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ABSTRACT

Bearing capacity of a concrete pile in fine grained cohesive soils is affected by the
degree of saturation of the surrounding soil through the contribution of the matric suction. In
addition, the embedded depth and the roughness of the concrete pile surface (expressed as British
Pendulum Number BPN) also have their contribution to the shear strength of the concrete pile,
consequently its bearing capacity. Herein, relationships among degree of saturation, pile depth,
and surface roughness, were proposed as a mathematical model expressed as an equation where
the shear strength of a pile can be predicted in terms of degree of saturation, depth, and BPN.
Relationship among undrained shear strength of the soil, depth and degree of saturation also
found and expressed as mathematical equation that represents a 3D- surface; where the value of
cu can be predicted by knowing the other aforementioned factors. Relationship between shear
strength and the concrete surface roughness was also shown reflecting that the shear strength
increases with the increase of surface roughness.

Keywords: unsaturated soil, shear strength, concrete piles, deep foundation.
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1. INTRODUCTION

In geotechnical engineering, classical soil mechanics design are used for the precast
concrete pile foundations assuming that the soil is in saturated state. However, in several
situations, the soils in natural state are found in an unsaturated state as the water under earth's
surface is at a low depth level. This is especially true for soils in barren and semi—barren zones.
Almost 40 percent of the natural soils on the earth's surface are in a partially saturated state
Kholghifard, et al., 2012. Most of the structures and building foundations including piles are
constructed in this zone or a mixed zone of saturated / unsaturated conditions, where the shear
strength of the unsaturated soil vary significantly and is important to be known.
Shear strength in unsaturated soils based on the suction pressure that varies with the degree of
saturation for soil; consequently, that makes the shear strength of the soil varies with degree of
saturation. Fredlund, et al., 1978.
Interfaces between soil and structure could experience relative motions under static and dynamic
loadings. These relative motions include translational, rotational, and rocking motions. The
ultimate shaft resistance of pile in unsaturated soil (coarse and fine-grained soils) can be
estimated by the modified a and A methods Vanapalli, and Mohammed, 2007. The methods
listed can be used for determining the change of the friction capacity of the precast concrete pile
with respect to suction using the properties of soil in saturated state and Soil Water Characteristic
Curve (SWCC).
Vanapalli, and Taylan, 2012 studied the contribution of matric suction effect on the shaft
capacity of single piles. Based on the experimental results, the traditional (A, a, and ) methods
were modified to determine the total shaft resistance of piles in unsaturated soils by including the
effect of suction.
Uchaipichat, 2012 showed simulations performed on a pile with diameter of 0.40 m and it length
ranges from 5 to 20 m. installed in clay layer (unsaturated state) with matric suction that ranges
from 10 to 10,000 kPa. The results show a decrease in matric suction with decreasing pile
capacity and factor of safety.
The interface shear strength between concrete and soil is an important design parameter for
estimating the bearing capacity of concrete pile. General concept for interface between soil and
pile was discussed by many investigators; Taha, 2010 explored the interface characteristics
between a marine clay, steel and concrete investigating the effects of several parameters such as
interface roughness, degree of saturation, OCR, dry density and clay salt content. The critical
controlling parameter of interface strength was found to be the relative steel surface roughness.
These tests described the minimum residual strength acquired in each test and provided a basis
for a arbitrage with other published research. It is demonstrated that the residual strength depends
mainly on the material and its roughness, soil properties, and the clay fraction.

2. THEORETICAL BACKGROUND

The reliable determination of soil-structure interaction parameters requires cumbersome
laboratory or field tests. Alleviating the need of such cumbersome tests; empirical methods are
proposed to estimate the skin friction, fs based on the conventional shear strength parameters and
the information related to the variation of effective stresses along the length of the piles.

fs=f (a'v ,0', Cu) 1)

where, ¢, = vertical effective stress, ¢'= effective friction angle, and ¢, = undrained shear
strength. Eq. (1) suggests that the skin friction, fs can be analyzed in terms of either total or
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effective stress approach considering the loading and drainage conditions (i.e., TSA or ESA),
respectively.

Experimental programs were planned to determine the contribution of matric suction on the shaft
resistance and not the end bearing resistance.

The A-method is an empirical method, based on effective stresses induced in the soil and
total soil strength (calculated from undrained shear strength). This method may be used to relate
the unit skin friction to the passive earth pressure. The value of A was empirically-determined by
examining the results obtained from various load tests conducted on piles in cohesive soils.
Therefore, this method is more accurate, if used for the same soil and pile conditions.

The A - method combines the total (i.e., undrained) and effective (i.e., drained) stress
approaches for determining the shaft capacity of driven piles into cohesive soils (Vijayvergiya
and Focht, 1972). This technique is useful in reducing the sensitivity of the shear strength
parameters measured using the total stress and effective stress approaches. Eg. (3.10) was used to
calculate the skin friction for saturated condition:

Q, = Ao, +2cu)ml @)

A = frictional capacity coefficient which is a function of entire embedded depth of pile.
Only one method (a-method will be considered in this work to demonstrated the effect of depth
of pile and degree of saturation on the soil-concrete pile interface), for other methods refer to
Abbas, Mohammed F., 2015).
2.1  The a Method

The a-method is a semi-empirical approach of calculating the pile skin friction, based on
the total stresses induced in the soil and calculated using the soil's undrained shear strength (c.).
This method was mainly developed for cohesive soils. It has been used for many years and has
proven to provide reasonable design capacities for piles.
This method depends on the alpha factor (o), which is indirectly related to the soil’s undrained
shear strength (c,). The factor was back calculated from several pile load tests. The ultimate shaft
capacity of a pile, Qs is dependent on the undrained shear strength, c, in soil adjacent to the
foundation. The unit skin resistance, f; can be expressed as in Eq. (2) using undrained shear
strength, c,.

f. = ac, )

S

The adhesion factor, o is not constant but decreases with increasing undrained shear strength, c,
of the soil and varies from close to unity for low strength soft clays and reach almost to a value of
0.4 for stiff clays Tomlinson, 1957 and Skempton, 1959. The ultimate shaft capacity, Qs for
cylindrical piles using the a method can be estimated as in Eq. (3).

Q; = f, <x A, = ac, 7l ©)

where, d = pile diameter, and | = length of pile.
The adhesion factor, a can be computed from API (1984). Eg. (4) can be used for estimating the
a value.
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oa=1.0 for cu < 25kPa
o =1.0— 0.5[0“5;025j for 25kPa < cu < 75kPa (4)
o =0.5 for cu > 75kPa

2.2 Modified a Method

Several investigators related the load bearing capacity of a single pile to the undrained
shear strength, ¢, of the cohesive soils Tomlinson, 1957, Dennis, and Olsen , 1983. Eq. (5) given
by Oh and Vanapalli, 2009 can be used to estimate the variation of undrained shear strength with

respect to matric using the SWCC and undrained shear strength for saturated condition, cu .

Cu(unsat) = Cu(sat){l—i_ % <s%:| (5)

where, Cyiar) and Cywnsary = undrained shear strength under saturated and unsaturated conditions,

respectively, P, = atmospheric pressure (i.e. 101.3 kPa), and v and g are fitting parameters.
The fitting parameter v depends on the soil type (i.e., coarse or fine-grained soils) and is equal to

1 for coarse-grained soils and 2 for fine-grained soils. The fitting parameter g however is a
function of plasticity index, PI.

u=9 (8<PI(%)<155) (6)
o = 2.1088 20°%! (15.5 < PI(%) < 60) ©)

The ultimate shaft capacity of piles in unsaturated soils as given below.

_ (o, -u,) (5"
Qf(unsat)—“Cu(sat){“(pa/wl.s) 4 ”dl ?

) and the SWCC are required to
y With respect to matric suction.

The undrained shear strength under saturated condition, cu

sat

unsa

estimate the variation of ultimate shaft capacity of pile, Qf;

3. SOIL PROPERTIES

Soil samples were collected from one site within AL-Muthanna governorate from
Samawah city region. The physical properties of this soil was studied by conducting series of
tests in the laboratory, these tests included: Specific gravity, Grain size distribution, Atterberg
limits, Direct shear test, and Interface between clayey soil and concrete pile surface by modified
direct shear box test. For each sample, the matric suction was measured using the filter paper
technique (Whatman No.42) at different degrees of saturation. Atterberg limits and other soil
properties values are summarized in Table (1) and grain size distribution is shown in Fig.1.

4. Experimental Program

Soil samples were collected from one site within AL-Samawah city region from depth
(3.7 m — 4.5 m). These samples were subjected to testing program that included the following
tests:
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4.1 Direct Shear Box Test

Direct shear tests were carried out after remolding the samples in accordance with ASTM
D3080. Different loading was used to find the shear strength of the sample soil at failure
according to the following assumption:

1- A typical pile of 6m depth is assumed for this study.

2- Three places through the pile depth were examined to identify the strength of the soil-
pile interface; these places are at the depths of 2m, 4m, and 6m from soil surface.

3- Normal stresses to the pile surface were computed at these three places regarding
different unit weight conditions of the soil; low, natural, and high representing low unit
weight, normal unit weight (as in situ), and high unit weight, this reflects low, natural
and high value. K, value was computed according to Das, 2002, where he suggested that
for fine grained, normally consolidated soils, the following Eq.(9) for K, can be used :

Ko = 0.44 + 0.42(P1%/100) (9)

where:

K, = the coefficient of lateral earth pressure at rest,

Pl = plasticity index

Pl value for the soil is, Pl = 20%

- Ko =0.525

Normal stress for direct shear test = y xh x K, (10)
So each sample was sheared till reaching failure for three normal stresses: 17 kPa, 22
kPa, and 24 kPa for the depth of 2m and 34KPa, 44KPa, 48 kPa for the depth of 4 m and
50.5 kPa, 66KPa, 72.5 kPa for the depth of 6m depth respectively.

4- The undrained shear strength (c,) of each sample was measured by carrying out direct
shear test through remolding the sample at different degrees of saturation (100%,
90%, 80%, 70%, and 60%) (Smaller values of degree of saturation gave insignificant
contribution to the results).

4.2Matric Suction of soil by filter paper method

The filter paper method has long been used in soil science and engineering practice and it
has recently been accepted as an adaptable test method for soil suction measurements because of
its advantages over other suction measurement devices. Basically, the filter paper comes to
equilibrium with the soil either through vapor (total suction measurement) or liquid (matric
suction measurement) flow. At equilibrium, the suction value of the filter paper and the soil will
be equal. After equilibrium is established between the filter paper and the soil, the water content
of the filter paper disc is measured. Then, by using filter paper water content versus suction
calibration curve, the corresponding suction value is found from the curve. This is the basic
approach suggested by ASTM Standard Test Method for Measurement of Soil Potential (Suction)
Using Filter Paper (ASTM D 5298), the results are shown in Fig.2.

4.3Pile Interfaces
The interface roughness between the soil and pile material plays an important role in
determining the frictional strength capacity along the shaft of the concrete pile. In this study,
three concrete materials pile interface were taken into consideration with roughness for each one.
The effect of the roughness is studied in order to establish a relationship between the
shear strength property for the clayey soil and the concrete pile surface roughness. Micro
roughness is relevant at the scale of the particle size of the soil being sheared against the surface.
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Surface roughness was measured using The British Pendulum Number (BPN), the British
pendulum tester is one of the simplest and cheapest instruments used in the measurement of
friction characteristics of pavement surfaces. The British Pendulum Number (BPN) values for the
three concrete materials are shown in Table 2.

The CBPNG65 interface was taken from the precast concrete pile's body by cutter with
dimensions (5.8x5.8) cm which placed in lower half of the shear box. The other two concrete
samples were prepared by using a pre-mixed cement-fine sand grout with a 1:3 ratio of sand to
cement, and 40% water cement ratio by weight. The samples were cast in the lower portion of a
shear box device with different face roughness, and allowed to cure for 14 days prior to initial
testing. Fig. 3 and Fig. 4 show the concrete—soil interface before and after the test respectively.

4.4Experimental Procedure

The interface characterization program was carried out using a direct shear test apparatus
(ASTM D3080/D3080M, 2012). The direct shear test apparatus consists of a displacement
controlled testing apparatus used to apply a fixed displacement rate to the shear box device
through a series of gearing mechanisms. The shear box has inside specimen dimensions of 60x60
mm, outside dimensions of 90x90 mm and a specimen height of 25.4 mm. schematic drawing of
the shear box is shown in Fig. 5 and the device is shown in Fig. 6.

The normal pressure is applied by a steel bearing arm using weights to apply vertical
stresses to the specimen. The shearing stresses are measured through a digital load cell connected
horizontally to the top section of the shear box.

Horizontal and vertical displacements are measured through linear variable differential
transducer (LVDT) connected to a digital logging station using Lab View software. The shear
box device was slightly modified by replacing the lower half of the standard direct shear box with
the interface material for interface tests.

4.5Testing Procedure

Interface testing was carried out in accordance with ASTM D3080/D3080M (2012). The
modified shear box device was placed within a metal container which was laid upon a set of
linear ball bearings allowing unrestricted horizontal displacements. The normal loading was
applied through a steel bearing arm connected to the top section of the shear box.

Three different normal pressures of (17, 22 and 24) kPa for 2m depth, (34, 44, and 48)
kPa for the 4m depth, and (50.5, 66, and 72.5) kPa for the 6m depth were applied to simulate
typical lateral earth pressures along the pile shaft at a moderate driving depth.

The shearing rates applied were achieved through the use of a precise screw type actuators
calibrated to 2.5 mm/min in order to simulate undrained condition.

5. Results of the Experimental Tests

The undrained shear strength (c,) of soil was measured by carrying out direct shear test
through remolding the samples at different degree of saturation (100%, 90%, 80%, 70%, and
60%). The results demonstrate that the undrained shear strength (c,) increases with the decrease
of the degree of saturation (S), while the angle of internal friction (@) is found to be very small
and had very small effect especially with clayey soils; this was also noticed by Fredlund and
Rahardjo, (1993). The results of direct shear test (undrained and unconsolidated) are shown in
table 3 and graphically in Fig. 7.
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5.1 Direct Shear Test for (Clay—Concrete) Samples

Direct shear tests were conducted on the three concrete materials. Through these tests, it is
required to determine the shear strength of the clay—concrete interface and to determine the location of
failure from direct observations.
Split samples are prepared having one half filled with concrete and the other half is filled with soil. The
direct shear test results (undrained condition) are shown in Fig.8 to Fig. 10.

5.2 Estimation of the Ultimate Shaft Capacity of Concrete Pile in unsaturated Fine soil by

a Method.

The modified o method was used to estimate the ultimate shaft capacity of a single pile in

unsaturated undrained condition, implementing modified direct shear test for concrete pile's
surface, and three different depths. The modified o is proposed in a functional form such that it
can be used to predict the variation of shaft capacity of the pile with respect to matric suction
under undrained loading conditions.
Similar to the approach used for saturated soils, the ultimate shaft capacity of a pile is related to
the undrained shear strength, ¢, by introducing a dimensionless parameter which is the adhesion
factor, a. In other words, the method is based on the total stress approach based on Eq. (8) for
estimate shaft capacity of concrete pile. Results are show in table 4 to table 6 for CBPN49, from
table 7 to table 9 for CBPN52, and from table 10 to table 12 for CBPN56 respectively. Graphical
representations of these tables are shown in figure 11 to 19 respectively with the tables.

6. DISCUSSION

Regarding the experimental data results obtained from the tests conducted on the samples
of soil and soil-concrete combinations that describe the interaction between the soil and the pile
surface material it can be noted that:

6.1 Variation of the Undrained Shear Strength with Depth and Degree of Saturation.

From Table (3) and Fig.7 it can be noted that there is a variation in the undrained shear
strength of the soil with depth and the degree of saturation. This relationship can be described as
a surface represented in Fig.20. This surface may describe the variation of the undrained shear
strength of the soil with depth and degree of saturation. The increase of the undrained shear
strength with decreasing degree of saturation was noticed by many investigators Nishimura and
Vanapalli, 2004, and Fattah, et al., 2012 and is explained due to the contribution of the matric
suction to the shear strength. The increase of undrained shear strength with increasing depth may
be explained as the contribution of overburden pressure that may increase the effect of adhesion
factor due to increasing the confining pressure with depth, hence affecting the angle of friction
& and increasing the factor tan & . However, since the soil used is a cohesive fine grained soil, the
contribution of (tan &) is observed to be very small compared to the contribution of the degree of
saturation S. A proposed relationship was found through curve fitting computer programs, as in
Eq. (11), with R*=0.989, and shown in Fig.21.

S-159.3 2850 (1)

C =
Y 0.002758D%* —1.07 S
where S = Degree of Saturation in percent, D = Depth in meters.

6.2 Failure Location
To determine the failure location that may occur under loading, it is necessary to
determine the weaker shear stress resistance between the soil itself (c,) and the adhesive bonds at
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the interface between the soil and the concrete. Since these stresses vary with the degree of
saturation, the study of these variations are important to determine the failure location (i.e. soil
failure or interface failure). Results for three depths of (e.g. CBPNG65) are shown in Tables (13,
14, and 15) and represented graphically in Fig.13, 14 and 15.

It can be observed generally that the value of (c,) is low at lower degrees of saturation and high at
higher degrees of saturation, in opposite to the value of t where it could be observed to be low at
higher degrees of saturation and high at lower degrees of saturation for all of the three depths
shown (i.e. 2m, 4m, and 6m). A transient range can be observed between about S=75% to 85%
that the lower values between ¢, and t change places.

The failure usually occurs when the weaker value of the shear resistance is reached, and since the
weaker value changes with the degree of saturation then it is worth to note that the correct value
of the shear resistance should be used during design depending on the degree of saturation.
Varying degree of saturation during seasons makes it unavoidable for the designer to establish a
relationship between the weaker shear resistance and the degree of saturation for the soil type,
and pile surface roughness used for the pile foundation design.

7. Conclusions

Trying to predict relationships among many factors that may affect the carrying capacity
of a concrete pile foundation could help in adding a more clear vision of pile use (design or
analysis) from economical or strength points of view in unsaturated soils.

Factors like the degree of saturation (S), length of a pile (D), and roughness of the pile surface

expressed as British Pendulum Number (BPN) were found to have good contribution in affecting

the shear strength of a frictional pile, these contributions were expressed mathematically and
many conclusions may be expressed herein.

1. Undrained shear strength of soil related to the depth and degree of saturation was obtained as
a surface, and expressed as a mathematical model shown by Eq. (11).

2. Equations describing the shear strength of pile foundations were found to be very helpful in
predicting the shear strength for unsaturated soils regarding the contribution of the matric
suction. These equations can be used to express the shear strength for cohesive soils that may
exhibit adhesive bonds between pile surface and fine grained soils like clayey soils.

3. The concrete of the pile surface gave greater shear strength for the rougher surface (BPN49)
and became lesser for the softer surface (BPN65). This observation proves the contribution of
the surface roughness to the shear strength of the pile.

4. Failure location (where the failure occurs either in the soil material or in the interface part
between the soil and the pile surface) was found to be affected by the degree of saturation.
Failure location was noticed to occur in the soil material for the degree of saturation less than
about 75% and the failure was noticed to occur at the soil-material interface for the degree of
saturation greater than about 85%. Degree of saturation between about 75% — 85% was found
to be a transient range where the failure type changes from failure type to another.

5. Since CBPN49 and CBPN52 were molded concrete and CBPN65 was already taken from
precast pile, it can be roughly concluded that precast piles are smoother than the cast in place
piles. This may increase the contribution of the adhesive bonds (and also frictional part in c—¢
and ¢ soils) and consequently the shear strength and bearing capacity of the pile.
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SYMBOLES
p= fitting parameter, dimensionless.
A= area, m’

BNP= british pendulum number, dimensionless.
Ca= adhesion component of cohesion, kPa.

Cy=
D=

undrined shear strength ,kN/m?.
depth of pile, m?

e= void ratio, dimensionless.
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Gs= specific gravity, dimensionless.

k_= the coefficient of lateral earth pressure at rest, dimensionless.

L.L= liquid limit, dimensionless.

P.1= plasticity index, dimensionless.
P.L= plastic limit, dimensionless.

Pa = atmospheric pressure, kPa.

Qs = carrying load capacity, kPa.

S= degree of saturation, dimensionless.
Ua-Uy =matric suction, kPa .

USCS= unified soil classification system.
v= fitting parameter, dimensionless.

a = adhesion factor, dimensionless.

y= unit weight, kN/m®
1= shear stress ,kN/m?.

T¢ = shear stress at failure, kPa.
¢ = internal friction angle ,degree.
d = internal friction angle between pile and soil, degree.

h = height, m.
d= pile diameter, m.

Table 1. Properties of used soil.

PROPERTY VALUE
Liquid limit % (L.L) 39
Plastic limit % (P.L.) 19
Plasticity index % ( P.l.) 20
Specific gravity(Gs) 2.79
Natural degree of saturation 100
(S%)

Clay % 67.5

Void ratio,(e,) 0.644

Total Unit weight (kN/m°) 20.93
Natural moisture content % 23.3
Classification according to CL

(USCS)

10

Journal of Engineering
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Table 2. Values of Pile interface British Pendulum Number, average roughness, and name used.

Interface Surface BPN Ra(um) Name Used in This
Research
Concrete (1) 49 25 CBPN49
Concrete (2 52 23.7 CBPN52
Concrete (3 65 21.2 CBPNG65

Table 3 Results of direct shear test on remolded samples at different degrees of saturation.

Depth('m) S (%) cu(kPa)

100% 10.3
90% 35.24

2 80% 45.74
70% 53.61
60% 60.42
100% 13.11
90% 39.9

4 80% 48.77
70% 61.17
60% 66.5
100% 15.9
90% 48.31

6 80% 52.57
70% 70.6
60% 73.29

Table 4 . Estimated and measured ultimate shaft capacity for CBPN49 surface using the modified

o method at depth (2) m.

S Ua-Uw Cu(sat)/ unsat. M vy a Back Cal. Tr(us) Ti(us)

Meas. a value Est. Meas.

% kPa kPa il Bl B kPa kPa
100 0 10.3 13 2 1 1.05 10.3 10.81
90 49.2 35.24 13 2 0.83 0.76 35.28 31.9
80 107.7 45.74 13 2 0.61 0.69 39 45.2
70 221 53.61 13 2 0.5 0.64 48.1 61.9
60 319 60.42 13 2 0.5 0.66 50.64 | 67.42

11
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Table 5. Estimated and measured ultimate shaft capacity for CBPN49 surface using the modified
a method at depth (4) m.

S Ua-Uw Cu M v o Back Cal. Th(us) Ti(us)
meas. o value Est. Meas.

% kPa kPa e e e kPa kPa
100 0 13.11 13 2 1 1.1 13.11 14.5
90 49.2 39.9 13 2 0.71 0.69 38.3 37.1
80 107.7 | 48.77 13 2 0.5 0.6 41.3 49.8
70 221 61.17 13 2 0.5 0.605 61.16 73.9

60 319 66.5 13 2 0.5 0.61 644 | 78.38

Table 6. Estimated and measured ultimate shaft capacity for CBPN49 surface using the modified
a method at depth (6) m.

S Ua-Uyw Cu M v o Back Cal. Ti(us) Th(us)
meas. o value Est. Meas.

% kPa kPa e e e kPa kPa
100 0 15.9 13 2 1 0.92 15.9 17.3
90 49.2 48.31 13 2 0.6 0.66 39.4 42.8
80 107.7 | 52.57 13 2 0.5 0.55 50.1 55.22
70 221 70.6 13 2 0.5 0.54 74.17 | 81.19
60 319 73.29 13 2 0.5 0.548 78.18 | 85.79

Table 7. Comparison between the measured and estimated ultimate shaft capacities for CBPN52
surface using the modified a method at depth 2 m.

S Ua-Uw | Cuygsat)/unsat. vl \Y a Back Cal. | ) T(us)
Meas. o Value Est. Meas.

% kPa kPa e e kPa kPa
100 0 10.3 13 2 1 0.98 10.3 10.1
90 49.2 35.24 13 2 0.83 0.73 35.28 | 30.71
80 107.7 45.74 13 2 0.61 0.65 39 42.63
70 221 53.61 13 2 0.5 0.62 48.1 60.28
60 319 60.42 13 2 0.5 0.63 50.64 | 63.91

Table 8. Comparison between the measured and estimated ultimate shaft capacities for CBPN52
surface using the modified o method at depth (4)m.

S Ua-Uy Cu 9l v o Back Cal. | Ti(us)
meas. a Value Est. Meas.

% kPa kPa e e kPa kPa
100 0 13.11 13 2 1 1.06 13.11 | 14.01

90 49.2 39.9 13 2 0.71 0.69 38.3 36.7
80 107.7 | 48.77 13 2 0.5 0.55 41.3 46.22
70 221 61.17 13 2 0.5 0.56 61.16 | 69.09
60 319 66.5 13 2 0.5 0.55 64.4 71.94
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Table 9. Comparison between the measured and estimated ultimate shaft capacities for CBPN52
surface using the modified a method at depth (6) m.

S Ua-Uw Cu VI v o Back Cal. Th(us) Ti(us)
meas. o Value Est. Meas.

% kPa kPa e e R kPa kPa
100 0 15.9 13 2 1 1.03 15.9 16.46
90 49.2 48.31 13 2 0.6 0.62 39.4 40.1
80 107.7 | 52.57 13 2 0.5 0.48 50.1 47.9
70 221 70.6 13 2 0.5 0.5 7417 | 75.13
60 319 73.29 13 2 0.5 0.52 78.18 | 82.39

Table 10. Comparison between the measured and estimated ultimate shaft capacities for
CBPNS56surface using the modified a method at depth 2 m.

S Ua-Uw | Cugsat)unsat M v o Back Cal. TH(us) Th(us)
_meas. Value Est. Meas.

% kPa kPa el BEE SR kPa kPa
100 0 10.3 13 2 1 0.96 10.3 9.98
90 49.2 35.24 13 2 0.83 0.72 35.28 30.1
80 | 107.7 | 45.74 13 2 0.61 0.87 39 40.86
70 221 53.61 13 2 0.5 0.6 48.1 58.33
60 319 60.42 13 2 0.5 0.62 50.64 63.29

Table 11. Comparison between the measured and estimated ultimate shaft capacities for CBPN56
surface using the modified a method at depth (4) m.

S Ua-Uw Cy M v a Back Cal. Ti(us) Ti(us)
meas. o Value Est. Meas.

% kPa kPa e e kPa kPa
100 0 13.11 13 2 1 0.97 13.11 12.74
90 | 49.2 | 39.9 13 2 0.71 0.67 38.3 36.16
80 |107.7 | 48.77 13 2 0.5 0.54 41.3 44.97
70 221 | 61.17 13 2 0.5 0.55 61.16 67.32
60 319 66.5 13 2 0.5 0.549 64.4 70.78

Table 12. Comparison between the measured and estimated ultimate shaft capacities for CBPN56
surface using the modified o method at depth (6)m.

S | UsgUw | Cymeas. H v o | BackCal. f(us) f(us)

a Value Est. Meas.
% kPa kPa | e | kPa kPa
100 0 15.9 13 2 1 0.88 15.9 14.11
90 | 49.2 | 4831 13 2 0.6 0.58 394 37.96
80 | 107.7 | 52.57 13 2 0.5 0.57 50.1 57.26
70 221 70.6 13 2 0.5 0.504 74.17 14.77
60 | 319 73.29 13 2 0.5 0.507 78.18 79.34
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Table 13.Comparison between values ( ¢, and measured t) at 2 m depth CBPNG5.

Dergth S Cusatylunsat, Meas. I\/tlfe(zlg)s
% kPa kPa

100 10.3 9.98

90 35.24 30.1

2 80 45.74 40.86
70 53.61 58.33

60 60.42 63.29

Table 14.Comparison between values (c, and measured 1) at 4 m depth CBPN65.

Depth S C, meas. I\/ng)s _
m % kPa kPa

100 13.11 12.74

90 39.9 36.16

4 80 48.77 44.97

70 61.17 67.32

60 66.5 70.78

Table 15.Comparison between values (c, and measured t) at 6 m depth CBPN65.

Depth S Cy Meas. Ti(us)
m Meas.
% kPa kPa
6 100 15.9 14.11
90 48.31 37.96
80 52.57 57.26
70 70.6 14.77
60 73.29 79.34
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Figure 2. Soil water characteristic curve.
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Figure 4. Concrete—Soil Interface after Failure

Figure 3. Concrete Interface surface
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Experimental Behavior of Steel-Concrete-Steel Sandwich Beams with Truss
Configuration of Shear Connectors

Dr.Thaar Saud Salman Al-Gasham
Lecturer
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E-mail:dr.thaaralgasham@yahoo.com

ABSTRACT

This paper presents experimentally a new configuration of shear connector for Steel-Concrete-
Steel (SCS) sandwich beams that is derived from truss configuration. It consists of vertical and
inclined shear connectors welded together and to cover steel plates infilled with concrete. Nine
simply supported SCS beams were tested until the failure under a concentrated central load (three-
point bending). The beams were similar in length (1100mm), width (100mm), and the top plate
thickness (4mm). The test parameters were; beam thickness (150, 200, 250, and 300mm), the bottom
plate thickness (4, and 6mm), the diameter of the shear connectors (10, 12, and 16mm), and the
connector spacing (100, 200, and 250mm). The test results showed that the stiffness of SCS beam
augmented with the increase in beam thickness, lower plate thickness, and connector diameter while
it decreased with increasing the connector spacing. The ultimate load capacity of the SCS beams
increased to 72.2% and 42.1% by enlarging the beam thickness and connector diameter to 100% and
60%, respectively. Increasing the connector spacing of 150% led to a considerable reduction in the
ultimate load reached to 68.4%. Finally, the ultimate strength was not affected by augmenting the
bottom plate thickness up to 50%.

Keywords; sandwich beam, SCS beam, shear connectors, steel plate, concrete core, truss
configuration
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1. INTRODUCTION

Steel-Concrete-Steel (SCS) beams are a comparatively modern system of construction composed
of two relatively thin cover plates and a core of plain concrete sandwiched between them. The forces
between the concrete core and the cover plates are transferred by shear connectors. Thus, the
structural behavior of SCS sandwich beams to be influenced significantly by shear connectors’
efficiency, Anandavalli, et al., 2013. The first use of SCS construction was in a submerged tube
tunnel for Conway River in Cardiff, UK. The SCS system sometimes is known as Double skin
Composite (DSC) construction.

The SCS sandwich beams are considered more economical than the beams with ordinary
reinforcement due to the replacement of both conventional reinforcement and permanent formwork
by external plates and second, the exterior plates and shear connectors are easy to fabricate at the
site. Therefore, their cost is relatively low compared with the high cost for detailing, bending and
fixing of the conventional bar reinforcement. The cover plates improve the water tightness of SCS
sandwich constructions. The SCS beams have an ability to endure large deformations without
cracking because of their ductility and energy absorption are relatively high, Shanmugam and
Kumar, 2005.

Various forms of shear connectors are used in the SCS sandwich constructions. The common
forms are through-through connectors and headed stud connectors. In conventional headed stud
connectors, the pullout strength of studs influences the resistance of cover plates against tensile
separation, Wright, et al., 1991.

In Bi-Steel SCS system, an array of transverse bars welded into surface plates is used as shear
connectors. Bars have regular patterns with close spacing. Roberts et al., 1996, tested a series of
SCS sandwich beams under two or four-point loads with a range of the span to depth ratios. The
tests showed that the yield and slip in tension plates caused the primary failure modes. Xie, et al.,
2007, tested eighteen SCS beams with Bi-steel connectors. The tests showed four types of failure
mode; concrete shear failure, bar tension failure, bar shear failure, and tension plate yielding.

In 2008, Foundoukos, et al., presented experimental and analytical studies to evaluate the static
and fatigue responses of Bi-Steel SCS beams. A truss model with tapering web compression was
developed to determine the forces inside the beams. The predictions of the model were conservative
comparing with the test results. J-hook connectors were used by Liew and Sohel, 2009, to fix the
cover plates on their position with the light weight concrete core. Push-out tests observed that the
abilities of J-hook connectors to transfer the shear force were larger than that of the conventional
headed stud connector. Chu, et al., 2013, tested eight SCS beams with channel steel connectors.
Angle steel was used to connect the surface plates with channel steel. Most of the beams
experienced ductile failure where the tension steel plates yielded. Numerical simulation using the
finite-element approach was presented in 2013 by Anandavalli, et al., to study the static behavior of
SCS beams. In this study, two new configurations of Bi-directionally connectors were introduced.
The results indicated that Bi-directionally inclined connectors were more ductile than through-
through connectors while the ultimate load remained same.

In this paper, a new shape of shear connectors (truss configuration) was proposed. The static
behavior of SCS sandwich beams with truss configuration connectors under three-point loads was
studied experimentally. The tests focused on the influences of beam thickness, tensile plate
thickness, diameter and spacing of shear connectors.
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2. SPECIMENS DESIGN

A total of nine SCS sandwich beams with truss configuration of shear connectors were fabricated
to exhibit different failure modes. All beams were conformable in length and width that were
1100mm and 100mm, respectively. The thickness of top cover plates was 4mm and kept constant for
all specimens. The other geometric properties were varied to study their effect on the static behavior
of SCS sandwich beams. They included; beam thickness (150, 200, 250, and 300mm), bottom plate
thickness (4 and 6 mm), connector diameter (10, 12, and 16mm) and connector spacing (100, 200,
and 250mm).

The reference beam (R) was constructed with thickness of 200mm, lower plate (tensile plate)
thickness of 4mm, and shear connectors’ diameter and spacing of 10 mm and 100mm, respectively.
The remaining eight specimens are named by codes composed of three capital letters followed by a
number. The first two letters are (RE); they mean that specimens are geometrically similar to the
reference beam except for one property. The third letter refers to this property as follows (H=beam
thickness, P=bottom plate thickness, D=connector diameter, and S=connector spacing). Finally, the
number refers to the value of property in mm. The details of test specimens are listed in Table 1.

The truss shear connectors consisted of vertical and inclined members equally spaced over the
length of SCS sandwich beams, as shown in Figs. 1 and 2. They were deformed bars and welded to
the cover plates using a welding gun. All beams contained two rows of shear connectors spaced at
60mm center to center in the width direction. Table 2 shows the properties of the shear connectors
and the cover plates.

A normal-weight concrete was used as a core sandwiched between the two external plates. The
core composed of normal Portland cement, well-graded crushed aggregates of 10 mm maximum
size, and washed sand. The mix design proportions by weight were 1 (cement): 1.77 (sand): 2.22
(gravel) with 0.52 water cement ratio. All three specimens were cast in one batch. The compressive
concrete strength of each batch was determined by taking the average strength of three cubes with
the side length of 150mm as summarized in Table 1.

A mechanical mixer was used to produce the concrete. The mixing operations were performed
according to the procedure of ASTM C192-1995, where the course and fine aggregates with two-
thirds of required water were blended first for one minute, then the cement with the rest water was
added and mixed for three minutes followed by three minutes rest period. The specimens were
placed inside the plywood molds; these molds were lightly oiled. After mixing, the concrete was
poured into molds by three layers. For each layer, well compacting was ensured using vibrator
tables, especially in the regions of shear connectors and corners. After removing the molds, the
specimens were covered with nylon sheets and kept wet for twenty-eight days.

3. TEST SET UP

The specimens were simply supported and tested under a centrally concentrated load (three-point
bending) as shown in Fig. 3. The supported length for all beams was 1000mm. A universal machine
of 150-ton capacity was employed to apply the load gradually until the failure of the specimen. At
each load increment, the initiation and propagation of cracks were carefully examined and marked,
and the central deflection of the beams was recorded using a digital dial gauge of 0.01mm accuracy.
At the end of the test, both the ultimate strength and the failure mode were determined. The tests
were performed at the concrete laboratory at the Engineering College of Wasit University.
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4. TEST RESULTS
4.1 Failure Modes

The nine specimens displayed various failure modes depending on their geometric properties as
illustrated in Fig.4. For all beams, the first flexural cracks were initiated at loads of 25-50kN in the
middle third of the beams as listed in Table 3.

In the reference specimen R with 200mm thick, the flexural cracks were little and did not cause
the failure. The failure mode was characterized by the shear connector failure at the left end.

The specimen REH150 of 150mm thickness failed in the flexural mode. In which, the first
flexural crack was initiated at the mid-span. As the applied load increased, this crack widened and
moved up towards the top of the beam as well as the formation of other flexural cracks in the middle
third of the beam. At failure load, the concrete crushing and the buckling in the upper steel plate
were noticed at the top of the beam.

The flexural-shear failure was observed in the specimen REH250 (250 mm thick), where a large
number of flexural and diagonal shear cracks developed and spread throughout the length of the
beam.

In the beam REH300 with the largest thickness of 300mm, two inclined shear cracks occurred in
the right third of the beam and extended to the compression face resulting in shear failure of the
specimen.

The shear connector diameter has a great effect on the failure modes, where the specimen RED12
(connector diameter=12mm) showed the similar failure mode to the reference beam R (connector
diameter=10mm). However, increasing the connector diameter to 16mm as in the beam RED16,
changed the failure mode from connector failure to the flexural failure.

Furthermore, the Shear connector failure was observed in the specimens RES200 and RES250, in
which the connectors were spaced at 200 and 250mm, respectively. Finally, the failure mode was
not influenced by enlarging the tensile plate thickness where specimen REP6 with the thicker plate
(6mm) failed in the same mode of the reference beam R with the thinner plate (4mm).

4.2 Ultimate Strength

The ultimate loads for all specimens are summarized in Table 3. In order to investigate the effect
of the beam thickness on the load carrying capacity, the test results of specimens REH150, R,
REH250, and REH300 are compared in Fig. 5. They were constructed with the thickness of 150,
200, 250, and 300mm, respectively. The other properties of them were kept constant. The test results
showed that a marginal decrease in the failure load of specimen REH150, about 5.3%, compared
with the reference specimen R due to change the mode of failure from flexural to the shear
connector failure. Beyond this, the failure load increased rapidly to about 57.9% and 63.2% for
specimens of thickness 250 and 300mm with respect to the reference beam R, respectively, because
they did not experience the connector failure. However, the shear failure of the beam REH300
caused a little increase in the ultimate strength about 3.3% compared with the specimen REH250
that failed in combined flexural-shear.

Increasing the diameter of connectors enlarged the contact area between the shear connectors and
the cover plates and enhanced the bonding between these plates and the concrete core, this reflected
at the failure load as plotted in Fig.6. The ultimate loads of specimens RED12 and RED16 were
31.6% and 42.1% greater than that of the reference specimen R, respectively.
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Fig.7 shows the inverse relationship between the connectors spacing and the failure load. The
ultimate loads dropped by about 31.6% and 68.4% when the spacing of connectors increased from
100 mm to 200 and 250mm, respectively.

Finally, enlarging the thickness of tensile steel plate (bottom plate) from 4 to 6mm did not
influence the failure load, where both specimens R and REP6 collapsed at the load of 95kN since
they showed the connector failure.

4.3 Load-Deflection Response

Since the deflection is a one term of the serviceability measurements, the deflections for all
specimens are compared at a service load of the reference specimen R that is 66.5 kN representing
70% of its ultimate load.

Fig.8 shows the effect of the beam thickness on the load-deflection responses of SCS sandwich
beams. It is clear that the stiffness of the beam raised with increasing the beam thickness due to the
increment in the moment of inertia of the beams. At the load of 66.5 kN, the recorded deflection for
the smallest specimen REH150 was 30.8% larger than that of the specimen R. Whereas the larger
specimens REH250 and REH300 displayed major reductions in deflection relative to the reference
beam at the service load, which were 60.6% and 63.6%, respectively.

The load-deflection behaviors for specimens, constructed with connector diameters of; 10mm
(R), 12mm (RED12), and 16mm (RED16), are plotted in Fig.9. The three specimens showed an
extremely identical response until occurring the yielding in the tensile steel plate (second point of
deviation the curve of load-deflection). The flexural plateau is observed clearly in the response of
specimen RED16 because it failed in flexure. However, small reductions of 10.1% and 15.7% were
recorded in the deflections of specimens RED12 and RDE16 with regard of specimen R at the
service load, respectively.

Since the connection between the steel plates and the shear connector, and the bonding between
the plates and the concrete core were weakened significantly by increasing the spacing of the shear
connectors more than 100mm, specimens RES200 and RES250 behaved like an unreinforced beam
where their responses were approximately linear as shown in Fig.10. Both specimens failed at loads
less than the service load of the specimen R.

Increase the tensile steel plate thickness enhanced the stiffness of the SCS sandwiched beam,
especially after initiating of the first crack as illustrated in Fig.11. At the service load, the measured
deflection of the specimen REPG6 (plate thickness= 6mm) was 66.7% smaller than that of specimen
R with the plate thickness of 4mm.

5. CONCLUSIONS
The main conclusions of the presented experimental program are summarized as follows:

1. All specimens with 200mm thick, except for specimen RED16 (connector diameter=16mm),
experienced the connector failure. The specimen RED16 failed in the flexure. Also, the
flexural failure was observed at specimen REH150 with thickness of 150mm .The specimen
REH250 of beam thickness 250 mm displayed flexural-shear failure. Finally, the shear failure
was exhibited by specimen REH300 (beam thickness=300mm).

2. The ultimate strength and the stiffness of the SCS sandwich beams improved by increasing
their thickness. A considerable increase in the failure load, about 72.2%, was observed when
the thickness of the beam increased to double.
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3. Augmenting the diameter of the shear connector had a negligible effect on the beam stiffness
before yielding of the tensile steel plate. After that, the stiffness enhanced with raising the
connector diameter. However, increasing the connector diameter to 60% caused an increment
in the ultimate load about 42.1%.

4. Increase the connector spacing influences adversely the ultimate capacity and stiffness of the
SCS beams. A great reduction in the failure load reached to 68.4% was noticed as spacing
increased by 150%.

5. Enlarging the thickness of the tensile plate thickness by 50% increased only the stiffness of the
SCS beams, especially after occurring the first crack. The load carrying capacity did not
affect.
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Table 1. Details of test specimens.
. Beam Bottom plate | Connectors’ | Connectors’ Concrete
Specimen . i : . .
desianation thickness | thickness diameter spacing compressive
g (mm) (mm) (mm) (mm) strength (MPa)
R 200 4 10 100 34.37
REH150 150 4 10 100 34.37
REH250 250 4 10 100 34.37
REH300 300 4 10 100 33.96
REP6 200 6 10 100 33.96
RED12 200 4 12 100 33.96
RED16 200 4 16 100 33.88
RES200 200 4 10 200 33.88
RES250 200 4 10 250 33.88
Table 2. Properties of steel bars and cover plates.
o Nominal diameter | vield stress Ultimate stress
= 10 436 556
o
= 12 482 571
(¢B]
» 16 520 618
_ Yield stress _
@ Plate thickness (MPa) Ultimate stress
= (mm) (MPa)
a
S
3 4 245 369
@)
6 251 384
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Table 3. First cracking and ultimate loads of tested specimens.

Specimen Firs.t Ultimate .
designation cracking load (kN) Failure mode
load (kN)

R 30 95 Shear connector
REH150 25 90 Flexural
REH250 40 150 Flexural-shear
REH300 50 155 Shear

REP6 40 95 Shear connector
RED12 30 125 Shear connector
RED16 30 135 Flexural
RES200 25 65 Shear connector
RES250 25 30 Shear connector

®
~—100—
[=—100—=~—100—=~—10 ~—100——100—= 100 100—1=—100" = ~—T00—| G0
N ot
) v < 4
{ 4 " 4 o
7
% A | « ' b
< A’ \Z A &

® sy Sec A-A

—ls0-] 1000 Lso--—

200

1-Vertical shear connectors  2-Inclined shear connectors  3-Cover steel plates  4-Concrete core
All dimensions are in mm

Figure 1. Experimental details of reference specimen (R).
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Figure 2. Typical cover plates welded with shear connectors.

Concentrated central load

Roller support

Dial Gauge

Figure 3. Photograph of the testing setup.
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(a) Specimen REH150

(c) Specimen REH250 (d) Specimen REH300

(e) Specimen RED12 (f) Specimen RED16

(g) Specimen RES200 (h) Specimen RES250

(i) Specimen REP6

Figure 4. Crack patterns for nine tested specimens.
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ABSTRACT

This paper studies the combination of fluid viscous dampers in the outrigger system to add
supplementary damping into the structure, which purpose to remove the dependability of the
structure to lower variable intrinsic damping. This optimizes the accuracy of the dynamic
response and by providing higher level of damping, basically minimizes the wanted stiffness of
the structure while at the same time optimizing the achievement.

The modal considered is a 36 storey square high rise reinforced concrete building. By
constructing a discrete lumped mass model and using frequency-based response function, two
systems of dampers, parallel and series systems are studied. The maximum lateral load at the top
of the building is calculated, and this load will be applied at every floor of the building, giving
a conservative solution. For dynamic study Response Spectrum Analysis was conducted and
the behavior of the building was determined considering response parameters. MATLAB
software, has been used in the dynamic analysis for three modes.

For all modes, it is observed that the parallel system of dampers result in lower amplitude of
vibration and achieved more efficiently compared to the damper is in series, until the parallel
system arrives 100% damping for mode three.

Key words: outrigger system, fluid viscous damper, discrete model.
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1. INTRODUCTION

Outrigger are a common system of strengthening and stiffening tall buildings. They work by
connecting the central core, comprising either braced frames or shear walls, to the outer
perimeter columns. The explication of building outrigger behavior is easy because outriggers
represent as firm arms engaging external columns, at the point when a core have a tries to
incline, its rotation at the outrigger level generates a tension- compression couple in the external
column moving contrary to that movement. As the outcome, the outrigger restrict the bending of
the core by introducing a point of inflection in the deflection profile, as shown in Fig.1. Thus
decreasing the lateral motion at the top when the reversal in curvature, Nanduri, et al., 2013 and
Melek, et al., 2012.

Besides at the outrigger intersection lowering the core moment, the system equals the
differential shortening of exterior columns coming from axial load imponderables and
temperature. Another influence of using outriggers is the considerable lowering of net tension
and uplift force at the foundation level, Choi, et al., 2012.

The damped outrigger system works by the insertion of viscous dampers between the
external columns and the outriggers. When it done, there was a considerable rise in damping,
Willford, and Simith, 2008. Therefore, the outrigger system is used as one of the structural
system to control the excessive drift during lateral load due to earthquake load.

2. STRUCTURAL DESCRIPTION AND MODELING
2.1 Structural Parameters

The modal considered for this study is 36 stories square high rise reinforced concrete
building with a base dimension of 30 m by 30 m will be analyzed. The floor to floor height is 4
m contributing to a total building height of 144 m. The building will have a 14 m by 14 m central
concrete core with a thickness of 45 cm. The building will have two outrigger arms cantilevering
from the core to the perimeter columns from each of the side of the core. W14X398 sections with
an approximate cross-section area of 0.15 m? will be utilized as the perimeter columns,
Gamaliel, 2008 and Smith and Willford, 2007.

The gravity system used in conjunction with central concrete core consists of 25 cm thick
reinforced concrete slabs, with beams section of 45 cm X 70 cm, and square reinforced concrete
columns (45 cm X 45 cm). Fig. 2 summarizes the building dimensions described.

2.2 Structural Model

To create a realistic modal of the proposed building described in section 2.1, each floor of the
building will be modeled as a series of masses lumped at the center of the core. Each mass will
have three degrees of freedom and the vertical translation degree of freedom has been neglected
to simplify the modal, as shown in Fig. 3.

The general discrete equation of motion written in matrix form as

MU+ CU + KU=P (1)
To obtain the global stiffness matrix, the direct stiffness approach is used. A standard two-

node member element with two degrees of freedom for each node is considered in this study.
The element stiffness matrix are given by

, 1
(% (sina)? + % (cos a)z) % cosa
k(n)AA = 6EI 4EI (2)
~— cosa —
12 L
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AE , . 12E1 6EI
(_T (sina)? + —5 (cos a)z) — cosa
k(n)AB = 6EI 2EI (3)
1z cosa 7
AE , . 12E1 6EI
(— — (sin a)? + —5 (cos a)z) ——7 cosa
k(n)BA = E cos a E (4)
12 L

AE , . 12E1 EI
(T (sina)? + -5 (cos a)z) - 6L—2 cosa
k(n)BB = 6EI 4EI (5)
—=— cosa —
12 L

Where, A = area of the lumped mass = 53.19 m?, E = elastic modulus of the core, | = moment of
inertia of the lumped mass with respect to the bending axis = 3184.406 m*, L = floor height
= 4 m, a = angle of reference with respect to the global coordinate = 0, b = core length = 14 m,
and t = core thickness = 0.45 m.

The mass matrix M is a diagonal matrix containing the floor mass as well as the rotational
inertia of the following form

M3
| o ]36|
Since the floor layout is the same throughout the building height, M; = M, = «-- = M3g = M.
Similarly, the rotational inertia entries are equal throughout the height, thus J; = J, = - = J3s =

J. Rotational inertia is assumed to be provided by the concrete core system only, and the gravity
system have negligible effect on rotation because it is not rigidly attached to the core, Gamaliel,
2008.

Where, M = nodal mass = gravity system mass (m;) + core mass (m¢) = 1,100,093 Kg;
J=nodal rotational inertia = 7,895,042.64 Kgm?®.

The intrinsic damping in a high-rise building is a key design parameter. Although the effect of
damping is less important for seismic response than for wind response, the values assigned to
structural damping should be selected with care. The intrinsic damping ratio of between 1% and
2% appears reasonable for buildings more than 50 m and less than 250 m in height, Willford, et
al., 2008. While some studies using the intrinsic damping ratio of 2.5% for 50 stories high rise
reinforced concrete building, Melek, et al., 2012,
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2.3 The Damped Outrigger Concept

The concept of the damped outrigger is shown in Figs. 4,5, and 6. Fig. 4 appears how the
outrigger systems activate in easy conditions while incorporated inside a usual core-to-perimeter
columns outrigger systems. As a structure subjects dynamic sway motion, there is proportional
vertical motion between the ends of stiff outrigger element that cantilevering from the core and
the perimeter column. There are needful for the outriggers to shift vertically proportional to the
floor at these levels, while the floors bend in double curvature to stay attached to the outer
columns and the central core. The dampers are incorporated across this building discontinuity,
dissipating energy through the cyclic motion, and producing the raise in the total damping for the
structure. Fig. 5 shows in terms of a conceptually the form of detail commonly wanted at the
level where the damper is incorporated. The arranging can be as shown in Fig. 6 at the outriggers
level in this situation, Smith and Willford, 2007.

2.4 The Damped Outrigger Model

While the concept given by Willford and Smith implies that the perimeter columns is in
series configuration with the dampers. Parallel configuration of columns and dampers studied by
Gamaliel, 2008 provided a good comparative study, as shown in Fig. 7.

The approach to drive typical damper characteristic is based on macroscopic point of view.
Where in this point of view, the stiffness is defined based on the slope of the diagonal line of the
hysteresis loop and the damping is derived from the hysteresis loop of tested damper, Al Mallah,
2011. Then, the equivalent complex stiffness for both parallel and series configuration were
obtain.

2.4.1 Hysteresis loop and characteristics of tested damper
Considering a simple single degree of freedom (SDF) system with a viscous damper is
subjected to a harmonic load, under steady- state response, the damping force equals to:

P(t)=¢C, %: C, wu, cos(wt — 8)=C, wJu2 — uZ sin?(wt — 8)

=Cow+ uz — [u(®))? (7)
(®) + (o) -1 ®)

Which is the equation of the ellipse shown in Fig. 8. The area enclosed by the ellipse is
m (u,)(C, wu,) = mC, wu? ,which is equal to the dissipated energy

ED=2n(wﬂn K u? 9)

Due to harmonic force with w = w,, and based on macroscopic point of view, the loose
stiffness, K, is defined based on the slope of the diagonal line of the hysteresis loop. The
damping coefficient, C,, is equal to the loose stiffness divided by w, and is also calculated from
above as:

2 (20)
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The equivalent damping ratio {., calculated from a test at w = w, would not be right at any
exciting frequency, but it would be a satisfying approximation.

_ 1 Ep

$ea = 4m Eeg (11)

Where the strain energy, Eso = Ku2 /2 is calculated from the stiffness K resolved by
experience, Chopra, 2008. Based on the above, C, and (., can be calculated from hysteresis
loop of the tested dampers.

The model considered for this study is based on the material behavior in linear elastic range.
However, it must be mentioned that most dampers classified as viscous dampers do not behave
fully linear over the range of the entire velocity. This due to nonlinear material behavior and
sealing friction which ends up in a nonlinear viscous behavior at low velocities.

2.4.2 Derivation of equivalent complex stiffness

Damping introduces complexity to the solution by adding a term involving velocity. In order
to define the complex frequency-response function, the steady-state motion of a SDOF system is
applied for both parallel and series configuration, which the equivalent complex stiffness can be

derived as:
- Parallel configuration, The harmonic motion at the forcing frequency, w, can be expressed as

u(t) = H,(w) et (12)
u(t) = iw Hy(w) et (13)
The equation of motion for the parallel configuration of damper and column is

P(t) = ke u(t) + Cu(t) = (ko + iwC) Hy(w) = keg Hy(w) (14)
Keg = keor + i@C (15)

, Chopra, 2008 and Gamaliel, 2008, see Fig. 9.
-Series configuration and the harmonic motion at the forcing frequency, w, can be expressed as:-

u(t) = H,(w) et and u(t); = H,(w) et (16)
u(t) = H,(w) et and u(t); = iw Hyq (o) et (17)

Then, the equation for the series configuration of damper and column is

p(t) = koo u(t)y = € (D) —i(th) (18)
(i0C) Hy() = (Keot + i0C) Hyy (@) (19)
Hy1(@) = =2 Hy(w) (20)
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keot iwC
p(t) = 2 Hy(@) = keg Hy(w) (21)
. _ kcol iwC
“keq = keor+ iwC (22)

Chopra, 2008 and Gamaliel, 2008, see Fig. 10. The above procedure has been derived by the
equivalent complex stiffness for both parallel and series damper configuration. The next step is
to obtain the rotational stiffness at the outrigger level.

2.4.3 Derivation of the rotational stiffness

The column-restrained outriggers oppose the rotation of the core, when subjected to lateral
loads, causing the moments and the lateral deflections in the core to be minimal than if the
freestanding core alone resisted the loading. The exterior moment is now resisted not by bending
of the core alone, but also by the axial compression and tension of the exterior column connected
to the outrigger, Taranath, 2010.

The axial shortening and elongation of column is clearly equal to the rotation of the core
multiplied by their particular distances from the exterior column to the center of the core. If the
distance of the equivalent columns is d/2 from the central core, the axial distortion of the
columns is then equal to Bd/2, where B is the core rotation. Then the stiffness of the equivalent
spring is studied for unit rotation of the core (i.e., B = 1), therefore the axial deformation of the
equivalent columns is equalize to 1 x d/2 = d/2 units, Taranath, 2010. The next step was the
derivation of the rotational stiffness.

The corresponding axial load is as following

p(t) = AEd/2 (aH) (23)

p(t) is the column axial load; A is the column area; E is the modulus of elasticity; d is the
distance from the center of core to the exterior column; aH is the height at the outrigger level,
see Fig. 11. Using the notion Ky for the rotational stiffness, and noticing that there are two
equivalent columns, each situated at a distance from the core, we obtain

Kp=p) x d/2 x2 (24)
AE d?
KR = 2aH (25)

The addition of rotational stiffness to the core at the outrigger level can be obtained as follows
M= p(t) x d/2 (26)

Where, p(t) = kqq Hy(w), H,(w) = g B.,and M= K, B

Ky = kg (&) (27)
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2.5 Applying Outrigger Effect to Discrete Model

The effect of the outrigger can be modeled by introducing a minor change in the stiffness matrix.
A rotational spring is to be added to the nodal point where the outrigger is located. Hence, the
outrigger nodal point will have a modified rotational stiffness comprised of the existing
rotational stiffness from the core (cantilever beam) and the rotational stiffness, Kg, from the
outrigger. From previous section, the value of Kg has been derived. Because the Damping
introduces complexity to the solution by adding a term involving velocity, the equivalent
complex stiffness has been derived for both parallel and series damper configuration, and has
been incorporated this effect into the stiffness matrix of the core, Gamaliel, 2008 and
Taranath, 2010.

In the case of a damped outrigger, the damping matrix, C, is required to solve the full
differential equation of motion. The conventional approach is to work in the real domain by
constructing the damping matrix and introducing the damping coefficient C, at the location
corresponding to the rotation of the outrigger node. However, it is algebraically more convenient
to work in the complex domain, by collapsing the C matrix altogether and lumping the effect of
damping into the stiffness matrix, forming an equivalent complex stiffness matrix, Gamaliel,
2008, which had been obtained in section 2.4.1.

3. DYNAMIC ANALYSIS
3.1 Modal Analysis

In order to analyze the dynamic response of the structure due to seismic effect, the first step
of the procedure is to perform Eigen-value analysis of the building with an offered elastic
stiffness and mass in order that coincide its modal characteristics. The characteristics of special
importance are the natural period of vibration of the buildings and modal shapes.
Consequently, the Eigen-value problem can be solved from the relationship

k¢ = w*Mo (28)

Where ¢, the eigenvectors, represent the mode shape and the Eigen-values correspond to w?; M,
the mass matrix(see Sec. 2.2); k, the element stiffness matrix(see Sec. 2.2) plus the rotational
stiffness, Kr which has been derived in Sec. 2.4.3. The modal period of vibration of the building
can then be obtained by the following equation

2w

Using MATLAB software for each series and parallel configuration, the frequencies, natural
periods, and mode shapes of the first three modes will be obtained. For modal analysis the
frequency and damper coefficient are set to zero, therefore the equivalent complex stiffness for
parallel configuration equal to k..;(see Eq. 15) and for series configuration close to zero(see Eq.
22). Table 1 summarizes the frequency and natural periods of the first three modes for series and
parallel configuration, and Fig. 12 shows mode shapes of series and parallel systems. The
fundamental period for series and parallel configurations equal to 2.246 and 2.202, respectively.

3.2 Modal Response Spectrum Analysis

The ground motion risks that rely on the regional seismicity depending upon a list of basics.
Then considered to be ingrained in building designed to ASCE 7-05 the design ground
motions are depend on the margin of a minimal bound evaluation versus collapse. Depend on
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experiment this minimal bound has been believed in ground motion to be almost a factor of 1.5,
Taranath, 2005. Subsequently, the design earthquake ground motion has been selected at a
ground motion shaking level that is 1/1.5, which is equal to the 2/3 of the MCE ground motion.

ASCE 7-05 explains the MCE ground motion at short periods, Ss, in terms of the mapped
values of the spectral response acceleration and also at 1 second, S1, for site class B for soft
rock. these values may be gained from the map developed by USGS. The maps developed by
USGS define sites of fault using both the probabilistic and deterministic proceedings, and
contours of random horizontal acceleration values, Taranath, 2005.

In this study, the parameters Ss and S1 determine from the major map developed by USGS, in
Irvine, California for site class D, using an importance factor, Ig , is equal to 1 for the Occupancy
Category 11, and the effective seismic weight, Wx at each node is equal to 12,000 KN.

For service-level estimates, the response spectrum analyses which uses modal analyses to

obtain building response will generally be used for linear dynamic analysis, Willford, et al.,
2008.

The effective masses are multiplied by the acceleration coefficient, CS,,, to afford individual
modal base shears by the following equations

Vip = CSpy Wiy (30)

_ Wi dim)”
Wm - 2?=1Wi q’im2 (31)

Where, CS,,, is the coefficient of the modal seismic design; W,,, is the loads of the effective
modal gravity; W;, the portion of the total gravity load of the structure at level i; ¢in,
displacement amplitude while shaking at ith level.

The distributing the base shear for each mode up the height of the structure as a set of
equivalent lateral forces (proportional to the mode shape and mass distribution), by the following
equations

Fp= Cx,, Vpy (32)
_ Wx ¢xm
me B Z?=1 Wi ¢im (33)

Where, Cx,,, is the vertical distribution factor at the mth mode in the xth level.
The values of, V,,, and F,, for series and parallel configurations are shown in Table 2.

3.3 Dynamic Analysis Using Software Program

To get the response function of the structure to seismic dynamic excitation, a complex
periodic loading function will be applied in which
P, = p(t) sinwt,or P, = p(t) coswt (34)
The term P, can therefore be expressed as

P, = p(t) et (35)

In order to determine the amplitude of vibration, the general equation of motion as following
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M ii(t) + keq u(t) = p(t) et (36)
The resulting displacement is then the real or imaginary part of the complex displacement,

which it mentioned in sec. 2.4.2, u(t) = Hy(w) e'®t.

Taking the time derivative of equation, we obtain

u(t) = H,(w) et and ii(t) = — w? H,(w) e'*t (37)

Substituting Eq. (37) into the differential Eq. ( 36), we get

(keq - wZM)Hu(w) = p(t) (38)

For simplifying, the quantity E;q is defined as following

—

keq = (keq - sz) (39)
The matrix equation is run in MATLAB to be solved is
,E-;q Hu(w) = p(t) (40)
Therefore, the displacement matrix is defined as following
— —~ -1

Hy,(w) = u(t) = keq p(®) (41)

For analysis purpose, the maximum drift at the top is used u(t)s¢. The value k., is a
complex quantity due to contribution from damping, see Sec. 2.4.2 for series and parallel
configuration. Therefore the resulting displacement contains the real and imaginary parts. Taking

the sum of the squares of the real and imaginary parts to obtained the amplitude value, then
taking the square root as following

[@@sel = @562+ @O36)naginary @2

The range of w is set to be from 0-55 rad/sec to cover the first three modes. The maximum
equivalent lateral forces, which calculated in Sec. 3.2, applied at nodes at each modes.

Response function for series and parallel configuration at different values of damping
coefficient at fundamental mode are shown in Fig. 13, it is observed that the parallel system of
dampers result in lower amplitude of vibration compared to when the damper is in series and
with increase of damping coefficient the fundamental frequencies of the building was raised for
parallel system. Also, Figs. 14, 15, and 16, show Frequency-based response function for the
second and third modes, it is observed that the parallel placement of viscous damper result in
lower amplitude of vibration compared to when the damper is in series, and see Figs. 17 and 18
at constant frequency and natural periods of the first and second modes for difference values of
damper coefficient.
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3.4 Half Power Bandwidth Method

The half power bandwidth method employs the transfer function plot to get the damping. The
method consists of deciding the frequencies at which the amplitude of the transfer function is A,
where

A, = P (43)

Where A4, IS the amplitude at the peak. The frequencies w; and w, associated with the half

power points are obtained on either side of the peak, as shown in Fig. 19. Then the damping ratio
¢ is getting employs the formula

— @27 W (44)

2wy

The damping ratio associated with each natural frequency can be obtained using the half power
bandwidth method.

To investigate the relationship between the amount of damping, response function were
generated with different values of damping coefficient, C, and the corresponding fraction of
critical damping, &, is obtained by the half power bandwidth method in MATLAB.

The result of the relationship between the damping coefficient, C, and the critical damping, &,
is shown in Table 3.

4. CONCLUSIONS

e The use of complex stiffness matrix in dynamic analysis leading to a more efficient solution
scheme and lumping the effect of damping into the stiffness matrix, forming an equivalent
complex stiffness matrix, and has been incorporated this effect into the stiffness matrix of the
core.

e For Eigen-value analysis, for the fundamental mode, the frequencies between the two
configurations show a very slightly difference between series and parallel systems. Therefore,
this slightly difference not appears in the plot. The frequencies to the higher modes (second and
third) in both systems are obviously close to each other.

e For Frequency-based response function for mode one, it is observed that the parallel system of
dampers result in lower amplitude of vibration compared to when the damper is in series. For
series system, the critical damping reaches its peak at around C = 300,000 (KN.s/m), and
beyond this point the critical damping loses its effectiveness gradually. While the parallel
system increase of critical damping with increase of damping coefficient, and raising the
fundamental frequencies of the building and has caused an increase in stiffness of the system
and a decrease in fundamental period and become more narrow band of frequency as shown in
Fig. 13.

e For Frequency-based response function for mode two, it is observed that resonant response
occur over a very narrow band of frequency, which is very difficult to excite these modes
continuously. But from analysis data, the parallel placement of viscous damper result in lower
amplitude of vibration compared to when the damper is in series as shown in Figs. 14 and 15.

e For Frequency-based response function for mode three, it is observed that the critical damping
is equal to 1.00, which is 100% damping for parallel system at any value of damping
coefficient as shown in Fig. 16(b).

e Both series and parallel systems will allow the reduction of member sizes and material due to
the reduction of dynamic stiffness required. Viscous dampers can be made highly reliable
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and redundant, eliminating the need to provide space for devices such as the tuned mass
dampers. Damping applies to all frequency range. The structure as well as economic benefits of
damped outrigger systems.

e The result of analysis suggests that viscous dampers should be installed in parallel with the
perimeter column where the outrigger connects. However, to achieve this type of parallel
connection takes more of a construction challenge than connecting it in line with column as
proposed by Smith and Willford,2007. Two columns side by side will be required to connect
the damper in parallel.
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NOMENCLATURE

A = area of the lumped mass, m?.

A,=area of control valves, m?.

Aax= amplitude at the peak, m.

aH=height at the outrigger level, m.

b = core length, m.

Co= damping coefficient, N.s/m,

CS,,=modal seismic design coefficient, dimensionless.

Cx,,=vertical distribution factor at the xth level in the mth mode, dimensionless.

E =elastic modulus of the core, Pa.

Ep, = energy dissipation, N.m.

Ego= strain energy, N.m.

E,,= equivalent lateral forces in the mth mode, KN.

H,, (w) =complex frequency-response function, dimensionless.

| = moment of inertia of the lumped mass, m*.

J= nodal rotational inertia, Kg m?.

K= stiffness matrix, N/m.

K,=loss stiffness, N/m.

Kr=rotational stiffness, N/m.

k.o =stiffness of column, N/m.

k.q=equivalent complex stiffness, N/m.

L =floor height, m.

M=mass matrix, Kg.

P.=complex periodic loading function, KN.

S1=mapped MCE, 5 percent damped, spectral response acceleration parameter at a
period of 1, %g.

Ss=mapped MCE, 5 percent damped, spectral response acceleration parameter at
short periods, %g.

t =core thickness, m.

u= displacement of the system and the damper, m.

u=velocity of the piston, m/s.

u,=amplitude of the displacement, m.

I;,=modal base shears, KN.

W;=the portion of the total gravity load of the structure at level i, KN.

W, =effective modal gravity load, KN.

Wx=effective seismic weight at each node, KN.

w=frequency of motion, rad/s.

w,, =Vvibration Natural Frequency, rad/s.

d=phase angle, rad.

¢ =damping ratio, dimensionless.

{eq =€quivalent damping ratio, dimensionless.

p=rotation of the core, rad.

¢=eigenvectors represent the mode shape and the Eigen-values, dimensionless.
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¢:m=displacement amplitude at the ith level of the structure when vibrating in its mth

mode, m.
¢b.m=displacement amplitude at the xth level of the structure when vibrating in its mth
mode, m.
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Figure 1. Core — Supported outrigger structures, Sathyanarayanan, et al., 2012.
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Figure 2. Buildings dimensions (a) in elevation, (b) in plan (some details and beams for gravity
system omitted for clarity).
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Figure 6. General arrangement of outrigger levels, Smith and Willford, 2007.
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Figure 13. Response function at fundamental mode with different values of damping coefficient,
C=50; 100; 150; 200; 300(MN.S/m), (horizontal displacement at 36" story vs w (rad/seconds)).
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Figure 14. Frequency-based response function for mode two at C = 100,000 (KN.S/m)
(horizontal displacement at 36" story vs w (radseconds)).
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Figure 15. Frequency-based response function for mode two at C = 200,000 (KN.S/m)
(horizontal displacement at 36" story vs w (rad&econds)).
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Figure 16. Frequency-based response function for mode three at C = 100,000 (KN.S/m)
(horizontal displacement at 36" story vs w (radseconds)).
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Table 1. Frequency and natural periods for series and parallel configuration.

Mode | Frequency | Period
No. | (rad/sec) | (seconds)

Series 1 2.794 2.246
configuration 2 17.439 0.3603
3 48.487 0.1296
Parallel 1 2.853 2.2023
configuration 2 17.443 0.3602
3 48.557 0.1294
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Table 2. Modal base shears and equivalent lateral forces for series and parallel configuration.

Mode Tm San CS,, Vi Cx,, F,,

No.  (seconds) spectral modal (KN)  distribution  (KN)
acceleration  coefficient factor

1" 2.248 0.2322 0.033 8907 (.0687 61/1.666
2" 0.3603 0.9840 0.141 11686 g.1175 1373.200
3 0.1296 0.9840 0.141 4048 (.1903 770.316
1™ 2.2023 0.2370 0.034 0104 0J0686 624.735
2" 0.3602 0.9840 0.141 11650 0.1178 13}72.700
3" 0.1294 0.9840 0.141 4042 0.1903 768.945

* series configuration

** parallel configuration

Table 3. For mode one (relationship between the C and ).

(KN.s/m)
serles parallel serles parallel

10,000
50,000

100,000
150,000
200,000
300,000
400,000
500,000
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ABSTRACT

The present work reports on the performance of three types of nanofiltration
membranes in the removal of highly polluting and toxic lead (Pb**) and cadmium
(Cd*") from single and binary salt aqueous solutions simulating real wastewaters.
The effect of the operating variables (pH (5.5-6.5), types of NF membrane and initial
ions concentration (10-250 ppm)) on the separation process and water flux was
investigated. It was observed that the rejection efficiency increased with increasing
pH of solution and decreasing the initial metal ions concentrations. While the flux
decreased with increasing pH of solution and increasing initial metal ions
concentrations. The maximum rejection of lead and cadmium ions in single salt
solution was 99%, 97.5 % and 98 % at pH 6, 6.5 and 6.2 and 78%, 49.2% and 44% at
pH 6.5, 6.2 and 6.5 for NF1, NF2 and NF3 respectively. On the other hand,
maximum permeate flux for single NF2 (32.2)> NF3 (16.1)>NF1 (14.2) (I/m*.h) for
100 ppm, higher than binary salt solution was NF2 (23.7) > NF3 (13) > NF1 (8)
(I/m.h) for (10 Pb*/50 Cd**) ppm. The NF membranes proved able to achieve high
separation efficiency of both lead and cadmium ions in very suitable conditions,
leaving wastewaters in a condition suitable prior discharged into the environment.

Keywords: Hollow fiber membrane; Nanofiltration; Wastewater; Heavy metals
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1. INTRODUCTION

During the last years, attention has been concentrate on the removal heavy metal
ions from the wastewater due to its toxicity and thus its impact on human health.
Therefore, according to the environmental regulations it is important to remove all of
the heavy metals from the wastewater of various industries so that the wastewater
requires total control prior discharge to the environment, Al-Rashdi et al.,
2011.Various traditional processes have been used to remove heavy metals from
effluents such as sorptive flotation, Muhaisn, 2014. Phytoremediation processes,
Ziarati, and Alaedini, 2014, Paz-Ferreiro et al., 2014. Electrochemical process,
Moosavi, et al., 2014, adsorption, ion exchange and electrocoagulation, most of
these processes suffer from economic limitations and other disadvantages. For
example, in adsorption process most of adsorbents do not have adsorption capacities,
need long adsorption contact times, slow adsorption kinetics, low of selectivity and
still most of adsorbents especially nanoparticles are expensive. Also, solvent
extraction and chemical precipitation have considered as polluting processes
themselves, Moore, and Ramamoorthy, 1985, Sarvi, et al., 2014. The membrane
separation processes were found to be efficient, economic, and green (non-polluting)
separation processes compare with those traditional and polluting methods
mentioned above and gained wide salability in treatment of various industrial
wastewaters. There are several membrane separation processes were used for the
removal of heavy metals from wastewaters such as Microfiltration (MF),
Ultrafiltration (UF), Reverse osmosis (RO) and Nanofiltration (NF), Kozlowski, and
Walkowiak, 2005, Soares, et al., 2005, Ortega, et al., 2008, Evina, et al., 2011.
Nanofiltration membranes (NF) has been used mainly in various industries for
removal of heavy metals compare with UF and RO processes due to the high
removal efficiency and works under moderate pressure, Peeters, 1998, Evina, et al.,
2011. Despite the efficient of the use of NF membrane for removal of heavy metals,
but the researchers have found that there are several factors affected the performance
of NF membranes such as pH, metal ions, type of membrane and metal
concentration, Perkin-Elmer, 1996, Tanninen, et al., 2006. From the literature it
was found that the preparation of hollow fiber NF membranes for heavy metal
removal is still rare and few studies have been reported on high concentrated
multicomponent solutions using NF membranes. Therefore, in this work effective
removals of two heavy metals such as Cd** and Pb* from simulated aqueous
solutions were investigated using three different NF membranes prepared for this
purpose. These two heavy metals are selected due to its severe side effects to human
health. The effect of the operating conditions such as pressure, initial feed
concentration and pH solution on membrane separation performance and water flux
were studied.

2. EXPERIMENTAL WORK
2.1 Materials and Method
Simulated wastewater was prepared by adding the cadmium nitrate
Cd(NO3)2.4H,0 and lead nitrate Pb(NOs3), to the distilled water. Stock solutions
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(1000 ppm) of Cd** and Pb?* were prepared by dissolving the appropriate weight
of cadmium nitrate and lead nitrate in distilled water and kept in polyethylene
container at room temperature. The desired concentrations were prepared by
diluting the stock solution in accurate proportions to different initial
concentrations. Several solutions were prepared with different concentrations of
(10 - 250 ppm) and pH values of (5- 7). Three different types of
polyethersulfone (PES) NF membranes (PES type Radel, was provided by
Solvay Advanced Polymers (Belgium)) prepared by using dry/wet phase
inversion method coded as NF1, NF2, and NF3 for the purpose of heavy metals
removal. The surface morphology and all the specifications of NF membranes
are summarized in Table 1. The pH value was measured using a calibrated pH
meter (HQ411d, pH /mv, HACH Company) whereas concentrations of metal ion
in simulated and treated solutions were examined using (AAS-6200) Atomic
absorption flam emission spectrophotometer (Shimadzu company, Japan). The
instrument was calibrated regularly and calibration curve was verified before
each sample set. The surface charge of the membrane surface depends on the
value of the pH, negative charge for solution pH value higher than 5 and positive
membrane surface charge when pH value of the solution is less than 4,
Tanninen, et al., 2004, Al-Rashdi et al., 2011.

2.2 Membrane Filtration Experiments

The permeate flux of distilled water and heavy metals solutions as well as
rejection of heavy metals experiments using NF1, NF2, and NF3 hollow fibers were
achieved by module cross-flow pattern filtration as shown in Fig. 1. NF membranes
experiments were carried out at a transmembrane pressure of 1 bar, solution
temperature of 25 + 3 °C, different initial metals concentration (10 -250 ppm)
and pH (5 -7). Permeate flux (J) and heavy metals rejection (R %) was obtained from
the following Eq. (1), Xu, 2002, and (2), respectively:

=2~ and R%) =[1-Z]x100 (@
AXt cf
where V is the volume of the permeate (1), t is the collected permeate time (h), A
is the membrane surface area (m?), C; and C, are the heavy metal concentrations in

bulk feed and permeate solution, respectively. After each set of experiments, for a
given feed concentration, the setup is rinsed with distilled water for 60 min at 4 bars
to clean the NF membrane experimental system, followed by measurement of pure
water permeation flux with distilled water to ensure that the initial membrane flux is
restored. Moreover, pH value was adjusted using 1 M NaOH or 1 M HCI.

3. RESULTS and DISCUSSION
Permeability of NF Membrane

Pure water permeability (PWP) measurements as a function of (TMP) for three types
nanofiltration membranes were carred out by using Eq. (1) as shown in Fig. 2. It can be seen that
PWP increased linearly when (TMP) increased from 1 to 4 bar, which may be explained that the
performance of the membrane was not significantly affected by the fouling. The membrane
pearmeability were found to be 37.9 > 16.6 > 16.4 (I/m®.h.bar), at 1 bar transmembrane pressure
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for NF2, NF3 and NF1, respectively. The reason of this behavior is due to that of the porosity of
NF2 is higher than the others as the following squence:
NF2 67.6 >NF358.1 >NF152.5%
PWP considered to be a reference to the fouling of the membrane, concentration polarization
and to evaluate cleaning procedure.

3.2 Lead and Cadmium lons Removal from Single Salt Solutions
3.2.1 Effect of feed pH on NF membranes performance

At the beginning of the work, carried out all the experiments at pH values of (1.5- 11) to
determine the effect of pH on the permeate flux and rejection of heavy metal ions, Where noticed
that at acidic pH lower 5.5 not happened any rejection for metal ions therefore, the results not
dependent. on the other hand, the rejection of heavy metal ions at alkaline pH (7-11) nearly 100
percent and appeared white sediments , this mean the rejection of heavy metal ions because of
deposition and not NF membranes, therefore, the results not dependent. Therefore, the effect of
pH values on permeates flux and rejection was studied at pH (5.5-6.5).

Fig. 3 to 5 show the effect of the pH feed solution on the permeate flux of the three types of
NF membranes for 100 ppm initial Pb** and Cd®* concentrations at different times, generally, it
can be noticed that the permeate flux of all solutions decreases with increase of feed pH from 5.5
to 6.5. Using NF1, permeate flux decreased from 14.2 to 11.7 (I/m2.h) and 10.5 to 9.8 (I/m?.h)
with increase of feed pH from 5.5 to 6.5 for Pb%* and Cd?*, respectively.

Using NF2, it can be seen that the same behavior is observed as in NF1, permeate flux
decreased from 32.3 to 29 (I/m?.h) and 28.4 to 27.3 (I/m?.h). While for the third type membrane
NF3, permeate flux decreased from 16.1 to 14 (I/m®.h) and 14.9 to 12.8 (I/m%.h) with increase of
feed pH from 5.5 to 6.5 for Pb®" and Cd?*, respectively.

This phenomenon is mainly attributed to the charge of the membrane surface, with increasing
pH from 5.5 to 6.5 the charge of the membrane becomes more negatively due to the increase of
OH’, therefore, adsorption of heavy metal ions occurs at the surface of the hollow fiber
membrane because of the electrostatic attraction, which in turn lead to decrease pore size of
membrane thus, decrease the permeation flux. The explanation is due to shrinkage of the
membrane layer as a result of differences in the hydration of membrane ionized groups, Ballet,
et al., 2004.1n addition, Wang, et al., 2007; explain the change due to concentration polarization
and membrane fouling. Similar behavior was found in the literature, Tanninen, et al., 2004.

Fig. 6 to 8 present the effects of pH feed solution on the rejection of the three types of NF
membranes for 100 ppm initial concentration of Pb®* and Cd?* at different times. Using NF1,
rejection of Pb*" increases from 63.5 to 83.4% with increased pH from 5.5 to 6 while the
rejection of Pb?*decreased significantly to 65.5 % at pH value 6.5. Regarding the rejection of
Cd?*", it can be seen that the rejection increases from 22 to 68% with an incease of pH value
from 5.5 to 6.5. The same behavior of NF2 membrane is observed as in NF1, the rejection of
Pb** increases from 61.4 to 66.5 % with increase pH from 5.5 to 6.5. The rejection of Cd**
increases from 18 to 45% with increase pH from 5.5 to 6.2 while the rejection of Cd®* decreased
significantly to 33% at pH value 6.5. Moreover, using NF3 membrane, rejection of Pb?*
increased from 36.6 to 67.6% with increase pH from 5.5 to 6.2 while the rejection of Pb?*
decreased significantly to 63 % at pH value 6.5. Regarding the rejection of Cd?* increased
from 11 to 32% with increase pH from 5.5 to 6.5. From the results mentioned above it can be
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said that the heavy metals rejection increases with increase of pH value mainly due to increase
the negative charge on the membrane surface and then result to increase the attraction between
the lead and cadmium ions and the membrane surface, which leads to enhance the membrane
separation performance . Similar behavior was found in the literature, , Tanninen, et al., 2004,
Al-Rashdi et al., 2011.

3.2.2 Effect of initial metal concentration on NF performance

Fig. 9 to 11 show the effect of the initial concentration of Pb** and Cd** on the permeate flux
for the three types of NF membranes at the best initial pH value obtained from the study of the
effect of pH at different times. Using NF1, it can be observed that the permeate flux significantly
decreased from 13 to 10.3 (I/m?.h) and 10 to 9.3 (I/m2.h) with increase initial Pb*" and Cd*
concentration from (10-250 ppm), respectively. Using NF2, noticed decrease permeate flux with
increase initial metal ions concentration where permeate flux decreased from 32.3 to 28.6 (I/m2.h)
and 28.8 to 20.8 (I/m2.h) with increase initial Pb®* and Cd** concentration from (10- 250 ppm),
respectively. While permeate flux for NF3 decreased from 16 to 14.3 (I/m®h) and 13.9 to 12.4
(I/m%.h) for Pb** and Cd®* solution, respectively, with increased initial ions concentration from
(10-250 ppm).

This decline in permeate flux may be due to the increase of deposition of the metals on the
membrane surface with increase of initial metal ions concentration, which leads to clogged pores
of the membrane and decrease the pore size and also the exit portion of the solutes with permeate
water, leading to a decrease permeate flux. Also from the results above it is worthy to mention
here that the Cd®* were more fouled on the membrane surface compared with Pb?*, where
permeate flux of NF2 (32.3)> NF3 (16) > NF1(13) (I/m®.h) for Pb**, NF2 (28.8) > NF3 (13.9) >
NF1 (10) (I/m?.h) for Cd®" at initial ions concentrations 10 ppm, while permeate flux of NF2
(28.6) > NF3 (14.3) > NF1 (10.3) (I/m?h) for Pb?*, NF2 (20.8) > NF3 (12.4) > NF1 (9.3)
(I/m®.h) for Cd*" at initial ions concentrations 250 ppm. The same behavior was noticed by Al-
Rashdi, et al., 2013.

The effect of initial metal ions concentrations on rejection of the three different NF
membranes are depicted in Fig. 12 to 14. Using NF1 membrane, the rejection was decreased
from 99 to 43% and 78 to 41.6% with increased initial ions concentration from (10-250 ppm) for
Pb** and Cd?*, respectively. While the rejection by using NF2 was decreased from 97.5 to 43%
and 50.2 to 26% with increased initial ions concentration from (10- 250 ppm) for Pb®* and Cd**,
respectively, and also the rejection by using NF3 was decreased from 98 to 49% and 44 to 25%
for Pb?* and Cd**, respectively. Rejection decreases with increasing the initial concentration of
metal ions at the best initial values of pH which be obtained from the single component
experiments and at different times, which depends on the type of metal removed by membranes,
Murthy, and Gupta, 1997, Peeters, 1998, Bouranene, et al., 2008. It is a characteristic nature
of the NF membranes and interpreted by screen phenomena. The increase in initial ions
concentrations leads to screen such formation of cations above the membrane in high pressure
side. This cations screen formations neutralizes the negative charge of the membrane. The total
charge of the membrane decreases and the repulsion between the membrane and the cations will
decrease, Farares, et al., 2005.
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3.3 Lead and Cadmium Removal From binary aqueous solutions
3.3.1 Effect of initial metal concentration on permeate flux

Data in Fig. 15, show the effect of different initial metal ions concentrations in binary model
on the permeate flux of NF membranes at optimum pH and 1 bar pressure. It can be noticed that
the permeate flux decreases with increasing initial ions concentrations. For binary agqueous
solution (Pb*?/ Cd*?) experiments for (10/50 ppm), (50/10 ppm) and (50/50 ppm) initial ions
concentrations, the permeate flux of NF1 were 8, 7.7 and 7.6 (I/m?.h), of NF2 were 23.7, 23.3
and 23 (I/m%.h) and of NF3 were 13, 12.7and 12.5 (I/m?.h), respectively. Compared with PWP
16.4, 37.9 and 16.6 (I/m2.h) for NF1, NF2 and NF3, respectively, the permeate flux was in the
following sequence: NF2 23.7 > NF3 13 > NF1 8 (I/m?.h) for initial ions concentrations (10/50
ppm), because of that porosity of NF2 67.6 > NF3 58.1 > NF1 52.5%, allow the exit of the
largest amount of permeate flux. Also, the decline in permeate flux happen due to several
reasons, including, adsorption of soluble hydroxide of the metal on the surface of the membrane,
the composition of the cake layer deposited metal hydroxide and concentration polarization, Al-
Rashdi et al., 2011. In other word,the largest atomic wight has low permeate flux (Pb** = 207.2
and Cd** = 112.4 gm/mol), Bouranene, et al., 2008, Gherasim, et al., 2013.

3.3.2 Effect of initial metal concentration on rejection

The rejection of two metal ions in the aqueous solution is studied and the results are depicted
in Figures 16. For binary aqueous solution model (Pb*/ Cd*"), using NF1, the rejection of
Cd**47.4 > Pb®* 34%, Cd** 49 > Pb®* 45.4% and Cd** 54 > Pb*" 40.4 % at initial concentration
(50/50 ppm), (10/50 ppm) and (50/10 ppm), respectively. Moreover, using NF2, the rejection of
Cd** 52.6 > Pb®* 51.3, Cd** 55.8% > Pb** 55.4 and Cd** 61.3 % > Pb®* 52.4% at initial
concentration (50/50 ppm), (10/50 ppm) and (50/10 ppm), respectively. While, using NF3, the
rejection of Cd** 42.1 > Pb** 40.2%, Pb** 49.3 > Cd?* 45.5% and Cd** 56 > Pbh?* 44.6% at initial
concentration (50/50 ppm), (10/50 ppm) and (50/10 ppm), respectively. The explanation of that,
the cadmium ions rejection is higher than lead ions rejection, and this higher rejection of
cadmium salt is determined by the higher hydration energy of cadmium cation (-1755 kJ/mol of
Cd?*) > (-1425 Kj/mol of Pb**), Marcus, 1997. Similar results which highlight the increase in
the cation retention with increasing hydration energy were obtained by Gherasim, et al., 2013.

4. CONCLUSIONS

In the present study, concluded the maximum rejection of Pb** in single salt solution were
99, 97.5 and 98%, and of Cd** were 78, 49.2 and 44 % for NF1, NF2 and NF3, respectively.
While the maximum rejection of Pb?* in binary aqueous solution were 45.4, 55.4, 49.3 % , and
of Cd*" rejection were 49,55.8 and 45.5 % for NF1, NF2 and NF3, respectively. It can be
concluded that the permeation flux and rejection of Pb?*were higher than that of Cd®* at different
pH values and initial ions concentration and NF2 was very efficient hollow fiber NF membrane
for removal of Pb?* and Cd®*and also for binary aqueous solution. Finally, the separation
performance of hollow fiber NF membranes is strongly depending on the membrane properties
such as mean pore size, pore size distribution, and thickness.
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NOMENCLATURE

A = area, m?,

Cp = concentrations in permeate solution, ppm.
Cp = concentrations in bulk feed, ppm.

J = permeate flux, I/m2.hr.

ppm = part per million.

PWP = pure water permeability.

R = rejection, %.

t =time, h.

V = volume, .
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Table 1. Characteristics of the NF membranes

Type of membrane NF1 NF2 NF3
Material PES (29%) PES (27%) PES (27%)
Module Hollow fiber Hollow fiber Hollow fiber

Length (cm) 22.2 22.7 23.1
Active Area (m °) 4.4x107 5.7x107 5.8x10°

Max operating temp (°C) 45 45 45

Average pore size (nm) 52.04 58.11 47.75
pore size distribution (nm) 25 - 100 35-130 20 - 115

Porosity (%) 52.5 67.6 58.1

Outer diameter (um) 1012 958.4 1005

Inner diameter (um) 620 576 603.6
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ABSTRACT

Biotreatment using immobilized cells (IC) technology has proved to be the most promising and

most economical approach for the removal of many toxic organic pollutants found in petroleum-
refinery wastewater (PRW) such as phenol. This study was undertaken to evaluate the
degradation of phenol by Pseudomonas cells individually immobilized in two different bio-
carrier matrices including polyvinyl alcohol-guar gum (PVA-GG) and polyvinyl alcohol-agar
agar (PVA-AA). Results of batch experiments revealed that complete removal of phenol was
attained in the first cycle after 150 min using immobilized cells (IC) in both PVA-GG and PVA-
AA. Additional cycles were confirmed to evaluate the validity of recycling beads of immobilized
cells for phenol biodegradation. Results revealed that the phenol percentage removals were 95,
92, 86, and 84 % for second, third, fourth, and fifth cycles, respectively using Pseudomonas
immobilized in PVA-GG beads. Whereby they were 96, 92, 90, and 84 % using Pseudomonas
immobilized in PVA-AA beads for the same sequence of cycles.

Key words: Immobilized cells, Pseudomonas, bio-carrier, wastewater, and phenol
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1. INTRODUCTION

Phenol is the first compound inscribed into the list of priority pollutants by the US
Environmental Protection Agency (US EPA). Phenol irritates skin and causes its necrosis; it
damages kidneys, liver, muscle and eyes, Phenolic compounds are carcinogenic to human
and lethal to aquatic life at relatively low concentration levels (5-25) mg/L, Michalowicz,
and Duda, 2007; Al-Khalid, and El-Naas, 2012. The maximum allowable concentration of
phenol is 0.5 mg/L according to the Iraqi legislation. Thus; the removal of phenol from
industrial aqueous effluents is of great practical significance for environmental protection, Al
Zarooni, and Elshorbagy, 2006; EI-Naas et al., 2010. The physical and chemical treatment
methods have limited success when applied to the treatment of refractory organic pollutants
because these processes led to secondary effluent problems due to formation of toxic
materials. Therefore, intensive attention has been paid to the degradation of these pollutants
by microorganisms and their transformation into compounds inoffensively with formation of
new cellular mass, Karigar, et al., 2006; Cozma, et al., 2012. Biotreatment of phenol has
attracted great attention due to its environmentally friendly approach and its ability to
mineralize toxic organic compounds completely. However, phenol degradation by bacterial
cells generally limited by substrate inhibition and low conversion rates. These drawbacks can
be overcome by immobilization technology. Immobilized cells (IC) technology utilizes the
colonization of specialized bacterial cells into beads made from natural and synthetic
polymers. Bacteria of the genus Pseudomonas are a group of increasing both fundamental
and biotechnological interest that exhibit a diverse range of metabolic activities and play an
important role in the degradation of aromatic hydrocarbon in the PRW, Kuyukina et al,
2009. However, toxicity of organic pollutants may prevent or slow metabolic reactions in
biological treatment. So, the introduction of new and improved biotechnologies that enable
engineers and scientists to tackle the more contemporary environmental problems such as
detoxification of hazardous compounds through the use of living microorganisms would be
necessity, Loh, et al., 2000; Martins, et al., 2013. It has been shown that the biodegradation
rate can be improved by immobilizing the cells by using solid support particles such as
polyvinyl alcohol (PVA) to obtain the maximum degradation capability, Al-Khalid, and El-
Naas, 2012. There were a little previous works that dealt with relatively low initial phenol
concentration. However, El-Naas, et al., 2009 evaluated phenol biodegradation by
Pseudomonas Putida immobilized in PVA gel pellets at initial phenol concentration of 75
mg/L. In the study done by Chung, et al., 2003 that compared between free and immobilized
cells of Pseudomonas putida, free cells (FC) could degrade phenol up to about 600 mg/L in
batch reactor whereas this level becomes up to 1000 mg/L for immobilized cells (IC) in Ca-
alginate beads. Wang, et al., 2007 used PVA carrier for immobilization and reported that the
immobilized cells of Acinetobacter sp. could tolerate higher phenol levels and the
immobilized cells possessed better storage stability, which demonstrated that PVA carrier
cubes had good flexibility and retained a high mechanical strength. Zhiguo, et al., 2012
isolated a bacterial strain Pseudomonas sp. that was capable of degrading nitrobenzene,
phenol, aniline, and other aromatics and then immobilized its cells in the mixed carrier of
polyvinyl alcohol and sodium alginate to improve its degrading efficiency. In the study of
El-Gendy, and Nassar, 2015 was isolated the marine diesel-oil degrading bacterium,
Pseudomonas aeruginosa NH1 and examined its ability to degrade diesel oil contaminating
seawater as immobilized cells by entrapment in Ca-alginate. The biodegradation rate of
different components of diesel oil was enhanced by immobilization, indicating the improved
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tolerance of the immobilized cells towards different toxic components of diesel oil and
environmental conditions.

The aim of this study is to evaluate the phenol biodegradation by immobilized cells of
the bacterium of genus Pseudomonas. Two natural bio-carrier polymers; guar gum (GG) and
agar-agar (AA) reinforced by Polyvinyl alcohol (PVA), were used to immobilize the
bacterium of genus Pseudomonas for investigating the performance of the suggested system
in enhancement phenol removal efficiency.

2. MATERIALS AND METHODS

The materials which were used as bio-carriers in this study were natural polysaccharide
polymers including Agar-Agar (AA) and Guar Gum (GG) as given in Table 1. These
biopolymers were individually cross-linked with polyvinyl alcohol (PVA) to improve the
strength and mechanical stability of beads since the natural polysaccharides are abundantly
available but they are less stable in the wastewater than synthetic polymers, Stolarzewicz, et
al., 2011.

2.1 Isolation of inoculum for use in the preparation of immobilized cells

A phenol-degrading bacterial strain was isolated from the activated sludge freshly
collected from Baiji Oil Refinery, (Irag), and identified as Pseudomonas sp. via enrichment
culture technique which included streaking the bacterial strain on Petri dishes. Three-3-day-
old colonies that incubated at 25 °C on Inoculum Production Medium (IPM) agar were
transferred into 5 ml of IPM and incubated statically for 48 h at 25 °C. Subsequently, this
culture was transferred into 250 ml screw-capped Erlenmeyer flask containing 45 ml of IPM.
The loosely capped flask was incubated for 24 h in an orbital shaker at 25 °C and 150 rpm,
Safont, et al., 2012.

2.2 Immobilization Protocol
2.2.1 Polyvinyl alcohol-guar gum matrix

PVA-GG matrix was prepared as follows: 6 g PVA and 2 g GG were dissolved in 100
ml distilled water and blended by a magnetic stirrer at 70 °C for 30 min. After cooling the
mixture to room temperature, it was inoculated with 5 ml of inoculum culture prepared from
previous step and was stirred by a magnetic stirrer for 15 min. The obtained solution was
poured into sterile micro-plates to form beads of 3 mm diameter contained immobilized cells,
kept in the freezer for 12 hours, and then thawing them. The freezing-thawing procedure was
repeated for 3 times to improve the stability of beads, Bai, et al., 2010.

2.2.2 Polyvinyl alcohol-agar agar matrix
A 2% solution of Agar-Agar was prepared with 0.9 % PVA powder. A 5ml volume of

biomass inoculum was added to the PVVA-agar mixture, shaken well for few seconds (without
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forming entrapped bubbles), poured into 2 sterile micro-plates and allowed to solidity in the
freezer and then thawed. The beads were washed with distilled water 3 to 4 times, Kumer, et
al., 2014. Fig. 1 presents samples of the prepared beads with 3 mm in diameter.

2.3 Culture Medium

1 L of the mineral salt medium (MSM) for inoculum cultivation consisted of (g L™):
NaCl, 1; Na;HPQ,, 1.5; KH,PO,4, 0.5; MgS0,4.7H,0, 0.2; and yeast extract, 0.5, in distilled
water (DW). The pH of MSM was adjusted to 7. To prepare the culture medium containing
carbon and energy sources, an appropriate amount of phenol from a stock solution of 20
mg/L (stored in a dark bottle at 4°C) was firstly dispended into 250 ml flasks. MS medium
was then added to the 500 ml flasks and finally the resulted aqueous solution was added to
spouted bed bioreactor (SBBR).

2.4 Experimental System Configuration and Setup

The experimental system consisted of a specially designed fluidized bed bioreactor,
known as spouted bed bioreactor (SBBR) made of Perspex column (inner diameter 50 mm,
height 70 cm) with 45° conical base. The SBBR could be operated in batch and continuous
mode operation as well. The SBBR was outfitted with a Perspex jacket (inner diameter 80
mm) for temperature control. A water bath was designed to continuously circulate the water
at a desired temperature of 30°C. The water bath consisted of 6 Liter-cylindrical Perspex
tank, occupied with heater (Aquarium immiscible heater rod, China) and water pump (RS
Electrical, RS-80, Qmax = 1000 L/h & Hmnax = 1m) to circulate the water into the reactor
jacket. The aqueous solutions were fed to the SBBR via a peristaltic pump (Thomas 3386). In
order to provide an intense mixing and maintain aerobic environment into the spouted bed
bioreactor, air was injected from the bottom of the reactor by an air pump (HAILEA, ACO-
308, China) through a 6 mm-orifice. A flow meter and controller (GENTEK, GNT604) was
provided to control the air flow into the system. The experimental setup is given in Fig. 2.
The spouted bed bioreactor reactor was operated in an up flow co-current air/water mode
with 4 L/min and 20 ml/min for air and liquid flowrates, respectively.

2.5 Analytical Analysis and Methodologies

Phenol concentration in aqueous samples was determined by T80 UV-VIS
Spectrophotometer at 270 nm wavelength. The cells counting in each experiment with
immobilized microorganisms involves removal of the cells from the immobilization matrix
by dissolving the beads by immersing them in 4 % NaHCO; solution for 30 min. Samples of
microorganisms residing in the wastewater were used without additional treatment. Routine
counts of biomass cells in wastewater or within the beads were counted by the Plate Count
Method (CFU/mL) in a series of dilutions (in 0.85 % saline) and traditional approach of
volatile suspended solids (VSS, g/L), Cruz, et al., 2013.
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3. RESULTS AND DISCUSION

3.1 Effect of Beads Concentration on Biodegradation Rate

The amount of immobilized cells beads in the bioreactor plays an important role in the
biodegradation process. The performance of immobilized cells was examined at initial
concentration of 500 mg/L equivalent to free cells system by using 10 and 25 % (v/v) of
beads. In order to make a reasonable comparison between biodegradation rates at the two
bead densities (10 and 25 % (v/v)) examined in this study, the initial bacterial cells
concentration was kept in the beads and increasing the number of beads at lower cell density
inside them. This can be explained by the fact that the higher cell concentration inside the
beads limits the nutrients availability inside beads. This could have in turn contributed to the
enhancement and improvement of biodegradation process, Safont, et al., 2012. Fig. 3 shows
the effect of beads concentration (as volume percentage) on the biodegradation of phenol.
The degradation rates of phenol using 10 % (v/v) of immobilized cells in PVA-GG and PVA-
AA beads were 5.298 and 6.240 mg/L.h, respectively. Whereby, they were 7.50 and 7.53
mg/L.h, respectively using 25 % (v/v). Hence, the biodegradation rate using 25 % (v/v) of
beads was higher than the biodegradation rate using 10 % (v/v). It is well expected since the
concentration of the beads in the bioreactor can be related directly to the amount of the
bacterial biomass immobilized in these beads. The results which performed by Loh, et al.,
2000, who used an immobilized-cell membrane bioreactor to investigate phenol degradation
at high concentrations using Pseudomonas Putida, showed that 25 % (v/v) of immobilized
cells were effective in rapid degradation of 100 mg phenol/L.

3.2 Time Course of Phenol Biodegradation

Time course of phenol biodegradation was examined at initial phenol concentration of 20
mg/L by taking a sample periodically every 30 min. Results given in Fig. 4 and Fig. 5
showed that the bacterium of Pseudomonas sp. was capable to complete removal of 20 mg/L
of phenol after 150 min for the bacterial cells immobilized in both PVA-GG and PVA-AA
beads at the 1% degradation cycle without any further acclimation to the phenol initial
concentration. These results were compared to results that performed by El-Naas, et al.,
2009, which indicated that the bacterium of Pseudomonas Putida was capable to complete
removal of 25 mg/L of phenol after 48 min for the bacterial cells immobilized in PVA gel
pellets due to previous acclimation process to the phenol which the microorganism used as a
source of carbon and energy. According to Karigar, et al., 2006, there was a decline in the
growth rate of immobilized cell of Arthrobacter citreus due to the inhibitory effects of
phenol at 22mM.

3.3 The Potential of Using Immobilized Cells for Phenol Degradation

Results demonstrated complete degradation of phenol can be obtained using Pseudomonas
immobilized in PVA-GG and PVA-AA beads in the first cycle after 150 min. In addition, to
determine the validity of recycling immobilized cells of Pseudomonas was determined by
carrying out consecutively excessive batch experiments using recycled beads. Results
revealed that immobilized cells can be efficiently reused without decline in their
biodegradation capability. The results of the phenol percentage removals for the last four
excessive cycles were as following: 95, 92, 86, and 84 % for second, third, fourth, and fifth
cycles, respectively using Pseudomonas immobilized in PVA-GG beads at degradation
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period of 150 min. Whereby they were 96, 92, 90, and 84 % using Pseudomonas
immobilized in PVA-AA beads for the same sequence of cycles. According to the results
noted by, Wang, et al., 2007, the immobilized cells of Acinetobacter sp. degraded 69% of
100 mg phenol/L after two reuse cycles.

In this study as shown in Fig. 4 and Fig. 5, this phenomenon could reduce expenses
during operational periods, Cai, et al., 2011. However, the biodegradation rates of phenol
were decreased slightly and gradually with the consecutive cycles due to the mechanical
instability of beads and gradual leakage from their porous.

4. CONCLUSION

The physical freezing-thawing method of immobilization proposed in this study was
shown to be a successful with natural polymers in phenol biodegradation. The biodegradation
rate of phenol using Pseudomonas cells individually immobilized in PVA-GG and PVA-AA
matrices was evaluated in a spouted bed bioreactor (SBBR). Experimental results
demonstrated that complete removal of phenol can be obtained after 150 min using
immobilized cells in both PVA-GG and PVA-AA beads. Also, the use of immobilized cells
(IC) allowed to increase the number of biodegradation process cycles, but relatively reduced
the degradation rate. However, excessive degradation cycles up to 5 cycles were carried out
and results revealed that the potential recycling of immobilized cells for complete removal of
phenol at different time periods. Results indicated that increasing the beads concentration
resulted in the increasing the biodegradation rate of phenol since the increasing of beads
resulted in increasing the biocatalyst cells concentration in these beads and therefore the
degradation rate would be higher.
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NOMENCLATURE

AA: Agar-agar

CFU: Colony Forming-Unit

DW: Distilled water

FC: Free cells

GG: Guar gum

IC: Immobilized cells

IPM: Inoculum Production Medium
MSM: Mineral Salt Medium

PRW: Petroleum-Refinery Wastewater
PVA: Polyvinyl alcohol

rpm: revolution per minute

SBBR: Spouted bed bioreactor
VSS: Volatile Suspended Solids
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Figure 1. Samples of the prepared beads.
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Figure 2. Schematic diagram of the lab-scale spouted bed bioreactor.
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Figure 3. Biodegradation rate of phenol by Pseudomonas immobilized in two different bio-
carriers using 20 mg/L initial phenol concentration .
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Figure 5. Profiles of phenol degradation by Pseudomonas cells immobilized in
PVA-AA.

Table 1. Polymers used as bio-carriers in the study.

Chemical

Source
formula

Abbreviation

Polyvinyl alcohol (C,H,0), raw material of vinylon

Agar-Agar algal polysaccharides derivatives

(C12H100)n (Marine-Seaweed algae)

Obtained from non-marine

Guar Gum (CeH100s)n botanical resources

*(E. Number): is a code for a substance that can be used as food additives within European Union & Switzerland.

78



Number 4 Volume 22 April 2016 Journal of Engineering

Adding Cellulosic Ash to Composting Mix as a Soil

Amendment
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ABSTRACT

Solid waste generation and composition in Baghdad is typically affected by
population growth, urbanization, improved economic conditions, changes in lifestyles
and social and cultural habits.

A burning chamber was installed to burn cellulosic waste only. It was found that
combustion reduced the original volume and weight of cellulosic waste by 97.4% and
85% respectively.

A batch composting study was performed to evaluate the feasibility of co-
composting organic food waste with the cellulosic bottom ash in three different weight
ratios (w/w) [95/5, 75/25, 50/50].

The composters were kept in controlled aerobic conditions for 7 days.
Temperature, moisture, and pH were measured hourly as process successful indicators.
Maximum temperature ranged between (41 to 53) °C.

Results showed that the blend of M2 [OFMSW: BCA] [75:25] was the most
beneficial to composting. It maintained the highest temperature for the longest duration
for 9hrs. at (53) °C, achieved the highest nitrogen content(1.65%) , a C/N ratio of (14.18
%), nitrification index(N-NH4/N-NO3) of (0.29),nitrogen, phosphorous and
potassium(NPK)(1.65, 1.22, 1.73)% respectively, seed germination 80% indicating that
the achieved compost is mature and stable.

Heavy metal contents (Cd, Cr, Cu, Mn, Ni, Pb and Zn) were detected in the above
compost and all were lower than the regulation limits of the metal quality standards
for compost and stabilized bio-waste.

Key words: cellulosic and organic waste, incineration, bottom ash, composting, seed
germination
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1. INTRODUCTION
Incineration is a common technique for treating waste, as it can reduce waste
mass by 70% and volume by up to 90%, as well as providing recovery of energy from
waste to generate electricity. Generally, municipal solid waste incineration (MSWI)
produces several streams of ash: bottom ash and fly ash. Treatment processes may be
applied to the combined ash or to individual streams, Lam, et al, 2010.

Such ash could better be used as a supplement to fertilizers as it contains a variety
of micro nutrients and abound of potassium and calcium. Wood ash fertilization for
example increases pH and concentration of dissolved organic carbon (DOC) in the soil
solution and enhances the activity of soil microorganisms, Jokinen, et al., 2006;
Maljanen, et al., 2006; Bougnom, and Insam, 2009.

Using the ash from MSW incinerators for environmentally sound application not
only provides a low cost aggregate but further reduces the need for landfill capacity,
Huang, et al., 2011.

In particular, incineration of waste containing heavy metals should be avoided to
maintain suitable slag quality (however, ordinary household waste does contain small
amounts of heavy metals), Song, et al., 2004.

All waste disposal alternatives eventually decompose organic materials into
simpler carbon molecules such as CO, (carbon dioxide) and CH; (methane), while
incineration provides the best way to eliminate methane gas emissions and furthermore,
energy obtained from waste incineration projects provides a substitute for fossil fuel
combustion, Lam, et al, 2010.

If the organic waste is buried in pits under partially anaerobic conditions, it will
be acted upon by anaerobic microorganisms with the release of methane and carbon
dioxide; the organic residue left is good manure. This process is slower than aerobic
composting and occurs naturally in landfills. However, thermophiles digestion leads to
energy recovery through biogas generation, Giusquiani, et al., 1988.

The final product after this conversion is called compost (humus), which is of
high agricultural value. It is used as fertilizer, and it is odorless with no pathogens.
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Because of this composting process, volume of the waste can be brought down to
50-85% , Tchobanoglous, and Kreith, 2002.

Composting could be manual or mechanical. Manual composting is adopted in
smaller urban centers while mechanical composting is adopted in big cities, Zhou, and
Wong, 2001.

The recycling of the organic matter contained in municipal solid waste (MSW) as
an amendment for agricultural soils after composting is a feasible option for conserving
the organic matter levels in soil and also for improving soil quality and productivity,
Araujo, et al., 2010.

Compost has been reported as having a great potential for retaining trace elements
in non-available forms potentially reducing their overall bioavailability and toxicity due
to several processes, including raising soil pH, complication, sorption, precipitation, or a
combination of them, thus providing an effective soil remediation technique, Brown, et
al., 2003; Brown, et al., 2004.

However, some drawbacks may happen with this technique, namely the potential
mobilization of some elements in particular Cu associated to dissolved organic matter and
the re-release of the immobilized elements after compost organic matter mineralization in
the long term, Zhou, and Wong , 2001.

Therefore, the aim of this of this research is to produce a compost of high quality
as a solid waste management approach by analyzing heavy metals content in cellulosic
ash and applying the compost process as a treatment method to make food waste and
paper ash mixture as a soil amendment meeting applicable regulations

2. EXPERIMENTAL WORK

The experimental work consisted of two stages. The first stage was to incinerate
separated cellulosic waste, while the second stage was to prepare compost by composting
food waste with previously prepared bottom ash in definite ratios.

2.1 Incineration of Separated Cellulosic Waste

A schematic diagram of the incineration chamber that was used in the experiment
and work is shown in Fig.1. Only cellulosic waste was burned in manageable volumes so
the fire does not get out of control.

2.1.1 The basis of the design of the combustion chamber

Combustion chamber was designed on the basis of burning of 1 kg of cellulosic
waste, which equals to 0.015 m®. The burning chamber was designed to be 0.025 m®,
where the excess size is 0.01 m® to provide enough space for air and for easy flipping for
the sake of completion of combustion process.

2.1.2 Incinerator design

The burning chamber is normally 0.025 m* with a removable side, devices or
features for higher burning temperatures, better mixing of air and suitable holding time,
were affixed to the chamber. This chamber is made of heavy sheets of locally available
materials 4 mm-ferrous alloy, with a side-covering lid to help in heat retention, suitable
holding time inside the chamber, feed cellulosic materials, entering the combustion
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flame, and flipping feed material during the burning process and provided with a chimney
having a small slot for gas measuring that will be emitted during the process of burning.

A handmade waste distributer was used to turn burning material over and a
handmade ash collector was used to collect totally burned waste.

A perforated steel plate was installed in the chamber, 10 cm a part from one end
for ventilation to supply combustion air.
A pressure gage inlet air controlling gas and a compressor to pump air were provided for
the combustion process.

Several burning test runs were held in order to optimize operational procedures
and four runs were performed to collect bottom ash for analysis.

2.2 Composting Food Waste with Bottom Ash in Definite Ratios.
2.2.1 Materials and method
The preparation of the experimental samples was based on the representative

components of MSW chosen from regular daily kitchen waste. The samples were mixed
artificially according to definite ratios.

The composting system consisted of three plastic containers of 15 cm diameter and
30 cm height with screw covers as shown in Fig.2. The useful volume of each composter
is 5.2 liter while the degree of initial filling is 75%. Approximately 2 kg of feed materials
were introduced in each composter with different organic food municipal solid waste to
bottom cellulosic ash (OFMSW: BCA) ratios according to definite C/N values.

C/N values were calculated using the following equation, Tchobanoglous, et al.,
1993:

Cin1 kgin OFMSW + Cin x kgin BCA _
Nin 1 kgin OFMSW + N in x kgin BCA

CIN 1)

Where:

C: Carbon percentage

N: Nitrogen percentage

OFMSW: Organic Food of Municipal Solid Waste in kg
BCA: Bottom Cellulosic ash in kg

X: weight of BCA inkg

Biodegradable (organic) waste was segregated at household level minced into pieces
of <5 mm in diameter using a food processor (Brown, China), and mixed well with
definite proportions of bottom cellulosic ash so as to achieve different C/N ratios. As
leachate was formed during the composting process holes were made in the bottom of the
composters for the release of this leachate. Temperature and moisture content were
measured using sensors with platinum probe installed in the center inside each
composter. Leaves were added as a bulking agent and as a source of nitrogen. Garden soil
was also added to the mixture to provide more desired microorganisms, Lin, et al.,
2008.Water was added as needed to facilitate the mixing and composting processes.

Experiments were carried out all together at one time to assess the effect of adding
ash to the composting processes. Composting material was rolled every 12 h, for 5 min
each time with open cover to ensure oxygen contact into the center of the composter and
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regenerating heat. Composting is essentially completed when mixing no longer produces
heat in the mixtures inside and temperature stands still, Bass, et al., 1994 and Giannis, et
al., 2012.

2.3. Analytical Procedure
2.3.1 Characterization of the composting process
a. Temperature, pH and Moisture contents

The compost temperature, pH and moisture content were measured at regular time
intervals throughout the composting period, using a digital thermometer. Measurements
proceeded until the termination of the composting processes.

2.3.2 Characterization of the compost
a. Determination of organic matter and carbon
Organic matter was determined using combustion method, ASAE, 2004:

Two grams of sample were weighed and dried in an air oven at 105° C for 24 hr.
The dried sample was weighed to determine dry weight (A). Then burned in afurnace at
550°C . After cooling,the sample was weighted to measure the ash weight (B).

The contents of organic matter and carbon are measured as follows, Girovich,
1996:

% Organic matter= (A-B)/A x 100 @)
% Carbon= (% organic matter) / 1.8 (3)

b. Determination of N-NH,4, N-NOz and Phosphorus

The content of nitrogen as ammonium and as nitrate and total phosphorous as
P,Os was determined by using Multi-Direct Photometer for multi-parameter analyses
(lovibond) at Engineering Collage of Baghdad University / post graduate laboratories

c. pH

Ten grams of each sample were weighted and strewed into Erlenmeyer flasks with
100 ml of distilled water. The prepared sample was placed in an auto shaker for 30 min.
pH of samples was measured by using a pH meter ( Inolab WTW series), ASAE, 2004.

d. Potassium and heavy metals concentrations
Potassium and heavy metals concentrations in BCA and in the final compost
products were analyzed using Niton (XRF), Thermo scientific 900 heavy metals analyzer.

e. Germination Test

In order to employ the evaluated composts as plant growing media, the
Germination Index (GI) was measured.

The germination test was performed for 48 h at 25°C in the dark with 20 radish
seeds placed on a 9 cm filter paper ( Whatman No. 1) soaked with 4 ml of compost
extract and placed in a Petri dish, Bertran, et al., 2004 as shown in Fig. 3.
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The germination test was repeated with de-ionized water as a control, and
repeated with extract of commercial compost.

The following equations were used to calculate the relative seed germination,
relative root growth, and germination index (GI), Zucconi, and Marco, 1997;Tiquia, et
al., 1996 and Marek, et al., 2003:

Relative seed germination (%) =
Number of seeds germinated in compost extract

x 100 4)

Number of seeds germinated in control

Mean root length in compost extract
£ P 100 (5)

Relative rootgrowth(%) =

J/Mean rootlength in control

(Relative seed germination )x(Relative root growth) (6)

GI (%) = 100

3. RESULTS AND DISCUSSION
3.1 Incineration of Separated Cellulosic Waste
3.1.1 Volume and weights percentage reduction

Table 1. represents volume and weight reduction of cellulosic waste due to the
combustion process.

It can be noticed that combustion reduces the original volume and weight of the
cellulosic waste by 97.4% and 85% respectively, still incineration is not very much
practiced in Iraq.

3.2 Composting Food Waste With Bottom Ash in Definite Ratios.
3.2.1 C/N ratios

The C/N ratio was assumed to be 25 as a starting ratio using Eq. (1),
Tchobanoglous, et al., 1993:

(C/N) for mixing = 25: 1

(C/N) for OFMSW = 25.5:1

(C/N) for BCA=20.5:1

1. Moisture content of OFMSW= 60%
2. Moisture content of BCA = 8%

3. Nitrogen content of OFMSW = 2.6%
4. Nitrogen content of BCA= 0.5%

The percentage composition for OFMSW and BCA .

(a) For 1 kg of OFMSW

Water = 1 kg (0.60) = 0.60 kg

Dry matter = 1 kg - 0.60 kg = 0.40 kg
N = 0.40 kg (0.026) = 0.0104 kg

C =25.5(0.0104 kg) = 0.2652 kg
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(b) For x kg of BCA:
Water = x kg (0.08) = 0.08 x kg

Dry matter = x kg - 0.08 x kg = 0.92 x kg
N =0.92 x kg (0.005) = 0.0046 x kg
C =20.5 (0.0046 x kg) = 0.0943 x kg

The amount of BCA to be added to 1 kg of OFMSW to achieve a C/N ratio of 25:
where x = weight of BCA required

0.2652 kg +0.0943 (x) k
£ WKe_ 5 25Kg
0.0104 kg+0.0046( x )kg

x =0.25 kg BCA /1 kg OFMSW
Data are summarized in Table 2.

3.2.2 Physicochemical parameters of the composting process
a. Temperature

The temperature profile of the composting mixtures in each composter was
measured at regular time intervals through the composting periods.

Fig. 4 shows the composting temperature variations as a function of composting
time. The temperature follows a typical temperature profile for composting (mesophylic-
thermophylic-mesophylic) phases. As seen, the temperature increased from ambient
temperature to more than 40 °C, showing rapid initiation of the compost process. The
substrates passed from an initial mesophylic phase (<30 °C) to the thermophylic phase
after 18 hr. for mixture 1( M1), 15 hr. for mixture 2(M2), and 21 hr. for mixture 3(M3).

Comparing the mixtures it seems that higher temperature was achieved in the
mixture of M2 (75% food waste:25% bottom cellulosic ash) by weight.

As the organic compounds were degraded, the mixture became richer in more
stable compounds which were less accessible to the microorganisms. As a result
corresponding temperature begun to decrease gradually reaching almost ambient
temperature which represents a second mesophylic phase on the 36hr ofM1, the 42hr
0fM2, and on the 30hr of M3.

Elevated temperatures (>50 °C) were maintained in one composter M2 for 9 hr.
which is sufficient time for the sanitation of the substrate and to get rid of pathogenic
microorganisms that exist in food waste. While lack of increasing in compost temperature
of M1 and M3 may indicate low compost stability . Similar temperature profile was
observed in related pilot scale composting experiments held locally by Al-Zubaidi, 2013;
Talib, 2014 and globally by Tang, et al., 2007; Lu, et al., 2008; Elango, et al., 2009 and
Gao, et al., 2010.

b. pH

Analysis of the pH curve on the basis of time in Fig. 5 shows that the compost initial
pH, was 9.0, 10.0 and 11.5 for M1, M2 , M3 respectively and declined over time and
was moderated to the neutralization level.
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The pH of the mature compost was near neutral (6.0-7.5) indicating a good quality
compost and within the suggested range of (6-8.5) (CCQC, 2001).
This finding was closely related to Sdnchez-Mondero, et al., 2001; Huang, et
al., 2011.

c. Moisture content (Mc)

Moisture content is the most important factor that promotes and accelerates
decomposition process.

The initial substrates were prepared to have relative high moisture content (75%,
72% and 80% for M1, M2 and M3 respectively). The moisture content was sustained at
optimal levels around 50—70% to sustain the rmophylic phase.

At the final stage of composting water quantity was gradually decreased reaching
at 54%, 39% and 59% at the final day of the process on the 7th, for M1, M2 and M3
respectively. Water, product of degradation, was expected to vaporize inside the
composters and condensed on inner surface of containers and remained in the system.
Fig. 6 shows moisture content profiles.

d. Nitrogen content

Nitrogen content was measured at the end of each trial i.e. on the 7" day, it was
found to be 1.5%, 1.65% and 1.04% for M1, M2 and M3 respectively as shown in
Table 3.

During composting, nitrogen is metabolized mainly to ammonium while the non-
soluble complexes of nitrogen decompose to soluble nitrogen forms that are readily
available for metabolic activities. Gaseous nitrogen losses during composting occur
mainly as ammonia but may also occur as nitrogen and nitrates oxides, Eklind, and
Kirchmann, 2000.

On the other hand, in terms of dry weight, there is an increase in total nitrogen
concentration due to the mineralization of organic matter and consequent loss of weight
in the mass being composted through losses of CO, and H,0, Bane gas, et al., 2007 .

The initial substrate acquired 17.6, 21.2 and 31.0 C/N ratio, forM1, M2, and M3
respectively, while at the end of the process the C/N ratio had decreased to 14.13, 14.18
and 23.6 for M1, M2 and M3 respectively due to carbon consumption, which are
qualified as good quality compost, CCQC, 2001 and thus can be applied in agricultural
land.

Researchers have suggested various ideal C/N ratios from more than 12 to lower
than 25, Brewer, and Sullivan, 2003; Rihani, et al., 2010 and Al-zubaidi, 2013
depending on the initial feedstock. The ratios obtained in this survey for M1, M2 and M3
may be considered satisfactory, CCQC, 2001.

The degree of stability of the compost is also strictly related to the nitrification index
N.I (N-NH4/N-NO3), and can be considered as an indicator of a high degree of compost
stabilization, Brinton, 2000; CCQC, 2001; Abouelwafa, et al., 2008 and Huang, et al.,
2011.

In this survey, the acquired ratio was 0.2, 0.28 and 0.31, for M1, M2, and M3
respectively. ratios lower than 0.5 are the best mature compost, Brinton, 2000 and
CCQC, 2001.The nitrification index of 0.29 suggesting that M2 has the higher stability
among the three mixtures as shown in Table 4.
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e. Nitrogen, phosphorous and potassium (NPK)

Plants require more than a dozen different chemical elements. Nitrogen, phosphorus
and potassium are the three main elements commonly supplied in fertilizers, while boron,
copper, and manganese are sometimes also added in small quantities.

Ash is rich in two out of three of these main nutrients: phosphorous and potassium
(nitrogen is lost during the combustion), Lam, 2010. This means that ash can potentially
supply P and K, replacing commercial fertilizers. Levels (NPK value) in the finished
compost are important in determining the quality of compost, since those elements are
essential nutrients for plant growth, CCQC, 2001.

lyengar and Bhave in 2006 reported that the nitrogen, phosphorous and potassium
(NPK) contents for compost should be more than 1% each.

The total N% was found to be 1.5%, 1.65% and 1.04% for M1, M2 and M3
respectively as previously mentioned in Table 3. The results shown in Table 5 revealed
that initial values of nutrient P as percentages decreased to 1.03, 1.22, and 0.87 for trials
M1, M2, and M3 respectively. While the percentages of P in the original mixtures were
1.61 1.33, and 1.07 as percentages respectively . This reduction may be attributed to
consumption of phosphoric compounds in cell growth .The amount of K values increased
to 1.91, 1.73, and 1.89 as percentages for the three trials respectively. Accordingly the
nutrients level of the end-product composts appeared to be sufficient for plant growth for
all mixtures, TMECC, 2002.

f. Heavy metals

The concentration of heavy metals in BCA and in the end-product resulted from
M1, M2 and M3 composting trials have been examined and presented in Table 6.The
heavy metals concentrations in the composts were generally low and did not exceed the
suggested limits by TMECC, Composting Council, 2002 as presented in Table 6.

High levels of aforementioned heavy metals in the composts represent an obvious
concern if they are to be applied to food crops. Heavy metals do not degrade throughout
the composting process, and frequently become more concentrated due to the microbial
degradation and the loss of carbon and water from the compost, Richard ,and
Woodbury 1992,

Compost produced from M1, M2 and M3 trials may be classified as first class
compost based on the metal quality standards for compost, Brinton, 2000 as shown in
Table 7.

Total metal contents in compost are of concern when repeated applications to land
occur. Field trials involving MSW compost application to soil have all reported an
increase in soil and plant metal concentrations (e.g., Ni, Pb, Zn and Cu) , Smith, 2009.

g. Germination test

The compost obtained from M2, trial, after 7 days of composting of 72% moisture
content and C/N ratio of 14.18 was used to carry out the germination test, to check the
phytotoxic effect on plant growth, Brinton, 2000.

The outcomes of the germination test are given in Table 8 that shows 80%
relative seed germination and 89 % root growth; the calculated value of germination
index (GI) is 71.2 %, almost near to commercial compost extract outcomes having
relative seed germination (70 %), root growth (76%) and GI (53.2%) as calculated below:
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8
Relative seed germintation (%) = — x 100 = 80%

10
Relative rootgrowth(%) = % x 100 =89 %
80)x(89
Gl (%) = w = 71.2%

100

h. Maturity assessment

Compost is assigned a maturity rating of immature, mature, or very mature,
pending the outcome of up to three parameters analyses. The compost C: N ratio is first
evaluated: compost with a C: N ratio greater than 25:1 would be classified as immature
compost; no further testing would be necessary needed for the maturity classification. If
the C:N ratio is equal to or less than 25:1, then the compost must be evaluated for both
stability and maturity using one of the indicators presented in Table 9, TMECC, 2002.

According to Table 9 above M2 compost may be classified as mature compost.

4. CONCLUSIONS AND RECOMMENDATIONS.
4.1. Conclusions

1. Incineration proved to be a good cellulosic waste treatment. It can be noticed that
combustion reduces the original volume and weight of cellulosic waste by 97.4% and
85% respectively.
2. Three different blend were suggested according to three C/N standard ratios to
evaluate the feasibility of co-composting organic food waste with the cellulosic
bottom ash [(M1) 95/5,(M2) 75/25,(M3) 50/50].
3. Results showed that the blend of M2 [OFMSW: BCA] [75:25] was most beneficial
to composting. It maintained the highest temperature for the longest duration for 9 hrs.
at (53) °C, achieved the highest nitrogen content (1.65%) , a C/N ratio of (14.18 %),
nitrification index (N-NH4/N-NO3) of (0.29), nitrogen, phosphorous and potassium
(NPK)(1.65, 1.22, 1.73) %, Seed Germination 80 % indicating that the achieved
compost is mature and stable according to regulations.
4. Heavy metal contents (Cd, Cr, Cu, Mn, Ni, Pb and Zn) were detected in the above
compost and all were lower than the regulation limits of the metal quality standards
for compost and stabilized bio-waste.

Finally the research proved a simple way of treating food solid waste with
cellulosic bottom ash by turning these waste into useful biomass as soil amendment.

4.2 Recommendations
1. Government and its Ministries of Education, Health and Environment must
collectively develop a plan that is recognized by all sectors of society to ensure
the concept of environmental sustainability is understood and continues to be
developed throughout society,
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2. Encouraging recycling efforts, by giving incentives and tax exemptions where
appropriate. Encourage public-private partnerships for instance giving licenses
to private waste collectors.

3. Encouraging private sector to set up more recycling industries for recycling
plastic and metallic solid waste. The private sector should also come up with
strategies of reusing and conversion (composting) organic waste.
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Figure 2. Composters with three different OFMSW: BCA ratios.
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Figure 3. Germination test with de-ionized water (1) and extract of commercial compost
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Figure 4. Temperature profile of M1, M2 and M3 as a function of time.
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Figure 5. PH profile of M1, M2 and M3 as a function of time .
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Table 1. Volume and weight reduction of cellulosic waste.

Before After % reduction
combustion combustion
Volume(m®) 0.15 0.0039 97.4
Weight (kg) 10 1.5 85

Table 2. Percentage composition for food waste and ashes.

Mixture | OFMSW % | BCA% | OFMSW kg | BCA kg
M1 95 5 1.9 5
M2 75 25 15 0.5
M3 50 50 1 1
Table 3. Properties of initial and final compost .
O0.C% |0O.C% | N% N% C/N C/N
INITIAL [FINAL [INITIAL FINAL [INITIAL FINAL
M1 (95:5) 31.7 21.2 1.80 1.50 17.6 14.13
M2 (75:25) 35.8 23.4 1.69 1.65 21.2 14.18
M3 (50:50) | 33.8 24.3 1.09 1.04 31.0 23.60

Table 4. Nitrification index for the concerned proportions .

mg/Kg M1(95:5) | M2(75:25) |M3(50:50)
NH,~N 267.90 31240 | 399.40
NOz+-N 848.30 104350 | 1150.80

NH4--N/ NOg+-N 0.31 0.29 0.34
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Table 5. P and K levels in initial proportions and final composts .

M1(95:5) Initial | M2(75:25) Initial | M3(50:50) Initial | (TMECC, 2002)
(final) (final) (final )
1.61 1.33 1.07
P%
(1.03) (1.22) (0.87) (0.56 -1.56)
1.84 1.66 1.85
K%
(1.91) (1.73) (1.89) (0.62-1.22)

Table 6. Concentration of heavy metals in BCA and in compost end-product .

Metal TMECC, BCA M1 M2 M3

mg/Kg 2002 95:5 25:75 50:50
Cd 35 <LOD <LOD <LOD <LOD
Cr 1200 <LOD 43 49 32
Cu 1500 114 55 12 44
Hg 7.8 <LOD <LOD <LOD <LOD
Ni 420 <LOD 19 15 7
Pb 300 67 67 53 89
Zn 2800 173 188 154 96
As 41 <LOD <LOD <LOD <LOD

LOD: Level of Detection

Table 7. Heavy metals concentration in M1, M2 and M3 compared to quality standards,
(Brinton, 2000).

el ]y T e [ s
Cd 1.0 <LOD | <LOD | <LOD
Cr 50.0 43 49 32
Cu 60.0 55 12 44
Hg 0.3 <LOD <LOD | <LOD
Ni 20.0 19 15 7
Pb 100.0 67 53 89
Zn 200.0 188 154 96
As 25.0 <LOD | <LOD | <LOD
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Table 8. Outcomes of germination test.

Journal of Engineering

Item/ parameter Control Compost extract of Compost_ extract of
test Commercial compost
M2
(beat moss)
Total seeds 10 10 10
Germinated seeds 10 8 7
Mean root length (cm) 1 0.89 0.76
Relative seed
germination (%o) . 80 70
Relative root growth% - 89 76
Germination index (%o) - 71.2 53.2
Table 9. Compost maturity indices (TMECC, 2002) .
Method Units Rating
Very Mature Mature Immature
NH4- : NO3-N Ratio <05 05-30 >3
Total NH3-N ppm <75 75 - 500 > 500
VOA ppm, dry basis <200 200 - 100 > 1,000
Seed Germination % > 90 80-90 <80
Plant Trials % of control > 90 80-90 <80
Nitrogen Draw-down 0 < 10% > 25%
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ABSTRACT

In this study, the flow and heat transfer characteristics of Al,Os-water nanofluids for a range of the
Reynolds number of 3000, 4500, 6000 and 7500 with a range of volume concentration of 1%, 2%, 3% and 4%
are studied numerically. The test rig consists of cold liquid loop, hot liquid loop and the test section which is
counter flow double pipe heat exchanger with 1m length. The inner tube is made of smooth copper with
diameter of 15mm. The outer tube is made of smooth copper with diameter of 50mm. The hot liquid flows
through the outer tube and the cold liquid (or nanofluid) flow through the inner tube. The boundary condition of
this study is thermally insulated the outer wall with uniform velocity at (0.2, 0.3, 0.4 and 0.5 m/s) at the cold
loop and constant velocity at (0.5 m/s) at the hot loop.

The results show that the heat transfer coefficient and Nusselt number increased by increasing Reynolds
number and particle concentration. Numerical results indicate that the maximum enhancement in Nusselt
number and heat transfer coefficient were 9.5% and 13.5% respectively at Reynolds number of 7100 and
particles volume fraction of 4%. Results of nanofluids also showed a good agreement with the available
empirical correlation at particles volume fractions of 1%, 2% and 3%, but at volume fractions of 4% a slight
deviation is obtained.

Keywords: heat transfer, heat exchanger, nanofluids.

plall-a gaial¥) LS o) $3U aladialy (5 ) a Jalea JA13 3 ) jad) JUEDH Cpaea! Aase 4

Old Pl s
Y= N R

Analal) Ao IS - ol 5 g il s Avia

Al

56000 ,4500 ,3000 sk e e sl slall-a sial¥) Sl 51U ailad 3] adl JWS) 5 Gl jall pal sa 4l Lade Cads

oSleie Sl e Bl 535 83,455 Oe SRV Slea Al %04 5 %3 ,%2 %1 e G caasll 38 ) (e 530 g 7500

¥l iade 15 dabay ki (el Gedadll (e g siiae I GVl aaly e Jskay 38 el aate =5 e sl Jily 2l

(@ 5l 2l ) Gl el s s Galudl i) Gl siele 50 Jaley Shady alaY) aladll (e & sian (o sl

EJJL}M B‘)Jjﬂ U\e(os 504 s 03 ,02) 3 yzia g pa d})a.n @JN\ C.Ln.nl\ & :\u\)ﬂ\ a.JQJ :\JJ}JAJ\ L}‘).SJ\ ‘_A;\.ﬂ\ g1ty A
AL 3 all Ba( 0.5) A de jug

Lows el i dpaaall il 5 | canal) 58 51 Jalea s Al g ) ae 30l 3 21 35 il aae 55 ) el JUES1 Jalaa () o i)

GlIxS 964 Sl jall ceasdl 5S 5 Jalaa s 7100 A5t 230 vie il e 9613.5 59%9.5 <8l all JE Jalae g Calist a3a] Gaeas

98


mailto:husseinayo@gmail.com

Number 4 Volume 22 April 2016 Journal of Engineering

S das %4 UA;;U ).mSl\ Jalaay QSSJ %3 5 %2 ,%] QLg);U‘Sn;;‘\)JS)J\ Jalza 2ie 402e Mam@m@\§Q¥GM\

1. INTRODUCTION

Rapid development in all sectors, which is infrastructure, industrial, transportation, defense, space;
managing high thermal loads has become very critical. For that reason, several cooling technologies have been
researched. However, the conventional technique of heat transfer by means of a flow system including fluids
like water, ethylene glycol, mineral oils has always been popular and would always remain popular due to its
simple nature. Conventional heat transfer systems used in applications like petrochemical, refining, and power
generation are rather large and involve significant amount of heat transfer. However, in certain applications like
electronics cooling in laptops and microprocessors, engine cooling in automobiles, cooling in power electronics
used in military devices, cooling in space applications and many other areas, small heat transfer systems are
required. These applications have a critical relationship between size of a mechanical system and the cost
associated with manufacturing and operation. If improvements could be made in the existing heat transfer
systems such as enhancing the performance of the heat transfer fluid, a lesser heat exchanger surface area and
hence, a lesser space would be required to handle a specified amount of cooling load. The situation would lead
to smaller heat transfer systems with lower capital costs and higher energy efficiencies. In this pursuit,
numerous researchers have been investigating better techniques to enhance the thermal performance of heat
transfer fluids. One of the methods used is to add nano-sized particles of highly thermally conductive materials
like carbon, metal, metal oxides into the heat transfer fluid to improve the overall thermal conductivity of the
fluid. The dispersion or suspension thus obtained is called nanofluid.

With the recent improvements in nanotechnology, the production of particles with sizes on the order of
nanometers (nanoparticles) can be achieved with relative ease. Nanofluid (nanoparticles fluid suspensions) is
the term coined by, Choi,1995 to describe this new class of nanotechnology based heat transfer fluids that
exhibit thermal properties superior to those of their host fluids or conventional particle fluid suspension. As a
consequence, the idea of suspending these nanoparticles in a base liquid for improving thermal conductivity has
been proposed recently,Masuda, et al., 1993.

2. HEAT TRANCFER ENHANCEMENT WITH NANOFLUIDS
A number of numerical and experimental studies were conducted to examine the effect of Al,Os-water
nanofluids on heat exchanger enhancement under the laminar and turbulent regime. The configurations of heat
transfer devices that were examined include concentric tube heat exchanger, some with twist and spiraled rod
inserts, shell and tube heat exchanger, multichannel heat exchangers for electronic chip cooling.

Increase in the thermal conductivity of the working fluid improves the efficiency of the associated heat transfer
process. When forced convection in tubes is considered, it is expected that heat transfer coefficient enhancement
obtained by using a nanofluid is equal to the enhancement in thermal conductivity of the nanofluid, due to the
definition of Nusselt number. However, research into the convective heat transfer of nanofluids indicates that
the enhancement of heat transfer coefficient exceeds the thermal conductivity enhancement of nanofluids
,Hwang, 2009 and Heris, 2006 and 2007.

Pak and Cho, 1998, studied experimentally the heat transfer of Al,Os-water nanofluid at turbulent
flow when detail of heat exchanger and the boundary conditions were circular pipe D=10.66 mm and length
L=4.8 m at constant heat flux. At range of Reynolds number Re =10* — 10° and particle concentration (¢):
1.34%, 2.78% and 4.33% by volume. They found that the Nusselt number of the dispersed fluids for fully
developed flow increased by increasing volume concentration as well as with Reynolds number. Also found that
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maximum enhancement of heat transfer coefficient was 12% smallest than that in pure water at 3% particle
concentration.

Fotukian and Esfahany, 2010, studied experimentally the turbulent flow of nanofluids with different
volume concentrations (¢ = 0.03%, 0.054%, 0.067% and 0.135% by volume) of nano particles flowing through
shell and tube heat exchanger at constant wall temperature with range of Reynolds number from 6 x 10 to 3.1 x
10*. Results had clearly showed a decrease in a the ratio of heat transfer coefficient of nanofluid with Reynolds
number compared to that of pure water by 48% at ¢ = 0.054%.

Vasu et al., 2007, developed an empirical correlation for the thermal conductivity of Al,Oz/water and
Cu/water nanofluids, considering the effects of temperature, volume fraction and size of the nano particle. A
correlation for the evaluation of Nusselt number was also developed, presented, and compared in graphical
form. This enhanced thermo physical and heat transfer characteristics made fluids embedded with nano
materials as excellent candidates for future applications.

Huminic and Huminic, 2011, used a three-dimensional analysis to study the heat transfer
characteristics of a double-tube helical heat exchangers using nanofluids under laminar flow conditions. CuO
and TiO, nanoparticles with diameters of (24 nm) dispersed in water with volume concentrations of (0.5-3 vol.
%) were used as the working fluid. The mass flow rate of the nanofluid from the inner tube was kept and the
mass flow rate of the water from the annulus was set at either half, full, or double the value. Effects of
nanoparticles concentration level and of the Dean number on the heat transfer rates and heat transfer coefficients
were presented. The results showed that for 2% CuO nanoparticles in water and same mass flow rate in inner
tube and annulus, the heat transfer rate of the nanofluid is approximately (14%) greater than of pure water. The
results also showed that the convective heat transfer coefficients of the nanofluids and water increases with
increasing of the mass flow rate and with the Dean number.

Khalifa and Banwan, 2015, studied experimentally the effect of nanofluids with different volume
concentrations (¢ = 0.25%, 0.5%, 0.75% and 1% by volume) on heat transfer under turbulent regime in double
concentric tube heat exchanger for four different volumetric flow rates of 150, 200, 250 and 300 L/h. Results
showed the convective heat transfer increase by increasing particle concentration and flow rare. The maximum
enhancement obtained in Nusselt number and heat transfer coefficient was 20 and 22.8% respectively, at
Reynolds number6026 and particle concentration of 1%.

Nguyen et al., 2007, studied experimentally the investigation on turbulent heat transfer in closed system for
cooling of microprocessors with Al,Oz nanofluids at particle concentration (<g) 1%, 3.1% and 6.8% by volume.
The Reynolds numbers range that used in this study from 3 x 10° to 15 x 10°. He concluded that the inclusion
of nanoparticles into water produced a considerable enhancement of the cooling block convective heat transfer
coefficient. Results showed the maximum enhancement in heat transfer coefficient was 40% at ¢ =6.8%.

Vajjha et al., 2010, investigated experimentally the heat transfer of Al,Ozwater nanofluid at turbulent
flow. The detail of heat exchanger and the boundary conditions was circular pipe D=3.14 mm and length
L=1.168 m at constant heat flux. The range of Reynolds number (Re) that used 3 x 10° — 1.6 x 10*, the particle
concentration 2%, 4%, 6%, 8% and 10% by volume. The results showed that by increasing the volume
concentration, the wall shear stress and heat transfer rates increase also it showed the maximum enhancement of
heat transfer coefficient was 81.74% at ¢ = 10% and Re = 7240.

The objectives of the study presented in this paper are to present the effect of heat transfer enhancement
with and without Al,Oz/water and comparison with other researches in a double-pipe heat exchanger.
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3. HEAT EXCHANGER CONFIGURATION

The geometry consists of a three-dimensional counter flow double pipe heat exchanger with length equal
to (I m). The outer diameter of the heat exchanger is equal to (50 mm) and the inner diameter of the heat
exchanger is equal to (15 mm). The outer wall of heat exchanger is thermally insulated. The nanofluid enters the
inner diameter (cold loop) with uniform velocity at (0.2, 0.3, 0.4 and 0.5 m/s) and temperature at (300 K). The
velocity at hot loop of the outer diameter is constant at (0.5 m/s) with temperature at (350 K). The geometry is
shown in Fig. 1.

4. THERMOPHYSICAL PRPPERTIES OF NANOFLUID

The calculation of nanofluid thermo physical properties is a crucial point since the results are strongly
affected by them. As previously mentioned, the determination of nanofluids thermo physical properties is a very
active area of research. The use of classical models is not certain for nanofluids, but, on the other hand, scarce
experimental data on nanofluids are available to allow us to select a single model.

The physical properties of the nanofluid used in this work are calculated using the standard equations.
,Eastman, et al., 2001.

The density (p,f) in kg/m?is determined by the following equation
Png =@ pp+ (1 =) pps 1
The specific heat (Cpnf)in kJ/kg K is determined by the following equation

Cony = (1= @)Cpys + ¢ - Cpy )

The following equation is used to calculate the viscosity ratio (u,.)
L 2
Uy = =123¢p“ +73¢p +1 (3)
Ubf
The thermal conductivity ratio (k,.) is calculated from
k

k, = ;’Z =4.97¢% +2.27¢ + 1 @)

Therefore, in our simulations the properties of nanofluids are temperature-dependent. Table 1.shows the
properties of nanofluids at the inlet of internal pipe.

5. MATHEMATICAL CALCULATIONS
In the present study, the y-Al,Os; nanoparticles dispersed in DI water were used to investigate the
convective heat transfer coefficient and Nusselt number of the nanofluids. Thus, it can be calculated from the
following equations:

The heat transfer rate into the cooling water (Q. )is defined as:

Qpr = MyrCpATyf (%)
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The heat transfer rate into the nanofluid(Q,, )is defined as:
Qnp = Mny - Cp, ATy (6)

The heat transfer coefficient (h) and the Nusselt number (Nu) of the cooling water are computed from
the following equations:

_ Qw
B As(Tw—T§) (7)
hD
Nu = T (8)
where Ts = @ 9)

The mathematical heat transfer coefficient (hnf)and Nusselt number of the nanofluid(Nu,)are
computed from the following equations:

— Qns
hnf - AS(TW_Tf,TLf) (10)
hpfD
Nu,; = k,ff (11)

The Reynolds number of cooling water (Re) and nanofluid (Renf) are obtained by the following
equations:

Re = Peveli (12)
Hw
_ Pnrvchi
Renf = —llnf (13)

6. GOVERNING EGUATIONS
The basic equations that describe the flow and heat are conservation of mass, momentum and energy
equations. These equations describe two-dimensional, turbulent and incompressible flow takes which the
following forms, Arnal, 1982.

The assumptions that used for the instantaneous equation are:-

1- Steady, two-dimensional, incompressible flow, single phase flow, non-viscous, no slip, irrotational.
2- Cylindrical coordinate.
3- Thermal equilibrium between the nanoparticles and base fluid.

(i))Conservation of Mass
] 10
5 (,OU) + ;E (prv) =0 (14)

(i) Momentum Equations
u-momentum (z-direction)
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1. 0 d p , 1, 0 B a a

55 prun) + 52 (prun) 1= =524 2L (e 520 + 57 (beps 5701+ S (15)
vv-momentum (r-direction)

1, 0 d ap , 1. @ ] d ]

[ (pruv) + = (prvv) J==2 + —[ = (g5 ) * = (Mhegr - ) -TV 5 I+ Sy (16)
(iii) Energy Equation

1. 0 d 1.0 T, . @ T

;[a(pruT) +5(M'VT)]: ;[E(rreffg) +§(r['eff§)] (17)

The turbulence model utilized in this analysis is the two equation k-Epsilon model. This model is
utilized for its proven accuracy in heat exchanger analysis and for its applicability to confined fluid flow. (k- €)
Turbulence Model is one of the most widely used turbulence models is the two-equation model of kinetic
energy (k) and its dissipation rate (g). The turbulence according to, Launder and Spalding, 1972 is assumed to
be characterized by its kinetic energy and dissipation rate (€), where

(i) Turbulence Energy, k
a a 7] dk a dk
L= (oruk) + = (prvk) 1 = <[ - (IT* 22) + = (17 259] + G —pe (18)

(i1) Energy Dissipation Rate, ¢

1, @ 2 1, @ dc\, @ 2 2
~[ = (prue) + = (prve) 1 = ~[ = (T )+ — (IT* )] + ¢ G -Cap (19)
where
d 3 ou @

G=u 2AGD 2+ G 2+ (D 1+ + 392 +S6 (20)
Sgiven by, Ideriah,1975.

_ 2 ou  awvl? 2 ou ov
Se= e [+ 5] S ok[3 + 5 (21)
Also, p, =pc,k?/ ¢ (22)

The values of the empirical constant used here are given in Table 2, Launder and Spalding,1974.
7. COMPUTATIONAL METHODOLOGY

Computational fluid dynamics (CFD) simulation is performed to analysis the heat transfer in heat
exchanger. A commercially available CFD code, Fluent 6.3.26, 2009, was used to perform all simulations.
Fluent is a pressure based flow solver that can be used with structured or unstructured grids. An unstructured
grid was used for the study. Solutions were obtained by numerically solving the Navier-Stokes and energy
equation through a control volume technique. All geometric construction and meshing were performed with
(GAMBIT v2.4.6) program.
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The meshing of the three-dimensional model starts with the completion of the geometric construction and
assembly by using gambit program. During the building of these models it is critical to take into account the
unique geometry and post-processing that will occur after a solution is obtained in fluent program, as this can
significantly influence how a model is put together. Model construction, assembly and meshing require a trial
and error approach that many times needs multiple iterations before a good geometry and mesh can be
developed. Generally, the geometry is created from the ground up meaning that points are placed in the model
with lines being drawn between points. Faces are made from lines and finally volumes emerge from the
assembly of faces. Fig. 2shows the mesh of the test rigs of heat exchanger at tetrahedral cells.

Pressure and velocity were coupled with the Semi-Implicit Method for Pressure Linked Equations
(SIMPLE) algorithm. SIMPLE uses a relationship between velocity and pressure corrections to obtain mass
conservation and a pressure field.

Before starting any computations Fluent requires the flow to be initialized based on some condition within
the model. This initialization process acts as an initial guess to the solution flow field. For all computational
simulations the flow field is initialized by the inlet conditions of the cold water to start run the model.

Several times a solution could not be obtained due to the inability of the residual values to converge to an
appropriate level. In cases where this issue is prevalent it is possible to adjust under-relaxation factors. The
segregated solver uses under-relaxation to control the update of computed variables at iterations. Default values
are generally set by Fluent to meet the demands of the widest range of flow scenarios. Unfortunately, these
values do not always provide converged residual values for the models being investigated, so they are changed
from their defaults values of 0.3, 0.7, 1.0, 0.8, 0.8 and 1.0 for pressure, momentum, energy, turbulent Kinetic
energy, turbulent dissipation rate and viscosity, respectively, to 0.2, 0.5, 0.8, 0.5, 0.5 and 0.9.

Solution convergence means that the results are essentially constant from iteration to iteration, and
verifying this is a critical step to achieving accurate results. Convergence is declared on the basis of the
following strict criteria: (i) global mass and energy imbalances drop below 0.01%; (ii) the flow field is
unchanging, based on observation of profiles of velocity, pressure, temperature, and turbulence quantities in
critical areas. There is no exact rule for determining when a solution is complete.

Fluent has defaults values of convergence set to (10°°) for all quantities except energy, which is set to (10°
%). During this study the residuals were required to drop to values of (10™), with the exception of energy, which
was required to reach (10). Fig. 3shows scaled residuals of continuity, momentum, energy, k and ¢ as the
solution progresses to convergence around 2500 iterations to reach the specified convergence levels.

8. RESULTS AND DISCUSSION

The nanopowder y-Al,O3 with a base fluid of DI water with four different particles volume fractions of 1%,
2%, 3% and 4% and four different velocities of 0.2, 0.3, 0.4 and 0.5 (m/s) under turbulent flow regime were
investigated in concentric counter flow heat exchanger to study the heat transfer enhancement due to nanofluids.

Before initiating systematic numerical on nanofluids, the reliability and accuracy of numerical
measurements, were tested using DI water alone. Numerical results were compared with the prediction of Dittus-
Boelter correlation, Incropera and DeWitt, 2009, shown below.

—_

Nu = 0.023Re%8pr™"

for 1.5<Pr<500; 10°<Re<10® — (23)

where n = 0.4 for heating.
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Fig. 4 displays the calculated Nusselt number for pure water at various Reynolds numbers that compared
with the equation given by Dittus—Boelter and found bad agreement because the high Reynolds number that
deals with this correlation above 10*. (The conditions in present study resemble at the conditions in the equation
23), but when compared with Gnielinski equation, Bejan, 1993.

Nu = 0.012 (Re®®"— 280) Pr®* } (24)
for 7<Pr<500; 3*10°<Re<10°

As it is shown an excellent agreement is observed with maximum deviation and average deviation of computed
values from theoretical equation being 9 and 2%, respectively, over the range of the Reynolds numbers studied.
This correlation given by Gnielinski equation over the traditional Dittus—Boelter equation, because the errors are
usually limited to about £10%. Also the last point in fluent shows higher than in Gnielinski, equation over 7000
Reynolds numbers because the higher separation flow at the velocity exit.

Fig. 5 indicates the comparison between the Nusselt number of nanofluids at four different particles volume
fractions and four different volume flow rates at Reynolds number in the range 3000 and 7500 with that of DI
water. The numerical results indicate that the Nusselt number of nanofluid is increased by increasing both the
Reynolds number and particles volume fraction.

At 1% volume fraction, the Nusselt number is increased from 19.6 to 64.32 by increasing Reynolds
number from 3000 to 7500, which are higher than those obtained for DI water alone by 1% and 10.5%
respectively. At 2% volume fraction, the Nusselt number is increased from 19.65 to 65.2 by increasing the
Reynolds number from 3000 to 7500, which are higher than those obtained for DI water alone by about 3% and
12.3%. For 3% volume fraction the Nusselt number increased from 20.576 to 66.2 by increasing Reynolds
number from 3000 to 7000, these values are higher than the values of DI water by 5% and 15.3% respectively.
At particles volume fraction of 4% the Nusselt number increased from 20.63 to 67.3 by increasing Reynolds
number from 2800 to 7100, these values are higher than the values of DI water by 8.5% and 23.5% respectively.

Fig.6 indicates the contours of temperature distribution along the inner tube of cold flow at Reynolds
number 6000 of pure water. This figure shows increasing in temperatures when the fluid moved toward the exit
to record higher temperatures at the end tube (cold exit) when the hot flow input at high temperature.

Fig.7 illustrates the dimensionless Nu that presented by calculating the ratio (Nu,r/Nu,,) at different
volume fraction that increased from 1% to 4%, and different Reynolds numbers. The dimensionless Nu is at ¢ =
1% is found to increase from 1.0125 to 1.09 by increasing the Reynolds number from 3000 to 7500. For ¢ = 2%
the dimensionless Nu value is 1.02 to 1.1 at Reynolds number of 3000 and 7500 respectively. Also at ¢ = 3%,
the dimensionless Nu value is increased from 1.033 to 1.105 at Reynolds numbers of 3000 and 7500
respectively. At the highest particle volume fraction used of 4%, the dimensionless Nu is increased from 1.045
to 1.125 when the Reynolds number is increased from 3000 to 7500.

Fig.8 displays the comparison between heat transfer coefficient of DI water and nanofluid for four different
particle volume fractions at varies Reynolds numbers. The fluent results indicate that the heat transfer coefficient
is increased by increasing both the Reynolds number and particles volume fraction. The heat transfer coefficient
(HTC) at ¢ = 1% is found to increase from 801.5 to 2645.3 by increasing the Reynolds number from 3000 to
7500. For ¢ = 2% the HTC value are 830.4 and 2723 at Reynolds number of 3000 and 7500 respectively. At ¢ =
3%, the HTC values are 896.77 and 2847.7 at Reynolds numbers of 3000 and 7500 respectively. At the highest
particle volume fraction used of 4%, the HTC is increased from 912.6 to 2990 when the Reynolds number is
increased from 3000 to 7500. Therefore, a better heat transfer is achieved and hence the relative gain in heat
transfer is higher at lower Reynolds number for a fixed concentration.
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The numerical values of Nusselt number with different particle volume fractions and Reynolds numbers are
compared with empirical correlation, Vajjha, et al., 2010, that presented in Fig.9. The boundary conditions,
Reynolds number range, base fluid and particles material for the correlation used in the comparison are given in
Table 3.

Fig.9 shows the comparison in particle volume fractions of 1%, 2%, 3% and 4% respectively. The
numerical results show a good agreement with, Vajjha et al., 2010, correlation at volume fractions of 1%, 2%
and 3% as shown in Fig.9. The deviation is found to increase with increasing Reynolds number. However, at
volume fractions of 4%, the deviation is increased, which may be caused by several effects such as different in
configuration of the test section and boundary condition.

9. CONCLUSION

In this study, the flow and heat transfer characteristics of Al,Os-water nanofluids for a range of the
Reynolds number (3000 to 7500) with a range of volume concentration (1 to 4%) are studied numerically.

e The results show that both the Nusselt number and the heat transfer coefficient of nanofluid are strongly
dependent on nanoparticles and increase by increasing of the volume concentration of nanoparticles.

e A good agreement is obtained between the numerical data for water and the results obtained from
Gnielinski correlation with a maximum deviation of about 3%.

e The heat transfer coefficient and Nusselt number are increased by increasing Reynolds number.

e Numerical results indicate that the minimum enhancement in Nusselt number and heat transfer coefficient
are 1.5% and 4% respectively at Reynolds number of 3000 and particles volume fraction of 1%.

e Numerical results indicate that the maximum enhancement in Nusselt number and heat transfer coefficient
are 9.5% and 13.5% respectively at Reynolds number of 7500 and particles volume fraction of 4%.

e These results are in good agreement with correlation of, Vajjha et al., 2010.
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NOMENCLATURE
Symbol Description Dimension
A Area m?
As circumference area (A= nDL) m?
Cp spesific heat at constant pressure kJ/kg.K
P pressure Pa
Re Reynolds number (Re=pUD/p)
Nu Nusselt number (hd/k)
T temperature °C
u,v velocity component in r, z respectively m/s
Pr Prandtl number
m mass flow rate kals
Uy viscosity ratio
K thermal conductivity Wim.K
Q heat transfer rate W
r diffusion coefficient N.s/m?
U velocity at hot loop m/s
U, velocity at cold loop m/s
Tg temperature of hot gases °C
T, temperature at cold loop °C
Ty temperature at hot loop °C
rz cylindrical coordinate
L Length M
D diameter M
Greek Letters
D particles volume fraction
p density kg/m?
€ rate of dissipation of kinetic energy m?/s’
u viscosity N.m/s?
Subscript
nf Nanofluid
bf base fluid (water)
c cold flow
h hot flow
f Film
w Wall
Abbreviation
D] de ionized
HTC heat transfer coefficient
SIMPLE semi-implicit method for pressure linked equation
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Tablel. Properties of nanofluids at the inlet of the inner pipe.

Type of fluid | @(%) | p(kg/m3) | p(Pa.s)*10° | Cp(I/kg.K) | Ker(W/m.K) Pr
Pure water 0 998.2 1 4182 0.6 6.5
Al,Os/water 1 1027.4 1.02 4046.96 0.617 6.7
Al,Os/water 2 1057.2 1.13 3922.46 0.635 7
Al,Os/water 3 1086.9 1.26 3804.78 0.653 7.3
Al,Os/water 4 1116.6 1.41 3693.36 0.671 7.8

Table2. Values of constants in the (k-€) model, Launder and Spalding, 1972,

C. | Co

Ci C,

Ok

o,

0.09 | 1.0

1.44 | 1.92

1.0

1.3

Table3. Nanofluids, boundary conditions and Reynolds range for the correlation used in
the comparison, Vajjha et al., 2010.

Author

Nanofluids

Conditions

Re range

Vajjha et al.

Cu,Si0,, AlLO;

Turbulent

3000-16000
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(b) front view !/

(c) Side view

(a) Isomeric view

Figure 1. Heat exchanger geometry.
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ABSTRACT

In this work, ZnO nanostructures for powder ZnO were synthesized by Hydrothermal
Method. Size and shape of ZnO nanostructureas can be controlled by change
ammonia concentration. In the preparation of ZnO nanostructure, zinc nitrate
hexahydrate [Zn(NO3),-6H20] was used as a precursor. The structure and
morphology of ZnO nanostructure have been characterized by scanning electron
microscopy (SEM), atomic force microscopy (AFM), X-ray diffraction (XRD). The
synthesized ZnO nanostructures have a hexagonal wurtzite structure. Also using Zeta
potential and Particle Size Analyzers and size distribution of the ZnO powder

Keywords: Hydrothermal method, ZnO, nanostructure.
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1. INTRODUCTION

Nano particles have been attracted increasing attention in recent years and their
different types have been used in concrete mixtures in order to improve both the
mechanical and physical properties of the concrete , Sahereh, 2013.

Zinx oxid nanostructure always in the center of attention due to their
fascinating properties ,Donya, et al., 2013. It has a unique material because it has
exhibits semiconducting and piezoelectric dual properties on optical, semiconducting,
piezoelectric, and magnetic and gas sensing properties. It exhibits interesting
properties including, high exciton binding energy (60 mV), high chemical stability,
high catalytic efficiency, strong adsorption ability and low growth temperature makes
it an excellent candidate for room temperature UV lasing application, Rizwan, et al.
2009, Radu 2011.

Due to its vast industrial applications, ZnO powder has attracting
considerable attention ,it has been used in the rubber manufacture and cigarettes
(used as a filter), and it has used as a coating agent various paints and as an
additive in the manufacture of concrete and ,Mateil et al., 2014 , Manish and Shakti
2010. Ceramic, cement, glass, and adhesive, sealants, lubricants, pigments, fire
retardants, pigments and , ZnO has used for concrete manufacturing, improves the
processing time and the resistance of concrete against water ,Vigneshkumar, 2014.

Furthermore, ZnO has an environmentally friendly material, which has
desirable especially for bio-applications such as bio-imaging and cancer detection
,Munusamy, et al., 2013. It has extensive applications in water purification
,Gnhanasangeetha, and Sarala, 2013. It is also used as an additive in food products
such as breakfast cereal. It has used in a host of other creams and ointments that are
used to treat skin diseases ,Manish, and Shakti, 2010.

Fernandez, et al., 2001. demonstrated that ZnO has huge impact on setting
time (ST) and retards the ST with respect to that of the cement. They also measured
unconfined compressive strength (UCS) and showed that the UCS of the final product
decreases at short ages in presence of ZnO.

The efficiency of ZnO as a photocatalyst increases with the increase of surface
to volume ratio compared with bulk ZnO materials. The main advantage of ZnO is

relative ease of preparation of phoptocatalytic nanostructures.
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Number of simple as well as complex forms of ZnO nanostructures was

reported in literature including, nanorods, nanobelts, nanotubes, nanorings and
hierarchical structures ,Yang ,2010.
On the other hand some of the above reported structures show superhy drophobicity
due to high surface roughness. ZnO nanorod was relatively easily show high activity
due to high surface area compared to ZnO nanoparticles mostly due to their high
purity and crystalline ,Elias, et al., 2008, Yu., et al., 2007.

In this paper, different shapes of ZnO nanopartical and nanorod were
synthesized with a single precursor at relatively low temperature by employing simple
solution method. ZnO nanostructure was synthesized by variation of ammonia
concentration in the preparation of ZnO nanoparticles. The results indicated that
addition of high amount of ammonia to aqueous solution of Zn (NOj3),-6H,0 could
greatly affect the morphology and size of ZnO. We suggest a procedure of preparation

of ZnO nanorod and nanopartical powder, to add to concrete activity to the material.

2. EXPERIMENTAL WORK
2.1 Materials

Chemical materials zinc nitrate [Zn (NO3),-6H,0], ammonia solution (2%) (NHs),

1,4- butanediol ( CgH120) were supplied by Fluke Company (Germany).
2.2 Preparation of ZnO Nanopowder
The preparation of zinc oxide nanostructure described as: (1.20 g) zinc nitrate

hexahydrate [Zn (NO3),-6H,0] was dissolved into 50 ml of distilled water. Then, 5ml
of NH3 aqueous solution (2%) for solution (A) and 10 ml of NH3; aqueous solution
(2%) for solution ( b) was added drop by drop to an aqueous solution of zinc nitrate.
This results rising of solution pH to 9.7 for sample (A) and 12 for (B). Resulted
Zn(OH), precipitate was separated by centrifugation at 2800 rpm for 5 min and then
dispersed in 50 ml of 1,4-butanediol. The solution with the dispersed Zn (OH), was
heated at 105°C for 10 h in a closed glass bottle. Then separate the obtained particle
from the solution and centrifuged at 3000 rpm forl0 min and washed several time
with methanol to remove the remaining ions in the final product, and finally, the

precipitate was dried at 80°C for 6h.
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2.3. CHARACTERIZATION TECHNIQUES
The crystalline structure of the powder has been determined by using X-ray

diffraction (Philips PW 1050 X-ray diffract meter of 1.5°A from Cu-Ko. Additionally,
the surface morphology and optical properties were examined using: Scanning
Electron Microscopy (SEM,the VEGA easy probe), also by Atomic Force Microscopy
(AFM) (Digital Instruments Nanoscope IlI) and Scanning Probe Microscope
(AA3000). Zeta potential and Particle Size Analyzers and size distribution of the ZnO

powder were analyzed using (NanoBrook 90Plus Particle Size Analyzer).

3. RESULT AND DISCASSION

Fig.1 shows the SEM images of the products with different amount of ammonia
concentration. The surface morphology of the sample is showed in Fig.1a.
A different shape of nano sphere ZnO have been shown the obtained size of full array
of a nano spheres structure with diluted ammonia was 50 ml of NH3 which includes
some nanorods forming. As amount of ammonia concentration increase nanorods
forming the crystalline as shown in Fig 1.b. It was found that the addition of ammoni
has affected on structure and morphology ZnO.
Fig. 2 shows AFM image of ZnO powder deposition on glass substrate by sputtering
methods. Also the three dimensional AFM pictures of ZnO films are shown in right
side on the same figure. From this image, it can be seen that the dispersion of ZnO
nanoparticles is relatively uniform with the average diameter with root mean square
(RMS) surface roughness is about 140 nm and 5.3nm respectively. As concentration
of NH3 aqueous solution increases, the RMS roughness of the films and the grain size
dropped to about 62 nm and 2.68 nm respectively as shown in Tablel.

Phase composition and phase purity of the obtained products were identified by
XRD as shown in Fig.3 a,b. Relatively strong and sharp peaks in the XRD pattern
confirm that the products are ZnO .Hexagonal phase with a wurtzite structure, no
diffraction peaks of Zn or other impurities were observed in the spectrum, which
indicates excellent crystal quality of the products. The particle size histograms of ZnO
nanoparticles (illustrated in Fig. 4a) ZnO nanostructures with pH=12 the particles
range in size from 10 to 50 nm and the particles range in size from 60 nm to150
respectively ,with mean diameter of 60nm when concentration of NH3; decreased at

pH equal to 9.7 the particles increased with range in size from 26.8 to 93 nm and the
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particles range in size from102 nm t0388.2 respectively ,with mean diameter of

162.3nm as shown in Fig.4b.

ZnO nanopowder was determined at pH 9.7 with zeta potential values -156.93

mV and a mean particle size of 162.3.nm. As the pH increased to 12, the zeta

potential dropped to -165.65 mV and consequently decreases an mean particle size of

60nm

The ZnO NPs were found to partially disaggregate due to surface charge repulsion.
(Li, etal., 2013, Ma, et al., 2013, Omar, et al., 2014) as shown in Fig.5

4, CONCOLUTION

1. The synthesis of ZnO nano powder is demonstrated by hydrothermal methods

2.  XRD pattern show that all the diffraction peaks in the pattern can be easily
indexed as the pure hexagonal phase of ZnO with a wurtzite structure.

3. The SEM images of nanospherers and nanorods with increase pH depends on
the concentration of ammonia .

4. Zeta potential and particle size analyzer surely zeta potential values -
156.93mV and an average particle size of 162.3.nm for pH 9.7. As the pH was
increased, to 12, the zeta potential dropped to -165.65 mV and consequently
decreases an average particle size of 60nm.
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b) ZnO nanostructures with pH=9.7 size distribution using the

software of (PSA),for sample( a)

Figure 4. Show the result of PSA of ZnO nanostructures different pH concentration.
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Figure 5. Show the zeta potential of ZnO nanostructures different concentration a)

ZnO nanostructures with pH=12 b)ZnO nanostructures with pH=9.7

Table 1. The grain size,zeta potential and root mean square of the ZnO different
concentration for solution.

Sample | Grainsize | Grainsize | Root Mean Zeta
in in PSA(nm) Square potential
AFM(nm) (RMS) (mV)
(hm)
pH=9.7 140 162.3 53 -156.6
pH=12 62 60 2.68 -165.63
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ABSTRACT

In this work, a convex lens concentrating solar collector is designed and manufactured locally by
using 10 convex lenses (concentrator) of a diameter 10cm and one Copper absorber tube of a
diameter 12.5mm and 1mm in thickness 1m length. Two axes manual Tracking system also
constructed to track the sun continuously in two directions. The experiments are made on 17" of
May 2015 in climatic conditions of Baghdad. The experimental data are fed to a computer
program to solve the thermal performing equation, to find efficiency and actual useful energy.
Then this data is used in numerical CFD software for three different absorber diameters (12.5
mm, 18.75 mm and 25 mm). From the results that obtained the maximum thermal efficiency for
the collector of diameter 12.5mm equal to 82.3% is higher than that for the collector of 18.75 mm
and 25 mm diameter. The maximum outlet temperature is found equal to (105°C, 93.9°C and
83.5°C) for collector absorber diameter equal to (12.5 mm, 18.75mm and 25 mm) respectively.
The maximum mass flow rate 0.53 kg/hr when the solar radiation intensity equal to 899 W/m?.
The all-day collector efficiency varies with diameter and reaches to maximum value of (77.9%,
61.4% and 52.8) for collector diameter equal to (12.5 mm, 18.75mm and 25 mm) respectively.
Keywords: Steam Generator, Solar, Thermal Performance.
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1. INTRODUCTION

With the increase of fossil fuel demand, the environmental pollution caused by burning of
fossil fuels has been considered as an international problem. The stratospheric ozone depletion,
the acid precipitation and the global warming are examples of environmental pollution.
Renewable energies including, solar energy, wind energy, biomass, hydropower, geothermal
energy are suggested to resolve the global warming problem and alleviate the potential of energy
crisis, Tyagi et al., 2009. Solar energy is a large source of energy. The power from the sun
intercept by the earth is approximately 1.8 x 1017 W. Solar energy could supply all the present
and future energy needs of the world on a continuing basis. This makes it one of the most
promising of the unconventional energy sources, Aung and Li, 2014.

The first study about two-phase thermosyphon loop was done by, McDonald, et al., 1977.
They studied the effect of changing the tilt angle of the loop and the temperature difference
between the evaporator and the condenser in a single rectangular loop with R-11 and R-113 as
working fluids. They found that the highest performance is achieved when the loop is
horizontally oriented because the condenser is flooded with no dry out. EI-Ouederni, et al., 2008
studied experimentally the parabolic solar concentrator. They used an experimental device
consist of a dish of 2.2 m opening diameter. The experimental results show that the temperature
in the center of the disc is near to 400°C. Gupta, et al., 2014 investigated experimentally the
performance of convex lens concentrating solar power collector prototype in water heating
applications. They found that the maximum efficiency obtained was 72% and 78%. They
concluded that the convex lenses panels’ prototype was more efficient than conventional panels.

The objective of this work is to directly produce steam using convex lenses to concentrate
the solar radiation into a small area at the absorber surface. An estimation of the effect of change
of inlet water temperature and effect of solar radiation on the production of the steam for two
absorber fill ratios 0.75 and 1 will be accomplished. A mathematical model based on heat balance
principle for different parts of the system is developed and then solved numerically to evaluate
the fluid flow and thermal characteristics of the system under different conditions.

2. EXPERIMENTAL SETUP

The components of the experimental rig consists of convex lenses (Concentrator part) with
receiver. It is also consists of supply tank and connecting pipes, shown in Fig.1a and Fig.1b. The
concentrating part is used as presented in Fig.2. 10 pieces of Magnifying Glass lenses fixed in
aluminum rectangular frame, and the specifications of the lenses are given in Table 1.

A copper tube acts as an absorber with diameter of (12.5 mm), and length of (1 m), black mat
painted as shown in Fig.1.The absorber is covered by glass tube of (50 mm) in diameter, closed
with cups from spherical rubber to isolate the absorber from the ambient condition and to reduce
the thermal losses.
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The water is fed to the absorber tube by one vertical cylindrical tank made of plastic shell of
(2 mm) thickness. The tank has diameter of (29 c¢cm), length of (34 cm) and capacity of (17.5
liter). Inlet water enter the tank from top hole with floating used to control the water level, and
the bottom outlet point feeds the absorber with water shown in Fig.3. The external surface is
well insulated by glass wool insulator of (2 cm) in thickness. Plastic pipes of (12.5 mm) diameter
are used as connecting pipes between the components of the system. They covered by glass wool
insulator and connect the supply tank, receiver and condenser with each other as closed loop.
Fittings such as elbows, valve and bends are used as connecting parts.

The frame of the lenses is manufactured locally from two aluminum slides with length of (1
m) connected together and the lenses fixed between them as illustrated in Fig.4. The frame of the
lenses is located at the top of another frame manufactured locally from aluminum with
dimensions of (0.4m x 0.4m x 0.5m) black painted.

2.1 Measurements

In order to measure the absorber surface temperature and inlet and outlet temperatures of
water, 10 thermocouples J (Iron - constant) type are used, for measuring the glass cover and
ambient temperature one kind of thermocouple is used type-K . Thermocouples are attached near
the focal point to measure the surface temperature of the absorber. Thermocouple is placed for
the inlet and outlet water of the absorber shown in Fig.5. These thermocouples are joined to a
selector switch in series with a digital reader Fig6a. Pro’sKit 3PK-6500 thermometer reader is
used for type-K thermocouple with measuring range: (-50°C ~ 750°C) shown in Fig.6b. One
thermocouple is used to measure the glass cover temperature. Solar radiation data is taken from
the meteorological station in Baghdad for the test days. Wind data are gained from the
meteorological station in Baghdad for the test days

3. DATA PROCESSING
The local useful energy is calculated at each focal point by the following equation:

Quseful(x) = Qabs(x) - Qloss(x) €Y
Qabs(x) = (ta)lrAq (2)
Qloss(x) =T Dg X [hw(Tg - Ta) + & U(Tg4 - Ts%cy)] 3)

Tsky IS the effective sky temperature calculated by the equation suggested by, Beckman and
Duffie, 2005.

Ty = 0.0552 (T,) 15 4)

h,, Is the natural convective heat transfer coefficient from the outer surface of the glass
tube to ambient air is calculated by the equation suggested by, Mullick and Nanda, 1989.

hw — 4VM9'58D9_0'42 (5)
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The total useful energy is calculated by the sum of all the local useful energy.

10
Quseful(T) = z Quseful(x)
1

The mass flow rate of the system is calculated by:
- ngefAT,l}(T) (6)
14
AT =T,y — T;
The local actual useful heat gain is calculated as:

UL(x) (Tin - Ta)

Quix) = AaFre) Ir(ta) — C (7)
where C is the concentration ratio calculated as:
Aperture area (4
p (Aq) ®)

 surface area of the absorber (Agps)
The aperture area is calculated as shown in Fig.7a:

No. of lens = 10

Diameter of lens = 10 cm

Height of the triangle = 4.4656 cm Shown in Fig.7b
Base of the triangle = 4.465 cm

No. of shaded area = (no. of lenses x 2) + 2
=22

Area of sector = éerz

0 = inrad

0 =2 x tan~1 22322
44656
=53°

=0.9271 rad
Area of the sector = % x 0.9271 x 52
= 11.5898 cm?
Area of the triangle = % X 4.465 X 4.4656

= 9.9694 cm?
Shaded area = 11.5898 — 9.9694
=1.6203 cm?
Area of all lenses = area of one lens * 10
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_ m10?

= X 10
4 2
=785 cm
Total Actual area of lenses = 785 — (1.6203 X 22)
=749.3523 cm?
=0.0749 m?
Surface area of the absorber tube is calculated as:

Agps = TDgpsL

a- For absorber tube with diameter (D, = 1.25 cm):
Agps = 0.0125 T m?
C=2

b- For absorber tube with diameter (D, = 1.875 cm):
Agps = 0.01875 7 m?
Cc=13

c- For absorber tube with diameter (D, = 2.5 cm):
Aabs =0.025n mz
c=1

The value of the local heat loss coefficient U, is calculated by the equation suggested by,

Beckman and Duffie, 2005:
Aabs 1
U, .= + -1 9
L(x) ((hw + hr,g—s) Ag hr,abs—g(x)) ( )
The radiation coefficient can be calculated from equation suggested by, Beckman and
Duffie, 2005.

hyg-s = €4 0(T?) (10)

The local radiation coefficient hr_abs_g(x) between the absorber and glass cover is
calculated as:
_ O-(Tabs(x) + Tg)(Tast(x) + ng)
rabs=g@ T 1 —¢ 1—¢, A
14 g abs
1+ ( 4, )

g

h

(11)

p

The local heat loss coefficient based on the outside receiver tube diameter between the
surrounding and the fluid is suggested by, Beckman and Duffie, 2005.

1 D D In(D Daps.i
— + abs,o + abs,o ( abs,o/ abs,l)]_1 (12)
UL (x) hi(x) Dabs,i 2kabs

Ue )

The local collector efficiency factor is calculated as:
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(13)

a — For single phase region: (h; = hy)
Nu,, Depends on the length of the heated surface, and the Grashof number defined by,
Ishi and Kataoka, 1984.

r= gﬁ(Tabs,x - Tf)x3

2 (14)
(wi/p)
0.3 Daps

Nu(yy = 0.3(GrPry) x (15)
I _ NU(x) kl

1= Dabs

FRl(x) Til Cp _(A U FI / C

F!' . = - = - 1—c¢e aVL100) 1)/ M p) (16)

T Floy  AdUnemFiw [ ]
Frigxy = Figey X Fi(x

Uieo(Ti — Ta)

Quicx) = AaFrigo) |Ir(ta) — —= Cl . 17)

b- For two phase region: (h; = hy)

hy(x is the convection heat transfer coefficient for the fluid inside the absorber tube is
assumed to be homogeneous pool boiling, and calculated by the equation proposed by,
Roshenow, 1952.

Ap(x)

h =— " 18

P09 Tabs(x) - Tsat ( )

glpr—py). L Cpl (Tabs(x) — Tsat)
Qb(x) = lul hfg[ I= ]2 0.01 hfg PT‘1'7 ]1.8 (19)
Firy = FR’b(x) _ m Cp ’ [1 _ o~ (AaULb Py o/ cp)] (20)
Fb(x) AaULb(x)Fb(x)
FRb(x) = Fl;(x) X Fl;,(x)
Upo)(Ti — Ta)

Qub(x) = AaFRb(x) [IT(TQ) - - Cl 2 (21)

The efficiency of the collector is calculated as:

132



Number 4 Volume 22 April 2016 Journal of Engineering

Qu(Total) = Z Qul(x) + z Qub(x) (22)
Qu(Total)
— 23
T= 1.4, x 10 (23)

4. ERROR ANALYSIS

Thermal efficiency (n) is a function of different variables according to Eq. (24).

Based on the error analysis presented in, Holman, 1989. The percentage error of the
collector efficiency is calculated as:

1
B (aR )2+(6R )2+ +(6R )2 /2 ’s
an 2 an 2 an 2

W = [(—(m WAT) * (ﬁWw) * (%Wm)

where we is the uncertainty in the result and wi, wy, ... w, are the uncertainty in the
independent variables.

1/2

on _mC, 1.95x%107%*x4175

= = = 0.0110
AT 1A, 945 x 0.0749
on mC, AT 1.95 % 107%% % 4175 % 73 i
ol 174, 9452 % 0.0749

on _ C,AT 417573

— = = =4108.4
om IrA, 945 % 0.0749

wy = 0.0420
wy 00420
n 08007 7

5. NUMARICAL MODEL.

5.1 Mathematical Model
5.1.1 Geometry.

The geometry of the physical model shown in Fig.9 is created in GAMBET, version (2.4.6).
The model consists of circular absorber of 1m length, (12.5 mm, 18.75 mm and 25 mm) in
diameter.

5.1.2 Mathematical assumptions.

1- The absorber properties do not changed with temperature.

2- The emissivity of the glass cover and absorber were assumed to be constant with
temperature.

3- The flow within the collector absorber is considered to be unsteady, three-dimensional
laminar natural convection.

4- In energy equation the viscous dissipation is neglected.
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5- The Boussineq approximation is invoked for the fluid properties to relate density change to
temperature change, and to couple in this way the temperature field to the flow field.

5.2 GOVERNING EQUATIONS.

The software (FLUENT 2.3.26) was used to solve the governing continuity, momentum and
energy equations. The steady state solution has been obtained by numerically solving the three-
dimensional form of the governing equations, these equations being written in terms of
dimensional variables for the defined geometry and associated boundary conditions. The domain
was defined in the global coordinate frame in which the solver carries out the calculations.
White, 1991.

5.2.1 The continuity equation

1 d 1
i dr (pw T )+_ (pw Vo )+ (Pref ) 0 (26)

where: p,.. = water density at the reference temperature.
V.., Vi and V, are the flow velocities components in the r,@ and z direction respectively.

5.2.2 The momentum equation

r-component

dv, Vg dV. av, Vg
pref( +V, - ®>

dr t r do @ Zdz r
—dp d 1d 1d2 v, dZVr 2 v,
= T [(dr T ”) 72 gz T t 2 ap

where : gr is radial gravitational acceleration and calculated as g cos® cos6

PYr (27a)

@-component

Ve V@ Vo o Yo _ w)_—_dp [ili 1Ld%Vp , & Vy
pref(V to e Ty r _d®+“<dr( (rVQ’)) Zagr T gz T

2 dv
Z 22 +pg (27b)

where: gy is the circumferential gravitational acceleration, its determined as g sin® cos6
z-component

(VdV+V¢dV v, VZdVZ)
Pref\""ar T r 40 T 2 dz  dz

_zdp d1d<dVZ REEN dzz
- dz dr(rdr dr) r2 dp? 72

where: gz is gravitational acceleration in z direction it is evaluated as g sin6

+p9; (27c¢)

134



Number 4 Volume 22 April 2016 Journal of Engineering

5.2.3 The energy equation
dT VgdT dT) _ [1 d ( dT) N 1dT dle

Pref Cp (Vra+ a0 ) T i Uar) Y aer Tae (28)

p= pref[l - .B(T - Tref)] (29)

5.2 Boundary Conditions and Modeling Specifications.

The boundary conditions are assigned for inlet velocity, inlet temperature, wall’s heat flux
and outlet pressure. The inlet velocity assumed to be equal to 10 m/s just to run the program.
Inlet temperature data and wall heat flux are listed in Table 2. Pressure outlet boundary
conditions required the specification of the static (gage) pressure at the outlet boundary. The
value of static pressure assumed to be uniform atmospheric pressure since the pipe is open to
ambient conditions.

5.3 Fluent Code

In this work FLUENT version 6.3.26 is used. FLUENT is a computational fluid dynamics
(CFD) software package to simulate fluid flow and heat transfer problems. It uses the finite
volume method to solve the partial differential equations of fluid flow and heat transfer. It
provide the capability to use different physical models such as incompressible or compressible, in
viscid or viscous, laminar or turbulent flow, and thermal or adiabatic heat transfer.
A mesh is used to reach to the correct converged solution that captures all the key parameters of
the simulation. For the current simulation, enough nodes are needed to be placed near the
boundaries to capture boundary layer flow, as well as the temperature gradient. Using too many
nodes in the system may increases the computational resources and execution time without
providing additional resolution. The details of the adopted mesh are: Interval Size of (Wall, inlet,
outlet) Edges = 0.0004 cm, Growth Rate = 1.2 and Maximum Size = 0.001 cm. The mesh of the
system is shown in Fig.8.

6. RESULTS AND DISCUSSION

Fig.10 shows that the efficiency of the system increases with the decreasing of the absorber
diameter on 17" of May 2015. [l.e. the efficiency for the case of diameter equal to (12.5mm) was
12.1% higher than that for absorber with diameter of (18.75mm) and 30.3% higher than that for
absorber of diameter equal to (25 mm).

Fig.11 shows that the useful energy of the system increases with the decreasing of the
absorber diameter on 17" of May 2015. The useful energy for the case of diameter equal to
(12.5mm) was 17.7% higher than that for absorber with diameter of (18.75mm) and 32.3% higher
than that for absorber of diameter equal to (25 mm), due to the higher heat fluxes.

Fig.12 illustrates that the outlet temperature of the absorber (with diameter of 12.5, 18.75,
and 25mm) increases from the first hour of the day to reach maximum value of (105, 93.9, and
83.5°C) respectively at solar noon then decreased after that. This figure also shows that the outlet
temperature increases with the decreasing of the absorber diameter.
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Fig.13 Shows that the heat flux decreasing with the increasing of absorber size, because of
the increasing of the surface area that the useful energy divided by it. The heat flux for the
absorber diameter of (12.5 mm) was 33.2% higher than that for absorber with diameter of (18.75
mm) and 50% higher than for absorber with diameter of (25 mm) mm.

Fig.14 reports the mass flow rate for all three cases of (12.5, 18.75, and 25mm) increasing
from the beginning of the day to reach maximum value of (0.53, 0.51 and 0.5 kg\hr) respectively
at solar noon then decreased after that, due to large amount of evaporation in the system with the
case of small diameter.

Fig.15 presents the daily efficiency for three different cases of absorber diameter of (12.5,
18.75, and 25 mm). It is increases with the decreasing of absorber diameter as (82.5, 70.2, and
58%) respectively.

Fig.16 shows the variation of outlet temperature with solar radiation for three different
absorber sizes. It can be noticed that the outlet temperature in the case of (12.5mm) diameter was
10.45% higher than in case of (18.75mm) and 20.47% in case of (25mm) for the same solar
radiation due to the smaller surface area produced larger heat flux.

Fig.17 illustrates the effects of absorber size variation on the useful energy, for same solar
radiation. the useful energy at 13:00 PM was (48.19 , 39.66 and 32.78 W) for absorber diameters
of (12.5, 18.75 and 25 mm) respectively for same amount of solar radiation equal to 899 W/m?,
because of the differences between inlet and outlet temperature and mass flow rate in case of the
small diameter was higher than that for cases of large diameter.

Fig.18 shows the effect of the variation of the absorber diameter on the value of heat flux, for
same solar radiation the heat flux increases with the decreasing of the absorber diameter. The
heat flux at 13:00 PM was (1477.7, 986.13, and 738.8 W/m?) for absorber diameter of (12.5,
18.75 and 25 mm) respectively for same amount of solar radiation equal to 899W/m?.

7. CONCLUSIONS

The conclusions extracted from this work are:

1. Outlet temperature of the system increased about 10.45% and 20.47% with the
decreasing of absorber size from (18.75 mm) and (25 mm) to (12.5 mm) for the same
amount of solar radiation and useful energy.

2. The maximum value of outlet temperature for absorber tube with diameters equal to
(12.5 mm, 18.75mm and 25 mm) were (105°C, 93.9°C and 83.5°C) respectively on 17"
of May 2015.

3. The mass flow rate decreased with increasing of absorber diameter. The maximum
value of mass flow rate reported was about (0.53 kg/hr.) at solar noon for collector
with absorber diameter equal to (12.5mm).

4. The calculated heat flux subjected on the absorber surface increases with decreasing its
diameter for same amount of incident solar radiation. For three different absorber
diameters of (12.5, 18.75, and 25 mm) the maximum heat flux were (1477, 986, and
738 WA\m?) respectively for the same amount of incident solar radiation of 899W/m?.
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5. For two axes manual tracking system the average efficiency reached during the day
was about (77.9, 61.4, and 52.8%) for collector diameter equal to (12.5, 18.75 and 25
mm) respectively.

REFERENCES.

>

-Aung N. Z., and Li S., 2013, Numerical Investigation on Effect of Riser Diameter and
Inclination of System Parameters in a Two-Phase Close Loop Thermosyphon Solar Water
Heater, Energy Conversion and Management, \Vol.75, pp. 25-35.

-Beckman W. A, and Duffie J.A., 2005, Solar Engineering of Thermal Process, Wiley
Interscience Publications, John Wiley & Sons, New York.

-El-Ouederni A. R., Dahmani A. W., Askri F., Salah M. B, Nasrallah S. B., 2008 ,
Experimental Study of a Parabolic Solar Concentrator, Renewable Energies proceedings
CICME’ 08 source, pp. 193-199.

-Gupta A. K., Gehlot D., Gujrathi A. S., 2014, Experimental Investigation of Convex Lens
Concentrating Solar Power Collector Prototype Performance, International Journal of
innovation in Engineering Research and Management, Vol.1, Issue.2, pp.193-199.

-Grald E. W., Kuehn T. H., 1989, Performance Analysis of a Parabolic Trough Solar
Collector with a Porous Absorber Receiver, Solar Energy, Vol. 42, pp. 281-292.

-Howell J. R., Bannerot R.B., Vliet G.C., 1983, Solar Thermal Energy System and Design,
McGraw-Hill Book Company, New York.

-Holman J.P., 1989, Heat Transfer, fifth edition McGraw-Hill.

-Ishii M., Kataoka 1., 1984, Scaling Laws for Thermal-Hydraulic System Under Single-
Phase and Two-Phase Natural Circulation, Nuclear Engineering and Design, Vol. 81,
pp.411-425.

-Joudi K. A., Al-tabbakh A. A., 1999, Computer Simulation of a Two Phase
Thermosyphon Solar Domestic Hot Water Heating System, Energy conversion and
management, VVol.40, pp. 775-793.

-Lin M., Sumathy K., Dai Y. J., Zhao X. K., 2014, Performance Investigation on a Linear
Fresnel Lens Solar Collector Using Cavity Receiver, Solar Energy, VVol.107, pp.50-62.

-McDonald T. W., Huang K. S., Diciccio R., 1977, Thermosyphon Loop Performance
Characteristics Part 1, Experimental study, ASHRAE Trans., VVol. 83, pp. 250-259.

-Mullick S.C., and Nanda S.K., 1989, An Improved Technique for Computing the Heat
Loss Factor of a Tubular Absorber, Solar Energy, Vol. 42, Issue 1, pp. 1-7.

137


https://openlibrary.org/publishers/McGraw-Hill

Number 4 Volume 22 April 2016 Journal of Engineering

» -Mohamad A., Orfi J., Alansary H, 2014, Heat Losses From Parabolic Trough Solar
Collectors, International Journal of Energy and Research, VVol.38, pp. 20-28.

» -Rohsenow W. M., 1952, A Method of Correlating Heat Transfer Data for Surface Boiling
Liquids, Trans. ASME, Vol.74, pp. 969-976.

» -Shuai Y., Xia X. L., Tan H. P., 2008, Radiation Performance of Dish/Cavity Receiver
Systems, Solar Energy, Vol.82, pp.13-21.

» -Tyagi H., Phelan P., Prasher R., 2009, Predicted Efficiency of a Low-Temperature
Nanofluid—Based Direct Absorption Solar Collector, Journal of Solar Energy Eng. 131,
041004.

» -Vincent C. C. J, and Kok J. B. W., 1992, Investigation of the Overall Transient
Performance of the Industrial Two-Phase Closed Loop Thermosyphon, International
Journal Heat Mass Transfer, Vol.35, No.6, pp.1419-1426.

» -White F.M., 1991, Viscous Fluid Flow, second edition, McGraw-Hill, Inc.

- flow

tank

Figure 1la. Photograph for the outdoor
testing set up.

1. Frame structure of the lenses.

2. Frame structure of the collector.

3. Outlet point.

4. Concentrating part.

5. Receiver (copper tube + glass cover).

6. Inlet point. Figure 1b: Schematic diagram for the natural

7. Connecting pipe. circulation concentrated solar collector.

Connecting pipe

138



Number 4 Volume 22 April 2016 Journal of Engineering

Di=29¢em | Da= 31

=34 cm

Height

Figure 2. Concentrating part (convex v
lenses). Figure 3. Schematic diagram for the supply
tank.

Figure 4. Schematic diagram of the frame of the lenses
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|
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Figure 5. Schematic diagram of thermocouples locations.

139



Number 4 Volume 22 April 2016 Journal of Engineering

L N

(a) ()

Figure 6. (a)-Selector switch and the temperature reader.
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Figure 8. The geometry under the computational mesh.
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Figure 9. Physical geometry of absorber with diameter of
(@) 12.5 mm, (b) 18.75 mm, (c) 25 mm.
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Figure 10. Variation of efficiency with local time for
three different absorber diameters.
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Figure 11. Variation of useful energy with local time for
three different absorber diameters.
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Figure 12. Variation of outlet temperature with local time
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Figure 13. Variation of heat flux with local time for three
different absorber diameters.
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Figure 14. Variation of mass flow rate with local time for
three different absorber diameters.
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Figure 15. Variation of daily efficiency with absorber
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Figure 16. Variation of outlet temperature with solar
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Figure 17. Variation of useful energy with solar radiation for
three different absorber diameters.
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Figure 18. Variation of heat flux with solar radiation for three
different absorber diameters.

Table 1. Description of the lens.

Lenses Description
Appearance Circle
Diameter size 100 mm
Thickness 5mm
Focal length 300 mm

Table 2. Boundary conditions of inlet temperature and wall heat flux.

Inlet Heat Flux Heat Flux Heat Flux
Time (hr) Temperature (W/m?) (W/m?) (W/m?)

(C) D=12.5 mm D=18.75 mm D=25mm
10:00 AM 27 662 441.6 331.2
11:00 AM 27 1146 764.33 573.24
12:00 PM 27 1400 951 713.3
13:00 PM 27 1478 986.13 738.8
14:00 PM 27 1452 968.26 726.11
15:00 PM 27 1274 849.2 636.9
16:00 PM 27 535 356.68 267.5
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Latin Symbols
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Description
pool boiling heat transfer (W /m?)
heat loss (W)
useful heat (W)
absorbed heat (W)
actual useful heat gain (W)
time (s)
temperature (K)
average temperature between ambient
and sky (K)
temperature difference (K)
ambient temperature (K)
overall heat loss coefficient
(W/m%K)
heat loss coefficient based on the
outside diameter of the absorber
(W/m%K)
wind speed (m/s)
flow velocity at r direction (m/s)
flow velocity at @ direction (m/s)
flow velocity at z direction (m/s)
distance along the collector (m)

Symbol Description Symbol
A area (m?) qp
Cp specific heat (J/kg. K) Qioss
c concentration ratio Quseful
D diameter (m) Qubs
F' collector efficiency factor Q.
F" collector geometry factor t
Fp collector heat removal factor T
F.R fill ratio T

Gr Grashof number AT
g Gravitational acceleration (m/s?) T,

h heat transfer coefficient (W/m?. K) U,
hsg latent heat of vaporization (W/m?2.K) U,
Iy solar radiation intensity (W /m?) Vo

k thermal conductivity (W/m. K) v,
L length of the collector (m) Vg
m mass flow rate (kg/s) v,
Nu Nusselt number x

Pr Prandtl number

Greek Symbols
Symbol Description
Ta transmittance-absorptance product

) density (kg/m3)

€ surface tension (N/m)

B thermal expansion coefficient (K™)

g emissivity of the glass cover

g emissivity of the Absorber

u dynamic viscosity of the working fluid (Kg/m. s)
o Stefan-Boltzmann constant (W/m?.K*)

n efficiency
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Subscript

Symbol
1
a
abs
abs, cs
air
b
f
9
i
in
l
out
o
r,abs — g
ref
r,g—s=s
sky
sat

T
v
w
X

Volume 22 April 2016

Description
single-phase region
aperture
absorber
absorber cross-sectional
air
pool boiling region
working fluid
glass cover
inside side
inlet
liquid-phase
outlet
outside side

radiation between absorber and glass cover

reference

radiation from glass cover to the ambient

sky
saturated
total
vapor-phase
wind

local
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ABSTRACT

Fractal geometry is receiving increase attention as a quantitative and qualitative model for
natural phenomena description, which can establish an active classification technique when
applied on satellite images. In this paper, a satellite image is used which was taken by Quick
Bird that contains different visible classes. After pre-processing, this image passes through two
stages: segmentation and classification. The segmentation carried out by hybrid two methods
used to produce effective results; the two methods are Quadtree method that operated inside
Horizontal-Vertical method. The hybrid method is segmented the image into two rectangular
blocks, either horizontally or vertically depending on spectral uniformity criterion; otherwise the
block is segmented by the quadtree. Then, supervised classification is carried out by means the
Fractal Dimension. For each block in the image, the Fractal Dimension was determined and used
to classify the target part of image. The supervised classification process delivered five deferent
classes were clearly appeared in the target part of image. The supervised classification produced
about 97% classification score, which ensures that the adopted fractal feature was able to
recognize different classes found in the image with high accuracy level.

Key words: quadtree, box counting, fractal dimension, supervised classification.

LfJJuSS\ M‘&J@?Q%j‘éh@\é@h&ﬂ\)ﬂ\w

Ouall 4 29 e $4a cala 2eaa g
2o lue (e e Lo i
daliad) dnia ol Csulall o le ol
kg Al / Al o) Al / sl S
dadal)

LelSaly S Apnball jalshall Caa ) (S5 oo 5 zasal 855 L3S S alaial o Ay ) sl gl Clias
eliall jadl Ao g Aaiile Aeddiuall Aladll 5 ) pall il 1 G Adladl) ) peall Alled Cayiial 408 (L)
(ofila e DA e L) Aliadll 5 geall 4 5Y) dallaall PRI MLMUM\‘;;LEPUA@}A\}M
oy Hhall (la om@u&dwwﬁwwu}w\e\mb@kﬂ\mkmﬁ iail g agdail)
o Tl LT cplilatone 8 gl T35 Al 2 pTal) 20 LAY ) A8 Sl 0 365 ) Fsms 5301 8 500 4y 5k Lea
bl dlae day Ay il 3 a8l 45 Hla aladiiuly ) geall e 4 5 Ldidal) Lpalnil) e Lo Tolaie) W gL
O @l By seall (e s g JS) (5 sl and) Clisa oy Cus (5 9 ) aladiudy Gl el ol dolee (5 523
s ol Ciail) dlee Agliadl) 5 ) guall Lephaad S Qalil) e g3 (5 puiS andl Gl aaiiinng S adaiill lee
O %97 A daai 5 Lle Jganll &5 ) Cagiatl) 483 il | daddiud) 5 ) all Lo 7 suns e ddlise Calial
Alle 38y 5 Alaill | gaall b el Ll Aila ) Cilical) Gasai e 550 saciaall Gy sl ddall

Al ) Caieaill (5 g€ aal) Godtiaall e G il 5l sAgeu Sl cilalSl)

148


mailto:altaeimohamed@gmail.com
mailto:al_hammashi87@yahoo.com

Number 4 Volume 22 April 2016 Journal of Engineering

1. INTRODUCTION

Remote sensing is the use of satellite imagery to collect a specific data from the earth about
object or phenomenon without physical contact, Asrar, 1989. Aerial sensor technologies are
used to detect and classify objects on the earth by propagated signals (i.e. electromagnetic
radiation). Remotely sensed data are contributed with information from ecosystem models to
offer opportunity for predicting and understanding the behavior of the earth's ecosystem
reference. High spatio-temporal resolutions of sensors make the observation of precise spatial
and temporal structures more accessible in dynamic scenes. Spectral and spatial dimensions
combined with temporal components give a valuable information source. Such information helps
to detect complex and important patterns by means applications deal with environmental
monitoring and analysis of land-cover dynamics. Satellite imagery is sometimes supplemented
with aerial photography for achieving an integral form about the target area. Aerial photography
has higher resolution, it used for specific applications since it is more expensive than satellite
imagery. Satellite imagery is sometimes contributed with vector or raster data in GIS
(Geographic Information System) when the imagery needs to be spatially rectified, Matzler,
2008. Multi-spectral satellite imagery is an economical, precise and appropriate method of
obtaining information on land use and land cover since they provide data at regular intervals and
is economical when compared to the other traditional methods of ground survey and aerial
photography, Prasad, 2011.

Many applications based on using satellite imagery in a quantitative fashion require
classification of image regions into a number of relevant categories or distinguishable classes.
Satellite image classification is a clustering method based on image features, the classification
results are represented by visualization techniques, Antoni and Nuno, 2005.

Fractal geometry is the branch of mathematics which studies the properties and behavior of
fractals. It describes many situations which cannot be explained easily by classical geometry.
Fractal geometry provides a suitable textural image classification framework by studying the
nature irregularity shapes in the image, since it allows to easily describing such fractal images.
The fractal geometry can recognize small image segment that characterized by its spectral
uniformity, this necessitate first to segment the image before the classification. The main
characteristics of fractal images are that they are continuous but not differentiable that allows
showing the fine details at any arbitrarily small scale, lodice, et al., 1995.

Fractal models have been used in a variety of image processing and pattern recognition
applications. Several researchers have applied fractal techniques to describe image textures and
segment various types of images; Kasparis et al. in 1995 demonstrated the fractal dimension for
texture segmentation. The fractal dimension was not sufficiently describing enough textural
characteristics, additional features are needed. They combined the fractal dimension with a
simple textural energy measure. A significant performance improvement was achieved compared
to using each feature alone. The textural energy is easily computed using convolutional masks.
The natural textures were segmented and classified with considering the effect of additive noise,
Kasparis, et al., 1995, while Al-Ani in 2007 introduced a supervised classification for TM-
multi-spectral satellite images. The traditional quadtree segmentation method was applied, then
for each segmented block; the fractal features are computed and then used as maximum
likelihood classifiers. The used fractal features are fractal dimension and lacunarity. The result
showed that the fractal dimension do not have the ability to classify the image blocks whereas
the lacunarity showed good classification results. It was found that the fractal geometry can
assign efficient parameters for describing images, Al-Ani, 2007, and Mahmood et al. in 2009
proposed a new algorithm for recognizing text object images by using fractal geometry. The
fractal dimension was used to recognize text objects within images. Box-counting method was
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used to estimate the fractal dimension for image contents. In order to determine a threshold value
for the textual objects within image, the fractal dimension was computed for a number of gray
scale textual images. The fractal number of each pixel was calculated, and then the mean values
of all these fractal values were computed. The threshold value was used in recognizing and
retrieving the textual objects within image. The proposed algorithm has performed extremely
well with recognition rates 91.5%. It is a promising technique for optical character recognition
system, Mahmood, et al., 2009.

2. AIM OF RESEARCH

The present work aims to utilize concepts of fractal geometry to classify satellite images in
rural areas. This requires analyzing remote sensing imageries to prove that the fractal models
exhibit textural features of satellite images, and it offers a significant potential for improving the
measurement and analysis of spatially and spectrally complex remotely sensed images.

3. AREA OF STUDY

Fig.1 shows the selected area from the overall image. This area was clipped and saved in new
image file of type bitmap 24bit/pixel. The memory size of this file was about 12MB with spatial
resolution of 2048x2048pixels. This image resolution covered a land area of about 1.25x1.25km,
and contained a variety image features. Actually, the geographical region demonstrated in the
image of training area was visited to determine the types of the landcover found in the study
area. It was found that there are five distinct classes: river, bare land, vegetation and housing.
The ensured training sites of were pointed on whole satellite image to be compared with the
classification results. It should be mentioned that just the clipping process is done by using
ArcGIS 9.3 software.

4. PROPOSED CLASSIFICATION METHOD

The concept of multi-stage query processing and features extraction has been used to
model the proposed method. It is claimed that these stages can beneficially be combined and
that, through the combination, a significant fast and efficient satellite image classification can be
achieved. The generic structure of the proposed satellite image classification method is shown in
Fig.2. It is shown that the proposed method is designed to be consisted of two phases: the
training and recognition. The training is an offline phase, it is responsible on collecting sample
image classes to be stored as comparable models in database. Whereas the recognition is an
online phase, which is responsible on verifying the test image blocks in comparison with the
trained models found in the database. Both phases are composed of three stages include: image
preprocessing, image partitioning, and features extraction. Features extraction attempts to
estimate the fractal dimension (D) and spectral power (P) for all test image blocks. Last stage is a
comparison based on fractal feature between the image blocks and training classes found in the
database, the result of the comparison will determine the similarity measure between the
considered image blocks and then help to make the classification decision. More details about
each stage are given in the following sections:

4.1. Image Preprocessing

This stage involves two stages: multiband image enhancement and conversion multiband
image to grey scale image. Image enhancement is a preprocessing stage seeks to improve the
visual appearance of the image under consideration that was shown in Fig. 3. This stage is relied
on the intensity of pixels with no effect the correlation of adjacent pixels. Such enhancement
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leads to improve the distinguishing between image features, which can be achieved by applying
the Eqg. (1) on the image, EI Hassan, 2007:

(X, y)= round[(%) x 255] 1)

Where, l¢(X,y) represent the new enhanced image, 1o(x,y) is the original image, x, and y are
indices of the pixel in the image, | represent the bottom 1% of all pixel values of original image,
and h represent the top 1% of all pixel values of original image. Then, the three enhanced band
components (Re, Ge, and Be) were concatenated together to get new one enhanced image (1(x,y))
using Eq. (2) as shown in Fig. 4, Richards and Jia, 1999:

I(x,y)=0.2989R, (x, y) +0.5870G, (X, y) +0.1140B, (X, y) 2

4.2. Image Segmentation
Hybrid method was suggested to carry out segmentation process, in which the horizontal-
vertical method is operated inside the quadtree method. The two methods are contributed with
each other to produce high quality results. The implementation of such hybrid partitioning
method requires to set some values are related the control of the partitioning process, they called
control parameters. These control parameters are, Al-Aboudy, 2002:
a. Maximum block size.
b.Minimum block size.
c. Mean factor: represents the multiplication factor; when it is multiplied by the global mean of
image it will define the value of the extended mean.
d.Inclusion factor: represents the multiple factor, when it is multiplied by the global standard
deviation it will define the value of the extended standard deviation.
e. Acceptance ratio: represents the ratio of the number of pixels whose values differ from the
block mean by a distance more than the expected extended standard deviation.
Fig. 5 shows the segmented image using hybrid method.

4.3. Features Extracton

The search for the fractal features in the literatures shows that there are many available
fractal features can be used to describe fractal objects such as satellite images. There is an
important note was noticed, which state that all the fractal features are related to fractal
dimension, implies that the use of fractal dimension substitutes on using other fractal features.
Therefore, it was decided to employ just the fractal dimension for satellite image classification.
Fractal dimension is a fraction number restricted in between the range 2-3 for two dimensional
images, which may give interfered values belonging to different classes, and leads to confuse the
classification results. Such that, the researchers goes to adapt the fractal dimension to be
compatible with the study case.

The next step after completing image segmentation process is the computation of fractal
dimension of each block. The procedure that was used to compute the fractal dimension may be
considered a novel box-counting method that was produced according to experiments to develop
and eliminate the limitation of the traditional method and other methods came later.

151



Number 4 Volume 22 April 2016 Journal of Engineering

In the present work, the novel effort is adapting the boundary conditional values of the
fractal dimension estimated by the box counting method to achieve intended results. The fractal
dimension computation is applied on each image block resulted from the segmentation stage.

4.4. Training Based Classes

The stage of determining image classes is based on specifying a range of fractal dimension
for each phenomenon that appearing in the used image. The field visit to the study area shows
that there are five distinct classes can be found. Also, this make sure by reliance other
information about covered area, such as, recently aerial images and thematic maps,
reconnoitering zone or any earlier information about study area. Therefore, a specific range of
fractal dimension for each class should be determined and stored in database to be used for
classification of training area firstly, and then classify other adjacent areas in the same image
later on. Table 1 denotes the range of fractal dimension used for each class.

4.5. Image Classification

According to the five similarity measures of each block, the block assigned to the class that
gives highest similarity measure. When this procedure is applied on all the image blocks, a
specific color is needed for coloring each block according to its ownership class. Also, there is a
color legend should be fixed to explain the meaning of colors appear in the classification results.
Then, the classification results should be compared to the actual classification information
delivered from manual process based on field view in order to evaluate the classification process.
After ensuring the classification results of the training area, other areas in the image can be
classified with high creditability.

5.RESULTS

Throughout the classification of the training area, the fractal dimension delivers
encouraging supervised classification outcomes, where each class of image has a relatively
different range of fractal dimension (Dg). Fig. 6 displays the classification result of the training
area; such result should be evaluated before classifying other areas in the test image. Actually,
the acceptable classification results of training area encourage completing the classification by
taking other areas found in the test image. Figs. 7 and 8 show the classification results of
different selected area. It is noticeable that the classification is carried out with efficient
performance, where the classification percentages reach to 97%.

6. CONCLUSIONS

Throughout the implementation of the presented work, a number of conclusions have been
achieved based on the practical results. The following statements summarize the most important
ones:

1. The high classification results prove that the fractal geometry exhibit the description of
satellite images.

2. The normal distribution of the fractal dimension of multi conglomerates with narrow width
refers to high discriminant power of fractal dimension for image classification.

3. Higher accuracy of fractal dimension estimation is achieved by allowing the height of the box
at the top of each grid block to be adaptable to the maximum gray-scale of that block and the
method is applicable to blocks with arbitrary sizes and shapes.
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4. The uniformity of blocks' characteristics which produced by the suggested segmentation
method leads to get independent range of Dg for each class. This has increased the accuracy of
the classification.

5.The convergence in De for different phenomena and the smallness of the range of it caused to
decrease the efficiency of classification.
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NOMENCLATURE

le= new enhanced image, dimensionless.

l,= original image, dimensionless.

X, y= indices of the pixel in the image, dimensionless.
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I=the bottom 1% of all pixel values of original image, dimensionless.
h= the top 1% of all pixel values of original image, dimensionless.

I= grey enhanced image, dimensionless.

Re= red color components of enhanced image, dimensionless.

Ge= green color components of enhanced image, dimensionless.

Be= blue color components of enhanced image, dimensionless.

(a) Original image

(c) Training area clipping.

Figure 1. Training area selection.
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Figure 8. Classification result of second case study.

Table 1. Range of fractal dimension for each class

Fractal Dimension
Class -
Min. Max.
Perpetual plants 1.9107 2.335
Water 2.335 2.5
Farmlands 25 2.588
Bare lands 2.588 2.73
Harvested areas 2.73 3.13
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Estimation of Mass Transfer Coefficient for Copper Electrowinning Process
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ABSTRACT

Mass transfer was examined at a stationary rectangular copper electrode (cathode) by
using the reduction of cupric ions as the electrochemical reaction. The influence of electrolyte
temperature (25, 45, and 65 °C), and cupric ions concentration (4, 8, and 12 mM) on mass
transfer coefficient were investigated by using limiting current technique. The mass transfer
coefficient and hence the Sherwood number was correlated as Sh = 4.25 x 1073 (Gr Sc)%-48¢

Key words: Mass transfer coefficient, copper electrowinning, limiting current, dimension less
group.
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1. INTODUCTION

An increase world population with growing industrial demands has led to the situation
where the protection of the environment has become a major issue and crucial factor for the
future development of industrial processes, which will have to meet the requirements of
sustainable development, Juttner K. et al., 2000. There are increasing economic, social,
legal, and environmental pressures to utilize “the best available technology” not entailing
excessive cost and to aspire to “performance without pollution”, i.e., “zero pollution
processing”. Electrochemical technology has an important role to play as part of an integrated
approach to:

e The avoidance of pollution reagents in materials synthesis

e Monitoring of pollution and reagent levels in the gas and liquid phase

e The removal of environmental contaminants, such as metal ions and organics from
industrial process streams

o Cleaner processing involved the clean conversion of chemical to electrochemical energy
using fuel cell and photovoltaic devices, and modern techniques for electrical energy
storage and conversion, Walsh F.C., 2001.

The removal (recovery) of metals from aqueous solutions by electrolytic means has
been a major factor in extractive technology during the last decades. The source of metal can
be an ore as well as waste residue (scrap metals, dusts, sludge's collected from metallurgical
operations, etc.), Soliman H. et al., 2011. Copper is the most widely mined mineral in many
countries though a few other minerals such as gold, cobalt, and silver are also exploited.
Copper producing companies have acknowledged the importance of producing high quality
copper in order to satisfy the market demands and requirements. There are two methods of
electrochemical for production copper: electrorefining is one method that produces high
quality copper from 98% to 99.98% copper while electrowinning is used for the recovery of
copper from dilute solutions, Ntengwe F.W, 2008, Fogarasi S. et al. 2015. One of the aims
in studying metal electrowinning is to gain better understanding of the metal
electrodeposition. The electrodeposition of copper on foreign substrates is widely used in
electronic industry for interconnects, manufacturing printed-circuit boards, as well as making
protective and decorative coatings, Majidi M.R. et al., 2009.

The objective of the present work is to design and construct a copper electrowinning
cell in order to study the effect of different operating parameters (electrolyte temperature and
cupric ions concentration) on the mass transfer coefficient.

2. THEORY

Electrochemistry deals with the study of mutual conversion of chemical and electrical
forms of energy. It deals with reactions that proceed at the expense of electrical energy. The
application of external voltage is the key factor in the electrodeposition of metal from the
anode to the cathode or from solution to the cathode as the case may be. The mass transfer
through migration, convection, and diffusion in electrochemical reactors is the result of the
applied overvoltage, Ntengwe F.W, 2008. The main advantages of the electrochemical
technology are:
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% Electrons are clean reagents, this strategy include both the treatment of effluents and waste
and development of new processes or products with less harmful effects.

«»+ Effective control of the electron transfer rate (current density)

%+ Measurement of reaction conditions (current density and electrode potential).

%+ The process can be turn on and off via the current.

« Ambient conditions of temperature and pressure can be used, Walsh F.C., 2001.

Electrolytic cell solutions used for an electrowinning studies always contains a certain
concentration of an electroactive species (Cu*?) and large concentration of an inert electrolyte
such as H,SO4 to supply high solution conductivity and a large number of ions that act as the
actual current carriers within the electrolytic solution. Therefore, the transfer of Cu* to the
cathode surface by migration is eliminated, so it transferred by diffusion and free convection.
When a small potential difference is applied across electrodes, the ions move within the
solution toward the oppositely charged electrodes and accumulate near the respective
electrodes, current suffer a sudden jump due to exchange of electrons between electrodes and
the electroactive ions. Eq. (1) expresses the reduction of Cu*?, Zaki M.M., 2000:

Cu*?+2e——>Cu E°=0.337V (1)

Due to the discharge of some Cu*? ions, the concentration of Cu*? ions in the immediate
vicinity of the cathode is decreased to C; accordingly, the interfacial solution density
decreased from pj, to p; and this density difference gives rise to a buoyancy force, g Ap, which
causes upward solution flow at the electrode surface. This flow enhances the transfer of Cu*?
from bulk solution to the edge of the diffusion layer, Grigin A.P. et al., 2000. If the cell
voltage is sufficiently increased, a state is reached where interfacial concentration becomes
zero and the rate of mass transfer becomes maximum. Under this condition, the current
reaches a constant value known as the limiting current (I im). In the meantime, the cathode
potential increases to a high value where hydrogen gas starts to evolve simultaneously with
copper deposition according to the reaction shown in Eq. (2):

2H* + 26 ————> H, E°=0.0 V )

The flux of Cu*? ions (N ;,+2) may be obtained from Eq. (3), Wiebe S., 2015, Thomas B. D.,
1978:

I1im D AC
Neyrz = Z:T = s km (Cp — C7) 3)
% = k,, A C, (when C; = 0 at Limiting current) (@)
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_ ILim
Or ki = ZFAC
For the electrolysis of Cu*® in an electrolyte that contains H, SO4, under free convection
it was found that Sherwood number based on the Grashof number and Schmid number is
given in Eq.(5).
Sh = a (Gr Sc)? ®)

The Grashoof number is given by the following equation since the free convection in
the ion transfer is caused by density differences due to concentration change between bulk
solution and electrode surface, Mizushina, T. et al., 1971:

g a3 (pp—py)
Gr= —uz” : (6)

3. EXPERIMENTAL
3.1 Materials

Annular grade sulfuric acid (1 M H,SO,4) (purity > 98.5 wt%) and copper sulfate
(CuS0O,) was used as redox system to give various concentrations of cupric ions 4, 8, and
12mM.

3.2 Electrowinning Cell and Circuit

The experimental apparatus which were used for performing the present work is shown
in Fig. 1.

The cell consisted of beaker with capacity 1.5 liter, the anode was a square graphite
sheet(5cm height X 5¢cm width), the cathode was a square copper sheet (5¢m height X
5cm width), the distance between electrodes is 2cm. The back of the cathode was coated
with epoxy. The electrical circuit consisted of 5V DC power supply was connected in a series
with cell and ammeter. A voltmeter was connected in a parallel with the reference electrode
and cathode.

The potentiostat technique was used for obtaining the polarization curves at different
conditions. The polarization curve (overpotential versus log i) was drawn and the limiting
current was measured. The mass transfer coefficient ky, calculated from the obtained limiting
current.

4. RESULTS and DISCUSSION

The limiting current I is obtained from polarization curves (from the clear constant
current region which almost start at -100 mV) under the following conditions: cupric ions
concentration 4, 8, and 12 mM and electrolyte temperatures 25, 45, and 65 °C in order to
determine mass transfer coefficient k.

Figure 2 shows the polarization curve for electrolyte containing 1 M H,SO, only at
various electrolyte temperatures, while Figs. 3 to 5 show the polarization curves for copper
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electrodeposition from electrolyte containing 1 M H,SO, and different concentrations of
cupric ions at different electrolyte temperatures. From these figures it is clear that the limiting
current is increased with increasing cupric ions concentration, and electrolyte temperature,
and this can be attributed to the fact that increasing the reactant concentration will increase the
reaction rate(l.;,), wWhile increasing the temperature will increase the diffusivity of reactant
species and decrease the viscosity of electrolyte.

It can be observed from Fig 6 that increasing cupric ions concentration leads to an
increase in the limiting current and hence kp,. This is a consequence to increase the electrical
conductivity of solution i.e. decrease the solution resistivity to the flow of the current between
electrodes, Majidi M.R. et al., 2009. It is clear from Figs 7 and 8 that as the temperature
increases Ky, increases. This is due to the fact that increasing temperature will increase the rate
of copper diffusion to the metal surface and decrease the viscosity of electrolyte which will
aid the copper diffusion, Uhlig H.H., 1985, Theordore L., 2010.

Figure 9 shows log Sh against log Gr Sc (the values of dimensionless groups are
listed in table 2), straight lines were obtained with a slope equal to the constant § while the
intercept gives the other constant a. And finally the average mass transfer coefficient for a
free convection of cupric ions reduction in acidic media was correlated as in the following
equation:

Sh =4.25 x 1073(Gr Sc)°48¢ (7

Within an average deviation of + 4.5% for the following region
2.97 x 10 < Gr Sc < 6.1 x 102

This proves that the cupric ions reaction results in a movement of ions in the bulk
solution guiding to laminar natural convection flow.

5. CONCLUSIONS

e The reduction of Cu™ ion in acidic media starts at about -100 mV vs. SCE and reaches
the maximum at approximately -280 mV vs. SCE.

e Electrolyte temperature is the most significant operating parameters that affects the
mass transfer coefficient.

e The electrowinning process of copper is under mass control in the cathodic region (-
280 to -550) mV vs. SCE.

e The copper electrowinning process is under laminar natural convection for a stagnant
electrolyte.
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NOMENCLATURE

A = Cathode area, cm?

Cy = bulk concentration of cupric ions, mol/cm?®

C; = interfacial concentration of cupric ions, mol/cm?®
D = diffusion coefficient, cm?/s

F = Faraday's constant (96487)

g = acceleration due to gravity, cm/s’

3 —p:
Gr = Grashof number, £—(22=P0)

ILim = limiting current, A

iLim = limiting current density, Alm?

km = mass transfer coefficient, cm/s

| = characteristic length dimension in Sherwood and Grashog numbers, cm

N+ = diffusional flux of electroactive species, mol/s.cm?

Sh = Sherwood number, k, I/D

Sc = Schmidt number, v/D

T = temperature, °C

Z = number of electrons involved in the reaction

a = constant used in equation 5

B = constant used in equation 5

AC = concentration difference between bulk concentration and interfacial concentration, mol/cm®
Ap = density difference between bulk concentration and interfacial concentration, g/cm®
u= dynamic viscosity of cupric ions, g/cm.s

v = kinematic viscosity of cupric ions, cm?/s

pp = bulk density of cupric ions, g/cm®

p; = interfacial density of cupric ions, g/lcm®
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Figure 1. Schematic view of equipment setup.

Table 1. Experimental Apparatus.

NO. Item Name NO. | Item Name

1 Cathode 8 Resistance box

2 Graphite electrode (anode) | 9 Voltmeter

3 Beaker 10 Ammeter

4 Water bath 11 Luggin capillary tip
5 Reference electrode (SCE) | 12 Brush

6 Thermometer 13 Stand

7 Power supply 14 Electrical wires

solution contains acid only
+ 25°C
g 4°c
& 65°C

Overpotential (mV)

-900 T T T TTITT T T T T T T T TTTIT

10 100 1000
Current Density, i (A/m?)

Figure 2. Effect of temperature on polarization curves for acid only (1 M H,SO,).
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Overpotential (mV)
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Figure 3. Effect of cupric ions concentration on polarization curves of electrolyte solution at
25 °C.

45°C
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€© 12mM cupric ions

Overpotential (mV)

-900 T T T TTTTT] T T T TTTTT] T T T TTTIT

10 100 1000
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Figure 4. Effect of cupric ions concentration on polarization curves of electrolyte solution at
45 °C.

65°C
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O 8mM cupric ions
€© 12mM cupric ions

Overpotential (mV)
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Current Density, i (A/m?)
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Figure 5. Effect of cupric ions concentration on polarization curves of electrolyte solution at

Figure 6. Effect of cupric ions concentration on the Limiting current at different temperatures.

Figure 7. Mass
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Figure 8. Mass Transfer coefficient vs. cupric ions concentrations at different Temperatures.

3

A 4 mM cupric ions
@ 8 mM cupric ions

Journal of Engineering

*

12 mM cupric ions

—

12.7

log (Gr Sc)

Figure 9. The relationship between Sh vs. Gr*Sc.

Table 2. Values of dimensionless group (Sh, Gr, and Sc) at different operating conditions.

T | Cu”
Conc. Sh Gr_., Sc
oc| mMm x 10
4 326.6844
25 8 447.8738 1.9 3212
12 505.8339
4 309.0531 1166
45 8 367.3173 3.33
12 405.3156
4 229.7574
65 8 321.6603 5.32 559
12 339.0198
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A Program Applying Professional Safety Basics in Construction Projects

Lecturer Dr. Entisar Kadhim Rasheed
Department of Civil Engineering
College of Engineering
Baghdad University
E-mail:int.pros_62@yahoo.com

ABSTRACT

When industrial and constructional renaissance started in the world, the great interest was
going on towards the equipment’s, which was the first mean for production. After industry was
settled the interest was going on towards the men ship which manpower on which the production
depends. It was approved that it represents the basic part in all of the processes and the protection
of those individuals against dangers of these equipment’s, industry and its accidents was the
basic things which was studied in many researches until it crystallized in general principles for
all industries and other take care in each industry.

The professional safety is concerned as restrict which aims to take care of humanitarian and
material principles also to raise the production of these principles, in the aspect of safety, health
and providing the suitable healthy condition to the worker so he can feel safety, confidence and
sociological settle, this will increase the production. So In order to maintain the manpower of
business risks and to enable them to fulfill their role better to increase production and improve
the quality and maintain the machine and supporting the national economy and keep pace with
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industrial developments and technological came the idea of research to focus on the importance
of studying the subject of occupational safety by conducting a field survey to see the reality of
professional safety in the relevant departments and work sites and through a questionnaire on
the subject and conduct personal interviews with those concerned in this area and to prepare a
program for the application of professional safety for each resource (labor, machines, materials,
money) in construction sites and departments concerned.
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