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ABSTRACT

A composite section is made up of a concrete slab attached to a steel beam by means of
shear connectors. Under positive and negative bending moment, part of the slab will act as a
flange of the beam, resisting the longitudinal compression or tension force. When the spacing
between girders becomes large, it is evident that the simple beam theory does not strictly apply
because the longitudinal stress in the flange will vary with distance from the girder web, the
flange being more highly stressed over the web than in the extremities. This phenomenon is
termed “shear lag".

In this paper, a nonlinear three-dimensional finite element analysis is employed to evaluate and
determine the actual effective slab width of the composite steel-concrete beams by using the
Analysis System computer program (ANSYS 11.0).

The of elements were used (SOLID65, LINK8, SHELL143, COMBIN39, TARGE170 and
CONTA174) to model the concrete slab, the steel reinforcing bars, the steel girder, the shear
connectors (including uplift and dowel action), and the interface between top flange of the steel
girder and concrete slab, respectively.

Comparisons with experimental tests have been performed to validate the finite element analysis
results. In general, excellent agreement between the finite element solution and the experimental
results has been obtained. The maximum difference in ultimate load is about (2.9%).

Finally, parametric studies have been carried out to investigate the effect of some important
parameters; these parameters include the degree of interaction, slab thickness, slab width,
concrete compressive strength (f;), distribution of shear connectors, reinforcement of slab, type

of loading, and boundary conditions. The effect of changing these parameters causes variety in
the effective slab width and the maximum stress reaches 40.7% and 28.5%, respectively.

Keywords: shear lag, effective width, composite beams, partial interaction, nonlinear analysis
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1. INTRODUCTION

Composite steel-concrete structures are used widely in bridge and building construction. A composite
member is formed when a steel component, such as an I-section beam, is attached to a concrete component,
such as a floor slab or bridge deck. The fact that each material is used to take advantage of its best attributes
makes composite steel-concrete construction very efficient and economical. However, the real attraction of
composite construction is based on having an efficient connection of the steel to the concrete, and it is this
connection that allows a transfer of forces and given composite member unique behavior [Oehlers and Bradford,
1999]. Although the word composite may refer to all kinds of different materials connected together, in this
study the term composite construction means steel girder attached to a reinforced concrete slab by means of
mechanical connectors, Fig. 1. The functions of these connectors are to transfer horizontal and normal forces
between the two components, thus sustaining the composite action.

2. SHEAR LAG

The thin slab of cellular and beam and slab decks can be thought of as flanges of |- or T-beams. When such
I- or T-beam are flexed, the compression/tension force in each flange near mid span is injected into the
flange by longitudinal edge shear forces. Under the action of the axial compression and eccentric edge shear
flows, the flange distorts as shown in Fig. 2 and does not compress as assumed in simple beam theory with
plane sections remaining plane. The amount of distortion depends on both the shape of the flange in plane
and on the distribution of shear flow along its edge. As is shown in Fig. 2, a narrow flange distorts little and
its behavior approximates to that assumed in simple beam theory. In contrast, the wide flanges distort
seriously because the compression induced by the edge shears does not flow very far from the loaded edge,
and much of each wide flange is ineffective. The decrease in flange compression away from the loaded edge
due to shear distortion is called (shear lag) ,Hamply, 1976.

Shear lag has long been of interest to researches. Adekola, 1974, formulated and solved constitutive
equations which relate partial interaction with shear lag by series solutions for deflections and in-plane stress
in the slab to satisfy all the known boundary conditions. Foutch and Chang, 1982, investigated the effects of
shear lag and shear deformation on the static and dynamic response of tapered thin-walled box beams. Dezi
et al. 2001 proposed a model for analyzing the shear-lag effect in composite beams with flexible shear
connection. Sun and Bursi, 2005, proposed displacement-based and two-filed mixed beam elements for the
linear analysis of steel-concrete composite beams with shear lag and deformable shear connection.
Chiewanichakorn et al. 2004, introduced a three-dimensional non-linear finite element analysis to evaluate
and determine the actual effective slab width of steel-composite bridge girders. Aref et al. 2007, investigated
the behavior of steel-concrete composite girders mainly under applied negative moment to develop and
apply an appropriate effective slab width definition. Zhou 2011, presented a new F.E.M. to be proposed for
the analysis of shear lag effect in box girders under prestressing.

3. EFFECTIVE SLAB WIDTH

Effective width definition has traditionally been based on the distribution of longitudinal stress across the
slab width. This definition takes effective width as the equivalent width of slab having a constant stress
distribution across it and sustaining a force that is equal to interaction axial force in each of the elements of
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the composite system. The magnitude of the constant stress is taken as the peak longitudinal stress in the slab
at the slab-beam junction [Adekola, 1974, as shown in Fig. 3.

Many researchers, Mackey, 1961; Adekola, 1968; Ansourian, 1975; Heins, 1976; Elkelish, 1986;
and Oehlers and Bradford, 1999, used Eq. (1) to calculate the effective slab width in composite beams.

— Z ‘I'[;J o, dx
o 1)
¥ max

2b=
Where (2b) is the effective width of the concrete slab, (b) is a half slab width, (@) represent the normal
stress in the longitudinal direction in the slab at top surface, and {a}.}m is the maximum normal stress

between 0 <x<b Fig. 4.
The numerator of the Eq. (1) was calculated by an approximate method using trapezoidal rule; these
calculations were done by MATLAB (R2010a) computer program.

3.1 Effective Width in Codes of Practice
The effective width concept has been widely recognized and implemented into different codes of practice
around the world. The formulas used by various codes are shown in Table 1.

4. BRIDGE DESIGN SPECIFICATIONS

4.1 British Specification [BSI 1979, BSI 1982]

In part 5 of BS5400, the effective slab width ratios are defined in three Tables, which cover simply
supported, cantilever, and internal spans for continuous girders. For each case, effective slab width ratios for
mid-span, quarter span, and support are specified based on girder spacing to span length ratios (s/l). Different
ratios are separately specified for uniformly distributed and concentrated load.

4.2 Canadian Specification [CSA 2000, CSA 2001]

In calculating flexural resistances and stresses in slab- on girder and box girder bridges with a concrete slab,
whether girders are steel or concrete, a reduced cross-section defined by the following effective slab width
criteria, i.e. Egs. (2) and (3), shall be used. 2b is the effective slab width, s/2 is half girder spacing and | is
the span length.

b IR |
—=1-41- for ——<15 2
s/2 15s/2 s/2
L=1 for L>15 (3)
s/2 s/2

4.3 Japanese Specification [JRA 1996]

In Japan, one-side effective slab width, 4, is used to calculate strength and stiffness of the girders. One-side
effective slab width (4) for uniformly distributed load and concentrate load can be computed using Egs. (4)
and (5), respectively.

A=s/2 for S:—ZSO.OS
s/2 s/2
—|11-2[3"2])|s/2 for 0.05<32 .03
[ [ i H T (4)
~0.151 for 03<3/2
I EU
A=s/2 for #so.oz
2 (5)
1002 32)ras 2] |er2 ror oos<2{2 6
s/2

=0.151 for O.3sT
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4.4 Eurocode 4 [Eurocode 4 1992, eurocode4 1997]

In Eurocode 4, the one side effective slab width shall be taken as the distance from the centerline of the
girder to the center of the outstand shear connectors plus one-eighth of the effective span length but not
greater than half of the geometric slab width.

4.5 Australia Standard [AS 2327.1, 1996]

The effective width (2b ) shall be calculated as the sum of the distances 2b /2, measured on each side of the

center-line of the steel beam, where 2b /2 are in each case the smallest of:

a) L/8, where L is the span of the beam.

b) In the case of a concrete slab with a free edge (i.e. an edge beam situation). Either the perpendicular
distance to the edge measured from the center-line of the beam, or 6 times the overall depth (h.) of the
concrete slab plus half the width of the steel beam flange (by).

c) In the case of a concrete slab which spans between two steel beams (i.e. either an edge beam or internal
beam situation), either half the center-to-center distance between the steel beams or 8 times the overall
depth (h.) of the concrete slab plus half the width of the steel beam flange (by).

It must be noted that the Australian code takes into account the slab thickness in the effective slab
width computations.

5. ANSYS FINITE ELEMENT MODEL

ANSYS 11.0 is a comprehensive general-purpose finite element computer program. It is capable of
performing static and dynamic analysis. It is a very powerful and impressive engineering tool that may be
used to solve a variety of problems.

5.1 Finite Element Model

A three-dimensional eight-node solid element (SOLIDG65) is used to model the concrete slab, while the steel
reinforcement bar is modeled by a spar element (LINK8). The steel beam is modeled by a four-node shell
element (SHELL143). A spar element (LINKS8) is used to model shear connector to resist uplift; while the
dowel action of shear connector is modeled by combine element (COMBIN39), in the modeling of interface
between two surfaces a contact element (CONTAL174) and target element (TARGEL70) is used, as shown in
Fig. 6, and the geometry of these elements is shown Fig. 5.

6. FINITE ELEMENT VERIFICATIONS
The verification of the finite element modeling described above can be accomplished and comparing the
results generated by the finite element analysis program (ANSYS V.11) to those obtained from the
experimental test. In this paper, yam and Chapman simply composite steel-concrete beam [Yam and Chapman,
1968] is used to verify the accuracy and performance of the finite element models used in this study.

The simply supported composite beam, tested by yam and Chapman, is one in a series of tested beams.
The beam span was 5486 mm and subjected to a concentrated load at the midspan. In the present study the
chosen specimen is designated as beam (E 11). The dimensions and reinforcement details of this beam are
shown in Fig. 7.
6.1 Finite Element Idealization and Material Properties
The three-dimensional finite element mesh for one half of the beam has been used by using ANSYS 11.0
computer program, as shown in Fig.8. Concrete slab is idealized by using (1792) eight node brick elements
(SOLID65), and steel beam is idealized by using (364) four node shell elements (SHELL143).
Reinforcement is idealized by using (510) link elements (LINKS8). The interface between the concrete slab
and the steel beam (sticking and friction) is idealized by (112) eight node contact elements (CONTA174) and
(112) eight node target elements (TARGE170). Shear connectors are idealized by (100) link elements
(LINKS) to resist uplift separation. The effect of dowel action of the shear connectors through the interface
between top flange of steel beam and concrete slab is idealized by (50) combine elements (COMBIN39) to
resist slip. The function used to idealize the load-slip relation is:

Q=31.8(1— e *'r) (6)
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Where @ is the load on shear connector in (kN) and y is the slip in (mm) [Yam and Chapman, 1968].

The total number of nodes resulting from the above idealization is (2871) nodes, and the total number
of element is (3040) elements.

Material properties of the Yam and Chapman composite beam are summarized in Table 2. In this
analysis the symmetry has been used by using half span of the beam. The boundary condition of this beam is
shown in Fig. 8. The roller support is obtained by constrained displacement in y-axis, and at mid span the
symmetry condition is used, the symmetry condition is obtained by constrained displacement in z-axis
(longitudinal axis) for all nodes and rotations in x-axis for shell elements. The load applied (510 kN) at
midspan is distributed on a rectangular area, as shown in Fig. 8.

The results obtained using the nonlinear finite element analysis carried out for the beam (E 11) are
presented and compared with the experimental data, as shown in Table 3. The experimental and nonlinear
analytical load-deflection curves are shown in Fig. 9.

7. PARAMETRIC STUDY

A simply supported steel-concrete composite beam tested by Yam and Chapman (E 11) has been selected to
carry out the parametric study. The parameters studied can be summarized as follows:

1) Effect of Degree of Interaction.

2) Effect of Concrete Compressive Strength (¢ ).

3) Effect of Longitudinal Reinforcement.

The effect of partial interaction on Yam and Chapman composite beam has been investigated. To get
full interaction, a large value for the stiffness of the shear connectors used by Yam and Chapman
experimentally has been used by multiplying the stiffness value by 10°. While for partial interaction, the
number of shear connectors used by Yam and Chapman experimentally has been reduced as a percentage
from the number of studs that has been used experimentally.

In this work, the uniformly distributed Load (UDL kN/m?) (on the overall slab) is investigated

The nonlinear finite element analysis for the simply supported steel-concrete composite beam tested
by Yam and Chapman (E 11) gave the ultimate load (500 kN) in case of (CL) and (190.5 kN/m?) in case of
(UDL). The distribution of longitudinal stresses in the slab has different shapes along the slab as shown in
the Fig. 10. The distribution of the effective slab widths and longitudinal stresses for Yam and Chapman
composite steel-concrete beam (E 11) for several stages of loading is shown in Figs. 11 and 12.

The effect of partial interaction on the effective slab width and the stress distribution at midspan, with
various degrees of interaction, at ultimate load are shown in Figs. 13 and 14.

The effect of the degree of interaction on the effective slab width and maximum stress at midspan for
this beam at ultimate load is listed in Tables 4 and 5, respectively. Comparison of effective slab width with
design specifications at ultimate load is shown in Table 6. From the obtained results, it can be seen that
when the degree of interaction increases from 24% to the used the effective slab width decreases by 10.8%
and the maximum slab stress decreases by 25.6%.

The effect of concrete compressive strength on the effective slab width and maximum stress at
midspan for this beam at ultimate load is listed in Tables 7 and 8, respectively. From the obtained results, it
is seen that when the concrete compressive strength increases from (21 MPa) to (30 MPa), the effective slab
width decreases by 24.5% Fig. 15 and the maximum slab stress decreases by 28.5%, Fig. 16.

The effect of longitudinal reinforcement on the effective slab width and maximum stress at midspan
for this beam at ultimate load is listed in Tables 9 and 10, respectively. From the obtained results, it is seen
that when the diameter of longitudinal reinforcement increases from (@12 mm) to (@25 mm), the effective
slab width increases by 40.7% , Fig. 17 and the maximum slab stress increases by 19.7% ,Fig. 18.

8. CONCLUSIONS

1) The results indicate good estimates of failure loads compared with experimental values. The maximum
difference ratio in ultimate load is about 1.9%, while the maximum difference ratio in central deflection is
about 4.7% These results reveal the accuracy and efficiency of the selected elements in ANSYS 11.0
computer program in predicting the behavior and ultimate load of composite steel-concrete beams.

2) When the degree of interaction increases from 24% to the used the effective slab width decreases by
10.8% and the maximum slab stress decreases by 25.6%.
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3) When the concrete compressive strength increases from (21 MPa) to (30 MPa), the effective slab width
decreases by 24.5% and the maximum slab stress decreases by 28.5%.

4) When the diameter of longitudinal reinforcement increases from (@12 mm) to (825 mm), the effective
slab width increases by 40.7% and the maximum slab stress increases by 19.7%.
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NOMENCLATURE
The following symbols are used in this paper:-

b = one-side slab width
b = one-side effective slab width
f& = ultimate compressive strength (Cylinder Test)

L = span length of the beam
&, = normal stress in the longitudinal direction

{a}.:} = maximum normal stress in the longitudinal direction
HLEX

7
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b; = steel beam flange width

Q = shear force in one shear connector
¥ =slip at the interface

S = spacing of beams

Volume 20 August

- 2014 Journal of Engineering
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Figure 1. Composite beam components.

Figure 2. Shear lag distortion of flanges of various widths. [Hamply 1976].
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Table 1. Effective width of the slab.

Code Formula

2b (interior beams) is the least of:
AASHO [AASHO, 1944] 1.L/4

2. 12h.+ greater of (h,, or by/2)

3. average (s) of adjacent beams

2b is least of:

AASHTO [Bowels, 1981] ; L/4
.S

3. 12h,

2b (interior girder) is the least of:
1.L/4

2. 12h.+ greater of (h,, or by/2)
AASHTO-LRFD [AASHTO, 1998: 3. average (s) of adjacent beams
AASHTO, 2004] 2b (exterior girder): (2b (interior girder)/2) + the
least of:

1.L/8

2. 6h.+ greater of (h,/2 or top by/4)

3. overhang width

2b (interior girder) is least of:
1.L/4

2.5

3.b, + 16h,

2b (exterior girder) is least of:

1. L/12+b,,

2. 6h+b,,

3.8/24b,/2

2b is the least of:

AISC [American institute of steel 1.L/4
construction, 1999] 2.5

3. 2b,

2b is least of:
BS 8110 [BSI 8110 Part 1 and Part 2, 1985] 1. L/5+h,,

2.s
2b =L/8 for U.D.L.

2b = L/10 for point load.
2b s least of:

BS CP 117 [BSI Part 1, 1965] ; L/3
.S

3. bs + 12h,

1.for s<L/10: 2b =5

BS CP 117 [BSI Part 2, 1967] 2. for s> L/10: (s/ 2b )*= 1+12(s/L)?
but2b shall not be taken as less than L/10.

2b is the least of:
Report of Committee 41A [Effective Slab | 1. L/4
Width, 1978] 2.5

3. 2b,
2b is the least of:

ACI [ACI 318M-08]

CEB [FIP-C and CA, 1970]

Special Committee on Concrete and

Reinforced Concrete [Special, 1916] 1.L/4
2.12hc

10
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Figure 7. Yam and chapman test beam
(a) dimensions and loading arrangement of beam (e 11) (b) cross section.
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Figure 8. Three-dimensional finite element mesh for yam and chapman
composite steel-concrete beam (e 11).

Table 2. Material properties used for yam and chapman composite steel-concrete beam (E
11).

Definition

Compressive Strength (MPa)
Young's Modulus (MPa)

Concrete Tensile Strength (MPa)
Poisson’s Ratio

Shear Transfer Parameters 083~
265 (216)
Yield Stress (MPa)
265 (D12)
205000
0.3
4100
265
205000
4100
50
12

Young's Modulus (MPa)
Poisson's Ratio
Steel Hardening Parameter (MPa)
Yield Stress (MPa)
Young's Modulus (MPa)
Steel Hardening Parameter (MPa)
Overall Height (mm)
Diameter (mm)
Spacing (mm) 100
Number of Studs 100

Shear Connector
Yield Stress (MPa) 265

Reinforcement

Steel Beam

205000

4100
0.7

Young's Modulus (MPa)
Steel Hardening Parameter (MPa)
Coefficient of Friction

Interface

*assumed value, T [ACI 318M-08]
Note: Ec=4700,/f. , Ew=0.02E, , f;=0.62,/f.
12
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Figure.9 Experimental and nonlinear analytical load-deflection curves for yam and
chapman composite beam (e 11).

Table 3. Comparison between the experimental and analytical results
of yam and chapman composite beam (e 11).

| M Experimental 78.4 |

ax. Central Defl. (mm) Analytical 82.1

Experimental 510
Analytical 500

Ultimate Load (kN)
Pu (Analytical)

0.98

Pu ( Experimental)

Errorin (Pu) -1.9%
Failure Mode Concrete Crushing
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Figure 10. Slab top surface stress distribution for udl (190.5 kn/m?).
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Figure 13. Effective width for various degrees of interaction at ultimate load for UDL.
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Figure 14. Ettect ot degree of Interaction on the stress distribution in midspan section at
ultimate load UDL.

Table 4. Effect of degree of interaction on the maximum slab stress
at ultimate load in midspan for UDL.

Degree of Interaction Maximum Slab Stress
(%) Ratio (0./0cq)
24 0.753
52 0.396
76 0.431
0.559
0.560

Table 5. Effect of degree of interaction on the effective slab width ratio
at ultimate load in midspan for UDL

Degree of Interaction Effective Width Ratio

(%) (Blb)

24 0.934

52 0.934

76 0.948

0.833

0.808
Table 6. Comparison of effective slab width in midspan with design specifications at ultimate load

for UDL
Degree of _ ASHTTO-LRFD ACI BS
i 2b

Inte(r(%:)tlon (mm) Exterior | Interior | Exterior | Interior AISC 8110
24 1139 1144 1220 609 1220 1220 | 1220
52 1140 1144 1220 609 1220 1220 | 1220
76 1156 1144 1220 609 1220 1220 | 1220
Used 1017 1144 1220 609 1220 1220 | 1220
Full 985 1144 1220 609 1220 1220 | 1220
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Figure 16. Effect of concrete strength on the stress distribution in midspan at ultimate load
for UDL.

Table 7. Effect of concrete strength on the effective slab width ratio
at ultimate load in midspan for UDL

Effective Width Ratio
(b/b)
0.951
0.714
0.718

Table 8. Effect of concrete strength on the maximum slab stress
at ultimate load in midspan for UDL

Maximum Slab Stress
Ratio (g./o )

0.875
0.837
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Table 9. Effect of longitudinal reinforcement on the effective slab width ratio
at ultimate load in midspan for UDL.

Effective Width Ratio
(b/b)
0.701
0.833
0.987

Diameter of Longitudinal
Reinforcement (mm)

@12
@16
@25

Table 10. Effect of longitudinal reinforcement on the maximum slab stress
at ultimate load in midspan for UDL

Diameter of Longitudinal | Maximum Slab Stress

Reinforcement (mm)

Ratio (¢./o.,)

@12
d16
@25

17

0.512
0.559
0.613
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ABSTRACT

The problem of the high peak to average ratio (PAPR) in OFDM signals is investigated with a
brief presentation of the various methods used to reduce the PAPR with special attention to the
clipping method. An alternative approach of clipping is presented, where the clipping is performed
right after the IFFT stage unlike the conventional clipping that is performed in the power amplifier
stage, which causes undesirable out of signal band spectral growth. In the proposed method, there is
clipping of samples not clipping of wave, therefore, the spectral distortion is avoided. Coding is
required to correct the errors introduced by the clipping and the overall system is tested for two
types of modulations, the QPSK as a constant amplitude modulation and 16QAM as a varying
amplitude modulation.

Key words: OFDM (orthogonal frequency division multiplexing), PAPR (peak to average power
ratio), clipping, QPSK (quadrature phase shift keying) modulation, QAM (quadrature amplitude),
channel coding.
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1- INTRODUCTION

In modern communications the Orthogonal Frequency Division Multiplexing (OFDM) is becoming
increasingly a widely used technique to transmit data due to its attractive advantages especially its
immunity to multipath fading and impulsive noise, bandwidth efficiency and the fact that recent
technology advancement made its complexity no longer an obstacle against implementation. This
made it possible to have the OFDM to be adopted in many wireless communication systems like
802.11a, 802.11n, 802.16 and 4G mobile systems. Despite the wide spread applications of OFDM
but this is mostly in systems where the high cost is affordable and non-battery operated devices, on
the other hand OFDM still has limited application in mobile cell phones application because of the
high peak to average power ratio (PAPR) of the OFDM signal. Such problem requires the power
amplifier (PA) stage to have a relatively wide dynamic range to accommodate for the high peaks of
the OFDM signal. This can lead to a low efficiency of the PA, Reynaert, 2006 and Hu, 2010, and
will cause a deleterious effect of the battery life which is a very undesirable to the user. There are
many techniques that try to solve the high PAPR problem but each has its disadvantage; these
techniques will be discussed later. Clipping is the direct and simplest technique to deal with the high
PAPR problem, where the waveform is clipped whenever this waveform exceeds a specified
threshold. This has the disadvantage of increasing the out of band spectral power due to the
nonlinear effect on the waveform, and as it is so obvious to anyone who is involved in wireless
communications, the bandwidth is becoming a very scarce resource and the OFDM is basically a
solution to this problem and by using direct brutal clipping to the signal waveform, we are
eliminating the advantage of OFDM that wireless communication is relying on. On the other hand
regulatory authorities have strict requirements regarding radiation outside the subscriber’s
accommodated bandwidth. Filtering can be used to eliminate the out of band spectral growth due to
clipping but this may reproduce the high peaks again, so, multistage of clipping and filtering may be
required which is very demanding in terms of amount of calculation and/or cost. The traditional way
of clipping where the OFDM signal is allowed to grow at a certain instance of time and then this
signal is applied to a power amplifier with insufficient backoff input power which leads to clipping
of the wave. In this work the clipping is made by software to the samples produced by the IFFT
stage, therefore, this clipping will be referred to as the sample clipping as opposed to the wave
clipping produced by the traditional clipping, see Fig. 1. Although sample clipping affects the
certain sample values (that are higher than a certain threshold) and hence affects the transmitted data
carrying symbols but it does not cause out of band spectral growth and does not distorts the in band
spectrum. The modification of the sample value can be considered as an impulsive noise because
from Eq. (4) there are N values of the data carrying symbol ck that depend on the value of a specific
OFDM symbol s(n).

2- OFDM AND THE PAPR

The idea of the OFDM transmission is that instead of sending a high rate data with rate Rs=1/Tj,
where Ts is the symbol duration, on a single carrier, the data are converted into a bank of N parallel
subchannels each is transmitted by a different carrier with a fixed frequency separation given by
,Rohling, 2011.

f, =1/(NT,) 1)
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where T is the symbol duration, in this way the new symbol duration will be NT and the new rate
Rm=1/(NTs). Although the situation in terms of bandwidth seems the same because in the single
carrier we are sending at rate Rs=1/Ts while in the multicarrier N carriers are sent with rate
Rm=1/(NTs) so theoretically it is the same bandwidth, but actually wireless channels suffer from the
multipath situation, where the signal arrives at different time delays at the receiver which makes
different symbols to be added up at the same time at the receiver which causes what is commonly
known as Inter Symbol Interference (ISI). Such channel is referred to as time dispersive channel and
the amount of the ISI is considered negligible if the symbol time is much greater than the channel
maximum delay spread Tp,. So, in the single carrier situation it should be such that Ts>>T, while in
multi carrier it should be NTs>>T,. From this it can be seen that the maximum delay spread T, is a
limiting factor against increasing the symbol rate while in multicarrier transmission the condition
can be met by increasing the number of carriers N.

The complex OFDM signal can be expressed as
N-1
s(t) = > c e2z(f, +kf)t) 0<t<NT (2)

k=0

where ¢y is the data carrying symbol, it is a complex quantity and its values depend on the
modulation and constellation shape, f, is the OFDM carrier frequency and fs is the separation
frequency given by Eq. (1) which is a requirement to maintain orthogonality. In the receiver the
received signal is sampled N times within each OFDM symbol, that is within time equals NTs which
according to Eq. (2) contains N data symbols (cx) this gives N equations with N unknowns that can
be solved for the c’s. In practice this is not how it is done, returning to Eq. (2) if the carrier term is
excluded and making the sampling at t=nTs, the OFDM sampled signal will be

N-1
s(n)=>_c exp(2mk/N) (n=0,1,...,N-1) (3)
k=0
Eq. (3) looks so much like the Inverse Fourier Transform (IFFT) of the data symbols cy. This is an
important advantage of the OFDM because the IFFT can be implemented by efficient algorithms. In
the receiver side the values of dada carrying symbols c are obtained by Fast Fourier Transform
(FFT) as in Eq. (4) below
N-1
¢, =Y s(n)exp(-2znk /N) (k=0,1,...,N-1) (4)
n=0
A simple block diagram featuring the main components of the OFDM transmitter-receiver is shown
in Fig. 2. There are other component in the OFDM system which are not discussed here like the
windowing and the cyclic prefix because they deal with the spectral shaping and equalization and
these issues are not within the scope of this work and do not affect our treatment of the PAPR.
After this brief overview of the OFDM we turn our attention to the PAPR problem. The PAPR of a
signal s(t) can be expressed as ,Bhad et al., 2012.

oapr = MaXs®I’ (5)

ELsOT ]

where max[s(t)]? is the maximum power, E{.} is the expected value operator and E{[s(t)] °} is the
average power of s(t). From Eq. (2) it is clear that the OFDM signal is the sum of multiple sinusoids
and it can happen that at certain instances these sinusoids add up constructively and lead to high
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peak as shown in Fig. 1. The peak and average power of the OFDM symbol can be found from Eq.
(3) as

P(n) = s(n)s"(n)
P(n) = (Nick exp(j2znk / N)]{Nic; exp(—j2zmm/ N))

N-1N-1

P(n) =Y. ¥ c,c; ep(j2n(k —m)/N) (6)

k=0 m=0

By making the change of variables r=m-k Eq. (6) becomes:

N-1-r

P(n) = z Zcm—rc; eXp(-JZiZf/ N) (7)

r m=0

In the above equation the range of values of r in the outer summation is from —(N-1) to (N-1). The
difference between the summations in Egs. (6) and Eq. (7) can be viewed like summing elements of
an NxN matrix; in Eq. (6) the summation is in row-column direction, while in Eq. (7) is in diagonals
direction. The inner summation is called the aperiodic autocorrelation of c at displacement r. To find
the average power the expected value of Eq. (7) is taken over the random variable ¢ and it is
assumed that the data symbols are independent and each has zero mean (because the constellations
are usually symmetrically distributed) the terms in Eq. (7) vanish except when r=0, so the average
power will be reduced to:

P, =E[P(]= Y Ellc, F1 ®

And since it is usually assumed without loss of generality that the constellation of any modulation
scheme (QPSK or QAM) has normalized average power, then Eq. (8) reduces to simply

P, =N (9)
To find an upper bound of the expression in Eq. (7) it is known that the complex exponential term

has the upper bound of 1 (|er|§1) and the correlation term has an upper bound when all coefficients

are equal to the maximum coefficient which we denote cy, so from Eq. (7)
N-1-r

ZOEPIDILAE (10)

Now the term inside the summation is constant (independent of m and r) and remember that the
outer summation is over the values —-(N-)< r <(N-1) so we will separate the case when r=0 and
combine the two cases when r is positive and negative because the inner summation is the same, so,
Eq. (10) will be:

N-1 N—d—r
|

N-1
P(n)<le, FN+2) > Jcy [P =lcy P N+2[c, [P 2 (N-T)

r=1 m=0 r=1

LN

P()<lcy, P N+2]|c, P (N(N-1)-=N(N-1)/2)
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P(n)<c, [F N? (11)
In other words the peak power is proportional to N with constant of proportionality equals the
magnitude square of the data symbol of maximum amplitude. It should be noted that this constant
equals unity for the MPSK modulation and depends on the constellation shape for the amplitude
varying constellations like the QAM case. Hence we get from Egs. (9) and (11) the peak to average
power ratio

PAPR =Nc, | (12)

Sometimes this ratio is given in dB and its square root is called the crest factor. It can be seen that
PAPR increases with the number of carriers and this makes the reduction of this ratio an important
job.

3- TECHNIQUES FOR PAPR REDUCTION IN OFDM
In this section, an overview is presented for the different techniques used to reduce PAPR in OFDM.
In general there is no single technique that is best in every aspect for PAPR reduction. Every
technique has its own drawback in one or more of the following aspects:

1- Cost which is either in hardware or amount of calculations

2- Reduction in coding rate

3- Distortion

4- Increasing of transmission power

5- Transmission of side information
It is up to the designer to determine which of the above can be tolerated by the specific application.
A brief description is presented her for the different techniques used for PAPR reduction.

3.1- Clipping and Filtering

Clipping is the simplest and the most straightforward technique for reducing PAPR, actually
clipping alone can hardly be considered a technique because in this case the system is doing nothing
and the high peaks of the OFDM signal are passed to the power amplifier that does not have enough
input backoff which causes clipping of the high peaks. The clipped signal can be represented by
Joshi and Saini, 2011.

= | s |s@<T
S(t)_{TeM(t) |S(t)|>T (13)

where s(t) is the OFDM given by eq. (1), T is the threshold and ¢(t) is the phase of s(t).

As a consequence the out of band spectrum will grow due to the signal distortion as shown in Fig.
3. Therefore, clipping is usually combined with filtering as in the work of Bhad et al., 2012, but the
filtering will cause the clipped peaks to grow again so further clipping-filtering stages are usually
required which in turn causes increase in cost.

3.2- Coding

The method of coding is based on the idea of choosing a forward error coding (FEC) scheme where
the codewords have low PAPR. In this technique two goals are achieved; reducing the PAPR and
providing more reliable transmission via coding. Many researches have been developed in this field
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and most adopt Golay sequence to achieve low PAPR. Golay pairs are defined as the two sequences
whose aperiodic autocorrelation add to zero i.e. if a(n) and b(n) are two sequences of length N then

C.(k)+C,(k)=0 fork=1,2,... N (14)
Where
C, (k)= N_Zkﬁ((n)x(n +Kk) (15)

Is called the aperiodic autocorrelation of the sequence x(n). Any two sequences that satisfy Eq. (14)
are called Golay pairs and either sequence is called a Golay sequence. It can be shown that Golay
sequences when chosen as OFDM symbols will have PAPR of at most of 2 (PAPR < 2) irrespective
of the sequence length N ,Davis and Jedwab, 1999. In 1999 Davis and Jedwab devised an analytical
scheme to produce Golay sequences and found a relationship between Golay sequences and Reed-
Muller codes. Although their work was limited to MPSK signals up to 32 carriers it was considered
a landmark that many other researchers like R6Ring et al., 2001, who expanded Davis and Jedwab
work to 16QAM and archived PAPR<3.6 or Huang et al., 2010, who expanded to 64QAM
achieving PAPR<2.85, Lee and Golomb, 2006 also expanded to 64QAM achieving PAPR<4.66.
The problem with the coding method for reducing the PAPR is that the hamming distance between
sequences that have low PAPR is not always high. Therefore, many sequences with low PAPR are
excluded in order to satisfy the high hamming distance criteria of the coding scheme. Satisfying
both conditions (low PMPR and high hamming distance) results in reduction of the coding rate and
hence the information rate which strips the OFDM technique from its main advantage.

3.3- Selected Mapping

In selected mapping (SLM), each information sequence D is mapped to U different sequence blocks
X" (where u=0,1,...U-1) in many cases the mapping is performed by multiplying the information
sequence by random vector B" i.e.

X'=B'D u=01,...,U-1 (16)

The effect of this mapping is supposed to introduce randomness in the new sequence X" such that
the PAPR of X" will be lower than the PAPR of D for some u. In other words selected mapping
selects the vector B" such that PAPR(X") is minimum over u and sends the value of u as a side
information so that the receiver can extract the information sequence D. The advantage of the
selected mapping is that it works for any type of modulation, while the disadvantage is that in order
to find the minimum PAPR, the transmitter requires to perform the IFFT stage U times and selects
the output that with minimum PAPR, and this increase the cost requirement of the system. On the
other hand, the requirement of sending side information is also a cost in terms of bandwidth
requirement. There is another technique that is closely related to SLM which instead of the mapping
used by Eq. (16), a set of interleavers is used to find one output whose PAPR is lowest to be selected
for transmission. In literature, selected mapping received great deal of attention to improve
performance especially in terms of computational cost, for example, Ding and Lin-Bo, 2011 used a
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method called Random Screening (RS-SLM) to find the mapping vector B" of Eq. (16) before the
IFFT stage, so, only one IFFT stage is required. RS-SLM is based on calculating coefficients for
each X" sequence, these coefficients are measures of randomness, periodicity, and period of the
sequence and by using a special criterion, the sequence with the lowest PAPR can be found and sent
to the IFFT stage. Although this method requires only one IFFT stage but it still requires some
calculations and the authors only presented the results for limited parameters where the number of
carriers N=64, the number of vectors U=8 and BPSK modulation type. Breiling et al., 2001,
proposed a method that does not require explicit transmission of the side information (the mapping
vector index u), in the traditional methods where the mapping vector index u is explicitly
transmitted, the whole information sequence can be lost if transmission error occurs in the value of
u. Breiling proposed to concatenate the index u at the beginning of the information sequence and
feeding the resulting sequence to a scrambler, according to the value of u different scrambled
vectors are produced and fed to U IFFT stages to choose the output with lowest PAPR. At the
receiver, the received sequence is descrambled and if no transmission errors occurred, the
information sequence is retrieved with the index u.

3.4- Partial Transmit Sequence
In Partial Transmit Sequence (PTS) method the signal block X(k), of length N, is partitioned into M
blocks, where M is a divisor of N. New M vectors X"(k) (m=1,2,..., M) are generated such that

Xm(k):{X(k) (Mm-1)L <k <mL an

0 otherwise

where L=N/M is the length of the partition vector X™(k). The signal block X(k) can be expressed in
terms of the partition vectors X™(k) by

X(K) = Z X ™ (k) (18)

Now the vectors X™(k) are fed to M IFFT stages to generate M time-domain vectors x™(n) which are
in turn each multiplied by a fixed phase shift number b™. The sum is optimized by choosing the set
of values of b™ for the lowest PAPR, i.e.

x(n) = ibmxm(n) (19)

where the values of b™ are chosen from a set of phase shifts b™=e/*™" where h=0,1,...W-1 and W is
a given integer whose value affects the performance. Eq. (19) says that the transmitted sequence is a
linear combination of the outputs of the IFFT stages with each output phase-shifted by b™. Now the
system must make an exhaustive search for the values of b™ that minimize the PAPR. In practice,
without loss of performance, b'=1 so the exhaustive search for the M-1 vectors from a set of W
values gives a value of W™ jterations and the size of the side information is [ log,(W™™) | where
| x] is the greatest integer less than or equal to x. In the receiver, performing the FFT to x(n) results
in
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FFTIx(n)] = ”i“‘jbmFanm(n)] - m:ZMbmx (k) (20)

And because of the special arrangement of X™(k) as in Eq. (17), the output of the FFT stage will be
the signal vector X(k) with each partition multiplied by the corresponding phase shift b™ that are
obtained from the transmitted side information. The main disadvantage of the PTS method is the
large amount of iterations that depend of the values of M and W, where increasing their values
enhances the performance in terms of lowering the value of the PAPR while degrades the
performance in terms of amount of computations Han et al., 2005. The partitioning expressed by
Eqg. (17) is called adjacent partitioning and it is not the only way of partitioning, there is the
interleaved and the pseudo random partitioning but the adjacent partitioning is the simplest to
implement. Lee et al., 2012, presented a tree-based method for reducing the number of iterations
required to find the best phase vector, the performance is better than the exhaustive search in terms
of number of iterations but it is suboptimal in terms of achieved PAPR values.

3.5-Tone Reservation

In tone reservation (TR) the frequency domain data sequence D (of length N) is not composed
entirely of data symbols, rather it has zero values at certain frequency indices on the other hand a
sequence A, same length as sequence D, is composed of nonzero entries where X has zero entry and
a zero entry where D has a nonzero entry. The overall sequence X=D+A is fed to the IFFT stage
such that

x(n)=IFFT[X]=IFFT[D]+IFFT[A] (21)

The problem now become to find A such that the time domain added signal IFFT[A] results in
reduction of PAPR of the overall time domain signal x(n). Hu et al., 2010, used TR and used
iterative procedure in which the vector of the reserved tones is recursively updated by a special
formula. The iterations stop if the number of iterations reaches a predefined number or the PAPR
becomes lower than a desired threshold. In TR technique no side information is transmitted but part
of the bandwidth is allocated for the reserved tones.

3.6-Active Constellation Expansion

Active Constellation Expansion (ACE) or Active Point Modification (APM) is to dynamically
expanding the outer points of the constellation (used in mapping the data symbols) further outside or
equivalently increasing the amplitude of these points in a way that does not affect the decision
thresholds used to detect the received symbols and at the same time allows manipulating the values
of some of the transmitted symbols in order to reduce the peaks in the time domain signal. The
problem is to find a vector C whose components represent the magnification factor such that
IFFT[CX] has a minimized PAPR. Zhou and Jian, 2013, presented an ACE method based on
minimizing quadratic form of M<N variables, the choice of the number of variables M affects
performance and complexity. The ACE method does not require sending side information but its
drawback beside complexity is the increase of transmitted power.
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3.7-Tone Injection

In tone injection (T1) Technique, each point of the M constellation points is mapped to another set of
K constellation points and hence the overall constellation is mapped to a new larger KM-point
constellation that is divided into M sub-constellations each represents one symbol. The modulator
can use either one of the K points to represent each symbol and the choice criteria will be to reduce
the PAPR of the transmitted OFDM symbol. Zhou and Jian, 2009, proposed a multipoint mapping
based scheme to eliminate the need for transmitting side information by using a QPSK constellation
as information symbols and mapping this constellation to a 16 QAM constellation. The authors
presented the work as a PTS scheme, but it actually falls under the TI category. Although this
technique does not require transmission of side information, but the constellation expansion of the
QPSK to 16 QAM means increase of average transmission power. Goel et al., 2013, introduced a
similar concept except that the mapping is performed from the QPSK constellation to a concentric
circles constellation. Goel et al., made a performance evaluation of these to schemes and results
show the symbol error rate (SER) of the concentric circles base mapping has a 1 dB advantage over
the QPSK to 16QAM mapping.

4- PROPOSED SYSTEM

It has been mentioned before, that clipping the OFDM waveform causes undesirable out of band
spectral growth and ICI. In this work the clipping is performed in an earlier stage at the output of the
IFFT stage where the signal is still in terms of samples, therefore it is referred to as sample clipping.
This has the advantage of having no spectral distortion, but it still has the disadvantage of modifying
samples in the time domain and this reflects on all the frequency domain samples which are actually
the transmitted symbols.

e(n) =s(n) —$(n) (22)

Where, e(n) is the error (noise) term, s(n) is the OFDM symbol given by Eqg. (3) and §(n)is the
clipped OFDM symbol. This means that e(n) is nonzero whenever there is a clipping event and zero
when there is no clipping. So, when clipping occurs and s(n) is modified, and it will be reflected on
all data symbols ci (see Eq. (3)). This can be viewed as introducing a sort of impulsive noise on a
block of symbols that are the input of the IFFT stage, and this situation can be managed by
introducing an error correcting code to the system. Before going into more details, it should be noted
that the use of coding in this work is in the general sense and it is not related to the type of coding
mentioned earlier that is used to reduced the PAPR. In other words the use of coding here alone does
not reduce the PAPR by itself, therefore clipping is still required. The role of the coding is to correct
the errors caused by the sample clipping. Another point that is worth mentioning is that introducing
a coding scheme into the system does not necessarily mean that we are adding more complexity to
the system because almost in every communication system, channel coding is used, so we are only
considering the system as a whole instead of focusing on specific part of the system. On the other
hand the designer has more freedom to choose the appropriate coding scheme unlike the systems
that rely on coding schemes alone to reduce PAPR which are limited and hence may impose certain
limitation to the system like the type of modulation, code rate and coding/decoding complexity.

In this work, the convolutional coding is proposed to correct the errors introduced by the sample
clipping and since it is expected that the errors due to clipping to be in the form of burst errors,
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interleaving is also required and the simplest interleaving technique is used which is the block
interleaving. Where the symbols are stored in a rectangular matrix with N row and L columns with
each row containing L convolutionally encoded symbols and each column with N symbols to be fed
to the IFFT stage, so when clipping is performed at the output of the IFFT stage in case of having a
high peak sample, the error is distributed over N different symbols each separated by L symbols, so,
the convolutional decoder will not have a burst of clipping errors in its input. The block diagram
shown in Fig. 4 illustrates the components of the proposed system.

5- PERFORMANCE EVALUATION

The system was tested by simulation using Matlab R2010a for two types of modulation; the QPSK
and 16QAM modulations. These two modulation types were chosen to study the effect of clipping
on the constant amplitude modulation (QPSK in this case) and the varying amplitude modulation
(16QAM). Additie White Gaussian Noise (AWGN) was introduced as a perturbing factor to the
OFDM signal in addition to the clipping error given by Eqg. (22). As has been mentioned earlier, the
error correcting code used is the convolutional code, the parameters used where coding rate R equals
1/2 and constraint length K (which represents the error correcting capability of the covolutional
code) taking the values 3, 4 and 5, with generator polynomials having octal representation [3 5], [13
15] and [23 35] respectively. The circuit diagrams of these encoders are shown in Fig. 5. Viterbi
algorithm is used as decoding algorithm where the complexity is proportional to 2¥. The interleaver
size is 64X128 and the number of OFDM carriers is N=64. The bit error rate (BER) was evaluated
by simulation for the different values of K. since the clipping will make the OFDM have maximum
amplitude equals the value of the sample clipping threshold T, then, the PAPR can be evaluates from
eq. (5) as

T 2
PAPR =~ (23)

Looking at Fig. 6 and Fig. 7, it can be seen that there is a significant difference in the performance
of the system for the QPSK modulation for sample clipping thresholds T=2 and T=4, which are
already very small. Referring to Eq. (12) the PAPR of such signal equals to N=64 and from Eq. (23)
the PAPR is reduced to 0.0625 and 0.25 respectively. On the other hand, Fig. 8 and Fig. 9 show the
performance of the system for the 16QAM modulation with square constellation, it has been found
that in order to achieve a comparable performance to the QPSK, the threshold of the sample clipping
was chosen T=10 and T=11 which gives PAPR values of 1.56 and 1.89, this is expected because
QPSK is a constant amplitude modulation and the demodulation criteria depends on the phase of the
received signal not the amplitude, on the other hand, the QAM modulation is an amplitude varying
modulation which makes it more sensitive to amplitude clipping. It is clear from these results that
there is a significant decrease of the PAPR and if the PAPR is further slightly increased the BER
will be reduced much more, so, it is up to the designer to make the proper compromise between the
acceptable BER and the desired PAPR.

Further investigation of the graphs in Fig. 6 to Fig. 9, it can be seen that the curves show asymptotic

behavior at high values of SNR, remember that the SNR in these graphs are for the AWGN and
there is already the clipping-generated noise of Eq. (22), so, when the power of the AWGN is
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reduced, the clipping noise will be dominant and cause the graph to reach a certain value of BER
because the clipping noise is directly related to the clipping threshold value. The graph shown in
Fig. 10 shows the amount of the SNR when a noise-free OFDM signal is clipped by a given
threshold and it clearly shows that the clipping noise decrease (increase of SNR) when the clipping
threshold is increased since less clipping events occurs. There are no theoretical formulas for BER
performance against clipping-generated noise, but in order to assess the simulation results of Fig. 6
to Fig. 9, the BER performance against AWGN is used as in Fig. 11, where the upper bound
theoretical values of BER for 1/2 rate convolutionally encoded QPSK and 16QAM signals are
plotted against AWGN energy per bit to noise spectral power (Ey/N,), these curves are Matlab
generated using BERTool. And the quantity (Ep/N,) is related to SNR by

SNR(dB) = E, / N, (dB) +10log( B) (24)

Where B is the amount of information in bits per symbol and it equals to the coding rate times the
number of bits per modulation symbol, so for the QPSK B=1/2x2=1 so (Ew/N;)=SNR and for the
16QAM B=1/2x4=2 so the there is a 3 dB difference in this case. The vertical lines shown in the
figure reflect the corresponding Ey/N, for a given clipping threshold and this is obtained from Fig.
10 and Eq. (24). BER values are obtained from Fig. 6 to Fig. 9 where the curves saturate, i.e. where
the clipping noise is dominant. It is seen that the QPSK case have BER values below the theoretical
cures and there is 3-4 dB advantage, this means that the system has better performance handling
clipping noise than AWGN. In the QAM case the BER values are over the curves and there is about
1 dB performance degradation when compared to the AWGN performance and this is because the
clipping has direct effect on the symbol amplitude and demodulating QAM signal depends on phase
as well as amplitude, therefore the performance is reduced unless higher value of PAPR (or clipping
threshold) is allowed.
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Figure 1. An OFDM signal before and after the LPF showing high peaks over the clipping
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ABSTRACT

Leaching scheduling techniques are one of the suggested solutions for water scarcity
problems .The aim of the study is to show the possibility of using leaching scheduling, when
applying the irrigation scheduling program for a certain irrigation project, which was prepare by
Water Resources Engineering —University of Baghdad with some modifications to generalized it
and it make applicable to various climatic zone and different soil types.

The objectives of this research is to build a system that concerns the prediction of the
leaching scheduling (depth and date of leaching water), illustrating the main problems (soil
salinity, save the amount of leaching requirement, and to maintain crops growth).The other
objective is to compare between the calculated amount of leaching water with the amount of
water that is suggested by designers. The program includes, the calculating of predicted daily soil
salinity ,the depth of leaching water that should be applied to remove the salt from the soil when it
reaches a harmful level, and the total annual volume of leaching water.

The results showed, that the use of predicted leaching scheduling with its applicable
constrains require high attention when choosing the cropping pattern for each climate zone. Also,
it was found that the leaching program is a useful tool for saving irrigation water if cropping
pattern has been adapted carefully. This means the leaching water depth should be added only
when needed, and may not be necessary with each irrigation event.

Keywords: leaching scheduling, irrigation scheduling, maximum root depth, water resources dept.
program, water budget, Amara irrigation project.
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1. INTRODUCTION

Leaching scheduling , means the minimum amount of water that should be added to
the irrigation requirements in order to remove the accumulated salt in the root zone due
to irrigation. When it reaches a harmful effect on crop growth, the leaching scheduling
will be important for saving water. Leaching is the key factor for controlling soluble salts
brought by irrigation water.

2. LEACHING REQUIREMENTS

The leaching requirements (LR) concept was developed by the U.S. Salinity
Laboratory, Richard, 1954. It was defined as "the fraction of the irrigation water that
must be leached out of the bottom of the root zone in order to prevent average soil
salinity from rising above some specific limit, therefore it represents the minimum
amount of water that must pass through the root zone to keep salts within an acceptable
range.

Leaching requirements depend on the salt concentration in the irrigation water, the
amount of water extracted from the soil by the crop (transpiration), and the salt tolerance
of the crop, which determines the maximum allowable concentration of the soil solution
in the root zone, Rhoades, and Merrill ,1976.

The actual leaching requirements can only be determined by monitoring salinity
control which is related to field water management. Under some conditions, however,
differences in soils, drainage, and water application methods make leaching less than
100% efficient. Cracks, root holes, wormholes and other large pores can transport water
quickly through the root zone when these channels are in contact with the irrigation water
at or near the surface, Rhoades, 1990b.Rhoades and Merrill, 1976, proposed an
equation to calculate leaching requirement.

If all the infiltrated water mixes completely with the soil moisture, the relation
between the depth of applied water (AW) for consumptive - use and the LR as suggested
by FAO 1985b, during a cropping season is:

AW=ET, /(1-LR) = Irr.D +Pe 1)
Where :
ET.: consumptive-use (L/T),
Irr.D: net irrigation water depth (L),and
Pe: effective rain-fall (L).

However, under normal conditions, a fraction of the infiltrated irrigation water
equivalent to ((1-f) * Irrigation depth), where: (f) is the leaching efficiency coefficient,
will percolate directly below the root zone through cracks and macro-pores without
mixing with the soil moisture solution. This water does not contribute to the leaching of
salts from the root zone.

In practice, the electrical conductivity of drainage water (ECgyy) value is not readily
available, and the U.S. Salinity Laboratory recommends using the average electrical
conductivity of the saturation soil solution extract, and the electrical conductivity of
irrigation water (ECjy)to determine LR. The salt entering into the root zone from
irrigation water or capillary rise from ground water remains in the root zone.

The accumulated salt in the root zone is generally leached by applying water in
excess of field capacity. Field capacity can be defined as the maximum amount of
moisture that can be held against gravity in the soil pores of the root zone. Results from
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several laboratory experiments by Miller, et al., 1965; and some field trials by Oster, et
al., 1972, showed that the quantity of salts removed per unit quantity of water leached
can be increased appreciably by leaching at soil moisture contents less than saturation,
I.e. under unsaturated conditions.

In unsaturated field conditions leaching was obtained by adopting intermittent
ponding or by intermittent sprinkling at rates less than the infiltration rate of the soil. The
degree of salt removal during leaching is be markedly influenced by the method used. An
experiment was carried out at Nahshala Farm, north west of Al-Ain City, U.A.E. during
the 1998-2000 growing seasons, using six halophytes (Batis maritima, Distichlis spicata,
Juncus roemerianus, Paspalum vaginatum, Salicornia bigelovii and Spartina alterniflora)
and two levels of leaching fraction (0-25 and 0-50) under three irrigation salinity levels
10, 20, and 40 (g/l) in a randomized complete block design arranged in split plots. The
results indicated that the halophyte species tested can grow with minimum reduction in
the growth potential at < 20 (g/I) mean salinity of soil solution. Leaching fraction of 0-25
at the highest salinity of irrigation water 40 (g/l) was inadequate to attain the steady-state
salt balance during the growing period, although drainage salinity reached more than 90
(g /). Furthermore, if the same level of salinity is used for longer periods, soil salinity
under this high salt treatment will continue to rise and plant growth may deteriorate.
Leaching fraction of 0.50 is preferable if salinity of irrigation water is more than 20(g/I)
and dry matter production is considered, although the amount of water used will be
excessive, EI-Sayed et al., 2000.

In the past, the means of estimating LR was based on a set of conditions, referred to
as steady-state conditions, which rarely actually exist in real world. The real world is
more dynamic and transient-state conditions predominate. The traditional guidelines for
the calculation of the crop-specific leaching requirement of irrigated soils have fallen
under the microscope of scrutiny and criticism because the commonly used traditional
method is believed to over-estimate LR due to the assumption of steady-state flow and
disregarding salt precipitation and preferential flow. Over-estimation of LR of
detrimentally impacts the environment and reduces water supplies. Steady-state models
for calculating LR based on traditional model of the U.S. Salinity Laboratory and water-
production-function models were compared to transit-state models. The calculated LR
was lower when determined using a transit-state approach than using a steady-state
approach. Transit-state conditions and the influence of preferential flow have no
significant effect on lowering the value of LR as shown in the study of the Imperial
Valley using Colorado River water EC;,, 1.23 (ds/m) for irrigation. The LR was 0.08 for
a certain crop rotation and certain area, as was calculated by transit- state model, and was
found to be the most reasonable estimate for the entire Imperial Valley as compared to
LR of 0.13 by using the commonly traditional method.

Letey et al., 1985,conducted a reclamation leaching experiment in a drip-irrigated
pistachio orchard south of Huron, California, during the winter of 2002-2003.The study
was conducted to quantify the leaching water required to remove salts from the effective
root zone of trees. This experiment tested a new reclamation leaching technique by using
multiple lines of low-flow drip tape to supply water to the area of salinity accumulation
along a tree row. This new technique allows water to be supplied where there is salt
accumulation along the tree row, instead of supplying water to the entire area of the field.
Since reclamation leaching requires a relatively large depth of water, this technique
offers potential for significant water savings.
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Bakr, 2011, calculated monthly, and annually water requirements and calculated the
leaching requirements as a percentage from the depth of irrigation water for many
projects on Tigris River basin.

To make the right decision, there are some steps that should be followed, namely
selecting the cropping pattern, initial salt concentration of soil, salt concentration of
irrigation water, leaching efficiency coefficient, and crop characteristics properties. In
addition to know growing and harvesting date, root depth, and allowable depletion.

The physical properties of the soil, climate data, availability of water resources, soil
water deficit before irrigation, and field water losses should be known as well.

With the aid of the information mentioned above, monthly and annual water
requirements for leaching can be calculated, and then the irrigation and leaching
scheduling can be adapted. The computer simulation model developed in this research
was based on the following constrains:

e The desired salt concentration of soil is 4 (ds/m), at this value the effect of salt on crop
growth is negligible,Richard,1954, and
e The harmful level of salt concentration index on crop growth is selected as follows: if
the expected conductivity of soil saturation extract after irrigation is less than or equal to
crop salt tolerance at 50% yield reduction, then leaching water is added to the soil at or
before reaching this value.

Some constrains are required to build the leaching scheduling model and they are as
follows:
a. Assuming that the desired salt concentration of soil saturated extract is the initial salt
concentration in each reservoir.

b. The soil reservoir is divided into four reservoirs, each one has constant depth of 250
mm, and therefore the soil depth is always one meter. If the depth of root zone is more
than one meter, the remained depth of root zone falls within the drain zone ,Van Der
Molen, 1979, and

c. Two cases are employed, the first case is field water losses cannot be controlled as
surface runoff and deep percolation to the drainage zone losses, and the second case is
33% from the field water losses can be controlled and will be considered as the depth of
leaching water (deep percolation).

3. DESCRIPTION of SELECTED PROJECT AREAS

Five irrigation projects on the Tigris River basin were selected because there
are tributaries on the river.

The climate of Iraq is subtropical, continental, summer is long, hot, and dry, and
winter is short with mean monthly temperatures above zero, and intensive cyclonic
activity in the atmosphere provoking rainfall. The mean annual amount of precipitation in
the country tends to decrease from north to south and from east to west. In the summer,
no rainfall occurs in the country. Temperature, air humidity, and evaporation increase
from north to south.

Iraqgi territory was divided into six zones according to the natural humidity, which
characterizes identity of crops. Three natural-climatic zones and three subzones were
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identified within the territory of the country, General Scheme of Water Resources and
Land Development in Iraq, 1982.

4. CONCEPTUAL FORMULATION
The conceptual concepts were mathematically formulated in order to obtain a
workable procedure. Below is a brief description of the mathematical formulation of
leaching scheduling procedure as presented by FAO, 1985. The first step in leaching
scheduling is to determine leaching requirements, and to calculate the leaching
requirements by using the salt equilibrium equation, which is based on the application of
water balance, salt balance, and leaching coefficient equation.

4-1 The Water Balance Equation in the Root Zone

The basis for understanding the impact of irrigation and drainage management on the
salt balance is the water balance at the root zone, and can be described by the following
equation, FAO, 1985b:

Irr. D =R +ET Pe (2)

Where:
Irr.D: irrigation depth (L),
R”: leaching water depth (L), and
Pe: effective rainfall(L).

4-2The Salt Balance Equation in the Root Zone
In irrigation, salts are added to the root zone because all irrigation waters contain

salts. A fraction of the salts is leached below the root zone by deeply percolated water.
After a certain period, salt accumulation in the soil will approach an equilibrium or
steady-state concentration which depends on the salinity of applied water and leaching
requirements, FAO, 1985.

The following assumptions were made to formulate the salt balance equation:
e The exchange processes and chemical reactions which take place in the soil are not
taken into consideration, and
e The amount of salts supplied by rainfall, fertilizers, and exported by crops is
negligible. A zone of shallow groundwater is created with the same average salinity
concentration as the percolation water.

The root zone is one meter deep, and the salts are distributed homogenously through
it.
The movement of salts starts when the soil moisture content reaches field capacity level.

Under these assumptions, the salinity of the soil water is equal to the salinity of the
water percolating below the root zone. The water balance the root zone can be given by
the following equation, FAO, 1985:

Irr.D* Ciw = R** CR (3)
Where:
Ciw: average salt concentration of irrigation water,( ppm), and
Cr: average salt concentration of leaching water, (ppm).
Other abbreviations are as described earlier.

5-LEACHING EFFICIENCY COEFFICIENT
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Leaching efficiency coefficient is an essential parameter to be considered in the
leaching processes. It indicates the degree of mixing between the applied water and the
original soil solution, it could be defined with respect to the water percolating from the
bottom of the root zone, or it can be defined as the percentage of water percolating from
the original soil water, the remainder of which flows through a bypass consisting of a
crack and\or a root hole. This concept of leaching efficiency for vertical water
movement was originated carried out during the experimental work carried out in
Dujailah Project in Irag by Boumans, 1963. Also, it can be defined as the percentage of
irrigation water that mixes with soil water.

The introduction of a leaching efficiency coefficient means that the full amount of
water percolated through the soil profile is replaced by the effective amount of water
during the leaching process.

In a related work by, Van Der Molen, 1979, two different expressions were
introduced, each describing a different model of physical leaching process. These two
expressions are:

f:CDp\Ce (4)
f=Cpp—Ciw\ Ctc- Ciw (5)
Where:

Cop: average salt concentration of the water percolating below the root zone, (ppm)
C.: average salt concentration of the reservoir solution (after leaching) at field

capacity,(ppm)

Leaching efficiency coefficient variation with soil depth for many soils in pilot
projects in Iraq is presented by Hussein, 1997.
To calculate the leaching requirements, the salt equilibrium equation presented by
Richared, 1954, was used in this study; This equation was obtained from:
e Salt balance equation, Eq.( 2), and
e Leaching efficiency coefficient equation, Eq.( 4).
The salt equilibrium equation therefore is:

R" = (ETc—Pe) * [ ECiy/ f *( ECtc —ECi)] (6)
Where:
ECx.: Electrical conductivity, (ds/cm) ,and :
ECfc =EC.* (9\,5 / ch) (7)
Where:

EC.. Initial electrical conductivity of soil solution at field capacity, ds/m,
B+.: Soil moisture content of soil at field capacity, fraction of unity, and
Bys: Soil moisture content of soil at saturation, fraction of unity.
Ovs | B For moderate texture soil equal to two as showed by, Al-Furat Center For
Studies and Designs of Irrigation Project, 1992.

To guarantee that all root zones are leached, the maximum crop root depth was
adopted to prevent any crop losses during whole year. The amount of salts that can added
during the first irrigation in any month equal to the amount added in the second irrigation
,and for all irrigations during that month .So, the depth of leaching water differs from
month to another. The amount of salt added through any irrigation can be calculated
from:
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Zki: (ECiW )k*NA*RDj*C (8)
Where:
Z.i: amount of salts added on the k™ day after irrigation, during the i month,(
grams),

NA;: net area planted with j ™ crop, hectares,
RD;: root depth at any time of the j ™ crop, mm,
k: index for time, days,
i: index for time, months, and
C: conversion factor milli equivalent per liter (meg/l) or part per million (ppm), and
the unit of electrical conductivity is decisemens per meter (ds/m).
1(ds/m)=640(ppm),or (gm/m?), Ayers and Westcot, 1985.

There are three possibilities of supplying irrigation water, which are: If the net
depth of irrigation water is equal to the soil water deficit before irrigation (full irrigation),
the soil water content after irrigation will reach the field capacity of soil, then:

Irr.D i = SWDB
Where:
SWDB i Soil water deficit on the k™ day before irrigation during the i month, (L).

Second probability, if the net depth of irrigation water is less than the soil water deficit
before irrigation (partial irrigation).Accordingly there is an additional quantity of water
that should be added to raise the water soil content to field capacity level. In this case,
and if the salinity reaches a harmful level that will effect growth of crop, the leaching
water must be added to remove the salt from the root zone. The additional quantity of
water is calculated as extra leaching water depth.

(act.R*t)ki:ASWDki+R*ki 9)
SWDB4i—Irr.Dyi=ASWD (10)
Where:

ASWD ;: Additional soil water deficit in the k™ day during the i month, which equals
to water requirement that raises the soil water content to field capacity level, (L).

Third, the net amount of irrigation water is greater than the soil water deficit before
irrigation. According to the contiguity between net irrigation water and soil water deficit,
the water losses may be divided into two parts:

The first is surface runoff, this amount of water losses cannot be controlled and goes as
surface run off, and

The second is one third from field water losses which can be controlled and will be used
as a depth of leaching water; this part is considered as deep percolation. In this case, the
deep percolation must be checked if it is greater than depth of leaching water therefore,
there is no need to add water for leaching purposes. If deep percolation is less than the
depth of leaching water, leaching water is needed so,

If Irr.D > SWDB i, there are two possibility which are:

The first is;
Irr.D ki - SWDBi> R i then
(act.R ) i =0, and the second is;
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Irr.DKi - SWDB i< R’; then:
(act.R")i=R ki-[Irr.Dxi-SWDB;] (11)
Where:
(act. R")wi: Actual depth of irrigation water on the k™ irrigation during the i month,(
L).

6- SIMULATION MODEL

The above described mathematical procedure requires tedious calculations if done by
hand, so it is translated into a computer simulation. Model inputs, outputs, and flow chart
are presented in Fig.1 as a leaching scheduling program.

This model was applied for three different climatic zones with three different cropping
patterns and different soil properties.

Spreadsheet Formulas for Microsoft Excel program, version, 2007, was used to
program the procedure. The following input data were used to construct the program:
e Number of irrigations around the year together with their dates and depths of irrigation
water, and link this work with the main irrigation scheduling program which was built by
Bakr, 2011, and developed by Al-Haddad, 1997; and Hamad, 1996.
e The seasonal average of irrigation water salinity in the water source of each project.
e Initial soil salinity, leaching efficiency coefficient, Hussein, 1997. , and the salinity at
field capacity, as averages. Daily soil water deficit after irrigation around the year, and
daily field water losses.

The main outputs of the simulation model are:

The amount of added salinity, salt increase in the soil after each irrigation cycle, and
daily, monthly, and annual depths of leaching water,
¢ Actual daily, monthly, and annual depths of leaching water that should be provided to
remove salt from soil reservoir for the two cases: one third of losses is controlled, and
the other is uncontrolled, and for different status of soil water content before irrigation,
e Daily percentage of leaching requirements from net irrigation depth,
e Daily, monthly, and annual depths of net irrigation water for each case; volumes of
supplied irrigation water to the project, annual amount of saved water by using leaching
scheduling, and
e Percentage of drainage water and actual losses of water.

7- RESULTS AND DISCUSSION

Amara lIrrigation Project in Maysan Government was taken as an example.

Currently, this zone has a saline soil to variable degrees; the average salt concentration is
1676.25 (ppm). Additional leaching water requirements in southern zone were taken as
19-19.5% of total irrigation requirement as average,General Scheme of Water
Resource and Land Development of Iraq, 1982. If the net depth of irrigation water is
less than the soil water deficit before irrigation (partial irrigation), additional quantity of
water should be added to raise the soil water content to field capacity. In this case and, if
the salinity reaches a harmful level, the leaching water must be added to remove salt from
the soil.
In all irrigation cycles during autumn and winter seasons, the net depth of irrigation water
is greater than the soil water deficit before irrigation (full irrigation), accordingly the
contingents between net irrigation depth and soil water deficit will be taken as water
losses. In some irrigation applications during summer and spring seasons an additional
quantity of water should be added to raise the soil water content to field capacity.
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Table land Fig.1l, present the difference in applied water distribution between
leaching scheduling procedure (calculated) case and designer suggestion (allocated) case.
In the first case applied irrigation volumes in scheduled case are less than those allocated
to the project, and there is 29.8 %of water lost as drainage water. In these cases assuming
that water losses cannot be controlled, 29.8% is lost to the drains, and the real need is
683mm depth of leaching water. Table 1, also shows that 1767.64 million m* of water
were saved. In the second case applied irrigation volumes in a scheduled case are less
than those allocated to the project and there is 25.5% of water lost as drainage water.

In these cases assuming that water losses can be controlled and part of water losses
(deep percolation) substitute part of leaching, loss of drainage water become 25.5%, and
467.7 mm of leaching water only are needed to leach salts Table 2. Table.1 also shows
that 1845.29 million m® of water are saved.

Introducing leaching scheduling procedures a proper cropping pattern should be used
in order to improve water use efficiency, but without crops stress. Cropping pattern
should be chosen carefully. Amara irrigation project with assumed an cropping pattern,
five winter-season crops, four summer-season crops, and six perennial crops were
planted with cropping intensity equal to 115%. The crops differ in degree of response to
salinity; some crops can produce acceptable yields at much greater soil salinity than
others. Crops are divided into four relative salinity tolerance rating, sensitive, moderately
sensitive, moderately tolerant, and tolerant crops.

The wide range of salt tolerance crops allows using moderately saline water some of
them were previously thought to be unusable. Therefore greatly expands the acceptable
range of water salinity which is considered suitable for irrigation. In the Amara Irrigation
Project, some crops were planted were but with an assumed area, with many trials, the
right percentages of plant area which improves water saving without losing crops can be
found, in this project it is assumed that no sensitive crops are planted.

Saving crops at 50% yield potential was considered as an index for salinity hazard; in
the other words must be added depth of leaching water before the soil salinity become
less than or equal to the threshold value of 50 % vyield potential.

The water source of Amara irrigation project is Tigris River in Maysan Government.
There were some missing monthly records of salt concentration in irrigation water at
Amara during 2000 to 2001were lost, therefore in this study the mean seasonal salt
concentration of irrigation water was used which is equal to the mean annual salt
concentration, and equal to 1676.25 ppm.

For effective salinity control, adequate drainage to control and stabilize the water
table and leaching saline ground water intrusion in the active root zone were considered
to be negligible.

Table 3 and Fig. 3, show the differences in applied water distribution between
calculated leaching scheduling and designer suggested (allocated). In the first case
applied irrigation volumes are less than those allocated, and there is 33.2% of water lost
as deep percolation. In this case the water losses cannot be controlled therefore 303 mm
of leaching water was needed. The amount of 1891.57 million m * of irrigation water was
saved as shown in Table 4. In the second case, applied irrigation water volumes are less
than those allocated to the project, and there is 33.2% of water lost as deep percolation.
In these cases water losses assume to be controlled, and part of water losses should be
substituted, therefore drainage water losses became 30.4%, and 166 mm depth of
leaching water is needed to leachout salt. Table 4 also shows that 1942.26 million m® of
water were saved. Salt concentration of irrigation water at Amara for 2000 to 2010 years
point is used. So the mean annual salt concentration for the ten years is 1165.02 ppm as
shown in Table 5.
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8- CONCLUSIONS

. Using the maximum planted crop root depth to leach out salts from the root zone ,
guarantees preventing crop damage due to salt,

. The comparison between the monthly applied irrigation volumes using leaching
scheduling procedure and the suggested by designers provides flexibility for balancing
between monthly applied irrigation volumes; therefore the operation is efficient while
the distribution of monthly applied irrigation water suggested by designers has a
maximum value at summer season which causes problems in operating irrigation and
drainage network,

. High salinity of irrigation water means high depth of leaching water is needed ,the
monthly applied leaching water of the scheduling procedure, and for the two cases are
greater than monthly applied leaching water suggested by designers taken into account
the crops were not suffer from salinity stress , and

. The results show that applying leaching scheduling at Amara irrigation project is more
acceptable and more economic than using suggestion of designer.
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Figure 1. Flow chart illustrates the main steps of the simulation model of the leaching
scheduling.
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Table 1. Monthly and annual irrigation water amounts, Amara Irrigation Project, 2000-

2001.
Estimated by
Calculation results general scheme
(LR =19%)
Month Designed I: net Designed 11: net
volume of volume of NI req.
irrigation irrigation water, (m®)*10°
water, m*x10° m®x10°
Jan. 113.29 100.42 36.96
Feb . 109.21 101.88 63.65
Mar . 120.71 116.88 105.37
Apr. 153.49 153.18 312.37
May . 146.49 136.96 455.33
Jun. 130.71 125.16 635.12
Jul . 144.08 139.18 631.63
Aug . 147.37 140.37 571.65
Sep. 134.37 126.15 266.49
Oct. 135.85 128.25 117.69
Nov . 66.65 64.91 62.79
Dec. 108.85 100.42 19.98
Sum. 1511.42 1433.76 3279.06
Percentage
of drainage 29.8 255
water
Saved
volume of
water 10° 1767.64 18545.29
mS
Percentage
of leaching
requiremen Av. 22.24 Av. 1534 19.5
ts, %
Actual
water 1111.25 89561 | .
losses, mm
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Figure 2. Monthly irrigation water amounts; distribution according to leaching
scheduling, and designer suggestions if water losses uncontrolled and water losses

controlled.

Table. 2 .Monthly and annual depths of leaching water, Amara Irrigation Project, 2000-

2001.
From general
From calculation method (LR =
19.5%)
Month R’ (mm) (act . R)I act.R") I R; (mm)
(mm) (mm)
Jan. 17.49 17.49 0 26.61
Feb . 27.056 27.06 17.12 23.60
Mar . 41.77 41.776 36.69 23.12
Apr. 48.11 48.11 47.70 25.96
May . 92.85 92.85 57.78 72.02
Jun. 95.48 95.48 72.78 71.22
Jul . 102.06 102.06 81.99 80.13
Aug . 116.75 116.75 87.94 80.64
Sep. 71.28 71.28 34.92 82.99
Oct. 44.38 44.38 18.44 66.87
Nov . 14.6 14.6 12.29 14.65
Dec. 14.46 14.46 0.000 26.61
Sum 683.34 683.34 467.7 594.44
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Table 4, Monthly and annual irrigation water amounts, Amara Irrigation Project, 2000-

2001.
From
From calculation general
scheme (LR
=19.5%)
Month (designed)l (designed)ll Nlreq.
net volume of net volume of (m3)*10°
irrigation irrigation
(m?)*10° (m?)*10°
Jan. 106.96 100.42 36.96
Feb. 109.46 104.34 63.65
Mar. 110.05 109.62 105.37
Apr. 133.68 131.41 312.37
May. 129.23 124.19 455.33
Jun 114.25 1114 635.12
Jul. 129.65 126.8 631.63
Aug. 122.27 119.37 571.65
Sep. 133.57 126.1 266.49
Oct. 128.32 122.85 117.69
Nov. 61.71 59.24 62.79
Dec. 108.34 101.05 19.98
Sum. 1387.48 1336.79 3279.06
Percentage of 33.2 30.4
drainage water
Saved volume of 1891.57 1942.26
water 10° m®
Percentage of Av. 9.95 Av. 547 195
leaching
requirements
(%)
Actual water 1111.25 orrdy |

losses (mm)
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Figure 5. Monthly irrigation water amounts; distribution according to leaching scheduling, and
to designer suggestions.

Table 5, Monthly and annual depths of leaching water, Amara irrigation project, 2000-

2010.
From
general
From calculation method (LR
= 19.5%)
Months
R"(mm) (act. R)I (act. R')II R;(mm)
mm (mm)

Jan. 8.89 8.89 0 26.61
Feb. 27.39 27.39 20.45 23.60
Mar. 27.61 27.61 27.05 23.12
Apr. 18.84 21.85 18.84 25.96
May. 29.38 29.38 10.84 72.02
Jun. 28.13 28.13 16.45 71.22
Jul. 43 43 31.35 80.13
Aug. 13.39 13.39 1.43 80.64
Sep. 66.38 66.38 34.72 82.99
Oct. 18.67 18.67 0 66.87
Nov. 7.97 7.97 4.66 14.65
Dec. 10.76 10.76 0 26.61

Ssum. 300.43 303.44 165.79 594.44
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ABREVIATIONS
Symbol Description Units
act.R’, Actual depth of leaching water. L
ASWDy; Additional soil water deficit on the k™day during the i™ month. L
AW Available water. L
Cc Conversion for units.
Corp The average salt concentration of the water percolating below ppm
the root zone.
Ce The average salt concentration of the soil saturation extract. ppm
Ce The average salt concentration of the soil solution at field ppm
capacity.
Ciw The average salt concentration of irrigation water. ppm
Cr The average salt concentration of leaching water. ppm
EC. Electrical conductivity tolerated by the crop as measured in the ds/m
soil saturation extract.
ECs Electrical conductivity of soil extract at field capacity. ds/m
ECiw Electrical conductivity of irrigation water. ds/m
EC- Electrical conductivity of soil before leaching (initial value). ds/m
Etc Monthly crop evapotranspiration rate. L/Time
f Leaching efficiency coefficient. %
f. Specific moisture of soil at field capacity.

I Index for time. Month
Irr.D Applied net irrigation water depth infiltrated, which is the total L
applied irrigation water minus evaporation losses and surface

runoff.

J Index for crop grown in the project.

K Index for time. Day
LR The leaching requirements. %
NA; Net area planted with the j™ crop. Don.
Pe Effective rain-fall. L
RD; Root depth at any time of the j ™ crop. L
R Depth of leaching water. L
R’ Total depth of leaching water. L
SWDB Soil water deficit before irrigation. L

Z The amount of salt added after irrigation. Gram
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ABSTRACT

In this study, pebble bed as an absorber and storage material was placed in a south facing,
flat plate air-type solar collector at fixed tilt angle of (45°). The effect of this material and differ-
ent parameters on collector efficiency has been investigated experimentally and theoretically.
Two operation modes were employed to study the performance of the solar air heater. An inte-
grated mode of continuous operation of the system during the period of (11:00 am — 3:00 pm)
and non-integrated mode in which the system stored the solar energy through the day then used
the stored energy during the period of (3:00 pm — 8:00 pm). The results of parametric study in
case of continuous operating showed that the maximum average temperature difference of air
between inlet and outlet sections observed on (0.018 kg/s) air mass flow rate were exceeded
(17°C) and the maximum outlet temperature that got was exceeded (34°C) for the three months
(December, January and February) of experiments. Average efficiency was ranged from 53% to
65%. In the case of storage and then operating, the maximum outlet air temperature was ranged
from (27°C) up to (31°C) then decreased with spend of energy to reach (13°C) to (18°C) and the
maximum storage energy was (165.14 W) for the porosity of (0.29) , height of (20 cm) and (0.01
kg/s) mass flow rate. The results also, showed that the solar air collector supplied a solar heating
fraction (SHF) with an average of (0.65) for a meeting room (3 * 4 * 7 m) located in Baghdad as
a case study.

Keywords: pebble bed, active solar heating, thermal collector and storage, experimental and
theoretical study
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1. INTRODUCTION

It is becoming increasingly necessary for countries to obtain power from sources other than
conventional fossil fuels. This is as a consequence of an increasing population, people becoming
more aware of environmental constraints, and the rising cost of conventional fuels. Nuclear and
renewable energy sources will have to provide an increasing percentage of total power capacity.
Nuclear power is still reliant on limited sources of fuel, and has strong environmental and politi-
cal implications, limitations by which renewable energy is generally unaffected. It therefore
makes sense to consider renewable energy sources as a means of power generation. The largest
supply of renewable energy is in the form of solar energy. Several improvements have been
suggested in literature to enhance the performance of the system. The use of porous material in-
side the collector is one method to enhance solar air heater efficiency as suggested by , Donald
and John, 1983. , Paul and Saini, 2003, Mittal et al., 2005 and Ahmed and Mohamad, 2007.
Theoretical and experimental study for a solar collector was presented by Murshid, 2005. Using
porous medium as storage material and heating source, the solar collector was made in case of
continuous operating from 9:00 AM to 4:00 PM. The maximum difference between air input
temperature and air output temperature from solar collector was reached (15°C) and the maxi-
mum efficiency of the solar collector reached up to (50%). Different porous materials have been
suggested, such as mild steel particles, Yeong, 2011. Fused silica glass, alumina and stainless
steel were used by Mawire, 2009. Degirmencioglu, 2006, investigated the effect of the open-
cell polyurethane foam as an absorber material, placed in a south facing, flat plate air-type solar
collector at fixed tilt angle on collector efficiency, Collector is tested under the regulations of
ASHRAE 93-1986 standard named “Methods of Testing to Determine the Thermal Performance
of Solar Collectors”. Air passing through the collector has been provided by a fan. Tests are re-
peated with three air speeds 1.266 m/s, 1.5825 m/s and 1.899 m/s. Maximum average efficiency
is calculated on 1.5825 m/s. Maximum average temperature difference of air between inlet and
outlet sections observed on 1.266 m/s. Maximum outlet temperature that we get is on the same
day with maximum average temperature difference. , Mohanraj and Chandrasekar 2009, de-
veloped and tested performance of an indirect forced convection solar drier integrated with dif-
ferent sensible heat storage maternal. The system consists of a flat plate solar air heater with heat
storage unit, a drying chamber and a centrifugal blower. Drying experiments have been per-
formed at an air flow rate of 0.25 kg/s. Drying of chili in a forced convection solar drier reduces
the moisture content from around 72.8% (wet basis) to the final moisture content about 9.1% in
24 h. Average drier efficiency was estimated to be about 21%. The specific moisture extraction
rate was estimated to be about 0.87 kg/kWh.

In this study, the advantage of using packed beds of pebble to store thermal energy for solar
collector has been determined. Effects of various parameters (porosity, height of pebble bed and
mass flow rate) on the collector performance had also been investigated.

2. MATHEMATICAL MODEL

The packed bed solar air heater model has been considered for this present study is
shown in Fig 1. The collector consists of a glass cover plate, a blackened absorber plate and a
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back plate with blackened pebbles packed in the airflow passage between the absorber and the
black colored back plate.

The MATLAB program is used in this work for computer programming. The computa-
tion is composed of a main program for one day per month of experiment work. Also it is appli-
cable for each day of the experiment work by changing the variable inputs and the condition of
experiment day.

Simplified steps were used to analyze the heat transfer for the air flow across the pebble
bed and to calculate the amount of energies and the efficiency. The calculations were based on
the following assumptions: (a) study state. (b) one dimensional heat transfer across the glass
cover. (c) constant temperature across thickness of glass cover. (d) one dimensional heat transfer
across insulation layers. (e) one dimensional heat transfer across the porous media.

2.1 Absorption Energy Calculation
The absorption energy could be calculated by the equation below:

Qap =Fr#lx A (1)
Fi is calculated from Eq. (2) as:
F, = (upTgJe #Fop # Fy (2)

2.2 Loss Energy Calculation

Losing energy is happening from all sides of the solar collector, in spite of the biggest
part of losing is from the absorber surface. However, losing energy from sides and bottom has a
clear effect.
The amount of losing energy is given by the following equation:

Quoe==Up xAx (Tp - Ta} (3)

Mean plate temperature (Tp) is calculated by Duffie and Beckman, 2008, as follows:

Qu/A
B/ (1 Fy) @

TFI = Ti. +
The collector overall heat transfer coefficient (y,) is the sum of top, bottom and edge loss coef-
ficients:

U,=U,+U,+ U, (5)

The top loss coefficient from the collector plate to the ambient for this single glass cover system
is as follows:

Vel ol (6)

hc_p—g"'hr,p—g hw‘l'hr,g—a

The wind heat transfer coefficient is calculated as Duffie and Beckman, 2008.

hy = 5.7 +3.8v @)

The radiation heat transfer coefficient from the glass to the air (h,. g—a) is calculated as:
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hyg-a = £20( T, + T )(TZ + T2) (8)

The radiation heat transfer coefficient from the plate to the glass cover (h,_np_ E) is calculated as:

_ ol Tp+Tg)[TE+TE)
PPET T Eii_g (©)
Ep g

h

The convective heat transfer coefficient is calculated as:

h == (10)

CP—E = Dh

2wd
Ww+d

where Dy, = p, , (P= porosity).

Nusselt number Nt is a function of Rayleigh number Ra which is given by , Duffie and
Beckman, 2008.

1708 (sin1.2f)%° 1708 Ra cosf 1

_ _ _ + T +
Nu=1+1.44 [1 Ra cos B ][1 Racos E] + [[ 52320 :} 1] (11)
The heat removal factor Fr is given as:
Fr = F'F' (12)

Where the collector flow factor F" and the collector efficiency factor F' are calculated as fol-
lows:

_ Hgep.. _ AWME’
= ot e Ep}] (13)
U
Fr=[1+ ‘ -1

T 1.
Nin * 5,
The radiation coefficient between the two air duct surfaces at a mean fluid temperature Ty is:

1o T2, (15)

hy =
T,1
£ oS

p E

The heat transfer coefficient inside the duct is:

h = Nul D—Ii (16)
Where Nul = 0.0158 Re®#

The useful gain is calculated as follow:

Qu = FrA[S - U)(T; — Ty)] (17)

Which is also can be calculated as:
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Qu=ri,* Cp * (Tn - Ti} (18)
"eq. (16) dependent in experimental calculation™

From Eq. (17) & (18), the outlet temperature is:

T, = T1+Qu.fﬂ-1a*cp (19)

2.3 Thermal Efficiency Calculation
The efficiency of the flat-plate solar collector (77,.) is defined as the ratio of the rate of useful

energy supplied by the collector ((2,,) to the rate of incident solar energy in its area.

Qu
e =7, (20)
2.4 The Performance of a Solar Collector in an Active System

It’s a simple procedure which has been devised by Balcomb and McFarland, 1978 and
used by the researcher Murshid, 2005 for predicting the performance of solar collector in ac-
tive systems. This calculation can be made based on the values of solar radiation, heating degree
days, and the thermal loss and solar gain characteristics of the building. In this study, load col-
lector ratio (LCR) was used as the following steps.

Estimate the building loss coefficient (BLC). This is the sum of the building skin conductance
plus infiltration.

BLC = (TUA, + INF) « 24 « 3600 (21)

The solar heating fraction (SHF) is the fraction of save energy to the net load which is calculated
as follows:

SHF = Qsave / Qnet (22)
Qsave = my # ¢ ¥ X3° (Tap — 18)7 (23)
Qhet = BLC * DD (24)
DD = %2% (20 - T,)* (25)

"The (+) sign in Egs. (23) and (25) indicate that only the positive value taken into account”
The auxiliary energy (Qaux) required keeping the building at (20°C) calculated as follows:

Qaux = (1 — SHF) * BLC + DD (26)

2.4 Energy Balance

Based on the assumptions that have been mentioned and used to solve mathematical equations
relating to the performance of solar collector for the collection and storage, we have developed a
mathematical model by performing an energy balance on the solar collector.
The equation of thermal energy balance is written as shown in Fig. 2

(Energy absorbed by the surface absorber) + (Energy entering the air solar collector) = (Energy
leaving the air solar collector) + (Stored Energy) + (Energy lost from the solar collector)
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This can be written in the formula as follows:

lexA+mgrcy*T,=maecy* To+E, +Upx Ax (T, —T,) (27)

The above equation can be written as:-
Qee =l xA—thyxcy* (Ty— Tp) — Upx Ax (T, — Ty) (28)

3. EXPERIMENTAL WORK

Air-type solar collector was used in this project. Basically the experimental setup con-
sists of three main mechanical parts. First and the most important part is the collector itself. Se-
cond part is the inlet and outlet channels. Third part is the blower that provides air stream during
experiments. Pebble bed with (0.29) and (0.34) porosity placed in the collector flow channel in
order to increase heat transfer area.

The solar collector is made locally for the purposes of collect and storage at the same
time. It consists of a reservoir of iron with dimensions of (1x0.6x0.25 m) and a thickness of (2
mm) for the purpose of carrying the weight of the porous material used to make the tank in case
of consistency and stability. Three brackets of iron mesh were installed to support and facilitate
the development of porous media in the collector reservoir, and also to distribute air evenly
across the porous media. (1mm) thickness aluminum plate was used as absorber plate and coated
with black color to receive maximum amount of solar incident radiation. The solar collector was
isolated from all sides and bottom with class wool insulation of (5cm) thickness to reduce the
heat losses. A glass cover (4mm) thickness and (1x0.6m) dimensions applied at the surface of
the solar collector. It was sealed to prevent leakage of water into the solar collector or heat air
loss. The gap between the glass cover and the absorber plate was ranged from (5cm) when the
pebble bed depth was (20cm), and it was (10 cm) when the pebble bed depth was (15cm).

The experiments were conducted on the days of December, January and February in
Baghdad. The collector was located with 45 angle towards the south (For winter load, the tilt
should be (latitude + 10) degrees and for year round use, the tilt = latitude, [12]). Fig. (1) shows
the general aspect of experimental setup. The experiments were carried out at the same time pe-
riods between (11:00 to 15:00) of the days (In the case of continuous operation) and between
(15:00 to 20:00) of the days (In the case of storage and operation) for (0.01 kg/s) & (0.018 kg/s)
of mass flow rates. The air flow through the collector was supplied by an electric blower and
adjusted via a regulator integrated with the blower. The velocity of the air was measured by an
anemometer sensor. The incident solar radiation on collectors’ inclined upper surface was meas-
ured up to date by (Datalogging Solar Power Meter TES-1333R). Type K thermocouples were
placed at inlet, outlet flow channels, back plate, pebble bed, absorber plate, glazing cover of the
collector and a free one to measure ambient temperature.

4. RESULTS AND DISSCUSION

Fig. 3 shows the variation of the intensity of solar radiation with time for the days (21
Dec., 5 Jan. and 10 Feb.). As shown in this figure, the intensity of solar radiation increases
steadily with time and attained peak values at the mid-day then decrease steadily with time as
the sun goes down in the late afternoon. It observed that the maximum solar intensity reaches to
(764.5 W/m?) in (21 Dec) and it is reached to (1005 W/m?) in (5 Jan) while it is (900.3 W/m?) in
(10 Dec).

In the case of continuous operating for the solar collector the solar collector has been run
with electric blower which is working from 11:00 am to 3:00 pm. The temperature was meas-
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ured at different sections, air inlet, air outlet, back plate, pebble bed, absorber plate, glazing cov-
er of the collector and the ambient. According to these measurements, the efficiency, the useful,
storage and loss energy were calculated. Fig. 4 shows the effect of height of the pebble bed on
average temperature (by using thermocouples distributed at three equal distance) of porous me-
dia with time for mass flow rate of (0.01 kg/s) for days in Dec., Jan. and Feb. The temperatures
of porous media increase gradually from (11:00 am) and reach the maximum value at (3:00 pm)
which exceed (30°C) with height of (15 cm) of pebble bed. In one hand variation of temperature
of the porous media with time because the intensity of solar radiation increase gradually and
through this period the temperature of absorber plate increase and this is lead to increase of the
temperature of porous media. In another hand it can be observed that the maximum temperature
of pebble bed is at (15 cm) because it heated faster than (20 cm) pebble bed height.

Fig. 5 shows the variation of inlet air temperature to the collector and the experimental
and theoretical outlet air temperature with time for (0.018 kg/s) mass flow rate for the days of
(21 Dec., 5 Jan. and 10 Feb.). Fig. 5a shows a convergence between the experimental and theo-
retical outlet air temperature and matching point at 12:30 pm. The maximum outlet air tempera-
ture from the solar air collector was (35.5°C experimentally and 33.07°C theoretically). The
maximum temperature difference between inlet and outlet air from the solar collector was
(17.9°C). The convergence with less error was found in Fig. 5b and the matching was achieved
from (1:00 to 2:00 pm). The maximum outlet air temperature from the solar air collector was
(34.6°C experimentally and 33.03°C theoretically) and the maximum temperature difference be-
tween inlet and outlet air from the solar collector was (20°C). The same behavior was shown in
Fig. (5¢) with matching points at (1:00 and 1:30 pm) respectively. The maximum outlet air tem-
perature from the solar air collector was (34.3°C experimentally and 32.9°C theoretically) and
the maximum temperature difference between inlet and outlet air from the solar collector was
(18.2°C). The differences between the experimental and theoretical values in the previous fig-
ures because of the different in the theoretical values of useful energy which are actively in-
volved in the Eq. (19), and that because the theoretical calculation of solar intensity which effect
on useful energy are different from the experimental values of solar intensity. The average of
the maximum outlet air temperature from the solar air collector was (34.8°C) and the average of
the maximum temperature difference between inlet and outlet air from the solar collector was
(18.7°C).

Fig. 6 shows the variation of thermal efficiency with solar radiation for mass flow rate of
(0.01 and 0.018 kg/s) respectively, pebble bed height of (15 cm) and (0.34) porosity for the days
of (22 Jan. and 2 Feb.). The efficiency increases with an increase in the solar radiation. This is
due to the increase of temperature difference which is directly proportion to the efficiency. But it
can be seen that even when the solar radiation decrease after (1:30 pm), the efficiency continue
to rise. This is also because increase of temperature difference and this is a positive point for use
the porous media that help to store heat even when the sun goes down in the late afternoon.

The effect of temperature rise on the efficiency of the solar collector for mass flow rate
of (0.01 and 0.018 kg/s), pebble bed height of (15 cm) and (0.34) porosity for the days of (22
Jan. and 2 Feb.) is shown Fig. 7. The thermal efficiency increases with the increase in the tem-
perature rise because of the direct proportion of efficiency with the temperature rise that has di-
rect proportion to the useful gain and that approved by applying Eqg. (20).

The effect of mass flow rate of air on the variation of inlet and outlet air temperature difference
with time is shown in Fig. 8 for different height and porosity of the pebble bed. It has been ob-
served that the temperature difference increases with increase in mass flow up to (26%). The
figure also shows that the temperature difference has been reached the maximum value between
(1:30 to 2:00 pm) then the curve goes down for the days of experimental work. This is because
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of the behavior of solar radiation shown in Fig. 4. Temperature difference is directly proportion
to solar radiation.

There is a significant effect of mass flow rate on efficiency. It is evident from Fig. 9, that
for higher mass flow rate, efficiency is much higher with a rate ranging from (48%) to (54%).
This behavior has been obtained experimentally and it can be approved theoretically from Eqg.
(20).

Fig. 10 shows the effect of porosity of pebble bed on the variation of air temperature dif-
ference between inlet and outlet of the solar collector with time, which is higher for low porosi-
ty. It has been observed that the values in the two porosity experiment are quite close, but devia-
tion occur with time progress. It can be concluded that there is an increment ranging from (4%)
to (20%) showing the effect of porosity on the temperature difference.

There was no significant effect of porosity on efficiency with higher mass flow rate. This
Is shown in Fig. 11 It has been seen randomly behavior of the curves in the previous figure be-
cause of the effect of the experimental amount of solar radiation which is involve in Eg. (20),
and that because the different weather in which the experiments process.

Fig. 12 shows the effect of height of pebble bed on the variation of temperature differ-
ence with time. It has been shown that the pebble bed with (15cm) height has the higher temper-
ature difference with a rate ranging from (5%) to (29%) in Dec. and Jan. for (0.018 kg/s) air
mass flow rate and ranging from (10%) to (38%) in Feb. for (0.01 kg/s) air mass flow rate. The
solar radiation takes less time to reach pebble bed with (15cm) than the pebble bed with (20cm),
so the lower pebble bed will get more heat and thus the higher temperature difference.

Fig. 13 shows the variation of solar heating fraction for a different height of the pebble
bed. This comparison shows that for (h=15 cm) in the months of December and January, the
(SHF) was higher than that for (20 cm) with a fraction reached to (57 %). While in February, the
behavior was inversed because of the different in (SHF) values which are depend on the amount
of solar intensity measured experimentally. The variation of auxiliary energy that we need to
add it for the days of (27 Dec., 5 Jan., and 10 Feb.) and the days of (10 Dec., 10 Jan., and 23
Feb) was shown in Fig. 14 It was observed that in (5 Jan) it is need higher auxiliary energy
reached to (21, 093 kJ) while in (17 Feb.) less energy must be adding. The maximum auxiliary
energy (2,276 kJ) in (23 Feb.) and it is need (2,795 kJ) in (10 Jan) these amounts depended on
the (SHF) values, where the higher value (SHF) there is less need for the auxiliary energy.

5. CONCLUSIONS

The main conclusions from the present work may be stated as follows:

e The increment of efficiency due to pebble placing can be observed easily in spite of de-
creasing the solar radiation.

e The solar collector supply hot air up to (29 C°) with average temperature difference of
(14 C°),

e The efficiency of the solar collector increases with the increment of air velocity with a
rate ranging from (48%) to (54%).

e Decreasing the pebble bed height, increasing the efficiency with a rate of (4% to 30%)
and the increment of the temperature difference ranging from (10%) to (38%) for a given
mass flow rate.

e The variation of air temperature difference between inlet and outlet of the solar collector
with time was higher for low porosity with an increment ranging from (4%) to (20%).

e The solar collector supplied a solar heating fraction (SHF) with an average of (0.65).
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7.NOMENCLATURE

A = area of solar collector, m?.

As = area of skin condition, m%

BLC = building loss coefficient, J/DD.

Cp = specific heat of air, J/kg.°C.

Fd = dust coefficient, dimensionless.

Fsh = shading coefficient, dimensionless.

Ft = effective transmittance-absorption factor, dimensionless.
FR = heat removal factor, dimensionless.

F' = collector efficiency factor, dimensionless.
F" = collector flow factor, dimensionless.
Dh = hydraulic diameter, m.

DD = degree-Day, °C.

H = coefficient of heat transfer, W/m?.K.

It = total incident radiation, W/m?.

INF = infiltration, W/°C.

K = thermal conductivity, W/m.K.

L = length of bed, m.

m.a = mass flow rate of air, kg/s.

Nu = nusselt number, dimensionless.

Pt = porosity, dimensionless.

Q =energy, W.

Ra = rayleigh number, dimensionless.

Re = reynolds number, dimensionless.

S = absorbed solar radiation, W/m>.

SHF = solar heating fraction, dimensionless.
T = temperature, °C.
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Ub = back loss coefficient, W/m?.K.
Ue = edge loss coefficient, W/m*.K.
Ul = overall loss coefficient, W/m?.K.
Ut = top loss coefficient, W/m?.K.

GREEK SYMBOLS

a = absorptance of surface for solar radiation, dimensionless.

B = tilt angle, degree.

T = glass transmittance, dimensionless.

A = difference, dimensionless.

n = efficiency, dimensionless.

gg = penetration of glass cover, dimensionless.
o = bultzmann constant, dimensionless.

gp = emittance of surface, dimensionless.

SUBSCRIPTS

a = ambient, dimensionless.
b = bottom, dimensionless.
¢ = convection, dimensionless.
e = edge, dimensionless.

f = fluid, dimensionless.

g = glass, dimensionless.

i = inlet, dimensionless.

m = mean, dimensionless.

0 = outlet, dimensionless.

p = plate, dimensionless.

r = radiation, dimensionless.
u = useful, dimensionless.
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Figure 1. Cross section of the solar air heater.

Figure 2. Energy balance on the solar collector.
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Parameters: (h=height of pebble bed, m'=air mass flow rate, p=porosity)
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Figure 8. Effect of mass flow rate on variation of temperature rise with time.
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Figure 12. Effect of height on variation of temperature difference with time.
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ABSTRACT

The present study focused mainly on the analysis of stiffened and unstiffened composite
laminated plates subjected to buckling load. Analytical, numerical and experimental analysis for
different cases has been considered. The experimental investigation is to manufacture the
laminates and to find mechanical properties of glass-polyester such as longitudinal, transverse
young modulus, shear modulus. The compressive test was carried to find the critical buckling
load of plate. The design parameters of the laminates such as aspect ratio, thickness ratio,
boundary conditions and number of stiffeners were investigated using high order shear
deformation theory (HOST) and Finite element coded by ANSYS .The main conclusion was the
buckling load could increase and decrease depending on the boundary conditions, thickness
ratio, and, the aspect ratio and number of stiffeners of the plate.

Keywords: composite laminated plate, glass-polyester, bucking load, high order shear
deformation, stiffened and unstiffened plate.
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1. INTRODUCTION

1.1 General
During the last decades, needs for composite materials which contain two or more types of
materials mixed together homogenously have appeared.

Composite materials have many advantages such as high strength with low weight compared
with traditional engineering materials; furthermore, their properties can be controlled during
mixing of their components to meet the suitable design requirements.

When a flat plate is subjected to low in-plane compressive loads, it remains flat and is in
equilibrium condition. As the magnitude of the in-plane load increases, however, the equilibrium
configuration of the plate is eventually changed to a non-flat configuration and the plate becomes
unstable and begins to deflect to the middle portion. , Reddy J.N. 2004.

Many researches had studied buckling analysis of stiffened and unstiffened plate.

Guedes Soares C. and Gordo J. M.1997, performed of three methods to design stiffened panels
under predominantly in plane uniaxial compressive loading is compared by referring to numerical
and experimental results.

Satish Kumar Y.V., Madhujit Mukhopadhyay 1999, presented the basic plate element is a
combination of Allman's plane stress triangular element and a Discrete Kirchhoff-Mindlin plate
bending element. The element includes transverse shear effects. The model accommodates any
number of arbitrarily oriented stiffeners within the plate element and eliminates constraints on the
mesh division of the plate.

Rikards R. etal 2001, concentrated on the development of triangular finite element for buckling
and vibration analysis of laminated composite stiffened shells. For the laminated shell, an
equivalent layer shell theory is employed. The first-order shear deformation theory including
extension of the normal line is used. In order to take into account a non-homogeneous distribution
of the transverse shear stresses a correction of transverse shear stiffness is employed. Results of
vibration and buckling analysis of stiffened plates and shells are discussed.

Samuel Kidane2002, investigated buckling loads of stiffened composite cylinders under uniaxial
loading condition by using analytical and experimental approaches. The stiffness contributions of
the stiffeners are computed by analyzing the moment and force effect of the stiffener on a unit cell.
Then the equivalent stiffness of the stiffener/shell panel is computed by superimposing the stiffness
contribution of the stiffeners and the shell. Once the equivalent stiffness parameters are determined
for the whole panel, the buckling load is calculated using the energy method.

Aseel Jasim Mohammed Al-Hassani 2005, investigated the vibration characteristic of composite
plates with and without holes ,manufactures of fiber glass+ polyester in the presence of steel
layers reinforcement , stiffeners subjected to various load conditions and constraints (simply
supported and clamped).

An experimental programmed was also conducted in order to obtain the material properties

of the used plates and study the plate behavior under static load and measuring the strain and
deflection from which the structures are obtained and compared with the numerical results.
Akl W. etal 2008, selected the orientation angles of stiffeners arranged in the form of isogrid
configuration over a flat plate to optimize the static and dynamic characteristics of these
plates/stiffeners assemblies. The static characteristics are optimized by maximizing the critical
buckling loads of the isogrid plate, while the dynamic characteristics are optimized by maximizing
multiple natural frequencies of the stiffened plate.

71



Number 8 Volume 20 August - 2014 Journal of Engineering

Tran Ich Thinh and Tran Huu Quoc2010, studied free vibration and bending failure of laminated
stiffened glass fiber/polyester composite plates with laminated open section (rectangular or T-
shaped) and closed section (hat shaped) of stiffeners by finite element method and experiment. The
results calculated by computational model for above plates under different boundary conditions are
in good agreement with experiments. The failure problems of these stiffened glass fiber/polyester
composite plates are also investigated.

Hasanain Ibrahim Nsaif 2011, investigated Buckling analysis of composite laminates for critical
thermal and mechanical loads. The analytical investigation involved certain mathematical
preliminaries, a study of equations of orthotropic elasticity for classical laminated plate theory
(CLPT), higher order shear deformation plate theory (HSDT), and numerical analysis (Finite
element method).

The present work is focused on how to derive the analytical solution of critical bucking load for
stiffened and unstiffened composite laminated plates by high order shear deformation theory by
applied different type of boundary condition on the symmetric cross-ply composite laminated
plates using Levy solution .Mechanical properties, buckling load for composite plate made from
(glass-polyester) with fiber volume fraction (0.3) are determined experimentally.

Also Finite element coded by ANSYS12.1used to find critical buckling load of stiffened and
unstiffened composite laminate plate.

2. ANALYTICAL SOLUTION (HIGHER ORDER SHEAR DEFORMATION PLATE
THEORY)

2.1. Unstiffened Laminated Plate

2.1.1 Displacement

High order shear deformation plate theory (HSDT) based on assuming the straight line
perpendicular to the mid surface before deformation become curve line after deformation, Reddy,
J.N. 2004.

UEYZ)=Uo (33, +2Dx (511 o3 2° (B + 22 ) (1.a)
V(Xy,2,0)= "0, (x,Y,0)+2 D, (X,),t) -%23(®y+%) (1. b)
w(xy,2)=w, (X3,1) (1.¢)

2.1.2 Stress and strain

The total strains can be written as follows

0) (€] 3)

Exx Exx Exx Exx
)l el o ea
ny 0 1 3

)/)gy) )/)gy) )/353’)

(0) ¢)) 2
{Vyz}: Vyz +7 Yyz +72 Vyz (2.b)
V)|, @f |, 0@ '

Xz Xz Xz
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The transformed stress-strain relations of an orthotropic lamina in a plane state of stress are; for Q;;
see ,Reddy J.N. 2004.

Oxx _@1 @2 g16 Exx

{ny} = le sz Qze {SW} (3.2)
%) Qs Q26 Qes K Vay

Oyz) _ (Qas Qus| (V2

{ze}k [Qas @55] {sz} (3.)

The result stress Nxx, Nyy and Nxy, Mxx,Myy and Mxy , shear force Qxz, Qyz, Rxz, Ryz , and the
higher order stress resultants Pxx, Pyy and Pxy acting on a laminate are obtained by integration of
the stress in each layer or lamina through the laminate thickness. Knowing the stress in terms of the
displacement, the stress resultants Nxx, Nyy, Nxy, Mxx, Myy, Mxy, Qxz, Qyz, Pxx, Pyy, Pxy, Rx
and Ry can be obtained .

The inplane force resultants are defined as

Nyx Oxx

Z
Nyy o =3N | fzkk+1 {nyl dz (4.2)
ny Oxy K

Whereo, , g, and oy, are normal and shear stress.
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{sz _f—h/z{cxz}kdz (7.2)
{ vz :[ 44 45] Vyz ¢, [Paa 45] Yyz (7b)
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Where
k

A;j,Bij.Dyj , Eyj Fij,Hyj = Y= 1ka+1Q( )(1 2, 2%23,z% 2% dz 9)

2.1.3 Equation of motion

The Euler-Lagrange equations are obtained by setting the coefficient of su,, §v, , Swy , 6@, , 60,
to zero separately

ONyy , ONyy

- 10.
ox Ty 0 (10.a)
aN. aN
T v, =0 (10.b)
00Qx ORy , 0Qy ORy, 9?2 Pyy 02Pyy 02 Pyy ~ 92w —~ 9w _—~ 9w
ox - ot + —+N,, —+ - =
ox " 2ox © oy 2y i 9x2 dx dy 2 )TN ax2 Nyy ay? 2Nyy oxdy 0 (10.c)
OMyx OPxyx , OMyy any
- + + — .
ox 1 ax ay e - Qx* 2Ry =0 (10.d)
OMyy OPyy | OMyy apyy
+ + .

ax 1Tx T oy G - Qy + c2Ry=0 (10.e)

These equations of motion (10a-e) can be expressed in terms of displacements (Su,, v, ,
Swy,, 89, , 68,)by substituting the forces results from egs. (4,5,6,7,8) into eq. (10.a) to (10.e) and
get partial differential equations, then the analytical solution done by levy method as derived in[9].

2.2 Stiffened Laminated Plate
2.2.1 Stress and strain
The displacements field of laminated plate are as given in Eqgs (1(a-c)). The distribution of the
normal strains over the depth of the stiffened plate is shown in Fig. (1), [10]
Then, the stress strain relations for laminated plate are as in Egs. (3,a-b) and the stress strain
relations for stiffeners can be defined as:
Oxz)St = ESt. €0y, oyy)st = EF.E,,
Txy) St=0, I T

Txz) SEGR Yz (11)
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Where,G;and G, are shear modules of elasticity of stiffeners in x and y directions , respectively.
The force and moment relation for stiffened plate are:

N N N
M|=|M + M )
P P unstQ Q
And, + 12
2 =17 ]m 1, (12)
[N
Where,|M and [Q] are force and moment relations for laminated plate as in
_P unst unst
Egs. (4,5, 6, 7, 8(a-h)).
N
And|M| and [Q] are forces and moment relations for stiffeners can be defined as:
P st st
Zi)xSt
tx
N,,)st.= f O'x)St.E .dz
Zi—1)x5t
)
N,,)st.= fle {)yst y)st - .dZ Nyy)st =0
Zi)xSt
tx
My, )st.= f O'x)St.E Z.dZ
Zi—1)x5t
Zi)
Myy)st.= [,.” {)y“ y)st 2 Z.dZ,Myy)st =0
Zi)x®
Pst.= [~ e x)st = z3 dz (13)
zi)
P)st.= lel le)yst y)st Z3 .dZ,
Py)st =0

Where,
Zi)xSt, Zi — 1) xSt , Zi)y*t,
Zi — 1)y*t ,t, ,by,t,,b, asshown in Fig.2 or, Eq. (13) can be written as:
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M, BSt 0 Exx
=1b11 14
My, o B3 [Eyy] (14)
P, Est 0
- Py St - O E;g_
Where,
st st zixt  tx st 2 73
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And,[g] can be defined as in equations:

Zi) t )
QyZ)St lel i])yst Vyz GySt'_y' dZ

Zi)xSt st tx

Qxz)St = le 1)xstyxz Gx bx'dZ

Ziyyt o, ; (16a)
Ry)st= [~ 1yst Yz Gyst iy Z .dZ

Zi)xSt t
R,,)st = fZil_l)xstyxz.GxSt.ﬁ.Zz.dZJ

Or, equation (16a) can be written as:
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|sz| 0 | Vyz
= 1
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¢ _ ziyst ¢ty
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Zi)xSt
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55 X b
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t
Dﬁ = ] GySt.b—y.ZZ.dZ
y
Zi—1)yst
Zi)xSt
tx
DSt = j st — . 72.dZ
3 Gx x d
Zi—1)xSt

2.2.2 Equations of motion

The refined analysis of such a plate, the governing differential equations are expressed in terms of
the displacements, u, v, and w of the middle surface of the plate in the directions x, y, and z,
respectively. The displacements at any point are related to those at the middle surface.

3. NUMERICAL ANALYSIS

3.1 Element Selection and Modeling

An element called shell281 as shown in Fig. 3. Is selected for unstiffened plate 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 includes the effects of
transverse shear deformation.

Finite element method has been employed to analyze natural frequency and dynamic response.
The model was developed in ANSYS 12.1using the 121 quadrate elements (i.e. there are 11
elements in the axial direction and 11 along the width) which means (4416 DOF). Convergence
study is the reason for choosing the particular mesh used in this study. The global x coordinate is
directed along the width of the plate, while the global y coordinate is directed along the length and
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the global z direction corresponds to the thickness direction and taken to be the outward normal of
the plate surface. for stiffened plate, the element used is solid-shell 190. SOLSH190 is used for
simulating shell structures with a wide range of thickness (from thin to moderately thick) and for
stiffened plate. The element possesses the continuum solid element topology and features eight-
node connectivity with three degrees of freedom at each node: translations in the nodal x, y, and z
directions. And adding degree of freedom rotation on x ,y and z for the present solution by
command adding degree of freedom. Thus, connecting SOLSH190 with other continuum elements
requires no extra efforts. A degenerate prism option is available, but should only be used as filler
elements in mesh generation. The element has plasticity, creep, large deflection, and large strain
capabilities. SOLSH190 can use for layered applications such as modeling laminated shells or
sandwich construction. . Accuracy in modeling composite shells is governed by the first-order
shear-deformation theory (also known as Mindlin-Reissner shell theory).

3.2Verification Case Studies

In the present study, Series of preselected cases are modeled to verify the accuracy of the method
of analysis. The results are compared to analytical solution (Levy) and numerical solution (Finite
element method).see Table 1 and Table 2 for unstiffened plate, and Table 3 for stiffened plate.
From these results, it is obvious that the methods of solution gives better results for both analytical
and numerical solution.

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,) of unidirectional composite material. Third, compressive test to find
buckling load of cross ply laminate plate.

4.1Tensile Test

Each laminate was oriented in longitudinal, transverse and 45" angle relative to designated 0°
direction to determine the engineering parameters E;, E,, G;,. Tensile test specimen includes
standard geometry according to ASTM (D3039/D03039M); and the mechanical properties for
glass-polyester which obtained from tensile test as shown in Table 4.

4.2 Buckling Test

In this study, buckling load of laminated plate (stiffened and un-stiffened) determined analytically,
numerically and experimentally. The laminated plate length was 200 mm. the width and thickness
of it are 100 mm and 4 mm respectively.

For stiffened plate the same dimensions of the un-stiffened plate except with the use of (stiffeners
with width of 6mm, two specimen one of them with one stiffener and the other with two). With
stiffeners depth 4mm, length of 200mm and the lamination angle for all stiffeners was 0° . The
mechanical properties for glass-polyester are obtained from tensile test as shown in Table 4.

The specimen was loaded in axial compression (vertical direction) using tensile test machine
of 200 KN capacity as shown in Fig. 4. the specimen was simply supported by two ends and kept
free at the other two ends. The specimen was loaded slowly until buckling. The experimental set up
has shown in Figs. 5a-c) for three cases. (Un-stiffened and stiffened with one stiffener and with
two stiffeners)

77



Number 8 Volume 20 August - 2014 Journal of Engineering

Simply supported boundary conditions were simulated along the top and bottom edges. For
axial loading, the test specimen was placed between two extremely stiff machine heads of which
the lower one was fixed during the test, whereas the upper head was moved downwards by servo
hydraulic cylinder. The laminated plate was loaded at constant cross-head speed of 5 mm/min.

The buckling load is determined from the load-displacement curve. The vertical
displacement is plotted on the x-axis in (mm) and the load was plotted on the y-axis in (KN).

5. RESULTS AND DISCUSSION

5.1 Experimental R%oesults

The critical buckling load is shown in Tables 5 and 6 for un-stiffened and stiffened plate
respectively. Maximum error between analytical and experimental is (3.925%) in case 0/90/90/0
un-stiffened plate and maximum error between numerical and experimental is 8.27% for the same
case. For stiffened plate (pate with one stiffener) maximum error between analytical and
experimental is (1.762%) in case 0/90/0 stiffened plate and maximum error between numerical and
experimental is7.72% for the same case. For stiffened plate (pate with two stiffeners) maximum
error between analytical and experimental is (2.608%) in case 0/90 stiffened plate and maximum
error between numerical and experimental is5.47% for the same case.

5.2Theoretical Results Contain (analytical and numerical (ANSYS))

In this section the effect of different parameter on critical buckling load are discussed such as
boundary conditions aspect ratio, thickness ratio, number of stiffeners and stiffener depth ratio for
cross ply composite laminate plate. This result found by analytical method using HSDT with Levy
method and numerically using ANSY'S 12.1 program.

5.2.1 Boundary conditions

From the results listed in Table 7 it can be observed that the boundary conditions always affect on
the buckling load. It's worth mentioning that the critical buckling load in SCSC and SSSC for cross
ply and CSCS are higher than other cases because of B.C'S. effect.

5.2.2 Aspect ratio

For unstiffened plate, Fig. 6 shows that in SSSF and SFSF the buckling load decreases when a/b
increases with high percentage reaches to 72.51% and 74.45% in SSSF and SFSF respectively. On
the other hand in SCSC the buckling load decreases with small percentage reaches to 11.569%
when a/b varies from 0.5 to 1.5, Then, it's increases when a/b varies from 1.5 to 2. The maximum
buckling load in SCSC is at a/b=0.5. While the minimum is at a/b=1.5.

Fig.7 shows that in un stiffened plate and plate with one stiffener the buckling load decreases when
a/b increase with high percentage reaches to 67.383% and 57.878% in un stiffened plate and plate
with one stiffener respectively. On the other hand in plate with two stiffeners the buckling load
decreases with percentage reaches to 12.204%, It's worth mentioning the buckling load in plate
with two stiffeners is higher than other cases because of the number of stiffener effect with
percentages (78.4% with plate with one stiffener and 88.19% with plate without stiffener when
a/b=1).
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5.2.3 Thickness ratio

In Fig. 8, for unstiffened plate the buckling loads increase when thickness ratio increases. It can be
observed that the buckling load is increased with high percentage when b/h varies from 10 to 20.
Then, this percentage gets smaller when b/h varies from 20 to 50; it is worth mentioning that the
increasing in buckling load in case (0/90/0) is more than other case where this increase reaches
t010.81%.

5.2.4 Effect Number of Stiffeners:

From Fig. 9, it can be obtained that the buckling load increases with high percentage when the
number of stiffeners increases because of the resistance of stiffener against load that causes
buckling. Then, it is shown that in, SSSS, SFSF, the buckling load increases when number of
stiffeners increases with percentage reaches to 57.988% and 81.619%respectively,increasing in
buckling load in case SCSC is more than other case, it reaches to 59.94%.

5.2.5 Effect of stiffener depth ratio for stiffened plates:

It is shown from Fig. 10, the buckling loads decreases and increases with different percentage
when d/h varies from 2 to 8 in all cases. It can be observed that the buckling load is decreased when
d/h varies from2 to 4. Then, it is increased when d/h varies from 4 to 8; it is worth mentioning that
the increasing in buckling load in case of plate with two stiffeners is more than other case where
this increase reaches t017.733 %.Because of the number of stiffener and its resistance against load
that causes buckling.

6. CONCLUSIONS
This study considers the buckling analysis of cross-ply composite laminate plate with various
B.C's. From the present study, the following conclusions can be made:

1- The boundary conditions affect
On the critical buckling load the maximum critical buckling load occurs at clamped
boundary condition of plate. while the B.C's change from SSSS to SSCC ,the percentage of
increasing the buckling load is (48.86%) for anti-symmetric cross under uniaxial load and
the percentage of increasing buckling load when changing B.C's from SSFF to SSCC is
(79.5%) for symmetric cross ply under uniaxial load.

2- The uniaxial buckling load decreases when a/b increase with high percentage reaches to
72.51% and 74.45% in SSSF and SFSF un-stiffened plate respectively. On the other hand in
SCSC the buckling load decreases with small percentage reaches to 11.569% when a/b
varies from 0.5 to 1.5, Then, it’s increases when a/b varies from 1.5 to 2. For un-stiffened
plate under biaxial SFSS and SFSF, the buckling load decreases with high percentage when
a/b increase reaches to 75.133% and77.129% in SFSS and SFSF respectively.

3- In unstiffened plate and plate with one stiffener the buckling load decreases when a/b
increases with high percentage reaches to 67.383% and 57.878% in un stiffened plate and
plate with one stiffener respectively.

4- The buckling loads increases when thickness ratio increases for un-stiffened plate under
uniaxial or biaxial load. It can be observed that the buckling load is increase with high
percentage when b/h varies from 10 to 20. Then, this percentage gets smaller when b/h
varies from 20 to 50.

5- it can be obtained that the uniaxial buckling load increases with high percentage when the
number of stiffeners increased , in SSSS, SFSF, the buckling load increase when number of

79



Number 8 Volume 20 August - 2014 Journal of Engineering

stiffeners increase with percentage reaches to 57.988% and 81.619 % respectively ,
increasing in buckling load in case SCSC is more than other case, it reaches to
59.94%.Then, for biaxial load SSSS, SCSC, the buckling load increase when number of
stiffeners increase with small percentage reaches to 18.76 % and 18.91% in SSSS, SCSC,
respectively , increasing in buckling load in case SCSC is more than other case, it reaches to
18.91%.

6- The buckling loads decreases and increases with different percentage when d/h varies from
2 to 8 in all cases for uniaxial load. It can be observed that the buckling load is decreased
when d/h varies from2 to 4. Then, it is increase when d/h varies from 4 to 8; it is worth
mentioning that the increasing in buckling load in case plate with two stiffeners is more
than other case where this increase reaches to 17.733 %..
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Figure 3: Shell281 Geometry [11]
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2

Table 1. Dimensionless uniaxial buckling load N=N, # of anti-symmetric cross ply laminates.
2
B.C'S [9] Present (Discrepancy %o)
Levy method | Levy method E1/E2=40
G12=G13=0.6 E2
S-F-S-F 6.78 6.796 (0.233%) G23=0.5 E2
S-F-S-S 7.05 7.417 (4.94%) v12=025
S-F-S-C 8.221 8.276 (0.664%) a=b
S-S-S-S | 12.109 12.722 (4.818%) h=1
S-S-S-C | 12.607 12.86 (1.96%) N=10
S-C-S-C | 13.254 13.41 (1.12%)
Table (2) Dimensionless uniaxial buckling load N=N,, Ea—; of anti-symmetric cross ply
2

laminates[0°/90°/90°/0°] b/h =10, G1,= G13=0.6E, G,3=0.5E; ,v,,=0.25 , a=b, h=1.

E1/E2 [9] | ansys discrepancy%o l l l l l
3| 5.114 | 5.2556 2.77% s
10| 9.777 | 9.6985 0.80% b
20 | 15.298 | 15.027 1.77% & ‘i’, T
30 | 19.957 | 19.405 2.76%
40 | 23.34 | 23.068 1.17%

Table 3. Dimensionless uniaxial buckling load () of anti-symmetric cross-ply laminated stiffened
p|ateE1 = 60.7GPa ,E2 = 24.80Pa,612 = G31 = 623 = 12GPa Wi = 0.23

2 .2
A= 12Nera®h(1—v )/E B3 h=1, h/a=0.01, a=100, Stiffener Depth ratio (d/h) =4
1

alb Ref.[4] Present Present

F.EM Levy Method

(Discrepancy %) (Discrepancy %)

0.5 54 52.84 53.126
(2.148%) (1.61%)
1 75 74.66936 72.865
(0.44%) (2.84%)
1.5 89 85.952 87.357
(3.048%) (1.86%)
2 139 142.773 140.236
(2.7%) (0.88%)
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Table 4. Experimental mechanical properties of fiber glass-Polyester and young modulus for

polyester.
Mechanical properties Glass-polyester
E; (Mpa) 24800
E, (Mpa) 4485
G12 (Mpa) 1466
Vv, 0.3

Figure 5a. Buckling test of S-F-S-F laminates without stiffener.
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Figure 5b. Buckling test of S-F-S-F laminates with one stiffener.

Figure 5 c. Buckling test of S-F-S-F laminates with two stiffeners

Table 5. Dimensionless buckling load [ N = N,),*b?/E,*h>] of SFSF laminates for un stiffened plate.

Laminated plate Levy ANSYS Experimental
(Error %) (Error %)
0/90 1.753 1.712 1.818
(3.57%) (5.83%)
0/90/0 0.981 0.972 0.994
(1.3%) (2.2213%)
0/90/0/90 2.487 2.439 2.5346
(1.87%) (3.77%)
0/90/90/0 1.346 1.285 1.401
(3.925%) (8.27%)
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Table 6. Dimensionless buckling load [ N = Ny, *b?/E,*h?] of SFSF laminates for stiffened plate

Number of | Laminated Levy ANSYS | Experimen
stiffeners | plate (Error %) | (Error %) | tal
0/90 11.923 11.645 12.07
(1.217%) (3.52%)
0/90/0 13.04 12.249 13.274
One (1.762%) (7.72%)
stiffener | 0/90/0/90 29.53 28.944 29.94
(1.369%) (3.326%)
0/90/90/0 29.856 29.26 30.387
(1.747%) | (5.21%)
0/90 13.738 13.334 14.106
(2.608%) (5.47%)
Two 0/90/0 15.127 14.665 15.446
stiffeners (2.065%) (5.05%)
0/90/0/90 33.691 33.337 34.046
(1.044%) (2.084%)
0/90/90/0 43.752 43.603 44.366
(1.38%) | (1.719%)

Table 7. Effect of boundary condition on buckling load under uniaxial loading (0/90/90/0) with or
without stiffeners.

Boundary | Unstiffened plate | Plate with | Plate with two
condition Single stiffener | stiffeners
Levy ANSY | Levy | ANSY | Levy | ANSYS
S S Error%
Error% Error%
S-C-S-C 50.45 52,33 | 2452 | 2475 |260.1 | 264.25
3.59% |3 091% |8 1.54 %
S-C-S-S 38.25 39.98 | 2425 | 2451 |276.2 | 279.74
4.33% |3 1.07% |4 1.25 %
S-S-S-S 25.97 28.47 | 2182 |220.6 |225.7 | 228.33
8.78% |4 1.09% |9 1.11%
S-F-S-C 11.56 1229 |97.14 |100.8 |126.3 |131.25
591% |2 3.69% |4 3.73%
S-F-S-S 2.45 2.59 1149 | 118.2 130.2 | 133.55
54% |7 2.76% |5 2.47%
S-F-S-F 1.25 1.28 7.28 7.43 13.17 | 14.544
2.34% 201% |6 9.40%
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Figure 6. Non-dimensional buckling load(4) versus aspect ratio (a/b) of anti-symmetric cross-ply
(0/90/0/90) laminates under uniaxial compressive buckling load.
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Figure 7 . Dimensionless uniaxial buckling load versus aspect ratio for stiffened and un stiffened

plates.
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Figure 8. Non-dimensional buckling load(A) versus thickness ratio, (a/h).
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Figure 9. Dimensionless uniaxial buckling load versus No. of stiffeners of stiffened laminated

plate.
100
90 h=4mm
E =0 - /."_—’- h/a=0.04
£ 70 T a=b=100mm
2 e 5-5-S-S
2 60 —
g 50 =4 plate with one stiffner
2 40
ﬂl - -
E 30 —ll— plate with two stiffeners
2
5§ 20 -
=
10 1LY
o . ‘ ‘ ‘ ‘ -
o] 2 4 6 8 10
stiffner depth ratio d/h ]‘T T‘I‘

Figure 10. Dimensionless uniaxial buckling load versus stiffener depth ratio for stiffened plates.
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Figure 11. SOLSH190 Geometry [11].
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ABSTRACT

N umerical simulations have been carried out on the solar chimney power plant systems.
This paper gives the flow field analysis for a solar chimney power generation project located in
Baghdad. The continuity, Naver-stockes, energy and radiation transfer equations have been
solved and carried out by Fluent software. The governing equations are solved for
incompressible, 3-D, steady state, turbulent is approximated by a standard K — & model with
Boussiuesq approximation to study and evaluate the performance of solar chimney power plant
in Baghdad city of Iraq. The different geometric parameters of project are assumed such as
collector diameter and chimney height at different working conditions of solar radiation
intensity (300,450,600,750 and 900 W/m?) to gain the optimal designed structure. The results
show that the change of collector diameter and chimney height has considerable effects on the
performance of the system. The velocity increase when the collector diameter and chimney
height increase and reach to the maximize value at H=D 12 m and when solar intensity (900
W/m?). The study shows that Iragi weather are suitable for this system.
Keywords: Solar chimney; Solar energy; Collector; Natural convection.
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1. INTRODUCTION

A solar chimney power plant, SCPP is a solar thermal power plant that uses greenhouse
principle (solar air collector) and buoyancy effect created by a chimney to generate a solar
induced convective flow which drives pressure staged turbogenerator(s) to generate electricity,
A traditional solar chimney power plant consists of a circular transparent canopy or roof raised a
certain height above the ground, with a chimney/tower at its center as shown in Fig. 1. The
chimney at the center houses one or more turbogenerator(s) located at its base. Ambient air from
the surrounding enters the system along the circumference of the collector roof and the ground.
Radiation from the sun penetrates the collector roof and strikes the ground surface and the
heated ground in turns heats the adjacent air from the ambient temperature to warm air
temperature at the collector outlet. The Warm air underneath the collector moves toward and up
into the central chimney as a result of buoyancy and pressure difference between the ambient air
and the warm air inside the plant. The Kinetic energy in the warm air is converted to electrical
energy using turbogenerator (s), Aja, and Hussain, 2011. Detailed theoretical preliminary
research and a wide range of wind tunnel experiments led to the establishment of an
experimental plant with a peak output of 50 kW on a site made in Manzanares (about 150 km
south of Madrid) in 1981/82. The experimental plant in Manzanares operated for about 15,000
hours from 1982 onwards. In Australia a 200MW solar tower project is currently being
developed, Schlaich, et al., 2005,Bergermann, and Partenr, 2002, and www.wikipedia.org.
Maia et al, 2009, presented a theoretical analysis of a turbulent flow inside a solar chimney.
They showed that the most important physical elements in a solar chimney system are the tower
dimensions as they cause the most significant variation in the flow behavior. An increase in the
height and diameter of the tower produces the rise in the mass flow rate and decrement in the
flow temperature. Bernardes et al. 2009. developed a validated mathematical model to estimate
the temperature and power output of solar chimneys. The maximum power can be reached when
the factor pressure drop at the turbine is equal to approximately 0.97 from the total potential
pressure. The other parameters were also involved in the study such as; distance between
absorber and ground, double cover area, water-storage system area and thickness. The results
showed that their effect was insignificant since the energy output was the same. Similarly,
Backstrom et al., 2006. found that maximum fluid power was available at a much lower flow
rate and much higher turbine pressure drop than the constant pressure potential assumption
given. Koonsrisuk & Chitsomboon, 2009. studied the ventilation efficiency of solar chimney
by comparing between five of the mathematical simulations and five of CFD simulations both
from the previous researches. Moreover, Maia et al., 2009. presented a validated numerical
simulation showed that the height and diameter of the tower were the most significant physical
variables for solar chimney design. The maximum chimney height for convection avoiding
negative buoyancy at the latter chimney and the optimal chimney height for maximum power
output were presented and analyzed by, Zhou et al., 2009. using a theoretical model validated
with the measurements of the prototype in Manzanares. The results showed that maximum
height gradually increased with the lapse rate increasing and go to infinity at a value of around
0.0098 K/ m. Walter, and Sergio,1984. described the design, construction and testing the
variation in the geometry of the chimney for solar dryer system, the results indicated that a slight
geometry modification of the chimney (convert cone keeping height constant) will increase air
velocity by a factor of 2- 3 with respect to a chimney of cylindrical shape. Bernardes et al.,
2003. developed a model to estimate the power output of solar chimneys and to examine the
effect of various ambient conditions and structural dimensions of the power output. Zhou et al.,
2007. built a pilot experimental solar chimney thermal power generating equipment in China.
They carried out a simulation study to investigate the power generating system performance
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based on a developed mathematical model. Ming Tingzhen et al., 2006. advanced a model to
evaluate the performance of a solar chimney power plant system, in which the effects of various
parameters(chimney and collector) on the relative static pressure, driving force, power output
and efficiency have been further investigated. Tingzhena et al., 2008. presented a numerical
simulation of the solar chimney power plant systems coupled with turbine. Mathur et al., 2006.
presented experimental investigations on solar chimney for room ventilation and Bassiouny,
and Koura, 2008. presented an analytical and numerical study of solar chimney used for room
natural ventilation.

In the present study we modeled a 3-D solar chimney power plant which includes the parts
of the ground, collector, and chimney together. The flow details production of plants with
different dimensions and different solar intensities are presented.

2. NUMERICAL IMPLEMENTATIONS

Advanced solver technology provides fast, accurate CFD results, flexible moving and
deforming meshes, and superior parallel scalability. Computational Fluid Dynamics (CFD)
procedures solve all the interacting governing equations in a coupled manner, albeit in a finite
framework. With a careful use of CFD, its results could be used to validate those of the
theoretical models, at least qualitatively.

2-1 Modelling in GAMBIT

For the simulation part, the model is designed by using GAMBIT 2.4.6 for this
configuration. This software is provided with the advanced geometry and meshing tools. The
functions of GAMBIT are design the three dimensional (3-D), setup the boundary condition for
each edge and faces ,and provide the meshing analysis for each configuration.

The solar chimney power plant was modeled with the following dimensions, Circular
absorber ground with the different diameter of (6,8,10 and 12 m), inclined collector angle (6 =
0°), different chimney height (6,8,10 and 12 m), chimney diameter 0.3 m and the gap between
the absorber and the transparent cover (glass) is 0.1m as shown in Fig.2.

The numerical examination of the flow behavior of air under the steady state condition was
studied at both the inlet and the chimney base where the turbine is expected to be staged. The
fluid flow calculation was simulated using FLUENT software. The buoyancy driven flow in the
system was assumed to be turbulent based on previous studies. Set up the boundary condition is
to define the situation occur at the surface condition in term of friction. Meanwhile, defining the
meshing is vital in order to discrete each part to certain section for more accuracy FLUENT’s
analysis. It is important to define model, meshing, and boundary conditions before running into
FLUENT.

Proper boundary conditions are needed for a successful computational work. After creating a
geometry which have one volume defined the specify boundary types of solar collector, solar
chimney and the base such as the wall , while the entry and exit zones type is Inlet and Outlet-
Pressure. Now The assembly is meshed using tetrahedral elements of T-grid scheme type,
Jinhua, et al., 2007. Gambit scheme with spacing interval size (0.0275) is chosen as shown in
Fig. 3, the Gambit grid generator with approximately (2-4.5) million computational cells for
different cases. No-slip condition for velocity and temperature on the walls.

2-2 Simulation with FLUENT

FLUENT solves the governing integral equations for the conservation of mass,
momentum, energy, and other scalers, such as turbulence.There are two processors used to solve
the flow and heat transfer equations. The first preprocessor is the program structure which
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creates the geometry and grid by using GAMBIT. The second post processor is solving Navier-
Stokes equations which include continuity, momentum and energy.

The set of conservation equations used by CFD are:

Mass conversion equation

0 0
o, 0

Jat  0x; (pu) =0 (1)

Momentum.

In x-direction

ou . au ou, ap 9. U — . [ U — -] 8. aU —
P[Ug‘l'V@‘l'Wg]—g‘l'g[ﬂg—f)uu][g[ﬂg—mw]+5[M5—PUW]5U (2)

In y-direction

v v vVl _ dp , 8 WV T o L T o 0V T
p[Ua+V5+W£]— 6y+6x['u6x puv]+[ay[uay pvv]+az[yaz pvw]+
Sv 3)
In z-direction

W L W W _0p 9 OW T 0 W S e 0 oW
p[U6x+V6y+Waz az+6x['uax 'Duw]+[6y[’u6y pvw]+az[“az
pww]+ Sy (4)
Energy.

0T 0T ¢ Oy = DT oy 10 m AV s 9k OV
p[UE-I_VE-I_WE]_ax[aTax put]+[ay[UTay pvt]+aZ[UTaZ pw tw ] (5)

The viscous medium is also taken. the analysis is carried using turbulent flow and then the
standard k-epsilon is considered and take standard wall functions near wall functions, Launder,
and Spalding, 1972. The Boussinesq approximation is used to estimate the effect of density
variation with temperature.Selecting a radiation model enables radiation heat transfer. Discrete
Ordinates (DO) was selected under this model and then selected DO Irradiation under the solar
load model .Define the solar parameters, Enter values for the X, Y, and Z components of the Sun
Direction Vector.

In the current study used different direct solar irradiation (300 ,450 ,600 ,750 ,900 W/m?)
data were obtained from Ministry of Transportation-lragi Meteorological Organization And
Seismology of Baghdad city of 8-8-2008 in the following times (7:30 , 8:15, 9,10 A.M. and
12:30 P.M.) and the sun direction vector obtained from, John, 1980.

Boundary conditions specify the flow and thermal variables on the boundaries of the
physical model. They are, therefore, a critical component of the FLUENT simulations and it is
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important that they are specified appropriately. The boundary conditions applied in this research
are those shown in Table 1., Ming, et al., 2006. Initially the first order upwind scheme was used
to get a napproximate solution. This solution is then used as the initial conditions for the second
order up wind solver.

3- SIMULATION RESULTS

In order to validate the results of the numerical part of the present work, a comparison with
the numerical study of, Rafah, 2007. was carried out. It can be seen from Fig. 4, and 5 the
absorbing ground temperature and exit velocity when using asphalt aggregates as an absorption
background, with (0.1m) periphery of collector at radiation intensities of (310,415,505 W/m?). A
good agreement with the numerical results is achieved.

3-1 Variation of the Solar Intensity and Sunlight Direction

The results of the temperature distribution and velocity vectors of solar insolation
(300,450,600,750,900 W/m?) at times of (7:15,8:15,9,10 AM and 12:30 PM) with D=12m and H
=10m regarding the solar chimney passage are presented in Figs. 6. to 11. The increase in air
velocity is very small up to about half the radius of the collector. The very steep increase is
obtained in the inner half of the collector. This trend is noticed in all solar intensities and
sunlight direction as shown in Figs. 6. and 7 The reason is the combined effect of flow area
reduction and the amount of the heat transfer from the ground to the working fluid, which
increases the kinetic energy of the flow particles. To compare the velocities of the air at the
solar collector passage for different solar intensity times (7:30,8:15,9,10 AM and 12:30 PM)
generally, it could be seen that the maximum velocity occurs in the (900W/m? ) solar radiation
intensity at (12:30 PM) and the minimum velocity in the morning with (300W/m? ) solar
intensity at (7:15AM). The numerical solution has shown that the velocity in the center of the
chimney is higher than near the wall. This is logical and in agreement with measurements of real
fluid in rounded passages.

The variations in the air temperature through the collector passage, i.e. in the radial direction
are found to be very gradually as shown in Figs. 8. and 9 for different solar insolations. The
temperature near the ground is high compared with other regions. Consequently, the density
near the walls is lower. Generally, along the collector passage, the temperature is increased but
the density and pressure decreased. It is clear from the figures that the air enters the collector at
ambient temperature and is heated as it moves toward the chimney. The temperature gradient
present in the air is steeper near the collector inlet as the boundary layer is thinner in this zone
than in regions closer to the chimney.

The development of flow in the chimney can be seen through the enlargement regions
shown in Figs. 10. and 11. The flow in the lower and middle regions is developing non uniform
flow, but in the top region is uniform fully developed flow (turbulent flow). The velocity
increases when the chimney height and collector diameter increase.

To compare the temperatures of air at the ground, collector diameter at different solar
intensity and sunlight direction, it can be seen that the maximum temperature occurs in
insolation of (900W/m?) at (12:30 Am) because the solar radiation intensity is very high
compared to other times, as shown in Figs. 12. and 13. Figures also show a strong temperature
drop at the collector center when the solar intensity is (600,750, and 900 W/m?* because the
velocity in this point is very low, which is a stagnation point.
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The velocity profiles from ground to top chimney for different solar intensities, shown in
Figs. 14. and 15. The numerical results indicate that air velocity shows a large increase near
surface of the ground about (0.3m to 0.4m) chimney height and then the increase of air velocity
reduced, and the maximum velocity occur near the top of the chimney. Furthermore, the turbine
may be positioned at a higher position when the velocity is large to improve power output.

3-2 Collector Diameter Variation

The maximum air temperature differences between inlet and absorbing ground occurred at
the larger diameter due to the collector area exposed to the incident radiation with different solar
intensities (300-900W/m?), as in Fig. 16. The increase of the collector diameter means, the area
of the absorbing ground is increased and the air temperature in the system is increased too,
which result in the decrease in air density. Thereby, the static pressure in the system increased
and the driving force increased accordingly. Fig. 17. shows the computed updraft velocities at
the end section of the chimney for all test cases, as a function of solar intensity. All
distributions display the expected increasing trend with the insolation. The rates of an increase
of the velocities appear to be slightly lower as the insolation increases. Furthermore the increase
in collector diameter causes an increase in temperature so the velocity will be increased too.

3-3 Chimney Height Variation

The simulations were carried out for chimney heights of (6m, 8m,10m, and 12m). The results
show that an increase in the height of the chimney causes an increase in the pressure drop along
the chimney, causing greater mass flow rates and higher flow velocity. As observed, larger mass
flows and velocities cause a reduction in local temperature values as shown in Figs. 18. and 19.
It is clear from Figs. 20. and 21, that as chimney height increased then buoyancy force will
increase so one can anticipate increase the air velocity with increasing chimney height.

3-4 Temperature Distrbution at a Different Height Above the Ground

The distribution of air temperature at different heights above ground level are shown in Figs.
22. and 23. The variations of air temperature within the collector near the ground (h=0m), at
height (h=0. 05m) above the ground level, and at the inner glass collector surface (h=0. 1m). Air
temperatures decrease with an increase in height above ground level, which is induced by the
greenhouse effect. Solar radiation firstly heat the absorber bed, which heat the cool air nearly.
Cool air obtains heat mainly by free convection and radiation. The temperature of the ground is
higher in the region due to the storage heat in the bed, while the inner glass has a minimum
temperature because the glass acts as a bed conducting material on hard and passes most of the
radiation.

4- CONCLUTION

A theoretical analysis of the turbulent flow inside a solar chimney was presented. Flow was
modeled through the numerical solution of the conservation equations of mass, energy, and
momentum, as well as the turbulent variables transport equations. The model includes a flow
detail inside a collector and chimney. Numerical simulations were conducted in order to
evaluate the performance of solar chimney power plants with different dimensions. This
observation would be useful in the preliminary plant design. The results show:

1. The numerical results and figure of this study have a good agreement with the numerical

results of, Rafah, 2007. at the same conditions.
1. The maximum air temperature was 80.29C°, at (D=12m and H=6m).
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N

Maximum outlet air velocity was 4.91 m/s, at (D=12m and H=12 m).

3. Both, maximum air temperature and exit air velocity were at solar radiation intensity;
900 W/m?,

Almost, increasing in collector diameter leads to increased air temperature and velocity.
The increasing in chimney height leads to decreasing of air temperature but increasing in
velocity.

6. Under the lraqi weather radiation conditions, large scale solar chimney in lIraq is
recommended for a power plant.

ok~
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SYMBOLS AND ACRONYMS
D Diameter of absorbing ground m
g Gravitational acceleration m/s?
H Chimney height m
h Heat transfer coefficient W/m2k
I Solar radiation W/m?
K Turbulent kinetic energy m?/s?
p Pressure Pa
Sy General source term
T Temperature c°
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t Time S

u’, v' | Fluctuation of mean velocities m/s
\L/JV'V’ Time-average velocity m/s

u, v,w | Velocity components (X,y&z) direction m/s
A Differentive

a Absorbtance
0 Partial derivative
€ Rate of dissipation of Kinetic energy m°/s*”

0 Angle degree
p Fluid density kg/m3
u Dynamic viscosity N.s/m*
K, Turbulent viscosity N.s/m2
T Pi
0 Ambient
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Figure 6. Velocity distribution contours of the solar chimney with solar insolation
(300 W/m?) for D=12m, H=10m.
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Figure 7. Velocity distribution contours of the solar chimney with solar insolation (900
W/m?) for D=12m, H=10m.
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Figure 8. Temperature distribution contours of the solar chimney with solar
insolation (300 W/m?) for D=12m, H=10m.
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Figure 9. Temperature distribution contours of the solar chimney with solar
insolation (900 W/m?) for D=12m, H=10m.
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Figure 10. Flow felid of air in solar chimney with solar insolation (300 W/m?) for
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Figure 11. Flow felid of air in solar chimney with solar insolation (900 W/m?) for
D=12m, H=10m.
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Figure 14. Air velocity variation from center collector exit to chimney exit at different
solar insolation for D =6m, H =6m.
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solar insolation for D =12m, H =12m.
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Figure 17. The effect of collector diameter on updraft velocity at chimney top at different
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Figure 18. The effect of chimney height on maximum temperature different at different
solar insolation for D =6m.
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Figure 21. The effect of chimney height on updraft velocity at chimney top at different

solar insolation for D =12m.
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ABSTRACT

Ex—situ bioremediation of 2,4-D herbicide-contaminated soil was studied using a slurry bioreactor

operate at aerobic conditions. The performance of the slurry bioreactor was tested for three types of soil
(sand, sandy loam and clay) contaminated with different concentration of 2,4-D, 200,300and500mg/kg
soil. Sewage sludge was used as an inexpensive source of microorganisms which is available in large
guantities in wastewater treatment plants. The results show that all biodegradation experiments
demonstrated a significant decreases in 2,4-D concentration in the tested soils. The degradation efficiency
in the slurry bioreactor decreases as the initial concentration of 2,4-D in the soils increases.A 100 %
removal was achieved at initial concentration of 200mg 2,4-D/kg of sandy soil after 12 days and 92 % at
500mg 2,4-D/kg sandy soil after 14 days.Clay soil represented minimum removal efficiency among the
three soils, 82 % at initial concentration of 200mg 2,4-D/kg clay soil after 12 days and 72 % for 500mg
2,4-Dlkg clay soil after 14 days.

Abiotic conditions were performed to investigate the desorption efficiency of the contaminant from
soil to liquid phase through the three soils. In abiotic reactor the results showed that the rate of desorption
for sand and sandy loam soils were nearly the same, it varied between0.102-0.135 day™ at different initial
concentration of 2,4-D. While for clay soil the desorption rate varied between 0.042- 0.031 day™ at
different initial concentration of 2,4-D. The decrease in desorption rate in clay soil refers to the
characteristic of clay soil, (fine texture, high organic matter and high cation exchange capacity compared
with the other soils) that may retain the 2,4-D in the organic matter and the clay minerals.

Keywords:2,4-D removal;soil contamination; biodegradation process; sewage sludge.
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1. INTRODUCTION

A pesticide is generally achemical or biological agent (such as virus, bacterium,
antimicrobial- or disinfectant) that through its effect deters, incapacitates, kills or otherwise
discourages pests. Target pests can include insects, plant pathogens, weeds, mollusks, birds,
mammals, fish, nematodes (round worms) and microbes , that destroy property, cause nuisance,
spread disease or are vectorsfor disease. Pesticides can be classified by target
organism, (e.g. herbicides, insecticides, fungicides, rodenticides, and pediculicides), chemical
structure (e.g. organic, inorganic, synthetic, or biological (biopesticide), and physical state
(e.g. gaseous(fumigant)). Biopesticides include microbial pesticides and biochemical pesticides,
Tiryaki,and Temur,2010.

Herbicides are widely used to control unwanted plant species that are competing for light,
water, and nutrients with the wanted plant species. Whenever herbicides are applied, they are
transported to areas distant from the original site of application, ends up to rivers and streams.
2,4-Dichlorophenoxyacetic acid (2,4-D) is a common system herbicide used in the control of
broadleaf weeds. It is the most widely used herbicide in the world, and the third most commonly
used in North America, USEPA, 2007.

2,4-D is a synthetic auxin (plant hormone), and as such it is often used in laboratories for plant
research and as a supplement in plant cell culture media. It is a major ingredient in Agent
Orange(one of the herbicides and defoliants used by the U.S. military as part of its chemical
warfare  program , during the Vietham War. 2,4-D is the active ingredient in several
formulations of herbicides recommended for the control of broadleaf weeds, cereal crops such as
wheat, corn, oats, and barley, and the cane crops. It is also widely use to control dandelions and
other broadleaf weeds in lawns, rangeland, and pastures. Other uses include the control of
aquatic weeds, some woody vegetation, and site preparation and conifer release in forests,
USEPA, 2007.

2,4-D is classified by both ANVISA (Brazilian National Agency for Sanitarian Vigilance) and
WHO (World Health Organization) as a hormonal herbicide of level Il toxicity. After its
application in field, the excess of the herbicide is easily transferred to the groundwater, due to its
high solubility in water. Even after a long period of disuse, considerable amounts of either 2,4-D
or its main product of degradation, 2,4-dichloro-phenol (2,4-DCF), might be found in surface
waters, and groundwater as well, Amarante, et al., 2003.

Ingestion of high doses of 2,4-D have shown a moderate acute toxicity to lower mammals and
humans (gastrointestinal irritation, spasms to the miocardio, depression of the central nervous
system, and damage to liver and kidney, Kwangjick, et al., 2001. Studies on the environmental
effects of 2,4-D indicate that this herbicide may be toxic to aquatic invertebrates, phytoplankton,
and fish, although the extent and degree of toxicity and damage vary among the species
,Villalobos, et al., 1996;Cheney, et al., 1997. 2,4-D present in soil water, as well as adsorbed on
the colloidal hydroxides of Fe and Al and the organic matter of soils and sediments , may pose
a potential risk to the aquifers and the trophic chain, Dejonghe, et al., 2000.

The remediation methods currently available for the treatment of pesticide contaminated soil are,
low temperature thermal desorption, incineration, bioremediation and phytoremediation.

Bioremediation is the most attractive method for environmental protection due to its cost
effectiveness and is unique by offering the potential for complete destruction. Bioremediation is
a process that uses microorganisms or their enzymes to promotedegradation and/or removal of
contaminants from the environment, Dobson,and Burgess, 2007. The use of microbial metabolic

110


http://en.wikipedia.org/wiki/Chemical
http://en.wikipedia.org/wiki/Virus
http://en.wikipedia.org/wiki/Bacterium
http://en.wikipedia.org/wiki/Antimicrobial
http://en.wikipedia.org/wiki/Disinfectant
http://en.wikipedia.org/wiki/Insect
http://en.wikipedia.org/wiki/Pathogen
http://en.wikipedia.org/wiki/Mollusca
http://en.wikipedia.org/wiki/Bird
http://en.wikipedia.org/wiki/Mammal
http://en.wikipedia.org/wiki/Roundworm
http://en.wikipedia.org/wiki/Microbe
http://en.wikipedia.org/wiki/Vector_(epidemiology)
http://en.wikipedia.org/wiki/Organism
http://en.wikipedia.org/wiki/Herbicides
http://en.wikipedia.org/wiki/Insecticides
http://en.wikipedia.org/wiki/Fungicides
http://en.wikipedia.org/wiki/Rodenticides
http://en.wikipedia.org/wiki/Pediculicides
http://en.wikipedia.org/wiki/Biopesticide
http://en.wikipedia.org/wiki/Fumigation
http://en.wikipedia.org/wiki/Biopesticide
http://en.wikipedia.org/wiki/Herbicide
http://en.wikipedia.org/wiki/Auxin
http://en.wikipedia.org/wiki/Cell_culture
http://en.wikipedia.org/wiki/Agent_Orange
http://en.wikipedia.org/wiki/Agent_Orange
http://en.wikipedia.org/wiki/Herbicide
http://en.wikipedia.org/wiki/United_States_armed_forces
http://en.wikipedia.org/wiki/Chemical_warfare
http://en.wikipedia.org/wiki/Chemical_warfare
http://en.wikipedia.org/wiki/Vietnam_War

Number 8 Volume 20 August - 2014 Journal of Engineering

ability for degradation /removal of environmental pollutants provide an economic and safe
alternative compared to other physicochemical methodologies. However,although highly diverse
and specialized microbial communities present in the environmentdo efficiently remove many
pollutants, this process is usually quite slow, which leads to a tendency for pollutants to
accumulate in the environment and this accumulation canpotentially be hazardous. Different
strategies can be employed of improving the process of bioremediation, depending of the state of
the contaminatedenvironment. One of these strategies, biostimulation, involves promoting the
growth ofmicroorganisms at the contaminated site by introducing nutrients, surfactants and
oxygen and as a consequence, the rate ofbiodegradation/ bioremediation can be increased.
Another strategy,bioaugmentation orbioaddition, is the addition of microbial populations,
indigenous, alien or genetically modified organisms (GMO), in places where there is an
insufficiency of indigenousmicroorganisms, Vidali, 2001; Silva, et al., 2004;L.i, and Li,2011.
Bioremediation is a versatile process that can be appliedin-situ, at the contaminated site, or ex-
situ, involving removal of contaminated material to betreated elsewhere. In-situ bioremediation
technologies are more economical and releasefewer pollutants into the environment; however,
they may require longer treatmenttime frames than the ex-situ techniques, Tabak, et al., 2005.
Treatment in a slurry bioreactor is considered to be one of the fastest ex-situ bioremediation
methods. Soil slurry bioreactors consist of a mixture of soil in water in various ratios and greatly
enhance rates over solid treatment systems by maximizing the contact between micro-organisms,
contaminants, nutrients, and oxygen. In slurry bioreactors, the increase in soil moisture results in
a larger amount of solubilized contaminant, therefore increasing bioavailability, Weber,and
Kim, 2005.

Currently, there is wide variety of microorganisms (bacteria, fungi, yeasts and algae) that are
being studied for use in bioremediation processes, Bogacka, 2011; Ali, 2011. Sewage sludge is a
biomass waste generated from the regular biological activities of municipal wastewater treatment
plants, it contains bacteria, fungi, yeast and protozoa. Rather than disposing the sludge, this
waste material seems to be a promising way of turning it into a useful resource. Sewage sludge is
also generally rich in nitrogen, which is essential for the growth of microorganisms.
Furthermore, it has a high microbial diversity. The microorganisms overgrown in such
wastewater systems can be utilized for treatment different types of contaminants including
herbicides, Bogacka,2011.

The aim of this research is to treat three types of contaminated soils, sand, sandy loam and clay
with 2,4-D herbicide, using sewage sludge as an inexpensive, heterogeneous source of
microorganisms, in ex-situ bioremediation process. The effect of using different concentrations
of 2,4-D (200, 300 and 500mg/kg soil) on the bioremediation process was studied.

2. MATERIALS AND METHODS
2.1 Materials

2,4-D ( CgHsCl,03) was selected as a model herbicide in this study because of its unique
behavior in soil. This chemical is both very degradable and vulnerable to leaching. 2,4-D used in
this study was purchased from Fluka. Its purity is 95% and its solubility in water is 900mg/L at
20°C. Other chemicals are: methanol (CH,CL,) of 99.9% purity was provided by Biosolve
Chemicals; acetone (CH3;COHgz) of purity > 99.8% was obtained from Fluka; acetonitrile
(CH3CN) of 99.5% purity was obtained from BDH Chemicals Limited and Phosphoric acid of 85
% purity from SDF chemical limited .
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2.2 Nutrients

Modified McKinney’s medium was used for the bacterial growth. The composition of the
minerals in one liter of growth media is shown in Table 1 and the composition of trace elements
is shown in Table 2. The medium was prepared by dissolving the inorganic chemicals in one
liter of reverse osmosis water that resulted in a buffered solution of pH 6.5-6.7 which was then
sterilized at 121°C.

2.3 Soil

Three types of soils were used in the present work: sand, clay and sandy loam. Sand and clay
soil samples were obtained from the Ministry of Industry and Minerals (lrag general
establishment for geological survey and mineral investigations), while the third type of soil
(sandy loam) was collected from agricultural soils in Baghdad City which was sieved to 2mm.
The physical and chemical properties of the three soils are given in Table 3.The analysis was
performed in the Ministry of Industry and Minerals (Iraq general establishment for geological
survey and mineral investigations).

2.4 Preparation of 2,4-D Spiked Soil

To prepare the 2,4-D contaminated soil, a stock of 50, 30, 20 mg of 2,4-D was dissolved in
100 mL acetone . In a stainless steel container, a clean, air dried-soil was placed and sprayed
with appropriate volume of this stock to give the desired contaminated soil. Mechanical mixing
for 1 hour was applied to assure homogenization. The 2,4-D contaminated soil then dried for 24
hour at 35°C in order to evaporate the acetone, then stored in an air-tight stainless steel jar in a
ventilated hood in the dark. Each batch of 2,4-D spiked soil was used within 2 weeks.

2.5 Microorganisms

Sewage sludge was used in the present study as 2,4-D degrading microorganisms. The sewage
sludge was collected from the sludge drying bed in Al-Rustamiyah Sewage Treatment Plant, the
old project in Baghdad city. A specified volume of sewage sludge providing at least 10’cells/mL
was used in the experiments. The average mixed liquor volatile suspended solid of the sludge
was measured according to , Clesceri,et al., 1999 to be 5000 mg/L.
The number of bacteria in the sludge was estimated using the standard plate count which reflects
the number of viable bacteria and assumes that the bacteria grow into single colonies.

2.6 Experimental Procedure

Sewage sludge of 20mL plus 60ml of nutrients were placed in three conical flasks (each of
250mL volume).Then 20mg of contaminated soil with concentration of 200, 300 and 500mg 2,4-
D/kg of sandy soil were added in each flask. The flasks equipped on rotary shaker (from
Heidolph, Germany), which operated at 200 rpm for 14 days. The required dissolved oxygen
(2.5mg/L) was supplied by continuous mixing. The temperature was maintained at 25°C by
inserting the rotary shaker inside the incubator. 2, 4-D concentration in both liquid and soil
phases also the bacterial growth in liquid phase were measured in regular interval (mainly every
2 days), by removing 5mLsample from the aqueous phase by a clean syringe and1gm of settled
soil phase using a spatula. The same procedure was followed for sandy loam and clay soils. For
control reactor the same procedure was followed but without using sewage sludge (i.e. 80mL of
nutrients were placed in the conical flasks).
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2.7 Extraction of 2,4-D from Soil Slurry

Air dried soil sample (0.25gm) at room temperature was extracted with 30mL of a mixture of
acetonitrile-water-acetic acid 60:39:1, Garibay, et al., 2005. The suspension was vortexed, at
maximum speed for 10 min. The solvent extract was recovered by centrifugation at 4000 rpm for
15 min to separate the liquid from the soil, the procedure was repeated twice before analysis by
HPLC. The liquid was filtered through filter paper (grade No.1, Whatman, England) and then
passed through 0.45 um PTFE syringe filter before analysis by HPLC.

2.8 Analysis

High performance liquid chromatography (HPLC), type Varian 9065, Netherlands, was used
to identify the concentration of 2,4-D in the samples , at Environmental Engineering Department
laboratories of Al-Mustansiriyah University. Analyses were carried out with the following
conditions: wavelength of 282 nm, 1.5 mL/min flow rate and elution with an acetonitrile +
aqueous phosphoric acid (1.0M, pH=3) solution (first using 60+40 solution by volume for 10
min and then 65+35 solution for 20 min).The HPLC was equipped with C18 column (250 mm
long, 4 mm ID). The peak of 2,4-D was detected after 2.7 min .

3. RESULTS AND DISCUSSION
3.1 2,4-D Partitioning between Soil and Liquid Phase in Abiotic Control Reactor

Abiotic control reactor represents a reactor with no microorganisms. The behavior of 2,4-D
partitioning between soil and liquid in abiotic control reactor for three types of soil (sand, sandy
loam and clay) were investigated in the present experiments. For each type of soil three different
initial concentrations of 2,4-D (200, 300 and 500 mg/kg soil) were tested, Figs.1-3.
After startup of the reactor 2,4-D was desorbed from the soil to the liquid phase. It approached a
steady state condition after nearly 12 days for sand and sandy loam soil. For clay soil the steady
state appearedafter 12-14 days. Fig. 1 shows that at initial 2,4-Dconcentration of 200 mg/kg soil,
the release of 2,4-D from the soil to the liquid phase reaches 97% , 95% and 72% for sand,
sandy loam and clay soil respectively. Fig. 2 shows that at initial concentration of 300mg 2,4-
D/kg soil, the release of 2,4-D from the soil to the liquid phase reaches 86% , 89% and 72% for
sand , sandy loam and clay soil respectively. While from Fig. 3 at initial concentration of
500mg 2,4-D/kg soil ,the release of 2,4-D from the soil to liquid phase reaches 89%, 88%
and58% for sand, sandy loam and clay soil respectively. These results were tabulated in Table 4.
The results show that the release efficiency decreased with the increase of 2,4-D initial
concentration. A high initial concentration of 2,4-D enhance the sorption into the soil. This
observation was coinciding, Boivin, et al., 2005. Also a distinct decrease in the release
efficiency was observed for clay soil, reaching 58% compared with 89% for sandy soil at initial
concentration of 500mg 2,4-D/kg soil. This attribute to the fine texture of clay soil , high
content of organic matter (1.967 %) and high value of cation exchange capacity
(68.34meq/100mg), which enhance the sorption of 2,4-D in to the soil . Bolanand Baskaran,
1996 in their study for adsorption/ desorption behavior and degradation of 2,4-D, examine 10
soils from New Zealand that have different organic matter and clay content .They observed that
the extent of adsorption increased with the increase in soil organic compounds.

At early period of time desorption of pesticides follows first-order reaction kinetics, Eq.(1):

St = Spexp[—kot] 1)
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where S, and S; are the amount of 2,4-D (mg/kg) in the soil phase at time zero and t , t the
desorption period (day), and k, is the rate of desorption (day™). A linear relationship with R? of
more than 0.90% was obtained as illustrated in Fig.4.

It can be observed that the rate of desorption k, for sand and sandy loam soils were nearly the
same, it varies between 0.102-0.135 day™ at different initial concentration of 2,4-D. While for
clay soil the desorption rate k, varies between 0.031- 0.042 day™ at different initial
concentration of 2,4-D. The decrease in desorption rate refers to the characteristic of clay soil,
(fine texture, high organic matter and high cation exchange capacity) that may retain the 2,4-D in
the organic matter and the clay minerals, as confirmed by Bolan,and Baskaran, 1996; Smith, et
al., 1992,

3.2 2,4-D Partitioning Between Soil and Liquid Phase in Biological Active Reactor

The effect of microbial activity, bioaugmentation (adding of sewage sludge) and
biostimulation (adding of nutrient) together on 2,4-D degradation using slurry bioreactor were
investigated in these experiments.
2,4-D partitioning between soil and liquid phase for sand ,sandy loam and clay at different initial
concentrations 200, 300 and 500 mg/kg soil are plotted in Figs. 5-7.
In all experiments the 2,4-D concentration in liquid phase increased initially reaching maximum
concentration and then rapid degradation of 2,4-D was observed. The reason for this is that the
desorption rate of 2,4-D is higher than the biodegradation rate during the first period of
experiments. In the soil phase a continuous decrease in 2,4-D concentration continued until the
end of the experiments. This result indicates that the desorbed 2,4-D in the liquid phase was
subjected to continuous biological degradation therefore desorption was enhanced due to the
partitioning effect.
Fig.5 represents the partitioning between solid and liquid phases for 200mg 2,4-D/kg soil in the
biological active reactor, for the three different soils. From this figure, the maximum
concentration of 2,4-D in liquid phase can be observed to be 2.2, 6.8 and 1.4mg/L after two days
of the reactor operation for sand , sandy loam and clay respectively.
For 2,4-D initial concentration of 300mg/kg soil as represented byFig.6, the maximum
concentration was achieved in liquid phase equal to 13.9 and 37mg/L after two days for sand and
sandy loam soil and 30.2 mg/L after six days for clay soil.
For 500mg 2,4-D/kg soil, Fig.7, the maximumconcentration in liquid phase was obtained to be
19, 12.4 and 18.9 mg/L after two days for sand ,sandy loam and clay soil respectively.
From the above results it can be concluded that 2,4-D in liquid phase increased until almost two
days of the reactor operation reaching a maximum concentration and then decreased at different
rates indicating that 2,4-D was subjected to continues biological degradation.
At early period of time the degradation of pesticides also follows first-order reaction kinetics,

Eq.(2):
C; = Coexp[—kt] (2)

where C, and C; are the amount of 2,4-D (mg/kg) in the soil phase at time zero and t ,t the
degradation period (days), and k; is the rate constant of degradation (day™).

A linear relationship with R? of more than 0.93 was obtained as illustrated in Fig.8, revealing
that the rate of degradation is directly proportional to the concentration of 2,4-D in the soil phase.
The rate of degradation of organic pesticide has often been observed to follow first order reaction
kinetics, Cycon, et al., 2011; Plangklang, and Reungsang, 2010.
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k,for each type of soil with different concentrations of initial 2,4-D were tabulated in Table 5.
From Table 5 and Fig.8, it can be observed that the rate of degradation k, decreased with the
increase of initial concentration of 2,4-D.

Macur,and Wheeler, 2007 studed the impact of 2,4-D application on soil microbial community
structure. They showed that at high 2,4-D concentration (100 and 500mg/kg soil) a significant
reduce in the diversity of 2,4-D degradation of bacterial strains was observed. They also
illustrated that clay soil has minimum degradation rate among the three soils (sand, sandy loam,
clay).

Considering the 2,4-D removal efficiency for the three soils in the present experiments as it is
plotted in Fig. 9 and listed in Table 5, the removal efficiency decreases as the initial
concentration of 2,4-D in the soils increases. A 100 % removal at initial concentration of 200mg
2,4-D/kg soil after 12 days for sandy soil was acheived and this percent decreases to 92% at
500mg 2,4-D/kg soil after 14 days .

Fournier, et al., 1981 found that the degradation rate of 2,4-D is highly dependent on the initial
concentration (the higher the degradation, the lower the initial concentration).

Clay soil represent the less removal efficiency among the three soils , 82% for 200mg 2,4-D/kg
soil after 12 days and 72% for 500mg 2,4-D/Kkg soil after 14 days . Clay soil characteristics
enhance the sorption capacity and limits the release of 2,4-D to the liquid phase in which
biological degradation is performed .

Nikakhtari, et al., 2009 mentioned that the biodegradation rate in the bioslurry reactor with clay
is slower than with sandy loam and sandy soil.

3.3 CFU Variation

CFU (Colony Forming Unit) was investigated in the present experiments as an important
parameter indicating the microbial activity. Figs. 10-12 show the biomass growth with 2,4-D
degradation in the liquid phase during the bioreactor operation. Different initial concentration of
2,4-D (200, 300, 500 mg/kg) in sand ,sandy loam and clay soils were studied.
Initial microbial cell numbers of the sewage sludge which was utilized in the biodegradation
operation were about 200x10’ CFU/mL.
A lag phase of almost 2 days was observed through all the experiments. The lag phase is related
to the time required to develop a population of microorganisms that could effectively degrade the
2,4-D. The lag phase is a period of adaption of cells to a new environment. Microorganisms
reorganize their molecular constituents when they transfer to a new medium. Depending on the
composition of nutrients new enzymes are synthesized, the synthesis of some other enzymes is
repressed, and the internal machinery of cells is adapted to the new environmental conditions.
During this phase, cell mass may increase a little, without an increase in cell number density,
Yu,and Ruihong, 2006.
After the lag phase a period of an active growth was observed. The microorganisms multiply
rapidly and enter the exponential growth phase. The maximum CFU/mL observed in the present
experiments was in the range of 700x10’- 1200x10" CFU/mL which achieved after almost six
days of operation as shown in the Figs. 10-12. After the exponential growth, a stationery phase
then a decline in microbial growth was observed, due to the nutrient (2,4-D) depletion.
It can be noticed that the maximum release of 2,4-D from the soil to the liquid phase happened
during the lag phase period. The results show that when the 2,4-D concentration increased the
biodegradation retarded due to inhibition created by the substrate and the toxicity of high 2,4-D
concentration.
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3.4 pH Variation

The pH variation in the liquid phase during the abiotic and biotic bioreactor operation was
measured to track the microbial activity. Fig. 13 shows the variation in pH for sand, sandy loam
and clay for 200, 300 and 500 mg 2,4-D/kg soil. It can be noticed that the pH variation in the
reactor with biological activity (biotic) was more obvious compared to the control reactor
(abiotic). The variation could result from the products obtained from the biodegradation activity.
The decrease in pH in the biological active reactors may be due to the formation of CO, from
mineralization of the metabolic intermediates formed, Mohan, et al., 2008.

4. CONCLUSIONS

The main conclusions that can be drawn from the experimental work of this research are as
follows:
e The rate of desorption in the abiotic reactor for sand and sandy loam soils were nearly the
same, it varies between (0.102-0.135 day™) at different initial concentration of 2,4-D. While for
clay soil the desorption rate varies between (0.031-0.042 day™) at different initial concentration
of 2,4-D.
e In all biological active reactor experiments the 2,4-D concentration in the liquid phase
increased initially reaching a maximum level and then rapid degradation of 2,4-D was observed.
The maximum release of 2,4-D from the soil to the liquid phase happened during the lag phase
period of microbial growth.
e The degradation of 2,4-D in the bioreactor follows first-order reaction kinetics. A linear
relationship between In(Ct/Co) vs. t with correlation coefficient R? of more than 0.93 was
obtained revealing that the rate of degradation was directly proportional to concentration of 2,4-
D in the soil phase.
e The removal efficiency of 2,4-D in the bioslurry reactor decreases as the initial concentration
of 2,4-D in the soils increases, it
reached 100% at initial concentration of 200mg 2,4-D/kg sandy soil after 12 days and decreased
to 92% at 500 mg 2,4-D/kg sandy soil after 14 days .
e Clay soil represent the less removal efficiency in the bioslurry reactor among the three soils ,
82% for 200mg 2,4-D/kg clay soil after 12 days and 72% for 500 mg 2,4-D/kg clay soil after
14 days .
e The pH variation in biological active reactor was more obvious compared to the control
reactor (abiotic) in all experiments.
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typesof soil (A) sand,(B) sandyloam, (C) clay. (A) sand,(B) sandyloam, (C) clay.
2,4-Dconcentration = 200mg/kg soil. 2,4-Dconcentration = 300mg/kg soil.
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Tablel.Modified McKinney’s medium in 1 liter of reverse osmosis water.

Substance Mass or Volume
KH,PO, 420 mg
K,HPO, 375 mg

(NH4)2S04 237 mg

NaCl 30 mg
CaCl, 30 mg
MgSO, 30 mg
Fe(NH,;)2SO4 10 mg
Trace element ImL

Table 2. Trace elements composition in | liter of reverse osmosis water.

Substance Mass(mg)
H3BOs 300
CoCl; 200
ZnS0,4.7H,0 100
MnCl, 30
Na,MoO, 30
NiCl, 20
CuCl, 10
Table 3.Characteristics of the three soils.
Soil type Soil texture Soil pH | OMC % CEC
(meq/100mg)
Sand 98.93%
Sand Silt 107% | 875 | 0027 0.071
Clay | -
Sand 88.03% 861 0.08 Lo
Sandy loam | Silt 11.97% | : -
Clay |  --—---
Sand 2.3%
Clay Silt | - 8.05 1.967 68.34
Clay 97.7%

OMC: Organic matter content

CEC: Cation exchange capacity
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Table 4. Release efficiency and rate of release of 2,4-D from the three soils withdifferent concentration.

Engineering

Initial Sand Sandy loam Clay
24D Resid Resid Resid
conc. €SI Releas R? eSIAU | Releas eSIAU T Releas
(mg/kg ko 1 R2 € e ko 1 € e ko 1 R2 ¢ e
) (day™) (mg/k (%) (day™) (mg/k %) (day™) (mg/k %)
9) g) 9)
200 0.140 Oég 6 97 0.121 Oég 10 95 0.042 0i9 50 12
300 | 0102 | %) | 405 | s | 0106 | %] 33 | 8 | o020 | %] 808 | 72
500 | 0116 | % | 53 | 89 | 0135 | )| 587 | 88 | 0031 | )| 200 | 58
Table5. Removal efficiency of 2,4-D and rate of degradation in theshake flask bioreactor.
Experiment | |nitial Sand Sandy loam Clay
Time (days) 2,4-D
conc. ki Removal ki , Removal ki Removal
(mg/kg) (day | R? | efficienc | (day | R efficienc | (day R? | efficiency
) y % ) y % ) %
12 200 0.184 | 0.996 100 0.132 | 0.995 95 0.097 | 0.993 82
14 300 0.153 | 0.986 93 0.108 | 0.980 91 0.087 | 0.934 80
4
14 500 0.120 | 0.997 92 0.093 | 0.967 80 0.067 | 0.957 72
1
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Two-Phase Partitioning Bioreactor for the Treatment of Crude Oil-
Contaminated Aqueous Solution
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ABSTRACT

A new application of a combined solvent extraction and two-phase biodegradation processes
using two-liquid phase partitioning bioreactor (TLPPB) technique was proposed and developed
to enhance the cleanup of high concentration of crude oil from aqueous phase using acclimated
mixed culture in an anaerobic environment. Silicone oil was used as the organic extractive phase
for being a water-immiscible, biocompatible and non-biodegradable. Acclimation, cell growth
of mixed cultures, and biodegradation of crude oil in aqueous samples were experimentally
studied at 30£2°C. Anaerobic biodegradation of crude oil was examined at four different initial
concentrations of crude oil including 500, 1000, 2000, and 5000 mg/L. Complete removal of
crude oil was achieved biphasic bioreactor after 3 weeks compared to 73-82% in the
monophasic bioreactor for the same time period.

Keywords: bioreactor, crude oil, biodegradation, biphasic reactor, anaerobic biotreatment
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1. INTRODUCTION

Two-phase partitioning bioreactors (TPPB) concept is based on the use of a water immiscible and
biocompatible organic solvent that is allowed to float on the surface of a cell-containing aqueous
phase. The solvent is used to dissolve large concentrations of pollutants (as substrates) which are
readily achievable because most organic contaminants are very hydrophobic, and then partition
into the aqueous phase at low levels, Hernandez et al., 2011. However, although very high
amounts of toxic organic substrates can be added to a bioreactor, the cells experience only very
low (sub-inhibitory) concentrations. Moreover, as the cells consume some of the substrate,
disequilibrium is created, which causes more of the hydrophobic contaminants to be partitioned
into the aqueous phase as the system tries to maintain thermodynamic equilibrium. Thus, not
only do appropriate amounts of contaminants get delivered to the cells but also substrate
delivery is ongoing until the organic phase becomes completely depleted and the rate is
determined by the metabolic activity of the microorganisms, Yeom, and Daugulis, 2001.The
system is well suited for biodegradation of hazardous pollutants, Janusz and Malinowski, 2001.
The two-phase partitioning bioreactor concept appears to have a great potential in enhancing the
productivity of many bioprocesses. The proper selection of an organic solvent is the key to
successful application of this approach in industrial practice. The integration of fermentation and
a primary product separation step has a positive impact on the productivity of many
fermentation processes. The controlled substrate delivery from the organic to the aqueous phase
opens a new area of application of this strategy to biodegradation of pollutants, Janusz and
Malinowski, 2001. Several studies have been reported concerning the application of TPPB
technique for the degradation of toxic organics including phenanthrene and pyrene in the
presence of silicon oil as the second phase. Complete phenanthrene biodegradation was
achieved within 3 days. Its concentration in the monophasic reactors dropped by 93% within 4
days, but the removal rate remains at that rate till the end of the experiment. Pyrene removal
occurred to a limited extent only in the presence of phenanthrene, Guieysse et al., 2001.
Janikowski et al., 2002 used a two-phase partitioning bioreactor (TPPB) utilizing the bacterium
Sphingomonas aromaticivorans B0695 to degrade 4 low molecular weight polycyclic aromatic
hydrocarbons (PAHs). The TPPB achieved complete biodegradation of naphthalene,
phenanthrene, acenaphthene and anthracene at a volumetric consumption rate of 90mg/L.h in
approximately 30 h. Tomei et al., 2007, investigated the performance of two phase liquid-solid
systems applied to the removal of 4-nitrophenol, Hytrel 8206 copolymer was utilized in batch
Kinetic test, this polymer was also employed as the partitioning phase in a lab scale sequencing
batch reactor. The completely removal reached after 26 h. Zilouei et al., 2008, developed an
organic-aqueous two-liquid-phase partitioning system to degrade high concentrations of
pentachlorophenol. At the initial biomass concentrations of 7, 25, and 58 mg/l, the volumetric
removal rates of PCP obtained were 25.7+0.5, 32.1+0.1, and 39.3 £ 2.9 mg /I.h, respectively.
Zhao et al., 2009, determined the potential of a two-phase partitioning bioreactor (TPPB) for
enhancing the treatment of phenol at high initial concentrations, The maximum volumetric
consumption rate of phenol decreased in the order: immobilized microorganisms with organic
modified montmorillonitt OMMT-PSF capsules in a TPPB (342.4 mg/l.h) > immobilized
microorganisms without OMMT-PSF capsules (300 mg/l.h) > free microorganisms with
OMMT-PSF capsules in a TPPB (208.4 mg/l.h) > free microorganisms without OMMT-PSF
capsules (125.8 mg/l.h). Tomei et al. (2011) compared the performance of a TPPB, relative to
single phase operation, in which a small volume (5%, v/v) of the beads polymer Hytrel 8206
was used to treat aqueous mixtures of 2,4-dimethylphenol and 4-nitrophenol, Hytrel 8206 was
selected from a range of polymers that were tested for their partition coefficient for the target
molecules, with the more hydrophobic compound (2,4-dimethylphenol) having a higher
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partition coefficient value of 201 compared to 4-nitrophenol partition coefficient of 143.
Ramos et al., 2012, proposed a two phase partitioning bioreactor to carry out the degradation of
the poorly soluble compound anthracene by laccase from Trametes versicolor. The organic
phase consisted of silicone oil saturated with anthracene. The surfactant, Triton X-100 was
added to the aqueous phase at concentration above the critical micelle concentration to enhance
anthracene solubility. Munoz et al., 2013, investigated an innovative operation mode in a two
liquid phase bioreactor (TLPB) for the treatment of volatile organic compounds (VOC), a
removal efficiency of 80% was recorded for 26 days. None of the previously mentioned studies
concerned of the crude oil biodegradation in a Two-Phase Partitioning Bioreactor (TPPB).
Exploring and investigating new environmentally friendly approaches for oil removal from
aquatic environment became mandatory due to the wide occurrence of accidental oil spills on
local, regional, and global scales. Based on this fact, this study was devoted to evaluate the
performance and efficiency of TPPB for crude oil biodegradation.

This study aimed to evaluate the performance of a bench-scale two-phase partitioning bioreactor
(TPPB) for the degradation of crude oil in aqueous phase compared to the performance of
conventional monophasic bioreactor.

2. MATERIALS AND METHODS

2.1 Microorganisms, nutrient, and MSM

A mixed culture was freshly collected from the aeration tanks in Al-Rustamia Sewage
Treatment Plant, Baghdad. The stock culture was stored at 4°C. The nutrient media (NM)
contained 15000 mg/L meat papain peptone, and 15000 mg/L Tryptone. The composition of
mineral salt media (MSM) in (mg/L) were, (NH,;).SO4 (100), KH,PO, (350), K;HPO, (775),
MgSO, .7TH,O (100), CaCl, (40), FeSO4.7H,O (1), MnSO4.H,0O (1), NaMoO, (0.21), and
Sodium Chloride (5000). The MSM was prepared at pH 6.8, which was accurately controlled by
daily measurement. Sulfuric acid (0.1M) and potassium hydroxide (0.1M) were used for pH
adjustment. The prepared MSM was sterilized in an autoclave at 121°C for 30 min, Ted and
Christine, 2010.

2.2 Crude oil samples
Crude oil samples were obtained from midland refineries company /Al-Dora Refinery. The
properties of the crude oil are given in Table 1.

2.3 Organic solvent
The organic phase used in this study was silicone oil (polydimethylsiloxane) of purity 100%,
purchased from Gainland Chemical Company (GCC).

2.4 Analysis

The chemical oxygen demand (COD) concentrations in agueous samples were measured using
the COD analyzer Type: Lovibond, RD 125. Oil content analysis was carried out using the oil
content analyzer Type: HORIBA OCMA-350, based on infrared analysis. It includes a single-
beam, fixed wavelength, non-dispersive infrared filter-based spectrophotometer. Infrared
radiation from a tungsten lamp is transmitted through a cylindrical, quartz cuvette containing a
sample extract. The radiation which passed through the extract enters a detector containing a
filter that isolates analytical wavelengths.
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2.5 Biomass measurements

Engineers have traditionally used volatile suspended solids (VSS) as an indication of biomass
concentration. The VSS parameter has the advantage of fitting directly into mass balance
equations, (Degenaar et al., 2000). Volatile suspended solids were determined according to the
procedure reported in the Standard Methods (APHA, 1998). Additional approach known as
(Standard Plate Count) was used in this study to quantitatively measure the bacteria growth
(Ted & Christine, 2010). The major part of the procedure deals with a series of successive
dilutions of the original culture in sterilized bottles using sterilized water. Thereafter, the diluted
culture is poured into Petri dishes along with the nutrient agar, and then number of colonies is
counted after incubation. The production of biogas was considered in this study as an additional
approach to examine the growth and activity of microorganisms.

2.6 Enrichment of microorganisms

The freshly collected activated sludge samples were centrifuged at 3000 rpm for 10 min to
separate the biomass from liquid phase. Thereafter, the culture suspension was reactivated and
enriched at 30+2°C in 250 ml mineral salt media (MSM), into which 20 mg/L of crude oil was
added to 10 mL of mixed culture suspension in a 500 mL - Erlenmeyer flask to be adapted for
24h. Prior to starting the adaptation process, the flasks were flushed with nitrogen to achieve
anaerobic environment, and then agitated by an orbital shaker at 100 rpm to enrich the culture
seeds.

2.7 Sequential cultivation process

The growing cells were collected after centrifugation of the enriched suspension at 3000 rpm for
10 min. The collected activated cells were re-suspended and re-inoculated into fresh culture
media in 500-ml Erlenmeyer flasks with the addition of 80 mg/L crude oil. After inoculation, the
flasks were flushed with N, capped and placed in an orbital shaker controlled at 100 rpm and
30+2°C. This cultivation cycle were sequentially repeated for 20 cycles with increased initial
concentrations of crude oil up to 5000 mg/L. For each cultivation cycle, the initial and final
concentration of cell, were determined.

2.8 Two-Phase Partitioning Bioreactors

Eight bench scale two phase portioning bioreactors (TPPB) were prepared and setup with four
different initial concentrations of crude oil including 500, 1000, 2000, and 5000 mg/L using
alternatively mineral salt media (MSM) and distilled water (DW). Silicon oil was used as the
organic liquid phase. In order to examine the efficiency of TPPB towards the conventional
bioreactor, additional eight bioreactors were identically set up without using the silicon oil as the
mono-phasic bio reactors. Also, a set of four reactors were set up to examine the effect of abiotic
processes including sorption, volatilization, and chemical degradation. Accordingly, a total of 16
bench reactors were prepared as given in Table 2 which summarizes the experimental set up and
data related to the amounts and types of the reactors contents, respectively. All experiments
were conducted in duplicate in 250-mL Erlenmeyer flasks. The flasks were closed with butyl
septa, tightly sealed with parafilm and incubated on a rotary shaker at 120 rpm and 30 + 2°C. All
flasks were flushed with nitrogen to maintain anaerobic environment.
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3. RESULTS AND DISCUSSION

3.1 Enrichment and acclimation of cultures

As mentioned in section 2.5, results of the acclimation process are presented by 3 different
approaches as follows:

1- Characterization of the dominant cultures

Results of this method indicated the presence of several types of microorganisms, in particular
E.Coli, Pseudomonas seroginosa, and Bacillus subtilis which represent the dominant and the
most widely available types of organisms in activated sludge composition. However, Table 3
illustrates the dominant types of species and their numbers before and after the acclimation
process.

2- Visual characterization of biomass granules

Results of SEM technique are given in Fig. 1la &b before and at the end of the acclimation
period, respectively. The bacterial colonization and dense growth at the end of acclimation
process are well characterized as shown in Fig. 1b indicating the dense growth of
microorganisms.

3- Measurements of produced biogas

As a result of the anaerobic biodegradation process, the biogas mainly represented by CH,4 was
released as the end product of this anaerobic bioprocess. Accordingly, the released amounts of
CH, could be another potential approach for indicating the startup progress and the end of
anaerobic biodegradation process of crude oil during the acclimation period. Fig. 2 presents the
amounts of released biogas during the acclimation process using 20, 80, 280, 400, and 500 mg/L
crude oil. Fig. 3 illustrates the bioreactors before and after acclimation period.

3.2 Significance of TPPB application

The sets of experiments were alternatively conducted with distilled water (DW) and mineral salt
media (MSM) to examine the effectiveness of each system for the anaerobic biodegradation of
crude oil, also to investigate the potential of biphasic bioreactors compared to monophasic
bioreactors. Results revealed that higher removal efficiency was achieved up to 100% in the
DW-biphasic bioreactor after less than 3 weeks. However, lower efficiencies of crude oil
removal were observed in the MSM-monophasic, MSM-biphasic, and DW-monophasic
bioreactors indicating the effectiveness of the DW-biphasic bioreactor system compared to the
other reactors. Table 4, illustrates the removal efficiencies (ranging from 73% to 100%) of the
four bio-systems at different initial concentrations of crude oil. Figs. 4 to 7 illustrate the profiles
of crude oil removals with time in the bioreactors. However, results revealed complete removal
of crude oil in the DW-biphasic bioreactors at different initial concentration of crude oil. The
effect of silicone oil existence as the immiscible organic phase in the bioreactor was well
observed in controlling the dispersion and transfer of crude oil into the aqueous phase to feed
the biomass. Silicone oil exhibited as a sponge adsorbed the high initial concentration of crude
oil, and then gradually desorbs batch doses of oil as a substrate for the starving microorganisms
to prevent the substrate shock loading which may cause consortiums toxicity and death.
However, the relatively lower efficiency of MSM-biphasic bioreactor compared to the DW-
biphasic bioreactor could be attributed to the availability of regular substrate (MSM) to the
microorganisms making them less longing for unconventional type of substrates (crude oil).

4. CONCLUSION

The main conclusions that can be drawn from this research are represented by a successful
bacterial acclimation process which was accomplished to tolerate the high concentrations of
crude oil as the sole toxic organic pollutant in the aqueous solution samples. Also, results
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demonstrated that the removal efficiency of crude oil at 500, 1000, 2000, and 5000 mg/L initial
concentrations in DW-biphasic bioreactor was 100% after 3 weeks, compared to 73-86% in the
MSM-monophasic, MSM-biphasic, and DW-monophasic bioreactors for the same time period.
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NOMENCLATURE

COD = chemical oxygen demand, mg/L.

DW = distilled water.

MSM = mineral salt media.

NM = nutrient media.

OMMT = organic modified montmorillonite.
TLPPB = two-liquid phase partitioning bioreactor.
TPPB = two-phase partitioning bioreactor.

VOC = volatile organic compounds.

VSS = volatile suspended solids.

Table 1 Properties of the crude oil.

Constituent

Density
Viscosity
API gravity
Pour point

Water content
Salt content
Sulphur

Wax
Asphaltene

* Pounds per thousand barrel
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Table 2 Types and classification of the bench scale bioreactor.

Reactor Contents
Crude oil Culture | Silicone oil
conc. (mg/L) (mL) (mL)

iotic process

*MSM, mineral salt media
**DW, distilled water

Table 3 Types of organisms in the mixed culture samples

Aeromonas hydrophilla (colonies/mL)

Microorganisms — —
before acclimation after acclimation

Pseudomonas aeroginosa 2.0x10° Heavy growth

Fecal Coliform 1.6 x10° 3.7 x10°
E.Coli 6.5x10’ Heavy growth
Bacillus subtilis 8.5x10% 6.2 x10’
Total Coliform 1.2 x10° 3.0 x10°
T.P.C. 9.8 x10’ Heavy growth
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Table 4 The Average initial Removal efficiency % after 3 weeks
removal efficiencies concentration mg/L
of the tested
systems.. Types of Crude ol Crude ol
reactor

MSM-monophasic
MSM-biphasic
DW-monophasic
DW-biphasic
MSM-monophasic
MSM-biphasic
DW-monophasic
DW-biphasic
MSM-monophasic
MSM-biphasic
DW-monophasic
DW-biphasic
MSM-monophasic
MSM-biphasic
DW-monophasic
DW-biphasic

SEMMAG 101k SEMHV: 16.00 kY VEGAN TESCAN

Name; 1 WD 10,88 mm 50 pm {

Date{m/ddy): 040THI Peformance (n nmpacen
(a)
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Figure. 1 SEM images for the mixed culture; (a) before, (b) after acclimation process.
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Figure. 2 Biogas production profiles for the enrichment process at different initial
concentrations of crude oil.
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Figure. 4 Oil content gradient in the 4 bioreactors at 500 mg/L concentration of crude oil.
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Figure. 5 Oil content gradient in the 4 bioreactors at 1000 mg/L concentration of crude oil.
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Figure. 6 Oil content gradient in the 4 bioreactors at 2000 mg/L concentration of crude oil.
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Figure. 7 Oil content gradient in the 4 bioreactors at mg/L initial concentration of crude oil.
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ABSTRACT

Medium Access Control (MAC) spoofing attacks relate to an attacker altering the
manufacturer assigned MAC address to any other value. MAC spoofing attacks in Wireless
Fidelity (WiFi) network are simple because of the ease of access to the tools of the MAC fraud
on the Internet like MAC Makeup, and in addition to that the MAC address can be changed
manually without software. MAC spoofing attacks are considered one of the most intensive
attacks in the WiFi network; as result for that, many MAC spoofing detection systems were built,
each of which comes with its strength and weak points. This paper logically identifies and
recognizes the weak points and masquerading paths that penetrate the up-to-date existing
detection systems. Then the most effective features of the existing detection systems are
extracted, modified and combined together to develop more powerful detection system called
Sequence Number with Rate and Signal Strength detection method (SN-R-SS).

SN-R-SS consists from three phases. First phase is Window Sequence Numbers; to detect
suspicious spoofed frames in the network. Second phase is Transmission Rate Analysis; to
reduce the amount of the suspicious spoofed frames that are generated from the first phase.
Finally, the third phase is Received Signal Strength; this phase is decisive phase because it
decides whether the suspicious spoofed frames are spoofed or not. Commview for WiFi network
monitor and analyzer is used to capturing frames from the radio channals. Matlab software has
been used to implement various computational and mathematical relations in SN-R-SS. This
detection method does not work in a real time because it needs a lot of computation.

Keywords: Sequence Number with Rate and Signal Strength detection method, detection, frame,
spoof.
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1. INTRODUCTION

Existing Institute of Electrical and Electronics Engineers(IEEE) 802.11 security techniques, such as
Wired Equivalent Privacy (WEP), Wi-Fi Protected Access (WPA), or IEEE 802.11i (WPA2), can only
protect data frames Bansal, R., etal., 2008.

Detection of adversary presence avoids the launching of other wireless attacks Goel, S., etal., 20009.
Guo and Chiueh Guo, F., etal., 2006 proposed spoof detection scheme based on the SN field in IEEE
802.11 MAC header. The difference modulus 4096 between consecutive frames SN transmitted by a STA
is calculated. This detection system generated many false positive and false negative alarms Li, Q., etal.,
December 2007.This method results in large amounts of false positives on wireless networks which
experience even small amounts of frame loss Madory,D., June 2006, and caused in large amount of false
positive in case both of the victim and attacker have QoS propriety in Wireless Local Area Network
(WLAN) card, or one of them has this propriety Chandrasekaran, G., etal., 2009. Douglas Madory
Madory,D., June 2006 proposed detection system based on the same field of MAC header that is SN
field. Instead of raising alarm simply on the basis of SN gap, Douglas Madory considers the transmission
rate of the frames transmitted by a STA. By using this method the false alarm that was raised due to
natural loss of frames will not be generated. The transmission rate is calculated by taking difference
modulo 4096 of the SN of consecutive frames and dividing it by the difference of their arriving time. This
method generates large amount of false positive alarms caused by the existence of Quality of Service
(QoS) propriety Chandrasekaran, G., etal., 2009. Qing and W. Trappe Li, Q., etal., December 2007
defined a relation to detect spoofing using the linear behavior of SN. Rather than operating strictly on two
consecutive frames, the detection scheme operates on a window of frames coming from a specific STA.
This method also results in large amounts of false positives on wireless networks which experience even
small amounts of frame loss Chandrasekaran, G., etal., 2009. Also this method caused in large amount
of false positive in case both of the victim and attacker have QoS propriety in WLAN card, or one of
them has this propriety Chandrasekaran, G., etal., 2009. Yong Sheng and et al. Sheng, Y., etal., April
2008 proposed an approach based on Gaussian mixture models, building received signal strength (RSS)
profiles for spoofing detection. They proposed to use Gaussian Mixture Modeling (GMM) for RSS
profiling. This approach cannot detect attackers who spoof the MAC addresses of mobile STAs. Shikha
Goel and Sudesh Kumar Goel, S., etal., 2009 proposed algorithm analyze the possible reasons for
generating false positive and false negative in Forge Resistance Relationship (FRR) spoof detection
method and proposed an improved method Forge Resistance Relationship Rate Analysis (FRR-RA) with
reduced false alarms. This method caused in large amount of false positive in case both of the victim and
attacker have QoS propriety in WLAN card, or one of them has this propriety Chandrasekaran, G.,
etal., 2009.T. Saelim, C. Sriklauy and P. Chumchu Chumchu, P., etal., 2011 proposed new MAC
Address Spoofing Detection Algorithm using Physical Layer Convergence Protocol (PLCP) Header. In
this algorithm they are utilizing PLCP header of IEEE 802.11 frames to differentiate an attacker STA
from a victim STA. PLCP header of IEEE 802.11 frames maybe changed for each frame. It depends on
transmission rate adaptation algorithm which is designed by vendors of wireless interfaces driver. The
rate adaptation of an attacker STA and a victim STA is different depending on adaptive algorithm and
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environments; therefore it is much harder to spoof PLCP header. This algorithm performs by setting a
number of monitoring STAs. Then STAs whose MAC addresses are the monitored MAC address will
reply the special frame. If the monitoring STAs receive more than one response frames, they decide that
spoofing occurs. The drawback of this approach is the attackers could avoid this detection algorithm by
stopping to reply any frames. This is could be modified drivers of wireless adaptors. The rest of the paper
is organized as follows; Section 2 describes variations of MAC spoofing attacks. Section 3 describes SN-
R-SS method. Section 4 describes the evaluation. Finally, section 5 concludes the paper and gives further
work.

2. MAC SPOOFING ATTACKS

The theory of the MAC spoofing attack is that the attacker masquerades as a legitimate client.
Thereby the attacker gains access to the network. As the name implies the masquerading is done by
spoofing the MAC address of the legitimate client. This information can easily be obtained through
eavesdropping.

There exist several variations of this attack. They differ in the way the victim is treated, whether the
attacker tries to avoid detection, and as a result the complexity of performing the attack. In the remaining
of this section five different versions will be briefly explained without going into the practical details of
performing each of the attacks.

MAC freeloader attack: This is the simplest variation of the attack. It does not require much skill, and it
does not try to avoid any form of detection. The attack consists of spoofing the MAC address of a
legitimate client and nothing more. In this case both the attacker and victim will be connected to the
network at the same time, and as a result both STAs will receive each other's traffic. It is pointed out in
[20] that this behavior should cause problems in the Transmission Control Protocol (TCP) layer. More
specifically it should result in a termination of the ongoing TCP connections, thus making it very difficult
for the attacker to use TCP.

QoS optimized MAC freeloader attack: In the QoS optimized version the attacker tries to avoid
detection based on simple SN analysis. This is done by changing IEEE 802.11 QoS priorities to some
priority not currently in use by the legitimate client. Each QoS class has its own sequence counter. By
using a previous unused class the attacker will obtain his own counter and fool some systems based on
plain SN analysis.

Wait-for-availability attack: This attack is very similar to the freeloader attack, but there is one
important difference. In this case the attacker waits until there is no longer any traffic going to or from the
victim's STA. Then, assuming the victim has left; the attacker spoofs the address and tries to connect.
This is the most relevant version of the MAC spoofing attack as it is easy to perform and very hard to
detect with existing methods based on two STAs transmitting at the same time.

Session hijacking deauthenticates attack: In this variation the attacker first spoofs the AP's MAC
address in order to send fake deauthenticate messages to the victim. The victim's STA believes that the
deauthenticate is legit, and as a result it terminates its association with the AP. The attacker can then
spoof the victims MAC and have the session for himself. To prevent the victim from reconnecting the
deauthenticate procedure will have to be repeated frequently.

Session hijacking channel switch attack: A recent variation of the session hijacking, called channel
switch attack is described in [21]. In this version the attacker does not send fake deauthenticate messages;
instead he sends a channel switch announcement element. A correctly crafted element would result in the
victim changing channel (to an invalid one) immediately, and stay on that channel for up to 255 beacon
intervals before switching back. The authors report that a denial of service (DoS) effect of up to one
minute can be achieved with a single message Idland, C., June 2011.
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3. SEQUENCE NUMBER WITH RATE AND SIGNAL STRENGTH DETECTION
METHOD (SN-R-SS)
3.1 Window of Sequence Numbers Phase

This phase is used to analyze and inspect out of order frames for the intention of detecting
spoofing activity. The proposed detection scheme should operate on a window of frames which are
coming from a specific MAC address MAC(i). Suppose that an observation w(k) to be a collection of n
states corresponding to the kth frame from MAC(i). For example, one choice for w(k) might be to take
w(k)={S(k), S(k-1)}, which is simply two consecutive frame states. The window w(k)={S(k), S(k-1),.....,
S(k-n-1)}, where n consider as window size consisting of n consecutive SN of frames S(k) Li, Q., etal.,
December 2007. This phase consists of two stages:

First stage of this phase is carried out by checking for the presence of two frames with same SN
in the window of certain STA MAC address [16]. The purpose of this stage is to discover the
phenomenon of a retransmitted frame due lost Acknowdgement (ACK). This phenomenon occurs when
the ACK frame sent by the receiver STA is lost and is not received by the sender STA. If the window
contains two frames with same SN, then the contents of the two frames are compared. The second arrival
frame is considered a retransmitted frame and thus has to have the same content as the first arrival frame.
This means that the frame is not spoofed and cannot possibly do any harm as it is just a duplicate and it is
dropped by the monitor STA from the window. Otherwise, if the contents of the two frames, with same
SN, have not the same contents, then this window is marked as containing suspicious spoofed frame and
is passed to the third phase for further analysis.

Second stage of this phase adopts the Window of SNs techniques. By using a window of frames,
rather than only two consecutive frames, different degrees of detection accuracy can be used to enhance
the detection system. The detection accuracy can be adjusted to increase or decrease the false positive and
negative alarms generated by the detection system. In this stage, the detector calculates the n-1 SN
differences {dl, d2, d3,...., dn-1}, where dn=[SN(k-n+1) - SN(k-n)] (mod 4096). The detector determines
the occurrence of spoofed frames if Max (di) > T. Where ‘i’ varies from 1 to n and ‘T’ correspond to a
threshold that governs the probability of false alarms and missed detection. Threshold value ‘T’ usually
taken to be ‘3’ on considering frame loss, where frames are sent by the sender STA and are not received
by the receiver STA. Usually the frame SN is incremented by one for each consecutive frame. The lost
frame would cause the frames not to be received sequentially. A threshold value is used to reflect
approximately the maximum number of acceptable loss of consecutive frames in IEEE 802.11 based
wireless network Goel, S., etal., 2009. The threshold value can be adjusted according to the level of
security required in a network. With the decrease in threshold value the number of false positive alarms
will increase but there will be a decrease in false negatives. When the frame SN differences are greater
than that threshold, then it is an indication of suspicious spoofed frame which is the purpose of the next
phase.

3.2 Transmission Rate Analysis Phase

This phase adopts the Transmission Rate Analysis method to inspect the window of suspicious
spoofed frame passed from previous phase. Transmission Rate Analysis considers the time difference
between consecutive frames and permit for naturally occurring loss frames while still detecting invalid
SNs. To avoid false positive situation due to heavy frame loss, the window of suspicious frames of the
previous phase is passed to this phase. This phase works on the basis of measuring the transmission rate
of each STA in the WLAN. To detect the spoofing in the window, Transmission Rate Analysis on the
suspicious frame with its previous and next frame is performed. Transmission rate considers possibility of
frame loss and do not raise false positive alarm for it. Transmission rate is calculated by taking difference
modulo 4096 of SNs from consecutive frames and dividing by the difference of their respective arrival
time. The function can be defined as Goel, S., etal., 2009:

Transmission Rate= ((S (i)-S (i-1)) mod 4096) / (T (i)-T (i-1)) (D)
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Where S (i) and S (i-1) is the SN and T(i) and T(i-1) are the arrival time of ith and (i-1)th frame
respectively. By using this method, gaps from natural frame loss do not cause false alarms because they
will not yield an abnormally large difference in transmission rate. It is necessary to show the relationship
between the frame SN and its arrival time. For example, assume, the frame sequence numbers: { 1, 2, 3,
5, 6, 7}, are sent one millisecond apart, then the transmission rate between the first two frames would be
(2-1) frames/0.001 second or 1000 frames/seconds as frame of SN 2 is arrived one millisecond after the
arrival of frame of SN 1.

The rate between the third and fourth frames would be (5-3)/0.001 or 1000 frames/second as
frame 5 arrived two millisecond later than frame 3 due lost frame 4. The rate between the four and fifth
frames would be (6-5)/0.001 or 1000 frames/second.

3.3 Received Signal Strength Phase

This phase adopts RSS approach to inspect suspicious spoofed frames passed from previous phase.
RSS is the signal strength of a received frame measured at the receiver’s antenna. RSS is correlated to the
transmission power. A wireless STA does not often changes its transmission power, so distribution
pattern of a STA mostly remain same. Also the attacker has no idea what RSS looks like from the receiver
perspective. Thus, a drastic change in RSS value of received frames from same MAC address indicates
spoofing. Hence, two STAs at different places have two separate and distinct signal signatures (mean and
variance of signal strength values).

In this phase, the monitor STA is placed in a monitor mode, while in monitor mode it can determine
the RSS for all frames being transmitted within the range of the receiver. The monitor STA will compute
mean value and variance value of captured RSS sample for each MAC address of the wireless STAs.
Practical work shows, for stationary wireless STAs, the RSS does not deviate more than 5dBm, taking in
account that the other affecting factors, like obstacles, temperature degree. are fixed. Hence, the RSS can
be modeled as normal distribution with mean and variance values calculated as follows Konings, B.,
etal., 2009:

Mean=%1L, "L, RSS(i, /) * P(i, ) (2)

Variance=Y_, X7, RSS?(i, ) * P(i,j) — Mean (3)
Where (j) is the numbers of frames for specific MAC address (i), (P) is the probability of the occurrence
of specific RSS.

The false positive alarms, generated by previous phases, which is due to the wireless cards that
have QoS extensions, where assumptions about monotonic of SNs in frames originating from a STA do
not typically hold. In this phase, in addition to detecting spoofed frames in WLAN STAs that are not
equipped with QoS interface, the QoS specification is one of the main metrics used to detect spoofing.
Therefore, this phase will make extra test on the windows of suspicious frames and use the RSS as a final
solution for detecting MAC spoofing. The steps performed by this phase are summarized as follows:

. For the suspicious window that contains duplicate frames of unequal contents, the type field of
the frame is examined, a management frame indicates spoofed frame. A data frame leads to examine the
subtype field of the duplicate frames, matched priority of the two frames indicates spoofed frame.
Unmatched priority of the two suspicious frames leads to examining the RSS of the two frames. If the
value of the RSS of the two frames in the range of the variance value, then there is no indication of
spoofing. Otherwise, any RSS value deviated from the mean with a value greater than the variance then it
is indication of spoofing.

° A challenge for the Transmission Rate Analysis, of the second phase technique is the handling the
phenomenon of retransmitted frames due to the frame loss. This phenomenon occurs when a frame is sent
and is not received by the receiver STA. In IEEE 802.11, every data frame transmitted is assumed lost if,
in response, an acknowledgement frame is not received. When this loss is detected, a frame is
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retransmitted with the same SN as was previously sent. In order to solve this problem, in this phase, the
monitor STA checks the Retry bit of suspicious frames marked from the previous phase. The following
steps are performed:

1. In case, the Retry bit is equal to one (which means a retransmitted frame), the RSS of the
suspicious frame is examined. If the value of the RSS is the range of the variance value, then there is no
indication of spoofing. Otherwise, the frame is spoofed.

2. IF the Retry bit is equal to zero, the monitor STA checks the type of the suspicious spoofed
frame, a management frame indicates spoofing. Because management frame is associated with a single
MAC sequence counter, it must be in linear progression. A data frame leads to examine the subtype field
of the previous and next frames, matched priority of the two frames indicates spoofed frame. Unmatched
Frame priority leads to examine the RSS of the suspicious frame. The RSS indicates either spoofing or
not which depends on RSS deviation from the mean.

4, SIMULATION RESULTS

This section evaluates the performance of the SN-R-SS detection method by comparing it with
two other well-known different methods; FRR and FRR-RA methods. FRR and FRR-RA methods are
implemented separately in this work, and then the results obtained from these methods are used to
evaluate the SN-R-SS detection method for MAC spoof detection. An attack view has one genuine STA,
one attacker STA which spoofs the MAC address of the genuine STA; both of them are able to be
connected to the internet as shown in Fig. 1. The distance between an attacker STA and Access Point
(AP) is 7 meter, between a genuine STA and Ap is 3 meter, and between an attacker and genuine STAs is
10 meter. The practical works is conducted by changing the MAC address of the attacker STA to the
address of the victim STA. Then around 80 frames are extracted from the file, produced in the capturing
stage, to evaluate the performance of the SN-R-SS detection method compared to the FRR and FRR-RA
detection methods. The window size for the implementation of the three methods mentioned above is
taken to be ten.

Description and evaluation the performance of the system with two types of wireless IEEE
802.11 attacker models are studied. The two types of wireless IEEE 802.11 are:
- STAs without QoS property.
- STAs with QoS property.

v 2y

Victim N
STA Attacker
h STA
Monitor
STA

Figure 1. an Attacker model.

147



Number 8 Volume 20 August - 2014 Journal of Engineering

4.1 STAs without QoS Property

In this case, victim STA and attacker STA do not have QoS Property. Figures (2, 3, and 4)
illustrate the results performance of applying FRR, FRR-RA and the SN-R-SS detection methods,
respectively. The raising edge lines of the three Figures indicate spoofing or false positive alarms. When
there are no spoofed frames and no false positive alarms, the Figures show only straight line (the x-axis)
shown in the Figures. The false negative alarms are not shown in the figures because they are passed
through the detection system as they were genuine frames.

In terms of false positive alarms and spoof detection, it is observed from the figures that both the
SN-R-SS detection method and FRR-RA methods give better performance than FRR method since FRR
method generates large number of false positive alarms than the others. Also the SN-R-SS detection
method gives better performance than FRR-RA method since FFR-RA generates larger number of false
positives than the SN-R-SS detection method.

Fig. 2 shows the result performance which is obtained from FRR method. The FRR method
produces 82.5% spoofing and false positive. The spoof and false positive alarms signs, shown in the
figure, is very high compared to other methods. Actually, FRR method generates many false positive
alarms mostly due to the following reasons:

- Frame loss.

- Out of order frames.

- One of duplicate frames is spoofed.

- Retransmitted frame due to the loss of an ACK frame.
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Figure 2. FRR method.

The results which are obtained from the FRR-RA method are shown in Fig. 3. The FRR-RA
method produces 28.75% spoofing and false positive. The spoof and false positive alarms signs are less
than the spoof and false positive alarms signs shown in Fig. 2 of FRR method. This method decreases the
false positive alarms which occur in FRR method because:

- It treats and overcomes the states of the frame loss.
- This method treats the spoofing in duplicate frames which are not treated in the FRR method.

But also this method suffers from generating false positive alarms for the following states:

- Out of order frames.

- Retransmitted frame due to the loss of an ACK frame
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Figure 3. FRR-RA method.

Fig. 4 shows the results which are obtained from SN-R-SS detection method. The SN-R-SS detection
method produces 25% spoofing and false positive. This Figure shows a better performance results than
FRR-RA method. As shown in the Figure, the spoof and false positive signs are less than the spoof and
false positive alarms signs shown in Fig. 3. This is because the SN-R-SS detection method can solve all
of the following problems that are encountered in FRR and FRR-RA:

- Frame loss.
- Out of order frames.
- One of duplicate frames is spoofed.

- Retransmitted frames due to the loss of an ACK frame.
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Figure 4. SN-R-SS detection method.

4.2 STAs with QoS Property
Three cases will be studied in this section:

e An attacker has QoS property while the victim does not have it.
e An attacker does not have QoS property while the victim has this property.
¢ Both of them (an attacker STA and the victim STA) have QoS property.
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The results shown in Figures (5 to 13) illustrate the performance of FRR, FRR-RA and the SN-R-SS
detection methods, respectively. In terms of false positive alarms and spoof detection, it is observed from
the figures that the SN-R-SS detection method gives better performance than FRR and FRR-RA methods.
FRR and FRR-RA generate large number of false positive alarms. The main reason of these alarms is the
QoS property in the WLAN card of STAs.

e attacker with QoS / victim without QoS

In this case an attacker STA has QoS property in its WLAN card, but the victim does not have this
property in its WLAN card. Figures (5, 6 and 7) illustrate the results performance of applying FRR, FRR-
RA and the SN-R-SS detection methods, respectively.

Fig. 5 shows the result performance which is obtained from FRR method. The FRR method produces
22.5% spoofing and false positive.The spoof and false positive alarms signs, shown in the figure, is very
high compared to other methods. The reasons for generating false positive alarms, in FRR method, are:

- Frame loss.

- Out of order frames.

- One of duplicate frames is spoofed.

- Retransmitted frame due to the loss of an ACK frame.

- The QoS property of an attacker STA.

= No Spoofing

—— Spoofing or FalsePositive

0 10 20 30 40 20 60 70 80
Frame Index

Figure 5. FRR method.

The results performance which are obtained from the FRR-RA method are shown in Fig. 6. The
FRR-RA method produces 17.5% spoofing and false positive. The spoof and false positive signs are
less than the spoof and false positive signs shown in Fig. 5 of FRR method. FRR-RA method fails to
overcome the false positive alarms generated due QoS property of WLAN card.
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Figure 6. FRR-RA method.

Fig. 7 shows the result of the performance which is obtained from SN-R-SS detection method. The
SN-R-SS detection method produces 13.75% spoofing and false positive. The SN-R-SS detection method
gives better results than the other two methods (FRR and FRR-RA). As shown in the Figure, the spoof
and false positive signs are less than the spoof and false positive signs shown in Fig. 5 and Fig. 6
respectively.

The following are the reasons for generating false positive alarms that are faced totally in FRR and
partially in FRR-RA and solved by the SN-R-SS detection method:

- It treats the case of frame loss.

It treats the problem of out of order frames.

It treats the problem of spoofing existence in duplicate frames.

It treats the problem of the retransmitted frame due to the loss of an ACK frame.
It treats the problem of QoS property in an attacker STA WLAN card.

Although the SN-R-SS detection method has better spoof detection capability than FRR and FRR-
RA, as indicated by the rising edge signs shown in Fig. 7, but also the rising edge signs could partially
indicates false positive alarms. The false positive alarms signs shown in Fig. 7 are generated due to the
RSS environmental variation, calibration drift, and other factors that make it difficult to trace the RSS
value as these disturbances make it unstable and noisy.
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Figure 7. SN-R-SS detection method

e Victim with QoS / Attacker without QoS

In this case, an attacker STA has no QoS property and the victim STA has QoS property. Figures
(8, 9 and 10) illustrate the results performance of applying FRR, FRR-RA and the SN-R-SS detection
methods, respectively. The results show that the SN-R-SS detection method gives better result than
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FRR and FRR-RA methods. The same analysis and performance results discussed in the previous
case are applied for this case, for the three detection method FRR, FRR-RA and SN-R-SS detection
method, are shown in Figures (8, 9 and 10) respectively.

Fig. 8 shows the results which are obtained from FRR method. The FRR method produces 90%
spoofing and false positive.
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Figure 8. FRR method.

Fig. 9 shows the results which are obtained from applying FRR-RA method on the data file. The
FRR-RA method produces 28.75% spoofing and false positive.
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Figure 9.FRR-RA method.

Fig. 10 shows the results which are obtained from applying SN-R-SS detection method on the
data file. The SN-R-SS detection method produces 25% spoofing and false positive.
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Figure 10. SN-R-SS detection method.
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e Victim and Attacker with QoS Property

In this case both attacker and victim STAs have QoS property in their WLAN cards. Figures (11,
12 and 13) illustrate the results performance of applying FRR, FRR-RA and the SN-R-SS detection
methods, respectively. By applying the three methods (FRR, FRR-RA and the SN-R-SS detection
method) on the data file. The SN-R-SS detection method gives better results than the other methods
(FRR and FRR-RA). All the analysis and performance results discussed in the first case are also
applied to this case for the three detection method FRR, FRR-RA and SN-R-SS detection method, are
shown in Figures (11, 12 and 13) respectively.

Fig. 11 shows the results which are obtained from FRR method. The FRR method produces
36.25% spoofing and false positive.
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Figure 11. FRR method.

Fig. 12 shows the results which are obtained from FRR-RA method. The FRR-RA method
produces 17.5% spoofing and false positive.
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Figure 12. FRR-RA method.

The results which are obtained from applying SN-R-SS detection method on data file are shown
in Fig. 13. The SN-R-SS detection method produces 13.75% spoofing and false positive.
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Figure 13.SN-R-SS detection method.

5. CONCLUSION
During the study and development of the proposed system, several points observed and noticed:
After deep analysis and inspection of the existing MAC spoof detection systems, it is found and
realized that one mechanism such as FRR, FRR-RA or RSS alone is not sufficient to build efficient MAC
spoof detection system. Each one of the mentioned detection system has its drawbacks in detecting MAC
spoof. To enhance the MAC spoofing detection system, many factors has to be taken into account to
design reliable detection system.

The results that have been obtained from SN-R-SS detection method after compared with two
detection methods (FRR and FRR-RA) indicate that the SN-R-SS detection method gives better results
performance than FRR and FRR-RA MAC spoof detection methods.

SN-R-SS detection method treats the problems when an attacker STA and victim STA have QoS
property in the WLAN card, when attacker STA has QoS property while the victim STA does not have
this property and the case when an attacker STA does not have QoS property while the victim STA has
this property. The SN-R-SS detection method produced better results performance than FRR and FRR-
RA when wireless station is equipped with Qos property WLAN interface card.

SN-R-SS detection method does not work well when the attacker and genuine STA are placed
near enough to each other. This is because the final phase of SN-R-SS detection method depends on RSS
value. In other satuation, when an attacker and the victim close to each other, the RSS value of an attacker
STA is approximately equal to the RSS value of the victim STA. This statuation causes the RSS phase
genrates false positives and negatives alarms.

SN-R-SS detection method does not work well when the victim STA is mobile. This is because
the final phase of SN-R-SS detection method depends on RSS value. In case, when the victim STA is
mobile STA, This causes oscilating of the RSS value received at the monitor STA that could generate
false positives and negatives alarms.

SN-R-SS detection method unable to detect the attacker presence if victim not communicating.
This results in false negative alarms.

Due the three phases of checking embedded in the SN-R-SS detection method which requires a
lot of computation. The SN-R-SS detection method will not be able to conform in the real time spoof
detection. But there is always tradeoff between security required and time consuming.

In this paper, the third phase is RSS phase; the researchers can use other fingerprinting tools in
the STA to enhance the system. Other attributes can be used to uniquely identify WLAN station. Such
attributes like wireless driver fingerprinting.

The researcher can use backpropagation neural network to obtain required values of threshold and
window size which are used in first phase of SN-R-SS detection method algorithm instead of fixed
values. In this case the system will be enhanced.

154



>

Number 8 Volume 20 August - 2014 Journal of Engineering

REFERENCES
Bansal, R., etal., 2008, Non-Cryptographic Methods of MAC Spoof Detection in Wireless
LAN, Networks. ICON 2008.16th IEEE International Conference on, ISSN 1556-6463.

Chandrasekaran, G., etal., 2009, Detecting Identity Spoofs in IEEE 802.11e Wireless
Networks, Global Telecommunications Conference,.Globecom 2009.1EEE , ISSN 1930-
529X.

Chumchu, P., etal., 2011, A new MAC Address Spoofing Detection Algorithm using PLCP
Header, Information Networking (ICOIN), 2011 International Conference on, ISSN
1976-7684.

Goel, S., etal., 2009, An Improved Method of Detecting Spoofed Attack in Wireless LAN,
Networks and Communications. NETCOM '09.First International Conference on.

Guo, F., etal., 2006, Sequence Number-Based MAC Address Spoof Detection, Recent
Advances in Intrusion DetectionLecture Notes in Computer Science, Vol 3858.

Idland, C., June 2011, Detecting MAC Spoofing Attacks in 802.11 Networks Through
Fingerprinting on MAC Layer, M.Sc. Thesis, Norwegian University of Science and
Technology.

Konings, B., etal., 2009, Channel Switch and Quiet Attack: New DoS Attacks Exploiting
The 802.11 Standard, Local Computer Networks. LCN 2009.IEEE 34th Conference on.

Li, Q., etal., December 2007, Detecting Spoofing and Anomalous Traffic in Wireless
Networks via Forge-Resistant Relationships, leee Transection on Information Forensics
and Security, VOL. 2, NO. 4.

Madory,D., June 2006, New Methods of Spoof Detection in 802.11b Wireless
Networking, M.Sc. thesis, Thayer School of Engineering.

Sheng, Y., etal., April 2008, Detecting 802.11 MAC Layer Spoofing Using Received

Signal Strength, NFOCOM 2008. The 27th Conference on Computer Communications.
IEEE,ISSN 0743-166X.

155


http://link.springer.com/book/10.1007/11663812
http://link.springer.com/book/10.1007/11663812
http://link.springer.com/bookseries/558
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4509594
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4509594

N

@) Number 8 Volume 20 August - 2014 Journal of Engineering

Batch and Fixed-Bed Modeling of Adsorption Reactive Remazol Yellow Dye
onto Granular Activated Carbon

Mohammed Sadeq Salman Waleed Mohammed Abood DhaferFaza Ali
Instructor Head of Engineering Head of Chemists
Computer Center Head of engineers Ministry of industry-lraq
University of Baghdad Ministry of industry-Iraq Dhaferali32@yahoo.com
Iragmas68@ yahoo.com Env_eng waleed@yahoo.com
ABSTRACT

In this work, the adsorption of reactive yellow dye (Remazol yellow FG dye) by
granular activated carbon (GAC) was investigated using batch and continuous process. The batch
process involved determination the equilibrium isotherm curve either favorable or unfavorable
by estimation relation between adsorption capacity and concentration of dye at different dosage
of activated carbon. The results were fitted with equilibrium isotherm models Langmuir and
Freundlich models with R?value (>0.97). Batch Kinetic study showed good fitting with pseudo
second order model with R? (0.987) at contact time 5 h. which provesthat the adsorption is
chemisorptions nature. Continuous study was done by fixed bed column where breakthrough
time was increased at flow rates (21.67, 12.5 and 6 ml/min) and initial dye concentration (80, 40,
20 and 10 mg/l) were decreased and bed depth was increased (5, 10, 15 and 20 cm). The
adsorption data were fitted to the fixed-bed adsorption mathematical models Thomas and Yoon-
Nelson models. The results fitted well to the Thomas and Yoon-Nelson models with correlation
coefficient, R%> 0.944. Average relative error ARE% was applied to examine the theoretical and
experimental results.

Key Words: Adsorption, Reactive Yellow dye, Granular activated carbon, Fixed bed column
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1- INTRODUCTION

Water is one of most important commodities which man has exploited a other resources for
sustenance of his life. Water can be regarded polluted when it changes its quality or composition
either or as a result human activities. Goal, 1997.

Many materials can cause pollution like inorganic salts, acids, alkaline, organic matter,
suspended solid, floating (solid or liquid), heat, color, toxic material, microorganisms,
radioactive material and foam-reducing matter. Nemerow, 1971.

Pure water is colorless, but water in nature often colored by foreign substances. Color
contributed by dissolved solid that remain after removal of suspended matter is known as true
color. Highly colored water is unsuitable for laundry, dying, paper making, dairy production and
other industries. Thus the color water effects its marketability for both domestic and industrial
use. Peavy et al., 1986.

The azo dyes are by far the most important class, accounting for over 50% of all commercial
dyes, and having been studied more than any other class. The most important distinguishing
characteristic of reactive dyes is that they form covalent bonds with the substrate that is to be
colored during the application process. Thus, the dye molecule contains specific functional
groups that can undergo addition or substitution reactions with the OH, SO3, and NH; groups
present in textile fibers. Most reactive dyes fall in the category of azo dyes. Virtually every hue
in the dye spectrum can be achieved by appropriate structural modifications (mono- and di-azo
dyes, combinations involving either single or multiple aromatic and heterocyclic ring systems).
Hunger, 2003.

Wastewater effluent from the textile industries can be particularly problematic due to the
presences of color in the final effluent. This color in the water system is highly visible and thus
undesirable. Textile industries consist of multi-processes which produce wastewater which
generally colored, different pH value, high chemical oxygen demand COD, high suspended solid
and high temperature. Nemerow, 1971.

There are many technologies currently available for treating wastewater from textile industry
which include Biological treatment,\Chemical precipitation, Ultra filtration, Adsorption and
Advanced Oxidation. Abood, 2012.

Adsorption is a widely used method to treat industrial waste gas and effluent due to its low cost,
high efficiency and easy operation. Particularly, the adsorption process is suitable for
decontaminating those compounds of low concentration or high toxicity, which are not readily
treated by biological processes. Based on the operation mode, adsorption can be generally
classified into static adsorption and dynamic adsorption. Static adsorption, also called batch
adsorption, occurs in a closed system containing a desired amount of adsorbent contacting with a
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certain volume of adsorbate solution, while dynamic adsorption usually occurs in an open system
where adsorbate solution continuously passes through a column packed with adsorbent.

For column adsorption, how to determine the breakthrough curve is a very important issue
because it provides the basic but predominant information for the design of a column adsorption
system. Without the information of the breakthrough curve one cannot determine a rational scale
of a column adsorption for practical application. There are two widely used approaches to obtain
the breakthrough curve of a given adsorption system: direct experimentation or mathematical
modeling. The experimental method could provide a direct and concise breakthrough curve of a
given system. Zhe, 2013.

Reactive yellow dye was investigated as an adsorbate to be removed onto activated carbon
during batch and the result shows good removal of dyes when increasing adsorption capacity at
increasing initial concentration and temperature and the adsorption is considered as an
endothermic. Sulyamon and Abood 2013.

The aim of this study is examining the reactive yellow dye as adsorbate and granular activated

carbon as adsorbent in batch process using Langmuir and Freundlich models as equilibrium
isotherm models and for kinetic study tested pseudo first and second order models were applied
to investigate mechanism of adsorption, while for the continuous adsorption the fixed bed
column was used with different condition ( initial dye concentration , bed depth and flow
rates)and the results were tested with most widely used models (Thomas and Yoon- Nelson) and
the validity of results were approved according to the average relative error (ARE%) as a error
function.

2- ADSORPTION ISOTHERMS MODELS

In general, an adsorption isotherm is an invaluable curve describing the phenomenon governing
the retention (or release) or mobility of a substance from the aqueous porous media or aquatic
environments to a solid-phase at a constant temperature and pH. Adsorption equilibrium (the
ratio between the adsorbed amount with the remaining in the solution) is established when an
adsorbate containing phase has been contacted with the adsorbent for sufficient time, with its
adsorbate concentration in the bulk solution is in a dynamic balance with the interface
concentration.

Typically, the mathematical correlation, which constitutes an important role towards the
modeling analysis, operational design and applicable practice of the adsorption systems, is
usually depicted by graphically expressing the solid-phase against its residual concentration. Foo
and Ahmed 2010

2-1 Langmuir Isotherm

Considered sorption as a chemical phenomenon by assuming that the forces that are exerted by
chemically unsaturated surface atom (total number of binding sites) do not extend further than
diameter of one sorbet molecules and therefore sorption is restricted to a monolayer.

The Langmuir isotherm relationship is shown in Eq. (1) :
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K, Ce

Qe=0On—— 1)

1+ KL Ce

Where ¢, adsorption capacity mg adsorbate / g adsorbent, C. final concentration at Equilibrium
mg/l. gm maximum adsorption capacity in forming complete monolayer on the surface mg/g. K.
is coefficient related to the affinity between the adsorbate and adsorbent (L/mg)
Langmuir relationship can be linearized by plotting (1/qe) vs. (1/Ce) where 1/qn is intercept (1/qm
K\) is slope in Eq.(2).

1 1 1

S T —
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The essential characteristics of the Langmuir isotherm can be expressed in terms of a
dimensionless constant separation factor R that is given by the following Eqg. (3)
RL =1/ (1+ K. Cy) 3

where C, (mg/l) is the initial concentration of adsorbate, and K. (L/mg) is Langmuir constant.
The value of R indicates the shape of the isotherm which is unfavorable (R > 1), linear (R =
1), favorable (0O< R < 1) or irreversible (R_ = 0)

2-2 Freundlich Model .

The Freundlich's Equation has been widely used for many years. This Equation is special case
for heterogeneous surface energies in which the energy term (Kg) in Langmuir's Equation varies
as a function of surface coverage (ge) strictly due to variation in heat of adsorption. This
relationship is empirical Eq. (4). It doesn't indicate a finite uptake capacity of the adsorbent and
can thus only be reasonably for low and intermediate concentration range.

Qe = KFCell n (4)

Where geand C. are as above and Kg and n are constants. n is larger than zero.
The linearization equation of Freundlich can be Eq.(5):

Log ge= log Kg +1/n log C, (5)
Where 1/n is slope and log Kk is intercept

3- ADSORPTION KINETICS

The transport and subsequent adsorption of adsorbate onto an adsorbent particle is usually
described by one of the following transport mechanism or by combination of them film diffusion

and intrapartical diffusion (Thomas and Crittenden, 1998). Variations among such models are
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distinguished according to the rate limiting mass transport step. Examples of those kinetic
models include; the linear driving force model, the surface diffusion model, the pore diffusion
model, and the film pore and surface diffusion model. Ho et al., 2000

kinetic modeling was examined by researchers to investigate the mechanism of adsorption and
potential rate—controlling process such us mass transfer and chemical reaction. The pseudo-first
order and pseudo-second order kinetics models were used to analyze the adsorption kinetic of
textile dyes. Isa, et al., 2007

3-1- Pseudo first order model
This model assumes a first order adsorption kinetic and can be represented by the Equation (6):

d
%=K1(qe—qt) (6)

Where: q. and g; are adsorption capacity at equilibrium and at time t, respectively (mg g-%), Ky is
the rate constant of pseudo first order adsorption (min™).

After integration and applying boundary conditions:
g=0 at t=0 and gi=q at t=t.
The integrated form becomes Eq (7):

In(qe _qt): In(qe) —Kt (7)

The values of In (ge— q;) were linearly correlated with t. The plot of In (qe— g;) versus t should
give a linear relationship from which K; and g can be determined from the slop and intercept of
the plot, respectively. The applicability of the pseudo-first order equation to experimental data
generally, differs in two ways; the parameter K; (Qe-0;) does not represent the number of
available sites and the parameter log (ge) is an adjustable parameter and often found not equal to
the intercept of the plot log (qe— q:) versus t, whereas in true first order, log (ge) should be equal
to the intercept.

3-2 Pseudo second order model.
The pseudo second-order adsorption kinetic rate Equation is expressed as Eq (8):

d
%= K,(q, —0,)’ 8)

Where:

K is the rate constant of the pseudo second order adsorption (g.mg™*.min™).

For the boundary conditions:

g=0 at t=0 and g=q at t=t,

The integrated form of the Eq (8) which can be rearranged to the linear form as Eq (9):
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gt (9)
d Kg.' 4.

The plot of (t/q;) and t of Eq (9) should give a linear relationship from which g, and K; can be
determined from the slope and intercept of the plot, respectively.

4- DYNAMIC ADSORPTION

The adsorption equipment is the heart of the system. Three types of adsorber are generally used
in wastewater application: down flow fixed bed, packed moving bed an up flow expanded — bed
Cavaseno, 1980. Down flow fixed bed adsorbers offer the advantage of simple operation plus
the ability to serve as a filter and can be operated either under pressure or by gravity flow.
Typical superficial linear velocity for liquid in bed is 0.3 (m/min) in vertical direction to prevent
settling Tchohanoglous et al., 2003. Empirical or short cut models are still used extensively for
the design of fixed beds. This is not only due to their simplicity and reliability but also because
of the formidable nature of more rigorous alternative. Thomas and Crittenden, 1999

4-1 Thomas Model was developed for adsorption processes in which external and internal
diffusion limitations are not present. The linearized form of the Thomas model can be expressed
as in Eq. (10) . Sachin et al., 2010
|I’l[C° _1j _ KiQem  K;C, V., (10)
C Q Q
where Ky is the Thomas rate constant (mL/min.mg), ge is the equilibrium of reactive yellow dye
uptake (mg/g), C, is the inlet reactive yellow dye concentration (mg/L), C; is the effluent
reactive yellow dye concentration at time t (mg/L), W is the mass of adsorbent (g), Q is the inlet
flow rate (mL/min) and t is the flow time (min). The value of Co/Ct is the ratio of inlet to outlet
reactive yellow dye concentrations. A linear plot of In [(C,/C;) — 1] against time (t) was drawn to
determine the values of ge and Kt from the interception point and slope of the plot, respectively.
4-2 The Yoon-Nelson model was developed model to describe the adsorption behavior in the
continuous column adsorption. The linearized form of the Yoon-Nelson model is given in
Eqg.(11). Yahayaet al., 2011

In[Lj - KYNt - KYNT
C.—C

t

(11)

where, Kyy is the rate velocity constant(L/min) and T is the time in (min) required for 50%
adsorbate breakthrough. A linear plot of In [C; / (C, —C})] against sampling time (t) was used to
determine the values of Kyy and t from the slope and intercept of the plot. ge is the amount of
adsorbate being adsorbed in a fixed bed is half of the total adsorbate entering the adsorption bed
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within 2Tperiod. Hence, the following Equation (12) can be obtained for a given bed. Sotelo, et
al, 2012.

_ qadsorbed _ Co[(Q/lOOO)t] _ CO.Q.T

— =

m 2m  1000.m (12)

The validity of the adsorption model was further determined by using normalizedaverage relative
error (ARE%) Eq.(13) for experimental and theoretical results of ( C/C,). Foo and Hameed,
2010

100 | |Xewp = Xeal
0o =
ARE% == Ej{ "

exp

(13)
Where X represent the result and N number testing time.

5- EXPERIMENTAL MATERIALS AND METHOD

5-1-Adsorbent

Granular activated carbon GAC was used as adsorbent with particle size (0.5-0.75 mm), bulk
density 711.8 kg/m?®, porosity 53.44%, and surface area 911.56m%/qg.

AC was washed with distilled water to remove dust and fine particles then dried at 100°C.
5-2-Adsorbate

A yellow FG reactive dye (Remazol yellow 42) was obtained from Iragi textile factory as a
powder with solubility 150 g/l (manufacture companies). A stock of dye solution was prepared
by dissolving the required amount of dye in distilled water. The dye was measured at a
maximum wave length 420 (nm) using double beam spectrophotometer (Labomed, UVD. 3, 500
USA) and single beam spectrophotometer type (APEL PD- 303 UV JAPAN) which was used for
the analyzing of samples. Al-Degs, et al, 2009

5-3 Isotherm Experiments

The batch adsorption isotherm experiments were carried out by varying adsorbent dosage m
(0.05,0.1, 0.15, 0.2, 0.3and 0.4) g of activated carbon GAC which were added to 50cm® of
aqueous dye solution with initial yellow concentrations C, 10 mg/l in a 100 cm3conical flask.
The mixture was agitated at 200 rpm in a shaker at a constant temperature and pH for 5 h. The
suspensions were decanted and the solutions were analyzed for yellow reactive dye
concentrations C at equilibrium while adsorption capacity ge at equilibrium is calculated for
each using Eq.(14)

0e=(C0-Ce)*50/1000*m (14)
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5-4 Kinetic Experiments

Effect of contact time was determined by the “limited bath” technique. A 5 g sample of GAC (m)
was added to 500 ml volume of reactive dye solution with initial dye concentration 10 mg/I,
under stirring for 5 h. The temperature was room temperature. After different time intervals (5,
15, 30,60,90,120,180,240 and 300 minutes) volumes of 5 ml of each sample analyzed for yellow
reactive dye concentrations C; at time t then adsorption capacity were estimated using Eq.(15) for
each sample.

G=(Co-Cy)*50/1000*m (15)

5-5 Fixed Bed Column Experiments

Removal of yellow dye in continuous process was investigated using fixed- bed of GAC in
Perspex column with internal diameter 1.25 cm and length 50 cm Fig. 1 at different conditions,
bed height (5, 10, 15 and 20 cm), dye concentration (10, 20,40 and 80 mg/l), and flow rate
(21.67, 12.5 and 6 ) ml/min. At the top of the fixed-bed, a layer of glass bed was used to provide
uniform inlet flow to the column and the same layer was placed at the bottom to prevent
discharging any AC particles during sampling. Dye solution was introduced into the top column
and was controlled by perstatic pump range (1-10) ml/min which is adjusted for desired flow
rates. Samples were collected at regular time intervals for analyzing.

6-RESULTS and DISSCUSSION

6-1 -Equlibruim Isothrm

Fig. 2 shows ge vs. C, as a favaroble curve for reactive yellow dye adsorption by activated
carbon due to the separation factor Ry vlaue ( 0.69) when the standard range is (O<R.<1).
Using ge and C, values of equilibrium isotherm were applied in Egs. (2) and (5) to estimate
Langmuir and Freundlich models constants and regression coefficients as shown in Table 1.

R? values show good fitting for both models with slightly larger for Freundlich than Langmuir,
while deviation by average relative error shows good fitting with Freundlich model.

6-2 Contact Time Effect

The objective of adsorption kinetic study is to investigate the possible mechanisms for the
adsorption process and to determine the time required to attain equilibrium. Fig. 3 show the
decrease of dye concentration C;and adsorption capacity at each sampling time were calculate by
Eqg. (15) and adsorption capacity at equilibrium g equal to 0.865 mg/g at end of contact time
(300 min).

The kinetics data of Fig. 3 were analyzed using the linearized pseudo first and second order
models presented in Egs. (7) and (9). The parameters of the models are listed in Table 2
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Results in Table 2 show good correlation coefficients R? (0.978 and 0.987) by fitting the
experimental data to pseudo-first and second order kinetic models. Comparing ARE% value
shows low value for calculated g. by pseudo second order model Therefore, the adsorption is
more favorably by pseudo second order kinetic model which is based on the assumption that the
rate limiting step may be chemisorptions involving valence forces through sharing or exchange
of electron between reactive yellow dye as asdorbate and activated carbon as adsorbent and these
result with agreement conclusion by (Ong et al. 2010) and ( Sulyamon and Abood 2013)

6-3 Fixed —Bed Column

6-3-1 Effect of flow rates

Fig. 4 shows low effect of flow rate higher than 12.5 ml/min even though increasing flow rate
decrease breakthrough time (the position at C/Cy = 0.1) which were ( 25.67 , 16 and 13 min) and
contact time (volume of bed/ flow rate ) (0.566 ,1 and 2.05 min) for flow rates (21.67,12.5 and
6ml/min) respectively. This is due to decreased contact time between the dye and the adsorbent
at higher flow rates. When the flow-rate has smaller values, equilibrium correspondent with
batch experimental data could be reached, and the shape of the curves is more like an ideal
breakthrough curve, this result is in agreement explaining by Liljana, 2001

6-3-2 Effect of bed depth.

Fig. 5 shows the breakthrough curve obtained for reactive yellow dye adsorption on the GAC for
different bed height at a constant flow rate of 21.67 ml/min and dye inlet concentration of 10
mg/l where the breakthrough time increased (0, 15, 40, and 120 min) and contact time increased
(0.283, 0.566, 0.849 and 1.039 min) for bed depth ( 5, 10, 15 and 20 cm) respectively. Increasing
bed depth will provide more binding sites will be available for the yellow reactive dye to be
adsorbed which will eventually lead to the attainment of a higher bed capacity. Also, an
increased bed height results in more contact time being available for the dye to interact with the
adsorbent. This phenomenon has allowed the yellow dye molecules to diffuse deeper into the
adsorbent. Subsequently, the percentage of dye removal increased (low C{/C,) when the bed
height was increased. Faster breakthrough curves were observed for a bed height of 5 cm, while
the slowest breakthrough curve was observed at a bed height of 20 cm. The bed capacity (ge)
increased from 4.74 to 17.14 mg/g when the bed height increased from 5 to 20 cm. This results
are in agreement with conclusion by Zulfadhly et al., 2001.

6-3-3 Effect of initial dye concentration

The initial dye concentration of the effluent is important since a given mass of adsorbent can
only adsorb a fixed amount of dye. Therefore, the more concentrated an effluent, the smaller is
the volume of effluent that a fixed mass of adsorbent can purify.

Fig. 6 shows decreasing in breakthrough time (service time) (18, 5, 0, and 0) for increasing
initial inlet reactive dye concentration (10, 20,40 and 80 mg/l) respectively due to initial dye
concentration in the inlet constant flow ( constant contact time) is one of the limitation factors
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and main process variables. An increase in the inlet dye concentration increased the slope of the
breakthrough curve, reducing the efficiency of bed This may be caused by high yellow dye
concentrations saturating the adsorbent more quickly, thereby decreasing the breakthrough time
Banat et al., 2007. The dye concentration play driving force to mass transfer of dye from liquid
phase ( yellow dye solution) to solid phase (adsorbent GAC) therefore high concentration
increase rate constant and rapid saturation of adsorbent.

6-4 Mathematical Mode

Constants of ( Thomas and Yoon-Nilson) model were calculated using Eg.(10) and Eq.(11) at
different variable flow rate ,reactive yellow dye initial concentration and bed depth as shown in
Table 3 while Tey, values (50% Ci/C,) were calculated approximately by breakthrough curves.

Examining results of Table 3 show accepted values of R? (>0.944) at all conditions for both
mathematical models Thomas and Yoon-Nelson. Adsorption capacity g, were approximately
equal in both models which explain the harmony application of two models. The actual value
shows fitting at low flow rate, initial yellow dye initial concentration and high bed depth Ty
values for Yoon-nelson model show increasing at decreasing flow rate and initial yellow dye
concentration and increasing bed depth and this is in match with Tex,. This result is in agreement
with Nwabanne, 2012 and Sotelo et al., 2012. ARE% for calculated and experimental T (50%
C/C,) which show good fitting with most variables.

The calculated adsorption capacity g, values were increased at increasing flow rate due to the
larger mass transfer driving force at high flow rates where high velocity reduce resistance of
molecule transfer of yellow dye from solution phase to solid phase. This is the same as at
increasing inlet yellow dye concentration leading to the increasing of g, by models due to the
fact that the mass transfer driving force increases with increasing the feed concentration which is
in agreement with results by Banat et al., 2007. Calculated and experimental ge show increasing
value at increasing bed depth (5-15 cm) and this disagrees with result at Nwabanne, 2012 but
was in agreement with results by Sotelo et al., 2012. This is may be due to more available
adorable site will be provided at exact bed depth which lead to increasing mass of adsorbent then
reduce g, value at constant initial dye concentration and flow rate.

Eq.(16) and Eq.(17) are used for the theoretical breakthrough curves using Thomas and Yoon-
Nelson models Trgo et. al., 2011 and comparing them with experimental one as shown in Figs. 7
and 8 respectively according to obtained parameters in table 3.

Thomas breakthrough curve is shown in Eg. (16)

c 1

C gq*m
° 1+exp| Ki(
[ Q

— Co*t}
(16)
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Yoon-Nelson breakthrough curve is shown Eq. (17)

C, 1

C, 1+exp[Ky =t —T)] (17)
The validity of models is shown in Fig. 7 and 8 and Eq. (16) and Eq. (17) are used to estimate
ARE% values at different flow rate, initial reactive yellow dye and bed depth.

Table 4 shows that ARE% value for Thomas model less than Yoon- Nelson model for flow rate
(>6 ml/min) and initial dye concentration except 20 mg/l while ARE% values are lower by
Yoon-Nelson model than Thomas model, generally both models are considered acceptable due to
that Thomas model is widely used to predict adsorption in column study and Yoon —Nelson less
complicated than the other models but also requires no detailed data concerning the
characteristics of adsorbate, the type of adsorbent, and the physical properties of the adsorption
bed like Thomas model. Mohammad, 2013

7-CONCLUSIONS

- Adsorption of reactive yellow dye onto granular activated carbon show good fitting with
Langmuir and Freundlich equilibrium isotherms as chemisorptions process.

- Kinetic study shows good fitting with first and second order models but the ARE % shows the
best results for second order model.

- Increasing breakthrough time with decreasing flow rates and initial yellow dye concentration
and increasing bed depth of activated carbon in fixed bed experiments due to slowly bed
saturation and more contact time respectively.

- Shortcut breakthrough curves models ( Thomas and Yoon-Nilson) show good fitting with all of
experiment variables according to the ARE% values in fixed bed continuous process.

- Calculated adsorption capacity by (Thomas and Yoon -Nilson) models show increasing at
increasing flow rate due to elimination of film thickness effect at high velocity.

- T ca and T e by (Yoon —Nilson) model show good fitting at bed depth due to increasing
contact time at constant velocity.
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NOMENCLATURES
C Dye concentration in aqueous solution(mg/l) .
C. Dye concentration in liquid phase at equilibrium (mg/l).
C; Dye concentration in liquid phase at time of sampling (mg/l).
Co Initial dye concentration in aqueous solution(mg/l).
K: Pseudo-first-order rate constant (min™>).
K, Pseudo-second order rate constant(g mg ™ min™?)
Ke  Freundlich constant (mg g ™)
K. Langmuir adsorption constant (I mg™)
Kt  Thomas rate constant (mL/min.mg)
Ky Yoon-Nelson rate constant(1/min)
N
m  Adsorbent dosage (g)
n  Freundlich parameter
N Number of tested sampling
Q Flow rate (m*/min)
g Adsorption capacity mg/g
ge  Aquilibrium dye concentration in solid phase(mg g ™) .
Jo Adsorption capacity (calculated by model and estimated by experimental results)
(cal mgl/g)
g Amount of dye adsorbed per unit mass of adsorbent at time t (mg g*)
Om Langmuir isotherm parameter, maximum dye adsorbed/unit mass of adsorbent (mg
g7
R_.  Separation factor( favorability index of Langmuir isotherm model curve)
T  Time of (50% Ct/Co removal in fixed bed) Yoon model parameter. min
t  Time (min)
V  Treated water volume (ml)
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Table 1. Equilibrium isotherm models constants.
Langmuir model Freundlich model
Kc (/mg)0.045 Kr(mg/g) 0.699

R.0.69
0m(MQ/g)16.13 N1.1
R°0.972 R?0.977
ARE %4.7 ARE%2.15

Table 2. kinetic models parameters.
pseudo first order Pseudo second order

K1 (/min)0.012

K2(g/mgmin )0.023

Oe(caty(M@/9)0.756 | Qeccary (Mg/g) ~ 0.97
R%0.978 R%0.987
ARE %12.2 | ARE %12.1
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Table 3. Calculated parameters of mathematical breakthrough models.

Flow rates ml/min Yellow dye Conc. mg/I AC Bed depth cm
Models 21.67 | 125 |6 80 40 20 10 20 15 10
Thomas
K+ 1.1 11 1 0.275 1 0.325 | 0.6 1.05 0.9 0.9 1
(ml/min/mg)
Jocal (MQ/Q) 4,137 | 2.03 1.15 6.87 6.7 6.42 4,168 | 4.168 | 4.85 4.04
R? 0.952 | 0.959 | 0.989 | 0.985 | 0.967 | 0.972 | 0.947 | 0.968 | 0.962 | 0.96
Yoon- nelson
Kyn (min'z) 0.011 | 0.011 | 0.01 0.026 | 0.012 | 0.011 | 0.010 | 0.009 | 0.009 | 0.01

5

o (M/g) 307 |202 |115 |578 |6.36 |6.74 |4.165 | 466 |4.85 |4.08
T camin 127.2 | 145.7 | 172.7 | 30.2 66.4 140 165 387 313.4 | 168
(%50C/C,)
R 095 096 |0.988 | 0985 |0.967 | 0.972 | 0.965 | 0.968 | 0.96 | 0.96
Texp min 100 130 155 25 42 130 150 360 312 145
(%50 CJ/C,)
ARE%
(Tca&Texp) 27.2 12, 11.4 20.8 56 7 10 7.5 0.4 15
Qoep-(Mg/g) [ 285 [189 |[1.05 |[599 [7.03 [551 [348 |403 |425 |3.44

Table 4. ARE Percentage

Model Thomas | Yoon-

variable Nelson
ARE% | ARE%

Flow rates ml/min

21.67 2,17 9.8

12.5 7.7 7.6

6 1.9 0.9

Initial dye Conc.mg/I

80 0.2 1.7

40 2.7 4.4

20 1.9 6.6

10 11.1 11.6

Bed depth cm

5 5.9 5.1

10 10.1 7.8

15 21.2 1.2

20 14.1 45
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ABSTRACT

W ater injection equipments such as pipelines, which are used in the second recovery of oil in
the Al-Ahdeb wells, suffer from the corrosion in water during maintaining vacuum deoxygenated
tower that used to decrease concentration of the dissolved oxygen gas in the water from 6.2-9.1 ppm
to 0.5 ppm. This study involved calculation the corrosion rates of the internal surfaces of the
pipelines either during operation of the vacuum unit or when the tower out of operation. Finally,
find the solution by one of the following suggestions. In the first suggestion removal of the
dissolved O, from water is achieved by increasing the dosage of the oxygen scavenger (sodium
sulphite). The second suggestion involves removing the dissolved O, from water by bubbling the
oxygenated water with nitrogen gas. The study showed that the corrosion rates of various inside
diameter pipelines are between 0.13 mm/yr and 1.5 mm/yr during operation of the vacuum tower
and between 3.2 mm/yr and 18.5 mm/yr when the tower out of the operation. While the results
showed that the corrosion rate of the pipelines when the tower out of operation reached to the
acceptable value of 0.1 mm/y when the dissolved oxygen in the injected water removed by
increasing the dosage of the sodium sulphite (Na,SO3) to 48-72 ppm. The results also explained that
corrosion rates of the pipelines reached to 0.5 mm/y when the dissolved oxygen removed by
bubbling the water with nitrogen gas.

Key Words: Corrosion, deaerated water, oxygen scavenger, aerated water
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INTRODUCTION

Generally the water injection systems are used in oil industries in order to increase the oil
production. This occurs when the water is injected into the reservoir at high flow rate or at high
pressure. As result, the pressure of the oil reservoir rises. Consequently, the quantity of the oil
recovery from the well increases. The sources of water, which are used in this process, vary from
seawater, produced water, lake, and river Havard, 2006, Stephen et al.,1989. All these types of
water contain dissolved oxygen approximately 8-9 ppm at 20 C° which causes corrosion of the
internal surface of the injection system equipments such as pipelines. The cathodic reaction is
oxygen reduction Eqg. (1), while the metal dissolution is the anodic reaction Eq. (2).

The corrosion rate of the metal is controlled by rate of the mass transport of the dissolved oxygen
from bulk to the solution/metal interface. Therefore, O, should be removed from the Injected
water before pumping into the reservoir. There are many methods that are used in the oil
production in order to eliminate the concentration of the dissolved oxygen in the water such as
mechanical deaeration combination with the chemical process. The former process is used before
the chemical treatment. In the mechanical deaeration removal oxygen can be established by
either introducing steam into the water that leads to increase the temperature of the water. As a
result, oxygen will releases from the water to the atmosphere and consequently the concentration
of oxygen decreases or by using vacuum process such as that uses in the Al-Ahdeb wells. In this
process vacuum pumps are utilized in order to reduce the partial pressure of O, in the gas phase.
Hence, concentration of the dissolved O,in the feed water will reduce [Havard, 2006, Stephen et
al.,1989].While removal oxygen by chemical process is achieved by adding a small amount of
chemical substance {either hydrazine (N,H4) or sodium sulfite (Na,SO3)} to the water which
reacts with oxygen Stephen et al.,1989,Zaki, 2006, Nathan,1981.

Three vacuum deoxygenation packed towers, which have installed recently by Al-Waha
company one of the Chinese companies, uses to remove the gas of O, from water that utilized to
enhance the oil production in the Al-Ahdeb wells in the Al-Kut city. According to the Al-Waha
document, this process leads to decrease concentration of O, in the water to 500 ppb (0.5 ppm)
[Al Ahdeb Wells, 2013]. Although the corrosion rate of the system equipment will decrease, but
it not within the acceptable value 0.1 mm/yr. In addition to the aggressive environment
(dissolved O,), the pipe lines, which transport the water from the water tank to the wells, are
subjected to the high stress (water pressure). The stress values reaches to 17 Mpa at the high
pressure section and 12 Mpa at sub high pressure section. Hence, the pipelines will susceptible to
the stress corrosion cracking (SCC), which takes place when a metal/an alloy is subjected to the
combination of aggressive environment (O,) and stress (water pressure) Zaki,2006,
Nestor,2004.

The aim of this research is to study and calculate the corrosion rates of the internal surface of the
water injection components (pipelines) when the Vacuum deoxygenation tower will be out of
operation and then find the solution.

1- OPERATION OF THE SYSTEM

In Al-Ahdeb wells, removing dissolved oxygen from water takes place in two processes, vacuum
and chemical processes. The vacuum process carries out in three vacuum deoxygenation packed
towers that are parallel operated. Each tower consists of two stages. In the first stage most of the
dissolved O, gas is removed from feed water to the gas phase by vacuum process. In the second
stage the oxygen scavenger is added to the deaerated water. Hence, further removing of
dissolved O, from water takes place by the chemical process Al Ahdeb Wells, 2013.
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The O,-free water is transported to the deaerated water tank through 18-20 in. inside diameter of
carbon-steel pipe at flow rate 900-1075 m%h. In addition to the deaerated water, the deaerated
water tank is also supplied with formation water (produced water) after treatment. Then, the
deaerated water and produced water (injected water) pumping to the high pressure section and
sub high section through 28 in. id pipe at flow rate 4200 m*h. At the high pressure section, the
injected water is transported to the oil gathering main field (OGM) through 8 in. id steel pipes at
flow rate 150 m*/h and pressure 17 Mpa (170 bar). While, at the sub high section the injected
water is transported to the different (OGM) through pipes, which have the same inside diameter
(16 in), and at equal flow rate 650 m*h and pressure 12 Mpa. Finally, the injected water is
pumping from the (OGM) to the many wells through pipes, which have the same inside diameter
(6 in), and at equal flow rate 5000 bbl/day and pressure either 17 MPa. or 12 MPa. depending on
the source of the water injection Al Ahdeb Wells, 2013.

2- OPERATION CONDITION OF THE TOWER

According to the Al-Waha documents, operation conditions of the unit are represented in the
Tablel. As can be seen from the Table, concentration of the dissolved O, in the inlet water is not
recorded. This is because of it depending on the solubility of the gas in the water which is
function to the temperature of water (i.e operating temperature). As the temperature of water
increases, the solubility of dissolved O, in the water decreases. Consequently, concentration of
dissolved O, decreases. The concentration of dissolved oxygen in the outlet water is 500 ppb (0.5
ppm) as recorded in the Tablel. In order to treat the microbiological induced corrosion (MIC),
which forms on the surface of the structure of the system such as sulfate reducing bacteria
(SRB), the chemical removal oxygen process will be stopped for a certain time and adds biocide
species.

3- PROBLEM

In the water injection system there is a problem will appear during either shutdown of the
deaeration unit or normal maintenance when the concentration of the oxygen in the water will be
at high value. This leads to

corrode the internal surfaces of the system equipments as shown in Fig.1 Therefore, it should
calculate the corrosion rate of internal surface of the system components when the deaeration
unit will be out of operation and find the solution.

4- EXPERIMENTAL WORKWS

The experimental works consist of two steps. In the first step, the lowest concentration of the
dissolved O, gas in the water, which can be obtained by bubbling water with nitrogen gas, was
estimated by doing an experimental work. In the second step corrosion rate of the internal
surfaces of the pipelines, which made of carbon steel, are calculated under aeration and
deaeration conditions of water.

First step, The experimental work of dissolved oxygen removal from water by using nitrogen gas
stream was done in order to estimate the lowest concentration of dissolved gas of oxygen in
water that can be obtained after the deaeration process. The experiment includes preparation an
electrochemical cell that consists of a calomel electrode as a reference electrode and two
platinum wires as working and auxiliary electrodes (note, in this step it is not necessary to use
iron as working electrode). All electrodes were immersed in electrolyte that prepared by
dissolving 4.5% of NaCl in one liter of distilled water. Then, the electrochemical cell was
connected to a potentiostat in order to polarise the cell during deaeration process as shown in
Fig. 2.a nitrogen gas stream was used to deaerate the system. This was achieved by bubbling a
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solution with pure nitrogen gas which caused removal of a high proportion of the dissolved
oxygen gas from the system to the water-containing flask and then to the atmosphere through a
vent present at the top of the flask. As a result, a decrease in the concentration of the dissolved
oxygen gas in an electrolyte (water) is obtained according to the Henrys law. Residual dissolved
oxygen in the system can be controlled by the period of deaeration process and preventing an
oxygen gas from entering to the system either during or after deaeration process.

Second step, corrosion rates of the pipelines are calculated during aerated condition and
deaerated condition by using equations that derived experimentally by scientists. Concentration
of O2, which used in the calculation, are obtained from the references and from the experimental
work of this study.

5- CALCULATION AND RESULTS

Calculation and result can be divided into two parts, the first part includes prediction corrosion
of the injection equipments (i.e. pipelines) in injected water at flow condition and in either
deaerated or aerated condition. While the second part of calculation involves estimate the lowest
concentration of dissolved oxygen in the injected water after deoxygenated of water with
nitrogen gas.

First part, corrosion of the pipelines in injected water at flow condition and in either deaerated or
aerated condition can be predicted by studying the effect of flow velocity of the water on the
mass transfer of the dissolved O,. As result, the corrosion rates of the pipelines increase .

Flow in pipes is usually turbulent that destroys the concentration gradients in the bulk of the
fluid, and all the action affecting then takes place in a very thin boundary layer of fluid adjacent
to the pipe wall. Consequent, the flux of the dissolved O, increases Scheers,1992.

Equations relating mass transport and flow velocity for various geometries have been derived by
several authors. While several equations describing mass transfer in pipes have been deduced
theoretically, others have been derived experimentally. These equations, which are classified
according to the value of Schemidt number ( Sc) Scheers,1992, Van den Berg et al.,1989.

Chilton-Colburn relation Eqg. (3) is used for SC< 1, for 1 <SC< 1000 Deissler equation is used
see Eq. (4), and Harriott-Hamilton relationship is used for SC>1000 see Eq. 5.

Hence, in the first step of the calculation, it is required to select one of the above equations by
calculation Schemidt number (Sc) for injected water by using Eq. (6).

AtT =20°C,v=1x10° (m?/sec), D = 1.8x10° (m%sec)  (see Table 3)

AtT =40°C, v=6.6x10" (m’/sec), D =3.7x10° (m%/sec)  (see Table 3)

Sc = 555.55 at 20°C and Sc = 178.38 at 40°C.

According to the above values of Sc either Eq. (4) or Eq. (7) is used for calculation the mass
transfer coefficient (K).

As it is mentioned before that the corrosion rate of the metal in water is controlled by the rate of
transport of the oxygen to the surface of the metal and the cathodic current density reaches to the
limiting value. Therefore, the second step of this calculation includes calculation the limiting
current density (l;im) by using equation Eg. (10) Hongwei, 2000.
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Third step involves converting the limiting current density (l;in) into a rate of dissolution of the
internal surfaces of the pipe lines, which made of carbon steel, by using the Faraday's law Eq.
(11) Zaki,2006:

The results are represented in the Table 3, while corrosion rates of the equipments during
operation of the deaeration unit are represented in the Table 2.

The second part of this calculation involves estimate the lowest concentration of

dissolved oxygen in the injected water after deoxygenated of water with nitrogen gas. Fig. 3
shows polarization curve of the working electrode (platinum wire) after deaerating the cell for
certain time.
As can be seen from Fig. 3, the limiting current density at aerated condition is 8.68 A/m? at
potential -0.85V SCE, whereas the limiting current density at deaerated condition is 0.462 A/m?
at -0.55V SCE .The lowest oxygen concentration achieved by deaerating the water with nitrogen
gas can be calculated from the cahodic current density. It was limited by the diffusion rate of
oxygen to the platinum surface according to Fick's firs law see Eq. (12).

The cathodic limiting current density was achieved when the concentration of dissolved species
at the WE became depleted, i.e. C, = zero see Eq. (13).

Since thickness of the diffusion layer in the case of deaeration is similar to that in the aerated
condition, therefore it can be calculated by using Eq.(13) for aerated system according to the
following data at room temperature:

C, = 8 ppm (mg/l or g/m°).
C,=0.25 mole/m? (atomic mass of O, 32 g/mole).

Doz = 2 x10”° m?/s (diffusion coefficient of O, in water).
liim= 8.68 A/m? from Figure3(i.e for aerated curve)

F =96,500 C/mole

n =4 electrons that required for oxygen reduction

2x10°m? /s*4*96,500 C/ mole*0.25 mole/m?
X

8.68 A/m?=
X =2.22x10° m

Now calculate concentration of dissolved oxygen in solution under deaerated condition. The
lowest l;im, Which was achieved after aerating process, was 0.462 A/m?® at E -0.55 V SCE (see

Fig. 3). Using Eq.(13) to calculate C, in deaerated condition:

2x10°m?/s*4*96,500 C/mole*C,

0.462 AIm’ = -
2.22x107°m

C, =0.013 mole/m®
C, =416 ppb

The corrosion rate of injection pipelines can be calculated by using Eq. (11)
CR = 0.5 mm/year

181



Number 8 Volume 20 August - 2014 Journal of Engineering

6- DISCUSSION AND SOLUTIONS

Fig. 1 shows the limiting current densities for aerated and deaerated conditions. While Table 2
and Table3 show the corrosion rates of various pipelines during operation the vacuum
deoxygenation packed towers and during maintenance respectively. It can be seen from Table 2
that although most of the dissolved O, gas is removed from water by the deaeration process, but
the corrosion rates of the pipe lines are still higher than the acceptable value that is 0.1 mm/yr.
This because of the concentration of the remaining dissolved oxygen in the water, which leaves
the vacuum towers after deoxygenation process, is high 0.5 ppm (500 ppb) as shown in the
Table 1. Whereas Table 3 explains that the O, related corrosion rates of various diameter
pipelines are high when the vacuum deoxygenation tower is out of the operation. Table 3 also
explains that the corrosion rate of a pipeline strongly depends on the water flow rate. As the flow
rate of injected water increases, thickness of the diffusion layer decreases and hence the flux of
the oxygen increases Coulson et al.,1999. Therefore, the corrosion rate of a pipe lines increase.
It can be seen from the same Table that the CR of 8 in. id pipeline is 7 mm/yr at 150 m%hr,
while the CR of 28 in. id pipeline is 18.5 mm/yr at 4200 m*/hr. On the other hand, the corrosion
rate of a pipeline decreases with increasing the diameter of a pipeline.

It also can be seen from the Table 3 the effect of the temperature of the injected water on the
corrosion rate. Although the concentration of dissolved oxygen in water decreases with
increasing temperature, but the corrosion rate of a pipeline increases. This because of increasing
temperature leads to increase the diffusivity of the oxygen in the water. Consequently, the
oxygen flux increases and hence the corrosion rate increases Coulson et al.,1999. The corrosion
rates of a pipelines during maintenance of the deaeration unit can be calculated by multiplying
the corrosion rate of a pipe line in mm/month by a period of a maintaining.

In both cases when either the vacuum towers operate or out of operation, in additional to the
general corrosion, the pipe lines will susceptible to the stress corrosion cracking (SCC) as it be
mentioned in the introduction. Therefore, it is necessary to remove or to eliminate quantity of
dissolved O, gas in the injected water to acceptable value 0.01 ppm (10 ppb) especially when the
water injection system operates without the deaeration process (i.e. vacuum towers are out of
operation). These can be achieved either by increasing the amount of the chemical species that
acts as oxygen scavenger or by bubbling the water with nitrogen gas. Each option will be
discussed separately.

The first recommendation involves increasing the amount of the scavenger added to compensate
for the loss of the dearation unit. The new amount of the oxygen scavenger, which will be added
to the system, should be sufficient to reduce the concentration of dissolved oxygen from either
9.1 ppm at 20°C or 6.2 ppm at 40°C into 0.01 ppm (10 ppb). This will reduce the reduction of O,
(cathodic reaction) and iron dissolution (oxidation reaction) that take place on the internal
surfaces of the injection system pipelines and oil production during the repair of the dearation
unit. There are many chemical species that are used as oxygen scavenger but sulfite and
hydrazine are the most common oxygen scavengers agent for water system. It prefers to use
sodium sulfite (Na,SO3) to remove the O, from water. This is because hydrazine is very toxic
and dangerous Zaki, 2004, Nathan,1984.

According to the chemical equilibrium reaction Eq. (14), two mole of Na,SOs are required for
remove one mole of dissolved oxygen.

Where the atomic mass of 2Na,SO3 = 252 gm/mole, and atomic mass of O,=32 g/mole. Then,
the number of parts (grams) of sodium sulfite that required to remove one part of dissolved
oxygen from water = 8 parts (grams) of Na,SOj3 per part (gram) of O,. Therefore, it is required to
add 48-72 ppm of sodium sulfite for reduce the concentration of dissolved oxygen from 6.2-9.1
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ppm to 0.01 ppm. As result the corrosion rate of the pipelines and other equipments of the
injection system decrease to acceptable values as shown in Table 4.

On the other hand, the performance of the sodium sulfite affects by presence of the anearobic
sulphate reducing bacteria (SRB) in the system which utilise sulphate to produce high aggressive
substance such as H,S. It forms unprotective sulphide corrosion product. This is can be treated
by adding Biocide to the injected water in order to prevent formation the SRB on the inner
surface of the pipelines and other structure.

The second suggestion is deaerated the injected water, which is utilized to enhance the oil
production, by using nitrogen gas stream and this process should take place in the water injection
tank before transport through pipelines into the wells Barnhart,1995. This was achieved by
bubbling a solution with pure nitrogen gas which caused removal of a high proportion of the
dissolved oxygen gas from the water to the atmosphere. As a result, a decrease in the
concentration of the dissolved oxygen gas in an electrolyte (water) is obtained according to the
Henrys law. The experimental result showed that the residual dissolved oxygen in the water was
0.013 mol/m3(416 ppb) and the corrosion rate of metal was 0.5 mm/year. Amount of the residual
dissolved oxygen in the injected water can be controlled by the period of deaeration process and
preventing an oxygen gas from entering to the system either during or after deaeration process.
This process can be used combine with chemical species in order to reduce the quantity of
oxygen scavenger, which used to eliminate the concentration of dissolved O, in water. Hence,
the cost of using oxygen scavenger will be reduced and the dangerous of SRB also will be
eliminated.

7- CONCLUSION

It can be concluded that presence dissolved oxygen in the water which is injected to the oil wells,
without treating causes severe damage of its structure. The O, related corrosion rate is predicted
to be higher during the repair of the deaeration unit. This influence can be reduced by increasing
the amount of the oxygen scavenger between 48 to 72 ppm which reacts chemically with the
dissolved O,. This influence also can be overcome by bubbling the water with oxygen-free
nitrogen gas which caused removal of a high proportion of the oxygen gas from the system to the
atmosphere through a vent present at the top of the water injection tank and experimental result
showed that the residual dissolved oxygen in the water was 0.013 mol/m®(416 ppb) and the
corrosion rate of metal of the internal surfaces of the pipelines, which is made of carbon steel,
was 0.5 mm/year.

The first and second recommendations could be used together in order to decrease the cost of the
chemical substance, which be used as O, scavenger, and the dangerous of SRB also will be
eliminated.
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EQUATIONS
Fe—Fe* +2¢” 1)
0,+2H,0+4e"—40H )
Sh=0.023Re%® 5c** 3)
Sh=0.023Re%®" 5c%* (4)
Sh=0.0096Re”*sc*% ()
Sc=v/D (6)
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0.875 0.25
‘enoa(22] " 3
\Y
u :% (8)
A=%d2 9)
Lim=n.F.K.Cp, (10)
CR(mm/yr)z'r':mF—'t':*looo (11)
DnF(C, —-C
lim = % (12)
DnFC
|Iim = b (13)
2Na,S03+0,—2Na,S0, (14)
NOMENCLATURE

A = Cross-section area of the pipe  (m?)

Cy = Concentration of the oxygen in the bulk of feed water (mole/m?).
C, = concentration of dissolved species at surface of the WE (mole/m®).
CR: corrosion rate in mm/yr.

D = diffusion coefficient of oxygen in water (m?/s).

d = Diameter of the pipe (m).

F = Faraday’s constant (96,500 C/mole).

K = Mass transport coefficient of the oxygen (m/sec).

lim=Limiting current density  (A/m?).

m = Atomic mass of iron = 55.845 g/mol.

n = number of the electrons that are consumed or released.
Q = Volumetric flow rate  (m%/s).
Re = Reynold number and is related to the fluid flow rate.
Sc = Schemidt number and is related to the fluid properties.
Sh = Sherwood number and is related to the  mass transport.
t=Time (year)
u = Velocity of the fluid  (m/s).
v = Kinematic viscosity m?/sec
x = thickness of the diffusion layer m

P = Density of the iron = 7.874 g/cm®
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Table 1. The operation conditions of the vacuum deoxygenation tower [5] .

Number 8 Volume 20 August - 2014
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Parameter unit | Range | Parameter unit | Range

Operating °C 20-40 | Inlet Water Flow Rate m°h | 300

Temperature (per tower)

Operating Pressure Mpa -0.098 | Dissolved Oxygen in Inlet | ppm -
Water

Design Life year 20 Dissolved O, in outlet Water | ppm 0.5

Figure 1. Internal corrosion of water injection pipeline.
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Figure 2. Electrochemical cell during deaerated process at -200 mV SCE.

Table 2. Corrosion rate of the water injection system during operation of

the vacuum deoxyge

nation tower.

CR

At 20 °C

At 40 °C

Inside diameter (in.)

Inside diameter (in.)

Parameter 6 8 16 18 28 6 8 16 18 28
Co2 (ppm) | 9.1 | 9.1 9.1 9.1 9.1 6.2 | 6.2 6.2 6.2 6.2
C, (ppm) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
CR 0.18 | 0.13 | 0.37 | 046 | 0.67 | 0.38 | 0.84 | 0.84 1 15
(mml/yr)
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Table 3. Corrosion rate of the water injection system equipments during
maintenance.

CR
At 20 °C At 40 °C
Inside diameter (in.) Inside diameter (in.)
Parameter 6 8 16 18 28 6 8 16 18 28
F'OVSY rate 33 150 650 | 1075 | 4200 33 150 650 1075 4200
(m°/hr)
Area of a 0.018 0.018
ipe (m?) 0.032 | 0.13 | 0.164 | 0.397 0.032 | 0.13 | 0.164 0.397
pip 2 2
Eq.(9)
U (mis) 0503 | 1.3 139 | 1.82 294 | 0503 | 1.3 1.39 1.82 2.94
Eq.(8)
Coa(ppm) 9.1 9.1 9.1 9.1 9.1 6.2 6.2 6.2 6.2 6.2
0.284 0.193 | 0.193 | 0.193
Cbm0|/m3 0.284 | 0.284 | 0.284 | 0.284 - - - 0.1937 | 0.1937
D (2 1.8E- | 1.8E- | 1.8E- | 1.8E- 3.7E- | 3.7E- | 3.7E-
(m“/s) 1.8E-9 3.7E-9 | 3.7E-9
9 9 9 9 9 9 9
1.0E- | 1.0E- | 1.0E- | 1.0E- 6.6E- | 6.6E- | 6.6E-
V (m2 . . .
(m?/s) 5 6 6 6 1.0E-6 . . . 6.6E-7 | 6.6E-7
26479 | 26336 | 56320 | 82961 | 208467 | 11650 | 40024 | 85590 | 126459 | 316807
Re 9 6 5 4 0 2 3 6 2
K 5.3E- | 6.6E- 55E- | 1.2E- | 1.2E-
(m/s) 2.5E- | 5.5E- 9. 6E-5 1.5E-4 | 2.1E-4
Eq.(7) 5 5 5 4 4
5 5
L 2.74 6.0 581 | 7.24 1052 | 4.11 9.0 8.97 11.21 15.95
Eq.(10)
CR(mml/yr) 3.2 7 6.7 8.4 12.2 48 | 1042 | 10.4 13 18.5
Eq.(11)
CR
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Figure 3. Polarization curve of platinum in solution of sodium chloride.
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Table 4. Corrosion rate of the water injection system equipments after increasing the

amount of the O, scavengers.

CR
At 20 °C At 40 °C
Inside diameter (in.) Inside diameter (in.)
Parameter 6 8 16 18 28 6 8 16 18 28
Flow rate
(m*fhr) 33 150 650 | 1075 | 4200 33 150 | 650 1075 4200
Area of a
Eq.(9) ) 0.032 | 0.13 | 0.164 | 0.397 | 0.0182 | 0.032 | 0.13 | 0.164 | 0.397
U (m/s)
Eq.(8) 0503 | 1.3 139 | 1.82 2.94 0503 | 1.3 | 1.39 1.82 2.94
CoaPPM) | 501 | 001 | 001 | 001 | 001 001 | 001 | 001 | 001 0.01
3.1E- 3.1E-
b mol/m?® 4 3.1E- 4 3.1E- | 3.1E4 3.1E-4 3.1E- | 3.1E- 3.1E-4 | 3.1E-4
4 4 4 4
D(m%s) | 1.86- | 1.8E- | 1.8E- | 1.8E- 3.7E- | 3.7E-
1.8E-9 | 3.7E-9 3.7E-9 | 3.7E-9
9 9 9 9 9 9
V- (m?fs) 1.0E- | 1.0E- | 1.0E- | 1.0E- 6.6E- | 6.6E-
5 5 5 5 1.0E-6 | 6.6E-7 ; ; 6.6E-7 | 6.6E-7
. 76428 | 26336 | 56320 | 8296 | 208467 | 11650 | 4002 | 8559 | 126459 | 316807
e
9 6 15 4 0 42 03 6 2
K(mis) | 2.56- | 556- | 5.3E- | 6.6E- 1.2E- | 1.2E-
Eq.(7) 9.6E-5 | 5.5E-5 1.5E-4 | 2. 1E-4
5 5 5 5 4 4
IIim
6.6E- | 6.3E- | 7.9E- 1.4E- | 1.4E- | 1.79E-
Eq.(10) 3E-3 3 3 3 1.15E-2 | 6.6E-3 ) ) 5 2.5E-2
CR(mm/yr) | 34E- | 7.6E- | 7.3E- | 9.1E- 1.6E- | 1.6E-
Eq.(11) 1.3E-2 | 7.6E-3 2E-2 | 2.9E-2
3 3 3 3 2 2

Diffusivity coefficient of O, in the water at 20°C and at 40°C are obtained from
Coulson et al.,1999, Verhallen et al.,1984].
Kinematic viscosities of water at 20°C and 40°C are obtained from [Josepn et al.1987]
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Development a Proposed System of Organization Structure to Management Multi
Construction Projects
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eng haitham1981@yahoo.com Sawsan 2@yahoo.com
ABSTRACT

The purpose of this study is aimed to lay down an arranged platform suited to Iraqi
constructional associations which in charge to carry out multi constructional projects, as it fulfilled
management requirements and supervising, so that low - cost projects will be controlled in due term
and quality. Based on primary info and observed data collected, the study thesis has been formulated
in this way: Iraqi constructional sector bodies which are in charge to implement simultaneously multi
constructional projects in need to reformulate its organized structure so that it will be more fitted to
management and control of these projects. This thesis includes a theoretical part contained presenting
the most important resources locally and internationally where it has direct relation with this study
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subject. Also it touches on the arrangement term and the kinds of organized structure of the multi
constructional projects and control it. And its field part included in its first section studying the
organized structure and functional arrangement practised in one of the Iragi constructional projects. in
charge of implemented simultaneously multi construction and exposing the defection of this
arrangement. The second section of this study included reviewing the organized structure used by some
of constructed corporations and foreign companies of implementing multi constructional projects
.Thus, the deficiency points of the organized structure and the arrangement followed in Iraqi
conduction sectors recognized and what it causes of control defections in the limitation of these
projects. The deficiency points have been solved by developing a proposed system of the organized
structure to administering and controlling of the multi constructional projects. The implementation of
these projects have been controlled from its draw phase and passing the design phase and reference and
implementation phase till the first deliver.

Keywords: Management. organization structure. Control. Superintendence. Specialty functional
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Effect of high and low density polyethylene on some mechanical properties
of concrete
Assist Lecturer.Hadel Ibraheem Ahmad Prof.Nada Mahdi Algalawi
Institute of Technology-Foundation of Technical Education College of Engineering-Baghdad University
Email : hadeel_ebraheem @yahoo.com Email : naljalawi @yahoo.com
ABSTRACT

The increasing use of plastics in various aspects of modern life resulted in the availability of

enormous amount of wastes, including a negative effect on the environment and humans. So it is
necessary to find solutions to deal with these wastes and ensure to use them as solutions to use in
concrete mix .

In this research the production of concrete containing high and low density polyethylene has
been used by (5, 10, 15)% as a replacement of part of the volume of sand, so as to obtain concrete
good compressive strength as well as other benefits such as improved possibility of pumping
concrete and reduce the loss of concrete for workability polymer is a material that is non-absorbable
of water . It is also intended to dispose of these wastes positively to achieve benefits to the
environment and humans alike .

Keywords : Concrete , High Density Polyethylene , Low Density Polyethylene ,Compressive
Strength , Density .
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