading q(x,y,t) =
P(x,y) t/t1 and sinusoid loading q(x,y,t)=P(x,y) sinat/t; ) for qo=100N/m? ,t;=0.05 sec )
without any temperature change solved analytically by CLPT with Newmark direct integration
method and (F.E.M) by ANSYS program. The deflection due to step loading higher in
magnitude than the other loads with percentage reach to 91.96%, 97.4% from sine and ramp
load, respectively, because the step load subjected suddenly with constant value with the time.

11
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Very good verification between CLPT with Newmark and FEM by ANSYS maximum error
i512.9%. Maximum response for step load always occurs in the time of applying load (i.e. in the
time less than t, after that the response became in negative sign and positive sign alternatively.
for ramp load, the response increasing linearly with time until it reached to t, at this point the
maximum response occurs, then the response became in negative sign and positive sign
alternatively. For sine load the response behavior have the sine shape and the maximum
response at t, /2.

(5-2) Effect of Temperature Change with Varies Load Condition

Figs. 10 to 13 show the numerical result by ANSY'S for dynamic response of central deflection
of symmetric and anti-symmetric angle ply simply supported composite plate step uniform and
step sinusoidal load and different condition of temperature effect i.e. (T=25°C, T=50°C,
T=100°C). The deflection increases with percentage reaches to (58.47%) when temperature
became 50°C and when the temperature reach to 100°C the response increases with higher
percentage reaches to (200%) with respect to response without change in temperature for
laminated plates for step uniform dynamic load.

The reason behind that is there where two loads (mechanical and thermal) each load causes the
deflections (thermal and mechanical deflections) summation is the deflection of plate under
thermo-mechanical loading. When the temperature increases the deflection increased with high
percentage. The uniform load is higher than sinusoidal load for all load condition.

(5-3) Effect of Lamination Angle

Fig. 14 shows the effect of angle (0) on central deflection for four layer symmetric
angle-ply laminated plates, simply supported, subjected to sine uniform loading with applied
temperature equal to 50°C, solved analytically by Newmark and numerical by ANSYS .From
the results, the central deflection of laminated plate decreases with increasing the angle (6) from
10 to 40 with percentage reach to 24.8%. Then increase the central deflection when 6 increase
from 40 to70 with percentage reaches to 9.2%. The maximum deflection with time for each case
is when lamination angle is 10.

6. CONCLUSION
This study considers the vibration analysis of symmetric and anti-symmetric angle-ply
composite laminate plate. From the present study, the following conclusions can be made:
1-The Young and shear modulus decrease when temperature increases with high percentages
reach t096.3% when temperature changes from (20 °C to 100°C) for longitudinal young
modulus, for transverse young modulus is96.53% and for shear modulus is 91.1%. The
longitudinal and transverse coefficient of thermal expansion also decrease when temperature
increase with percentage 80% and73.7% respectively for the same temperature.
2- The response due to step loading higher in magnitude than the other loads with percentage
reach to 91.96%, 97.4% from sine and ramp load, respectively.

12
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3- The response increase with maximum percentage reaches to (58.47%) when temperature
became 50°C and when the temperature reach to 100°C the response increase with higher
percentage reaches to (200%) with respect to response without change in temperature

4- It was seen that the different fiber orientation angles affected on dynamic response. The
central deflection of laminated plate decreases with increasing the angle (6) from 10 to 40 with
percentage reach to 24.8%. Then increase the central deflection when 0 increase from 40 to70
with percentage reaches to 9.2%. Thus, the maximum deflection with time is when lamination
angle is 10 for four layer symmetric angle-ply laminated plates, simply supported, subjected to
sine uniform loading with applied temperature equal to 50°C.

REFERENCES

>
>

Beards C.E , 1996, Structural Vibration: Analysis and Damping 3ed, New York.
Chorng-Fuh Liu and Chih-Hsing Huang, 1996, Free Vibration of Composite Laminated
Plates Subjected to Temperature Changes, Computers & Structures, Vol. 60, pp. 95-10.
Hussein A. Ammar <Dr. Hassan H. Mahdi & Nessren H. Ahmed, 2011, Numerical and
Experimental Investigation of Mechanical and Thermal Buckling Loads of Composite
Laminated Plates Eng. & Tech. Journal, Vol. 29, No.9.

Hui-Shen Shen, J. J. Zheng and X. L. Huang, 2003,"Dynamic Response of Shear
Deformable Laminated Plates Under Thermomechanical Loading and Resting on Elastic
Foundations", Composite Structures, Vol. 60, pp. 57-66.

Junaid Kameran Ahmed, V.C. Agarwal, P.Pal, Vikas Srivastav, 2013, Static and
Dynamic Analysis of Composite Laminated Plate, International Journal of Innovative
Technology and Exploring Engineering (IJITEE) ISSN: 2278-3075.

Khdeir A. A. & Reddy J. N, 1988, Dynamic Response of Antisymmetric Angle-Ply
Laminated Plates Subjected to Arbitrary Loading, J. Sound and Vibration, VVol.126,
No.3, p.p. 437-445.

Kullasup Phongsrisuk, Prasong Ingsuwan, Wetchayan Rangsri and Wiwat Klongpanich,
2010, Free vibration analysis of symmetrically laminated composite rectangular plates
using extended Kantorovich method, Maejo International Journal of Science and
Technology ISSN 1905-7873, 4(03), 512-532.

Muhannad L. S. Al-Waily, 2004, Analysis of Stiffened and Unstiffened Composite Plates
Subjected Time Dependent Loading, M.sc, Thesis, Kufa University. College of

Engineering.

13



Number 11 Volume 21 November - 2015 Journal of Engineering

Pushpendra k. kushwahal and jyoti vimal, 2014, Study of Vibration Analysis of
Laminated Composite Plates Using FEM, International Journal of Advanced
Mechanical Engineering. ISSN 2250-3234.

Rao V. Dukkipati, 2010 , Matlab an Introduction with Applications, New age
international publishers. ISBN(13):978-81-224-2920-6.

Reddy J. N. 1982, On the Solution to Forced Motions of Rectangular Composite
Plates”; J. Applied Mechanics, Vol. 49, p.p. 403-408, June.

Reddy J.N., 2004, Mechanics of Laminated Composite Plates and Shells: Theory and
Analysis, 2ed; CRC Press.

Suresh Kumar J., Dharma Raju T. and Viaya Kumar Reddy K. 2011, Vibration Analysis
of Composite Laminated Plates Using Higher Order Shear Deformation Theory with
Zig-Zag Function”, Indian journal of science and technology vol.4 ,no.8,ISSN:0974-
6846.

"Theory, Analysis, and Element Manuals™ ANSYS 13 Program.

14



Number 11 Volume 21 November - 2015 Journal of Engineering
NOMENCLATURE
Symbol Description Unit
a,b Dimension of plate in x and y coordinate m
Ajj , Bjj \Dj; Extensional stiffness, the coupling stiffness, and -
the bending stiffness
E;,E; , E;5 Elastic modulus of composite material GPa
G12, Go3, Gyi3 Shear modulus of composite material GPa
h Thickness m
I, 1,1, Mass moment of inertia kg.m*
[MA] Mass matrix kg
My , My, \M,,, Moment resultant per unit length N.m/m
N Total number of plate layers -
Nxx,Nyy ,Nxy The resultant of in-plane force per unit length N/m
Ny, Niy, Ni,, The resultant of in-plane force per unit length with N/m
thermal effect
Nxx,Nyy,Nxy Applied edge force N/m
q(x,y,t) Dynamic force subjected on a system N/m*
Qi(]{‘) Transformed lamina stiffness N/m
R Vector of externally applied loads N
t Time min or s
At Time Interval min or s
t1 The end time of load sec
T Temperature c?
AT Temperature increment c’
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Trer Reference temperature c’
Uu,uu Displacement , velocity and acceleration vectors m, m/s, m/ s
Uy, Uy, Wy Displacement components along (x,y,z) directions m
respectively
Unn s Vi s Winn, Amplitude of (u, , v, , w,) respectively -
X,Y,2 Cartesian coordinate system m
z Distance from neutral axis m
0 Fiber orientation angle Degree
a, a, Coefficient of thermal a/c or
expansion of composite material (/K)
p Density (kg/m3)
€xx + Eyy 1 Exy Strain components m/m
Stress components GPa

Oxx 1+ Oyy » Oxy

Figure 1. Shell281 geometry [ANSYS 13 Program].
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Figure 5. TMA PT1000 device.

Tablel. Experimental value of mechanical and thermal properties of fiber —polyester composite
plate for fiber volume fraction= 0.3 changed with temperature.

T Eq E, G12=G13= G3 a, a;
ce Mpa Mpa Mpa E-6/K E-6/K
20 24627.0 5588.04 1551.77 14.57 47.81
30 23343.30 4123.11 1618.65 9.03 31.7
40 21775.40 1550.22 2505.75 7.20 29.36
50 15219.80 1515.37 623.423 4.79 25.79
60 6475.41 566.8 114.2336 3.20 21.38
70 2990.82 458.59 113.535 3.18 15.60
80 2555.71 289.27 130.48 3.22 15.59
90 1471.90 210.49 158.83 3.08 15.19
100 903.90 193.84 138.48 2.91 12.58
110 741.31 191.75 131.74 2.75 11.57
120 674.40 187.53 125.23 2.57 10.47
130 644.70 186.51 122.56 2.48 9.34
140 629.01 185.19 117.59 2.45 7.67
150 612.02 182.66 107.81 2.44 5.28
160 597.61 181.88 100.28 2.44 4.19
170 592.41 173.50 95.414 2.44 3.90
180 592.22 164.55 95.04 2.45 3.88
190 591.02 163.91 85.71 2.46 3.66
200 590.57 153.3 83.64 2.47 3
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ABSTRACT

The present research aims to study the effect of friction stir welding (FSW) parameters on

temperature distribution and tensile strength of aluminum 6061-T6. Rotational and traverse
speeds used were (500,1000,1400 rpm) and (14,40,112 mm/min) respectively. Results of
mechanical tests showed that using 500rpm and 14mm/min speed give the best strength. A three-
dimensional fully coupled thermal-stress finite element model via ANSYS software has been
developed. The Rate dependent Johnson-Cook relation was utilized for elasto-plastic work
deformations. Heat-transfer is formulated using a moving heat source, and later used the
transient temperature outputs from the thermal analysis to determine equivalent stresses in the
welded plates via a 3-D thermo- mechanical simulation. Motion due to rotation and translation of
the tool induces asymmetry in the material flow and heating across the tool pin. The rotation
speed results in stirring and mingling of material around the tool and the movable tool moves the
stirred material from the front to the back of the tool and finishes welding process. Higher
rotation speed rates create higher temperature because of higher friction heating and result in
more powerful stirring and mingling of material. A good agreement is evident between
experimental and Ansys results.

Key words: friction stir welding, aluminum 6061-t6, ansys, heat transfer, thermo-mechanical
coupling , moving heating source, temperature distributions.
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1. INTRODUCTION
The basic theory of FSW is outstanding simple. A non-consumable rotation tool with a specially
shaped pin and shoulder is entered between two edges of sheets or plates, with abutting
configuration, to be joined and travelled along the line of joint. The tool has two primary
functions: (a) heating the work-piece, and (b) moving the material to produce the joint. The
shoulder makes firm contact with the top surface of the work-piece. Heat generated by friction at
the shoulder and to a lesser extent at the pin surface, softens the material being welded. Severe
plastic deformation and flow of this plasticized metal occurs as the tool is translated along the
welding direction. There have been widespread benefits resulting from the application of FSW in
for example, aerospace, ship-building, automotive, and railway industries, Esther, et al.,2006,
Nadan, et al.,2008 and Mishra and Ma, 2005. Tool traveling and rotation speeds, among other
welding parameters, are most important variables that may affect the joint properties. In view of
the literature survey and to the researcher knowledge, none has settle on an optimal value for
these parameters as far as it concerned with FSW of A6061, but scattered values have been
found. In Soundararajan et al., 2005, work tool travel and rotation speeds were (132,
330mm/min) and (344, 500 rpm). In Somasekharan and Murr,2006, work tool travel and
rotation speeds were (90 mm/min) and (800 rpm) while in Reddy et al., 2006, work these
parameters were (15 mm/min) and (800 rpm). The criterion used to define these parameters is
that the values of tool traveling and rotation speeds which gives maximum tensile strength.
Yousif, 2006, shown that specimen which contains FSW defects does not offer high tensile
strength and elongation. In this work, two parameters are very acting in FSW: rotation speed rate
(Spindle speed, rpm) and traverse speed rate (Feed rate, mm/min) along the line of joint are
studied.

2. EXPERIMENTAL PART

2.1 Tool Geometry

Tool geometry designed and manufactured in this study is shown in Fig.1, which is a screw
shoulder and cylindrical pin. The tool geometry plays a complicated role in material flow and in
circuit controls the traverse rate at which FSW can be managed. FSW tool consists of a shoulder
and a pin. The tool has two primary functions: (a) localized heating, and (b) material flow. In the
initial stage of tool mixing, the heating produces at first from the friction between tool and work-
piece. Some additional heating produces from deformity of material. The tool is soused until the
shoulder touches the work-piece. The friction between the shoulder and work-piece results in the
biggest former of heating. The shoulder also serves confinement for the heated measure of
material. The second purpose of the tool is to ‘stir’ and ‘move’ the material. The tool’s welding
is manufactured from M2 tool steel and have a radius of shoulder (Rs=12.5mm) and pin radius
(Rp=3mm).

2.2 Milling Machine

The vertical milling machine used in this research is shown in Fig.2, which is available in
mechanical laboratory- Institute of Technology -Baghdad. The parameters used in this research
is explained in Table 1. A special fixture was designed and manufactured to clamp the
aluminum plates when welded to decrease the joint deformation. The butt joint configuration is
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obtained by securing the welding samples into a carbon steel backing plate, the backing plate
was fastened into the fixture and has been adjusted to have a level surface.

2.3 Chemical Test

Chemical test had been carried out in the Laboratories of the Institute of Technology — Baghdad.
For aluminum plate before welding, results of the chemical tests are given in Table 2, it shows
that the alloy is AAG061-T6.

2.4 Friction Stir Welding

Due to the lack of specialized stir welding machine, a vertical milling machine was used, the
milling machine was operated with variable travelling and rotation speeds. The machine has
been equipped by the researcher with tool, backing plate and fixture to be appropriate for FSW.
Fixture and backing plate was machined from steel available tool steel alloy (AISI type S-5).

2.5 Tensile Test

In order to investigate mechanical properties of the work piece before and after welding process,
a series of tensile tests had been performed to determine the yield strength, modulus of elasticity
and elongation. Fig.3 shows the specimen.

2.6 Temperature Measurement

Transient temperatures were recorder at three locations during FSW process using three gauges
type thermocouples. The layout of the locations of the thermocouples are shown in Fig.4. One
row of the thermocouples is placed in first, middle and end of the aluminum plates along the
welding direction. The thermocouples in the row are placed at certain depth in plate, the first
thermocouple is 1.5mm and the middle is 3mm and the third is 4.5mm from the top surface
respectively. The location of thermocouples were at 13.5mm from the weld’s centerline. These
locations (three) were corresponding to the tool pin’s edge. Drilling the holes from the bottom
side of the plate, then beaded the thermocouples at the tip and the measuring points, with glue
having highly thermal conductivity. The transient temperature from the thermocouples were
recorded.

3. THEORETICAL PART

One of the key elements in the friction stir welding process is the generation of heat in the
interface surface between the tool and the work-piece, this made the force to generate the FSW
process successful. The temperature distribution varies with time and space, hence a three
dimensional transient isotropic with moving heat source model was used to simulate FSW
thermal process. The general heat transfer equation is:

oT 0%T . 9%T | 92T .
pCory 3¢ = Kiry (5 + 555 + 552) + € (1)

The boundary conditions in the FSW was the energy loss by heat convection ,Nandan, et al.,
2006. as in the following equation:

Qconv. = M(T — T,) 2

And convection coefficient for the work-piece / backing plate (Qpack) iS calculated as in the
following equation ,Soundararajan et al., 2005 and Nandan et al., 2007.
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Qvack = hp(T — Te) 3)
And another boundary condition was the radiation heat loss by the following equation:

Qraa = eFagp (T4 - To?)) 4)
Heat generation during friction stir welding arises from two main sources, the first one is the
deformation of the material around the tool, and the second is the friction at the surface of the
tool , Sarmad, 2010. Frictional heat for the shaft rotating at rubbing angular speed of (1 — §)w
is: dQs, =(1—-96) wdM

where the torque dM = upr dA = 2mupr? dr

hence dQ, = 2mu(1 —8) wpr?dr (5)

where § is between 0.6 and 0.85 ,Nandan et al., 2007 and Hani et al., 2013. Hence, the total
frictional heat of shoulder will be;

Qs = [} dQ; =2n(1—8) w up R (6)
Similar concept, heat generated by lateral surface of the pin is:
Qy=2m(1-8)wpuplLy, R} (7)

The total heat generation is :

QOr=2n(1-Owup (S +1,R2) ®)

The empirical equation for calculating the heat input to the work-piece is given by Chao and Qi,
1998.

3Qr
Aoy = TR for r, <r <7 9)
The total heat input to the work-piece:

T w uF (RZ+RsRp+R3)
45(Rs+Rp)

Q= (10)

The frictional heating in the thin layer near the interface was treated as a surface heat generation
term g ., Feng et al., 2007.

2 F
q:#% forr, <r < (11)
A wide range of published values for friction coefficient () is within (0.3-0.85) ,Dixon et al.,
2007. Convection and radiative heat losses to the ambient occurs across all free surface of the
work-piece and conduction losses occur from the work-piece bottom surface to the backing
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plate. The proposed model account only for frictional heat generated at shoulder and pin surface
instead of modeling heat generated by plastic deformation.

4. ANSYS SIMULATION OF THE FSW

To simulate the friction stir welding (FSW) process. Several characteristics of FSW are
presented, including tool-workpiece surface interaction, heat generation due to friction, and
plastic deformation. A nonlinear direct coupled-field analysis is performed, as thermal and
mechanical behaviors are mutually dependent and coupled together during the FSW process. A
cylindrical rotating tool plunges into a rigidly clamped workpiece and moves along the joint to
be welded. As the tool moved along the joint, the generation of heat through friction between
the tool shoulder and the workpiece. Additional heat is generated by plastic deformation of the
workpiece material. The generated heat results in thermal softening of the workpiece material.
The model consists of a coupled-field solid element with structural and thermal degrees of
freedom. The temperature rises at the contact interface due to frictional contact between the tool
and workpiece. The simulation welds two 6061-T6 aluminum plates (workpiece) with a
cylindrical shape tool, as shown in Fig.5. Two rectangular shaped plates are used as the
workpiece. The plate size is (330x184x6.5 mm). The tool shoulder diameter is (25 mm). Both the
workpiece (Aluminum plates) and the tool are modeled using coupled-field element SOLID226
with the structural-thermal option (KEYOPT(1) =11). Surface-to-surface contact pair
TARGE170 and CONTAL74 is used. To simulate a perfect thermal contact between the plates, a
high thermal contact conductance (TCC) of 2x10° W/m? °C is specified. The tool plunges into
the work piece, rotates, and moves along the weld line. Because the frictional contact between
the tool and workpiece is primarily responsible for heat generation, a standard surface to-surface
contact pair is defined between the tool and workpiece ,Ansys, help,2014. The CONTA174
element is used to model the contact surface on the top surface of the workpiece, and the
TARGE170 element is used for the tool. A low TCC value (10 W/m? °C) is specified for this
contact pair because most of the heat generated transfers to the workpiece. The coefficient of
friction (0.4 to 0.2) is defined (TB,FRIC with TBTEMP and TBDATA). A multipoint constraint
(MPC) algorithm with contact surface behavior defined as bonded always is used to constrain the
contact nodes to the rigid body motion defined by the pilot node. Thermal properties of the
AA6061-T6 plates , Prasanna, et al., 2010 and Zhu and Chao, 2004. such as thermal
conductivity, specific heat, and density and Mechanical properties of the plates such as Young’s
modulus and the coefficient of thermal expansion are temperature-dependent shown in Table 3.
To simulate the material of the workpieces in the analysis, using a temperature and strain rate
dependence law of material was used using the elastic-plastic Johnson-Cook material model ,
Johnson and Cook, 1983. which is given by:

o, = [A + B(ePH)"] [1 +Cln i—pl] [1 - (T‘T—f)m] (12)

Tmelt_Tref

where oy is the yield stress, £P! is the effective plastic strain, &P is the effective plastic strain
rate, €, is the normalizing strain rate (typically, 1.0 /s). A, B, C, n, T, and m are material
constants, which are listed in Table 4. T is the temperature of ambient, that is 22 °C in this
case. The model of material was plasticity’s model with the law of hardening and dependent
rate. Fig.6 shows stress strain curves for Johnson-Cook hardening at various temperatures.

Thermal and mechanical boundary conditions imposed on the FSW model. The workpiece is
fixed by clamping each plate , Zhu and Chao, 2004. The clamped portions of the plates are
constrained in all directions. The loading represented by rotating tool moves along the weld line.
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The tool plunges into the workpiece at a very shallow depth, then rotates to generate heat. The
depth and rotating speeds are the critical parameters for the weld temperatures. Three cases are
studies in this paper according to the changing the parameters as in Table 1. Spindle speed and
the feed rate. A nonlinear transient analysis is performed using structural-thermal options of
SOLID226 and CONTA174.

5- RESULTS AND DISCUSSION

5.1 Stress-Strain Diagrams

Fig.7 shows the three welding aluminum plates by FSW with different spindle speed and feed
rate mention in Table 1 . From each resulted plate, two tensile specimens are cut, one at the start
of the plate and the other at the end of the plate as shown in Fig.8. The result’s stress — strain
diagrams shown in Fig.9.

5.2 Temperature Distribution

Tool design influences heat generation, plastic flow, the power required and the uniformity of
the welded joint. The shoulder generates most of the heat, while both the shoulder and the tool
pin affect the material flow. Motion due to rotation and translation of the tool induces asymmetry
in the material flow and heating across the tool pin. The rotation speed results in stirring and
mingling of material around the tool and the movable tool moves the stirred material from the
front to the back of the tool and finishes welding process. Higher rotation speed rates create
higher temperature because of higher friction heating and result in more powerful stirring and
mingling of material. However, it should be noted that friction between the tool surface and
work-piece is going to govern the heating. The calculated frictional heat generation and plastic
heat generation show that the friction between the tool shoulder and workpiece is responsible for
generating most of the heat. Heat-transfer is formulated using a moving heat source, and later
used the transient temperature outputs from the thermal analysis to determine equivalent stresses
in the welded plates via a 3-D thermo-mechanical simulation. Table 5 shows the results of FSW
in using the three parameters study were (500,1000,1400 rpm) and (14,40,112 mm/min)
respectively and tensile strength for each case also the elongation in each case.

Results of mechanical tests showed that using 500rpm and 14mm/min speed give the best
strength, hence Fig.10 shows the temperature distribution in case of (500rpm and feed
14mm/min) and Fig.11 shows the stress distribution in this case. Figs. 12 and 13 show plastic
heat rate against time and frictional heat rate against time respectively. Fig.14 shows resulting
temperature profile as taken from experiment and ANSY'S, for the purpose of comparison, it can
be observed that the peak temperature resulting from transient thermal analysis is more than
experimental results since the lake of accuracy in modeling of heat transfer. In actual case heat
transfer through the fixture will increase the cooling process of the workpiece.

6. CONCLUSIONS

The results of temperature distribution and stresses are significantly changed with changing the
rotational and traverse speeds used (500,1000,1400 rpm) and (14,40,112 mm/min) respectively.
These parameters affect the temperature values and distribution. Results of mechanical tests
showed that using 500rpm and 14mm/min speed give the best strength. A three dimensional heat
transfer model was successfully developed to predict the temperature at different parameter. It
can be observed that heat generated from the friction is approximately 90% transferred to the
workpiece. A good agreement is evident between the experimental and Ansys results.
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NOMENCLATURE
Cpm  temperature dependent of specific heat of work-piece, J/Kg°C

e emissivity of radiant surface (e=0.5)

F radiation view factor (F=1)

K temp. dependent thermal conductivity coefficient of the work-piece, W/m°C

0 rate of heat generation , W

Qconv.  €energy loss by convection per unit area ,\W
Quack  €energy loss of by convection per unit area, W
Qrad energy loss of by radiation by unit area, W
Qrad energy loss of by radiation by unit area, W
Qs heat generation by shoulder, W
Qp heat generation by pin , W
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temperature, °C, K

time, sec

convection heat transfer coefficient, W/m*°C
absolute ambient temperature, °C, K
pin length , mm

shoulder radius, mm

pin radius , mm

interfacial pressure, Pa

spindle speed , rpm

feed rate , mm/min

yield stress, Pa

effective plastic strain

effective plastic strain rate
normalizing strain rate

density of work-piece, Kg/m®

s-Boltzman constant (o5 = 5.67x1078 W /m?K*)

Journal of Engineering

slip factor that compensate for tool (material relative velocity)

tool rotational speed, rpm
process efficiency

K="

fe—— D=25

h=5_2l| I&dzﬁ
", v
=1

All Dimensions in mm

Figure 1. Screw shoulder and cylindrical pin.

Figure 2. Milling machine.
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Figure 3. Rectangular tension test specimen ,ASTM,2005.
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Figure 4. Layout of the locations of the thermocouples.
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Spindle speed (S) (rpm) 1000 500 1400
Feed rate (R) (mm/min) 40 14 112
Table 2. Chemical compositions.

Si Fe Cu Mn | AL | Mg Cr Ni Zn Ti
Standard 0.4- 0-0.7 | 0.15- | 0-0.15 | Bal. | 0.8- | 0.04- 0-0.15 | 0-0.15 | O-
[Al,2001] |[0.8 0.4 1.2 0.35 0.15
Present 0.621 | 0.529 | 0.299 | 0.0852 | Bal. | 1.03 | 0.198 | 0.0096 | 0.0594 | 0.018
Work

Table 3. Temperature dependent material properties for Aluminum alloy 6061-T6 ,Chao and

Qi,1998.
Temperature °C 37.8 93.3 |148.9 | 204.4 | 260 |315.6 |371.1|426.7
Thermal Cond. W/m°C | 162 177 | 184 192 201 | 207 |217 |223
Heat Capacity JIKg°C | 945 978 | 1004 |1028 |1052 |1078 | 1104 | 1133
Density Kg/m® | 2685 |2685 |2667 | 2657 |2657 |2630 | 2630 | 2602
Young’s Modulus GPa 68.54 | 66.19 | 63.09 |59.16 |53.99 |47.48 | 40.34 | 31.72
Yield strength MPa 2744 | 264.6 | 248.2 |218.6 | 159.7 |66.2 |345 |17.9
Thermal Exp. 10°°/°C | 23.45 |24.61|25.67 |26.60 |27.56 | 28.53 | 29.57 | 30.71

Table 4. Constants for Johnson- Cook material model ,Adibi et al., 2003.

Material Tmeit (°C) | A (MPa) B (MPa) C n m
AA 6061-T6 582 293.4 121.26 0.002 0.23 1.34
Table 5. The results of FSW.
= |5 |3 "BEERE
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) . =1 o = = X o S
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113MPa | 137MPa
1 6061-T6 | 1 | 408 | 419 | 435 | 1000 | 40 (Start) (End) 6.5 11 16
137MPa | 149MPa
2 6061-T6 | 2 | 189 | 182 | 258 | 500 14 (Start) (End) 6.5 235 29
118MPa | 134MPa
3 | 6061-T6 | 3 | 282 | 228 | 315 | 1400 | 112 (Start) (End) 6.5 15 23.5
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ABSTRACT

The heat transfer and flow resistance characteristics for air flow cross over circular finned

tube heat exchanger has been studied numerically and experimentally. The purpose of the study
was to improve the heat transfer characteristics of an annular finned-tube heat exchanger for
better performance. The study has concentrated on the effect of the number of perforations and
perforations shapes on the heat transfer and pressure drop across a staggered finned tube heat
exchanger. The Numerical part of present study has been performed using ANSYS Fluent 14.5
using SST Turbulent model, while the experimental study consist from a test rig with different
models of heat exchangers and all required measurement devices were building up to cover the
experimental work for the range of Reynolds number (7500-17500). The experimental results
show that average Nusselt number of the six circular perforations fins model is about 11.08 %
higher than that for solid fin model and with triangular perforations model is about 10.12 %
higher than that for the solid fin. Triangular perforation finned heat exchanger model gives a
best result than the other models due to excessive increment in the (Nu) in comparison with other
models take in consideration pressure drop. The results were validated with previous work and
the comparison between the experimental and numerical shows a good agreement with a
maximum deviation +10% between them.

Key words: Heat Transfer, Heat Exchanger, Perforated Fins.
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1. INTRODUCTION

Saving material and energy are critical problems for optimization for all aspects of the economy.
One of the important issues that should be defined during the design of a heat exchanger, is
taking into account the cost of material, and the optimization of the heat efficiency, Shah 1981.
A circular finned tube has been widely utilized due to its low manufacturing cost. The fin
industry has been engaged with continuous researches to reduce the fin size, weight and cost.
The reduction in fin size and cost is achieved by the enhancement of heat transfer that carried out
by the fins. This enhancement can be accomplished by different methods such as increasing the
ratio of the heat transfer surface area of the fin to its volume, manufacturing fins from materials
having high thermal conductivity, and increasing the heat transfer coefficient between the fin and
its surroundings, Incropera 1996.Fins as a heat transfer enhancement devices must be designed
to achieve maximum heat removal with minimum material expenditure, but taking into account
the ease of manufacturing of the fin shape. Several studies have introduced some shape
modifications by cutting some material from the fin to make cavities, holes, slots, grooves, or
perforations through the fin body in order to increase the effective heat transfer surface area
and/or the heat transfer coefficient, Kim, 2008. The fin industry has been engaged in continuous
researches, which deals with perforation fin and other passive and active methods, to reduce the
fin size, weight, and cost as well as more heat transfer rate Prasad, and Gupta,1998.Many
investigations have studied various geometric shapes of the fins, such as plate fins, circular fins
and helical fins, and the benefit of using perforation. Fayed et al. 2008, presented an
experimental study on the effect of fin’s perforation on the thermal performance of helically
finned tubes. From the comparison, the overall heat transfer coefficient is found to be increase
(12.3%) at air velocity of (4.5m/s) in case of perforated fin, this percentage continued in
increasing until to attaining (36%) at (7.5 m/s). Karabacak and Yakar, 2011, investigated
experimentally the effect of perforations placed on finned tube heat exchangers on convection
heat transfer. It was found that Nusselt number increase by adding perforations. Banerjee et al.
2012, studied numerically an annular finned-tube array with perforations to assessing the

enhancement of heat transfer while minimizing an increase in pressure drop across the domain. It
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was found that for the perforated case the heat flux, and heat transfer coefficient performance
ratios of the fin increased by 5.96% and 7.07%, respectively.

Ismail, 2013, studied the effects of perforations on the thermal and fluid dynamic performance
of a heat exchanger by using different types of perforated shapes having same surface area. A
comparison of various geometric configurations showed that the thermal performance of
perforated fin is better than that of solid fin.

Most of the studies concentrate on the flat plate fin. Very few articles studied the case of the
annular perforated fins numerically and experimentally. The aim of the present work is to study
the influence of using the annular perforated fin on the heat transfer process for the flow within a
multi tube heat exchanger(numerically and experimentally ). Moreover the effect of a number of
variables such as number of perforations, diameter of perforation holes, and the effect of
perforations shape will be determined numerically using one of the available CFD package and

support by an experimental study.

2. CFD MODELING AND SIMULATION

Numerical calculations have been conducted by simulating three-dimensional air flow and heat
transfer over solid and perforated finned-tube configurations. The CFD modeling, simulation and
post processing have been carried out in an ANSYS 14.5, Workbench environment with an
ANSYS system of fluid flow (Fluent).

2.1 The Geometry

A three dimensional finned tube heat exchanger has been simulated by using AutoCAD software
and preparation for simulation by using ANSYS Design Modeler software. The numerical study
has been performed by taking a section from the full case, because there is no enough computer
memory and speed available to fulfill the full case. This section consist of three fins for each
pipe. The study includes five cases of heat exchangers according to the types of fins as follows,
solid fins, two perforated fins with circular perforation having different numbers of perforations,
and finally two perforated fins having square and triangular perforation shapes with same cross
section area (19.71 mm?). Fig.1 shows all above described cases, and the applied boundary
conditions while Table. 1 shows the description of the five models. The governing equations

solved for the flow field are the continuity (mass conservation), Navier-Stokes equations of
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motion (momentum conservation) and energy equations in three dimensions for the fluid for the

turbulent flow domain (air).

2.2 Boundary Conditions

Solid and perforated fins cases have been simulated for inlet free stream air velocities of 3, 4, 5,
6, and 7 m/s for the range of Reynolds number( 7500-17500 ) and a temperature of 300K and (0O
Pa) relative pressure at outlet for validation of Nusselt number (Nu) and friction factor (f). No
slip condition is applied to the outer tube and the fin walls. The inner tube wall was assumed to
have a constant temperature of the condensing steam (373 K).The computational domain walls at
the tube inlet and outlet are subjected to a symmetrical boundary conditions which is used to
reduce computational effort in problem. Free stream air properties were specified as viscosity (u)
1.798 1075 kg/m-s Specific heat (Cp) 1006.43 J/kg-K, and thermal conductivity (k) 0.0242
W/m-K, Banerjee et al, 2012.

2.3 Mesh Generation

Tetrahedral elements have been used to mesh the flow domain because it is more flexible in
representing complex geometry boundaries FLUENT, 2006.

A mesh independency test has been carried out by varying the number of elements from 34,560
to 1.7 million. Six types of mesh density have been used to study mesh independence as shown
in Table 2. Maximum skewness gained in this simulation is 0.75, which indicates that the mesh
has suitable quality and would not compromise the solution stability. The meshing of the tunnel

and the six circular model are shown in Fig. 2.

3. EXPERIMENTAL APPARATUS

The schematic diagram of the test rig is shown in Fig. 3. It shows the experimental rig which
consists mainly of wind tunnel (duct) have a parallel test section in the middle manufactured
from clear acrylic of (300mm x 300mm x 600mm), axial ventilation 3 phase motor (Power =2.2
kW), steam boiler, measurement devices, and steam separator.

The fins are manufactured from thin sheets of copper of thermal conductivity (376W/m. °C).
Five dies needed to manufacture the models of heat exchanger. The heat exchangers used in
present work have been prepared to be staggered heat exchangers and have equal longitudinal
and transverse pitch of tube. The final shape of heat exchanger has been produced by welded the

tubes to the U shape elbow. Each one of produced heat exchangers has 144 fins, and 111 cm
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total length taken in consideration the equivalent length of elbow. Fig. 4 shows the final shapes
of all models and Fig. 5 shows the dimensions of heat exchanger. Many thermocouples of type-
(K) were used with a digital thermometer having an accuracy of £ 0.5 % of full scale division
for the range of (0 - 999) °C, to measure the temperatures by connecting the thermocouples to
digital thermometer in parallel by leads through a selector switch. The thermocouples were
distributed within the rig and the heat exchanger to measure the temperature of the air at entry
and at exit of the test section, inlet and exit of the heat exchanger. Ten thermocouples were
distributed along the fins to measure the temperature in different position on the fin surface.
Before the experimental work started and in order to obtain accurate measurements a
calibration for the thermocouples, compensating cable, selector switch, and the measuring device
were done . Static ellipsoidal nosed pitot tube has been used to measure the static pressure in the
tunnel while a portable manometer has been used to measure the differential pressure. A digital
anemometer vane-type (model AR826) has been used to measure the average air velocity at
entry and exit of the test section. As a different value of air velocity through the duct is required

then an inverter used to control fan motor velocity.

3.1 Experimental Procedure

The experiments has been started by operating the steam generator, and waiting till generating
steam at 1 bar and 100 °C (Saturated steam), then the valve of boiler will open to allow steam
flowing continuously inside the heat exchanger until reaching steady state, which represents the
starting time of experiments, finally switching (ON) the fan motor to blow air inside the duct
through the test section. During each test run, the following data are recorded:

a- The average surface temperature of heat exchanger (T 4,,) read from the outputs of the (11)
thermocouples distributed in it.

b- The inlet and outlet air bulk temperature through thermocouple at the entrance and exit section
respectively.

c- The air surrounding temperature ,taken by reading room temperature thermocouple.

d- The new pressure drop (AP) between the inlet and outlet will be accurately measured.

e- Condensation rate of steam.
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3.2 Data Analysis
The heat transfer mode in the present work is conduction and convection through the air. The
magnitude of each mode depends on the temperature of the fin array base, the geometry and the

flow rate. The energy balance is given as

Qcondensation = Qconvection (1)

The latent heat of condensation (Qcondensation) IS 9iven by:

Qcond. = Meona. hfg 2)

The heat transfer by convection from finned tubes surface including outer surface of tubes is

given by:
Qconvection = hav As [Ts,av - TOO] (3)
where T,, istaken as air inlet temperature

Hence the average convective heat transfer coefficienth,,, can be found out as follows:

Q tion
h — convec 4
av As [Ts,av —Too] ( )

The surface area of all models can be expressed by the following equations:

AS = AS no fin+AS fin (5)
ASnofin = nxdrfofo+AS term. (6)
AS term= n XerO.OOG (7)

where 0.006 is the distance between first fin and wall of the duct.

The dimensionless groups, Nusselt number (Nu) and Reynolds number (Re) are calculated as

follows:
_ hav dp
N = ®)

Hair
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Hydraulic diameter (dy,) can be expressed as:

dp = (df —dy) (10)

The pressure drops over the test section in the model were measured. The pressure drop can be
arranged in dimensionless form by using the following relation Banerjee et al. 2012.

AP (11)
npairvr%ax

AP can be expressed as:
AP = Py, — Pyt (12)

According to the continuity equation, the area of minimum cross section has maximum flow
velocity. For finned-tube configurations, the area of minimum cross section is the thin space
between the two fins. Hence, the maximum velocity can be calculated from the following

equation Banerjee et al. 2012.

StV (13)

max — Sy —dr

Limiting the pressure drop becomes one of the primary challenges in the design of finned-tubes.
Perforations, which increase Nusselt number, also increase the pressure drop. Thus the efficiency
of perforations is determined to find the optimum case having the least increase in AP with the
maximum increase in heat transfer per unit area (q). The relative g-AP factor is a dimensionless
quantity defined as the ratio between heat flux performance ratio and fin AP performance ratio

Banerjee et al. 2012.

Aperfo.— 4solid

Fin q performance ratio = (14)
dsolid
AP — APy
Fin AP performance ratio = —2&fo—— solid (15)
APsolia
Fin q per formance ratio (16)

Relative q — AP factor =
elative q factor Fin AP performance ratio

The Ratio of Heat Dissipation Rate (RQF) is calculated by the relation below:

(17)
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Qperforated fin

ROF = Qsotid fin

4. RESULTS AND DISCUSSION

4.1 Theoretical part

4.1.1 Velocity Vectors, Pressure Drop and Temperature distribution Contours

Solid and perforated fins were compared in terms of a free stream velocity of 3m/s using velocity
vectors and pressure drop contours. Fig.6 shows projection of the 2-D velocity vectors for fluid
flow through solid fins and other perforated models at inlet velocities of 3 m/s. As shown in this
figures the free stream air flow approaches the finned-tube array and encounters stagnation at the
first row. At this point (stagnation point), the flow velocity is reduced to zero, and the pressure,
being inversely proportional to velocity, is the maximum in the domain. Pressure begins to
decrease as the flow being enhanced. Maximum velocity is observed at the region between two
fins. Thereafter, increasing of pressure and decreasing of velocity lead to creating a positive
pressure gradient. This resulted in flow separation from the fin wall, creates wake areas. Fluid
particles in this region loss the energy in overcoming the shear forces in the boundary layer.

In the cases of perforated fins, the two perforations in the upstream side will increase the
velocity and reduce the pressure, while the other two perforations make a reduction in the wake
areas by increasing the velocity too. Comparison of velocity contours shows that perforations
alter the velocity gradients in the domain. Moreover Fig.6 shows that the fluid flow velocities
and mixing in perforation cases are more than that in solid case. The cases can be arranged from
small to large as solid, four circular, square, triangle, and six circular perforations depending on
velocity and mixing of fluid.

Fig.7 show the 2-D pressure contour through solid fins, and other perforated fin models at inlet
velocity of 3 m/s. It is clearly shown that the perforated fins have a higher pressure drop than that
for solid fins. This increase in pressure drop is due to higher velocities and mixing in perforation
cases. The cases can be arranged from small to large as solid, four circular, square, triangle, and
six circular perforations depending on pressure drop.

Solid and perforated fins are compared at a free stream velocity of 3m/s using temperature
contours. Subsequent to the solid fins, perforations are introduced in the upstream and
downstream regions with an attempt to improve the flow characteristics and increase the heat
transfer efficiency. Due to the slower air flow, high temperatures persisted in wake areas. Thus,

the upstream half of the region experienced higher heat removal than the downstream region. As
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the size of recirculation region decreases in case of perforated fin, the high temperature zones in
the downstream region decrease due to increase in the mixing and flow rate of air in the
downstream areas as clearly shown in Fig. 8. Also the temperature contours of the solid and
perforated fin shows more reduction in temperature of perforated fin wall.The cases can be
arranged from large to small as solid, circular, square, triangle and six circular perforations

depending on wall surface temperature and downstream air temperature.

4.1.2 Heat Transfer

Fig. 9 shows the variation of Nusselt number with Reynolds number for all models based on the
numerical results. To determine the effect of the Perforations shapes on the amount of heat
transfer, a comparison between the (2,3,4)models shows that, triangular perforations model
yields the highest Nusselt number while the lowest Nusselt number is observed at the model of
the solid fin at all Reynolds numbers in the considered range. This enhancement is due to the
bigger width of perforation which faces the flow in case of triangular perforation which causes
more destruction or reduction of the area of thermal boundary layer than the other perforation
models, and so on for other models. Also it's due to the bigger perforation inner lining surface
area which gives more surface area.

The effect of number of perforations on the heat transfer process is determined when comparing
between (2 and 5) models in Fig.9 which shows that the value of Nusselt number for the six
circular perforations model (case 5) is higher than that for the model of four circular
perforations (case 2)for the same perforation diameter. Increment in the number of perforation
will increase the turbulent intensity due to more destruction and abruption in thermal boundary
layer, and as a result of increasing of the heat transfer coefficient.

A general comparison among all models taken in the present study, shows that the values of
Nusselt number for six circular perforation model is higher than that of the other models due to

the reasons which mentioned previously.

4.1.3 Friction Factor (f):

Fig.10 shows that the value of friction factor for the perforated fin is higher than that for solid fin
due to increase in pressure drop in case of perforated one because of excessive flow
disturbances produced by perforations. It can be noted that the triangular perforations model

gives the higher value of pressure drop than that gives by solid fin. The comparison among all
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models is shows that the six circular perforations gives the highest value of pressure drop
among all models.

Fig. 11 shows the effect of shape and number of perforations on the amount of transferred heat.
This may be justified by the net effects of changing heat transfer coefficient and area due to
perforations. A higher g-AP factor value combines the maximum increase in q values in
comparison with the minimum increase in AP values. Thus, a relative q-AP factor value greater
than unity indicates a better performing fin configuration Banerjee et al. 2012. As shown in
Table 3, the best result for the relative q-AP factor has been found when the inlet velocities
were 6 and 7 (m/s). It is found that the triangle perforation model gives the best result due to

excessive increment in the Nusselt number in comparison with pressure drop.

4.2 Experimental Results:
4.2.1 Effect of the Perforations Shapes:
Fig.12 shows the variation of Nusselt number and Reynolds number for solid fin, four circular,

square, and triangle perforation models. As shown, there is a good enhancement in heat transfer
in the different shapes of different models of perforation. It is clearly shown that the Nusselt
number of perforated fins is higher than that of solid case. The cases can be arranged from small
to large as solid, circular, square, triangle models depending on the value of Nusselt number. The
enhancement of the Nusselt number in each case was (6.52%) in the circular, (8.79%) in the
square, and (10.12%) in the triangle model. This was explained previously, because of the bigger
width of perforation which faces the flow. The bigger width in case of triangular perforation
causes more destruction or reduction in the area of thermal boundary layer more than the other

perforation models, and so on for other perforation.

4.2.2 Effect of Number of Perforations:

Fig.13 shows that the Nusselt number for the six circular perforations model is more than that
of the model of four circular perforations for the same perforation diameter. The enhancement
rate in the Nusselt number was (11.08%) for the six circular perforations model. Increment in the
number of perforation will increase the turbulent intensity due to more destruction and abruption

in thermal boundary layer, and as a result the heat transfer coefficient.

4.2.3. Friction Factor ( f):
Values of pressure drops obtained from the experimental results give comparative results

with those observed in the numerical results. Fig.14 shows the effects of the perforations shapes
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on the friction factor. It is clearly shown that the friction factor for the perforated fin is higher
than that for solid fin. The greater friction factor refers to increase in pressure drop in case of
perforation. In accordance with numerical results, the triangular perforation model causes the
highest pressure drop and as a result highest friction factor. Also the effect of number of
perforations on the friction factor is shown in Fig.15 It is easily shown from the figure that the
values of friction factor for six circular perforation model is more than the model of four circular

perforations

4.2.3. Ratio of Heat Dissipation Rate (RQF):
Fig.16 shows the values of (RQF) calculated from the experimental results which shows a good
agreement with that plotted from the numerical results shown in Fig.11.As mentioned previously

that the shape and number of perforations have effect on the amount of transferred heat.

5. Correlations and Validation
The average Nusselt number for the staggered perforated finned tube heat exchanger were
correlated as a function of Reynolds number and the ratio of perforation dimension to fin

diameter by using LAB Fit program as followed:

]0.0043

Nu = 1.94Re%4286 [% With coefficient of correlation determination (R?) of 0.984.

f

Validation

Fig. 17 and Fig. 18 shows a comparison between the results of the present numerical study
(Nusselt number and friction factor) with the work of Banerjee et al. 2012, which gives a
similar trend for each other with a observed gap between them which may attributed to the
difference in geometrical configuration, dimensions and boundary conditions between the two
studies. From Fig. 19 a good agreement is observed for heat transfer enhancement with
maximum deviation of £10% between the present experimental and numerical results. Also, it is
clearly shown from Fig. 20 that there is a good agreement ( with maximum deviation £ 13%) for

the values of friction factor between present experimental and numerical results

6.CONCLUSION
1. The average Nusselt number increases as the number of perforations is increased by a rate
depending on the perforation geometry.

2.The friction factor increases with perforation due to increase in the pressure drop.
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3.Nusselt number of six circular perforation model is about 11.08 % higher than that for solid fin

model and with triangular perforation model is about 10.12 % higher than that for the solid fin.

4.Pressure drop of six circular perforations is about 11.15 % higher than that for solid fin model

and with triangular perforation model is about 9.79 % higher than that for the solid fin.

5.Triangular perforation heat exchanger model gives the best result from the view of perforation

efficiency due to excessive increment in the Nusselt number in comparison with pressure drop.

6.The fin with perforation gives a higher reduction in surface temperature and air temperature in

the downstream region than solid fins.
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NOMENCLATURE

A= surface area m?

A,.= perforation inner lining surface area m?
As tormin. - total surface area between the fins and elbows of the three tubes (m?)
Cp= specific heat J/kg.K

d.,= perforation dimension m

ds= outer Fins diameter m

d;= internal Tube diameter m

d,= external Tube diameter m

dy= hydraulic diameter m

f= friction factor

h= convective heat transfer coefficient W/m?.°K
hs 4= latent heat of evaporation KJ/Kg
k= thermal conductivity W/m.°K

m= condensation rate Kg/s

N¢= number of fins

N,,= number of perforations

P¢=fin pitch m

Q= heat transfer W

g= heat flux ~ W/m?

Sp= transverse tube pitch

t=fin thickness m

Greek Symbols

1= Dynamic viscosity kg/m.s

p= Variable density  kg/m®
Subscript

av: average

cond.: condensation

term.: terminal

p: perforation

r: root

s: surface
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Figure 2. Meshing of tunnel and the six circular model.
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Figure 3. Schematic diagram and photo of the experimental rig.
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Figures 5. Dimension of the heat exchanger (in mm)
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Figure 8. 2-D Temperature contours for
solid and six circular perforation model
at 3 m/s inlet velocity
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Table 1.Description of the five models.

Cases Description

Case 1 Solid fin

Case 2 | Perforated fin having four circular perforations

Case 3 | Perforated fin having four square perforations

Case 4 | Perforated fin having four triangle perforations

Case 5 | Perforated fin having six circular perforations

Table 2. Mesh dependency results accuracy.

No Number of Tip Duct pressure drop (Pa)
elements temperature(K)
a 34560 370.621 61.215
b 103680 369.779 55.747
c 362880 369.173 49.544
d 1200180 368.387 45.651
e 1552460 367.212 44.899
f 1705112 367.105 44,719

Table 3. Relative g-AP factor.

Relative g-4P factor

Inlet Four circular Four square Four triangular

. ] ] ) Six circular
velocities | perforations model | perforations model perforation )
perforations model
(m/s) model
3 0.601 0.609 0.697 0.691
4 0.603 0.693 0.801 0.789
5 0.825 0.827 0.892 0.894
6 0.901 0.909 1.095 1.043
7 0.982 1.089 1.213 1.152
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Natural and Mixed Convection in Square Vented Enclosure Filled with Metal
Foam
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E-mail: luma.fadhil@yahoo.com

ABSTRACT

Steady natural and mixed convection flow in a square vented enclosure filled with water-saturated

aluminum metal foam is numerically investigated. The left vertical wall is kept at constant
temperature and the remaining walls are thermally insulated. Forced convection is imposed by
providing an inlet at cavity bottom surface, and a vent at the top surface. Natural convection takes
place due to the temperature difference inside the enclosure. Darcy-Brinkman-Forchheimer model
for fluid flow and the two-equation of the local thermal non-equilibrium model for heat flow was
adopted to describe the flow characteristics within the porous cavity. Numerical results are obtained
for a wide range of width of the inlet as a fraction of the height of the enclosure (D/H = 0.1 — 0.6),
the porosity of aluminum foams (¢ = 0.91, 0.97), Grashof numbers (Gr = 10* — 3 x 10°), and
Reynolds number (Re = 1 — 20). Effects of pertinent physical parameters are performed in terms of
the flow and temperature fields, as well as the average Nusselt number variations. The results show
that the average Nusselt number increases with D/H and Re and decreases with the porosity
increasing. The fluid temperature distribution has a little difference from the solid matrix
temperature distribution.

Key words: mixed convection, square vented enclosure, thermal non-equilibrium, numerical study,
metal foams, porous media.
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1. INTRODUCTION

The study of fluid flow and heat transfer induced by the combined effects of natural and forced
convection, referred as mixed convection, in porous media is substantially increased in recent years
due to its wide practical applications encountered in engineering and natural science. Some of these
applications involve use of metal foams for enhanced cooling in electronic equipment, foam filled
heat exchangers, open-cell metal foams, and solar energy collectors.

The pure conduction, natural convection, forced convection, and mixed convection of a lid driven
square enclosure which is filled with water-saturated aluminum foams, and provided with a bottom
heated wall and a top moving wall was investigated numerically by Jeng, and Tzeng, 2008. Their
work uses the Brinkman-Forchheimer model for the momentum equation and the two-equation
model for the energy equation. The variable parameters included the porosity of the aluminum
foams, the Grashof number, and the Reynolds number. They found that the fluid temperature
distribution differs little from the solid temperature distribution which means that one-equation
model for energy may be employed to save computational time. Additionally, the higher porosity
promotes much more enhancement of convective heat transfer while the lower porosity is important
for higher total heat transfer due to the higher effective thermal conductivity value. Kurtbas, and
Celik, 2009 carried out an experimental study for the case of assisting mixed convection in a
rectangular horizontal channel top and bottom heated surface and filled with aluminum foam of
different pore densities. Different values of uniform heat flux, Reynolds number, Richardson
number, and cross-sectional aspect ratio were tested and new empirical correlations had been
constructed to link the Nusselt number. Later, Venugopal, et al., 2010 developed a simple
inexpensive metallic porous material and investigated experimentally the mixed convection heat
transfer in a vertical duct with this metallic porous structure. It was showed that the developed
porous medium has similar thermo-hydrodynamic performance to those seen in metal foams. The
experimental study of hydraulic performance and heat transfer in flow assisted mixed convection in
channel containing aluminum metal foams of high porosity was conducted by Kamath, et al., 2011.
They utilized a wide range of Richardson and Reynolds numbers to cover the forced convection
dominant and mixed convection regimes and developed useful heat transfer correlations.

Mixed convection flow in a lid-driven enclosure filled with a fluid-saturated porous medium was
studied by many authors. Khanafer, and Chamkha, 1999 investigated numerically the unsteady,
laminar, mixed convection flow inside a square enclosure filled with a fluid-saturated uniform
porous medium. The two vertical walls of the enclosure are insulated while the horizontal walls are
maintained at constant temperatures with the top surface is moving from left to right at a constant
speed. Furthermore, the enclosure filled with a fluid-saturated porous medium with top moving lid-
driven wall and various types of boundary conditions was scrutinized numerically by number of
authors like Kumari, and Nath, 2011, Basak, et al., 2012, Oztop, et al., 2012, and Sivasankaran,
and Pan, 2012. The problem of mixed convection flow and heat transfer in a lid-driven cavity with
heat generating porous medium was investigated numerically by Muthtamilselvan, et al., 2010.
The top and bottom walls are moving in opposite directions at different temperatures, while the side
vertical walls are adiabatic. Moreover, laminar, two-dimensional, steady, mixed convection in a
parallel two-sided lid-driven square cavity filled with a fluid-saturated porous medium was analyzed
numerically by Vishnuvardhanarao, and Das, 2008. Then, a few number of articles considered the
mixed convection flow and heat transfer in a two-sided lid-driven enclosures filled with fluid-
saturated porous medium, such as Kumar, et al., 2009, Vishnuvardhanarao, and Das, 2009, and
Vishnuvardhanarao, and Das, 2010.
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The mixed convection can be resulted also from vented openings or exit ports. For this type of
mixed convection Mahmud, and Pop, 2006 studied numerically the steady mixed convection flow
inside a square vented enclosure filled with a fluid-saturated porous medium. The vertical wall of
the cavity is kept at constant temperature and the remaining walls are perfectly insulated. They
assumed that the fluid and the porous medium are in local thermal equilibrium and the viscous drag
and inertia terms of the momentum equations are negligible therefore they utilized the Darcy flow
model in the momentum equation. The governing parameters performed in their work are the
Rayleigh number, Peclet number, and the width of the inlet as a fraction of the height of the
enclosure. Ghazanfarian, and Abbassi, 2007 performed the steady laminar mixed convection
inside a square cavity filled with a fluid-saturated porous medium and different positions of the
outlet port. The same boundary conditions and flow model of Mahmud, and Pop, 2006 was used
and the governing equations had been solved by numerical finite difference method. While, Barna,
et al., 2008 constituted numerically the same vented enclosure and flow model in the momentum
equation but with all enclosure walls being isothermal surfaces. Afterwards, Rathish Kumar, and
Krishna Murthy, 2010 proposed numerically the mathematical model for steady mixed convection
process in a non-Darcian fluid saturated vertical enclosure under multiple Injection/Suction effects.
To the best knowledge of the author, no attention has been paid to the problem of natural and mixed
convection in vented enclosure filled with fluid-saturated metal foam. The present study focuses on
a problem of steady natural and mixed convection inside a square vented cavity filled with water-
saturated aluminum metal foam, with the left vertical sidewall being at constant temperature and the
remaining enclosure walls being perfectly adiabatic. The Brinkman-Forchheimer-extended Darcy
model in steady two dimensional and non-local thermal equilibrium are employed.

The main objective of the present work is to investigate the influence of the flow governing
parameters including Reynolds and Grashof numbers, and the width of the inlet and outlet as a
fraction of the height of the enclosure for two types of aluminum metal foam on the flow
characteristics. Numerical results are obtained for streamlines, isotherms for fluid and solid matrix,
and the heat transfer rate at the heated wall in terms of local Nusselt number and average Nusselt
number are presented graphically.

2. MATHEMATICAL FORMULATION

Consider a steady two-dimensional vented enclosure filled with a fluid saturated metal foam with
the left vertical sidewall at constant temperature T,, whereas the other walls are well-insulated. The
physical model of the problem is shown in Fig. 1 which is a square enclosure of length H with a slot
at the bottom edge of the vertical surface and a vent at the top edge for outflow. The slot and vent of
width D are responsible of the forced convection arising while the buoyancy effects are induced
because of the temperature difference of the left vertical sidewall and the stream temperature T,
which has a constant velocity V, at the enclosure inlet. It is assumed that the porous medium is
homogeneous, hydrodynamically and thermally isotropic and saturated with a fluid that is in thermal
non-equilibrium with the solid matrix. The thermo-physical properties of the fluid and porous media
are constant except for density dependency of the buoyancy term in the momentum equation, which
is satisfied by the Boussinesq approximation. Under these assumptions, the conservation equations
for mass, momentum and energy for the two-dimensional laminar thermal non-equilibrium model
are, Nield, and Bejan, 2006:
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ou v

P + E =0 (1)

L2y ) = 3y My (Pu 0PN by Cepp

sz(pfu6x+pfv6y)_ ax+ e(ax2+6y2) K Kz u? +viu (2)

1 v ov\ _  0p , Br(0%*v | 0%v ur Crpy

;ﬂwua+mmg)——5+jez+gﬁ—7 mnWﬂ+vv+mﬁdﬂ—%) 3)

an an an il * an

(nCy), [ug +v ay] {ax [(kf +kq) S ] +5 [(kf +kg) E]} + hy (T, = Tf) (4)
« [0%Ts | 92T

ki |5+ 52] + hu(Tr = T) = 0 (5)

where k7 and kg are given by Calmidi, and Mahajan, 2000:

ki = ekg (6)

ki =0.195(1 — £)%763k, (7)

The hydrodynamic and thermal boundary conditions are specified as:

Leftisothermalwall: u =v=0,T, =T, =T, on x=0,0<y<H (8a)

Inlet: u =0,v="Vy, Tr=T; =T, on y=0,0<x<D (8b)
. . i an aTS

Bottom adiabatic wall: u = v = 0, By oy 0 on y=0,D<x<H (8c)

. . . . an 0T
nghtadlabatlcwall.uzvzO,@zgzO on x=H0<y<H (8d)
an

Outlet: u = 0, azo on y=H,0<x<D (8e)
. . i an aTS

Upper adiabatic wall: u = v = 0’323: 0 on y=HD<x<H (81)

The following dimensionless parameters are utilized in the present study:

a a VoH K T ¢—T,
X:ﬁ’ Y:X’ U:l _l[) V_—:—_ll)’ P = Re:—pfo’ Da:—’ gf f770
H H Vo ay’ Vo [7).¢ fVO ur H? Tw— To
9B (Tw—To)p2H3 T¢=T, Te—T, __ hyH? oUu . v
G‘r' — W—Zof’ ef — u’ 95 — s—'o P N fs — v ’ 0= —— + oV (9)
U Tw—To Tw— TO f f ay X
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Substitute these dimensionless variables into Egs. (1)-(5) and (8), the corresponding dimensionless
governing equations and boundary conditions are written as:

%y = 9%y
0=k tore (10)

2 2 2 2 2
U4y =t S (T L) VT VI - (V% VUZ+V?) -

ax oy ReDa = Re \dXx%2 = 9Y?2 Dal/2 Dal/2
9 (JUZxV2 gi6r 967
Uay(\/U +V ))+ o (11)
90  y20r _ 1 (0 [(kitka)o6r] | o [(ki+ka) 06} | Nugs o _
Uox ¥ Vor = zerr {ax [( kr ) ax] tor [( kf ) ay]} RePT (65— 67) (12)
ki [0205 = 820,
;[axz + 5]+ Nugs (6, - 6,) = 0 (13)

where k, is the thermal dispersion and was obtained by the empirical equation modified by
Calmidi, and Mahajan, 2000:

™4 = 0.06 Re PryDa VUZ + V2 (14)
f

» IS the volumetric heat transfer of aluminum foam was also calculated by the empirical
equation reported by Calmidi, and Mahajan, 2000:

N
hwd? _ = ¢, (Pl URHVZA\ T 037 (15)
ure

The dimensionless boundary conditions are casted as:

Left isothermalwall: U =V =0, =0, w = — 0p=0;=1 on X=0,0<Y<1 (169)

=2
Inlet: U=0,V=1,=-X0=-2%0=0=0 on Y =0,0<X < D/H (16b)
BottomadiabaticwaII:U=V=O,zpz—g,a): ny,aa?—ay OonY=0,D/H<X<1
(16c)
Right adiabatic wall: U =V = 0, = -2 0 =—2 220 =% _ g onx=1,0<v <1 (16d)
Outlet: U = 0,22 = 0,22 =2= = ¢ on Y=10<X<D/H (16€)
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iabati U=V = —_Db = _ 2% 90 036 _ _
Top adiabaticwall: U =V =0,y = Sw=——2 - =—=0o0nY =1, D/H <X <1 (16f)
Equations (10) to (13) are solved numerically with the applied boundary conditions to simulate the
mixed convection in the vented enclosure. The local Nusselt number (Nu) and average Nusselt
number (Nu) at the left vertical heated wall are formulated as:

- kf 0X ly—q kf 0X lx—o (17)
Nu = (H(=kr28r]  _ks36s
Nu = fo ( kf 0X lx=9 ky 0X X=0> dy (18)

In the present study, the aluminum foam is chosen as the porous medium saturated with water. The
numerical data properties of the fluid and solid phase used in the present work are given in Table 1.

3. NUMERICAL TECHNIQUE AND CODE VALIDATION

The governing equations for dimensionless vorticity, stream-function, and solid and fluid energy
equations together with the boundary conditions were solved numerically using the method of finite
difference. The spatial derivatives of the governing equations are approximated by the central
difference scheme, Patanker, 1980. The finite difference scheme reduces the continuum problem to
a discrete problem prescribed by a system of algebraic equations written as tri-diagonal matrix and
this matrix was solved by a line-by-line procedure of tri-diagonal matrix algorithm (TDMA),
Patanker, 1980. For convergence criteria, the relative variations of the vorticity, stream-function,
and solid-phase and fluid-phase temperatures was less than 1075 between successive iterations.
Finally, algorithms based on the Simpson,s rule is employed to perform the numerical integration of
the average Nusselt number.

An in-house numerical computer code was developed for the solution of the problem considered.
The computer program was built in MATLAB R2010a software and consists of a main program and
a TDMA solver subroutine and a subroutine for working out the numerical integration by Simpson's
rule. Additionally, the program lasts from eight to twenty three hours depending on the Reynolds
number value. The flow chart of the built computer program is illustrated in Fig. 2.

A uniform grid in X and Y directions is used in the calculation domain and all numerical results
were checked for the grid independence analysis to evaluate a more convenient grid size by
monitoring the average Nusselt number on the heated wall. This was achieved by obtaining
solutions with an increasing number of grid nodes in X and Y directions, until a point is reached
were the solution is unchanged with a further increase in the number of nodes. Grid convergence
was studied for the case of Re = 10, Gr = 10°, and £ = 0.97 with grid sizes from 60 x 60 to
140 x 140. The percentage error accomplished from the grid independence test between the grid
100 x 100, 120 x 120, and 140 x 140 and the asymptotic value were 2.88%, 2.3%, and 1.91%,
respectively. Moreover, the size of the grid size was refined until the average Nusselt number did
not change by more than 1.42%. However, the grid 120 x 120 was chosen for further numerical
results because it is a good compromise between computational time and accuracy requirements.

To validate the accuracy of the developed computer code for the present simulation, the results of
the present numerical code were tested and compared with the work of, Jeng, and Tzeng, 2008 in a
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mixed convection of a lid driven square enclosure filled with two types of water-saturated aluminum
foams for Reynolds number of 20 and different values of Grashof number varies from 10* to
3 x 10°. The comparison of the average Nusselt number on the bottom heated wall shows excellent
agreement between the present and the previous results as illustrated in Table 2. These effects
provide credence to the accuracies of the present code and numerical method.

4. RESULTS AND DISCUSSION

The governing equations are solved for a wide range of Reynolds number, Grashof number, and the
width of the inlet as a fraction of the height of the enclosure (D/H). Two aluminum foams with
various porosities were utilized in the numerical simulations of the present work and the working
fluid was chosen as water as listed in Table 1. For each type of aluminum foam, the Reynolds
number is varied from 1 to 20, the Grashof number is varied from 10* to 3 x 10°, and the width of
the inlet as a fraction of the height of the enclosure (D/H) variations is from 0.1 to 0.6.
Additionally, the value of Darcy number was taken as Da = 7.5 x 10~5 for the 0.97-porosity
sample and Da = 5 x 107> for the 0.91-porosity aluminum foam sample.

The streamlines corresponding to five different D /H values and three values of Grashof numbers for
the case of Re = 1 are shown in Fig. 3. In this case, natural convection is the dominant heat transfer
mode. By increasing the Grashof number, the buoyancy forces are strengthened, and consequently,
the vorticity component near the inlet of the vented cavity is strengthened especially when Gr = 10°
for £ = 0.91 and £ = 0.97. Therefore, in the case of ¢ = 0.97 and Gr = 10°, the buoyancy force is
much greater than the shear force and it dominates the flow field resulting in a stronger vortex as
illustrated in Fig. 3c. Moreover, the streamlines of ¢ = 0.91 and Gr = 10* with different D/H
posses no vortex generation because of the low Grashof number which induces a negligible
buoyancy force in the present porous enclosure as shown in Fig. 3a. Finally, the rotating vortex
strength is decreased with the increasing of inlet width to enclosure height fraction.

The mechanism of heat transfer inside the vented cavity consist of the combination effect of forced
and natural convection. Therefore, when the Reynolds number is increased to a higher value of
Re = 20 relative to the Grashof number values considered in the present study, the primary mode of
heat transfer is the forced convection. As a result, the weak natural convection regime weakens the
strength of vorticity in the present cavity and this causes the flow field to be regular, without any
rotating vortexes as depicted in Fig. 4. It also can be noticed that, the streamlines are the same for
different Grashof number values at certain width of the inlet as a fraction of the height of the
enclosure (D /H) value. Besides, the value of the streamline is decreased with the increasing of D/H
value for specific value of Gr. This observation is noticed also from Fig. 3 for the case of Re = 1.
Contours of fluid temperature for various € and Gr values and Re = 1 and Re = 20 are presented in
Fig. 5 and Fig. 6 respectively. From Fig. 5a and Fig. 5b, it can be observed that the increase in
Grashof number for certain porosity value of € = 0.91 has very little effect on the fluid isothermal
lines compared with the increase of £ from 0.91 to 0.97 at Gr = 10°. This is because the Grashof
number promotes a stronger effect of buoyancy force with higher porosity than its increase influence
at certain porosity value. As a result, the regions of higher temperature are constricted with the
increasing of porosity. Also, it is regarded from Fig. 5 that the increase in the inlet width to
enclosure height fraction (D /H) increases the amount of natural convection which results in a wider
regions of lower fluid temperature values. This is owing to the D/H increase that leads to higher
amount of cold fluid enters the cavity compared with hot left vertical side temperature of the
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enclosure which means higher natural convection quantity. As the Reynold number is increased to
20, the same behavior of the &, Gr, and D/H variation is clearly shown in Fig. 6 but with expanded
lower temperature regions compared with the case of Re = 1. This is because of the stronger forced
convection effect which tends to increase with the porosity and D/H increase and permits higher
convection currents of lower inlet temperature to the enclosure compared with the hot wall
temperature of the enclosure. Fig. 6a and Fig. 6b depicts the negligible effect of Grashof number for
certain € and D/H compared with the simultaneous monitoring of Fig. 6b and Fig. 6¢c of different
porosity and certain Grashof number value of 10°. It is also clearly depicted that the fluid isothermal
lines become nearly parallel to the hot wall left vertical side with the increasing of the D/H values
especially when the porosity is 0.97, the Grashof number is 108, the inlet width to enclosure height
fraction is 0.5 and 0.6 as illustrated in Fig. 6c.

The isothermal lines of solid matrix is displayed for various porosity and Grashof number values
and Reynolds number of 1 and 20 are displayed in Fig. 7 and Fig. 8 respectively. By comparing the
isothermal lines depicted in Fig. 5 and Fig. 7 for Re = 1 and Fig. 6 and Fig. 8 for Re = 20, it is
indicated that the fluid temperature distribution has a little difference from the solid matrix
temperature distribution. Therefore, the thermal equilibrium energy equation model may be utilized
for computational time saving with good accuracy.

The local Nusselt number distribution at the left vertical heated wall for different values of D/H,
Reynolds number, and certain value of Grashof number value of 10* is demonstrated in Fig. 9a and
Fig. 9b for ¢ = 0.91 and ¢ = 0.97 respectively. It is clear from these two figures that the Nusselt
number decreases with increasing Y and Nu is high in magnitude at the lower left region of the
enclosure. This is because of the higher values of temperature gradient around this region. Besides,
the variation of the inlet width as a fraction of enclosure height and Reynolds number for the two
types of aluminum metal foam have no considerable effect on the local Nusselt number values.

The average Nusselt number relation with the width of the inlet as a fraction of the enclosure height
(D/H) at the left heated vertical sidewall for different Reynold and Grashof number values and the
two porosities of aluminum foam is displayed in Fig. 10. The Nusselt number increases with the
increasing of D/H and Re. That is, the temperature gradient of the fluid and solid matrix increases
with D/H and Re. In such a situation the larger inlet will allow more forced flow which causes the
fluid and solid matrix isotherms more concentrated to the left wall and tends to increase the
temperature gradient and hence the average Nusselt number. Additionally, the increase of Reynolds
number from 1 to 20 provides a much greater shear force effect than the buoyancy force effect and
causes the fluid and solid matrix temperature gradient to increase as indicated previously in their
temperature contours. This is also the reason behind the little influence of Grashof number
increasing for certain e value. Furthermore, the heat convection due to fluid flow is better in the
higher-porosity aluminum foam. Accordingly, a lower average Nusselt number value is resulted
because of the smaller value of the effective thermal conductivity and the decreasing of the
temperature gradient of the fluid and solid matrix of the water saturated aluminum metal foam with
the increasing of porosity, see Fig. 10a and Fig. 10b.

5. CONCLUSION

A numerical investigation of natural and mixed convection in a square vented enclosure filled with
water saturated aluminum metal foam and heated at constant temperature on the left vertical side
and the other walls are thermally insulated is demonstrated in the present paper. The variable
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parameters included the Grashof number, the Reynolds number, the aluminum foam porosity, and
the inlet width as a fraction of the enclosure height. The following conclusions are made from this
scrutinization:

The increasing of the Grashof number causes the vorticity component to strengthen near the
cavity inlet and has no effect on the streamlines.

The increasing of inlet width to enclosure height fraction and the Reynolds number tends to
weaken the vorticity strength.

The value of the streamline is decreased with the increasing of inlet width to enclosure height
fraction value for specific value of Grashof number.

The Grashof number increase for certain porosity value has very little effect on the fluid
isothermal lines compared with the increase of porosity at specific Grashof number value which
constrict higher temperature regions.

Increasing the inlet width to enclosure height fraction results in a wider regions of lower fluid
temperature values and these regions are more expanded with Reynolds number increasing.

The fluid temperature distribution has a little difference from the solid matrix temperature
distribution.

The average Nusselt number increases with the increasing of inlet width to enclosure height
fraction and Reynolds number and the porosity decreasing

Grashof number variation has very little influence on the average Nusselt number values.
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NOMENCLATURE
Cr inertial coefficient of the porous medium.
Cpf fluid specific heat at constant pressure, J/kg.°C.

D width of the inlet and the vent, m.

g gravitational acceleration, m/s2.

h,, volumetric heat transfer coefficient, W /m3.°C

H cavity height, m.

k4 thermal dispersion thermal conductivity, W /m.°C.
k¢ fluid thermal conductivity, W /m. °C.

k; effective fluid thermal conductivity, W /m.°C.

k solid matrix thermal conductivity, W /m.°C.

k; effective solid matrix thermal conductivity, W /m.°C.
K permeability of the porous medium, m2.

p effective pressure, Pa.

Tr fluid temperature, °C.

T, temperature of the through flow at the inlet, °C.

T,, temperature of the isothermal vertical surface, °C.
T, solid matrix temperature, °C.

u velocity component along x —axis, m/s.

v velocity component along y —axis, m/s.

I, absolute value of the velocity of the forced flow at the inlet, m/s.
x, y Cartesian coordinates, m.

B coefficient of thermal expansion, 1/K.

£ porosity.

ts fluid dynamic viscosity, kg/m.s.

pr fluid density, kg/m3.

1y stream function.

w Vorticity.
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Table 1. Properties of aluminum foams , Jeng, and Tzeng, 2008 and Calmidi, and Mahajan,

2000, and saturated water.

e |PPI| d(m) Cr | K(x10"m?) |k W/m.K) |k W/m.K)| Cy

0.97 5 0.0005 | 0.097 2.7 2.928 0.595 0.108
Al-foams

0.91 5 10.00055 | 0.085 1.8 6.77 0.558 0.332
Saturated | ps(kg/m®) | C;(J/kg.K) k(W /m.K) pr(Ns/m?)
water 997 4179 0.613 855 x 107°

Table 2. Comparison of the average Nusselt number computed in the present work with the data
reported by, Jeng, and Tzeng, 2008 when Re = 10.

Porosity Gr Jeng, and Tzeng, 2008 Present study
10° 11.954 11.8673
€=0.91 3 % 10° 24 24.9801
107 5.747 5.702
€=10.97 10° 12.5 12.4649
T
| -0
{0
A
Y, v o _
ox
TW g X, U H
NS N
TosVo TR
T
— D |<— =0
dy

Figure 1. Physical model and the coordinate system of the cavity.
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Figure 2. Flow Chart for the Computer Program.
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(@) e = 0.91, Gr = 10* (b) e = 0.91, Gr = 10° (c) e = 0.97, Gr = 10°

Figure 3. Streamlines for various ¢, Gr, and D/H and Re = 1.
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(@) e = 0.91, Gr = 10* (b) e = 0.91, Gr = 10° (c) e = 0.97, Gr = 10°

Y

Figure 4. Streamlines for various &, Gr, and D/H and Re = 20.
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Figure 5. Isothermal lines of the fluid for various €, Gr, and D /H and Re = 1.
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ABSTRACT

T his work aims to analyze and study the bit performance in directional oil wells which leads to
get experience about the drilled area by monitoring bit performance and analyzing its work. This
study is concerned with Rumaila Oil Field by studying directional hole of one oil well with
different angles of inclination. Drilling program was used in order to compare with used
parameters (WOB, RPM and FR).in those holes. The effect of the drilling hydraulic system on
the bit performance was studied as well as the hydraulic calculation can be done by using Excel
program. This study suggests method which is used to predict the value of penetration rate by
studying different formation type to choose the best drilling parameters to drill each formation.
Finally, the main aim of this research is to have the benefit from the past well drilling data to
drill new wells without needing new drilling program for each well, also knowing the problems
of each formation to avoid them as soon as possible through drilling the new wells, which will
improve the bit performance.

Key words: bit performance, directional well, drilling parameters, formation.
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1. INTRODUCTION

Bit is very important tools in drilling operation. Bits have to be suitable with type of formations,
rock construction, and in a way that will consistently obtain the best results. During drilling
directional wells the directional contractor should be asked to provide an assessment of the
required Bottom Hole Assembly (BHA) changes, motor requirements and any limitations on the
bit operating parameters which may affected on the selection of the bits and its performance in
one way or another. Formation characteristics should be studied in details to assess the type of
cutting structure required to successfully drill the formation. Choosing the right bits is easier
when drilling additional wells in the field because the crew knows what formations expect and
which bit drills them best Bela, 2012.

The type of formation, weight, rotary speed of the bit and the hydraulics effect on the bit
performance .What the crew gets out of the bit depends on attention to such factors and using
good operating procedures. Getting best performance from a bit depends on properly adjusting
the weight on the bit and rotary speed and hydraulics. To get the most footage and fastest
penetration rate, the crew must select the right bit for the work. The crew has several ways of
getting information to make this decision. Dull bit records from bit records from nearby wells
show wear to the bits used for drilling them B.Dow, 2012. Rumaila Oil Field which is the field
under study is one of the largest oil fields in the south of Irag. It consists from north and south
domes. Most beds of this field have a large thickness such as; UmmEr-Radhuma, Tayarat, Sadi,
Nahr Umr, and Zubair formations.

2.BIT TYPES:

A bit usually is classified according to its design as either fixed cutter bit or rolling cutter bit.
The fixed cutter bits consist of fixed cutter blades which are integral with the body of bit and
rotate as a unit with the drilling string. Roller cutter bit has two or more cones containing the
cutting elements, which rotate about the axis of the cone like the bit is rotated at the bottom of
the hole.

2.1 Bit Drilling Mechanic:

2.1.1 PDC bit:
Principle of work: to shear the formation with blades by (WOB) and Torque.
Suited to the formation: soft to hard formation.

2.1.2 Cone hit:

Principle of work: drill by crushing and /or gouging the rock, rock requires high energy (WOB)
to fracture the rock with compressive loading.

Suited to the formation: soft to hard formation.
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2.2 Directional Effects of Choosing the Bit Type:

2.2.1 Roller cutter bits (insert bits):

Insert bits sometimes causes right hand walk when the rotary drilling assemblies are used.

Soft drill bits with grater cone offset is created a greater degree of right hand walk than hard drill
bits with few or zero offset. Right hand walk generated is due to the gouging and scraping
actions produced by using soft tri cone bit Allen, 1977. Tri cones bit have been preferred for
kicking off a directional well from vertical.

2.2.2 Fixed cutter bits (PDC bits):

There are a little walk has been produced with most PDC bits with using rotary drilling
assemblies. PDC bits are used with angle drop assemblies produce a lower rate of drop than
when using a rock bit PDC bits which have a flatter profile were found to work better for
dropping angles using rotary assemblies, Aswad, 1996.

2.3 BHA Design for Directional Drilling that Effected on Bit Performance:

The BHA refers to the Drill collar (DC), Stabilizers (STB) and other accessories which are used
in the drill string. All the wells whether vertical or deviated required careful design of BHA in
order to control the direction of the well to achieve the target objectives, Eisa, 2011 STB and
DC are the main tools used to control hole inclination.

3. BIT HYDRAULIC CALCULATIONS:

In general bit hydraulics is calculated in order to improve rate of penetration. There are many
factors that affect rate of penetration:

* Bit type

* Bit features

* Formation type and strength

* Bit hydraulics

The main objective of hydraulics calculation is to obtain a good balance in controlling down hole
pressures, flow rate, hole cleaning, pump pressure, ECD(equivalent circulation density), and
pressure drop across the bit, Glowka, 1983.

3.1 Hydraulic Variables:

* Flow rate (Q).

* Mud weight (Mw).

* Total flow area (TFA).

* Pressure drop (Pg).

* Jet Impact Force (JIF).

* Hydraulic Horsepower per square inch (HSI).

3.2 Hydraulic Horse Power (HHP):

The recommended values of Hydraulic Horse Power (HHP) range for most rock bits are 2.5 t05.0
Horsepower per Square Inch (HSI) of bit area. Low HHP at the bit can result in low ROP and
poor bit performance. The Bit hydraulic horsepower should be not exceeding the total system
hydraulic horsepower, Tuna, 2010.

Hydraulic horsepower per square inch of bit area is called (HSI). There is term used in drilling
hydraulics to get a better feeling for the magnitude of the hydraulic horsepower.
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This term is called the H.S.I (hydraulic horsepower per square inch of bit face area) and is
basically obtained by dividing the hydraulic horsepower by the bit size area. Eq. (1) and Eqg. (2)
can be used to calculate HHPg;;and HSI respectively.

HHPBit:Q*PBit/]-?]A (1)
HSI1=1.27*HHPg;/ (Dgir) 2 @
Where:

Dgi: Bit diameter (inch), Q: Flow Rate (gpm) ,Pgii: Bit Pressure Drop (psi)
H.S.1 = HHP available at the bit/ bit face area.

3.3 Jet Impact Force :

The force exerted by the exiting fluid below the bit, it has been gotten by using Eq. (3):
(IF)=V,*Q * p /1932 (3)
Where:

IF= Hydraulic Impact Force (Ib.)

Vr=nozzle velocity (ft. /sec)

Q=Flow rate (gpm)

p =mud density (Ib. /gal)

3.4 Nozzle Velocity:
Nozzle velocities of 250 to 450 ft. /sec are recommended for most hits. Nozzle velocities in
excess of 450ft/sec may erode the cutting structure of the bit, Eckel, 1949.

o[t is closely related to the cleaning action taking place at the bit.
e[t can lead to hole erosion at high velocities in fragile formation.

In IADC Drilling Manual, the (\Vn) is calculated by using Eq. (4):

0.32086 Q

V. ft/Sec) =
Bit Nozzles( ) TFA

(4)

Where:
TFA: Total Flow Area (inch square)

3.5 Pressure Drop at Bit:

The pressure losses through the nozzles of a drill bit may be calculated from Eqg. (5).
Apoit = (p)* (Q)/10858* (TFA)* ()
Where:

APy Bit Pressure Drop

Total flow area (TFA) = (Dp;i/64)>*3.14286 (6)

4. IADC BIT DULLGRADING SYSTEM:

Although there are small differences between the fixed cutter and roller cone systems, the same
eight categories has been used for both.

83



Number 11 Volume 21 November - 2015 Journal of Engineering

The first four points is related to cutting structure only. The first two points have been used to
grade cutting structure wear: firstly the wear of the Inner teeth (or inserts, or cutters, or cutting
elements) then the outer teeth (or inserts, or cutters, or cutting elements).

The major dull is indicated by a two-letter code, followed by its location. For roller cone bits, the
condition of the seals or bearings is noted. Whether the bit is in gauge, or if not, by how much it
is under gauge is shown in the next category, Robison, 1988.

The other dull characteristics are described, using the two letter code system, as shown in
Table 1.
5. Hydraulic EFFECT ON THE BIT PERFORMANCE:

Excel program was prepared by using Eq.(1) through Eq.(6) which is used to get the value of bit
pressure drop, nozzle velocity, impact force and hydraulic horsepower for the selected wells, and
as follows:

The input data are: (bit size, mud weight, flow rate, nozzles size and total flow area) should be
entered, in order to get these output data which they are: (bit pressure drop, jet velocity, impact
force, hydraulic horse power, and Hydraulic horsepower per square inch).

Hydraulic program will be compared with the used hydraulic parameters in this well.

5.1 Well RU-417: The general information of well RU-41 which was drilled to Mishrif reservoir
is shown in Table 2.

The Excel sheet program as in the Table 3 has been used to find the planned bit hydraulics
parameters and as follows: FR=3000 Ipm (from bit manufacture).

-bit pressure drop = 670 psi

-Jet impact force= 496kg

-H.S.1. =2.63

From daily mud logger report (DMLR), the used hydraulic parameters as follow:

1- FR=2750 Ipm, MW=1.13sp.gr.
-bit pressure drop = 590 psi
-jet impact force= 437kg
-H.S.1. =2.2

2- FR=2815 Ipm, MW=1.13sp.gr.
-bit pressure drop = 603 psi
-jet impact force= 441kg
-H.S.1. =2.3

3- FR=2620 Ipm, MW=1.13sp.gr.
-bit pressure drop = 630 psi
-jet impact force= 442kg
-H.S.l. =2.4

From the above calculations, the crew has used hydraulic parameters nearly to the planned
parameters which led to good bottom hole cleaning and good bit dullness: (Bit Dull Grading:
1-1-No-A-X-1-No-BHA).
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It is important to mention that the crew was used different values of flow rate due to drill more
than one formations type which gave three sets of hydraulic parameters as shown above.

5.2. Case Study:

It should be known what happen to the bit that has drilled those depths, which will be the first
step to assess the bit performance. Since the bit that drilled those depths don’t enter to the well
and get out from it without any damaging, bit dull grading is the key that from it, it can be
noticed easily what happen to the bit after POOH (Pull Out of Hole).For this well, one hole
section will be chosen for study and the choosing hole section should contain both vertical and
directional sections.

5.2.1 Well RU-417:

The 12.25 " hole section will be drilled down by using the following drilling parameters, see
Fig.1

-WOB of 10 -40 kibs.
- Flow rate of 2500-3000 Ipm.
-Rotation of 70 — 120 RPM.

5.2.2 Section objective:

The objective of the first BHA is to drill cement after well was cemented due to severe losses in
Dammam formation and keep the trajectory vertical. The second BHA is to kick off the well
toward 50 deg. azimuth to reach 12 deg. inclinations in order to set the 9 5/8 casing; Table 4
contains drilling data of well RU-417.

5.2.3 The first BHA from 426m to 1673m:

A 9 5/8" GT motor combined with the MSi616 Smith bit were used to drill this section. Cement
was tagged at 470 m and start drilling with low parameters (WOB, RPM, and FR) to avoid any
risk of sidetracking the well. Formation was tagged at 662m, continued drilling using minimum
motor flow rate to reduce losses risk in Umm Er Radhuma formation 4 m. sliding were needed to
correct the well trajectory and bring it to vertical. KOP point reached and decided to POOH to
change the bent housing from 1.15deg to 1.5 deg. And after bit POOH,the bit dull grade is as
bellow :

Bit Dull Grade: 2-3-BT-A-X-I1-No-BHA.

Where:

BT: it means bit broken teeth.

5.2.4 The second BHA from 1673m to 1795m:

12.25" Smith Bit (MDi616) dressed with 6* 14/32" nozzles-962XP Motor"-Telescope
81/4"-NMDC-Stabilizer 12"-1x8"DC- JAR-8"- 1x8"DC 24- X/O- 12x5" HWDP -5" DP to
Surface.The BHA was tested successfully and RIH. Tagged bottom and circulate two bottoms up
and start drilling in Umm Er Radhuma formation.
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KOP was performed in Hartha formation with an average ROP of 5 m/hr. Formation was sticky
and argillaceous, inter-bedded with limestone and shale. The 3 deg dogleg achieved with 60 %
sliding.

They faced some BHA hanging once when reached 5 deg. inclinations. Tool face was unstable
in Hartha formation and more stable once entered Sadi formation. Sliding was performed on
single basis to be able to take a survey every 10 m as per client requirement to obtain smoother
doglegs. After ending drill this section the bit dull grading is: 1-1-No-A-X-1-No-BHA.

6. FACTORS EFFECTING ON THE VALUE OF PENETRATION RATE:

Rate of penetration is a function of large numbers of controllable and uncontrollable variables.
The alterable variables which they are :WOB,RPM, Hydraulics, drilling fluid type and properties
and bit type and size. The unalterable variables are ; rock properties, formation or pore pressure ,
bottom hole temperature, round trip time, depth , weather, rig conditions and flexibility, location,
hole problems, and crew efficiency, Lisa B. Brown and Harold J. Flanagan,2010.

6.1 The Studied Formations and Well:

This section shows how it can be predicting the values of ROP by using data of one directional
oil wells. This will done by using field data to determine the relationship between several
parameters like bit type, WOP, RPM, FR , MW and ROP, in the other words, drawing the
relationship between drilling parameters which they have been reprehensive as a" group "on X-
axis and ROP which is resulted from the selected group on Y-axis.

It is similar to the bit formation test which is used to get the value of recommended drilling
group that has gave good value of ROP with taking the formation type and bit manufacturing
into the consideration. The present value of recommended group can be used in the drilling the
next wells.

The Rumaila Oil Field consists of many heterogeneous formation types. Each rock type will
give a special color, the reason behind that is to know the effect of formation type on the drilling
parameters, as shown in Table 5.

6.2 Well RU-417: The directional section in this well passed the following formations:

1-Hartha formation: The top of Hartha is limestone, then dolomite and finally, fracture
limestone. From Table 6 and Fig.2, the recommended group is group 1. In this formation there
is build section which is between (0-11) deg.to create angle of inclination.

2-Sadi formation: This formation consists of limestone and low percentage of vuggy limestone.
From Table 7 and Fig.3, the recommended group is group 5. In this formation there is a build
section to create an angle of inclination between (12-50) deg. Therefore; there is increasing in
value of WOB and decreasing in value of FR.

3-Mishrif formation: This formation consists of limestone (homogeneous lithology). From
Table 8 and Fig.4, the recommended drilling groups are: group 8,9and10. In this formation
there is build section to create an angle of inclination which is between (50-70) deg. So, there is
increasing in the values of WOB and RPM and decreasing in value of FR.
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CONCLUSIONS:

1- There are more than one factor effects on the bit performance but WOB, FR and RPM have
the major effect especially in directional sections.

2- The studied cases proved that there are different between the planed drilling program and the
followed drilling parameters according to the special conditions related to the drilling process
and formation type.

3- Using the available bit that has been suitable to drill all type of formations in this field ,it is
very important because the wrong bit selection cause more problem that will be effected on the
bit and drilling performance

4- It is important to recognize that the overall success of any drilling performance is a
combination of good planning and good execution.it is recommended that asset of appropriate
drilling practices is developed to assist with execution and implementation.

5- It was found that in directional section, it is important to treat with a combination of some
drilling parameters also; it's clear that for each formation there is a special combination of
drilling parameters which depends on lithology of formation.
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NOMENCLATURES:

Pbit= bit pressure Drop, psi.

Vn= nozzle velocity, ft. /sec.

HSI= HHP available at the bit/ bit face area.
p = drilling fluid's density, Ib. /ft*.

Q= volumetric flow rate, ft*//sec.

Dgii= diameter of the bit, inch.

BHA= bottom hole assembly.

IADC= International Association of Drilling Contractors.
MLU= Mud Logging Unit.

MW= mud weight, Ib. /ft>.

ROP= rate of penetration, ft. /sec.

RPM= revolution per minute, Rev. /min.
WOB=weight on bit, Ib.

TFA= Total flow area, in’.

ECD= equivalent circulating density, Ib. /ft’.
DMLR= Daily Mud Logger Report.
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Figure 1. Stratigraphic section of Rumaila oil field of RU-417.
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Figur 2. The relationship between "GROUP" and ROP for Hartha formation in well RU-417.
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Table 1. Bit dull grading characteristic.

Table 2. General well information of RU-417 Well.

Well Type Mishrif Producer
Field Rumaila
Reservoir Mishrif
Inclination 70 Degree

Table 3. Hydraulic program of well RU-417.

Data Input Data Output

Metric Units
46.183833  bar

Bit Size inches 12.25

Bit Pressure drop =

Jet Velocity = 85.942293 m/sec
Impact
Mud Wt glcc 1.13 Force 49551345 kg

Hydraulic Horsepower = 310

Flow Ipm H.S.I. 2.63

Nozzle Size Flow
Nozzle 1 14 0.150 16.7%
Nozzle 2 14 0.150 16.7%
Nozzle 3 14 0.150 16.7%
Nozzle 4 14 0.150 16.7%
Nozzle 5 14 0.150 16.7%
Nozzle 6 14 0.150 16.7%
Nozzle 7
Nozzle 8
Nozzle 9
Nozzle 10

TFA = 0.902

91



Number 11 Volume 21 November - 2015 Journal of Engineering
Table 4. Drilling data of well RU-417.
Hole Section 12 1/4in TVD In 545 m
Casing Size 95/8in TVD Out 1795 m
Inclination In 00.26 deg. TVD 1250 m
Inclination Out 10.39 deg. Bit Manufacturer Smith

Table 5. Rock type and their colors.

ROCK TYPE

COLOR

V.LIMESTONE

DOLOMITE

LIMESTONE

Pours. LIMESTONE

Table 6. Drilling parameters used to drill Hartha formation RU-417.

GROUP | FORMATION BIT SIZE | Section type WOB klb RPM FR(I/min) (glohf.) s'\rgll;?
1 Hartha 12.25" build 5 102 2700 6 1.13
2 Hartha 12.25" build 4.5 94 2825 4.3 1.13
3 Hartha 12.25" build 5 103 2835 3.5 1.13
4 Hartha 12.25" build 5 103 2835 5 1.13
5 Hartha 12.25" build 5 103 2835 5 1.13

Table 7. Drilling parameters used to drill Sadi formation RU-417.

GROUP FORMATION SIEIEZ-I(—in) Section Type WOB(klb) RPM(Rev./min) FR(Ipm) ROP(m/hr,) Sp.gr.
1 Sadi 8.5 Build 4 110 1920 5.6 1.24
2 Sadi 8.5 Build 6.5 120 1890 6.6 1.24
3 Sadi 8.5 Build 7 115 1960 6.25 1.24
4 Sadi 8.5 Build 6.5 120 1960 6 1.24
5 Sadi 8.5 Build 6 120 1970 8.74 1.24
6 Sadi 8.5 Build 3.5 120 1970 6.6 1.24
7 Sadi 8.5 Build 5.5 120 1960 4.2 1.24
8 Sadi 8.5 Build 6.5 125 1905 6.5 1.24
9 Sadi 8.5 Build 5.5 125 1960 9.3 1.24
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Table 8. Drilling parameters used to drill Mishrif formation RU-417.

GROUP FORMATION SIZBIgin) Section Type WOB(klb) | RPM(Rev./min) | FR(Ipm) | ROP(m/hr.) Sp.gr.
1 Mishrif 6 Build 5) 80 990 4.5 1.22
2 Mishrif 6 Build 6 80 1000 5 1.22
3 Mishrif 6 Build 6 110 1015 6 1.22
4 Mishrif 6 Build 5.5 100 1050 5 1.22
5 Mishrif 6 Build 5) 100 1050 5) 1.22
6 Mishrif 6 Build 6 110 1050 6 1.22
7 Mishrif 6 Build 6 121 1033 7 1.22
8 Mishrif 6 Build 7 121 1050 9 1.22
9 Mishrif 6 Build 6.5 121 1025 10.5 1.22
10 Mishrif 6 Build 6.5 121 1020 8 1.22
11 Mishrif 6 Build 6 120 1020 8.5 1.22
12 Mishrif 6 Build 7.25 120 1020 7 1.22
13 Mishrif 6 Build 8 120 1027 5) 1.22
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Numerical Simulation of Flow in Rectangular Duct with Different Obstruction
Heights

Lect. Kadhum Audaa Jehhef
Department of Equipment and Machine
Institute of Technology
Middle Technical University
Email: kadhum.audaa@yahoo.com

ABSTRACT

In this study, a simulation model inside a channel of rectangular section with high of (0.16

m) containing two rectangular obstruction plates were aligned variable heights normal to the
direction of flow, use six model of the obstructions height of (0.059, 0.066, 0.073, 0.08 and
0.087 m) were compared with the flow behavior of the same duct without obstructions. To
predict the velocity profile, pressure distribution, pressure coefficient and turbulence kinetic
energy flow of air, the differential equations which describe the flow were approximated by the
finite volumes method for two dimensional, by using commercial software package (FLUENT)
with standard of k- model two dimensions turbulence flow. The obtained results show that the
velocity and the turbulence kinetic energy increase with increasing the obstructions height
perpendicular to the flow direction. Streamlines contours used to show mixing of averaged flow-
field in one pitch length. The streamlines helped to distinguish between important separated
regions of the flow as well. Compared the first model of height of obstruction (0.059 m) with the
fifth model of the obstruction of height (0.087 m) it is obtained an increasing in velocity about of
(71 %) at the first obstruction and an increasing about (47 %) at the second obstruction. The data
obtained by simulation are matching with previous the literature value.

Keywords: turbulent flow, obstructions plates, air duct.
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1. INTRODUCTION

The flow in ducts with plates represents a topic of paramount industrial interest. This
geometry is representing the internal channels of turbine blades for cooling. The understanding
of this flow is then very important for the optimization of cooling process. The phenomenon of
flow separation in ducts with segmented baffles or obstructions has many engineering
applications, for example, shell-and-tube heat exchangers with segmented obstructions,
labyrinth shaft seals, laser curtain seals, air-cooled solar collectors, and internally cooled
turbine blade. One of the techniques used to enhance the convective heat transfer in a smooth
channel is to place obstructions on the channel walls in-line or staggered arrangement. Turbulent
flow and heat through ducts roughened with both attached and detached ribs has the topic of
many experimental and numerical studies. However, the researches relating the detached ribs are
few. , Lio and Chen, 1993.and ,Rau et al, 1988 studied the turbulent flow in channels with
attached ribs. The main objectives of these studies were to obtain the heat transfer characteristics
and friction factor. ,Goax and Sunden, 2001 by using oblique and shaped attached ribs to the
duct wall. These studies conducted that the resulting secondary flow from the ribs increase the
fluid mixing between the core region and near wall region.

Investigation of characteristics of the turbulent flow and heat transfer inside the periodic
cell formed between segmented baffles staggered in a rectangular duct was studied by , Habib et
al., 1994. To show that the pressure drop increases as the baffle height does. The heat flux was
uniform in both upper and lower walls. The experiments focused on the influence of Reynolds
number and baffle height on the local and global heat transfer coefficients, and pressure drop
measurements. Large recirculation regions and velocity gradients were observed behind the
baffles. Pressure drop increases more rapidly than the heat transfer coefficient with the Reynolds
number.

Experimental investigation of complex flow, turbulent flow along an external corner has
been conducted by , Moinuddin et.al, 2004. and ,Luo et.al, 2003. They studied the fully
developed turbulent flow in an air-cooled horizontal equilateral triangular duct fabricated on its
internal surfaces with uniformly spaced square ribs. Five different rib sizes of 5 mm, 6 mm, 7
mm, 7.9 mm and 9 mm were considered. Both the ducts and the ribs were fabricated with
duralumin. The experimental results showed that the pressure drop along the triangular duct,
increased almost linearly with the rib size. The developed equations were valid for a wide range
of Reynolds numbers 4,000 < Re p < 23,000.

Zilwa et al., 1998, studied laminar and turbulent flows through plane sudden expansions.
Turbulent flow simulations using k-¢ models showed to be very reliable when compared to
experimental results. Measurements using LDA technique in the turbulent flow in a duct with
several baffle plates were performed by ,Berner et al., 1984 with the purpose of determining the
number of baffles necessary for obtaining a periodic boundary condition and the dependence on
Reynolds number and the geometry. Results showed that with a Reynolds number of 5.17x10°
four baffles were necessary for obtaining a periodic boundary condition. By increasing the
Reynolds number to 1.02x10* a periodic boundary condition was obtained with three baffles.

Li and Kottke, 1998 studied heat transfer and pressure drop in simulating models of shell-
and-tube heat exchangers. Two variable parameters used in the experimental work the Reynolds
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number and the distance between the baffles. Results demonstrated that for a constant value of
the Reynolds number, an increasing the distance between the baffles increases the heat exchange
coefficient and the pressure drop.

A numerical analysis presented by , Jin-Xing et al., 2006, The baffle heat exchanger can
slightly enhance the shell side heat transfer coefficient with the significant reduction of
pressure loss due to the shell side fluid flowing longitudinally through tube bundle, which
leads to the reduction of the manufacture and running cost and in some cases to the
dimensions reduction of the heat exchangers. The numerical results showed that the baffles
placed vertically and horizontally in the unit duct continue to shear and comminute the
streamline flow when the fluid crosses over the baffles, change the fluid flow directions.

The finite volume commercial code Fluent 6.1 was used by Marton, 2005 to compute the
flow-field inside a square section duct with square section ribs mounted on one side
perpendicularly to the flow direction successively, the Reynolds number was 40000 based on the
hydraulic diameter (Dy,). The rib height (h) to hydraulic diameter ratio was 0.3, and the pitch (p)
to rib ratio was 10. Computation was carried out in one pitch length using periodic boundary
condition in streamwise direction. The same flow configuration was investigated previously at
the Von Karman Institute for fluid dynamics by experimental techniques it is compares with the
results with the PIV measurement of , Casarsa et al. 2002. The comparison in the symmetry
plane of the duct (Z/h=0) was shown because this seemed to be the most characteristic for the
main features of the flow.

,Moosavy and Hooman, 2008 performed study about laminar heat and fluid flow in the
entrance region of a two dimensional horizontal channel with isothermal walls and staggered
baffles. The computations were based on the finite volume method and the SIMPLER algorithm.
Data for heat and fluid flow as well as pressure drop were presented for the Reynolds numbers
ranging from 50 to 500 and baffle heights between 0 and 0.75. The results were reported for the
thermal entrance region with sixteen baffles. This relatively large number of baffles allowed to
think of working media except air and water so that the Prandtl number may vary from 0.7 to 70.
While most of the work available in the literature showed the effects of Reynolds number on the
hydrodynamic development of flow that not only the Reynolds number but also the Prandtl
number affects the precise location of the periodically fully developed region similar to the case
of smooth channel. It is not surprising when one observes that most of the previous articles are
concentrated on moderate Prandtl numbers compared.

2. OBJECTIVES

From previous works review there are no attention on the height of the obstruction or baffle
in the flow field in the air ducts. The present paper will present the method and the results of a
numerical simulation of rectangular section containing two rectangular obstruction plates were
aligned variable height normal to the main flow direction, using the commercial solver
(FLUENT version 6.3.26) .A secondary objective is to show the differences between the
developed flow fields in the duct containing two rectangular obstruction plates with the duct
without rectangular obstruction plates.
3. MATHMATICAL FORMULATION
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In Reynolds averaged approach to turbulence, all of the unsteadiness is regarded as a part of
the turbulence. Applying the Reynolds decomposition, the nonlinearity of the Navier-Stokes
equations gives a rise to terms that must be modeled. In a statistically steady flow, every variable
can be written as a sum of an average and a fluctuation, Mushatet and Mehdi, 2008. In this
paper use the following assumption:

1. Steady turbulent flow.

Two dimensional flow constant properties.

No edge effects.

No buoyancy effects.

Fully developed flow.

No heat generation.

Negligible axial diffusion.

No slip and impermeability boundary conditions are imposed at the walls.

Thls must be large enough to eliminate the effects of the fluctuations. The averaged
equations of continuity and momentum can be written in the following form ,Vass P., 2005.

O N kWD

9 =0 1)

9 (y )+a ((u)(u-)) 0;(p)+0. [RLG (u; )J+(gl) o5t R )
eb

R

i3 —(uu) (3)

Balance equations for the Kinetic energy (k) and its dissipation rate (¢) for the model are,
Mushatet and Mehdi, 2008:
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Where 7j; is the mean stress tensor or Reynolds stress tensor, called “standard k-¢" model is

a semi-empirical one, based on the conservation equation of the kinetic energy (k) and its
dissipation rate (¢). The basis of the model is Boussinesq’s hypothesis, that the Reynolds stresses
—poUj U;- are proportional to the strain rate of the mean flow, by means of the eddy viscosity

concept:

12
Hy =P -
t=PCu—
Gk represents the production rate of the kinetic energy due to the energy transfer from the mean
flow to turbulence, given by

G U;U; Yy
k=PI o (6)
And can represent the G by:
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G, = Htsz

Where S is the modulus of the mean strain tensor, given by

S=./2S;S; ©)

And the strain tensor is

S—l{6—U1+EJ (8)
1] 2 aXJ. X,

Considering the effects of the wall for the standard k-¢ model, Launder and Spalding 1972, a
“law of the wall” for the mean velocity distribution is given by

* 1 *
U = K In(Ey ) (9)
Where y* is the dimensionless distance to the wall is given by:
1/41,1/2
. p Cl.l kuP
3

K= Von Ké&rman constant (= 0.42)
E = empirical constant (= 9,81)
Up = time average velocity at position P
P « = kinetic energy of turbulence at position P
P y = distance from position P to the wall

One of the most widely spread models is the standard k-e model proposed by , Launder
and Spalding 1972. This model implies two transport equations turbulent kinetic energy (k,
m?/s®) and the dissipation of turbulent kinetic energy (¢, m%s°) to remedy the large steep
gradients near the walls of the duct and the baffle plates; wall function approximation used by
,Versteege, 1995 is adopted the model coefficients are ( ok ;0¢ ; Cic; Coe; C) = (1.0, 1.3, 1.44
, 1.92,0.09) respectively.

y (10)

3.1 Computational Model and Boundary Conditions
The present paper performs the turbulent flow in a rectangular cross section duct were two

obstructions were placed, so as to simulate the conditions found in shell-and-tube heat
exchangers, where flow and pressure distribution need to be known. The physical domain is
shown in Fig.1 the flow geometry under consideration and the boundary conditions used in this
paper (top and lower) walls and (top and lower) plates considered as a wall boundary conditions
zero velocity conditions (at y=0 and y=H —U=0) and the inlet velocity at the entrance of the
duct (at y=H/2—U=U,) the fluid enters at an inlet velocity, Uj,=U,=(8 m/s) (reference velocity),
where the discharge of the duct exposure to the atmospheric pressure (P =Pam). The total length
of the duct is equal to 0.554 m where obstructions plate with variable height about (0.059, 0.066,
0.073, 0.080, and 0.087) toward the flow which is not sufficient for the flow development.

Therefore, no influence will result from the side walls, so that the flow can be considered as
being two-dimensional. The Reynolds number was Re = 1.44x10° based on duct hydraulic
diameter (Dy) such that:

rRo 2PaY0 (12)
u
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Where Dy is the hydraulical diameter of the channel equal to 0.275 m determine by:
_4AA  4AH*W)
H P 2(H+W)
Kinetic energy of turbulence and dissipation rates are prescribed, following, as
ko =0.005U%

(12)

k1.5

€0 = A =0.005

Where U, =U, the inlet velocity of air, for the upper and lower walls it is imposed

ok _g
on
3.2 GEOMETRY AND GRID ARRANGEMENT

The geometry and the gird were generated using GAMBIT® the preprocessing module of
the FLUENT code. The geometry consist of a rectangular duct height 0.16 m and length of 0.554
m, the first obstructions plate is located 0.218 m from inlet section at the top plate and the second
with the distance of 0.142 from the first one at lower plate, using a two-dimensional formulation
with the SIMPLEC-algorithm [18] built and tested with the (Fluent 6.6.26) (©Fluent Inc., 2000).
The mesh was generated by the pre-processor software (Gambit 2.3.16). This code is based on
hybrid scheme. Due to this strong inherent coupling and non-linearity inherent in these
equations, relaxation factors are needed to ensure convergence. The relaxation factors used for
velocity components, pressure, temperature and turbulence quantities are 0.5, 1, 0.7 and 0.7
respectively. The mesh was refined at all solid boundaries; however these relaxation factors have
been adjusted for each case studied to accelerate the convergence criterion defined as the relative
deference of every dependent variable between iteration steps. In order to ensure that the
numerical computations are not significantly affected by the mesh, by using the multi zone
meshing generated the Map mesh with interval account of (180 x 60) and 10131 nodes in the
geometry. With made a clustered zone near the obstruction wall by interval size about 1.05 the
that near the baffle plate near the solid boundary to resolve velocity and pressure gradient as
shown in Fig. 2 additional refinements were performed, considering the geometry and features
of the numerical solution of the problem. Fig. 3 presents an example of the mesh used near the
tip of a obstruction plate in the presence of flow separation. This refinement was necessary to
resolve the velocity and pressure gradients in that region. Necessary fluid exit, entry and wall
boundary conditions were given before numerical simulation.

The solution control and the initialization of the solution have to be given before the iteration
starts to reach the converges. The solution controls like the pressure velocity coupling and the
discrimination of the different variables. The SIMPLE scheme for the pressure velocity coupling
is used and the second discrimination is used for the momentum and the standard scheme is used
for the pressure. Besides, in the channel outlet it is prescribed the atmospheric pressure.
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4. RESULTS AND DISCUSSION

Four position were taken in this study to presented all the profiles in the two dimension of the
test duct in the x-axis of the duct there are the (x =0 m, x =0.218 m, x = 0.336 m, X = 0.554 m)
represented the entrance, first obstructions position, second obstructions position, and the outlet
the duct. This technique used in all models of the study with variable length the baffles of (0.059,
0.066, 0.073, 0.08 and 0.087) respectively. Figs. (4 to 8) include the numerical results of mean
velocity profiles for these positions measured downstream of the entrance. These positions are
located upstream of the entrance, located at an x = 0.218 m and x = 0.336 m from the entrance.
Velocity values are obtained from the fluent result for the models of (0.059, 0.066, 0.073, 0.08
and 0.087 m). For the one model it is show the entrance velocity kept constant with increasing y-
value (the height of the duct) at the value of (8 m/s) with increasing x-value to the (0.218 m)
were at the position of the first obstruction observe increasing the values of the velocity at the
range of height of the duct of (0 to 0.06 m) from the lower wall to the centerline of the duct.

But at the x-axis of (0.336 m) show a high increasing in the velocity values at the range of
high of (0 to 0.16) from the lower to top wall but with values less than that the velocity at the
outlet of the duct at (x=0.554 m). The effect of increasing the obstruction length on the velocity
magnitude in the duct, increasing the velocity of the flow approaching the passage under the
obstruction and the increasing the obstruction length leading to increase the velocity magnitude
shown clearly at the second obstruction plate where show that the value of the velocity
approximately about (24.4 m/s) when used the third model (0.073 m height obstruction plate)
with compared with second model (0.066 m height obstruction plate) obtained outlet velocity
about (28.8 m/s).

The presence of the baffle plates influences not only the velocity field but also the pressure
distribution in the whole domain investigated. To represent the pressure field in dimensionless
form, a pressure coefficient is defined a Demartini L. C. et al., 2004

ﬁ (11)
2

Where p is the static pressure and pam IS the atmospheric pressure. For the comparison of
numeric with experimental results of C,, the pressure p is the measured wall pressure or the
calculated pressure. Figs.9 show the numerical results of pressure coefficients at positions (x =
0.218 m and x = 0.336 m) respectively compared with value of the entrance and the out let of the
duct the figure show that the pressure coefficients remain constant at the entrance and the out let
of the duct. The pressure coefficients increasing at the first obstruction (from 0 to 654) and at the
second obstruction decreasing from (702 to 321). Fig.9 and 10 represented numerical results
comparison of the values of pressure coefficients visa versa the height of the duct at the sections
of (x = 0.218 m) and (x = 0.336 m) respectively shown increasing the pressure coefficients
values with increasing height obstruction plate and The lower pressure values near the tip of the
baffles are due to the high velocities in that region.

The turbulence kinetic energy very important indicator to the intensity of the turbulent flow
in the duct, Figs. 11 to 15 show the turbulence kinetic energy of the first obstruction plate, the
second obstruction plate, the inlet section and the outlet section of the duct, for all heights of the

Cp
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obstruction plate of (0.059, 0.066, 0.073, 0.08 and 0.087 m). For example at the case of height
(0.059 m) of the obstruction the turbulence kinetic energy increasing from (41.2 to 68.3 m?/s?)
from section of the first to the second obstruction plate, with compared with the case of
obstruction height of (0.087 m) obtain increasing about (71 %) at the first obstruction and
increasing about (47 %) at the second obstruction when used the case of height of obstruction of
(0.059 m).

The effect of obstructions plates on the recirculation regions and the structures of the flow is
depicted in Figs 16 to 18 for case of with obstructions plates (the case of height obstructions of
(0.059 m)) and without obstructions plates and Figs 19 to 21 for case of demonstrate the
comparison between the case of duct with and without the obstructions plate on the flow
characteristics. As the figure shows the recirculation zones are significantly increase with the use
the plate obstructions, these figures give a detail description of stream function and streamlines
and axial stream wise velocity contours. The flow separates downstream each obstruction plate
forming large recirculation zone where the region behind the obstruction plate works as a sudden
expansion. The recirculation zoon seems to be larger at the first obstruction plate. The first
obstruction plate accelerate the flow along with separated zone creates a significant pressure
loss. In the downstream of the obstruction plates, the mixing promoted by turbulence and the
separation zone is decreased. The separation zone is larger and the flow is faster in the distance
between the obstruction plates, the recirculation zone behind the first obstruction plates is less
compared with the other zones in the stream wise direction because the acceleration of the flow
is larger behind the first obstruction plate and that leads to increase in separation zone in the next
obstruction plate.

The effect of increasing the height obstructions plates on the recirculation regions and the
structures of the flow is depicted in Figs 22 illustrates the effect of the obstructions height on
velocity field distribution and the streamlines function contours for the behavior of the fluid
inside the duct. Flow is from left to right in duct of the case of height obstructions of (0.087 m)
compared with the case of height obstructions of (0.059 m) compared with the Fig. 19 (the case
of height obstructions of (0.059 m)) the numerical results show very low velocity values adjacent
to the obstructions plates. In the regions downstream of both obstructions plates, recirculation
cells with very low velocity values are observed. In the regions between the tip of the baffle
plates and the channel walls, the velocity is increased. Due to the changes in the flow direction
produced by the baffle plates, the highest velocity values appear near the upper channel wall
with an acceleration process that starts just after the second obstructions plates. And Fig. 23 the
case of height obstructions of (0.087 m) has shown the contours of streamline function
distribution compared with the Fig. 20 (the case of height obstructions of (0.059 m)) of
streamline function distribution streamline values in (kg/sec) observe generate an circulation
motion of the fluid with high value of stream line behind the obstruction, this circulation motion
of the fluid increasing with increase the obstruction height. Compression the present numerical
result with the numerical and experimental results of the (Demartini et. al., 2004) used baffle
height (H=0.08 m) showed in the Fig. 24 and 25 dimensionless velocity profiles the first and
second obstraction plate the present models for the first (H=0.059) gives low velocity magnitude
and fifth model (H=0.087) gives high velocity magnitude compare with the model used by
(Demartini et. al., 2004) because the velocity increase with increase the obstraction height.
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5. CONCLUTIONS

Numerical calculations are presented for turbulent fluid flow in a rectangular duct with
segmented obstructions plates that are staggeringly arranged on both top and bottom walls of the
duct. The results are reported for fixed baffle spacing and different values height obstructions
plates. It was observed increase in the velocity magnitude with increasing the obstruction length
where at the second obstruction plate where show that the value of the velocity increasing
approximately about (16 %) when used the third model (0.073 m height obstruction plate) with
compared with second model (0.066 m height obstruction plate). And the pressure coefficients
increasing at the first obstruction (from 0 to 654) and at the second obstruction decreasing from
(702 to 321) at (x = 0.218 m) to (x = 0.336 m). the case of height (0.059 m) of the obstruction the
turbulence kinetic energy compared with the case of obstruction height of (0.087 m) obtain
increasing about (71 %) at the first obstruction and increasing about (47 %) at the second
obstruction when used the case of height of obstruction of (0.059 m), where observe generate an
circulation motion of the fluid with high value of stream line behind the obstruction, this
circulation motion of the fluid increasing with increase the obstruction height.
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NOMENCLATURE

E empirical constant

H duct height, m

h obstruction height, m

i, ] tensor notation.

k turbulent kinetic energy, m%/s?

kp kinetic energy of turbulence at position P, m%/s?
P pressure, Pa

p obstruction pitch, m

Patm atmospheric pressure, bar

Re Reynolds number

S modulus of the mean strain tensor

Uin inlet velocity, m/s

Usp time average velocity at position, m/s

- pUU; Reynolds stresses N/m?

U’ and U;  Mmean velocity components, m/s

W Width of the duct, m

Xi and Xj directions.

Yoe distance from position P to the wall, m

Greek symbols:

Il molecular viscosity, Pa/s

Vi eddy viscosity,m/s?

p air density, kg/m®

Jjj the Kroenecker Delta

K Von Karman constant

g dissipation rate, m?/s

k kinetic energy, m?/s

Ok turbulent Prandtl number for turbulence

O¢ turbulent Prandle number for dissipation of turbulence.
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Figure 1. Detail of the duct with the obstruction plates and boundary conditions (dimensions in
m).
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Figure 4. Velocity profiles at the first plate, Figure 7. Velocity profiles at the first plate,
second plate, inlet section and outlet section of second plate, inlet section and outlet section of

the duct with obstruction height 0.059 m. the duct with obstruction height 0.080 m.
0167 x=0m x=0218m, x=0336m, ote7 X=0m  x=0218m,  x=0.336m,
0.14 3 Sri, 014 7

S 0112__ £ o012 1
E _- =l 0.10 —-
g 010 7 cg ] 5
0.08 : = D 008 i
I Iy I oE Xx=0.554m
0.06 Sahy 2
_— X =0.554 m 064 ?
0.02 ~ 0.02 f /
k 5 1(') 1;_ 2‘0 2'5 3‘0 0 5 10 15 20 25 30 B35 40 45
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Figure 5. Velocity profiles at the first plate,
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Figure 20. Contores of streamline function distribution. in rectangular duct with obstraction plates
height (0.059 m) flow is from left to right, streamline values in (kg/sec).
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Figure 21. Pressure field distribution in rectangular duct with obstraction plates height (0.059 m) flow
is from left to right, pressure values in (pa).
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ABSTRACT

A laboratory investigation of six different tests were conducted on silty clay soil spiked with lead
in concentrations of 1500 mg/kg. A constant DC voltage gradient of 1 VV/cm was applied for all
these tests with duration of 7 days remediation process for each test. Different purging solutions and
addition configurations, i.e. injection wells, were investigated experimentally to enhance the
removal of lead from Iraqi soil during electro-kinetic remediation process. The experimental results
showed that the overall removal efficiency of lead for tests conducted with distilled water, 0.1 M
acetic acid, 0.2 M EDTA and 1 M ammonium citrate as the purging solutions were equal to 18 %,
37 %, 42 %, and 29 %, respectively. However, introducing the injection wells as another
enhancement technique into the tests used the same purging solutions mentioned above which have
vital role in increasing the removal efficiency up to 59 %.

Key words: lead, Electro-Kinetic, Purging solutions, injection wells, enhancement.
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INTRODUCTION

Soil contamination is placing human health at a great risk. It is becoming a key environmental
issue, due to its importance in ecosystems, the influence it has on the quality of groundwater, plants
and food. Some of the most common and most damaging types of soil contaminants are heavy
metals, Saleem et al., 2011. Unlike organic contaminants that can be eliminated or reduced by
microbial activity and chemical oxidation techniques, heavy metals cannot be degraded. Soil is a
biochemically and geochemically complex material and is highly heterogeneous in composition and
therefore it retains the spilled heavy metals much longer than air and water, Kamari, 2011.

In recent years, there has been considerable interest in the application of new and innovative
ways for removal of pollutants from soil and groundwater, but most methods have high cost, and
they are unsuitable in low permeability soils. Electro-kinetic is a relatively new way to remove
environmental pollution from these soils. It is using intensity direct current (DC) or a low electric
potential difference to an array of electrodes placed in the soil for removing organic, inorganic and
heavy metal particles from low permeable soils, mud, sludge, slurries, sediments and groundwater
by electric potential, Acar et al., 1995; Hosseini et al., 2011; Mosavat et al., 2012. Electro-kinetics
is defined as the physicochemical transport of charge, action of charged particles, and effects of
applied electric potentials on formation and fluid transport in porous media. Essentially, electro-
kinetics involves the inserting of electrodes into the region nearby the contaminated site. Thereafter,
a low potential gradient can be supplied between the positively charged anode electrode and the
negatively charged cathode electrode. Accordingly, positive charged ions are moved to the
negatively charged electrode and negative ions attracted to the positively charged electrode. Also, it
has been experimentally proven that non-ionic species are also transported along with the electro-
osmosis induced water flow and migrates mainly from anode towards cathode. The quantity and
direction of pollutant migration is influenced by the soil structure and type, pollutant concentration,
the mobility of metal ions and the conductivity of the purging solution, Reddy et al., 2002; Ahmed,
2004.

The migration of charged species through the soil involves three complex mechanisms which are
electro-osmosis, electrophoresis and electro-migration. In the other words, the formation of electric
diffuse double layer at the charged surface of clay particles is responsible for electro-Kientic
phenomena, namely electrophoresis, electro-migration and electro-osmosis, Mosavat et al., 2012.
These processes force the aqueous phase and ions to desorb from the sediment surface and migrate
through the electric field either towards the anode or the cathode, depending on the speciation.
Electromigration is the movement of ions and ionic complexes in a soil solution due to an applied
electric field. The ions move towards the electrode of opposite charge: anions towards the anode and
cations towards the cathode. Electro-osmosis is the movement of water in a porous media in an
applied electric field. Soil particles are negatively charged, which creates a diffuse double layer of
water and dissolved cations around the soil particles. When an electric field is applied, the cations
will migrate in the direction of the cathode along with the water molecules. The final phenomenon
affecting electro-kientic remediation is electrophoresis. Electrophoresis is the transport of particles
in an applied electric field and includes all charged particles (e.g. colloids, clay particles, organic
particles), Niroumand et al., 2012.

In addition, electrolysis reactions occur at the electrodes during the electro-Kinetic processes.
These reactions (Eqgs. 1 and 2) dominate the chemistry at the boundaries as well as the soil chemistry
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in the electro-kinetic remediation. The electrolysis reactions generate hydrogen ions at the anode
and hydroxide ions at the cathode. These ions migrate into soil via electromigration and this result in
changing the chemistry of soil. Since the hydrogen ions possess greater ionic mobility and the
electroosmotic flow is towards the cathod, by the end of the electro-kinetic remediation processes,
almost entire soil mass is subjected to acid conditions while the small fractions of soil mass near the
cathode remain under alkaline conditions, Asavadorndeja et al., 2005.

At the anode: 2H,0 — 4e'— O, (g) + 4H" (1)
At the cathode: 4H,0 + 4e'— 2H, (g) + 4OH™ (2)

This situation has important consequences that may affect the electro-kinetic remediation
process. In unenhanced electro-kinetic remediation, the increasing of the soil pH near the cathode
electrode may cause a negative complexation of metal ions within the zone of pH jump, where they
can precipitate as insoluble compounds. The formation of low conductivity zone, where metals are
precipitated, can be avoided by using different acidic purging solutions to depolarize the cathode.
This process is called as enhanced electro-kinetic remediation, Ferrarese, 2008.

The aim of the present study was to conduct laboratory investigation in order to study the ability
and efficacy of applying the enhancement solutions such as acidic solution (acetic acid) and
chelating agents (ethylene diamine tetraacetic acid and ammonium citrate) in improving the removal
efficiency of lead from contaminated soil with a novel injection well proposed here for removing
lead from low permeable Iragi contaminated soil under the effect of electric field.

2. MATERIALS AND METHODS
2.1 Materials

Naturally Iragi soil was used as a porous medium in the experiments conducted in the present
study. The physicochemical properties of used soil are explained in Table 1. To prepare a soil
sample with lead concentration equal to 1500 mg/kg and initial moisture content equal to 50% by
weight , 2.397 g of Pb(NOg3), was dissolved in 500 mL of distilled water and 1Kg of dry soil was
then artificially contaminated by solution. The contaminated soil was left for 24 h before it was
packed into the reactor cell to attain equilibrium.

2.2 Electro-Kinetic Test Setup

Fig.1 shows the electro-kinetic test setup used in the present study. The schematic diagram of
this setup consists of an electro-kinetic cell (10 cm D x 5 ¢cm W x 30 cm L), including two electrode
compartments, a power supply, and a multi-meter as illustrated in the Fig. 2. The actual length of the
soil specimen in this cell equal to 20 cm. Top side of the reactor was opened to the atmosphere to
allow the escape of the gases produced during the electrolysis process. Each electrode compartment
consists of a valve (to control the flow of purging solution into the cell), a slotted graphite electrode,
and a filter paper. Perforated plastic plates were used to separate the various sections within the cell
and filter paper was used to hinder the soil sample in the cell from going to the electrode
compartments. Two cylindrical graphite electrodes that are chemically inert to electrolysis reactions
were used both at the anode and the cathode. Inert electrodes prevent introduction of additional
chemical species that might be complicated the electrochemistry during processing. Their uses are
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necessary specifically at the anode, since the oxidation reaction has a highly corrosive effect on the
electrode (Acar and Alshawabkeh, 1996). The diameter and length of the electrodes were 2.5 and
10 cm. Two perforated polyethylene cylinders (outer diameter was 2.5 cm, inner diameter was 2 cm
and 20 holes of 0.2 cm) were vertically implanted in the soil sample to the bottom of the cell, at two
locations, to enhance the propagation of the acidic front. This is a novel technique to determine the
efficacy of using injection wells in actual soil remediation of polluted sites. A DC power source was
used to apply a constant voltage to the electrodes, and a multi-meter was used to monitor the voltage
and measure the current flow through the soil sample during the test.

2.3 Testing Procedure

The soil samples were artificially contaminated with lead in all electro-kinetic tests. The
contaminated soil was placed in the electro-kinetic cell in layers and compacted uniformly using
wooden rod. The exact weight of the soil used in the cell was determined and the soil was
equilibrated for 24 hrs. Filter papers were inserted at the ends of the soil sample. Two perforated
polyethylene cylinders were vertically implanted in the soil sample to the bottom of the cell, at two
locations, to enhance the propagation of the acidic front. The electrode compartments were filled
with a purging solution (PS) to the same level and maintained as such to prevent a hydraulic
gradient from forming along the specimen. The electro-kinetic cell was then connected to the power
supply and a potential gradient of 1 VV/cm was applied to the soil sample. The electric current across
the soil sample as well as the water flow, pH and electrical conductivity in both the anode and
cathode were measured at different time periods throughout the duration of the experiment. The test
was terminated when the current stabilization or no significant change in PS flow was observed.

At the end of each test, aqueous solutions from the anode and cathode compartment were
collected. Then, the soil specimen was sectioned into five parts and each part was weighed and
subsequently preserved in a glass container. From each soil section, 10 grams of treated soil was
added into glass vial containing 30 mL of distilled water. The mixture was stirred thoroughly for
several minutes and the solids were then allowed to settle for 1 hour. The pH of the soil samples as
well as aqueous solutions from the electrode compartments were measured, Hansen et al., 2007.
Description of different tests conducted in the present study is given in Table 2.

2.4 Chemical Analysis

Contaminant in different soil sections were extracted by performing acid digestion in
accordance with the same procedure adopted by Haswell (1991). Total concentration of lead was
determined using this extraction procedure. In this procedure, the soil samples were crushed and
approximately 1 g of a representative sample from each section was weighed accurately in a beaker
(capacity of 250 mL) and then mixed with 15 mL of concentrated hydrochloric acid (HCI) and 5 mL
of concentrated nitric acid (HNO3). The mixture was then heated in the heating sandy bath until the
brown evaporation was disappeared and the sample arrived to dry state, this step takes about (45-60)
minutes. Then the beaker was left for (5-10) min in the lab temperature and 5 mL of concentrated
(HCI) was added. The beaker was heated again in the sandy bath, thereafter the beaker was cooled
and 5 mL of concentrated HCL and 50 mL of heated distilled water were added to wash the sides of
beaker from remains dissolved sample. Heating the mixture to the boiling points for (2-3) min was
required. The sample was filtered on the paper No. 42, and then keeps it in volumetric flask capacity
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of 100 mL. Then washing the precipitation with distilled water and addition of the previous washed
water to filtration and complete the size to 100 mL. Finally, the metal concentration was measured
by Atomic absorption spectrophotometer (AAS).

Precautions were taken in order to ensure the accuracy of the test results. These precautions
included: (1) new electrodes and filter papers were used for each experiment; (2) the electro-kinetic
cell and compartments were soaked in a dilute acid solution for 24 h and then rinsed first with tap
water and finally with distilled water to avoid cross contamination between the experiments; and (3)
checking the atomic absorption calibration after testing every five samples.

3. RESULTS AND DISCUSSION
3.1 Experiment of Unenhanced Condition

Electro-kinetic remediation experiment to remove lead from silty clay soil by using distilled
water as purging solution are conducted. Clean soil in these experiment was spiked with 1500 mg/kg
of contaminant and potential gradient of 1 V/cm was applied EK-1 was conducted under
unenhanced condition.

The main physicochemical conditions of the soil that control the migration and sorption of
contaminants are pH and electrical conductivity. Consequently, during each experiment, the
following parameters were measured: pH and electrical conductivity at the anode and cathode
compartments, electric current and electro-osmotic flow. At the end of electro-kinetic treatment,
another set of measurements were taken and included: soil pH and residual concentration of the
contaminant in the soil. The direct indication of overall remediation was expressed by the changes in
the concentration of the pollutant; and profile of the current, as well as the effluent flow,
conductivity of fluid was used as indirect indicators of remediation efficiency.

Fig. 3 shows the current and current density variations for the experiment (EK-1) that was
performed under unenhanced conditions, i.e., using distilled water in both the anode and cathode
compartments. It is clear that the current increased from an initial value of 34 mA to peak values of
60 mA in approximately 12 and 24 h. The current then decreased to a low value and stabilized at
approximately 16 mA. The maximum current densities for this experiment was1.52 mA/cm? The
current density values stabilized at 0.4 mA/cm? toward the end of the testing.

Fig. 4 shows the electro-osmotic flow and electro-osmotic velocity as function of processing
time for the experiment. The electro-osmotic flow was increased with the time and maximum values
of 50 mL was obtained in 48 h and 18 h of testing. These values were remained constant until the
end of mentioned tests. The electro-osmotic velocity increased to a high value of 3.7x10™ cm/s in
the first 3 h, and then it started decreasing. Average electro-osmotic velocities of 1.17x10™ cm/s was
observed during these experiment. The velocity values are consistent with the range of values
reported in the literature, Reddy, and Chinthamreddy, 2003. Based on these low electro-osmotic
flow and flow velocity measurements, it appears that electro-osmotic mechanism had a less role in
the migration of heavy metals, and electro-migration was probably the more dominant contaminant
transport mechanism.

The pH of anolyte decreased from an initial value of 6.8 and stabilized of approximately 2
because of the formation of H* ions (Fig. 5). Whereas, the same figure shows that the pH of cathode
compartments for these test increased from 6.8 and stabilized at approximately 12.5 due to the
formation of OH™ ions.

Total Pb(Il) concentrations in each section of the treated soil for EK-1 was determined and
plotted at Fig. 6. These sections are corresponding to distance 0.1, 0.3, 0.5, 0.7 and 0.9 of the total
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length (L) of the treated soil from the anode side. The initial concentration of each contaminant
throughout the soil was 1500 mg/kg. Final concentration of Pb after 7 days was lower and varied
from 1100-1250 mg/kg near the anode to 1300-1600 mg/kg near the cathode. The concentration
profile in Fig. 6 indicates removal of lead from the soil system in this test as all of them are below
the initial concentration. Increased contaminant concentration was observed near the cathode. The
pH distribution is also shown to further explore the observed heavy metal distribution. The pH of the
soil was reduced throughout two-thirds of the soil beginning at the anode, while the pH of the soil
increased in the vicinity of the cathode. The pH changes that were observed are fairly consistent
with other reported electro-kinetic studies. Due to the smaller ionic radius, the mobility of an H* ion
is approximately twice the mobility of an OH" ion, and some researchers showed that this is the
reason why H" ions migrate farther into the soil as compared to OH" ions, Acar and Alshawabkeh,
1993. The reaction kinetics and the type and concentration of the ions at the graphite electrodes may
also affect the generation rate and migration of the H" and OH" ions, and the effects of the electro-
kinetic transport processes, electro-migration and electro-osmosis, should also be considered. The
observed migration of Pb was consistent with the changes in the soil pH.

Fig. 6 shows that the lead successfully migrated toward the cathode and, consequently, larger
amount of contaminant was found in the soil near the cathode. However, the lead removal efficiency
into the cathode compartment was low (18 %), and this low removal may have been due to the
precipitation of lead that occurred within the soil in the high pH regions near the cathode .

3.2 Experiment of Acetic Acid Enhancement

As explained in the Sec.3.1, when distilled water is used as the purging solution, the removal
lead is severely affected by the precipitation of these metal in the soil near the cathode region. This
precipitation can be attributed to development of high pH conditions which result from the water
electrolysis at the cathode compartment. To overcome on this fixation mechanism, acetic acid with
concentration of 1 M was used as purging solution in the cathode compartment. Acetic acid is able
to produce H* ions that can decrease the pH of the solution and dissolve metal precipitates. The
concentration of acetic acid has been determined in order to maintain a low pH (~ 2.5-3) at the
cathode compartment, Ugaz et al., 1994.

Fig. 7 and Fig. 8 showed the current and electro-osmotic flow through the soil specimen for the
acetic acid enhancement experiment, respectively. This experiment was conducted for a total 168 h.
The current increased to high value of 89 mA in 96 h, and then decreased to a low value of 75 mA at
the end of the test. It is clear that the current density was less than (4 mA/cm?) throughout the entire
experiment duration. At such low current densities, the heating effects produced by the electric
current do not need to be considered, Reed et al., 1995. It is clear from the Fig .8 that the flow
volume toward the cathode increased to about 125 mL in 132 h, and then approximately stabilized
on these values. The electro-osmotic flow velocity increased rapidly to a value of 7.04x10° cm/s
during the first 3 h, and then it decreased as a function of the time until to reach the value of
8.27x10° cm/s after 168 h. The average electro-osmotic velocity observed over the entire
experiment duration was calculated to be 2.44x10™ cm/ and these values are greater than that values
for (EK-1).

Fig. 9 illustrate the lead distributions along with pH values after the electro-kinetic treatment.
The pH profile shows that, although the pH in the cathode compartment is maintained at
approximately 3, the pH in the soil near the cathode reached a value of almost 8. These pH values
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indicate that the cathode reaction may not have been completely depolarized during the experiment.
The lead distribution profile is shown in Fig. 9 and this profile clearly demonstrates the migration of
contaminant toward the cathode. Table 3 shows that the using acetic acid in the cathode was
beneficial and the introduction of acetic acid allowed significantly higher removal and migration of
lead toward the cathode in comparison with unenhanced condition when distilled water was the
purging solution.

3.3 Experiments of Ethylene Diamine Tetraacetic Acid Enhancement

Fig. 10 and Fig. 11 shows the current, current density, electro-osmotic flow volume, and
electro-osmotic velocity variations for the 0.2 M EDTA enhancement test in the silty clay soil,
respectively. The current increased to peak values of 190 for EK-3 with the first 84 h, then
decreased to values of 135 mA in 132 h, while the current density was not exceeding 5mA/cm?. The
electro-osmotic flow occurred toward the cathode from the beginning of the experiment, and the
accumulative electro-osmotic flow volumes were about 203 mL at the termination of EK-3 test. The
electro-osmotic flow velocity increased rapidly to a value of 5.56x10™ cm/s during the first 3 h, and
then it decreased as a function of the time until to reach the value of 1.34x107° cm/s after 168 h. The
average electro-osmotic velocity observed over the entire experiment duration was calculated to be
1.74x10” cm/s (for EK-3) and these values are greater than that values of (EK-1).

Fig. 12 shows the contaminant profile and the pH profile throughout the soil  specimen
after electro-kinetic testing. The pH for test EK-3 was about 2 in the anode compartment and below
10 along the entire soil specimen. According to this figure, the migration of Pb occurred toward the
anode which is opposite to the migration direction observed in unenhanced test (Fig. 6). This
contaminant migrated from the soil sections near the cathode and accumulated in the soil sections
near the anode. The removal efficiencies of (Pb) is 42%.

3.4 Experiment of Ammonium Citrate Enhancement

Ammonium citrate (1 M) with pH adjusted to (9-10) in the cathode compartment was tested as
enhancement solution for soil contaminated with initial concentration of lead equal to 1500 mg/kg.
Fig. 13 shows the residual concentration profiles for this contaminant and pH profiles at the end of
experiments EK-4. It is seen that the concentration of lead is decreased and the removal (29%) and
no accumulation within the soil was observed. Fig. 13. showed that lead was removed from the soil
as anions,. In other words, lead was transported towards both electrodes during the experiments
because the complexes with ammonia and with the citric part were formed. These results are
consistent with findings of, Ottosen et al,. 2005.

3.5 Experiment of Injection Wells Enhancement

As explained in previous sections, the electro-kinetic tests performed using 1 M acetic acid or
0.2 M EDTA or 1 M ammonium citrate as purging solutions in the cathode significantly affected the
transport of lead through the soil in comparison with unenhanced experiments. Based on the results
of these experiments, it can be concluded that the effective removal of lead may not be possible with
only a single enhancement; rather, this removal may require an additional process which is
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represented by adding an injection wells proposed in the present study. Fig. 14 and Fig. 15 show
current and electroosmotic flow volume variations with time for EK-5 and EK-6, respectively. In
EK-5, , initially, the current was high (68 mA), and subsequently increased, which may be owing to
the injection of ions of the PS (acetic acid) during the test. In contrast, the current reached a high
value within the range 12-18 h after the EK-6 test begun, then it decreased, and finally the current
stabilized at the end of tests. The cumulative effluent collected at the end of the experiments EK-5
and EK-6 ranged from 245 to 330 mL. The reason behind this great difference (i.e. collected
effluent from these experiments is 10 times greater than of corresponding value collected from
unenhanced condition) because the electro-osmotic flow is directly proportional to current and
dissolved contaminants present in the pore fluid. Replenishing of the soil-solution system with PS
by using injection well will decrease the pH values through the soil. The low pH may cause the
increasing of solubility of metal species and/or salts which resulted in a high ionic concentration, an
increase of the electrical current and, consequently, an increase of the electro-osmotic flow volume.

The electrical conductivity (EC) values for EK-5, EK-6, tests (Fig. 16) are increased with the
time in anode and cathode compartments. The high EC values are reflected higher ionic
concentration in the anode and cathode electrode solutions.

The lead concentration for these experiments in each section of the treated soil was determined
and plotted, as shown in Fig.17 and Fig.18 The concentration profiles presented in these figures
indicated that the removal of lead from the soil system in all these experiments was below the initial
concentration profile and that increased contaminant concentrations were observed near the cathode.
Also, these figures show the pH variations along the treated soil for the same tests. The changes in
the pH profiles along the soil had a great influence on contaminant migration. Injection wells were
proved a good methode in the enhancement propagation of the acidic front towards the cathode and,
consequently, this will decrease the soil pH as shown in the comparison between the tests EK-5 &
EK-6 with EK-1. It can be clearly seen from these figures that the acidic front extended along the
most length of the soil specimen for tests with injection well enhancement. This will increase the
removal of lead from the soil specimen due to decreasing the buffering capacity and, consequently,
decreases the amount of calcite and carbonate in the soil specimen. This will be the basis for
formation and development of acidic front phenomena. Therefore, a relatively high removal of lead
can be achieved.

3.6 Contaminant Removal Efficiency and Electro-osmotic Permeability

The removal efficiencies were calculated based on the residual contaminant masses in the soil

for all tests mentioned above. The lead removal efficiencies from the soil were 18% in EK-
1(unenhanced test), 37% in EK-2, 42% in EK-3, 29% in EK-4, 59% in EK-5, and 37.5% in EK-6.
The test results showed that the contaminant removal for silty clay soil was the highest when 1M
acetic acid was used as the purging solution with introducing two injection wells along the soil bed
as in the EK-5 test. The higher flow in this soil was probably responsible for removing more
contaminant when the 1 M acetic acid purging solution was employed.
As expected, the direction of electro-osmotic flow was from the anode to the cathode for all tests. It
is clear from Fig. 14 and Fig. 15 that the injection wells play a potential role in the increasing the
collected cumulative effluents and these value continued until the end of these tests in comparison
with other tests where injection wells are not used.
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The flow rates, given by the slopes of the curves, were approximately ranged from 0.146 to
1.964 mL/h for all tests. The higher flow rate can be related to the zeta potential of the soil particles.
The electro-osmotic flow rate, Q. (mL/h) for a cylindrical soil core of length L
and cross-section area of A under a potential difference of V (V) can be described by (Vane and
Zang, 1997; Kim et al., 2002):

Q. =324 3)

4u L

where C, u, ¢, and g are the zeta potential, viscosity of the fluid, permittivity of the fluid, and
empirical constant related to the soil physical properties, respectively. Apparently, the electro-
osmotic flow rate is directly proportional to the applied electrical potential gradient, zeta potential,
and cross-section area of the soil core. This means that the zeta potential value in tests with injection
wells is greater than those other tests. However, Eq.3 can be rewritten in the form similar to the
Darcy’s law (Weng and Huang, 2004):

Qe = keicA (4)

where k. and i, are defined as the electro-osmotic permeability and the potential gradient,
respectively. With a potential gradient of 1 VV/cm and cross-section area of soil specimen is 25 cm?,
the average ke values according to Eq.4 were ranged from 1.62x10° to 2.183x10° cm?/V 4.4. The
magnitude of k. is related to the resistance buildup during electro-kinetic treatment. As described
previously, a higher current indicated that a rather low resistance occurred in the electro-kinetic
system and, as such, it resulted in a higher k. value. These obtained k. values are in good agreement
with the literature (Weng et al., 2001).

Overall, this study demonstrates that the enhancement by using injection wells can be effective for
the removal of contaminant from the soil adopted in the present study.

4. CONCLUSIONS

The main conclusions that can be drawn from the experimental work of this research are as follows:
1) The electro-kinetic removal of lead from silty clay soil using distilled water as the purging
solution was very low. The removal of lead based on residual soil concentrations was 18 %. The low
removal was attributed to Pb(Il) adsorption/precipitation in the cathode region due to high soil pH.
2) The removal efficiency of lead increased to become 37 % when 1 M acetic acid was used as
the purging solution in the cathode compartment. The use of acetic acid with maintaining the pH at
approximately 3 in the cathode compartment significantly affects the migration of contaminant
adopted in the present study because it is able to produce H* ions that can decrease the pH of the
solution and dissolve metal precipitates. Consequently, the electro-osmotic cumulative volume and
coefficient of electro-osmotic permeability were increased in comparison with unenhanced tests.

3) The lead removal was the highest using the 0.2 M EDTA purging solution in the cathode. In
this case, 42 % of lead was removed into the anode compartment. The migration of Pb occurred
toward the anode which is opposite to the migration direction observed in unenhanced test. Also, the
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migration of lead is opposite to the electro-osmotic flow direction and this certifies that the electro-
migration was the predominant mechanism in this situation.

4) In comparison with EDTA, when 1 M ammonium citrate with pH adjusted to (9-10) in the
cathode compartment was used as the purging solution, the residual concentrations of Pb was less
than their initial values in all sections of the soil and the achieved removal efficiencies were 29 %.
This certifies that lead was removed from the soil as anions.

5) The results proved that the injection wells approach proposed in the present study for
enhanced electro-kinetic remediation technology can be effective for the removal of lead from the
silty clay soil with removal efficiencies ranged from 37 to 59 %. Drastically changes were
recognized in the electro-osmotic cumulative volume and coefficient of electro-osmotic
permeability in comparison with unenhanced test. These changes may be probably responsible for
removing more contaminant due to decreasing the buffering capacity and, consequently, decreases
the amount of calcite and carbonate in the soil specimen.

6) The results proved that the presence of salts in silty clay soil (25.8 % as CaCO3) causes
noticeable increase in the buffering capacity of soil. This increase may be the basis for a delay in the
formation and development of acid front phenomena. Therefore, for this reason a relatively low
removal of contaminant (< 59%) in this soil occurred.
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NOMENCLATURE

A = the total cross-sectional area normal to the flow direction, m?.
i = potential gradient, V/m.

Ke = electro-osmotic permeability coefficient, m* V* s

g = empirical constant related to the soil physical properties.

Qe = electro-osmotic flow rate, ml/hr.

£ = permittivity, Fm™.

W = viscosity of the fluid, N. S. m™.

{ = zeta potential, V.
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Figure 1. Experimental set-up of electro-kinetic cell used in the present study.

Anode + | DC powersupply — Cathode

MAulti-meter

Injection wells g
Ly

I

4 A

30 cm

Contaminated soil

[ ] Purging solution (PS)

Figure 2. Schematic representation of electro-kinetic cell.
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Table 1. Composition and properties of the soil.

Property Value
Particle size distribution (ASTM D 422)
Sand (%) 2
Silt (%) + Clay (%) 49 + 49
Atterberg limits (ASTM D 2487)
Liquid limit (%) 26
Plastic limit (%) 17
Plasticity index (%) 9
Cation exchange capacity (meg/100g) 21.4
pH 8.5
Organic content (ASTM D 2974) 0.28
Electrical conductivity EC (uS/cm) 4500
Porosity (n) 0.49
CaCO3 (%) 25.8
Soil classification Silty clay

Table .2 Details of electro-kinetic remediation experiments.

Experiment Conc. Time PS (pH) No. of
designation | (mg/kg) | (days) Anode Cathode Wells
EK-1 1500 7 DW DW -
EK-2 1500 7 DW 1M AA (~3) -
EK-3 1500 7 DW 0.2M EDTA -
EK-4 1500 7 DW 1M AC (~9) -
EK-5 1500 7 DW 1M AA (~3) 2
EK-6 1500 7 DW 1M AC (~9) 2

Table 3. Removal efficiency (R) of lead from different sections along electro-kinetic cell.

Section 1 2 3 4 5
R (%) with AA 59 33 25 21 49
R (%) with DW 26 25 14 17 10
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ABSTRACT

The degradation performance of aqueous solution of pesticide Alachlor has been studied at
solar pilot scale plant in two photocatalytic systems: homogeneous photocatalysis by photo-Fenton
and heterogeneous photocatalysis with titanium dioxide. The pilot scale system included of
compound parabolic collectors specially designed for solar photocatalytic applications, and installed
at University of Baghdad, Department of Environmental Engineering back yard. The influence of
different concentrations, H,O, (200-2400 mg/l), Fe*(5- 30 mg/l) and TiO2 (100-500 mg/l) and
their relationship with the degradation efficiency were studied.

The COD removal efficiency for homogeneous photocatalytic system at the best dosage was
found to be 73.7%. The parent pollutant concentrations which were monitored using HPLC
decreased to reach zero level at early time of the experiment. For heterogeneous photocatalytic
system the COD removal efficiency was found to be 72.7%.

Key words: alachlor, advanced oxidation processes, photo-fenton, tio,
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1. INTRODUCTION
Continuing processes of industrialization and urbanization due to population growth,

deforestation, and pollution are exerting pressure on the depleting freshwater resources in many
parts of the world. A recent UN report mentions that the world’s “freshwater is not being used
sustainably” and calls for a “radical rethink” of policies to manage competing claims. The long-
term sustainability of clean water supply is dictated by source water protection, management of
water resources, and the efficiency of water reclamation from various effluents, UN, 2012.

The halogenated organic pesticide and/or a derivative probably entered natural aquatic
environments concurrently with the development of the first manufacturing process. No doubt
there was a waste disposal problem which led to a discharge into a river or some other body of
water. Applying the pesticides on farms led also to the contamination of ground and surface
water. Some evidence that potable, recreational, irrigational, fish, and shellfish waters were
contaminated with pesticides began to appear in the literature about 1945. However, much of the
early evidence was largely circumstantial as observed from physiological responses of aquatic
organisms, Faust, 1972. Alachlor is a herbicide used for pre emergent control of broadleaf
weeds and annual grasses in crops, mainly on corn and sorghum with a percent of about 57%
and for soybeans with a percent of about 43%. Application to other yields like vegetables,
cotton, peanuts and forage crops contributes to less than 1% of its use. The main source of its
release to the environment is through manufacturing and use as a herbicide. It was detected in
rural domestic well water through the national survey of pesticides in drinking water wells that
conducted by the EPA. EPA's pesticides in ground water database reports that Alachlor is
present in ground water at concentrations above the Minimum concentration level (MCL) in at
least 15 States, the MCL in drinking water for Alachlor is 0.002 mg/l, EPA, 2003. As early as
1965, Stumm-Zollinger and Fair published a report, indicating that some organics are not
completely eliminated by conventional wastewater treatment. At recent time, the presence of a
high amount of emerging contaminants in MWTP effluents in various countries, confirm that the
conventional treatment for these micro contaminants is ineffective, Stumm, 1965.

Advanced oxidation process (AOP) is used for various applications in wastewater treatment,
water reclamation, indirect potable water reuse, drinking water production, and recently in
micro-pollutant control of sewage treatment effluents, The advantage of AOPs is the relative
high reaction power of hydroxyl radical. As a result of the high reaction power, reactions with

OH'radicals are very fast and nonselective, Buxton, et al., 1988.
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AOPs can be classified by the way of generation of radicals. Three main classes are given:
(1) direct generation of radicals by physically based processes, (2) generation of radicals by the
addition of oxidants, and (3) generation of radicals by the use of solid catalysts, Chong, et al.,
2010.

Mixtures of ferrous iron and hydrogen peroxide are called Fenton reagent Eq. (1), in the end

the Fenton reaction comes to a quasi-standstill through the formation of stable iron complexes.
Fe*? + H,0, > Fe™3+ OH™ + OH" (1)

If light with a wavelength shorter than 580 nm is used, the formed iron complexes suffer
photoreduction. The first step in this photoreduction is a ligand-to-metal charge-transfer
(LMCT) reaction and as a consequence the intermediate complexes dissociate, Zepp, et al.,
1992,

One of the outstanding advanced oxidation technologies is the photoexcitation of
semiconductor surfaces with ultraviolet-visible radiation, which provides the appropriate band
gap energies to generate photoactivated electron-hole pairs; electrons (e-) migrate to the

conductivity band and holes (h+) are produced in the valance band Eg. (2), Goslich, et al., 1997.
TiO, + hv > TiO,(e” + h') 2

After the formation of these (e — h") pairs, a recombination occurs in the catalyst,
generating heat and adsorbing water molecules and hydroxyl ions present in the medium. These
will act as electron donors, generating hydroxyl radicals in the hole (h*) of the catalyst, Eq. (3)
and Eq. (4), Alfano, et al., 1997.

h* + H,0 - OH* + h* 3)
h* 4+ OH™ - OH® (4)

Malato, et al., 2002, studied the performance of photocatalytic minerilization of four
pesticides dissolved in water (formetanate, imidacloprid, diuron and methomyl) at pilot plant in
two systems: heterogeneous system with TiO, and homogeneous system by photo-Fenton. The

pilot plant is made up of (CPCs). Experimental conditions showed vanishing of pesticide and a
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comparison between the degrees of mineralisation that achieved in the two photocatalytic
systems was held. The initial concentration tested with methomyl, formetanate and imidacloprid
was 50 mg/I for each pesticide and for diuron it was 30 mg/l. The concentrations of the catalyst
were 200 mg/l TiO, and 0.05mM iron. Total removal of the parent pesticides and 90%
mineralisation have been achieved with all pesticides. Methomyl is the most hard to be degraded
with both systems.

Oller, et al., 2006 studied the performance and technical feasibility of photocatalytic
degradation of six pesticides dissolved in water (oxamyl, methomyl, cymoxanil, dimethoate,
telone and pyrimethanil) at pilot plant using two systems: heterogeneous photocatalysis with
TiO, and homogeneous photocatalysis using photo-Fenton processes. Heterogeneous tests were
performed in solar pilot plant having three CPC units with a volume of 35 L under natural
sunlight and a second solar pilot plant with four CPC units with a volume of 75 L was used for
photo-Fenton photocatalysis tests. The studied initial pesticide concentration was 50 mg/l and
the concentrations of the catalyst employed were 200 mg/l of TiO, and 20 mg/l of iron. Toxicity
(Vibrio fischeri, Biofix) and biodegradability (Z—W) tests of the initial pesticide solutions were
measured. Total degradation of the parent substances and about complete mineralization were
achieved for all tested pesticides. homogeneous treatment was more efficient than
heterogeneous, not only for pesticide degradation, but also for TOC mineralization, except for
dimethoate for which the mineralization rate was quite similar in both photocatalyitic treatments.

The objective of this work is to get an idea about the effectiveness of solar AOPs in the
degradation of Alachlor dissolved in water. The solar AOPs selected to carry out this study
were; homogeneous solar photo-Fenton and heterogeneous solar photocatalysis. To achieve the
experimental objective, different variables were chosen to be followed throughout the treatment:
H,0,, Fe*? and TiO, concentrations.

2. EXPERIMENTAL
2.1 Chemicals

The pesticide was in commercial form and bought from Hebei chinally international trade
Co.LTD (china), the peurity Alachlor was 94%. The chemical structure is depicted in Fig.1. The
physical and chemical properties of the pesticide are presented in Table 1.

H,0, was from Hopkin and Williams with purity 35%. All the samples were prepared by
dissolving requisite quantity in distilled water.
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The pH of the solution was adjusted by using (H.SO,) and (NaOH) solution. FeSO,4.7H,0
Was from Panreac with purity 99.9%. The Sulfuric acid was from Riedel-deHaén with purity
97%. Sodium hydroxide was from BDH with purity 99%. Titanium dioxide P25 was from
HIMEDIA with purity 99%. Acetonitrile HPLC grade was from Sigma-Aldrich with purity
99.9%

2.2 Equipements

The pilot plant was installed at Baghdad University. The hydraulic circuit of the reactor
consists of a tank, centrifugal re-circulation pump and solar collector, shown in Fig.2 and Fig.3.

The plant is designed for operation in batch mode. The total volume of contaminated water
in the experiments was (16 L) and the volume irradiated in the solar collector was (5 L). Solar
collector consists of two Compound Parabolic Collectors (CPC) in series placed on fixed
supports inclined 33° (latitude of Baghdad) with respect to the horizontal plane and facing south,
this provides optimized performance. The CPC reflectors consist of stainless steel plates coated
with aluminum foil. The photo reactor is made of two borosilicate glass tubes (inner diameter
46.4 mm, outer diameter 50.0mm and length 1.32m). The connecting tubing is made of PVC
with 62.5mm diameter.

The samples were taken from the (16 liter) stainless steel tank for analysis. The reaction
solution is continuously fed to the reactor from the stainless steel tank by means of centrifugal
pump (Reshani pumps, China). The Flow rate was constant in all experiments (1.4 m%hr), which
corresponds to turbulent flow inside the photoreactor. Flow meter (LZS Model, Flowtech,
Turkey) with a range of (0.5-1.9 m%hr). The pH of the solution was monitored by using pH
meter (WTW, INOLAB 72, Germany).

Global UV radiation, which is the driving force for the experiments in this work, was
measured by UV ultraviolet radiometer model (UVA/B-850009), from Sper Scientific
Electronics Co. LTD, Taiwan. The radiometer is a combination of a diffuser, filter and
photodiode. The diffuser ensures that radiation can be incident from an optical angle and so
determines a correct angular response. The filter determines the spectral response of the system
to ensure that only deliberated radiation is measured. The photodiode generates a voltage output

linearly proportional the number of incident photons.
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.3 Experimental Procedure

The procedure was performed as follows:

1.The solar reactor was cleaned and filled with distilled water to ensure that no other

7.

2.

compounds were present in the reactor. Initially the solar collectors were covered to prevent
any photochemical reactions and to study the performance of dark Fenton reactions.

The desired amount of pesticides were measured and diluted in distilled water. This solution
was introduced in to the pilot plant. The pollutants treated have low to medium solubility, so
the pollutants were re-circulated until perfect homogenization and pollutants dissolution was

attained. The duration of this phase was (15-30) min.

. The initial sample (sample 1) was taken and the pH value was adjusted immediately to 2.9 for

homogeneous system to prevent sedimentation of iron species.

. Ferrous sulphate was added in the desired concentrations. After mixing for 15 min the

hydrogen peroxide was added at the desired concentrations to start the oxidation reaction.
In the heterogeneous system, after the addition of the TiO,, the mixing takes 45 min
before the addition of hydrogen peroxide to ensure the adsorption of pollutants on the TiO;

particles.

. After the addition of H,0,, the circulation was continued for 15 min then the light protection

was removed from the solar collectors. This is the moment in which the photo-Fenton

degradation experiment begins.

. Samples were taken after 15 min for homogeneous system and after 30 min for heterogeneous

system.
Global UV irradiation was measured by the UV radiometer when each regular sample was

taken.

4 Analysis
High Performance Liquid Chromatography (HPLC), PerkinElmer series 200, USA, was used

to qualitative identification of the pesticide concentration and the intermediate compounds

which evolve through the oxidation reaction. The analyses were carried out at flow rate
1(mL/min), wavelength was 225 nm, CAN/H,0=60/40 with analytical column C18, 5um

particle size, L*1.D. 25 cm*4.6mm.

Chemical Oxygen Demand of samples was analyzed by COD Photometer system (model RD-

125, Lovibond Company, Germany).
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2.5 Standarized treatment time

The average intensity of UV solar radiation varies with the time of the year, geographical
location and with the atmospheric conditions, as a result, the photocatalytic treatment time was
standardized based on a constant solar radiation intensity of 30W/m?, which corresponds to the
average intensity achieved in a clear sunny day, Malato, et al., 2002. The time tzw, was

calculated as follows:

Uv Vg
n 30vp

t3ow,i = tzow,i—1 + At

(5)

At, =t; —t;_4 (6)

where At, is the time interval between sampling, UV is the average UV solar intensity
(W/m?) during the sampling time interval, and Vg and V- are the reactor and total (the volume of
liquid in the entire system) liquid volumes, respectively. This approach allows the solar UV
intensity which is independent of geographical location or the time of the year of the
experiments, Jiménez, et al., 2011.

3. RESULTS AND DISCUSSION
3.1 Solar Homogeneous Photo- Fenton System
3.1.1 Effect of initial H,O, concentration

The effect of H,O, initial concentration (400, 800, 1200 and 1600 mg/l) on solar photo-
Fenton process was tested to optimize the amount of H,O; required to degraded Alachlor (ALC).

Fixed initial concentration of ALC=45 mg/l, initial amount of Fe*? =20 mg/l and initial pH
equal to 2.9 were maintained throughout the experiments. Fig.4 shows the relation between the
removal efficiency (COD mineralization efficiency) and the normalized illumination time tzow
for different initial concentration of H,O,.

At initial concentration of 400mg/l H,O, the removal efficiency was obtained to be 38.9%
only. As the concentration of H,O, increased an improvement in the mineralization efficiency
was noticed. H,O, concentrations of 1200 mg/l and 1600 mg/l showed a removal efficiency of
71.3% and 73.7% respectively. The addition of excess amount of H,O, will not increase the
efficiency, a high concentration of H,O, may behave as an OH’ radical scavenger, Therefore

1600 mg/l H,O, was chosen as the best concentration for the mineralization of ALC.
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The enhancement in the removal efficiency can be explained as: in the presence of Fe*?,
reactions between Fe*? and H,O, powered by solar irradiation leads to more HO' radicals
available to attack the pollutants structure and therefore the degradation increased.

Chong, et al., 2010 found that further addition of H,O, will decrease the overall reaction

rate, due to the formation of less penetrative HO;" radicals.

3.1.2 Effect of initial Fe* concentrations

The effect of initial Fe*? concentrations on photo-Fenton process was tested by carrying out
experiments with various amounts of Fe*? (5, 10, 20 and 30 mg/I). The best H,O, concentration
(1600 mg/l) from the previous section was used in these experiments. The initial pH was
maintained to be equal to 2.9.

Fig.5 shows the relation between the removal efficiency and the normalized illumination
time tyow for different initial concentration of Fe*. It can be noticed that the degradation
efficiency slightly increased by increasing the iron concentration, both Fe*? concentrations of 20
mg/l and 30 mg/l showed nearly similar results for the mineralization efficiency which were
73.7% and 74.4% respectively, for that 20 mg/l was chosen to be the best concentration of Fe*?
in the mineralization treatment of ALC.

Iron causes turbidity and too high iron concentration generates dark zones in the photo
reactor, which decreases the photo reactor efficiency, because part of the incident light does not
enter the photo reactor but it is lost due to scattering, Zapata et al., 2009.

ALC concentration was measured and monitored using the HPLC analysis. ALC can be
identified after retention time=6.8 min. The evolution of the intermediate products can be
observed clearly from the chromatogram in Fig.6 as the irradiation time was proceeds. Also it
can be notice that a complete disappearance of ALC during the photo-Fenton treatment.
Elimination of ALC was achieved after t=15min (t3p,=3min) of irradiation time while the

intermediate products still appeared until the end of experiment.

3.2 Solar Heterogeneous Photocatalyst System
3.2.1 Effect of initial TiO, concentration

Heterogeneous photocatalysis experiments were applied to assess the feasibility of use TiO,
in the degradation of ALC. Different concentrations of TiO, (100, 200, 300, 400 and 500 mg/l)
were used. ALC concentration=45 mg/l, H,0,=1200 mg/l and pH =4.5.
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Fig.7 shows the relation between the removal efficiency and the normalized illumination
time (tsow) for different initial concentration of TiO,. The best result was obtained at 200 mg/I of
TiO, with removal efficiency of 67.6%, above this concentration the degradation of ALC tend to
decrease to reach 61% at 500 mg/I.

The increase in removal efficiency can be explained by the increase in the total surface area
(or number of active sites) available for photocatalytic reaction as the dosage of TiO; increased.
However, when TiO, was overdosed, the intensity of incident UV light was attenuated because
of the decreased light penetration and increased light scattering, which embedded the positive
effect coming from the dosage increment and therefore the overall performance reduced, Eissa
et al., 2009. The tendency towards agglomeration (particle-particle interaction) also increases at
high solids concentration, resulting in a reduction in catalyst surface area available for light
absorption and hence a drop in the photocatalytic degradation rate, Saber et al., 2011.

3.2.2 Effect of adding H,0O,

The effect of initial concentrations of H,O, (800, 1200, 1600, 2000 and 2400 mg/l) on solar
heterogeneous photocatalysis process were tested to optimize the amount of H,O, required to
degraded ALC. Fixed initial concentration of ALC=45 mg/l, initial amount of TiO,=200 mg/I
and initial pH = 4.5 were used.

Fig.8 shows the relation between the removal efficiency and the normalized illumination
time tson for different initial concentration of H,O,. The best result was obtained at 2000 mg/I of
H,0, at removal efficiency of 73%.

The enhancement in the removal efficiency is due to the increase in the hydroxyl radical
concentration. Saber et al., 2011, showed that addition of electron acceptors such as H,0,,
would affect photocatalytic degradation of various pesticides and herbicides to enhance the
formation of hydroxyl radicals as well as to inhibit electron/hole (e/h") pair recombination.

The increase in removal efficiency can be explained by increase the number of trapped
electron in the electron/hole pairs and, consequently, avoid recombination and generate more
OH’ for oxidizing species. It was expected that increasing the concentration of H,O, reducing
the rate of degradation due to the reaction of hydrogen peroxide with these radicals, and hence

acts as an inhibiting agent.

138



Number 11 Volume 21 November - 2015 Journal of Engineering

4. CONCLUSIONS

The COD removal efficiency for homogeneous solar photocatalytic system at the optimal
dosage 1600 mg/l H,0,, 20 mg/l Fe*? at t3ow=15.8min was found to be 73.7% for Alachlor at
initial concentration of 45 mg/l and pH=2.9. While the removal efficiency for hetrogeneous
solar photocatalytic system at the optimal dosage 200 mg/l TiO,, 2000 mg/l H,O-at
tsow=57.3min was found to be 72.7% for Alachlor at initial concentration of 45 mg/l and
pH=4.5. Increasing the TiO,, H,0, or Fe*? over the optimum amounts will decrease the
removal efficiency. Biodegradability and toxicity tests during the photo-treatment couldn’t
be evaluated while it is important since some photo degradation by-products can be more

dangerous and toxic than the original compounds.
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Figure 1. Chemical structure of Alachlor, EPA, 2003.
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Figure 2. Schematic representation of the pilot plant (A) tank, (B) drain valve, (C) pump, (D)
Valve, (E) flow meter, (F) solar collectors.
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Figure 3. Photograph of the pilot plant.
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Figure 4. Effect of initial H,O, concentrations on the COD mineralization of Alachlor by solar
Photo- Fenton system at Alchlor conc.=45 mg/I , Fe*? =20 mg/l and pH=2.9.
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Figure 5. Effect of initial Fe*? concentrations on the COD mineralization of Alachlor by solar
photo-Fenton system at Alachlor conc.= 45 mg/l, H,0,=1600 mg/l and pH= 2.9.
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Figure 6. HPLC analysis for homogeneous photo-Fenton system, Alachlor=45 mg/l,
H,0,=1600 mg/l, Fe**=20 mg/l and pH=2.9.
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Figure 7. Effect of initial TiO, concentrations on the COD mineralization of Alachlor by
heterogeneous solar photo-catalyst system, Alachlor conc.= 45 mg/l, H,O,= 1200 mg/l, pH=4.5.
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Figure 8. Effect of initial H,O, concentrations on the COD mineralization of Alachlor by
heterogeneous solar photocatalyst system at Alachlor conc.= 45 mg/l, TiO2=200 mg/I and
pH=4.5.

Table 1.List of pesticides properties, EPA, 2003.

Formula C1.H»CINO,
Molar mass 269.767 g/mol
Solubility in water 140 mg/I at 23C°
Vapor Pressure Negligible
Melting Point 40-41 C°
Kow Log Kow = 2.63
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ABSTRACT

The thermal performance of indirect expansion solar assisted heat pump, IX-SAHP, was
investigated experimentally under Iragi climate. An Indirect-Solar Assisted Heat Pump system
was designed, built, instrumented and tested. Experimental tests were conducted by varying the
controlling parameters to investigate their effects on the thermal performance of the IX-SAHP
such as cooling water flow rate, heating water flow rate, ambient temperature and solar
radiation intensity. The investigation covered values of cooling water flow rate of (2, 3, 4, 5
I/min) and heating water flow rate of (2, 3, 4, 5 I/min) under meteorological condition of
Baghdad from November 2014 to January 2015.

The results indicated that the performance of the IX-SAHP is not dependent on the
heating water flow rate. On the contrary of heating water flow rate, cooling water flow rate has
significant effect on the thermal performance of the system. The COP of the heat pump system
is decreased with increasing cooling water flow rate. The collector heat gain increase with
increasing the solar radiation and ambient temperature, this leads to increase in COP from 2.2
to 2.39 as the ambient temperature and solar radiation increase from 9.9°C and 268 W/m? to
14.9 °C and 689 W/m? respectively.

Key words: heat pump, indirect expansion, solar assisted heat pump.
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1. INTRODUCTION

Heat pump systems are heat-generating devices that can be used to heat water to be used in
either domestic hot water or space heating applications. The coefficients of performance (COP)
of HP systems depend on many factors, such as the temperature of low-energy source, the
temperature of delivered useful heat, the working medium used, the characteristics of
components of HP systems, etc. Among the above mentioned, the temperature of the
evaporator is a key factor Kara, et al., 2008.To increase the evaporating temperature,
combination of solar collector and heat pump could be used to ease many of the cons of either
Solar Domestic Water Heaters (SDWHSs) and Heat Pump systems operating independently.
There are two main types of heat pump assisted solar systems that have been studied in the
past; these are Direct and Indirect Expansion Solar Assisted Heat Pumps.
In a ‘direct” (or direct-expansion, DX) system, heat pump refrigerant is directly circulated
through a solar collector that acts as the system’s evaporator. Solar energy absorbed in the
collector/evaporator is transferred to the load via the heat pump’s condenser.
For IX-SAHP systems, there are many possible system configurations. Unlike the DX-SAHP
systems, the solar collector does not act as the evaporator for the heat pump, but rather the heat
pump is integrated into the design as a closed unit.
During operation, solar and ambient energy absorbed by the solar collectors is transported by
the water to a heat exchanger that acts as the evaporator for the heat pump. Low pressure
refrigerant circulating through heat exchanger/evaporator absorbs the heat input, vaporizes and
superheats. The superheated vapour is then compressed to a high pressure by an electrically
driven compressor where it flows into another heat exchanger that acts as the heat pump
condenser.
The use of solar assisted heat pump (SAHP) increased as the commercial solar collectors
entered into the market. Several researchers have developed and tested various SAHP models.
Freeman, et al., 1978. investigated theoretically a combined solar heat pump system for
residential space, and domestic water heating using the TRNSYS simulation software. They
investigated three combined solar heat pump systems; parallel, series and dual.
These systems were compared with the results of a conventional solar space heating system,
and a conventional heat pump space heating system. The annual COPs for the parallel, dual
source, series and conventional heat pump systems were found to be 2.0, 2.5, 2.8 and 2.1
respectively. Morgan, 1981. studied theoretically and experimentally the performance of a
series direct configuration heat pump system for water heating. Throughout the test, Morgan
found average COP values ranging between 2.5 and 3.5. Chaturvedi, and Shen, 1984.
investigated the steady state performance of a direct expansion SAHP for water heating
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experimentally, the evaporator of the heat pump was a bare plate collector. The experimental
results showed that high collector efficiencies of between 40 — 70% were feasible with bare
collectors operating under ambient winter conditions in northern America. COPs for the system
ranged from 2 to 3, which were 30 —50% higher than the heat pump operating in fan mode.
Morrison, 1994. investigated experimentally the performance of heat pump water heaters with
solar boosted evaporators, and compared the results with a TRNSYS model simulating the
annual performance. He proposed an integral system called an integral direct expansion solar
assisted heat pump (IDX-SAHP), in which the evaporator and condenser were coupled with the
storage tank, which needed to be installed outdoors. The results showed good agreement
between the model and experimental results, and showed a relatively constant COP and energy
savings throughout the year. Kuang, et al., 2002. experimentally investigated a solar heating
system with a water source heat pump. It is concluded that the thermal storage tank is an
important component in solar heating systems, which can modulate the mismatch between solar
radiation and the heating load. Li, et al., 2007. investigated DX-SAHP using DXSAHP with
constant speed rotary compressor, immerse condenser coil, aluminum plate
collector/evaporator. The coefficient of performance of the "DX-SAHPWH" system can be up
to 6.61 during daytime and 3.11 at a rainy night. The seasonal average value of the COP and
the collector efficiency can be reached to 5.25 and 1.08, respectively. Bridgeman, and
Harrison, 2008. produced a prototype of an IX-SAHP system based on the system modeled in
TRNSYS by Freeman, 1997. to validate the simulation findings. Constant source temperature
tests were performed by them in order to compare to the simulation results obtained from the
TRNSYS model by Freeman, 1997. It was found that the TRNSYS model over predicted the
COP of the heat pump due to over prediction of the effectiveness of the two heat exchangers.
Once this was corrected in the TRNSYS model, the compressor power consumption and COP
were within approximately 3% of the experimental results.

In the current study the thermal performance of indirect expansion solar assisted heat pump,
IX-SAHP, was investigated experimentally under Iragi climate. An Indirect-Solar Assisted
Heat Pump system was designed, built, instrumented and tested. Experimental tests were
conducted by varying the controlling parameters to investigate their effects on the thermal
performance of the IX-SAHP such as cooling water flow rate, heating water flow rate, ambient
temperature and solar radiation intensity. The investigation covered values of cooling water
flow rate of (2, 3, 4, 5 I/min) and heating water flow rate of (2, 3, 4, 5 I/min) under
meteorological condition of Baghdad from November 2014 to January 2015.

2. MATHEMATICAL MODEL

The mathematical modeling of the proposed IX-SAHP system to predict the thermodynamic
performance is simplified based on the following general assumptions: i. Quasi-steady state
conditions are approximated within the chosen time interval. ii. Pressure drop and heat loss in
the connecting pipes are neglected. iii. Frictional losses in the evaporator and the condenser are
negligible. iv. A good thermal insulation over the refrigerant loop is assumed, i.e. thermal loss
to the surroundings is neglected. v. Kinetic and potential energy changes are assumed to be
insignificant. vi. The refrigerant undergoing polytrophic compression with a constant
polytrophic index (n). vii. Isenthalpic expansion process is considered.

2.1. Compressor
The various equations are expressed as follows from Stoecker, and Jones, 1982.
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Piston Displacement per cylinder (V,) is calculated as:

nD? L
Vd: 4

(1)

Where (D) is the pore of the cylinder (m), (L) is the stroke of the cylinder (m).
Volumetric efficiency of compressor (n,,) is calculated as:

n,,=1+C—c(p—?)% @)

pi

where C is the clearance volume ratio and obtainable from the manufacturer’s data.
Mass flow rate of the refrigerant through the compressor (1,.) is expressed as:

m. = Vd N My
r 60 V;
where N is the speed of the compressor (rpm).
And finally the compressor work (W,,m;) can be calculated as:

Wy = 2222 (2) (257 1] @

n n-1 (41

(3)

2.2. Water Cooled Condenser

Refrigerant releases heat to the water in the condenser, and becomes saturated or sub-cooled,
cold water is also supplied to the condenser and hot water flows out to maintain the water
temperatures and allows for more hot water production.

The heat rejected by the refrigerant is given as:

Qr = mr(hr,i - hr,o) )
The heat absorbed by the water is given as:
Qw = mwcp,w (Tw,o - Tw,i) (6)

Assuming negligible heat loss from the water tank to the ambient, the heat transfer from the
refrigerant to the water should be balanced as follows:

mr(hr,i - hr,o) = mwcp,w (Tw,o - Tw,i) (7)

The heat released by the condenser can also be written as:

Qcona = € Cmin(Th,i - Tc,i) (8)
where Tj,; is the inlet temperature of the hot fluid and T, ;is the inlet temperature of the cold
fluid. In present study, T} ; refers to the temperature of superheated refrigerant and T ; refers to
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the temperature of feed water. In the equation, effectiveness-NTU method is used to determine
the effectiveness of the condenser. Effectiveness, ¢, is the ratio of actual heat transfer rate of a

heat exchanger to the maximum possible heat transfer rate. € can be express as follow
(Incropera, F.P., and DeWitt, D.P., 2002):

actual heat transfer _ Qcond,evap

" maximum possible heat transfer - Qmax(cond,evap)

€)

To determine the maximum possible heat transfer rate in a heat exchanger, we first recognize
that the maximum temperature difference in a heat exchanger is the difference between the inlet
temperatures of the hot and cold fluids. That is,

ATpgy = (Th,i - Tc,i) (10)

The maximum heat transfer in a heat exchanger will get if (1) the temperature of the cold fluid
is raised to the inlet temperature of the hot fluid or (2) the temperature of the hot fluid is
lowered to the inlet temperature of the cold fluid. These two limiting conditions will not be
reached simultaneously only in the case of matching the heat capacities of the fluids (i.e. C, =
Cr). When C. # Cp, which is usually the case, the fluid with the smaller heat capacity rate
will experience a larger temperature change, and thus it will be the first to experience the
maximum temperature, at which point the heat transfer will come to a halt. Therefore, the
maximum heat transfer rate is:

Qmax=Cmin(Th,i - Tc,i) (11)

where C iy is the smaller of ¢, = m,C,, and C, = m.C,. .
To calculate the effectiveness of the heat exchanger in the two phase region, we note that with a

phase change processzm—"” = 0. Thus for the water condenser, the effectiveness is given as
follows:

UA

e=1-— e_ ‘min (12)

where 245 is called the number of transfer units NTU .

Cmin

2.3. Expansion Valve
An isenthalpic expansion process is assumed for the thermostatic expansion valve as there is no
heat or work input or output, given as:

hr,i = hr,o (13)
2.4 Evaporator

The heat transferred through the evaporator was determined by calculating the increasing in the
refrigerant enthalpy and the energy reject from the water as seen below:
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Qevap = mwcpw(Tw,i - Tw,o) (14)

Qevap = mr(hr,o - hr,i) (15)
where T,,; and T,, , correspond to the inlet and outlet temperatures of water in the evaporator,
and h, , and h,.; are the enthalpies of the refrigerant at the outlet and inlet on the refrigerant
side of the evaporator.

2.5 Evacuated Tube Solar Collector

The heat transfer in this collector is driven purely by natural circulation of water through the
single-ended tubes. Water in the tubes is heated by solar radiation, rises to the storage tank and
is replaced by colder water from the tank.

The heat rate gained by the water is given by:

Q= mcp,w(To - Ti) (16)

The collector efficiency can be defined as the useful heat output from the collector to the input
solar irradiation (G) received on the surface of the collector, and is:

_ mcp,w(To B Ti)
A G

(17)

1. EXPERIMENTAL APPARATUS AND METHOD

A schematic diagram of the system is shown in Fig.1, depicts the main components of the IX-
SAHP setup which consists of three different process fluid loops; the collector loop, heat pump
loop, and cooling tower loop. The collector loop consists of evacuated tube solar collector,
circulating water pump and heat exchanger. The evacuated tube solar collector consists of (20)
evacuated tube made of borosilicate glass 180 cm-long evacuated tube providing hot water to a
(112 liter) horizontal storage tank. A centrifugal pump with 27 I/min and (25 m) head was used
to circulate the water in the collector loop. It is fixed between the solar collector and the heat
exchanger (Evaporator), the final component in the charge loop was a heat exchanger, which
was used to transfer energy from water to the refrigerant.

The heat pump loop was connected in series between the collector loop and the cooling tower
loop and used R-12 as the working fluid. Heat was transferred between the loops with the use
of two heat exchangers. The other two fundamental components of the heat pump loop were a
semi hermetically sealed reciprocating compressor, and a thermostatic expansion valve which
throttled the flow and maintained a constant superheat temperature exiting the evaporator. The
high pressure side of the heat pump was constructed using 3/8" refrigeration grade copper tube,
and the low side was constructed using 5/8” copper tube. The heat pump loop prior to being
fully installed is displayed in Fig.2.

The evaporator consists of a copper coil with 15m length and 3/8" outer diameter immersed in
a tank of water of (37cm diameter, and 50cm height) with a capacity of 53 liters. The
evaporator bent into a spiral coil filling the whole height of the galvanized steel tank to
maximize heat exchange. The condenser is a shell and tube of eight tubes with two passes heat
exchanger, the cold water flows inside the copper tubes and the refrigerant passes around the
tubes. The characteristics of solar collector, evaporator and the condenser are given in Tablel.
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Cooling Tower loop consists of a cross- flow water type cooling tower, heat exchanger
(condenser) which was discussed above and a circulating water pump. Cooling tower is used to
cool water that used to condense the refrigerant.

In order to determine the performance of the prototype under various conditions, the apparatus
was equipped with the necessary instrumentation.

Many measuring devices were used to sense the variation of cooling water temperatures & flow
rate, heating water temperatures & flow rate, refrigerant temperatures, low and high pressures
along the heat pump , electrical voltage & current, air temperatures and Solar radiation
intensity. A schematic diagram of the apparatus is shown in Fig.3, demonstrating the
positioning of the instrumentation within the prototype. Table 2 lists the instrumentation used
in the experiment.

Two types of tests were conducted: constant water flow rate in the condenser, and constant
water flow rate in the solar collector.

Condenser constant water flow rate tests were for 4 I/min and for four different flow rates of
water in solar collector namely: 2, 3, 4 and 5 I/min.

Solar collector constant water flow rates tests were also for 4 1/min and for four different flow
rates of water in the condenser namely: 2, 3, 4 and 5 I/min.

4. EXPERIMENTAL PROCEDURE

The evaporator heat transfer rate was calculated for both heat lost from the water, and the heat
gained by the refrigerant. The heat lost by the water was calculated as:

Qe = my, Cp ,w(TS —Te) (18)

where m,, is the water flow rate, c, ,, is the heat capacity of water, Ts and T, are the inlet and

outlet evaporator water temperatures.
The condenser heat transfer rate was calculated as:

Q. =m,, Cp ,W(T8 -T;) (19)
where T, and Tg are the inlet and outlet condenser water temperatures.

The heat transferred through the evaporator and the condenser can be evaluated as the energy
gained by the refrigerant such that:

Qc =, (hy — h3) (20)
Qe =m, (hy — hy) (21)
where m,. is the refrigerant flow rate of the, and h;through h, represent the enthalpies at the

corresponding points throughout the heat pump loop.
The heat pump COP is determined as:

Qc

comp

COP =

(22)
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where Q. is calculated based on the energy rejected from the refrigerant, and Wy, is the
compressor work measured by power meter.

5. RESULTS AND DISCUSSION
5.1 The Effect of Collector Loop Water Flow Rate

The testing on the effect of collector loop water flow on the performance of the heat pump
system was carried out under four flow rates (2, 3, 4 and 5 I/min), these tests were run at
constant water flow rate at the condenser at 4 I/min.

It is shown that the effect of different collector loop flow rates on the discharge temperature
and collector useful heat gain in Fig.4 to Fig.7, belong the inlet temperature, it wasn’t constant
but it is decreased with time as it is shown because it depends on the supplier (evaporator). The
outlet temperature is affected by the amount of mass flow rate, where the outlet temperature
decreases with increasing the water flow rate. This is due to the solar heat that is delivered to
the tank which is almost the same for all the cases and then from the tank to the load, in case of
high flow rate, the heat which is collected in the tank by thermosyphon will get out by the
withdrawal water as much as possible the other flow rates, and make up water will come in the
tank to balance the heat in the tank, so it will not let the tank temperature rise up higher. (In
case the collector working with same solar radiation and ambient conditions, whenever the flow
rate is reduced the outlet temperature will rise up and vice versa).

On the other hand the inlet temperature wasn’t constant, so the water temperature difference
(Tw,out — Tw in) Will decrease as the collector water flow rate increase, while the useful heat
gain from the collector is increased slightly with increasing in water flow rate because the
increasing in flow rate overcome the decreasing in water temperature difference.

As the solar collector is coupled directly with the evaporator, any increase in collector heat gain
will lead to increase in evaporator heat transfer rate. Due to a small increase in the collector
heat gain as the flow rate increases from 2l/min to 5 I/min and due to the losses from the pipes
and the evaporator tank with the environment, the increase in the evaporator heat transfer rate is
very little, as the evaporator heat transfer rate increases from 1.61 kW at n =2 I/min to 1.69
kW at . =5 I/min, so the condenser heat transfer rate and COP are not significantly affected,
this behavior was also mentioned by (Bridgeman et al, 2008).

The COP’s for all four tests are shown in Fig.8, from this figure it is seen that the COP’s
throughout the tests were essentially equal. The COP=2.07 at . =2 I/min and equal to 2.104 at
m =5 |I/min.

5.2. The Effect of Condenser Water Flow Rate.

It is shown that the effect of different condenser water flow rate on the condenser water outlet
and inlet temperatures, and the condenser heat transfer rate in Fig.9 to Fig.12.

Belong the condenser inlet temperature, it is relatively constant (varies slightly +2 °C) with
time because it was supplied by the cooling tower. The outlet temperature is affected strongly
by the mass flow rate, the condenser outlet water temperature decreases with increasing the
water flow rate and vice versa. It is seen that the condenser heat transfer rate of the heat pump
system decreased with increasing condenser water flow rate due to the increases in water flow
rate will result in decreasing the temperature difference of the water, where the condenser heat
transfer rate decreased from 2.18kW at mn =2 I/min to 1.87 kW at mn =5 I/min, therefore the

152



(@TH) Number 11 Volume 21 November - 2015 Journal of Engineering

evaporator heat transfer rate will also decrease with increasing condenser water flow rate. As a
result of this the COP of the system decreased with increasing condenser water flow rate. The
COP dropped smoothly as the condenser water flow increased from 2l/min to 3 I/min, and then
the drop tended to be continue as the condenser water flow increased from 31/ min to 5 I/min as
shown in Fig.13. This behavior was also mentioned by (Hongbing Chen et al, 2011). The
COP was decreased from 2.27 at mn =2 I/min to 2.0 at i =5 I/min.

5.3. Effect of Solar Radiation and Ambient Temperature.

Fig.14 to Fig.20 describe the effect of solar radiation and ambient temperature on the collector
heat gain, condenser and evaporator heat transfer rate and COP of the system respectively.
These tests where run under the meteorological condition of Baghdad on 20™ of January 2015,
the collector and condenser water flow rates were kept constant at 4 I/m through the tests.
Fig.14 and Fig.15 show that the solar water heater gain increased with increasing in solar
radiation and ambient temperature, the heat gain is increased from 1.56 kW at 9.9°C and 268
W/m? to 1.68 kW at 14.9 °C and 689 W/m?,

As previously discussed any increase in solar water heater gain will lead to increase in
evaporator heat transfer rate due to the increase of evaporating temperature, so the evaporator
heat transfer rate increase from 1.69 kW to 1.75 kW as the ambient temperature and solar
radiation increase from 9.9°C and 268 W/m? to 14.9 °C and 689 W/m? respectively.

The condenser heat transfer rate was also increased from 2.14 kW at 9.9°C and 268 W/m? to
2.27 kKW at 14.9 °C and 689 W/m? as shown in Fig.19, this leads to increase in COP from 2.2 to
2.39 as the ambient temperature and solar radiation increase from 9.9°C and 268 W/m? to 14.9
°C and 689 W/m? respectively as shown in Fig.19 and Fig.20.

6. CONCLUSIONS

The thermal performance of an indirect expansion solar assisted heat pump was investigated

experimentally. It is represented by the evaporator and condenser heat transfer rates and the

coefficient of performance COP.

1. The COPs calculated for different collector loop flow rates were essentially the same,
meaning that the flow rate should be selected based on the optimum flow rate for the
collector.

2. Condenser water flow rate has a significant effect on the thermal performance of the system.
The COP of the heat pump system decreased with increasing condenser water flow rate. The
COP dropped from 2.27 to 2.0, as the condenser water flow rate increasing from 2 I/min to 5
I/min.

3. The collector heat gain increases with increasing in solar radiation and ambient temperature,
this leads to increase in evaporator heat transfer. The evaporator heat transfer rate is
increased from 1.69 kW to 1.75 kW as the ambient temperature and solar radiation increase
from 9.9°C and 268 W/m? to 14.9 °C and 689 W/m? respectively. The condenser heat
transfer rate is increased from 2.14 kW at 9.9°C and 268 W/m? to 2.27 kW at 14.9 °C and
689 W/m?, this leads to increase in COP from 2.2 to 2.39 as the ambient temperature and
solar radiation increase from 9.9°C and 268 W/m? to 14.9 °C and 689 W/m? respectively.
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NOMENCLATURE
A area (m?)
Co specific heat at constant pressure (kJ/kg °C)
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Stroke of compressor

Bore of compressor
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Overall heat transfer coefficient
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V) Specific volume

n Efficiency [(C—
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(kJ/kg)
(W/m?)
(kg/hr)
(----)
(Pa)
(Watt)
(°C)
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(m)
(m)
(rpm)
(w/m?°C)

COP Coefficient of performance

HP Heat Pump

HPWHSs Heat Pump Water heating system

WHs Water heating systems

SAHP Solar Assisted Heat Pump
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Tablel. Characteristics of Solar collector, Evaporator and the Condenser.

Name Remarks

[Length (nominal) 176cm /180cm
Outer tube diameter [5.8cm
Inner tube diameter  |4.4cm

Solar Collector Glass thickness 0.16cm
Thermal expansion  [3.3x10° °C
[Material [Borosilicate Glass 3.
Absorptive Coating  |Graded Al-N/Al
Absorptance >92% (AML1.5)
Emittance <8% (80°C)
Vacuum P<5x10™ Pa
Stagnation Temperaturf>200°C
|Heat Loss <0.8W/(m*.K)
[Maximum Strength  [0.8 MPa

Condenser shell and tube with eight two passes tubes

copper coil with 15m length and 3/8" outer
Evaporator diameter immersed in a tank of water of
(37cm diameter, and 50cm height)

with a capacity of 53 liters

Table2. List of instrumentation used.

Part Device and Specification
T1-Tg Thermocouple (T-type)
P1,P2 Bourdon Tube pressure gauge
F2,F3 Flow meter (rotameter)
wW Digital power meter model DW-6163
P Kipp and Zonen class one pyranometer
model CMP22
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ABSTRACT

This research was conducted to study the feasibility of using fruit peels as biosorbent
for removal of Pb*?, Cu*? and Zn*? ions from simulated wastewater. A waste biomass of
Pomegranate Peel or Punicagranatum L. (P. granatum L.) was chosen as neutral
biosorbent in this study.Fourier transformation infrared (FTIR) was used to characterize
the surface of PGP, the results confirm that amino, carboxylic, hydroxyl and carbonyl
group on the surface of PGP. Different parameters such as initial concentration range
between (25-200) mg/L, pH (3-7), contact time (1-2) hour, amount of sorbent (0.1- 4)
gm, agitation speed range (200- 500) rpm and temperature (25- 50°C), influencing the
sorptive process were examined. Sorption equilibrium isotherm and kinetic data fit well
by the Langmuir isotherm and the pseudo-second-order kinetic model, respectively.
Sorption processes were spontaneous and exothermic in nature according to the
thermodynamic results and the equilibrium was attained within 60 minute. The amount of
sorbed metal ions was calculated as 9.9, 9.5 and 7.75 mg/g dry PGP for Pb*?, Cu*? and
Zn*?ions, respectively, at pH 5; temperature 25°C; contact time 1hr and 4 gm of peels.

Keywords: heavy metals;wastewater; sorption; PGP; Kinetics.
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1. INTRODUCTION

As a result of industrial activities and technological development, the amount of heavy
metal ions discharged into streams and rivers by industrial and municipal wastewater
have been increasing incessantly. Heavy metals are member of a loosely-defined subset
of elements that exhibit metallic properties, which mainly includes the transition metals,
some metalloids, lanthanides, and actinides. Heavy metals such as copper, lead and zinc
are main toxic pollutants in industrial wastewater, and they also become major surface
and ground water contaminants. Heavy metals are discharged by various industries such
as metal purification, metal finishing, chemical manufacturing, mining operations,
smelting, battery manufacturing, and electroplating, Issabayeva et al., 2010. Removal of
heavy metals from industrial wastewater is of primary importance because they are not
only causing contamination of water bodies and are also toxic to many life forms. During
the last years, increasing attention has been focused on the separation, pre- concentration
and/ or determination of the trace heavy metal ions in the environment. The removal of
these hazardous materials may be performed using various techniques, including
chemical precipitation, electro coagulation, solvent extraction, ion exchange, membrane
filtration, adsorption, and flotation separation processes. Of these, adsorption has proved
to be an effective technique, but it may suffer from economic limitations owing to
difficulties encountered in separating sorbent from suspension in order to be regenerated,
Lu and Gibb, 2007. Therefore, attempts have been made to develop separation
techniques.In recent years, special attention has been focused on the use of natural
sorbents as an alternative to replace the conventional adsorbents, based on both the
environmental and economical points of view. Natural materials that are available in
large quantities, or certain waste products from industrial or agriculture operations, may
have potential as an inexpensive sorbents. Due to their low cost, when these materials are
at the end of their lifetime, they can be disposed without expensive regeneration. The
abundance and availability of agricultural by- products make them good source of raw
materials for natural sorbents, Hanan et al., 2010.Although the adsorption of heavy
metals by activated carbon is another powerful technology; its high cost has prevented its
application at least in developing countries. Alternatively, some low cost biomass, such
as rice husk, coconut shell, hazelnut shell, walnut shell, cotton seed hull, Bagasse pitch,
tea factory waste, etc., Sudet et al., 2008;Wasewaret et al., 2008, are being paid more
attention to recently.

Those biomass seem to be viable option for heavy metal removal because of their
economic and eco-friendly traits due to natural chemical composition, availability in
abundance, low cost, high efficiency of heavy metals removal from diluted solutions,
regeneration of the bio-adsorbent, and the possibility of metal recovery, Altun et al.,
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2007. In this paper, Pb*?, Cu* and Zn*? ions were chosen as a model pollutant in
simulated waste water to carry out an investigation on pomegranate peel sorption action.
In order to understand the nature of the sorption, equilibrium isotherms, kinetic data, and
thermodynamic parameters have been evaluated.

2. EXPERIMENTAL

2.1 Materials

Analytical grade reagents were used in experimental studies. Copper Sulfate pent
hydrated (CuSQO4.5H,0), Lead Nitrate (Pb (NOg3),) and Zinc Chloride (ZnCl,) from (E.
MERK, Denmark) were used for preparing synthetic solutions. The properties of metal
salts are given in Table 1.pH adjustments were carried out by using 0.1N HCI and 0.1N
NaOH. Pomegranate peel was used as a biosorbent for the removal of heavy metals.
Pomegranate peel was washed with tap water then distilled water, dried at 105°C for 24
hours in the oven to remove the moisture content until constant weight. The dried peel
was milled and sieved, and particles sizes 0.6 mm were selected for investigation in order
to obtain more homogenous particle size.

2.2 Apparatus

GBC933 plus Atomic Absorption Spectrometer AAS (GBC scientific equipment Pty
Ltd commenced operations in 1978) was used to measure concentrations of soluble
copper, zinc and lead. Batch experiments were carried out in Lap Mixer (Cole Parmer,
USA).wtw series ion lab pH-meter used for pH measurements.

2.3 Sorption Experiments

Batch sorption experiments have been carried out to find the optimum pH, contact time,
and equilibrium isotherms. 2 L flask was employed. The procedure involved filling the
flask with 1 L of heavy metal ions solution of (25 - 200) ppm. About (0.1-4) g of
adsorbent was added into flask, adsorbents and solution dumped into a flask and mixing
at (200-500) rpm mixer speed, the solution and adsorbents allowed for equilibrium in the
mixer. Experiments were carried out at initial pH values ranging from 3 to 7; suitable
aliquots were analyzed by Atomic Absorption Spectrometer (AAS).The percent removal
of sorptive (%) was calculated using Eqg. (1).

Removal % = % X 100 (1)
Where Cijand C¢(mg/ L) are initial and final concentrations of heavy metal ions.

2.4 Sorption Isotherms

Sorption isotherms are very important tools for the analysis of sorption process.
Establish the relationship between the equilibrium concentration and the amount of
adsorbate adsorbed by the unit mass of adsorbent at a constant temperature, Sevgi, 2007.
Langmuir and Freundlich isotherms models are widely used to investigate the sorption
process. The model parameters can be construed further, providing understanding on
sorption mechanism, surface properties and an affinity of the adsorbent, Pehlivan and
Altun, 2006.
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2.4.1 Langmuir isotherm model

The Langmuir adsorption model is valid for single-layer adsorption. It is based on the
assumption that maximum adsorption corresponds to a saturated monolayer of solute
molecules on the adsorbent surface, that the energy of adsorption is constant, and that
there is no transmigration of adsorbate in the plane of the surface, Lucas and Cocero,
2004. The Langmuir isotherm equation is:

de be

- (fz—bm (2)
The linear form of Eq. (2) is:
Ce_ 1 | Ce 3)

de bQo Qo

Where: g is the sorbed metal ions on the biomass (mg/g), gm is the maximum sorption
capacity for monolayer coverage (mg/g), b is the constant related to the affinity of the
binding site (L/mg), and C, is metal ions concentration in the solution at equilibrium (mg
/L).The Langmuir isotherm is used most frequently to describe the adsorption isotherm
which is limited by the assumptions of uniform energies of adsorption on the surface of
adsorbent.

2.4.2 Freundlich isotherm model

Freundlich equation is derived to model the multilayer sorption and for the sorption on
heterogeneous surfaces. The Freundlich isotherm theory says that the ratio of the amount
of solute adsorbed onto a given mass of sorbent to the concentration of the solute in the
solution is not constant at different concentrations, Zhihuiet et al., 2009. The equation
may be written as:

qe - KCel/n (4)

The linear form of Eq. (4) is:

logq, = logK + %logCe (5)
Where: Kis the constant indicative of the relative adsorption capacity of the adsorbent
(mg/g). 1/n is the constant indicative of the intensity of the adsorption. Both K and n are
constants, being indicative of the extent of adsorption and the degree of non-linearity

between solution and concentration, respectively. The linear Freundlich plots are
obtained by plotting log ge versus log C, from which the adsorption coefficients.
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2.5 Sorption Kinetics

The Kinetics describes the solute uptake rate which in turn controls the residence time of
sorbate uptake at the solid—solution interface. Therefore, it is important to be able to
predict the rate at which sorbate is removed from aqueous solutions in order to design
appropriate sorption treatment processes, Puraniket, et al., 2005.The sorption kinetics,
thus, constitute a major principle in the determination of the interest of sorption
processes. Two kinetic models such as the Lagergren-first order, pseudo-second-order
used to describe the biosorption kinetics. The Lagergren-first order kinetic model
equation, Lagergren, 1989, is:

In(Geq — q¢) = Inq, — kqt (6)

The Pseudo-second order reaction kinetic can be expressed as, Ho and Mckay, 1999:

iz(l +t) (7)

qt k2 ng deq

Where geq is the amount of metal sorbed at equilibrium (mg/g); q: is the amount of metal
sorbed at time t (mg/g); and K; is the equilibrium rate constant of pseudo first sorption
(1/min) and k; is the pseudo-second order rate constant (g/mg h).

2.6 Thermodynamic Study

The amounts of sorption of single metal ions by Pomegranate peel (PGP) were carried
out at temperatures of 25°C, 40 C and 50 C. Thermodynamic parameters were calculated
for the system by using the equation, Khanet, et al., 1995:

imka = (5) - (5) ®

Where Ky is the distribution coefficient; AH, AS, and T the enthalpy, entropy, and
temperature in Kelvin, respectively; R is the gas constant. Gibbs free energy (AG) was
calculated using the following equation, Colaket et al.,2009:

AG= AH* AST 9)

The thermodynamic parameters, Gibbs free energy change AG®, standard enthalpy
change AH°, and standard entropy change AS® used to understand the effect of
temperature on the biosorption, Hasanyet, et al.,2002.The Gibbs free energy indicates
the degree of spontaneity of the adsorption process, where more negative values reflect a
more energetically favorable adsorption process, Colaket et al.,2009.The decrease in the
value of the free energy with increase in temperature indicates that the biosorption
process is endothermic and it is thereby favored with increase in temperature. While the
increase in the value of the free energy with increase in temperature indicates that the
biosorption process is exothermic and it is thereby favored with decrease in temperature,
Hasanyet, et al.,2002.
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2.8 Modified of natural sorbent

In general, chemically modified agricultural waste peels exhibit higher biosorption
capacities than unmodified forms. Numerous chemicals have been used for modifications
which include mineral and organic acids, bases, oxidizing agent, organic compounds,
etc., agriculture peel or husk in its natural state contains a high proportion of cellulose,
hemicelluloses, lignin and mineral ash, Wan, et al., 2007, and this cellulosic surface will
becomes partially negatively charged when immersed in water and hence, produce
columbic interaction with cationic species in water, Laszlo, et al., 1994 and Baig et al.,
1999 studied on the binding of Pb*2, Cu*? Ni*3, Cd*%, zn*3 Crand Cr*%ions to the
inactivated biomass of Solanumelaeagnifolium and suggested that carboxyl groups (—
COOH) are responsible to some extent for the binding of metal ions. This means that
metal binding can be enhanced by increasing the number of carboxylate ligands in the
biomass. In this review, some of a fine powder of pomegranate peel was treated with
sodium hydroxide (0.1 M) to improve the biosorption capacities to copper, lead, and zinc
ions. 10 gm of dried PGP soaked in solution 50 mL NaOH (0.1 M) for 4 hr. by filtration,
the sodium hydroxide modified Pomegranate peel (MPGP) was washed with distilled
water until the pH value of the solution reached 7.0, and then dried. This (MPGP) is
tested in sorption stage.

3. RESULTS AND DISCUSSION

3.1 FTIR Result

In order to understand the possible biosorbent- metal ion interactions, it is essential to
identify the functional groups present on the biomass involved in this process. The main
effective binding sites can be identified by FTIR spectral comparison of the biosorbent,
copper (1) ions- loaded biosorbent, lead (I1) ions- loaded biosorbent, and zinc (1) ions-
loaded biosorbent. Biosorbent were examined using (SHIMADZO FTIR, 800 series
spectra- photometer).All samples were analyzed in the laboratory of 1bn Sina/ college of
science/ University of Baghdad.Three flasks of 250 ml were filled with 100 ml of each
metal solution 50 mg/L and 1gm of dried Pomegranate peel (PGP). The flasks were then
placed on a shaker and agitated continuously for 3hr at 200 rpm. Samples of each flask
were dried in oven at 50 C° for 48 hr., from Fig.1. The FTIR spectral indicates the
presence of amino, carboxylic, hydroxyl and carbonyl groups. Contribution of each
functional group in this process is summarized in Table 2. Pb*™ have greatest changes in
the peak values of bands than Zn*? and Cu*?, while Zn*? was the lowest one. It can be
concluded that functional groups of PGP biomass prefers Pb*? than other metals.

3.2 Effect of pH

The pH is an important factor affecting the removal of metal ions from aqueous
solutions. Dependence of metal sorption on pH is related to both the metal chemistry in
the solution and the ionization state of functional groups of the adsorbent which affects
the availability of binding sites, Heidari, et al., 2009. In order to evaluate the influence
of pH on sorption of the metal ions, the experiments were carried out in the pH range of
3-7 for Pb*?, Cu*® and Zn*? ions. The pH ranges were chosen as mentioned ranges in
order to avoid precipitation of metal ions in the form of metal hydroxides, initial metal
concentration 50 mg/L, adsorbent dose 4 g/L, at 25°C. The effect of pH on removal
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efficiencies is shown in Fig.2, the percentage sorption increases with increase in pH. The
minimum sorption was observed at low pH. This behavior may be due to the fact that the
presence of higher concentration and higher mobility of H* ions favored sorption
compared to M (1) on the other hand in the acidic medium due to high solubility and
ionization of metal ions. The surface of the adsorbent becomes more positively charged at
high H* concentration such that the attraction between adsorbents and metal cations is
reduced. In reverse with increase in pH the negatively charged surface area becomes
more thus facilitating greater metal removal and then at very high pH also the percentage
removal decreases, Onundiet, et al., 2010. The maximum sorption was observed within
the pH range 4 to 7 which might be due to partial hydrolysis of metal ions. Further
increase in pH i.e., above 7 of the solution causes precipitation of metal ions on the
surface of the adsorbent by nucleation. To achieve high extraction efficiency without
metal hydroxide precipitation, pH of 4.0 for Pb*? and pH of 5.0 for Cu*? and Zn**were
selected for subsequent experiments. Similar optimum pH value was also reported for
sorption of Cu*%ions by other natural materials, such as sunflower leaves used in the
investigation of Benaissa and Elouchdi, 2006, rubber leaves in the study carried out by
Ngah and Hanafiah, 2007, orange peel utilized in the study by Liang and Tian, 2010.

3.3 Effect of Contact Time

The removal of metal ions (Cu*?, Pb*?, and Zn*?ions) from aqueous solution was studied
as function of contact time in the time interval (0-120) min at 50 mg/L initial metal
concentrations, pH (4-5), 4g/L adsorbent, and room temperature. The effect of contact
time on removal of metal ions is shown in Fig. 3, it was observed that the rate of metal
ions removal was higher at the beginning until 60 min and, after that, the sorption rate
become practically very slow and after 120 min. it starts decreasing. The difference in the
degree of sorption may be due to the existence of greater number of sorbent sites
available for the sorption of metal ions. As the remaining vacant surface sites decreasing,
the sorption rate slowed down due to the formation of repulsive forces between the
metals on the solid surface and in the liquid phase, the same behavior was noticed by
Qassim, 2013. Based on these results 60 min was considered as the optimum time for the
rest of the experiments.

3.4 Effect of Pomegranate Peel Dose

The effect of sorbent dose on the removal of metal ions was studied using PGP
concentrations of 0.1-4 g/L by shaking 500 rpm with 50 mg/L of (Cu*?, Pb*? and Zn*?
ions) concentrations for 1 hr, at 25°C, and pH (4- 5). The results are shown in Fig.4. It
was found that the retention of metals increased with increasing amount of sorbent dose
up to 4 g/L this value was taken as the optimum amount for other trials. Sorption of metal
ions was increased as the sorbent amount increased. The results were expected because
for a fixed initial metal concentration, increasing adsorbent amount provides greater
surface area or sorption site, Heidariet et al., 2009. The removal efficiency of Pb*? is
higher than that of Cu*® and Zn*?. This may be due to the physical and chemical
properties of lead to be more favorable to be adsorbed than zinc and copper. This could
be explained on the basis of ionic radii. lonic radii of Pb, Cu, and Zn are 1.54, 1.45, and
1.42°A, respectively. Pb*? having higher ionic radii, therefore, the Pb*? ions will be
removed more efficient. Furthermore, the molecular weight of Pb*?, Cu*?, and Zn*? are
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331.2, 249.70, and 136.28 respectively. As the uptake related to the molecular weight of
metals and as the molecular weight increases the uptake rate increases and Pb*? having
higher molecular weight, Nawar, 2012.

3.5 Effect of Initial Metal Concentration

The initial concentration of Pb*?, Cu*?, and Zn*? ions provides an important driving
force to outweigh all mass transfer resistance of metal between the aqueous and solid
phases. Removal of these ions for various initial concentrations (25 to 200 mg/L) by PGP
dose (4g/L) at 60 min contact time and at pH (4-5) have depicted in the Fig.5. The
percentage removal of copper increased 9.8% to 79%, for lead 20.13% to 83.3%, and
4.43% to 68% for zinc, with decrease in initial concentration from 200mg/L to 25 mg/L.
According to Kumar et al., 2010, at lower metal ions concentration, the percentage
uptake was higher due to larger surface area of sorbent being available for sorption.
When the concentration of metal ions became higher, the percentage removal decreased
since the available sites for sorption became less due to saturation of sorption sites. At a
higher concentration of metal ions, the ratio of initial number of moles of metal ions to
the sorption sites available was higher, resulting in lower sorption percentage.

3.6 Effect of Temperature

In order to investigate the effect of temperature on metal sorption onto (PGP) in a single
component systems, experiments were carried out with initial concentrations of Pb*?,
Cu*?, and Zn*? ions of 50 mg/L at 60 min. contact time and 4 g/ L Pomegranate peel at
best pH for each metal, at temperature range (25, 40 and 50 C) and a constant stirring
speed of 500 rpm. The results are plotted in Fig.6 for copper, zinc and lead respectively.
From this figure it can be seen that sorption decrease with increasing temperature,
suggesting that the process is exothermic in nature. The removal efficiency of copper
decreased from 74% to 33.18%, zinc from 62% to 29.36%, and lead decreased from 76%
to 50.5% with increasing temperature from 25 to 50°C. The same behavior was noticed
by Mabrouk and Mourad, 2010 for Pb(Il) adsorption by Tunisian clay, Sha et al.,2010
for Cu (Il)adsorption by orange peel, Tushar and Dustin, 2011 for Zn (Il) adsorption by
natural Bentonite. The explanation of this behavior due to fewer active sites is available
on the surface of adsorbents or due to the mobility of metal ions in the solution increases
with increase in temperature, Liang et al., 2010.Table 3 summarizes the distribution
coefficients from a series of batch experiments at different temperatures.

3.6.1 Thermodynamic study

The amounts of sorption of Pb*?, Cu*?, and Zn*? ions by Pomegranate peel (PGP)
were carried out at temperatures of 25 C, 40'C and 50 C. The thermodynamic parameters
such as AG°, AH® and AS°®, describing lead, copper and zinc ions uptake by PGP, were
calculated using the thermodynamic equations described in section (2.6). The values of
enthalpy and entropy were obtained from the slope and intercept of InKy versus 1000/T
Fig. 7. The distribution coefficients and thermodynamic parameters (Gibbs free energy
change AG°, standard enthalpy change AH®, and standard entropy change AS°) for the
sorption of metal ions on Pomegranate peel (PGP) at different temperature are given in
Table 4. The negative values of AGat all studied temperatures indicated that sorption
process is spontaneous. The negative value of AH, indicating the exothermic nature of the
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process, which further explain the fact that sorption efficiency decreased with the
increase of temperature. The positive value of ASindicatesan increase in randomness at
the solid/solution interface during the biosorption of Pb*?, Cu*?, and Zn** ions
Pomegranate peels.

3.7 Sorption Isotherm Parameters

The calculated parameters of the Langmuir, Freundlich isotherms (section 2.4) for the
sorption of copper, lead and zinc onto P. granatum L. peels are listed in Table 5. The
Langmuir model described the sorption data slightly better than Freundlich model
depending on the value of correlation coefficients.

3.8 Sorption Kinetic Parameters

The Lagergren first-order, pseudo-second-order diffusion models have been applied for
the experimental data to analyze the sorption kinetics of Pb*?, Cu*? and Zn*? ions
(section 2.5). The slopes and intercept of In (ge-0;) versus t plot Fig. 8a were used to
determine the pseudo first order rate constants (ki) and ge, compiled in Table 6 along
with correlation coefficients (R?) values.A plot of t/qt versus Fig. 8b was used to
determine the pseudo-second-order rate, constantk, and gevalues from the slope and
intercept, Table 6. The values of correlation coefficient (R%) indicate a better fit of
pseudo- second- order model with the experimental data compared to pseudo- first- order
model. The values of g. calculated from the second order kinetic model agreed very well
with the experimental values, and the regression coefficients are over 0.956. Therefore,
the second-order model can be applied for Cu*?, Pb*? and Zn*?ions sorption process. The
first- order kinetic model was used for reversible reaction with an equilibrium being
established between liquid and solid phases. Whereas, the second order kinetic model
assumed that the rate limiting step may be chemical sorption, Yuaet et al., 2009.

3.9 Results of Modification PGP

In order to investigate the effect of treated sorbent on removal of Pb*?, Cu*? and
Zn*?ions; 1L of 50 mg/L (for each individual ions) metal solution was used. The
experiments were performed in pH range 4-5; the treated PGP 4 g; contact time 2hr and
stirred speed 500rpm. The effect of treated PGP on removal efficiency is shown in the
Fig. 9. An increase of percentage removal of lead, copper, and zinc ions were obtained
after modification of the sorbent, the removal percentage in raw material reached 78%,
76%, and 62%, whereas in treated material it reached 95.78%, 85.7%, and 70% for Pb,
Cu, and Zn, respectively. This could be attributed to impurities of treated adsorbents,
which could be removed by modification and more exchangeable surface area becoming
available, Hananet et al., 2010.

4. CONCLUSIONS
The following results have been obtained:
1. According to the experimental results, PGP seems to be an effective, low cost and
alternative adsorbent precursor for the removal of heavy metal ions from aqueous
solutions.
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The equilibrium isotherm data showed that pH value plays an important factor in
the sorption efficiency. The best pH values for removal were (4- 5) for copper,
zinc and lead.

The linear Langmuir and Freundlich isotherms were used to represent the
experimental data and the data could be relatively well interpreted by Langmuir
isotherms.

The sorption processes for copper (1), zinc (I1), and lead (11) ions are spontaneous
since the calculated standard Gibbs free energy values are all negative. The
negative values of AHsuggest that the nature of sorption is exothermic.

The experimental data showed that the sorption of three metals well fitted the
pseudo-second-order kinetic model.

An increase in the sorbent dosage (0.1- 4 gm) resulted in higher metal ions
removal efficiency and by increasing the sorbent dosage the contact time that
required to reach equilibrium decrease.

The results of FTIR analysis showed that Pb*® made a greater change in the
functional groups of PGP biomass revealed high affinity of PGP toward this
metal, the wave numbers of the amino and hydroxyl groups on the biosorbent
were changed after the biosorption of Cu*? Pb*? and Zn*? ions due to the
interaction between biosorbent and these metals.

The usability of P. granatum L. peels was also examined in the simulated
wastewater samples after treated with NaOH (0.1M). The results indicate that the
sorption yields for Cu*?, Pb*? and Zn*? ions are very high. The modification
enhanced the sorption efficiency by about (18%).
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Table 1.Properties of metal salts.
Propert Lead nitrate Copper sulfate Zinc chloride
perty Pb(NO5), CuS04.5H,0 ZnCl,
Molar mass g/mol 331.2 249.70 136.28
Atomic weight g/mol 207.2 63.546 65.208
Appearance White crystals Blue White crystals
Density g/cm® 453 2.284 2.907
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Figure 1. FTIR spectrums of PGP (black line) raw PGP, (blue line) Pb loaded PGP,
(green line) Cu loaded PGP, and (red line) Zn loaded PGP.
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Table 2.Function groups before and after PGP biomass loaded with Cu (1), Pb (11) and
Zn (1) ions in single systems.

Wave
number After After After
before Assignment groups sorption of | sorption of | sorption of
sorption cu?cm?® | Pb?cm? | zZn*?cm®
cm™
3406.00 Carboxylic, Amides, Amine 3429.43 3452.58 3406.29
3387.00 Carboxylic acid, Amides 3336.85 3387.00 3363.86
3066.82 Carboxylic acid, Hydroxyle, 3059.10 3059.10 | 3059.10
Alkenes
2927.94 Carboxylic acid 2924.09 2927.94 2927.94
1732.08 Carboxylic 1732.08 1735.93 1724.36
1627.92 Carboxylic, Hydroxyle, Alkanes 1627.92 1627.92 1624.06
1508.38 Carboxylic 1512.19 1508.33 1512.19
1365.60 Nitro groups 1365.60 1365.60 1365.60
1330.88 Nitro groups 1330.88 1330.88 1330.88
1234.44 Carboxylic acid 1234.44 1230.58 1234.44
1157.29 Carboxylic acid 1153.43 1157.29 1157.29
1041.56 Carboxylic acid 1049.28 1045.42 1042.13
875.86 Aromatic 879.54 865.39 887.28
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Figure 2. Effect of pH on the removal of Cu™, Pb*?, and Zn"ions using Pomegranate
peel (W=4 g/L; T=25 C;Ci= 50 mg/L; rpm =500).
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Figure 3. Effect of contact time on the removal of Cu*?, Pb*?, and Zn*?ions using

Pomegranate peel (W=4 g/L; pH 4-5; T=25"C;Ci= 50 mg/L; rpm =500).
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Figure 4: Effect of PGP dose on the removal of Cu*?, Pb*?, and Zn*%ions (pH 4-5;
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Figure 5.Effect of initial metal concentration on the removal of (a) Cu*?(b) Pb*(c) Zn*?ions
using Pomegranate peel (pH 4-5; W=4g/L; T=25 C; rpm=500).
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Figure 6. Effect of temperature on the removal of Pb*2, Cu*?, and Zn*?ions using PGP
(pH 4-5; W= 4g/L; rpm =500).
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Figure 7. Distribution coefficient versus 1000/T for (a) Cu*? (b) Pb*? (C) Zn*? ions.

Table 3.The distribution coefficients at different temperature.

Kqd 2
Metal 208K 313K 323K R
Copper (I 2.846154 0.860811 0.496558 0.994
Lead (1) 3.166667 1.34852 1.020202 0.978
Zinc (1) 1.631579 0.727116 0.415629 0.999

Table 4. The thermodynamic parameters for the sorption of Pb*2, Cu*?, and Zn*?ions on
Pomegranate peel (PGP).

AG(kJ/mol)
Metal AH (J/mol) AS(J/mol K) 598K 313K 323K
Copper -56.460 181.000 -53.995 -56.710 -60.330
Lead -37.014 114.900 -34.277 -36.001 -38.300
Zinc -43.582 142.086 -42.385 -44.517 -47.358

Table 5.Parameters of the Langmuir, Freundlich isotherms for the sorption of Pb*?, Cu*?,

and Zn*?ions onto P. granatum L. peels

Model | Parameters | Copper | Lead | Zinc Model | Parameters | Copper | Lead | Zinc

Om (Mg/g) | 25.925 | 28.969 | 19.175 qm (Mg/g) | 2.427 |2.339 | 1.824

Langmuir | /o) | 0.0424 | 0.0354 | 0.0370 | Freundlich |y 0.525 | 0.542 | 0.500
Eq. 2 Eq. 3

R 0.984 | 0.975 | 0.979 R? 0.967 |0.957 | 0.921
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Figure 8.(a) Pseudo-first-order (b) Pseudo-second-order for sorption of Cu*?, Pb*? and Zn*?
ions using PGP (pH 4-5; W= 4g/L; T=25C; rpm =500).

Table 6. Comparison of sorption rate constants, experimental and calculated g values for
the pseudo-first- and —second-order reaction kinetics for component systems.

q _ Pseudo-first-order Pseudo-second-order
eexperimental
Metal mglg Ky L/min ecalculated R kegimg. min Qecalculated R
mg/g mg/g
Copper 9.500 0.0550 5.841572 0.925 0.014233 | 9.803922 0.956
Lead 9.900 0.0500 5.11921 0.924 0.015783 | 10.10101 0.957
Zinc 7.750 0.0460 3.277235 0.957 0.0298 7.751938 0.984

0 10 20 30 40 50 60 70 80 90 100110120130
Time (min)

Figure 9. Effect of modification PGP on the removal of Cu*?, Pb*?, and Zn*%ions (pH 4-5; W=
4g/L; T=25"C; rpm =500)
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ABSTRACT

T he effect of Wood Flour addition to the gamma alumina powder used in the preparation of
gamma alumina (x-Al,O3) catalyst carrier extrudates on the pore volume and BET surface area
physical properties was investigated. Two parameters which are size of wood flour particles and
its quantity were studied. The sizes of wood flour particles used are 150 um, 212 um and 500
pm and the weight percentage added to the gamma alumina powder during the preparation of the
extrudates are (1%, 3%, 5% and 10%). The results showed that the addition of wood flour to the
gamma alumina powder in order to get gamma alumina extrudates used as catalyst carrier is one
of the successful methods to improve the pore volume and BET surface area of the alumina
extrudates. The size of wood flour particles and its quantity have main effect on the above
texture properties. The smaller the size of wood flour leaded to higher BET surface area, where
maximum BET surface area of 127.3 m?/g was got with addition 10% by weight wood flour of
150um particle size. BET surface area for the same addition percentage of 10% resulted to
114.5m%g and 105.2m%*g when adding wood flour of 212 um and 500 um particle sizes
respectively. The weight percentage of wood flour addition has an effect on the BET surface
area, where the 3% addition gives maximum BET surface area when the size of the wood flour
particles is 500 um. Regarding the pore volume property for the gamma alumina prepared
extrudates, the results showed that the pore volume of the extrudates increased to 0.83 cm®/g and
1.0 cm®/g when 10% wood flour of 150 pm and 500 pm particle sizes were added respectively.
The maximum BET surface area was reached when 10% wood flour of 150 um particle size was
added, and the maximum pore volume was reached when 10% wood flour of 500 pum particle
size was added, the increase percentage for the BET surface area and pore volume is more than
40% and 400% respectively.

Key words: pore volume, BET surface area, texture properties, gamma alumina extrudate.
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1. INTRODUCTION
Catalytic supports are low activity materials or totally inactive materials for most of the
reactions that supported catalysts will be used for it, Derouane, et al., 2001.The size and
number of pores determine the internal surface area. It is usually advantageous to have high
surface area (large number of small pores) to maximize the dispersion of catalytic
components. However, if the pore size is too small, diffusional resistance becomes a
problem, Antos, et al., 1995. Surface area, pore volume and pore volume distribution are
important properties among which strongly associated to the adsorption capacity .Large
surface area and high pore volume are widely used in chemical and gas separation, medicine
and catalyst while total surface area may supports the accessibility of active site relating to
the catalytic activity. In addition, value of surface area is proportional to the productivity of
the catalyst when adsorbent is used as catalyst support. This is because of the fact that it
provides larger area per unit mass of catalyst for the chemical reaction. Micropore volume on
the other hand determines adsorptive capacity and the frequency of regeneration of the
adsorbent required during adsorption —desorption cycles. Obviously, adsorbents having
larger micropore volume and surface area are preferred in purification and bulk separation
processes, Allwar, 2012 and Vyas, 2004. Chemical reaction speed is frequently enhanced at
a surface, particularly when materials like platinum are present. Thus an important use for
porous materials is as a substrate and media to promote chemical reactions.. However small
pores are not always easily accessed by some of the organic liquids in which these catalytic
reactions ideally take place, Webber, 2014.The textural properties of the alumina carrier
play a major role in governing the performance of alumina based heterogeneous catalysts.
The regulation of the pore size distribution in the support is of paramount importance in the
development of a promising catalyst, Kumar, et al., 2001. Alumina (Al,O3) is a porous
material and is extensively used as an adsorbent and catalyst support, the chemical properties
and the structure of alumina play an important role in the catalytic process. These properties
can be modified by the addition of impregnate, which has a profound effect on both the
reactivity and the selectivity of the surface in the catalytic reactions and that functions as an
adsorbent, Qadeer and lIkram, 2004. Catalysts are widely used in petroleum refinery
processes (such as: catalytic reforming, catalytic hydro isomerization, catalytic hydrotreating
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and other processes). These processes are usually carried out over bifunctional catalysts
which consist mainly of a metal phase (platinum, rhenium, iridium, and tin) dispersed on an
acidic support such as chlorinated alumina, sillca, and zeolites. Therefore, many types of
modified catalysts are used in industry to improve the process activity, selectivity and
catalyst stability, Adawiya, et al., 2012. Due to their wide potential applications in catalysis,
the preparation of ordered mesoporous alumina with high surface area and large pore volume
has attracted much attention, Baca, et al., 2007. One of the most important physical
properties of a catalyst is its specific surface area. The surface area of a porous catalyst, is
almost entirely composed of the surface of pores which are present in each catalyst particle.
The diameter of the pores may vary from a few to a few hundred Angstroms. The
accessibility of the surface to reactants depends on the relative proportion of pores of
different size, Rasmer and Hill, 1958. Pore volume is one of the factors affect the amounts
of catalyst cursors that can be introduced on the supports, Nielsen, 2006. Specific Surface
area is the most important physical characteristics in the catalyst, gas adsorption and
applying Brunauer-Emmet —Tailer (BET equation), is from the first techniques used in
specific surface measurements. This method was introduced since more 60 years and is still
used in catalyst characterization till now. The adsorption of the gas is achieved in very
modern automatic equipment and can analyze more than one sample at the same time, these
equipment can transfer the information to specific surface (BET) and porosity (pore volume
and pore volume distribution) measurements, Antos, et al., 1995. The steps used in the
gamma alumina extrudate manufacturing are; mixing, wetting, the mixture ; granule
molding; drying of the extrudate; calcination of the extrudate, Derouane, et al., 2001.

1. EXPERIMENTAL WORK

1.1 Materials:
Gamma alumina powder (Yuguang Special Ceramic Material Co., Ltd.) from China with
specifications as shown in Table 1; wood flour with different particle size (150 pum, 212
pm and 500 pum) ; distilled water, hydrochloric acid HCI (Riedel de Haen).

1.2 Equipment:
The experimental apparatus used in this study consisted of home electric mixer (used for
cake making) for stirring the gamma alumina powder and wood flour with water to make
the paste for alumina extrudate; stainless steel perforated mold for making the extrudate;
Muffle furnace (1200°C, Gallenkamp, made in England) for the drying and calcination
process of the alumina extrudate, Sieve shaker (Endecott sieve shaker); laboratory balance
(Sartorius 60 g, 0.01 mg readability).

1.3 Procedure:

1- 30 g of ¥-Al,O3 powder was taken as a base for all the pastes prepared with different
wood flour particle sizes and quantities.

2- Wood flour (fine wood sawdust) was taken from carpenter workshop and then sieved
analyzed to sizes of (150 um, 212 pm and 500 pm).

3- Thirteen samples were prepared from gamma alumina powder with the wood flour
particle size and addition percentage as shown in Table 2.

4- Distilled water containing 3% HCI (volumetric ratio) as peptizing agent was added to the
13 samples (mixtures of gamma alumina with wood flour in a weight ratio of 1.0-
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1.1:1(H,0:Al,03) for low wood flour addition percentage and around 2-
2.25:1(H,0:Al,03) for high wood flour addition percentage.

The above acidic water was added gradually during the mixing process with the electrical
paste mixer, mixing stay for a period of ten (10) minutes until plastic paste suitable for
making the alumina extrudates was obtained.

The paste was left for a period of thirty (30) minutes for aging.

The paste was rubbed against the apertures of perforated stainless steel plate with
thickness of 3 cm in order to get the extrudate of suitable size, Mukhlyonov, et al., 1976.
The perforated plate with the paste inside it was put in the furnace with temperature of
170 °C to dry the extrudate and let it easy to be out of the perforated stainless steel plate.
The alumina extrudate after be removed from the perforated stainless steel plate was put
in the furnace for a period of (1.5 h) to continue its drying while the temperature of the
furnace is 170 °C .

10- All the (13) samples of the dried prepared extrudates were calcined in the furnace for 4

hours and the temperature of calcination was 450 °C.

11- All the samples were analyzed for pore volume and BET surface area.

12-

1.4 Test Methods:

2.

BET Surface Area & Pore volume: These analysis were done in the Applied
Researches Office which belong to the Ministry of Science and Technology using Horiba
SA-9600 series of surface analyzers(USA made).

RESULTS AND DISCUSSION:

Fig. 1., shows some photos about the work details for this study. The results for the pore
volume and BET surface area for all the gamma alumina extrudates samples to which
wood flour was added (12 samples) and the sample of gamma alumina extrudate to which
no wood flour was added to it are shown in Table 3 (Total samples are 13 ). Fig.2 shows
the relationship between the weight percentages of wood flour added to the gamma
alumina powder and the pore volume of the produced gamma alumina extrudates for all
the particle sizes of wood flour used. The results show the optimum addition percentage
of wood flour of 1%, gives maximum increase (250%) of pore volume when the particle
size of wood flour is 150 pm and 212 pm while the size of 500 um wood flour leads to
increase of 200% in pore volume. For the addition percentage of wood flour in range of 1-
5%, the smaller size of wood flour of 150 um has higher pore volume than larger wood
flour particles because the number of particles will be higher when the size of wood flour
particles are smaller, while for particles added at percentage higher than 6% , the wood
flour of higher particle size (500 pum) will have higher pore volume and the increase will
be 500% in 10% addition of 500 um wood flour . Fig. 3 show the relationship between the
weight percentages of wood flour added to the gamma alumina powder and the BET
surface area of the produced gamma alumina extrudates for all the particle sizes of wood
flour used. When the percentage of addition of wood flour is small (less than 1%), The
particle size of wood flour added has almost no difference on the property of BET surface
area i.e all of the sizes have almost same rate of increasing BET surface area, the optimum
addition is 1% which gives of about 20% increase in BET surface area . For higher
percentage of wood flour added the wood flour of 150 pm particle size has higher BET
surface area, at 10% addition of 150 um leads to BET surface area increase of 40% . Figs.
4-7 show the relationship between the particle size of the wood flour added to the gamma
alumina powder and the pore volume of the produced gamma alumina extrudates for all
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4.

the particle sizes of wood flour used. Figs. 8-11 show the relationship between the particle

size of the wood flour added to the gamma alumina powder and the BET surface area of

the produced gamma alumina extrudates for all the particle sizes of wood flour used.

From the above figurs the results show that:

a. The pore volume of the prepared alumina extrudates was increased with addition of
wood flour particles to the gamma alumina, and the addition of 10% wood flour with
500 pm particle size leaded to maximum pore volume of 1.0 cm®g while the smaller
size of the wood flour particles of 150 um resulted to 0.83 cm*/g pore volume. For the
addition percentages of 3% and 5% the 150 um wood flour leaded to maximum pore
volume of values 0.69 cm*/g and 0.63 cm®/g respectively. While the 1% addition of
wood flour of 212 pm resulted to maximum pore volume of 0.72 cm®/g.

b. The BET surface area was almost higher when using 150 pum wood flour with all
addition percentages and the maximum reading of BET area (127.3 m?/g) was
produced when the addition percentage to wood flour added to gamma alumina
powder is 10%.

c. To get increase in both pore volume and BET surface area properties for the gamma
alumina extrudates using wood flour, wood flour size of 150 um should be added in
10% addition percentage.

CONCLUSIONS

The techniques of adding wood flour particles to the gamma alumina powder during the
stage of manufacturing the alumina extrudates is successful technique for improvement
of BET Area( Specific surface area) and the pore volume (porosity) of the gamma
alumina extrudate which can be used as catalyst carriers .

One should optimize between the pore volume and the BET surface area required, though
the general proportional relation between the pore volume and the BET surface area.

The BET surface area in our study was increased from a value of 89.5 m%g to a value of
127.3 m?/g (> 40%) when adding 10% by weight 150 pum particle size wood flour to the
gamma alumina powder, and the pore volume was increased from 0.2 cm®/g to 0.83
cm®/g for the same wood flour particle size of 150 pm and same addition percentage of
10%, while the addition of 10% of 500 pm particle size wood flour, leaded to 1 cm®/g
pore volume i.e. the increase for pore volume was more than 300% and 400% for adding
10% by weight wood flour of particle size 150 um and 212 pm respectively .

REFERENCES

> Allwar, A., 2012, Characteristics of Pore Structures and Surface Chemistry of Activated

Carbons by Physisorption, Ftir and Boehm Methods, IOSR Journal of Applied
Chemistry, Vol. 2, Issue 1,PP. 09-15.

» Antos ,George J., Aitani, Abdullah M., Parea, Jose M., 1995.

» Baca, M., Rochefoucauld, E., Ambroise, E., Krafft, J.M., Hajjar, R., Man, P., Carrier, X.

and Blanchard, J., 2008, Characterization of Mesoporous Alumina Prepared by Surface
Alumination of SBA-15, Microporous and Mesoporous Materials, vol. 110, PP. 232-241.

186



Number 11 Volume 21 November - 2015 Journal of Engineering

Derouane, V. P., Francisco, L., and Fernando, R. R., 2001, "Principles of Methods for
Accelerated Catalyst Design".

Haider,A. J., Sukkar, K., and Ahmed, D. S., 2012, Catalysts Regeneration Using Laser
Technique in Petroleum Industry, Eng. & Tech. Journal, vol. 31, No. 4, PP.715-722.

Kumar, M., Lal, B., Singh, A., Saxena, A. K., Dangwal, V. S., Sharma, L. D., and Dhar,
M., 2001, Control of Mesoporosity in Alumina, Indian Journal of Chemical Technology,
Vol. 8, May, PP.157-161.

Mukhlyonov,l. P.,Dobkina, E.l., Deryuzhkina, V.l., and Soroko, V.E., 1976,"Catalyst
Technology"”, MIR Publishers, Moscow.

Nielsen, J. Rostrup, 2006," 40 Years in Catalysis", Catalysis Today, vol.111, PP. 4-11.

Qadeer, R., and lkram, S., 2004, Cobalt Impregnated Alumina: Nitrogen Adsorption
Study at 77 K, Turk J. Chem, vol. 29, PP.101-106.

Ramser, J. H., and Hill, P.B., 1958, Physical Structure of Silica-Alumina Catalysts,
Industrial and Engineering Chemistry, vol. 50, No.1, PP.117-124.

Vyas, Raj K., Shasi, and Kumar, Surendra, 2004, Determination of Micropore Volume
and Surface Area of Zeolite Molecular Sieves by D-R and D-A Equations: A Comparative
Study, Indian Journal of Chemical Technology, Vol. 11, September, PP. 704-709.

Webber, J. Beau W., 2014, Accessible Catalyst Pore Volumes, for Water and Organic
Liquids, as Proped by NMR Cryoporometry, Diffusion- Fundamentals.org,
Vol.22,No.13,PP. 1-8.

Table 1 Properties of the gamma alumina powder.

NO. Property Description
1 Name High purity alumina powder
2 Type Gamma — Al,O3
3 Purity% 99.99
4 Particle size, pm 0.2
5 Loose density, g/cm® 0.16
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Table 2. Details of alumina extrudate samples prepared for this study.

2Nos. of Particle size for the wood Weight Percentage(%o) of wood
Sample flour used, um flour added

1 150 1

2 150 3

3 150 5

4 150 10

5 212 1

6 212 3

7 212 5

8 212 10

9 500 1

10 500 3

11 500 5

12 500 10

13 No wood flour used zero

Table 3. Results of the BET surface area and the pore volume for the prepared alumina extrudates.

No. of Pore Volume, cm®/g BET surface area, m“/g
Sample

1 0.71 107.5
2 0.69 104.9
3 0.63 104.4
4 0.83 127.3
5 0.72 105.9
6 0.53 98.9

7 0.6 103.5
8 0.63 114.5
9 0.63 103.2
10 0.62 105.2
11 0.6 102.2
12 1 104

13 0.2 89.5
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Figure. 1 Photos shows the details of equipment and work for this study.
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Relation of % Wood Flour Added with Pore Volume
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Figure 2. Relation of pore volume of alumina extrudates with % wood flour added.

Relation of BET Surface Area with % Wood Flour Added
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Figure 3. Relation of BET surface area of alumina extrudates with % wood flour added.
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Pore Volume of Alumina Extrudate when the Wood Flour Addition at 1%
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Figure 4. Pore volume of alumina extrudate when the wood flour addition at 1%.

Pore Volume of Alumina Extrudate When Wood Flour Addition at 3%
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Figure 5. Pore volume of alumina extrudate when the wood flour addition at 3%.
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Pore Volume of Alumia Extrudate When the Wood Flour Addition at 5%
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Figure 6. Pore volume of alumina extrudate when the wood flour addition at 5%.

Pore Volume of Alumina Extrudate When Wood Flour Addition at 10%
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Figure 7. Pore volume of alumina extrudate when the wood flour addition at10%.
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BET Surface Area of Alumina Extrudate when Wood Flour Addition 1%
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Figure 8. BET surface area of alumina extrudate when the wood flour addition at 1%.
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Figure 9. BET surface area of alumina extrudate when the wood flour addition at 3%.
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BET Surface Area of Alumina Extrudate when Wood Flour Addition 5%
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Figure 10. BET surface area of alumina extrudate when the wood flour addition at 5%.
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Figure 11. BET surface area of alumina extrudate when the wood flour addition at 10%.
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ABSTRACT

Wireless Multimedia Sensor Networks (WMSNSs) are a type of sensor network that
contains sensor nodes equipped with cameras, microphones; therefore the WMSNS are able to
produce multimedia data such as video and audio streams, still images, and scalar data from the
surrounding environment. Most multimedia applications typically produce huge volumes of data,
this leads to congestion. To address this challenge, This paper proposes Modify Spike Neural
Network control for Traffic Load Parameter with Exponential Weight of Priority Based
Rate Control algorithm (MSNTLP with EWBPRC). The Modify Spike Neural Network
controller (MSNC) can calculate the appropriate traffic load parameter p for each parent node
and then use in the EWPBRC algorithm to estimate the transmission rate of parent nodes and
then assign a suitable transmission rate for each child node. A comparative study between
(MSNTLP with EWBPRC) and fuzzy logic controller for traffic load parameter with
Exponential Weight of Priority Based Rate Control algorithm (FTLP with EWBPRC) algorithm
shows that the (MSNTLP with EWBPRC) is more efficient than (FTLP with EWBPRC)
algorithm in terms of packet loss, queue delay and throughput. Another comparative study
between (MSNTLP with EWBPRC) and EWBPRC with fixed traffic load parameter (i) shows
that the MSNTLP with EWBPRC is more efficient than EWBPRC with fixed traffic load
parameter (L) in terms of packet loss ratio and queue delay. A simulation process is developed
and tested using the network simulator _2 (NS2) in a computer having the following properties:
windows 7 (64-bit), core i7, RAM 8GB, hard 1TB.

Keywords: - wireless multimedia sensor network, congestion control, spike neural network,
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1. INTRODUCTION

Wireless sensor networks (WSNs) have drawn the interest of the research community
during the past years. This growing attention can be significantly attributed to new applications
enabled by large-scale networks. Small devices are able of collecting information from the
physical environment, performing the simple processing of the extracted data, and forwarded it
to a remote place. Most deployed wireless sensor networks measure scalar data, such as pressure,
temperature, humidity, or the place of objects. Generally, most of the applications, wireless
sensor network has low bandwidth requirements and are commonly delayed tolerant. Because
available cheap device like cameras and microphone that are capable to capture multimedia
content from the surrounding environment has strengthened the growth of Wireless Multimedia
Sensor Networks (WMSNs). A Wireless Multimedia Sensor Network (WMSN) is defined as a
network of wireless integrate device that able retrieval video, audio streams and still images
from the physical environment. WMSNs will also be capable to process, store in real-time, and
merge multimedia data that produce from different sources Thomas, et al., and 2010. There are
many different resource constraints in WMSNSs involve energy, data rate, buffer size, memory
and sensors processing ability due to the physically small size of the sensor and the natures of the
multimedia applications which generate large amounts of data, Si-Yeong Bae, et al., 2014. This
may cause congestion in the sensor nodes. Therefore, wireless multimedia sensor network will
not be able to ensure the demands of the quality of service (QoS). For this reason, it is necessary
to establish a traffic control mechanism to achieve a high level of throughput, the minimum
transmission delay and decrease number of retransmission to increase network lifetime,
Sukhchandan, 2014. According to the reason of the congestion occurs. There are two types of
congestion as shown in Fig. 1A and Fig.1B. The first type is Node —Level congestion It occurs
when the packet service rate is smaller than the packet arrival it causes buffer overflow in the
sensor node. This type of congestion can lead to increased queuing delay and packet loss. Packet
loss will increase retransmission and will increase consume energy. The second type is Link-
Level congestion it occurs when Wireless channels are participated by several nodes using
CSMA protocols (Carrier Sense Multiple Access). Collisions may happen when several active
sensor nodes try to use the channel simultaneously. Link level congestion leads to decreasing the
overall throughput, and waste energy at the sensor nodes because of increase packet service time
and decrease link utilization, Omid, et al., 2012.
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2. NETWORK MODEL

In Fig.2 a Wireless multimedia Sensor Network consists of four parents (node 1, node 2,
node 3 and node 4) sensor nodes, six child sensor node and one sink node. All these are
distributed in the area in a tree topology. There are some properties of this model as followed: -
All sensor nodes can generate rate randomly. All sensor nodes in the network model don’t have
the mobility. The sensor node has two jobs; nodes can generate data traffic, as well as route data
traffic originated by other nodes. In this network model all sensor nodes can generate various
classes of traffic such as real time (RET) multimedia stream (audio or video) or alarm data, this
type of traffic need to reach a human in real time, and also loss tolerant, i.e. video streams can
tolerate ascertain the level of distortion. The real time traffics need to have high throughput and
minimum delay time. Therefore should be assigned a high priority for it. And non -real time
traffic class can be classified into three class high priority non-real time traffic, medium priority
non-real time traffic and low priority non-real time traffic (NRET1, NRET2, and NRET3). In
this type of traffic the delay time is not important (delay tolerant) and needed low throughput.

TH_RET >TH NRETI > TH NRET2 > TH NRET3 (1)
DE RET <DE NRETI1 <DE NRET2 < DE_NRET3 (2)
Where TH represents throughput, DE represents delay time

For example multimedia sensor node 9 can be generated low non- real time traffic (NRET3)
only, multimedia sensor node5 can be generated two types of traffic (RET, NRET2) and
multimedia sensor node 8 can be generated four types of traffic (RET, NRET1, NRET2,
NRETS3). Each sensor node has a single path to forward data to the sink node. And each sensor
node should be send data traffic generated within the limited channel capacity of the network
channel.

The number of queues in wireless multimedia sensor network relies on an application demands,
but increasing number of traffic type lead to increase the number of demand queues furthermore,
the hardware demands should be increased also. In general the priority queue is widely used in
diverse application like operating system and real time system, In fact the priority queue
provides low delay time for high priority traffic type thus, the packet with high priority leaves
queue first with neglect the order of arrival

The queuing model of each node is shown in Fig.3. Each wireless multimedia sensor node has a
separate queue for each traffic type. And each multimedia sensor node inserts a traffic type
identifier for each local sensor packet to distinguish between traffic types. In actuality, the
identifier represents as traffic type for each packet. When a parent node received packets from
child node, the parent node will be sent these packets to appropriate queues based on identifier
type, this operation represent as processing already happened in classifier unit, then the priority
gueue scheduler has been provisioned to schedule the diverse traffic with different priority from
the priority queues.
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3. THE PROPOSED APPROCH BASED ON MODIFY SPIK NEURAL NETWORK

The proposed approach used Modified Spike Neural control for Traffic Load Parameter
(MSNTLP) in the parent node to obtain optimum value TLP (u) that use later with the EWBPRC
algorithm to estimate the transmission rate of parent nodes and then assign a suitable
transmission rate for each child node based on the traffic load parameter and priority of each
child node shown in Fig.4. The simple structure of the proposed controller in the parent nodes is
shown in Fig.5 Where Rg(t) is rate generating by parent node (n) at time t, Rg(t — 1) is rate
generating by parent node (n) at time (t-1) and E (t) is the difference between them. E (t) is
calculating be Eq. (3) and [ is the traffic load parameter.

E®=Rg(®)- Rg(t—1) ©)

The congestion control unit in the proposed (MSNTLP with EWBPRC) algorithm shown in
Fig.6 consists of three units:-

When Rg (t) enter to the CDU, the CDU is used to calculate error E (t) and then send this error
to MSNTLP to find the suitable TLP (4) value and then the Rate Adjustment Unit (RAU)
calculate a new rate for each node depend on the EWBPRC algorithm, TLP (p) value from
MSNTLP and source priority of each node. At the end the congestion notification unit (CNU)
uses implicit notification signal to indicate the new rate for all active nodes in the network.

The structure of the forward spike neural network with modified Spike-Prop training algorithm is
shown in Fig.7 is consisted of three layers, one neuron in the input layer (H), ten neurons in the
hidden layer (1) and one in the output layer (J). For each connection between each neuron consist
of four synapses as shown in Fig.8. The number of neurons in the hidden layer (1) and number of

synapses in each sub connection are selected by trial and error.

The feed forward phase in modified spike-pro training algorithm is beginning from encoded
processes. The real information E (t) is encoded with respect to time by using the equation of
encoded Eq (4), Yesim, et al, 2013.

f

th (REI-REmin) Tmax—Tmin) ) (4)

(REmax_REmin)

= Tmax — round( Tpyin +

Where t,’z is actual firing time for input layer, REI is real input , RE,,,, is the maximum
number of real information, RE,,;,, iS the minimum number of real information, T,,,, iS the
maximum time interval and T,,,;,, is the minimum time interval (measured in msec).

In general the input layer (H) represent as encoding layer and feed forward operation begins
from hidden layer (1) by checking each neuron (i) in hidden layer (1) at sequence, if neuron (i)
generate spike or not. If neuron (i) in hidden layer (1) generates a spike within a time interval the
algorithm of spike neural check the next neuron (i+1) in the hidden layer (I), but if the neuron (i)
of hidden layer (I) doesn’t generate a spike within a time interval, the algorithm should calculate
the member potential (internal state) m;(t) for each neuron (h) in the input layer (H) using

equation Eq (5) Yesim , et al, 2013. by depending on input spikes t,’: of input layer (1).
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my() = N ER=1 wii(R) et — £, —d) 5)

Where NH is Number of neurons in the input layer, D is the number of sub-synaptic, wx:(R)
symbolizes to weights of hidden layer connection for certain input R, d¥ symbolizes the delay
of the connection and e(t-— t,’z —d¥) represent as  response  function.
When member potential (internal state) exceeds the threshold value (9), then neuron generates a
spike during the time interval (t), else it will be reset in the next time (t+1).

After finishing check all neurons (i) in the hidden layer (1), the same operation of the algorithm
of spike neural applies on the neuron (j) in the output layer (J), but the time spike of neuron (i) in
hidden layer (1) represent as input to output layer (J), the member potential m;(t) is calculate be
Eq (6) Yesim, et al, 2013.

m;() = TN T2 wER) e(t — ¢ — d¥) (6)

Where NI is number of neuron in hidden layer, wg(R) symbolizes to weights of output layer
connection for certain input R and tlf is actual firing time for hidden layer.

After feed forward processing finished, the backward phase begins where the synaptic
weights of connection will be updated. Opposed to feed forward the back propagation begins
from output layer and return back to the hidden layer. The synapse weights of output layer will
be updated according to Eq. (7), Eq. (8), Eq. (9), Yesim, et al, 2013. and Eqg. (10).

9 . kv _ K 1
E(Yi)—yl' <— l) (7)

t—tlf—dK_ T
Where d/0t (y¥) =0 for t < tlf+d,(

Where y/ is Unweight contribution of single synaptic terminal.

5 = et (8)
TSN SR wER) 25

AwE(R) = 1.8y ©)
wlR+ 1) =wi(R) + Aw]} (R) (10)

Where §; is Delta function and 7 learning rate.

The synapse weights of hidden layer will be updated according to Eq. (11), Eq. (12), Yesim, et
al, 2013. and Eq. (13).
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N a
5 8 SR w (R 0

o 11
T SNE SR whRZ 0 ()

AW (R) =n. 6.y (12)
wK (R +1) = wk(R) + AWk (R) (13)

The spike pro training algorithm is repeated until the Root Mean Square Error (RMSE) is less
than the desired value of error. The learning rate n will be updated after the end of each epoch
according to the Eq. (14) Huijuan, et al. 2012.

A .n(epoch) if error(epoch + 1) < error(epoch)
n(epoch + 1) = { B.n(epoch) if error(epoch + 1) > C.error(epoch) (14)
n(epoch) if error(epoch + 1) = error(epoch)

Where A4, B and C are constant values.

Then coding processing is starting to convert the output encoding information to real information
(RE (t]f)) by deriving from Eq (4).

Tmax— t]f_Tmin)x(REmax_REmin)

(Tmax_Tmin)

RE(t]) = ( + REin (15)

4. RATE MANAGEMENT ALGORITHM

The transmission rate adjustment in the propose approach consists of three steps:-

Stepl: computing the new output transmission rate of sink node

The EWPBRC is used to estimate output transmission rate of sink node for the next
round Rgink,,, (E+ 1), where Ry . (1) is represented as the output transmission rate of

sink node at time (). Rginkcny (1) is represented as the total input rates of sink node at time (t),
which can be calculated by summation of all output transmission rate of the child nodes.

Rsinkout (t+1) = Rsinkin (t). (14) +A. Rsinkout (t)) (16)

Where A is a constant value within the range 0 <A < 1.
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Step 2: allocate new transmission rate for the child node

In WMSN will be supplied with various types of multimedia sensor node, and a multimedia
sensor node will be distributed at associated with geographical location according to the various
levels of importance.

In the proposed approach each multimedia sensor node has two types of priority class: traffic
class priority (Prg) and geographical location priority(Pg), which can be installed manually by
the network manager.

Let Prg, represent as traffic source priority which can be installed manually according to
service differentiation, Pjz can be calculate by the summation of all individual traffic source
priority in the source node (n), when a node (n) has highest traffic source priority therefore it
will be a high traffic class priority. And can be calculated by Eq (17), Young, et al. 2014.

Plr= X Prss (17)

Where s represents a traffic source class in the source node (n), therefore s should be [RET,
NRET1, NRET2 and NRET3].

According to the propose approach, transmission data based on geographical location and type of
traffic class therefor it will be put appropriate priority to geographical location, to calculate total
priority TP™ of multimedia sensor node (n) follow as Eq (18) Young, et al. 2014.

TP™ = p¢ . Piy (18)

GOP™ Represent as global priority of multimedia sensor node (n), can be calculated by following
Eq (19), Young, et al. 2014.

GOP™ = Yyec ) GOP + TP™ (19)
Where ¢ (n) is a group of child nodes of a node (n).

In fact the value of global priority is different between child sensor node and parent sensor node
because the global priority in child node equal to total priority only because the child node don’t
have any child node, for example node 6 don’t have any child node, the global priority of it is
equal to total priority only, but node 2 has two child nodes (node 5 and node 6) therefor, the
global priority can be calculated by Eq (19).

To ensure that the algorithm will participate the current capacity only among active nodes
therefor the global priority is calculated only for active multimedia sensor nodes that is meant the
value of total priority is equal to zero if traffic source is not active. For example, when node 2
need to calculate global priority according Eq (19) and the same time node 6 don’t generate any
traffic source therefor the global priority of node 6 is equal to zero, for this the global priority of
node 2 can be calculated by summation of the total priority of node 2 and global priority of node
5 at assume it is generating traffic source at this time.

To calculate global priority for sink node GOPSI™ | should be summation all global properties of
all child nodes GOPX of sink node, and is represented as follows:
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GOPS™ = 3y e (sinky GOP* (20)

By using the proportion of the global priority of child nodes GOP™ and the global priority of sink
node GOPSI™k to distribute the output transmission rate of sink node Rsink(out) between all child
nodes, to calculate new output transmission rate for node n Ry, oy¢).-

GOP™
Rn(Out) = RSinkOUt GOPSink (21)

Step3: adjust the new output transmission rate of each parent node by using MSNTLP

In the propose approach, the parent node is responsible of distributed output transmission rate
between all child nodes by adjusting the traffic load parameter (1) in each parent node by using
MSNC, as shown in Fig.8. In the proposed approach each child node have one parent node that
means there is a single path from source to destination.

The input transmission rate for each parent node R,y Comes from summation all output
transmission rates of the related child nodes Ry ), follow as Eq (22).

Rn(in) = Zkec n) Rk(our) (22)

The output transmission rate for each parent node comes from the summation of the input
transmission rate of parent node R,,;,) and the transmission rate generating by parent node.

Rn(out) = Rg + Rn(in) (23)

To find the different transmission rate in parent node is can be calculated by Eq (24), Young, et
al. 2014.

AR(n) = U Rn(out) - Rn(in) (24)

Where W is the traffic load parameter (TLP) will be adjusted by MSNC. Because when the p is
fixed, a large change in data transmission causes a significant difference between the
input transmission rate and the estimated output transmission rate of each sensor node.

The output transmission rate of child nodes, as follow as Eq. (25) .Young, et al. 2014.

GOPk
Ry outy = R (outy + ARy 7o (25)

5. SIMULATION RESULTS

The proposed algorithm is implemented using the Network simulator 2 (NS-2). To test the
effectiveness of the proposed approach and the performance of the network. The QoS
parameters: throughput, Packet Loss Ratio and queue delay. The simulation model consists of
ten multimedia sensor nodes and one sink node, as shown in Fig.9. The transmission route of
that model is a single-path transmission (static routing). The transmission data collected by
multimedia sensor nodes are generated randomly; all senders transmit data traffic to a single
sink node. In the simulation model, there are four types of traffic class, namely RET, NRETL,
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NRET2 and NRET3. The simulated traffic is Pareto. Each packet size is 500 bytes, the buffer
size of each child node is set up as 50 packets, and the buffer size of the sink node is 100
packets. All multimedia sensor nodes start to send their data at the start of the simulation rounds
and stop at the end of simulation rounds. The simulation rounds are 100 seconds. The channel
capacity of each multimedia sensor node is set to the same value: 2 Mbps. The combination of
traffic classes that each node could have in the simulation model is shown in Table (1), where
PW represent as the Priority Weight of traffic, assuming that all sensor nodes have the same
geographical priority equal to 1. Suppose the assigned priority for RET, NERT1, NERT2, and
NERTS3 classes are equal to 4, 3, 2 and 1, respectively. For example, the sensor node 8 which
has all traffic classes, the traffic class priority, is 10 (4 + 3 + 2 + 1 = 10), while for sensor node 5
which has NRET1and NRET2 traffic classes, the traffic class priority, is (4+3=7).

The performance of the proposed algorithm is compared with FLCTLP with EWBPRC and
EWPBRC with fixed traffic load parameter algorithms pu=0. 9. The performance is evaluated
mainly according to the following metrics:

1-Throughput: measured in terms of number of packets received during simulation time.

2-Packet Loss ratio: it is a percent between the number of packets lost in the network and the
number of packets generated by the sensing nodes.

3-Average Queue delay: it is the ratio between the time difference between the incoming and
outgoing packet rates in the queue to total number of received packets.

5.1 Throughput

The total input transmission rate for nodel comes from the total output transmission rate of all
his child nodes. Fig.11 shows the simulation results of the input transmission rate for nodel in
each round by using FTLP with EWBPRC algorithm.

Fig.12 shows the input transmission rate of nodel that comes from the total output transmission
rate of all his child nodes by using MSNTLP with EWBPRC algorithm.

Fig.13 shows a comparison of the input transmission rate of nodel for the FTLP with EWPBRC
algorithm and the MSNTLP with EWPBRC algorithm. Simulation result shows that the FTLP
with EWPBRC algorithm has an input transmission rate smaller than that of the MSNTLP with
EWPBRC algorithm.

Fig.14 shows the input transmission rate of node2 that comes from the total output transmission
rate of all his child nodes by using FTLP with EWBPRC algorithm.

Fig.15 shows the input transmission rate of node2 that comes from the total output transmission
rate of all his child nodes by using MSNTLP with EWBPRC algorithm.

Fig.16  shows a comparison of the input transmission rate of node2 for the FTLP with
EWPBRC algorithm and the MSNTLP with EWPBRC algorithm. Simulation result shows that
the FTLP with EWPBRC algorithm has an input transmission rate smaller than that of the
MSNTLP with EWPBRC algorithm.
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As it is evident from Fig.13 and Fig.16 the proposed approach performs better than FTLP with
EWBPRC algorithms to increase the input transmission rate of nodel and node2. Because the
proposed approach use modifies spike neural to regular the traffic load parameter (u) therefor
this can reduce differences in transmission rate between the estimated output transmission rate
and input transmission rate show in Eq (24).

5.2 Packet Loss Ratio

In WMSN application having a low packet loss is very important. When data is lost, the sender
will need to retransmit the lost data. Thus, leading to consume the remaining energy, and
reduction in the total lifetime of the network.

Fig.17 shows a comparison of the packet loss ratio for three algorithms, namely, the WPBRC
algorithm with p =0. 9, the FTLP with EWPBRC algorithm and MSNTLP with EWRBPRC.
From the simulation result, it can be seen that the proposed algorithm has the lowest loss. From
Fig.17, one can observe that the proposed approach has an average packet loss ratio better than
the average packet loss ratio of EWBPRC with fixed value u (traffic load parameter) because
the fixed value of TLP (see in Eq 24) causes a large variation in data transfer rate between
input transfer rate and the estimated output transfer rate of each sensor node. Where the
proposed approach can regulate TLP (i) by using MSNC to decrease sending rate of the sensor
node when the traffic load increase in the network or increase the sending rate of the sensor
node When the traffic load low in the network. One can also notice that FTLP with EWBPRC
perform well in some rounds to minimizing the packet loss ratio, but it is not better than
MSNTLP with EWBPRC because the proposed algorithm use MSN with adaptive learning rate
to find p value and this give us optimum value (p).

5.3 Average Queue Delay

Delay is defined as the duration since a packet enters a queue of a beginning node until it arrives
at the ending node. The definition of beginning and ending nodes depends on the type of delay.
Queue Delay is the time the packet need to wait before begin transmit because the queue was not
empty when it arrived to queue.

Fig.18 shows a comparison for the average queue delay of the EWPBRC algorithm with
i = 0.9, the FTLP with EWPBRC algorithm, and the MSNTLP with EWPBRC algorithm.
Simulation result shows that the NEWPBRC algorithm has an average queue delay smaller than
that of the EWPBRC algorithm with p=0. 9 and the (FTLP with EWPBRC) algorithm. The
proposed algorithm use MSNC to find optimum values (i), where the (EWBPRC with a fixed
value of pu (0.9)) cannot effectively distribute transmission rate among sensor nodes when the
traffic congestion increase. One can also observe that FTLP with EWBPRC perform well in
some rounds to minimizing the queue delay, but it is not better than MSNTLP with EWBPRC
because the proposed algorithm use SNN with adaptive learning rate to find p value and this
give us optimum value (p).

3. CONCLUSION

In this paper, MSNTLP with EWPBRC algorithm is implemented in WMSN using the NS2
simulator. Then take average of performance parameters to get a more accurate result. The
proposed algorithm enhances the transmission rate and tries to avoid congestion. The proposed
algorithm provides good QoS in terms of minimizing queue delay, packet loss ratio and
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increasing throughput. The Average queue delay achieved by the proposed algorithm is lower by
(4.98%) than that achieved by FTLP with EWPBRC algorithm. The proposed algorithm can be
(11.8%) less average packet loss than FTLP with EWPBRC algorithm. The proposed algorithm
can be (8.97%), (4.45%) large average throughput than FTLP with EWPBRC algorithm in
nodeland node2 respectively. And because use Modify Spike Neural Network based on
modified spike-pro training algorithm lead to speed up the learning rate of SNN and minimized
the error between actual and desired value so the training of SNN does not fall in the local
minimum value.
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List of symbols

d¥= delay of specific synaptic, msec.

E (t)= error.

GOPsi"k = global priorities of the sink node.

GOP™ = the global priority.

h = neuron sequence in input layer.

i = neuron sequence in hidden layer.

m;(t) = membrane potential of hidden layer neurons.
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NH = number of neurons in the input layer.

P¢ = geographical priority.

Prr = traffic class priority.

Prs(s) = the traffic source priority S in sensor node n.

REI = real input pattern.

R3(t) = rate generating by parent node, Kbit/sec.

Ry (our) = the output rate of the kth child of parent node n, Kbit/sec.
Ryour) = the output transmission rate of node n, kbit/sec.
Ryhan) = the input transmission rate of node n, kbit/sec.
Rsink,,, = the output transmission rate of sink node, kbit/sec.
Rsink,, = the input transmission rate to sink node, kbit/sec.

t = current time, msec.

t{l = actual spiking time of neurons at input layer, msec.
TP™" = the total priorities of node n.
wK. = weight between input and hidden layer.

y¥= unweight contribution of single synaptic terminal.

p= traffic load parameter.
n = learning rate.

9 = threshold value for spiking.

8 = delta function.
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Table.1 Simulation parameters.

Total area

500 meter X 500 meter

Network Model

e Ten Sensor Nodes.
e One Sink Node.

Transmission Routing

Single Path Transmission.

Multi-Hop.

Many-to- One.

Traffic Class

Real time

High priority non real time

Medium priority non real time

Low priority non real time

. Pareto
Traffic Type
Packet Size 500 Bytes
e Childe Node 50 Packets.
Queue Size ¢ Sink Node 100 Packets.
Channel Bandwidth 2 Mbps
Simulation time 100s
Round 30
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Table 2. The state of traffic classes in each sensor node.

Sensor Node NO. RET NRET1 NRET2 NRET3 Prr
(PW=4) (PW=3) (PW=2) (PW=1)
Node 1 ON ON OFF OFF 7
Node 2 OFF ON OFF OFF 3
Node 3 ON OFF ON OFF 6
Node 4 OFF ON ON OFF )
Node 5 ON ON OFF OFF 7
Node 6 OFF ON ON OFF )
Node 7 OFF ON OFF ON 4
Node 8 ON ON ON ON 10
Node 9 OFF OFF OFF ON 1
Node 10 ON OFF OFF ON )
Table 3. SNN specification.
Parameter Value Unit Description
Network topology 1,10,1 Unit less | Number of units in Input/Hidden/output
n 0.003 Unit less | Learning rate value initially
A B,C 1.10,1.04,0.8 | Unitless | Constants of adaptive learning rate
T 6 msec | Time constant
J 1.5 Unit less | Threshold value for spiking
D 4 Unit less | Number of delay synapses per connection
At 0.5 msec Step size
w [0-1] Unit less | Initial weights of hidden and output layer
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Figure 1. Congestion type Omid, et al., 2012.
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ABSTRACT

The approach of greening existing buildings, is an urgent necessity, because the greening
operation provides the speed and optimal efficiency in the environmental performance, as well as
keeping up with the global green architecture revolution. Therefore, greening existing buildings in
Iraq is important for trends towards renewable energies, because of what the country went through
economic conditions and crises and wars which kept the country away from what took place globally
in this issue. The research problem is: insufficient knowledge about the importance and the
mechanism of the greening of existing buildings, including its environmental and economic
dimensions, by rationalization of energy consumption and preserving the environment. The research
objective is: clarifying the importance of greening existing buildings environmentally and economically,
providing a virtual experience for greening the presidency building of Baghdad University, through
advanced computer program. The main conclusions is: there is difference representing by reducing
the disbursed thermal loads amount for cooling in summer and heating in winter through the use of
computerized program (DesignBuilder) and that after the implementation of greening operations on
the building envelope, which confirms its effectiveness in raising the energy performance efficiency
inside the building. Hence, the importance of the application of greening existing buildings
approach in Irag, to bring back Iragi architecture to environmental and local track proper.
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Energy, Renewable Energy.
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ABSTRACT

This research study changes in the requirements space for diagnostic and therapeutic

departments (radiology, laboratory and physical therapy), which aims to adopt the current
technological developments and work to create a flexible environment that helps to absorb
modern technology in the future , And reach to the ideas of a new architectural flexibility to deal
with those departments , And that had a major impact on the workflow in the hospital and its
spaces. Through the study of modern design requirements of those departments and the study
estimates for all future expansions .
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The Constituents of Active Structure in Contemporary Architectural Products

Anas Hameed Majeed Al-Jubori
Assistant Instructor
Baghdad University/College of Engineering/ Architectural Department
E-mail: anas_arch2005@yahoo.com

ABSTRACT

The structure is considered in its scientific formula one of the concepts which complete the

architectural image that seeks to take out an effective and attractive structure in contemporary
architectural production, especially that the structure -in general- represents strength in addition to delight
and functional benefits according to Vitruvius trinity. So, the role of structure depends on making its
aesthetical properties able to give efficiency within architectural product. That has come through adoption
of intellectual mechanism of structural means and details —as a whole or parts- and focused on structure
with the recipient's needs, aesthetical, and sensory purposes in addition to its fundamental role of stability,
especially that the modern technology —in design and construction- has helped effectively to solve the
formal and structural symbols of contemporary architectural product. Hence, it is necessary to put a
knowledge gap to understand the constituents' intention and effective impact of structure beside the
integration of the functional, sensual and aesthetical vocabulary, which represents a research problem.

This research aims to highlight the potentials of structural connotations -which support the
architectural products— and design connotations —which cooperate to create an active structure by its parts
and vocabulary in order to determine the factors of architectural structrure effectiveness which represent
the architectural value system for contemporary structural creative.

Keywords: Structural System, Constructional Structure, Structural composition.
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